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The most abun dant ben thic foraminifers re corded in the Wielician salt-en closed xe no liths are: Bulimina spp., Uvigerina spp.,
Valvulineria complanata, and Cibicides pseudoungerianus. The pre dom i nant taxon in the plank tonic as sem blage is
Globigerina bulloides with a me dian 98.9% in biozone IIC and 89.1% in the later IID. The IIC as sem blage dif fers from the IID
one in both taxon com po si tion and abun dance. The most pro nounced dif fer ences are those re vealed by Valvulineria
complanata counts, num ber of ben thic taxa and the plank tonic/ben thic (P/B) ra tio. Pseudotriplasia minuta (one of the
Wielician in dex taxa) oc curs only in the IID biozone, pres ent in 16 among 28 sam ples. There is a no tice able dif fer ence in sur -
face sculp ture mor phol ogy pat tern in the pre dom i nant Bulimina and Uvigerina taxa in the IIC ver sus the IID biozones. There
are smooth (Bulimina elongata) and weakly stri ate (Uvigerina semiornata plexus) forms in the IIC biozone, fol lowed by
heavily costate (Bulimina striata) and spinose-pus tu late (Uvigerina orbignyana plexus) forms in the IID. Globigerina druryi
and G. decoraperta – the CPN 8 plank tonic in dex taxa – had not been found in the ma te rial stud ied. Globigerinita uvula is un -
usu ally com mon in the sam ples stud ied. The sam ples ana lysed dis play an abun dance of Globigerina bulloides typ i cal of the
sub-evaporite Wielician. Hence the stud ied Wielician stratotype area sup ports the the sis of the Globigerina bulloides Acme
as the valid name des ig na tion for the substage.
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INTRODUCTION

The Wieliczka de posit be longs to the Cen tral Paratethys
Mid dle Mio cene sa lin ity cri sis suc ces sion (Fig. 1 and Ta ble 1).
Evaporites of this age are pres ent in the Carpathian Foredeep
and the east ern part of the Intra-Carpathian Ba sin (Transyl -
vanian Ba sin and its NE sur round ings; Seneš, 1971; Steininger
et al., 1985; Cicha et al., 1998; Peryt, 2006 with ref er ences
therein). Across most of the Badenian evaporite ba sin, sul phate 
de pos its ac cu mu lated and rock salt oc curs only lo cally. In Po -
land, these sul phate and rock salt de pos its are re ferred to as
the Krzy¿anowice and Wieliczka for ma tions (Alexandrowicz et
al., 1982; Garlicki, 1994) re spec tively. The name of the lat ter
for ma tion de rives from the Wieliczka Salt Mine where rock salt
has been mined since the 13th cen tury (Fig. 2). 

The ear li est de scrip tion of foraminifers from Wieliczka Salt
Mine was given by Reuss (1867). Foraminifers from the de posit
were later in ves ti gated by Ma³ecki (1954), £uczkowska (1967,
1978a, 1985, 1995), Alexandrowicz (1975), £uczkowska and
Rolewicz (1990) and Gonera et al. (2012). These stud ies dem -
on strated that at this site, the foraminifer tests are re de pos ited.
This is due to the com plex geo log i cal his tory of the Wieliczka
area, which is lo cated at the bor der zone be tween the over -
thrusted Carpathians and the autochthonous Mio cene for ma -
tions of the Carpathian Foredeep (Fig. 1). Within the sa lifer ous
clay ma trix (his tor i cally named Zuber) of the Salt Brec cia Mem -
ber (SBM), marly clay xe no liths of the sub-evaporite Badenian
are mod er ately fre quent (Gawe³, 1962). By con trast with the
Zuber, the xe no liths bear foraminifers. Foraminifera of the IID
as sem blage (Ta ble 1) are es pe cially com mon in the xe no liths.
Be cause of this, the IID as sem blage was named the Wieliczka
As sem blage by Alexandrowicz (1963). 

De pos its of the Badenian sa lin ity cri sis in ter val are named
the Wielician (Cicha et al., 1975; Papp et al., 1978b). The type
sec tion of this substage has been es tab lished in the north ern
part of the Rarañcza Gal lery in Wieliczka Mine (£uczkowska,
1978a; Figs. 2 and 3). The biostratigraphic mark ers of the
Wielician are the FO of Globigerina druryi at the bot tom and the
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FO of Velapertina indigena at the top (Cicha et al., 1975; Papp,
1975). The Globigerina druryi–G. decoraperta Biozone has
been ac cepted as the for mal name of this biostratigraphic zone. 
It has been adopted de spite ob jec tions re gard ing the bio -
stratigraphic util ity of G. druryi, G. decoraperta and G. aff.
nepenthes made by Cicha et al. (1975: p. 23). Dur ing the
Wielician the fa cies con trol on foraminifer con tent was very
strong (Seneš, 1971; Cicha et al., 1998) and there fore other
foraminifers are also used as Wielician in di ca tors. The ag glu ti -
nated Foraminifera Zone (Papp et al., 1978b), the Uvigerina
costai Zone (£uczkowska, 1964), the Pseudotriplasia Zone
(Papp et al., 1978a) as well as the Globigerina bulloides Acme
(Gonera, 1997) are among valid biostratigraphic mark ers of the
substage. 

The con spic u ous en vi ron men tal trans for ma tion at the
Moravian/Wielician bound ary has been in ter preted as cli mat i -
cally driven (Szczechura, 1982; Filipescu, 2001; Gonera, 2001;
Baldi, 2006). The turn over cor re sponds to the Mid dle Mio cene
Cli mate Op ti mum tran si tion to the Mid dle Mio cene Tem per ate
Cli mate (Popescu and Brotea, 1994; Gonera et al., 2000; Bicchi 
et al., 2003; Harzhauser et al., 2011; Gonera and Bukowski,
2012; Gonera, 2013). There fore, de spite the short com ings of
the plank tonic foraminiferal in dex taxa noted above, the
Wielician lower bound ary is very well es tab lished as re gards the 
whole foraminiferal as sem blage – its over all turn over at the bot -
tom of this chronostratigraphic unit. Con straints do not oc cur on 
the up per biostratigraphic bound ary of the Wielician, since its
in dex taxon (the FO of Velapertina indigena) oc curs rel a tively
com monly in strata above the evaporites.  

