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I N T R O D U C T I O N

The aim of the recent study is an attempt at determination of the conditions
of accumulation of the upper younger loess from the period of the last glacia-
tion in the area of the Sandomierz Basin, Mid-Carpathian Foreland and the
western part of the Podolian Upland (Fig. 1). This research is a continuation of
the studies concerning the upper younger loess of the Lublin Upland and Vol-
hynia Upland (Chlebowski et al. 2003a) and the earlier investigated upper
younger loesses of the Ma³opolska Upland (Chlebowski and Lindner 1992) and
the Middle Dnieper drainage basin (Chlebowski et al. 2000).



The present elaboration was performed as a part of the Grant of the Polish
Research Committee (KBN) No 6PO4 E02918 on the basis of the geological
analysis of 20 loess logs (1�20 in Fig. 1), from among which two, i.e. Charna
(point 16 in Fig. 1) and £okitka (point 18 in Fig. 1) till present have no com-
plete elaborated lithological profiles, however, in these two cases, like in all
others, it was possible to collect the loess samples for the mineralogical studies.
The samples from 6 sites of the older sediments (items 21�27 in Fig. 1) out-
cropping in the investigated area were taken and investigated as well. Minera-
logical characteristics of the dust fraction (0.020.063) of the upper younger
loess (LMg according to the terminology of Maruszczak 1991) on the basis of
the heavy minerals and certain components of the light fraction was the main
subject of the elaboration. In the area of Ukraine this loess is named Bug Loess
(Veklich 1979). Its mineralogical characteristics was performed according to
the earlier proposed method (Chlebowski et al. 2002) and its results were pre-
sented in a form of histograms showing the percentage of each transparent
heavy mineral against the background of the strip logs with the marked places
of sampling for the studies (Figs 2�19). Detailed contents of all the components
of the heavy mineral group and selected components of the light fraction for
each studied sample were given in Table 1; moreover for the interpretation pur-
poses the radar plots (Figs 20�26) were made by the computer technique for
the mineral groups derived from all transparent heavy minerals. Such studies
were mentioned earlier (Chlebowski et al. 1999). In certain cases they refer to
the simultaneously performed studies of the heavy mineral compositions in cer-
tain complete loess profiles of this area (Racinowski et al. 1999).

G E O L O G I C - G E O M O R P H O L O G I C A L  S I T U A T I O N  O F  T H E  S T U D Y

A R E A

The described area comprises Sandomierz Basin, Mid-Carpathian Foreland
and the western part of the Podolian Upland. The surface of these units is to
a higher or lower degree covered by loess patches. The uppermost (youngest)
part of these patches, best accessible in the terrain studies, consists of the upper
younger loess connected (by its age) with the full development of the last
glaciation (Vistulian = Valdaynian).

S A N D O M I E R Z  B A S I N

Sandomierz Basin (SB in Fig. 1) is a part of the Mid-Carpathian Foreland,
a peripheral deep fore-mountainous basin of complicated geological structure,
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Fig. 1. Main areas of occurrence of loesses in south-east Poland and north-west Ukraine; LU �
Lublin Upland; VU � Volhynian Upland; SB � Sandomierz Basin; RF � Rzeszów Foreland; EB �
Eastern Beskidy; PU � Podolian Upland; a � analysed points of occurrence of the rocks and sedi-
ments of the loess bedrock: 21 � Chodorówka, 22 � ¯mijowiska, 23 � Radru¿, 24 � Przemys³ów,
25 � Bibrka, 26 � Zalishchyky, 27 � Ska³a Podolska; b � loess; c � analysed logs: 1 � Krzeszów,
2 � Grodzisko, 3 � Jaros³aw, 4 � Radymno, 5 � Buszkowice, 6 � Humniska, 7 � Babice, 8 �
Siedliska, 9 � Mostyska, 10 � Novo-Milatyn, 11 � Kulychyvka, 12 � Zbarazh, 13 � Podvolo-
chysk, 14 � Sharovechka, 15 � Yarmolynce, 16 � Charna, 17 � Halych, 18 � Lokitka, 19 � Ustech-

ko, 20 � Tovtri
G³ówne obszary wystêpowania lessów na obszarze SE Polski i NW Ukrainy; LU � Wy¿yna
Lubelska; VU � Wy¿yna Wo³yñska; SB � Kotlina Sandomierska; RF � Przedgórze Rzeszow-
skie; EB � Beskid Wschodni; PU � Wy¿yna Podolska; a � analizowane punkty wystêpowania
ska³ i osadów pod³o¿a lessowego: 21 � Chodorówka, 22 � ¯mijowiska, 23 � Radru¿, 24 � Prze-
mys³ów, 25 � Birbka, 26 � Zalishchyky; b � lessy; c � analizowane profile lessowe: 1 �
Krzeszów, 2 � Grodzisko, 3 � Jaros³aw, 4 � Radymno, 5 � Buszkowice, 6 � Humniska, 7 �
Babice, 8 � Siedliska, 9 � Mo�ciska, 10 � Novo-Milatyn, 11 � Kulychyvka, 12 � Zbarazh, 13 �
Podvolochysk, 14 � Sharovechka, 15 � Yarmolynce, 16 � Charna, 17 � Halych, 18 � Lokitka,

19 � Ustechko, 20 � Tovtri
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filled by syn- and post-orogenic sediments. Its development took place in con-
nection with the Miocene stage of evolution of the arc of the external Carpa-
thians. The older internal part of the basin is filled by Miocene sediments of the
molassa complex in full development, being intensively folded (Oszczypko
201). Presently these sediments occur beneath the Carpathian nappes and in
front of the Flysch Carpathian overthrust, with extensive occurrence to the
south of the city of Przemy�l. Two allochthonous units formed from these dis-
placed sediments. These are the Stebnik Unit (with the thickness of 2200 m)
belonging to the Lower and Middle Miocene and the Zg³obice Unit, formed by
the Badenian-Sarmatian sediments, analogous to the autochthonous sediments
of the same age (Kotlarczyk 1988). The youngest sediments of the Stebnik Unit
are evaporates (gray-green mudstones with intercalations of gypsum and anhy-
drite) and Radyce conglomerates formed from the Carpathian material. Beds of
the Stebnik Unit are widely developed in the area of Ukraine and they occur in
two zones of the Mid-Carpathian Foreland: the Borys³aw-Pokucie and Sambor
zones (Garecka, Olszewska 1997). External part of the Mid-Carpathian Fore-
land is filled by unfolded Middle Miocene marine sediments of the thickness of
several hundred to several thousand meters. The beds filling the deep-sea part
of the foreland are almost horizontal, and the thickness of their youngest unit,
the Krakowiec clays, forming the pre-Quaternary bedrock, ranges from 1,100
to 1,500 m (Oszczypko 2001).

The Quaternary sediments form in this area almost continuous cover. In
the heights between the valleys there occur the covers of the preglacial gravels.
The border of the maximal extent of the continental San 2 glaciation (= Oka
glaciation), which passed over the European continental divide and reached the
right side of the Dniestr River, occurs in this area. The presence of this conti-
nental glaciation within the Carpathian valleys caused formation of the mo-
raines, fluvioglacial sands and gravels, and marginal lake clays (Diemiediuk,
Diemiediuk 1995; Przepiórski 1938, £anczont et al. 1988; Teisseyre 1938;
Wojtanowicz 1978). These sediments are usually covered by a sheet of the
sediments of the younger part of Pleistocene, mostly loesses and loess-like for-
mations. In the area of the Sandomierz Basin loesses occur mainly within the
borders of the Kañczuk [?] Heights, hence frequently called the Fore-mountain-
ous Loess Upland. These sediments form a common cover including the so-
called middle (loess) terrace on the right side of the San River. The cover con-
sisting of these sediments is thick, though the thickness is variable: from few to
20 meters (Malicki 1973). It is formed mainly by the younger loesses. In the
zone between the San River and Dniestr River, the typical loesses were found
rarely, instead there occur the dusty loess-like sediments. In this area the dusty
sediments of the Upper Vistulian age have limited extension (Bogutsky et al.
1999a). In the remaining area loesses are the main type of the Pleistocene sedi-
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ments in addition to the alluvial ones. The loesses cover the zones of the drain-
age divides and the vast surfaces of the terrace plains of the Dniestr River and
its Carpathian tributaries. Thicknesses of the loess deposits are significant, with
the maximum of the loess cover thickness of 50 m in the region of Halicz. The
loesses are stratigraphically variable.

The Sandomierz Basin has the shape close to a triangle, with its longest
WE side reaching 230 km, and its height of 90 km. The Carpathian overthrust
is the southern border of the basin, marked in morphology by the structural-
denudation threshold of Forecarpathian Plateau. The other borders are deline-
ated in NE by the edge of the Lublin Upland and Roztocze with tectonic fea-
tures and the erosion edge of the Ma³opolska Upland in NW. In the area of the
Sandomierz Basin two main types of the earth's surface morphology occur.
These are the fore-mountainous and central plateaus of the relative height of 40
to 80 meters and plains of the aqueous accumulation. The plateaus occurring in
front of the Carpathians form a ledge of bulges of small relative differences in
heights, usually reaching 150 to 210 m a.s.l., cut by a network of the valleys to
the depths of 40 to 80 m. The width of the Kanczuga Plateau ranges from few
to 30 km (Malicki 1973). The central plateaus form relatively compact belt of
the heights cut by the valleys of the Carpathian rivers. The dimensions of the
plateaus decrease westwards and their height decreases northwards. The di-
vides and valleys contact along distinct edges 30 to 60 meters high. Within the
plains of the water accumulation there occur the flood and above-flood (Holo-
cene) terraces at the height of 150 to 210 m a.s.l, and the plains of the accumu-
lative and erosion-accumulative (Pleistocene) terraces of the relative heights of
10 to 20 m (Wojtanowicz 1978).

M I D - C A R P A T H I A N  F O R E L A N D

The western part of the Mid-Carpathian Foreland is called the Rzeszów
Foreland (RF in Fig. 1), comprising Dynów Plateau and Przemy�l Plateau.
This area is almost completely built of flysch beds of the Skole Unit, consisting
of a series of scales and folds. The folds are frequently overthrusted. This
overthrust tectonic style of this unit is best developed in the area to the east of
the San River, where the steep folds of the nappe contain beds of Upper Creta-
ceous and the complete log of Paleogene (Alexandrowicz 1999). The calcare-
ous beds of the Upper Cretaceous age, belonging to the typical flysch forma-
tion of Ropianka and including siliceous marls, Baculites marls from Wêgierka,
sandstone-shaly series of the Inoceramus beds are the main petrographic types
of the rocks in this area. They are associated with non-flysch and non-calcare-
ous black shales of Lower Cretaceous and younger, Tertiary (Eocene�Oligo-
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cene) sediments: menilite and hieroglyph beds and motley shales. The exotic
Jurassic rocks, so-called Kruhel limestones of the Sztramberk type (Gucik, Woj-
cik 1982; Kotlarczyk 1988) occur in the flysch rocks of the marginal zone of
the Skole Unit. To the west from the San River valley, the regular folds with
the preserved flanks occur; in this area the beds of the Krosno Formation, the
youngest lithostratigraphic unit of the flysch (Oligocene�Miocene) are increas-
ingly common. In the region of Dubiecko, Bachórzec and Olszany there occur
numerous patches of marine and brackish sediments of the Badenian age as the
folded transgressive cover. They consist of the calcareous clayey shales interca-
lated by crumbling sandstones (Oszczypko 2001). In the southwest the area of
the recent studies is built from the rocks of the Silesian and Sub-Silesian Units.
The narrow stripe of the Sub-Silesian Unit rocks is formed by narrow, de-
formed overthrusted folds formed from motley shales and Wêg³owice marls.
The Paleogene complexes of the Silesian Unit have regular folded structure
with broad synclines separated by steeply heaped anticlines The Krosno beds
consisting of gray calcareous mica-bearing sandstones and gray marly shales
are the most important components of this unit (Gucik, Wójcik 1982).

Among the Quaternary deposits, whose occurrence here is not common,
one may distinguish the till and till-debris weathering and solifluction covers,
related by their lithological features to the bedrock, covering the summits and
slopes, and other deposits like deluvial (slope wash), frequently loess-like cov-
ers, and the colluvial ones. Thicknesses of these covers are not large, ranging
from few to 8 meters. Glacial and fluvioglacial sediments form a separate
group of deposits of limited extensions. From among the continental (lowland)
glaciers only that of the South-Polish glaciation (San 2) covered the marginal
part of the Carpathians, leaving there moraines up to the level of 420 m a. s. l.,
and entered with a lob the San River valley more than 10 km upwards (Kli-
maszewski 1936). In the area between the San and Dniestr Rivers it left well-
preserved features of the glacial erosion and accumulation (Bogutsky et al.
2002). Sediments connected with this lob occur residually as boulders of the
Scandinavian rocks, frequently in the secondary deposit, and small patches of
moraine tills of limited thickness, which are usually hidden under younger
Pleistocene deposits. Aeolian loesses, belonging to the southern periphery of
the extension of these deposits in Poland, are relatively widespread in the Fore-
carpathian Plateau (£anczont 1995). They occur up to the height of 280 or even
320 m a.s.l. as irregularly scattered patches of the average thickness of 3 to 5
meters. The most extensive of them, having the thickness even up to 20 m are
linked with the Pleistocene terraces in the valleys of larger rivers, especially of
San River, where they overlay the alluvial series on the rock ledges. The dust
beds of the main phase of accumulation in the upper part of the Vistula
periglacial have the dominating importance. The aeolian series on the terraces
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occur together with the solifluction-deluvial (slope wash) covers or were re-
placed by the latter.

