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The Kolodiiv sec tion is sit u ated in the cen tral part of the East Carpathian Fore land, on the right bank of the Sivka River, the Carpathian
trib u tary of the Dniester River. This pa per sum ma rizes in ves ti ga tions on the loess de posit suc ces sion rep re sent ing the Late Pleis to cene,
which is sub di vided by sev eral interstadial palaeosols and is brack eted by the last inter gla cial soil/or ganic de pos its and Ho lo cene soil.
The Kolodiiv loess-palaeosol se quence pro vides an ex cel lent high-res o lu tion ter res trial ar chive of chang ing cli mate dur ing OIS 5–2 in
the East Carpathian Fore land and forms the ba sis for a re gional pedo- and loess stra tig ra phy. The strati graphic scheme was con structed
on the ba sis of palaeosol oc cur rence, lithological vari a tion in the de pos its, and also the re sults of TL dat ing and palaeomagnetic in ves ti -
ga tions. The ex po sure at Kolodiiv con tains an ar chae o log i cal site with Mid dle Palaeo lithic ma te ri als. Four types of palaeopedological
taxa have been dis tin guished within the loess de posit at Kolodiiv: an inter gla cial (Eemian) soil unit, which in cludes one or two soil-form -
ing ep i sodes; interstadial palaeosols, which in clude two weaker soil-form ing ep i sodes; thin interstadial two-ho ri zon palaeosols;
monogenetic in cip i ent palaeosols. Palaeosols from the first and sec ond group form the Horohiv soil unit cor re lated with OIS 5.
Palaeosols from the third and fourth group oc cur as dif fer ent soil types within the Dubno 1 and 2 units, which cor re spond to OIS 3. 
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INTRODUCTION

From the end of the Neo gene, af ter the re treat of the
Paratethys Sea, ter res trial de pos its have ac cu mu lated on the
Ukrai nian East Carpathian Fore land, which reaches heights of
200–500 m a.s.l., and is sit u ated be tween the Carpathians and
the Podolian Up land. Plio cene and Qua ter nary al lu vial de pos -
its, and loess ac cu mu lat ing from the Early Pleis to cene, are the
main types of ter res trial de pos its in this re gion. Loess ac cu mu -
la tion oc curred un der periglacial con di tions in the extraglacial
zone. The re lief of the East Carpathian Fore land is mainly char -
ac ter ized by high, wide and flat interfluve ar eas cov ered by im -
pov er ished Carpathian grav els, and by deep river val leys with a 
step-like sys tem of Pleis to cene ter races. The higher outer
over-val ley, and lower in ner-val ley ter races and slopes are cov -
ered by a thick loess man tle with many fos sil soils. Com plex
cul tural lay ers from the Mid dle and Up per Palaeo lithic oc cur at
many loess sites (£anczont and Boguckyj, 2002).

This pa per sum ma rizes the in ves ti ga tions on the unique
loess suc ces sion at the Kolodiiv sec tion as so ci ated with a ter -
race rep re sent ing the Late Pleis to cene. This suc ces sion is sub -
di vided by sev eral interstadial soils and is brack eted by the last
inter gla cial soil/or ganic de pos its and Ho lo cene soil. The
Kolodiiv loess-palaeosol se quence pro vides an ex cel lent ter -
res trial ar chive of chang ing cli mate dur ing the last 120 ka in the 
East Carpathian Fore land and forms a ba sis for the re gional
pedo- and loess stra tig ra phy. The Kolodiiv sec tion is sit u ated in 
a tran si tion zone be tween the East Eu ro pean periglacial loess
prov ince (Velièko, 1990; Bolihovskaja and Bolihovskyj, 2001; 
Trofimov et al., 2001 and many other au thors) and west ern Eu -
rope with iso lated and smaller loess patches (Fig. 1). The
Vistulian loesses in Ukraine, which are typ i cal of the east Eu ro -
pean loesses, con tain fewer loess-palaeosol units that have been 
rec og nized and de fined than the west Eu ro pean ones. This phe -
nom e non should be prob a bly re lated to the evo lu tion of nat u ral
pro cesses dur ing the Vistulian Gla cial, which may have been
mod i fied by continentality of cli mate (Ró¿ycki, 1976; Van
Andel, 2002). Tem per a ture gra di ents and cli mate se ver ity may



have in creased to the north much faster than in the re gions with
a typ i cal tem per ate cli mate (Emontspohl, 1995). Such cir cum -
stances could have in flu enced the type, in ten sity and fre quency 
of pedogenetic pro cesses (which were also sub jected to lo cal
con di tions, es pe cially topoclimate). There fore, the tran si tional
sit u a tion of Kolodiiv could pro vide an im por tant ba sis for the
com par i son and cor re la tion of loess stra tig ra phy be tween west -
ern and east ern Eu rope.

LOCATION

The loess sec tion ex am ined is sit u ated near the vil lage of
Kolodiiv (for mer Pol ish name Ko³odziejów), in the cen tral part 
of the East Carpathian Fore land, in the re gion com monly
named the Halyè Prydnistrov’ja, the Dniester River play ing a
dom i nant role in the land scape, and Halyè be ing the cen trally
located  town. The Kolodiiv sec tion is sit u ated on the right bank 
of the Sivka River, the Carpathian trib u tary of the Dniester
River, near their con flu ence, about 15 km to the NW of Halyè. 

GEOLOGICAL SETTING

The East Carpathian Fore land arose as a pe riph eral
trough/foredeep, ly ing along the front of the Outer Carpathians, 
as so ci ated with the last stage of oro gen esis. This sed i men tary
ba sin was filled with molasse de pos its of Early to Late Mio cene 
age (Ney et al., 1974; Olszewska, 1999; Oszczypko, 2001).

The Ukrai nian part of the Carpathian Foredeep is founded both
on Cre ta ceous-Paleogene Carpathian Flysch base ment, and on
a Palaeozoic-Me so zoic plat form (Petryczenko et al., 1994).

In the right-bank part of the Halyè Prydnistrov’ja re gion
Up per Badenian dark grey cal car e ous clays, mudstones and
sand stones oc cur di rectly un der the Qua ter nary de pos its. Older
de pos its (mid dle Badenian) oc cur only as nar row strips along
the Dniester River val ley. They are com posed of dif fer ent types 
of gyp sum, anhydrite with a terrigenous-car bon ate ad mix ture
and lime stones of chem i cal or i gin (Šakyn, 1976; Petryczenko
et al., 1994; Peryt and Peryt, 1994). The Neo gene de pos its are
ab sent in a wide (7–20 km) belt along both banks of the
Dniester River where the sub-Qua ter nary base ment is com -
posed of Up per Cre ta ceous rocks: marls, sand stones, sands, 
siltstones and silty mudstones (Šakyn, 1976). 

GEOMORPHOLOGIC SETTING

The re lief of the East Carpathian Fore land is in flu enced by
the main struc tural grain of a “Carpathian” trend. Moun tain ous
relief char ac ter izes the part cor re spond ing to the in ner
epigeosynclinal zone of the foredeep; flat, ter race-ac cu mu la -
tion re lief pre dom i nates in the part cor re spond ing to the
epiplatform mar ginal zone (Kravèuk, 1999). 

A trans verse re lief pat tern is typ i cal of the East Carpathian
Fore land. Deep and wide val leys of the Carpathian trib u tar ies
of the Dniester River run mainly along NE–SW tec tonic lines
of the base ment (Cys’, 1962). They di vide the up land plain into
sep a rate, high, rather flat and wide interfluve ar eas (Fig. 2).
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Fig. 1. Sketch map of loess re gional dis tri bu tion show ing lo ca tion of the Kolodiiv site

The ex tent of the map with shadow re lief (Fig. 2) is marked on the map



Two main mor pho log i cal sur faces with a com plex his tory ex -
tend at dif fer ent heights along the interfluve ar eas. These are
de nu da tion sur faces of ped i ment type, and de nu da tion-ac cu -
mu la tion sur faces with a re sid ual al lu vial cover (Hofštejn,
1964). The Lojeva sur face, re lated to the Early Qua ter nary, is a
com mon and pre dom i nant type of land scape. It is com posed of
sev eral steps (£anczont and Boguckyj, 2002), which oc cur
from 70–80 to 110–130 m above the river bot toms. Patches of
im pov er ished Carpathian grav els found on this sur face are up
to sev eral metres thick (Kravèuk, 1999). The Krasna sur face is
older (Up per Plio cene), and oc curs about 30–50 m over the
Lojeva sur face. It is pre served only par tially, on the top parts of
high el e va tions near the Carpathian mar gin, and on the Prut and 
Dniester interfluve.

A well-de vel oped sys tem of Pleis to cene ter races oc curs in
the larger river val leys. A step-like pat tern of flat ter races is
char ac ter is tic of the land scape of the en tire Prydnistrov’ja re -
gion. The strati graphic scheme of the Dniester River ter races is
based on mor pho log i cal and hypsometric cri te ria. The high est
ter races (VII and VI) are cor re lated with the Krasna and Lojeva 
sur faces. Suc ces sive ter races (V–II) are typ i cal intra-val ley
forms de vel oped along rivers. The low est ter race I, which fills
the bot toms of val leys, is a com plex form, partly or wholly of
Ho lo cene age (Demedyuk, 1966).

Kolodiiv is sit u ated in the north west ern part of the Vojnyliv 
Up land (a re gion of the East Carpathian Fore land), which is on

interfluve of the Sivka and Lymnyca rivers
(Kravèuk, 1999). That re gion is an elon gated rect -
an gle, the lon ger sides of which are marked by the
val leys of the above-men tioned rivers, and the
shorter sides be ing de fined by the Kaluš Ba sin
(prob a bly of tec tonic or i gin) in the south-west and
the Dniester River val ley in the north-east. The
Lojeva Pla teau oc cu pies the Vojnyliv Up land,
which slopes grad u ally (from 365 to 320 m a.s.l.)
from the moun tains to wards the Dniester River. Its 
top o graphic range reaches 100–110 m. The
Lojeva sur face is strongly dis sected near the con -
flu ence of the Dniester and Sivka rivers, where the 
height dif fer ences are the great est (up to 110 m).
The Vojnyliv Up land forms steep sides of the val -
leys of the Dniester and Lymnyca rivers, so the
up land block is asym met ri cal. The high and steep
scarps are dis sected by many gul lies and short but
rather deep (20–25 m), usu ally dry small val leys.

The Qua ter nary sys tem of the ter races youn -
ger than ter race VI (Lojeva sur face) is rep re -
sented by the Pleis to cene ter races V and II, and
the Ho lo cene ter races (Figs. 3 and 4). Ter race V
(55–65 m) is pre served only as frag ments and
forms a tri an gu lar sa lient in the Dniester and
Sivka interfluve. Slopes of ter race V are cov ered
with deluvial loess de pos its en riched in grav els
de rived from an eroded al lu vial cover. Ter race II
is well de vel oped (Fig. 4). It oc curs 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 be comes grad u ally nar rower to wards the
Dniester River val ley, and is less and less dis tin -

guish able as an in di vid ual el e ment of re lief. The rel a tive
height of this ter race var ies, from about 20 m (in places even
15 m) to 25–27 m in the north ern sa lient of the ter race ex tend -
ing to wards the Dniester River val ley. The ter race edge, es pe -
cially in the sec tions un der cut by the Sivka River, is a high
SSW–NNE scarp. The ter race forms a sharply out lined mor -
pho log i cal sur face due to the loess cover, which hides smaller
el e ments of palaeorelief, e.g. rock bars sep a rat ing in di vid ual
ter race patches. There fore, the ter race struc ture is more com -
plex than it ap pears from the mod ern re lief.

