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Suc ces sions of loess and other de pos its in the Kolodiiv pro file, formed dur ing the Eemian Inter gla cial and Vistulian Gla cial (OIS 5–2),
are char ac ter ized us ing the re sults of heavy min eral anal y sis. Weath ered lo cal car bon ate rocks and flu vial de pos its (Wartanian Gla cial,
OIS 6) are used for com par i son. It was found that the con tent of min er als de rived from weath ered and re de pos ited Carpathian Flysch in -
creases from bot tom to top of the pro file. The en tire loess suc ces sion ac cu mu lated un der sim i lar lithodynamic con di tions and the
palaeosols are of sim i lar char ac ter.
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INTRODUCTION

Stud ies of heavy min er als in the loess de pos its of the
Halyè Prydnistrov’ja re gion were ini ti ated in 1999 by
Racinowski (Racinowski et al., 1999, 2004a, b; Boguckyj et
al., 2000). The Kolodiiv sec tion, sit u ated in the Sivka River
val ley (trib u tary of the Dniester River) is one of the most im -
por tant Late Pleis to cene pro files in this re gion. The heavy
min eral spec trum of de pos its from the Kolodiiv 2A pro file
(Fig. 1) has al ready been de scribed in out line in an ear lier
pa per (£anczont and Boguckyj, 2002; Racinowski, 2002;
£anczont and Boguckyj, 2007). These stud ies showed that
the en tire pro file con tains a num ber of min eral classes,
though the range of ex treme val ues is large. Larger dif fer -
ences in the con tents of trans par ent min er als can in di cate
sig nif i cant changes in source. De tailed anal y sis of the heavy
min eral spec trum in the Kolodiiv pro file is par tic u larly in ter -
est ing be cause these de pos its ac cu mu lated in a rel a tively
nar row strati graphi cal in ter val. This in cludes the in ter val of
the Eemian Inter gla cial and the Vistulian Gla cial (OIS 5–2).
Lo cal Up per Cre ta ceous cal car e ous sand stones and flu vial
de pos its from the Wartanian Gla cial (OIS 6), which oc cur in
the pro file be neath the loess de pos its, were also ex am ined
for com par i son.

This pa per gives the re sults of heavy min eral anal y sis.
Heavy min er als were sep a rated in bromoform from the
0.1–0.05 mm frac tion. The com po nents of the en tire min eral
spec trum were ranked into four main classes (Ta ble 1): opaque
min er als, con cre tions (ferruginous and spo rad i cally car bon ate), 
micas (mus co vite to gether with chlorite), and trans par ent min -
er als (ex clud ing bi o tite). Trans par ent min er als were clas si fied
into the main min eral groups (Ta ble 2). All am phi boles were
put in one group, and other groups gar nets, com prised py rox -
enes and tour ma lines. Epidotes were clas si fied with zoisites,
and rutile with other ti ta nium min er als. 

Us ing Kikukazu-Doi’s method (Racinowski and Coufal,
1991; Racinowski et al., 2000; Racinowski, 2002) three sub sets 
were dis tin guished in the trans par ent min er als set: dom i nant
min er als, ac ces sory min er als and sub or di nate min er als. Dom i -
nant min er als com prised more than 20% of the min eral spec -
trum; they are de noted with cap i tal let ters. Ac ces sory min er als
are ex pressed in cap i tal let ters in pa ren the ses; their con tent is
usu ally 5–20%. The con tent of these min er als is close to the
lower bound ary of the dom i nant min er als con tent. The pres -
ence of some sub or di nate min er als was ad di tion ally in di cated.
Their con tent is usu ally lower than 5%, but due to their spe cific
char ac ter they may be of con sid er able im por tance in palaeo -
geo graphi cal stud ies. They are writ ten in small let ters in pa ren -
the ses. The fol low ing sym bols are used for the dom i nant min -
er als: C — zir con, G — gar nets, R — rutile (Fig. 2).
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Fig. 1. A — sketch map of loess re gional dis tri bu tion; A’ — lo ca tion of pro files in ves ti gated at Kolodiiv
(af ter £anczont and Boguckyj, 2007)

T a  b l e  1

Heavy min er als com po si tions in the Kolodiiv pro file deposits

Sym bol Lithogenesis Age 
Depth

[m]
No. of

sam ples
Heavy min er als
in  [%] weight

Heavy min er als (quan tity in %)

Opaque
Concretions

(Fe,Ca)
Micas Transparent

1 loess Up per Plenivistulian
(Rivne) 2.0–5.2 4 0.43 12.6 31.2 26.4 29.8

2 mineral soil 
(ho ri zon Ag)

Interplenivistulian
(Dubno 1) 6.0 1 0.32   6.4 29.6 32.2 31.8

3 mineral soil 
(ho ri zon B) as above 6.8–8.7 3 0.29 11.1 24.9 40.1 23.9

4 mineral soil 
(ho ri zon Ag) as above 9.7 1 0.23 12.4 22.2 34.6 30.8

5 min eral soil as above 10.8–11.6 2 0.28 12.4 25.6 31.6 30.4

6 sandy loess as above 12.2 1 0.19 12.1 31.1 25.5 31.3

7 dusty sand as above 13.6–14.1 2 0.25 16.1 29.9 25.5 28.5

8 min eral soil 
(ho ri zon B)

