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In the Kolodiiv site, oc cur ring in the val ley of the Sivka River (trib u tary of the Dniester River, Ukraine),  Vistulian loess forms a subaerial 
cover over the Pleis to cene ter race II. This ter race con sists also of  Eemian de pos its (palaeosol or or ganic sed i ments) un der lain by an al lu -
vial suc ces sion of Wartanian age. The Kolodiiv 2 pro file was stud ied in de tail in or der to re con struct the con di tions of loess ac cu mu la -
tion, and con se quently the cli ma tic-en vi ron men tal changes, that took place in this re gion. Eight lithogenetic units were dis tin guished in
the pro file: five trans formed by pedogenesis, and three loess beds. The main pur pose of this study was to con duct a thor ough ex am i na tion 
of the units li thol ogy, in par tic u lar the grain-size dis tri bu tion, in or der to in ves ti gate those loess-form ing fac tors that are in flu enced by
en vi ron men tal changes (i.e. na ture of source ma te rial, dis tance and dy nam ics of trans port, type of de po si tion and redeposition, and
hypergenetic pro cesses). To achieve this, 174 sam ples were taken at 10 cm spac ings along the pro file, and the grain-size dis tri bu tions of
the de pos its were de ter mined us ing a la ser method with 21 grain-size in ter vals ex am ined in each sam ple and sta tis ti cally anal y ses. Sta tis -
ti cal anal y sis in cluded: cal cu la tion of the main grain-size pa ram e ters (ac cord ing to Folk and Ward’s method), grain-size in dex (Ding et
al., 1994) and also two sta tis ti cal tests (Kolmogorov-Smirnov and Spearman rank cor re la tion) ap plied in or der to find dif fer ences or sim i -
lar i ties be tween the grain-size dis tri bu tions of the lithogenetic units dis tin guished. Strati graphic vari a tions in grain-size dis tri bu tion re -
flect the di vi sion of the de pos its into strati graphic units pre vi ously ar rived at. Mean val ues of grain-size in dex (Igs1) in di cate that loess
units 2, 4 and 6, dif fer from the palaeosol units 3, 5 and 7. The grain-size dis tri bu tion of loess de pos its in the Kolodiiv 2 pro file  var ies,
with marked dom i nance of the silt frac tion, which in di cates that these de pos its were trans ported by winds of sim i lar ve loc i ties car ry ing
ma te rial a short dis tance from source. As the ae olian con di tions that formed loess de pos its in the Kolodiiv 2 pro file were gen er ally sta ble,
dif fer ences in the grain-size dis tri bu tion of unit 2 rep re sent ing the Up per Pleniglacial, sug gest three cy cles of loess de po si tion dur ing that 
in ter val (with the mid dle cy cle char ac ter ized by the most dis tinct, short-term os cil la tions in en vi ron men tal dy nam ics). The vari abil ity in
grain-size dis tri bu tion in units 3–5, which to gether rep re sent the Interplenivistulian (Mid dle Pleniglacial), re flects the cli ma tic het er o ge -
ne ity of this pe riod. The palaeosol lay ers are diamictic. Higher val ues of grain-size in di ces show that all Up per Pleis to cene palaeosol
units of high (inter gla cial) and low (interstadial) rank are char ac ter ized by higher con tent of fine rel a tive to coarse frac tion the low est
mean val ues of grain-size in dex oc cur the soil unit 1, of Ho lo cene age, sug gests that this unit is prob a bly a prod uct of very re cent,
Neoholocene pedogenesis and does not rep re sent the en tire Ho lo cene ep och. The sta tis ti cal tests re sults show, great sim i lar ity be tween
loess units 2 and 4 (from the mid dle and up per part of the Pleniglacial), and also be tween palaeosol units 7 and 8 form ing the Horohiv sl 
palaeosol unit (an Eemian palaeosol and interstadial palaeosols from the Early Vistulian). Fur ther more, the in di vid ual na ture of loess unit 
6, de pos ited dur ing the Lower Pleniglacial, seems to be as so ci ated with the cli ma tic char ac ter is tics of this in ter val. 
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INTRODUCTION

This study pres ents the re sults of lithological in ves ti ga tions
into the Qua ter nary de pos its near the vil lage of Kolodiiv in the
cen tral part of the East Carpathian Fore land (Fig. 1A). The

loess-palaeosol se quence ex am ined (Fig. 1B) is ex posed in the
scarp of the ter race oc cur ring 20–25 m above the val ley bot tom
of the Sivka River, near its con flu ence with the Dniester River.
Thick loess de pos its com pos ing the ter race rep re sent the en tire
Vistulian, and con tain sev eral palaeosols. The Eemian de pos its
(palaeosol or or ganic sed i ments) oc cur ring in the bot tom of this 
se quence are un der lain by an al lu vial suc ces sion (sands and



grav els) of Wartanian age. This Pleis to cene cover over lies the
1.5–2 m high solid base ment com posed of Cre ta ceous rocks.
Ac cord ing to the Ukrai nian geomorphologic scheme of ter -
races in the Dniester River catch ment in the East Carpathian

Fore land, the ter race de scribed is
termed ter race II. In Kolodiiv it
forms a nar row shelf, poorly dis tin -
guish able in places, which ad joins
high slopes of the Vojnyliv Up land
(320–330 m a.s.l.).

Nine pro files were ex am ined
along the al most 1 km long sec tion
of the ter race in 1997–2001. The
de pos its were char ac ter ized in all
pro files on the ba sis of stan dard
lithological in ves ti ga tions (£an -
czont and Boguckyj, 2002), pet ro -
graph i cal, palaeo bio logi cal, and ar -
chae o log i cal stud ies, and also
thermoluminescence dat ing. An at -
tempt was made to re con struct the
cli ma tic-en vi ron men tal con di tions
un der which the de pos its were
formed. Their stratigraphy was
established by £anczont and
Boguckyj (2007).

Ex ca va tions in the Kolodiiv 2
pro file were made in 1999, par tic u -
larly to aid palaeomagnetic in ves ti -
ga tions, and sup ple men tary ex plo ra -
tions took place in 2001 when ad di -
tional sam ples were taken for
palaeomagnetic and thermo -
luminescence anal y ses. Al most all
the loess and palaeosol strati graphic
units found in the Kolodiiv site oc -
cur also in the Kolodiiv 2 pro file.
More over, it con tains thick lay ers of
pri mary loess. How ever, the first
stud ies did not en com pass the li thol -
ogy of this pro file so in 2003 sam -
ples for granulometric, min er al og i -
cal, and geo chem i cal anal y ses were
col lected at 10 cm in ter vals.

