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This pa per sum ma rizes geo chem i cal and palaeopedological in ves ti ga tions of the Up per Pleis to cene loess-palaeosol se quences at the
Kolodiiv site. The Kolodiiv 2, 3 and 5 pro files were se lected for this study. The Kolodiiv 2 pro file con tains loesses, inter gla cial (Eemian)
and interstadial (Vistulian) palaeosols. A set of Early Vistulian soils over ly ing Eemian gyttja and peat is ex posed in the Kolodiiv 3 and 5
pro files. The min eral com po si tion of the 50–2 mm silt frac tion was ana lysed us ing non-ori ented pow der sam ples by means of X-ray dif -
frac tion. The to tal con cen tra tions of nine ma jor (Si, Ti, Al, Fe, Mn, Mg, Ca, K and Na) and nine trace el e ments (Zn, Pb, Ni, Rb, Cr, Sr, Ba,
Co, V) as well as the hu mus con tent and loss on ig ni tion were mea sured. The ma jor el e ments con cen tra tions in min eral de pos its from the
Kolodiiv 2 loess-palaeosol se quence in di cate that the loess par ti cles were de rived from poorly weath ered source rocks that have un der -
gone at least one sed i men tary cy cle. Cli ma tic con di tions have strongly in flu enced the mo bi li za tion and ac cu mu la tion of el e ments in the
palaeosol ho ri zons due to the changes in the in ten sity of weath er ing and pedogenic pro cesses. For the micromorphological study, ten
sam ples from the Kolodiiv 3 and 5 pro files were used. Thin sec tions rep re sent ing the Kolodiiv and Dubno set of palaeosols from Early
Vistulian and Mid dle Pleniglacial show, be sides palaeopedologic char ac ter is tics, sig nif i cant ev i dence of  redeposition of sed i ments and
soils.
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INTRODUCTION

The Kolodiiv set of loess-palaeosol pro files is sit u ated on
the right bank of the Sivka River, near its con flu ence with the
Dniester River (Fig. 1). The de scrip tion of these and of their
geo log i cal and geomorphological set tings are given by
£anczont and Boguckyj (2002, 2007). The pre lim i nary in ves ti -
ga tion re sults have al ready been pub lished to gether with those
ob tained for other pro files from the Halyè Re gion (Madeyska,
2002) and in this vol ume.

The Kolodiiv 2, 3 and 5 pro files were se lected for geo -
chem i cal and palaeopedological study. The Kolodiiv 2 pro file
is lo cated in the east ern part of the site and con tains loess de -
pos its and palaeosols of the Eemian Inter gla cial and of the
Vistulian Gla cial, over ly ing river sands. A set of Early
Vistulian soils over ly ing Eemian gyttja, to gether with
palaeosols that form interstadials of Interplenivistulian oc cur in 

the Kolodiiv 3 pro file, sit u ated in the cen tral part of the ex po -
sure. In the Kolodiiv 5 pro file, sit u ated in the west ern part of the 
ex po sure, these soils over lie Eemian peat. The Early Vistulian
palaeosols are char ac ter ized by great spatial variability. 

DESCRIPTION OF THE PROFILES 

The Kolodiiv 2 pro file was ex am ined sev eral times in 1999, 
2001 and 2003. Most sam ples for palaeomagnetic in ves ti ga -
tions (Nawrocki et al., 2007) were taken in 1999, but ad di tional 
sam ples for these anal y ses and sam ples for TL dat ing were
taken in 2001. The pro file de scrip tion herein was made in 2003
when it was sam pled for grain size (Frankowski et al., 2007)
and for geo chem i cal anal y ses. Some dif fer ences were found in
the de posit se quence, thick ness and char ac ter is tics of in di vid -
ual lay ers in com par i son with de scrip tions made ear lier (in
1999 and 2001). These dif fer ences were mainly the re sults of



lo cal vari abil ity of sed i men ta tion and de nu da tion pro cesses.
Based on that com par i son, it can be concluded that the past
microrelief was varied.

Lithological ter mi nol ogy af ter Pol ish stan dard
(PN–86/B–02480) is used in the de scrip tion and colours were
described us ing Munsell Soil Color Charts.

The Kolodiiv 2 pro file (Fig. 2):
0–1.8 m. Ho lo cene soil:

— Hu mus ho ri zon 0.4 m thick, me dium silt, dark
brown (7.5 YR4/2 af ter Munsell..., 1954),
macroporous and po rous, with iron-man ga nese
con cre tions; HCl (–). Dis tinct lower bound ary vis i -
ble as colour change.

— Eluvial ho ri zon (Eet) 0.1 m thick, loose sandy silt,
pale grey with brown tint, of platy struc ture (plates up 
to 5 mm thick), macroporous, with very nu mer ous
iron-man ga nese con cre tions; HCl (–). Dis tinct lower
bound ary vis i ble as col our and struc ture change. Ma -
te rial of this ho ri zon pen e trates the un der ly ing de -
posit to a depth of 50 cm along ver ti cal fis sures and
small in ter stices be tween soil ag gre gates.

— Ho ri zon Bt 1.3 m thick, com pact, macroporous
loamy silt, red dish brown (7.5 YR5/4), with pris -
matic struc ture well de vel oped in the up per part and
weaker in the bot tom part where the de posit is more
ho mo ge neous, with dark iron-man ga nese con cre -
tions and other con cen tra tions of iron com pounds
(Liesegang rings). Sin gle mole tun nels were found;
HCl (–). Grad ual tran si tion to the un der ly ing layer.

1.8–4.4 m. Loess, coarse silt, brown (10 YR4/3), rather ho mo -
ge neous, HCl (+). Dis tinct lower bound ary.

4.4–5.1 m. Sandy silt, gleyed, dis tinctly strat i fied, de formed by
solifluction, with man ga nese spots, HCl (+).  Dis -
tinct lower bound ary.

5.1–8.3 m. Dubno 1 set of palaeosols, set of sev eral interstadial
palaeosols of brown gleyed and gley type, with to tal 
thick ness of 3.2 m:

— 5.1–5.9 m. Set of two thin soils com posed of two
silty loam ho ri zons: A — grey ish brown
(2.5 YR5/2) and B — brown (10 YR4/2). 

— 5.9–6.3 m. Palaeosol com posed of gleyed A and B
ho ri zons.

— 6.3–7.3 m. Palaeosol com posed of gleyed A ho ri zon
0.4 m thick, dark yel low ish brown: 10 YR4/4 and B
ho ri zon 0.6 m thick, strong brown (7.5 YR5/4) silty
loam, en riched in iron com pounds. Dis tinct ero sion
bound ary be tween these horizons.

