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The re sults of grain-size anal y sis of silt de pos its from the Kolodiiv site are pre sented. The seven pro files ex am ined are sit u ated on the ter -
race of the Sivka River, along a ca. 1 km stretch of its right bank. They com prise Wartanian al lu vial sands and grav els over lain by Eemian 
de pos its and Vistulian loess. The av er age re sults of ag gre gate and el e men tary anal y ses of se lected strati graphic units, stan dard grain-size 
in di ces, and some ag gre ga tion in di ces are shown. The re sults ob tained in di cate that ini tial loess ma te rial de pos ited in Kolodiiv was gen -
er ally not dif fer en ti ated. Only the youn gest palaeosols and the youn ger loess de pos its are en riched in silt, which may sug gest lower ve -
loc i ties of wind trans port ing the ma te rial or a change in source ma te rial (e.g. from sandy-silty flood sed i ments to clayey lac us trine
sed i ments). Some changes in source ma te rial, trans por ta tion force or redeposition of ma te rial (e.g. by slope pro cesses) may be de duced
from the vari able skew ness and flat ness of the grain-size dis tri bu tion, both ag gre gate and dispersion.
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INTRODUCTION

The source ma te rial of loess de pos ited in the re gion of
Kolodiiv orig i nates mainly from the Carpathian, Podolian and
other neigh bour ing re gions. This ma te rial was par tially seg re -
gated in situ by weath er ing pro cesses. Fur ther seg re ga tion oc -
curred dur ing trans port (mainly ae olian). The ma te rial was sub -
mit ted to hypergenetic pro cesses dur ing de po si tion and
redeposition. Less re sis tant com po nents could be com pletely
de stroyed dur ing weath er ing and pedogenesis. 

Grain-size anal y ses were made for sam ples taken at the
Kolodiiv site. The seven pro files ex am ined oc cur along a
stretch of the Sivka River ter race al most 1 km long (Fig. 1). The 
Sivka River is a right trib u tary of the Dniester River with its es -
tu ary about 1 km north of Kolodiiv.  The pro files, with thick -
nesses of up to 20 m, are ex posed in the ter race scarp, and con -
sist of de pos its from the Wartanian Gla cial, Eemian Inter gla -
cial and the en tire Vistulian Gla cial. More than 160 sam ples
were ana lysed. The av er age val ues of ag gre gate and el e men -
tary grain-size, and grain ing and ag gre ga tion in di ces for each
strati graphic unit were cal cu lated.

The stra tig ra phy of these sec tions were de scribed by
£anczont and Boguckyj (2002). Some re sults of the ag gre gate
and el e men tary (dispersion) grain-size anal y ses for the
Kolodiiv have been dis cussed in pre vi ous pa pers (Racinowski
et al., 2000, 2003; Seul, 2002). 

METHODS

Loess sed i ments are formed of in di vid ual min eral grains
of dif fer ent sizes (e.g. quartz, feld spars, mus co vite, heavy
min er als and very fine clay min er als) and their ag gre gates.

Ag gre gates are clus ters of dif fer ent sized grains of quartz,
cal cite, mica and other min er als. Sub stances that glue them to -
gether (ce ment) are clay min er als, iron and man ga nese com -
pounds, cal cium car bon ate, or ganic sub stances and so on.
Some of these clus ters can be dis in te grated with dis tilled wa ter.
Most ag gre gates are sta ble and make an in te gral part of min eral
skel e ton. How ever, they are less hard than min eral grains of the 
same size. The phys i cal and chem i cal prop er ties of ag gre gates
change un der the long-term in flu ence of soil wa ter (e.g.



Prik³oñski, 1955; Grabowska-Olszewska et al., 1977;
Grabowska-Olszewska, 1990).

Some ag gre gates are ini tial, and syngenetic with formed
loess. Part of these are de stroyed whereas other, new, ag gre gates
are cre ated as a re sult of hypergenetic pro cesses, es pe cially soil
pro cesses. These is sues were dis cussed in works by Jersak
(1973) and Dwucet (1993), who in ves ti gated ag gre gates from
the chem i cal point of view and by us ing mi cro scope meth ods.