Interplenivistulian
(Dubno 2) 15.6 1 0.28 13.9 32   21.3 32.8

9 strat i fied sands Lower Plenivistulian 16.5 1 0.29   5.5 35.2 26.4 32.9

10 min eral soil 
(ho ri zon B) Early Vistulian 17.8 1 0.29 12.0 28.7 23.9 35.4

11 min eral soil 
(ho ri zon A) as above 18.6 1 0.23   7.3 24.4 48.9 19.4

12 min eral soil 
(ho ri zon E) Eemian 19.2 1 0.15 14.9 34.7 31.0 19.4

13 min eral soil 
(ho ri zon B) as above 19.4–19.9 2 0.23 17.8 35.5 29.7 17.0

14 min eral soil 
(ho ri zon A) as above 20.1 1 0.27 16.4 27.9 30.4 25.3

15 min eral soil 
(ho ri zon B) as above 21.0–21.8 2 0.32 14.9 31.5 31.5 22.1

16 river sand Wartanian – 1 0.45  5.3 44.8 17.4 32.5

17 cal car e ous
sand stone Up per Cre ta ceous – 1 0.33 45.4 11.3 25.8 17.5



VARIABILITY OF HEAVY MINERALS IN
SUCCESSIONS OF DIFFERENT AGES 

The stra tig ra phy of the de pos its ex am ined has been pub -
lished by Boguckyj and £anczont (2007). 

In the heavy min er al as sem blages of the Cre ta ceous rocks,
opaque min er als and con cre tions play the main role. There is
also a mod er ately high mica con tent. Zir con pre dom i nates
among the trans par ent min er als, while rutile is an ac ces sory
com po nent. Gar nets ap pear in very small amounts.

Flu vial sandy deposits from the Wartanian Gla cial (OIS 6)
are char ac ter ized by sim i lar con tents of trans par ent min er als as
in the Cre ta ceous de pos its. The sig nif i cant amount of micas
(for flu vial de pos its) is notable and sug gests sed i men ta tion
from low-en ergy cur rents. Zir con is the dom i nant min eral
among trans par ent min er als, and rutile is an ac ces sory. There is 
more gar net in these de pos its than in the Cretaceous rocks.

In the lower part of the silt de pos its of the Eemian Inter -
gla cial and the Early Vistulian (OIS 5) there are gen er ally
sim i lar con tents of min er als in the in di vid ual heavy min eral
classes as in the older de pos its. How ever, micas are found in
smaller amounts. Zir con is a dom i nant min eral among the
trans par ent heavy min er als; rutile is an ac ces sory, and gar net
a sub or di nate min eral. Such a min eral spec trum likely in di -
cates that silt was blown mainly from eroded lo cal Cre ta ceous 
rocks, which had been re de pos ited in wa ter. The heavy min er -
als ana lysed com prise an as sem blage of com po nents that are
re sis tant or me dium-re sis tant to de struc tion, which does not
al low dis tinc tion of vari able weath er ing ef fects be tween in di -

vid ual palaeosols. At the same time, the min eral spec trum
con tains com po nents of more or less con stant aero dy namic
equiv a lence, sug gest ing that sim i lar wind con di tions pre -
vailed dur ing the de po si tion of this suc ces sion.

De pos its from the Lower Plenivistulian (OIS 4) are rep re -
sented by soliflucted silts and sands, which are char ac ter ized by 
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T a  b l e  2

Trans par ent heavy min er al com po si tions in the Kolodiiv pro file deposits

Sym bol 

 Trans par ent heavy min er als (quan tity in per cent age: sum = 100%)
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1 2.2 1.7 25.6 0.2 1.3 0.5 49.6 0.4 2.5 12.1 1.3 0.2 2.4 0.0