This pa per pro vides tax o nomic and quan ti ta tive anal y ses of 
the Wielician foraminifers from the stratotype place and com -
pares the re sults with co eval autochthonous as sem blages of

the sur round ing ar eas in the Carpathian Foredeep
and also con sid ers the strati graphic util ity of the
Wielician in dex taxa. Eco log i cal as pects of
uvigerinas and buliminas oc cur ring in the Wieliczka
foraminifer as sem blages are fur ther dis cussed in a
com pan ion pa per (in prep a ra tion) by the senior
author. 

GEOLOGICAL SETTING

The evaporites at Wieliczka in clude a num ber of 
di verse chlo ride fa cies (Gawe³, 1962; Wiewiórka,
1974, 1988). The main fea ture of the Wieliczka de -
posit is its bi par tite struc ture (Fig. 2). In the two
parts, dif fer ent va ri et ies of rock salt are found
among siliciclastic de pos its that are of ten sul phate-
 bear ing (Garlicki, 1994). The struc tural com plex ity
of the de posit has been re lated to the re gional
geodynamic evo lu tion (Oszczypko et al., 2006). In
the lower (strat i fied) part of the Wieliczka de posit,
strongly folded strata of var i ous types of rock salt
are found. They interfinger with var i ous siliciclastic
de pos its. Foraminifera are only found here within
the slump fa cies of the pre-evaporite Badenian
(£uczkowska and Rolewicz, 1990; Gonera et al.,
2012). The up per (brecciated) part of the Wieliczka
de posit is com posed of a salty clay ma trix (Zuber),
com pris ing cha ot i cally dis persed blocks of one type
of salt only – re ferred to as Typ i cal Green Salt
(ZBT). In one of the mine lo ca tions sit u ated within

the higher brecciated part of the de posit, the Wielician stra -
totype was es tab lished (£uczkowska, 1978a). It is also in this
area that one finds the type lo cal ity of the Pseudotriplasia form
(Ma³ecki, 1954) – the ag glu ti nated fora minifera taxon which
serves as the in dex name of the Mid dle Badenian biozone
(Papp et al., 1978a). The ZBT blocks vary in size (they range
be tween 1 and over 100,000 cu bic metres). Ear lier stud ies have 
shown that the ar gil la ceous marl xe no liths within the sa lifer ous
clay ma trix rep re sent sub-evaporite Badenian (Skawina Fm.)
and are mostly com posed of xe no liths con tain ing Uvigerina
costai Zone foraminifera (Alexandrowicz, 1975; £uczkowska
and Rolewicz, 1990). 

MATERIAL AND METHODS

The xe no liths of the Skawina Fm. ar gil la ceous marls from
the brecciated part of the de posit were used as study ma te rial.
Sam ples were col lected at a num ber of sites of the Salt Brec cia
Mem ber, from lo ca tions sit u ated along the gal ler ies and in
cham bers on the four up per lev els of the Wieliczka Mine (Ap -
pen dix 1*; Figs. 2 and 3). In an E–W di rec tion, the dis tance be -
tween sam pled sites was of ap prox i mately 2 km. A to tal of 38
rock sam ples were col lected from de pos its lithologically anal o -
gous to those re ferred to the Wielician stratotype sec tion by
£uczkowska (1978a). The rock sam ples were sub ject to the
stan dard disaggregation pro ce dure and then washed through a
0.1 mm sieve, the re sult ing res i due (frac tion >0.1 mm) be ing
an a lysed stereomicroscopically. Foraminifera were tax o nom i -
cally de ter mined and their num ber in ap prox i mately 1 cm3 of
res i due was cal cu lated. 
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Fig. 2. Cross-sec tion of the Wieliczka de posit (af ter Gawe³, 1962)

Sam pled Mine lev els (I, IIw, IIn, III) are col oured

Fig. 3. Dis tri bu tion of sam ples an a lysed in the Salt Brec cia Mem ber of the Wieliczka de posit

G – gal lery, Ch – cham ber



Foraminiferal biozones pro posed by Alexandrowicz (1963),
plank tonic in dex taxa (Cicha et al., 1975) and in dic a tive
globorotaliid pres ence (Gonera, 2013) were ap plied in the
biostratigraphic anal y sis of the xe no lith sam ples. In or der to de -
scribe the tax o nomic com po si tion of the Wielician as sem -
blages, the num ber of sam ples in which a given taxon oc curs
was used along with the stan dard quan ti ta tive data. In the ma -
te rial stud ied taxa pres ent in at least a quar ter of sam ples (i.e.,
in 8 of them) has been con sid ered as wide spread. Some taxa
are rare (found in 5–7 sam ples) and oth ers have an in ci den tal
status (they occur in only 1–4 samples). 

Well-pre served tests of ben thic (Uvigerina, Bulimina) and
plank tonic (Globigerinoides quadrilobatus, Globigerina bullo -
ides, G. woodi) foraminifera were ana lysed for ox y gen and car -
bon sta ble iso topes. The spec i mens filled by py rite/evaporites
were avoided dur ing the se lec tion. There fore, it is as sumed that 
the ef fects of in fill ing by these min er als on the sta ble iso tope
com po si tion re sults ob tained were neg li gi ble. This method was
ap plied in the anal y sis of nine rock sam ples with the use of 24
weighed foraminiferal-test sam ples, which yielded the fol low ing
pair of data: d18O and d13C for each weighed sam ple. The de ter -
mi na tion of the d18O and d13C was car ried out in the Geo -
Zentrum Nordbayern Lab o ra tory of the Friedrich-Al ex an -
der-Universität in Erlangen-Nürnberg, Ger many. All val ues are
re ported in per mil rel a tive to V-PDB by as sign ing a d13C value
of +1.95‰ and a d18O value of –2.20‰ to NBS19. Reprodu -
cibility was checked by rep li cate anal y ses of lab o ra tory stan -
dards and is better than ±0.01–0.03‰.

RESULTS

BIOSTRATIGRAPHY

The biostratigraphy of the sam ples has been based on both
in dic a tive plank tonic foraminifers and their as sem blages shown 
in con tin u ous sec tions through the Badenian (Alexandrowicz,
1963; Cicha et al., 1975; Brestenská, 1978; Gonera, 2013).   

