Geological Quarterly, 2010, 54 (1): 69-84

A bi-partite Ferdynandovian succession from £.ukow, Eastern Poland:
a new palynostratigraphic approach
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Pidek I. P. and Matek M. (2010) — A bi-partite Ferdynandovian succession from £ukéw, Eastern Poland: a new palynostratigraphic ap-
proach. Geol. Quart., 54 (1): 69-84. Warszawa.

The paper presents a new approach to the Middle Pleistocene lacustrine deposits at the L ukéw site (Lukéw Plain, E Poland). The results
of pollen analysis document a rarely found complete Ferdynandovian pollen succession with evidence of two warm periods of intergla-
cial rank and two cold ones. New geological and palynological data are presented and interpreted against a background of earlier research
by Ruhle and Sobolewska from 1969, including a comparison with the nearest complete Ferdynandovian succession at Zdany (Siedlce
Upland) and with the stratotype section of Ferdynandéw. The proposed division of the £ ukdw sequence into two warm periods separated
by a succession typical of glacial periods has been based on a new division of Ferdynandovian pollen succession applied for the first time
to the Podgorze B1 pollen profile. Two warm units and the intervening cold one in the £ukéw pollen sequence correspond to the
climatostratigraphical units Ferdynandovian 1 and 2 separated by the cooling/glaciation (Ferdynandovian 1/2) and can be related to the
Cromerian Complex.
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INTRODUCTION

The profile of Middle Pleistocene deposits in L ukéw (E Po-
land), known since the end of the 1960s due to geological in-
vestigations (Rihle, 1969) and palynological analysis
(Sobolewska, 1969), is one of the best-known, oldest intergla-
cial sites in the £ukdw Plain (Fig. 1). In this region, and also in
the adjacent Zelechow Plateau, numerous palaeolake basins
occur. They are filled with very well preserved organogenic de-
posits from several different interglacials: Ferdynandovian
(Cromerian — following Lindner et al., 2004 and Ber et al.,
2007), Mazovian (Holsteinian) and Eemian. They were exam-
ined during geological surveys conducted as part of the com-
pletion of the Detailed Geological Map of Poland 1:50 000, i.e.
the following sheets: Siedlce Potudnie (Malek, 2004), Stanin
(Matek and Buczek, 2005), £ ukow (Matek and Buczek, 2006),
Zelechow (Zarski, 2001; Krupinski et al., 2004), Okrzeja
(Zarski, 2003), Adamow (Zarski, 2006) and Krzesk (Brzezina,
2000). Palaeolake districts from the Mazovian Interglacial

were discussed, among others, by Matek and Pidek (2007), and
— including Eemian interglacials — by Zarski et al. (2005).
Geological work on the £ukéw sheet of the Detailed Geo-
logical Map of Poland (Matek and Buczek, 2006) gave a
unique chance to re-study the deposits in the £ukdw profile.
The organogenic succession from £.ukdw was first related to
the Mazovian (Holsteinian) Interglacial though not excluding
a Cromerian age (Sobolewska, 1969). Later reinterpretations
led to recognition that the organogenic deposits from £.ukéw
are of Ferdynandovian age, both from a geological and a
palynological point of view (Janczyk-Kopikowa et al., 1981).
However, it was not known whether the succession examined
by Sobolewska (1969) was overlain only by deposits from a
cold period or, just as in the complete Ferdynandovian pro-
files, also by those from another warm period and from the
early part of the Sanian 2 (Elsterian) Glaciation. In 1996 de-
tailed palynological investigations of the Podgérze B1 profile
(Mamakowa, 1996) shed light on the Ferdynandovian se-
quence, which showed a clear bi-partite nature, to containing
two warmings of interglacial rank and a cooling of glacial
character separating them. In the new profile from £.ukéw, the
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Fig. 1. Location of the study area

occurrence of mud deposits with traces of plant macroremains
in the succession examined previously by Sobolewska, en-
couraged us to carry out a new, more detailed study of the
Lukow profile. The importance of this profile for the Pleisto-
cene stratigraphy of Poland and of Europe results from the
supposed completeness of the pollen sequence and from the
fact that whereas the Mazovian and Eemian are well recog-
nized, the Ferdynandovian pollen sequence, and its division
and position within Cromerian Complex, are still a matter of
debate (cf. Lindner et al., 2004; Ber, 2005). Turner (1996) and
Zagwijn (1996) stressed that the early Middle Pleistocene se-
quences in the stratotype areas (Netherlands, Eastern Eng-
land) are quite fragmentary and need reinterpretation.
Zagwijn (1996) added that in comparison to the Netherlands
other European areas (where interglacial lakes were formed)
are better suited to the preservation of complete interglacial
sequences. The significance of the Lukéw profile for the stra-
tigraphy was mentioned among others by Janczyk-Kopikowa
et al. (1981), Lindner (1992), Rzechowski (1996), Lindner et
al. (2001) and Mojski (2005).

In this paper, against a background of archival data from
the Lukow 105 profile (Riihle, 1969; Sobolewska, 1969) we re-
port new geological data and the results of palynological and
lithological and petrographic examinations of samples taken
from this profile, and discuss their relation to the stratigraphy at
neighbouring sites. In the light of new data, we reinterpret their
geological and stratigraphical position, demonstrate their
Ferdynandovian age and give more detailed palynostrati-

graphic and palaeoclimatic interpretations of the interglacial
succession. The conclusions are supported by the results of cor-
relation with the Ferdynandovian pollen profile from NE —
most Ferdynandovian site in Poland at Zdany (Pidek, 2003;
Matek, 2004; situated in the adjacent Siedlce Plateau region)
and with the data from Podgorze B1 (Mamakowa, 1996, 2003).

THE GEOMORPHOLOGICAL SETTING
OF THE STUDY AREA

The town of Lukdéw is situated in the western part of the
Lukow Plain — the mesoregion belonging to the South Podlasie
Lowland (Kondracki, 2001). The environs of Lukéw were cov-
ered by an ice sheet during the Odranian (Drenthe) Glaciation
and were in the southern foreland of the ice sheet maximum ex-
tent during the Wartanian (Warthe) Glaciation (Terpitowski,
2001; Lisicki, 2003; Harasimiuk et al., 2004; Marks, 2004;
Zarski, 2004). Elongated, strongly denuded hills of accumula-
tion end moraines occur in the SE, SW and N of Lukdw. They
form trains along a WNW-ESE direction and mark one of the
retreat phases of the Odranian (Drenthe) Glaciation (Mojski,
1971, 1972; Matek and Buczek, 2006). Lukow is situated on
the moraine plateau in the upper valley of the Krzna
Poludniowa River that flows through the town (Fig. 2). A
strongly denuded, flat moraine plateau is composed of tills
from the Odranian (Drenthe) and Sanian 2 (= Wilga =
Elsterian 2) glaciations separated by fluvioglacial and
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Fig. 2. Geomorphological situation of the area examined

fluvio-periglacial deposits, which are related to these
glaciations. The plateau surface rises 160-165 m a.s.l. and is
covered by deposits of weathering-aeolian origin. Fluviogla-
cial plains, composed of sandy and sandy-gravelly deposits re-
lated to the Wartanian (Warthe) Glaciation ice sheet retreat, oc-
cur in the northern and eastern part of the town (Mojski, 1971;
Matek and Buczek, 2006). Around £ukéw the outwash surface
reaches 158-165 m a.s.l. and generally descends to the SE.
Small patches of fluvioglacial deposits are also preserved along
the Krzna Potudniowa River valley, which was one of the im-
portant routes for water from the melting ice sheet front of the
Wartanian (Warthe) Glaciation. The valley bottom of the
Krzna Potudniowa River in Lukéw (from 0.5 to 1.0 km wide)
is filled with Holocene sands and humic muds, alluvia and
peats forming a floodplain. Discontinuous fragments of a
higher accumulation terrace up to 0.5 km wide are preserved at

