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This paper reports the results of investigations in the eastern part of the European sand belt.
The lithological variability of alluvia as well as overlying aeolian sands and silts was determined in
the Berezno site (Western Ukraine) located on the right-bank, higher terrace of the Slutcha River.
Based on the described deposit succession, using the results of lithofacial, granulometric, mor-
phoscopic, and TL analyses, the primary deposition environments were reconstructed. Periglacial
structures were also characterized and interpreted. The dependence of the deposition conditions
and rate on the transformation of Plenivistulian and Late Vistulian severe climate was shown.
An attempt was also made to define the influence of local factors on fluvial, fluvio-aeolian, and
aeolian deposition. Alimentation areas for aeolian deposits and dominant wind directions were
also indicated.
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INTRODUCTION

the northern part of Ukraine, as well as through Lithuania,
Latvia and Estonia, reaching as far as Russia (Koster, 1988;

In the periglacial zone, most typical are fluvial and aeolian
processes. During the last glaciation, the periglacial area
covered the entire East and Central European Lowland. The
intensive pro- and extraglacial deposition left an extensive
sediment deposition zone in this area, the so-called sand
belt. Currently, these are mainly extensive sand and sand-
silt aeolian covers and inland dune fields. Alluvial sands,
outwash deposits or moraine plateaus prevail in their sub-
stratum (Nowaczyk, 1977; Kocurek, Nielson, 1986; Gozdzik,
1980a, 2000). They spread from the eastern part of the British
Isles through Northern Belgium, the Netherlands, Northern
Germany, the western part of Denmark, Poland, Belarus and

Bose, 1991; Kasse, 1997; Zeeberg, 1998; Fig. 1). Studies on
sedimentary succession within this zone enabled a detailed
description of the diversity of the periglacial depositional
environment during the last glaciation, which in turn al-
lowed constructing climatic models for this period of time
(Isarin et al., 1997; Liedtke, 1993; Huijzer, Vanderberghe,
1998; Kasse, 2002; Kasse et al., 2003; van Huisstenden et al.,
2003; van Huisstenden, Pollard, 2003). A vast majority of
detailed data used in these reconstructions come from the
Netherlands, Germany as well as from Eastern and Central
Poland, i. e. from the western part of the belt. Although the re-
searchers have been studying the eastern part of this belt for
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a long time (Tutkowskij, 1909; Lencewicz, 1922; Krygowski,
1947; Zeeberg, 1988; Zaleski, 2004; Zaleski, Zieliniski, 2005;
Zielinski et al., 2008), the results do not fully substantiate
such inferences. In particular, attention should be drawn to
two studies which contribute to the discussion on the overall
atmospheric circulation during inland dune formation. The
first study is Zeeberg’s work (1998) which contains palaeo-
geographical conclusions based primarily on the studies of
dune orientation in Central and Eastern Europe. Based on
lithofacial analysis and TL dating of three sites in the Vol-
hynia Polesie, the second study presents variations in wind
direction and velocity in relation to circulation changes in the
Late Vistulian (Zielinski et al., 2008).

In this context, it seems reasonable to examine the east-
ern part of the sandy belt, i. e. on the territory of Ukraine,
which would facilitate characterizing sediments of various
genetic origin (alluvial, aeolian) and age (Plenivistulian, Late
Vistualian) deposited in periglacial climate conditions, and
to compare the nature of deposition with analogous profiles
from Western and Central Europe. The research on aeolian
forms in the Volhynia Polesie resulted in documenting a
site located in the aeolian cover in the vicinity of Berezno
(Figs. 1,2). Encouraged by the discovery of sediments of vari-
ous origin, the authors decided to conduct a more detailed
study. The aim of the research was to reconstruct depositional
environments at the site and to specify the age and factors
that determine the changeability of sediment accumulation.
To this end, the authors applied the following methodology:
1) geomorphological mapping; 2) lithological description of
sediments, i. e. texture evaluation, recording of depositional
structures, measurements of scale and frequency of recorded
lithofacies, measurement of structural directional elements
and recording of periglacial structures; 3) laboratory analy-
ses to define grain composition by the sieve method and to
determine the shape and surface of quartz grains (Krumbein,
1941; Krygowski, 1964; Gozdzik, 1980b); 4) lithofacial analy-
sis: the lithofacial features of deposits determined in the field
studies as well as the outcome of laboratory analysis helped to

identify the depositional environment according to Zielinski’s
(1997) classification for the fluvial environment and Lea’s
(1990) classification for the aeolian environment; 5) ther-
moluminescence dating using the multi aliquot regeneration
method (Wintle, Proszynska, 1983), in accordance with the
sample treatment proposed by Fedorowicz (2006).