— 7.3–8.3 m. Palaeosol com posed of A ho ri zon —
gleyed, dark grey ish brown (10 YR4/2) silty loam,
0.6 m thick, with undulose hard pan 1–2 cm thick,
and B ho ri zon — dark red dish brown (7.5 YR4/4)
silty loam, 0.4 m thick, strongly en riched in iron
com pounds, with casts of not fully re tic u late struc -
ture of ground ice, and with sharp lower boundary.

8.3–9.3 m. Coarse and me dium silt, dark brown (10 YR4/3).
9.3–11.2 m. Strat i fied deluvial coarse and me dium silt and silty

loam, dark yel low ish brown (10 YR4/3) and dark
brown (7.5 YR4/2), in the bot tom part (0.3 m) —
sandy silt. 

11.2–11.9 m. Sandy silt and silty loam, strat i fied, de formed by
solifluction, yel low ish brown (10 YR5/4).

11.9–12.6 m. The Dubno 2 palaeosol. Ag ho ri zon 0.3 m thick,
grey ish brown (10 YR5/2) silty loam. B ho ri zon
0.4 m thick, dark brown (7.5 YR4/2) silty loam.
Lower bound ary sharp, sin u ous, of ero sion or i gin.

12.6–13.3 m. Solifluction layer, strat i fied sandy silt, dark
brown (10 YR4/3). Lower bound ary sharp, of ero -
sional or i gin.

13.3–19.1 m. Horohiv (Eemian–Early Vistulian) set of
palaeosols com posed of three interstadial soils
(Kolodiiv 1, Kolodiiv 2 and Kolodiiv 3) and two
Eemian soils (I — youn ger and II — older):

— 13.3–13.6 m. Early Vistulian palaeosol Kolodiiv 1,
trun cated. Ho ri zon B, dark brown (7.5 YR4/3) silty
loam. Lower bound ary sharp, sin u ous.

— 13.6–15.0 m. Early Vistulian palaeosol Kolodiiv 2.
Hu mus ho ri zon 0.8 m thick, strongly gleyed, dark
brown (10 YR4/3) silty loam, pale grey in the bot -
tom part. Ho ri zon B 0.6 m thick, dark yel low ish
brown (10 YR4/4) silty loam, de vel oped on
solifluction de pos its over the Kolodiiv 3 soil. Dis -
tinct lower bound ary, sin u ous.

— 15.0–15.7 m. Early Vistulian palaeosol Kolodiiv 3.
Hu mus ho ri zon, strat i fied silty loam, very dark
brown (7.5 YR3/2). De posit is strongly de formed,
with traces of redeposition along fos sil slope. Ag -
glom er a tions of charcoals up to 3 cm in di am e ter oc -
cur in the up per part of the layer. Dis tinct lower
boundary.

— 15.7–16.5 m. Youn ger Eemian palaeosol (I). Ho ri -
zon Eet of the inter gla cial for est soil, 0.2 m thick,
typ i cally de vel oped, pale grey. Ho ri zon B of the
inter gla cial for est soil, 0.6 m thick, dark brown
(10 YR4/3) silty loam, darker in the bot tom part
where it is de vel oped on the ma te rial of A the ho ri -
zon of the un der ly ing soil of the Horohiv soil.
Lower bound ary un even.

— 165.5–19.1 m. Older Eemian palaeosol (II). Ho ri zon
A 0.2 m thick, strongly disturbed, only its re de pos -
ited rem nants are pre served as coarse silt, dark grey -
ish brown (7.5 YR4/2). Ho ri zon Eet with 0.7 m
thick, coarse silt, pale brown (10 YR5/3) of platy
struc ture, with very nu mer ous iron-man ga nese con -
cre tions and casts of zoogenic struc tures as so ci ated
with the ex is tence of a small pedofauna. Grad ual
tran si tion. Horizon B with vari able thick ness of
1.1–1.5 m, coarse silt and loamy silt, dis tinctly strat -
i fied in the lower part, dark red dish brown
(7.5 YR4/4), gleyed. Dif fer ent forms of iron-man -
ga nese con cen tra tions are de vel oped within the ho -
ri zon, i.e. small con cre tions up to 3 mm in di am e ter,
and Liesegang rings up to 4 cm in di am e ter. Many
fau nal tube casts filled with ma te rial from the
eluvial ho ri zon are vis i ble as pale spots. Dis tinct
lower bound ary.

19.1–19.2 m. Strat i fied sands.
The de scrip tion of the Kolodiiv 5 pro file and the main an a -

lyt i cal re sults were pub lished by £anczont and Boguckyj
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Fig. 1. A — lo ca tion of pro files in ves ti gated at Kolodiiv; A’ — sketch map of loess re gional dis tri bu tion
(af ter £anczont and Boguckyj, 2007)

Fig. 2. The loess-palaeosol se quence of the
Kolodiiv 2 pro file; the Dubno 1 set of soils in

close-up

The length of mea sure (right photo) is 1 m; the high
of ex po sure wall (left photo) is 16 m



(2002). For the micromorphological anal y sis of the Early
Vistulian fos sil palaeosols (Kolodiiv 1, 2 and 3), eight mono -
lithic sam ples were taken. The up per most palaeosol
(Kolodiiv 1) con sists of partly re de pos ited, brown (10 YR5/3)
silt (de stroyed A ho ri zon) and red dish brown (7.5 YR5/4)
loamy silt (B ho ri zon). Iron-man ga nese con cre tions are pres ent 
at both ho ri zons. Mole tun nels filled with ma te rial from the
over ly ing soil are pres ent in the lower part of the B ho ri zon. 

In the ho ri zon A of the mid dle palaeosol (Kolodiiv 2),
20–30 cm thick, very char ac ter is tic traces of a large fire are pres -
ent: clods of burned loam, yel low ish red (5 YR4/8), and red dish
brown (5 YR 4/4) and char coal. The up per part of the ho ri zon A
has traces of redeposition in its struc ture and con tains small peb -
bles. In the low est part of the ho ri zon, dark red dish brown:
5 YR3/4, 5 YR3/2, small zoogenic struc tures are to be found as
well as mole tun nels. The B ho ri zon of this soil, 50 cm thick,
grey ish and yel low ish brown (10 YR5/2, 10 YR5/8), con tains
small peb bles, iron-man ga nese con cre tions and zoogenic struc -
tures. The low est (Kolodiiv 3) soil is grey ish brown (10 YR5/2),
and grey with yel low ish brown spots (10 YR7/1, 10 YR5/8).
Traces of strat i fi ca tion are vis i ble as well as zoogenic struc tures,
iron-man ga nese con cre tions and char coal. Be neath the set of
three soils, Eemian peat is pres ent in the Kolodiiv 5 pro file
(Kalinovych, 2002; Sytnyk et al., 2003).

