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As so ci ate Ed i tor: Mi chael A. Kaminski

The Badenian/Sarmatian bound ary in the Paratethys ba sin, that marks the tran si tion from nor mal ma rine to re stricted
semi-ma rine con di tions due to iso la tion of the ba sin from the world ocean at the on set of Sarmatian time, is still far from be ing 
fully un der stood. The Kreminna sec tion is lo cated at the north east ern mar gin of the Carpathian Fore land Ba sin (Cen tral
Paratethys) in the Medobory Hills re gion. The Mio cene de pos its that over lie here the Up per Cre ta ceous sub stra tum com -
prise the >1 m thick up per Badenian marls and clays pass ing up wards into ~4 m thick Sarmatian marly lime stones with in ter -
ca la tions of marls, clays and lime stones, and >2 m thick lime stones in the up per most part of the ex po sure. Fifty-three
spe cies of ben thic foraminifera and four spe cies of plank tonic foraminifera have been re corded. Six ben thic foraminiferal as -
sem blages are com posed al most ex clu sively of cal car e ous forms; ag glu ti nated taxa are prac ti cally lack ing. Elphidium spp.,
miliolids, Lobatula lobatula and Am mo nia spp. are the most com mon cal car e ous ben thic foraminifera in the ma te rial stud ied.
Plank tonic foraminifera are rep re sented only by spe cies of Globigerina and oc cur rarely in the low er most part of the sec tion.
A char ac ter is tic fea ture of palynofacies is the very low pro por tion of land-de rived el e ments – sporomorphs and cu ti cles,
which sug gests a sed i men tary set ting with out ter res trial in flux, and tax o nom i cal im pov er ish ment of dinoflagellate cyst as -
sem blages, which are ei ther monospecific or con sist mainly of two to three spe cies: in a ma jor ity of sam ples, as sem blages
with Polysphaeridium zoharyi and P. subtile oc cur. Most d18O val ues range from –1.5 to ~+0.5‰ VPDB and most d13C val ues
are be tween 0 and +2‰ VPDB. In gen eral, the d13C curve mir rors the d18O changes in the sec tion. The Badenian/Sarmatian
bound ary is placed at the level where the Cibicidoides ungerianus As sem blage is re placed by the Elphidium fichtelianum As -
sem blage. At the bound ary, plank tonic foraminifers and most abun dant stenohaline ben thic foraminifera dis ap peared. Bot -
tom wa ters were well-ox y gen ated both in the lat est Badenian and ear li est Sarmatian in the Kreminna lo ca tion.
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INTRODUCTION

Fol low ing the Badenian Sa lin ity Cri sis ini ti ated at 13.81
±0.08 (de Leeuw et al., 2010), when mas sive evaporite de po si -
tion oc curred in parts of the Cen tral Paratethys (Peryt, 2006),

open ma rine con di tions were re-es tab lished at ~13.36 Ma (Si -
mon et al., 2019) ow ing to the reconnection of the Cen tral
Paratethys ba sin with the Med i ter ra nean and East ern Para -
tethys. Ma rine con di tions per sisted un til ~12.65 Ma when a sud -
den change to brack ish-ma rine con di tions oc curred (Palcu et
al., 2015; Si mon et al., 2019). This trig gered the elim i na tion of
stenohaline or gan isms known as the Badenian/Sarmatian Ex -
tinc tion Event (BSEE; Harzhauser and Piller, 2004a; cf. Œliwiñ -
ski et al., 2012 with ref er ences therein). Suc ces sions in mar -
ginal bas ins are re ported to show ero sional fea tures and fauna
re work ing at the bound ary level in the Carpathian Foredeep Ba -
sin (e.g., Grishkevich, 1970; Musia³, 1987; Andreyeva- Grigo -
rovich et al., 1997; Studencka and Jasionowski, 2011; cf.
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Leszczyñski and Nemec, 2015) and the Pannonian Ba sin Sys -
tem (e.g., Kojumdgieva, 1969; Kováè et al., 2007; Rögl et al.,
2008; Cornée et al., 2009; Szuromi-Korecz et al., 2021). How -
ever, Palcu et al. (2015) in di cated that there is no ev i dence for
sea level change at or close to the BSEE in the Ro ma nian part
of the Carpathian Foredeep and sug gested that sea level
change is not a dom i nant fac tor at the BSEE. They con cluded
that the BSEE does cor re spond to a change in the con fig u ra tion 
of the Cen tral-East ern Paratethys gate way and the re sult ing
uni fi ca tion of the Paratethys at the be gin ning of the Sarmatian
which caused, dur ing less than 10 kyr, less sa line con di tions in
the Cen tral Paratethyan bas ins (Palcu et al., 2015). On the
other hand, it seems that the BSEE tim ing is diachronous due to 
the com plex tec tonic evo lu tion of the Carpathian-Pannonian re -
gion, re flect ing the fi nal iso la tion of the Cen tral Paratethys
(Kováè et al., 2018 with ref er ences therein). 

As the Badenian-Sarmatian bound ary – a key in ter val for
un der stand ing Cen tral Paratethys evo lu tion – is still far from be -
ing fully un der stood, anal y sis of ev ery out crop through this in -
ter val is es sen tial (cf. Silye and Filipescu, 2016; Ruman et al.,
2017). This pa per deals with the Kreminna out crop in Podolia,
the Ukrai nian Carpathian Fore land Ba sin (Fig. 1). The late
Badenian and Sarmatian (Serravallian) evo lu tion of depo sitio -
nal en vi ron ments in this part of the Carpathian Fore land, east of 
the Medobory Reef Tract that was sub ject to many stud ies (Stu -
dencka and Jasionowski, 2011; Górka et al., 2012 with ref er -
ences therein), has never been fully ex plored. The aim of this
pa per is to clar ify the palaeoenvironmental changes that took
place in this area around the Badenian/Sarmatian bound ary
based on micropalaeontological anal y ses (foraminifers, dino -
flagellate cysts, palynofacies) of the Kreminna sec tion. This
sec tion is lo cated ~500 km north of the Tisa Val ley sec tion stud -
ied by Palcu et al. (2015) and ~300 km ESE of the Babczyn 2

and Cieszanów 1 bore hole sec tions re cently ex am ined by Peryt 
et al. (2021, 2024).

Foraminifers seem to be the most re li able group for the
biostratigraphic dat ing of the Badenian/Sarmatian in ter val in the 
Carpathian Foredeep and its fore land ba sin be cause of di rect
and in di rect age in di ca tions, good res o lu tion, and the rel a tively
easy iden ti fi ca tion of re worked spec i mens stud ied (Filipe scu et
al., 2020). They are also re li able in di ca tors of en vi ron men tal
fac tors such as depth, sa lin ity, and ox y gen con tent of wa ter us -
ing the data on en vi ron men tal re quire ments of re cent Med i ter -
ra nean foraminifers (see re view in Murray, 1991, 2006). In turn,
changes of palynofacies com po si tion cor re lated with tax o nom i -
cal vari a tions in dinoflagellate cyst as sem blages may re flect
some mi nor en vi ron men tal fluc tu a tions.

GEOLOGICAL SETTING

In the Carpathian Foredeep Ba sin and its fore land – the larg -
est Cen tral Paratethyan ba sin – the ma rine shelf-slope fa cies oc -
curred dur ing de po si tion of the Mid dle Mio cene strata that are in -
cluded into two re gional stages: Badenian and Sar matian (e.g.,
Oszczypko et al., 2006; Kováè et al., 2017 with ref er ences
therein). Fol low ing the late Badenian trans gres sion that re sulted
in the in un da tion of a much wider area in the northeast ern part of
the cen tral Paratethys, sed i ments of the Machów For ma tion (in
Po land) and Kosiv For ma tion (in Ukraine) were de pos ited. In the
outer (Bilche-Volytsa) zone of the Ukrai nian Carpathian Fore -
deep grey silty clays that al ter nate with interbeds of silts, sand -
stones, tuffs, and tuffites oc cur (Andreyeva-Grigorovich et al.,
1997); they are 10–150 m thick (Kurovets et al., 2004). They are
grad u ally pass ing, to ward the ba sin mar gin, into scal lop or
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Fig. 1A – sim pli fied palaeogeographic re con struc tion of the Med i ter ra nean-Paratethys re gion dur ing the late
Badenian (mod i fied af ter Popov et al., 2006; Palcu et al., 2015), over lain on the pres ent day map con tours; B –
dis tri bu tion of Mid dle Mio cene de pos its in the north east ern part of the Carpathian Foredeep and the lo ca tion
of the Kreminna sec tion
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glauco nitic marls, and then into cal car e ous marls and marly lime -
stones with fine rhodoids. The thick ness of this mar ginal fa cies of 
the Kosiv Formation is usu ally 4 to 15 m (£omnicki, 1897;
Teisseyre, 1900; Maslov and Utrobin, 1958; Studencka et al.,
2012; Gedl et al., 2016). In the north-east ern part of the Ukrai -
nian Carpathian fore land coralline al gae-vermetid reefs in the
Medobory Reef Tract and a va ri ety of bioclastic fa cies oc cur
(e.g., Korolyuk, 1952; Kudrin, 1966; Studencka and Jasionowski, 
2011; Górka et al., 2012); these pass shoreward into siliciclastic
de pos its (Ma slov and Utrobin, 1958). 

