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The Up per Pleis to cene loess-palaeosol se quence from the Kolodiiv sec tion (East Carpathian Fore land) has been palaeomagnetically stud -
ied. Al most all sam ples dis played mod er ate to high pos i tive palaeomagnetic in cli na tions and dec li na tions en closed be tween 320° and 40°.
How ever, one sam ple from the fos sil soil of the last inter gla cial pedocomplex (at 16.6 m pro file depth) was re verse mag ne tized and there fore 
can be cor re lated with the Blake Palaeomagnetic Event. Con se quently that palaeosol can be re lated to (Ox y gen Iso tope Stage) OIS 5e1. An -
other sam ple from the Dubno 1 interstadial  palaeosol dem on strated south ern dec li na tion and sig nif i cant low er ing of in cli na tion (up to 40°).
This might be a re cord of the Laschamp Palaeomagnetic Event or of any Late Pleis to cene palaeomagnetic ex cur sion. The mag netic sus cep ti -
bil ity and anhysteretic remanent mag ne ti za tion data re flect the pres ence of sev eral soils form ing dur ing the warm con di tions of OIS 5 and
the com plex na ture of the Eemian warm ing. Two palaeosols that de vel oped be tween ca.115 ka and 120 ka in di cate at least two cli ma tic op -
tima dur ing the Eemian. High val ues of mag netic sus cep ti bil ity (up to 300 ´ 10–6 SI units) noted in the mid dle of the sec tion that con tains
slump de pos its (9.5 m to 11m of depth) sug gest that this ma te rial was de rived from older soils of inter gla cial type.
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INTRODUCTION

The con cen tra tion of mag netic min er als in sed i ments, ex -
pressed by mag netic sus cep ti bil ity or other petromagnetic pa -
ram e ters, can re flect the cli ma tic con di tions in which they were
de pos ited. The mag netic sus cep ti bil ity pat terns of loess-
 palaeosol se quences have been stratigraphically cor re lated
with pat terns of deep-sea se quences. On the Chi nese loess pla -
teau, mag netic sus cep ti bil ity has been used for quan ti ta tive
palaeorainfall re con struc tion (Maher and Thomp son, 1995).
Pre lim i nary petro- and palaeomagnetic stud ies of the Pol ish
and West ern Ukrai nian loess-palaeosol se quences (Nawrocki
et al., 1996; 1999) showed that the cor re la tion of sus cep ti bil ity
data with palaeoclimate is more com plex than for the Chi nese
sec tions. The ma jor causes of the com plex i ties are the rel a -
tively thin loess units and the di verse geo chem i cal pro cesses
that af fected loess sur faces dur ing interglacials. 

Within the Brunhes Chron sev eral short in ver sions of geo -
mag netic field termed palaeomagnetic events have been de -

tected (e.g. Tarling, 1983; Nowaczyk and Fredrichs, 1999).
These ho ri zons may serve as im por tant chronostratigraphic
tools.  Up till now our stud ies of West ern Ukrai nian loesses has
not re vealed any well-doc u mented re cord of palaeomagnetic
in ver sion (event) apart from one de tected in the Bojanice sec -
tion (Nawrocki et al., 1999).

This study de scribes petro- and palaeomagnetic re sults
from the Ukrai nian Kolodiiv sec tion, a rel a tive thick
loess-palaeosol se quence de pos ited dur ing the last inter gla -
cial-gla cial pe riod.

GEOLOGICAL SETTING

The Kolodiiv 2 pro file is sit u ated in the cen tral part of the
East Carpathian Fore land (Fig. 1), on the NE mar gin of the
Vojnylivsk Up land. The loess-soil se quence is un der lain by flu -
vial de pos its, which cover the Pleis to cene ter race II of the Sivka
River, a trib u tary of the Dniester River. The pro file de scribed



here be longs to a set of pro files, ex posed along the al most 1 km
long sec tion of the high (>20 m) edge of the Sivka River ter race,
which have been in ves ti gated in de tail. These in ves ti ga tions
have pro vide, im por tant data con cern ing the con di tions of ac cu -
mu la tion and the stra tig ra phy of the Peri-Carpathian loess from
the Last Gla cial (£anczont and Boguckyj, 2002). The Kolodiiv 2 
pro file con tains a com plete se quence of stratigraphically di verse
de pos its. There fore, it has been se lected for palaeomagnetic in -
ves ti ga tions and was sam pled in 1999.

