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High-resolution terrestrial archive of climatic oscillations during Oxygen Isotope
Stages 5-2 in the loess-palaeosol sequence at Kolodiiv
(East Carpathian Foreland, Ukraine)
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The Kolodiiv section is situated in the central part of the East Carpathian Foreland, on the right bank of the Sivka River, the Carpathian
tributary of the Dniester River. This paper summarizes investigations on the loess deposit succession representing the Late Pleistocene,
which is subdivided by several interstadial palacosols and is bracketed by the last interglacial soil/organic deposits and Holocene soil.
The Kolodiiv loess-palacosol sequence provides an excellent high-resolution terrestrial archive of changing climate during OIS 5-2 in
the East Carpathian Foreland and forms the basis for a regional pedo- and loess stratigraphy. The stratigraphic scheme was constructed
on the basis of palacosol occurrence, lithological variation in the deposits, and also the results of TL dating and palacomagnetic investi-
gations. The exposure at Kolodiiv contains an archaeological site with Middle Palaeolithic materials. Four types of palacopedological
taxa have been distinguished within the loess deposit at Kolodiiv: an interglacial (Eemian) soil unit, which includes one or two soil-form-
ing episodes; interstadial palacosols, which include two weaker soil-forming episodes; thin interstadial two-horizon palaeosols;
monogenetic incipient palaecosols. Palacosols from the first and second group form the Horohiv soil unit correlated with OIS 5.
Palacosols from the third and fourth group occur as different soil types within the Dubno 1 and 2 units, which correspond to OIS 3.
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INTRODUCTION This paper summarizes the investigations on the unique
loess succession at the Kolodiiv section associated with a ter-
race representing the Late Pleistocene. This succession is sub-
divided by several interstadial soils and is bracketed by the last
interglacial soil/organic deposits and Holocene soil. The
Kolodiiv loess-palacosol sequence provides an excellent ter-
restrial archive of changing climate during the last 120 ka in the
East Carpathian Foreland and forms a basis for the regional
pedo- and loess stratigraphy. The Kolodiiv section is situated in
a transition zone between the East European periglacial loess
province (Velicko, 1990; Bolihovskaja and Bolihovskyj, 2001;
Trofimov et al., 2001 and many other authors) and western Eu-
rope with isolated and smaller loess patches (Fig. 1). The
Vistulian loesses in Ukraine, which are typical of the east Euro-
pean loesses, contain fewer loess-palaeosol units that have been
recognized and defined than the west European ones. This phe-
nomenon should be probably related to the evolution of natural
processes during the Vistulian Glacial, which may have been
modified by continentality of climate (Rézycki, 1976; Van
Andel, 2002). Temperature gradients and climate severity may

From the end of the Neogene, after the retreat of the
Paratethys Sea, terrestrial deposits have accumulated on the
Ukrainian East Carpathian Foreland, which reaches heights of
200-500 m a.s.l,, and is situated between the Carpathians and
the Podolian Upland. Pliocene and Quaternary alluvial depos-
its, and loess accumulating from the Early Pleistocene, are the
main types of terrestrial deposits in this region. Loess accumu-
lation occurred under periglacial conditions in the extraglacial
zone. The relief of the East Carpathian Foreland is mainly char-
acterized by high, wide and flat interfluve areas covered by im-
poverished Carpathian gravels, and by deep river valleys with a
step-like system of Pleistocene terraces. The higher outer
over-valley, and lower inner-valley terraces and slopes are cov-
ered by a thick loess mantle with many fossil soils. Complex
cultural layers from the Middle and Upper Palaeolithic occur at
many loess sites (Lanczont and Boguckyj, 2002).
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Fig. 1. Sketch map of loess regional distribution showing location of the Kolodiiv site

The extent of the map with shadow relief (Fig. 2) is marked on the map

have increased to the north much faster than in the regions with
a typical temperate climate (Emontspohl, 1995). Such circum-
stances could have influenced the type, intensity and frequency
of pedogenetic processes (which were also subjected to local
conditions, especially topoclimate). Therefore, the transitional
situation of Kolodiiv could provide an important basis for the
comparison and correlation of loess stratigraphy between west-
ern and eastern Europe.

LOCATION

The loess section examined is situated near the village of
Kolodiiv (former Polish name Kotodziejow), in the central part
of the East Carpathian Foreland, in the region commonly
named the Haly¢ Prydnistrov’ja, the Dniester River playing a
dominant role in the landscape, and Haly¢ being the centrally
located town. The Kolodiiv section is situated on the right bank
of the Sivka River, the Carpathian tributary of the Dniester
River, near their confluence, about 15 km to the NW of Haly¢.

GEOLOGICAL SETTING

The East Carpathian Foreland arose as a peripheral
trough/foredeep, lying along the front of the Outer Carpathians,
associated with the last stage of orogenesis. This sedimentary
basin was filled with molasse deposits of Early to Late Miocene
age (Ney et al., 1974; Olszewska, 1999; Oszczypko, 2001).

The Ukrainian part of the Carpathian Foredeep is founded both
on Cretaceous-Paleogene Carpathian Flysch basement, and on
a Palacozoic-Mesozoic platform (Petryczenko et al., 1994).

In the right-bank part of the Haly¢ Prydnistrov’ja region
Upper Badenian dark grey calcareous clays, mudstones and
sandstones occur directly under the Quaternary deposits. Older
deposits (middle Badenian) occur only as narrow strips along
the Dniester River valley. They are composed of different types
of gypsum, anhydrite with a terrigenous-carbonate admixture
and limestones of chemical origin (Sakyn, 1976; Petryczenko
et al., 1994; Peryt and Peryt, 1994). The Neogene deposits are
absent in a wide (7-20 km) belt along both banks of the
Dniester River where the sub-Quaternary basement is com-
posed of Upper Cretaceous rocks: marls, sandstones, sands,
siltstones and silty mudstones (Sakyn, 1976).

GEOMORPHOLOGIC SETTING

The relief of the East Carpathian Foreland is influenced by
the main structural grain of a “Carpathian” trend. Mountainous
relief characterizes the part corresponding to the inner
epigeosynclinal zone of the foredeep; flat, terrace-accumula-
tion relief predominates in the part corresponding to the
epiplatform marginal zone (Kravcuk, 1999).

A transverse relief pattern is typical of the East Carpathian
Foreland. Deep and wide valleys of the Carpathian tributaries
of the Dniester River run mainly along NE-SW tectonic lines
of the basement (Cys’, 1962). They divide the upland plain into
separate, high, rather flat and wide interfluve areas (Fig. 2).
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interfluve of the Sivka and Lymnyca rivers
(Kravcuk, 1999). That region is an elongated rect-
angle, the longer sides of which are marked by the
valleys of the above-mentioned rivers, and the
shorter sides being defined by the Kalu§ Basin
(probably of tectonic origin) in the south-west and
the Dniester River valley in the north-east. The
Lojeva Plateau occupies the Vojnyliv Upland,
which slopes gradually (from 365 to 320 m a.s.l.)
from the mountains towards the Dniester River. Its
topographic range reaches 100—110 m. The
Lojeva surface is strongly dissected near the con-
fluence of the Dniester and Sivka rivers, where the
height differences are the greatest (up to 110 m).
The Vojnyliv Upland forms steep sides of the val-

Fig. 2. A — shadow relief map indicating the loess section studied;
B — hypsometric sketch of the Kolodiiv area

Two main morphological surfaces with a complex history ex-
tend at different heights along the interfluve areas. These are
denudation surfaces of pediment type, and denudation-accu-
mulation surfaces with a residual alluvial cover (HofStejn,
1964). The Lojeva surface, related to the Early Quaternary, is a
common and predominant type of landscape. It is composed of
several steps (Lanczont and Boguckyj, 2002), which occur
from 70-80 to 110—130 m above the river bottoms. Patches of
impoverished Carpathian gravels found on this surface are up
to several metres thick (Kravéuk, 1999). The Krasna surface is
older (Upper Pliocene), and occurs about 30-50 m over the
Lojeva surface. It is preserved only partially, on the top parts of
high elevations near the Carpathian margin, and on the Prut and
Dniester interfluve.

A well-developed system of Pleistocene terraces occurs in
the larger river valleys. A step-like pattern of flat terraces is
characteristic of the landscape of the entire Prydnistrov’ja re-
gion. The stratigraphic scheme of the Dniester River terraces is
based on morphological and hypsometric criteria. The highest
terraces (VII and VI) are correlated with the Krasna and Lojeva
surfaces. Successive terraces (V-II) are typical intra-valley
forms developed along rivers. The lowest terrace I, which fills
the bottoms of valleys, is a complex form, partly or wholly of
Holocene age (Demedyuk, 1966).

Kolodiiv is situated in the northwestern part of the Vojnyliv
Upland (a region of the East Carpathian Foreland), which is on

leys of the Dniester and Lymnyca rivers, so the
upland block is asymmetrical. The high and steep
scarps are dissected by many gullies and short but
rather deep (20-25 m), usually dry small valleys.

The Quaternary system of the terraces youn-
ger than terrace VI (Lojeva surface) is repre-
sented by the Pleistocene terraces V and II, and
the Holocene terraces (Figs. 3 and 4). Terrace V
(55-65 m) is preserved only as fragments and
forms a triangular salient in the Dniester and
Sivka interfluve. Slopes of terrace V are covered
with deluvial loess deposits enriched in gravels
derived from an eroded alluvial cover. Terrace II
is well developed (Fig. 4). It occurs as large
plains on the left bank of the Sivka River, and on
the right bank it forms a shelf 1.0-0.4 km wide,
which becomes gradually narrower towards the
Dniester River valley, and is less and less distin-
guishable as an individual element of relief. The relative
height of this terrace varies, from about 20 m (in places even
15 m) to 25-27 m in the northern salient of the terrace extend-
ing towards the Dniester River valley. The terrace edge, espe-
cially in the sections undercut by the Sivka River, is a high
SSW-NNE scarp. The terrace forms a sharply outlined mor-
phological surface due to the loess cover, which hides smaller
elements of palaeorelief, e.g. rock bars separating individual
terrace patches. Therefore, the terrace structure is more com-
plex than it appears from the modern relief.