The bot tom of the Sivka River val ley is about 1 km wide.
The Ho lo cene ter race, 3–5 m high, cov ers al most the whole
val ley bot tom. A nar row prox i mal floodplain about 0.5–1 m
high oc curs just near the river chan nel (Fig. 3). Around
Kolodiiv the rock chan nel is cov ered with a thin layer of
well-rounded, disc-shaped peb bles, which have been trans -
ported by the mod ern river (Fig. 5).

HISTORY AND SCOPE
OF RESEARCH

In 1971 the Ukrai nian ge ol o gist Demedyuk pub lished the
first de scrip tion of the Kolodiiv sec tion. He dis cov ered a layer of
fos sil peat 1 m thick sep a rat ing the Pleis to cene al lu via of the
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Fig. 2. A — shadow re lief map in di cat ing the loess sec tion stud ied;
B — hypsometric sketch of the Kolodiiv area



Sivka River from the subaerial loess cover. As Pleis to cene inter -
gla cial or ganic de pos its are al most ab sent in the East Carpathian
Fore land, that dis cov ery was and re mains very im por tant. Pol len
anal y sis (Demedyuk and Khrystoforova, 1975; Gurtovaya,
1983; Kalinovych, 2002; Bezus’ko and Bezus’ko, 2003; Sytnyk
et al., 2003) and macrofossil anal y sis (un pub lished re sults of the
anal y sis made by Velièkeviè in 1977) un equiv o cally in di cate
that the peat was formed in the Mikulino (= Eemian) Inter gla cial.

De tailed, in ter dis ci plin ary in ves ti ga tions of this sec tion
were un der taken in 1998. They were made by a team of Pol ish
and Ukrai nian sci en tists, and sup ported by KBN Grant 6
P043E 031 15. Dur ing the field ex pe di tion in 1999, a layer of
fos sil gyttja was found near the fos sil peat, at sim i lar

hypsometric level. Its palaeobotanical con tent sup ports an
Eemian age (Kalinovych, 2001, 2002).

The ex po sure at Kolodiiv also con tains a Mid dle Palaeo -
lithic site. The ar chae o log i cal ma te ri als were found in 1991
(Cyrek and Sytnyk, 2002). Un for tu nately, extensive ex ca va -
tions made in 1999, 2000 and 2003 yielded on limited re sults.  

The in ves ti ga tions of the Pleis to cene loess de pos its in the
Kolodiiv pro file were made in 1998–2003, along the over
800 m long sec tion of the straight edge of ter race II. In the
south ern part of the sec tion ex am ined the river has un der cut the
ter race (Fig. 6). A cut-off oc cur ring at the foot of the north ern
part was an ac tive river chan nel in the last part of the 19th cen -
tury (Teisseyre, 1896). The ter race edge is strongly af fected by
land slide pro cesses, and the bot tom parts of the loess scarp are
in ac ces si ble for ex plo ra tion in many places as they are bur ied
un der a thick layer of slope wash de pos its. There fore, good ex -
po sures need be sought along the whole ter race edge. The spa -
tial vari abil ity of the de pos its form ing the ter race was stud ied,
es pe cially palaeosols of dif fer ent strati graphic rank, from inter -
gla cial to interphase ones, and lay ers of or ganic ac cu mu la tion.
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Fig. 3. Geomorphological map of the Sivka River val ley
in the Kolodiiv area

Fig. 4. Ter race II of the Sivka River and ter race VI
 of the Dniestr River

Fig. 5. Rock bed of the Sivka River; orig i nal weath er ing forms
of the Cre ta ceous sand stones



The nine ex po sures ex am ined were de noted with com bined
num ber-let ter sym bols in creas ing up-stream (Fig. 7). Full pro -
files of the de pos its build ing the ter race, from the rock base -
ment to the Ho lo cene soil, were ex posed at three lo ca tions
(Fig. 7; 2, 2A, 3 pro files) and else where only se lected parts
were re vealed. 

De tailed field in ves ti ga tions of ex po sures were the main
method of study of the Qua ter nary de pos its at Kolodiiv. These 
strati graphic-palaeogeographic works con cerned the litholo -
gical and fa cies char ac ter is tics of de pos its, their or i gin and
strati graphic vari a tion. Sketch and pho to graphic doc u men ta -
tion was made in the field, as well as sam pling for lab o ra tory
anal y ses. Sam ples were col lected from all lay ers dis tin guish -
able by their li thol ogy, and ev ery 0.5 m from the mas sive parts 
of the pro files ex am ined. Com monly anal y ses con ven tional
for loess re search were car ried out, to gether with more spe -
cial ist stud ies. Grain-size anal y sis was car ried out ap ply ing
the aerometric method, but with mod i fi ca tions (Seul, 2007).
Granulometric in di ces were cal cu lated on the ba sis of grain
di am e ters ex pressed on the phi scale fol low ing Folk and
Ward. Hu mus con tent was es ti mated us ing the method of
Tiurin, car bon ate con tent us ing the vol u met ric method of
Scheibler, and the con tent of iron ox ides by means of a
colorimetric method (£anczont and Boguckyj, 2002).
Thermoluminescence ages of se lected sam ples were also ob -
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Fig. 6. Sit u a tion sketch of the set of Late Pleis to cene
 pro files at Kolodiiv

Fig. 7. Set of the Late Pleis to cene pro files at Kolodiiv



tained (Kusiak, 2007). Heavy min eral anal y sis was made
(Racinowski, 2007) of the Kolodiiv 2A pro file. The con tents
of trans par ent min er als were de ter mined, and two weath er ing
in di ces were cal cu lated: O/S+N, i.e. the in dex of de posit ma -
tu rity, which gives nu mer i cal in for ma tion about the re la tion
be tween trans par ent min er als re sis tant (O) to weath er ing,
those mod er ately re sis tant (S), and those non-re sis tant (N);
C/G+A, i.e. the in dex giv ing the ra tio of zir con grains to the
sum of gar net and am phi bole grains. These sen si tive in di ces
are use ful when draw ing con clu sions about hypergenetic pro -
cesses oc cur ring in loess cov ers, and es ti mat ing the dy nam ics
of the sed i men tary en vi ron ment. 

The de tailed de scrip tions of all the pro files ex am ined to -
gether with their strati graphic in ter pre ta tion were pub lished by
£anczont and Boguckyj (2002), so in this pa per we give only
short ened ver sions. The re sults ob tained and other data are
shown in the di a grams com piled for in di vid ual pro files. 

The strati graphic scheme of loess and loess-like de pos its at
Kolodiiv was con structed on the ba sis of palaeosol oc cur rence,
lithological vari a tion of the de pos its, ar chae o log i cal cri te ria,
and also the re sults of palaeomagnetic in ves ti ga tions
(Nawrocki et al., 2007). The palaeocryogenic stud ies were of
lit tle use stratigraphically as cryo genic struc tures (es pe cially
ice wedge casts) are very weakly de vel oped in the area ex am -
ined. When re solv ing de tailed strati graphic prob lems, the re -
sults of TL dat ing were dif fi cult to in ter pret due to the large
amount of slope ma te rial re de pos ited from the older units.
There fore, some of the TL re sults are over es ti mates with re -
spect to the ages ex pected on the ba sis of geo log i cal and
palaeopedological in ter pre ta tion, as well as by com par i son
with palynological data. The strati graphic po si tion of the
Eemian biogenic de pos its is clear as the  flora is char ac ter is tic.

The stra tig ra phy of the last gla cial loesses at Kolodiiv was
based on the strati graphic di vi sion of loesses from the
Volhyno-Podolian Up land (Bogucki, 1986, 1987), but is
much more de tailed. Nu mer ous palaeosols of dif fer ent rank
(interstadial and interphase), and loesses as so ci ated with them 
were the ba sis for dis tin guish ing sub or di nate strati graphic
units. A dis tinc tive fea ture of the site is the oc cur rence of
three palaeosols de vel oped in the Early Vistulian, which were 
named Kolodiiv 1, Kolodiiv 2, and Kolodiiv 3 of the Vistulian 
(OIS 5a and 5c1, 5c3). This pro vides a new ap proach to in ter -
pret ing the Horohiv palaeosols (Eemian–Early Vistulian),
rec og nized in West ern Ukraine (Boguckyj and £anczont,
2002). The com plex let ter-num ber signs used to de note the
strati graphic units dis tin guished in the west ern part of
Ukraine (Boguckyj and £anczont, 2002) were bor rowed from 
the Chi nese loess ter mi nol ogy (Liu et al., 1985; Kukla, 1987;
Ding et al., 1994; Feng et al., 1998; Heslop et al., 2000; Wu et 
al., 2002), with our own mod i fi ca tions (Fig. 8). The Horohiv
multilayer  soil suc ces sion rep re sent ing OIS 5 is de noted as
S1 sign, and loess rep re sent ing OIS 4–2 as L1. Mi nor loess
units within the Vistulian loesses are num bered with in creas -
ing age within the main unit, e.g. L1-ll. Intra-loess soils of
lower interstadial rank are marked with lower case, and also
are num bered with in creas ing age within the main unit, e.g.
L1-s1 (= Dubno 1 ho ri zon). 

The strati graphic units dis tin guished are com pared (Fig. 8)
with the strati graphic suc ces sion of Pol ish loesses pub lished by 

Maruszczak (1994, 1996, 2001), and with the suc ces sion of
Ukrai nian loesses and palaeosols (Vekliè, 1968; Gozhik et al.,
1995, 2001).

THE DEPOSIT SEQUENCES, PEDOSEDIMENTARY
EVOLUTION AND PALAEOENVIRONMENTAL

INTERPRETATION

INTRODUCTION

Al lu vium of the Kolodiiv ter race is over lain by Eemian de -
pos its, which are over lain in turn by Vistulian loesses and
loess-like de pos its about 11–17 m thick. A cut-off me an der
1–2.5 m deep, filled with gyttja and peat, was pres ent on the ter -
race in the Eemian Inter gla cial, and an authigenic soil cover de -
vel oped on its ex posed higher parts. A con sid er able num ber of
typologically var ie gated palaeosols is the most im por tant fea -
ture of the subaerial de posit se ries. They re flect great vari abil ity 
of the ter res trial cli mate dur ing the last gla cial, and their spa tial
pat tern in di cates that ini tially the sed i men tary en vi ron ment was 
a flat and gently in clined sur face of gently vari able microrelief.
The rel a tive heights in this area in creased with time as loess de -
pos its ac cu mu lated. The nar row ter race was cov ered not only
by fall ing dust by also by slope ma te rial moved by grav i ta tional 
pro cesses. Grav els of flu vial or i gin dis persed within youn ger
loess lay ers in di cate that the ter race ad joined the con tem po rary
slope. Peb bles were dis lodged from the higher parts of slope,
and more pre cisely from the eroded old al lu vial de pos its of the
Pleis to cene higher ter race V. The microrelief of the sur face that 
was grad u ally cov ered with loess var ied along pro files trans -
verse and par al lel to the val ley axis; var i ous trans verse con vex
and con cave el e ments of sec ond rank can be re con structed on
the ba sis of the spa tial re la tion ships be tween the strati graphic
units dis tin guished in the Vistulian loess. These lo cal top o -
graphic con di tions prob a bly fa voured the pres er va tion of loess
rep re sent ing the en tire time interval.