LITHOFACIAL ANALYSIS OF DEPOSITS

Morphological and geological situation. The study site is
located in the Slutcha River valley, north-west of Berezno
(Fig. 2). It covers the right-bank, eastern part of the valley.
It is here that the undercut fragment of the Vistulian terrace
gently bends its way into an outwash valley from the Oder
(Dnieper) age, composed of fluvioglacial deposits. In the
place where the two forms meet, there is an aeolian cover
which covers most of the terrace. The surface of the cover is
wavy and slightly inclined towards the valley axis on the or-
dinate of just above 168 m. Distinct culminations of the cover
reach 176 m a.s.1. and are various types of inland dunes, usu-
ally with western orientation.

Deposit description. In the northern part of the mean-
der undercutting (Fig. 2) there is an excavation site where the
sediment profile was identified (Fig. 3A). The sediment profile
comprises three complexes. In the lower fluvial complex, the
sand — silt cycles composed of fractional sequences, were
identified (Fig. 3B, 4F G, H). The sandy element of the se-
quence consists of sands with large and medium-scale trough
cross-stratification. Towards the profile top, the trough scale
clearly decreases. This element is crowned with fine-grained
sands with ripple cross-lamination (Fig. 4G). Laterally, there
are sands with tabular cross-stratification developing into
sands with horizontal or small-angle stratification, which
are crowned with sands with ripple lamination (Fig. 4H). The
silty / silty-sandy element consists of silty sands with climb-
ing ripple lamination, silts with flasher lamination developing
into horizontal lamination (Fig. 4F). Subsequent cycles in this
complex become less thick, while the scale of the lithofacies
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Fig. 1. Situation of the study area against the background of sand belt extent in Central Europe according to Kasse, 1997 and Zeeberg, 1998
1 pav. Tyrimy teritorijos padétis Vidurio Europos smélingoje juostoje (pagal Kasse, 1997 ir Zeeberg, 1998)
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Fig. 2. Location of the research site in geomorphological sketch
2 pav. Geomorfologiné tyrimy vietos lokalizacija

of which they consist decreases. Structural directional ele-
ments show a relatively large discrepancy and the dominant
NNE direction (Fig. 3A).

The middle - fluvio-aeolian - complex consists of two
lithofacial associations (Fig. 3B, 4D, E): 1) sands with small
and medium-scale trough cross-stratification, most often in-
serted into single large-scale troughs, sometimes are accom-
panied by sands or sands with fine gravels of small and me-
dium-scale tabular cross-stratification, crowned with sands
of horizontal stratification; 2) fine gravels, mostly aeolized,
most often in the sandy matrix, which create discontinuous
strata of small thickness (up to 5 cm), rhythmite of sands
with horizontal stratification, low-angle cross-stratification
or adhesion climbing ripple pseudo-cross-lamination oc-
curring alternately with silts and sandy silts with streaky or
horizontal lamination. Structural directional elements are
largely dispersed; however, an increased frequency of three
directions (E, N, SW) is observed (Fig. 2A).

The upper — aeolian — complex consists of (Fig. 3B,
4A, B, C): 1) in the floor, rhythmite of sands with horizontal
stratification, climbing ripple cross-lamination, translatent
stratification or tabular cross-stratification, and sandy silts

with horizontal lamination or massive structure; 2) in the
top, sands with climbing ripple cross-lamination, translatent
stratification or small-scale tabular cross-stratification or
massive structure, while culminations consist of sands with
high-angle inclined stratification. Directional preferences in-
clude two dominant directions: SE and WSW (Fig. 2A).