The bottom of the Sivka River valley is about 1 km wide.
The Holocene terrace, 3—5 m high, covers almost the whole
valley bottom. A narrow proximal floodplain about 0.5-1 m
high occurs just near the river channel (Fig. 3). Around
Kolodiiv the rock channel is covered with a thin layer of
well-rounded, disc-shaped pebbles, which have been trans-
ported by the modern river (Fig. 5).

HISTORY AND SCOPE
OF RESEARCH

In 1971 the Ukrainian geologist Demedyuk published the
first description of the Kolodiiv section. He discovered a layer of
fossil peat 1 m thick separating the Pleistocene alluvia of the
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Fig. 3. Geomorphological map of the Sivka River valley
in the Kolodiiv area

Sivka River from the subaerial loess cover. As Pleistocene inter-
glacial organic deposits are almost absent in the East Carpathian
Foreland, that discovery was and remains very important. Pollen
analysis (Demedyuk and Khrystoforova, 1975; Gurtovaya,
1983; Kalinovych, 2002; Bezus’ko and Bezus’ko, 2003; Sytnyk
et al., 2003) and macrofossil analysis (unpublished results of the
analysis made by Velickevi¢ in 1977) unequivocally indicate
that the peat was formed in the Mikulino (= Eemian) Interglacial.

Detailed, interdisciplinary investigations of this section
were undertaken in 1998. They were made by a team of Polish
and Ukrainian scientists, and supported by KBN Grant 6
PO43E 031 15. During the field expedition in 1999, a layer of
fossil gyttja was found near the fossil peat, at similar

terrace VI

Fig. 4. Terrace II of the Sivka River and terrace VI
of the Dniestr River

Fig. 5. Rock bed of the Sivka River; original weathering forms
of the Cretaceous sandstones

hypsometric level. Its palaeobotanical content supports an
Eemian age (Kalinovych, 2001, 2002).

The exposure at Kolodiiv also contains a Middle Palaeo-
lithic site. The archaeological materials were found in 1991
(Cyrek and Sytnyk, 2002). Unfortunately, extensive excava-
tions made in 1999, 2000 and 2003 yielded on limited results.

The investigations of the Pleistocene loess deposits in the
Kolodiiv profile were made in 1998-2003, along the over
800 m long section of the straight edge of terrace II. In the
southern part of the section examined the river has undercut the
terrace (Fig. 6). A cut-off occurring at the foot of the northern
part was an active river channel in the last part of the 19th cen-
tury (Teisseyre, 1896). The terrace edge is strongly affected by
landslide processes, and the bottom parts of the loess scarp are
inaccessible for exploration in many places as they are buried
under a thick layer of slope wash deposits. Therefore, good ex-
posures need be sought along the whole terrace edge. The spa-
tial variability of the deposits forming the terrace was studied,
especially palaeosols of different stratigraphic rank, from inter-
glacial to interphase ones, and layers of organic accumulation.
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The nine exposures examined were denoted with combined
number-letter symbols increasing up-stream (Fig. 7). Full pro-
files of the deposits building the terrace, from the rock base-
ment to the Holocene soil, were exposed at three locations
(Fig. 7; 2, 2A, 3 profiles) and elsewhere only selected parts
were revealed.

Detailed field investigations of exposures were the main
method of study of the Quaternary deposits at Kolodiiv. These
stratigraphic-palacogeographic works concerned the litholo-
gical and facies characteristics of deposits, their origin and
stratigraphic variation. Sketch and photographic documenta-
tion was made in the field, as well as sampling for laboratory
analyses. Samples were collected from all layers distinguish-
able by their lithology, and every 0.5 m from the massive parts
of the profiles examined. Commonly analyses conventional
for loess research were carried out, together with more spe-
cialist studies. Grain-size analysis was carried out applying
the aerometric method, but with modifications (Seul, 2007).
Granulometric indices were calculated on the basis of grain
diameters expressed on the phi scale following Folk and
Ward. Humus content was estimated using the method of
Tiurin, carbonate content using the volumetric method of
Scheibler, and the content of iron oxides by means of a
colorimetric method (Lanczont and Boguckyj, 2002).
Thermoluminescence ages of selected samples were also ob-
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Fig. 7. Set of the Late Pleistocene profiles at Kolodiiv
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tained (Kusiak, 2007). Heavy mineral analysis was made
(Racinowski, 2007) of the Kolodiiv 2A profile. The contents
of transparent minerals were determined, and two weathering
indices were calculated: O/S+N, i.e. the index of deposit ma-
turity, which gives numerical information about the relation
between transparent minerals resistant (O) to weathering,
those moderately resistant (S), and those non-resistant (N);
C/G+A, i.e. the index giving the ratio of zircon grains to the
sum of garnet and amphibole grains. These sensitive indices
are useful when drawing conclusions about hypergenetic pro-
cesses occurring in loess covers, and estimating the dynamics
of the sedimentary environment.

The detailed descriptions of all the profiles examined to-
gether with their stratigraphic interpretation were published by
Lanczont and Boguckyj (2002), so in this paper we give only
shortened versions. The results obtained and other data are
shown in the diagrams compiled for individual profiles.

The stratigraphic scheme of loess and loess-like deposits at
Kolodiiv was constructed on the basis of palacosol occurrence,
lithological variation of the deposits, archaeological criteria,
and also the results of palacomagnetic investigations
(Nawrocki et al., 2007). The palacocryogenic studies were of
little use stratigraphically as cryogenic structures (especially
ice wedge casts) are very weakly developed in the area exam-
ined. When resolving detailed stratigraphic problems, the re-
sults of TL dating were difficult to interpret due to the large
amount of slope material redeposited from the older units.
Therefore, some of the TL results are overestimates with re-
spect to the ages expected on the basis of geological and
palacopedological interpretation, as well as by comparison
with palynological data. The stratigraphic position of the
Eemian biogenic deposits is clear as the flora is characteristic.

The stratigraphy of the last glacial loesses at Kolodiiv was
based on the stratigraphic division of loesses from the
Volhyno-Podolian Upland (Bogucki, 1986, 1987), but is
much more detailed. Numerous palaeosols of different rank
(interstadial and interphase), and loesses associated with them
were the basis for distinguishing subordinate stratigraphic
units. A distinctive feature of the site is the occurrence of
three palacosols developed in the Early Vistulian, which were
named Kolodiiv 1, Kolodiiv 2, and Kolodiiv 3 of the Vistulian
(OIS 5aand 5cl, 5¢3). This provides a new approach to inter-
preting the Horohiv palacosols (Eemian—Early Vistulian),
recognized in Western Ukraine (Boguckyj and Lanczont,
2002). The complex letter-number signs used to denote the
stratigraphic units distinguished in the western part of
Ukraine (Boguckyj and Lanczont, 2002) were borrowed from
the Chinese loess terminology (Liu ef al., 1985; Kukla, 1987,
Dingetal., 1994; Feng et al., 1998; Heslop et al., 2000; Wu et
al., 2002), with our own modifications (Fig. 8). The Horohiv
multilayer soil succession representing OIS 5 is denoted as
S1 sign, and loess representing OIS 4-2 as L1. Minor loess
units within the Vistulian loesses are numbered with increas-
ing age within the main unit, e.g. L1-1l. Intra-loess soils of
lower interstadial rank are marked with lower case, and also
are numbered with increasing age within the main unit, e.g.
L1-s1 (= Dubno 1 horizon).

The stratigraphic units distinguished are compared (Fig. 8)
with the stratigraphic succession of Polish loesses published by

Maruszczak (1994, 1996, 2001), and with the succession of
Ukrainian loesses and palacosols (Vekli¢, 1968; Gozhik et al.,
1995, 2001).

THE DEPOSIT SEQUENCES, PEDOSEDIMENTARY
EVOLUTION AND PALAEOENVIRONMENTAL
INTERPRETATION

INTRODUCTION

Alluvium of the Kolodiiv terrace is overlain by Eemian de-
posits, which are overlain in turn by Vistulian loesses and
loess-like deposits about 11-17 m thick. A cut-off meander
1-2.5 mdeep, filled with gyttja and peat, was present on the ter-
race in the Eemian Interglacial, and an authigenic soil cover de-
veloped on its exposed higher parts. A considerable number of
typologically variegated palaeosols is the most important fea-
ture of the subaerial deposit series. They reflect great variability
of the terrestrial climate during the last glacial, and their spatial
pattern indicates that initially the sedimentary environment was
a flat and gently inclined surface of gently variable microrelief.
The relative heights in this area increased with time as loess de-
posits accumulated. The narrow terrace was covered not only
by falling dust by also by slope material moved by gravitational
processes. Gravels of fluvial origin dispersed within younger
loess layers indicate that the terrace adjoined the contemporary
slope. Pebbles were dislodged from the higher parts of slope,
and more precisely from the eroded old alluvial deposits of the
Pleistocene higher terrace V. The microrelief of the surface that
was gradually covered with loess varied along profiles trans-
verse and parallel to the valley axis; various transverse convex
and concave elements of second rank can be reconstructed on
the basis of the spatial relationships between the stratigraphic
units distinguished in the Vistulian loess. These local topo-
graphic conditions probably favoured the preservation of loess
representing the entire time interval.