Fol low ing Cicha et al. (1975) and Brestenská (1978, with
ref er ences therein), four of the sam ples ana lysed have a typ i -
cally Moravian set of taxa (Ap pen dix 1). The per cent age of
plank tonic forms var ies be tween 28.8% (sam ple 45) and 50.3% 
(sam ple 46); mean value 40.3 ± 9.0% (me dian 41.0%). The as -
sem blage is dom i nated by Globoconella bykovae (mean value
25.4 ± 24.0%) and Globigerina bulloides (mean value 23.6 ±
21.3%). Com mon are Globigerinoides quadrilobatus (mean
value 16.8 ± 10.3%), Orbulina suturalis (mean value 9.9 ±
10.7%) and Globoquadrina altispira (mean value 8.9 ± 8.7%).
Jenkinsella transsylvanica is pres ent in two sam ples hav ing a
mean value of 16.5 ± 9.5%. The fol low ing oc cur oc ca sion ally
and in low per cent ages: Globigerina angustiumbilicata, Globi -
gerina woodi, Turborotalita quinqueloba and Globigerinella
obesa. On the ba sis of the globorotaliid as sem blage, the sam -
ples can be ap pre ci ated as ter mi nal Moravian – Globoconella
bykovae and Jenkinsella transsylvanica in ter val i.e. IIb biozone
(Ta ble 1).

The re main ing 31 sam ples ana lysed are Wielician ones.
Globigerina bulloides pre dom i nates among the plank tonic fora -
minifers of these sam ples. The ex cep tions are three sam ples
(42, 72 and 90), where Globigerina woodi pre dom i nates, and
sam ple 1, where Turborotalita quinqueloba does. Plank tonic
forms are ab sent in sam ple 97. The per cent age of plank tonic

forms in the Wielician var ies from 0.6% (sam ple 48 and 91) to
90.4% (sam ple 17). The mean value of plank tonic foraminifers
in Wielician xe no liths is 20.2% and it dis plays a very high stan -
dard de vi a tion (s = 20.4); me dian 15.0%. 

TAXONOMIC DIVERSITY 
OF THE WIELICIAN FORAMINIFERS

The early and late Wielician as sem blages (IIC and IID) re -
corded are shown in Ap pen dix 1.

In the IIC sam ples stud ied, the per cent age of plank tonic
spec i mens (the P/B ra tio) var ies from 6.0% (sam ple 18) to
90.4% (sam ple 17), hav ing a mean value of 40.2 ± 30.9% and a
me dian of 37.4%, which is sim i lar to the Moravian sam ples of
the ma te rial ana lysed (me dian 41.0%). In the IIC plank ton,
prac ti cally only Globigerina bulloides is pres ent (Ta ble 2). The
num ber of ben thic taxa here is of 8–22 (me dian 15), which is
con sid er ably lower than in the Moravian ones, dis play ing 23–30 
ben thic taxa in the ma te rial stud ied (me dian 29). 

There are two kinds of wide spread taxa with ei ther high or low 
per cent ages of ben thic foraminifers. Wide spread and fre quent
taxa of the IIC as sem blage are: Bulimina elongata, Valvulineria
complanata, Uvigerina semiornata, Cibicides pseudo ungerianus
and Nodosaria spp. A group of wide spread taxa, but oc cur ring in
small amounts, is rep re sented by: Melonis pompilioides, Globo -
cassidulina crassa, Bolivina spp. and Spiro plectinella carinata
(Ta ble 2). The IIC as sem blage in cludes ex cep tional taxa (pres -
ent in 1–2 sam ples only), but reach ing rel a tively high amounts:
Caucasina schischinskyae (pres ent in one sam ple only, but it at -
tains 21.4%), Pullenia bulloides (pres ent in two sam ples only,
with its share be ing 18.2 and 9.0%), Bulimina pyrula (6.7%) and
Textularia gramen (3.5%). 

The re main ing 28 Wielician sam ples (Ap pen dix 1) are rep re -
sented by as sem blage IID. The per cent age of plank tonic spec i -
mens var ies here from 0.0% to 64.4% (mean value 16 ± 14.9%)
with a me dian of 14.4%. Globigerina bulloides is pres ent in 27
sam ples ana lysed. This is the most com mon plank tonic
foraminifer com pris ing a me dian 89.1% of Globigerinina. Rare
types, but with mean ing ful per cent ages in some sam ples in -
clude: Globoconella bykovae (me dian 4.8%), Globigerina woodi
(me dian 10.3%), Globigerina uvula (me dian 3.9%), Globige -
rinoides quadrilobatus (me dian 5.1%), Turborotalita quinqueloba
(me dian 9.9%). Ex cep tion ally, Orbulina suturalis oc curs (in three
sam ples only, in one at tain ing 11.8%).

Ben thic foraminifers are tax o nom i cally di verse in IID (Ap -
pen dix 1). The num ber of taxa var ies here from 14 (sam ple 89)
to 35 (sam ple 99); the me dian is 25 taxa. The group of ubiq ui -
tous taxa within IID is com posed of 31 taxa. Bulimina striata
tests pre dom i nate with a me dian of 31.5%. If the cri te rion of a
me dian higher than 3.0% is adopted, nine con sec u tive taxa with 
a wide spread sta tus and mean ing ful per cent ages emerge from
this set. These are (me di ans are given in brack ets): Pseudo -
triplasia minuta (3.3%), Nodosaria spp. (6.0%), Cassidulina
laevigata (3.2%), Bulimina elongata (4.1), Uvigerina semiornata
(3.8%), Uvigerina orbignyana (6.7%), Valvulineria complanata
(4.6%), Cibicides pseudoungerianus (6.4%) and Pullenia
bulloides (3.3%).

