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Seven Mid dle Mio cene (Up per Badenian to Lower Sarmatian) sed i men tary sec tions of the Cen tral Paratethys, two from the
Pol ish Carpathian Foredeep Ba sin (PCFB) and five from the East ern Carpathian Fore land Ba sin (ECFB) of Ro ma nia and the
Re pub lic of Moldova have been ana lysed micropalaeontologically to better con strain the Badenian-Sarmatian Ex tinc tion
Event, char ac ter ized by sig nif i cant tax o nomic im pov er ish ment of both foraminifers and ostracods. Our stud ies show sig nif i -
cant palaeoenvironmental changes in the ba sin in clud ing depth, sa lin ity, ox y gen a tion, and or ganic mat ter flux. The oc cur -
rence of mod er ately di verse plank tonic foraminifera (Globigerina, Globigerinita, Globorotalia, Trilobatus, Orbulina,
Velapertina) in the Up per Badenian de pos its of the PCFB as well as in the ECFB and their rar ity in the low er most Sarmatian
in di cate an al most fully ma rine en vi ron ment dur ing the lat est Badenian, fol lowed by a sig nif i cant re gres sion and pos si ble ap -
pear ance of much more re stricted ma rine con di tions across the bound ary. The tax o nomic com po si tion of the Sarmatian
foraminifera, ostracoda and cal car e ous nannofossils in di cate that dur ing this in ter val the sa lin ity fluc tu ated strongly, with the
wa ter re gime vary ing from brack ish to nor mal ma rine. In ad di tion, the iden ti fied micropalaeontological as sem blages iden ti -
fied show palaeoenvironmental sim i lar ity across dif fer ent bas ins of the Cen tral Paratethys. This sup ports a hy poth e sis of
pos si ble con nec tions dur ing the lat est Badenian be tween dif fer ent ar eas of the Cen tral Paratethys, as well as of the ex is -
tence of a gate way be tween the Cen tral Paratethys and the Med i ter ra nean realm.
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INTRODUCTION

The Paratethys Sea was formed in the Early Oligocene as a 
re sult of col li sion be tween the Afro-Ara bian Plate and the Eur -
asian Plate (Steininger and Rögl, 1985; Seneš, 1988). The
Paratethys is sub di vided into three bas ins: the West ern Para -
tethys (Al pine re gion), the Cen tral Paratethys (Carpathians,
Bal kans) and the East ern Paratethys (Euxinian-Cas pian)
(Seneš, 1960). The strata of the Cen tral Paratethys cover wide
ar eas of the Carpathian Foredeep from Aus tria, via Po land to -
wards the north and con tinue along Ukraine, Ro ma nia and the
Re pub lic of Moldova to the east (Fig. 1). 

Vari able palaeoenvironmental con di tions in the Paratethys
re sult ing in dif fer ent fa cies de vel op ment were strongly in flu -
enced by tem po rary con nec tions with the Med i ter ra nean and

the Indo-Pa cific realms (Popescu, 1975; Rögl and Steininger,
1984; Paramonova, 1995; Rögl, 1998, 1999; Iljina, 2000;
Kováè, 2000; Popov et al., 2004, 2005; Nevesskaja et al., 2006; 
Harzhauser and Piller, 2007; Harzhauser et al., 2007; Studen -
cka and Jasionowski, 2011; Maissuradze et al., 2014; Kováè et
al., 2017). More over, changes in palaeoclimate, strat i fi ca tion of
the wa ter col umn, nu tri ent sup ply, as well as bot tom-wa ter ox y -
gen have been rec og nized in dif fer ent ar eas of the Cen tral
Paratethys (Gonera et al., 2000; Bicchi et al., 2003; Hudáèková
et al., 2003, 2018; Filipescu et al., 2005; Báldi, 2006; Kováè et
al., 2007, 2017; Kováèová and Hudáèková, 2009; Kováèová et
al., 2009; Peryt et al., 2014). The con nec tion be tween the Cen -
tral Paratethys and Med i ter ra nean re gions is be lieved to have
closed at some point in the Mid dle Mio cene. 

Dur ing the mid-Badenian, large-scale evaporitic sed i men ta -
tion (known also as the Badenian sa lin ity cri sis; de Leeuw et al.,
2010), was wide spread in a large part of the Cen tral Paratethys, 
namely in the Carpathian Foredeep, from south-east Po land to
Ro ma nia (Peryt, 2006). Af ter wards, a trans gres sion took place
across the whole of the Cen tral and East ern Paratethys dur ing
the Late Badenian (= the Konkian stage in the East ern Para -
tethys) (Rögl and Müller, 1976; Rögl, 1999; Krzywiec, 2001;
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Fig. 1. Map of the study ar eas (mod i fied af ter Dumitriu et al., 2017)

A – sim pli fied geo log i cal sketch map of the Carpathian Foredeep and Carpathian Orogen (mod i fied af ter Pawlewicz, 2006); B – sim pli fied
geo log i cal sketch map of north east ern Ro ma nia and the north west ern Re pub lic of Moldova (mod i fied af ter the geo log i cal maps of Ro ma nia
and Moldova, scale 1:200,000); lo ca tion of the Ro ma nian (FH3P1 Rãdãuïi, Bilca 1, Dorneêti and Ripiceni) and Moldovian (Costeêti) sec tions
stud ied; C – lo ca tion of the Pol ish sec tions stud ied (Machów and Jamnica M-83 core) and the ex ten sion of the Mio cene de pos its into ex -
tra-Carpathian Po land (mod i fied af ter Ney et al., 1974)



Popov et el., 2004; Oszczypko et al., 2006; Kováè et al., 2007)
and a nor mal ma rine en vi ron ment was re-es tab lished. In the
Cen tral Paratethys this trans gres sion is pos tu lated to have
been gen er ally con trolled by a global eustatic sea level rise
(Kováè et al., 2007). The lat est Badenian is con sid ered to be
the last fully ma rine in ter val in the Cen tral Paratethys (Kováè et
al., 2007) and pos si bly marks the last con nec tion be tween the
Paratethys Sea and the Med i ter ra nean realm. How ever, this in -
ter pre ta tion has been ques tioned in other stud ies (e.g., Studen -
cka et al., 1998; Bartol et al., 2012, 2014), which pos tu lated
some brief con nec tions also dur ing the Sarmatian. Af fin i ties
with the Indo-Pa cific re gion dur ing the Sarmatian have also
been pro posed (e.g., Filipescu and Silye, 2008; Silye, 2015). 

In this pa per we pro vide quan ti ta tive and qual i ta tive fora -
miniferal and ostracod data, ob tained from 172 sed i ment sam -
ples from seven sec tions of var i ous ar eas of the Cen tral Para -
tethys in Po land, Ro ma nia and Re pub lic of Moldova. Nanno -
fossils have been ad di tion ally stud ied from se lected sam ples.
Based upon newly col lected data and com piled datasets of pre -
vi ously pub lished foraminiferal and ostracod stud ies, we dis -
cuss palaeoenvironmental changes in the Cen tral Paratethys,
es pe cially con cern ing the Carpathian Fore land Ba sin dur ing
the lat est Badenian and Sarmatian, in clud ing palaeo ge ogra -
phy, sea level changes, sa lin ity and ox y gen a tion.

GEOLOGICAL SETTING AND STRATIGRAPHY

The micropalaeontological data pro vided in this study has
been col lected from four ex po sures and three bore hole cores in 
Po land, Ro ma nia and the Re pub lic of Moldova (Fig. 1A). The
sec tions in ves ti gated in Ro ma nia are the FH3P1 Rãdãuþi
(N47°49’32.34” E25°54’27.54”) and Bilca 1 (N47°54’45.99”
E25°43’33.11”) cores and the Dorneºti (N47°52’52.1”
E25°52’3.4”) and Ripiceni (N47°58’50” E27°6’7.3”) ex po sures,
which are lo cated in north east ern Ro ma nia (Fig. 1B), while the
Pol ish sec tions are in the his tor i cal Machów sul phur mine
(N50°31’59.60” E21°39’43.47”) and the Jamnica M-83
(N50°36’40.18” E21°58’15.50”) core, both sit u ated in south -
east ern Po land (Fig. 1C). The sec tion in the Moldova (Costeêti
ex po sure – N47°51’27.5” E27°14’56”) is sit u ated on the left side 
of the Prut River, near the Stânca-Costeºti Lake in the north -
west ern part of Moldova (Fig. 1B). The ma te rial from the
Machów, Jamnica M-83, FH3P1 Rãdãuþi, Dorneºti, and Costeêti 
sec tions have been al ready pub lished in Dumitriu et al. (2017)
as re gards the biostratigraphical po si tion of the suc ces sions
based on foraminifera, ostracoda and cal car e ous nanno -
plankton as sem blages, while the pres ent pa per fo cuses on
palaeoenvironmental in ter pre ta tion. 