Grain-size anal y ses of loess sam ples from the Kolodiiv site
were made us ing the areometric method (af ter Casagrande —
ac cord ing to the stan dard PN–88/B–04481). First, the sus pen -
sion was dispersed in dis tilled wa ter with the use of mag netic
mixer. Af ter fill ing mea sure ment cyl in ders with this sus pen -
sion, a man ual mixer was ap plied sev eral times, and den sity
mea sure ments were made. Such anal y sis has been named ag -
gre gate (microaggregate) anal y sis. Then af ter add ing a
peptising agent (a mix ture of six-meth ane-phos phate of so dium 
and an hy drous so dium car bon ate ac cord ing to the stan dard
PN–76/9180–06), and mix ing sev eral times, den sity mea sure -
ments of sus pen sion were made af ter one day. This anal y sis has 
been named dispersion (el e men tary) anal y sis. Then the sus pen -
sion was put through a sieve with mesh di men sions of
0.04 mm, then dried and sieved through sieves with mesh di -
men sions at 1j in ter vals (1.0, 0.5, 0.25, 0.125 and 0.063 mm)
and ad di tion ally through a 0.05 mm sieve. Dur ing eval u a tion of 
grain-size anal y sis re sults of loess sed i ments, ranges of sub sti -
tute di am e ters for silt frac tion were also used, at 1j in ter vals
(0.0313, 0.0156, 0.0078, 0.0039 and 0.002 mm), and smaller
than 0.002 mm, which re flects the con tent of the clay frac tion.

Stan dard grain-size in di ces af ter Folk and Ward (1957),
and some ag gre ga tion in di ces were cal cu lated from the
grain-size dis tri bu tions ob tained both for ag gre gate and el e -
men tary anal y ses. The re sults are shown in Ta ble 1.

Spa tial changes in mean grain di am e ter (Mz), can in di cate
ei ther trans port di rec tion of ae olian silts (ma te rial fines down
the trans port path) or wind force (with higher wind ve loc ity,
coarser ma te rial is trans ported, giv ing val ues of Mz). Changes
in wind ve loc ity dur ing de po si tion can be in ferred on the ba sis
of sort ing (s1). Low val ues of the sort ing in dex can in di cate
con stant wind ve loc ity dur ing de po si tion. High val ues of sort -
ing in dex sug gest change able wind speeds dur ing sed i ment de -
po si tion. The skew ness of grain-size dis tri bu tions (Sk1) gives
in for ma tion about de fla tion pro cesses. Val ues lower than the
av er age cal cu lated for a given pro file sug gest a pre dom i nance
of de fla tion, while higher val ues char ac ter ise free de po si tion of
silts. The val ues rep re sent ing nor mal dis tri bu tions in di cate
equi lib rium be tween de po si tion and redeposition. The kurtosis
in dex (KG) re flects the char ac ter of the depositional pro cess.
Curves flat ter than nor mal dis tri bu tions in di cate mass de po si -
tion of min eral ma te rial, while steeper curves sug gest a dom i -
nance of de fla tion (Racinowski et al., 2001; Seul et al., 2001). 

The direction of ma te rial trans port and the in ten sity of de -
po si tion (or redeposition) may be de duced from grain-size
com po si tion. Ag gre gate grain-size in di ces de pend on the prop -
er ties of ma te rial trans ported by ae olian pro cesses, which usu -
ally con sists of ce mented silt grains (Jersak, 1973), and also on
the con di tions of diagenesis.

Ag gre ga tion in di ces in form about struc ture sta bil ity
(Vogeler in dex), about ag gre gate sta bil ity (Denisov in dex) or
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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)



struc tural bonds (Gorkova in dex), and are also help ful in the
distinction of soils. The com par i son of stan dard in di ces of
dispersion and ag gre gate grain-size with ag gre ga tion in di ces
can be help ful in dis tin guish ing, for ex am ple, lay ers af fected
with weak pedogenesis with sections. 