Of course, both more and less fa vour able places were pres -
ent in these ar eas of loess ac cu mu la tion as re gards the pos si bil -
ity of pre serv ing a con tin u ous re cord of nat u ral pro cesses in the
de pos its (Mojski, 1993). In some places not only older de pos its
were pre served but also youn ger cov ers ac cu mu lated. Kukla
and Ložek (1961), and many other au thors (e.g. £anczont,
1995; Schirmer, 2000; Gozhik et al., 2001) stressed that the
slope loess se quence (i.e. that as so ci ated with an in clined sur -
face of val ley-side type) was more sen si tive to cli mate fluc tu a -
tions than loesses on pla teaux where the ac cu mu la tion rate was
lower, and pedogenesis of suc ces sive cy cles (interstadial,
interphase) may have over lapped. Cli ma tic fluc tu a tions are re -
corded in de tail, better, and more com pletely in de pos its that
ac cu mu lated on slopes. In com par i son to the subhorizontal de -
pos its of pla teaux, lay ers that ac cu mu lated on in clined re lief el -
e ments were formed (in de pend ently of ae olian dustfall in ten -
sity) by soil-form ing pro cesses of dif fer ent in ten si ties, and
other pro cesses such as wa ter trans port and soil dis lo ca tion, e.g. 
solifluction. Soils de vel op ing in such loess se quences in
warmer pe ri ods sta bi lized the slope sur face. In cold pe ri ods
they could have been eroded but may also have been pro tected,
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e.g. by deluvial or solifluction cov ers. Some times para-
 autochthonous soils could have de vel oped as a re sult of suc ces -
sive ac cre tion of soil ma te rial re de pos ited from higher parts of
the slope (Smolikowa, 1971). In con se quence, a sin gle soil pro -
file de vel oped on a pla teau can cor re spond to a com plex se -
quence of soil and sed i ment interlayers, par tially of ae olian or i -
gin, and par tially com posed of silts re de pos ited by slope pro -
cesses. Fully de vel oped loess pack ages (i.e. com plete strati -
graphic units) can be also pre served be tween soils. Slope de -
pos its are also rep re sented by ma te rial de pos ited in open or
closed de pres sions of sec ond ary rank (e.g. small dry trib u tary
val leys, closed de pres sions on interfluve ar eas), in which quiet,
con tin u ous sed i men ta tion oc curred till these forms (as sed i -
ment traps) were com pletely filled.

WARTANIAN DEPOSITS (OIS 6)

The rock base ment of the Kolodiiv ter race rises from 1.5 to
over 2 m above mean wa ter level in the river chan nel. It is com -
posed of mas sive, thick-bed ded and strongly fis sured, yel low -
ish-grey and pale grey sand stones of the Campanian (Šakyn,
1976). The me dium-grained sand stones that are car bon ate ce -
mented are very weath ered and dis in te grated near their sur face,
i.e. just un der the Pleis to cene al lu vium; in places they have trans -

formed into loose sand. A mod er ately ir reg u lar ero sion sur face
of the rock base ment, with rel a tive heights reach ing 1 m, is cov -
ered with al lu vial de pos its of vari able thick ness (1–4 m). It con -
tains mainly gravel de pos its. The peb bles are ir reg u larly scat -
tered within a sandy and sandy-loamy ma trix. They are well
rounded; the lon ger axes of flat, disc-shaped peb bles are up
to10–20 cm long. The al lu vial de pos its are car bon ate-free, with a 
very small con tent of hu mus (Fig. 9). In the top part they are en -
riched with iron ox ides (up to 3–6%), and black spots of man ga -
nese ox ides also oc cur. The up per part is char ac ter ized by the
pre dom i nance of very re sis tant min er als, i.e. zir con (>60%), and
rutile (20%), in the heavy min eral as sem blage.

The Wartanian age of the al lu vial se ries is in di cated by the
TL dates (164–168 ka BP) ob tained for the flu vial de pos its, and
pri mar ily be cause they form a con tin u ous se quence with the
over ly ing Eemian biogenic and min eral-or ganic de pos its that ac -
cu mu lated in the me an der cut-off, or with the fos sil for est soil. 

EEMIAN MINERAL-ORGANIC
 DEPOSITS (OIS 5E)

The shape of the me an der cut-off is dif fi cult to fully re con -
struct, but its length can be es ti mated at about 200 m, i.e. sim i -
lar to the sizes of the Ho lo cene cut-offs (me an der wave length

High-resolution terrestrial archive of climatic oscillations during Oxygen Isotope Stages 5–2 in the loess-palaeosol sequence at Kolodiiv 111

Fig. 8. Se quence of palaeosols in the Eemian and Vistulian of the Kolodiiv site cor re lated with the strati graphic di vi sions of loesses in Ukraine
(Boguckyj, 1986; Gozhik et al., 1995, 2001) and in Po land (Maruszczak, 1996, 2001)

 De tailed di vi sion of the last gla cial in west ern Eu rope af ter Behre and Lade (1986), Behre (1989), Catt (1991), Liedtke (1993), Van der Hammen (1995)
H1–H6 — Hein rich events af ter Bond et al. (1992, 1993)



150–250 m) in the bot tom of the Sivka River val ley. The max -
i mum depth of the Eemian ox-bow lake was 2–2.5 m; its ero -
sional bot tom is sandy or gravely. The inter gla cial se quence is 
rep re sented by both min eral and biogenic de pos its. These last
con sist of gyttja and peat, both very rich in plant macrofossils
such as wood frag ments (up to 30 cm long), cones, nuts, and
seeds.

Pro file 5 is typ i cal of the lit to ral part of the ox-bow lake
(Figs. 7, 9 and 10). The bot tom 0.1 m thick layer of sandy muds
is dis turbed by load-cast struc tures and in vo lu tions (am pli tude
up to 0.3 m), prob a bly of sed i men tary or i gin, which pen e trate
into the over lay ing mid dle layer that is 1.3 m thick. These lay -
ers are sep a rated by thick and dis turbed iron hard pan. The
green ish sandy loam oc cur ring above them grad u ally changes
into dark grey silty mud. This de posit is rich in or ganic car bon
com pounds (up to 1%), and rust-col oured spots of iron ox ides.
The Eemian se quence is topped with peat 0.9–1.2 m thick
(Fig. 11), dark brown to black, light, macroporous, lay ered,
with sec ond ary cal cite crys tals. Peb bles and gravel lay ers oc -
cur ring within this unit in di cate that river wa ter pe ri od i cally
flowed into the ox-bow lake. Pro file 3 (Fig. 12) rep re sents a
deeper part of the ox-bow lake, in which dark grey gyttja with a 
silty-clayey min eral com po nent ac cu mu lated; the gyttja is hor i -
zon tally lay ered in places, with gley spots, and in its bot tom

part is en riched with car bon ate con cre tions. The fos sil molluscs 
in gyttja in di cate that this wa ter body de vel oped in two stages
and in rel a tively warm cli ma tic con di tions (Alexandrowicz and 
Dmytruk, 2007). The min eral-peat unit in pro file 5, and the
gyttja in pro file 3 are cut by a sys tem of nar row fis sures,
oblique and al most ver ti cal, filled with very fine or ange sand.
This in di cates that be fore burial these de pos its un der went in -
ten sive weath er ing and des ic ca tion, and min eral ma te rial got
into open fis sures prob a bly un der periglacial con di tions of the
Ear li est Vistulian. Traces of prob a bly sea sonal, deep frost pen -
e tra tion, i.e. struc tures of seg re gated ground ice (2–4 cm in di -
am e ter) oc cur in the gyttja, which con tains hy gro scopic clay,
and in places it is brecciated as a re sult of frost weath er ing.

Casts of fau nal struc tures up to 2 cm in di am e ter, filled with
grey sand, found in the gyttja, re flect youn ger events and should
be re lated to or gan isms liv ing in the Early Vistulian soils.

The pe riph eral zone of the ox-bow lake is re corded in the
de pos its of pro file 3A (Fig. 7). The com pact, blu ish-grey,
strongly gleyed loam about 1 m thick is sep a rated by a sharp
bound ary from the un der ly ing Wartanian al lu vium. This loam
was prob a bly de pos ited in the last part of the Eemian.

The lithologically vari able Eemian de pos its, which fill the
fos sil cut-off, can be ar ranged ac cord ing to age on the ba sis of
palaeobotanical data (Kalinovych, 2001, 2002). The pol len di a -
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Fig. 9. Kolodiiv 5 pro file

Di a gram of grain-size dis tri bu tion: Mz  — mean grain di am e ter, s1 — sort ing in dex, Sk1  — skew ness in dex, KG  — kurtosis in dex,
CaCO3  — car bon ate con tent, Hu mus —  hu mus con tent, Fe2O3 —  con tent of free iron ox ides



gram of gyttja from the Kolodiiv 3 pro file is di vided into two
lo cal pol len as sem blage zones. The older one, a Tilia–Corylus
L PAZ, is char ac ter ized by high pol len val ues of Tilia and
Corylus, and con sid er able fre quen cies of Carpinus. Pol len
grains of Quercus, Ulmus, Acer, and Fraxinus oc cur spo rad i -
cally, while pol len of Pinus and Picea is ab sent. A con sid er able 
in crease in Alnus val ues is found in the up per sam ple. The zone
rep re sents the in ter val, in which lime-horn beam dry-ground
for ests pre dom i nated, with an ad mix ture of oak, elm, and ma -
ple-tree. Ha zel was abun dant at for est mar gins or formed sep a -
rate thick ets. Fol low ing Mamakowa (1989), this zone is sim i lar 
to Corylus–Quercus–Tilia R PAZ, and rep re sents the op ti mum
phase of the Eemian Inter gla cial. The youn ger lo cal pol len as -
sem blage zone (Carpinus–Corylus) is char ac ter ized by the
con tin u ing high pol len val ues of Corylus, a de crease in Tilia
fre quen cies, and a si mul ta neous rise in the per cent ages of
Carpinus. Pol len grains of Quercus, Ulmus, Acer, and
Fraxinus oc cur spo rad i cally. Val ues of Alnus are mod er ately
high but vari able. There fore, one can con clude that for est com -
mu ni ties were sim i lar to these of the pre ced ing zone but with a
higher con tri bu tion of horn beam. This is a coun ter part of the
Carpinus–Corylus–Alnus R PAZ of Mamakowa (1989).

The pol len di a gram of peat from the Kolodiiv 5 pro file is
di vided into two lo cal pol len as sem blage zones: Carpi -
nus–Alnus–Picea and Pinus–Picea–Betula. The older one is
rep re sented by two lower sam ples, and is char ac ter ized by a
pre dom i nance of Alnus pol len, con sid er able val ues of
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Fig. 10. Kolodiiv 3 pro file

For other ex pla na tions see Fig ure 9

Fig. 11. The Eemian muds and peat in the Kolodiiv 5 pro file



Carpinus and Picea, and low per cent ages of Pinus, Abies and
herbs. Pol len grains of Quercus are infre quent, and these of
Tilia oc cur spo rad i cally. This pol len spec trum rep re sents the
last part of the Eemian Inter gla cial when horn beam was re -
placed by bo real el e ments (al der, spruce, fir) in for est com mu -
ni ties. Fol low ing Mamakowa (1989) this is a coun ter part of the
Picea–Abies–Alnus R PAZ. The youn ger lo cal pol len zone is
char ac ter ized by a pre dom i nance of Pinus pol len, con tin u ing
high val ues of Picea, and a de crease in Alnus fre quen cies. The
pol len val ues of sedge rise con sid er ably. Such a spec trum in di -
cates an ex pan sion of bo real for ests, a higher pro por tion of
sedge mead ows, and cor re sponds to the Pinus R PAZ of
Mamakowa (1989). There fore, gyttja and peat de pos its from
the Kolodiiv pro files rep re sent dif fer ent pe ri ods of sed i men ta -
tion. Gyttja is re lated to a rel a tively short pe riod in the mid dle
part of the inter gla cial op ti mum. Peat de vel oped in the late
inter gla cial phase, when cli ma tic con di tions de te ri o rated; only
the low est part of this de posit rep re sents the end of the inter gla -
cial cli ma tic op ti mum (Kalinovych, 2002).