MINERALOGICAL AND GEOCHEMICAL ANALYSIS

MATERIALS AND METHODS

Be sides the strati graphic sub di vi sion of the Kolodiiv suc -
ces sion, the se quence ana lysed con sist ing of three loess beds
and seven palaeosols was di vided into eight units, which are
char ac ter ized ac cord ing to the granulometric fea tures
(Frankowski et al., 2007).

To pro vide in for ma tion on the pro cesses that could in flu -
ence the chem i cal com po si tion and the vari a tion of the el e ment
dis tri bu tion in the se quence ana lysed, 40 bulk sed i ment sam -
ples rep re sent ing all units from the Kolodiiv 2 pro file were se -
lected for chem i cal anal y sis. Fur ther more, 13 sam ples of Early
Vistulian palaeosols from the Kolodiiv 5 pro file were also ana -
lysed. The mineral com po si tion of silt and clay frac tions was
de ter mined for 12 sam ples rep re sent ing as fol lows: Ho lo cene
soil (unit I); loess L1-l1 (unit II); Dubno set of three soils (unit
III); 2 sam ples from Dubno 2 soil (unit V); Kolodiiv 1 soil (unit 
VII), two sam ples from the Kolodiiv 2 soil (unit VII) and two
sam ples from inter gla cial soils: SS1-I and SS1-II (unit VIII). 

The min eral com po si tion of the 50–2 mm silt frac tion was
ana lysed us ing non-ori ented pow der sam ples by means of
X-ray dif frac tion (XRD). Dif frac tion pat terns were re corded in
the range 1–120°2q, on a SIGMA 2070 diffractometer us ing a
po si tion-sen si tive de tec tor with CoKa ra di a tion. DIFFRA -
CTIONEL soft ware v. 03/93 was used to pro cess the data ob -
tained. The iden ti fi ca tion of clay min er als was car ried out for
the un treated, and eth yl ene gly col-sat u rated ori ented sam ples
of clay frac tions (< 2 mm). X-ray diffractometer traces were re -
corded in the range 2–70°2q with CoKa ra di a tion. 

For chem i cal anal y sis the sam ples were ground in an ag ate

mor tar and dried at 105°C un til a con stant weight was achieved.

Loss on ig ni tion (L.O.I.) was mea sured weigh ing dried sam ples

be fore and af ter cal ci na tion at 950°C. The pow dered sam ples
were di gested us ing HF and aqua regia so lu tion with bo ric acid
in a Tef lon bomb us ing a mi cro wave fur nace (MLS 1200 mega
pro duced by Mile stone). Ma jor and trace el e ment con cen tra tions 
were de ter mined by the atomic ab sorp tion spec trom e try (AAS)
method us ing a PU 9100X spec trom e ter pro duced by Philips.
For anal y ses of Ti, Si, Al, Cr, Sr, V and Ba, po tas sium was added 
to the so lu tion as ion iza tion sup pres sant and the ni trous ox -
ide-acet y lene flame was used. The con cen tra tion of Fe, Mn, Mg,
Ca, Co, Ni, Zn and Rb was mea sured us ing an air-acet y lene
flame. For de ter mi na tion of Ca and Mg, lan tha num was added to
the so lu tion as re leas ing agent and for Rb cae sium was used as
ion iza tion sup pres sant. The mea sure ments of Pb con cen tra tion
were done us ing a deu te rium lamp for back ground cor rec tion.
The K and Na con cen tra tions were mea sured in the emis sion
mode from the so lu tion with cae sium.

The con tent of or ganic C was de ter mined for the ground
sam ples by means of the Tiurin’s method (Dobrzañski, 1971).
The or ganic car bon was oxi dised by boil ing the mix ture of a
sam ple with 0.4N K2Cr2O7 so lu tion and Hg2SO4 as the cat a lytic 
agent for 5 min. The back ti tra tion of K2Cr2O7 ex cess re main -
ing in the so lu tion with 0.2N FeSO4 so lu tion was uti lised to de -
ter mine the car bon con tent. Data were as sessed for ac cu racy
and pre ci sion us ing a con trol sys tem in clud ing blank sam ples
of the loess roasted at 900°C and du pli cate sam ples. Three
blank sam ples were ana lysed for ev ery batch of 20 sam ples.
The re sults were ex pressed as dried sam ples at 105°C. The con -
tent of hu mus was cal cu lated ac cord ing to the fol low ing equa -
tion (Dobrzañski, 1971): 

weight % of hu mus = weight % of Corg ´ 1.724

where: 1.724 is a co ef fi cient cor re spond ing to the ra tio of hu mus/or ganic
C, as sum ing that hu mus con tains 58 weight % of car bon. 

MINERAL COMPOSITION OF SEDIMENTS

De tri tal quartz grains pre dom i nate in all silt frac tions ana -
lysed (Fig. 3). Al bite and po tas sium feld spars are mi nor com -
po nents of the pri mary, de tri tal min eral phases. How ever, in
only one sam ple (Kolodiiv 2 palaeosol) po tas sium feld spars
ap pear to dom i nate over al bite. The ab sence of the re flec tions
of Fe and Mn hy drox ides as well as in dis tinct re flec tions of
phyllosilicates in the diffractometer pat terns of non-ori ented
sam ples are prob a bly due to the poorly or dered struc ture and
di min u tive crys tal sizes of these min eral phases. Cal cite and
mi nor do lo mite are com mon in the loess (unit II), though only
do lo mite was de tected in some soil sam ples (I and VIII units).

Pre cise de ter mi na tion of clay min eral phases as well as es ti -
ma tion of the con tent of ex pand ing lay ers in illite and smectite
struc tures are dif fi cult ow ing to the pres ence of fine quartz and
rare car bon ate grains in the sed i ment frac tions < 2 mm (Fig. 4).
The main com po nents of the clay frac tion are smectite,
kaolinite, and very fine crys tal line illite or de graded mus co vite.
Broad ened and asym met ric 001 re flec tions of illite and
kaolinite in di cate the poor or der ing of the struc ture of these
min er als. More over, the slight shift of the 001 re flec tion of illite 
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and the ap pear ance of a low an gle tail in the X-ray trac ing af ter
eth yl ene gly col sat u ra tion of ori ented sam ples (Ho lo cene soil
and un der ly ing loess) may sug gest the pres ence of an
illite-smectite-like phase in the up per most two units. The clay

min eral com po si tion of de pos its along the pro file ana lysed
seems to be al most con stant, al though smectite and kaolinite
are the main com po nents of the clay frac tion and illite is ab sent
or oc curs in traces in units III to VIII.
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Fig. 3. XRD pat terns of the non-ori ented silt frac tion from the Kolodiiv 2 pro file

Q — quartz, C — cal cite, D — do lo mite, Ab — al bite, KF — po tas sium-feld spar, I — illite, 6–174 — num bers of samples