Of course, both more and less favourable places were pres-
ent in these areas of loess accumulation as regards the possibil-
ity of preserving a continuous record of natural processes in the
deposits (Mojski, 1993). In some places not only older deposits
were preserved but also younger covers accumulated. Kukla
and Lozek (1961), and many other authors (e.g. Lanczont,
1995; Schirmer, 2000; Gozhik et al., 2001) stressed that the
slope loess sequence (i.e. that associated with an inclined sur-
face of valley-side type) was more sensitive to climate fluctua-
tions than loesses on plateaux where the accumulation rate was
lower, and pedogenesis of successive cycles (interstadial,
interphase) may have overlapped. Climatic fluctuations are re-
corded in detail, better, and more completely in deposits that
accumulated on slopes. In comparison to the subhorizontal de-
posits of plateaux, layers that accumulated on inclined relief el-
ements were formed (independently of aeolian dustfall inten-
sity) by soil-forming processes of different intensities, and
other processes such as water transport and soil dislocation, e.g.
solifluction. Soils developing in such loess sequences in
warmer periods stabilized the slope surface. In cold periods
they could have been eroded but may also have been protected,
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e.g. by deluvial or solifluction covers. Sometimes para-
autochthonous soils could have developed as a result of succes-
sive accretion of soil material redeposited from higher parts of
the slope (Smolikowa, 1971). In consequence, a single soil pro-
file developed on a plateau can correspond to a complex se-
quence of soil and sediment interlayers, partially of aeolian ori-
gin, and partially composed of silts redeposited by slope pro-
cesses. Fully developed loess packages (i.e. complete strati-
graphic units) can be also preserved between soils. Slope de-
posits are also represented by material deposited in open or
closed depressions of secondary rank (e.g. small dry tributary
valleys, closed depressions on interfluve areas), in which quiet,
continuous sedimentation occurred till these forms (as sedi-
ment traps) were completely filled.

WARTANIAN DEPOSITS (OIS 6)

The rock basement of the Kolodiiv terrace rises from 1.5 to
over 2 m above mean water level in the river channel. It is com-
posed of massive, thick-bedded and strongly fissured, yellow-
ish-grey and pale grey sandstones of the Campanian (Sakyn,
1976). The medium-grained sandstones that are carbonate ce-
mented are very weathered and disintegrated near their surface,
i.e. just under the Pleistocene alluvium; in places they have trans-

formed into loose sand. A moderately irregular erosion surface
of the rock basement, with relative heights reaching 1 m, is cov-
ered with alluvial deposits of variable thickness (1-4 m). It con-
tains mainly gravel deposits. The pebbles are irregularly scat-
tered within a sandy and sandy-loamy matrix. They are well
rounded; the longer axes of flat, disc-shaped pebbles are up
t010-20 cm long. The alluvial deposits are carbonate-free, with a
very small content of humus (Fig. 9). In the top part they are en-
riched with iron oxides (up to 3—6%), and black spots of manga-
nese oxides also occur. The upper part is characterized by the
predominance of very resistant minerals, i.e. zircon (>60%), and
rutile (20%), in the heavy mineral assemblage.

The Wartanian age of the alluvial series is indicated by the
TL dates (164—168 ka BP) obtained for the fluvial deposits, and
primarily because they form a continuous sequence with the
overlying Eemian biogenic and mineral-organic deposits that ac-
cumulated in the meander cut-off, or with the fossil forest soil.

EEMIAN MINERAL-ORGANIC
DEPOSITS (OIS 5E)

The shape of the meander cut-off is difficult to fully recon-
struct, but its length can be estimated at about 200 m, i.e. simi-
lar to the sizes of the Holocene cut-offs (meander wavelength
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Diagram of grain-size distribution: Mz — mean grain diameter, 6, — sorting index, Sk; — skewness index, K; — kurtosis index,
CaCO; — carbonate content, Humus — humus content, Fe;O; — content of free iron oxides

150-250 m) in the bottom of the Sivka River valley. The max-
imum depth of the Eemian ox-bow lake was 2—-2.5 m; its ero-
sional bottom is sandy or gravely. The interglacial sequence is
represented by both mineral and biogenic deposits. These last
consist of gyttja and peat, both very rich in plant macrofossils
such as wood fragments (up to 30 cm long), cones, nuts, and
seeds.

Profile 5 is typical of the littoral part of the ox-bow lake
(Figs. 7,9 and 10). The bottom 0.1 m thick layer of sandy muds
is disturbed by load-cast structures and involutions (amplitude
up to 0.3 m), probably of sedimentary origin, which penetrate
into the overlaying middle layer that is 1.3 m thick. These lay-
ers are separated by thick and disturbed iron hardpan. The
greenish sandy loam occurring above them gradually changes
into dark grey silty mud. This deposit is rich in organic carbon
compounds (up to 1%), and rust-coloured spots of iron oxides.
The Eemian sequence is topped with peat 0.9—-1.2 m thick
(Fig. 11), dark brown to black, light, macroporous, layered,
with secondary calcite crystals. Pebbles and gravel layers oc-
curring within this unit indicate that river water periodically
flowed into the ox-bow lake. Profile 3 (Fig. 12) represents a
deeper part of the ox-bow lake, in which dark grey gyttja with a
silty-clayey mineral component accumulated; the gyttja is hori-
zontally layered in places, with gley spots, and in its bottom

part is enriched with carbonate concretions. The fossil molluscs
in gyttja indicate that this water body developed in two stages
and in relatively warm climatic conditions (Alexandrowicz and
Dmytruk, 2007). The mineral-peat unit in profile 5, and the
gyttja in profile 3 are cut by a system of narrow fissures,
oblique and almost vertical, filled with very fine orange sand.
This indicates that before burial these deposits underwent in-
tensive weathering and desiccation, and mineral material got
into open fissures probably under periglacial conditions of the
Earliest Vistulian. Traces of probably seasonal, deep frost pen-
etration, i.e. structures of segregated ground ice (2—4 cm in di-
ameter) occur in the gyttja, which contains hygroscopic clay,
and in places it is brecciated as a result of frost weathering.

Casts of faunal structures up to 2 cm in diameter, filled with
grey sand, found in the gyttja, reflect younger events and should
be related to organisms living in the Early Vistulian soils.

The peripheral zone of the ox-bow lake is recorded in the
deposits of profile 3A (Fig. 7). The compact, bluish-grey,
strongly gleyed loam about 1 m thick is separated by a sharp
boundary from the underlying Wartanian alluvium. This loam
was probably deposited in the last part of the Eemian.

The lithologically variable Eemian deposits, which fill the
fossil cut-off, can be arranged according to age on the basis of
palaeobotanical data (Kalinovych, 2001, 2002). The pollen dia-
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Fig. 11. The Eemian muds and peat in the Kolodiiv 5 profile

gram of gyttja from the Kolodiiv 3 profile is divided into two
local pollen assemblage zones. The older one, a Tilia—Corylus
L PAZ, is characterized by high pollen values of Tilia and
Corylus, and considerable frequencies of Carpinus. Pollen
grains of Quercus, Ulmus, Acer, and Fraxinus occur sporadi-
cally, while pollen of Pinus and Picea is absent. A considerable
increase in Alnus values is found in the upper sample. The zone
represents the interval, in which lime-hornbeam dry-ground
forests predominated, with an admixture of oak, elm, and ma-
ple-tree. Hazel was abundant at forest margins or formed sepa-
rate thickets. Following Mamakowa (1989), this zone is similar
to Corylus—Quercus—Tilia R PAZ, and represents the optimum
phase of the Eemian Interglacial. The younger local pollen as-
semblage zone (Carpinus—Corylus) is characterized by the
continuing high pollen values of Corylus, a decrease in Tilia
frequencies, and a simultaneous rise in the percentages of
Carpinus. Pollen grains of Quercus, Ulmus, Acer, and
Fraxinus occur sporadically. Values of Alnus are moderately
high but variable. Therefore, one can conclude that forest com-
munities were similar to these of the preceding zone but with a
higher contribution of hornbeam. This is a counterpart of the
Carpinus—Corylus—Alnus R PAZ of Mamakowa (1989).

The pollen diagram of peat from the Kolodiiv 5 profile is
divided into two local pollen assemblage zones: Carpi-
nus—Alnus—Picea and Pinus—Picea—Betula. The older one is
represented by two lower samples, and is characterized by a
predominance of Alnus pollen, considerable values of
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Fig. 12. The Kolodiiv 3 profile: Eemian gyttja
and loess cover

Carpinus and Picea, and low percentages of Pinus, Abies and
herbs. Pollen grains of Quercus are infrequent, and these of
Tilia occur sporadically. This pollen spectrum represents the
last part of the Eemian Interglacial when hornbeam was re-
placed by boreal elements (alder, spruce, fir) in forest commu-
nities. Following Mamakowa (1989) this is a counterpart of the
Picea—Abies—Alnus R PAZ. The younger local pollen zone is
characterized by a predominance of Pinus pollen, continuing
high values of Picea, and a decrease in A/nus frequencies. The
pollen values of sedge rise considerably. Such a spectrum indi-
cates an expansion of boreal forests, a higher proportion of
sedge meadows, and corresponds to the Pinus R PAZ of
Mamakowa (1989). Therefore, gyttja and peat deposits from
the Kolodiiv profiles represent different periods of sedimenta-
tion. Gyttja is related to a relatively short period in the middle
part of the interglacial optimum. Peat developed in the late
interglacial phase, when climatic conditions deteriorated; only
the lowest part of this deposit represents the end of the intergla-
cial climatic optimum (Kalinovych, 2002).