The Early Vistulian-Eemian (Ox y gen Iso tope Stage —
OIS 5) set of palaeosols oc curs at a depth of 13.5–19.1 m. It
con sists of three interstadial palaeosols, and a unique suc ces -
sion of two for est soils rep re sent ing the Eemian Inter gla cial
(OIS 5e). These inter gla cial soils are lo cally re placed hor i zon -
tally by gyttja and peat, which formed in dif fer ent parts of a fos -
sil me an der cut-off. An Eemian age for these organogenic de -
pos its was sup ported by the re sults of pol len anal y sis
(Demedyuk and Khrystoforova, 1975; Kalinovych, 2002). 

The Kolodiiv 2 pro file con tains the fol low ing lithological
ho ri zons:
0–0.4 m. Hu mus layer, youn ger part of the Ho lo cene soil.
0.4–1.8 m. Eet and Bt lay ers, older part of the Ho lo cene soil.
1.8–2.3 m. Krasyliv layer, silty. Dis tinct lower bound ary.

2.3–4.1 m. Sandy loess, weak, ini tial, gleyed Rivne (?) ho ri zon
with dis tinct lower bound ary.

4.1–5.1 m. Sandy silt, gleyed, strat i fied, de formed by soli flu -
ction. Dis tinct lower bound ary.

5.1–7.9 m. Set of 4 interstadial palaeosols rep re sent ing the
Dubno 1 palaeosol (i.e. the Dubno youn ger soil).
Three up per palaeosols of sub arc tic brown gleyed
type, the low est of tun dra gley type. Lower bound -
ary sharp with undulose hard pan up to 1 cm thick.

7.9–10.9 m. Sandy-silty and loamy, strat i fied de posit, with dis -
tinct solifluction struc tures in the lower part,
strongly gleyed. Bound ary dis tinctly marked by a
change in col our.

10.9–12.8 m. Set of 2 interstadial palaeosols of sub arc tic brown 
gleyed type, rep re sent ing the Dubno 2 palaeosol
(i.e. the Dubno older soil), sep a rated by a se ries of
fine- and me dium-grained, strat i fied sands de -
formed by solifluction, which oc cur at a depth of
11.5– 12.0 m. The lower bound ary is sharp, sin u ous, 
of ero sional or i gin.

12.8–13.5 m. Yel low-grey, silty sands with thin interlayers of
pale grey, me dium-grained sands.
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Fig. 1. Lo ca tion maps (A — gen eral World) and shadow re lief (B) in di cat ing the loess sec tion stud ied at Kolodiiv



13.5–14.1 m. Early Vistulian palaeosol Kolodiiv 1, trun cated,
rep re sented by a sandy-loamy-silty B layer. 

14.1–15.0 m. Early Vistulian palaeosol Kolodiiv 2, de vel oped on
sandy-loamy-silty ma te rial. Lower bound ary dis tinct.

15.0–16.1 m. Interstadial hu mus layer of the Kolodiiv 3
palaeosol, strat i fied, sandy-loamy-silty, strongly
de formed by deluvial pro cesses.

16.1–17.0 m. Youn ger Eemian for est soil, loamy and
loamy-silty, com posed of Eet layer (0.2 m) and Bt
layer (0.7 m). The bot tom part of the Bt ho ri zon is
prob a bly de vel oped on ma te rial of the A ho ri zon of
the un der ly ing inter gla cial soil.

