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The Upper Pleistocene loess-palacosol sequence from the Kolodiiv section (East Carpathian Foreland) has been palacomagnetically stud-
ied. Almost all samples displayed moderate to high positive palacomagnetic inclinations and declinations enclosed between 320° and 40°.
However, one sample from the fossil soil of the last interglacial pedocomplex (at 16.6 m profile depth) was reverse magnetized and therefore
can be correlated with the Blake Palacomagnetic Event. Consequently that palaeosol can be related to (Oxygen Isotope Stage) OIS 5el. An-
other sample from the Dubno 1 interstadial palaecosol demonstrated southern declination and significant lowering of inclination (up to 40°).
This might be a record of the Laschamp Palacomagnetic Event or of any Late Pleistocene palacomagnetic excursion. The magnetic suscepti-
bility and anhysteretic remanent magnetization data reflect the presence of several soils forming during the warm conditions of OIS 5 and
the complex nature of the Eemian warming. Two palaeosols that developed between ca.115 ka and 120 ka indicate at least two climatic op-
tima during the Eemian. High values of magnetic susceptibility (up to 300 x 10" SI units) noted in the middle of the section that contains
slump deposits (9.5 m to 11m of depth) suggest that this material was derived from older soils of interglacial type.
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INTRODUCTION

The concentration of magnetic minerals in sediments, ex-
pressed by magnetic susceptibility or other petromagnetic pa-
rameters, can reflect the climatic conditions in which they were
deposited. The magnetic susceptibility patterns of loess-
palacosol sequences have been stratigraphically correlated
with patterns of deep-sea sequences. On the Chinese loess pla-
teau, magnetic susceptibility has been used for quantitative
palaeorainfall reconstruction (Maher and Thompson, 1995).
Preliminary petro- and palacomagnetic studies of the Polish
and Western Ukrainian loess-palacosol sequences (Nawrocki
et al., 1996; 1999) showed that the correlation of susceptibility
data with palaeoclimate is more complex than for the Chinese
sections. The major causes of the complexities are the rela-
tively thin loess units and the diverse geochemical processes
that affected loess surfaces during interglacials.

Within the Brunhes Chron several short inversions of geo-
magnetic field termed palaeomagnetic events have been de-

tected (e.g. Tarling, 1983; Nowaczyk and Fredrichs, 1999).
These horizons may serve as important chronostratigraphic
tools. Up till now our studies of Western Ukrainian loesses has
not revealed any well-documented record of palacomagnetic
inversion (event) apart from one detected in the Bojanice sec-
tion (Nawrocki et al., 1999).

This study describes petro- and palacomagnetic results
from the Ukrainian Kolodiiv section, a relative thick
loess-palacosol sequence deposited during the last intergla-
cial-glacial period.

GEOLOGICAL SETTING

The Kolodiiv 2 profile is situated in the central part of the
East Carpathian Foreland (Fig. 1), on the NE margin of the
Vojnylivsk Upland. The loess-soil sequence is underlain by flu-
vial deposits, which cover the Pleistocene terrace II of the Sivka
River, a tributary of the Dniester River. The profile described
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Fig. 1. Location maps (A — general World) and shadow relief (B) indicating the loess section studied at Kolodiiv

here belongs to a set of profiles, exposed along the almost 1 km
long section of the high (>20 m) edge of the Sivka River terrace,
which have been investigated in detail. These investigations
have provide, important data concerning the conditions of accu-
mulation and the stratigraphy of the Peri-Carpathian loess from
the Last Glacial (Lanczont and Boguckyj, 2002). The Kolodiiv 2
profile contains a complete sequence of stratigraphically diverse
deposits. Therefore, it has been selected for palacomagnetic in-
vestigations and was sampled in 1999.

The Early Vistulian-Eemian (Oxygen Isotope Stage —
OIS 5) set of palaecosols occurs at a depth of 13.5-19.1 m. It
consists of three interstadial palaeosols, and a unique succes-
sion of two forest soils representing the Eemian Interglacial
(OIS 5e). These interglacial soils are locally replaced horizon-
tally by gyttja and peat, which formed in different parts of a fos-
sil meander cut-off. An Eemian age for these organogenic de-
posits was supported by the results of pollen analysis
(Demedyuk and Khrystoforova, 1975; Kalinovych, 2002).

The Kolodiiv 2 profile contains the following lithological
horizons:

0-0.4 m. Humus layer, younger part of the Holocene soil.
0.4—-1.8 m. Eet and Bt layers, older part of the Holocene soil.
1.8-2.3 m. Krasyliv layer, silty. Distinct lower boundary.

2.3-4.1 m. Sandy loess, weak, initial, gleyed Rivne (?) horizon
with distinct lower boundary.

4.1-5.1 m. Sandy silt, gleyed, stratified, deformed by soliflu-
ction. Distinct lower boundary.

5.1-7.9 m. Set of 4 interstadial palaeosols representing the
Dubno 1 palaeosol (i.e. the Dubno younger soil).
Three upper palacosols of subarctic brown gleyed
type, the lowest of tundra gley type. Lower bound-
ary sharp with undulose hardpan up to 1 cm thick.