The grain-size dis tri bu tion of
the Kolodiiv 2 pro file was stud ied
in de tail in or der to de ter mine the li -
thol ogy of loess-palaeosol se -
quence as in flu enced by the en vi -
ron men tal changes (na ture of loess
ac cu mu la tion, dy nam ics of the de -
po si tional en vi ron ment) and the
post-depositional trans for ma ti -
on/di a ge nesis of the deposits. The
ev i dence of short-term cli ma tic
fluc tu a tions dur ing the last gla cial,
which were re corded in the loess
cover of the Carpathian Fore land,
can be a ba sis for cor re la tion with

global events recognized from ma rine sed i ments and in ice
cores (e.g. Bond et al., 1993), and ter res trial de pos its (among
oth ers: Xiao et al., 1995; Vandenberghe et al., 1998, 2001;
Bokhorst, 2003; Jary, 2004).
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Fig. 1. A — lo ca tion of the pro file in ves ti gated at Kolodiiv (East Carpathian Fore land) 
and sketch map of loess re gional dis tri bu tion, B — lithogenetic units 

and stra tig ra phy of the Kolodiiv 2 pro file 



This prob lem was ana lysed through the de tailed study of
grain-size dis tri bu tions, which were de ter mined us ing a la ser
method, by sta tis ti cal anal y sis of the re sults ob tained, and also
by lithological-struc tural and palaeopedological anal y ses.

DESCRIPTION
OF THE KOLODIIV 2 PROFILE

The first de scrip tion of the Kolodiiv 2 pro file was pub -
lished in 1999, and in cluded strata with a to tal thick ness of over 
19 m (£anczont and Boguckyj, 2002). Dur ing field work in
2003 it was not pos si ble to ex pose the lower parts of the pro file, 
bur ied un der thick col lu vial de pos its.

Eight lithogenetic units were dis tin guished: five palaeosol
units of dif fer ent strati graphic rank, and three loess units
(Fig. 1B). Their thick ness var ies from 0.7 m (unit 5 and 6) to
3.6 m (unit 4). Some bound aries be tween in di vid ual units are of 
a denudational ero sional na ture.

The Ho lo cene  soil suc ces sion (unit 1) oc cur ring in the top
part of the pro file is 1.8 m thick. This suc ces sion is com posed
of lessivé soil con tain ing an Eet ho ri zon and a bi par tite Bt ho ri -
zon, and a su per im posed cher nozem-like soil in the up per part
of this suc ces sion which is antropogenically dis turbed. Gleying 
from the top is ev i denced by nu mer ous iron-man ga nese con -
cre tions found in all ho ri zons of this Ho lo cene soil suc ces sion.
It is un der lain by unit 2, a gleyed buff loess, with slight
ferruginous lam i na tion and thin sandy lenses, formed by ae -
olian and washdown pro cesses. Its lower part is more dis tinctly
lay ered and de formed by solifluction. These fea tures are re -
vealed by ferruginous and gley streaks with a dis con tin u ous,
wavy pat tern. The next unit 3 (5.1–8.3 m) con tains loess with
in ter ca lated tun dra gleys or gleyed weak brown soils. These
fos sil soils are named the Dubno 1 set of palaeosols. The low est 
of these is ce mented with iron com pounds, and thick wavy
ortstein streaks oc cur on the top, on the bot tom and within it.
Casts of small re tic u late struc tures of seg re gated ground ice oc -
cur in all de pos its of unit 3. The un der ly ing unit 4 is over 3.5 m
thick, and con sists of gleyed sandy-silty and silty-loamy de pos -
its, which are strat i fied, and their bot tom part con tains dis tinct
struc tures formed by solifluction de for ma tion. The unit 5
(11.9–12.6 m) is a sin gle interstadial palaeosol named the
Dubno 2. It is a weakly de vel oped sub arc tic soil of brown type,
with nu mer ous Mn-Fe con cre tions. Unit 6 is thin (only 0.7 m)
and com posed of strongly gleyed, hor i zon tally strat i fied
silty-sandy de pos its. Unit 7 (13.3–15.7 m) con tains three
interstadial palaeosols named the Kolodiiv set of palaeosols.
The up per of these (Kolodiiv 1) is trun cated, and the bot tom
one (Kolodiiv 3) is rep re sented by re worked humic-rich ma te -
rial (cher nozem-like soil) with ag glom er a tions of charcoals.
Only the mid dle palaeosol (Kolodiiv 2 de vel oped on
solifluction de pos its cov er ing the Kolodiiv 1 palaeosol) is com -
pletely pre served. This palaeosol is com posed of thick a hu -
mus-gley ho ri zon and an un der ly ing Bbr ho ri zon, which is en -
riched with iron com pounds. Gley spots oc cur through out the
palaeosol pro file. The low est unit, 8 (15.7–18.5 m), con sists of
two Eemian for est soils named the Horohiv ss.; the up per
palaeosol is su per im posed on the lower one, and cov ered by the 

Kolodiiv 1 palaeosol. The hu mus ho ri zon of the lower
palaeosol is pre served only par tially. Eluvial and illuvial ho ri -
zons are well de vel oped in both palaeosols. Their pro files are
strongly gleyed, con tain large and nu mer ous Mn-Fe con cre -
tions, and casts of struc tures as so ci ated with the ex is tence of a
small pedofauna. The bot tom of the lower palaeosol was not
found.

The thick ness of in di vid ual units is vari able, and in places
some of the palaeosols are in com plete along the ex po sure, oc -
cur ring in the ter race scarps.

LASER ANALYSIS

Par ti cle sizes were mea sured us ing the “Analysette 22” La -
ser-Par ti cle-Sizer (pro duced by the Ger man firm Fritsch
GmbH). A he lium-neon la ser is the light source. The la ser

beam (wave length 0.6328 mm) de tects par ti cle sizes (within

the to tal range of 0.1 to 1250 mm) in a par ti cle sus pen sion
which is pumped into the mea sur ing cell. Dif frac tion pat terns,
ob tained as a re sult of wave in ter fer ence, are used for the de ter -
mi na tion of par ti cle size dis tri bu tion. The com puter
programme con trols the course of mea sure ment, cal cu lates,
dis plays and prints the re sults. The ba sis for the re sults’ cal cu la -
tion are the Fraun hofer the ory and the Mie the ory (for par ti cles

finer than 1 mm) (In struc tion…, 1994).
Sam ple prep a ra tion is im por tant. A por tion of the  ma te rial

(1–2 g) is put in a ves sel. Af ter pour ing dis tilled wa ter with so -
dium pyrophosphate over the sam ple, it is thor oughly ground
and left for 24 hours. Then, the sus pen sion is care fully stirred,
and put in por tions into the dis pers ing unit. Just be fore the la ser
mea sure ment, in or der to de seg re gate the material, the sus pen -
sion is me chan i cally stirred and dis persed with hor i zon tal
ultrasonics for 10 min utes.