EEMIAN-EARLY VISTULIAN 
SET OF PALAEOSOLS (OIS 5)

Fol low ing Martinson’s model (Martinson et al., 1987), an
age of 129.8 ka was as signed to the OIS 5/6 bound ary, and an
age of 73.9 ka to the MIS 4/5 bound ary (Kukla et al., 1997).
Dif fer ent time in ter vals have been as signed 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 suc ces sion of al ter nately short cold and lon ger tem -

per ate phases has been doc u mented (Paepe
and Vanhoorne, 1967; Behre, 1989;
Emontspohl, 1995; Biñka and Grzybowski,
2001; Günster et al., 2001; Guiter et al., 2003;
Müller et al., 2003; and oth ers). These phases
are clearly re corded in long ter res trial pol len
se quences in cen tral and west ern Eu rope.
Three interstadials have been dis tin guished,
the Amersfoort, Brörup, and Odderade, but
the Amersfoort is some times con sid ered to be
a warm os cil la tion at the be gin ning of the
Brörup. Ac cord ing to west Eu ro pean data, the
time in ter val of the Amersfoort to gether with
the Brörup (OIS 5c) is 105–94 ka BP, and that
of the Odderade (OIS 5a) is 82–75 ka BP (see
Mojski, 1999), and af ter Haesaerts et al.
(1999) these are 108–95 ka BP and 85–75 ka
BP, re spec tively. 

Re fer ring to the name Horohiv, which is
reg u larly used in the strati graphic scheme of
the loesses in the West ern Ukraine (Boguckyj, 
1986, 1987), we de fine the en tire Eemian–ear -
ly gla cial soil suc ces sion as the Horohiv sl.
(S1) strati graphic unit, which rep re sents OIS
5e–a. The Eemian part of the suc ces sion forms 
the Horohiv ss. (SS1) unit, which is at trib ut -
able to soil for ma tion dur ing the Eemian pe -
riod (OIS 5e). The early last gla cial (OIS 5

d–a) de pos its at Kolodiiv are sub di vided into six palaeosol and
loess units, each rep re sent ing sig nif i cant cli ma tic os cil la tions.
Equiv a lents of warm ings are three interstadial soils (Kolodiiv
1, Kolodiiv 2, and Kolodiiv 3, i.e. S1-s1, S1-s2, S1-s3), which
are cor re lated with the main interstadials of the Early
Weichselian Gla cial (Amersfoort, Brörup and Odderade). 

The Horohiv sl. soil suc ces sion (S1) at Kolodiiv shows
spa tial dif fer en ti a tion, which in di rectly re flects the micro -
relief of the con tem po rary ter race sur face. This suc ces sion  is
com plex and atyp i cal. It con tains two mor pho log i cally and
typologically dif fer en ti ated sets of palaeosols of dif fer ent
ages. The Eemian in ter val, cor re spond ing to OIS 5e, is rep re -
sented ei ther by a sin gle well-de vel oped for est soil or two dis -
tinct com plete soil units, also of for est type. Interstadial soils
lie in di rect suc ces sion on the Eemian palaeosol or are sep a -
rated by thin min eral sed i ments, equiv a lents of cool ep i sodes.
How ever, these three soils are not pres ent to gether across the
ex po sure. In its south ern part we find the en tire set of three
soils, while in the north ern part some lay ers are ab sent, prob a -
bly due to de nu da tion pro cesses as seen in the oc cur rence of
intersoil solifluction lay ers.

Eemian palaeosol. Pro files with a sin gle inter gla cial soil
(SS1) oc cur in the north ern part of the Kolodiiv site (Fig. 7; 1A
and B pro files). This is an automorphic lessivé soil (to 2 m
thick), which is char ac ter ized by a very well-de vel oped Bt ho ri -
zon (the so-called argillic ho ri zon). The Bt ho ri zon is en riched
in clay (up to 18%), and ce mented with iron ox ides (up to
2.75%). The Eet ho ri zon is mod er ately thick (0.2 m), bleached,
im pov er ished in clay min er als, un con sol i dated, and con tains
many black ferro manga nese nod ules (Boguckyj and Vološyn,
2006). A dis tinct bound ary sep a rates the Eet ho ri zon from the
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Fig. 12. The Kolodiiv 3 pro file: Eemian gyttja
 and loess cover



su per im posed hu mus ho ri zon. We re late it to interstadial (Early 
Vistulian) pedogenesis oc cur ring in open grass land. 

Pro files 2 and 2 A (Figs. 13 and 14) con tain a suc ces sion of
two sim i lar soils, both of inter gla cial type, and their to tal thick -
ness is 4 m. The up per soil (SS1-I) is di rectly su per im posed on
the lower one (SS1-II), with out a dis tinct bound ary be tween
them. They were prob a bly as so ci ated with a lo cal bur ied land
de pres sion. Each one con tains a well-de vel oped Bt ho ri zon, di -
ag nos tic of lessivé soil, en riched in iron com pounds (up to
2.5%), gleyed, with ag gre ga tions of iron-man ga nese con cre -
tions. This spe cific set of soils con tains typ i cal eluvial ho ri zons
with large iron-man ga nese con cre tions. These ho ri zons are
very well de vel oped (in the lower soil about 1 m thick), with a
platy struc ture, a low con tent of free iron ox ides (1.6–1.7%),
and with char coal. The hu mus ho ri zon of the lower soil is thin,
with 0.3% of hu mus, and also with char coal. It is mac ro scop i -
cally less vis i ble be cause it has been trans formed by sub se -

quent pedogenesis. The inter gla cial set of soils de scribed in di -
cates that, within de pres sions on the Eemian palaeosurface on
the Sivka River, the lower soil was bur ied and was thus iso lated 
from the in flu ence of liv ing or gan isms and as so ci ated
pedogenesis. Then — still un der inter gla cial con di tions — the
up per soil de vel oped on the freshly ac cu mu lated de pos its. 

The heavy min eral anal y sis re sults il lus trate the com plex
struc ture of the inter gla cial part of the Horohiv soils (Fig. 14).
Very re sis tant min er als con sti tute 70–80% of trans par ent heavy 
min eral as sem blage. To gether with gar nets they are the dom i -
nant min er als, while the con tent of epidotes and py rox enes is
low. The heavy min eral re sis tance in di ces are high. Two sub or -
di nate bound aries oc cur within the suc ces sion. The first bound -
ary sep a rates a lower palaeosol of inter gla cial rank form an up -
per one, and is ex pressed by the chang ing ra tio of zir con to
rutile. The sec ond bound ary oc curs be tween the Eemian and
early gla cial parts of the suc ces sion. It is re corded as a rise in
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Fig. 13. Kolodiiv 2 pro file: state of the ex po sure in 1999 (A) and 2003 (B)

A — hu mus ho ri zon, Eet — eluvial ho ri zon, Bt — illuvial ho ri zon; for other ex pla na tions see Fig ure 9



the con tent of gar net, and a si mul ta neous de crease in the per -
cent ages of zir con and rutile at the base of the Early Vistulian
de pos its. These changes cor re spond with lithological fea tures
in di cat ing strati graphic sub di vi sion of the Horohiv  suc ces sion
(Racinowski, 2007).

Palaeomagnetic in ves ti ga tions of the Kolodiiv 2 pro file
showed an ep i sode of  re versed polarity, re lated to the Blake
event, in the Bt ho ri zon of the SS1-I soil. That is why this
palaeosol was cor re lated with OIS 5e1 and why older palaeosol 
(SS1-II) was cor re lated with OIS 5e3 (Nawrocki et al., 2007).

The Eemian in north-cen tral Eu rope was char ac ter ized by a
rel a tively sta ble cli mate (Litt et al., 1996) but new in ves ti ga -
tions of some pro files within biogenic de pos its pro vide ev i -
dence of cli mate change, with slightly cooler con di tions in the
mid dle and late part of the inter gla cial (Guiot et al., 1993;
Guiter et al., 2003; Klotz et al., 2003). Such cli ma tic fluc tu a -
tions (OIS 5e4 and 5e2) were re corded in GRIP (Green land
Ice-Core Pro ject Mem bers) Eemian ice (Johnsen et al., 1995),
and in deep-sea de pos its (Martinson et al., 1987; Johnsen et al., 
1992; Keigwin et al., 1994). Ev i dence for no tice able cli mate
in sta bil ity dur ing the Eemian, but with out ex treme cool ing,
were pro vided by Klotz et al. (2003) based on Eu ro pean pol len

data. Win ter cool ing within the Carpinus Zone (E5) was re -
ported by Field et al. (1994) and Guiter et al. (2003) in the sec -
ond part of the inter gla cial. Guiter et al. (2003) in di cated a pos -
si ble open ing of the for ests be fore the es tab lish ment of bo real
co nif er ous for est that marked the end of the inter gla cial in cen -
tral-west Eu rope. The inter-Eemian spell is dated at about
122 ka (Kukla et al., 1997). Dis tur bances of sed i men ta tion
were re corded in some pol len pro files of the Eemian Inter gla -
cial in Po land dur ing the pol len phase E5 Carpinus vel
Carpinus–Corylus–Alnus R PAZ (Mamakowa, 1989;
Tobolski, 1991; Janczyk-Kopikowa, 1991; Niklewski and
Krupiñski, 1992; Kuszell, 1997; Granoszewski, 2003 and oth -
ers). A sig nif i cant in di ca tion of such pro cesses was found in the 
Eemian palaeosol from the Tarnawce pro file (sit u ated at the
Carpathian mar gin, about 155 km NW of Kolodiiv). The
Eemian vegetational suc ces sion is very well rep re sented in the
Tarnawce pol len di a gram but the phase of horn beam for est de -
vel op ment is not re corded, prob a bly be cause of de nu da tion of
the de pos its (Komar and £anczont, 2002). There fore, con di -
tions fa vour ing ac ti va tion of ero sional pro cesses and sup ply of
clastic ma te rial from slopes to sed i men ta tion bas ins may have
pe ri od i cally oc curred also at Kolodiiv in the later part of the
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Fig. 14. Kolodiiv 2 A pro file

Di a grams of heavy min eral com po si tion: MC I —  con tent of opaque min er als (NP), micas (£Y) and con cre tions (K); MC II — in di ces of trans par ent min -
er als; MC III —  trans par ent min eral com po si tion; let ter sym bols of trans par ent min er als: C — zir con, R — rutile, T — tour ma line, G — gar nets, A — am -
phi boles, O — re sis tant min er als, S — me dium re sis tant min er als, N — non-re sis tant min er als; for other ex pla na tions see Fig ure 9 



Eemian. These con di tions may have been re lated to in creas ing
continentality of cli mate, caus ing lower hu mid ity, short en ing
of the grow ing sea son, and more rapid ero sion. Such pro cesses
usu ally re sulted in a par tial re moval of soil (as seen in the
Tarnawce pro file), and sub se quent con tin u a tion of
pedogenesis with out vis i ble changes in the soil pro file. How -
ever, lo cal ex treme events at Kolodiiv (pro voked by cli ma tic
dis tur bances) in ter rupted the pedosedimentary evo lu tion be -
cause the soil was bur ied, and a new but sim i lar soil de vel oped
sub se quently. 

In the west Eu ro pean loess se quences, a coun ter part of the
Horohiv ss. palaeosol is the level of in ten sive pedogenesis
named the Rocourt soil in Bel gium (Paepe and Vanhoorne,
1967; Antoine et al., 2001; Guiter et al., 2003), and PKIII in
Czech Re pub lic (Kukla and Ložek, 1961; Frenzel, 1964).
These soils with a tex tural B-ho ri zon re sem ble a pres ent-day
Luvisol (Haesaerts et al., 1999). They de vel oped un der con di -
tions fa vour able to leach ing. 