The re main ing 21 wide spread taxa usu ally dis play low per -
cent ages (me dian less than 3%), but oc ca sion ally cre ate “per -
cent age picks” (Ap pen dix 1). These taxa are as fol lows (in brack -
ets, high-per cent age oc cur rences): Spiroplectinella cari nata
(5.6% in sam ple 99), Martinottiella communis (19.0% in sam -
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ple 1), Textularia gramen (9.2% in sam ple 98), Spiro loculina
badenensis, Hauerinidae, Lenticulina inornata, Lageni dae,
Guttulina communis, Ellipsolagenidae (3.9% in sam ple 42),
Hoeglundina elegans (14.2% in sam ple 76), Boli vina spp.
(10.7% in sam ple 102), Globocassidulina crassa (8.8% in sam -
ple 47), Bulimina aculeata (30.9% in sam ple 89), Bulimina pyrula
(5.1% in sam ple 71), Fursenkoina schrei bersiana (9.5% in sam -
ple 1), Eponides repandus, Sphaero idina bulloides (12.6% in
sam ple 94), Asterigerinata pla norbis, Melonis pompilioides
(10.6% in sam ple 77), Heterolepa dutemplei (7.4% in sam ple
100) and Elphidium spp. Rare and low-per cent age taxa of the IID 
sam ples are: Reophax varilo culus, Frondicularia annularis,

Glandulina ovula, Reusella pulchra, Caucasina schischinskyae,
Neoconorbina terquemi and Allomorphina trigona. Hansenisca
soldanii also be longs among the rare taxa, even though it rep re -
sents 8.8% in one case (sam ple 71). 

The fol low ing are pres ent spo rad i cally in the IID biozone:
Dendrophrya latissima, Karreriella gaudryinoides, Dimorphina
variabilis, Uvigerina acuminata, Gavelinopsis nanus, Glabra -
tellidae, Eoeponidella linki, Nonion fabum and Am mo nia
beccarii. Apart from Nonion fabum and Karreriella gaudryino -
ides, which amount to 3.7 and 1.7% re spec tively, all of these
taxa rep re sent less than 1.0%.
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T a  b l e  2

Wielician foraminifera

Suborder Taxons
IIC IID

Av er age Stan dard
de vi a tion Av er age Stan dard

de vi a tion

Textulariina

Spiroplectinella carinata 1.6 1.4 1.4 1.3

Pseudotriplasia minuta

 

4.2 3.6

Martinottiella communis 1.9 5.2

Textularia gramen 1.7 2.4

Miliolina
Spiroloculina badenensis 1.3 0.6 0.6 0.4

Hauerinidae (*) 1.3 1.0 1.1 0.9

Lagenina

Nodosaria spp. 5.3 6.3 6.5 5.4

Lenticulina inornata 0.8 0.4 0.6 0.7

Lagenidae 0.5 0.3 0.7 0.6

Guttulina communis 0.4 0.2 0.3 0.1

Ellipsolagenidae 0.4 0.1 0.6 0.8

Robertinina Hoeglundina elegans  3.0 3.9

Rotaliina

Bolivina spp. 1.8 1.8 2.2 3.2

Cassidulina laevigata 1.4 1.4 7.4 8.7

Globocassidulina crassa 2.7 2.5 2.2 2.8

Bulimina aculeata 0.8 0.4 4.9 6.7

Bulimina elongata  39.8  29.7 12.0 16.9  

Bulimina pyrula 2.7 3.5 1.0 1.3

Bulimina striata 1.4 1.5 30.6 14.2  

Uvigerina semiornata 14.0  11.6 6.3 6.8

Uvigerina orbignyana  10.1 13.4  

Fursenkoina schreibersiana 1.4 0.8 1.4 2.3

Valvulineria complanata 24.2  22.2 7.8 8.4

Eponides repandus 
 

1.0 0.7

Sphaeroidina bulloides 3.5 3.5

Cibicides pseudoungerianus 7.8 6.4 7.3 3.4

Asterigerinata planorbis  0.3 0.1

Melonis popmilioides 3.3 3.5 2.7 2.4

Pullenia bulloides 13.6  6.5 4.5 4.0

Heterolepa dutemplei 
 

1.4 1.9

Elphidium spp. 0.6 0.6

Globigerinina

Globoconella bykovae 0.7 0.5 10.9  13.4  

Globigerina bulloides 97.6  3.3 75.7  31.0  

Globigerinita uvula  6.9 7.4

Globigerinoides quadrilobatus 3.3 1.6 8.5 9.0

Turborotalita quinqueloba 1.7 0.6 17.6  23.5  

* – Siphonaperta mediterranensis, Quinqueloculina akneriana, Pyrgo sim plex, Triloculina gibba; quan ti ta tive
data on the wide spread taxa (i.e. those oc cur ring in at least 3 of the sam ples ana lysed)



COMPARISON AND DISCUSSION

A com par i son of the foraminifera stud ied with Wielician
foraminifers else where poses the fol low ing prob lems: (1) mor -
pho log i cally sim i lar taxa are some times given dif fer ent names
by re search ers, (2) non-uni form mea sure ment data is usu ally
pro vided as re gards quan ti ta tive as sess ment of the taxa (es ti -
mated semiquantitative or only not ing the pres ence of the forms 
of the taxon compared).

Al ready in the pi o neer ing study of the Wieliczka de pos its
foraminifera by Reuss (1867) and re vised by £uczkowska
(1967), an anal ogy was dem on strated be tween the tax o nomic
com po si tion of the Wieliczka Salt Mine foraminifera and “those
of the Up per Tegel” and �Leitha Lime stones” lo cated in the Vi -
enna Ba sin. The age of the Wieliczka de pos its was thus as -
signed by Reuss (1867) to the Mid dle Mio cene. The Rhabdo -
gonium minutum taxon de scribed in Reuss’s (1867) study was
ex am ined by Ma³ecki (1954) on the ba sis of spec i mens from
the ar chi val xe no lith sam ple from the Hrdina Cham ber. This
anal y sis showed that this is a new ge nus of ag glu ti nated fora -
minifera, which was named Pseudotriplasia (Ma³ecki, 1954).
Fur ther stud ies of Paratethys Mid dle Mio cene stra tig ra phy sup -
ported its util ity as a Wielician in dex taxon (e.g., Papp et al.,
1978a). 