Periglacial structures. Two generations of periglacial
structures have been identified in the sediment profile stud-
ied. In the top part of the lower (fluvial) complex, there are
wedge structures 0.2-0.6 m long and several up to 20 cm wide
(Fig.4E). They are filled with silt and sandy silt, and the widest
of them are additionally filled with sandy material along their
axes. In this layer, there are also involutions, drop structures;
oftentimes the primary deposit structure is obliterated. The
second generation of structures is found in the bottom part
of the middle sediment complex. These are mainly syngenetic
wedge structures. The longest of them are over 1 m long and
several cm wide; they cut through the top part of the lower
complex. The structures correspond to the fine-gravel stratum.
This material fills the upper parts of the largest structures. In
addition, there are small reverse faults and flexure deflections
with the throw reaching up to 10 cm (Fig. 4B, E).
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Fig. 3. Depositional succession in Berezno: A — arrangement of the lithofacies complexes in the exposure, B — detailed picture of lithofacial differentiation
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Fig. 4. Lithological features of depositional succession: A — upper (aeolian) complex; B — flexures in upper complex; C — small faults in the bottom of aeolian
complex; D — episodic braided channel in middle complex; £ — periglacial structures in the top of lower (fluvial) and middle complex; F — silty lithofacies in lower
complex; G, H— braided river, with two typical sub-environments: deep channel (G) and transversal bar (H). Localization of photo in Fig. 3A

4 pav. Nuoguly seky litologiniai bruozai: A — virdutinis (eolinis) kompleksas; B — jlinkiai (fleksiros) virSutiniame komplekse; C — smulkas neSvarumai apatiniame eoli-
niame komplekse; D — atsitiktiniy juosteliy kanalai viduriniame komplekse; £ — periglacialinés struktaros Zemutinio ir vidurinio komplekso virdutinéje dalyje; F — dumblo
frakcijos Zemutiniame komplekse; G, H — juostinés upés kaip dvi tipiskos subaplinkos: giliis kanaliukai (G) ir skersinés juostelés (H). Nuotrauky iSdéstyma Zr. 3A pav.

Interpretation. Lithological features of the lower com-
plex, in particular their lateral diversity, suggest that these
deposits formed: a) in the deep-channel zone - trough struc-
tures, and b) as a result of prograding sand bar - tabular
structures (Miall, 1978; Rust, 1978; Van Huissteden, Vander-
berghe, 1988; Kozarski et al., 1988; Zielinski, 1997). The fact
that trough lithofacies decreases upwards as regards its scale
and transforms into silty lithofacies points to a decrease in
the flow size and energy and, as a consequence, to flow with-
ering. The sequence of sands with tabular cross-stratification
and horizontal stratification indicates that the flow depth de-

creases and the flow regime is transformed from the lower to
the upper one. The documentation of three such cycles may
indicate an intensive deposit aggradation in the river chan-
nel, while there are records of frequent channel avulsions.
The decreasing thickness of successive cycles may mean
that the size of the river flow was reduced or that second-
ary channels developed in this place. These features clearly
indicate the existence of sand-bed braided river flowing in
the northern direction. Furthermore, the sediment sequences
document a decreasing flood and a gradual flow withering
(compare Zielinski, 1997).
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Wedge structures found in the top confirm the existence
of long-term permafrost which most probably appeared on
deposited alluvial sediments when the flow had withered.
These are, most probably, ice wedge casts. Both casts and
small-scale involutions allow to specify the average annual
temperature as -2 — -5 °C (Rotnicki, 1970; Kozarski, 1995;
Huijzer, Vandenberghe, 1998; Kasse et al., 1998; Mol, 1997;
Mol et al., 2000; Kasse et al., 2003; Van Huissteden et al.,
2003).

Lithofacial features of the middle complex prove that two
distinct depositional environments interfingered. The lower,
erosive borderline of sand sets with trough cross-stratifica-
tion indicates the existence of episodic deep channels which