1.5-3.0 mabove the river level, downstream of the £ ukow cen-
tre. Near the surface of this terrace (to a depth of 3.0 m), mostly
in the near-slope parts of the tributary valleys of the upper
Bystrzyca River and in dry small valleys, 15 sites of lacustrine
deposits from the Mazovian (Holsteinian) Interglacial have
been examined (Matek and Buczek, 2006; Malek and Pidek,
2007). The discovery of these Mazovian deposits, occurring at
exceptionally shallow depths under the ground surface,
changed opinion concerning the age of the underlying tills that
emerge to the plateau surface south of L ukow. At present, these
tills are considered to be older, i.e. from the Sanian 2 (Elsterian
2) Glaciation. Younger Odranian glaciogenic deposits were
probably mostly eroded from this area by meltwater during the
Wartanian (Warthe) ice sheet deglaciation.

Both the boreholes: the archival one (105) and the new one
(3a) were drilled in the eastern part of £ukow (Zapowiednik
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quarter), on the fluvioglacial plain to the north of the Krzna
Potudniowa River valley (Fig. 2) and reach into deposits below
the Sanian 2 (Elsterian 2) tills.

HISTORY OF RESEARCH ON CORE 105

In 1952, during coring of borehole 105, organic deposits
were found at a depth of 29.10-36.20 m (Fig. 3) and their thick-
ness was 7.10 min total (Rihle, 1969). The geological profile of
the archival borehole 105 and its stratigraphic interpretation ac-
cording to Riihle (1969) are shown in Figure 4. It should be men-
tioned that Rihle based his interpretation only on lithological

LUKOYY
{District ZAPOWIEDNIK)

108 fukdw - Ba

and depositional features of the deposits (laboratory
petrographic examinations were not made). These are silts and
clayey silts with plant remains, which are replaced upwards by
strongly compressed black mud and “silty humus loam”.
Taking into account palynological data and the geological
situation of the profile in question, Ruhle (1969, 1970) assigned
the lacustrine deposits at £ ukow to the tukdw Interstadial (spe-
cially distinguished in this site), which was supposed to separate
the oldest known advance (Krzna Stadial) of the Middle Polish
Glaciation from its maximum advance. Therefore, according to
Rihle (1969, 1970) the £ukow Interstadial should be younger
than the Mazovian (Holsteinian) Interglacial.
Thus, the lacustrine deposits in question, assigned by Riihle
(1969, 1970) to the so-called Lukdw Interstadial, would repre-
sent a deep facies deposited in a subglacial
channel formed near the end of the Krzna
Stadial. They are directly underlain by a 65 m
thick succession of sands, with intercalations
of silt and gravels assigned by Rihle to four
sedimentation cycles of fluvial and lacustrine
deposits of the Mazovian (Holsteinian) Inter-
glacial. These Quaternary deposits are under-
lain by quartzose and glauconitic sands of the
Lower Oligocene as well as by marls and
limestones of the Lower Paleocene (Danian).
Borehole 105 documents the thickest
(104.3 m) profile of Quaternary deposits that
has been penetrated in £.ukéw and its vicinity
to date. The Ruhle’s borehole was located
over a depression of the sub-Quaternary sur-
face —in a fossil valley, the direction of which
(SE-NW) is determined by a longitudinal
dislocation parallel to the edge of the Precam-
brian platform/marginal trough (Zelichowski,
1979). The tectonics of the bedrock in the
edge zone of the Precambrian platform un-
doubtedly affected the development of
neotectonic (or possibly isostatic or glacio-
tectonic) movements initiating erosion and
facial differentiation of the deposits. In the re-
gion described, the narrow and deep fossil

fil a6

valley is filled almost exclusively with depos-

its of fluvial origin —with one thin layer of till

now related to the Odranian (Drenthe) Glaci-

1, 2 water-wells 105,3a boreholes

ation. As correctly observed, among others by
Ruhle  (1969), Mojski (1971) and
Ruszczynska-Szenajch (1976), this indicates
that the base-level of erosion changed several
times, and the valley was active from the end

= . 7] sand and [~ = silty PR glauconite
T s [0 G0 205 sanas |“"': sang Pl sands of the Neogene throughout almost the whole
= | silts F=cays [m=peats [Ea=g gytas 0] Iimegtone Quaternary.

Fig. 3. Geological and stratigraphical situation of the £ ukéw 105 profile
by Rihle (1969) in reinterpretation according to Matek and Buczek (2006)
and new tukoéw-3a profile by Matek and Buczek (2006)

A-B corresponds to A-B transect in Figure 2; PP —preglacial, M — Middle Miocene, Ol — Lower
Oligocene, E — Upper Eocene, Pc — Lower Paleocene, Cr — upper Maastrychtian; interglacials:
H - Holocene, F — Ferdynandovian, Ma — Malopolanian, P — Podlasian; glaciations: W —
Wartanian, O — Odranian, WI — Sanian 2 (Wilga), S, — upper stadial of the Sanian 1, S,— lower
stadial of the Sanian 1, N, — upper stadial of the Nidanian, N, — lower stadial of the Nidanian

Sobolewska (1969) examined only the
bottom part of the lacustrine succession from
adepth of 34.10 to 36.20 m (20 samples). Pol-
len spectra represented interglacial vegetation
from the climatic optimum, without the initial
and final phases (Sobolewska, 1969). How-
ever, those palynological studies did not re-
solve the question of deposit age. The pollen
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Fig. 4. Geological and stratigraphical interpretation of the archival £ukdw 105 profile according to Ruhle (1969)
in reinterpretation according to Matek and Buczek (2006) against the geological and stratigraphical interpretation
of the Lukdéw-3a profile according to Matek and Buczek (2006)

Petrographic coefficients are calculated for gravel clasts of Scandinavian rocks, 5-10 mm in diameter, collected from tills: O/K — the ratio of
sedimentary rocks to crystalline rocks together with quartz, K/W - the ratio of crystalline rocks together with quartz to limestones and
dolomites, A/B — the ratio of rocks non-resistant to weathering to rocks resistant to weathering
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succession was similar to that found in the Ferdynandow pro-
file (which at that time was considered to be a Mazovian Inter-
glacial site — Janczyk-Kopikowa, 1963), though being different
from the sequences regarded as typical of the Mazovian Inter-
glacial, e.g. those from the following profiles: Syrniki
(Sobolewska, 1956a), Olszewice (Sobolewska, 1956b) and
Nowiny Zukowskie (Dyakowska, 1952). Therefore
Sobolewska (1969) also suggested a Cromerian age for the or-
ganic deposits from tukow and Ferdynandow, i.e. that they
were older than the Mazovian Interglacial.