In the Cen tral Ukrai nian loess pro files, Eemian soil is rep -
re sented by a brown for est soil in the lower part of Pryluki ho ri -
zon (Vekliè, 1968; Gozhik et al., 1995). Ac cord ing to some au -
thors (Gerasimenko, 2000; Rous seau et al., 2001), a grey for est 
soil, named the Kaydaki ho ri zon (kd), rep re sents OIS 5e, and
the stadial-interstadial (loess-palaeosol) se quence named the
Pryluki ho ri zon (pl) is re ferred to OIS 5 a-c. 

Early Gla cial palaeosol set. In the south ern part of the
Kolodiiv site, where Eemian biogenic sed i men ta tion took
place, de te ri o ra tion of cli ma tic con di tions be tween the Eemian
and the last gla cial, i.e. the Herning Stadial, equiv a lent to OIS
5d (Liedtke, 1993), is marked by a layer of car bon ate-free loess 
of boggy or al lu vial fa cies (S1-l3). Boggy loess oc curs as
green ish-grey, gleyed, silty-clayey loam up to 1 m thick (pro -
files 3, 3A, 4), and loess of al lu vial fa cies is blu ish-grey, sandy
loam less than 0.5 m thick, with thin laminae of sand and rare
gravel lay ers (Fig. 9, pro file 5).

The Kolodiiv 3 unit (S1-s3), which de vel oped over the
above-de scribed de posit, is a two-ho ri zon soil over 1 m thick,
com posed of Ah (or Ahg) and B (or B-like layer of strong
weath ered loess) ho ri zons. A dark grey hu mus ho ri zon is mod -
er ately thick (0.2–0.5 m), con tains up to 0.35% of hu mus,
charcoals, and has been re worked by pedofauna. A po le col our
vis i ble in places in the bot tom part prob a bly re sulted from ini -
tial leach ing. This ho ri zon was dis turbed by in ten sive
solifluction, and pro cesses as so ci ated with sea sonal (?) frost
changed its struc ture. A dense network of fis sures filled with
grey, gleyed ma te rial runs down wards from the Ah ho ri zon,
and pen e trates deep into the B ho ri zon. These ho ri zons are sep -
a rated by a sharp de nu da tional bound ary. The B (?) ho ri zon is
1 m thick, loamy-silty, blu ish-grey, strongly gleyed, en riched
with iron ox ides, with or ange and rusty-col oured streaks and
spots, iron-man ga nese small con cre tions, and con cen tric struc -
tures of Liesegang ring type. Ac cord ing to Konecka-Bet ley, the 
micromorphological struc ture of this ho ri zon, ex am ined in pro -
file 5, is not clear be cause fea tures of the Bt ho ri zon are ab sent
(£¹cka et al., 2007).

In pro files 1A, 2 and 2A (Figs. 7, 13 and 14) the Kolodiiv 3
unit is a hu mus ho ri zon (cher nozem-like) that var ies in thick -
ness, di rectly over ly ing the Eemian for est soil. It is mod er ately
thin (0.3 m) and un dis turbed in pro file 1A, while in pro files 2

and 2A its thick ness reaches over 1 m, it is strat i fied, gleyed,
and dis turbed by slope pro cesses. A con sid er able ad mix ture of
sand in di cates a marked ac tiv ity of these pro cesses, which were 
ac com pa nied by wind ac tion (the con tent of silt frac tion in this
ho ri zon is over 20%). The hu mus con tent is mod er ately high
(>0.5%). This ho ri zon has some fea tures of pedolith, i.e. soil
de vel oped on slowly ac cu mu lat ing/aggrading de pos its; the
sed i men ta tion rate was so slow that soil for ma tion, and es pe -
cially hu mus ac cu mu la tion, was not in ter rupted. A high ac tiv ity 
of pedofauna, typ i cal of grass land eco sys tems, oc curred in this
soil as shown by many fau nal tube casts, ac cen tu ated by the
pale col our of the infill ma te rial. Many iron-man ga nese con cre -
tions and charcoals are also eas ily vis i ble against the dark grey
col our of the ho ri zon. 

Such charcoals, though re de pos ited, to gether with scat tered 
flint artefacts be long ing to the East Micoquian Cul ture, oc cur in 
the solifluction ho ri zon over ly ing the Kolodiiv 3 soil in pro -
file 3. The solifluction layer is char ac ter ized by vari abil ity in
thick ness from sev eral to 60 cm, and a com plex in ter nal struc -
ture with interlayers and small lobes of sandy-loamy loess,
sand, and ma te rial com ing from the eroded Kolodiiv 3 soil. The 
ar chae o log i cal find has all the fea tures of the re mains of the a
Mous terian cul tural layer, and shows dis tinct strati graphic and
ty po logi cal sim i lar ity to the cul tural layer II at the Yezupil site.
This indicates Palaeo lithic hu man oc cu pa tion of the cen tral part 
of the East ern Carpathian Fore land at the be gin ning of the
Vistulian stage (Cyrek and Sytnyk, 2002; £anczont and
Madeyska, 2005; Sytnyk et al., 2007). 

The mid dle soil of the Early Vistulian, i.e. the Kolodiiv 2
unit (S1-s2), di rectly over lies the older soil or is sep a rated
from it by the solifluction layer men tioned above (e.g. in pro -
files 3A, 3, 4/5). The Kolodiiv 2 soil is a lo cal strati graphic
marker at site ow ing to dis tinct changes in the soil sub strate of
the Ah ho ri zon caused by fire (many clods of rusty-col oured,
burnt loam; Fig. 15A). This soil re sem bles the older one as re -
gards mor phol ogy and depth of pro file but it is char ac ter ized
by a higher con tent of hu mus (up to 1.2%), stron ger spotty
gleying, a slightly more dis tinct eluvial ho ri zon, and a stron -
ger trans for ma tion by pedofauna and by mam mals (mole tun -
nels). An in ter est ing epigenetic struc ture is de vel oped in this
pro file at the bound ary be tween the loess and the Kolodiiv 2
soil (Fig. 15B). This is a wedge-shaped fis sure, over 1 m deep
and, up to 0.3 m wide at the top, filled with or ganic (soil) and
min eral (loess) ma te rial. The fill ing ma te rial is gen er ally mas -
sive in the up per part of the fis sure, and subvertically fo li ated
in its lower part. The neigh bour ing lay ers are bent up wards in
the con tact zone with the wedge. We have de ter mined that
these fis sures form poly gons up to 6 m in di am e ter along the
Kolodiiv out crop walls. These di men sions are con sis tent with
sea sonal ground frost (Jahn, 1970).  

The youn gest soil in the suc ces sion, i.e. the Kolodiiv 1 unit
(S1-s1), di rectly over lies the im me di ately older one
(Kolodiiv 2) in all the places ex am ined, apart from in pro file 5
where a thin layer of sandy loess dis turbed by solifluction sep a -
rates the two soils. The full pro file of the Kolodiiv 1 soil is pre -
served in the cen tral and south ern parts of the site (pro files 3, 4,
5; Figs. 7, 9 and 10). In com par i son with older units, it is
slightly less thick (0.8 m), with a lower con tent of hu mus, and
with out vis i ble traces of leach ing. Casts of fau nal struc tures,
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also mole tun nels, are com mon fea tures of all the Kolodiiv
palaeosols. 

To sum up, the ear li est phases of pedogenesis fol low ing the 
Eemian Inter gla cial are rep re sented by interstadial for est-
steppe soils, which un der went evo lu tion caused by change
from a gen er ally wet and warm bo real cli mate to wards a drier
con ti nen tal cli mate. Most of these soils are gleyed, with a less
or more dis tinct E ho ri zon and a trun cated B ho ri zon; all these
soils are car bon ate-free. Traces of translocation down wards of
clay and iron com pounds (the con tent of iron ox ides var ies
from 2.5 to 6%) are dis tinctly vis i ble in the soil pro files. They
are also char ac ter ized by the oc cur rence of nu mer ous fau nal
struc tures. It seems that these soils may be of poly gen etic or i -
gin, and can in di cate dif fer ent palaeoclimatic phases within
each of the interstadials. We re late the de vel op ment of the for -
est soils to the cli ma tic op ti mum of the early gla cial
interstadials. In the last parts of the interstadials, biogenic soils
de vel oped un der sparse-meadow or steppe veg e ta tion (£¹cka
et al., 2007). They formed un der con di tions of the strong ac tiv -
ity of a soil edaphone (an in fer ence strength ened by the pres -
ence of mole tun nels), with a sup ply of fresh min eral ma te rial.

Some in for ma tion about the early gla cial interstadial flora
of the Dniester val ley around Kolodiiv co mes from the Yezupil 
site. Komar (2002) gave the re sults of pol len anal y sis of a cher -
nozem that prob a bly cor re sponds to the Kolodiiv 1 ho ri zon
(OIS 5a). The up per part of cher nozem ho ri zon at Yezupil was
TL dated at 78±11 ka BP, and the lower part at 85±13 ka BP

(£anczont and Madeyska, 2005). The spec tra rep re sent open
pine-birch for ests, with Corylus and Salix, and a small ad mix -
ture of Quercus and Carpinus. Poaceae, Asteraceae (in clud ing
Ar te mi sia), Chenopodiaceae, Cyperaceae and Helianthemum
are im por tant com po nents of the NAP (non ar bo real pol len).
They form open steppe com mu ni ties. A mo saic of for est
patches and open places with steppe veg e ta tion char ac ter ized
the land scape. Wet places were over grown by meadow com -
mu ni ties with sedges (£anczont and Madeyska, 2005).  

Each of three pedogenesis stages at the Kolodiiv site ended
with cli ma tic de te ri o ra tion. Ae olian pro cesses were not in ten -
sive. It may be sup posed that per ma frost was ab sent, only
long-last ing, deep sea sonal ground frost oc curred, which
caused the de vel op ment of small re tic u late struc tures of seg re -
gated ground ice. Run off was very ac tive dur ing these cold os -
cil la tions. The cold phase fol low ing the for ma tion of the
Kolodiiv 3 soil was rather wet, and solifluction de vel oped.
Dur ing the next, per haps more con ti nen tal, cold phase (af ter the 
for ma tion of the Kolodiiv 2 soil), contractional fis sures (Fig.
15B), and struc tures of sub si dence and melt ing of sea sonal
ground frost de vel oped (Fig. 16). 

The re sults of TL dat ing of these de pos its at Kolodiiv are
shown in Ta ble 1. The TL age ob tained for the Kolodiiv 3 soil in
pro files 1A, 3, and 4 is too old. The TL age ob tained for this soil
in pro file 2 (Fig. 13), in which it has more dis tinct fea tures of a
pedolith en riched in fresh ae olian ma te rial, cor re sponds to the
age of the Amersfoort Interstadial (Bosinski, 2001; Guiter et al.,
2003). The TL age for the Kolodiiv 2 soil in pro file 2 (92–96 ka
BP) is as ex pected, and in pro files 3 and 4 it is too old
(132–121 ka BP). The youn gest soil, i.e. the Kolodiiv 1 unit, was
TL dated at 95±15 ka in pro file 3, so this age is also too old. The
de pos its of cold phases are dated at 164–203 ka BP (the phase di -
rectly fol low ing the Eemian), and at 111–117 ka BP (the phase
be tween the Amersfoort and Brörup).