The Przemy�l and Dynów Plateaus differ both morphologically and in their
landscapes. The Przemy�l Plateau has many features of its structural sculpture
of the resequent type, with the series of parallel N�S ridges reaching the heights
of 500 to 600 m a.s.l., and separated by narrow and deep valleys. In the
Dynów Plateau the features of the structural sculpture are poorer preserved.
This area is lower (the maximal heights exceed slightly 400 m a.s.l.) and repre-
sents a massive, compact upland patch, which upper surface is a flat irregularly
cut summit (Henkiel 1977/78). The ridges are even and broad and denivelations
range from 80 to 250 m (Malicki 1973). The stepwise structure of the Earths
surface sculpture is the most characteristic feature of the landscape of this zone
of the plateaus. It is influenced by the peneplena dated for Upper Pliocene, de-
veloped at the relative height of 180 to 210 meters (380 to 410 m a.s.l.). Above
this surface, at the heights of 450 to 600 m a.s.l., the fragments of the Lower
Pliocene mid-mountainous level are preserved, and below this surface, from 60
to 100 meters above the bottoms of the main valleys, the valley-related and
near-valley level developed in Quaternary (Starkel 1965, Zuchiewicz 1995).
Bottoms of the river valleys, especially that of the main river of San, are an-
other characteristic component of the Earths surface sculpture. Valley of the
San River consists of two essential segments of different directions: close to N�
S to Dynów and almost exactly W�E between Dynów and Przemy�l. Especially
in the second segment the valley is very sinuous. In this segment there are short
parts of the gorge type and longer ones of the shape of troughs with Pleistocene
terraces (Klimaszewski 1967). The system of the Pleistocene terraces is not
uniform. Essentially four terraces of the Pleistocene age occur, which are best
developed in the valley of the San River. These terraces preserved accumula-
tion covers on the rock ledges. The terraces have the relative heights: 75�80 m,
40�60 m, 20�35 m and 12�17 m.

The area of the East Beskidy Foreland (EB in Fig. 1) forms the eastern
part of the Mid-Carpathian Foreland. It may be considered as the intermediate
zone between the mountain ridge and Podolia plains, comprising plateaus rela-
tively deeply cut by the valleys of the Carpathian rivers. In the geomorphologi-
cal classification three main units of the Forecarpathians are distinguished:
Near-Beskidy Forecarpathians, Near-Gorgany Forecarpathians and Pokucie-
Bukowina Forecarpathians (Krawczuk 1999). Within these units two main
types of the morphology are most important: the denudation-accumulative up-
lands and alluvial plains in valleys and dales, which might develop according to
tectonic zones (e.g. the Upper Dniestr Basin or Stanis³awów-Bystrzyca Basin).
In the zone between San and Dniestr Rivers (Near-Beskidy Forecarpathians),
there occur the elements of the old-glacial Earths surface sculpture with glacial
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and fluvioglacial forms (Bogutsky et al. 1999b). Flat and vast drainage divides
and broad valleys of the rivers flowing down from the Carpathians to Dniestr
River are the most impressive features of East Beskidy Foreland (Teisseyre
1933). These valleys usually formed along the relatively major tectonic discon-
tinuities occurring in the basement of the Mid-Carpathian Foreland (Krawczuk
1999). The river valleys and the terrains between them have the directions SW
� NE. The summit plains, occurring at the heights from 300 to 550 m a.s.l.,
form two main morphological levels, defined already by Teisseyre (1933). The
upper morphological level, called the level of Krasna (Hofsztejn 1962), is dated
for Late Pliocene, is preserved in fragments and its average height ranges from
100 to 160 m. Usually about 30 to 50 m lower there occurs the level of £o-
jowa, related to Early Quaternary; it occurs commonly and is the main land-
scape feature in the East Beskidy Foreland. The covers of the impoverished
Carpathian gravels lay in many places on these levels. They are the oldest and
uppermost terraces of the Dniestr River: the seventh one and the sixth one, lo-
cated outside the margins of the river valley itself. Younger, Meso- and Neo-
Pleistocene river terraces are typical forms formed within valleys, being devel-
oped along rivers. These are the terraces: the fifth (50�70 m of the relative
height), the fourth (up to 45 m), the third (15�25 m) and the second one (5�
8 m). The first terrace (2.5�5 m) is of Holocene age.

W E S T E R N  P A R T  O F  T H E  P O D O L I A N  U P L A N D

Western part of the Podolian Upland (PU in Fig. 1) is located between the
middle part of the Dniestr River, upper part of the southern Bug River and
partly in the drainage basins of the tributaries of the upper Pripiat River. Its
border with the Eastern Carpathian Foreland is distinctly marked in morphol-
ogy and generally it follows the tectonic discontinuities and flexures, which
separate the Forecarpathian Depression and the SW margin of the East-Euro-
pean Platform (Krawczuk 1999). Locally deep chasm valley of the Dniepr
River is considered as the natural border of these two regional units, albeit the
Podolian landscapes comprise the stripe occurring on the right side of the
Dniestr River, included to the Pokucie area. In the north, the western part of
the Podolian Upland borders with Volhynia, and in the west it extends to the
city of Lviv, to the elevation of Roztocze. The borders of Podolia are quite
well outlined by the level of 300 m a.s.l. (Lencewicz 1937).

The consolidated bedrock of the Quaternary deposits, mainly of loesses,
consists of Proterozoic and Early Paleozoic crystalline rocks, covered by Pa-
leozoic, Cretaceous and Tertiary sedimentary rocks. Thickness of this sedimen-
tary cover increases from the east to the west according to the inclination of the
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surface of the lowering of the crystalline basement toward the Forecarpathian
Depression (Gerenczuk et al. 1964). Close to the pre-Quaternary surface there
occur the Cretaceous sediments, having the largest thickness in the western part
of the Podolia Upland (near Opole), according to the tectonic Halicz-Volhynia
concave structure (Gerenczuk et al. 1964). The Cretaceous deposits of the Po-
dolia Upland consist of two main facial-stratigraphic complexes. The first one
comprises the beds of the Albian and Cenomanian age, having the largest exten-
sion. Lithologically they are organodetritic limestones and gaizes. The second
complex is of Late Cretaceous age, and it consists of gray, light gray and white
marls, sandy marls, limestones and sandstones (Gerenczuk 1972). The rocks of
the Cretaceous age and the older ones (Jurassic and Devonian) outcrop e.g. in
the high steep slopes of the valleys of Dniepr River and its major tributaries.
Various types of rocks of the Tertiary age occur locally at the Podolian edge of
the East European Platform and they are genetically connected with the devel-
opment of the Miocene molassa sedimentation in the Forecarpathian Depres-
sion. Gypsum is the important component of these sediments.

Pleistocene sediments cover the area of the western part of the Podolian
Upland with almost continuous though not very thick layer. They are only ab-
sent on the steep slopes of the area adjacent to the Dniestr River and within
certain denudation forms. Loesses dominate in the Pleistocene deposits, cover-
ing terrains between rivers and weakly inclined slopes of the valleys, frequently
with terraces; their thickness varies from few to 20 meters. Gravels forming
terraces of the Dniestr River and its tributaries are another important type of
the sediments forming covers. The higher terraces accumulated gravels consist-
ing of the resistant rocks of the Carpathian Flysch (sandstones, quartzites, sili-
ceous rocks), the lower ones are covered with gravels of the local rocks (De-
vonian sandstones, Silurian limestones, Cretaceous black flints).

The western part of the Podolian Upland is a plain terrain (Lencewicz
1937). An isolated rocky limestone ridge is a peculiar feature of its central
part. It rises above the summit plains ca. 40 to 60 meters, extending from
NNW to SSE, paralelly to the edge of Carpathians. This ridge is called Tovtry
(or Miodobory); its width varies from 2 to 8 km and its length reaches more
than 200 km. It is the relic of the barrier reef of the Beogene sea (Gerenczuk et
al. 1964). The ridge is built from lithothamnium and coral limestones, suscepti-
ble to development of karst forms like caves and niches. Morphostructural im-
age of the Podolia Upland was dominated by intensity of the development of
the erosion processes. The Podolia Upland of the extension from NW to SE is
a plateau consisting of a number of parallel flat or weakly hilly drainage divide
stripes extending from the north to the south in accordance to the river direc-
tions. The maximal heights reach 450�470 m a.s.l. The network of rivers and
dry valleys (called "balkas") is well developed. (Czy¿ewski 1972). The occur-
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rence of the very deep valleys (more than 100 m) of the chasm or gorge type
with distinct edges of the slopes and flat accumulation bottom is typical of the
area adjacent to the Dniestr River. A whole series of the terraces (I�VII) occurs
in the valley meanders (Hofsztejn 1960). The features of karst, both under-
ground (caves) and surface ones (sink holes, dolinas, karst valleys) are charac-
teristic of the region of the Tertiary gypsum and anhydrite occurrence (Peryt et
al. 1994).

O U T L I N E  O F  T H E  M E T H O D S  O F  T H E  M I N E R A L O G I C A L  S T U D I E S

The procedures and methods earlier elaborated (Chlebowski et al. 2002)
were applied both for sampling and in all the laboratory and microscope inves-
tigations for obtaining the results comparable to the previous mineralogical re-
search of loesses from the Lublin and Volhynia Uplands (Chlebowski et al.
2003a). Loess logs, sampled for the mineralogical studies (two samples from
each), were numbered from 1 to 20 (Fig. 1). The numbers 21 to 27 in the same
figure indicate the places of sampling of the bedrock occurring on the surface
in the investigated loess area or closely to it. The latter are lithologically vari-
able, represented by weathering wastes of shales and Krosno sandstones (Cho-
dorówka � No. 21 in Fig. 1), aeolian-deluvial (slope wash) sands and dusts
(¯mijowiska � No. 22 and Radu¿ � No. 23 in Fig. 1, moraine tills (Prze-
mys³ów � No. 24 in Fig. 1), Miocene sands (Bibrka � No. 25 in Fig. 1), river
and deluvial-slope sands of early Wartanian (Zalishchyky � No. 26 in Fig. 1)
and Older Quaternary green sands (Ska³a Podolska � No. 27 in Fig. 1).

Like in the case of the samples from the Lublin and Volhynia Uplands,
here the mineralogical investigations were performed on the granular prepara-
tions of both heavy mineral and light fractions. The studies of the light fraction
intended to obtain the additional information on the minerals whose densities
may be variable and may be close to the density of the used heavy liquids or
even lower, as for muscovite and glauconite (Krzowski 1993). Such minerals
may thus occur in part or even as a whole not in the heavy fraction. The evalu-
ation of the carbonate contents and recognition of the presence of microfossils
(mainly foraminifers) or their remnants was made in the light fraction. The
presence or absence of these components was marked in the appropriate col-
umns of the tables summarizing the contents of the heavy minerals. The studies
of the heavy fraction led to identification of all the mineral components, which
were the basis of the distinguishing of the mineral groups (I�V according to the
scheme presented earlier, see Chlebowski et al. 2002). Because in the next part
of the present elaboration the authors will refer to these groups many times and
they will be the basis of the graphical constructions (Figs 20�26) yielding the
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genetic interpretations of the investigated loesses, the authors will present be-
low the detailed characteristics of these groups as it was done for the loesses of
the earlier investigated uplands (Chlebowski et al. 2003a).

The mineral groups (I�V) were distinguished among the identified trans-
parent heavy minerals according to various criteria this way, that the minerals
of similar physical features like resistance or susceptibility to the weathering
factors, should be included in one group of those numbered from I to I�V; the
group V comprised the minerals of the flaky habit, which causes the good sus-
ceptibility to the aeolian factors (removal and transport by wins). The detailed
classification of the transparent heavy minerals identified in loesses in the
groups IV is shown in Tables 1�3. The minerals most resistant to the weather-
ing factors were included in the group I; they may survive several sedimenta-
tion cycles. Minerals resistant to the weathering factors, however in a lesser
degree than the minerals of the group I are in the group II. Minerals poorly re-
sistant to the weathering factors which may be crushed easily are in the group

III; they cannot sustain any long transport, being thus good indices of the close
source of their primary occurrence. The minerals least resistant to weathering
(both physical and chemical), and being very sensitive to changes of the geo-
chemical properties of the environment of their occurrence which may cause
their decomposition and may influence their physical (the optical ones inclu-
sively) and chemical features, were included in the group IV. Minerals of this
group, mainly glauconite, like the minerals of the group III (amphiboles and
pyroxenes) are exceptionally good indices of the source and origin of the clastic
material. The group V comprises the heavy minerals of tabular or flaky habit,
which causes that they are more susceptible to blowing out and aeolian trans-
port; mica minerals (muscovite and biotite) and chlorite are here the most com-
mon components.

The population of the heavy minerals usually is abundant in opaque miner-
als, which all were included in the group VI, not considered in the present
elaboration.

The distinguished groups (I�V) of the transparent heavy minerals presented
above were the basis of the graphic presentation of the concentrations of these
minerals in loesses and genetic interpretation of these deposits (Chlebowski et
al. 2002). The graphic constructions in the form of the five-axial radar plots are
presented in Figs 20�26. They made possible on the one hand to characterize
the individual loess logs, and on the another one to compare the studied sam-
ples with the loess samples of other regions (Chlebowski et al. 2002, 2003a. b).

Accumulation conditions of the younger upper loess of Sandomierz Basin... 17



D E S C R I P T I O N  O F  T H E  L O G S

Loess log Krzeszów (No. 1 in Fig. 1)
The loess log at Krzeszów occurs in the area of the Sandomierz Basin on

the right side of the San River near the edge of the Tarnogród Plateau. It is lo-
calized in the northern side of the upper part of the "Church" Ravine and it was
described by Wojtanowicz (1971, 1997). It cuts relatively small loess patch of
the thickness of 14.5 m.

These loesses lay on fluvioglacial sands and tills of the Odranian Glacia-
tion; loess-like muds and Miocene Krakowiec clays occur below the sands. For
the present elaboration the uppermost part of this log, comprising the younger
upper loess of the Vistulian Glaciation (V3 in Fig 2) of the thickness of 7.0 m
was cleaned and sampled. This loess has vertical jointing and distinct porosity,
its colour is light-yellow, the calcium carbonate content is within the ranges of
6 to 8%. Lower parts of this loess contain significant amounts of sand. Two
samples for the mineralogical studies were taken from this loess. The upper
sample Krz 1 comes from the depth of 3.0 m and the lower one Krz 2 � from
the depth of 4.0 m below the terrain surface formed by he recent soil H of the
thickness of 0.6 m. The fraction from 0.05 to 0.01 mm dominates in this loess
(43�47%), whereas the fraction > 0.1 mm occupies 4.9%.