THE NEW PROFILE FROM LUKOW

LITHOLOGICAL
AND STRATIGRAPHIC PROFILE

The full-core survey borehole £ukdéw-3a was made using a
URB 2.5 device during fieldwork in the £ukow sheet of the
Detailed Geological Map of Poland (Matek and Buczek,
2006), about 100 m of the archival profile 105 (Figs. 2 and 3).
Drilling stopped at a depth of 40.0 m, after penetration of
organogenic deposits. The profile obtained is similar to the ar-
chival one but the succession of organic deposits is more com-
plete (Fig. 4). Lacustrine deposits with a thickness of 10.10 m
occur at a depth of 24.30-34.40 m (Fig. 3). Their bottom part
consists of grey silts with intercalations of silty sand. They are
overlain by dark grey and brown silts, with intercalations and
lenses of gyttja. Thin layers of peat appear from a depth of
24.80 to 30.70 m, and at a depth of 27.87 m the peat layer is
black, strongly decomposed in the bottom part, and red-
dish-brown and, weakly decomposed in the top part. The over-
lying silts contain many thin layers of peat and gyttja, as well as
sand laminae. Dark brown clayey silts form the uppermost part
of the lacustrine deposits.

The lacustrine deposits are overlain by fluvial-periglacial
deposits 3.10 m thick from the beginning of the Sanian 2
(Elsterian 2) Glaciation (clayey, medium-grained sands, with
intercalations of sands of variable grain-size). Higher, at a
depth of 14.20-21.20 m, there occur medium-grained, layered
sands with gravels and scattered pebbles, these being fluviogla-
cial deposits from the end of the Sanian 2 (Elsterian 2).

The deposits from the South Polish Glaciations are directly
overlain by deposits of the Odranian (Drenthe) Glaciation, i.e.
fluvioglacial medium-grained sands, clayey in places (at a
depth of 5.50-14.20 m) and a 4.00 m thick layer of till (at a
depth of 1.20-5.50 m). According to this interpretation,
Mazovian Interglacial deposits are lacking. The till is compact,
with few gravel layers or pebbles. Its petrographic composition
(Fig. 4) is similar to those typical of tills from the Odranian
(Drenthe) Glaciation in this area (among others, Lisicki, 2003;
Zarski, 2004). The petrographic composition of gravels indi-
cates the predominance of crystalline rocks (39.2%) over lime-
stones (34.8%) and dolomites (13.9%). Local rocks constitute
the rest (Matek and Buczek, 2006).

In the profile £ukdw-3a, at a depth of 34.40-40.00 m (the
base of the borehole), under the lacustrine deposits, there occur
fine-grained sands, interlayered with medium- and varigrained

sands with intercalations of clayey silt as well as dispersed hu-
mus. This represents the top part of the fluvial deposits which
filled the fossil valley at the end of the Sanian 1 (Elsterian 1)/
the beginning of the Ferdynandovian Interglacial (Fig. 3).
Moderately sorted sands, almost without carbonates (CaCOs;
content up to 0.42%), were deposited by a river characterized
by variable but rather high current velocity (Matek and Buczek,
2006). As is reported by Ruszczynska-Szenajch (1976), their
thickness is estimated at about 30 m (cf. Fig. 3), and the fossil
valley continues through the centre of £ukéw and extends to
the east (Szymanski and Bula, 1999), and to the north
(Brzezina, 2000; Matek, 2004).

POLLEN ANALYSIS
OF THE LACUSTRINE DEPOSITS

Pollen analysis was applied to the £.ukéw-3a organogenic
deposits from a depth of 24.53-34.60 m. In the preliminary
stage, the pollen succession was examined across the entire
organogenic succession. Palynological investigations of 20
samples taken from a depth of 24.66—34.35 m show unambigu-
ously that the lacustrine deposits examined formed in the
Ferdynandovian Interglacial s.I. (Pidek, 2004). In order to ob-
tain more detailed palynostratigraphy, 69 additional samples
were taken for pollen analysis from the section between 27.15
and 34.60 m covering the deposits of two warm periods. The
samples were treated according to standard palynological pro-
cedures used in the analysis of lacustrine sediments — HCI,
KOH, HF, Erdtman’s acetolysis. Pollen spectra were counted
on at least two slides. The percentage pollen diagram (Fig. 5)
was made based on the POLPAL software worked out by
Walanus (Walanus and Nalepka, 1994). The calculations of
pollen percentages were based on the sum of pollen grains of
trees and shrubs (AP) and of terrestrial herbs and dwarf shrubs
(NAP). The percentages of aquatic and lake-shore vegetation
pollen, of Pteridophyta and Bryophyta spores, and of redepos-
ited and non-determined taxa were calculated in relation to the
sum including AP + NAP + the examined taxon.

The resulting pollen diagram (Fig. 5) includes the part of
the profile examined from the bottom of the lacustrine depos-
its (at a depth of 34.60 m) to a depth of 27.15 m. The samples
were taken at different intervals, depending on lithology, but
usually the distance between them did not exceed 10-15 cm.
The top part of the organogenic succession (from a depth of
24.53 to 27.15 m), containing the pollen succession of the
early part of the Sanian 2 Glaciation, is in the course of de-
tailed examination.