GENERAL GRAIN-SIZE EVALUATION OF LOESS
DEPOSITS FROM KOLODIIV

It may be con cluded on the ba sis of ag gre gate grain-size
anal y sis that the ma jor ity of loess de pos its can be clas si fied as
silts (youn ger Vistulian de pos its) and sandy silts (older

Vistulian and Wartanian de pos its). The av er age con tent of sand 
frac tion in the strati graphic units dis tin guished is 35% and var -
ies from 15% for con tem po rary Ho lo cene soil to over 50% for
an older unit rep re sent ing the interstadial Dubno 2 soil with the
un der ly ing loess (L1-l3) and  the interstadial Kolodiiv 1 soil
(S1-s1). The coarse silt frac tion (0.063–0.02 mm) is pre dom i -
nant in the ag gre gate grain-size. The av er age con tent of silt in
these pro files var ies from 50.7 to 75.0%, and the con tent of the
clay frac tion var ies from 1.3 to 2.8% (Fig. 2). Loess de pos its
trans formed by pedogenesis, namely palaeosols, are char ac ter -
ised by a slightly higher con tent of clay frac tion than loess lay -
ers not so trans formed. For ag gre gate anal y sis, the mean grain
di am e ter (Mz) is 4.76j, and the sort ing is weak (s1) and av er -
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Sym bol
Strati graphic units af ter
£anczont and Boguckyj

(2002)

Frac tion con tent
[%]

Grain-size in di ces after Folk and Ward
(1957)

sand

silt clay Mz s1 Sk1 KG

A

D

A

D

A

D

A

D

A

D

A

D

S0 Ho lo cene soil
S0 17.8

81.6

65.4

  1.4

17.6

5.20

6.16

1.23

2.08

0.31

0.35

1.34

0.93

L1

Krasyliv and Rivne units

L1-l1 
22.7

76.8

63.3

  1.1

14.1

5.17

6.16

1.34

2.08

0.15

0.35

1.29

1.05

Up per Pleniglacial loess 

L1-l1
31.1

67.4

57.7

  1.4

11.2

4.94

5.53

1.48

2.10

0.15

0.29

1.24

1.10

Dubno 1 set of palaeosols

L1-s1
25.1

72.9

65.4

  2.1

  9.4

5.16

5.64

1.48

1.98

0.24

0.30

1.24

1.06

Mid dle Pleniglacial loess

L1-l2
35.5

63.2

55.6

  1.2

  8.9

4.83

5.32

1.43

1.99

0.17

0.33

1.21

1.05

Dubno 2 set of palaeosols

L1-s2
51.1

47.6

40.0

  1.4

  8.8

4.43

4.88

1.52

2.12

0.22

0.43

1.13

1.14

Lower Pleniglacial loess

L1-l3
49.2

49.7

42.6

  1.1

  8.3

4.38

4.78

1.38

1.95

0.19

0.37

1.21

1.36

S1

Kolodiiv 1 palaeosol

S1-s1
51.6

47.6

41.8

  1.1

  6.6

4.32

4.79

1.41

2.03

0.15

0.39

1.20

1.12

Loess be tween Kolodiiv 1 
and 2 palaeosols 

S1-l1
42.8

56.5

50.5

  1.2

  6.7

4.43

4.96

1.34

2.00

0.15

0.41

1.36

1.19

Kolodiiv 2 palaeosol

S1-s2
42.7

56.0

45.5

  1.5

11.8

4.53

5.25

1.44

2.23

0.15

0.38

1.26

1.01

Loess be tween Kolodiiv 2 
and 3 palaeosols

S1-l2
38.5

59.7

46.7

  1.8

14.8

4.64

5.44

1.57

2.35

0.17

0.32

1.29

0.89

Kolodiiv 3 palaeosol

S1-s3
23.2

74.6

56.2

  2.4

20.6

5.14

6.29

1.36

2.14

0.35

0.17

1.19

0.83

Eemian pedocomplex 

SS1 (I+II)
33.5

64.0

50.0

  2.6

16.6

4.86

5.67

1.50

2.17

0.22

0.26

1.13

0.97

Al lu vial
de pos its
(equiv a -
lent of L2)

Wartanian al lu vial muds 35.0
64.3

53.5

  0.7

11.5

4.60

5.31

1.26

2.14

0.07

0.39

1.24

1.24

Wartanian al lu vial sand
de pos its 53.0

46.9

42.0

  0.7

  5.0

4.13

4.29

1.34

1.74

0.26

0.42

0.89

1.18

Av er age
val ues

Kolodiiv pro files — with -
out al lu vial de pos its 35.6

63.0

52.4

  1.5

11.9

4.76

5.43

1.41

2.10

0.19

0.33

1.24

1.07

Frac tion con tent ac cord ing to ag gre gate (A) and dis per sion (D) anal y ses; Mz — mean grain di am e ter, s1  — sort ing

index, Sk1 — skew ness index, KG —  kurtosis index 

T a  b l e  1

The Kolodiiv site, av er aged val ues for se lected strati graphic units



ages 1.41. Grain-size dis tri bu tions are close to nor -
mal with pos i tive skew ness (Sk1 av er ages +0.19),
and more steep than nor mal with a sharp max i mum
(KG av er ages 1.24; Fig. 3).