In the Medobory Reef Tract, a geo graph i cally wide spread
un con formity oc curs at the top of the Ternopil Beds. Field ob -
ser va tions have shown the pres ence of brec cias, vadose silt
and vadose leach ing in the up per most coralline-al gal bound -
stones, in di cat ing con sid er able sea level fluc tu a tions and a
phase of emer gence of the Medobory reefs in the lat est Bade -
nian (Jasionowski, 2006). The over ly ing Sarmatian de pos its
that par tially over lay the Badenian reef de pos its, are com posed
of a com plex of car bon ate, sandy and sandy-clay de pos its col -
lec tively as signed to the Volhyn Beds (Andreyeva-Grigorovich
et al., 1997). The thick ness of the Volyn Beds reaches 35 m
(Andreyeva-Grigorovich et al., 1997). 

The Kreminna sec tion (Khmeln’nyts’kyi prov ince), one of
clas si cal mid dle Mio cene lo cal i ties in the Ukrai nian Carpathian
Fore land, for men tioned the first time in the geo log i cal lit er a ture
by Du Bois de Montpereux (1831). It is lo cated at the north east -
ern mar gin of the Carpathian Fore land Ba sin (Cen tral Para -
tethys) in the Medobory Hills re gion, ~60 km north of the town of 
Kamyanets Podil’s’kyi and 50 km north-east of the town of
Khmeln’nyts’kyi. The Mio cene de pos its that over lie here the
Up per Cre ta ceous sub stra tum com prise the >1 m thick up per
Badenian marls pass ing up wards into ~4 m thick lower Sarma -
tian marly lime stones and marls with in ter ca la tions of lime stone
and clay fol lowed by >2 m thick lime stones (Fig. 2). 

MATERIAL AND METHODS

The sam pling of the sec tion was done in 2010 (sam ples
marked with num bers) and 2019 (sam ples marked with let ters).
At the base of the sec tion, the light-grey and then ol ive-green
marls with lithothamnia, bi valves (in clud ing pectens) and gas -
tro pods oc cur that are fol lowed by light grey-green graded-bed -
ded marls oc cur con tain ing a 7 cm thick in ter ca la tion of clay
near their top. Above these marls, a 20 cm thick lime stone bed
oc curs (Fig. 2A); the lime stone is bioclastic wackestone at the
base (Fig. 2G) and bioclastic packstone at the top (Fig. 2F).
Then, a thin bed of marl is fol lowed by marly lime stone (Fig. 2E)
con tain ing a clay in ter ca la tion near the top (Fig. 2A). The marly
lime stone bed above the clay is cov ered by the sec ond lime -
stone unit that in turn is over lain by marly lime stone (Fig. 2C, D)
with thin marl and thin lime stone in ter ca la tions (Fig. 2A). The
marly lime stone unit is cov ered by a clay bed fol lowed, one by
one, by the third lime stone bed char ac ter ized by var ied thick -
ness (4–20 cm), clay, marly lime stone (Fig. 2B), and then the
top lime stone unit oc curs (Fig. 2A).

Thirty-one sam ples from the Kreminna sec tion were stud -
ied for foraminifera; sam pling points in re la tion to the sec tion
are shown in Fig ure 3. Washed res i dues for foraminiferal
study were ob tained from the rocks by disaggregation us ing
Na2SO4. An aliquot of ~200–300 spec i mens of foraminifers
from the 63–700 mm size frac tion was picked for the fora -
miniferal anal y ses. 

Tax on omy of foraminifers fol lows Venglinskyi (1958, 1975),
£uczkowska (1972, 1974), Papp and Schmid (1985), and Cicha 
et al. (1998). The stratigraphically and palaeoenvironmentally
im por tant spec i mens were stud ied in de tail and doc u mented
us ing a Philips XL20 SEM (Figs. 4–7). The fig ured spec i mens
are de pos ited in the In sti tute of Paleobiology, Pol ish Acad emy
of Sci ences, War saw (ZPAL F. 77).

The rel a tive abun dance of infaunal and epifaunal forms
within ben thic foraminiferal as sem blages, sim ple ben thic di ver -
sity, the Shan non-Wiener di ver sity in dex H(S) were cal cu lated
(Fig. 8). The palaeoenvironmental in ter pre ta tion based on fora -
minifera ap plies the re quire ments of pres ent-day rep re sen ta -
tives of the re corded taxa (Jorissen et al., 2018; Dumitriu et al.,
2020, with ref er ences therein; Consorti et al., 2021). 

Tak ing into ac count the dif fer en ti ated morphogroups and
the in ferred microhabitat depth of foraminifera the ecostrati -
graphic trends reg is tered in foraminiferal as sem blages were
ana lysed. Foraminiferal as sem blages are un der stood as
groups of spe cies whose com po si tion and as pect is de ter mined 
by the prop er ties of the en vi ron ment and by the re la tions to
each other. They rep re sent ecozones.

Changes in wa ter sa lin ity and other en vi ron men tal pa ram e -
ters such as pro duc tiv ity, ox y gen level in bot tom wa ters, were
in ter preted us ing qual i ta tive and quan ti ta tive anal y ses (Murray,
2006). To es ti mate the level of ox y gen a tion of the sea floor the
ben thic foraminifera were grouped into oxic, suboxic and dyso -
xic in di ca tors ac cord ing to Thomas (1980), van der Zwaan
(1982, 1983), Verhallen (1991), Jorissen et al. (1992), Kaiho
(1994), LoubÀre (1996, 1997), Bernhard and Sen Gupta (1999), 
Kouwenhoven and van der Zwaan (2006), Holcová and Zágor -
šek (2008), and Kaminski (2012). The fol low ing taxa are in -
cluded into the oxic group: Cibicidoides spp., Heterolepa dute -
mplei, Lobatula lobatula, Anomalinoides badenensis, Han za -
waia boueana, miliolids, keeled elphidiids. Oxic in di ces rep re -
sent epifaunal spe cies. Taxa tol er ant of suboxic en vi ron ments
are: Melonis pompilioides, Sphaeroidina bulloides, Poro so no -
nion, Astrononion perfossum, Reussella spinulosa, Doro thia
sp., Semivulvulina pectinata, Textularia laevigata and taxa tol -
er ant of dysoxic en vi ron ments – Bolivina spp., Bulimina spp.
and Fursenkoina acuta.

Foraminifera tol er ant of suboxic en vi ron ments rep re sent
mostly shal low infaunal spe cies, while foraminifers tol er ant of
dysoxic en vi ron ments rep re sent mostly deep infauna and spe -
cies with op por tu nis tic be hav iour. 

Thirty five sam ples from the Kreminna sec tion have been
stud ied for palynology; sam pling points in re la tion to the sec tion
are shown in Fig ure 9. The ap plied palynological pro ce dure in -
cluded 38% hy dro chlo ric acid (HCl) treat ment, 40% hy dro flu oric 
acid (HF) treat ment, heavy liq uid (ZnCl2 + HCl; den sity 2.0 g ·
cm–3) sep a ra tion, ul tra sound for 10–15 s and siev ing at 15 µm
on a ny lon mesh. No fum ing ni tric acid (HNO3) treat ment was
ap plied. The quan tity of rock pro cessed de pended on li thol ogy:
pale-col oured marls ~250 g, whereas clays up to 100 g. The
rock sam ples, palynological res i dues and slides are stored in
the col lec tion of the In sti tute of Geo log i cal Sci ences, Pol ish
Acad emy of Sci ences, Kraków.