Pseudotriplasia has been found in many xe no lith sites in the 
Salt Brec cia Mem ber (£uczkowska and Rolewicz, 1990). The
taxon is pres ent within the Wielician stratotype sec tion in the
Rarañcza Gal lery (£uczkowska, 1978a). It has been also found
in Wielician silty marls in cor po rated in the Mio cene-flysch
slump de pos its at the south ern bor der of the Wieliczka de posit
(Alexandrowicz, 1975). The taxon is also com mon in the slump
fa cies within the Strat i fied Salt Mem ber (Gonera et al., 2012).
The Hrdina Cham ber is still a topotypical site for Pseudo -
triplasia, but the taxon – like many oth ers (Ap pen dix 1) – oc curs
ir reg u larly within Wielician xe no liths. As it hap pens, it does not
oc cur in any of the pres ently ex am ined Wielician sam ples in this 
cham ber (sam ples 71, 72 and 73). This taxon is clas si fied in the 
wide spread and no tice able per cent age cat e gory (see above
chap ter) and it is pres ent in 16 out of 28 the IID sam ples ex am -
ined, at tain ing up to 13.1% in one of them. By com par i son,
Pseudotriplasia has been ob served in 2/3 of IID biozone an a -
lysed sam ples in the Up per Silesia Ba sin, hav ing a mean value
of 8.5 ± 10.5% of ben thic foraminifers (Gonera, 2001). Pseudo -
triplasia is ap par ently ab sent in the early Wielician sam ples (IIC
in Ap pen dix 1). Al though Pseudotriplasia is ab sent also from
cer tain late Wielician sam ples (IID in Ap pen dix 1), other fora -
miniferal as sem blage fea tures in di cate a con spic u ous dif fer -
ence be tween IIC and IID.

In the west ern part of the Carpathian Foredeep, IIC is also
de fined as the level of Valvulineria complanata (Cicha, 1957) or 
of an as sem blage with Globigerina bulloides and Valvulineria
complanata (£uczkowska, 1958). Given its tax o nomic com po si -
tion, it is a tran si tional as sem blage be tween the “Lanzendorf
fauna” (cf. Grill, 1941) and the Wieliczka as sem blage (IID). This 
late Wielician biozone was also named the Bulimina Bed
(Kirchner, 1956), Uvigerina asperula–Bulimina striata–Pseudo -
triplasia (Cicha, 1957), Uvigerina asperula (Pishvanova, 1969;
cf. Filipescu, 2001) and Uvigerina costai (£uczkowska, 1963,
1964). 

Valvulineria complanata ranges in Paratethys from the
Lower Mio cene to the end of the Badenian (Cicha et al., 1998).
Due to en vi ron men tal rea sons it is fre quent in the IIC biozone of  
the Wielician – a highly oligotaxic, r-se lected set of Badenian
as sem blages (Gonera, 2001, 2013). Valvulineria complanata
as an IIC biozone in dex taxon is pres ent in the IIC sam ples ex -

am ined in amounts of 5.8–62.7% (me dian 18.6%) with the num -
ber of ben thic taxa of 8–22 (me dian 15) and a P/B ra tio of
6.0–90.4% (me dian 37.4%). In the IID biozone sam ples ex am -
ined, those in di ca tors are no tice ably dif fer ent and are re spec -
tively: 1.7–36.3% (me dian 4.6%), 14–35 (me dian 24) and
0.0–64.4% (me dian 14.4%). Apart from those, the char ac ter is -
tic fea ture of the IIC as sem blage is the un ques tioned quan ti ta -
tive dom i nance of Bulimina elongata and Uvigerina semiornata
among the ben thic foraminifera (Ta ble 2). These fea tures of IIC
as an early Wielician biozone have been ob served in nu mer ous
pro files of the Carpathian Foredeep Badenian in the Wieliczka
sur round ings. In the K³aj-1 bore hole, the Badenian facio -
stratotype sec tion in Po land, IIC oc curs in a man ner anal o gous
to that of the Wieliczka de pos its (£uczkowska, 1978b). The IIC
as sem blage lat eral ex tent is from the Up per Silesia Ba sin
(Alexandrowicz, 1963; Gonera, 2001) through the Kraków Bold
(Alexandrowicz, 1964) to the east of this struc ture (Kirchner,
1956; £uczkowska, 1958, 1963). As sem blage IIC also oc curs in 
the north ern rim of the Carpathian Foredeep, from the Dzia³o -
szyce Trough in the Miechów Up land (Alexandrowicz, 1965;
Szczechura, 2000) to the stratotype area of both the Piñczów
and Krzy¿anowice For ma tions near Busko (Alexan drowicz and
Parachoniak, 1956). In the Wola Zagojska sec tion, the IIC type
as sem blage of foraminifers is lo cated 8 m be low the gyp sum,
within the marly clays en riched with crys tals of gyp sum (sam ple
num ber 3 in Alexandrowicz and Parachoniak, 1956). Its fora -
minifers dis play a scar city of taxa, and foraminifer tests com -
pare to both the lower and the up per part of this sec tion – fea -
tures typ i cal of IIC. In the sam ple dis cussed, only in fre quent
tests of Bulimina elongata, Pullenia bulloides, Sphaeroidina
bulloides, Uvigerina cf. semiornata and sin gle Globigerina
bulloides among plank tonic forms were found. IIC is eas ily iden -
ti fied in the de pos its east ward of this area (£uczkowska, 1964);
nev er the less, the as sem blage in the area is bar ren of Valvu -
lineria and has been in cluded by £uczkowska (1964) ei ther into
the Uvigerina costai Zone (M³yny 1 and Budy 1 boreholes) or
both the Orbulina suturalis and the Uvigerina costai Zones
(Grabki Du¿e N8 bore hole). 

Bulimina and Uvigerina pre vail among a num ber of ben thic
foraminifer tests of the Wielician stud ied (Ta ble 2). They con tain 
first of all Bulimina elongata with Uvigerina semiornata (IIC as -
sem blage) and also Bulimina striata with Uvigerina orbignyana
(IID as sem blage). This is also the case with Wielician fora -
minifers of the SSM xe no liths in the Wieliczka de posit (Gonera
et al., 2012). 