132 Bo¿ena £¹cka, Maria £anczont, Teresa Madeyska and Andrij Boguckyj

Fig. 4. XRD pat terns of the raw and eth yl ene gly col-solvated clays from the < 2 mm size frac tion from the Kolodiiv 2 pro file

a — raw sam ple, b — eth yl ene gly col-solvated sam ple; other ex pla na tions as in Fig ure 3



All re cog nised min eral phases of clay frac tions: kaolinite,
smectite, illite, and illite-smectite could be ei ther pri mary (de -
tri tal) or authigenic soil com po nents. Each of these clay min e -
ral phases may be a weath er ing prod uct trans ported to the place 
of de po si tion or might orig i nate due to the al ter ation of par ent
ma te rial and/or neoformation dur ing pedogenesis (Curtis,
1990; Perederij, 2001). The in ten sity of weath er ing and
soil-form ing pro cesses de pends mainly on tem per a ture and
rain fall, which strongly in flu ence the hy dro ly sis of de tri tal soil
com po nents. The as so ci a tion of smectite and kaolinite is com -
mon for soils, which were formed in hu mid cli mates with a
long res i dence time of porewater (Curtis, 1990). The pres ence
of illite in soils, par tic u larly in the up per most sur face soil, may
in di cate a lower in ten sity of al ter ation pro cesses within soil
caused by lower pre cip i ta tion and/or lower tem per a ture
(Curtis, 1990, 2003). There fore, the min eral com po si tion of
clay frac tions from the Dubno and Kolodiiv palaeosols prob a -
bly re flects more hu mid palaeoenvironmental con di tions dur -
ing pedogenesis, than dur ing the de vel op ment of soils in the
other parts of the pro file ana lysed.

GEOCHEMISTRY OF THE DEPOSITS

The to tal con cen tra tions of nine ma jor (Si, Ti, Al, Fe, Mn,
Mg, Ca, K and Na) and nine trace el e ments (Zn, Pb, Ni, Rb, Cr,
Sr, Ba, Co, V) as well as the hu mus con tent and loss on ig ni tion
(L.O.I.) were mea sured. The re sults of chem i cal anal y sis are
shown as the ox ide (ma jor el e ments) and el e ment (trace el e -
ments) dis tri bu tion pro files (Figs. 5, 6 and 7).

One of the most im por tant fac tors that con trols the chem i cal 
com po si tion of the soils is soil par ent ma te rial be cause many
el e ments are fairly re sis tant to pedogenic pro cesses. The index
of al ter ation — CIA (chem i cal in dex of al ter ation) is used to
eval u ate the al ter ation pro cesses that af fect the com po si tion of
source ma te rial. The CIA is de fined as CIA = [Al2O3/(Al2O3 +

CaO + Na2O + K2O)] ́  100, in mo lar pro por tion, where CaO is
the amount of CaO in sil i cates. Be cause the CO2 con tent has
not been mea sured, the CaO-sil i cates was cal cu lated us ing the
pro ce dure of McLennan (1993), in which it is as sumed that the
num ber of CaO moles should not be greater than the num ber of
Na2O moles. The CIA val ues 50–55 in di cate that loess par ti cles 
(unit II) were de rived from a poorly weath ered source de posit.
The slightly higher CIA val ues, 58–65, for sandy loess (unit
IV) sug gest that the source ma te rial have at least un der gone
one sed i men tary cy cle (McLennan, 1993; Gallet et al., 1998).

Depth pro files of SiO2 and Al2O3 con cen tra tions (Fig. 5)
show the op po site trend with two ex cep tions, the palaeosol
suc ces sion of unit III and the loess L1.12 (unit IV). The con tent 
of quartz in sed i ments is one of the most im por tant fac tors in -
flu enc ing the el e ment dis tri bu tion be cause of its di lut ing ef fect
on the mi nor and trace el e ment con cen tra tions. The es ti ma tion
of rel a tive quartz con tent was al lowed on the ba sis of the min e -
ral com po si tion of the de pos its, and of the Al2O3, K2O and
Na2O con cen tra tions. There fore, the quartz con tent is the re sult
of the sub trac tion of the amount of SiO2 struc tur ally bounded to 
feld spars and smectite from the to tal SiO2 con cen tra tion. The
ver ti cal vari a tion in quartz con cen tra tion shows an in crease
down the pro file reach ing a max i mum value in units V to VII.
More over, the quartz abun dance clearly in creases in the

palaeosols de vel oped on re de pos ited sed i ments in the up per
part of unit III.

De spite clearly vis i ble Al2O3 en rich ment in units III and IV,
the K2O and Na2O con cen tra tions are nearly con stant through out 
the pro file (Fig. 5). Thus, this might be an ex pres sion of the clay
min eral com po si tion as sup ported by XRD data, which show in -
creas ing con tents of smectite and kaolinite in these units.

The ver ti cal dis tri bu tion of L.O.I. in di rectly re flects the
con tent of min eral phases that un der went ther mal de com po si -
tion at 950°C (car bon ates and clay min er als) as well as the con -
tent of or ganic car bon. Within units I and II, the vari a tion of
L.O.I. (Fig. 6) value par al lels the vari a tion of CaO and MgO
(Fig. 5). Thus, the higher val ues of L.O.I. in these units are
mainly due to the oc cur rence of car bon ates. The same ex pla na -
tion seems to be valid for slight fluc tu a tions of the L.O.I. val ues 
con com i tant with CaO and MgO dis tri bu tion in unit VIII,
where do lo mite was de tected by XRD anal y sis. In the other
parts of the pro file the L.O.I. val ues gen er ally re flect the dis tri -
bu tion of or ganic car bon and clay min er als. 

Dis tri bu tions of Fe2O3 and MnO con cen tra tions through out 
the Kolodiiv 2 and Kolodiiv 5 pro files are nearly par al lel,
show ing sig nif i cant vari a tion within the units from III to VIII
(Figs. 5 and 7). An in ter est ing ex cep tion to this pat tern is unit
III, where MnO ac cu mu lates in the ho ri zon just above the max -
i mum of to tal iron con cen tra tion. An in verse re la tion ship be -
tween Fe2O3 and MnO con cen tra tions is ob served at the bor der
of a palaeosol (unit V) with the un der ly ing sandy loess
(unit VI). Ac cu mu la tion of hy drox ides of Fe and Mn var ies sig -
nif i cantly ac cord ing to re dox con di tions, which are re lated to
the or ganic car bon deg ra da tion rate and to the abun dance of
fine silt and clay par ti cles. As the re sult of the re dox po ten tial
vari a tions, man ga nese could be more quickly dis solved in re -
duced de pos its than iron, and then Mn2+ may mi grate to the
oxic zones, where it reprecipitates as an oxyhydroxide of Mn4+

(Crerar, 1971/72; Hem, 1972; Yakimenko, 1995; Sterckeman
et al., 2004; Wolthoorn et al., 2004). 