The composition of the heavy minerals in the both samples is relatively dif-
ferent, which is expressed by very high content of the flay minerals, mainly bio-
tite, in the mineral composition of the first sample and a distinct prevalence of
garnets in the second sample. Micas (group V) and garnets (group II) clearly
prevail over all the other transparent heavy minerals and their different contents
in the both investigated loess samples may be caused by the secondary factors.
These might have been the diagenetic processes which caused degradation of
a part of garnets in situ in the deposited sediment in places of an intensive ac-
tivity of the exogenic factors (sample Krz 1). A phenomenon of blowing out of
the earlier deposited dusty sediment might have occur (sample Krz 2), causing
removal of the lighter and more susceptible to deflation flaky minerals (micas
inclusively), accompanied by simultaneous relative enrichment of these parts of
loess in minerals of larger density (i.e. heavier) like garnets.

The other components of the heavy fraction, i.e. the minerals resistant and
very resistant to the weathering factors, occur in both samples in similar
amounts, similarly to the less resistant minerals (amphiboles and pyroxenes)
and the not resistant ones (glauconite).

Significant amounts of carbonates were found in the studies loesses, though
they are distributed in the log rather non-uniformly, being much more abundant
in the sample rz 1, like the relatively common shells of carbonate microfossils
(foraminifers).
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Fig. 2. Loess log of Krzeszów after Wojtanowicz (1997, simplified) and results of the minera-
logical studies of the samples Krz 1 and Krz 2. Lithological explanations: a � recent soil, b � lo-
esses, c � interstadial soils, d � soil complexes and interglacial soils, e � muds and loess-like de-
posits, f � tills, g � sands, h � sands and gravels, i � gravels and cobbles, j � sedimentation gaps,
k � localization of the investigated samples. Determinations of the age levels: D � Devonian,
Trz � Tertiary, S1 � Sanian 1, tl � Tiligul = S2 � Sanian 2, so � Sokal = M � Mazovian, l � Luck =
Z � Zbójnian, dn � Dnieper = O � Odranian, ko � Korshev = Lu � Lubavian (Lublinian), ts �
Tyasmin = Wa � Wartanian, ho � Horokhov = E � Eemian, vl � Valdaynian = V � Vistulian
(V1, V2, V3 stadials), du � Dubno = interstadial V2/V3, bb � Bug = LMg (stadial V3), hl =
Holocene. Mineral composition: 1 � anatase, 2 � andalusite, 3 � zircon, 4 � kyanite, 5 � mona-
zite, 6 � rutile, 7 � staurolite, 8 � tourmaline, 9 � epidotes, 10 � garnets, 11 � sillimanite, 12 � apa-
tite, 13 � amphiboles, 14 � pyroxenes, 15 � biotite, 16 � chlorite, 17 � muscovite, 18 � glauconite,

19 � topaz, 20 � sphene
Profil lessowy Krzeszów wed³ug Wojtanowicza (1997, uproszczony) i wyniki badañ minera-
logicznych próbek Krz 1 i Krz 2; obja�nienia litologiczne: a � gleba wspó³czesna, b � lessy, c �
gleby interstadialne, d � kompleksy glebowe i gleby interglacjalne, e � mu³ki i utwory lessopo-
dobne, f � gliny zwa³owe, g � piaski, h � piaski i ¿wiry, i � ¿wiry i bruki g³azowe, j � ³uki
sedymentacyjne, k � po³o¿enie analizowanych próbek; oznaczenia poziomów wiekowych: D �
dewon, Trz � trzeciorzêd, S1 � Sanian 1, tl � Tiligul + S2 � Sanian 2, so � Sokal = M � Ma-
zovian, l � Luck = Z � Zbójnian, dn � Dniepr = O � Odranian, ko � Korshev = Lu � Lubavian
(Lublinian), ts � Tyasmin = Wa � Wartanian, ho � Horokhov = E � Eemian, vl � Valdaynian =
V � Vistulian (V1, V2, V3 stadials), du � Dubno = V2/V3 interstadia³, bb � Bug = LMg (V3
stadia³), hl = Holocen; Sk³ad mineralny: 1 � anataz, 2 � andaluzyt, 3 � cyrkon, 4 � dysten, 5 �
monacyt, 6 � rutyl, 7 � staurolit, 8 � turmalin, 9 � epidoty, 10 � granaty, 11 � sillimanit, 12 � apatyt,
13 � amphibole, 14 � pirokseny, 15 � biotyt, 16 � chloryt, 17 � muskowit, 18 � glaukonit,19 � topaz,

20 � sfen
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Loess log Grodzisko (No 2 in Fig. 1)
This log, described by Wojtanowicz (1997) as "Grodzisko Dolne", is lo-

calized in the central part of the Sandomierz Basin, in the Kolbuszowa Plateau,
in its southeaster margin, in the southern part of the village. A 12-meters-thick
bed of the dusty loess-like deposits outcrops in this log.

The lower part of this log (12.0�4.5 m) consists of the loess-like deposits
related by their age to the middle part of the Vistulian Glaciation (Fig. 3). The
level of the initial soil (V2/V3, 4.45�4.0 m) of the younger interstadial of the
Vistulian Glaciation formed on them. This soil is covered by the loess-like de-
posits (4.0�0.0 m) correlated in age with the youmger upper loess of the
youngest stadial of the Vistulian Glaciation. Two samples from these deposits
were taken for the mineralogical studies. The upper sample Gro 1 comes from
the depth of 2.5 m and the lower one Gro 2 � from the depth of 3.5 m below
the terrain surface.

Fig. 3. Loess log from Grodzisko after Wojtanowicz (1997, simplified) and results of the minera-
logical studies of the samples Gro 1 and Gro 2; Explanations of lithology, age and mineral compo-

sition as in Fig. 2
Profil lessowy Grodzisko wed³ug Wojtanowicza (1997, uproszczony) i wyniki badañ mineralogicz-

nych próbek: Gro 1 i Gro 2; obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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Granulomerically these deposits bear the "loess" fraction (0.05�0.01 mm)
in the amount of 39�40%, and the finest fraction (>0.002 mm) takes 7�8%.
According to Wojtanowicz (1997) these deposits represent the deluvial (slope
wash)-aeolian sediments formed under periglacial conditions of the last glacia-
tion.

The composition of the heavy mineral fraction in both investigated samples
is very similar, with very distinct prevalence of the resistant and very resistant
minerals and lower content of the flaky minerals, usually accumulated due to
aeolian transport, what may confirm the influence of the deluvial (slope wash)
factor on the type of the sediment. The minor content of the minerals poorly re-
sistant to the mechanic destruction (amphiboles and pyroxenes) and trace
amounts of glauconite, which is least resistant to weathering and under the
deluvial (slope wash) conditions may be deteriorated especially quickly, could
confirm this supposition. The aeolian processes causing the blowing of the ear-
lier deposited sediments (sample Gro 2) are recognizable in minor degree,
which is expressed by small prevalence of muscovite in the sample Gro 1 and
prevalence of garnets in the sample Gro 2.

The studied loesses contain moderate amounts of carbonates, among which
the shells of microfossils (foraminifers) were found.

Loess log Jaros³aw (No. 3 in Fig. 1)
The loess in Jaros³aw is localized within the open pit of the brick-works in

the western part of the town. This log, described in details by Maruszczak
(1980), is localized in the lower part of the slope of the Rzeszów Forecarpa-
thians at the border with the San River valley.

Yellow-brown spotty non-calcareous loess (16.0�14.7 m) related to the pe-
riod of the Wartanian Glaciation is the oldest Pleistocene sediment in this log
(Fig. 4). The twofold complex of the buried soil (14.7�12.6 m) of the Eemian
Interglacial age (E) formed on this loess. Above the soil, another loess bed out-
crops in the described log (12.4�10.4 m), which was probably accumulated
during two older stadials (V1+V2) of the Vistulian Glaciation. Initial fossil soil
10.4�9.4 m) occurs on this loess, representing probably the younger inter-
stadial (V2/3) of the last glaciation. Above the next loess bed (9.41.0 m) accu-
mulated, considered as the equivalent of the younger upper loess (LMg), whose
formation is related to the last stadial of the Vistulian Glaciation. The younger
part of this loess was sampled for the mineralogical studies: the upper sample
Ja 1 was taken at the depth of 1.5 m and the lower sample Ja 2 � at the depth
of 3.0 m below the recent soil (H, 1.0 m thick) surface.

In its granulometric composition this loess has a distinct abundance (38.0�
45.0%) of the fraction from 0.05 to 0.01 mm with limited content (9.0�12.0%)
of the fraction >0.05 mm.
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The compositions of the heavy mineral fractions in the both studied sam-
ples are very similar, with high contents of the flaky minerals, peculiarly mus-
covite. Garnets are important components, but other minerals resistant to
weathering, and especially those very resistant, are present in minor amounts.
However, the less resistant minerals, especially amphiboles, are present as well
as glauconite, which is very susceptible to deterioration. These facts may evi-
dence relatively close alimentation sources especially rich in mica minerals.

Significant amounts of carbonates were found in the studied loesses; the
shells of microfossils (foraminifers) were recognized frequently.

Loess log Radymno (No. 4 in Fig. 1)
The named loess profile occurs in the northeast part of the Rzeszów Fore-

carpathians at its border with the Sandomierz Basin. It outcrops in the open pit
of the brick-works near the road Radymno�Jaros³aw and it is localized in the
edge zone of the middle above-flood terrace of the San River, covered by

Fig. 4. Loess log from Jaros³aw after Maruszczak (1980, simplified) and results of the minera-
logical studies of the samples Ja 1 and Ja 2; Explanations of lithology, age and mineral composition

as in Fig. 2
Profil lessowy Jaros³aw wed³ug Maruszczaka (1980, uproszczony) i wyniki badañ mineralogicz-

nych próbek Ja 1 i Ja 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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loesses. This log was studied by Laskowska-Wysoczañska (1971, Malicki
(1973) and Maruszczak (1980).

River sands of the flood and river bed facies (16.5�14.0 m) are the oldest
Pleistocene sediment in this log (Fig. 5). The well-preserved three-level gley
soil (14.0�12.3 m) occurs above the sands, representing the climatic conditions
of the transition period from Eemian interglacial to the beginning of the Vis-
tulian Glaciation. This soil is covered by thick (12.3�3.5 m) bed of the lower
(V1) and middle (V2) subaqual and swamp loesses, connected with the older
stages of this glaciation. Next loess bed (3.5�0.8 m) occurs above in the de-
scribed log, being correlated with the youngest stadial (V3) of the last glacia-
tion, i. e. with accumulation conditions of the younger upper loess (LMg). Two
samples were taken from this loess for mineralogical studies. The upper sample
� Ra 1 � was taken from the depth of 2.0 m and the lower sample Ra 2 � from

Fig. 5. Loess log from Radymno after Maruszczak (1980, simplified) and results of the minera-
logical studies of the samples Ra 1 and Ra 2; Explanations of lithology, age and mineral composi-

tion as in Fig. 2
Profil lessowy Radymno wed³ug Maruszczaka (1980, uproszczony) i wyniki badañ mineralogicz-

nych próbek Ra 1 i Ra 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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the depth of 3.0 m below the terrain surface formed by the soil H of the thick-
ness of 0.8 m.

Granulometrically this loess is characterized by significant content (48.0�
57.0%) of the grain fraction between 0.05 to 0.01 mm and not very high con-
tent of the grains of the diameter >0.05 mm (8.0�9.0%).

The mineral composition of the heavy fraction is almost identical in the
two samples, with domination of the two mineral groups: the flaky minerals
(group V) with prevailing muscovite and the minerals resistant to the weather-
ing factors with distinct prevalence of garnets (group II). Other mineral compo-
nents belonging both to the groups most resistant and least resistant to the
weathering factors occur in very minor amounts.

The studied loesses are relatively rich in carbonates with frequently found
carbonate shells of microfossils (foraminifers).

Fig. 6. Loess log from Buszkowice after £anczont (1994, simplified) and results of the minera-
logical studies of the samples Bu 1 and Bu 2; Explanations of lithology, age and mineral composi-

tion as in Fig. 2
Profil lessowy Buszkowice wed³ug £anczont (1994, uproszczony) i wyniki badañ mineralogicz-

nych próbek Bu 1 i Bu 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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Loess log Buszkowice (No. 5 in Fig. 1)
This log occurs in the area of the open pit of the brick-works located in the

northern margins of the city of Przemy�l. According to £anczont (1994) it
comprises loesses raising above the Pleistocene middle terrace of the San River
with the relative height of 20�25 m.

In the log localised in the near-slope part of this terrace the 18-meter high
sequence of the Pleistocene sediments outcrops (Fig. 6). River sands and grav-
els (18�15 m) form its oldest part; they are covered by carbonaceous loess (15�
12.2 m) of the Wartanian Glaciation (Wa). Gravel with sand (12.2�11.5 m) at-
tributed to the river accumulation during the Eemian Interglacial (E) occur
above the loess. An overlying complex of loesses and initial buried soils (11.5�
7.8 m) represents the older (V1) and middle (V2) stadial of the Vistulian
Glaciation and the subsequent interstadials (V1/2 and V2/3). The uppermost
part of the log consists of thick (7.8�1.5 m) bed of the younger upper loess
(LMg) correlated with the last stadial (V3) of the Vistulian Glaciation. Two
samples for the mineralogical studies were taken from this loess. The upper
sample Bu 1 comes from the depth of 2.0 m and the lower one Bu 2 the depth
of 3.0 m below the terrain surface.

The composition of the heavy mineral fraction is almost identical for both
studied samples. They have garnets (>50%) distinctly prevailing over the total
of all the other components. The second group with high content are flaky min-
erals, among which muscovite content is slightly higher than that of biotite and
chlorite. The very resistant minerals either occur in small amounts or some of
them are absent. However, the poorly resistant minerals (amphiboles) and the
very poorly resistant ones (glauconite) are present.