2 1.0 0.6 23.7 0.2 0.4 1.0 41.5 0.4 1.0 27.0 2.2 0.0 1.0 0.0

3 0.6 0.6 28.7 0.0 1.0 0.2 46.0 0.3 0.7 18.1 2.3 0.1 1.3 0.1

4 1.7 0.9 21.9 0.2 0.8 0.0 46.0 0.0 0.9 20.8 4.7 0.2 1.9 0.0

5 0.7 0.7 18.5 0.2 0.4 0.7 59.1 0.3 1.2 14.4 2.3 0.1 1.3 0.1

6 1.3 0.2 25.6 0.2 0.7 0.0 45.2 0.0 3.3 18.7 2.0 0.2 2.6 0.0

7 0.9 0.8 25.5 0.0 0.8 0.0 47.6 0.0 1.4 18.0 2.4 0.2 2.4 0.0

8 0.3 0.7 25.1 0.3 1.3 0.0 44.3 0.0 1.6 22.1 2.3 0.0 2.0 0.0

9 3.6 1.5 28.5 0.4 1.1 0.0 49.6 0.0 1.1 10.2 2.5 0.0 1.5 0.0

10 0.7 0.0 37.9 0.0 1.0 0.3 27.9 0.5 0.8 27.0 1.5 0.5 1.7 0.2

11 0.9 0.4 29.6 0.4 1.7 0.0 40.4 1.3 2.6 14.4 3.0 0.0 5.2 0.1

12 1.7 0.4 45.8 0.0 1.3 0.0 11.4 0.4 1.7 30.5 1.7 0.0 5.1 0.0

13 1.6 0.7 44.3 0.6 1.5 0.5 9.9 1.0 3.1 32.8 1.0 0.0 3.0 0.0

14 1.3 0.0 39.9 0.0 1.0 0.0 17.0 0.0 1.3 36.4 0.6 0.6 1.9 0.0

15 1.5 0.4 53.1 0.5 1.1 0.7 6.8 0.6 2.2 24.9 2.0 0.5 5.6 0.1

16 1.3 0.6 61.7 0.0 0.0 0.6 9.8 0.8 0.5 19.9 1.3 0.3 3.2 0.0

17 0.0 0.0 61.8 2.2 4.4 1.5 1.5 0.7 2.2 20.5 3.7 0.0 1.5 0.0

Fig 2. Dis tri bu tion of loess sam ple points at the Kolodiiv 2 pro file
show ing the vary ing con tents of the main

trans par ent heavy min er als

Sym bols ac cord ing to de scrip tion given in Ta bles 1and 2



com po si tions within in di vid ual classes sim i lar to those found in 
the un der ly ing units. How ever, among the trans par ent min er als 
some con sid er able changes ap pear. Gar net and zir con be come
dom i nant, and rutile is ac ces sory. The in crease in the gar net
con tent in di cates a change in source area. Ul ti mate der i va tion
from Carpathian Flysch rocks is likely, via trans port by flow ing 
wa ter or in lo cal ephem eral lakes. In for ma tion about the min er -
al og i cal char ac ter is tics of the Carpathian rocks was mostly
taken from Lazarenko et al. (1962). 

The Interplenivistulian (OIS 3) sed i ments, rep re sented by the 
Dubno (1+2) set of palaeosols and the loess be tween them, are
char ac ter ized by the sim i lar con tents of min er als in the main
classes as oc cur in the older de pos its. How ever, among the trans -
par ent min er als, the gar net con tent strongly in creases. It can be
sup posed that de tri tus from the Carpathian Flysch rocks pro -
vided the main source of blown-in silt ma te rial. The loess-form -
ing pro cess likely oc curred in a more or less con stant and calm
en vi ron ment. This is sug gested by the sig nif i cant con tent of
micas. Also in this suc ces sion one can not ob serve a re la tion ship
be tween the heavy min eral spec tra and dif fer ent de grees of
weath er ing of the accomponging palaeosols.

The up per part of the Kolodiiv pro file is com posed of Up -
per Plenivistulian (OIS 2) loess with the Rivne palaeosols. The
heavy min er al com po si tion is sim i lar to that of the un der ly ing
loess-palaeosol se quence (Dubno 1+2).

CONCLUSIONS

In the en tire Kolodiiv pro file, vari a tions in the min eral
con tents in the in di vid ual classes does not show pat terns that 

would al low un equiv o cal con clu sions to be drown con cern -
ing lithogenesis and lithostratigraphy. How ever, anal y sis of
the trans par ent min eral spec tra al lows a num ber of dif fer ent
lithostratigraphical units to be dis tin guished (Ta ble 2 and
Fig. 2).

The lo cal base ment be neath the Late Pleis to cene de pos its,
is com posed of Up per Cre ta ceous cal car e ous sand stones. De -
tri tus from these is char ac ter ized by trans par ent min er als in
the or der C>(R)>(G). In the lower part of the Kolodiiv pro file
these are over lain by Wartanian flu vial de pos its C>(R)>(G),
also char ac ter ized by as are the suc ceed ing Eemian Inter gla -
cial de pos its. Above these are Lower Plenivistulian slope silts
and sands, in which the or der is G, C>(R). The suc ceed ing
Interplenivistulian and Up per Plenivistulian de pos its, along
with the Dubno (1+2) and Rivne palaeosols, in clude trans par -
ent min er als that may show ei ther G>C>(R) or G>(C>R).

The di ver sity of the dom i nant trans par ent min er als likely
re flects the com po si tion of the source ma te ri als. Orig i nally this
was lo cally re de pos ited de tri tus from Cre ta ceous rocks. Com -
po nents derived from re de pos ited Carpathian sed i ments in -
creases from bot tom to top of the pro file.

As the orig i nal ma te rial is com posed of min er als that are re -
sis tant or mod er ately re sis tant to weath er ing, dif fer ences in
weath er ing ef fects be tween in di vid ual palaeosols are not eas ily
dis tin guished.

The low vari abil ity of the con tents of opaque min er als and
con cre tions in the min eral spec tra suggests that the in ten sity of
pedogenesis was sim i lar in all warm phases. The similar mica
con tents through out the en tire Kolodiiv pro file in di cate that the
dy nam ics of ae olian ac cu mu la tion were gen er ally sim i lar
through out the sed i men ta tion cycle.
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