The trace el e ment con cen tra tions range as fol lows: Cr from
36 to 85, V from 30 to 125, Co from 40 to 93, Ni from 40 to
116, Zn from 26 to 107, Pb from 26 to 63, Rb from 17 to 103, Sr 
from 26 to 119 and Ba from 66 to 495 ppm. The ver ti cal dis tri -
bu tions of Sr and Ba (Fig. 6) closely re flect those of CaO and
MgO (Fig. 5), though Sr and Ba dis tri bu tion pro files show sig -
nif i cant hor i zon tal vari a tions through out the unit III. More over, 
nei ther Rb dis tri bu tion pro file is sim i lar to the ver ti cal dis tri bu -
tion of K, nor do Co, Ni, Zn, Pb, Cr and V dis tri bu tion pro files
par al lel those of Fe2O3 and MnO (Figs. 5 and 6).

The re la tion be tween the loess and the Ho lo cene soil in suc -
ces sion from the Kolodiiv 2 se quence (unit II and I, re spec -
tively) should pro vide in for ma tion on the be hav iour dur ing
pedogenesis of the el e ments ana lysed. To show the changes in
el e ment con cen tra tions we have cho sen the ra tio of the el e ment
con cen tra tion in soil to that in loess (Ta ble 1). The ver ti cal dis -
tri bu tion of these ra tios shows soil en rich ment in Fe2O3, MnO,
Al2O3 and TiO2 as well as Zn, Pb, Rb and V, and de ple tion in
CaO, MgO and Sr with re spect to loess. The con cen tra tions of
SiO2, K2O, Na2O, Cr, Ni and Co show only in sig nif i cant ver ti -
cal vari a tions. The cy cling of Fe, Mn is as so ci ated with the high 
mo bil ity of these el e ments un der anoxic con di tions and their
mi gra tion and reprecipitation in the oxic zone. The sharp in -
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crease in Mn and V ac cu mu la tion in the up per most ho ri zon of
unit I, and the mod er ate in crease in Pb and Zn, prob a bly re sult
from bio chem i cal cy cling of el e ments and/or have an
anthropogenic source. The bio chem i cal mech a nism of
micronutrient up take, such as Mn and Zn, by roots re sults in
their ac cu mu la tion with plant res i due (Kabata-Pendias and
Pendias, 1999; Sterckeman et al., 2004).

RESULTS OF DATA PROCESSING

In or der to re veal fac tors af fect ing the el e ment dis tri bu tions
in the Kolodiiv 2 and 5 pro files, the cor re la tions be tween el e -
ments, hu mus con tent and also clay, silt and sand min eral frac -
tions were cal cu lated (Ta ble 2) and the fac tor anal y sis was per -
formed us ing the STATISTICA soft ware (1993). Most of the el -
e ments stud ied did not show any dis tinct cor re la tion with the
con tent of the sand, silt or clay frac tion. The in sig nif i cant cor re -
la tion be tween the clay min eral con tent and trace el e ments may 
sug gest that clay min er als are only one of the fac tors in flu enc -
ing the dis tri bu tion of trace el e ments in these de pos its. The cor -
re la tion co ef fi cients be tween hu mus con tent and Fe2O3, Zn, Sr,
Al2O3, Co, Pb, Ni, MnO and Ba con cen tra tions are mod er ately
pos i tive and range from 0.33 (Pb) to 0.66 (Zn) and 0.71
(Fe2O3). The above men tioned trace el e ments and ad di tion ally
Cr are pos i tively cor re lated with Al2O3 and Fe2O3. More over,
Ni, Zn and Ba are mod er ately linked to MnO. Pos i tive cor re la -
tion of trace el e ments with alu minium and iron might im ply
that aluminosilicates, hy drox ides of Fe and, to lesser de gree,

Mn hy drox ides are their car ry ing phases. The cor re la tion co ef -
fi cients be tween CaO, MgO, Sr and Ba range from 0.3 to 0.5.
The val ues of the cor re la tion co ef fi cients be tween Sr and
Al2O3, Fe2O3 and hu mus (0.63, 0.73 and 0.64, re spec tively), are 
slightly higher than this value for Sr and CaO (0.51). Thus, it is
ev i dent that in the de pos its ana lysed stron tium is not only struc -
tur ally bound to car bon ates but also seems to be ad sorbed on to
aluminosilicates, Fe hy drox ides and hu mus. Ru bid ium strongly 
pos i tively cor re lates with K2O and Na2O and mod er ately with
the clay frac tion, which may be due to the high af fin ity of Rb
for clay min er als. The pos i tive cor re la tions be tween TiO2, Cr,
Al2O3, V and the silt frac tion, and also the pos i tive cor re la tion
be tween V and MgO can be at trib uted to the par ti tion ing of
these el e ments into de tri tal mica. 

R-mode fac tor anal y sis (Da vis, 1973) was ap plied to de ter -
mine the main fac tors af fect ing the dis tri bu tion of el e ments
through out the pro file. Seven out of 22 fac tors re flect 83.1% of
the to tal vari ance in di cat ing the ab sence of di rect cor re la tion
be tween most of the com po nents in the set of 22 vari ables
(Fig. 8). This would be ex pected be cause trace el e ments are
gen er ally as so ci ated with more than one car ry ing spe cies or
phase. How ever, they are es sen tially as so ci ated with the fine,
fre quently col loi dal, or ganic and min eral ad sorb ing phases
(Öhlander et al., 2003; Sterckeman et al., 2004). There fore, the
el e ment dis tri bu tion may be in flu enced by a num ber of in de -
pend ent fac tors caus ing si mul ta neous en rich ment with these el -
e ments. The first fac tor (30.6% of to tal vari abil ity) re flects the
vari a tion in the Co, Ni, Zn, Sr, Fe2O3, and Al2O3 con tents
against the vari a tion in Na2O, K2O and Rb con cen tra tions.
There fore, Co, Ni, Zn and Sr seem to be mainly as so ci ated with
Fe hy drox ides and clay min er als such as kaolinite and smectite. 
Nev er the less, the ver ti cal vari a tion of Fe2O3, MnO and Ba (fac -
tor 4 re spon si ble for 7% of to tal vari abil ity) em pha sizes ho ri -
zons en riched with man ga nese (Fig. 5). Ox i da tion-re duc tion
pro cesses also have a no tice able ef fect on the dis tri bu tion of
Mn and Ba. Higher Mn may be the re sult of the  higher sol u bil -
ity of this el e ment un der acid and slightly re duc ing con di tions,
and its pre cip i ta tion when con di tions be come ba sic and/or aer -
o bic (Crerar et al., 1971/72; Hem, 1972). Such changes are ob -
served within soil pro files where man ga nese is dis trib uted from 
the A to B soil ho ri zon (Sterckeman et al., 2004). The en rich -
ment of Fe and Mn hy drox ides with Ba re sults from the scav -
eng ing of dis solved Ba spe cies, which was re leased to
porewaters mainly by the deg ra da tion of the Ba-con tain ing
min er als. Vari a tion in the V and Pb as so ci a tion (fac tor 6, 4.9%
of to tal vari abil ity) is no tice ably par al lel to the vari a tion in fac -
tor 7 (the hu mus con tent) only in the Ho lo cene soil. In other soil 
units of the Kolodiiv 2 se quence the in ter de pen dence of V, Pb
and hu mus ac cu mu la tions is less ob vi ous (Fig. 6). Fac tor 2
(20.4% of to tal vari abil ity) rep re sents the vari a tion of car bon ate 
con tent (the as so ci a tion of CaO, MgO, Sr and Ba) that is in -
verse to the SiO2 vari a tion. Fac tor 3 (11.3% of to tal vari abil ity)
re flects granulometric vari a tion in the de pos its, i.e. the vari a -
tion in  sand and silt abun dance. Two of the seven fac tors re -
flect vari a tion of com po nents which are not di rectly as so ci ated
with the oth ers: fac tor 5 (5.1% of the to tal vari abil ity) shows the 
dis tri bu tion pat tern of the clay con tent in the se quence, and fac -
tor 7 (3.8% of the to tal vari abil ity) the dis tri bu tion of hu mus. 
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Sam ple no. 
Ho lo cene soil Loess

