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One of the distinct changes of the paleoenvironment in the past dozen of millions
of years that has not been studied adequately is the Badenian salinity crisis. During
that crisis, a complex of climatic, environmental and geological conditions caused the
occurrence of a continuous series of evaporate deposits on a large area of Central
and Southern Europe. Preliminary determination of the chronology and the causes of
the basin’s isolation from the open ocean will be essential for understanding the geolo-
gical and biological processes shaping the sedimentation environment in that part of
Europe. The goal of the present study is to build a reliable model of the saline basin
development and identify the timeline of the saline sedimentation period. The western
part of the Carpathian Foredeep was selected for detailed studies. The research area is
located along the present-day edge of the Carpathi���'�D���������D�	��	���<����������
CBD	
��	���<�������

In the first part of this paper (Chapters 2 and 3), the lithostratigraphy of the Bade-
nian, prepared on the basis of literature, and research methodology are described. The
next section (Chapter 4) is devoted to the analysis of the present-day extension of
the evaporate facies in the western part of the Carpathian Foredeep. The chapter con-
tains two maps of the chloride facies extension in the western part of the Carpathian
Foredeep, drafted on the basis of available archival materials and recent seismic profi-
les (including 3D seismic imagery). In that part of studies, attention was paid to the
relationship between particular evaporate facies and the morphology of the Miocene
substrate.

Subsequent sections (Chapters 5 and 6) describe in detail the Badenian tuffite le-
vels, with determination of their mineral and petrographic composition. Also, Ar/Ar
radiometric dating for selected levels were carried out.

Chapters 7 and 8 are completely devoted to the studies of sub-evaporate deposits,
in the context of the environmental conditions that existed right before evaporate sedi-
mentation. Then, the results of the analysis of stable isotopes of oxygen and carbon in
the Foraminifera in the Upper Silesian part of the Carpathian Foredeep are presented,
with the determination of the paleobathymetry of the basin.

Later (Chapter 9), basic lithologic types of salt are described, based on the samples
originating from salt mines, and the sedimentation conditions are discussed. Experi-
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ments on the deposition of silt and salt layers were used for tracing redeposition of salt
deposts in the Carpathian Foredeep.

The discussion (Chapter 10) of such geochemical study results as the studies of the
bromine content in halite, chemistry of fluid inclusions, isotopic composition of stable
isotopes of oxygen and sulphur from anhydrites occurring in the salt series, and isoto-
pic composition of oxygen and hydrogen in fluid inclusions were used for drawing
conclusions on the origin of brine and access of continental waters as essential compo-
nents of chloride facies evaporate sedimentation.

In the last part of the paper (Chapters 11 and 12), the conclusions of radiometric
dating results, isotopic and geochemical studies are presented. Based on those results
and direct observations of the salt sedimentation, as well as experiments, a Badenian
salt sedimentation model was developed.

Salt crystallization in the studied area was initiated in the sea basin containing
water whose chemical composition was similar to present-day ocean water. During
halite crystallization, the saline basin was supplied with sea water of normal salinity, as
well as meteoric water (infiltration and surface water) mixing with basin’s brine. The
water entering the basin caused partial solution and redeposition of salt from shallow
and marginal parts of the salt basin. The analysis of the present-day range of the evapo-
rate facies in the western part of the Carpathian Foredeep clearly indicates a direct
relationship between the intensity and type of evaporate sedimentation and the morpho-
logy of pre-Badenian substrate, reflecting the existence of several morphologic thre-
sholds in the substrate. The respective elevations produced shallow areas on which
sulphate crystallization occurred, and moreover, the elevations divided the saline basin
into a number of smaller basins. Such thresholds produced barriers that made the flow
of heavy saturated brine between particular basin sections difficult. The supply of terri-
genous material, the traces of dissolved salt and of volcanic activity indicate that the
observed cycle of salt series formation was caused by tectonic phenomena. Halite pre-
cipitation from brine delaminated in respect of density occurred in deeper parts of the
basin during the periods of tectonic peace. Periodic episodes of tectonic intensity on the
edges of the saline basin relocated the deposits from marginal sections of the salt pan
and salt mud flat.

The results of Ar/Ar radiometric dating of the Badenian tuffites indicate that the
beginning of the Badenian salt sedimentation occurred ca. 13.81 ± 0.08 Ma. It means
that the Badenian salinity crisis started concurrently to or directly after the period of the
main global cooling event Mi3b that has been recorded all over the world. In the sub-
evaporate deposits of Upper Silesia, that cooling event is reflected in the change of the
quantities of the isotopes of oxygen and carbon in Foraminifera shells. The paleotem-
perature of the Silesian Basin water, indicates the cooling of sea water close to the
bottom by ca. 2–3 oC and of the pelagic water by ca. 7 oC. The sea water temperature
drop was also marked with the expansion of cool-water Foraminifera plankton which
completely replaced the complexes of warm-water Foraminifera plankton.
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During the global cooling event Mi3b, caused by the development of the ice cap in
the Antarctic areas, the sea level dropped by ca. 60 metres. Such a large drop was con-
firmed by paleobathymetric studies and it was marked by the increase of the proportion
of thick clastic facies in the southern part of the Carpathian Foredeep. The global drop
of the sea level limited the outflow of deep highly salted water from the Carpathian
Foredeep and from the basins situated within the Carpathian areas, and it was a direct
cause of the Badenian salinity crisis.

Salt sedimentation in the Carpathian Foredeep developed probably during at least
200.000 years, in the conditions of changing and tectonically controlled sedimentation
environment.