Bulimina and Uvigerina also dom i nate in the Wielician de -
pos its of the K³aj-1 bore hole (Kirchner, 1956; £uczkowska,
1978b). This bore hole con tains a com plete suc ces sion of the
Wielician foraminifer biozones, i.e., IIC fol lowed by IID. Fol low -
ing Kirchner (1956), they are re ferred to as the Valvulineria Bed
and the Bulimina Bed, re spec tively. Bulimina buchiana
d’Orbigny and Uvigerina tenuistriata Reuss with U. asperula
Czjzek are the dom i nant taxa in the youn ger bed (cf. Kirchner,
1956). These two Wielician as sem blages in the K³aj-1 bore hole
were re garded by £uczkowska (1978b) as one strati graphic unit 
(Level E) named the Uvigerina costai Said Zone in the Bade -
nian faciostratotype (£uczkowska, 1978b). In her de scrip tion of
the buliminas and uvigerinas of Level E the fol low ing are listed:
Bulimina elongata, B. gibba Fornasini, B. gutsulica Livental, B.
striata and Uvigerina hispida Schwager, U. brunensis Karrerr,
U. pudica £uczkowska (£uczkowska, 1978b). The same Wieli -
cian foraminifer suc ces sion was ob served in the Wielician be -
tween Wieliczka and Bochnia (£uczkowska, 1958). 

West of Wieliczka, on the Kraków Bold, the Wielician
foraminifers are pres ent within autochthonous Badenian de -
pos its (Alexandrowicz, 1964). The IIC in ter val in these de pos its
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dis plays scarce tests of Globigerina bulloides and Valvulineria
complanata. Buliminas and uvigerinas are not pres ent in the
area. On the other hand, the IID in ter val of this area com prises
a tax o nom i cally rich and abun dant as sem blage with Globi -
gerina bulloides and Pseudotriplasia with nu mer ous Bulimina
striata, Uvigerina asperula and U. brunensis. 

West of the Kraków Bold, in the Up per Silesia Ba sin, the
Wielician foraminifers have been de scribed in nu mer ous bore -
holes (Alexandrowicz, 1963; Gonera, 1997, 2001). Buliminas
and uvigerinas are wide spread and com mon there, and they
show both tax o nomic and quan ti ta tive dif fer ences be tween IIC
and IID as sem blages (Gonera, 2001). Buliminas at tain up to
54.4% of the Wielician ben thic foraminifers with a mean value
of 6.4 ± 9.5%; their share is 11.7 ± 12.4% in IIC, and 5.4 ± 8.5%
in IID. Taxa in sig nif i cant num bers in these biostratigraphic
zones of the Wielician in clude: B. elongata, B. gibba, B. pyrula
and B. striata in IIC and B. striata in IID. The con tent of Wielician 
uvigerinas in this area reaches 90.2%, with a mean value of
12.6 ± 17.3%. Al though pres ent only in half of the IIC sam ples
ana lysed, the uvigerinas dis play rel a tively high counts (mean
value 27.0 ± 18.2%). U. semiornata is mainly ob served (mean
value 33.0 ± 20.0%). Uvigerinas are pres ent in each IID sam -
ple, dis play ing a mean value of 11.6 ± 17.0%. This youn ger
Wielician as sem blage con sists mainly of U. orbignyana (mean
value 15.6 ± 20.7%), U. venusta Franzenau (mean value 15.5 ± 
15.4%) and U. semiornata (mean value 10.2 ± 15.2%).  

The Wielician foraminifers from the coastal, north ern, part
of the Carpathian Foredeep sed i men tary area were first de -
scribed by Alexandrowicz and Parachoniak (1956) in the Wola
Zagojska sec tion  noted above – the on go ing type area of the
Krzy¿anowice For ma tion. Bulimina elongata with Uvigerina
hosiusi Ten Dam and Reinhold, U. striata (d’Orbigny) and U.
hovei Garrett were ob served in the lower Wielician de pos its
(sam ple 3 al ready men tioned) of the sec tion whereas in its up -
per part (cf. IID as sem blage), Bulimina striata with Uvigerina
asperula, U. hosiusi, U. rutilla Cushman and Todd were found
(Alexandrowicz and Parachoniak, 1956).

Eastwards of the Wola Zagojska sec tion, an Uvigerina costai
Zone type area is found (£uczkowska, 1963, 1964; Peryt, 2013
with ref er ences therein). The biozone com prises IIC and IID type
as sem blages (£uczkowska, 1978b, 1998). Both buli minas and
uvigerinas are wide spread (£uczkowska, 1964). Bulimina
elongata, B. gibba, B. gutsulica and Uvigerina costai are com -
mon in the early Wielician (cf. IIC) of this area. Buli minas that pre -
dom i nate in the up per sec tion (cf. IID) are the Bulimina striata,
ac com pa nied by B. elongata and B. gibba. The IID uvigerinas of
this lo cal ity in clude Uvigerina pudica, U. bru nensis, U. hispida, U. 
hovei and U. costata Bieda (£uczkowska, 1964).

Wielician foraminifers were also de scribed at some lo ca -
tions in the Miechów Up land west wards of the Wola Zagojska
sec tion. The full pro file of the sub-evaporite Wielician were pen -
e trated by the Dzia³oszyce bore hole (Alexandrowicz, 1965).
The older layer is com posed of Bulimina elongata and
Uvigerina hosiusi, to gether with Valvulineria complanata and
Globigerina bulloides typ i cal of the IIC. The youn ger Wielician
as sem blage (IID) con sists of Bulimina striata and Uvigerina
asperula with U. brunensis (Alexandrowicz, 1965). In the area
of the sul phur de posit near Pos¹dza, Bulimina elongata and
Uvigerina peregrina Cushman group were found in the older
layer (Szczechura, 2000) fol lowed by Bulimina cf. costata
d’Orbigny with Uvigerina pudica and U. costai (Odrzywolska-
 Bieñkowa, 1964; Szczechura, 2000). Near Rac³awice the Wie -
lician foraminifers com prise Bulimina elongata and Bulimina
gibba with com mon Uvigerina pygmoides Papp and Turnovsky, 
U. hispida and U. costai (Gonera and Kulka, 1979). 

Iso tope data on Bulimina and Uvigerina dem on strate that
the two taxa have sim i lar con tents of d18O (Gonera and

Bukowski, 2012). There fore, the mean value is used here for
the two as an in di ca tor of the con tent of the iso tope in ben thic
foraminifers (Fig. 4). In the sam ples stud ied, this value cor re -
sponds well with the val ues of this iso tope for the Wielician in
the other ana lysed parts of the Pol ish Carpathian Foredeep
(Ta ble 3). The data are too lim ited to con clude if the Globigerina
woodi d13C found (Fig. 4) has any interspecific mean ing con sid -
ered for in stance by Chaproniere (1988). 