EEMIAN-EARLY VISTULIAN
SET OF PALAEOSOLS (OIS 5)

Following Martinson’s model (Martinson et al., 1987), an
age of 129.8 ka was assigned to the OIS 5/6 boundary, and an
age of 73.9 ka to the MIS 4/5 boundary (Kukla et al., 1997).
Different time intervals have been assigned the to Early
Vistulian (OIS 5d—a): 115-73 (Liedtke, 1993), 115-75 ka BP
(Haesaerts et al., 1999), 116(114)-73.9 ka BP (Kukla et al.,
1997) and, 116-75 ka BP (Mojski, 1999). Within the Early
Vistulian, a succession of alternately short cold and longer tem-

perate phases has been documented (Paepe
and Vanhoorne, 1967; Behre, 1989,
Emontspohl, 1995; Binka and Grzybowski,
2001; Giinster et al., 2001; Guiter et al., 2003;
Miiller et al., 2003; and others). These phases
are clearly recorded in long terrestrial pollen
sequences in central and western Europe.
Three interstadials have been distinguished,
the Amersfoort, Brorup, and Odderade, but
the Amersfoort is sometimes considered to be
a warm oscillation at the beginning of the
Brorup. According to west European data, the
time interval of the Amersfoort together with
the Brorup (OIS Sc) is 105-94 ka BP, and that
of the Odderade (OIS 5a) is 82—75 ka BP (see
Mojski, 1999), and after Haesaerts et al.
(1999) these are 10895 ka BP and 85-75 ka
BP, respectively.

Referring to the name Horohiv, which is
regularly used in the stratigraphic scheme of
the loesses in the Western Ukraine (Boguckyj,
1986, 1987), we define the entire Eemian—car-
ly glacial soil succession as the Horohiv sl.
(S1) stratigraphic unit, which represents OIS
Se—a. The Eemian part of the succession forms
the Horohiv ss. (SS1) unit, which is attribut-
able to soil formation during the Eemian pe-
riod (OIS 5e). The early last glacial (OIS 5
d-a) deposits at Kolodiiv are subdivided into six palacosol and
loess units, each representing significant climatic oscillations.
Equivalents of warmings are three interstadial soils (Kolodiiv
1, Kolodiiv 2, and Kolodiiv 3, i.e. S1-s1, S1-s2, S1-s3), which
are correlated with the main interstadials of the Early
Weichselian Glacial (Amersfoort, Brorup and Odderade).

The Horohiv s/. soil succession (S1) at Kolodiiv shows
spatial differentiation, which indirectly reflects the micro-
relief of the contemporary terrace surface. This succession is
complex and atypical. It contains two morphologically and
typologically differentiated sets of palaeosols of different
ages. The Eemian interval, corresponding to OIS Se, is repre-
sented either by a single well-developed forest soil or two dis-
tinct complete soil units, also of forest type. Interstadial soils
lie in direct succession on the Eemian palacosol or are sepa-
rated by thin mineral sediments, equivalents of cool episodes.
However, these three soils are not present together across the
exposure. In its southern part we find the entire set of three
soils, while in the northern part some layers are absent, proba-
bly due to denudation processes as seen in the occurrence of
intersoil solifluction layers.

Eemian palaeosol. Profiles with a single interglacial soil
(SS1) occur in the northern part of the Kolodiiv site (Fig. 7; 1A
and B profiles). This is an automorphic lessivé soil (to 2 m
thick), which is characterized by a very well-developed Bt hori-
zon (the so-called argillic horizon). The Bt horizon is enriched
in clay (up to 18%), and cemented with iron oxides (up to
2.75%). The Eet horizon is moderately thick (0.2 m), bleached,
impoverished in clay minerals, unconsolidated, and contains
many black ferromanganese nodules (Boguckyj and VoloSyn,
2006). A distinct boundary separates the Eet horizon from the
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A — humus horizon, Eet — eluvial horizon, Bt — illuvial horizon; for other explanations see Figure 9

superimposed humus horizon. We relate it to interstadial (Early
Vistulian) pedogenesis occurring in open grassland.

Profiles 2 and 2 A (Figs. 13 and 14) contain a succession of
two similar soils, both of interglacial type, and their total thick-
ness is 4 m. The upper soil (SS1-1) is directly superimposed on
the lower one (SS1-II), without a distinct boundary between
them. They were probably associated with a local buried land
depression. Each one contains a well-developed Bt horizon, di-
agnostic of lessivé soil, enriched in iron compounds (up to
2.5%), gleyed, with aggregations of iron-manganese concre-
tions. This specific set of soils contains typical eluvial horizons
with large iron-manganese concretions. These horizons are
very well developed (in the lower soil about 1 m thick), with a
platy structure, a low content of free iron oxides (1.6—1.7%),
and with charcoal. The humus horizon of the lower soil is thin,
with 0.3% of humus, and also with charcoal. It is macroscopi-
cally less visible because it has been transformed by subse-

quent pedogenesis. The interglacial set of soils described indi-
cates that, within depressions on the Eemian palacosurface on
the Sivka River, the lower soil was buried and was thus isolated
from the influence of living organisms and associated
pedogenesis. Then — still under interglacial conditions — the
upper soil developed on the freshly accumulated deposits.

The heavy mineral analysis results illustrate the complex
structure of the interglacial part of the Horohiv soils (Fig. 14).
Very resistant minerals constitute 70-80% of transparent heavy
mineral assemblage. Together with garnets they are the domi-
nant minerals, while the content of epidotes and pyroxenes is
low. The heavy mineral resistance indices are high. Two subor-
dinate boundaries occur within the succession. The first bound-
ary separates a lower palaeosol of interglacial rank form an up-
per one, and is expressed by the changing ratio of zircon to
rutile. The second boundary occurs between the Eemian and
early glacial parts of the succession. It is recorded as a rise in
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the content of garnet, and a simultaneous decrease in the per-
centages of zircon and rutile at the base of the Early Vistulian
deposits. These changes correspond with lithological features
indicating stratigraphic subdivision of the Horohiv succession
(Racinowski, 2007).

Palacomagnetic investigations of the Kolodiiv 2 profile
showed an episode of reversed polarity, related to the Blake
event, in the Bt horizon of the SS1-I soil. That is why this
palaeosol was correlated with OIS Sel and why older palaecosol
(SS1-IT) was correlated with OIS 5e3 (Nawrocki et al., 2007).

The Eemian in north-central Europe was characterized by a
relatively stable climate (Litt e al., 1996) but new investiga-
tions of some profiles within biogenic deposits provide evi-
dence of climate change, with slightly cooler conditions in the
middle and late part of the interglacial (Guiot et al., 1993;
Guiter et al., 2003; Klotz et al., 2003). Such climatic fluctua-
tions (OIS 5e4 and 5e2) were recorded in GRIP (Greenland
Ice-Core Project Members) Eemian ice (Johnsen ef al., 1995),
and in deep-sea deposits (Martinson et al., 1987; Johnsen et al.,
1992; Keigwin et al., 1994). Evidence for noticeable climate
instability during the Eemian, but without extreme cooling,
were provided by Klotz et al. (2003) based on European pollen

data. Winter cooling within the Carpinus Zone (ES) was re-
ported by Field et al. (1994) and Guiter et al. (2003) in the sec-
ond part of the interglacial. Guiter ef a/. (2003) indicated a pos-
sible opening of the forests before the establishment of boreal
coniferous forest that marked the end of the interglacial in cen-
tral-west Europe. The inter-Eemian spell is dated at about
122 ka (Kukla et al., 1997). Disturbances of sedimentation
were recorded in some pollen profiles of the Eemian Intergla-
cial in Poland during the pollen phase ES5 Carpinus vel
Carpinus—Corylus—Alnus R PAZ (Mamakowa, 1989;
Tobolski, 1991; Janczyk-Kopikowa, 1991; Niklewski and
Krupinski, 1992; Kuszell, 1997; Granoszewski, 2003 and oth-
ers). A significant indication of such processes was found in the
Eemian palacosol from the Tarnawce profile (situated at the
Carpathian margin, about 155 km NW of Kolodiiv). The
Eemian vegetational succession is very well represented in the
Tarnawce pollen diagram but the phase of hornbeam forest de-
velopment is not recorded, probably because of denudation of
the deposits (Komar and Lanczont, 2002). Therefore, condi-
tions favouring activation of erosional processes and supply of
clastic material from slopes to sedimentation basins may have
periodically occurred also at Kolodiiv in the later part of the
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Eemian. These conditions may have been related to increasing
continentality of climate, causing lower humidity, shortening
of the growing season, and more rapid erosion. Such processes
usually resulted in a partial removal of soil (as seen in the
Tarnawce profile), and subsequent continuation of
pedogenesis without visible changes in the soil profile. How-
ever, local extreme events at Kolodiiv (provoked by climatic
disturbances) interrupted the pedosedimentary evolution be-
cause the soil was buried, and a new but similar soil developed
subsequently.

In the west European loess sequences, a counterpart of the
Horohiv ss. palaeosol is the level of intensive pedogenesis
named the Rocourt soil in Belgium (Paepe and Vanhoorne,
1967; Antoine et al., 2001; Guiter et al., 2003), and PKIII in
Czech Republic (Kukla and Lozek, 1961; Frenzel, 1964).
These soils with a textural B-horizon resemble a present-day
Luvisol (Haesaerts et al., 1999). They developed under condi-
tions favourable to leaching.

In the Central Ukrainian loess profiles, Eemian soil is rep-
resented by a brown forest soil in the lower part of Pryluki hori-
zon (Vekli¢, 1968; Gozhik et al., 1995). According to some au-
thors (Gerasimenko, 2000; Rousseau et al., 2001), a grey forest
soil, named the Kaydaki horizon (kd), represents OIS 5e, and
the stadial-interstadial (loess-palacosol) sequence named the
Pryluki horizon (pl) is referred to OIS 5 a-c.