Only some of the dates given here are con sis tent with the
strati graphic in ter pre ta tion. Some of them are too old by far.
How ever, de spite the short dis tances be tween in di vid ual sites,
sed i men ta tion con di tions were spa tially vari able. In more open
places, more dis tant from the penecon tem po ra ne ous slope, sed -
i men ta tion was dom i nated by ae olian pro cesses (pro file 2),
while the de pos its that ac cu mu lated near the slope con sist also
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Fig. 15. The Kolodiiv 5 pro file

A — the “fire” Kolodiiv 2 palaeosol; B — epigenetic fis sure struc ture
run ning down ward from the top of this soil

Fig. 16. The Kolodiiv 4 pro file

The “fire” Kolodiiv 2 palaeosol with load-casted struc ture pressed into
the B ho ri zon to a depth of 30 cm



of slope ma te rial (£¹cka et al., 2007), prob a bly re de pos ited
over a short dis tance as rapid sed i men ta tion events, of ten as
large mass move ments (solifluction lobes). This phe nom e non
is strongly marked in the de pos its ac cu mu lated in the me an der
cut-off. At the be gin ning of the early gla cial, the de po si tion of 
fresh silt was ac com pa nied by that of ae olian ma te rial de rived
from wind-eroded older loess, which oc cu pied higher Pleis to -
cene ter races, and deluvial ma te rial from strongly eroded
Eemian soil. These mixed de pos its formed the par ent ma te rial
of the Kolodiiv 3 soil so that the TL age ob tained is con sid er -
ably older than the depositional age.

The strati graphi cal equiv a lent of the Kolodiiv ho ri zons is
grey for est soil (Terhorst et al., 2001) or greyzem (Antoine et
al., 2001), found in the early gla cial part of loess-palaeosol se -
quences in west ern Eu rope. This in di cates a for ested con ti nen -
tal en vi ron ment with cold snowy win ters and warm sum mers
(Haesaerts et al., 1999). At pres ent grey for est soils are zonal
soils of the tem per ate reach of bo real cli mate, which de velop
un der de cid u ous for est com mu ni ties al ter nat ing with meadow
or meadow-steppe ones (Gerasimova et al., 1996). 

In the Cen tral Ukrai nian loess pro files, the EarlyVistulian is 
rep re sented by chernozems (Vekliè, 1968) or by three sub units
of the Pryluki soil suc ces sion, i.e. a meadow soil, a brown for -
est soil, and a humic cher nozem (Gerasimenko, 2000; Rous -
seau et al., 2001; Fig. 8). Thin loess interbeds oc cur be tween
these soils in the most com plete pro files (Gozhik et al., 1995).
Cli ma tic re con struc tion based on pol len data from loess pro -
files (Bolihovskaja, 1995; Gerasimenko, 2000; Komar, 2002)
in di cates that chernozems de vel oped un der al ter nat ing con di -

tions of dry steppe cli mate, and warmer interstadials, in the op -
ti mal parts of which de cid u ous for est grew. 

LOESS OF THE LOWER PLENIGLACIAL (OIS 4)

The Lower Pleniglacial cor re sponds 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 old est pe riod of
max i mum cool ing in the last gla ci ation (Guiter et al., 2003). It
was prob a bly the first pe riod of four ma jor ones of loess ac cu -
mu la tion, which oc curred in the west ern Eu rope dur ing the last
gla cial, with lu mi nes cence age es ti mates rang ing from 67 to
60 ka BP (Frechen et al., 2001). The cen tral Eu ro pean pol len
data doc u ment the main open ing of the veg e ta tion, and sug gest
the pres ence of cold steppe biomes in this in ter val
(Vandenberghe, 1992; Liedtke, 1993; Bolihovskaja, 1995;
Müller et al., 2003). 

In all pro files of the Kolodiiv site, the bound ary be tween the
de pos its rep re sent ing OIS 5 and OIS 4 is sharp and ero sional.
We in fer that the fine, yel low ae olian silt that fills fis sures which
cut the Kolodiiv 1 palaeosol in pro file 5, may be an equiv a lent of
the marker bed of fine ae olian silt de pos ited by con ti nen tal-scale
dust storms at the bound ary be tween OIS 5 and OIS 4. This phe -
nom e non is sus pected as the cause of rapid en vi ron men tal deg ra -
da tion then, as so ci ated with a sharp tran si tion from the rich
grasses and for ests of the early gla cial to the bar ren land scapes of 
the Pleniglacial (Kukla and Ložek, 1961; Rous seau et al., 1998;
Antoine et al., 2001). In the heavy min eral com po si tion (Fig. 14)
there is a con spic u ous in ver sion of the pro por tion be tween re sis -
tant min er als and the rest, which is marked at the bound ary be -
tween the de pos its of OIS 5 and OIS 4.

The Lower Pleniglacial is rep re sented at the Kolodiiv site
by a loess-like de posit (L1-l3), 0.5–3 m thick, of deluvial- and
solifluction-ae olian fa cies. This is sandy and silty loam (Mz =

3.9 f) with sand laminae. This car bon ate-free de posit is char -
ac ter ized by low con tents of hu mus (0.13%) and iron ox ides
(1.8%). In the heavy min eral as sem blage, gar net (about 50%)
ex ceeds zir con (<30%), and rutile (about 10%). Am phi boles,
staurolite, biotites, and tour ma line oc cur in small quan ti ties
(Fig. 14). The high con tent of gar net sug gests that the source
ma te rial of the loess from the Lower Pleniglacial at Kolodiiv
was formed un der con di tions fa vour ing en rich ment in gar net,
i.e. in a flu vial en vi ron ment. This in di cates that periglacial al -
lu vium played an im por tant role as a source of fresh silt
(£anczont, 1995). The de flated loesses of older cov ers, spread 
on high ter races (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 pro file at Yezupil. At Kolodiiv, this loess bed
ap pears stratigraphically uni form. Signs of weak tun dra
biogenesis, large iron-man ga nese con cre tions, man ga nese
spots, and ini tial Liesegang rings are scat tered. Sep a rate
interphase gleyed ho ri zons, which oc cur in some loess pro files
in Po land (Maruszczak, 1985; £anczont and Alexandrowicz,
1997; Dolecki and £anczont, 1998), in Ukraine within the
Uday Loess unit (ud) (Gozhik et al., 2001) and in west-cen tral
Eu rope (Guiter et al., 2003), are ab sent at Kolodiiv. 
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T a  b l e  1

TL dat ing of palaeosol and loess sam ples taken from the de pos its
of OIS 5 (ob tained by Kusiak)

Pro files

Strati graphic units
TL age [ka BP]
Kusiak (2007)Loess 

units Palaeosol units

3 Kolodiiv 1 palaeosol
(S1-s1) 95±15 (Lub-3688)

2 Kolodiiv 2 palaeosol 

(S1-s2)

96±12 (Lub-4014)

92±14 (Lub-4015)

4 121±18 (Lub-3353)

3 132±19 (Lub-4172)

1A

S1-l2

111±21 (Lub-3351)

3A 117±32 (Lub-3688)

2

Kolodiiv 3 palaeosol 

(S1-s3)

105±17 (Lub-4016)

3 164±15 (Lub-4173)

4 146±20 (Lub-3522)

1A 148±26 (Lub-3352)

4

S1-l3

164±26 (Lub-3523)

3
183±18 (Lub-4174)

203±24 (Lub-4175)

2 SS1-I (Bt ho ri zon) 121±18 (Lub-4017)

2 SS1-I (Eet ho ri zon) 146±22 (Lub-4018)

2 SS1-II (Bt ho ri zon) 151±24 (Lub-4019)

1A Horohiv ss. (Bt ho ri zon) 164±30 (Lub-3353)



Interphase tun dra ho ri zons rep re sent ing a sub arc tic cli mate
within the loess of OIS 4 are named the Niedereschbacher Zone 
in Ger many (Semmel, 1967), and the Ognon 1 and Ognon 2
ho ri zons in France (Woillard, 1975; Van Vliet-Lanoë, 1987).

Based on the curves rep re sent ing the in ten sity of ae olian
dust ac cu mu la tion in the Late Pleis to cene, Hovan et al. (1989)
and Jouzel et al. (1993) de duced the oc cur rence of os cil la tions
dur ing its de po si tion in OIS 4.

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

The next strati graphic unit of the last gla cial, i.e. the
“Interpleniglacial” or “Mid dle Pleniglacial”, is the equiv a lent
of OIS 3. Dif fer ent ap prox i mate time in ter vals for this unit
have been pub lished: 62–26 ka BP (Vandenberghe, 1992),
61–27 ka BP (Liedtke, 1993), 58–25 ka BP (Mojski, 1999),
65–25 ka BP (Ar nold et al., 2002) and 60–29 ka BP (Guiter et
al., 2003). This long in ter val was gen er ally less cold than the
pre ced ing one (Guiter et al., 2003). It in cluded cli ma tic os cil la -
tions marked by nu mer ous rapid switches be tween brief cold
and lon ger warm times (Vandenberghe et al., 1998;
Vandenberghe and Nugteren, 2001) known as Dansgaard-
 Oeschger (DO) events (interstadials), reg is tered in the GRIP
(Green land Ice-Core Pro ject Mem bers) ice core (Dansgaard et
al., 1993; Frechen et al., 2001). It is gen er ally char ac ter ized by
a de crease in, or ces sa tion of, loess sed i men ta tion and ter res -
trial soil-for ma tion (Ar nold et al., 2002).

 The rhyth mic stra tig ra phy and chro nol ogy of this in ter val
on the Rus sia Plain (Zarrina et al., 1981) is ex pressed as the fol -
low ing stadials: Lower Graždansky (14C dated at 49–40 ka BP), 
Mid dle Kašynsky (37.5–34 ka BP), and Up per (bi par tite)
Dunajevsky (32.5 to about 24 ka BP). In the loesses of the
Dnie per re gion, the Mid dle Pleniglacial is rep re sented by the
Vytaèiv set of 2–3 palaeosols (vtb1 and vtb2) sep a rated by a
loess bed (vtb2–1), which was TL dated at 44–35 ka BP, and 14C
dated at 33–30 ka BP (Gozhik et al., 2001). In the light of
palynological data (Rous seau et al., 2001), in the gen er ally
milder con di tions of this in ter val, veg e ta tion changed from an
open Pinus bo real for est (lower soil), which in cluded a few de -
cid u ous trees, through sparse steppe (intrasoil loess), to more
pro duc tive for est-steppe mo saic (up per soil). In loess pro files
of Volhynia and Podolia, the Mid dle Pleniglacial is rep re sented 
only by the Dubno palaeosol. Pol len data from this area in di -
cate a mo saic vegetational pat tern of shrub tun dra, steppe-tun -
dra, and steppe with patches of for est-tun dra, and a short ex -
pan sion of bo real for est with pine and birch dur ing the cli ma tic
op ti mum (Bezus’ko et al., 1989). The 14C age of the Dubno
soil, es ti mated at 28–29 ka BP (Bezus�ko et al., 1989), in di -
cates that it prob a bly cor re sponds to OIS 3.1. How ever, based
on new re sults of TL dat ing in the Rivne pro file at Volhynia
(43±6 and 61±7 ka BP), this soil can be re lated to OIS 3.3
(Nawrocki et al., 2003). A sim i lar strati graphic cor re la tion is
also sug gested by the TL ages of the Dubno soil at Yezupil:
40±5 (Lub-3992) and 61±8 ka BP (Lub-3993). It should be
stressed that the older of these ages were ob tained from the B
ho ri zon of this soil, i.e. they in di cate the age of the sub strate,
which formed dur ing the Lower Pleniglacial. The youn ger re -

sults rep re sent the older part of the Interplenivistulian, when the 
A ho ri zon de vel oped. 