were relatively quickly filled with alluvia. The channel was
filled as a result of winding megaripple migration — medi-
um-scale trough structures; as the flow depth was becoming
smaller, the scale of bottom forms was decreasing. In addi-
tion, there is an evidence of channel shallowing as a result
of transverse bar progradation (tabular structures) and flow
passage in the upper regime (horizontal stratification). Fea-
tures of the second lithofacial association, i. e. rhythmite of
sands with horizontal stratification, low-angle cross-stratifi-
cation or adhesion climbing ripple pseudo-cross-lamination
occurring alternately with silts and sandy silts with streaky
or horizontal lamination are typical of deposition in an aeo-
lian environment. Sandy lithofacies with cross-stratification
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were deposited as a result of saltation transport (Sharp, 1963;
Hunter, 1977; Lea, 1990), while those of horizontal structure
were deposited from a near-ground suspension (Hunter, 1977;
Boréwka, 1990, 2001; Zielinski, Issmer, 2008). Silty litho-
facies were deposited as a result of transport in suspension
or modified saltation (Tsoar, Pye, 1987; Lea, 1990). The ex-
istence of adhesion climbing ripple pseudo-cross-lamination
suggests deposition on a moist surface (Hunter, 1973; Kocu-
rek, Fiedler 1982; Schwan, 1986; Boréwka, 1990, 2001), while
the wavy surface of sandy silty rhythms bears resemblance
to fluvio-aeolian deposits distinguished by Kase (1997, 2002),
Kase et al. (2003) or wet aeolian deposits distinguished by
Bohncke et al. (1995), Mol (1997). Also, it is possible that the
rhythms developed as a result of flood wave descending out-
side the channel zone. The fine-gravel layer with clear signs of
aeolization is indicative of some changes in the functioning
of the aeolian system which becomes dominated by deflation
(Koster, 1988; Seppald, 2004). The above-mentioned genetic
interpretation of deposits clearly indicates an intensive aeo-
lian deposition in the braided river area, and river flows are
much lower than the ones recorded in the lower complex. The
flow size decrease and the flood wave descent were accom-
panied by an intensive aeolian accumulation. Aeolian pro-
cesses occurred also on the moist surface outside the channel,
which made accumulation more intensive. When the surface
became dry, deflation processes were activated, which is evi-
denced by the level of the aeolian pavement. Aeolian accumu-
lation took place in severe periglacial conditions confirmed
by synsedimental wedges which suggest that an average an-
nual temperature was below -1 °C (Kozarski, 1995; Huijzer,
Vandenberghe, 1998; Kasse et al., 1998; Mol, 1997; Mol et al.,
2000; Kasse et al., 2003; Van Huissteden et al.,2003). Small re-
verse faults may also imply the existence of ground ice. How-
ever, such structures may also indicate that the accumulation
took place on snow (Schwan, 1986; Dijkmans, Miicher, 1989;
Dijkmans, 1990). Structural directional elements show a di-
verse deposition orientation. Still, lithofacies deposited in the
fluvial environment suggest mainly the flow in the northern
direction, and directional preferences of the aeolian environ-
ment suggest a slight predominance of western and north-
eastern winds.

The lithofacial features of the upper complex show diverse
conditions of accumulation in the aeolian environment. Sandy
facies were deposited as a result of ripple migration — sands
with climbing ripple cross-lamination or translatent stratifi-
cation (Bagnold, 1954; Sharp, 1963; Hunter, 1977), megaripple
migration - sands with tabular cross-stratification (Boréwka,
1990, 2001; Pye, Tsoar, 1990; Gozdzik, 1998), and as a result
of material transport in the near-ground suspension - sands
with horizontal stratification (Hunter, 1977; Zielinski, Issmer,
2008). Alternately, there were conditions with a lower wind
velocity, favouring the deposition of silty and sandy-silty
lithofacies transported in suspension or intermittent salta-
tion (Pye, Tsoar, 1987; Lea, 1990; Gozdzik, 1998). Top litho-
facies, i. e. sands with high-angle cross-stratification, were

deposited on the leeward slopes of dunes (McKee, 1966;
Nowaczyk, 1976; Hunter, 1977; Boréwka, 1990, 2001), and
sands with a massive structure are the effect of obliterating
the primary structure as a result of pedogenic (Wojtanow-
icz, 1970) or periglacial (Stankowski, 1963; Urbaniak, 1969)
processes. Directional preferences in this complex show the
predominance of ENE and NW winds.