7.9-10.9 m. Sandy-silty and loamy, stratified deposit, with dis-
tinct solifluction structures in the lower part,
strongly gleyed. Boundary distinctly marked by a
change in colour.

10.9-12.8 m. Set of 2 interstadial palaeosols of subarctic brown
gleyed type, representing the Dubno 2 palaeosol
(i.e. the Dubno older soil), separated by a series of
fine- and medium-grained, stratified sands de-
formed by solifluction, which occur at a depth of
11.5—12.0 m. The lower boundary is sharp, sinuous,
of erosional origin.

12.8-13.5 m. Yellow-grey, silty sands with thin interlayers of
pale grey, medium-grained sands.
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13.5-14.1 m. Early Vistulian palacosol Kolodiiv 1, truncated,
represented by a sandy-loamy-silty B layer.

14.1-15.0 m. Early Vistulian palacosol Kolodiiv 2, developed on
sandy-loamy-silty material. Lower boundary distinct.

15.0-16.1 m. Interstadial humus layer of the Kolodiiv 3
palacosol, stratified, sandy-loamy-silty, strongly
deformed by deluvial processes.

16.1-17.0 m. Younger Eemian forest soil, loamy and
loamy-silty, composed of Eet layer (0.2 m) and Bt
layer (0.7 m). The bottom part of the Bt horizon is
probably developed on material of the A horizon of
the underlying interglacial soil.

17.0-19.1 m. Older Eemian forest soil, loamy and loamy-silty,
composed of an Eet layer of variable thickness
(0.6-1 m), and a Bt horizon also of variable thick-
ness (1.1-1.5 m). Distinct lower boundary.

19.1-20.0 m. Beige-grey, stratified sands.

METHODS OF INVESTIGATION

193 oriented samples were taken from 19 m of
loess-palacosol deposits exposed in the Kolodiiv 2 section. One
inch in diameter and 22 mm long samples were taken from fresh
exposure walls by the means of a cylindrical steel sampler. Sam-
ples were collected at 10 cm and partly at 5 cm interval. The nat-
ural remanent magnetisation (NRM) was measured using JR-5
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Fig. 2. Demagnetization characteristics (stereographic projections of
directional tracks, intensity decay curves and orthogonal plots) of
loess-palaeosol samples from the Kolodiiv section with reverse (16.6 m
depth) and deviated (5.3 m depth) palaecomagnetic directions. The
third sample (16.7 m depth) displays a typical Late Pleistocene normal
polarity palaecomagnetic direction

Circles in the orthogonal plots represent vertical projections, squares rep-
resent horizontal projections. Irm — intensity of remanent magnetization,
Inrm — initial intensity of natural remanent magnetization

spinner magnetometers. All samples were subjected to stepwise
alternating field (AF) demagnetisation in fields of up to 100 mT.
The AF demagnetisation and the ARM (anhisteretic remanent
magnetization) acquisition experiment was conducted using
Molspin devices. The magnetic susceptibility was measured by
the means of a KLY-2 bridge. Analyses of magnetic minerals
were not performed for this particular section. Results of
petromagnetic analyses of several other loess sections from
Western Ukraine indicated the presence of magnetite and hema-
tite in the loess layers, and additionally maghemite in the
palaeosol horizons (Nawrocki et al., 1999, 2002).

RESULTS OF DEMAGNETIZATION

Stepwise AF demagnetisations displayed simple NRM be-
haviour with univectorial remanence after 20 mT of demagnet-
ising field (Fig. 2). Distinct directional changes, probably asso-
ciated with secular variations, were observed in all parts of the
section studied (Fig. 3). One sample from the penultimate inter-
glacial palacosol shows a reversed palacomagnetic direction.
Another sample taken from the Dubno 1set of palaeosols
(at 5.3 m depth) demonstrated a southern declination and a sig-
nificant lowering of inclination (up to 40°). In some places
changes of declination and inclination seem to have been very
rapid. These shifts are most probably connected with strati-
graphic gaps marked in Figure 3.
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Fig. 3. Inclination and declination changes as a function of depth at the Kolodiiv section

Data are presented after stepwise demagnetization in fields of 0—100mT and calculation of palaeodirections as fitted lines (Kirschvink, 1980); near the
stratigraphical column the subdivision of the section studied into the time equivalents of Oxygen Isotope Stages (OIS) is proposed

MAGNETIC SUSCEPTIBILITY AND ARM CHANGES

The ARM and magnetic susceptibility curves prepared for
the entire sample set from Kolodiiv are very similar. The only
differences can be observed in the lower parts of interglacial
soils (OIS 1 and 5e3; see Fig. 4) where the ARM signal is not as
distinctly elevated as are the magnetic susceptibility values. This
is most probably connected with the notable contribution of
paramagnetic and superparamagnetic fractions in this part of the
section. This phenomenon has been observed earlier in some
other loess sections from Western Ukraine (Nawrocki et al.,
1999). The ARM and magnetic susceptibility increase sharply in
the Holocene soil and in the three soils developed during OIS 5
and have been correlated with substages 5c1, Sel and 5e3 (Fig.
4). It should be stressed, however, that unexpected high values of
ARM and magnetic susceptibility occur also in the loess and
slumped sediments from the middle part of the section. There are
no elevated values in the samples from interstadial deposits cor-
relate that with the Dubno 1 and Dubno 2 set of palacosols.