Sam ples for iso to pic anal y ses were care fully se lected by
pick ing foraminifer tests un der bin oc u lar mi cro scope. Anal y ses
of car bon and ox y gen sta ble iso tope com po si tion in the se -
lected sam ples were per formed us ing a Thermo Sci en tific™
KIEL IV Car bon ate De vice con nected on-line to a Finnigan
Delta Plus mass spec trom e ter in a Dual In let sys tem in the Sta -
ble Iso tope Lab o ra tory (ISOLAB), In sti tute of Geo log i cal Sci -
ences of the Pol ish Acad emy of Sci ences, Re search Cen tre in
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War saw, Po land. Sam ple prep a ra tion was per formed au to mat i -
cally ac cord ing to the method de scribed by McCrea (1950).
Sam ples (min. 20 mg car bon ate) were re acted with ortho -
phosphoric acid (den sity 1.94 g/dm) at 70°C. One NBS 19 in ter -
na tional stan dard was an a lyzed for ev ery 10 sam ples. Re sults
were given as d against the VPDB stan dard. The ac cu racy of
mea sure ments (stan dard de vi a tion) is: (1d) d13C ±0.03‰ and
(1d) d18O ±0.07‰.

RESULTS

FORAMINIFERA

Fifty seven spe cies of foraminifera were iden ti fied in the
Kreminna sec tion (Fig. 3). Foraminiferal as sem blages were
com posed mostly of cal car e ous ben thic forms; ag glu ti nated
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lime stone bed (C is above D): C – peloidal-lump packstone, D – bioclastic packstone; E – low er most part of the marly lime stone
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packestone); G – lower part of the first Sarmatian lime stone bed (bioclastic wackestone)
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ones oc curred in the low er most part of the suc ces sion. Re -
corded spe cies are listed in Ap pen dix 1. Fig ure 10 shows the
rel a tive per cent abun dances of com mon and dom i nant spe -
cies, i.e. spe cies that show abun dance >5% in at least in one
sam ple.

Plank tonic foraminifera are rep re sented pri mar ily by Globi -
gerina bulloides, G. praebulloides, Globigerina tarchanensis
and Globigerina sp. They oc curred in the low er most part of sec -
tion where they formed 5 to 20% of the as sem blages. The last
oc cur rence of this group was co eval with the dis ap pear ance of

most Badenian stenohaline foraminifera (sam ple 2). Ag glu ti -
nated foraminifera (Dorothia sp., Textularia laevigata and Semi -
vulvulina pectinata) oc curred in the basal part of the sec tion
(sam ples A, B). They formed up to 10% of foraminiferal as sem -
blages (Fig. 10). Among the cal car e ous ben thic foraminifera in
the lower part of the sec tion (sam ples A to 2), Cibicidoides dom -
i nated as sem blages (25 to 45%). Heterolepa dutemplei, Astro -
nonion perfossum and Melonis pompilioides also sig nif i cantly
con trib uted to the as sem blages; they formed 15 to 20% of the
as sem blages. Keeled Elphidium, pri mar ily E. fichtelianum and
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E. crispum, also were im por tant com po nents of the as sem -
blages and formed 5 to 15% of them. Hanzawaia boueana,
Neoeponides schreibersi and Lobatula lobatula tem po rarily ex -
ceeded 5%; other spe cies, e.g., Bolivina spp., Bulimina sp,
Glandulina sp., Sigmoilinita tenuis were mi nor com po nents of
as sem blages. In the sam ple 2 stenohaline Cibicidoides unge -
rianus, Melonis pompilioides, Astrononion perfossum, Hetero -
lepa dutemplei oc curred for the last time in the sec tion (Fig. 10).

In the over ly ing rock in ter val (sam ples G–K) Elphidium
flour ished and formed 40 to 80% of the as sem blages. Miliolids
ap peared in the lower part of this in ter val (sam ple G) reach ing
10% in sam ples H and 4, and at the top of this in ter val (sam ple
4) Am mo nia beccarii ap peared (Fig. 10).

The rock in ter val rep re sented by sam ples L to Q was dom i -
nated by Lobatula lobatula (40 to 93%); miliolids ex ceeded 10%;
Elphidium formed ~10% ex cept in sam ple O where it reached
30%. In this sam ple also the last ap pear ance of E. fichtelianum

6 Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7

Fig. 4A – Globigerina tarchanensis Subbotina and Chutzieva; B – Globigerina sp.; C – Globigerina bulloides d'Orbigny;
D, E – Elphidium fichtelianum (d'Orbigny); F, G – Elphidium josephinum (d'Orbigny); H, I – Elphidium aculeatum

(d'Orbigny); J–L – Elphidium reginum (d'Orbigny)

A–E – sam ple 2; F–G – sam ple 29; H–I – sam ple 21; J–L – sam ple 28; scale bar = 200 mm



was ob served. At the same level the low est oc cur rence of E.
listeri was re corded. In this in ter val also Anomalino ides badene -
nsis oc curred as a mi nor com po nent of the as sem blages.

The rock in ter val com pris ing sam ples 10 to 26 was dom i -
nated by elphidiids, Lobatula lobatula, miliolids and Am mo nia
beccarii. Elphidium reginum, which ap peared in sam ple N of the 
un der ly ing in ter val, was a mi nor com po nent. Abun dances of
miliolids and Am mo nia beccarii are neg a tively cor re lated. In -
creas ing abun dance of miliolids was ac com pa nied by de creas -

ing trends of Am mo nia beccarii. Lobatula lobatula did not oc cur
in the rock in ter val rep re sented by sam ples 27–29; the in ter val
was dom i nated by elphidiids (Elphidium crispum, E. macellum,
E. listeri, E. aculeatum, E. reginum) form ing 75 to 85% of the
as sem blages. Elphidium reginum to gether with E. listeri were
dom i nant spe cies in these as sem blages, and their con tri bu tion
ranged be tween 25 and 35%. In the in ter val miliolids formed
15%, and Am mo nia oc curred rarely (Fig. 10).

Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7 7

Fig. 5A, B – Hanzawaia boueana (d'Orbigny); C, D – Cibicidoides austriacus (d'Orbigny); E, F – Cibicidoides sp.; 
G – Cibicidoides ungerianus (d'Orbigny); H, J – Lobatula lobatula (Walker and Ja cob); 

I – Anomalinoides badenensis (d'Orbigny);

A–H, J – sam ple 2, I – sam ple 8; scale bar = 200 mm



In the top most part of the sec tion (sam ple 29) within the
Elphidium as so ci a tion, E. reginum was re placed by E. jose -
phinum, and miliolids dis ap peared from the foraminiferal as -
sem blage.

The Badenian/Sarmatian bound ary is placed at the level
where the most abun dant stenohaline ben thic foraminifera dis -
ap peared (sam ple 2) (Fig. 10). 

PALYNOFACIES

The fol low ing groups of phytoclasts and palynomorphs
have been dis tin guished in the ma te rial stud ied: 

– black opa que phytoclasts; 
– dark brown trans lu cent, com monly highly dis in te grated par -

ti cles, in some cases larger, with pre served cu tic u lar struc -
ture;

8 Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7

Fig. 6A, C – Am mo nia beccarii (Linné); B, E – Elphidium macellum (Fichtel and Moll); D, H, I – Elphidium crispum
(Linné); F – Elphidium joukovi Serova; G – Elphidium friedbergi Serova; J – Elphidium antoninum (d'Orbigny); 

K, L – Elphidium listeri (d'Orbigny)

A, C, D, H, I, K, L – sam ple 29; B, E – sam ple 21; F, G, J – sam ple 14; scale bar = 200 mm



– pol len grains;
– dinoflagellate cysts (Fig. 11). 

Their dis tri bu tion is shown in Fig ure 9. It should be noted
that the pre sented ra tios of par tic u lar palynofacies el e ments,
es pe cially those rep re sent ing palynodebris, might be im pre -
cise. This is due to the low fre quency of counted par ti cles (com -

monly <300, es pe cially in lower part of the sec tion), and due to
their ten dency to dis in te grate. 