17.0–19.1 m. Older Eemian for est soil, loamy and loamy-silty,
com posed of an Eet layer of vari able thick ness
(0.6–1 m), and a Bt ho ri zon also of vari able thick -
ness (1.1–1.5 m). Dis tinct lower bound ary.

19.1–20.0 m. Beige-grey, strat i fied sands.

METHODS OF INVESTIGATION

193 ori ented sam ples were taken from 19 m of
loess-palaeosol de pos its ex posed in the Kolodiiv 2 sec tion. One
inch in di am e ter and 22 mm long sam ples were taken from fresh
ex po sure walls by the means of a cy lin dri cal steel sam pler.  Sam -
ples were col lected at 10 cm and partly at 5 cm in ter val.   The nat -
u ral remanent mag net is ation (NRM) was mea sured us ing JR-5

spin ner mag ne tom e ters.  All sam ples were sub jected to stepwise
al ter nat ing field (AF) de mag neti sa tion in fields of up to 100 mT.
The AF de mag neti sa tion and the ARM (anhisteretic remanent
mag ne ti za tion) ac qui si tion ex per i ment was con ducted us ing
Molspin de vices. The mag netic sus cep ti bil ity was mea sured by
the means of a KLY-2 bridge. Anal y ses of mag netic min er als
were not per formed for this par tic u lar sec tion. Re sults of
petromagnetic anal y ses of sev eral other loess sec tions from
West ern Ukraine in di cated the pres ence of mag ne tite and he ma -
tite in the loess lay ers, and ad di tion ally maghemite in the
palaeosol ho ri zons (Nawrocki et al., 1999, 2002). 

RESULTS OF DEMAGNETIZATION

Stepwise AF demagnetisations dis played sim ple NRM be -
hav iour with univectorial remanence af ter 20 mT of de mag net -
is ing field (Fig. 2). Dis tinct di rec tional changes, prob a bly as so -
ci ated with sec u lar vari a tions, were ob served in all parts of the
sec tion stud ied (Fig. 3). One sam ple from the pen ul ti mate inter -
gla cial palaeosol shows a re versed palaeomagnetic di rec tion.
An other sam ple taken from the Dubno 1set of palaeosols
(at 5.3 m depth) dem on strated a south ern dec li na tion and a sig -
nif i cant low er ing of in cli na tion (up to 40°). In some places
changes of dec li na tion and in cli na tion seem to have been very
rapid. These shifts are most prob a bly con nected with strati -
graphic gaps marked in Fig ure 3.
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Fig. 2. De mag ne ti za tion char ac ter is tics (ste reo graphic pro jec tions of
di rec tional tracks, in ten sity de cay curves and or thogo nal plots) of
loess-palaeosol sam ples from the Kolodiiv sec tion with re verse (16.6 m
depth) and de vi ated (5.3 m depth) palaeomagnetic di rec tions. The
third sam ple (16.7 m depth) dis plays a typ i cal Late Pleis to cene nor mal
po lar ity palaeomagnetic di rec tion

Cir cles in the or thogo nal plots rep re sent ver ti cal pro jec tions, squares rep -
re sent hor i zon tal pro jec tions. Irm — in ten sity of remanent mag ne ti za tion,
Inrm — ini tial in ten sity of nat u ral remanent mag ne ti za tion



MAGNETIC SUSCEPTIBILITY AND ARM CHANGES

The ARM and mag netic sus cep ti bil ity curves pre pared for
the en tire sam ple set from Kolodiiv are very sim i lar. The only
dif fer ences can be ob served in the lower parts of inter gla cial
soils (OIS 1 and 5e3; see Fig. 4) where the ARM sig nal is not as
dis tinctly el e vated as are the mag netic sus cep ti bil ity val ues. This
is most prob a bly con nected with the no ta ble con tri bu tion of
para mag netic and superparamagnetic frac tions in this part of the
sec tion. This phe nom e non has been ob served ear lier in some
other loess sec tions from West ern Ukraine (Nawrocki et al.,
1999). The ARM and mag netic sus cep ti bil ity in crease sharply in 
the Ho lo cene soil and in the three soils de vel oped dur ing OIS 5
and have been cor re lated with substages 5c1, 5e1 and 5e3 (Fig.
4). It should be stressed, how ever, that un ex pected high val ues of 
ARM and mag netic sus cep ti bil ity oc cur also in the loess and
slumped sed i ments from the mid dle part of the sec tion. There are 
no el e vated val ues in the sam ples from interstadial de pos its cor -
re late that with the Dubno 1 and Dubno 2 set of palaeosols.  