Dur ing the Mid dle Mio cene, all ar eas stud ied ar eas were
part of the Paratethyan do main (Popov et al., 2004). The strata
stud ied were de pos ited in the Carpathian Fore land Ba sin which 
was de vel oped as a typ i cal fore land ba sin re lated to Carpathian 
fron tal move ment (Oszczypko and Oszczypko-Clowes, 2012)
re sult ing from the flex ural sub si dence of a craton un der an
orogenic belt (DeCelles and Gilles, 1996; Fig. 1A). The de pos -
its stud ied of the Machów, Jamnica M-83, FH3P1 Rãdãuþi, Bilca
1 and Dorneºti suc ces sions are in ter preted as hav ing ac cu mu -
lated in a foredeep depozone of a fore land ba sin (Oszczypko,
1998; Grasu et al., 2002; Oszczypko and Oszczypko-Clowes,
2012) while the strata of the Ripiceni and Costeºti sec tions be -
long to the backbulge depozone (more ex ter nal part of the ba -
sin) of the fore land ba sin sys tem of the East ern Carpathians
(Grasu et al., 2002). 

POLISH CARPATHIAN FOREDEEP BASIN

The Pol ish Carpathian Foredeep Ba sin is filled with Mid dle
Mio cene (Badenian and Sarmatian) ma rine de pos its, which
range from a few hun dred metres thick in its north ern-mar ginal
part, up to 3000 m in the south east ern zone (more cen tral part
of the ba sin; Ney et al., 1974). The Machów sec tion is rep re -
sented mostly by clays with marl in ter ca la tions in the lower part,
which are fol lowed by sand stones, and clays with mudstone in -
ter ca la tions, in the up per part. Sim i lar lithologies are en coun -
tered in the Jamnica M-83 core with the ex cep tion of sand -
stones which are not pres ent in this bore hole. All these de pos its 
be long to the Machów For ma tion, which in cludes three sub -
units: the Pecten Beds, Syndesmia Beds and Krakowiec Clays
(Alexan dro wicz et al., 1982). 

The Pecten Beds have been dated as Up per Badenian by
Odrzywolska-Bieñkowa (1966) based on microfaunal as sem -
blages of Hanzawaia crassiseptata (£uczkowska), Sphaero -
dina bulloides d’Orbigny, Bulimina aculeata d’Orbigny, B.
insignis £uczkowska and nu mer ous spec i mens of Spirialis
(£uczkowska, 1964). Based on micropalaeontological anal y -
ses, the Krakowiec Clays have been as signed to the fora -
miniferal Anomalinoides dividens and Elphidium hauerinum
zones (Odrzywolska-Bieñkowa, 1972; £uczkowska, 1972;
Olsze wska, 1999; Krzywiec et al., 2008; Lelek et al., 2010;
Dumitriu et al., 2017) as well as the B–E As sem blages Zones
sensu Dumitriu et al. (2017) in di cat ing the Lower Sarmatian.
This strati graphic po si tion is sup ported by stud ies on cal car e -
ous nannofossils by Peryt (1997) and Garecka and Olszewska
(2011), who dis tin guished the up per part of the NN6 Zone and
the NN7 zone in the �Krakowiec Clays”. 

EASTERN CARPATHIANS FORELAND BASIN
(ROMANIA AND REPUBLIC OF MOLDOVA)

The de pos its stud ied from Ro ma nia and the Re pub lic of
Moldova be longs to the west ern part of the East ern Eu ro pean
Plat form (Ionesi and Ionesi, 1968; Ionesi, 1968, 1994; Ionesi et
al., 2005). They are sit u ated in the ex ter nal part of the East ern
Carpathians (ac cu mu lated in the Carpathian Fore land Ba sin)
and be long to the last ma rine depositional cy cle of the
Moldavian Plat form (Ionesi, 1994). Their ge om e try is char ac ter -
ized by a sig nif i cant in crease in thick ness of the Volhynian
strata (Lower Sarmatian sensu lato, Barbot de Marny, 1866), as 
a con se quence of the ap proach ing Carpathian orog eny i.e., the
de posit thick ness is ~500 m be tween the Moldova and Siret
rivers and reaches up to 800 m in front of the Carpathian orogen 
(Ionesi, 1968, 1994). 

The strata of the FH3P1 Rãdãuþi core and the Dorneºti ex po -
sure are as signed to the Lespezi For ma tion (Ionesi, 2006), be -
ing mostly com posed of partly com pacted and/or lam i nated
ashy-grey clays with some thin in ter ca la tions of sand, sand -
stone and coal. An Early Sarmatian age was pos tu lated for
these de pos its by Ionesi and Ionesi (1968) based on macro -
fossils in clud ing Inaequicostata inopinata (Grischevich) and
Obsoletiforma lithopodolica (Dubois), as well as microfossil as -
so ci a tions with the foraminifers Cycloforina karreri ovata
(Serova), Cycloforina karreri karreri (Venglinski), Elphidiella
serena (Venglinski) and Elphidium reginum (d’Orbigny). The
Lower Sarmatian has been ad di tion ally in di cated by fur ther
foraminiferal (Ionesi, 1968; Ionesi and Guevara, 1993; Dumitriu
et al., 2017) as well as cal car e ous nannofossil (Dumitriu et al.,
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2017) stud ies. The lat ter au thors as signed this suc ces sion to
the NN7 nannofossil zone (Early Sarmatian).

The Bilca 1 core de pos its are com posed of clays and sand -
stones. The lower part of the sec tion be longs to the up per
anhydritic unit (Ionesi, 1994) and has been as signed to the Up -
per Badenian mainly based on a fauna with Spirialis spp. and
Davidaschvilia intermedia (Andrusov) (Brânzilã et al., 2005).
The up per part of the Bilca 1 core be longs to the Lespezi For -
ma tion and has been dated as Lower Sarmatian s.l., based on
the oc cur rence of Inequicostata cf. inopinata (Grishkevich) and
Mohrensternia cf. angulata (Eichwald) (Brânzilã et al., 2005)
which are con sid ered as marker fos sils for the Lower Sarmatian 
(Ionesi, 1991). 

The strata stud ied at the Ripiceni and Costeºti ex po sures
be long to two dis tinct lithostratigraphic units known as the
“Darabani-Mitoc Clays” (Ionesi and Ionesi, 1981) and the “Stân -
ca Lime stone” (Simionescu, 1902). They are mostly rep re -
sented by ash-grey clays (par tially com pacted or lam i nated)
with some thin in ter ca la tions of sand, sand stone and lime stone. 
The Ripiceni depositis were ini tially as signed to the Sarmatian
by Simionescu (1903) based on the macrofaunal as so ci a tion
with Ervilia podolica Eichwald, Mohrensternia angulata
(Eichwald), M. inflata Hörnes and Abra reflexa (Eichwald), and
later by the palaeontological stud ies of Paghida-Trelea (1969),
Ionesi and Ionesi (1981, 1982), Brânzilã (1999), and Dumitriu et 
al. (2017).

MATERIALS AND METHODS

For this study 172 sam ples were ana lysed micro palaeonto -
logically: 34 sam ples from the Machów sul phur mine (Po land),
18 from the Jamnica M-83 core (Po land), 29 from the FH3P1

Rãdãuþi core (Ro ma nia), 30 sam ples from the Bilca 1 core (Ro -
ma nia), 26 from the Dorneºti ex po sure (Ro ma nia), 14 sam ples
from Ripiceni ex po sure (Ro ma nia) and 21 sam ples from the
Costeêti ex po sure (Re pub lic of Moldova). The sep a ra tion of
microfossils from sed i ment sam ples (~200 g weight each sam -
ple) fol lowed stan dard wash ing meth ods in clud ing crush ing,
wash ing through a 63 µm sieve and dry ing. 

De pend ing on foraminiferal abun dances in dif fer ent sam -
ples, all foraminifera (plankic and ben thic) up to 300 spec i mens
were picked. The rel a tive abun dance of plank tonic foraminifera
within the foraminiferal as sem blages (P/B ra tio), as well as the
rel a tive abun dance of epifaunal (%E) and infaunal (%I) spe cies, 
and the rel a tive abun dance of the most com mon gen era, were
cal cu lated (Figs. 2–8). To as sess spe cies di ver sity, the Fisher
al pha in dex was cal cu lated for each sec tion, togheter with the
to tal num ber of spec i mens for each sam ple (Ap pen dixes 1–7*).
The en vi ron men tal re quire ments of the foraminifera and
ostracoda gen era re corded in the sec tions stud ied are shown in 
Ap pen dixes 8 and 9, and a new dataset of fora miniferal and
ostracoda as sem blages of the sec tions stud ied was gen er ated.
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Fig. 2. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio 
and foraminiferal as sem blages in the Machów sec tion

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter £uczkowska (1964); 
d – biostratigraphy af ter Dumitriu et al. (2017). * – colours fol low the foraminiferal as sem blages iden ti fied in the sec tions stud ied

https://gq.pgi.gov.pl/rt/suppFiles/27463/


The pres ent study also took into con sid er ation pre vi ously pub -
lished pa pers on other Cen tral Paratethys bas ins [the Vi enna
and Pannonian (Hun gary, Croatia) bas ins] and the Med i ter ra -
nean realm (for de tails and ref er ences see Ap pen dixes 10–12). 
Sev eral sam ples (no. 440 from the Dorneºti ex po sure, 470,
482, 488 from the FH3P1 Rãdãuþi core and 491/4, 495/D from
the Costeºti ex po sure) were ana lysed for cal car e ous
nannofossils. For semiquantitative anal y sis, 200 spec i mens
were counted in lon gi tu di nal trans verses, ran domly dis trib uted.
The ma te rial in ves ti gated from Ro ma nia (FH3P1 Rãdãuþi core,
Bilca 1 core, Dorneºti and Ripiceni ex po sures) and the Re pub -
lic of Moldova (Costeºti ex po sure) is de pos ited in the Orig i nal
Paleontological Col lec tions Mu seum of the �Alexandru Ioan
Cuza” Uni ver sity of Iaêi, Ro ma nia. The ma te rial from Po land
(Machów sul phur mine and Jamnica M-83 core) is curated at
the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute,
War saw, Po land.