Ma jor ity of stud ied sam ples yielded low to even trace
amounts of palynological or ganic mat ter, de spite that quan tity
of pro cessed rock was ex ceed ing stan dard amounts. Their
palynofacies con sists of black opaque phytoclasts, in some

Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7 9

Fig. 7A – Bolivina sp.; B – Bolivina dilatata Reuss; C – Bolivina plicatella Cushman; D, E – Articulina problema Bogdanowicz; 
F – Sigmoilinita tenuis (Czjzek); G – Reussella spinulosa (Reuss); H – Triloculina eggeri (Bogdanowicz); I, J – Pseudo -
triloculina consobrina (d'Orbigny); K – Quinqueloculina bogdanovichi (Serova); L – Varidentella reussi (Bogdanowicz); M, P 
– Astrononion perfossum (Clodius); N – Melonis pompilioides (Fichtel and Moll); O – Varidentella sp.; Q – Porosononion
martkobi (Bogdanowicz); R – Nonion tumidulus Pishvanova; S – Rosalina obtusa d'Orbigny; T, U – Neoeponides schreibersi 
(d'Orbigny)

A–F – sam ple 4; G – sam ple K; H–L, O – sam ple 24; M, N, P, S–U – sam ple 2; Q, R – sam ple 29; scale bar = 200 mm



sam ples as so ci ated by rare dinoflagellate cysts. Some sam ples 
con tain dark brown trans lu cent par ti cles, which tend to dis in te -
grate (14–16, 25–28). A few sam ples only, mainly from up per
part of the stud ied sec tion, con tain a slightly higher amount of

palynological or ganic mat ter (13, 19A, 22–24, 28, 29). The lat ter 
con sists chiefly of dinoflagellate cysts, and sub or di nate black
phytoclasts. Some sam ples con tain a high ra tio of land plant tis -
sues (12, 26, 28), which, are rather a re cent con tam i na tion.

10 Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7
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Sporomorphs are rare; they are rep re sented in the ma te rial
stud ied by in fre quent bisaccate pol len grains, which oc cur in
sam ples 9, 13, 17, 21A (Fig. 9). 

Dinoflagellate cysts oc cur in ma jor ity of the sam ples stud ied 
(Fig. 9). They are ab sent in sam ples B, 3–5, 15, 17, 20, 27, i.e.,
sam ples, which con tain a very low amount of palynological or -
ganic mat ter. The dis tri bu tion of dinoflagellate cysts in the re -

main ing sam ples shows a quan ti ta tive and qual i ta tive di ver si fi -
ca tion. The basal part of the sec tion (sam ples A-10), which gen -
er ally yielded a very small amount of palynological or ganic mat -
ter, con tain very rare dinoflagellate cysts. Higher sam ples
11–14 con tain fre quent dinoflagellate cysts, but sam ples 15–18 
that fol low are bar ren or they yielded very rare, sin gle spec i -
mens only. In this in ter val, fre quent dark brown trans lu cent par -

Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7 11
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ti cles oc cur. Fre quent dinoflagellate cysts oc cur in sam ples 19A 
and 19B, whereas sam ples 20 and 21A are al most bar ren. The
high est part of the sec tion, ex cept sam ples 26 and 27, con tains
fre quent dinoflagellate cysts, which in some sam ples oc cur in
mass amount (22, 24, 29). Dark brown trans lu cent par ti cles
dom i nate in sam ples 25–28, which co in cide, sim i larly as in case 
of sam ples 15–18, with a de cline of dinoflagellate cyst as sem -
blages. Aquatic palynomorphs are also rep re sented by in fre -
quent Leiosphaeridia (sam ple 26).

Qual i ta tively, dinoflagellate cysts show a low di ver si fi ca tion
(Fig. 9). Polysphaeridium is the only ge nus that oc curs in lower
part of the sec tion (sam ples A-19A). Cleistosphaeridium placa -
canthum has its low est oc cur rence in sam ple 19B. Higher sam -
ples (20–28) that yielded dinoflagellate cysts con tain as sem -
blages com posed of Polysphaeridium zoharyi, or dom i nated by
this spe cies and with sub or di nate Cleistosphaeridium placa -
canthum and Batiacasphaera. An ex cep tion is the as sem blage
from sam ple 24, which con sists of dom i nant Cleisto sphae -
ridium placacanthum, and sub or di nate Polysphaeridium zo -
haryi (rare spec i mens of Lingulodinium machaerophorum,
Oper culo dinium centrocarpum, Batiacasphaera sp., Spinife -
rites sp. also oc cur). The high est sam ple 29 yielded a sim i larly
di ver si fied as sem blage: it con sists of dom i nant Polysphaeri -

dium zoharyi, and sub or di nate Cleistosphaeridium placa ca -
nthum, Pentadinium laticinctum, Spiniferites pseudo furcatus
and Operculodinium? sp.

ISOTOPES

The d13C and d18O val ues of stud ied foraminifer taxa are
shown in Ta ble 1. Most d18O val ues range from –1.5 to ~+0.5‰
VPDB (Fig. 12). The ex cep tions are two sam ples from the lower 
part of the sec tion where d18O val ues are as low as ~–3.5‰.
Gen er ally very slight grad ual de crease of d18O val ues (i.e. de -
ple tion in heavy ox y gen iso tope) up ward the sec tion can be ob -
served (Fig. 12). Ex clud ing one sam ple with a very low d13C
value (just be low –4‰ VPDB), all other mea sure ments range
from –1 to >+2.5‰ VPDB, and most are be tween 0 and +2‰
VPDB. In gen eral, the d13C curve mir rors the d18O changes in
the sec tion. 

The sam ple(s) from the bot tom most part of the sec tion be -
ing un doubt edly of Badenian age, do not dif fer iso to pi cally from
the Sarmatian sam ples from the rest of the sec tion. In fact, the
iso to pi cally heavi est sam ple is of Sarmatian age (sam ple no. 8).

The car bon iso to pic sig na tures of the Kreminna fora mini fers 
are iden ti cal, as e.g. those from the roughly co eval Sarma tian
sec tions of the Zsámbék Ba sin in Hun gary (the cen tral part of
the Pannonian Ba sin near Bu da pest). The d18O val ues in Kre -
minna are quite high when com pared to other Sarmatian lo ca -
tions – in the Zsámbék Ba sin d18O in foraminifers ranges from
–3.5 to ~–0.5 (Tóth et al., 2010). Com par i son of the Kreminna
iso to pic data with those mea sured in ben thic foraminifers com -
ing from other up per Badenian sec tions in the Paratethys
shows that the Kreminna data are usu ally iso to pi cally slightly
lighter in the case of ox y gen and sig nif i cantly heavier for car bon
(cf. Peryt et al., 2014). In the Shchyrets sec tion in Ukraine the
d18O val ues are usu ally close to +2‰ VPDB and d13C val ues
are in the range be tween -3 and 0‰ VPDB (Peryt et al., 2014).

Danuta Peryt et al. / Geological Quarterly, 2024, 68: 7 13

A B

C D

E F

Fig. 11. Dinoflagellate cysts from the Kreminna sec tion

A, B – Polysphaeridium zoharyi(Deflandre et Cookson, 1955) Wall,
1967; C – Operculodinium centrocarpum (Rossignol, 1962) Bujak et 
al. (1980); D, E – Cleistosphaeridium placacanthum (Deflandre et
Cookson, 1955) Eaton et al. (2001); F – Lingulodinium machaero -
phorum (Deflandre et Cookson, 1955) Wall (1967)

T a  b l e  1

d13C and d18O val ues of Mid dle Mio cene foraminifera 
of the Kreminna sec tion

Sam ple Taxon mea sured d18O [‰] d13C [‰]

2 Cibicidoides 0.273 1.715

4 Elphidium fichtelianum 0.483 0.283

5 Lobatula lobatula –3.659 0.723

8 Lobatula lobatula 0.741 2.377

10 Am mo nia beccarii –3.477 –4.412 

14 Elphidium spp. –0.171 1.215

18 Elphidium spp. –0.057 0.311

21b Elphidium crispum + Elphidium
reginum –0.555 0.77  

22 Am mo nia beccarii –1.426 0.198

24 Lobatula lobatula + Elphidium
crispum 0.29 0.385

25
Am mo nia beccarii –1.43  –0.952 

Elphidium crispum –0.253 0.119

28 Elphidium reginum 0.364 1.281

29 Elphidium aculeatum –0.957 0.408

https://doi.org/10.1017/S0016756809990203
https://doi.org/10.7306/gq.1195
https://www.schweizerbart.de/papers/njgpa/detail/219/89234/Re_evaluation_of_the_status_of_the_dinoflagellate_?af=crossref


INTERPRETATION

FORAMINIFERA

Five foraminiferal as sem blages were rec og nized in the Kre -
minna sec tion (Fig. 12) which sug gests changes in the palaeo -
environment. There is a di rect re la tion ship be tween the abun -
dance of spe cies within com mu nity and its en vi ron ment. Abun -
dance fluc tu a tions of ben thic foraminifera are sen si tive palaeo -
ceanographic in di ca tors re spond ing to chang ing palaeo tem -
pera ture, sa lin ity, nu tri ent sup ply and ox y gen con di tions. 