In stru ment in di ca tions are pe ri od i cally ver i fied us ing the
stan dards de liv ered by the pro ducer (Starch — po tato flour
and quartz pow der — BCR 70). Mea sure ments on these cal i -
brat ing ma te ri als showed very good ac cu racy and re peat abil -
ity of the re sults.

Com par a tive stud ies of grain-size dis tri bu tion in the loess
sam ples shower good con sis tency of the per cent age con tents of 
clay and silt frac tions de ter mined with an areometer and with
the “Analysette 22”. This con sis tency re sults from the shape of
grains and par ti cles, which in ae olian de posit are ap prox i mately 
spher i cal, and from the high con tent (about 80%) of quartz
grains (Frankowski and Smaga³a, 2000).

GRAIN-SIZE DISTRIBUTION
OF DEPOSITS

Sam ples (174 in to tal) for la ser grain-size anal y sis were
taken ev ery 10 cm, start ing from a depth of 30 cm (Fig. 1B).
Us ing the “Analysette 22”, per cent age con tents of 21 par ti cle
size in ter vals were de ter mined in each sam ple. Sta tis ti cal pa -
ram e ters, such as mean, me dian, min i mum, and max i mum val -
ues were cal cu lated for each size in ter val (Fig. 2). Mean and
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me dian val ues in par tic u lar size in ter vals are al most the same,
ex cept for the 0.25–0.1 mm frac tion. The 0.02–0.01 mm frac -
tion is modal. The con sis tency be tween the ob tained mean and
me dian val ues in di cates that the grain size pat tern of the de pos -
its ex am ined re sem bles a nor mal dis tri bu tion. How ever, the
null hy poth e sis of a nor mal dis tri bu tion of that ran dom vari -
able, as shown by a Chi-square test, was re jected.

The high est per cent age con tents are those of the
0.02–0.01 mm frac tion (20.5%), the 0.03–0.02 mm frac tion
(13.5%), and the other coarse silt frac tions at 0.06–0.03 mm.
Among the sand frac tions, the high est con tent is of the
0.25–0.1 mm frac tion (3.9%), and among the clay frac tions, it
is the 0.002–0.001 mm frac tion (6.8%) (Fig. 2).

The con tents of par tic u lar frac tions within each of the
lithogenetic units dis tin guished in the pro file are shown in Fig -
ure 3A. The ninth po si tion rep re sents the min i mum, max i mum, 
and mean val ues cal cu lated for the en tire pro file (174 sam ples). 
The high est clay con tent (£0.002 mm) oc curs in unit 3. The
con tents of fine silt frac tions reach sev eral per cent ages in par -
tic u lar units. The con tents of me dium silt frac tions are sim i lar,
ex cept that of the 0.02–0.01 mm frac tions (14–29%). The per -
cent age con tent of par tic u lar coarse silt frac tions are dif fer ent.
The con tent of the 0.03–0.02 mm frac tion ranges from 11 to
17%, and that of the 0.04–0.03 mm frac tion from 6 to 9%. The
other coarse silt frac tions (0.05–0.04 mm and 0.06–0.05 mm)
reach sev eral per cent, as do the con tents of sand frac tions, ex -
cept for the con tent of the 0.25–0.1 mm frac tion, which var ies
from 1 to 16%.

The con tents of sand, silt (di vided into sub frac tions), and
clay frac tions in par tic u lar units are shown in Fig ure 3B ac -
cord ing to the Brit ish Stan dards (BS) 1377 (1990) and ISO
14688 (2002). In the sam ples ex am ined, the me dium silt frac -
tion (0.02–0.006 mm) and coarse silt frac tion (0.06–0.02 mm)
reach the high est con tents. A high sand con tent (29%) oc curs
only in unit 6.

Sta tis ti cal grain size and sort ing pa ram e ters were cal cu -
lated ac cord ing to the method de scribed by Folk and Ward

(Racinowski et al., 2001) on the ba sis of grain-size dis tri bu -
tions in the loess sam ples, de ter mined us ing the la ser method.
The re sults were cal cu lated us ing a com puter programme pur -
pose-de vised by Dr Wach of the Silesian Uni ver sity, and
shown graph i cally in Fig ure 4. The vari a tion in grain-size pa -
ram e ters across the en tire pro file is shown as his to grams in
Fig ure 5, as a com pre hen sive di a gram (Fig. 6), and in in di vid -
ual units as mean, me dian, min i mum, and max i mum val ues
(Fig. 7):

— the me dian of grain di am e ter (Md) is mainly in the in ter -
val 5.4–6.6 phi;

— the mean grain di am e ter (Mz) ranges from 5.4 to 7.2 phi;
— the ma te rial ex am ined is poorly sorted, and the sort ing

in dex (s1) is mainly in the in ter val 1.3–2.3;
— the skew ness in the sam ples ex am ined is asym met ric

and mod er ately pos i tive (Sk1 = 0.06–0.36);
— the kurtosis in dex (KG) of the de pos its ex am ined is vari -

able. Grain-size dis tri bu tions are platykurtic (0.67–0.90) or
mesokurtic (0.90–1.11).

The re sults of sim ple grain-size anal y sis car ried out on
other pro files at Kolodiiv us ing an areometric method af ter dis -
in te gra tion of min eral ag gre gates (com pare Seul, 2007) are
com pa ra ble with, though not iden ti cal to, the re sults of la ser
anal y sis for the Kolodiiv 2 profile. The mean grain di am e ter
var ies from 4.8 to 5.4 phi, and shows the great est dif fer ences
(from 0.6 to 1.8 phi). Other grain-size pa ram e ters are sim i lar:
the sort ing in dex ranges from 1.4 to 2.1, the skew ness from
0.19 to 0.33, and the kurtosis from  1.07 to 1.24.