RESULTS

In all seven sec tions, we iden ti fied 127 spe cies of cal car e -
ous and ag glu ti nated ben thic foraminifera, 16 spe cies of plank -
tonic foraminifera, 46 spe cies of ostracod and 16 spe cies of cal -
car e ous nannofossil (Ap pen dixes 1–7). In gen eral, microfossils
are abun dant and very well pre served ex cept in the up per most
part of Bilca 1 core, where the spec i mens are of low di ver sity
(Fisher al pha in dex is from 0.43 to 10.71), small and strongly
abraded. 

The most abun dant ben thic taxa com prise miliolids (Affine -
trina, Articularia, Articulina, Cycloforina, Miliolinella, Pseudo -
triloculina, Quinqueloculina, Sigmoilinita, Triloculina, Varide n -
tella), elphidiids (Elphidium, Cribroelphidium, Porosononion),
nonioniids, bolivinids, buliminids, uvigerinids and lagenids
(Favu lina and Fissurina). Plank tonic foraminifera are rep re -
sented by Globigerina, Trilobatus, Globigerinita, Globorotalia,
Orbulina and Velapertina. Among the ag glu ti nated taxa, Nothia, 
Haplophragmoides, Reticulophragmium and Textularia spe cies 
have been re corded. Futhermore, the val ues of the Fisher al -
pha in dex sug gest higher spe cies di ver sity in the Pol ish
Carpathian Foredeep Ba sin (PCFB) sec tions stud ied than in
the East ern Carpathians Fore land Ba sin (ECFB) (for de tails
see Ap pen dixes 1–7). 

In to tal, in te grat ing our data with the pub lished lit er a ture, 24
Badenian plank tonic foraminiferal spe cies have been iden ti fied
in the PCFB and ECFB of which 11 spe cies are com mon
(~45%) to both re gions (Ap pen dix 10) while 19 (~80%) and nine 
spe cies (~38%) are com mon to the area stud ied (both PCFB
and ECFB) and the Vi enna Ba sin and Pannonian Ba sin, re -
spec tively (see Ap pen dix 10).

In the case of Badenian ben thic foraminifera, we com -
pared the micropalaeontological as sem blages of the PCFB
and ECFB. Of 81 spe cies of ben thic foraminifera iden ti fied in
the PCFB 51 spe cies, mean ing 62%, are com mon with those
of the ECFB (Ap pen dix 10). Cor re lat ing ben thic foraminifera
from the ar eas stud ied with those from the Vi enna Ba sin and
Pannonian Ba sin, 47 (57%) and 38 (46%) spe cies re spec -
tively are in com mon (Ap pen dix 10). In the Lower Sarmatian
de pos its, in to tal eight plank tonic foraminiferal spe cies have
been re corded in the PCFB and 25 spe cies in the ECFB, of
which five spe cies (~63%) are com mon to these re gions (Ap -
pen dix 10). Ben thic foraminifera are rep re sented by 80 spe -
cies in the PCFB and 83 spe cies in the ECFB; 67 spe cies

(~80%) are com mon to both re gions (Ap pen dix 10). Among
the ben thic spe cies, 47 and 32 spe cies (con sti tut ing ~59% and 
re spec tively 40%) are in com mon with the Vi enna Ba sin and
the Pannonian Ba sin (Ap pen dix 10). 

FORAMINIFERAL ASSEMBLAGES

Qual i ta tive and quan ti ta tive stud ies of the foraminiferal as -
so ci a tions re corded in the sec tions stud ied have iden ti fied
twelve dif fer ent foraminiferal as sem blages la belled from I to XII. 
One as sem blage (As sem blage VII) has been de scribed from
the Badenian de pos its and eleven from the Sarmatian. These
as sem blages are based on spe cific char ac ter is tics in clud ing
the oc cur rence of spe cific taxa, the clear dom i nance of one or a
few char ac ter is tic taxa, or the spe cific tax o nomic com po si tion of 
the as sem blage (for de tailed de scrip tion of the foraminiferal as -
sem blages see Ap pen dix 13).

In the sam ples ana lysed, ostracods are gen er ally well-pre -
served; 53 spe cies have been indentified of which 10 are left in
open no men cla ture. The most abun dant spe cies be long to the
gen era Callistocythere, Aurila, Cytheris and Loxoconcha. 

MICROFOSSIL CHARACTERISTICS 
OF THE SECTIONS STUDIED 

MACHÓW

In the low er most part of the sec tion (the depth in ter val
67–75 m; Up per Badenian) the foraminiferal as sem blages are
highly di verse (Fisher al pha in dex is 0.80 to 6.33) and com -
posed of ben thic epifaunal as well as infaunal morphogroups
ac com pa nied by plank tonic forms. The epifaunal morphotypes
(see e.g., Corliss and Chen, 1988; Rathburn and Corliss, 1994)
are rep re sented by Cibicides, Heterolepa, Cibicidoides, Milio -
linella and Sigmoilinita, and the infaunal by Bolivina and
Bulimina which are the most com mon in sam ple 1 (75 m depth)
and sam ple 7 (68 m depth) rep re sent ing 60% of the ben thic
foraminiferal as sem blages. The plank tonic ge nus Globigerina
is very abun dant in sam ple 2 (73 m depth) com pos ing ~50%.
Ostracods are rel a tively rare, only a few spec i mens of Henry -
howella asperrima have been iden ti fied. In the up per most part
of the Badenian suc ces sion three more ostracod spe cies,
Callisto cythere incostata, C. sp. and Aurila sp. were en coun -
tered. In the up per in ter val rep re sent ing the low er most Sarma -
tian (67–56.5 m depth) plank tonic forms are ab sent. The fora -
miniferal as sem blages here are com posed al most en tirely of
the epifaunal spe cies Anomalinoides dividens which com prises
90%. Mi nor com po nents of these as sem blages are Cibicido -
ides, Quinqueloculina and Varidentella. From 67 m depth up -
wards, the ostracod as sem blage be comes more di verse. The
most fre quent spe cies are Cytherois sarmatica, Callistocythere
canaliculata, C. incostata, Aurila mehesi, Polycope orbicularis
as well as some rep re sen ta tives of Leptocythere. These
ostracod taxa re main abun dant un til 45 m core depth.

Con tin u ing the sec tion up wards, in the in ter val 45–56 m in
depth (sam ples 15–19), the ge nus Anomalinoides to tally dis ap -
pears. The most abun dant forms are infaunal non-keeled elphi -
diids (Porosononion subgranosus, Elphidiella serena, Elphi -
dium hauerinum), epifaunal miliolids (Cycloforina, Miliolinella,
Pseudotriloculina, Quinqueloculina and Varidentella) and

1008 Simina Dumitriþa Dumitriu et al.

https://gq.pgi.gov.pl/rt/suppFiles/27463/
https://gq.pgi.gov.pl/rt/suppFiles/27463/
https://gq.pgi.gov.pl/rt/suppFiles/27463/


keeled elphidiids (Elphidium aculeatum, E. joukovi, E.
macellum). In the depth in ter val 30–43 m (sam ples 20–25), the
foraminiferal as so ci a tions are equally com posed of epifaunal
(miliolids and keeled elphidiids) and infaunal morphogroups
(lagenids and non-keeled elphidiids). Some plank tonic forms
(Globigerina) were also en coun tered in sam ple 23. In the up per
in ter val (sam ples 26–34) at 2–25 m in depth, the most abun -
dant spe cies be long mostly to the infaunal gen era Elphidiella,
Bolivina, Bulimina, Nonion, Porosononion and non-keeled
Elphidium, which to gether con sti tute 70% of the as sem blage.
Epifaunal keeled Elphidium, Cycloforina, Neoeponides, Rosa -
lina, Varidentella are also quite com mon (30%) (Fig. 2). From
45 m up wards, in the Machów sec tion, only scarce Xestoleberis 
dispar rep re sents the ostracod fauna. 