The ex tinc tion of sev eral rare spe cies would have a mi nor
im pact on the to tal pop u la tion as their com bined spe cies abun -
dances are not likely to ex ceed 2–10%. Ex tinc tion of one or
more of the dom i nant spe cies, how ever, would have a ma jor
im pact as they may com prise 50% or more of the to tal pop u la -
tion and re flect sig nif i cant en vi ron men tal change.

The Cibicidoides ungerianus As sem blage (As sem blage I)
oc curs in marls with com mon biodetritus of lithothamnia, bi -
valves and gas tro pods at the base of the stud ied sec tion (sam -
ples A–F, 2; Fig. 10). This as sem blage is char ac ter ized by the
dom i nance (30 to al most 50%) of Cibicidoides rep re sented
mainly by Cibicidoides ungerianus and C. austriacus. Other im -
por tant com po nents are the elphidiids, which ex ceed 20%.
Rare spec i mens of Lobatula lobatula and Quinqueloculina sp.
also oc cur. In the low er most part ag glu ti nated forms and He -
tero lepa dutemplei in the mid dle form up to 20% of the as sem -
blage. The pres ence in this as sem blage of plank tonic fora -
minifera, mainly Globigerina bulloides in di cates a nor mal sa lin -

ity ma rine en vi ron ment, and ap prox i mately 50 to 70 m wa ter
depth (Hemleben et al., 1989; Schiebel et al., 1997). Mod er ate
ben thic foraminiferal di ver sity in di cated by 19 to 24 spe cies,
H(S) di ver sity in dex from 1.9 to 2.4 and the pre dom i nance of
stenohaline spe cies over euryhaline ones con firm such a sug -
ges tion. Bot tom wa ters were well-ox y gen ated; epifaunally liv ing 
fora mini fera form >70% of the as sem blage (Fig. 10).

The Elphidium fichtelianum As sem blage (As sem blage II) is
re corded in light grey-green marls un der ly ing a lime stone com -
plex (sam ples G, H, 4, K; Fig. 10). This as sem blage is dom i -
nated by elphidiids; they con trib ut ing 40–80% to the as sem -
blage (Fig. 10). Mi nor com po nents in this as sem blage are
miliolids and Lobatula lobatula. Re cent keeled elphidiids oc cur
in shal low ma rine en vi ron ments (in ner shelf) with warm to tem -
per ate and nor mal to hypersaline (35–70‰) wa ters (Murray,
1991, 2006). Miliolids which ex ceed 10% in the as sem blage
also tol er ate a wide range of sa lin ity lim its (32–65‰) (Murray,
1991, 2006). 

This as sem blage re flects a sig nif i cant palaeoenvironmental 
change. The dis ap pear ance of abun dant groups of stenohaline
Badenian foraminifera, such as Cibicidoides, Melonis, Hetero -
lepa, Astrononion, and their re place ment, in As sem blage II, by
keeled forms of Elphidium and the ab sence of plank tonic fora -
minifera (in con trast to As sem blage I) can be in ter preted as due 
to a shallowing of the sea to a depth <50 m and a sa lin ity in -
crease. Ox y gen a tion of bot tom wa ters was sim i lar to that in As -
sem blage I.

The Lobatula lobatula-Anomalinoides badenensis As sem -
blage (As sem blage III) oc curs in organodetrital lime stone and
dark brown marls with nu mer ous gas tro pods (sam ples L, 5, N,
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O, 8, Q; Fig. 10). It is dom i nated by Lobatula lobatula which
form 40 to 90% of the as sem blage. Lobatula lobatula is ac com -
pa nied by Anomalinoides badenensis. Miliolids, elphidiids and
Am mo nia beccarii are mi nor com po nents and in most sam ples
they slightly ex ceed 10%; only in sam ple O elphidiids reached
30%. This as sem blage in di cates a shal low high en ergy shelf
en vi ron ment and is char ac ter ized by the dom i nance of epi -
faunal morphotypes and al most the com plete ab sence of
infaunal ones (Fig. 8). Ac cord ing to the TROX model pro posed
by Jorissen et al. (1995), this is the re sponse of ben thic micro -
fauna ei ther to oligotrophic or to fully eutrophic en vi ron ments. In 
such en vi ron ments, the deg ra da tion of or ganic mat ter within
the sed i ment where infaunal foraminifera thrive con sumes
more ox y gen than that pro vided by bioturbation and dif fu sion.
This re sults in ex cess of food in the sed i ment. A fur ther in -
crease in the or ganic flux re sults in an in creased con sump tion
of ox y gen in the ben thic en vi ron ment and shallowing of the ox y -
gen ated sed i ment layer. In ex treme sit u a tions, all ox y gen is
con sumed at the sed i ment sur face and deeper sed i ment lay ers
are anoxic, as un der ex tremely oligotrophic con di tions, all ben -
thic foraminifera are ob served ex clu sively at the sed i ment-wa -
ter in ter face (Jo rissen et al., 1995).

The Am mo nia beccarii As sem blage (As sem blage IV) oc -
curs in ~2 m thick rock in ter val (from sam ple 10 to 26) com -
posed by clays, marls and two thin lime stone beds (Fig. 10). In
this part of the suc ces sion Am mo nia beccarii is a dom i nant spe -
cies reach ing from 30 to 80%; miliolids form ~15%, ex cept of
two short in ter vals in the lower and up per part where they dom i -
nate and form al most 60% of the as sem blage. Lobatula loba -
tula in the lower and mid dle part of this in ter val forms from 10 up 
to 30% of the as sem blage in sam ple W. It dis ap pears in the up -
per part. Elphidiids oc cur con stantly through out the in ter val and
are mi nor con tri bu tors (10–15%). (Fig. 10). Am mo nia is a
foraminifer char ac ter is tic of lit to ral and neritic en vi ron ments.
This ge nus usually thrives in estuarine, brack ish and saltmarsh
en vi ron ments (Jorissen, 1988; Murray, 2006) or un der the in flu -
ence of fluc tu at ing wa ter sa lin ity, tem per a ture and nu tri ent in put 
(Debenay et al., 1998). Adult A. beccarii mostly pre fers an
epiphytic sus pen sion-feeder life style, both on sea grass leaves
or on cal car e ous al gae (Debenay et al., 1998). Am mo nia be -
ccarii is also abun dant un der more open ma rine con di tions or
es tu ar ies with fluc tu at ing wa ter sa lin ity. Hay ward et al. (2021)
placed A. beccarii in their “subtidal in ner shelf group” of Am mo -
nia spe cies char ac ter iz ing 0–50 m wa ter depth.

Miliolids (Cycloforina, Varidentella, Quinqueloculina, Trilo -
culina) are epiphytes, how ever, their dis tri bu tion is not re lated to 
a spe cific type of phytal sub strate (Langer, 1993). They pre fer
shal low ma rine en vi ron ments (0–50 m wa ter depth) of nor mal
sa lin ity to hypersaline (32–65‰), char ac ter is tic of la goons
(Murray, 1991, 2006). Be cause Am mo nia beccarii and miliolids
are epiphytes it seems that changes in tem po ral avail abil ity of
phytal sub strates are pri mar ily re spon si ble for their abun dance
fluc tu a tion. Their co-oc cur rence with stenohaline forms in di -
cates nor mal sa lin ity ma rine en vi ron ments. A very high share of 
shal low infauna in di cates de ple tion of ox y gen within the sed i -
ment (Fig. 10). 