At the Kolodiiv site, the great est strati graphic vari abil ity of
the Mid dle Pleniglacial de pos its is found in pro files 2A, 2, 3,
and 4/5. Pro file 2 was in ves ti gated twice, in 1999 and in 2003
(Fig. 13). The sec ond time, the ex po sure wall was shifted about
1–2 m far ther in as a re sult of clean ing of the face, and the ex -
posed se quence ap peared to be some what dif fer ent from that
de scribed in 1999, both in re spect of the num ber and the thick -
ness of the lay ers dis tin guished. This in di cates the ef fect of a
dis tinct palaeosurface microrelief, si mul ta neously a cause and
an ef fect of spa tial vari abil ity of morphogenetic and soil-form -
ing pro cesses, which acted on this sur face.

The se quence de pos ited at Kolodiiv in the Mid dle
Pleniglacial is about 6–7 m thick, and in cludes two sets of
palaeosols (L1-s2 and L1-s1) typ i cal of tun dra land scape,
which are sep a rated by a loess bed (L1-l2). These de pos its are
wholly car bon ate-free. Grav els, which spo rad i cally oc cur
through out the pro file, were re de pos ited from higher parts of
the slope (higher ter races). Thus, slope pro cesses con sid er ably
in flu enced the for ma tion of these de pos its (£¹cka et al., 2007). 

The bot tom soil of this se quence shows spa tial vari abil ity
con di tioned by the palaeomorphology of the Kolodiiv site.
Two types of soil are found; each trun cated by ero sion and cov -
ered with solifluction loess: 

1. Wet tun dra soil (gleysol) up to 1.5 m thick, de vel oped
un der wet con di tions with pe ri odic sup ply of loess and slope
(solifluction) ma te rial. This is a one-ho ri zon soil, loamy-sandy,
with nests and lenses of pure fine sand vis i ble mainly in its mid -
dle part, and with traces of dif fer ent cryo genic de for ma tions of
solifluction type (plication de for ma tions). Traces of a well-de -
vel oped small re tic u late struc ture of ground ice oc cur in places
at the bot tom of the soil. Rusty-col oured spots, ferruginous
streaks, and iron-man ga nese con cre tions are also found.

2. Authomorphic soil as so ci ated with higher sit u ated,
better drained re lief el e ments. This is a dis tinc tive sub arc tic
brown cambisol, with a thick ness of 0.6–0.8 m, in which the
Ah ho ri zon con sti tutes half the thick ness. This soil is gleyed
from the top, rather rich in hu mus (up to 0.5%) and in iron
com pounds (about 3%), with nu mer ous iron-man ga nese and
iron con cre tions.

In pro file 2, 1999 only, this strati graphic unit was found as
two sim i larly de vel oped brown soils sep a rated by a solifluction
layer.

The mid dle unit, i.e. an intersoil loess, with a max i mum
thick ness reach ing 3 m, con tains a con sid er able amount
(45–50%) of loess with a mean grain di am e ter rang ing from

5.4 to 4.6 f; the de posit is poorly to very poorly sorted (s1 =
1.6–2.2), with pos i tive and very pos i tive skew ness (Sk1 =
0.2–0.5), and with a very vari able kurtosis in dex (KG =
1.2–2.1). The con tents of iron ox ides (1.5–3.15%) and hu mus
(0.15–0.37%) are vari able, with most hu mus in the lower lay -
ers, which con tain an ad mix ture of ma te rial from the un der ly -
ing soil. The loess is re worked by solifluction in the lower part 
of this unit, and by sheet-wash in its mid dle part as seen in
rhyth mic par al lel or al most par al lel bed ding, ir reg u larly
undulatose, and in clined down palaeoslope. As well as
synsedimentary struc tures, dis con tin u ous postsedimentary
ones are pres ent that dis turb strat i fi ca tion. Spe cific ag glom er -
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a tions of iron and iron-man ga nese con cre tions, and larger
struc tures re sem bling ini tial Liesegang rings, which oc cur
through out the loess unit, may be re lated to tun dra biogenesis.

The up per set of palaeosols is com posed of two (pro file
4/5) or even four to five tun dra soils ly ing in di rect suc ces sion
(pro files 2A, 2, 3). These soils gen er ally re sem ble the older
ones in re spect of typology. Their se quence is reg u lar. The low -
est is a thick gelic gleysol, which is char ac ter ized by the oc cur -
rence of thick limonitic hardpans in its bot tom and mid dle
parts. This palaeosol is over lain by a se ries of sev eral (up to 4)
sim i lar, thin, two-ho ri zon, weakly de vel oped soils of cambisol
type (£¹cka et al., 2007). The con tent of hu mus is higher in
cambisols (up to 0.6%) than in gleysols (0.25–0.4%) but free
iron ox ides oc cur in sim i lar quan ti ties in both soil types
(3–4%). It seems that this set of soils de vel oped in an in ter val
com pris ing al ter nat ing, very short, slightly warmer and colder
phases. Cold phases were char ac ter ized by weak de po si tion of
loess al ter nat ing with ero sion and redeposition of sed i ments, so 
the TL ages for the sam ples from this soil set in pro file 3 are too
old (74 and 167 ka BP). The ma te rial build ing these lay ers de -
rived prob a bly from nearby, from eroded older loess de pos its,
so it was in suf fi ciently bleached be fore de po si tion due to a
short trans port dis tance. Thus, this lack of re li able dat ing re -
sults for these de pos its pro vides in di rect in for ma tion about en -
vi ron men tal con di tions dur ing their for ma tion, and also about
the cli mate dur ing the youn ger part of OIS 3.

The heavy min eral as sem blage of the loess-soil se quence
from the Mid dle Pleniglacial re sem bles that from the loess rep -
re sent ing OIS 4. It is char ac ter ized by a gar net con tent reach ing 
50%. The main min er als form the fol low ing se quence: gar -
nets>zir con>rutile. Staurolite, tour ma lines, am phi boles, and
py rox enes are ac ces sory com po nents. A lower in ten sity of
weath er ing causes a de crease in the val ues of the min eral in di -
ces: O/S+N = 0.25–1.2, and C/G+A = 0.4–1.5. Within these in -
ter vals, higher val ues of de posit ma tu rity in di ces are found in
those loess lay ers af fected by pedogenesis.

The Mid dle Pleniglacial loess-soil se quence at Kolodiiv re -
veals sev eral cli ma tic os cil la tions dur ing this pe riod. Its great
thick ness and pedostratigraphical vari abil ity are unique fea -
tures in com par i son with other Ukrai nian loess pro files, but re -
sem ble those re corded, for in stance, in north ern Eu rope (Guiter 
et al., 2003). With ref er ence to the strati graphic scheme of the
west ern Ukraine loesses (Boguckyj, 1987), we named the
palaeosols of the lower set Dubno 2 (Dubno — older
palaeosol(s)), and those of the up per set Dubno 1 (Dubno —
youn ger palaeosol(s)).

The Dubno 2 palaeosol/palaeosols, which re flect the first
cli ma tic im prove ment dur ing the Mid dle Pleniglacial, prob a bly 
cor re spond to the Oerel and Glinde interstadials of the west Eu -
ro pean strati graphic schemes (Behre and Lade, 1986; Liedtke,
1993; van der Hammen, 1995). Ac cord ing to the cal i brated dat -
ing re sults from the Oerel site in North ern Ger many (Behre and 
Van der Plicht, 1992), these interstadials oc curred at 58–54 ka
BP and 51–48 ka BP, re spec tively. The solifluction loess sep a -
rat ing the two palaeosols of the Dubno 2 set prob a bly cor re lates 
with the Ebersdorf Stadial (Liedtke, 1993), and with the sec ond 
pe riod of loess ac cu mu la tion in west ern Eu rope (Frechen et al., 
2001). If we agree with the opin ion of Guiter et al. (2003) that
the two ep i sodes called Oerel and Glinde may re spec tively cor -

re late with Ognon 1 and Ognon 2, we should rec og nize the
Dubno 2 set as interphase soils cor re spond ing to OIS 4. How -
ever, this seems to be a wrong con clu sion be cause the Dubno 2
palaeosol/palaeosols re veal much more in ten sive pedogenesis
than could have de vel oped dur ing the short warm interphase
ep i sode/ep i sodes of the cold OIS 4. 

The lower Dubno 2 unit is sep a rated from the up per
Dubno 1 unit by a loess bed. It in di cates a cooler stadial, which
may be cor re lated with the Lattrop Stadial (Liedtke, 1993), and
so com pa ra ble to the third pe riod of loess ac cu mu la tion in
west ern Eu rope (Frechen et al., 2001), most likely be tween 50
and 40 ka BP (in the light of lu mi nes cence dat ing). 

It seems that the Dubno 1 set of palaeosols be longs to the
youn ger part of the Interpleniglacial, with a se ries of warm os -
cil la tions (Van der Hammen et al., 1967; Zagwijn, 1974; Van
der Hammen et al., 1995), which con tains the long Moershoofd 
Interstadial Com plex (50–43 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 sep a rated by the 
Hasselo and Huneborg stadials, re spec tively (Liedke, 1993). In
the opin ion of Van der Hammen et al. (1995), a few mi nor os -
cil la tions can be found within the Huneborg Stadial and the
Denekamp Interstadial. 

Based on the type and in ten sity of pedogenesis at Kolodiiv,
it may be that the cli mate was wet ter and colder dur ing the
Moershoofd Interstadial than dur ing the suc ceed ing warm pe ri -
ods. Dur ing the Hengelo and Denekamp interstadials, the cli -
mate was prob a bly more vari able, and nu mer ous or ganic lay ers 
formed in the min eral de pos its. 

In com par i son with the en tire Kolodiiv site, pro file 1B is
atyp i cal be cause the part cor re spond ing to the Mid dle
Pleniglacial is re duced. Above the loess cor re lated with OIS 4,
one well-de vel oped gley ho ri zon oc curs, which is over lain by
mas sive loess with fea tures typ i cal of the Mid dle Pleniglacial
Loess. Two TL ages were ob tained for the same sam ple from
this gley ho ri zon: 46±6 and 50±7 ka BP. 

LOESS OF THE UPPER PLENIGLACIAL (OIS 2)

The Up per Pleniglacial (equiv a lent of OIS 2) was the cold est
pe riod of the last gla cial, rep re sent ing the stron gest arid ity
(Frechen et al., 2001; Guiter et al., 2003). In the opin ion of
Antoine et al. (2001), a thick loess de pos its of this age, which oc -
curs in the up per Rhein val ley, shows three pulses of loess sed i -
men ta tion at 27–25, 22–19, and 16–15 ka BP. Based on in ves ti -
ga tions of the west Eu ro pean loesses (Frechen et al., 2001), it can 
be de duced that the ac cu mu la tion of the up per young loess prob -
a bly started af ter the Hein rich 3 event and lasted to the Hein rich 2 
event, i.e. from 25 to 20 ka BP. Also Green land ice re cords in di -
cate a ma jor pe riod of dust ac cu mu la tion dur ing this time (Bond
et al., 1992, 1993; Grootes and Stuiver, 1997). The youn gest
loess-like sed i ment ac cu mu lated be tween 17 and 14 ka BP
(Frechen et al., 2001). Two phases of tran si tory cli ma tic im -
prove ment are re corded in west ern and cen tral Eu rope on se -
quences at ca. 23–22 ka BP and be tween 16–15 ka BP (Lascaux
warm ing) in the Up per Pleniglacial (Guiter at al., 2003). 

