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The up per Badenian sec tion of the Kudryntsi quarry (Ukrai nian Carpathian Fore land Ba sin) con sists of the Ternopil and Prut
mem bers of the Kosiv For ma tion. Its lower part was pre vi ously de scribed by Gedl and Peryt (2011), and here we re port a
5.3 m thick newly-ex posed up per part of the sec tion. Fifty-five spe cies of ben thic foraminifera and five spe cies of plank tonic
foraminifera oc cur there. Ben thic foraminifera are rep re sented by both cal car e ous and ag glu ti nated forms. Plank tonic
foraminifera oc cur in the whole of the suc ces sion stud ied. Five ben thic foraminiferal as sem blages are rec og nized: As sem -
blage VIII (Elphidium–Lobatula), As sem blage IX (Cibicidoides), As sem blage X (Uvigerina–Bulimina), As sem blage XI
(Heterolepa) and As sem blage XII (Uvigerina–Bulimina–ag glu ti nated). The foraminiferal re cord in di cates de po si tion in a
shal low subtidal en vi ron ment of nor mal ma rine sa lin ity and tem per ate wa ters fol lowed by grad ual deep en ing of the ba sin to
>50 m. Anal y sis of foraminiferal as sem blages in di cates that bot tom wa ters were highly ox y gen ated dur ing de po si tion of the
lower and mid dle parts of the in ter val stud ied. Dur ing de po si tion of the up per part of the se quence, the ox y gen a tion of bot tom
wa ter de creased, as in di cated by a large de crease in the pro por tion of oxic spe cies and an in crease in dysoxic taxa.
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INTRODUCTION

The ad vance of the late Badenian trans gres sion that ter mi -
nated the Badenian Sa lin ity Cri sis (BSC; Peryt, 2006 with ref er -
ences therein) in the Carpathian Foredeep Ba sin be fore 13.32
±0.07 Ma and re-in stalled nor mal ma rine con di tions, re sulted
from reconnection of the ba sin with the Med i ter ra nean and
East ern Paratethys, pri mar ily by tec tonic mod i fi ca tion of the in -
ter con nect ing gate ways (de Leeuw et al., 2018). The com bined
ef fect of a eustatic global base-level rise and the ex pan sion of
the fore land ba sin to wards the pas sive mar gin due to pro gres -

sive orogenic load ing and lithospheric flex ure (see de Leeuw et
al., 2018) was al ready no ticed dur ing the de po si tion of the
Badenian sul phate evaporites in the Ukrai nian Carpathian
Fore deep ba sin. The late Badenian trans gres sion in the mar -
ginal part of the Ukrai nian Carpathian Foredeep Ba sin re sulted
in flood ing of the gyp sum plat form that de vel oped dur ing the
BSC, and the sea-shore trans gressed a few tens of kilo metres
land ward when com pared to the limit of the sed i men tary ba sin
in which evaporites were de pos ited. 

In the Kudryntsi gyp sum quarry which is one of the key sec -
tions of the Badenian in the Carpathian Foredeep Ba sin, the
lower part (<3 m thick) of the strata oc cur ring above the Ratyn
Lime stone was sub ject to stud ies aimed to re cord en vi ron men -
tal changes re lated to the late Badenian trans gres sion (Peryt
and Peryt, 2009; Gedl and Peryt, 2011). In this pa per we re port
the re sults of a study of the newly-ex posed up per part (5.3 m
thick) of the sec tion lo cated above its pre vi ously ex am ined part
that is ex posed SE of the ac tive part of the quarry (Fig. 1). The
aim of this study is to re con struct the palaeoenvironmental con -
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di tions based on the study of foraminifera – a group that is com -
monly used in stud ies of the Mio cene palaeoenvironment of the
Cen tral Paratethys Foredeep (e.g., Szczechura, 1982; Cze -
piec, 1996; Czepiec and Kotarba, 1998; Gonera, 2001; Báld i,
2006; Kováèová and Hudáèková, 2009; Kováèová et al., 2009;
Garecka and Olszewska, 2011; Kováè et al., 2017; Scheiner et
al., 2018, 2019; Pezelj and Drobnjak, 2019). Some of the Mio -
cene foraminiferal spe cies still live in mod ern seas and thus
they are good bioindicators of ma rine en vi ron men tal changes
(Murray, 1991, 2006; Gull et al., 2025; Hay ward et al., 2025). 