The Elphidium reginum-Elphidium aculeatum As sem blage
(As sem blage V) oc curs in the up per most lime stone bed (sam -
ples 27–29). Elphidium forms 75 to 85% of the as sem blage
while Elphidium with spines (E. reginum, E. aculeatum, E. jose -
phinum) are very abun dant and reach 35 to 50% of the as sem -
blage. Miliolids and Am mo nia beccarii are mi nor com po nents of 
the as sem blage. Stenohaline spe cies are prac ti cally ab sent.
Elphidium aculetaum lives re cently on arborescent al gae and is
an epiphytic, sus pen sion feed ing form. Elphidium macellum

pre sum ably also had the same smaller al gae microhabitat
(Langer, 1993). Re cently it is a com mon mem ber of low tidal
and shal low subtidal (0–20 m depth) foraminiferal as so ci a tions
(Hay ward et al., 1997). The pre dom i nance of keeled elphidiids
sug gests dense arborescent al gal sub strate. How ever, E. regi -
num pos sesses a few long spines on the pe riph ery, and the rea -
son of mor pho log i cal ad ap ta tion can be ex plained with the tran -
si tion of the al gal into sea grass veg e ta tion (cf. Tóth et al., 2010). 
This as sem blage re flects an in creased sa lin ity en vi ron ment,
with a sed i ment layer very im pov er ished in ox y gen.

PALYNOFACIES

A char ac ter is tic fea ture of palynofacies from the stud ied
sec tion is the very low pro por tion of land-de rived el e ments –
sporomorphs and cu ti cles (Fig. 9), sug gest ing a sed i men tary
set ting with out ter res trial in flux. An other char ac ter is tic fea ture is 
the tax o nom i cal im pov er ish ment of dinoflagellate cyst as sem -
blages, which are ei ther monospecific or con sist mainly of two
to three spe cies (Fig. 9). 

As sem blages with Polysphaeridium zoharyi and P. subtile,
which oc cur in a ma jor ity of sam ples, sug gest stressed con di -
tions, most likely re lated to in creased sa lin ity. Pyrodinium baha -
mense, the re cent motile stage of P. zoharyi, forms mono -
specific blooms in hypersaline wa ters; fos sil P. zoharyi is com -
monly found in rocks de pos ited dur ing in creased sa lin ity con di -
tions (e.g., Wall and Dale, 1969; Dale, 1976; Wall et al., 1977;
Morzadec-Kerfourn, 1979, 1983; Brad ford and Wall, 1984; Ed -
wards and Andrle, 1992). The oc cur rence of these spe cies, to -
gether with a lim ited ter res trial in flux may sug gest a re stricted,
hypersaline la goonal en vi ron ment. 

A basal part of the sec tion stud ied, char ac ter ized by very
low amounts of palynological or ganic mat ter, con sists of inter -
layering in ter vals of strata that yielded Polysphaeridium only
with dinoflagellate cyst bar ren in ter vals. Strata with Polys -
phaeri dium (sam ples A, C, D, 1, 2, 6–13) were de pos ited in
con di tions fa vour able for this ge nus only and hos tile for other
spe cies. The lack of dinoflagellate cysts in sam ples B and 3–5
is pre sum ably re lated to the in creased fac tors re spon si ble for
stress con di tions hos tile for all dinoflagellates. Higher up in the
sec tion, an in ter val with P. zoharyi (sam ples 6–13), which pre -
sum ably re flects sim i lar en vi ron men tal con di tions as the basal
one (sam ples A, C, D, 1 and 2), passes into an in ter val with an
in creased con tent of dark brown trans lu cent par ti cles and a de -
cline in dinoflagellate cysts (sam ples 14–16). The lat ter in ter val
was pre sum ably de pos ited in a sim i lar set ting as the top most
one (sam ples 25–28) char ac ter ized by a high ra tio of dark
brown trans lu cent par ti cles and lack of dinoflagellate cysts.
These two in ter vals are sep a rated by an in ter val, which yielded
dinoflagellate cysts, in some sam ples ap pear ing in mass
amounts.

The oc cur rence of Cleistosphaeridium placacanthum at
some lev els sug gests slightly dif fer ent, but pre sum ably still in -
creased-sa lin ity con di tions com pared to the lev els with mono -
specific P. zoharyi as sem blages. C. placacanthum is a cos mo -
pol i tan spe cies known from ma rine palaeoenvironments. It was
re ported from fully ma rine Mid dle Mio cene strata of Carpathian
Foredeep where it is as so ci ated with di ver si fied as sem blages
(e.g., Gedl, 1996; Peryt and Gedl, 2010; Peryt et al., 2014). But
it also oc curs, com monly as fre quent to dom i nat ing spe cies, in
nu mer ous set tings of prox i mal Badenian of the Carpathian
Foredeep where it is as so ci ated with tax o nom i cally im pov er -
ished as sem blages with Polysphaeridium zoharyi and Lingulo -
dinium machaerophorum (Gedl and Peryt, 2011; Gedl, 2016;
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Gedl et al., 2016). This dis tri bu tion pat tern of C. placacanthum
sug gests that this spe cies oc curs in a wide spec trum of palaeo -
environments, be ing also tol er ant for prox i mal set tings with a
pre sum ably in creased sa lin ity.  

The di ver sity in crease noted in the up per part of the stud ied
sec tion (above sam ple 19B; Fig. 9) sug gests a slight im prove -
ment in en vi ron men tal con di tions. Most di ver si fied as sem bla -
ges from sam ples 24 and 29 pre sum ably re flect fairly ma rine
con di tions, al though sa lin ity re mained still above nor mal lev els
as sug gested by the com mon oc cur rence (sam ple 24) and
dom i nance (sam ple 29) of Polysphaeridium zoharyi. An other
in di ca tion of stress con di tions re lated to in creased sa lin ity might 
be the pres ence of Leiosphaeridia in sam ple 26. This ap par -
ently prasinophycean alga (see Guy-Ohlson, 1996) is known to
have ap peared in var i ous en vi ron ments, com monly re lated to
in creased sa lin ity (e.g., Brugman et al., 1994). Leiosphaeridia
com monly oc curs in the Badenian evaporite de pos its of Carpa -
thian Foredeep (Gedl, 1997, 2004; Gedl in Peryt et al., 1997) or
in strata di rectly over ly ing them (Gedl, 1999).

ISOTOPES

Iso to pic stud ies of cal car e ous skel e tons can not es cape the
ques tion of a pos si ble diagenetic al ter ation that may po ten tially
mod ify their pris tine com po si tion; an other con strain in the case
stud ied is the re li abil ity of the small data set for any palaeo -
environmental con sid er ations (Fourel et al., 2015). The iso to pic 
data from Kreminna are likely ob scured to some de gree by
diagenesis, which makes the pos si bil ity of their use in the
palaeoenvironmental in ter pre ta tion dif fi cult. How ever, most of
the d18O and d13C iso to pic sig na tures mea sured in the Kre -
minna sec tion may be con sid ered more or less pri mary as they
do not de vi ate from val ues rea son ably ex pected for pris tine
biogenic car bon ate both in the case of ox y gen as well as car bon 
sig na tures (Fig. 12). Only two sam ples with the low est d18O val -
ues are in flu enced un doubt edly by me te oric diagenesis (i.e.
con tam i na tion of foraminifer tests with me te oric ce ment and/or
recrystallization of the tests it self) and should be ex cluded in
fur ther con sid er ations.

The mea sured d18O and d13C sig na tures are within the
range typ i cal of the Sarmatian of the Carpathian Foredeep in
Po land and Ukraine (see Jasionowski, 2006). Their high est val -
ues, how ever, are sig nif i cantly lower (by ~2‰ in the case of
d18O and by over 1‰ for d13C) than the iso to pi cally heavi est
sam ples of roughly co eval pre cip i tates (ce ments and mi cro bial
sed i ments) build ing the nearby serpulid-microbialite reefs of the 
Medobory re gion (see Jasionowski, 2006). The reefs are in ter -
preted to orig i nate in semi-ma rine wa ters that were en riched in
the heavy ox y gen iso tope due to in tense evap o ra tion (Jasio -
nowski, 2006; Studencka and Jasionowski, 2011). The Kre -
minna site was sit u ated closer to the shore of the ba sin, ac tu ally 
in the la goon at the back of the reefs, and was prob a bly more
ex posed to in puts of me te oric wa ter, which was also en riched in 
iso to pi cally lighter biogenic car bon.