VEGETATION DEVELOPMENT: RESULTS
AND INTERPRETATION

The pollen diagram of the £ukdw-3a profile (Fig. 5), di-
vided into 16 local pollen assemblage zones (L PAZ), reveals
the vegetation history of a bi-partite interglacial sequence in the
tukdw region. The description of L PAZ has been included in
Table 1.
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Table 1

Description of pollen assemblage zones of the £ukéw-3a sequence

Samples depth

Number of L PAZ
[m]

Main features of pollen spectra

£-1 34.35-34.60

Pinus pollen values range from 24.5 to 46.0%; those of Betula undiff. — from 33.0 to 48.5%; Larix percent-
ages up to 2.0%; Alnus — up to 9.5%; Picea — up to 1%; frequent Salix pollen; single grains of Ulmus and
Fraxinus; Cyperaceae — up to 4.0%; Poaceae — up to 10.5%; frequent pre-Quaternary sporomorphs

£-2 34.10-34.25

Percentage values of Quercus increase to 1.1%; those of Pinus — up to 67.5%; Betula undiff. falls to
27.5%; single pollen grains of Alnus, Ulmus, Larix; Cyperaceae and Poaceae percentages decrease
to ca. 3-5%; Betula nana t. pollen forms continuous curve

£-3 33.85-34.00

Pine pollen values ca. 60%; those of birch-range from 21.0 to 25.5%; Alnus and Ulmus — ca. 2-4%;
Quercus values rise to 8.5%; first pollen grains of Tilia and Cor?/Ius appear; Poaceae and Cyperaceae
values fall to ca. 1-2%; Betula nana t. pollen disappears

33.30-33.70

Decrease of Pinus pollen to 22.0%; those of Betula — to ca. 5-6%; considerable rise of Quercus percent-
ages (up to 26.5%), Alnus and Ulmus — up to 16%; Fraxinus and Tilia — up to 1.0-1.5%, Corylus — up to
12.0%; frequent Acer pollen; Poaceae and Cyperaceae — below 1%

t-5 32.60-33.20

Increase of Corylus values up to 37.0% in the upper part of the zone; the values of Ulmus, Quercus and
Alnus range from ca. 7 to 17%,; Tilia percentages rise to 3.3% and those of Acer —to 0.9%; Pinus values
fall to less than 10%; those of Betula undiff. — to ca. 2%; presence of Ligustrum and Buxus pollen

31.75-32.50

Maximum of Tilia pollen — 4.5%; continuous pollen curves of Taxus, Abies and Picea; maximum of spruce
pollen — 8.5%; fir — up to 2.7%; Alnus percentages — up to 24%; those of Quercus — to 36.5% in the upper
part of the zone; Ulmus and Corylus values fall simultaneously to ca. 6%; pollen of Acer — frequent; sedges
and grasses appear sporadically; Ligustrum, Hedera and Ilex pollen occurs

-7 30.95-31.65

Pine pollen values range from 54.0 to 84.0%; those of birch — from 10.5 to 30.0%; Larix appears again;
Picea pollen — more frequent in the Iower_Fart of the zone, in the upper part — falls to 0.4%; percentages
of all thermophilous taxa and alder fall considerably

-8 30.65-30.85

Betula undiff. pollen more frequent than in the previous zone (up to 42.0%); Tilia, Ulmus and Larix form
again continuous pollen curves; Picea and Quercus percentages increase (to 7 and 12.5%, respectively)
in the sample 30.75 m; presence of Carpinus, Fraxinus and Corylus pollen;

NAP and Betula nana t. — more frequent

-9 30.15-30.55

Pinus pollen values range from 11.0 to 53.5%; those of Betula undiff. — from 9.5 to 18.5%; percentages
of Picea gradually fall to 0.2%,; single grains of thermophilous taxa; Salix and Juniperus — more frequent
(up to 5.3 and 2.1%, respectively); increase of NAP values; Cyperaceae — up to 22.5%,
Poaceae — up to 29.0% and Artemisia — up to 16.0%

29.95-30.05

PinePoIIen percentages increase to 65.5%; birch — range between 20.0 and 27.5%;
requencies of Cyperaceae, Poaceae and Artemisia are less than 1% each

29.60-29.85

AP percentages fall sharply again; Pinus values range from 23.5 to 49.0%; Betula undiff. percentages fall
to 9.5%; Salix and Juniperus pollen reach their maxima (8.0 and 3.5%, respectively);
Betula nana t. — frequent; NAP increase considerably again;
Cyperaceae and Poaceae reach 15-16% each; values of Artemisia range from 3.3 to 7.0%

28.90-29.50

Birch pollen values increase to 76% in the lower part of the zone; those of pine — in the upper part; NAP
percentages (mainly Poaceae and Cyperaceae) fall towards the upper part of the zone; Artemisia pollen
high values throughout the zone (max 8.7%); Chenopodiaceae pollen forms continuous curve
(values range from 0.5 to 2.3%)

£-13 28.75-28.85

Pinus pollen dominates (59.0-69.0%); Betula undiff. percentages fall to ca. 15%; values of Alnus, Ulmus
and Quercus rise considerably (up to 2.5, 4.1 and 7.8%, respectively); continuous pollen curve
of Carpinus forms; Corylus pollen more frequent again; values of NAP,
Salix, Juniperus and Betula nana t. fall

t-14 28.45-28.65

Distinct decrease of pine and birch pollen values; simultaneous increase of Alnus (up to 24.5%) and
Carpinus (up to 33.5%); percentages of Ulmus, Fraxinus and Quercus pollen — similar to previous zone;
Tilia and Acer pollen occur again; Cor?/Ius percentages reach 11.0% in the upper part
of the zone and fall to 2.1% in the lower part

£-15 28.00-28.40

Pinus pollen up to 78.5%; increase of Picea percentages towards the upper part of the zone; continuous
curve of Abies pollen; fall of Carpinus values (less than 2%); simultaneous fall in percentages of Alnus,
Ulmus, Quercus and Fraxinus; pollen of Ericaceae, Poaceae and Cyperaceae — more frequent

£-16 from27.90 m

Fall of pine and simultaneous rise of birch pollen values; larch and spruce pollen form continuous curves;
thermop

upwards

ilous taxa — sporadic; increase of Poaceae, Cyperaceae, Artemisia and Chenopodiceae percentages
(up to 15, 10, 10 and 2.3%, respectively); more frequent Betula nana t., Salix and Juniperus

The outline of the vegetation history, presented below, has
been divided into four units which represent warm and cold
climatostratigraphical units distinguished in the pollen succes-
sion (Fig. 5). Local pollen assemblage zones have been
grouped as follows: +-1-t -8, £ -9 -11, £ -12— -15 and £.-16.

Zonest-1-t -8. The £-1 L PAZ, with considerable values
of NAP and Betula undiff., abundant Pinus and Alnus and

continuous percentage curves of Picea and Larix, indicate
that open birch and probably pine-birch forests, with an ad-
mixture of spruce and larch, occurred in the surroundings of
the Lukdw site. Pre-Quaternary sporomorphs are redeposited.
Part of the alder pollen and individual grains of thermophilous
trees may be derived from Neogene deposits. The next zone
(-2 L PAZ), dominated by Pinus, still contains considerable
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pollen values of Betula undiff. and various herbs. These fea-
tures indicate transformation of forest communities of the
protocratic phase of the interglacial towards pine-dominated
ones. Continuous pollen curves of Quercus and Ulmus pro-
vide evidence of spread of elm and oak in wetter places. Tun-
dra communities with Betula nana may still have persisted in
the landscape.

