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Abstract: Within Carpathian Foredeep basin open marine condition evolved into 

restricted evaporitic basin during the Late Badenian (Serravalian), in the west it 

embraced outer part of the foredeep only whereas in the eastern also its inner part. 

Along the Carpathians front a chloride sub-basins developed. Biostratigraphic 

researches proved that chloride, and in Ukrainian part also potassium salts were 

deposited, generally during the same period corresponding to zone NN6 

Geological setting 
The Carpathian Foredeep Basin (CFB) belonged to the Central Paratethys 

biostratigraphic province of the Central and Eastern Europe (Kovac et al. 1998). The 

Carpathian Foredeep Basin (CFB) developed in front of the advancing Carpathian 

orogene on the southern edge of the Northern-European Platform (Oszczypko & 

Slączka, 1985, Oszczypko, 1998). CFB can be subdivided into two sub-basins: inner 

and outer ones. The inner sub-basin is generally composed of the Early and Middle 

Miocene continental, brackish and marine deposits. The outer one is filled with 

Middle Miocene (Badenian and Sarmatian) mainly marine deposits. During the 

Badenian evaporitic deposits developed in the foredeep basin. In the western part 

these deposits developed only in the outer sub-basin when in the eastern part they 

embraced also the inner sub-basin (Chlebowski, 1947, Djinoridze, 1980). The broad, 

shallow-water area, both on the platform and northern margin of thrust belt were 

dominated by sulphate facies, whereas the narrow and deeper part, located along 

the active Carpathian front were occupied by chloride-sulphate facies and locally 

(Ukrainian part) also by sulphate facies (Fig. 1). Generally the salts were deposited 

as an effect of precipitation. However in some areas redeposition processes took 
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also place, and salt conglomerates and sedimentary breccia have been deposited 

(Ślączka & Kolasa, 1997).  

As an effect of the Miocene tectonic movements a narrow zone of the folded 

Middle Miocene deposits that contain evaporitic deposits (Zgłobice unit in the West 

and Sambir-Rożniativ unit in the East) was developed along the Carpathian thrust. 

These units were overthrusted on the autochthonous Miocen deposits of the more 

external part of the foredeep. 

The age of salt deposits was controversial for a long time. In Wieliczka-

Bochnia area the salt deposits were considered to be of the Middle Badenian age 

(Garlicki,1979) while in Sambor - Rozniatov unit they were considered to be of the 

Burdigalian in age. However, new data implied the Badenian age also for the salt 

from the Borislav-Rozniatov unit (Andreyeva-Grigorovich & Kulczytsky, 1984, 

Andreyeva-Grigorovich et al., 1997, Andreyeva-Grigorovich et al., 1999) and from its 

prolongation towards the south (Crichon 1999, Marunteanu, 1999).  

Location of samples 
 Several sections in the Polish and Ukrainian part of the foredeep have been 

investigated to obtain litostratigraphic salt deposits and a new biostratigraphic data 

which could confirm the development and age of the. In the Polish Foredeep five 

sections were detail sampled: Wieliczka and Bochnia salt mines, Sułków and 

Gierczyce brickyards, Zabawa exposure, wheras in the Ukrainian Foredeep two 

sections from the Sambor- Rożniatov Unit (Kalush Salt Mine and borehole Kalush 

340) were investigated (Fig.1).  

Biostratigraphic results 
Nannoplankton data: In the Kalush Mine from rosy marls (Stebnik beds), in the sub-

evaporite deposits calcareous nannoplankton representing NN 5 zone has been 

found with spicies Coccolithus pelagicus (Wall.), Cyclicargolithus floridanus (Roth & 

Hay) Bukry, Discoaster variabilis Mart. & Braml., D. exilis Mart. & Braml., Calcidiscus 

leptoporus (Murray et Black.), Helicosphaera carteri (Wall.), Pontosphaera multipora 

(Kampt.), Rhabdosphaera sicca (Str.), Sphenolithus heteromorphus Defl. In the sub-

evaporite deposits and the lower part of the salt deposits in Wieliczka, in the sub-

evaporites deposits in Bochnia Salt (Skawina Fm.) as well as in the grey marly clays 

below the evaporites in the borehole Kalush 340 nannoplankton assemblage 

belonging to boundary between NN 5 and NN 6 zones � a lower part NN 6 zone has 

been established. Nannoplankton association contains the most abundant spicies 
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are: Coccolithus pelagicus (Wall.), C. miopelagicus Bukry, Calcidiscus leptoporus 

(Murray & Black.), Cyclicargolithus floridanus (Roth. & Hay) Bukry, Reticulofenestra 

pseudoumbilicus (Gartner). Less common, but particulary notable are: Calcidiscus 

premacintyrei Theodoridis, Coronocyclus nitescens forma elliptica (Kampt.), 

Discoaster exilis Mart. & Braml., D. brouweri Tan, Helicosphaera carteri (Wall.), H. 

walbersdorfensis Muller, Sphenolithus abies Defl., Umbilicosphaera rotula (Kampt.) 