The studied loess log contains carbonates distributed non-uniformly: in the
upper parts, i.e. in the sample Bu 1 neither carbonates nor the carbonaceous
shells of microfossils were found, however in the deeper parts, the second sam-
ple Bu 2 inclusively, the high carbonate concentrations occurred together with
relatively numerous carbonate shells of foraminifers.

Loess log Humniska (No. 6 in Fig. 1)
At Humniska near Brzozów, in the southern part of the Dynów Upland the

investigated loess log was described by Gerlach et al. (1991). This log occurs
in the abandoned pit of the brick-works localised on the left side of the Stop-
nica River valley, a tributary of Wis³ok. From the geomorphological point of
view this log is on the Pleistocene terrace of this river, on which loesses form
a cover.

This cover (Fig. 7), according to the quoted authors, consists of three fully
separated loess levels (units). The oldest of these levels (11.5�10.3 m) is repre-
sented by yellow, relatively homogeneous younger lower loesses accumulated
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during the first stadial (V1) of the Vistulian Glaciation. It is covered by the
younger middle loess (10.3�6.8 m) accumulated during the second stadial of
the same glaciation. Above the thickest younger upper loess (LMg) occurs
(6.8�0.9 m), considered as formed during the last stadial (V3) of the Vistulian
Glaciation. Two samples were taken from these from this loess for the minera-
logical studies. The upper sample Hu 1 was collected at the depth of 1.5 m and
the lower one Hu 2 � at 2.5 m below the terrain surface formed by the recent
soil H of the thickness of 0.9 m. In the sampled loess the grain fraction 0.05�
0.01 mm prevails (42.0�51.5%), and the fraction >0.05 mm takes 8.2%. The
composition of the heavy mineral fraction in both studied samples is the same
with distinct prevalence of the flaky minerals (group V), especially muscovite,
and garnets (group II). Peculiarly high content of muscovite was found in the
sample Hu 1 (more than 50% of all the components), which could suggest the

Fig. 7. Loess log from Humniska after Gerlach et al. (1991, simplified) and results of the min-
eralogical studies of the samples Hu 1 and Hu 2; Explanations of lithology, age and mineral com-

position as in Fig. 2
Profil lessowy Humniska wed³ug Gerlacha i in. (1980, uproszczony) i wyniki badañ mineralogi-

cznych próbek Hu 1 i Hu 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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secondary enrichment of the roof parts of the loess bed in this mineral due to
the blowing of the earlier accumulated dusty sediment. Simultaneously in these
parts, from which locally the flaky minerals were blown out, the heaviest min-
erals (garnets) were relatively accumulated, not being submitted to redeposi-
tion. The contents of garnets are very high in the studied loesses, but the sam-
ple Hu 2 has their content even higher; other minerals occur in very low
amounts.

The studied samples were carbonate-free, the shells of microfossils were
not found as well.

Loess log Babice (No. 7 in Fig. 1)
The loess log Babice is localised near the road Przemy�l�Dynów, at the

margin of the town of Babice, about 0.5 km to the west from the log of the
Pleistocene sediments at Babice-Zawada described by Pêkala (1988). For the
purposes of the present research the log at Babice was elaborated by
M. £anczont. The loesses outcropping here form an aeolian cover raising over
the Pleistocene middle terrace of the San River.

Fig. 8. Loess log from Babice after £anczont (unpublished, simplified) and results of the minera-
logical studies of the samples Ba 1 and Ba 2; Explanations of lithology, age and mineral composi-

tion as in Fig. 2
Profil lessowy Babice wed³ug £anczont (mat. niepublikowane, uproszczony) i wyniki badañ mine-

ralogicznych próbek Ba 1 i Ba 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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The river sediments represented by sands (12.0�7.0 m), attributed by their
age to the early part (V1) of the Vistulian Glaciation, are the oldest deposit of
this log (Fig. 8). Above, the Early- and Middle-Vistulian loess (V1+2) of rela-
tively low thickness (7.0�4.0 m) occurs. Higher (4.0�1.0 m) the upper younger
loess (LMg) is preserved, which was accumulated during the last stadial of the
Vistulian Glaciation. This loess is strongly gleized in its lower part, and in its
upper part it has light yellow colour and poorly carbonaceous. The latter loess
was sampled for the mineralogical investigation. The upper sample Ba 1 was
taken at the depth of 2.0 m and the lower one � at the depth of 3.0 m below the
ground surface formed by the soil H of the thickness of 1.0 m.

The compositions of the heavy mineral fractions in the both studied sam-
ples are almost identical, with distinct prevalence of garnets (more than 50% of
the total transparent heavy minerals). Flaky minerals (mainly muscovite and bio-
tite) are present in significant amounts, but other components, especially the
minerals most resistant to weathering occur in low concentrations, unlike glau-
conite (least resistant to weathering), whose presence is remarkable in both
samples.

Variable concentrations of carbonates were found in the studied samples �
they are scarce in the upper part of the log, however, deeper (the sample Ba 2)
loess is strongly carbonaceous. The shells of microfossils (foraminifers) are
found sporadically in both samples.

Loess log Siedliska (No. 8 in Fig. 1)
The loess log at Siedliska occurs to the east of Przemy�l in the easternmost

part of the Rzeszów Foreland. Lately it was investigated in details by £anczont
(1997). It is localized in the north-eastern wall of the open pit of clays aban-
doned long ago.

This log consists of the Pleistocene sediments of the total thickness of 17 m
(Fig. 9). Sands (17.5�16.9 m) representing probably the fluvioperiglacial flow
during the Sanian 1 Glaciation (S1) are its oldest part. The sub-moraine loess
(16.9�14.8 m) attributed to the anaglacial part of the Sanian 2 Glaciation and
the overlying till (14.8�2.5 m) cover the sands. Interstadial soil (2.5�2.2 m) of
the brown soil type developed on this till, representing probably the penulti-
mate stadial (V2/3) of the Vistulian Glaciation. Thin loess bed (2.2�0.8 m) oc-
curs above this till and soil, being probably connected with the last stadial (V3)
of the Vistulian Glaciation. This loess contains average 11.8% carbonates,
0.1% humus and 1.74% iron oxides, which suggest the deposition in cold and
dry climate. This loess bed determined as the younger upper loess (LMg) was
sampled for the purposes of the mineralogical studies. The upper sample Si 1
was taken at the depth of 1.0 m and the lower one Si 2 � at the depth of 2.0 m
below the ground surface formed by the recent soil H. In the summit plain lo-
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cations, in the granulometric characteristics of the loess one may mention the
distinctly smaller grain size and poorer sorting than in the lower parts of the
slopes.

The compositions of the heavy mineral fractions in both studied samples
are almost the same, with distinct domination of garnets (group II) over all
other components of this fraction, and the sample Si 2 is even richer in this
mineral. The flaky minerals (group V) are another remarkable component;
among them biotite and muscovite dominate distinctly over chlorite. Among
other components glauconite occurs in both samples, though it is the mineral
least resistant to the weathering factors.

Fig. 9. Loess log from Siedliska after £anczont (1994, simplified) and results of the mineralogi-
cal studies of the samples Si 1 and Si 2; Explanations of lithology, age and mineral composition as 

in Fig. 2
Profil lessowy Siedliska wed³ug £anczont (1997, uproszczony) i wyniki badañ mineralogicznych

próbek Si 1 i Si 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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Disseminated carbonates and microfossil shells were found in the studied
samples of loess; the general carbonate content of the considered loess may be
caused from the carbonate aggregates unevenly distributed in the loess sedi-
ment.

Loess log Mostyska (No. 9 in Fig. 1)
The loess log in Mostyska is localized in north-eastern Ukraine ca. 27 km

to the east from Przemy�l, in the zone of the northern edge of the Chyrów�
Gródek plateau. This log was labelled by Bogutsky et al (2000) as Mostiska II.

In this log (Fig. 10) Tertiary Krakowiec clays are the bedrock of the Qua-
ternary deposits. Till of the San 2 Glaciation (4.5�3.4 m), affected by the
younger weathering processes, occurs above the clays, next being covered by
the thin loess layer (3.4�3.0 m) from the Wartanian Glaciation). In the roof of
this loess the buried initial soil (3.0�2.6 m preserved, attributed to the younger
interstadial (?) of the Vistulian Glaciation. This soil is overlain by the bed of
the younger upper loess (2.6�0.4 m) with traces of the congelifluction distur-

Fig. 10. Loess log from Mostyska after Bogutsky et al. (2000, simplified) and results of the min-
eralogical studies of the samples Mo 1 and Mo 2; Explanations of lithology, age and mineral com-

position as in Fig. 2
Profil lessowy Mo�ciska wed³ug Boguckiego i in. (2000, uproszczony) i wyniki badañ mineralo-

gicznych próbek Mo 1 i Mo 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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bances in its bottom part. This loess is connected with the youngest stadial (V3)
of the Vistulian Glaciation. From this loess two samples were taken for the
mineralogical studies. The upper sample Mo 1 comes from the depth of 1.5 m
and the lower one labelled Mo 2 � from the depth of 2.5 m below the terrain
surface formed by the recent soil H of the thickness of 0.4 m.

The compositions of the heavy mineral fractions in both investigated sam-
ples are identical, with a distinct domination of garnets (more than 76% in the
sample Mo 1 and more than 67% in the sample Mo 2) in the totals of the frac-
tions. Among the minerals most resistant to weathering zircons and rutiles are
most common, and the flaky minerals are represented mainly by chlorite and
muscovite. The minerals poorly resistant (amphiboles and pyroxenes) and the
very poorly resistant ones (glauconite) occur in very minor amounts.

Neither carbonates nor shells of microfossils (foraminifers) were found in
the investigated loesses from the Mostyska log.

Loess log Novo-Milatyn (No. 10 in Fig. 1)
The loess log in Novo-Milatyn occurs in the northern wall of the open pit

of the local brick-works localized on the surface of the loess island in the drain-
age basin of the upper Bug to the north-east of Lvov. From the physico-geo-
graphic point of view the area of the loess island ic included to Lesser Polesie.
The loess log occurring there was described in 2001 by Bogutsky.

The Horokhov (ho) soil complex (10.0�8.6 m) is the oldest Quaternary de-
posit of the described log (Fig. 11). Its lower part consists of illuvium of the
Eemian (E) interglacial soil, and the upper part � of the dark-grey level of the
buried interstadial soil from the initial part of the Valdayniak Glaciation (vl)
i.e. the Vistulian Glaciation (V). A thin loess bed (8.6�7.5 m) from the initial
part of the named glaciation is above the described soils, next covered by the
interstadial soil (7.5�7.0 m) of Dubno (du). This soil is overlaid by thick (7.0�
1.2 m) loess of Bug (bg = LMg) with a level of the interphase (?) buried soil
of Krasilov in its upper part. Two samples for the mineralogical studies were
taken from this loess. The upper sample NM 1 was collected at the depth of
3.0 m and the lower one NM 2 at the depth of 4.0 m from the terrain surface
formed by the Holocene soil hl = H of the thickness of 1.1 m.

The compositions of the heavy mineral fractions in both samples is quite
similar; garnets (group II) distinctly dominate and muscovite and chlorite are
abundant among the flaky minerals (group V). Other components occur essen-
tially in low concentrations, though among the very resistant minerals zircon
and rutile are present ion appreciable amounts and among the poorly resistant �
amphiboles. The 1.5 to 2.0% contents of glauconite, the mineral least resistant
to the weathering factors, are worth noting.
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The investigated loesses are quite strongly carbonaceous, especially in
deep parts (sample NM 2), and the microfossils (foraminifers), most probably
redeposited from the weathering wastes of the Cretaceous rocks to loesses, are
abundant.

Loess log Kulychyvka (No. 11 in Fig. 1)
The loess log of Kulychyvka occurs in the northern part of the Podolia Up-

land to the north from Krzemieniec. This log was a subject of numerous elabo-
rations, mainly due to the numerous archaeological findings preserved in it.
Lately it was described in details by Bogutsky and Sitnik (2001).

Muds or sands (6.0�4.6 m) are the Pleistocene oldest sediments in this log
(Fig. 12). Interstadial soil (4.6�4.15 m) of Dubno is preserved above these
sediments. This soil is covered by loess bed (4.15�1.8 m) of Bug (bg = LMg)
with numerous turbulences, and slope and cryogenic deformations; this bed
bears thin laminae of sandy material. Two samples were taken for the minera-

Fig. 11. Loess log from Novo-Milatyn after Bogutsky (unpublished, simplified) and results of the
mineralogical studies of the samples NM 1 and NM 2; Explanations of lithology, age and mineral

composition as in Fig. 2
Profil lessowy Novo-Milatyn wed³ug Boguckiego (mat. niepublikowane, uproszczony) i wyniki
badañ mineralogicznych próbek NM 1 i NM 2;  obja�nienia litologii, wieku i sk³adu mineralnego

przy ryc. 2
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logical investigations. The upper sample Ku 1 was collected at the depth of
2.0 m and the lower one Ku 2 � at the depth of 4.0 m from the surface of the
terrain formed by the Holocene soil hl = H of the thickness of 1.8 m.

The compositions of the heavy mineral fractions are identical in both sam-
ples; the minerals resistant to weathering (mainly garnets) and very resistant to
weathering (mainly zircon and rutile) dominate. The remaining components oc-
cur in minor amounts, and the scarce contents of the minerals poorly resistant
to weathering, and especially the flaky minerals, may suggest that other fac-
tors, e.g. slope processes, were the factors forming these loess sediments in ad-
dition to the aeolian mechanisms.

The investigated loesses have low carbonate contents, though the microfos-
sils (foraminifers) are found relatively frequently.

Fig. 12. Loess log from Kulychyvka after Bogutsky and Sitnik (2001, simplified) and results of
the mineralogical studies of the samples Ku 1 and Ku 2; Explanations of lithology, age and mine-

ral composition as in Fig. 2
Profil lessowy Kulychyvka wed³ug Boguckiego i Sitnika (2001, uproszczony) i wyniki badañ
mineralogicznych próbek Ku 1 i Ku 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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Loess log Zbarazh (No. 12 in Fig. 1)
The loess log of Zbarazh is situated in the western wall of the open pit of

the local brick-works. It comprises the Younger Pleistocene loesses of the west-
ern part of the Podolia Upland and it was elaborated by Bogutsky in 1985.