Pollen of trees with higher thermal and edaphic require-
ments predominates in the next zones: +-3—£-6 L PAZ. The
£-3 LPAZ, marked by a considerable rise of Ulmus, Quercus
and Alnus, indicates spread of elm-oak riverine forest and al-
der communities. Quercus and Picea trees were probably also
scattered in pine forest with a birch admixture. Corylus and
Tilia began to spread on more fertile habitats. In the £-4
L PAZ the Quercus pollen culmination indicates that oak may
have been abundant among various other forest types. Tilia,
Acer and Ulmus formed admixtures in oak woods. Hazel was
abundant in the understorey and in forest margins. High
Ulmus percentages, moderately high of Alnus and a continu-
ous Fraxinus pollen curve testify to further spread of rich
riverine forests of various types. In the £-5 LPAZ the maxi-
mum of Corylus pollen (37%) suggests that hazel occurred
not only in the understorey but may have formed thickets of
hazel communities with Ligustrum as an admixture. Accord-
ing to Janczyk-Kopikowa (Janczyk-Kopikowa et al., 1981,
Janczyk-Kopikowa, 1991), such a sequence of pollen zones
represents the first part of the climatic optimum of the
Ferdynandovian succession.

In zone £-6, which belongs to the younger part of the cli-
matic optimum, the rise in pollen values of Abies, Taxus and
Picea provide evidence of increasing proportions of these
taxa in the forests. Maxima of Tilia and Quercus pollen, fre-
quent Acer and presence of Ligustrum, Hedera and Ilex indi-
cate that riverine forests and dry-ground communities on fer-
tile soils were very rich. Indicator taxa of a warm climate —
Celtis, Hedera, Vitis, Ligustrum and Humulus (vide
Mamakowa, 2003) — are present in zones £-4—t-6. In £-7
L PAZ a sharp increase of Pinus percentages and a consider-
able fall in values of all thermophilous taxa indicate pine for-
est expansion (with birch admixture) in most habitats. Rich
riverine forests and dry-ground communities must have been
strongly limited, probably due to climate cooling and decreas-
ing fertility of soils.

In the upper part of zone £.-8 Betula undiff. predominates, a
continuous curve of Betula nana t. starts and frequencies of
NAP gradually increase. This indicates a change in the succes-
sion of forest communities, which was typical of the last, i.e.
terminocratic part of the interglacial. After disappearance of
deciduous trees with climate cooling, dense pinewoods (t-7)
followed by slightly more open birch-pine forests (£-8) en-
croached on their habitats. Higher values of Picea (up to 7%),
Quercus (up to 12.5%) and also pollen of Ulmus and Tilia are
recorded in the sample from 30.75 m. They may indicate
redeposition processes. However, it cannot be excluded that
they might be connected with general habitat changes around
the site as the lithological boundary appears in the deposits at a
depth of 30.70 m (Fig. 4).

Zones £-9-t-11. In zone t-9, pollen values of herbs
(NAP) suddenly rise and slightly exceed 64%. The increasing

values of Poaceae (=Gramineae), Artemisia, Cyperaceae and
Chenopodiaceae provide evidence of a great change in plant
communities. The simultaneous increase in pollen values of
Betula nana t., Juniperus, Salix, and the frequencies of Sphag-
num spores show an expansion of vegetation of open commu-
nities, including also tundra, steppe and mire ones, which re-
sulted from a strong cooling. Such features of pollen spectra are
typical of glacial periods when total retreat of thermophilous
trees is observed. However, tree birch, pine, larch and spruce
might have persisted in small patches as can be shown by other
early glacial sequences (vide Granoszewski, 2003;
Mamakowa, 2003). The continuing presence of pine in these
spectra may be partly the result of long-distance transport of its
pollen across an open landscape.

A distinct change of the pollen spectra character occurs in
the £-10 L PAZ, which is dominated by Pinus with a consider-
able admixture of Betula. The values of NAP decrease to sev-
eral per cent. These changes indicate that boreal pine-birch for-
ests expanded on open habitats. Larix was probably present as
an admixture in these communities. Development of boreal for-
est indicates slight climate amelioration. However, patches of
tundra communities with Betula nana may have persisted in a
mire zone around the lake. The next rise of NAP in zone £-11,
up to 40% (conditioned by the high values of Poaceae,
Cyperaceae and Artemisia), continuing high percentages of
Betula nana t. and maxima of Juniperus and Salix, indicate that
the landscape was again open but to a lesser degree than in zone
£-9. These were probably still boreal pine-birch forests but
considerably less dense, and again with a high proportion of
tundra and steppe vegetation patches.

Zones +-12—+ -15. The £-12 L PAZ represents the first
part of the second warm period. A sudden rise of tree birch
pollen which is visible in the cumulative curve of Betula
undiff. and a decrease in pollen values of Pinus, Salix,
Poaceae and Cyperaceae provide evidence of a new spread of
boreal birch forest. These were probably quite open commu-
nities as reflected by continuing high values of Artemisia, to-
gether with a continuous curve of Chenopodiaceae and Betula
nanat. In zone £-13, a sudden rise of Pinus frequencies and a
decrease in Betula undiff. indicate that the area was again
overgrown by pine-birch and pine forests replacing birch for-
ests. Pollen of Betula nana t. disappears and NAP values de-
crease significantly providing evidence of a diminished im-
portance of open communities in the landscape. In the upper
part of the £-13 L PAZ, increasing values of thermophilous
trees (Quercus, Ulmus) and Alnus, together with sharply ris-
ing pollen curves of Corylus and Carpinus, indicate transfor-
mation of forest communities and a progressive climate
warming. Oak-elm riverine forests may have expanded at the
beginning, followed by oak-hazel communities with an in-
creasing admixture of hornbeam.

The climatic optimum of this second warm period is best
expressed in zone t-14, which is definitely dominated by
Carpinus pollen reaching a high maximum of 33.5%. Simulta-
neously, pollen values of Corylus and Alnus considerably in-
crease, Quercus and Ulmus reach their maxima and a continu-
ous pollen curve of Tilia appears. These features indicate that
multispecies deciduous forests expanded in the area near
tukdéw. Hornbeam, as well as hazel and oak, played an impor-
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tant role in these forests, which might have resembled pres-
ent-day dry-ground forests. Lime and maple also appeared as
components of these communities. Wet habitats were mostly
occupied by alder carrs and riverine forests composed of elm
with an admixture of ash trees.

A considerable rise of the Pinus curve, more frequent oc-
currence of Picea pollen in the next zone (£-15) and a decrease
in pollen values of thermophilous taxa (Carpinus, Quercus,
Ulmus, Fraxinus and Corylus), indicate that climatic condi-
tions became again more severe. This zone belongs to the final,
terminocratic phase of the second warm period. Thermo-
philous deciduous forests were replaced by pine forests, and
spruce expanded in wetter places. However, it cannot be ex-
cluded that trees of hornbeam, oak, alder and lime survived in
these communities. More frequent Ericaceae and NAP and re-
appearance of Betula nana t. pollen provide evidence of open
areas occupied by dwarf-shrubs and herbaceous vegetation.