Varol.  Sphenolithus heteromorphus Defl. and Discoaster cf. kugleri Mart. & Braml. 

are very rare. In  the Wieliczka and in the Bochnia Salt Mines nannoplankton 

assemblage belonging to undivided zones NN 6 � NN 7 with most common spicies: 

Calcidiscus leptoporus (Murray & Black.), Coccolithus pelagicus (Wall.), C. 

miopelagicus Bukry,  Reticulofenestra pseudoumbilicus (Gartner), less common:  

Calcidiscus macintyrei (Bukry & Braml.), Discoaster exilis Mart. & Braml., D. variabilis 

Martini & Braml., D. kugleri Mart. & Braml., Helicosphaera carteri (Wall.), 

Sphenolithus abies Defl., Thoracosphaera heimii (Lohm.) Kampt., Umbilicosphaera 

rotula (Kampt.) Varol has been found in a mudstone intercalation within green salts 

complex, above or near tuffite horizon WT 3 (Layered Member). The similar 

nannonplankton (NN 6�NN 7 zones) has been identified in the lower part of the 

Chaotic Member. The nannoplankton assemblage from clays (Chodenice beds) 

above the evaporite horizon in the Sulkow quarry east from Wieliczka contains 

Calcidiscus leptoporus (Murray & Black.), Calcidiscus macintyrei (Bukry & Bramb.), 

Helicosphaera carteri (Wall.), Reticulofenestra pseudoumbilicus (Gartner), 

Sphenolithus abies Defl., ; less common or rare are Discoaster kugleri Mart. & 

Braml., Pontosphaera multipora (Kampt.), Holodiscolithus macroporus (Defl.), 

Scyphosphaera amphora Defl., Braarudosphaera bigelowi (Gran & Braar.), that 
suggests  zones NN 6 � NN 7. The analogous by the contents nannoplankton 

complex corresponding the NN 6 � NN 7 zones has been found within Bogucica 

sandstones near Zabawa. Very poor nannoplankton assemblages with Coccolithus 

pelagicus (Wall.), C. miopelagicus Bukry, Calcidiscus leptoporus (Murray & Black.), 

Reticulofenestra pseudoumbilicus (Gartner), R. spp. small, Helicosphaera carteri 

(Wall.), Umbilicosphaera rotula (Kampt.) Varol have been found in the Gierczyce 

brickyard (Chodenice beds), also within grey clays above the evaporite sequence in 

borehole Kalush 340 and in Dombrowsky quarry. The species-markers are absent. 

These data suppose the correlation of mentioned above sediments with zone NN 6 � 

NN 7. 



Foramineferal data: Generally similar results have been obtained from the 

foraminiferal researches carried out in the Wieliczka Salt Mine. In the sub-evaporite 

deposits (Skawina beds) the Badenian assemblage with Globigerina foliata Bolli, G. 

cf. falconensis Blow, Turborotalita quinqueloba Natland, Globigerinella obesa (Bolli), 

Valvulineria arcuata (Reuss.), V. complanata (Orb.), Cassidulina carinata Cushm. et 

Park., C. oblonga Reuss., Cibicides pseudoungerianus Cushm., Ammonia beccarii 

(Linne), Bulimina elegans Orb., Bolivina dilatata brevis Cicha et Zapl., Elphidium 

crispum (Linne) have been found. Within the lower part of the boulder salt deposits 

there exists the assemblage with Globigerina praebulloides Blow., G. bulloides 

bulloides Orb., G. apertura Cushm., Globorotalia pseudopachyderma Cita, Prem.-

Silv. et Rossi, Valvulineria complanata (Orb.), Bolivina dilatata dilatata Reuss, 