Early Glacial palaeosol set. In the southern part of the
Kolodiiv site, where Eemian biogenic sedimentation took
place, deterioration of climatic conditions between the Eemian
and the last glacial, i.e. the Herning Stadial, equivalent to OIS
5d (Liedtke, 1993), is marked by a layer of carbonate-free loess
of boggy or alluvial facies (S1-13). Boggy loess occurs as
greenish-grey, gleyed, silty-clayey loam up to 1 m thick (pro-
files 3, 3A, 4), and loess of alluvial facies is bluish-grey, sandy
loam less than 0.5 m thick, with thin laminae of sand and rare
gravel layers (Fig. 9, profile 5).

The Kolodiiv 3 unit (S1-s3), which developed over the
above-described deposit, is a two-horizon soil over 1 m thick,
composed of Ah (or Ahg) and B (or B-like layer of strong
weathered loess) horizons. A dark grey humus horizon is mod-
erately thick (0.2-0.5 m), contains up to 0.35% of humus,
charcoals, and has been reworked by pedofauna. A pole colour
visible in places in the bottom part probably resulted from ini-
tial leaching. This horizon was disturbed by intensive
solifluction, and processes associated with seasonal (?) frost
changed its structure. A dense network of fissures filled with
grey, gleyed material runs downwards from the Ah horizon,
and penetrates deep into the B horizon. These horizons are sep-
arated by a sharp denudational boundary. The B (?) horizon is
1 m thick, loamy-silty, bluish-grey, strongly gleyed, enriched
with iron oxides, with orange and rusty-coloured streaks and
spots, iron-manganese small concretions, and concentric struc-
tures of Liesegang ring type. According to Konecka-Betley, the
micromorphological structure of this horizon, examined in pro-
file 5, is not clear because features of the Bt horizon are absent
(Lacka et al., 2007).

In profiles 1A, 2 and 2A (Figs. 7, 13 and 14) the Kolodiiv 3
unit is a humus horizon (chernozem-like) that varies in thick-
ness, directly overlying the Eemian forest soil. It is moderately
thin (0.3 m) and undisturbed in profile 1A, while in profiles 2

and 2A its thickness reaches over 1 m, it is stratified, gleyed,
and disturbed by slope processes. A considerable admixture of
sand indicates a marked activity of these processes, which were
accompanied by wind action (the content of silt fraction in this
horizon is over 20%). The humus content is moderately high
(>0.5%). This horizon has some features of pedolith, i.e. soil
developed on slowly accumulating/aggrading deposits; the
sedimentation rate was so slow that soil formation, and espe-
cially humus accumulation, was not interrupted. A high activity
of pedofauna, typical of grassland ecosystems, occurred in this
soil as shown by many faunal tube casts, accentuated by the
pale colour of the infill material. Many iron-manganese concre-
tions and charcoals are also easily visible against the dark grey
colour of the horizon.

Such charcoals, though redeposited, together with scattered
flint artefacts belonging to the East Micoquian Culture, occur in
the solifluction horizon overlying the Kolodiiv 3 soil in pro-
file 3. The solifluction layer is characterized by variability in
thickness from several to 60 cm, and a complex internal struc-
ture with interlayers and small lobes of sandy-loamy loess,
sand, and material coming from the eroded Kolodiiv 3 soil. The
archaeological find has all the features of the remains of the a
Mousterian cultural layer, and shows distinct stratigraphic and
typological similarity to the cultural layer II at the Yezupil site.
This indicates Palaeolithic human occupation of the central part
of the Eastern Carpathian Foreland at the beginning of the
Vistulian stage (Cyrek and Sytnyk, 2002; Lanczont and
Madeyska, 2005; Sytnyk et al., 2007).

The middle soil of the Early Vistulian, i.e. the Kolodiiv 2
unit (S1-s2), directly overlies the older soil or is separated
from it by the solifluction layer mentioned above (e.g. in pro-
files 3A, 3, 4/5). The Kolodiiv 2 soil is a local stratigraphic
marker at site owing to distinct changes in the soil substrate of
the Ah horizon caused by fire (many clods of rusty-coloured,
burnt loam; Fig. 15A). This soil resembles the older one as re-
gards morphology and depth of profile but it is characterized
by a higher content of humus (up to 1.2%), stronger spotty
gleying, a slightly more distinct eluvial horizon, and a stron-
ger transformation by pedofauna and by mammals (mole tun-
nels). An interesting epigenetic structure is developed in this
profile at the boundary between the loess and the Kolodiiv 2
soil (Fig. 15B). This is a wedge-shaped fissure, over 1 m deep
and, up to 0.3 m wide at the top, filled with organic (soil) and
mineral (loess) material. The filling material is generally mas-
sive in the upper part of the fissure, and subvertically foliated
in its lower part. The neighbouring layers are bent upwards in
the contact zone with the wedge. We have determined that
these fissures form polygons up to 6 m in diameter along the
Kolodiiv outcrop walls. These dimensions are consistent with
seasonal ground frost (Jahn, 1970).

The youngest soil in the succession, i.e. the Kolodiiv 1 unit
(S1-s1), directly overlies the immediately older one
(Kolodiiv 2) in all the places examined, apart from in profile 5
where a thin layer of sandy loess disturbed by solifluction sepa-
rates the two soils. The full profile of the Kolodiiv 1 soil is pre-
served in the central and southern parts of the site (profiles 3, 4,
5; Figs. 7, 9 and 10). In comparison with older units, it is
slightly less thick (0.8 m), with a lower content of humus, and
without visible traces of leaching. Casts of faunal structures,
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Fig. 15. The Kolodiiv 5 profile

A — the “fire” Kolodiiv 2 palaeosol; B — epigenetic fissure structure
running downward from the top of this soil

also mole tunnels, are common features of all the Kolodiiv
palacosols.

To sum up, the earliest phases of pedogenesis following the
Eemian Interglacial are represented by interstadial forest-
steppe soils, which underwent evolution caused by change
from a generally wet and warm boreal climate towards a drier
continental climate. Most of these soils are gleyed, with a less
or more distinct E horizon and a truncated B horizon; all these
soils are carbonate-free. Traces of translocation downwards of
clay and iron compounds (the content of iron oxides varies
from 2.5 to 6%) are distinctly visible in the soil profiles. They
are also characterized by the occurrence of numerous faunal
structures. It seems that these soils may be of polygenetic ori-
gin, and can indicate different palacoclimatic phases within
each of the interstadials. We relate the development of the for-
est soils to the climatic optimum of the early glacial
interstadials. In the last parts of the interstadials, biogenic soils
developed under sparse-meadow or steppe vegetation (Lacka
etal.,2007). They formed under conditions of the strong activ-
ity of a soil edaphone (an inference strengthened by the pres-
ence of mole tunnels), with a supply of fresh mineral material.

Some information about the early glacial interstadial flora
of the Dniester valley around Kolodiiv comes from the Yezupil
site. Komar (2002) gave the results of pollen analysis of a cher-
nozem that probably corresponds to the Kolodiiv 1 horizon
(OIS 5a). The upper part of chernozem horizon at Yezupil was
TL dated at 78+11 ka BP, and the lower part at 85+13 ka BP

(Lanczont and Madeyska, 2005). The spectra represent open
pine-birch forests, with Corylus and Salix, and a small admix-
ture of Quercus and Carpinus. Poaceae, Asteraceae (including
Artemisia), Chenopodiaceae, Cyperaceac and Helianthemum
are important components of the NAP (non arboreal pollen).
They form open steppe communities. A mosaic of forest
patches and open places with steppe vegetation characterized
the landscape. Wet places were overgrown by meadow com-
munities with sedges (Lanczont and Madeyska, 2005).

Each of three pedogenesis stages at the Kolodiiv site ended
with climatic deterioration. Aeolian processes were not inten-
sive. It may be supposed that permafrost was absent, only
long-lasting, deep seasonal ground frost occurred, which
caused the development of small reticulate structures of segre-
gated ground ice. Runoff was very active during these cold os-
cillations. The cold phase following the formation of the
Kolodiiv 3 soil was rather wet, and solifluction developed.
During the next, perhaps more continental, cold phase (after the
formation of the Kolodiiv 2 soil), contractional fissures (Fig.
15B), and structures of subsidence and melting of seasonal
ground frost developed (Fig. 16).

The results of TL dating of these deposits at Kolodiiv are
shown in Table 1. The TL age obtained for the Kolodiiv 3 soil in
profiles 1A, 3, and 4 is too old. The TL age obtained for this soil
in profile 2 (Fig. 13), in which it has more distinct features of a
pedolith enriched in fresh aeolian material, corresponds to the
age of the Amersfoort Interstadial (Bosinski, 2001; Guiter et al.,
2003). The TL age for the Kolodiiv 2 soil in profile 2 (92-96 ka
BP) is as expected, and in profiles 3 and 4 it is too old
(132-121 ka BP). The youngest soil, i.e. the Kolodiiv 1 unit, was
TL dated at 95+15 ka in profile 3, so this age is also too old. The
deposits of cold phases are dated at 164—203 ka BP (the phase di-
rectly following the Eemian), and at 111-117 ka BP (the phase
between the Amersfoort and Brorup).