Muds (9.0�5.6 m) are the oldest part of this log (Fig. 13); the Horokhov
soil complex (ho = E) of relatively significant thickness (5.6�4.2 m) formed on
these muds. The soils were covered by thin (4.2�3.6 m). Early Valdaynian loess
bed and the thin (3.5�3.1 m) interstadial soil of Dubno (du). Loess of Bug (bg
= LMg; 3.1�1.2 m) with numerous carbonate concretions and fragments of the
interphase soil of Krasilov occurs above. Two samples for mineralogical inves-
tigations were taken from this loess. The upper sample Zb 1 comes from the
depth of 1.8 m and the lower one, Zb 2 � from the depth of 2.8 m from the ter-
rain surface formed by the Holocene (hl = H) soil of the thickness of 1.2 m.

The mineral compositions of the heavy fractions of the investigated sam-
ples are identical. The minerals resistant to the weathering factors (mainly gar-

Fig. 13. Loess log from Zbarazh after Bogutsky (unpublished, simplified) and results of the min-
eralogical studies of the samples Zb 1 and Zb 2; Explanations of lithology, age and mineral

composition as in Fig. 2
Profil lessowy Zbarazh wed³ug Boguckiego (mat. niepublikowane, uproszczony) i wyniki badañ
mineralogicznych próbek Zb 1 i Zb 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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nets i.e. group II) and the very resistant ones (mainly zircon and rutile �
group I) prevail. Other components, especially the minerals poorly and very
poorly resistant, occur in very scarce amounts. The flaky minerals (group V)
are present in limited contents as well, which, with the domination of the resis-
tant minerals, may indicate an important role of the slope processes in accumu-
lation of loesses.

Loesses in the studied log are distinctly carbonaceous; the shells of micro-
fossils (foraminifers) were found frequently.

Loess log Podvolochysk (No. 13 in Fig. 1)
This log was elaborated by Bogutsky and Voloshyn in 1979. It occurs in

the area of the open pit of the brick-works, located in the western part of the
town, which is in the central part of the Podolia Upland.

Fig. 14. Loess log from Podvolochysk after Bogutsky and Voloshyn (unpublished, simplified)
and results of the mineralogical studies of the samples Zb 1 and Zb 2; Explanations of lithology,

age and mineral composition as in Fig. 2
Profil lessowy Podvolochysk wed³ug Boguckiego i Wo³oszyna (mat. niepublikowane, up-
roszczony) i wyniki badañ mineralogicznych próbek Po 1 i Po 2;  obja�nienia litologii, wieku i
sk³adu mine-
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Middle Pleistocene loess (7.0�4.2 m) determined as loess of Tyasmin (ta
= Wa) is the lowermost part of this log (Fig. 14), above which the Horokhov
(ho = E) soil complex (4.2�2.9 m) is preserved. Higher thin (2.9�2.5 m). Early
Valdaynian loess occurs with the preserved overlying interstadial (2.5�2.2 m)
soil of Dubno (du). This soil is covered by thin (2.1�1.4 m) loess of Bug (bg =
LMd). From this loess two samples for mineralogical studies were taken. The
upper one (Po 1) comes from the depth of 1.5 m and the lower one (Po 2) from
the depth of 2.0 m below the terrain surface formed by Holocene soil (hl = H)
of the thickness of 1.4 m.

The mineral composition of the heavy fraction of both samples is similar,
if we consider the number of components, but differs slightly in the percentages
of the components. The resistant minerals especially garnets (group II) dis-
tinctly prevail in the sample Po 1, but in the sample Po 2 the flaky minerals
(group V) dominate. Other components occur in smaller concentrations.

The studied loesses are relatively strongly carbonaceous, however the mi-
crofossils (foraminifers) are found sporadically.

Loess log Sharovechka (No. 14 in Fig. 1)
The loess log at Sharovechka occurs in the area of the open pit of the aban-

doned brick-works, localized about 2 km to the south-west from the town of
Khmelnytsky near the road leading to Tarnopol. This log was described in
1984 by Bogutsky.

The lowermost part of the log (Fig. 15) consists of Middle Pliocene loess
(13.0�11.9 m) named the level of Tiligul (tl) and correlated in age with the
Sanian 2 Glaciation (S2). Higher the level of the buried soil occurs (11.9�
10.8 m), belonging to the Sokal level (so), attributable by its age to the Ma-
zovian interglacial (M). It is covered by the buried soil of the Luck level (l),
connected with the Zbójnian interglacial (Z). This soil is overlaid by thin (9.7�
9.5 m) Dnieperian loess (dn), attributable to the Odranian Glaciation (O).
Higher there occurs the complex of the buried soil of Korshov (ko) of signifi-
cant thickness (9.9�7.3 m), correlated with the Lublinian interglacial (=
Lubavian, Lu). This soil is covered by bed of loess (7.3�4.5 m) of Tyasmin (ts)
from the period o the Wartanian Glaciation (Wa). In the roof of this loess the
soil complex (4.5�3.8 m) of Horokhov (ho = E) is developed, and higher there
occurs loess of Bug (3.8�1.5 m; bg = LMg). Two samples were collected
from this loess for the mineralogical studies. The upper sample Sha 1 was
taken at the depth of 2.5 m and the lower one named Sha 2 � at the depth of
3.5 m from the terrain surface formed by the Holocene soil (hl = H) of the
thickness of 1.5 m.

The composition of the heavy mineral fractions in both studied samples is
almost identical, with domination of garnets (more than 50% of the total com-
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ponents) from the group of the minerals resistant to the weathering factors, and
with high contents of rutile among the most resistant minerals. The content of
the flaky minerals is low or scarce, like the content of the minerals poorly re-
sistant to weathering. These facts, together with the very high amounts of the
minerals resistant and very resistant to weathering, may indicate the participa-
tion of the slope processes in accumulation of these loesses.

The studied loesses are strongly carbonaceous with relatively frequently
found microfossils (foraminifers) in the light fraction.

Loess log Yarmolynce (No. 15 in Fig. 1)
This log occurs in the northern wall of the abandoned open pit of the brick-

works localized at the town of Yarmolynce to the west from the road from
Khmelnytsky to Kamianets Podilsky. It was described by A. Bogutsky.

Muds (8.0�7.6 m) from the time of the Dnieperian Glaciation (dn = O)
are the oldest Pleistocene sediment in this log (Fig. 16). The buried soil (7.6�

Fig. 15. Loess log from Sharovechka after Bogutsky (unpublished, simplified) and results of the
mineralogical studies of the samples Sha 1 and Sha 2; Explanations of lithology, age and mineral

composition as in Fig. 2
Profil lessowy Sharovechka wed³ug Boguckiego (mat. niepublikowane, uproszczony) i wyniki ba-
dañ mineralogicznych próbek Sha 1 i Sha 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy

ryc. 2
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6.6 m) of the Korshov complex (ko), correlated with the Lublinian = Lubavian
(Lu) interglacial developed on the muds. A thick loess bed (6.6�3.5 m) of
Tyasmin (ts), correlated with the Wartanian Glaciation (Wa), accumulated
above, covered by the buried soil of Horokhov (ho = E) of lesser thickness
(3.5�3.0 m). This soil is overlain by the bed (3.0�0.8 m) of loess of Bug (Bg
= LMg). Two samples were taken from this loess for mineralogical studies.
The upper sample Ya 1 comes from the depth of 1.5 m and the lower one Ya 2
� from the depth of 2.5 m below the terrain surface, formed by the Holocene
soil (ho = H) of the thickness 0.8 m.

The compositions of the heavy mineral fractions in both samples are identi-
cal, with dominating garnets (more than 49%) and the minerals most resistant
to weathering (mainly rutile and zircon). Other components occur in low
amounts, the flaky minerals inclusively. This fact as well as trace amounts of
the minerals very poorly resistant to the weathering factors (group IV, glau-

Fig. 16. Loess log from Yarmolynce after Bogutsky (unpublished, simplified) and results of the
mineralogical studies of the samples Ya 1 and Ya 2; Explanations of lithology, age and mineral

composition as in Fig. 2
Profil lessowy Yarmolynce wed³ug Boguckiego (mat. niepublikowane, uproszczony) i wyniki ba-
dañ mineralogicznych próbek Ya 1 i Ya 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy

ryc. 2
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conite) and the poorly resistant ones (group III, pyroxenes and amphiboles), as
well as the dominating role of garnets (group II) may evidence the significant
development of the slope, non-aeolian processes in accumulation of the studied
loesses.

The concentration of carbonates in both studied loesses is high, and the shells
of microfossils (foraminifers) are quite abundant, especially in the sample Ya 1.

Loess log Halych (No. 17 in Fig. 1)
The loess log of Halych occurs in the open pit of the brick-works localized

in the north-eastern part of this city near the mouth of the Lukva river to the
Dniestr River. This log is considered as the reference one for the loesses of the
north-eastern foreland of East Beskidy, the northern part of the Ukrainian Car-
pathians. Lately this log was described in details by Bogutsky et al. (2001).

The soil of Luck (l) correlated with the Zbójnian interglacial (Z) is the old-
est Pleistocene bed (26.0�24.5 m) of this log (Fig. 17). Very thick Dnieperian
(dn) loess (24.5�10.2 m) determined as connected in age with the climatic
minimum of the Odranian Glaciation (O) occurs above. Both in the lower part
of the loess and in the upper one the levels of the interstadial initial soils, in
places overlapping one another, are preserved. Higher there is the thick (10.2�
6.7 m) complex of soil of Korshov (ko), characterizing the climatic conditions
of the Liblinian = Lubavian (Lu) interstadial. Thin loess layer (9.0�8.5 m) oc-
curs within this complex, indicating the cooling of climate between two warm
(optimum) periods of this interglacial. This complex is covered by the bed
(6.7�5.0) of the loess of Tyasmin (ts = Wa) with the complex (5.0�3.4 m) of
the soil of Horokhov (ho = E) in its uppermost part. In the described log, this
soil is over-raised by thin (3.4�3.0 m). Early-Valdaynian (Early-Vistulian) loess
with the overlying soil of Dubno (du) with the typical thickness (3.0�2.5 m).
The uppermost part of the log (2.5�0.8 m) consists of the Bug loess (bg =
LMg) with the preserved mammoth remnants. Two samples for the mineralogi-
cal studies were collected from this loess. The upper sample (Ha 1) comes
from the depth of 1.0 m and the lower one (Ha 2) � from the depth of 2.0 m
below the terrain surface, formed by the Holocene soil (hl = H) of the thick-
ness of 0.8 m.

The Bug loess (the younger upper loess) of the Halych log has variable
content (45.0�63.0%) of the grain fraction 0.05�0.01 mm and a distinct in-
crease of the fine-grained sand fraction content in the upper part of the log.

The composition of the heavy mineral fractions in both samples is almost
identical, with a distinct domination of the resistant minerals (mainly garnets �
more than 47% in the sample Ha 1 and ca. 40% in the sample Ha 2) and the
very resistant ones (mainly zircon and rutile). Other components, including the
flaky minerals, occur in small amounts.
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Fig. 17. Loess log from Halych after Bogutsky et al. (2001, simplified) and results of the minera-
logical studies of the samples Ha 1 and Ha 2; Explanations of lithology, age and mineral compo-

sition as in Fig. 2
Profil lessowy Halych wed³ug Boguckiego i in. (2001, uproszczony) i wyniki badañ mineralogi-

cznych próbek Ha 1 i Ha 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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The studied loesses are strongly carbonaceous, but the shells of microfos-
sils (foraminifers) are found sporadically.

Loess log Ustechko (No. 19 in Fig. 1)
This log is localized in the zone of the northern slope of the Dniestr valley,

to the west from the village. This log was described by Lindner in 1999.
This profile (Fig. 18) consists of red aleurites and Devonian sandstones

called "the Podolian Old Red" in its lowermost part, above which the poorly
preserved fragments (5.0�4.5 m) of the initial buried soil (Dubno du?) are vis-
ible. Higher the relatively thick (4.5�1.0 m) loess of Bug (b = LMg) occurs.
This loess has distinguishing red-yellow colour and significant number of thin
layers of sandy material in its lower part. Two samples from the mineralogical
studies were collected from this loess. The upper sample Us 1 comes from the
depth of 3.0 m and the lower sample Us 2 from the depth of 4.0 m below the
terrain surface formed by the Holocene soil (hl = H) of the thickness of 1.0 m.

The compositions of the heavy mineral fractions in both studied samples
are very similar. The prevalence of the resistant minerals (mainly garnets � 50%

Fig. 18. Loess log from Ustechko after Lindner (unpublished, simplified) and results of the min-
eralogical studies of the samples Us 1 and Us 2; Explanations of lithology, age and mineral com-

position as in Fig. 2
Profil lessowy Ustechko wed³ug Lindnera (mat. niepublikowane, uproszczony) i wyniki badañ

mineralogicznych próbek Us 1 i Us 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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of the total components) and the very resistant ones (mainly zircon and rutile)
is very distinct. The higher content of the flaky minerals (mainly muscovite and
chlorite) in the sample Us 2 � is a distinguishing feature, and the presence of
the mineral least resistant to weathering (glauconite, 2.0�4.3%) is apparent
here in both samples.

The studied loesses, especially the sample Us 2 have appreciable contents
of carbonates and quite frequent shells of microfossils (foraminifers).

Loess log Tovtri (No. 20 in Fig. 1)
The loess log of Tovtri is localized in the eastern part of the East Beskidy

Foreland on the drainage divide Dniestr�Prut. The log was decribed by Bogut-
sky in 2001.