The rate of de po si tion at Kolodiiv can be de duced from
the di a grams show ing re la tions be tween the pa ram e ters.
Com par ing Mz with s1 and Mz with Sk1 (Fig. 8A, B), most of
the pro jec tion points rep re sent a nar row range of Mz val ues
with a con sid er able scat ter of s1 and Sk1 val ues. Slightly more
vari able val ues of Mz are found only for units 2 and 3. Next,
com par ing Sk1 and s1 val ues (Fig. 8C) a of points was ob -
tained, in di cat ing a weak cor re la tion: the sort ing in dex in -
creases when the skew ness de creases. In gen eral, ma te rial
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Fig. 2. Per cent age con tents of the frac tions dis tin guished in the de pos its 
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Fig. 3. A — per cent age con tents of all frac tions dis tin guished in in di vid ual lithogenetic units (the ninth po si tion rep re sents the val ues cal cu -
lated for the en tire pro file); B — per cent age con tents of se lected frac tions in in di vid ual lithogenetic units (the ninth po si tion 

rep re sents the val ues cal cu lated for the en tire pro file)

For ex pla na tions see Fig ure 2
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Fig. 4. Grain-size dis tri bu tion and grain-size pa ram e ters 

Md — me dian of grain di am e ter, Mz — mean grain di am e ter, s1 — sort ing in dex, Sk1 — skew ness,  KG — kurtosis in dex, 1–8 — lithogenetic units

Fig. 5. His to grams of grain-size pa ram e ters
 of the de pos its (174 sam ples)

For ex pla na tion see Fig ure 4



com pos ing the de pos its of the Kolodiiv 2 suc ces -
sion was trans ported from a short dis tance by
wind of con stant ve loc ity. How ever, it seems that 
en vi ron men tal dy nam ics were more vari able dur -
ing ac cu mu la tion of the up per part of the de pos its 
while the lower part formed un der gen er ally sta -
ble con di tions. 

The types of de pos its de fined ac cord ing to
PN-86/B-02480 (Ta ble 1) in the eight units are
shown in Ta ble 2 as num bers of sam ples rep re -
sent ing in di vid ual types and their per cent age con -
tent in re la tion to all sam ples ex am ined. Silty
loams and silts pre vail.

The num ber of sam ples with dom i nant silt
frac tions, and the per cent age con tents of these
frac tions in each of the eight units are given in Ta -
ble 3. Size in ter vals are taken ac cord ing to Brit ish
Stan dard BS 1377 (1990): 
coarse silt — 0.06–0.02 mm,
me dium silt — 0.02–0.006 mm,
fine silt — 0.006–0.002 mm. 

The ISO 14688-1 stan dard (2002) gives
slightly dif fer ent in ter vals, i.e. 0.063 and
0.0063 mm in stead of 0.06 and 0.006 mm, re -
spec tively. It ap pears that in 92 sam ples (from a
to tal of 174) coarse silt pre dom i nates, and in 77
sam ples me dium silt pre vails. Fine silt is rep re -
sented by only 5 sam ples.
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Fig. 6. Com pre hen sive di a gram of grain-size pa ram e ters of the de pos its (the ninth 
po si tion rep re sents the val ues cal cu lated for the en tire pro file)

 

 

 

 

 

 

 

 

Fig. 7. Grain-size pa ram e ters in par tic u lar lithogenetic units 
(the ninth po si tion rep re sents the val ues cal cu lated for the en tire pro file)

For other ex pla na tion see Fig ure 2



GRAIN-SIZE INDEX

In or der to study the changes in grain-size dis tri bu tion in
the Kolodiiv 2 pro file, the grain-size in dex (Ding et al., 1994)
was cal cu lated for each of the 174 sam ples. This is the ra tio
be tween the per cent age con tents of ad di tional (<0.005 mm)
and main (0.01–0.05 mm) frac tions. The grain-size in dex is
con sid ered to be a good in di ca tion of changes in the sed i men -
tary en vi ron ment (es pe cially with re spect to wind ve loc ity). It
agrees well with other granulometric pa ram e ters, and pre -

cisely shows dif fer ences in grain-size dis tri bu tion 
be tween soil and loess lay ers. Frac tions for cal cu -
la tion of this in dex were se lected in such a man -
ner as to be rep re sen ta tive for a def i nite loess de -
posit. There fore, if the con tent of the
0.002–0.05 mm and >0.05 mm frac tions were
low in the loess sam ples, the fol low ing frac tions
were cho sen: an ad di tional <0.002 mm, and a
main >0.01 mm frac tions. The con tents of rep re -
sen ta tive frac tions in a par tic u lar sam ple should
be high enough, i.e. 20–30% for the ad di tional
frac tion, and 40–60% for the main frac tion (Ding
et al., 1994). The grain-size in di ces de scribed
above are de noted by the sym bols Igs1 and Igs2,
and cal cu lated from the fol low ing for mu lae:

 I gs 1

0005
=

< .  mm [%]

0.01-0.05 mm [%] 
 [1]

and

I gs 2

0002
=

< .  mm [%]

> 0.01 mm [%] 

[2]

Vari abil ity of both in di ces in ver ti cal sec tion is
shown in Fig ure 9, and their mean con tents of
main and ad di tional frac tions are given in Ta ble 4.
The first in dex, Igs1 is cer tainly rep re sen ta tive of
the pro file, as its mean con tent of the ad di tional
(<0.005 mm) frac tion is 24% and the main frac tion 
(0.01–0.05 mm) is 48%, so they oc cur within the
re quired in ter vals. It ap pears that the Igs1 in dex is
rep re sen ta tive of each in di vid ual unit (only two
units — 3 and 6, have mean con tents of ad di tional
frac tions slightly out side the re quired in ter val).
The sec ond in dex (Igs2) does not meet the cri te ria
of be ing rep re sen ta tive.  

The value of the Igs1 in dex is the high est in
unit 3 (com posed of palaeosols) in di cat ing a con -
sid er ably higher con tent of ad di tional (finer) frac -
tion in re la tion to the coarser frac tion, in com par i -
son with the other units. This fea ture dis tinctly dif -
fer en ti ated this unit from the over ly ing and un der -
ly ing, sev eral metres-thick, loess beds. The dif fer -
ences are dis tinct both in Fig ure 9 and in Ta ble 4,

es pe cially when com par ing the con tents of the finer frac tion.
The two next high est mean val ues of the Igs1 in dex were cal cu -
lated for units 5 and 7, i.e. also for palaeosols, and unit 5 oc curs
be tween two loess beds. There fore, the high est mean val ues of
the Igs1 in dex rep re sent palaeosols (unit 5) or palaeosol sets
(units 3 and 7) ad join ing loess lay ers. The in ter nal dif fer en ti a -
tion of units 3 and 7 into sep a rate palaeosols is very well seen in 
Fig ure 9. Unit 1 (Ho lo cene soil) is char ac ter ized by the low est
val ues of this in dex.

