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Abstract: Within the Carpathian Foredeep, open marine basin evolved into restricted evaporitic basin during the
Badenian (Serravallian), and along the Carpathian front chloride sub-basins developed. The studies of foraminifera
and calcareous nannoplankton were conducted to obtain new biostratigraphic data which could constrain the age
and correlation of the salt deposits between Wieliczka—Bochnia in Poland, and Kalush in the Ukraine. These
studies proved that chloride deposits (in the Ukrainian territory also potassium salts) originated generally during
the same period corresponding to the Late Badenian NN6 zone and undivided NN6—NN7 zone. The uppermost
part of sub-evaporitic beds belongs to the boundary between the NN5 and NN6 zones, although locally (Bochnia
Salt Mine) only the NN6 zone was found. This suggests that the lower boundary of salt deposits can be
diachronous. Deposits overlying the salt (Chodenice and lowermost part of Grabowiec beds — Bogucice Sands)
represent the Late Badenian NN6/NN7 zone. The similarity in age between the folded Middle Miocene strata in
Poland (Zgtobice Unit) and the Ukraine (Sambir Unit) implies that they were folded during the same time and that

they can represent one tectonic unit, developed in front of the advancing Carpathian orogen.
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INTRODUCTION

The age and position of evaporitic deposits in the Car-
pathian Foredeep Basin play an important role in under-
standing the palacogeography and tectonics of the Outer
Carpathians and their foreland. For a long time it has been
believed that chloride facies in the Wieliczka—Bochnia and
in Kalush areas were deposited in different time. In the
Wieliczka—Bochnia area, the salt deposits (Wielician stage)
were considered to be of the Middle Badenian age (Lucz-
kowska, 1978; Garlicki, 1979), while in the Sambir Unit
they were considered to be of the Karpatian (Late Helvetian;
Chlebowski, 1947; Burov et al., 1978; Kruglov, 1978) or
the Early Badenian age (see Dzhinoridze, 1980). However,
new data imply the mid-Badenian age also for the salt from
the Sambir Unit (Andreyeva-Grigorovich & Kultchytsky,
1984; Andreyeva-Grigorovich et al., 1997, 1999) and from
its continuation towards the Sub-Carpathian Unit (Crihan
1999; Marunteanu, 1999) and Transylvanian Basin in Ro-
mania. According to Balintoni & Petrescu (2002), the halite

precipitation in the Transylvanian Basin took place in the
13.6-13.4 Ma time interval, during the lower part of the
NN6 zone. This time interval corresponds to the eustatic
third-order cycle 2.5 within Tejas B2 (Haq et al., 1987). Salt
deposits in the East Slovakian Basin (Bukowski ez al., 2003)
are probably of similar age.

The aim of the present paper is to constrain the age of
salt deposits and to present the results of a new biostra-
tigraphic correlation based on foraminifera and calcareous
nannoplankton. This project involved the Institute of Geo-
logical Sciences of the Jagiellonian University in Krakéw,
the Institute of Geological Sciences of National Academy of
Sciences of the Ukraine in Kyiv, and the Geological Re-
search Institute in Lviv, Ukraine, and it commenced in
2001. Preliminary results were presented at the XVII Con-
gress of Carpathian-Balkan Geological Association in Bra-
tislava (Andreyeva-Grigorovich et al., 2003).
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Fig. 1.

GEOLOGICAL SETTING

The Carpathian Foredeep Basin (CFB) (Fig. 1) belongs
to the Central and probably Eastern Paratethys biostra-
tigraphic province of Central and Eastern Europe (Kovac et
al. 1998). It was developed in front of the advancing Carpa-
thian orogen on the southern edge of the North European
Platform (Oszczypko & Slaczka, 1985; Oszczypko, 1998),
and the SW edge of the East European Platform. The CFB
can be subdivided into two sub-basins: the inner and outer
ones. The inner sub-basin is generally composed of Lower
and Middle Miocene continental, brackish and marine de-
posits, bearing two distinct evaporitic horizons. The outer
sub-basin is filled with Middle Miocene (Badenian and Sar-
matian), mainly marine strata. During the Early Miocene,
older evaporitic deposits developed in the eastern part of the
inner sub-basin (Boryslav-Pokutya Unit in the Ukraine, and
Marginal Fold Unit in Romania), whereas during the Late
Badenian younger evaporitic deposits formed an wide area
spreading from Upper Silesia in Poland (Garlicki, 1994) to
Doftana Valley in Romania (Crihan, 1999; Marunteanu,
1999; Marunteanu et al., 1999). During that time, the evapo-
ratic deposition took place both in the inner and outer sub-
basins, as well as on marginal part of the Outer Carpathians
(Skole Unit in Poland and Tarcau Unit in Romania). The
Badenian evaporatic deposits also developed in the Transyl-
vanian Basin (Balintoni & Petrescu, 2002), East-Slovakian
Basin, and Trans-Carpathian Basin in the Ukraine.

Generalized map of the Carpathian and Alpine area and their foreland (after Picha, 1996; simplified)

As an effect of Miocene tectonic movements, a narrow
zone of the folded Miocene strata composed of Badenian
evaporatic deposits developed along the Carpathian thrust
(Fig. 2). This zone is represented by the Zglobice Unit in
Poland (Fig. 3), Sambir Unit (Fig. 4) in the Ukraine, and
Sub-Carpathian Unit in Romania. These units were over-
thrust on the autochthonous Miocene deposits of the more
external part of the foredeep. Within the Polish part of the
foredeep, the folded Miocene zone is less than 2 km wide
(Fig. 4), in the Ukrainian part it is up to 24 km wide,
whereas in the Kalush area three flat-lying thrust-sheets can
be distinguished (Fig. 5).

Polish Carpathian Foredeep

In the Polish Carpathian Foredeep Basin (PCFB), the
Badenian strata rest directly on the platform basement, ex-
cept for the SE part of the inner foredeep, where they cover
the Lower Miocene strata (Oszczypko, 1998; Oszczypko et
al., in print). According to biostratigraphic analyses (Ale-
xandrowicz, 1958, 1961, 1963; Luczkowska, 1958, 1978,
1995), the Skawina beds represent the Early Badenian, and
the Chodenice and Grabovian beds represent the Late Bade-
nian. Usually, the “Lower Badenian” (Ney, 1968; Ney et
al., 1974) begins with a thin layer of conglomerates, how-
ever, in the western part of the foredeep the Debowiec Con-
glomerates are up to 100 m thick. These conglomerates pass
upwards into dark, clayey-sandy sediments (Skawina For-