JAMNICA M-83

In the Jamnica M-83 core suc ces sion, the low er most in ter -
val, the Up per Badenian (225–235 m in depth, sam ples 19, 17,
16), is char ac ter ized by abun dant plank tonic spe cies es pe cially
be long ing to the ge nus Globigerina (sam ple 16). Among the
ben thic forms 43% are rep re sented by infaunal Bolivina, Buli -
mina, Favulina, Pappina, Nonion, Textularia and Uvigerina
while 57% are rep re sented by epifaunal taxa such as Hete -
rolepa, Cibicidoides and Cibicides. Sam ple 16 yielded many
(50 spec i mens) ag glu ti nated forms be long ing to the fol low ing
gen era: Nothia, Rhizammina, Reticulophragmium, Reophax,
Haplo phragmoides, Cyclamina, Budashevaella. The next in ter -
val, the low er most Sarmatian (202–220 m depth, sam ples
15–10) is char ac ter ized mainly by epifaunal spe cies of the gen -

era Anomalinoides, Articularia, Miliolinella, Neoeponides,
Pseudo triloculina, Quiqueloculina, Triloculina and Varidentella.
Up wards in the sec tion (132–202 m depth) the foraminiferal as -
sem blage is clearly dom i nated by infaunal Bolivina, Fissurina
and Nonion, which to gether com prise ~90% of the ben thic as -
sem blages. Mi nor com po nents of this as so ci a tion are Neo -
eponides and Varidentella. The in ter val be tween 35–75 m in
depth is dom i nated by epifaunal forms such as Articulina,
Cibicides, Pseudotriloculina, and Varidentella while infaunal
non-keeled elphidiids oc cur in much lower num bers. Rep re sen -
ta tives of plank tonic foraminifer Globigerina ap pear again in this 
part of the sec tion, com pris ing 50% in sam ples 1 and 3 (Fig. 3).

In the Jamnica M-83 bore hole, 20 ostracod spe cies were re -
corded (Ap pen dix 2). In the low er most part of the suc ces sion
(sam ples 16, 19), the typ i cal Badenian ostracod taxa Cnesto -
cythere truncata, Henryhowella asperrima, Cytheropteron ves -
pertilio, Loxocorniculum hastatum, Xestoleberis tumida were
found. Up wards in the sec tion (175–220 m depth), ostracods
are mostly rep re sented by Cytherois sarmatica, Phlyctocythere
pellucida, Callistocythere incostata and Aurila mehesi while in
the in ter val 50–75 m only Callistocythere postvallata and Xesto -
leberis tumida were iden ti fied.

BILCA 1

Plank tonic foraminifera mostly dom i nate the lower part of the
sec tion (704–806 m depth, sam ples 1–4): Globigerina prae -
bulloides, G. bulloides, Trilobatus bisphericus, T. trilobus and
Velapertina indigena. Other com po nents of the as so ci a tion are
Bulimina, Hansenisca, Heterolepa, Sphaeroidina, Textu laria and 
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Fig. 3. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio 
and foraminiferal as sem blages in the Jamnica M-83 core

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter £uczkowska (1964); 
d – biostratigraphy af ter Dumitriu et al. (2017); for other ex pla na tions see Fig ure 2
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Uvigerina, though sam ples 9 (950 m) and 27 (120 m) are en tirely
com posed of Globigerina sp. Globorotalia sp. ap pears in sam -
ples 4 (704 m), 23 (240 m) and 28 (90 m) (Fig. 4). The up per in -
ter val (360–704 m depth) is com posed of both epi faunal (Am mo -
nia, keeled Elphidium and Cibicidoides) and in faunal morpho -
groups (non-keeled Elphidium, Nonion and Poro sononion). Up -
wards in the sec tion, the 30–360 m in ter val is mostly dom i nated
by Am mo nia, keeled and non-keeled Elphi dium, Cycloforina and
Quinqueloculina. Plank tonic fora minifera were also re corded in
these in ter vals. Only one ostra cod spe cies, Cytheridea acu -
minata, was re corded in the sec tion. 

FH3P1 RÃDÃUÞI 

In the lower part of the sec tion (239 and 174 m depth, sam -
ples 467 and 473 re spec tively), the foraminiferal as sem blages
are en tirely com posed of plank tonic foraminifera (Globigerina
and Globorotalia). Up wards in the suc ces sion (175–200 m
depth, sam ples 472, 481, 471, 470, 474), the foraminiferal as -
so ci a tions are char ac ter ized mostly by ben thic epifaunal
morphotypes: e.g., Am mo nia, Cycloforina, keeled Elphidium,
Cibicidoides, Miliolina, Pseudotriloculina. The next in ter val
(90–175 m) has yielded cal car e ous epifaunal gen era such as
Am mo nia which rep re sents 100% of the foraminiferal as sem -
blage in sam ple 485 and 97% in sam ple 484, Cycloforina
(100% in sam ple 476), keeled Elphidium (60% in sam ple 475)
and Pseudotriloculina (60% in sam ple 479). Mi nor com po nents
of this in ter val are the gen era Articularia, Elphidiella, Nodo -

baculariella, Nonion, Porosononion and Varidentella. Plank -
tonic spe cies of Globigerina oc cur in sam ples 477 (40% of the
as sem blage) and 483 (50% of the as sem blage). The up per part 
of the suc ces sion (27–90 m depth) is mainly char ac ter ized by
Cycloforina and keeled Elphidium. Am mo nia, Articularia, Elphi -
diella and Nonion spe cies also oc cur in this in ter val. Globigerina 
rep re sents 25% of the as sem blage in sam ple 487 (Fig. 5). 

In to tal, 25 ostracod spe cies were found in the FH3P1

Rãdãuïi bore hole ma te rial. In the lower part of the sec tion two
sam ples 470, 474 (170–180 m depth) in clude a sig nif i cant num -
ber of ostracod spe cies. Al though ostracod abun dance is low,
dom i nant spe cies were dis tin guished as Cytheridea hungarica,
Aurila mehesi, Callistocythere canaliculata, C. egregia, C.
incostata and Euxinocythere praebosqueti, ac com pa nied by
Loxocorniculum schmidi, Senesia vadaszi and Xestoleberis
fuscata. The ostracods are rel a tively scarce in the up per part of
the sec tion (25–155 m). The most rep re sen ta tive spe cies are
Loxoconcha min ima, L. impressa, Hemicyprideis dacica dacica
and Callistocythere spp. 

The nannofossil con tent iden ti fied in sam ples from this sec -
tion con sists of long-rang ing spe cies such as Reticulofenestra
pseudoumbilicus, R. minuta, R. minutula, Coccolithus pela -
gicus, Co. miopelagicus, Helicosphaera carteri, Pontosphaera
ja pon ica, Sphenolithus abies and Calcidiscus leptoporus.
Reticulo fenestra taxa rep re sent ~25% of the to tal as sem blage,
while Discoaster and Sphenolithus spe cies com prise 20%. The
rest of the in situ as sem blage is com posed of Helicosphaera,
Calcidicus, Pontosphaera and Coccolithus.

Fig. 4. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio 
and foraminiferal as sem blages in the Bilca 1 core

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter Ionesi (1991); d – biostratigraphy af ter Dumitriu et al. (2017); 
for other ex pla na tions see Fig ure 2
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DORNEªTI 

Foraminiferal as sem blages of the Dorneºti lo cal ity are com -
posed of epifaunal (Am mo nia, Articularia, Cycloforina, keeled
Elphidium and Quinqueloculina) as well as infaunal rep re sen ta -
tives (Bolivina, Bulimina, Elphidiella, non-keeled Elphidium and
Nonion). Plank tonic forms of Globigerina oc cur in sam ples
101–103, 108, 110 and 165 and con sti tute 10–78% of all
foraminifera (Fig. 6). Ostracods are scarce and were found only 
in two sam ples (sam ples 440 and 146), and are rep re sented by
six spe cies, the most abun dant be ing Cytheridea hungarica
and Euxinocythere praebosqueti. 

The cal car e ous nannofossils iden ti fied in the lower part of
the sec tion con tain di verse as sem blages with discoasterid
taxa, i.e., Discoaster kugleri and D. deflandrei which along with
Sphenolithus abies rep re sent ~35% of the to tal as sem blage.
The rest of the in situ taxa are rep re sented by reticulofenestrids
and spe cies of Helicosphaera, Calcidiscus, Pontosphaera and
Coccolithus. 

RIPICENI

35 spe cies of cal car e ous ben thic foraminifera were iden ti -
fied in the Ripiceni ex po sure. Ag glu ti nated and plank tonic
foraminifera are ab sent. Ex cept ing sam ples a and g, all the
sam ples yielded foraminiferal as sem blages en tirely com posed
of epifaunal morphotypes. Am mo nia, Cycloforina, Cibicides,
Cibicidoides and Quinqueloculina are the most abun dant gen -
era in the lower part of the sec tion (sam ples a–c, e–g) while
spinose elphidiids (Elphidium aculeatum and E. reginum) and
Quinqueloculina are com mon in the up per part of the sec tion

(sam ples i, k, m; Fig. 7). The most nu mer ous ostracod taxa are
Cytherois sarmatica, Cytheridea hungarica, Aurila mehesi and
Callistocythere canaliculata along side C. maculata, C. inco -
stata, Aurila merita, Phlyctocythere pellucida, Loxoconcha, and
Xestoleberis spe cies.

COSTEªTI

The foraminiferal as sem blage of the Costeºti sec tion is
clearly dom i nated by ben thic epifaunal morphotypes be long ing
to Articularia, Articulina, Cycloforina, Pseudotriloculina and
Quinqueloculina in its lower part, and by infaunal forms
(Fissurina and Porosononion) in the up per part (Fig. 8). Plank -
tonic foraminifera are ab sent. The ostracod fauna is rather
scarce and only found in three sam ples (495/D, 491/1 and
491/5); the most com mon spe cies are Loxocorniculum schmidi
and Lo. hastatum. The cal car e ous nannofossil con tent iden ti -
fied in this sec tion com prised only one bar ren sam ple (495/D)
and an other one (sam ple 491/4) con tain ing only re worked taxa
from older Cre ta ceous and Paleogene de pos its. 