Be cause sa lin ity of the Paratethys ba sin can not be pre -
cisely de ter mined it is dif fi cult to in ter pret the ox y gen sig na tures
of the Kreminna sec tion in terms of tem per a ture. As al ready
men tioned above, it is gen er ally be lieved that the Sarmatian
Paratethys as a whole was a semi-ma rine ba sin with re duced
sa lin ity due to iso la tion from the world ocean and an ex cess of
me te oric wa ter en ter ing the ba sin over evap o ra tion (e.g., Rögl,
1998; Studencka and Jasionowski, 2011). Al though, there have 
also been views of nor mal ma rine or even lo cally hypersaline
con di tions in the Paratethys (see e.g., Piller and Harzhauser,

2005). Any way, lo cally the Sarmatian wa ter could be strongly
en riched in the heavier ox y gen iso tope, as pre sum ably hap -
pened dur ing the for ma tion of Sarmatian serpulid-micriobialite
reefs (Jasionowski, 2006; Studencka and Jasionowski, 2011).
Thus, lo cal con di tions may have played a key role in the for ma -
tion of the ox y gen iso to pic com po si tion of wa ter at spe cific lo ca -
tions in the Sarmatian ba sin, which con se quently makes vir tu -
ally im pos si ble to make un am big u ous es ti ma tions of palaeo -
temperature.

With the above in mind if one as sumes the pres ent-day iso -
to pic com po si tion of sea wa ter (i.e. d18O 0‰ VSMOW), the pre -
cip i ta tion tem per a tures of the foraminifer tests from Kreminna
fall within the wide range from ~12 to ~22°C (cal cu lated us ing
equa tions given e.g., by Ep stein at al., 1953 or Kim and O’Neil,
1997). Low er ing the d18O of wa ter by 1‰ gives tem per a tures in
the range of 8–17°C, and by 2‰ as low as 5–13°C. So it is clear
that the de ple tion of wa ter in the heavy ox y gen iso tope can not
be very strong, oth er wise cal cu lated tem per a tures would be un -
re al is tic.

The barely vis i ble de creas ing trend in d18O (i.e. de ple tion in
heavy ox y gen iso tope) up ward the sec tion (Fig. 12) may re flect
a grad ual de crease in sa lin ity with time, af ter the tran si tion from
nor mal ma rine con di tions in the lat est late Badenian (the very
bot tom of the sec tion stud ied) to semi-ma rine ones with re -
duced sa lin ity in the ear li est Sarmatian (the rest of the sec tion).
The same ex pla na tion can be ap plied to the sim i lar de crease in
d13C up ward the sec tion, re flect ing a slightly in creas ing con tri -
bu tion of biogenic TOC in Sarmatian wa ters cou pled with larger
in put of me te oric wa ter. Fluc tu a tions of car bon iso tope sig na -
tures may re flect the vari able con tri bu tion of biogenic car bon ate 
ions in wa ter pos si bly cor re lated with the me te oric wa ter in flows
to the mar ginal parts of the ba sin and its mix ing with the ba sin
wa ter res er voir. The ap par ent lin ear cor re la tion be tween d18O
and d13C sup ports this hy poth e sis (un less it is diagenetic).

DISCUSSION

At the Badenian/Sarmatian bound ary a ma jor change in the
ben thic and plank tonic foraminiferal as sem blages oc curred,
and stenohaline foraminifers were re placed by euryhaline ones. 
£uczkowska (1964, 1985) con cluded that above the level of ex -
tinc tion of foraminifers from the up per Badenian Hanzawaia
crassiseptata Zone, the as sem blage with Anomalinoides divi -
dens and some other Sarmatian spe cies ap peared abruptly as
a re flec tion of shallowing and a de crease in sa lin ity. She in tro -
duced the Anomalinoides dividens Zone con sid ered an as sem -
blage zone with a mass oc cur rence of A. dividens along with
elphidiids and miliolids in its up per part (£uczkowska, 1964) that 
is widely ap plied in the re gional biostratigraphy of the Cen tral
Paratethys (e.g., £uczkowska, 1967; Czepiec, 1996; Filipescu,
2004; Harzhauser and Piller, 2004b; Dumitriu et al., 2017; Fig.
13). How ever, Peryt et al. (2021) doc u mented, in two bore hole
sec tions from the Carpathian Foredeep of SE Po land (Babczyn
2 and Cieszanów 1), Anomalinoides dividens ap peared some
time af ter the ex tinc tion of Badenian foraminifers be cause it
was sep a rated by an in ter val with depauparate as sem blages
com posed of a few spe cies of elphidiids and miliolids of the
Elphidium angulatum Par tial Range Zone. Con se quently, the
base of Anomalinoides dividens Zone, con sid ered as an in di ca -
tor of the Badenian/Sarmatian bound ary, is not co eval with the
up per bound ary of the Hanzawaia crassiseptata zone (Fig. 13).
They dis cussed two op tions to as sign the Badenian/Sarmatian
bound ary based on the foraminiferal as sem blages: one on the
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ma jor change of foraminiferal as sem blages, in duced by a
change in the con fig u ra tion of the Cen tral–East ern Paratethys
gate way (cf. Palcu et al., 2015), and the sec ond at the base of
Anomalinoides dividens Zone, be ing in fa vour of the first one.

In the Kreminna sec tion a dis tinc tive change in the com po -
si tion of foraminiferal as sem blages, from those dom i nated by
stenohaline spe cies to those dom i nated by euryhaline spe cies
is ob served within marls oc cur ring in the lower part of the sec -
tion (Figs. 2A, 3, 8 and 10). The place of this change was lo -

cated be tween sam ples 2 and G, and above it the plank tonic
spe cies dis ap peared, which oth er wise was char ac ter is tic for the 
BSEE (Harzhauser and Piller, 2007). There fore, this change is
re garded as an in di ca tion of the Badenian/Sarmatian bound ary.

Some Badenian stenohaline spe cies, mi nor con tri bu tors to
the foraminiferal as sem blages (such as Hanzawaia boueana,
Neoconorbina schreibersi, Eponides nanus, Reussella spinu -
losa) crossed the bound ary but dis ap peared soon af ter, and
some spe cies con tin ued till the top of the sec tion al though they
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be came rarer up wards. On the other hand, new, pre vi ously
not-oc cur ring, spe cies ap peared: first Am mo nia beccarii (in the
top part of the in ter val with foraminifers dis ap pear ing soon af ter
the Badenian/Sarmatian bound ary), then Anomalinoides bade -
nensis (start ing from the first lime stone bed) and next Elphidium 
aculeatum, E. reginum and Articulina problema (Fig. 3). As no -
ticed by Harzhauser and Piller (2007), the foraminiferal fauna of 
the on set of the Sarmatian was char ac ter ized by large elphi -
diids, Anomalinoides spe cies, and very char ac ter is tic Scha -
ckoinella imperatoria (d’Orbigny) which, how ever, in the Kre -
minna sec tion was noted higher in the sec tion (Fig. 3). At the
same time, this is the most di ver si fied as sem blage, pos si bly re -
lated to the Sarmatian trans gres sion that was re corded in many 
bas ins of the Cen tral Paratethys (Nováková et al., 2020 with
ref er ences therein) and that ef fected that the early (but not the
ear li est, as in di cated by Peryt et al., 2021) Sarmatian de po si -
tion cov ered a larger sur face than the lat est Badenian one. This 
trans gres sion was trig gered by the tec tonic re or ga ni za tion in
the re gion com bined with a global sea level rise (see Palcu et
al., 2015). The first rel a tive sea level fall in Cen tral Paratethys
oc curred within the Early Sarmatian Mohrensternia Zone and
di vides the Anomalinoides dividens Zone from the Elphidium
reginum Zone (Harzhauser and Piller, 2004b).

The bound ary be tween the up per Badenian and Sarmatian
sed i ments in the Kreminna sec tion is char ac ter ized by its con -
for mity like the co eval bound ary at the Donje Orešje lo cal ity
(Croatia) de scribed by Vrsaljko et al. (2006). In the Cro atian
case, a grad ual change of palaeo eco logi cal char ac ter is tics they 
ob served from a nor mal ma rine to re duced sa lin ity fauna has
been in ter preted as due to sed i men ta tion in the deeper part of
the ba sin (Vrsaljko et al., 2006). In the Kreminna sec tion, the
foraminiferal turn over was grad ual. As sem blage I re cords the
changes. First the ag glu ti nated forms went ex tinct, fol lowed
soon by Heterolepa dutemplei. The third step was the dis ap -
pear ance of plank tonic Globigerina spp and Cibicidoides and
Melonis pompilioides which were dom i nant ben thic forms. This
level, i.e. the ex tinc tion of the abun dant group of stenohaline
Badenian foraminifera, marks the Badenian/Sarmatian bound -
ary. The Cibicidoides As sem blage cor re sponds to the Hanza -
waia crassiseptata Zone dis tin guished in the Babczyn 2 bore -
hole (Peryt et al., 2021). The Elphidium fichtelianum As sem -
blage cor re sponds to the Elphidium angulatum Zone from SE
Po land (Fig. 13). Anomalinoides dividens was not re corded in
the Kreminna sec tion. A pos si ble ex pla na tion may be that, as
con cluded by Czepiec (1997), the spe cies had a mass oc cur -
rence in the clayey-marly fa cies, but in the de tri tal fa cies it was
very rare. This, how ever, raises the ques tion if such fa cies
con trol does not con tra dict a pos si bly plank tonic or pseudo -
-plank tonic mode of life of Anomalinoides dividens as was as -
sumed by Filipescu (2004). In turn, in the de tri tal fa cies,
Elphidiidae pre vailed over Miliolacea that are dom i nant in the
clayey-marly fa cies.