The great est dif fer ences in grain-size dis tri bu tion oc cur be -
tween units 3 and the rest, es pe cially the ad ja cent units 2 and 4,
be tween units 5 and the ad ja cent units 4 and 6, and also be tween
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Fig. 8. A — re la tion be tween Mz (mean grain di am e ter) and s1 (sort ing in dex) pa -
ram e ters in in di vid ual lithogenetic units; B — re la tion be tween Mz (mean grain di -
am e ter) and Sk1 (skew ness) pa ram e ters in in di vid ual lithogenetic units; C —

re la tion be tween Sk1  (skew ness) and s1 (sort ing in dex) pa ram e ters in in di vid ual
lithogenetic units



unit 1 and the rest. In other sec tions of the pro file ex am ined, the
changes of grain-size in dex are less dis tinct in di cat ing a gen er -
ally sim i lar grain-size dis tri bu tion. Al most iden ti cal val ues of the 
Igs1 in dex in units 2, 4, and 6 are no tice able. In these loess beds
they are 0.45, 0.47, and 0.44, re spec tively.

The strati graphic dif fer ences be tween mean val ues of the
Igs1 in dex in di cates that the up per part of the pro file (units 1–3)
seems to be more vari able than its lower part (units 4–8).

The data gath ered prompt the fol low ing re marks:
— the high est val ues of grain-size in dex are found in unit 3,
— the high est mean val ues of grain-size in dex oc cur in

units 3, 5, and 7 (palaeosols),
— lower and al most iden ti cal val ues of grain-size in dex are

typ i cal of loess beds rep re sented by units 2, 4, and 6,
— the low est mean value of grain-size in dex in unit 1 (Ho -

lo cene soil) shows its in di vid ual na ture.
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T a  b l e  1

Se lected types of de pos its de fined ac cord ing
to Pol ish Stan dard PN-86/B-02480

Type of de posit Sym bol
Con tent of frac tion [%]

fp fp fi

sandy silt pp 30–70 30–70 0–10

silt p 0–30 60–100 0 –10

loam G 30–60 30–60 10–20

silty loam Gp 0–30 30–90 10–20

con sis tent silty loam Gpz 0–30 50–80 20–30

silty clay Ip 0–20 50–70 50–50

fp — sand frac tion, fp — silt frac tion, fi — clay frac tion

T a  b l e  2

Num ber of sam ples rep re sent ing par tic u lar types of de pos its 
(de fined ac cord ing to Pol ish Stan dard PN-86/B-02480), 

and their per cent age con tents (in brack ets)

Unit
Type of de posit 

pp p G Gp Gpz Ip

1 12 (6.9) 4 (2.3)

2 4 (2.3) 10 (5.7) 19 (10.9)

3 5 (2.9)  21 (12.1) 5 (2.9) 1 (0.6)

4 5 (2.9) 20 (11.5) 11 (6.3)

5 1 (0.6) 6 (3.4)

6 4 (2.3) 2 (1.1) 1 (0.6)

7 3 (1.7) 6 (3.4) 1 (0.6) 14 (8.0)

8 2 (1.1) 9 (5.2) 8 (46)

S 19 (10.9) 64 (36.8) 1 (0.6) 84 (48.2) 5 (2.9) 1 (0.6)

For ex pla na tions see Ta ble 1

T a  b l e  3

Num ber of sam ples with dom i nant silt frac tions, and mean con tents 
of silt frac tions (their size in ter vals ac cord ing to 

Brit ish Stan dard BS 1377)

Unit
(num ber of sam ples

 in the unit) 

Num ber of sam ples with dom i nat ing silt
frac tion mean con tent [%]

0.06–0.02
mm

0.02–0.006
mm

0.006–0.002
mm

1 (16)
4

43.5

12

45.2
–

2 (33)
22

37.2

11

35.2
–

3 (32)
10

33.5

17

36.2

5

46.9

4 (36)
17

33.6

19

35.6
–

5 (7)
2

26.6

5

32.2
–

6 (7)
7

29.6
 – –

7 (24)
15

31.0

9

33.8
–

8 (19)
15

34.1

4

34.7
–

S (174)
92

34.1

77

36.7

5

46.9

  

Fig. 9.  Ver ti cal vari abil ity of grain-size in dexes  Igs1 and Igs2

in the Kolodiiv 2 pro file 



STATISTICAL ANALYSIS

To find dif fer ences or sim i lar i ties of grain-size dis tri bu tion
(ex pressed as mean grain di am e ter) be tween the eight
lithogenetic units dis tin guished, two meth ods were used: 

— the Kolmogorov-Smirnov test (�D� test);
— the Spearman rank cor re la tion co ef fi cient.
In both meth ods, the num ber of sam ples of def i nite mean

grain-size within the in ter vals of par tic u lar silt sub frac tions
(from 4 to 9 phi; 10 in ter vals ev ery 0.5 phi) were com pared in
each pair of units. 

KOLMOGOROV-SMIRNOV TEST
(“D” TEST)

This test en ables the com par i son of two ran dom sam ples
such that their el e ments are paired (Puchalski, 1973), and it has

al ready been used in geo log i cal stud -
ies of loess (Racinowski et al., 2003).
The per cent age sets of cu mu la tive
val ues are com pared, and then rel a tive 
dif fer ences be tween cor re spond ing
classes of el e ments for those two ran -
dom sam ples are cal cu lated. The
great est dif fer ence is a test sta tis tic de -
noted as D0 (%), and is com pared with 
a crit i cal value D (%) at the sig nif i -

cance level a = 0.05, which is cal cu -
lated from the fol low ing for mula
(Puchalski, 1973):

 D
n n

n n
= ×

+

+

é

ë
ê

ù

û
ú136 1 2

1 2

0 5.

[%]
[3]

where: n1, n2  —  num bers of el e ments in com -
pared ran dom sam ples 1 and 2. 

If the great est dif fer ence be tween
per cent age points of cu mu la tive num -
ber of el e ments (the value of the test
sta tis tic D0) of the com pared sam ples

is higher than the crit i cal value D, the null hy poth e sis that dif -
fer ences be tween the sets are not sta tis ti cally sig nif i cant is re -
jected, and it is as sumed that the dif fer ences are sig nif i cant
(Puchalski, 1973).