DISCUSSION

PALAEOENVIRONMENTAL CHANGES ACROSS 
THE BADENIAN-SARMATIAN EXTINCTION EVENT

The Badenian/Sarmatian bound ary is com monly as so ci -
ated with the re gional Badenian–Sarmatian Ex tinc tion Event
(BSEE) (Harzhauser and Piller, 2007) in ter preted as a cat a -

Fig. 5. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio and foraminiferal 
as sem blages in the FH3P1 Rãdãuïi core

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter Ionesi, (1991); d – biostratigraphy af ter Dumitriu et al. (2017);
for other ex pla na tions see Fig ure 2
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Fig. 6. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio 

and foraminiferal as sem blages in the Dorneêti sec tion

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter Ionesi (1991); 
d – biostratigraphy af ter Dumitriu et al. (2017); for other ex pla na tions see Fig ure 2

Fig. 7. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio 
and foraminiferal as sem blages in the Ripiceni sec tion

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter Ionesi (1991); 
d – biostratigraphy af ter Dumitriu et al. (2017); for other ex pla na tions see Fig ure 2 



strophic event in the Cen tral Paratethys, marked by the ex tinc -
tion of the ma jor ity of Badenian gas tro pod, foraminifer and
ostracod taxa (Harzhauser and Piller, 2004, 2007; Tóth et al.,
2010; Palcu et al., 2015). Fol low ing this gen eral fau nal im pov er -
ish ment, the ma te rial stud ied shows the dis ap pear ance of com -
mon Badenian taxa, in clud ing plank tonic foraminifera (e.g.,
Velapertina indigena, Globigerina concinna, G. diplostoma, G.
falconensis, G. globularis, G. regularis, Globigerinoides qua -
drilo batus, Gl. transitoria, Trilobatus trilobus, Globoquadrina
langhiana), cal car e ous ben thic (e.g., Heterolepa dutemplei,
Hansenisca soldanii, Melonis pompilioides, Hanzawaia crassi -
septata, Sigmoilinita tenuis, Pullenia bulloides) and ag glu ti -
nated foraminifera (e.g., Nothia, Haplophragmoides, Textu -
laria, Reticulophragmium) (As sem blage VII) as well as ostra -
cods (e.g., Cytheropteron vespertilio, Eocytheropteron infla -
tum, Semicytherura filicata, Verucocythereis sp., Kirthe sp.).
Dur ing the BSEE in ter val, dis cern ible foraminiferal as sem blage 
changes within both ben thic and plank tonic as so ci a tions are re -
corded. Given that plank tonic foraminifera need gen er ally fully
ma rine con di tions with a min i mum depth of some tens of
metres (Bé, 1977; Hemleben et al., 1989; Schiebel and
Hemleben, 2005, 2017), the oc cur rence of mod er ately di verse
plank tonic foraminifera (Globigerina, Globigerinita, Globoro -
talia, Trilobatus, Orbulina, Velapertina) in the up per most Bade -
nian de pos its of the PCFB (Machów, sam ples 1 and 2 and
Jamnica M-83, sam ples 16, 17 and 19) as well as in the ECFB
(Bilca 1, sam ples 1–4) and their rar ity in the low er most Sarma -

tian (e.g., Globigerina bulloides, G. prae bullo ides, Globorotalia
miocenica) in di cate the ex is tence of al most fully ma rine con di -
tions dur ing the lat est Badenian fol lowed by a sig nif i cant re gres -
sion and pos si bly much more re stricted-ma rine con di tions
above the Badenian-Sarmatian bound ary. This is con sis tent
with the idea of a sig nif i cant trans gres sion and oc cur rence of
fully ma rine en vi ron ments across the whole Cen tral Paratethys
dur ing the lat est Badenian (Kováè et al., 2007; Filipescu and
Silye, 2008). These were were quickly re placed by shal lower
en vi ron ments with vari able sa lin ity dur ing the ear li est Sarma -
tian (Koubová and Hudáèková, 2010; Báldi et al., 2017). This
phe nom e non is ad di tion ally in ter preted as as so ci ated with a
gen eral cool ing of cli mate (Gonera et al., 2000; Bicchi et al.,
2003; Báldi, 2006; Kováèová et al., 2009).

The pos tu lated con di tions can be ad di tion ally sup ported by
our stud ies of ben thic foraminiferal as sem blages changes
across the bound ary. These changes in clude a sig nif i cant de -
crease in low-oxicity and high-nu tri ent taxa e.g., Uvigerina,
Bulimina, Bolivina, which are mainly char ac ter is tic of nor mal
and gen er ally open ma rine en vi ron ments, and the on set of
dom i nance of Anomalinoides dividens, miliolids and cibicidids
(As sem blage VIII), taxa typ i cal of very shal low and mar ginal
ma rine en vi ron ments and which tol er ate slightly brack ish or
hypersaline wa ters (e.g., £uczkowska, 1974; Thomas, 1990;
Murray, 1991, 2006; Gebhardt et al., 2009; Gedl and Peryt,
2011; Low ery et al., 2017; Ap pen dix 8). 
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Fig. 8. The rel a tive abun dance of the most com mon foraminiferal gen era, P/B ra tio, epifaunal/infaunal ra tio

and foraminiferal as sem blages in the Costeêti sec tion

a – chronostratigraphy; b – lithostratigraphy; c – biostratigraphy af ter Ionesi (1991); 
d – biostratigraphy af ter Dumitriu et al. (2017); for other ex pla na tions see Fig ure 2
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The sea level fall dur ing the Badenian-Sarmatian tran si tion
may be ad di tion ally sup ported by a de crease across the bound -
ary of the pro por tion of plank tonic foraminifera within the to tal
foraminiferal as sem blages in Machów (from ~60 to ~2%) and
Jamnica M-83 (from ~56 to 0%) sec tions (Figs. 2 and 3). This
ra tio, how ever, must be treated with cau tion since it strongly de -
pends on the sa lin ity as well as on the abun dance of ben thic
foraminifera, which may be re lated to fac tors such as ox y gen a -
tion or food sup ply. A more re li able method seems to be anal y -
sis of the plank tonic foraminiferal depth-morphogroup model
(Keller, 1985), which is based on mod ern an a logues such the
depth strat i fi ca tion of re cent spe cies com po si tion (Bé and
Hamlin, 1967; Bé, 1977; Schiebel and Hemleben, 2005). Ac -
cord ing to this model, sim ple Globigerina-like or Globigerino -
ides -like morphotypes live near the wa ter sur face (up to tens of
metres) while more com plex, Globorotalia show pref er ences for 
deeper/in ter me di ate hab i tats. Con se quently, the com mon oc -
cur rence of these forms in the Late Badenian of the PCFB and
their rar ity in the Sarmatian (see also Szczechura, 2000;
Garecka and Olszewska, 2011; Peryt, 2013) sup ports the idea
of a sea level fall dur ing the Badenian-Sarmatian tran si tion.

Sim i larly to foraminifera, ostracods also suf fered a strong
de crease across the BSEE in the sec tions stud ied. Of >100
Badenian spe cies, only a few sur vived into the Sarmatian (Tóth
et al., 2010). In the ma te rial ana lysed we iden ti fied four typ i cal
Badenian spe cies which sur vived into the Sarmatian, Henry -
howella asperrima, Loxocorniculum hastatum, Senesia va -
daszi, and Xestoleberis fuscata. Badenian spe cies are mostly
rep re sented by deeper circa-lit to ral to epibathyal forms such as
Henryhowella asperrima, and Sarmatian spe cies by en demic
much shal lower forms, such as Callistocythere incostata,
Cnesto cythere truncata, Euxinocythere praebosqueti, Cytheri -
dea hungarica, Aurila merita, and Aurila mehesi (Tóth et al.,
2010). In ad di tion to these en demic Sarmatian forms, many
com mon ostracod taxa still typ i cal of shal lower wa ters (from up -
per infralittoral to epineritic) have been re corded – Cyamo -
cytheridea, Loxoconcha, Loxocorniculum and Xestoleberis
(Hart mann, 1975; ter Borgh et al., 2014). Ac cord ingly, the oc -
cur rence of deeper wa ter ostracods in the Badenian de pos its
and the ap pear ance of shal lower wa ter spe cies in the Sarma -
tian pro vide ad di tion ally ev i dence of a sea level fall across the
B/S bound ary.

Ben thic foraminiferal as sem blages from the up per most
Badenian of Po land and Ro ma nia (Bilca 1) in clude a large num -
ber of buliminids, bolivinids, uvigerinids, and rep re sen ta tives of
Cibicides, Heterolepa, Hanzawaia, and Cibicidoides, en rolled
or partly un coiled miliolids such as Miliolinella, Pseudo -
triloculina, and Sigmoilinita as well as ag glu ti nated foraminifera. 
The large num ber of epifaunal (cibicidids, anomalinids and
miliolids) to gether with di verse and abun dant rel a tively deep
infaunal taxa (buliminids, bolivinids and uvigerinids) in di cate a
rel a tively large or ganic mat ter sup ply (see Báldi, 2006; Ková -
èová et al., 2009; Kováèová and Hudáèková, 2009) and rel a -
tively good/mod er ate ox y gen a tion at the sea floor (meso trophic
con di tions) (see Jorissen et al., 1995) with the ex pected de -
crease in ox y gen a tion and in crease in or ganic mat ter deeper in
the sed i ment.