The d13C of late Wielician ben thic foraminifers (biozone IID)
has neg a tive val ues. This is the op po site to that of the early
Wielician biozone (IIC), which dis plays pos i tive d13C val ues
(Gonera and Bukowski, 2012). Also within plank tonic fora -
minifera tests there is noticable drop at the IIC/IID bound ary
(Ta ble 3). Usu ally the change from pos i tive to neg a tive d13C sig -
ni fies a pro nounced in crease in or ganic car bon in the en vi ron -
ment (Berger et al., 1981). Most prob a bly, this in crease in the
Wielician sam ples has re sulted from the en hance ment in pro -
duc tiv ity and ex ten sive wa ter eutrophication. The on set of such
a pro cess at the IIC/IID bound ary and its con tin u a tion up to the
evaporite sed i men ta tion has also been in ter preted us ing
palaeo eco logi cal meth ods (Gonera, 2001; Peryt, 2013). It is
also the case in the Wielician xe no liths stud ied from the Salt
Brec cia Mem ber of the Wieliczka de posit. If the no tice able
foraminiferal d13C tran si tion from pos i tive to neg a tive val ues at
the IIC/IID bound ary was not con trolled by lo cal causes it may
be cor re lated with the sim i lar, glob ally re corded d13C event
known as the ter mi na tion of the “Monterey” car bon-iso tope ex -
cur sion (Berger et al., 1981). 

In the early Wielician, IIC biozone, Globigerina bulloides is
prac ti cally the only plank tonic foraminifer in the sam ples stud ied 
(Ap pen dix 1; Ta ble 2). This is the case re gard less of whether
plank tonic forms com prise 6.0 or 90.4% of the to tal foraminifers
(sam ple 18 and 17 re spec tively). The taxon is pre dom i nant also 
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Fig. 4. Plot of foraminiferal ox y gen and car bon iso tope val ues 
of the xe no lith sam ples from the Salt Brec cia Mem ber

A – plank tonic (Globigerinoides quadrilobatus in sam ple 41,
Globigerina woodi in sam ple 72 and Globigerina bulloides in the
oth ers), B – ben thic (Bulimina spp. and Uvigerina spp. mean value)



in the IID sam ples, hav ing a me dian value of  89.1%. Com mon
Globigerina bulloides tests per sist through out this up per
Wielician in ter val; how ever, ad di tional Globigerinina also oc cur
in the sam ples (Ap pen dix 1). This is also the case de scribed by
£uczkowska and Rolewicz (1990) and Gonera et al. (2012) for
many oth ers Wielician xe no liths of the Wieliczka de posit. 

Globigerina bulloides ranges in Cen tral Paratethys from the
Karpatian (Lower Mio cene) to the end of the Badenian (Cicha et 
al., 1998). The taxon pre dom i nates in sub-evaporite Wielician
in autochthonous de pos its eastwards of Wieliczka, in clud ing
the Badenian faciostratotype sec tion K³aj-1 noted above
(Kirchner, 1956; £uczkowska, 1958, 1978b). The same is true
of the plank tonic foraminifera in the Kraków Bold – al though
Globigerina bulloides oc curs here in a small num ber of spec i -
mens only (Alexandrowicz, 1964, 1973). The Wielician strata of
the Up per Silesia Ba sin bear abun dant Globigerina bulloides
among plank tonic foraminifers; the per cent age of this taxon in
IIC is 99.3 ± 1.5% and 76.7 ± 31.7% in the IID biozone
(Alexandrowicz, 1963; Gonera, 2001; Gonera et al., 2003).
Wielician de pos its in the Wola Zagojska sec tion yield a small
num ber of G. bulloides as the only plank tonic foraminifers in the 
older layer, ac com pa nied by rare Globigerinoides trilobus in the
youn ger one (Alexandrowicz and Parachoniak, 1956). There is
a sim i lar set of plank tonic foraminifers in the Kraków Bold
Wielician de pos its. On the other hand, Globigerina bulloides is
com mon and pre vails in sub-evaporite Wielician plank tonic
foraminifers both in the type area of the Uvigerina costai Zone
(£uczkowska, 1964) and the Krzy¿anowice Fm. stratotype area 
(Peryt and Gedl, 2010; Peryt, 2013). The same is true of the
sub-evaporite Wielician strata of the Miechów Up land (Alexan -
drowicz, 1965; Gonera and Kulka, 1979; Szczechura, 2000).
The ex am ples pre sented above con cern the ar eas sur round ing 
Wieliczka, but the same abun dance and al most ex clu sive ness
of G. bulloides in sub-evaporite Wielician oc curs from the Ukrai -
nian part of the Carpathian Foredeep (Serova, 1955), the
Czech part of this struc ture (Cicha, 1957; Doláková et al., 2014
with ref er ences therein) and theTransylvanian Ba sin (Filipescu, 
2001 with ref er ences therein). This is also the case in the ar eas
where Wielician evaporites have not ac cu mu lated. A good ex -
am ple of this is pro vided by the Badenian faciostratotypes in the 
Dan ube Low land Ba sin: above the tax o nom i cally di verse CPN
7 plank tonic as sem blage, G. bulloides of CPN 8 oc curs in
abun dance (Brestenská, 1978). This is also the case in the Slo -
vak part of the Vi enna Ba sin (Kováèová and Hudáèková, 2009).

Re cent Globigerina bulloides oc curs pre dom i nantly in
high- lat i tude re gions, but is com monly en coun tered within

upwelling ar eas and bound ary cur rents in low-lat i tude re gions
(Bé, 1977; Boltovskoy et al., 1996). Its abun dance is con nected
with cooler and high nu tri ent sup ply ar eas. This prob a bly was
the case in the sub-evaporite Wielician. En hanced nu tri ent sup -
ply dur ing this time span ap peared due to the cli mate cool ing
and ver ti cal ex tend ing of the sur face mixed layer within an
anti-estuarine re gime (Gonera, 2001, 2013) or dur ing upwelling
(Key et al., 2013). In some of the Wielician sam ples stud ied
Turborotalita quinqueloba and Globigerinita uvula are also fre -
quent (Ap pen dix 1). Such an as sem blages is in dig e nous for
con tem po rary subantarctic and tran si tional zones of oceans
(Bé and Hutson, 1977; Boltovskoy et al., 1996).  