The Middle Pleistocene loess of the Tyasmin (ts) level is the oldest (9.5�
7.6 m) Pleistocene sediment of this log (Fig. 19). This loess documented the
climatic conditions of the Wartanian (Wa) Glaciation. Above, the buried soil
(7.6�5.8 m) of Horokhov (ho = E) occurs, being covered by thick (5.8�1.4 m)

Fig. 19. Loess log from Tovtri after Bogutsky (unpublished, simplified) and results of the min-
eralogical studies of the samples To 1 and To 2; Explanations of lithology, age and mineral com-

position as in Fig. 2
Profil lessowy Tovtri wed³ug Boguckiego (mat. niepublikowane, uproszczony) i wyniki badañ

mineralogicznych próbek To 1 i To 2;  obja�nienia litologii, wieku i sk³adu mineralnego przy ryc. 2
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loess bed of Bug (bg = MLg). Two samples were collected from this loess for
mineralogical studies. The upper sample To 1 comes from the depth of 1.5 m
and the lower one To 2 from the depth of 2.5 m below the terrain surface
formed by the Holocene soil (hl = H) of the thickness of 1.4 m.

The mineral compositions of the heavy fractions of both investigated sam-
ples is similar in the number of the components but variable in percent amounts
of these components. The minerals resistant to the weathering factors prevail
(mainly garnets: more than 65% in the sample To 1 and ca. 26% in the sample
To 2). Next in abundance are the flaky minerals (group V), among which espe-
cially chlorite in the amount of 39.1% is the main mineral of the sample To
2. Biotite (8.1%) occurs in the same sample in appreciable amount, but musco-
vite in both samples appears in similar amounts (ca. 8�10%). In the sample
To 2 glauconite is present in the significant amount of 5% (group IV).

Carbonates occur in the loesses of the studied profile in scarce amounts
and the shells of microfossils were not found at all.

I N T E R P R E T A T I O N  O F  T H E  R E S U L T S

The presented results of the investigations showed large differentiation of
the quantitative contents of the components of the heavy mineral assembly in
the studied loess logs and the local relations of the heavy minerals to the con-
tents of the individual components in rocks and sediments in the surroundings
and basements of the loess beds. This concerns some components of the light
fraction as well in the analysed samples of the upper younger loess, in which
the presence of the redeposited remnants or well-preserved shells of microfos-
sils (foraminifers) was recognized; these microfossils are directly related to cer-
tain rocks of the local basement.

The investigated rocks and sediments (or their weathering wastes) are re-
presented by various lithological types: sandstones and shales (Chodorówka �
point 21 in Fig. 1), sands (¯mijowiska � point 22 in Fig. 1, Radru¿ � point 23
in Fig. 1, Bibrka � point 25 in Fig. 1, Zalishchyky � point 26 in Fig. 1, Ska³a
Podolska � point 27 in Fig. 1), moraine till (Przemys³ów � point 24 in Fig. 1).
The heavy mineral fractions were investigated in all these deposits in the se-
lected fine-grain classes; it was found, that they have very variable composi-
tions (Table 3).

Glauconite is the dominating component of the assembly of the heavy min-
erals (57.8% of the total heavy minerals) in the weathering wastes of the easily
crumbling sandstones, mudstones and shales from Chodorówka (point 21). It
occurs as grains of various degree of weathering. This caused, that this mineral
obtained not only a secondary chemical differentiation, but also the physical
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features e. g. density, which resulted in its appearance beside the heavy min-
eral fraction, together with quartz and feldspars in light fraction. Other compo-
nents occur in low amounts: the minerals resistant to the weathering factors like
garnets (6.4%) and the very resistant ones: zircon (8.2%), rtutile (7.5%),
staurolite (3.4%) and tourmaline (3.4%). In these deposits representing the so-
-called "Inoceramus beds" (Rajchel 1989) accessible in many logs of the Flysch
Carpathians both on the surface and in boreholes (Wdowiarz et al. 1974) the
mineral composition was investigated many times, and in certain parts of these
beds high contents of glauconite was found as well.

The sandy deposits from the locations of ¯mijowiska (point 22 in Fig. 1)
and Radru¿ (point 23) bear in their composition mainly the resistant minerals
(garnets � 37.3% and 11.6%) and the very resistant ones: zircon (17.4% and
23.6%), rutile (14.7% and 18.0%), tourmaline (7.5% and 8.5%). Moreover,
the appreciable amounts of the very poorly resistant minerals, mainly amphi-
boles were found 4.5% at ¯mijowiska and 5.5% at Radru¿. In the deposits
from both locations the flaky minerals occur in moderate contents (ca. 8% at
¯mijowiska and ca. 19% at Radru¿).

Moraine tills are another deposit forming bedrocks of loesses in the studied
area (Przemys³ów � point 24 in Fig. 1). Composition of the heavy mineral frac-
tion of these deposits is very variable, both in the number of components, with
the simultaneous participation of all the mineral groups distinguished in the pre-
sent paper, which probably is typical of all the moraine sediments (R. Chle-
bowski et al. 2003). High contents of amphiboles (22.3%), derived from
weathering wastes of various magmatic and metamorphic rocks present in tills,
are the characteristic feature. Garnets (15.2%) and epidotes (5.6%) are simi-
larly abundant. Moreover, these deposits contain appreciable contents of the
very resistant minerals: zircon (9.8%), rutile (5.0%) and tourmaline (4.8%);
flaky minerals (ca. 17%) are commonly present as well. These minerals, like
amphiboles, garnets and epidotes, came from the weathering wastes of crystal-
line rocks, abundantly present in moraine tills. Glauconite, also very common
(11.5%), was seemingly derived from the weathering wastes of the erratics of
the local bedrocks, incorporated in the moraine tills by the expanding continen-
tal glacier. The above-characterized mineral composition is typical of moraine
tills, because the abundance of the varieties of the foreign rocks and their
weathering wastes and presence of the weathering wastes of local bedrocks is
reflected in the total composition of the heavy mineral assemblage.

Other locations of the bedrocks: Bibrka (point 25 in Fig. 1), Zalishchyky
(point 26 in Fig. 1) and Ska³a Podolska (point 27 in Fig. 1) are relatively dis-
tant one from another; albeit lithologically they are similar (sands), they differ
in the contents of heavy minerals. The sands of the Bibrka profile have high
content of the minerals very resistant to weathering, with domination of zircon
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(44.3%) and rutile (16.8%) and abundance of the least resistant minerals (glau-
conite 22.8%). Other minerals occur in subordinate and trace amounts. In the
sands of Zalishchyky garnets dominate (ca. 48�49%) and the most resistant
minerals are abundant (zircon 17�21%, rutile 6�11%), and in some parts glau-
conite is very common (ca. 14%).

The distinctly green sands in the log of Ska³a Podolska contain very high
amount of glauconite (59.1%), abundant garnet (17.2%) and flaky minerals,
mostly biotite (12.0%) and muscovite (10.4%).

Besides the characterized components, in certain fine-grained clastic sedi-
ments one found single shells of microfossils (foraminifers), e. g. in sands at
Zalishchyky, and in sands at Ska³a Podolska the microfossils occur in very
large quantities.

On the basis of the distinguished mineral groups (I�V) of the transparent
heavy minerals of loesses (Tables 1 and 2) and for bedrocks (Table 3), the ra-
dar plots were prepared, presenting the contents of these mineral groups in the
studied samples (Figs 20�26). Loesses in the area of Mid-Carpathian Foreland
and western Podolian Upland display very large mineralogical differentiation,
expressed by very variable participation of the mineral groups I�V in individual
logs, with simultaneous domination of the mineral group II (mainly garnets)
and V (flaky minerals) in most of the logs. This is especially well visible in the
plots for the loesses of Mid-Carpathian Foreland and the area between the San
and Dniestr Rivers (Figs 21�22), on which both axes (II and V) by dominating
mode illustrate the contents of these mineral groups. The minerals came from
the weathering wastes of the deposits of the Carpathian Flysch and fine-grained
mud sediments of the San River valley; these regions may be considered as the
main alimentation areas for loesses of the discussed terrain.

This source of the loess material accumulated in the above-named regions,
especially in the San River drainage basin, was indicated earlier (Krysowska-
Iwaszkiewicz, £anczont 1992; £anczont, Wilgat 1994; £anczont 1997; Raci-
nowski et al. 1999). This material could come either directly from the weather-
ing flysch rocks, or from the sediments of rivers and brooks cutting these
rocks. Relatively low contents of the minerals of the group III (amphiboles and
pyroxenes) in the local loesses confirms a limited role of the glacial sediments
as the source of the loess material (cf. £anczont 1997).

Younger upper loess in the most analysed cases of its occurrence in the
area of the Sandomierz Basin and Mid-Carpathian Foreland preserved in more
or less isolated patches called loess islands. In cases of the loess islands of
Krzeszów and Grodzisko the occurrence of this loess (having in the log of
Grodzisko the features of a deluvial (slope wash)-aeolian sediment) distinctly
depends on morphology of bedrock, displaying more or less distinct culmina-
tions. The increasing thickness of the analysed loess on the eastern side of these
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culminations is explained by its accumulation mainly on the lee side of these
culminations (cf. Chlebowski, Lindner 1975, 1976). In the case of the younger
upper loess in the zone of the Rzeszów Foreland and in the eastern part of the
Dniestr drainage basin at the foothills of the Eastern Beskidy the localisation of
this loess is mainly on vast slopes or bottoms of valleys. In the second case this
loess forms the uppermost part of the loess logs located on the river terraces.
This loess accumulated as a rule at the heights of 300 m a.s.l. and distinctly in-
creased its thickness towards the axes of the valleys. Above the given height
the loess sediments are replaced by weathering covers of the flysch rocks.
These facts and the frequent occurrences of the local loess patches on the
slopes of valleys and river terraces exposed to the east used to be interpreted as
the result of the accumulation of this loess by winds blowing from the east (cf.
£anczont 1993).

Fig. 20. Graphs with the content of groups I�V transparent heavy minerals in loesses from: a � Krze-
szów, b � Grodzisko, c � Jaros³aw, d � Radymno

Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili: a � Krze-
szów, b � Grodzisko, c � Jaros³aw, d � Radymno
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Analysis of the materials presented in this paper, especially the undoubted
genetic connection of the mineral composition of the heavy fraction of the
younger upper loess with the composition of this fraction in the rocks of the
Carpathian Flysch and the situation of occurrence of this loess in the drainage
basin of the middle San River and upper Dniestr indicate its accumulation due
to the activity of south-western winds (Fig. 27), with subordinate influence of
western and north-western winds. Absence of the loess covers in this area
above 300 m a. s. l. and their accumulation on the slopes and in the bottoms of
valleys may suggest, that those were the strong and warm foehn-type winds
characteristic of winter and spring seasons, removing the superficial layers of
the dusty-sandy weathering wastes from the high parts of the flysch outcrops
occurring in the south. These weathering wastes together with the simultane-
ously blown out sediments of the locals terraces of rivers became the main

Fig. 21. Graphs with the content of groups I�V transparent heavy minerals in loesses from: a � Busz-
kowice, b � Humniska, c � Babice, d � Siedliska

Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili: a � Busz-
kowice, b � Humniska, c � Babice, d � Siedliska
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source of the loess material in the area of Mid-Carpathian Foreland and the
southernmost part of the western Podolian Upland. The collected data evi-
denced that in the case of the Sandomierz Basin, and central and northern part
of the Podolian Upland the mineral composition of the heavy fraction of the
Younger Upper loess indicates its greater differentiation and complications of
this composition if compared to e. g. loesses of other regions, such as Lublin
and Volhynia Uplands.

Mineral compositions of loesses from Podolia and the considered regions
of the Dniestr valley are shown in Figs 22�24 and they display very distinct
similarities to each other, expressed in domination of three mineral groups:
those labelled I, II and V, thus the minerals most resistant to the weathering
factors (groups II and I) and minerals most susceptible to the aeolian transport
i. e. the flaky minerals (group V). Locally certain deviations from this general

Fig. 22. Graphs with the content of groups I�V transparent heavy minerals in loesses from: a � Mos-
tyska, b � Novo-Milatyn, c � Kulychyvka, d � Tovtri

Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili: a � Mos-
tyska, b � Novo-Milatyn, c � Kulychyvka, d � Tovtri
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scheme was found, like distinct prevalence of the minerals from the group V
over those of the group I, with the maintained general tendency of domination
of the groups II and V over other groups.

The mineral composition of the bedrocks and their weathering wastes is
strongly differentiated, which is well illustrated by the results shown in Table
3, and especially clear image is given by the radar plots (Figs 25�26). The
plots visualize the differences between the complete compositions of the heavy
mineral fractions of the bedrocks and loesses, and, on the other hand, the indi-
vidual axes of these plots show distinctly the genetic connections of the both
deposits. The axes yield the determination of the probable alimentation regions
for the mineral components of loesses.

The sandy deposits at Zalishchyky (Fig. 26b) and loesses in the log of
Charna are the peculiar example of influence of the mineral composition of

Fig. 23. Graphs with the content of groups I�V transparent heavy minerals in loesses from: a � Zba-
razh, b � Podvolochysk, c � Halych, d � Lokitka

Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili: a � Zba-
razh, b � Podvolochysk, c � Halych, d � Lokitka
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close bedrock on the mineral composition of the local loesses. The mineral
composition of the green sands of Zalishchyky is characterized by domination
of the groups I and II, and by very high content of glauconite (group IV).

In the loess log at Charna, localised few tens of kilometres to the south
from Zalishchyky (point 16 in Fig. 1) the mineral composition of loess with
great accuracy repeats the mineral composition of sands from the named loca-
tion, however, with a little higher content of minerals of lesser density (glau-
conite, group IV) and those of flaky habits, susceptible to the aeolian activity
(group V), than in the sands.

Other analysed deposits of the bedrock � moraine tills from the area of
Przemys³ów (point 24 in Fig. 2), for which the plot is given in Fig. 25a are
characterized by significant presence of all the mineral groups (I�V). Their
components come thus both from the weathering wastes of the magmatic and

Fig. 24. Graphs with the content of groups I�V transparent heavy minerals in loesses from: a � Sha-
rovechka, b � Yarmolynce, c � Charna, d � Ustechko

Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili: a � Sha-
rovechka, b � Yarmolynce, c � Charna, d � Ustechko
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metamorphic rocks, commonly present in moraine tills (mineral groups I, II, III
and V), and from the weathering wastes of the local of close bedrock (the
group IV). The mineral compositions of the younger upper loesses from the
logs localised to SE from the tills (the points: 11, 12, 13, 14 and 15 in Fig. 1)
are the reflection of the mineral compositions of these tills. This is expressed
by the great participation of the mineral groups I, II and V (Figs 21�23) and by
disappearance of the minerals poorly resistant to transport (minerals of the
groups III and IV).