High bot tom-wa ter ox y gen con cen tra tions are also sup -
ported by the pres ence of large ox y gen-con sum ing cythera -
cean ostracods (Whatley, 1995) e.g., Callistocythere, Aurila
and Cytheridea spp. Fully ma rine con di tions are also in di cated
by the Badenian cal car e ous nannoplankton as sem blages,
which are char ac ter ized in the Cen tral Paratethys by high abun -
dance and di ver sity. Fur ther more, in the intra- and ex tra-
 Carpathian re gions of Ro ma nia, the biostratigraphy based on
nannofossil dis tri bu tion (Mészáros, 1992; Mãrunþeanu, 1999;

Melinte-Dobrinescu and Stoica, 2013) al lowed the iden ti fi ca tion
of all biozones es tab lished for the Med i ter ra nean realm and the
open-ocean Indo-Pa cific realm. 

FROM FULLY-MARINE TO BRACKISH: FLUCTUATING
ENVIRONMENT THROUGH THE SARMATIAN

The Badenian is of ten re garded as the last fully ma rine in -
ter val in the Cen tral Paratethys (Papp, 1954, 1956) with con -
nec tions be tween the Cen tral and East ern Paratethys through
the Bârlad Straits (Palcu et al., 2017) and be tween the Para -
tethys Sea and the Med i ter ra nean realm through the Slovenian
Cor ri dor (Bartol et al., 2014) or through the Axios (Vardar)
Trench (Studencka et al., 1998). How ever, Kováè et al. (2017)
con sid ered that the Slovenian cor ri dor was prob a bly closed dur -
ing this time in ter val. By conrast, the Sarmatian of the Cen tral
Paratethys is com monly viewed as more re stricted with mostly
brack ish con di tions (Papp, 1954, 1956; Papp et al., 1974).
How ever, some au thors (Filipescu et al., 1999, 2014; Piller and
Harzhauser, 2005; Corneé et al., 2009) sug gest the ex is tence
of nor mal sa lin ity dur ing the Sarmatian. 

Con se quently, the plank tonic foraminifera re corded in some 
in ter vals of the Lower Sarmatian of Po land and Ro ma nia have
been in ter preted as re worked from Badenian sed i ments
(Ionesi, 1968; Paghida-Trelea, 1969; Brânzilã, 1999, 2004;
Brânzilã and Chira, 2005; Ionesi, 2006; Brânzilã et al., 2011) or
haing been in tro duced (£uczkowska, 1964; Odrzywolska -
-Bieñkowa, 1974), prob a bly due to an in flux of ma rine wa ter into 
the Carpathian Foredeep from the Med i ter ra nean Ba sin
(Szczechura, 2000) or Indo-Pa cific re gion (Filpescu and Silye,
2008; Stoica et al., 2013; Silye, 2015) Plank tonic foraminifera
re corded (Figs. 3–6) in the Lower Sarmatian de pos its (As sem -
blage V) of the area stud ied are, how ever, very well-pre served,
abun dant, and tax o nom i cally di verse (rep re sen ta tives of Globi -
gerina bulloides, G. praebulloides, Trilobatus trilobus, T. bis -
phericus and Globorotalia miocenica), in di cat ing rather an in
situ oc cur rence. Ac cord ingly, some short-lived trans gres sions
and some pe ri ods of tem po rary nearly nor mal ma rine con di -
tions dur ing the Sarmatian, with pos si bly slightly higher sa lin ity
(Filipescu et al., 1999; Latal et al., 2004; Piller and Harzhauser,
2005) have been pos tu lated. More over, in this foraminiferal as -
sem blage (V) plank tonic foraminifera co-oc cur with ben thic taxa 
such as Bolivina and Bulimina, which also sug gests slightly
deeper con di tions with gen er ally nor mal sa lin ity (Murray, 2006;
Tóth et al., 2010; Peryt, 2013). Ad di tion ally, the ostracod spe -
cies of the low er most part of the Sarmatian de pos its of the
PCFB sec tions, such as Henryhowella asperrima, Callisto -
cythere spp., Loxocorniculum hastatum and Xestoleberis
tumida sup port the oc cur rence of al most fully ma rine con di tions
(see ter Borgh et al., 2014). Sim i larly, in the low er most part of
the FH3P1 Rãdãuïi bore hole (ECFB) the oc cur ring ostracod as -
sem blages are char ac ter is tic of fully ma rine wa ters (ter Borgh et 
al., 2014).

The mod er ately com mon oc cur rence of plank tonic fora -
minifera (Globigerina), which con sti tutes up to 90%, in the lower 
Volhynian (=Lower Sarmatian) of the north west ern part of the
Moldavian Plat form (the area of the FH3P1 Rãdãuïi, Bilca 1 and
Dorneºti sec tions) as well as short-lived ap pear ances of the rel -
a tively deeper-dwell ing Globorotalia, sug gest the oc cur rence of
a deeper ba sin dur ing the Early Volhynian in this area than in
the north east ern part of the ECFB (the area of the Ripiceni and
Costeºti sec tions) where plank tonic foraminifera are spo radic.
These data fol low the gen eral scheme of fa cies de vel op ment of
the ECFB (Grasu et al., 2002; Miclauº et al., 2011), namely, the
deeper foredeep depozone for the FH3P1 Rãdãuþi, Bilca 1 cores 
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and Dorneºti sec tion and the much shal lower backbulge
depozone for the Ripiceni and Costeºti sec tions (Fig. 1B). This
foraminiferal data also in di cates that dur ing the Early
Sarmatian, this area was pos si bly slightly deeper than the area
of the Machów and Jamnica M-83 sec tions, where plank tonic
foraminifera are sig nif i cantly less fre quent.

Fol low ing the scheme of plank tonic foraminiferal morpho -
groups (e.g., Leckie, 1987), the oc cur rence of rel a tively shal -
low-dwell ing forms (Globigerina), and the spo radic oc cur rence
of deeper-dwell ing foraminifera with a pseudokeel or acute pe -
riph ery, in di cates that the gen eral wa ter depth of the foredeep
depozone area dur ing the Early Volhynian is es ti mated to be up
to a few tens of metres but much <100 m. This as sump tion is
sup ported by the pres ence in the same in ter val of ben thic
foraminifera (see Figs. 2–6) and by the ostracod fauna
(Callistocythere, Cytheridea, Aurila and Xestoleberis), which
have been de scribed as char ac ter is tic of the up per infralittoral
en vi ron ment (Breman, 1975) and the epi-neritic fa cies (Liebau,
1975). Ad di tion ally, Callistocythere flavidofusca (Ruggieri,
1950), which is sim i lar to Ca. canaliculata, does not ex ceed 100 
m wa ter depth, be ing very abun dant near 70 m (Bonaduce et
al., 1976). The oc cur rence of Hemicyprideis dacica dacica, the
coun ter part of a Cyprideis spe cies, in the up per part of the
FH3P1 Rãdãuïi sec tion, may in di cate highly fluc tu at ing sa lini ties
in the ba sin.

In ter est ingly, the rel a tively deeper-dwell ing foraminifer Glo -
bo rotalia of the Up per Badenian strata from the ar eas stud ied of 
the ECFB is rep re sented by a sin gle spe cies i.e., Globorotalia
mayeri. By con trast, the Sarmatian globorotaliids are much
more tax o nom i cally di verse, rep re sented by Globorotalia
mayeri, G. bykovae, G. miocenica, G. cosovensis, G. margino -
dentata and Globorotalia sp. (for de tails and ref er ences see Ap -
pen dix 10). This might ar gue against the hy poth e sis of a gen -
eral sea level drop dur ing the Badenian-Sarmatian tran si tion in
this part of the ECFB, but al ter na tively it may in di cate a re cord
of stron ger sub si dence dur ing the Sarmatian than in the
Badenian, pos si bly re sult ing from move ment of the Carpathian
front. The depocenter was pos si bly mov ing eastwards (Ionesi,
1994), re sult ing in more rapid sub si dence and the oc cur rence
of a slightly deeper ba sin in the NW part of the ECFB dur ing the
Early Sarmatian than in the Badenian. 

In gen eral, the Sarmatian sa lin ity of the Cen tral Paratethys
has been con sid ered as be ing brack ish, tran si tion be tween the
nor mal ma rine con di tions of the Badenian to the very brack ish
to fresh con di tions of the Pannonian (Báldi et al., 2017). Our
stud ies in di cate that dur ing the Early Sarmatian, the part of the
Cen tral Paratethys stud ied was not to tally brack ish but rather
the sa lin ity was vari able, os cil lat ing from brack ish, through nor -
mal ma rine to slightly el e vated, prob a bly due to some mi nor
trans gres sions when short-lived near-fully ma rine con di tions
were re-es tab lished both in the PCFB and in the ECFB. 