Only some of the dates given here are consistent with the
stratigraphic interpretation. Some of them are too old by far.
However, despite the short distances between individual sites,
sedimentation conditions were spatially variable. In more open
places, more distant from the penecontemporaneous slope, sed-
imentation was dominated by aecolian processes (profile 2),
while the deposits that accumulated near the slope consist also

Fig. 16. The Kolodiiv 4 profile

The “fire” Kolodiiv 2 palaeosol with load-casted structure pressed into
the B horizon to a depth of 30 cm
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Table 1

TL dating of palaeosol and loess samples taken from the deposits
of OIS 5 (obtained by Kusiak)

Stratigraphic units

Profiles | Looss . TL age [ka BP]

units Palaeosol units Kusiak (2007)
3 Kolodi(ig 11_ Spla)laeosol 95+15 (Lub-3688)
2 Kolodiiv 2 palaeosol ggi}i (401
(Lub-4015)
4 (S1-s2) 121=18 (Lub-3353)
3 132+19 (Lub-4172)
1A 111421 (Lub-3351)
3A S1-12 117432 (Lub-3688)
2 105+17 (Lub-4016)
Kolodiiv 3 palaeosol 164+15 (Lub-4173)
(S1-s3) 146120 (Lub-3522)
1A 148+26 (Lub-3352)
4 164+26 (Lub-3523)
5 SI-I3 183+18 (Lub-4174)
203+24 (Lub-4175)
SS1-I (Bt horizon) 121+18 (Lub-4017)
SS1-I (Eet horizon) 146+22 (Lub-4018)
SS1-II (Bt horizon) 151+24 (Lub-4019)
1A Horohiv ss. (Bt horizon) 164+30 (Lub-3353)

of slope material (Lacka et al., 2007), probably redeposited
over a short distance as rapid sedimentation events, often as
large mass movements (solifluction lobes). This phenomenon
is strongly marked in the deposits accumulated in the meander
cut-off. At the beginning of the early glacial, the deposition of
fresh silt was accompanied by that of acolian material derived
from wind-eroded older loess, which occupied higher Pleisto-
cene terraces, and deluvial material from strongly eroded
Eemian soil. These mixed deposits formed the parent material
of the Kolodiiv 3 soil so that the TL age obtained is consider-
ably older than the depositional age.

The stratigraphical equivalent of the Kolodiiv horizons is
grey forest soil (Terhorst et al., 2001) or greyzem (Antoine et
al., 2001), found in the early glacial part of loess-palacosol se-
quences in western Europe. This indicates a forested continen-
tal environment with cold snowy winters and warm summers
(Haesaerts et al., 1999). At present grey forest soils are zonal
soils of the temperate reach of boreal climate, which develop
under deciduous forest communities alternating with meadow
or meadow-steppe ones (Gerasimova et al., 1996).

In the Central Ukrainian loess profiles, the EarlyVistulian is
represented by chernozems (Vekli¢, 1968) or by three subunits
of the Pryluki soil succession, i.e. a meadow soil, a brown for-
est soil, and a humic chernozem (Gerasimenko, 2000; Rous-
seau et al., 2001; Fig. 8). Thin loess interbeds occur between
these soils in the most complete profiles (Gozhik et al., 1995).
Climatic reconstruction based on pollen data from loess pro-
files (Bolihovskaja, 1995; Gerasimenko, 2000; Komar, 2002)
indicates that chernozems developed under alternating condi-

tions of dry steppe climate, and warmer interstadials, in the op-
timal parts of which deciduous forest grew.

LOESS OF THE LOWER PLENIGLACIAL (OIS 4)

The Lower Pleniglacial corresponds to OIS 4 dated at
73-61 ka BP (Liedtke, 1993), 75-58 ka BP (Mojski, 1999), or
72-60 ka BP (Guiter et al., 2003). This is the oldest period of
maximum cooling in the last glaciation (Guiter et al., 2003). It
was probably the first period of four major ones of loess accu-
mulation, which occurred in the western Europe during the last
glacial, with luminescence age estimates ranging from 67 to
60 ka BP (Frechen et al., 2001). The central European pollen
data document the main opening of the vegetation, and suggest
the presence of cold steppe biomes in this interval
(Vandenberghe, 1992; Liedtke, 1993; Bolihovskaja, 1995;
Miiller et al., 2003).

In all profiles of the Kolodiiv site, the boundary between the
deposits representing OIS 5 and OIS 4 is sharp and erosional.
We infer that the fine, yellow acolian silt that fills fissures which
cut the Kolodiiv 1 palaeosol in profile 5, may be an equivalent of
the marker bed of fine aeolian silt deposited by continental-scale
dust storms at the boundary between OIS 5 and OIS 4. This phe-
nomenon is suspected as the cause of rapid environmental degra-
dation then, associated with a sharp transition from the rich
grasses and forests of the early glacial to the barren landscapes of
the Pleniglacial (Kukla and Lozek, 1961; Rousseau et al., 1998;
Antoine et al., 2001). In the heavy mineral composition (Fig. 14)
there is a conspicuous inversion of the proportion between resis-
tant minerals and the rest, which is marked at the boundary be-
tween the deposits of OIS 5 and OIS 4.

The Lower Pleniglacial is represented at the Kolodiiv site
by a loess-like deposit (L1-13), 0.5-3 m thick, of deluvial- and
solifluction-aeolian facies. This is sandy and silty loam (Mz =
3.9 ¢) with sand laminae. This carbonate-free deposit is char-
acterized by low contents of humus (0.13%) and iron oxides
(1.8%). In the heavy mineral assemblage, garnet (about 50%)
exceeds zircon (<30%), and rutile (about 10%). Amphiboles,
staurolite, biotites, and tourmaline occur in small quantities
(Fig. 14). The high content of garnet suggests that the source
material of the loess from the Lower Pleniglacial at Kolodiiv
was formed under conditions favouring enrichment in garnet,
i.e. in a fluvial environment. This indicates that periglacial al-
luvium played an important role as a source of fresh silt
(Lanczont, 1995). The deflated loesses of older covers, spread
on high terraces (V and VI) of the Dniester River near the
Kolodiiv site, may have been an other source of dust.

The Lower Pleniglacial Loess has not been dated at
Kolodiiv but we have its TL age (63+9 ka BP — Lub-3994)
from the nearby profile at Yezupil. At Kolodiiv, this loess bed
appears stratigraphically uniform. Signs of weak tundra
biogenesis, large iron-manganese concretions, manganese
spots, and initial Liesegang rings are scattered. Separate
interphase gleyed horizons, which occur in some loess profiles
in Poland (Maruszczak, 1985; Lanczont and Alexandrowicz,
1997; Dolecki and Lanczont, 1998), in Ukraine within the
Uday Loess unit (ud) (Gozhik et al., 2001) and in west-central
Europe (Guiter ef al., 2003), are absent at Kolodiiv.
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Interphase tundra horizons representing a subarctic climate
within the loess of OIS 4 are named the Niedereschbacher Zone
in Germany (Semmel, 1967), and the Ognon 1 and Ognon 2
horizons in France (Woillard, 1975; Van Vliet-Lanog, 1987).

Based on the curves representing the intensity of aeolian
dust accumulation in the Late Pleistocene, Hovan et al. (1989)
and Jouzel et al. (1993) deduced the occurrence of oscillations
during its deposition in OIS 4.

LOESS-SOIL SEQUENCE
OF THE MIDDLE PLENIGLACIAL (OIS 3)

The next stratigraphic unit of the last glacial, i.e. the
“Interpleniglacial” or “Middle Pleniglacial”, is the equivalent
of OIS 3. Different approximate time intervals for this unit
have been published: 62-26 ka BP (Vandenberghe, 1992),
61-27 ka BP (Liedtke, 1993), 58-25 ka BP (Mojski, 1999),
65-25 ka BP (Armold et al., 2002) and 60-29 ka BP (Guiter et
al., 2003). This long interval was generally less cold than the
preceding one (Guiter et al., 2003). It included climatic oscilla-
tions marked by numerous rapid switches between brief cold
and longer warm times (Vandenberghe et al., 1998;
Vandenberghe and Nugteren, 2001) known as Dansgaard-
Oeschger (DO) events (interstadials), registered in the GRIP
(Greenland Ice-Core Project Members) ice core (Dansgaard et
al., 1993; Frechen et al., 2001). It is generally characterized by
a decrease in, or cessation of, loess sedimentation and terres-
trial soil-formation (Arnold et al., 2002).

The rhythmic stratigraphy and chronology of this interval
on the Russia Plain (Zarrina et al., 1981) is expressed as the fol-
lowing stadials: Lower Grazdansky (**C dated at 4940 ka BP),
Middle Kasynsky (37.5-34 ka BP), and Upper (bipartite)
Dunajevsky (32.5 to about 24 ka BP). In the loesses of the
Dnieper region, the Middle Pleniglacial is represented by the
Vytaciv set of 2-3 palaeosols (vtb, and vtb,) separated by a
loess bed (vtb,_;), which was TL dated at 44-35 ka BP, and e
dated at 33-30 ka BP (Gozhik ef al., 2001). In the light of
palynological data (Rousseau et al., 2001), in the generally
milder conditions of this interval, vegetation changed from an
open Pinus boreal forest (lower soil), which included a few de-
ciduous trees, through sparse steppe (intrasoil loess), to more
productive forest-steppe mosaic (upper soil). In loess profiles
of Volhynia and Podolia, the Middle Pleniglacial is represented
only by the Dubno palacosol. Pollen data from this area indi-
cate a mosaic vegetational pattern of shrub tundra, steppe-tun-
dra, and steppe with patches of forest-tundra, and a short ex-
pansion of boreal forest with pine and birch during the climatic
optimum (Bezus’ko et al., 1989). The "“C age of the Dubno
soil, estimated at 28-29 ka BP (Bezus’ko et al., 1989), indi-
cates that it probably corresponds to OIS 3.1. However, based
on new results of TL dating in the Rivne profile at Volhynia
(43+6 and 61+7 ka BP), this soil can be related to OIS 3.3
(Nawrocki et al., 2003). A similar stratigraphic correlation is
also suggested by the TL ages of the Dubno soil at Yezupil:
4045 (Lub-3992) and 61+8 ka BP (Lub-3993). It should be
stressed that the older of these ages were obtained from the B
horizon of this soil, i.e. they indicate the age of the substrate,
which formed during the Lower Pleniglacial. The younger re-

sults represent the older part of the Interplenivistulian, when the
A horizon developed.