6 8 14 22 38

Depth [m] 0.9  1.1  1.6  2.4  4.0

Ti/Tiloess 1.47 1.36 1.51 0.99 1

Si/Siloess 1.02 1.01 1.07 0.99 1

Al/Alloess 1.44 1.46 1.44 1.32 1

Fe/Feloess 1.38 1.30 1.16 0.98 1

Mn/Mnloess 1.45 0.86 0.93 0.87 1

Mg/Mgloess 0.48 0.64 0.65 1.01 1

Ca/Caloess 0.17 0.12 0.18 0.75 1

K/Kloess 1.07 1.09 1.03 1.06 1

Na/Naloess 0.99 1.08 1.20 1.07 1

Cr/Crloess 1     1.01 0.99 0.99 1

Co/Coloess 0.93 1.02 0.93 1.07 1

Pb/Pbloess 1.16 1.08 1.07 0.90 1

Ni/Niloess 0.99 0.80 0.86 0.85 1

Zn/Znloess 1.24 1.17 1.24 1.06 1

Sr/Srloess 0.85 0.86 0.90 1.07 1

V/Vloess 3.42 3.45 3.41 3.38 1

Ba/Baloess 1     1.01 1     0.99 1

Rb/Rbloess 0.94 1.32 1.49 1.30 1

T a  b l e  1

Vari a tion of the loess-nor mal ised ma jor and trace el e ment 
con cen tra tions in Ho lo cene soil
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THE GEOCHEMICAL INDICES OF THE CLIMATIC CHANGES 

Cli ma tic con di tions strongly in flu ence the mo bi li za tion and 
ac cu mu la tion of el e ments in soil pro files due to changes in the
in ten sity of weath er ing and pedogenic pro cesses. The in ten sity
of these pro cesses de pends on pre cip i ta tion, tem per a ture,
chem i cal com po si tion of soil wa ter, and also on the de vel op -
ment of veg e ta tion (Curtis, 1990, 2003; Catt, 1991). Geo chem -
i cal in di ces of the in ten sity of pedogenic pro cesses are based on 
the vari a tion of the con cen tra tion ra tio of weath er ing-sen si tive
el e ments to per sis tent ones (e.g. alu minium and ti ta nium ex -
pressed as Al2O3/TiO2 ra tio; Zhang and Frost, 2002). More -
over, the in ten sity of pedogenesis may be il lus trated by the
vari a tion of con cen tra tion ra tio of the rel a tively more to rel a -
tively less mo bile el e ments (e.g. Rb/Sr and Sr/Ba) (Dasch,
1969; Gallet et al., 1998; Zhang and Frost, 2002). Lower val -
ues of these ra tios re flect strong weath er ing and/or high mo bil -
ity of a given el e ment in the soil aris ing usu ally from warmer
and wet ter cli ma tic con di tions. In this way, the slight de crease
in the val ues of Rb/Sr ra tio for the SS1- (I + II), Kolodiiv 3, and
Kolodiiv 2 palaeosol units may in di cate warm ing and/or higher 
pre cip i ta tion (Figs. 7 and 9). More over, the dis tinct in crease in
these val ues from the up per part of unit VII to unit III may in di -
cate cooler and/or a less hu mid cli mate un der which the
Kolodiiv 1, Dubno 2 and Dubno 1 soil suc ces sion were de vel -
oped. The fluc tu a tion in the val ues of Al2O3/TiO2 ra tio is not as
great as that in the Rb/Sr ra tio. Nev er the less, the Al2O3/TiO2 ra -
tio also in creases in the units from VI to III. The ver ti cal vari a -
tion in the val ues of the Sr/Ba ra tio shows sharp fluc tu a tions in
all soil units, above all in the Dubno 1 soil. The changes in this
value re sult mainly from the vari a tion in the Ba con cen tra tion,
be cause the Sr con cen tra tion is al most con stant through out the
Dubno 1 soil. The sim i lar ity of the Sr/Ba and Fe2O3/MnO vari -
a tions are prob a bly the re sult of bar ium cy cling, which arises
from changes in the re dox con di tions dur ing pedogenesis.

To show the in ten sity of weath er ing and pedogenesis in
loess-palaeosol se quences that re flect palaeoclimatic con di -
tions Hum (1997) ap plied the vari a tion of in CaO/MgO,
(CaO+K2O+Na2O)/Al2O3 and K2O/Na2O ra tios. Warmer and
wet ter cli mates cause an in crease in car bon ate dis so lu tion and
Al2O3 con cen tra tion and also pro mote clay min eral for ma tion.
Thus, dur ing warm hu mid in ter vals the CaO/MgO and
(CaO+K2O+Na2O)/Al2O3 ra tios de crease and the K2O/Na2O
ra tio in creases (Hum, 1997). In soil units of the Kolodiiv 2 se -
quence the vari a tion in CaO/MgO is nearly con stant. In the
Dubno 1 soil the val ues of the  (CaO+K2O+Na2O)/Al2O3 ra tio
de crease and the val ues the K2O/Na2O ra tio in crease, in di cat -
ing a rise in hu mid ity and/or tem per a ture dur ing the for ma tion
of this well-de vel oped soil.