The twelve clearly dis tin guish able foraminiferal as sem -
blages iden ti fied in the Sarmatian de pos its stud ied in di cate
chang ing en vi ron men tal con di tions of the parts of the PCFB
and ECFB stud ied, which are as fol lows. A brack ish and shal -
low en vi ron ment, up to 50 m depth (Murray, 2006; Pérez-
 Asensio et al., 2012), can be as signed to foraminiferal As sem -
blage III, which is clearly dom i nated by the spe cies Am mo nia
beccarii, and which has been ob served only in the east ern part
of the Paratethys (the FH3P1 Rãdãuïi and Bilca 1 sec tions). In
gen eral, Am mo nia beccarii is com monly re garded as an op por -
tu nis tic spe cies which can tol er ate sa lini ties from 10–30‰
(Murray, 2006), be ing able to adapt to hyposaline con di tions
(Murray, 1968). Its pre dom i nance or the low di ver sity as so ci a -
tion marked by the dom i na tion of this spe cies usu ally in di cate
shal low and brack ish en vi ron ments (Cimerman and Langer,

1991; Hay ward and Hollis, 1994; Filipescu et al., 2014). In the
brack ish Ho lo cene de pos its of the NW Black Sea, as in the
coastal re gions, where the sa lin ity is 7–8‰, Am mo nia beccarii
is the dom i nant spe cies, pro duc ing monospecific as sem blages
(Briceag and Ion, 2014). Still very shal low but, al most nor mal
ma rine sa lin ity con di tions are as so ci ated with As sem blage I, re -
corded in the Ro ma nian and Moldavian parts stud ied of the
ECFB, which is char ac ter ized by the pres ence of elphidiids [es -
pe cially the large-keeled Elphidium spe cies (E. reginum and E.
aculeatum)], char ac ter iz ing depths from 0–50 m (Murray, 2006; 
Gedl et al., 2016). More over, this as sem blage may in di cate
gen er ally oligotrophic con di tions and a rich sea- grass veg e ta -
tion sub strate (Langer, 1993; Tóth and Görög, 2008; Koubová
and Hudáèková, 2010; Zilinska et al., 2010; Filipescu et al.,
2014). Shal low, euphotic con di tions of a nor mal ma rine sa lin ity
en vi ron ment (Murray, 2006; Peryt and Jasio nowski, 2012) are
also cor re lated with foraminifer As sem blage VI, iden ti fied in the
FH3P1 Rãdãuïi, Dorneºti and Ripiceni sec tions. Nor mal ma rine
sa lin ity but deeper con di tions are also sup ported by the pres -
ence of plank tonic foraminifera (As sem blage V) (Hemleben et
al., 1989) in the Jamnica M-83, FH3P1 Rãdãuïi, Bilca 1 and
Dorneºti sec tions. 

Sev eral in ter vals with slightly higher sa lin ity have been iden -
ti fied in all the sec tions stud ied (Figs. 2–8) and cor re spond to
As sem blages II and IV, dom i nated by miliolids. This group of
foraminifera is pe cu liar to shal low wa ters with sa lini ties vary ing
from nor mal to hypersaline (£uczkowska, 1974; Murray, 2006;
Filipescu et al., 2014) and can not live in hyposaline con di tions
(Murray, 1968). Ac cord ingly, the pres ence of these as sem -
blages in the sec tions stud ied in di cates ep i sodes of slightly
higher sa lin ity dur ing the Early Sarmatian, both in PCFB and in
the ECFB, which is against the tra di tional opin ion that the
Sarmatian was in gen eral a brack ish pe riod in the Paratethys
(Papp, 1956; Czepiec and Kotarba, 1998; Fordinál et al., 2006;
Ionesi, 2006; Vrsaljko et al., 2006; Maissuradze and Koiava,
2011). 

As sem blage X, which is 98% com posed of Nonion spe cies,
has been rec og nized in the Jamnica M-83 and Bilca 1 sec tions
while As sem blage XI, com posed 100% of Porosononion spe -
cies, oc curs in the Costeºti sec tion (Figs. 3–4 and 8). These
foraminifera are usu ally as so ci ated with en vi ron ments of brack -
ish to nor mal ma rine sa lin ity con di tions (Avnaim-Katav et al.,
2013; Filipescu et al., 2014; Silye, 2015) and de creas ing sa lin ity 
(for low spe cies-rich ness as sem blages) (Culver et al., 2012)
and pos si ble in creas ing in nu tri ent sup ply. As sem blage IX
(Figs. 2 and 3) of the Up per Sarmatian, com posed of high abun -
dant infaunal spe cies be long ing to Bulimina and Bolivina, in di -
cates deeper sea depths (mid dle neritic) with gen er ally nor -
mal-sa lin ity and low ox y gen-con tent at the sea-floor (Murray,
1991; Sen Gupta and Machain-Castillo, 1993; Jorissen et al.,
1995; Kováèová et al., 2009; Dubicka et al., 2014; Drinia et al.,
2016; Pezelj et al., 2016). Sim i lar con di tions can be pos tu lated
for the de pos its of the up per most part of the Costeºti sec tion,
rep re sented by As sem blage XI, which is en tirely com posed of
rep re sen ta tives of Fissurina (Silye, 2015). 

The tax o nomic com po si tion of the Sarmatian ostracod as -
sem blages, es pe cially the oc cur rence of Aurila, Callistocythere, 
Henryhowella, Xestoleberis, Loxoconcha, Loxocorniculum in
the sec tions stud ied also in di cates fluc tu a tions in sa lin ity (van
Morkhoven, 1963; Szczechura, 2006; Tóth et al., 2010; ter
Borgh et al., 2014) both in PCFB and ECFB.

The cal car e ous nannofossils in the sec tions stud ied in di -
cate a fully ma rine en vi ron ment, at least for some short pe ri ods,
since the ma jor ity of the spe cies live in wa ters with sa lini ties
higher that 20–22‰ (Tappan, 1980). An ex cep tion is the ex tant
spe cies Emiliania huxleyi that may be iden ti fied to day in wa ters
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with lower sa lin ity, i.e., 11‰ in the Azov Sea and Black Sea
(Bukry, 1974; Melinte-Dobrinescu and Ion, 2013). Futhermore,
the com mon pres ence of discoasterids and sphenoliths in the
de pos its stud ied from the lower part of the Sarmatian of ECFB
also sup ports an in ter pre ta tion of in ter vals with nor mal ma rine
con di tions, since these nannofossils are mostly con fined to
open ma rine set tings (Backman and Pestieux, 1987). 

Fluc tu a tions of sa lin ity dur ing the Sarmatian have also been 
doc u mented in other parts of the Cen tral Paratethys (e.g.,
Filipescu et al., 1999, 2014; Piller and Harzhauser, 2005;
Ruman et al., 2017). 

POSSIBLE CONNECTIONS BETWEEN DIFFERENT BASINS 
OF THE PARATETHYS

A va ri ety of stud ies (e.g., £uczkowska, 1964; Ionesi, 1968;
Paghida-Trelea, 1969; Popescu, 1975; Dumitricã et al., 1975;
Brânzilã and Chira, 2005; Popescu-Guºã, 2006; Mikuž, 2009;
ter Borgh et al., 2014) have noted the sim i lar i ties be tween the
lat est Badenian and/or Early Sarmatian fos sils from dif fer ent
bas ins of the Cen tral Paratethys, and dif fer ent gate ways of
com mu ni ca tion across the Paratethys have re cently been pos -
tu lated (e.g., Palcu et al., 2017). It is still dif fi cult to as sess
where the con nec tions be tween dis tinc tive bas ins such as the
Carpathian Foredeep and Pannonian, Dacian, Transylvanian
and Vi enna bas ins were sit u ated. Even more dif fi cult to as sess
seem to be the fac tors that in flu enced the con nec tiv ity be tween
dif fer ent bas ins of the Cen tral Paratethys (ter Borgh et al.,
2013) since iso la tion of each ba sin took place at dif fer ent times. 

Our re sults con trib ute to these dis cus sions, and sug gest
that dur ing the lat est Badenian and Early Sarmatian there were
foraminiferal mi gra tory routes be tween the north ern and east -
ern parts of the Carpathian Foredeep Ba sin, since ~45% of
plank tonic and 62% of ben thic foraminiferal spe cies are com -
mon to both re gions dur ing the lat est Badenian while in the
Early Sarmatian, 63% of plank tonic and 80% of ben thic spe cies 
are the same. Ad di tion ally, some ostracod spe cies (14, ~31%)
were iden ti fied as be ing in com mon to these two bas ins dur ing
the Early Sarmatian. A pos si ble con nec tion be tween Carpa -
thian Foredeep Ba sin and the Vi enna Ba sin as well as be tween
the Carpathian Foredeep Ba sin and the Pannonian Ba sin dur -
ing the lat est Badenian, which en abled plank tonic and ben thic
foraminiferal mi gra tion, is also pos tu lated based on the re cently 
com piled micropalaeontological dataset. Sur pris ingly, there are 
more taxa in com mon be tween the Carpathian Foredeep Ba sin
and the Vi enna Ba sin (80% of plank tonic and 57% of ben thic
spe cies are in com mon) than be tween the Carpathian Fore -
deep Ba sin and the Pannonian Ba sin (38% of plank tonic and
46% of ben thic spe cies are in com mon). Based on the com mon 
taxa iden ti fied in these bas ins we in fer that the con nec tion be -
tween the Carpathian Foredeep Ba sin and the Vi enna Ba sin
was more ac tive, the con nect ing area be ing in the East ern Alps
and West ern Carpathians junc tion (west ern Moravia) (Mandic,
2004; Holcová et al., 2015; Kováè et al., 2017). This in ter pre ta -
tion seems to be con sis tent with the data, es pe cially if the lat est
Badenian is linked with a sig nif i cant trans gres sion (Kováè et al., 
2007).