DISCUSSION

The low-coercivity component of magnetization, common
to the loess and soil deposits, does not provide any clustered
palaeodirection. After removal of this soft component, loess
and soil samples display the presence of a stable component
that is not totally removed even in a field of 100 mT. This may
indicate hematite as an important carrier of characteristic mag-
netization. In most samples the mean declination and inclina-
tion values (357° and 64°) of the stable component is the same
as expected for normal polarity directions recorded during the
Brunhes Chron. A reversed direction recorded in one sample
from the Horohiv soil (Fig. 3) can be correlated with the Blake
Palacomagnetic Event. This event have been documented in
several places worldwide. It is located in the 5d or Sel Oxygen
Isotope Substages (see Pares et al., 2004). In the section studied
the reversed sample was taken from an interglacial palaeosol
and therefore we correlate it with OIS Sel. Consequently the
oldest palaeosol from Kolodiiv is correlated with OIS 5e3.
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Fig. 4. Anhysteretic remnant magnetization (ARM) and low-field magnetic susceptibility changes as a function of depth at the Kolodiiv section

Explanations as in Figure 3

The abnormal palacodirection with a southern declination
noted in the Dubno 1 interstadial palacosol may be correlated
with the Laschamp Palacomagnetic Event. Many studies of
rocks containing a record of this event indicate that its age is
about 40 ka (see e.g., Guillou ef al., 2004). Hence the palacosol
Dubno 1-1 may have developed around 40 ka. However if we
assume the presence of the Laschamp Event, the correlation of
sediments that cover the Dubno 1 set of palacosols is equivocal.
They correspond to OIS 2 or partly also to OIS 3 (Fig. 3). That
first solution implies a large (ca. 15 ka) gap between the Dubno 1
and the overlying loess or a different correlation of the abnormal
palacomagnetic direction (i.e. not with the Laschamp). The sec-
ond possibility suggests loess sedimentation during the younger
part of OIS 3, as observed in some sections in western Europe
(see e.g., Frechen ef al., 2001). We prefer the solution in which
the abnormal palacomagnetic record is not related to the
Laschamp Event, and in which the Dubno 1 soil developed dur-
ing the younger part of OIS 3. Six soils are enclosed in the
Dubnol and Dubno 2 sets of soils and this is generally in agree-
ment with the number of climatic optima noted throughout

OIS 3. The occurrence of a thick loess layer within OIS 3 depos-
its is a common feature in many loess-palacosol sections (Heslop
et al., 2000; Evans et al., 2003).

The magnetic susceptibility and anhysteretic remanent mag-
netization graphs have several maxima associated with higher
contents of magnetic minerals. In loess sections this phenome-
non occurs in places where interglacial soils were developed
(Heller and Liu, 1984; Heller and Evans, 1995). Data from the
Kolodiiv section imply the presence of several soils forming dur-
ing the interglacial conditions of OIS 5 and show the complex
nature of the Eemian warming. Two palacosols, developed be-
tween ca.115 ka and 120 ka, indicate at least two climatic optima
during the Eemian. However, high values of petromagnetic pa-
rameters (magnetic susceptibility up to 300 x 107 SI units) can
be also observed in the middle part of the section containing
loess and slumped deposits (9.5 m to 11m depth). This suggests
that these sediments were derived from older soils of interglacial
type, most probably from the Horohiv, soil unit where values of
magnetic susceptibility and ARM are similar.
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CONCLUSIONS

1. The Upper Pleistocene loess-palacosol sequence from
the Kolodiiv section shows mainly moderate to high positive
palaecomagnetic inclinations and declinations enclosed be-
tween 320° and 40°, recorded during the normal polarity of the
Brunhes Chron.

2. One sample from the fossil soil of the last interglacial soil
succession (at 16.6 m depth) is reverse magnetized and therefore
likely correlates with the Blake Palacomagnetic Event. Conse-
quently that palaeosol should be referred to OIS 5el.

3. Another single sample from the Dubno 1 interstadial soil
succession yielded a southern declination and a significant
lowering of inclination (up to 40°). This might record traces of

the Laschamp Palacomagnetic Event or of any Late Pleistocene
palacomagnetic excursion.

4. The magnetic susceptibility and anhysteretic remanent
magnetization data reflect the presence of several soils forming
during the warm conditions of OIS 5 and show the complex na-
ture of the Eemian warming. Two palaeosols, developed be-
tween ca.115 ka and 120 ka, indicate at least two climatic op-
tima during the Eemian.

5. High values of magnetic susceptibility noted in the mid-
dle part of the section suggest that this material was derived
from older soils of interglacial type.
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