The same sed i ments sub jected to dis per sion (el -
e men tary) anal y sis were clas si fied as silts, silty
loams, and loams. The silt frac tion is also pre dom i -
nant (it var ies from 40 to 65% on the av er age) but
mostly is within the range of 0.0312–0.008 mm.
The av er age con tent of clay frac tion is over four
times higher than that de ter mined by ag gre gate
anal y sis. Part of this frac tion may be re lated to the
dis in te gra tion of ag gre gates of the silt frac tion
(Fig. 2).

The mean grain di am e ter is about 5.4j, and sort -
ing (s1) is very weak (it av er ages 2.1). Grain-size
dis tri bu tions are close to nor mal (KG av er ages 1.1)
with a dis tinct max i mum. They are char ac ter ised by
a pos i tive skew ness (Sk1 av er ages +0.30). Palaeosols 
are char ac ter ised by slightly higher val ues of mean
grain di am e ter (Mz), lower val ues of sort ing in dex
(s1), and vari able val ues of Sk1 and KG, both for ag -
gre gate and dis per sion anal y ses. 

The range of grain-size in di ces is shown in Fig -
ure 3. The silt and clay frac tions as de ter mined by
dis per sion anal y sis (el e men tary) in com par i son
with ag gre gate (mi cro-ag gre gate) anal y sis of loess
de pos its may be noted. 

The av er age ag gre ga tion in di ces cal cu lated
for se lected strati graphic units weakly char ac ter -
ize the de pos its at Kolodiiv (Fig. 4). Ob ser va tion
of the di a gram of ag gre ga tion in di ces, shows that
only dif fer ences be tween the de pos its rep re sent -
ing the Eemian–Early Vistulian  soil suc ces sion
(Horohiv) and the Mid dle and Up per Vistulian
loess may be noted. 

CONCLUSIONS

Ag gre gate grain-size re flects prop er ties of ma -
te rial trans formed dur ing trans port, de po si tion and
redeposition. Based on the re sults of ag gre gate
anal y sis, the ma te rial in the pro files in ves ti gated is
mostly clas si fied as silts and sandy silts. 

Dispersion (el e men tary) grain-size char ac ter -
ises the ini tial ma te rial from which the ex am ined
de pos its orig i nated. The ma jor ity of these are clas -
si fied as silts and silty loams. Part of the ma te rial
(e.g. gleyed ho ri zons) is de fined as silty loams or
even clays. 

The ag gre gate and el e men tary anal y ses in di -
cate that the ini tial loess ma te rial de pos ited in
Kolodiiv was gen er ally uniform. Only the youn -
gest palaeosols and youn ger loess com plex are en -
riched in silt, which may sug gest lower ve loc i ties
of wind trans port ing the ma te rial or a change in
source ma te rial (e.g. from sandy-silty flood sed i -
ments to clayey lac us trine sed i ments).
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Fig. 2. The Kolodiiv site; per cent ages of par tic u lar frac tions ob tained 
by ag gre gate and dispersion meth ods

Fig. 3. The Kolodiiv site; grain-size in di ces af ter Folk and Ward (1957) 
for ag gre gate and dispersion anal y ses



Some changes in source ma te rial, wind speed or amount
redeposition (e.g. by slope pro cesses) may be de duced from the 
vari able skew ness and flat ness of the grain-size dis tri bu tion,
both ag gre gate and dispersion. Dif fer ences in grain-size com -
po si tion ob served in the pro files ex am ined is less ev i dent when
com par ing the av er age val ues cal cu lated for par tic u lar strati -
graphic units. How ever, some dif fer ences in grain size are
pres ent be tween palaeosols with dif fer ent de grees of trans for -
ma tion and typ i cal loess ma te rial. A lit tle finer ma te rial oc curs
in those de pos its that were trans formed by pedogenesis. The

loess lay ers that did not un dergo sig nif i cant pedogenesis are
char ac ter ized by a more ho mo ge neous grain-size com po si tion. 