While the sug gested con nec tion be tween the area stud ied
and the Vi enna Ba sin and the Pannonian Ba sin dur ing the lat -
est Badenian seemed to have been ac tive, based on the the
pres ence of a large share of plank tonic spe cies (80% with the
Vi enna Ba sin and 38% with Pannonian Ba sin) we can not dem -
on strate the same for the Early Sarmatian. Here, the ben thic
Sarmatian foraminifera are 47 (59%) and 32 (40%) in com mon
for the area stud ied and the Vi enna Ba sin and the Pannonian

Ba sin re spec tively, while the com mon plank tonic foraminifera
are miss ing from the area stud ied and from the Vi enna Ba sin
and Pannonian Ba sin. There fore, there was prob a bly no con -
nec tiv ity al low ing plank tonic foraminiferal mi gra tion dur ing the
Early Sarmatian. If the con nec tions ex isted, they must have
been quite shal low, al low ing free mi gra tion of only ben thic
foraminifera and ostracods [16 (~37%) and 17 (~40%) of spe -
cies hav ing been re corded as com mon be tween the area stud -
ied and the VB and PB re spec tively]. 

POSSIBLE CONNECTION BETWEEN THE CENTRAL
PARATETHYS AND THE MEDITERRANEAN REGION DURING

THE LATEST BADENIAN

Dur ing the last few de cades, sev eral com par a tive
palaeonto logical stud ies of var i ous ar eas of the Cen tral
Paratethys and the Med i ter ra nean realm have been car ried
out to find pos si ble mi gra tion routes, though these have led to
con tra dic tory in ter pre ta tions. Based on the pres ence of com -
mon ostracod fauna in the Cen tral Paratethys and the Med i ter -
ra nean, Szczechura (1996, 1997) pos tu lated a pos si ble con -
nec tion be tween these two bas ins dur ing the Late Badenian.
The gas tro pod fauna from Slovenia (Mikuž, 2009) shows large 
sim i lar i ties with fauns of dif fer ent ar eas of the Cen tral
Paratethys, but also with the fauna from the Med i ter ra nean
and At lan tic re gion, as well as the echinoid fauna from the
same area of the Cen tral Paratethys (Ali and M¹czyñska,
1986; Mikuž and Horvat, 2003). The con nec tion seems to
have been more ac tive in the south ern part of the Cen tral
Paratethys, while the north ern part is con sid ered to have been
more re stric tive to open- ma rine ex change (Kováèová et al.,
2009). Based on a study of molluscs, sa lin ity con di tions and
ma rine cir cu la tion in the Pannonian Ba sin, Kókay (1985: fig. 8, 
p. 46) con sid ered that dur ing some pe ri ods of the Late Bade -
nian, the Cen tral Para tethys com mu ni cated di rectly with the
Med i ter ra nean Sea, through its west ern part, across the area
of to day’s Slovenia to wards north ern It aly. More over, Kókay
(1985) ex cluded the pos si bil ity of com mu ni ca tion through the
East ern Paratethys. The ex is tence of the Slovenian Cor ri dor
(Trans-Tethyan Trench Cor ri dor) has also been pos tu lated by
the nannofossil and gas tro pod stud ies of Bartol et al. (2012,
2014), who stated that the Cen tral Paratethys and Med i ter ra -
nean Sea were con nected from the Late Badenian (Early
Serravallian) un til the Early Sarma tian. By con trast,
Studencka et al. (1998), based upon bi valve stud ies, in ferred
that the Trans-Tethyan Trench Cor ri dor was prob a bly closed
dur ing the Late Badenian–Early Sarma tian and that the Cen -
tral Paratethys di rectly com mu ni cated with the East Med i ter ra -
nean Sea through the Axios-Vardar Trench. These au thors
fur ther sug gested that the East ern Paratethys could also have
com mu ni cated with the Med i ter ra nean Sea through the re-
 opened Arks straits. Rögl (1998, 1999) in ter preted the pres -
ence of Indo-Pa cific microfossil as so ci a tions in the Cen tral
Paratethys as a re sult of a re-open ing of sea ways along the
Pontides to East ern Anatolia. Palaeogeographic con nec tions
to the Indo-Pa cific area have also been in di cated by Popescu
(1975), Filipescu and Silye (2008), and Silye (2015). 

The foraminiferal as sem blages iden ti fied by us, to gether
with pub lished data, al low us to com pare the Late Badenian
foraminiferal as sem blages across dif fer ent bas ins of the Cen -
tral Paratethys (Carpathian Foredeep, Vi enna and Pannonian
bas ins) as well as the foraminiferal as sem blages of the Cen tral
Paratethys with that of the Med i ter ra nean realm (equiv a lent to
the Early Serravallian). In to tal, 52 (~26%) of 198 spe cies are in
com mon be tween the Cen tral Paratethys and the Med i ter ra -
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nean realm (for de tails and ref er ences see Ap pen dix 12).
Among these, 21 out of 45 plank tonic spe cies and 31 out of 153 
ben thic ones are in com mon (for de tails see Ap pen dix 12). Like -
wise, we iden tify ostrocod taxa (Cnestocythere lamellicosta,
Cn. truncata, Cytheridea acuminata, Loxoconcha min ima) in
com mon be tween the Cen tral Pararethys and the Med i ter ra -
nean realm (see also Aiello and Szczechura, 2000).

The ex is tence of some spe cies of foraminifera in com mon
be tween the Cen tral Paratethys and the Med i ter ra nean realm
may sup port the idea of com mu ni ca tion be tween these two
realms dur ing the Late Badenian–Early Serravallian; how ever,
the ex act lo ca tion where the com mu ni ca tion ex isted is dif fi cult
to as sess, due to the poor sedimentological re cord (Báldi,
2006). How ever, the rare pres ence of rel a tively deep-dwell ing
foraminifera (Globorotalia) in the Cen tral Paratethys may sug -
gest that the con nec tive cor ri dor must have been shal low en -
abling mi gra tion of only the very shal low-plank tonic foraminifera 
(e.g., Orbulina, Globigerina, Trilobatus, Globigerinella, Globige -
rinita), as well as ben thic foraminifera and ostracods. How ever,
a conection be tween the Cen tral Paratethys and Indo-Pa cific
realm is not ex cluded by this study. 

CONCLUSIONS

In te grated foraminiferal, ostracod and cal car e ous nanno -
fossil stud ies were car ried out on seven Mid dle Mio cene sec -
tions in Po land, Ro ma nia, and the Re pub lic of Moldova.
Based upon micropalaeontological data, we have in ter preted
vari able palaeoenvironmental con di tions in the Carpathian
Foredeep Ba sin dur ing the lat est Badenian and Early Sarma -
tian. Quan ti ta tive and qual i ta tive changes in both fora miniferal 
(plank tonic and ben thic) and ostracod as sem blages strongly
sup port a sig nif i cant sea level fall across the Bade nian -

-Sarmatian bound ary in both bas ins stud ied, caus ing a trans -
for ma tion from fully ma rine set tings to mar ginal ma rine en vi -
ron ments. Dur ing the Early Sarmatian, the sa lin ity of the
Carpathian Foredeep Ba sin was very vari able, likely os cil lat -
ing from brack ish to fully ma rine, with ep i sodes of hypersaline
con di tions. This in fer ence is sup ported by the pres ence of fully 
ma rine cal car e ous nannofossil spe cies in sev eral Early
Sarmatian in ter vals in the ECFB. The sa lin ity vari abil ity within
the ba sin, dur ing the Early Sarmatian, was prob a bly re lated to
some mi nor sea level fluc tu a tions, when short-lived near-fully
ma rine con di tions were re-es tab lished.

Dur ing the Early Sarmatian, the en vi ron ment in the ECFB
was mostly shal low in the backbulge area and slightly deeper in
the foredeep part of the ba sin, where in some in ter vals the
palaeodepth was prob a bly around a few tens of metres, <100 m 
in the foredeep depozone stud ied, and prob a bly much less than 
50 m in the backbulge depozone. More over, the foredeep
depozone of the ECFB seems to have been deeper than that of
the PCFB. The sea floor of the ECFB was char ac ter ized by
gen er ally oligotrophic con di tions.

The Early–Late Sarmatian tran si tion is in ter preted as a pe -
riod, at times, of low ox y gen and deeper con di tions in the
Carpathian Foredeep Ba sin. The sa lin ity of the Carpathian
Foredeep Ba sin dur ing the Early Sarmatian (As sem blages II,
IV, V) was pos si bly close to nor mal ma rine.

Our stud ies in di cate palaeoenvironmental sim i lar ity be -
tween dif fer ent bas ins of the Cen tral Paratethys but also sup -
port the ear lier hy poth e sis of pos si ble con nec tions dur ing the
lat est Badenian be tween dif fer ent ar eas of the Cen tral Para -
tethys as well as the ex is tence of a gate way be tween the Cen -
tral Paratethys and the Med i ter ra nean realm.
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