DISCUSSION

The low-coercivity com po nent of mag ne ti za tion, com mon
to the loess and soil de pos its, does not pro vide any clus tered
palaeodirection. Af ter re moval of this soft com po nent, loess
and soil sam ples dis play the pres ence of a sta ble com po nent
that is not to tally re moved even in a field of 100 mT. This may
in di cate he ma tite as an im por tant car rier of char ac ter is tic mag -
ne ti za tion.  In most sam ples the mean dec li na tion and in cli na -
tion val ues (357° and 64°) of the sta ble com po nent is the same
as ex pected for nor mal po lar ity di rec tions re corded dur ing the
Brunhes Chron. A re versed di rec tion re corded in one sam ple
from the Horohiv soil (Fig. 3) can be cor re lated with the Blake
Palaeomagnetic Event. This event have been doc u mented in
sev eral places world wide. It is lo cated in the 5d or 5e1 Ox y gen
Iso tope Substages (see ParÀs et al., 2004). In the sec tion stud ied 
the re versed sam ple was taken from an inter gla cial palaeosol
and there fore we cor re late it with OIS 5e1. Con se quently the
old est palaeosol from Kolodiiv is cor re lated with OIS 5e3. 
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Fig. 3. In cli na tion and dec li na tion changes as a func tion of depth at the Kolodiiv sec tion

Data are pre sented af ter stepwise de mag ne ti za tion in fields of 0–100mT and cal cu la tion of palaeodirections as fit ted lines (Kirschvink, 1980); near the 
strati graphi cal col umn the sub di vi sion of the sec tion stud ied into the time equiv a lents of Ox y gen Iso tope Stages (OIS) is pro posed



The ab nor mal palaeodirection with a south ern dec li na tion
noted in the Dubno 1 interstadial palaeosol may be cor re lated
with the Laschamp Palaeomagnetic Event. Many stud ies of
rocks con tain ing a re cord of this event in di cate that its age is
about 40 ka (see e.g., Guillou et al., 2004). Hence the palaeosol
Dubno 1-1 may have de vel oped around 40 ka. How ever if we
as sume the pres ence of the Laschamp Event, the cor re la tion of
sed i ments that cover the Dubno 1 set of palaeosols is equiv o cal.
They cor re spond to OIS 2 or partly also to OIS 3 (Fig. 3). That
first so lu tion im plies a large (ca. 15 ka) gap be tween the Dubno 1 
and the over ly ing loess or a dif fer ent cor re la tion of the ab nor mal
palaeomagnetic di rec tion (i.e. not with the Laschamp). The sec -
ond pos si bil ity sug gests loess sed i men ta tion dur ing the youn ger
part of OIS 3, as ob served in some sec tions in west ern Eu rope
(see e.g., Frechen et al., 2001). We pre fer the so lu tion in which
the ab nor mal palaeomagnetic re cord is not re lated to the
Laschamp Event, and in which the Dubno 1 soil de vel oped dur -
ing the youn ger part of OIS 3. Six soils are en closed in the
Dubno1 and Dubno 2 sets of soils and this is gen er ally in agree -
ment with the num ber of cli ma tic op tima noted through out

OIS 3. The oc cur rence of a thick loess layer within OIS 3 de pos -
its is a com mon fea ture in many loess-palaeosol sec tions (Heslop 
et al., 2000; Ev ans et al., 2003).