TEXTURAL FEATURES

Granulometric and morphoscopic analysis was conducted
in two most representative profiles (Fig. 5). Medium- and
fine-grained sands are the main constituents with the maxi-
mum (25.1-52.9%) in 0.315-0.45 and 0.25-0.315 mm frac-
tions and average diameter 0.26 to 0.37 mm. The coarsest
grains are found in channel sediments while the finest in
strictly aeolian sediments. They are well and medium sorted
(0.44-0.949). The best sorting was observed in channel sedi-
ments, while the worst one was recorded in channels with
withering flow and in sandy-silty covers deposited as a result
of fluvial-aeolian or aeolian processes. The deposits contain
well-rounded grains (K = 0.6-0.67). Round matt grains are
predominant (RM = 48-71%); however, polished rounded
grains (EL = 2-23%) and cracked grains (C = 14-23%) have
a large share. The largest share of RM grains is found in lower
and upper complex sediments and the largest percentage of
EL grains in the middle complex. The small percentage of un-
abraded grains (NU up to 8%), occurring almost exclusively
in upper complex sediments, deserves attention. However, the
occurrence of these grains in the sample is accompanied by
the increasing percentage of cracked grains (C up to 20%).

The high level of aeolization, i. e. the content of RM and
EM grains both in fluvial and aeolian sediments, confirms
the periglacial origin of the sediments. This indicator is par-
ticularly explicit in periglacial braided rivers in the Polish
Lowland, with almost 100% of grains showing signs of ae-
olization (Gozdzik, 1980a, 1995). A comparison of this sedi-
ment indicator from Berezno with the analogous one from
the Polish Lowland allows a conclusion that the content of
aeolized grains is slightly smaller to the advantage of polished
grains. The content of EL grains increases towards the profile
top and in episodic channel sediments (middle complex) up
to 23%, and RM grains reach 56%, possibly because the site
was located in the close vicinity of steppe and forest steppe
areas (Biidel, 1948; Gerasimov, Velichko, 1982). A slightly
thicker layer of vegetation may have slightly impeded the in-
tensity of aeolian processes and the supply of material to the
river valleys. This hypothesis is supported by the increase of
EL grain share in younger alluvia. Another reason may be the
a close vicinity of sediments which form the outwash valley
and contain a large percentage of EL, NU and C grains. Thus,
these sediments may have contributed to the fluvial deposi-
tion.

The high degree of similarity between textural features
of sediments from all the three complexes supports the
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conclusion that braided river alluvia were the main alimenta-
tion area for aeolian sediments (compare Krygowski, 1947;
Wojtanowicz, 1970; Nowaczyk, 1976, 1986; Gozdzik, 19804,
1991,2000). Also, the vast area of outwash valley slightly con-
tributed to the supply process, as suggested by the increased
percentage of NU and C grains in aeolian sediments. Pres-
ervation of these grains suggests that aeolian transport took
place at a small distance. The fact that the closest outwash val-
ley is located east and northeast from the site indicates that
the wind from the eastern sector contributed significantly to
the grain deposition.

SEDIMENT AGE

Simultaneously with laboratory analyses, TL dating was
conducted in both profiles for 10 sediment samples (Ta-
ble, Fig. 5). In the lower fluvial complex, dates ranging from
17.2 + 1.8 to 14.6 + 1.5 ka BP were obtained; therefore, it
may be assumed that braided river sediments developed
in the Upper Plenivistulian (Liedtke, 1993; Bohncke, 1995;
Kase, 1997; Mol, 1997). The middle fluvio-aeolian complex
was dated in the range from 12.5 + 2.3 to 12.0 + 1.1 ka BP.
The first of the two dates is much less certain than the re-
maining ones in the profile, i. e. its uncertainty rate is 18%.
This situation is due to a large scatter of results of the ab-
sorbed ED dose measurements. This discrepancy may be ex-
plained by a short exposure of some grains to solar radiation
or by the fact that the grains originated from two different
sites. Considering that sediments in this complex were ac-
cumulated in the aeolian or fluvial environment, the latter
explanation seems to be more plausible. The age of the up-
per aeolian complex was determined within the range from
12.7 £ 1.3 to 9.4 + 1.2 ka BP. Sandy and silty bottom litho-
facies are characterised by the date 12.7 + 1.3 ka BP, while
the top sandy lithofacies are younger than 12.2 + 1.3 ka BP.
The youngest date (9.4 + 1.2 ka BP) represents near-surface
sediments — a massive cover and its culminations. The dates
show that the middle and upper complexes were deposited
in the Late Vistulian and the Preboreal (Nowaczyk, 1986,
2000; Kozarski, Nowaczyk, 1991 a, b; Kase, 1997; a. 0.). Ac-