Zone £-16 marks the beginning of the next sequence of gla-
cial nature. The increasing pollen values of tree birches (Betula
undiff.), NAP (mostly Poaceae and Artemisia), and the reap-
pearance of Betula nana t. pollen indicate that pine communi-
ties of the terminocratic period of the interglacial were replaced
by open boreal birch forests with wide areas of herbaceous
vegetation. Willow and juniper played an important role in the
landscape.

DISCUSSION

STRATIGRAPHICAL POSITION
OF THE LUKOW-3A POLLEN SEQUENCE

In the light of palynostratigraphic criteria, the pollen suc-
cession in the tukdéw-3a profile starts with the birch phase
(£-1) that marks the beginning of the first interglacial which is
represented by eight pollen zones (£-1-t.-8). The next pollen
zones (£-9-+-11) record the stadial-interstadial changes dur-
ing a glacial period, after which the successive warm sequence
of the second interglacial appears in the zones £.-12— -15 (Ta-
ble 1). The next long sequence of pollen zones, starting from
zone £-16, is of glacial nature, and is partly shown in the dia-
gram (Fig. 5).

Here, we follow the palynostratigraphic division of the
Ferdynandovian pollen sequence into two interglacial succes-
sions separated by a cold unit of a glacial character, as initially
suggested by Mamakowa (1996, 2003), who based the new di-
vision on detailed examination of the Podgorze B1 profile. Ac-
cording to this division, the first stadial of the cooling, separat-
ing two interglacial warmings, is characterized by a domination
of Poaceae, Cyperaceae and Artemisia and the presence of taxa
typical of open communities (Helianthemum t. nummularium,
Rumex t. acetosella, Betula t. nana). The second stadial repre-
sents the repeated expansion of tundra and steppe communities
with patches of tree birch, pine and larch. The two stadials are
separated by the interstadial expressed by an increase in birch
and pine pollen values (Mamakowa, 1996, 2003).

In the present paper, the climatostratigraphic scheme of
Lindner et al. (2004) is used for correlation with the pollen

zonation distinguished in the tukdéw-3a succession. According
to this scheme, the pollen sequence from Lukdw represents the
following units: Ferdynandovian 1 and 2 interglacials with a
cooling/glaciation separating them (Ferdynandovian 1/2) and
the early glacial of the Sanian 2 (Elsterian 2) Glaciation (Ta-
ble 2). These units correspond with the lower and upper clima-
tic optima separated by a phase of open boreal forests distin-
guished by Janczyk-Kopikowa et al. (1981) in the stratotype
profile from Ferdynanddw.

THE POLLEN SUCCESSION OF £t UKOW-3A
IN RELATION TO £tUKOW 105

This research has confirmed the Ferdynandovian age of the
deposits from tukoéw, both from the geological and palyno-
stratigraphical point of view. It has been shown that the organo-
genic succession is more complete than originally supposed on
the basis of investigations carried out by Sobolewska (1969).

Pidek reinterpreted the original pollen diagram by
Sobolewska (1969) according to the new division of the
Ferdynandovian pollen sequence into two interglacial periods
with a cooling/glaciation separating them. The table of raw pol-
len counts published by Sobolewska (1969) allowed calcula-
tion of percentages and the production of a pollen diagram not
only for the tree taxa distinguished but for the main herbs
(Poaceae, Cyperaceae, Artemisia, Chenopodiaceae) as well. As
shown in Figure 6, the pollen zones distinguished by Pidek in
the reinterpreted diagram of Sobolewska can be correlated with
corresponding zones of the new t.uk6w-3a pollen diagram. The
pollen succession of the old profile (105) from tukow repre-
sents only the first warm period with very high pollen values of
Betula at the beginning (Fig. 6). The climatic optimum ends
with the pine pollen zone with a significant proportion of birch.

In the new profile (Lukéw-3a) no pollen grains of Ulmus
and Quercus were recorded in the birch phase (L-1), while
Sobolewska found considerable amounts of both oak and elm
pollen in the lowermost samples. The culmination of Quercus
follows that of Ulmus in the £ ukdw-3a pollen diagram, so it oc-
curs later and its value is higher (36.5%) in comparison with the
results obtained by Sobolewska (about 25%). The curves of
Corylus have quite a different shape in the profiles in question.
In the diagram by Sobolewska, high pollen values of Corylus
(over 30%) occur twice, and between them the hazel frequency
falls to several per cent. In the new profile (Lukdw-3a), such a
large decrease does not occur in the hazel curve. After the first,
very high culmination (37%), the pollen values of Corylus fall
gradually.

According to Sobolewska, the pollen values of Abies and
Picea are considerably lower. They fluctuate from 0.1 to 0.2%,
while in the new profile the range is from 2.7 to 8.6%. The very
beginning of the post-optimum cooling is represented by the
upper part of the diagram published by Sobolewska (1969),
with the NAP values reaching ca. 10%. This section can be re-
lated to the pollen zone £-8 of the new profile. Quite sparse
sampling by Sobolewska, especially between 34.5 and 34.1 m
and with no samples available above this section, made further
comparisons with the old pollen diagram impossible.
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Table 2

Correlation of local pollen assemblage zones in the diagrams of £ ukow-3a (this paper), Podgorze B1 (Mamakowa, 1996)
and Zdany (Pidek, 2003) with Ferdynandovian phases according to Janczyk-Kopikowa (1975), in relation to the division of Ferdynandovian
pollen sequence (according to Janczyk-Kopikowa et al., 1981), new division of Ferdynandovian pollen succession by Mamakowa (1996, 2003),

stratigraphic units by Ber et al. (2007), Lindner et al. (2004), Zagwijn (1996) an

Rylova and Savchenko (2005)
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THE POLLEN SUCCESSION OF £ UKOW-3A
IN RELATION TO THE ZDANY SEQUENCE

In the light of new palaeobotanical data, the site at £ ukdw
adjoins the sites representing a full bi-partite Ferdynandovian
pollen succession, rare in Poland. The pollen sequence and the
lithological and stratigraphical context of the organogenic de-
posits can be compared with the site of Zdany (Pidek, 2000,
2003; Matek, 2004; Siedlce Plateau) neighbouring £ukdw.