At the Kolodiiv site, the greatest stratigraphic variability of
the Middle Pleniglacial deposits is found in profiles 2A, 2, 3,
and 4/5. Profile 2 was investigated twice, in 1999 and in 2003
(Fig. 13). The second time, the exposure wall was shifted about
1-2 m farther in as a result of cleaning of the face, and the ex-
posed sequence appeared to be somewhat different from that
described in 1999, both in respect of the number and the thick-
ness of the layers distinguished. This indicates the effect of a
distinct palaeosurface microrelief, simultaneously a cause and
an effect of spatial variability of morphogenetic and soil-form-
ing processes, which acted on this surface.

The sequence deposited at Kolodiiv in the Middle
Pleniglacial is about 67 m thick, and includes two sets of
palacosols (L1-s2 and L1-s1) typical of tundra landscape,
which are separated by a loess bed (L1-12). These deposits are
wholly carbonate-free. Gravels, which sporadically occur
throughout the profile, were redeposited from higher parts of
the slope (higher terraces). Thus, slope processes considerably
influenced the formation of these deposits (Lacka et al., 2007).

The bottom soil of this sequence shows spatial variability
conditioned by the palacomorphology of the Kolodiiv site.
Two types of soil are found; each truncated by erosion and cov-
ered with solifluction loess:

1. Wet tundra soil (gleysol) up to 1.5 m thick, developed
under wet conditions with periodic supply of loess and slope
(solifluction) material. This is a one-horizon soil, loamy-sandy,
with nests and lenses of pure fine sand visible mainly in its mid-
dle part, and with traces of different cryogenic deformations of
solifluction type (plication deformations). Traces of a well-de-
veloped small reticulate structure of ground ice occur in places
at the bottom of the soil. Rusty-coloured spots, ferruginous
streaks, and iron-manganese concretions are also found.

2. Authomorphic soil associated with higher situated,
better drained relief elements. This is a distinctive subarctic
brown cambisol, with a thickness of 0.6-0.8 m, in which the
Ah horizon constitutes half the thickness. This soil is gleyed
from the top, rather rich in humus (up to 0.5%) and in iron
compounds (about 3%), with numerous iron-manganese and
iron concretions.

In profile 2, 1999 only, this stratigraphic unit was found as
two similarly developed brown soils separated by a solifluction
layer.

The middle unit, i.e. an intersoil loess, with a maximum
thickness reaching 3 m, contains a considerable amount
(45-50%) of loess with a mean grain diameter ranging from
5.4 to 4.6 ¢; the deposit is poorly to very poorly sorted (6, =
1.6-2.2), with positive and very positive skewness (Sk; =
0.2-0.5), and with a very variable kurtosis index (Kg =
1.2-2.1). The contents of iron oxides (1.5-3.15%) and humus
(0.15-0.37%) are variable, with most humus in the lower lay-
ers, which contain an admixture of material from the underly-
ing soil. The loess is reworked by solifluction in the lower part
of this unit, and by sheet-wash in its middle part as seen in
rhythmic parallel or almost parallel bedding, irregularly
undulatose, and inclined down palaeoslope. As well as
synsedimentary structures, discontinuous postsedimentary
ones are present that disturb stratification. Specific agglomer-
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ations of iron and iron-manganese concretions, and larger
structures resembling initial Liesegang rings, which occur
throughout the loess unit, may be related to tundra biogenesis.

The upper set of palaeosols is composed of two (profile
4/5) or even four to five tundra soils lying in direct succession
(profiles 2A, 2, 3). These soils generally resemble the older
ones in respect of typology. Their sequence is regular. The low-
est is a thick gelic gleysol, which is characterized by the occur-
rence of thick limonitic hardpans in its bottom and middle
parts. This palaeosol is overlain by a series of several (up to 4)
similar, thin, two-horizon, weakly developed soils of cambisol
type (Lacka et al., 2007). The content of humus is higher in
cambisols (up to 0.6%) than in gleysols (0.25-0.4%) but free
iron oxides occur in similar quantities in both soil types
(3—4%). It seems that this set of soils developed in an interval
comprising alternating, very short, slightly warmer and colder
phases. Cold phases were characterized by weak deposition of
loess alternating with erosion and redeposition of sediments, so
the TL ages for the samples from this soil set in profile 3 are too
old (74 and 167 ka BP). The material building these layers de-
rived probably from nearby, from eroded older loess deposits,
so it was insufficiently bleached before deposition due to a
short transport distance. Thus, this lack of reliable dating re-
sults for these deposits provides indirect information about en-
vironmental conditions during their formation, and also about
the climate during the younger part of OIS 3.

The heavy mineral assemblage of the loess-soil sequence
from the Middle Pleniglacial resembles that from the loess rep-
resenting OIS 4. It is characterized by a garnet content reaching
50%. The main minerals form the following sequence: gar-
nets>zircon>rutile. Staurolite, tourmalines, amphiboles, and
pyroxenes are accessory components. A lower intensity of
weathering causes a decrease in the values of the mineral indi-
ces: O/StN=0.25-1.2, and C/G+A = 0.4—1.5. Within these in-
tervals, higher values of deposit maturity indices are found in
those loess layers affected by pedogenesis.

The Middle Pleniglacial loess-soil sequence at Kolodiiv re-
veals several climatic oscillations during this period. Its great
thickness and pedostratigraphical variability are unique fea-
tures in comparison with other Ukrainian loess profiles, but re-
semble those recorded, for instance, in northern Europe (Guiter
et al., 2003). With reference to the stratigraphic scheme of the
western Ukraine loesses (Boguckyj, 1987), we named the

palacosols of the lower set Dubno 2 (Dubno — older
palacosol(s)), and those of the upper set Dubno 1 (Dubno —
younger palaeosol(s)).

The Dubno 2 palaeosol/palacosols, which reflect the first
climatic improvement during the Middle Pleniglacial, probably
correspond to the Oerel and Glinde interstadials of the west Eu-
ropean stratigraphic schemes (Behre and Lade, 1986; Liedtke,
1993; van der Hammen, 1995). According to the calibrated dat-
ing results from the Oerel site in Northern Germany (Behre and
Van der Plicht, 1992), these interstadials occurred at 58—54 ka
BP and 51-48 ka BP, respectively. The solifluction loess sepa-
rating the two palaeosols of the Dubno 2 set probably correlates
with the Ebersdorf Stadial (Liedtke, 1993), and with the second
period of loess accumulation in western Europe (Frechen ez al.,
2001). If we agree with the opinion of Guiter et al. (2003) that
the two episodes called Oerel and Glinde may respectively cor-

relate with Ognon 1 and Ognon 2, we should recognize the
Dubno 2 set as interphase soils corresponding to OIS 4. How-
ever, this seems to be a wrong conclusion because the Dubno 2
palaeosol/palaeosols reveal much more intensive pedogenesis
than could have developed during the short warm interphase
episode/episodes of the cold OIS 4.

The lower Dubno 2 unit is separated from the upper
Dubno 1 unit by a loess bed. It indicates a cooler stadial, which
may be correlated with the Lattrop Stadial (Liedtke, 1993), and
so comparable to the third period of loess accumulation in
western Europe (Frechen et al., 2001), most likely between 50
and 40 ka BP (in the light of luminescence dating).

It seems that the Dubno 1 set of palaeosols belongs to the
younger part of the Interpleniglacial, with a series of warm os-
cillations (Van der Hammen ef al., 1967; Zagwijn, 1974; Van
der Hammen et al., 1995), which contains the long Moershoofd
Interstadial Complex (5043 ka BP), and two shorter but in-
tense interstadials: Hengelo (38-37 ka BP) and Denekamp
(34-29 ka BP) (Guiter et al., 2003). These are separated by the
Hasselo and Huneborg stadials, respectively (Liedke, 1993). In
the opinion of Van der Hammen ef al. (1995), a few minor os-
cillations can be found within the Huneborg Stadial and the
Denekamp Interstadial.

Based on the type and intensity of pedogenesis at Kolodiiv,
it may be that the climate was wetter and colder during the
Moershoofd Interstadial than during the succeeding warm peri-
ods. During the Hengelo and Denckamp interstadials, the cli-
mate was probably more variable, and numerous organic layers
formed in the mineral deposits.

In comparison with the entire Kolodiiv site, profile 1B is
atypical because the part corresponding to the Middle
Pleniglacial is reduced. Above the loess correlated with OIS 4,
one well-developed gley horizon occurs, which is overlain by
massive loess with features typical of the Middle Pleniglacial
Loess. Two TL ages were obtained for the same sample from
this gley horizon: 46+6 and 50+7 ka BP.

LOESS OF THE UPPER PLENIGLACIAL (OIS 2)

The Upper Pleniglacial (equivalent of OIS 2) was the coldest
period of the last glacial, representing the strongest aridity
(Frechen et al., 2001; Guiter et al., 2003). In the opinion of
Antoine et al. (2001), a thick loess deposits of this age, which oc-
curs in the upper Rhein valley, shows three pulses of loess sedi-
mentation at 27-25, 22—19, and 1615 ka BP. Based on investi-
gations of the west European loesses (Frechen ez al., 2001), it can
be deduced that the accumulation of the upper young loess prob-
ably started after the Heinrich 3 event and lasted to the Heinrich 2
event, i.e. from 25 to 20 ka BP. Also Greenland ice records indi-
cate a major period of dust accumulation during this time (Bond
et al., 1992, 1993; Grootes and Stuiver, 1997). The youngest
loess-like sediment accumulated between 17 and 14 ka BP
(Frechen et al., 2001). Two phases of transitory climatic im-
provement are recorded in western and central Europe on se-
quences at ca. 23-22 ka BP and between 16-15 ka BP (Lascaux
warming) in the Upper Pleniglacial (Guiter at al., 2003).