Table. Results of TL dating of aeolian and fluvial deposits in Berezno site
Lentelé. Berezno vietovés eoliniy ir fliuvialiniy nuosédy TL datos

cumulation of fluvio-aeolian sediments started most prob-
ably prior to the Older Dryas, which is suggested by the
dates older than 12.000 years. Their occurrence over the
sediments of the first complex, whose top part is dated to
14.6 + 1.5 ka BP, may suggest that these sediments date back
to the Older Dryas and their deposition still continued in the
Bolling. It is in this period that the accumulation of strictly
aeolian sediments began, which is indicated by the data ob-
tained for the upper complex bottom, i. e. 12.7 £ 1.3 ka BP.
The main period of their accumulation dates back probably
to the Older Dryas, which is evidenced by three dates in the
range of 12.2 + 1.3-11.8 + 1.3 ka BP covering most of the
upper complex. Aeolian deposition was completed with the
dune formation. However, the beginning of dune formation
is not precisely identified, while the end is marked by the
date 9.4 £ 1.2 ka BR,i. e. the Preboreal.

DEPOSITIONAL ENVIRONMENT EVOLUTION
IN THE CONTEXT OF CLIMATIC CHANGES

The discussed documentation, together with its interpreta-
tion, indicate that the depositional succession in Berezno took
place in the interval of the Upper Plenivistulian — Preboreal.
Typical of this period are dynamic climate changes from the
Vistulian pessimum, with the average annual temperature -5
to -8 °C and in July up to 5 °C, until the beginning of the
Holocene warming in the Preboreal, with the average annual
temperature of about 7 °C and in June 14-15 °C. Changes in
thermal conditions were accompanied by a changing humid-
ity. In this period, probably in the Allerdd, the permafrost
was subjected to the degradation process (Maarleweld, 1964;
Nowaczyk, 1986, 2000; Liedtke, 1993; Kozarski, Nowaczyk,
1991 a, b; Kozarski, 1995; Kase 1997; Huizer, Vanderberghe,
1998; Van Huissteden et al., 2003).

The peak time for the development of the braided river
which was formed in two sub-environments typical of this
river — deep channel and transversal bar — was the Upper
Plenivistulian. The main supply from the melting snow cover
in spring and permafrost active layer in summer caused sig-
nificant flow variations (Bohncke et al., 1995; Mol, 1997; Mol

Sample Depth (m) Lab. No (6)3:( o ED (Gy) (1I'(I.aagpe)
Berezno-Il/6 0.6 UG-6124 1.79 £0.06 16.8+£1.6 94+1.2
Berezno-Il/7 2.2 UG-6125 1.83 £0.06 216 +2.1 11.8+1.3
Berezno-1/8 2.5 UG-6126 1.73 £0.06 21922 12713
Berezno-1/9 34 UG-6127 1.80 £ 0.07 216+2.2 120+ 1.1

Berezno-Il/10 3.8 UG-6128 1.71 £0.06 25.0+26 146+1.5
Berezno-V/1 0.7 UG-6129 1.73 £0.06 211122 122+£1.3
Berezno-V/2 1.1 UG-6130 1.66 £ 0.07 20.1+£2.2 121+£1.3
Berezno-V/3 2.1 UG-6131 1.77 £0.06 223+24 12615
Berezno-V/4 2.9 UG-6132 1.83 £0.06 229+4.2 125+£23
Berezno-V/5 5.5 UG-6133 1.96 £ 0.08 29.7£3.0 172+£1.8
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et al., 2001; Vanderberghe, 2001). The severity of climate in
this period is documented by the structures remaining after
ice wedges and small-scale involutions which evidence the
existence of permafrost. With all probability, the permafrost
was aggregated following the flow withering. Another feature
of severe climate is a large content of aeolized grains in al-
luvia. Periglacial conditions provided the background for an
intensive aeolian process development. Sand was transported
at a distance of tens or even hundreds of kilometres (Gozdzik,
1991, 2000). River valleys provided a natural trap for the ma-
terial transported in such a way. It seems, however, compared
to the conditions in Poland, that conditions in the profile
under scrutiny were slightly milder, as suggested by a small
percentage of polished rounded grains typical of rivers in a
milder climate. This fact may be confirmed by the increasing
content of EL grains in younger deposits (Fig. 5).