The mag netic sus cep ti bil ity and anhysteretic remanent mag -
ne ti za tion graphs have sev eral max ima as so ci ated with higher
con tents of mag netic min er als. In loess sec tions this phe nom e -
non oc curs in places where inter gla cial soils were de vel oped
(Heller and Liu, 1984; Heller and Ev ans, 1995). Data from the
Kolodiiv sec tion im ply the pres ence of sev eral soils form ing dur -
ing the inter gla cial con di tions of OIS 5 and show the com plex
na ture of the Eemian warm ing. Two palaeosols, de vel oped be -
tween ca.115 ka and 120 ka, in di cate at least two cli ma tic op tima 
dur ing the Eemian. How ever, high val ues of petromagnetic pa -

ram e ters (mag netic sus cep ti bil ity up to 300 ´ 10–6 SI units) can
be also ob served in the mid dle part of the sec tion con tain ing
loess and slumped de pos its (9.5 m to 11m depth). This sug gests
that these sed i ments were de rived from older soils of inter gla cial
type, most prob a bly from the Horohiv, soil unit where val ues of
mag netic sus cep ti bil ity and ARM are sim i lar.  

Palaeomagnetic studies of the loess-palaeosol sequence from the Kolodiiv section (East Carpathian Foreland, Ukraine) 165

Fig. 4. Anhysteretic rem nant mag ne ti za tion (ARM) and low-field mag netic sus cep ti bil ity changes as a func tion of depth at the Kolodiiv sec tion

Ex pla na tions as in Fig ure 3



CONCLUSIONS

1. The Up per Pleis to cene loess-palaeosol se quence from
the Kolodiiv sec tion shows mainly mod er ate to high pos i tive
palaeomagnetic in cli na tions and dec li na tions en closed be -
tween 320° and 40°, re corded dur ing the nor mal po lar ity of the
Brunhes Chron.

2. One sam ple from the fos sil soil of the last inter gla cial  soil
suc ces sion (at 16.6 m depth) is re verse mag ne tized and there fore
likely cor re lates with the Blake Palaeomagnetic Event. Con se -
quently that palaeosol should be re ferred to OIS 5e1.

3. An other sin gle sam ple from the Dubno 1 interstadial soil
suc ces sion yielded a south ern dec li na tion and a sig nif i cant
low er ing of in cli na tion (up to 40°). This might re cord traces of

the Laschamp Palaeomagnetic Event or of any Late Pleis to cene 
palaeomagnetic ex cur sion.

4. The mag netic sus cep ti bil ity and anhysteretic remanent
mag ne ti za tion data re flect the pres ence of sev eral soils form ing
dur ing the warm con di tions of OIS 5 and show the com plex na -
ture of the Eemian warm ing. Two palaeosols, de vel oped be -
tween ca.115 ka and 120 ka, in di cate at least two cli ma tic op -
tima dur ing the Eemian. 

5. High val ues of mag netic sus cep ti bil ity noted in the mid -
dle part of the sec tion sug gest that this ma te rial was de rived
from older soils of inter gla cial type.  

Ac knowl edge ments. We wish to thank Dr R. Dmytruk and 
Dr A. Jacyšyn for their help in the field work,  ex press our grat i -
tude to Z. Jary and J. E. Mojski for re vi sion of the manu script.

REFERENCES

DEMEDYUK N. S. and KHRYSTOFOROVA T. F. (1975) — On the first
find ing of bur ied peat of the Mikulino pe riod in the Forecarpathian
area. Dopovidi AN URSR, seria B, 8: 678–682.

EVANS M. E., RUTTER N. W., CATTO N., CHLACHULA J. and NYVLT 
D. (2003) —  Magnetoclimatology: Teleconnection be tween the Si be -
rian loess re cord and North At lan tic Hein rich events. Ge ol ogy, 31 (6):
537–540.