Sum ming up, the sub-evaporite Wielician is com posed of
dom i nant Globigerina bulloides among the plank tonic fora -
minifers. The other taxa are pres ent at most oc ca sion ally and in
mi nor amounts in the Wielician strata. This can jus tify the use of
the Globigerina bulloides Acme as the ti tle for the sub-evaporite 
Wielician plank tonic foraminifer biozone (Gonera, 1997). This
seems jus ti fied in the sense that both cur rently used terms,
Globigerina druryi and G. decoraperta as in dex taxa pose dif fi -
cul ties in ap pli ca tion. This is due the ex treme rar ity of their oc -
cur rence in the Wielician strata. Fur ther more, the sec ond of
these taxa is used to re fer to trop i cal-sub trop i cal foraminifers
fol low ing Ken nett and Srinivasan (1983). Its pres ence in the
Wielician strata may be prob lem atic due to tem per a ture-re lated
con di tions in the Paratethys area con cerned. As in ter preted
based on foraminiferal palaeo ec ol ogy this was a cli mate cool ing 
in ter val con nected with the Mi3 global event (Gonera, 2001).
This is also seen in foraminiferal ox y gen and car bon iso topes
(Ta ble 3; Peryt, 2013 with ref er ences therein) and sup ported by
ra dio met ric data (de Leeuw et al., 2010). 

In or der to en sure the doc u men ta tion at least in terms of for -
mal stra tig ra phy, a reg is ter of ap pro pri ate sites would be rec om -
mended, cre ated at the Wieliczka Salt Mine (Wiewiórka et al.,
1994). Needs in this re gard in clude: 

– a hypostratotype sec tion of the Wielician (as the pri mary
des ig nated Wielician stratotype, in the Rarañcza Gal -
lery, is barely ac ces si ble at pres ent and should be com -
ple mented by sub sti tute sta tions; 

– a ref er ence sec tion of IID with Pseudotriplasia; 

– the en tire biostratigraphic doc u men ta tion of the Wielician;

– doc u men ta tion of a wide range of the lithological vari a -
tion of the Wieliczka Fm. as the ha lite fa cies of the
Wielician evaporites.
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T a  b l e  3

Foraminiferal iso to pic com po si tion of the Wielician biozones

LOCALITY
d18O  [‰ V-PDB] d13C [‰ V-PDB]

Biostratigraphy Ref er ences
PLANKTONIC BENTHIC PLANKTONIC BENTHIC

Wieliczka, Salt
Breccia Mem ber

1.45 ± 0.42 2.61 ± 0.38 0.19 ± 0.92 –0.05 ± 0.40      IID
pres ent pa per

1.79 ± 0.50 2.91 ± 0.32 0.29 ± 1.02 0.45 ± 0.42 IIC     

Wieliczka, Green
Strat i fied Salt IV 

2.27 ± 0.24 2.84 ± 0.22 0.35 ± 0.43 –0.32 ± 0.30      IID
Gonera et al. (2012)

2.25 ± 0.18 3.06 ± 0.24 1.30 ± 0.37 0.33 ± 0.36 IIC     

Up per Silesia Ba sin

1.88 ± 0.19 2.54 ± 0.27 0.29 ± 0.40 –0.42 ± 0.46      IID Gonera and Bukowski
(2012) 1.28 ± 1.11 2.06 ± 0.72 0.53 ± 0.28 0.07 ± 0.11 IIC     

1.95 ± 0.40 2.26 ± 0.42 1.08 ± 1.33 –0.02 ± 0.42 Uvigerina costai
Zone

Durakiewicz et al. (1997);
Gonera et al. (2000)

 Busko area 0.77 ± 0.95 1.99 ± 0.64 0.15 ± 0.49 –0.31 ± 0.43 Uvigerina costai
Zone Peryt (2013)



CONCLUSIONS 

1. Bulimina spp., Uvigerina spp., Valvulineria complanata
and Cibicides pseudoungerianus among ben thic and Globi -
gerina bulloides among plank tonic foraminifera are the rep re -
sen ta tive and the most abun dant foraminifers of the Wielician
xe no liths in the stratotype area. The oc cur rence of Pseudo -
triplasia is re stricted to the late Wielician (IID biozone).   

2. A dif fer ence is ob served be tween the Bulimina and
Uvigerina taxa pre dom i nance in the early (IIC) ver sus the late
(IID) Wielician. In gen eral, the B. elongata and U. semiornata
d’Orbigny plexus (Ap pen dix 2) are found by comparision with
the B. striata and U. orbignyana Czjzek plexus (Ap pen dix 2).
This con sti tutes a no tice able dif fer ence be tween the early
Wielician as sem blage (IIC) and the late as sem blage (IID). This
pro nounced dif fer ence lies in the mor phol ogy of the sur face
sculp ture within both buliminas and uvigerinas – the two most
com mon taxa of the Wielician substage. In the IIC as sem blage,
smooth buliminas and weakly stri ate or na mented uvigerinas
dom i nate as op posed to the IID as sem blage, in which buli -
minas and uvigerinas tests have rich heavy costae, spinose
and pustulose or na men ta tion. The dif fer ence ap pears be cause 
of re gional changes in en vi ron ment.

 

3. Globigerina bulloides pre dom i nates in the plank tonic
foraminifers of both the IIC and IID biozones. In IID, it is ac com -
pa nied by spo radic oc cur rence of low-per cent age Globige -
rinoides, Orbulina and Globoconella bykovae. Wielician Globi -
gerinina at a stratotypical site con tains a sur pris ingly large
amount of Globigerinita uvula tests. So far, the in dex taxa
plank tonic foraminifera – Globigerina druryi and Globigerina
decoraperta, have not been traced in the ma te rial ex am ined.

4. The early Wielician as sem blage (IIC) is poorly rep re -
sented or ab sent in thin suc ces sions of the substage – this is in
par tic u lar the case in the coastal ar eas of the Carpathian
Foredeep. This is not the case of the Wieliczka de posit xe no -
liths. The source area of the Wielician xe no liths stud ied con -
tains a com plete set of the Wielician biozone (IIC and IID).
Sub-evaporite Wielician foraminifers in the area oc cur in a tax o -
nomic com po si tion typ i cal of the basinal part of the Carpathian
Foredeep. 
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