According to most researchers, climatic conditions in
the Oldest Dryas seem to be very similar to the ones in the
Plenivistulian (Rotnicki, 1970; Nowaczyk, Kozarski, 1991 a, b;
Kozarski, 1995; Nowaczyk, 1986, 2000). Frost structures in
Berezno clearly evidence severe climate, with the average
annual temperature below -1 °C. Therefore, compared with
the earlier period, the conditions improved insignificantly,
which may be proved by the maximum content of EL grains
in the sediments. This period was marked by the flow in epi-
sodic braided channels, accompanied by an intensive aeolian
deposition. However, one should bear in mind that the dates
obtained for these deposits show a continuation of the depo-
sition in the Bolling; therefore, an improvement of conditions
demonstrated by the increased content of EL grains is likely
to reflect this period. Still another reason may be the fact that
aeolian transport is supplied by deposits which form outwash
valleys occurring in the close vicinity. The increased partici-
pation of the aeolian component in deposits from this period
provides additional evidence.

Starting from the Older Dryas, the deposition of the aeo-
lian layer took place in much milder conditions, with the ave-
rage annual temperature of -1 °C and temperature in July
reaching 10-12 °C in the Older Dryas and about 12 °C in the
Younger Dryas (Nowaczyk, 1986, 2000; Nowaczyk, Kozarski,
1991 a, b; Kozarski, 1995; Huijzer, Vandenberghe, 1998; Kasse
et al., 1998; Mol, 1997; Mol et al., 2000; Kasse et al., 2003; Van
Huissteden et al., 2003). This is confirmed in sediments from
Berezno by traces related to ground ice melting — reverse
faults. However, they may also evidence the accumulation
on snow (Schwan, 1986; Dijkmans, Miicher, 1989; Dijkmans,
1990; Lea, 1990). The intensification of aeolian processes is
probably connected with a decrease in the groundwater level,
which is supported by the definite predominance of accumu-
lation on the dry surface (cf. Bohncke et al., 1995; Kase, 1997,
2002; Mol, 1997; Kase et al., 2003). At that time, aerodynamic
conditions varied. Dusty material, transported in the suspen-
sion, was deposited by the weak wind, while the sandy mate-
rial was deposited by the medium-velocity wind as a result
of ripple migration, or by the high-velocity wind from the

near-ground suspension (Pye, Tsoar, 1990; Boréwka, 1991,
2000; Zielinski, Issmer, 2008). The wind direction also var-
ied; however, ENE and NW directions were slightly predomi-
nant. The latter direction is confirmed by the orientation of
dune forms deposited in the Younger Dryas and Preboreal.
This orientation corresponds with the reconstruction of the
overall atmospheric circulation in Europe (Isarin et al., 1997;
Zeeberg, 1998).

CONCLUSIONS

1. Sediments in Berezno were accumulated in three deposi-
tional environments, in the periglacial climate conditions: a)
in the fluvial environment connected with the functioning of
a braided river; b) in the fluvio-aeolian environment, i. e. as a
result of an intensive accumulation of aeolian sediments on
the moist bottom of the river valley (outside the river chan-
nel zone), interrupted by the episodic channel flow; the flow
was relatively short-term, while the channel deposition was
to a large extent supplemented by aeolian accumulation; c)
in the aeolian environment, which resulted in the formation
of a thick aeolian cover in the first stage and dunes in the
second stage.

2. Climatic changes caused changes in the depositional
environments. The fluvial environment predominated in the
Upper Plevistulian. Coming from this period, a commonly
acknowledged high indicator of alluvium aeolization clearly
indicates a high intensity of aeolian processes with a low
depositional efficiency. The aeolian depositional efficiency
increased in the Oldest Dryas which exerted a significant in-
fluence on the functioning of river channels, fluvio-aeolian
deposition becoming evident in this period of time. Improve-
ment of climatic conditions, degradation of the permafrost
and transformation of braided channels into meandering
channels activated a large amount of sandy material which
contributed to the predominance of aeolian deposition.

3. The main alimentation areas of aeolian accumulation
were braided river alluvia. Outwash valley deposits were of
secondary importance.