The Zdany profile is situated in the central part of the
Siedlce Potudnie sheet of the Detailed Geological Map of Po-
land, about 19 km to the NE of Lukdéw. The flat moraine pla-
teau is composed of tills from the Wartanian (Warthe) Glaci-
ation, and near Zdany its surface occurs at 164.00 m a.s.l. Lac-

ustrine organic deposits (lithological profile published in
Pidek, 2000), reaching a thickness of 13.80 m, were found at a
depth of 28.90-42.70 m (121.30-135.10 m a.s.l.). These de-
posits are underlain by a 0.7 m thick layer of sandy-gravelly de-
posits of fluvial origin. Together they fill a fossil depression
eroded in till from the last stadial of the Sanian 1 (Elsterian 1)
Glaciation. The erosion took place at the beginning of the inter-
glacial (Matek, 2004). This sandy till with a thickness of 5.1 m
is calcareous (CaCO; content — up to 14.8%), rich in pebbles,
among which crystalline rocks (41.0%) predominate over
Scandinavian limestones (32.1%). The content of dolomite
clasts is moderate (5.4%). The lacustrine deposits are covered
by a 15.6 m thick sandy till (CaCOs; content — up to 18.6%;
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Fig. 6. Percentage pollen diagram from the £.ukéw 105 profile

Pollen zonation and reinterpretation by Pidek; analysis by Sobolewska (1969)

among gravels, Scandinavian limestones — 43.7%; crystalline
rocks — up to 33.6%; dolomite — up to 7.7%). Petrographic
compositions of the lower till correspond to those obtained for
tills of the Sanian 1 (Elsterian 1) Glaciation and for the overly-
ing till — those of the Sanian 2 (Elsterian 2) Glaciation by
Lisicki (2003; vide Matek, 2004). Additionally, within the lac-
ustrine deposits at Zdany, in layers corresponding to cool-
ing/glaciation F1/2, a considerable increase of clayey-sandy
admixture in gyttja was observed.

Palynological studies of the Zdany profile (94 samples col-
lected from a depth of 29.00-37.15 m) allow one to assign un-
ambiguously the deposits to the Ferdynandovian Interglacial,
and to reconstruct in detail the climatic-vegetational changes
from the end of the Sanian 1 Glaciation, through two warm pe-
riods (climatic optima) of interglacial rank separated by a cold
unit of glacial character, to the early glacial of the Sanian 2
(Elsterian 2) Glaciation (Pidek, 2000, 2003).

The comparison of local pollen zones from the £ukdw and
Zdany profiles against a background of the new division of the
Ferdynandovian succession is shown in Table 1. In both the

profiles, a new division of the Ferdynandovian pollen succes-
sion was used, published for the first time by Mamakowa
(1996, 2003). The new division differs from the one of the
stratotype Ferdynanddw site (Janczyk-Kopikowa, 1975).

The first pollen zone corresponding to the late glacial of the
Sanian 1 (Elsterian 1) Glaciation was not distinguished in the
tukoéw-3a pollen diagram. The diagram starts with the birch
phase corresponding to the expansion of open birch boreal for-
est at the beginning of interglacial warming. The zones
(£-1-£-15) i.e. those representing the first and second warm
periods and the cold unit between them, have their equivalents
in both the profiles concerned (Table 2). The distance between
tukéw and Zdany is rather short (19 km), so the course of or-
ganic-mineral sedimentation and vegetation development was
similar in these sites, as reflected in the geological profiles and
vegetation history recorded in the pollen diagrams. In general,
the number of pollen zones distinguished and pollen percent-
ages of the main taxa are similar within each period. Small dif-
ferences in the percentage values of individual taxa probably
resulted from different local conditions on the £ ukéw Plain and
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Siedlce Plateau, both in terms of vegetation development and
pollen deposition. Depending on relief and water-soil condi-
tions, slightly different vegetation communities could have
predominated in each of these regions (especially at climatic
optima), though the vegetation history was generally very simi-
lar. A detailed comparison of the pollen succession from
Zdany, which is the most complete among the palynologically
examined Ferdynandovian successions in Poland, with the suc-
cession from the stratotype profile from Ferdynandéw was
published by Pidek (2003). In the light of the present study,
£ ukow-3a adjoins the sites with complete bi-partite pollen se-
quences of this age.

STRATIGRAPHIC CORRELATIONS

Besides new palaeobotanical data, the pollen succession
from tukoéw, similarly to the successions from Podgorze
(Mamakowa, 1996, 2003) and Zdany, provides further evidence
of the fact that the Ferdynandovian succession contains two pol-
len intervals representing warm periods which are separated by
one with features typical of a glacial period. The palynological
picture of the cold unit is very similar at £ukéw, Zdany and
Podgorze, and the stadial-interstadial oscillations, which are the
most important for the new division of the Ferdynandovian suc-
cession, occur in the section represented by the pollen zones
£-9+t-11 in Lukéw and Zd-9-Zd-12 in Zdany, which corre-
spond to Pg-5-Pg-8 in Podgorze (Table 2). This section contains
two cold oscillations of stadial character, which represent
steppe-tundra vegetation separated by the interstadial expansion
of boreal birch and pine-birch forest. The common features oc-
curring in this cold unit in the three profiles under consideration
include a high NAP proportion (mostly over 40%), presence of
indicator taxa for open steppe-tundra communities, a low fre-
quency of sporomorphs and lithological changes, i.e. consider-
able amixture of clayey-sandy material (Zdany and tukow) or
lamination occurring in gyttja deposits (in Podgdrze B1). The
first cold oscillation in the Podgorze B1 profile, represented by
zone Pg-5, is characterized by slightly lower values of NAP than
those for the corresponding zones at tukéw (£-9) and Zdany
(Zd-9). The second cold oscillation in the Podgorze (Pg-8) sec-
tion is more distinct than its equivalents at +ukoéw (£-11) and
Zdany (Zd-12). Pollen spectra separating the cold oscillations re-
cord the development of boreal birch-pine forests of interstadial
vegetation type. The whole section representing the glacial cool-
ing is not very thick both in the L.ukéw and Zdany profiles (about
80-90 cm). In Podgdrze B1 it encompasses ca. 1.1 m of the suc-
cession. It is possible that in the stratotype profile from
Ferdynandéw (Janczyk-Kopikowa, 1975) the section represent-
ing the glacial cooling was not distinguished because of rather
sparse sampling. NAP values reaching 28.6% in this section
were considered by Janczyk-Kopikowa (1975) as representing
vegetation of open boreal forests.

Besides + ukdw-3a, Zdany and Podgérze B1, the pollen se-
quence from Biatobrzegi (Janczyk-Kopikowa, 1991) covers
two warm periods separated by significant cooling expressed in
the pollen diagram by the rise of NAP to 37%. When referring
to the Ferdynandovian sequence from Sosnowica Janczyk-
Kopikowa (1991) concluded that it covers not only the “lower

climatic optimum” with the late glacial part preceding it but
also the subsequent cooling and part of the “upper optimum”.
The unit separating the two optima in Sosnowica was related by
Mojski (2005) to distinct Ferdynandovian cooling observable
in stratotype profiles of this age.

Other published Ferdynandovian pollen sequences in Po-
land encompass only the first (= lower) interglacial which
probably lasted ca. 20 thousand years (Krzyszkowski et al.,
1996). These are: Wola Grzymalina and tawki 7 (Kuszell,
1991), Popioty (Winter, 1992), Buczyna pod brukiem
(Janczyk-Kopikowa, 1991), Stanistawice (Janczyk-Kopikowa
and Zarski, 1995), Falecice (Lindner et al., 1991) and
Podlodéw (Janczyk-Kopikowa and Rzechowski, 1980).