Uni form, typ i cally de vel oped ae olian loess (L1-l1) 2–6 m
thick ac cu mu lated at the Kolodiiv site dur ing OIS 2. The heavy
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min er al as sem blage of this loess re sem bles that of the older unit 
but con tains less rutile, and higher per cent ages of non-re sis tant
min er als (am phi boles, py rox enes, and bi o tite). On the ba sis of
the ver ti cal vari abil ity of grain-size dis tri bu tion of this loess in
pro file 2, three cy cles of de po si tion can be dis tin guished, the
mid dle cy cle be ing char ac ter ized by the most dis tinct,
short-term os cil la tions of en vi ron men tal dy nam ics (Fran -
kowski et al., 2007).

Poorly marked solifluction struc tures oc cur in the bot tom
lay ers (Figs. 13 and 14), which were formed in an open en vi -
ron ment of tun dra type, un der cold and hu mid cli ma tic con di -
tions (Alexandrowicz and Dmytruk, 2007). Solifluction sup -
plied older ma te rial to the ae olian cover be ing formed, so the
TL age of this layer was too old. A sam ple taken from the
solifluction loess was TL dated at 54±7 ka (Fig. 13). 

The other, youn ger part of loess L1-l1 con tains a large
amount of coarse silt (about 36%), an ad mix ture of very fine
sand (about 20%), and of the < 0.002 mm frac tion (about 10%). 
The mean grain di am e ter of this loess falls in the mid dle of the
grain-size range of typ i cal loess, i.e. be tween 5 and 6 f. This is
car bon ate loess but the con tent of CaCO3 does not ex ceed
7–8%. A sam ple taken from the typ i cal loess was TL dated at
26±4 ka (Fig. 14). The depositional en vi ron ment of this loess is 
char ac ter ized by  a mol lusc as so ci a tion in di cat ing cold and dry
cli mate, and an open en vi ron ment of arc tic steppe type
(Alexandrowicz and Dmytruk, 2007).

Two gleyed ho ri zons oc cur ring within this loess in pro files
2, 2A, and 4/5 in di cate more in ten sive pedogenesis. Gleyed,
clayey loess forms these ho ri zons. Each of them is 0.2–0.5 m
thick, of ten with thin sand laminae and plication de for ma tions,
which suggest phases of slightly milder or rather wet ter cli -
mate. By their intraloess oc cur rence they re sem ble the Rivne
and Krasyliv ho ri zons dis tin guished in the Volhynian and
Podolian loesses. How ever, the strati graphic po si tion of the
Rivne ho ri zon, which has been ac cepted un til now on the ba sis
of the in ves ti ga tions of the Volhynian and Podolian loesses, is
ques tion able (Maruszczak, 1995, 1996). Based on new TL dat -
es in the Rivne and Torèyn pro files, this soil can be cor re lated
with OIS 3.1 (Nawrocki et al., 2003).

The ho ri zon, named Rivne to con serve ter mi nol ogy, oc curs
rather fre quently in the loesses of the Halyè Prydnistrov’ja re -
gion (£anczont and Boguckyj, 2002) as weak gley palaeosols,
weath ered ho ri zons or lay ers with solifluction struc tures. The
veg e ta tion dur ing this phase may have been sub arc tic grass land
or steppe (Komar, 2002). Rich ar chae o log i cal ma te ri als of the
Gra vet tian Cul ture are as so ci ated with this ho ri zon in the Palaeo -
lithic sites at Halyè and Mežygirce. At Halyè they oc cur just be -
low the soil, and at Mežygirce within the Ah ho ri zon of the
Rivne Unit. This dif fer ence is sup ported by ra dio car bon ages,
which range be tween 25.2 and 19.6 ka BP at Halyè, and from
17.2 to 20.4 ka BP at Mežygirce (Cyrek and Sytnyk, 2002). The
TL ages of loess near the artefacts ob tained in the Lublin Lab o ra -
tory are 17.7–20.1 ka BP (£anczont and Bogucky, 2002), and
those ob tained in the Gdañsk Lab o ra tory are 20.8–21.8 ka BP
(Fedorowicz et al., 2003). This ho ri zon prob a bly cor re sponds to
so-called Eben-Zone dis tin guished in the Up per Pleniglacial
Rhein loess, and dated at about 18 ka BP (Schirmer, 2000). The
Up per Pleniglacial Erbenheimer palaeosol suc ces sion, which is
de vel oped in the Cen tral Ger many loess area, is sim i larly TL
dated at about 17.5–22 ka BP (vide Terhorst et al., 2001). 

In the Volhyno-Podolian Up land, the Krasyliv ho ri zon is
char ac ter ized by a po lyg o nal net work of large ice-wedge
casts, which reach to a depth of 6 m, and were formed in the
most se vere cli mate of the Up per Pleniglacial. How ever, such
forms are ab sent from the East Carpathian Fore land. At
Kolodiiv, the Krasyliv ho ri zon oc curs just be neath Ho lo cene
soil (pro file 2) or is undistinguishable where trans formed by
the Ho lo cene pedogenesis. 

CONCLUSIONS

The unique loess re cords from the Kolodiiv site pro vide key
in for ma tion for the cor re la tion of Eu ro pean loess stra tig ra phy.
They rep re sent a se quence in which the cli ma tic changes over
the last 120 ka seem to be re corded. The se quence is es sen tially
con tin u ous and has a soil of the last inter gla cial and or ganic de -
pos its at its base. The re cord of re gional en vi ron men tal changes
dur ing OIS 5 and OIS 3 is es pe cially de tailed and com plete in
com par i son with loess pro files of the Dnie per River ba sin.  

De tailed multidisciplinary study of the loess-palaeosol se -
quence at Kolodiiv leads to the fol low ing con clu sions:

In the early gla cial, ae olian ac cu mu la tion took place (un der
con di tions of sea sonal ground frost) but it was in sig nif i cant;
typ i cal loess ac cu mu la tion oc curred dur ing the Pleniglacial
(OIS 4–2) in three main stages (prob a bly un der con di tions of
dis con tin u ous, and then con tin u ous per ma frost). At Kolodiiv,
loess was de pos ited on the slope ex posed to the west, and it was 
a west erly wind, which car ried dust as in ferred from, for ex am -
ple, the spa tial vari abil ity of min eral com po si tion in loesses
spread over an ex ten sive area, from Volhynia to the East
Carpathian Fore land (Chlebowski et al., 2004). That di rec tion
of trans port is also in di cated by the mean grain di am e ter, which
is pro gres sively smaller from the west to the east in the ad ja cent 
Podolian loesses (Tokarski, 1936). In the Sivka River val ley at
Kolodiiv, loess ac cu mu lated on dif fer ent re lief el e ments. Ae -
olian silt orig i nated mainly from lo cal source ar eas. When re de -
pos ited downslope, it was en riched in ma te rial from up slope
(in clud ing from older ter races). Sev eral fac tors fa voured loess
ac cu mu la tion in the vi cin ity of the Kolodiiv site, i.e. the wind -
ward and rather “warm” ex po sure of a long slope, which was
steep in its up per part, and gen tle near the ter race, and a nearby
source of silt. Older de pos its were pre served, and youn ger ones
ac cu mu lated at the same place. This slope loess se quence was
sen si tive to cli mate os cil la tions.  

Four types of palaeopedological taxa have been dif fer en ti -
ated within the loess ter race cover at Kolodiiv: 

— an inter gla cial (Eemian), soil suc ces sion which in cludes
one or two soil-form ing ep i sodes; 

— interstadial one- or two-ho ri zon palaeosols over 1 m
thick; 

— interstadial thin two-ho ri zon palaeosols; 
— monogenetic in cip i ent/em bry onic palaeosols. 
Palaeosols from the first and sec ond group form the Horohiv, 

soil suc ces sion dis tin guished in the strati graphic schemes of
loesses in the west ern part of Ukraine, and cor re lated with OIS 5. 
Palaeosols from the third and fourth group oc cur as dif fer ent soil
types within the Dubno Unit (also rec og nized in the west Ukrai -
nian loesses), which cor re sponds to OIS 3.
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The Eemian  soil suc ces sion forms a catena pat tern with the
or ganic de pos its hav ing ac cu mu lated in an ox-bow lake. These
de pos its rep re sent only frag ments of the Eemian suc ces sion be -
cause of hi a tuses, which could have been be cause the ox-bow
lake was small, rather shal low, but pe ri od i cally wa ter flowed in 
it as it in ter mit tently joined with river chan nel. The  soil suc ces -
sion oc cur ring in the lower part of the sec tion is unique. Two
sim i lar and un doubt edly inter gla cial for est soils ly ing in di rect
se quence are the first palaeopedological ev i dence of Eemian
cli ma tic dis tur bances, re corded in pol len pro files, and rep re -
sented by an ep i sode of in creased soil ero sion re sult ing in the
ab sence of the horn beam for est phase. The next im por tant ero -
sion ep i sode oc curred to wards the end of the Eemian, when the
top part of the up per for est soil was trun cated.

There was found a suc ces sion of three soil-form ing pro -
cesses sep a rated by cold ep i sodes cor re lated with OIS 5d–a.
In the case of the Kolodiiv there was not found the ty po logi cal 
dif fer en ti a tion of soils such as the suc ces sion of meadow soil,
brown soil, and cher nozem in the sub-units of the Pryluki ho -
ri zon of the Cen tral Ukraine (Rous seau et al., 2001). At
Kolodiiv, each of the warm ep i sodes was com plex, and in -
cludes an ear lier for est phase of taiga type with lessivé soil,
which was re placed by a youn ger one with steppe or meadow
soil. Ero sion de vel oped be tween these pedogenetic stages.
Dur ing cold phases, solifluction and sur face wash pro cesses
were more in ten sive than ae olian ones, so the de pos its and
soils de vel oped on them are dif fi cult to date by TL. Per ma -
frost was ab sent but deep sea sonal ground frost caused the
for ma tion of seg re gated ground ice and the de vel op ment of
cryo-des ic ca tion cracks.  

The Mid dle Pleniglacial is rep re sented by a dozen or so cli -
ma tic os cil la tions of very un equal du ra tion. The cli ma tic het er -
o ge ne ity of this in ter val is very well re flected in the vari a tion in

grain-size dis tri bu tion through this strati graphic unit
(Frankowski et al., 2007). It can be clas si fied as three stages
rep re sent ing dif fer ent cli mates: 

— an older stage (OIS 3.3) con tained two dis tinct phases of
sta bi li za tion sep a rated by a phase of weak loess ac cu mu la tion,
and strong de nu da tion re sult ing from solifluction un der mod er -
ately wet con di tions; 

— a mid dle stage (OIS 3.2) char ac ter ized by more in ten sive 
loess de po si tion un der colder and more con ti nen tal cli ma tic
con di tions, with stron ger pre cip i ta tion and spring thaw; 

— a youn ger stage (OIS 3.1) marked by al ter nat ing ep i -
sodes of cool and cold cli mate, more or less dry, which prob a -
bly be came shorter through time. Ae olian ac cu mu la tion was
less in ten sive, and slope pro cesses more ac tive, as is in di rectly
shown by TL ages of the de pos its that are too old. A se ries of
tun dra gley soils or arc tic brown soils (from two to five ac cord -
ing to the geomorphological sit u a tion) ly ing in di rect suc ces -
sion rep re sents ep i sodes with ame lio rated cli ma tic con di tions.
The old est of these is the thick est, and its strong gleying in di -
cates that it de vel oped un der the most hu mid con di tions. 

Higher rate of ae olian ac cu mu la tion dur ing the Up per
Pleniglacial re sulted in the for ma tion of a mod er ately thick (up
to 6 m) bed of uni form loess. De po si tion was less in ten sive dur -
ing the slightly wet ter ep i sode, when gley tun dra de vel oped.
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