Uniform, typically developed aeolian loess (L1-11) 2—6 m
thick accumulated at the Kolodiiv site during OIS 2. The heavy
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mineral assemblage of this loess resembles that of the older unit
but contains less rutile, and higher percentages of non-resistant
minerals (amphiboles, pyroxenes, and biotite). On the basis of
the vertical variability of grain-size distribution of this loess in
profile 2, three cycles of deposition can be distinguished, the
middle cycle being characterized by the most distinct,
short-term oscillations of environmental dynamics (Fran-
kowski et al., 2007).

Poorly marked solifluction structures occur in the bottom
layers (Figs. 13 and 14), which were formed in an open envi-
ronment of tundra type, under cold and humid climatic condi-
tions (Alexandrowicz and Dmytruk, 2007). Solifluction sup-
plied older material to the aeolian cover being formed, so the
TL age of this layer was too old. A sample taken from the
solifluction loess was TL dated at 54+7 ka (Fig. 13).

The other, younger part of loess L1-11 contains a large
amount of coarse silt (about 36%), an admixture of very fine
sand (about 20%), and of the <0.002 mm fraction (about 10%).
The mean grain diameter of this loess falls in the middle of the
grain-size range of typical loess, i.e. between 5 and 6 ¢. This is
carbonate loess but the content of CaCO; does not exceed
7-8%. A sample taken from the typical loess was TL dated at
26+4 ka (Fig. 14). The depositional environment of this loess is
characterized by a mollusc association indicating cold and dry
climate, and an open environment of arctic steppe type
(Alexandrowicz and Dmytruk, 2007).

Two gleyed horizons occurring within this loess in profiles
2, 2A, and 4/5 indicate more intensive pedogenesis. Gleyed,
clayey loess forms these horizons. Each of them is 0.2-0.5 m
thick, often with thin sand laminae and plication deformations,
which suggest phases of slightly milder or rather wetter cli-
mate. By their intraloess occurrence they resemble the Rivne
and Krasyliv horizons distinguished in the Volhynian and
Podolian loesses. However, the stratigraphic position of the
Rivne horizon, which has been accepted until now on the basis
of the investigations of the Volhynian and Podolian loesses, is
questionable (Maruszczak, 1995, 1996). Based on new TL dat-
es in the Rivne and TorCyn profiles, this soil can be correlated
with OIS 3.1 (Nawrocki et al., 2003).

The horizon, named Rivne to conserve terminology, occurs
rather frequently in the loesses of the Haly¢ Prydnistrov’ja re-
gion (Lanczont and Boguckyj, 2002) as weak gley palacosols,
weathered horizons or layers with solifluction structures. The
vegetation during this phase may have been subarctic grassland
or steppe (Komar, 2002). Rich archaeological materials of the
Gravettian Culture are associated with this horizon in the Palaeo-
lithic sites at Haly¢ and Mezygirce. At Haly¢ they occur just be-
low the soil, and at Mezygirce within the Ah horizon of the
Rivne Unit. This difference is supported by radiocarbon ages,
which range between 25.2 and 19.6 ka BP at Haly¢, and from
17.2 t0 20.4 ka BP at Mezygirce (Cyrek and Sytnyk, 2002). The
TL ages of loess near the artefacts obtained in the Lublin Labora-
tory are 17.7-20.1 ka BP (Lanczont and Bogucky, 2002), and
those obtained in the Gdansk Laboratory are 20.8-21.8 ka BP
(Fedorowicz et al., 2003). This horizon probably corresponds to
so-called Eben-Zone distinguished in the Upper Pleniglacial
Rhein loess, and dated at about 18 ka BP (Schirmer, 2000). The
Upper Pleniglacial Erbenheimer palacosol succession, which is
developed in the Central Germany loess area, is similarly TL
dated at about 17.5-22 ka BP (vide Terhorst ez al., 2001).

In the Volhyno-Podolian Upland, the Krasyliv horizon is
characterized by a polygonal network of large ice-wedge
casts, which reach to a depth of 6 m, and were formed in the
most severe climate of the Upper Pleniglacial. However, such
forms are absent from the East Carpathian Foreland. At
Kolodiiv, the Krasyliv horizon occurs just beneath Holocene
soil (profile 2) or is undistinguishable where transformed by
the Holocene pedogenesis.

CONCLUSIONS

The unique loess records from the Kolodiiv site provide key
information for the correlation of European loess stratigraphy.
They represent a sequence in which the climatic changes over
the last 120 ka seem to be recorded. The sequence is essentially
continuous and has a soil of the last interglacial and organic de-
posits at its base. The record of regional environmental changes
during OIS 5 and OIS 3 is especially detailed and complete in
comparison with loess profiles of the Dnieper River basin.

Detailed multidisciplinary study of the loess-palaeosol se-
quence at Kolodiiv leads to the following conclusions:

In the early glacial, acolian accumulation took place (under
conditions of seasonal ground frost) but it was insignificant;
typical loess accumulation occurred during the Pleniglacial
(OIS 4-2) in three main stages (probably under conditions of
discontinuous, and then continuous permafrost). At Kolodiiv,
loess was deposited on the slope exposed to the west, and it was
a westerly wind, which carried dust as inferred from, for exam-
ple, the spatial variability of mineral composition in loesses
spread over an extensive area, from Volhynia to the East
Carpathian Foreland (Chlebowski ef al., 2004). That direction
of transport is also indicated by the mean grain diameter, which
is progressively smaller from the west to the east in the adjacent
Podolian loesses (Tokarski, 1936). In the Sivka River valley at
Kolodiiv, loess accumulated on different relief elements. Ae-
olian silt originated mainly from local source areas. When rede-
posited downslope, it was enriched in material from up slope
(including from older terraces). Several factors favoured loess
accumulation in the vicinity of the Kolodiiv site, i.e. the wind-
ward and rather “warm” exposure of a long slope, which was
steep in its upper part, and gentle near the terrace, and a nearby
source of silt. Older deposits were preserved, and younger ones
accumulated at the same place. This slope loess sequence was
sensitive to climate oscillations.

Four types of palacopedological taxa have been differenti-
ated within the loess terrace cover at Kolodiiv:

— an interglacial (Eemian), soil succession which includes
one or two soil-forming episodes;

— interstadial one- or two-horizon palacosols over 1 m
thick;

— interstadial thin two-horizon palaeosols;

— monogenetic incipient/embryonic palacosols.

Palaeosols from the first and second group form the Horohiv,
soil succession distinguished in the stratigraphic schemes of
loesses in the western part of Ukraine, and correlated with OIS 5.
Palaeosols from the third and fourth group occur as different soil
types within the Dubno Unit (also recognized in the west Ukrai-
nian loesses), which corresponds to OIS 3.
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The Eemian soil succession forms a catena pattern with the
organic deposits having accumulated in an ox-bow lake. These
deposits represent only fragments of the Eemian succession be-
cause of hiatuses, which could have been because the ox-bow
lake was small, rather shallow, but periodically water flowed in
it as it intermittently joined with river channel. The soil succes-
sion occurring in the lower part of the section is unique. Two
similar and undoubtedly interglacial forest soils lying in direct
sequence are the first palacopedological evidence of Eemian
climatic disturbances, recorded in pollen profiles, and repre-
sented by an episode of increased soil erosion resulting in the
absence of the hornbeam forest phase. The next important ero-
sion episode occurred towards the end of the Eemian, when the
top part of the upper forest soil was truncated.

There was found a succession of three soil-forming pro-
cesses separated by cold episodes correlated with OIS 5d—a.
In the case of the Kolodiiv there was not found the typological
differentiation of soils such as the succession of meadow soil,
brown soil, and chernozem in the sub-units of the Pryluki ho-
rizon of the Central Ukraine (Rousseau et al., 2001). At
Kolodiiv, each of the warm episodes was complex, and in-
cludes an earlier forest phase of taiga type with lessivé soil,
which was replaced by a younger one with steppe or meadow
soil. Erosion developed between these pedogenetic stages.
During cold phases, solifluction and surface wash processes
were more intensive than acolian ones, so the deposits and
soils developed on them are difficult to date by TL. Perma-
frost was absent but deep seasonal ground frost caused the
formation of segregated ground ice and the development of
cryo-desiccation cracks.

The Middle Pleniglacial is represented by a dozen or so cli-
matic oscillations of very unequal duration. The climatic heter-
ogeneity of this interval is very well reflected in the variation in

grain-size distribution through this stratigraphic unit
(Frankowski et al., 2007). It can be classified as three stages
representing different climates:

— an older stage (OIS 3.3) contained two distinct phases of
stabilization separated by a phase of weak loess accumulation,
and strong denudation resulting from solifluction under moder-
ately wet conditions;

— amiddle stage (OIS 3.2) characterized by more intensive
loess deposition under colder and more continental climatic
conditions, with stronger precipitation and spring thaw;

— a younger stage (OIS 3.1) marked by alternating epi-
sodes of cool and cold climate, more or less dry, which proba-
bly became shorter through time. Aeolian accumulation was
less intensive, and slope processes more active, as is indirectly
shown by TL ages of the deposits that are too old. A series of
tundra gley soils or arctic brown soils (from two to five accord-
ing to the geomorphological situation) lying in direct succes-
sion represents episodes with ameliorated climatic conditions.
The oldest of these is the thickest, and its strong gleying indi-
cates that it developed under the most humid conditions.

Higher rate of aeolian accumulation during the Upper
Pleniglacial resulted in the formation of a moderately thick (up
to 6 m) bed of uniform loess. Deposition was less intensive dur-
ing the slightly wetter episode, when gley tundra developed.
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