The early correlation of the Ferdynandovian succession
with the stratigraphic schemes of Eastern Europe by Janczyk-
Kopikowa (1975) indicated its resemblance to the Shklovian
double-optimum interglacial in western Russia, and to the suc-
cession from the Nizhninsky Rov profile in Belarus. Lindner
(1992) correlated also the lower optimum of the Ferdynan-
dovian sequence with the Muchkapian Interglacial in Russia,
and the upper one with the Glazovian Interglacial.

However, taking into account palynological criteria, the
correlation with Belorussian profiles is the most tentative due to
great similarities of pollen successions which are quite numer-
ous there (Rylova, 1998; Rylova and Savchenko, 2005). The
Belorussian stratigraphic scheme agrees with the new division
of the Ferdynandovian pollen sequence into two separate
interglacials (Velichkevich et al., 1996; Mamakowa et al.,
2000; Sanko et al., 2005). The older of these with elm and oak
domination is called the Belovezhian Interglacial and palyno-
logically corresponds well to the lower warm unit of the
Ferdynandovian succession. The younger one (Mogilevian
Interglacial) with a distinct hornbeam phase corresponds to the
upper optimum of the Ferdynandovian succession.

Taking into account studies on sections of glacial deposits,
corresponding loesses and interglacial organic deposits of Po-
land, Belarus and Ukraine Lindner et al. (2004) distinguished
10 glaciations or coolings within the Mid and Late Quaternary,
separated by 9 interglacials or warmings. According to this
climatostratigraphical scheme the Ferdynandovian belongs to
megainterglacials with two separate warmings (F1 and F2) and
cooling between them F1/2. The Ferdynandovian is situated
between the Sanian 1 and Sanian 2 (Elsterian 1 and Elsterian 2)
glacials and corresponds to the Belovezha Complex in Belarus,
with two warmings of the Belovezhian 1 and 2 and a cooling
Belovezhian 1/2 (Lindner et al., 2004).

The pollen sequence of the stratotype profile from Ferdy-
nandow, containing two warm units called climatic optima, in
the recent stratigraphic schemes is related to the oxygen iso-
tope stages 15-13 and situated between the Sanian 1
(Elsterian 1) and Sanian 2 (Elsterian 2) glaciations (among
others, Lindner and Marks, 1994; Lindner et al., 2002, 2004;
Mojski, 2005; Ber, 2006). Timescales for this part of the early
Middle Pleistocene cover the period ca. 480-630 ka (Ber,
2006). However, according to Ber (2005, 2006) and Ber et al.
(2007) the Ferdynandovian should be considered chrono-
stratigraphically as one unit even if climatostratigraphically it
can be divided into two warn units (F1 and F2) and a cold one
(F1/2).
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The distinguishing of two interglacials in the
Ferdynandovian succession is consistent with the interpretation
of the pollen diagram from Ferdynandéw by Zagwijn (1996)
and with the opinion by Turner (1996). Both these authors un-
equivocally related the Ferdynandovian sequence to the oxy-
gen isotope stages 15-13 and placed it within the Cromerian
Complex (Turner, 1996; Zagwijn, 1996). However, referring
to Western European stratigraphy, Zagwijn (1996) correlated
the lower warm period from Ferdynandéw with the Cromerian
Il (Westerhoven), and the upper one with the Cromerian 111
(Rosmalen). Lindner et al. (2004) and Ber et al. (2007) were
also of the opinion that the Ferdynandovian sequence should be
related to the Cromerian Complex. However, they correlated
the first warm unit with the Cromerian 111, and the second one
with the Cromerian 1V. Detailed palynostratigraphical correla-
tion with West European stratigraphy is not easy due to the
fragmentary nature of the pollen data. This fact was stressed
strongly by Zagwijn (1996) and Turner (1996). Based on simi-
larities in the pollen succession of Poland and Belarus it seems
probable that F1 corresponds to Cromerian 1l (Westerhoven)
and F2 to Cromerian Il (Rosmalen) (see also Rylova and
Savchenko, 2005). In such a case the cooling/glaciation
beetween them would correspond to glacial B in the Cromerian
Complex of the Netherlands (Zagwijn, 1996).

More data is needed to solve these problems and there is no
place in this paper to re-open the discussion, but it is worth not-
ing that one result was an attempt at a new interpretation of the
Ferdynandovian succession proposed not only by Lindner et al.
(2004) but also by Winter (2006). The last author discussed the
Ferdynandovian and the Augustovian long pollen sequences as
bi-interglacials separated by a cold stage comprising stadial and
interstadial intervals. Winter (2006) proposed the division of the
Ferdynandovian long pollen sequence into two interglacials (the
older one denoted by F I and the younger one by F 1) separated
by glacial cooling denoted by F I/11. In the discussion, she raised
the problem (after Janczyk-Kopikowa, 1987) of distinguishing
cold units based on palynostratigraphy only. In her opinion,
chronostratigraphic cold units can only be distinguished and
named on geological criteria, but within one chronostratigraphic
unit named Ferdynandovian three climatostratigraphic ones (F I
and F I1 of interglacial rank and glaciation s.I. — F I/11, between

them) can be distinguished. Mojski (2005) remarked that the
proposed of new division of the Ferdynandovian pollen se-
quence is not meaningless because it touches the topical issues of
definition of a glacial stage both from the palaeogeographical
and palaeobotanical points of view. The new findings in the
£ ukow profile strongly support this opinion.

CONCLUSIONS

The new data from the £ukdw site show unambiguosly that
it belongs to the rarely found bi-partite Ferdynandovian se-
quences. The first warm succesion in its optimal phase repre-
sents development of deciduous forests with a considerable
proportion of oak, elm, hazel and without hornbeam. The sec-
ond warm succession represents expansion of hornbeam with
significant percentages of some other deciduous trees. The cold
unit separating the two warmings represents the spread of
steppe-tundra communities with intervening phases of devel-
opment of boreal birch and pine-birch forest.

From a palynostratigraphical point of view the t.ukéw se-
quence can be divided into two separate interglacials with cool-
ing/glaciation between them. Such a conclusion follows earlier
findings at the Podgdrze B1 profile by Mamakowa (1996,
2003) and Zdany (Pidek, 2003) and is supported by numerous
pollen sequences of this age in Belarus (Rylova and Sav-
chenko, 2005).

The new division of the Ferdynandovian sequence can be
correlated with new climatostratigraphical units of the Middle
Pleistocene where F 1 (1), F 2 (1) and F1/2 (FI/I) can be
found (Lindner et al., 2004; Winter, 2006). These units reflect
two warmings of interglacial vegetation separated by a cool-
ing/glaciation. The two warm periods are correlated with oxy-
gen isotope stages 15 and 13 and placed within the Cromerian
Complex.
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