MICROMORPHOLOGY OF THE VISTULIAN
INTERSTADIAL SOILS

For the micromorphological study, sam ples from the
Kolodiiv 5 and 3 pro files were used. The pro files de scrip tions
are in £anczont and Boguckyj (2002). Eight thin sec tions from
the Kolodiiv 5 pro file and four from the Kolodiiv 3 pro file rep -

re sent in di vid ual palaeosols dis tin guished dur ing field log ging
and des ig nated as Kolodiiv 1 (the youn gest), 2 and 3. Ac cord -
ing to the de scrip tion made dur ing field anal y sis of the Kolodiiv 
5 profile, two sam ples were taken from the Kolodiiv 1 soil, four 
from the Kolodiiv 2 soil, and two from the Kolodiiv 3 soil. An
additional four thin sec tions were made from the Kolodiiv 1
and 2 soils of the Kolodiiv 3 pro file. Five thin sec tions rep re -
sent the Dubno set of palaeosols, two from the Kolodiiv 5 pro -
file, and three from the Kolodiiv 3 pro file. 

In the anal y sis, spe cial at ten tion was given to the pres ence
and in ten sity of traces of pedological pro cesses, namely: dif fer -
ent col loi dal clays; the types and dis tri bu tion of or ganic mat ter;
the forms, min eral com po si tion and dis tri bu tion of con cre tions; 
the pres ence and shapes of biopores.

KOLODIIV SET OF PALAEOSOLS 

The micromorphology does not ex actly re flect the di vi sion
of the Kolodiiv set of soils into three sep a rate soils ob serv able at
ex po sure. Three thin sec tions from the low est part of the set in
the Kolodiiv 5 pro file show sim i lar com po si tions. Some rocks
frag ments (mudstones mainly) are pres ent in the soil ma trix. A
slightly sep a rated clay — plasma (in palaeopedological no men -
cla ture) of lattisepic type is pres ent as small con cen tra tions, and
plasma of skelsepic type (Fig. 10A) was ob served spo rad i cally
around big ger quartz grains. Var i ous ferruginous pre cip i ta tions
are pres ent (Fig. 10B, C and D). Chem i cal anal y sis con firms that
they are iron rather than, man ga nese-iron pre cip i ta tions. Some
or ganic mat ter is pres ent here, mainly fill ing voids. Prob a bly it
was translocated by per co lat ing wa ter from or ganic-rich over ly -
ing lay ers.  Lo cally, there are empty rounded or elon gated pores.
Sig nif i cant bioturbation traces are pres ent. 

Three thin sec tions from the mid dle part of the set (de -
scribed in the field as the Kolodiiv 2 palaeosol) rep re sent a
cher nozem soil, rich in hu mus. An ad mix ture of grains coarser
than loess, of quartz and feld spars, is pres ent. The thin sec tion
of the up per most sam ple of the set, rep re sents the up per part of
the A ho ri zon of a soil with slightly sep a rated plasma, with out
any ori en ta tion in its dis tri bu tion. Or ganic mat ter is pres ent as
mullicol and mulliskel, lo cally with frag ments of plant tis sue,
and burned wood or other plant frag ments. In places, or ganic
mat ter forms ag glom er ates with iron ox ide pre cip i ta tions
(Fig. 10E) and, dis persed small iron-hu mus con cre tions. Some
pores are coated with or ganic mat ter. In the thin sec tion rep re -
sent ing the mid dle part of the A ho ri zon of the soil, nu mer ous
burned pieces of wood are pres ent, ev i dence of a large fire in
the veg e ta tion cover. Con cen tra tions of or ganic mat ter and
small ferruginous (goethite) con cre tions with a sub stan tial iron
con tent are vis i ble in the sec tion, and were con firmed by chem -
i cal anal y sis. The thin sec tion of the low est part of the cher -
nozem A ho ri zon shows a low con tent of or ganic mat ter and
empty pores of bi o log i cal or i gin. Weak traces of the fire are
pres ent, prob a bly on a sec ond ary bed. 

Thin sec tions from the up per most part of the Kolodiiv set
of soils (Kolodiiv 1 soil) rep re sent a weakly de vel oped gley
soil. The par ent ma te rial con tains sand grains of quartz and
feld spars. The soil plasma is very slightly seg re gated
(Fig. 10F), with out reg u lar ori en ta tion. Pores ex ist as straight
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or curved, usu ally empty, chan nels. A small amount of or -
ganic mat ter is pres ent. Small con cre tions com posed of iron
com pounds and or ganic mat ter are pres ent as well as re de pos -
ited frag ments of ferruginous con cre tions, some of these with
ad mixed or ganic mat ter.

Ac cord ing to K. Konecka-Bet ley (pers. comm.), the set of
Kolodiiv 1–3 soils of the Kolodiiv 5 pro file rep re sent two Early 

Vistulian, interstadial-type palaeosols only. The older soil,
calcic cher nozem in type, cor re sponds with both Amersfoort
and Brörup interstadials. A thick ho ri zon of mollic-type hu mus
in di cates in ten sive de vel op ment of pedogenic pro cesses lead -
ing to cher nozem for ma tion. No traces of luvisol were found. 
The sed i ments dis tin guished in the field as the Kolodiiv 3 soil,
ac cord ing to K. Konecka-Betley, rep re sent the C ho ri zon of
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Fig. 10. Micromorphology of the Kolodiiv palaeosols

A–C — Kolodiiv 3 palaeosol (crossed polars): A — clay par ti cles coat the quartz grains, B — ferrugineous pre cip i ta tions are pres ent around the pores, C —
clay min er als are dis persed and ran domly ori ented in the soil ma trix and ferrugineous pre cip i ta tions are pres ent around the pores; D, E — Kolodiiv 2 palaeosol 
(crossed po lars): D — ferrugineous, clay papula, E — or ganic mat ter and iron ox ide pre cip i ta tion and an elon gated empty chan nel; F — Kolodiiv 1 palaeosol
(crossed polars) clay min er als weakly seg re gated around quartz grains and small papules of iron ox ides and or ganic mat ter



a chernozem soil, though re de pos ited or ganic ma te rial (hu mus) 
oc cur there. Thin sec tions from the up per most part of the set
doc u ment the youn ger soil, an eutric gleysol, cor re spond ing to
the Odderade Interstadial.

The micromorphological pic ture of thin sec tions of the
Kolodiiv 3 pro file dif fers from those de scribed above. The soil
ma trix con tains rounded and weath ered frag ments of mudstones
and shales con tain ing sand-sized iron com pound as well as
grains of quartz and feld spar. Elon gated curved pores of the up -
per part are usu ally empty or con tain an amor phous or ganic sub -
stance; in places fine silt ma te rial fills larger voids. Clay min er als 
are dis persed or con cen trated around the ma trix grains. Some
cal cite con cre tions are pres ent. In the lower part of the
Kolodiiv 3 pro file the rem nants of the B ho ri zon of the Luvisol
are vis i ble in thin sec tion; as clay min er als coat ing the voids

(vosepic plasma: Fig.10A; as well as lattisepic and skelsepic).
Prob a bly this is part of a re de pos ited inter gla cial soil.