The mineral composition of the sandy covers at Bibrka (point 25 in Fig. 1)
are the different example of distinct differences between them, all the other
bedrock deposits (Table 3 and Fig. 26a) and the mineral compositions of the
loesses from the neighbouring logs. In the sands two mineral groups are pre-

Fig. 25. Graphs with the content of groups I�V transparent heavy minerals in samples: a � till
from Przemyslow, b � sandy-silty deposits from Radru¿, c � sands from ¯mijowiska, d � sandstones

from Chodorowka
Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili w prób-
kach z: a � gliny zwa³owej z profilu Przemys³ów, b � piaszczysto-pylastych osadów z profilu Rad-

ru¿, c � piasków z profilu ¯mijowiska, d � piaskowców z profilu Chodorowka
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sent: I and IV. It is probable that these sands are the products of multiple out-
washing and blowing of other deposits, which originally were rich in the min-
erals most resistant to the weathering factors (group I) and local bedrock depos-
its rich in glauconite (group IV). The lack of the influence of the local mineral
composition of these deposits in the mineral composition of loesses may appear
from the fact that these deposits were outside the loess-forming aeolian activity.

In the case of the younger upper loess preserved in the area of the central
and northern part of the Podolian Upland the tendency to the closer relations of
the mineral compositions of the heavy minerals from this loess and the mineral
compositions of bedrocks or the deposits of the nearest neighbourhood is appar-
ent. In fact, already in the case of the Sandomierz Basin (locations at Krzeszów
and Grodzisko) as well as the north-western part of the Podolian Upland
(Novo-Milatyn and Kulychyvka) the distinct increase of the contents of the

Fig. 26. Graphs with the content of groups I�V transparent heavy minerals in samples: a � sands
from Bibrka, b � sands from Zalischyky, c � sands from Skala Podolska

Wykresy zawarto�ci grup (I�V) przezroczystych minera³ów ciê¿kich w lessach z profili w
próbkach z: a � piasków z profilu Bibrka, b � piasków z profilu Zalischyky, c � piasków z profilu
Ska³a
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minerals of the group III (amphiboles and pyroxenes) is visible as the result of
the participation of the material coming from the glacial and fluvioglacial sedi-
ments in the area between the San, Dniestr and Bug Rivers, or in the drainage
basin of the upper Pripyat River.

Considering the above facts and the characterized relations of the mineral
composition of the heavy fraction of the analysed loess in the central and south-
ern part of the Podolian Upland with the deposits of its bedrock in the drainage
basin of the Dniestr River (outcrops at Zalishchyky and Ska³a Podolska), one
should take into account the possibility of two different directions of inflow of
the loess-forming material. The weathering wastes of the local direct bedrocks
or surroundings of the loesses in the area of the Podolian Upland might have
been one of the sources, and the valley sediments of the Dniestr River and its
tributaries could be another source; the inflow of the material from Carpathians
may be omitted here. Thus one should conclude, that the local younger upper
loess could be accumulated both by winds blowing from north-east and from
south-west (Fig. 27). In the northern part of the described area the first of the
above directions prevailed, like the case of the loesses occurring further to the
north in the Lublin and Volhynian Uplands (Chlebowski et al. 2002, 2003a).

The question, whether suggestion formulated in this paper that two differ-
ent directions of alimentation of the loess-forming material to the described
area could take place in the same time or in different periods of accumulation
of the younger upper loess, is the separate problem. This is in part a new ap-
proach, at least in relation to the north-western and south-western directions of
the loess-transporting winds. In the present authors' opinion, the time of accu-
mulation of the younger upper loess comprising at least more than ten thousand
years during the extreme of the last glaciation, could include even so differing
in the scale of the year's seasons from winter to summer conditions of the at-
mospheric circulation, that the significant differences in the strength and direc-
tions of winds transporting the loess material might occur in the area of Mid-
Carpathian Foreland. The suppositions on different and even opposed direc-
tions of the loess-transporting winds during the accumulation of the younger
upper loess were expressed by the present authors on the basis of the analogous
investigations in the area between the lower parts of the Dniestr and Dnieper
Rivers (Chlebowski et al. 2003b).

C O N C L U S I O N S

The performed mineralogical studies of loesses occurring in the areas of
the Sandomierz Basin, Mid-Carpathian Foreland and western Podolian Upland,
on the basis of the assemblage of the transparent heavy minerals and certain
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components of the light fraction, revealed general similarities and detailed dif-
ferences. The similarities are expressed by the presence of the same mineral as-
semblage in the studied loess logs of the investigated areas, and the differences
are shown as local variations in the contents of individual mineral groups (I�V),
distinguished among the transparent heavy minerals, and as influences of the
surrounding environments like the components coming from the weathering
wastes of the local bedrocks. Domination of the two mineral groups: garnets
(group II) and micas (group V), is the main mineralogical feature of the de-
scribed loesses in the whole area of Mid-Carpathian Foreland and western Po-
dolian Upland.

The minerals least resistant to the weathering factors and coming from the
locally occurring bedrock deposits, e. g. glauconite, which is not usually trans-
ported over long distances, are the most important components of the loesses.

Fig. 27. Conditions of accumulation of loesses in south-east Poland and north-west Ukraine; a �
younger upper loess, b � main directions of wind, c � local directions of wind

Warunki akumulacji lessów w po³udniowo-wschodniej Polsce i pó³nocno-wschodniej Ukrainie; a �
m³odszy górny less, b � g³ówne kierunki wiatru, c � lokalne kierunki wiatru
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Moreover, the redeposited microfaunal components (mainly foraminifers),
which also may survive only short transport due to their fragility, are meaning-
ful here. Their frequent presence in many logs of the studied area evidences the
occurrence of the bedrocks and their weathering wastes containing these fragile
components, e. g. Cretaceous deposits (Paruch et al. 2003).

In the detailed conclusions of the mineralogical studies one may state:
1. Loesses in the area of the Sandomierz Basin, Mid-Carpathian Foreland

and western Podolian Upland display great mineralogical differences expressed
by various participation of the distinguished mineral groups (I�V) in individual
logs, with simultaneous domination of garnets (group II) and micas (group IV)
in all the logs.

2. The dominating participation of the named two mineral groups in the
case of the loesses in the area of Mid-Carpathian Foreland directly concerns the
mineral compositions of the near basement consisting of the rocks of the
Krosno Beds in the Carpathian Flysch. This confirms the earlier opinion on the
active influence of many local sources of the loess-forming material on the
mineral compositon of loesses during their accumulation in the areas of south-
ern Poland and western Ukraine. (Chlebowski, Lindner 1992; Chlebowski et al.
2000, 2002, 2003a). This opinion was confirmed by the studies of other
authors, who recognized the direct genetic connection of the loesses from Mid-
Carpathian Foreland with the adjacent alimentation areas, comprising both
weathering wastes of the flysch beds, containing typically large amounts of gar-
nets and micas in the composition of their heavy mineral fractions (Gerlach et
al. 1991), and the fluvioperiglacial, fine-grained sediments of the San River
valley (Krysowska-Iwaszkiewicz, £anczont 1992; £anczont 1995). The vertical
differentiation of the mineral composition found in certain logs (between the
samples no. 1 and No. 2) most probably resulted from the fact, that the dusty
material could be blown out from different local alimentation areas by wind of
various velocity, changing in time. This regularity in the loess log at Halicz
was stated by Racinowski, £anczont and Bogutsky (1999).

3. In the case of loesses in the western Podolian Upland, the weathering
wastes of the rocks of the crystalline basement and the deposits of the glacial
origin, rich in crystalline rock material, might be the sources of the transparent
heavy minerals (garnets and micas), dominating in the heavy mineral fractions.
The deposits of the pre-Quaternary sedimentary cover, especially of the Meso-
zoic and Cenozoic age, consisting of organodetritic limestones, marls and de-
tritic-quartz-free gaizes, outcropping in numerous steep edges of the valleys of
the Dniestr River and its tributaries and the valley of the Bug River cutting the
Volhynian Upland, were the source of carbonates and remnants of microfossils
(foraminifers), abundantly occurring in many investigated loess logs. Their ab-
sence in certain logs evidences the influence of other local alimentation areas,

Accumulation conditions of the younger upper loess of Sandomierz Basin... 59



where in the basement other types of rocks occur, that yielded weathering
wastes of different mineral composition. A very good example of such differen-
tiation of the mineral composition of loesses may be found in the log at Charna
(point 16 in Fig. 1), in which the exceptionally high contents of weathered
glauconite were found (10 to 25% of the total transparent heavy minerals). This
mineral could come from the weathering waste of the Tertiary rocks, e. g. the
sandy deposits rich in glauconite. Absence of foraminifers in these loesses indi-
cates that the region of accumulation in this case was outside the influence of
the alimentation areas rich in weathering wastes of the Cretaceous rocks.

4. Existence of many local sources of fine-grained loess-forming material
of differentiated mineral composition, resulting in very distinct variations of the
mineral composition of loesses, evidences not only the genetic connection of
loesses with the local sources of the dusty material, but also its short transport.
The components of the mineral groups I an II, occurring in loesses, were in-
cluded in subsequent sedimentary cycles, thus redeposited and accumulated
many times not only due to the aeolian factor, but also in fluvial and periglacial
conditions, however, the minerals of the groups III, IV and V survived their
first and short transport from the weathering wastes of their original occurrence
(e. g. crumbling sandstone deposits of the Krosno beds in Carpathian flysch,
mud sediments of the San River valley, magmatic ands metamorphic rocks in
the glacial deposits and components of the crystalline bedrocks).

5. Considering the transport directions one may conclude that generally, in
the regional scale, the movement of many mineral components of the loess-
-forming dust occurred due to winds blowing from the west to the east (with
deviations to N and S). However, other wind directions might have occurred,
depending on the local, e. g. orographic conditions. The variable morphology
of the mountainous and hilly areas of the Mid-Carpathian Foreland caused by
their geological structure, caused the occurrence of "forced" wind directions,
especially in the lower part of atmosphere, the influence of which on the trans-
port of the local material was very important or even dominating. The sandy
deposits at Zalishchyky (point 26 in Fig. 1) and the loesses at Charna (point 16
in Fig. 1) are the good example of the influence of the local bedrock on the
mineral composition of loesses, confirming simultaneously the direction of
transport of the loess-forming material from the west to the east. Mineral com-
position of these loesses (Fig. 24c) reflects quite exactly the mineral composi-
tion of the sandy deposits from Zalishchyky (Fig. 26b), occurring several tens
of kilometres to the west.

6. The studies of the mineral composition of loesses in the investigated,
vast and very differentiated morphologically area of Mid-Carpathian Foreland
and western Podolian Upland allow the conclusion, that in certain regions the
participation of the aeolian factor in accumulation of the dusty deposits was
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dominating (e. g. the log of Jaros³aw � point 2 in Fig. 1, the log of Humniska �
point 6 in Fig 1, for which the "aeolian vector" is very distinct, as shown in
Figs 20c and 21b). In other regions, e. g. in the terrain between the San and
Dniestr Rivers (the log of Siedliska � point 9 in Fig. 1) the supplementary par-
ticipation of the aeolian factor was recognized jointly with the important delu-
vial, slope and fluvial processes.

R E F E R E N C E S

A l e x a n d r o w i c z  S. W. 1999: Zarys paleogeografii Polski. [In:] Geografia Polski, �rodowi-
sko przyrodnicze, L. Starkel (ed.), Wyd. Nauk. PWN, Warszawa: 25�38.

B o g u c k i  A., £ a n c z o n t  M., W o j t a n o w i c z  J. 1999a: Lessy i utwory pylaste na miê-
dzyrzeczu Sanu i Dniestru (Loesses and silt deposits in the San and Dniester inter-
fluve). Acta Geographica Lodziensia, 76, Wyd. £ódzkie Towarzystwo Naukowe,
£ód�: 7�23.

B o g u c k i  A., £ a n c z o n t  M., W o j t a n o w i c z  J. 1999b: Problems of the Quaternary stra-
tigraphy and paleogeography in the San and Dniester interfluve (Poland and Ukraine
borderland). Quaternary Studies in Poland, 16: 3�14.

B o g u c k i  A., £ a n c z o n t  M., Wo j t a now i c z  J. 2000: Less na pó³nocnej krawêdzi P³askowy-
¿u Chyrowska-Gródeckiego profil Mo�ciska. [In:] Glacja³ i peryglacja³ na miêdzyrzeczu
Sanu i Dniestru, M. £anczont (ed.), Sem. Teren. II, Lublin, Krasiczyn: 147�155.

B o g u c k i  A., £ a n c z o n t  M., R a c i n o w s k i  R. 2000: Condition and course of sedimenta-
tion of the Middle and Upper Pleistocene loesses in the Hali profile (NW Ukraine).
Studia Quatern. 17: 3�17.

B o g u c k i  A., C y r e k  K., K o n e c k a - B e t l e y  K., £ a n c z o n t  M., M a d e y s k a  T.,
N a w r o c k i  J., S y t n i k  O. 2001: Palaeolithic loess site Yezupil on Dniester
(Ukraine) stratigraphy, environment and cultures. Studia Quatern. 18: 25�46.

B o g u c k i  A., S y t n i k  A. 2001: Field studies of Top-Paleolith stand at Kulychivka in Kremenets
(in Ukrainian with English summary). Vistnyk Lviv Univ., Ser. Geogr., 28: 225�238.

B o g u c k i  A., £ a n c z o n t  M., W o j t a n o w i c z  J. 2002: Elementy rze�by glacjalnej sprzed
500 tys. lat na miêdzyrzeczu Sanu i Dniestru (Wschodnie Przedkarpacie). [In:] VI
Zjazd Geomorfologów Polskich: �rodowiska górskie � ewolucja rze�by, A. Traczyk
and A. Latocha (ed), Wroc³aw�Jelenia Góra: 20�21.