Uvigerina macrocarinata Papp et Turnovcky typical to the Late Badenian. Only in 

several samples an assemblage with Siphonodosaria sp., Anomalinoides badenensis 

(Orb.), Bulimina elongata Orb., and Halicoryne morelleti (Pokorny), that show an 

affinity to the lower part of the Early Sarmatian have been present. The assemblages 

from the Skawina beds and from evaporite sequence from the Bochnia Salt Mine 

correspond to the Late Badenian only: Globigerina praebulloides Blow., G. bulloides 

bulloides Orb., G. diplostoma Reuss, G. foliata Bolli, Turborotalita quinqueloba Natl., 

Globorotalia mayeri (Cushm. et Ellis.), G. scitula Brady, Globigerinoides trilobus 

Reuss., Cassidulina oblonga Reuss., Cibicides ungerianus (Orb.).  
The foraminiferal assemblages from the Sulków area are typical for the Late 

Badenian and contain Martinotiella communis (Orb.), Turborotalita quinqueloba Natl., 

Globorotalia mayeri (Cushm. et Ellis.), Bulimina elongata Orb., B. striata striata Orb., 

Bolivina dilatata dilatata Reuss., B. aff. simplex (Phleg. et Park.). 

In the Gierczyce brickyard the Badenian foraminifera Globigerina bulloides 

Orb., G. praebulloides Blow, G. juvenilis Bolli, Globorotalia aff. bykovae (Aisen.), 

Bulimina striata mexicana Cushm., Bitubulogenerina reticulata Cushm., Elphidium 

macellum (Ficht. et Moll) has been established. Despite of it the poor foraminiferal 

content in washed samples does not allow to determine more precise age of 

sediments. 

The foraminiferal assemblages from the clays situated above the evaporite horizon in 

Dombrowsky quarry are similar to the Late Badenian ones. They contain Atriculina 

problema (Orb.), Quinqueloculina consobrina Orb., Globigerina juvenilis Bolli, 

Turborotalia quinqueloba Natl., Globigerinella regularis (Orb.), Bulimina gutsulica 



(Liv.), Angulogerina angulosa (Will.), Bolivina dilatata dilatata Reuss., Hanzawaia 

boueana Orb., Ammonia becarii (Linne), Elphidium crispum (Linne). 

Conclusions 
1. The results of the biostratigraphic researches show that the age of salt 

deposits is generally of the Late Badenian age. Calcareous nannoplankton 

assemblages correspond to NN6 zones and undivided zones NN6�NN 7 and 

microfauna assemblage to the Late Badenian in the Wieliczka, Bochnia and Kalush 

salt deposits.The sub-evaporitic beds in Wieliczka, in Bochnia (Skawina beds), in 

borehole Kalush 340 sections belong to boundary between NN 5 and NN 6 zones as 

well as a lower part NN 6 zone. Generally there is consistence between foraminifers 

and nannoplankton assemblages, apart of the occurrence of the Sarmatian-like 

foraminifers in the chaotic (boulder) part of the Wieliczka Salt Mine. It can be 

explained by local development of brackish environments caused by the influx of river 

water from the nearly Carpathian Range. 

2. The hitherto obtained biostratigraphic data show clearly that the Zglobice and 

Sambir � Rozniatov units were folded during the similar, post-Badenian time, and 

they can represent one continuous tectonic unit (SALIDY) that stretch out in front of 

the Carpathians? 

3. Our biostratigraphic data prove that the Wielician stage of the Central 

Parathetys does not belong to the Middle Badenian, as it has been traditionally 

accepted, but to the Late Badenian. 

4. During the Middle Miocene (Badenian and Sarmatian) evolution, the 

Carpathian Foreland Basin in Poland and Ukraine underwent through four principle, 

environmental stages: terrestrial, open marine, hypersalina, open-marine, and 

brackish. The present work was supported by Polish Scientific Research Fund (KBN) 

Project 4461/T12 
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Figure 1. Sketch-map of the Carpathian Foredeep and localisation of investigated 
places (based on Garlicki1979). 
1. Boundary of Carpathian Foredeep deposits, 2. Autochthonous Miocene deposits in 
Poland, 3. Carpathian orogen, 4. Carpathians overthrust. 5. Outer boundary of the 
folded Miocene. Z � Zabawa, S = Sułków, G � Gierczyce. 
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 Figure 1. Sketch-map of the Carpathian Foredeep and localisation of investigated places (based on Garlicki1979). 1. Boundary of Carpathian Foredeep deposits, 2. Autochthonous Miocene deposits in Poland, 3. Carpathian orogen, 4. Carpathians overthrust. 5. Outer boundary of the folded Miocene. Z Ł Zabawa, S = Sułków, G Ł Gierczyce. 