FRECHEN M., VAN VLIET-LANOE B. and VAN DEN HAUTE P. (2001)
— The Up per Pleis to cene loess re cord at Harmignies/Bel gium — high 
res o lu tion ter res trial ar chive of cli mate forc ing. Palaeogeogr.,
Palaeoclimat., Palaeoecol., 173: 175–195. 

GUILLOU H., SINGER B. S., LAJ C., KISSEL C., SCAILLET S. and
JICHA B. R. (2004) — On the age of the Laschamp geo mag netic ex -
cur sion. Earth Planet. Sc. Lett., 227: 331–343. 

HELLER F. and LIU T. S. (1984) — Mag ne tism of Chi nese loess de pos its.
Geophys. J. R. astr. Soc., 77: 125–141.

HELLER F. and EVANS M. E. (1995) — Loess mag ne tism. Rev. Geoph.,
33: 211–240.

HESLOP D., LANGEREIS C. G. and DEKKERS M. J. (2000) —  A new
as tro nom i cal timescale for the loess de pos its of North ern China. Earth
Planet. Sc. Lett., 184: 125–139.

KALINOVYCH N. (2002) — Plant cover in the Carpathians fore land
(Ukraine) dur ing the last Inter gla cial ep och (in Pol ish with Eng lish
sum mary). In: Starsza i œrodkowa epoka kamienna w Karpatach (ed. J.
Gancarski): 9–15. Muzeum Podkarpackie. Krosno.

KIRSCHVINK J. L. (1980) — The least square line and plane and the anal -
y sis of paleomagnetic data. Geoph. J. R. Astron. Soc., 62: 699–718.

£ANCZONT M. and BOGUCKYJ A. (2002) — The ex am ined loess sites
in the Halyè Prydnistrov`ja re gion (in Pol ish with Eng lish sum mary).
Stud. Geol. Pol., 119: 33–181.

MAHER B. and THOMPSON R. (1999) —  Palaeomonsoons I: the mag -
netic re cord of palaeoclimate in the ter res trial loess and palaeosol se -
quences. In: Ouaternary cli mates, en vi ron ments and mag ne tism (eds.
B. Maher and R. Thomp son): 81–125. Cam bridge Univ. Press.

NAWROCKI J., WÓJCIK A. and BOGUCKI A. (1996) — The mag netic sus -
cep ti bil ity re cord in the Pol ish and west ern Ukrai nian loess-palaeosol se -
quences con di tioned by paleoclimate. Boreas, 25: 161–169. 

NAWROCKI J., BAKHMUTOV V. BOGUCKI A. and DOLECKI L. (1999) 
— The paleo- and petromagnetic re cord in the Pol ish and Ukrai nian
loess-paleosol se quences. Phys. Chem. Earth (A) 24: 773–777.

NAWROCKI J., BOGUCKI A., £ANCZONT M. and NOWACZYK N. R.
(2002) — The Matuyama-Brunhes bound ary and the na ture of mag -
netic remanence ac qui si tion in the loess-paleosol se quences from the
west ern part of the East Eu ro pean Loess prov ince. Palaeogeogr.,
Palaeoclimat., Palaeoecol., 188 (1–2): 39–50.

NOWACZYK N. R. and FREDERICHS T. W. (1999) — Geo mag netic
events and rel a tive palaeointensity vari a tions dur ing the past 300 ka as
re corded in Kolbeinsey Ridge sed i ments, Ice land Sea: in di ca tion for a
strongly vari able geo mag netic field. Int. J. Earth Sc., 88: 116–131.

PARêS J. M., VAN DER VOO R. and YAN M. (2004) — Af ter the dust set -
tles: Why is the Blake Event im per fectly re corded in Chi nese loess ?
In: Timescales of the Paleomagnetic Field. Geoph. Mono graph Ser.,
145: 191–2004. Amer i can Geo phys i cal Un ion.

TARLING D. H. (1983) — Palaeomagnetism. Chap man and Hall. Lon don.

166 Jerzy Nawrocki, Andrij Boguckyj and Maria £anczont