How ever, Anomalinoides badenensis ap peared in the first
lime stone bed as mi nor con trib u tor in the As sem blage III with
Lobatula lobatula. This As sem blage is re garded as co eval with
the Anomalinoides dividens Zone from the Babczyn 2 bore hole.
Bobrinskaya et al. (1998) dis tin guished it as “Cibicides bade -
nensis”. The fol low ing as sem blage (Am mo nia beccarii as sem -
blage) can be cor re lated with the Quinqueloculina crassise ptata
as sem blage of Bobrinskaya et al. (1998). The youn gest as sem -

blage, the Elphidium reginum–E. angulatum Zone, cor re sponds
to the Elphidium reginum as sem blage of Bobrinskaya et al.
(1998) (Fig. 13). Garecka and Olszewska (2011) in cluded the
lower part of the Dashava Formation from the NE Ukrai nian
Carpathian Foredeep into two foraminiferal Zones of £uczko -
wska (1964): Anomalinoides dividens and Cycloforina karreri
ovata.

Palcu et al. (2015) as sumed that the BSEE does cor re -
spond to a change in the con fig u ra tion of the Cen tral–East ern
Paratethys gate way but Silye and Filipescu (2016) sug gested
that the end Badenian clo sure of the Paratethyan bas ins was
most prob a bly diachronous due to their com plex tec tonic evo lu -
tion. Both the Babczyn 2 sec tion and Kreminna sec tion that
show a sim i lar pat tern of changes of foraminiferal as sem blages
that are pos si bly isochronous con sid er ing that the both lo cal i -
ties are lo cated within the East Eu ro pean Plat form.

CONCLUSIONS

1. The Mio cene de pos its com pris ing the >1 m thick up per
Badenian marls clays pass ing up wards into ~4 m thick Sarma -
tian marly lime stones with in ter ca la tions of marls, clays and
lime stones that are over lain by >2 m thick lime stones in the
Kreminna sec tion, con tain 53 spe cies of ben thic foraminifera
and four spe cies of plank tonic foraminifera. 

2. Five ben thic foraminiferal as sem blages that are dis tin -
guished in the Kreminna sec tion, are com posed al most ex clu -
sively of cal car e ous forms; ag glu ti nated taxa are re corded only
in the low er most part of the Cibicidoides ungerianus As sem -
blage. Elphidium spp., miliolids, Lobatula lobatula and Am mo -
nia spp. are the most com mon cal car e ous ben thic foraminifera;
plank tonic foraminifera are rep re sented only by Globigerina
spe cies and oc cur rarely in the low er most part of the sec tion. 

3. Palynofacies are char ac ter ized by a very low pro por tion
of land-de rived el e ments – sporomorphs and cu ti cles, im ply ing
a sed i men tary set ting with out ter res trial in flux, and tax o nom i cal
im pov er ish ment of dinoflagellate cyst as sem blages.

4. Dinoflagellate cyst as sem blages are ei ther monospecific
or con sist mainly of two to three spe cies: in a ma jor ity of sam ples, 
as sem blages with Polysphaeridium zoharyi and P. subtile oc cur. 

5. Most d18O val ues range from –1.5 to ~+0.5‰ VPDB and
most d13C val ues are be tween 0 and +2‰ VPDB. In gen eral,
the d13C curve mir rors the d18O changes in the sec tion. 

6. The Badenian/Sarmatian bound ary is placed at the level
where plank tonic foraminifers and most abun dant stenohaline
ben thic foraminifera dis ap peared, i.e. at the bound ary be tween
the Cibicidoides ungerianus As sem blage and the Elphidium
fichtelianum As sem blage. 

7. Bot tom wa ters were well ox y gen ated both in the lat est
Badenian and ear li est Sarmatian in the Kreminna lo ca tion.
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Appendix 1 
List of the identified foraminifera 

 
Benthic foraminifera 
Ammonia beccarii (Linné, 1758)    Fig. 6A, C 
Anomalinoides badenensis (d’Orbigny, 1846)   Fig. 5I 
Articulina problema Bogdanowicz, 1952   Fig. 7D, E 
Astrononion perfossum (Clodius, 1922)   Fig. 7M, P 
Bolivina dilatata Reuss, 1850    Fig. 7B 
Bolivina plicatella Cushman, 1930    Fig. 7C 
Bolivina sp.      Fig. 7A 
Bulimina subulata Cushman and Parker, 1937 
Bulimina sp. 
Cibicidoides austriacus (d’Orbigny, 1846)    Fig. 5C, D 
Cibicidoides ungerianus (d’Orbigny, 1846)   Fig. 5G 
Cibicidoides sp.      Fig. 5E, F 
Dorothia sp. 
Elphidium aculeatum (d’Orbigny, 1846)   Fig. 4H, I 
Elphidium antoninum (d’Orbigny, 1846)    Fig. 6J 
Elphidium crispum (Linné, 1758)    Fig. 6D, H, I 
Elphidium fichtelianum (d’Orbigny, 1846)   Fig. 4D, E 
Elphidium friedbergi Serova, 1955    Fig. 6G 
Elphidium josephinum (d’Orbigny, 1846)   Fig. 4F, G 
Elphidium joukovi Serova, 1955    Fig. 6F 
Elphidium koberi Tollmann, 1955 
Elphidium listeri (d’Orbigny, 1846)    Fig. 6K, L 
Elphidium macellum (Fichtel and Moll, 1798)   Fig. 6B, E 
Elphidium reginum (d’Orbigny, 1846)    Fig. 4J–L 
Elphidium sp. 
Eponides nanus (Reuss, 1850) 
Eponides repandus (Fichtel and Moll, 1798) 
Favulina hexagona (Williamson, 1848) 
Fursenkoina acuta (d'Orbigny, 1846) 
Glandulina sp. 
Globulina sp. 
Hanzawaia boueana (d’Orbigny, 1846)    Fig. 5A, B 
Heterolepa dutemplei (d'Orbigny, 1846) 
Lobatula lobatula (Walker and Jacob, 1798)   Fig. 5H, J 
Melonis pompilioides (Fichtel and Moll, 1798)   Fig. 7N 
Neoeponides schreibersi (d’Orbigny, 1846)   Fig. 7T, U 
Nonion commune (d'Orbigny, 1846) 
Nonion tumidulus Pishvanova, 1960    Fig. 7R 
Porosononion martkobi (Bogdanowicz, 1947)   Fig. 7Q 
Pseudotriloculina consobrina (d’Orbigny, 1846)   Fig. 7I, J 
Reussella spinulosa (Reuss, 1850)    Fig. 7G 
Rosalina obtusa d’Orbigny 1846     Fig. 7S 
Quinqueloculina bogdanovichi (Serova, 1955)   Fig. 7K 
Quinqueloculina sp. 
Schackoinella imperatoria (d’Orbigny, 1846) 
Semivulvulina pectinata (Reuss, 1850) 
Sigmoilinita tenuis (Czjzek, 1848)     Fig. 7F 
Sphaeroidina bulloides d’Orbigny, 1826 
Textularia laevigata d’Orbigny, 1826 
Triloculina eggeri (Bogdanowicz, 1952)   Fig. 7H 
Valvulineria complanata (d’Orbigny, 1846) 
Varidentella reussi (Bogdanowicz, 1947)   Fig. 7L 
Varidentella sp.      Fig. 7O 
 
Planktonic foraminifera  
Globigerina bulloides d’Orbigny, 1826   Fig. 4C 
Globigerina praebulloides Blow, 1959 
Globigerina tarchanensis Subbotina and Chutzieva 1950  Fig. 4A 
Globigerina sp.      Fig. 4B 
 
 