Dur ing the en tire Vistulian pe riod with its change able cli -
ma tic con di tions, min eral ma te rial un der went redeposition and
trans for ma tion many times. Using grain-size com po si tion, it
will be pos si ble to de duce lo cal and gen eral di rec tions of silt
trans port only af ter com plet ing the re search on the li thol ogy
and stra tig ra phy of the Vistulian de pos its in the Halyè
Prydnistrov’ja re gion. 

REFERENCES

DWUCET K. (1993) — Char ac ter is tics of de gree of loess aggregatisation
in Po land (in Pol ish with Eng lish sum mary). Geogr. Stud. Dis sert.
UŒl., 18: 30–48.

FOLK R. L. and WARD W. C. (1957) — Brazos River Bar: A study in the
sig nif i cance of grain size pa ram e ters. J. Sed i ment. Petrol., 27 (1):
3–26.

GRABOWSKA-OLSZEWSKA B. (1990) — Metody badania gruntów
spoistych. Wyd. Geol. Warszawa.

GRABOWSKA-OLSZEWSKA B. and SIERGIEJEW J. M. (ed.) (1977)
— Gruntoznawstwo. Wyd. Geol. Warszawa.

JERSAK J. (1973) — Li thol ogy and stra tig ra phy of the loess on the south -
ern Pol ish Up lands (in Pol ish with Eng lish sum mary). Acta Geogr.
Lodz., 32.

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

£ANCZONT M. and BOGUCKYJ A. (2007) — High-res o lu tion ter res trial 
ar chive of the cli ma tic os cil la tion dur ing Ox y gen Iso tope Stages 5–2
into loess-palaeosol se quence at Kolodiiv (East Carpathian Fore land,
Ukraine). Geol. Quart., 51 (2): 105–126.

PN–88/B–04481 — Grunty budowlane. Badania próbek gruntów.

PN–76/9180–06 — Gleby i utwory mineralne. Pobieranie próbek gleby i
oznaczanie sk³adu mechanicznego. 

PRIK£OÑSKI W. A. (1955) — Gruntoznawstwo. Wyd. Geol. Warszawa.

RACINOWSKI R., SEUL C., £ANCZONT M. and BOGUCKYJ A.
(2000) — Analiza porównawcza wskaŸników uziarnienia lessów z

Sedimentary environments of the Late Pleistocene terrestial deposits at Kolodiiv (East Carpathian Foreland, Ukraine) 183

Fig. 4. The Kolodiiv site; some ag gre ga tion in di ces for par tic u lar 
strati graphic units



Halicza i Ko³odijewa (okolice Iwano-Frankowska, Zachodnia
Ukraina). In: Glacja³ i Peryglacja³ na Miêdzyrzeczu Sanu i Dniestru.
Seminarium terenowe II (ed. M. £anczont), UMCS, Lublin: 66–76.

RACINOWSKI R., SEUL C., £ANCZONT M. and BOGUCKYJ A.
(2003) — About pos si bil i ties of us ing ag gre gate and el e men tary
grain ing re search of dusty sed i ments for lithological and
morphodynamical pur poses (on the ex am ple of Halicz and Ko³odijew,
west ern Ukraine) (in Pol ish with Eng lish sum mary). Geogr. Stud. Dis -
sert. UŒl., 26: 72–107. 

RACINOWSKI R., SZCZYPEK T. and WACH J. (2001) — Prezentacja i
interpretacja wyników badañ uziarnienia osadów czwartorzêdowych.
Wyd. UŒl. Katowice.

SEUL C. (2002) — Grain size anal y sis of loess de pos its in the Halyè
Prydnistrov`ja re gion (in Pol ish with Eng lish sum mary). Stud. Geol.
Pol., 119: 207–217. 

SEUL C., RACINOWSKI R., £ANCZONT M. and BOGUCKYJ A.
(2001) — Lithogenetic in ter pre ta tion of loessic for ma tions in the
Halicz (west Ukraine) pro file on the ba sis of grain ing tests (in Pol ish
with Eng lish sum mary). In: Gen e sis, Li thol ogy and Stra tig ra phy of
Qua ter nary De pos its (ed. A. Kostrzewski), 3: 339–358.

184 Cyprian Seul