C h l e b o w s k i  R., L i n d n e r  L., B o g u t s k y  A. 1999: Wstêpne wyniki badañ mineralogicz-
nych lessów z profili Bojanice i Ko³odijów (NW Ukraina). [In:] VI Konferencja straty-
grafii plejstocenu Polski: Czwartorzêd wschodniej czê�ci Kotliny Sandomierskiej,
T. Malata i wsp. (ed.), Kraków�Czudec: 11�12.

C z y ¿ e w s k i  J. 1927: Gêsto�æ sieci dolinnej na Podolu. Prace Geograficzne, 9: 27�39. Lwów.
D i e m i e d i u k  M. S., D i e m i e d i u k  J. N. 1995: Lithological characteristics of the Dniester

glacial complex deposits in the Carpathian Foredeep. [In:] Glacial deposits in North-
-East Europe (eds.) J. Ehlers et al., A. A. Balkema, Rotterdam: 353�356.

G a r e c k a  M., O l s z e w s k a  B. 1997: O stratygrafii jednostki stebnickiej w Polsce. Przegl¹d
Geologiczny, 45 (8): 793�798.

Accumulation conditions of the younger upper loess of Sandomierz Basin... 61



G e r e n c z u k  K. I., K o j n o w  M. M., C y �  P. M. 1964: Pryrodno-geograficznyj podil L'vivsko-
ho ta Podil'skoho ekonomicznyh rajoniv. Vydavnictvo L'vivskoho Universytetu: 1220.

G e r e n c z u k  K. I. (ed.) 1972: Volyno-Podil'ska czastyna evropejskoj platformy. In: Priroda
L'vivskoj oblasti. Vydavnictvo L'vivskoho Universitetu: 1216.

G e r l a c h  T., K r y s o w s k a - I w a s z k i e w i c z  M., S z c z e p a n e k  K., A l e k s a n d r o -
w i c z  S. W. 1991: Karpacka odmiana lessów w Humniskach ko³o Brzozowa na Po-
górzu Dynowskim w polskich Karpatach fliszowych. The Carpathian variety of loesses
at Humniska near Brzozów in the Dynów Foothils, Polish Flysch Carpathians (in Po-
lish with English summary). AGH Geologia 17 (1�2): 193�219.

G u c i k  S., W ó j c i k  A. 1982: Obja�nienia do Mapy Geologicznej Polski 1 : 200 000. Arkusz
Przemy�l, Kalników. Wyd. Geol., Warszawa, 91 s.

H a l i c k i  A. 1972: Profil lessowy w Radymnie. [In:] H. Maruszczak (ed.) Przew. Symp. Kraj.
Litologia i stratygrafia lessów w Polsce, Lublin�Warszawa. Wyd. Geol.: 203�205.

H e n k i e l  A. 1977/78: Rze�ba strukturalna Karpat fliszowych. Annales UMCS, sect. B, 32/33:
37�88.

H o f s z t e j n  I. D. 1960: O terrasah Dnestra i novejszih dvi¿enijah w Prydnistrov'je. Biuletin
Komisji po Izuczeniju Czetverticznoho Perioda, 25, Moskva: 20�34.

H o f s z t e j n  I. D. 1962: Neotektonika i morfogenez Verh'nogo Prydnistrov'ja. V-vo AN
URSR, Kyiv: 11�31.

K l i m a s z e w s k i  M. 1936: Zasiêg maksymalnego zlodowacenia w Karpatach Wschodnich.
Wiad. Geogr., 34: 22�28.

K l i m a s z e w s k i  M. 1967: Polskie Karpaty Zachodnie w okresie czwartorzêdowym. [In:]
Czwartorzêd Polski, PWN, Warszawa: 431�497.

K o n d r a c k i  J. 1968: Fizycznogeograficzna regionalizacja Polski i krajów s¹siednich w syste-
mie dziesiêtnym. Prace Geograficzne, 69, Warszawa: 13�41.

K o n d r a c k i  J. 1998: Geografia regionalna Polski. Wyd. Naukowe PWN, Warszawa: 1�441.
K o t l a r c z y k  J. 1988: Zarys stratygrafii brze¿nych jednostek tektonicznych orogenu karpac-

kiego. [In:] J. Kotlarczyk (ed.), Przewodnik LIX Zjadu PTKeol. Karpaty Przemyskie,
Kraków: 31�62.

K r a w c z u k  J. 1999: Geomorfologija Peredkarpattja. Lviv. Der¿avnij Univ. Im. I. Franko,
Merkator, Lviv: 187 s.

K r y s o w s k a - I w a s z k i e w i c z  M., £ a n c z o n t  M. 1992: Zró¿nicowanie sk³adu minera-
³ów ciê¿kich w osadach plejstoceñskich w Pra³kowcach ko³o Przemy�la (Karpaty Prze-
myskie), 49: 9.

K r z o w s k i  Z. 1993: Trzeciorzêdowe osady glaukonitowe na Wy¿ynie Lubelskiej w �wietle
geochronologii izotopowej glaukonitu. Prace Nauk. Politechn. Lubelskiej, 231: 11�71.

L a s k o w s k a - W y s o c z a ñ s k a  W. 1971: Stratygrafia czwartorzêdu i paleogeomorfologia
Niziny Sandomierskiej i Przedgórza Karpat rejonu rzeszowskiego. Quaternary strati-
graphy and palaeogeomorphology of the Sandomierz Lowland and the Foreland of the
Middle Carpathians, Poland (in Polish with English summary). Studia Geol. Polon.
34: 1�109.

L e n c e w i c z  S. 1937: Polska. [In:] Wielka Geografia Powszechna. Wyd. Trzaska, Evert, Mi-
chalski, Warszawa: 1�446.

£ a n c z o n t  M. 1994: Terasa lessowa w dolinie Sanu u wylotu z Karpat. Univ. �l. Georama 2:
49�58.

62 R. Chlebowski, L. Lindner, A. Barczuk, A. Bogutsky, P. Gozhik, M. £anczont, J. Wojtanowicz



£ a n c z o n t  M. 1995: Warunki akumulacji górnovistuliañskich utworów lessowych okolic Prze-
mysla (Polska SE) w �wietle badañ uziarnienia. Annales UMCS, sect. B, 48 (1993),
Lublin.

£ a n c z o n t  M. 1997: Lessy okolic Przemy�la. Loesses in Przemy�l environs. (In Polish with
English summary). Rocznik Przemyski, 33, (4): 3�44.

£ a n c z o n t  M. 2002: Lessy i terasy Naddniestrza Halickiego. [In:] A. Traczyk, A. Latocha
(ed.), VI Zjazd Geomorfologów Polskich: �rodowiska górskie � ewolucja rze�by.
Wroc³aw�Jelenia Góra: 89.

£ a n c z o n t  M., B u t r y m  J., P ê k a l a  K. 1988: Stratigraphic and paleogeographic signifi-
cance of Quaternary deposits from the Optyñ Hill near Przemy�l, East Carpathians.
Quaternary Studies in Poland, 8: 79�84.

M a l i c k i  A. 1973: �rodowisko przyrodnicze dorzecza Sanu, jego znaczenie gospodarcze
i ochrona. Biblioteka Przemyska, 6, Tow. Przyjació³ Nauk w Przemy�lu: 9�35.

M a r u s z c z a k  H. 1980: Profil lessów w Jaros³awiu. Loesses profile at Jaros³aw. [In:] Guide-
Book of Field Seminar. Stratigraphy and chronology of the loesses and glacial deposits
of the Lower and Middle Pleistocene in SE Poland, H. Maruszczak (ed.), Lublin: 59�
62.

O s z c z y p k o  N. 2001: Rozwój zapadliska przedkarpackiego w miocenie. Przegl¹d Geologicz-
ny, 49 (8): 717�723.

P e r y t  T. M., P o b e r e s k y j  A. W., J a s i o n o w s k i  M., P e t r y e n k o  O. I., P e r y t  D.,
R y k a  W. 1994: Facje gipsów badeñskich Ponidzia i Naddniestrza. Przegl¹d Geologi-
czny, 42 (9): 771�776.

P ê k a l a  K. 1988: Terasa �rednia Sanu w Babicach. [In:] Przew. 59 Zjazdu Pol. Tow. Geol.
Karpaty Przemyskie, Kraków: 200�206.

P r z e p i ó r s k i  W. 1938: Dyluwium na P³askowy¿u Chyrowsko-Lwowskim. Kosmos, ser. A,
63, 2: 183�245.

R a c i n o w s k i  R., £ a n c z o n t  M., B o g u c k i j  A. 1999: Interpretacja wyników badañ mi-
nera³ów ciê¿kich lessu z profilu Halicz ko³o Iwano-Frankowska (zachodnia Ukraina).
[In:] T. Malata et al. (ed.) VI Konferencja stratygrafii plejstocenu Polski: Czwartorzêd
wschodniej czê�ci Kotliny Sandomierskiej, Kraków�Czudec: 59�60.

T e i s s e y r e  H. 1933: Problemy morfologiczne wschodniego Podkarpacia. Sprawozd. Pañstw.
Inst. Geol., 7, 3: 421�454, Warszawa.

T e i s s e y r e  H. 1938: Czwartorzêd na przedgórzu arkuszy Sambor i Dobromil. Rocznik Pol.
Tow. Geol., 13 (1937): 31�81.

W o j t a n o w i c z  J. 1971: Wyspa lessowa ko³o Krzeszowa nad Sanem. The loess island near
Krzeszów on San. Ann. UMCS, sec. B, 26: 67�88.

W o j t a n o w i c z  J. 1997: Glina morenowa, utwór pylasty i less w profilu Krzeszów. [In:] Se-
minarium terenowe: Glacja³ i peryglacja³ Kotliny Sandomierskiej i Przedgórza Karpat
w okolicy Przemy�la, M. £anczont (ed.), Lublin�Krasiczyn: 143�148.

W o j t a n o w i c z  J. 1978: Rozwój nizinnej czê�ci doliny Sanu na tle paleogeomorfologii Kotliny
Sandomierskiej. Rozpr. habil., Lublin, 114 s.

Z u c h i e w i c z  W. 1995: Lower fluvial deposits in the Polish Outer Carpathians: A state-of-art-
review. Studia Geomorph. Carpatho-Balcanica, 29, Kraków: 91�97.

Accumulation conditions of the younger upper loess of Sandomierz Basin... 63



S T R E S Z C Z E N I E

Przedstawiono uzyskane wyniki badañ mineralogicznych i ich interpretacjê na tle budowy
geologicznej i charakterystyki geomorfologicznej obszarów: Kotliny Sandomierskiej, Podkarpacia
polskiego i ukraiñskiego oraz zachodniej czê�ci Wy¿yny Podolskiej, które stanowi¹ znaczn¹
czê�æ obszaru SE Polski i NW Ukrainy objêtego projektem badañ.

Analizê mineralogiczn¹ lessów przedstawiono w oparciu o badania przezroczystych mine-
ra³ów ciê¿kich oraz frakcji lekkiej. We frakcji lekkiej zwracano g³ówn¹ uwagê na obecno�æ
w niej szcz¹tków, a tak¿e dobrze zachowanych mikroskamienia³o�ci, g³ównie otwornic, a tak¿e
minera³ów o pokroju blaszkowym. Przedstawiana problematyka stanowi kontynuacjê analogicz-
nych badañ dotycz¹cych górnego lessu m³odszego Wy¿yny Lubelskiej i Wy¿yny Wo³yñskiej
(Chlebowski et al. 2003a), a charakterystykê mineralogiczn¹ przedstawiono wed³ug wcze�niej
wypracowanej metodyki przy zastosowaniu dla celów interpretacyjnych wykresów radarowych
(Chlebowski et al. 2002). Analogicznym badaniom poddano szereg próbek ska³ z bliskiego i dal-
szego otoczenia lessów, które uznano za prawdopodobne �ród³a materia³u lessotwórczego.
Stwierdzono, ¿e dominuj¹ce w sk³adzie przezroczystych minera³ów ciê¿kich w lessach Podkarpa-
cia s¹ granaty i ³yszczyki, które bezpo�rednio nawi¹zuj¹ do sk³adu mineralnego ska³ pobliskiego
pod³o¿a, tj. fliszu karpackiego. W przypadku lessów zachodniej czê�ci Wy¿yny Podolskiej poza
ska³ami fliszu karpackiego dodatkowymi obszarami alimentacyjnymi mog³y byæ utwory wodnolo-
dowcowe oraz zwietrzeliny ska³ krystalicznego pod³o¿a, a tak¿e wulkanity Karpat rumuñskich,
których obecno�æ jest znaczona na mapie w rejonach na po³udnie od Podola. Wp³yw lokalnych
ska³ pod³o¿a na sk³ad mineralny lessów potwierdzaj¹ równie¿ szcz¹tki mikroskamienia³o�ci
(g³ównie otwornice) stwierdzone w lessach, a pochodz¹ce ze zwietrzelin lokalnie wystêpuj¹cych
ska³ wieku kredowego, takich jak kreda pisz¹ca, margle i gezy (Paruch-Kulczycka et al. 2003).

Stwierdzono du¿e zró¿nicowanie sk³adu mineralnego lessów na badanym obszarze, co jest
zwi¹zane z istnieniem wielu lokalnych �róde³ (obszarów alimentacyjnych) dla drobnookruchowe-
go materia³u lessotwórczego. Badania sk³adu mineralnego lessów, jego zró¿nicowanie oraz zwi¹-
zek genetyczny ze zwietrzelinami lokalnie wystêpuj¹cych ska³ pod³o¿a, pozwoli³y okre�liæ kie-
runki transportu materia³u py³owego, który odbywa³ siê przy udziale wiatrów g³ównie z kierun-
ków zachodnich ku wschodowi (W�E) oraz wiatrów lokalnych o kierunkach SW�NE i NW�SE,
a tak¿e wiatrów z kierunku po³udniowo-wschodniego. Kierunki te dotycz¹ wiatrów w dolnych
warstwach atmosfery, transportuj¹cych g³ówne masy materia³u py³owego na niezbyt wielkie lub
wrêcz krótkie odleg³o�ci, natomiast zapewne te¿ pewn¹ rolê odegra³y wiatry z wy¿szych partii at-
mosfery, jednak rola ich by³a mniejsza.
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