All pos si ble pairs among the eight de posit units were com -
pared us ing the “D” test in or der to ex am ine grain-size sim i lar i -
ties or dif fer ences for each pair of de posit units. There were 10
in ter vals of mean grain di am e ter Mz for silt sub frac tions, in
which cu mu la tive pro por tions (%) of sam ples in a given unit
were de ter mined. The re sults ob tained for each pair of units are
shown in Ta ble 5 (crit i cal value D) and Ta ble 6 (test sta tis tic
D0). As a fi nal re sult, pairs of units which show sim i lar i ties or
dif fer ences are dis tin guished us ing a grey scale in Ta ble 6. 
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T a  b l e  4

The mean per cent age con tents of the ad di tional and main frac tions, and mean val ues of the
grain-size in di ces Igs1 and Igs2 in in di vid ual units and through the en tire pro file

Units

Frac tions in mm
[%]

In dex Igs1  

Frac tions in mm 

[ % ]
In dex Igs2

Ad di tional

< 0.005

Main 

0.01–0.05

Ad di tional

< 0.002

Main

> 0.01

1 20.5 59.3 0.35 8.9 63.3 0.14

2 22.1 50.0 0.45 9.9 65.1 0.16

3 33.4 42.1 1.19 14.4 49.4 0.47

4 22.6 49.7 0.47 9.4 63.2 0.15

5 27.0 42.2 0.63 11.7 58.1 0.21

6 18.8 40.1 0.44 8.5 70.7 0.11

7 23.3 44.7 0.53 10.5 63.8 0.17

8 21.1 49.7 0.42 9.8 66.8 0.15

174 sam ples min. 8.8 8.3 0.15 4.1 8.3 0.05

max. 64.4 67.2 7.54 26.4 87.3 3.00

me dian 23.2 48.9 0.47 10.2 63.4 0.16

mean 24.1 47.9 0.59 10.5 61.8 0.21

T a  b l e  5

Crit i cal val ues D [%] at the 0.05 sig nif i cance level in the
Kolmogorov-Smirnov test for each pair of de posit units

Unit 1 2 3 4 5 6 7 8

1 41.43 41.64 40.86 61.63 61.63 43.89 46.15

2 33.74 32.78 56.59 56.59 36.48 39.17

3 33.04 56.75 56.75 36.72 39.39

4 56.18 56.18 35.84 38.56

5 72.70 58.42 60.13

6 58.42 60.13

7 41.76

8

T a  b l e  6

Em pir i cal val ues of the test sta tis tic Do [%] in the
Kolmogorov-Smirnov test counted as the max i mum of dif fer ences

be tween cu mu la tive val ues of each de posit unit

Unit 1 2 3 4 5 6 7 8

1 25.57 34.38 25 27.68 85.71 45.83 52.63

2 47.44 9.6 53.25 61.47 21.59 28.39

3 37.85 34.38 79.96 40.63 46.38

4 43.65 60.71 20.83 27.63

5 71.43 46.43 50.38

6 48.81 41.35

7 7.46

8

Pale grey — sig nif i cant dif fer ences, grey — no sig nif i cant dif fer ences,
dark grey — no sig nif i cant dif fer ences but very near the crit i cal value,
white — neg a tive cor re la tion is not pres ent



On the ba sis of the test the fol low ing can be noted:
— sig nif i cant dif fer ences be tween units oc cur only in 10

from among the 28 pairs, and in two other pairs of units (2–5
and 5–6) the val ues ob tained are very close to the crit i cal value, 

— from among the eight de posit units dis tin guished, 1, 3
and 6 dif fer from the high est num ber of the other ones,

— from among suc ces sive units, sig nif i cant dif fer ences oc -
cur be tween units 2–3 and 3–4,

— dis tinct dif fer ences in grain-size dis tri bu tion oc cur be -
tween the up per part of the pro file rep re sented by units 1 and 3,
and the three low est units (6–8),

— unit 6 dif fers from all over ly ing units, and is sim i lar to
the un der ly ing ones (7 and 8).

SPEARMAN RANK 
CORRELATION COEFFICIENT

Rank cor re la tion meth ods are es pe cially im por tant in geo -
log i cal stud ies be cause they pro vide pos si bil i ties for com par i -
son of qual i ta tive and quan ti ta tive fea tures that are not char ac -
ter ized by nor mal dis tri bu tions. The most com monly used
(also in ge ol ogy) rank cor re la tion co ef fi cient is the Spearman
co ef fi cient (Alexandrowicz and Krawczyk, 1982; Aczel
Amir, 2000).

Prep a ra tion of data for eval u a tion of the rank cor re la tion
co ef fi cient in volves as sign ing a rank or der to quan ti ta tive fea -
tures: sort ing the se ries of fea tures of each unit (i.e. ten in ter vals 
of mean grain di am e ter Mz with num bers of sam ples, notched
into the in ter val) in as cend ing or der, and as sign ing or di nal rank 
num bers to all sorted fea tures. A rank or der was as signed to
quan ti ta tive fea tures of each unit and then all units were paired
to con duct the cor re la tion. As sum ing that there are not the same 
ranks (the same quan ti ta tive fea tures) within the sin gle se ries,
the Spearman co ef fi cient is cal cu lated from the fol low ing for -
mula (Aczel Amir, 2000):

( )
r

d

n n
s = -

×

× -

é

ë

ê
ê

ù

û

ú
ú

å
1

6

1

2

2

[4]

where: rs — Spearman co ef fi cient, n — num ber of paired el e ments, d —
dif fer ence be tween the ranks of cor re spond ing in ter vals of two com pared
units.

This co ef fi cient is usu ally in the in ter val from –1 (neg a -
tively cor re lated vari ables) to +1 (pos i tively cor re lated vari -
ables). How ever, in each of the the eight units, it was nec es sary
to in clude into the for mula the cor rec tions for the oc cur rence of 
the same ranks. The cor rec tions were cal cu lated from the for -
mula [5] and Spearman co ef fi cient with the cor rec tions for
con nected ranks from the for mula [6] (both for mu lae af ter
Alexandrowicz and Krawczyk, 1982):

( )T t t= × -
é

ëê
ù

ûú
å

2

12

3 [5]

where: T — cor rec tion, t — num ber of ranks of which con nected ranks
were cre ated in the se ries.
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[6]

where: Tx, Ty  — cor rec tions eval u ated for two com pared se ries, for other
ex pla na tion see for mula [4]

In Ta ble 7 the val ues of Spearman rank cor re la tion co ef fi -
cient ob tained for all pairs of the de posit units are shown. Sig -
nif i cance as sess ment was con ducted by com par i son of these
val ues with the crit i cal value (rs = 0.564) of the Spearman co ef -
fi cient taken from ad e quate ta bles (Aczel Amir, 2000) at the
sig nif i cance level 0.05 and n = 10. The cor re la tion of two units
is pos i tive (sim i lar ity) if the cal cu lated co ef fi cient is higher than 
the crit i cal value 0.564, and oc curs in the in ter val from –1 to +1.  
Pairs of units which show sim i lar i ties or dif fer ences are dis tin -
guished us ing a grey scale in Ta ble 7. The val ues of Spearman
rank cor re la tion co ef fi cient ob tained show that only seven pairs 
of de posit units, i.e. 2–4, 2–7, 2–8, 4–5, 4–7, 4–8, and 7–8,
show sim i lar ity in re spect of mean grain-size. The val ues ob -
tained for the rest of pairs are lower than the crit i cal value, so
these pairs show sta tis ti cally sig nif i cant dif fer ences. In two
cases (pair 1–6 and 3–6) neg a tive val ues of Spearman co ef fi -
cient were ob tained, though those val ues are not in the re jec tion 
re gion (from –0.564 to –1) so the co ef fi cient is not sig nif i cant
and we may con clude that neg a tive cor re la tion does not oc cur.