4. The sedimentological analyses clearly show a signifi-
cant influence of eastern wind on the process of aeolian cover
formation. The direction from the western sector, in particu-
lar the NW wind which is most evident in the dune forma-
tion, should be considered general.
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NUOGULU SEKA BEREZNO VIETOVEJE (VOLUINES
POLESEJE, UKRAINA) - SEDIMENTACINES APLINKOS
POKYCIU PERIGLACIALINEJE ZONOJE PAVYZDYS
VISTULIANO IR HOLOCENO POKYCIU KONTEKSTE

Santrauka

Tyrimy objektas yra Europos smélingosios juostos rytiné da-
lis — Berezno (Ryty Ukraina) vietové Slucios upés desiniajame krante
esancioje aukstesniojoje terasoje, apimanti litologiniu poZitriu kaicias
aliuvines nuogulas, jas dengiantj smélj ir eolines dulkes. Naudojant
litofacing, granuliometring ir morfoskoping analize, taip pat TL da-
tavimg apraomos nuosédinés storymeés pagrindu buvo rekonstruo-
tos ankstesnés sedimentacinés aplinkos, apibudintos ir interpretuotos
periglacialinés struktaros. Atskleistas salygy kaitos ir nuoguly sedi-
mentacijos intensyvumo rysys su drégno klimato transformacijo-
mis, taip pat bandyta i$siaiskinti vietiniy veiksniy jtaka fliuvialinei,
fliuvialinei-eoliniai bei eolinei sedimentogenezei. Nustatyta teritorijy
priklausomybé eolinéms nuoguloms ir vyraujanciai véjy krypciai.

ITaBen 3enmuucku, Cranncnas ®egoposuy, ViBan 3aneckn

MOCHETOBATE/IBHOCTD OT/IOXKEHIU B BEPE3HO
(BOJIBIHCKOE ITIOJIECBE, YKPAVIHA) KAK IIPUIMEP
V3MEHEHUSA CEOIUMEHTAIIMOHHOV CPE[IBI

B ITIEPUTISAIIVATIBHOM 30HE B KOHTEKCTE
BUCTY/IMAHCKUX U TOMOITEHOBBIX MISMEHEHU

Peswome

OO6beKT UCCTIeOBAHMIT — BOCTOYHASL YACTh €BPOIIEICKOTO MeCIAHOTO
nosica c ygetoM nosutuu bepesno (Bocrouras YkpanHa), pacionoskeH-
HOIT Ha paBoGepexxHoi Bbicuiel Teppace pexu Crnyus. [Ipencrasiena
JINTONIOTMYECKast IBMEHYMBOCTD AJUTIOBMSA, @ TaKXKe MPUKPHIBAIOIINX
IECKOB ¥ 90710BOIT I/, Ha 0CHOBE OIMCAHHOTO 0Cafj0YHOrO Hacye-
IOBaHMA, My TeM NTO(aIaNTbHOTO, TPaHyIOMETPUYECKOro 1 MOpdo-
CKOITIYeCKOTO0 aHa/M13a, a Takoke TL aTnpoBaHysA peKOHCTPYMPOBAHBI
HepBIYHBIE JICTIO3UIIMOHHBIEe Cpenbl. [[pefcTaBIeHbl XapaKTepUCTUKI
W MHTepIpeTaly NepurIAnanbHeIX cTpykTyp. Ha atoit ocHoBe mo-
Ka3aHa B3alMO3aBMCUMOCTD TIepeMeH YC/IOBUIl U TeMIIa JIeTIO3NINN
OT/IOKEHMIT ¥ TPaHCHOPMALIMM CYPOBOTO K/IMMATa IUIEHBI I [O3[He-
ro BUCTynMaHa. Takke MpeIPUHATA MOIBITKA ONPENeINTD BIUAHME
MeCTHBIX (aKTOpOB Ha (IIOBMAIBHYIO, (ITIOBMATBHO-0/I0BYIO U 90-
JIOBYIO J€TIO3MIINIO, TAK)Ke IIOKa3aHbI TEPPUTOPUY A/IMMEHTAIINN /IS
907I0BBIX OTIOKEHWII ¥ JOMUHMPYIOILVe HallpaB/IeHNs BeTpa.
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