DUBNO SET OF PALAEOSOLS

Two thin sec tions were made from the Dubno 2 palaeosol
from the Kolodiiv 5 pro file. In the soil ma trix, quartz and feld -
spar grains dom i nate, and are coarser in the up per part. Ad -
mixed frag ments of mudstones are pres ent. Clay min er als are
rare in the up per part, and in the lower part are pres ent in
lattisepic, partly re tic u late form. Clay coat ings around the
quartz grains are also pres ent in places (skelsepic plasma;
Fig. 11A). Or ganic mat ter, mullicol in form, is pres ent in the
up per part of the soil and is al most ab sent in its lower part. Sim -
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Fig. 11. Micromorphology of the Dubno palaeosols

A, B — Dubno 2 palaeosol (crossed polars): A — clay coat ings are pres ent
around the quartz grains (skelsepic plasma) B — the papula is com posed of or -
ganic mat ter, clay and iron com pounds; C, D — Dubno 1-1 palaeosol (crossed
polars): C — show ing cal car e ous micrite pre cip i ta tions, D — cal car e ous
micrite pre cip i ta tions are pres ent around voids; E — Dubno 1-3 palaeosol
(plane polar ised light), Liesegang rings re veal traces of strat i fi ca tion



i larly, small con cre tions, com posed of iron com pounds and or -
ganic mat ter (Fig. 11B), are nu mer ous in the up per part and
scarce in the lower part. Voids and pores are small, rare, and
usu ally empty. K. Konecka-Bet ley de fined this ho ri zon as ini -
tial Bbr, and the soil as a brown arc tic one. 

The micromorphological pic ture of the Dubno 1 set of
palaeosols in the Kolodiiv 3 pro file is sim i lar to the lower part of
the soil from the Kolodiiv 5 pro file de scribed above. Ad di tion -
ally some voids are pres ent, filled or coated by pre cip i ta tions of
ferruginous and man ga nese com pounds. Cal cite pre cip i ta tions
are com mon in the up per most soil (Fig. 11C and D).

Be side the palaeopedological char ac ter is tics, some im por -
tant fea tures are vis i ble in thin sec tions, show ing the redeposition 
of sed i ments and soils. The pres ence of coarse ma te rial (sand
grains and stone frag ments), be sides the loess frac tion, shows
that ae olian pro cesses were not the only depositional agent. The
sec ond fea ture is the ex is tence of ori en tated (di rec tional) struc -
tures in side the soils bod ies (Fig. 11E). They sup port the field
ob ser va tions and doc u ment the strong in flu ence of slope pro -
cesses dur ing sed i men ta tion and pedogenesis. 

CONCLUSIONS

1. The ma jor el e ment val ues of loess and sandy loess from the
Kolodiiv 2 loess-palaeosol se quence in di cate that the loess par ti -
cles were de rived from poorly weath ered source rocks that have at 
least un der gone one sed i men tary cy cle. The same con clu sion was
drawn from heavy min eral anal y sis (Racinowski, 2002). 

2. Weath er ing and pedogenic pro cesses have in flu enced the
dis tri bu tion of ma jor and trace el e ments through out the se -
quence. The cor re la tion and fac tor anal y sis of hu mus, ma jor and
trace el e ments con cen tra tions to gether with granulometric char -
ac ter is tics did not en able pre cise de ter mi na tion of the trace el e -
ment-car ry ing phases. In sig nif i cant cor re la tion be tween the clay
min eral con tent and all of the trace el e ments ana lysed sug gests
that clay min er als are not the main fac tor in flu enc ing the dis tri -
bu tion of trace el e ments in these de pos its. Zn, Co, Pb, Ni, Fe2O3,

Al2O3, MnO, and in part Sr and Ba, are as so ci ated with hu mus.
De spite the af fin ity of V and Pb for or ganic mat ter, the as so ci a -
tion of these el e ments with hu mus is clearly less close. Be sides
the hu mus, the sec ond car ry ing phases for Sr seem to be car bon -
ates. The as so ci a tion of Ba with hy drox ides of man ga nese and
iron points to the sen si tiv ity of this el e ment to re dox con di tions. 

3. The in ten sity of weath er ing and pedogenic pro cesses has
been strongly in flu enced by cli ma tic con di tions be cause it
largely re flects pre cip i ta tion and the de vel op ment of veg e ta -
tion. Geo chem i cal in di ces of the in ten sity of weath er ing and
pedogenic pro cesses, such as the Al2O3/TiO2, Rb/Sr, and Sr/Ba
ra tios, in di cate a warm and hu mid cli mate dur ing the for ma tion
of the SS1, Kolodiiv 3 and 2 soil units. The in crease in the val -
ues of these geo chem i cal in di ces for the Kolodiiv 1, Dubno 2
and 1 soil units may in di cate cooling and/or a re duc tion in pre -
cip i ta tion. Nev er the less, the thick ness of the very well-de vel -
oped Dubno 1 soil, and the as so ci a tion of smectite and kaolinite 
in the clay size frac tion, as well as dis tinct en rich ment in Fe2O3,
Al2O3, and vari a tion in trace el e ment con cen tra tions in in di vid -
ual ho ri zons in di cate high pre cip i ta tion. 

4. The micromorphological anal y sis showed that the
interstadial palaeosols ex am ined rep re sent Early Vistulian cher -
nozem or gley type soils. How ever, ge netic in ter pre ta tion is dif fi -
cult be cause these soils de vel oped as re de pos ited sed i ments
and/or they were par tially de nuded. The re sults ob tained show a
mo saic pat tern and a spa tial vari abil ity of these interstadial soil
types in mesoscale, as de duced from geo log i cal-palaeo geo -
graphi cal stud ies (£anczont and Boguckyj, 2002).

5. The soils of the Dubno 1+2 set ex am ined rep re sent a sub -
arc tic brown type. Redeposition of min eral and soil ma te rial is
clearly vis i ble in micromorphological sections.

6. The geo chem i cal and palaeopedological anal y ses pro -
vided im por tant ev i dence of the strong in flu ence of
redeposition pro cesses (solifluction, slopewash) on the for ma -
tion of the ae olian loess cover on the Pleis to cene ter races of the
Sivka River, as is di rectly re flected in the re sults of
palaeomagnetic (Nawrocki et al., 2007) and
thermoluminescence (Kusiak, 2007) anal y ses. 
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