COMPARISON OF THE RESULTS OBTAINED
FROM THE KOLMOGOROV-SMIRNOV TEST

 AND THE SPEARMAN RANK CORRELATION

Bas ed on the re sults of mean grain-size com par i son among
de posit units, ob tained by the two sta tis ti cal meth ods, it may be
shown that:

— the Spearman rank cor re la tion co ef fi cient shows con sid -
er ably greater dif fer ences be tween the units ex am ined than
does the Kolmogorov-Smirnov test (“D’’ test). The val ues of
Spearman co ef fi cient ob tained al lows rec og ni tion of sim i lar ity
in a much smaller num ber of pairs (only 7) of de posit units than
the re sults of the  �D’’ test, which in di cated 18 pairs as sim i lar,
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T a  b l e  7

Val ues of the Spearman rank cor re la tion co ef fi cient rs eval u ated
for each pair of units

Unit 1 2 3 4 5 6 7 8

1  0.49 0.48 0.49 0.45 –0.01 0.37 0.37

2    0.33 0.75 0.55 0.49 0.73 0.73

3    0.55 0.33 –0.32 0.33 0.33

4     0.58   0.29    0.75  0.75

5      0.13 0.45 0.45

6       0.42 0.42

7        0.79

8         

For ex pla na tions see Ta ble 6



— all seven pairs of units with sim i lar ity con firmed by the
Spearman co ef fi cient method (2–4, 2–7, 2–8, 4–5, 4–7, 4–8,
and 7–8) be long to the group of 18 pairs where sim i lar ity was
found by means of the “D” test,

— the Spearman rank cor re la tion co ef fi cient method seems 
more pre cise (gives stricter cri te rion for sim i lar ity of two sets)
than the “D” test be cause it rec og nized as sim i lar only those 7
pairs of units, that in the “D” test ob tained val ues of the test sta -
tis tic D0 with con sid er able re serve be low the crit i cal value D. 

CONCLUSIONS

LITHOGENETIC UNITS‘ SIMILARITIES AND DIFFERENCES
ON THE BASIS OF GRAIN-SIZE ANALYSIS

Based on the grain-size dis tri bu tions, the vari abil ity of the
grain-size in dex (Igs1) and the re sults of sta tis ti cal anal y sis, i.e.
the Kolmogorov-Smirnov test (“D� test) and the Spearman
rank cor re la tion co ef fi cient, the fol low ing con clu sions about
sim i lar i ties or dif fer ences be tween in di vid ual units in the
Kolodiiv 2 pro file may be made:

— unit 3 (Dubno 1 set of palaeosols) and unit 1 (Ho lo cene
soil) are most in di vid ual as regards grain-size in the en tire pro -
file,

— units 2 and 4  (loess lay ers sev eral metres thick, sep a -
rated by the Dubno 1 unit) are very sim i lar,

— the up per part of the pro file (rep re sented by units 1–3)
dif fers in grain size from the lower part (rep re sented by units
4–8). Sta tis ti cal anal y sis shows that units 1 and 3 dif fer from al -
most all the other units, and the mean val ues of grain-size in dex 
in di cate that the up per part of the pro file is much more vari able
as re gards grain size (mean val ues of Igs1 from 0.35 to 1.19)
than the lower part (mean val ues of Igs1 from 0.42 to 0.63),

— al most all ad join ing units dif fer in grain size. Units 7 and 
8 are ex cep tional as sta tis ti cal anal y sis in di cated their dis tinct
sim i lar ity. Units 4 and 5 are also ex cep tional be cause sta tis ti cal

anal y sis re vealed sim i lar ity in this pair, though near the crit i cal
value. Tak ing into ac count the re sults of other anal y ses
(grain-size dis tri bu tion and val ues of Igs1), ob serv able dif fer -
ences be tween these units can be rec og nized,

— vari abil ity of the mean val ues of grain-size in dex (Igs1) in 
the pro file ex am ined in di cates that three soil lay ers (units 3, 5
and 7) dif fer from three loess lay ers (units 2, 4 and 6). Anal y sis
of the grain-size dis tri bu tion in di cates con sid er able sim i lar ity
be tween the soil units in di cat ing that silty loam pre dom i nates in 
their com po si tion.

STRATIGRAPHY AND PALAEOGEOGRAPHY COMMENTS 
BASED ON GRAIN-SIZE ANALYSIS

The lithogenetic units dis tin guished in the Kolodiiv 2 pro -
file have been cor re lated with cli ma tic changes dur ing the last
inter gla cial-gla cial cy cle as re flected in ox y gen-iso tope stages
(Ta ble 8). The his tory of trans for ma tion of the depositional en -
vi ron ment was de duced from the grain-size dis tri bu tions. 

The grain-size dis tri bu tion of the loess de pos its in pro file 2
var ies, with a con sid er able dom i nance of the silt frac tions (Ta -
ble 8). The con tent of silt is lower only in soil lay ers. These de -
pos its were prob a bly de pos ited from winds that changed lit tle
in in ten sity, and which trans ported silt ma te rial over a short dis -
tance. Heavy min er als anal y sis pub lished by Racinowski
(2007) in di cates that the main source area was the val ley plain
of the Dniester River flow ing only 3 km away from the site. 
The es tu ary of the nar row, deep, and asym met ri cal val ley of the 
Sivka River is per pen dic u lar to the Dniester River val ley,
which gen er ally runs NW–SE. The steep, right side of the
Sivka River val ley is cov ered with loess and ex posed to the
NW. Loess-form ing winds in the East Carpathian Fore land
were gen er ally wes ter lies (Chlebowski et al., 2004, Nawrocki
et al., 2006). It seems that lo cal re lief ad di tion ally con trolled
wind di rec tion around Kolodiiv site.

The Up per Pleis to cene palaeosol units of high (inter gla cial) 
and low (interstadial) rank are char ac ter ized by a higher rel a -

158 Zbigniew Frankowski, Maria £anczont and Andrij Boguckyj

T a  b l e  8

De posit-form ing pro cesses and pedogenic trans for ma tion of de pos its in the pro file Kolodiiv 2 profile

OIS Lithogenetic
units

De posit
type Dy nam ics of en vi ron ment De po si tion type Pedogenesis Chronostrati -

graphy

1 1. Ho lo cene soil silt sta bi li za tion of en vi ron ment meadow-for est soil Ho lo cene

2 2. loess silt vari able dy nam ics of en vi ron -
ment

pre dom i nant subaerial dust
de po si tion, sub or di nate grav -

i ta tional de po si tion
in cip i ent Up per

P
L
E
N
I
G
L
A
C
I
A
L

V
I
S
T
U
L
I
A
N

3

3. Dubno 1

set of palaeosols
mixed

vari able dy nam ics of en vi ron -
ment (al ter na tion with phases

of sta bi li za tion)

pe ri odic grav i ta tional
redeposition, weak subaerial

dust de po si tion

mul ti ple pedogenetic pro -
cess (tun dra gley, weak

brown soil, pedosediment)

Mid dle4. loess silt lit tle dif fer en ti ated dy nam ics
of en vi ron ment

subaerial dust de po si tion,
grav i ta tional de po si tion in cip i ent

5. Dubno 2
palaeosol mixed sta bi li za tion of en vi ron ment weak brown soil

4
6. loess silt-sand lit tle dif fer en ti ated dy nam ics

of en vi ron ment

weak subaerial dust de po si -
tion, grav i ta tional

redeposition
in cip i ent Lower

5

7. Kolodiiv set
of palaeosols mixed

lit tle dif fer en ti ated dy nam ics
of en vi ron ment/al ter na tion
with phases of sta bi li za tion

grav i ta tional redeposition,
weak subaerial dust

de po si tion 

steppe-for est (?) soils,
pedosediment

early 
gla cial

8. Horohiv ss set 
of palaeosols silt sta bi li za tion of en vi ron ment grav i ta tional redeposition dou ble for est soil Eemian



tive con tent of the fine frac tion (Fig. 9). This is a re sult of
pedogenesis and prob a bly of cryo genic pro cesses. In the case
of the interstadial palaeosols it seems that this phe nom e non
was not caused by de po si tion of finer silt in an en vi ron ment of
weaker dy nam ics (com pare Jary, 2004) be cause the di a grams
of grain size pa ram e ters (Fig. 4), and es pe cially those of grain
size in dex (Fig. 9) show dis tinct de flec tions on the bor ders be -
tween par tic u lar palaeosols within the Dubno 1 (unit 3) and
Kolodiiv (unit 7) sets of palaeosols.

Those palaeosols oc cur ring in the up per parts of units 3, 5,
7, and 8 are usu ally cov ered by loess mixed with ma te rial that
orig i nated dur ing soil de struc tion, which was spread over the
slope by solifluction and washdown pro cesses. A pre dom i -
nance of slope pro cesses over ae olian de po si tion can be con -
cluded from the sim i lar ity of the ad join ing units 8 (Horohiv set
of palaeosols) and 7 (Kolodiiv set of palaeosols). This is less
vis i ble in the case of unit 5 (Dubno 2) and 4 (loess bed) as the
lat ter is very thick.

The vari abil ity of grain-size dis tri bu tion in the ad join ing
units 3–5, which to gether rep re sent the Mid dle Pleniglacial
(OIS 3), re flects the cli ma tic het er o ge ne ity of this pe riod that
has been ob served by many re search ers. This vari abil ity pro -
gres sively be came more marked, and reached a max i mum dur -
ing the for ma tion of the unit 3 de pos its, i.e. in the youn ger part
of the Interpleniglacial char ac ter ized by a se ries of small cli ma -
tic fluc tu a tions.

From among the three loess units ex am ined in the
Kolodiiv 2 pro file only unit 6 does not show sim i lar ity with any 
other unit as shown by the re sults of sta tis ti cal anal y sis. This in -
di vid u al ity seems to be as so ci ated with cli ma tic dis tinc tive ness
of the Lower Pleniglacial (OIS 4). This was a long pe riod; in
the ini tial cold though wet part of the Vistulian Gla cial

(£anczont and Boguckyj, 2007) the de po si tion rate was lower,
and ac cu mu lated ma te rial was re de pos ited many times on
slopes. More over, nu mer ous ero sion sur faces found in the loess 
of this unit in other ex po sures in the ter race scarp of the Sivka
River val ley sug gest that the Kolodiiv 2 pro file con tains prob a -
bly only part the suc ces sion, and so is not rep re sen ta tive for the
whole of this interval.

The dy namic con di tions of the ae olian pro cesses form ing
the loess de pos its in the Kolodiiv 2 pro file were gen er ally sta -
ble (Ta ble 8). Only the loess of unit 2 shows a grain-size dis -
tri bu tion that var ies sig nif i cantly (Figs. 2 and 9), on the ba sis
of which three depositional cy cles can be dis tin guished. The
ini tial cy cle/phase was char ac ter ized by the de po si tion of finer 
silt and by lighter winds. Traces of solifluction and other slope 
pro cesses, vis i ble in the loess struc ture, sug gest pos si ble mix -
ing with ma te rial from the ero sion of un der ly ing de pos its.
This stage re flected cli ma tic cool ing and in creased hu mid ity
in the early phase of the Up per Plenivistulian. The de po si tion
of coarse-grained loess in the mid dle phase prob a bly in di cates 
gen er ally stron ger winds but small, rhyth mic fluc tu a tions in
the pro por tion of the >0.5 mm frac tion (Fig. 4) in di cate that
dis tinct, short-term os cil la tions of en vi ron men tal dy nam ics
oc curred in this in ter val rep re sent ing cli ma tic de ter mi na tion
in the Up per Pleniglacial. Winds be came weaker and more
sta ble in the last phase.

Unit 1, i.e. Ho lo cene soil, re veals a grain-size dis tri bu tion
op po site in trend to the palaeosols. It is dis tin guished by the
low est mean val ues of grain-size in dex in the en tire pro file
(Fig. 9). This may in di cate that this soil does not rep re sent the
en tire Ho lo cene ep och. It is prob a bly a prod uct of very young
(Late Ho lo cene) pedogenesis and so the ini tial ma te rial has
been only weakly trans formed.
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