GEOLOGICAL SETTING

The Kudryntsi sec tion is lo cated in the most pe riph eral part
of the mid-Badenian evaporite ba sin in the Ukrai nian Carpa -
thian fore land ba sin (Fig. 1; Peryt, 2001; B¹bel, 2005). In the
Ukraine, the Badenian sul phate evaporites and the over ly ing
Ratyn Lime stone are in cluded in the Tyras For ma tion which is
over lain by the deep-ma rine Kosiv For ma tion (Andreyeva-
 Grigorovich et al., 1997). The lower part of the Kosiv For ma tion
con sists of rhodoid lime stones with in ter ca la tions of marls and
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Fig. 1A – lo ca tion map show ing the mid-Badenian sul phate zones (af ter Peryt, 2006) and Up per Badenian
fa cies in the Carpathian fore land (af ter Kudrin, 1966); B – Bing map show ing the Kudryntsi quarry lo ca -
tion (https://www.bing.com/maps?cc=pl&cp=48.618462%7E26.321812&lvl=15.9&style=h): point 1 – lo -
ca tion of the sec tion stud ied by Peryt and Peryt (2009: fig. 2) and Gedl and Peryt (2011: fig. 2); point 2 – SE 
end of the gyp sum quarry; the sec tion stud ied in this pa per is lo cated SSE of the point 2
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claystones (Proniatyn fa cies of Teisseyre, 1900; cf. Siplivyy et
al., 1974) and the up per part is clay-dom i nated, a typ i cal Kosiv
For ma tion. In the Surzha bore hole lo cated ~12 km NEE of
Kudryntsi, the Kosiv Suite con sists of two mem bers: the
Ternopil Mb. is 6 m thick suc ces sion of coralline-al gal marly
lime stones with two thin fine-grained sandy-silty in ter ca la tions,
and the over ly ing Prut Mb. (7 m thick) is pre dom i nantly lam i -
nated grey-green or grey-blue clayey silt with oc ca sional sandy
lime stones (Studencka et al., 2012). In the Kudryntsi out crop
the bound ary be tween the both mem bers can be placed at the
top of the bed that yielded sam ple no. 7 (Figs. 2 and 3).

Pre vi ous re search (Gedl and Peryt, 2011) was con cen -
trated on the lower part of the Ternopil Mb. in the Kudryntsi sec -
tion that at the time was ac ces si ble to study. In the rhodoid com -
plex (sam ples L to S) four foraminiferal as sem blages have
been iden ti fied: IV, V, VI and VII (Gedl and Peryt, 2011). 

Their re sults in di cated that the be gin ning of the de po si tion
of the rhodoid com plex was pre sum ably still un der slightly re -

stricted con di tions re lated to slightly in creased wa ter sa lin ity,
and the higher part of the rhodoid com plex was de pos ited in
ma rine, more off shore, but still rather near-shore en vi ron -
ment. The monospecific as sem blage V with Lobatula lobatula
from the lower part of the rhodoid com plex (sam ple N) in di -
cates a shal low-ma rine en vi ron ment with nor mal sa lin ity, but
char ac ter ized by very high-en ergy hy dro dy namic con di tions.
The fora mini feral as sem blages VI and VII char ac ter ize the
high est tax o nom i cal di ver sity; they in clude taxa liv ing in shelf
to bathyal ma rine en vi ron ments, pre fer ring tem per ate wa ters
(warmer – VI, cooler – VII). This change may re flect a slight
cool ing dur ing the late Badenian, but it may be also linked to
deep en ing of the ba sin and ap pear ance of colder bot tom wa -
ters (Gedl and Peryt, 2011). 

In this pa per we fo cus on the newly ac ces si ble up per most
part of the suc ces sion com pris ing var i ously indurated lime -
stones and marls in the lower part and mostly clay siltstones in
the up per part. To tie the new sec tion with the al ready pub lished 
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Fig. 2. Strata oc cur ring above the Badenian gyp sum in Kudryntsi quarry, show ing
the sec tion stud ied pre vi ously and, right of the photo, the lo ca tion, in the ver ti cal
sec tion, of some sam ples ex am ined by Gedl and Peryt (2011) and of sam ples 7–12
(this study)

Ex pla na tion of the col our bar right of the photo: yel low – var i ously ce mented beige-grey
coralline al gal lime stones with cal car e ous marly in ter ca la tions, light grey – beige-grey
clay siltstones with coralline red al gae, tar nished green – grey-green clay siltstones with
coralline red al gae, pale green – green clay siltstones

https://doi.org/10.7306/gq.1037


part of the Kudryntsi sec tion (Gedl and Peryt, 2011) the up per -
most part of that sec tion (sam ples P-S) have been in cluded in
this pa per. 

MATERIAL AND METHODS

Twelve sam ples were col lected for foraminiferal study.
Their lo ca tion in the pro file is shown in Fig ures 2 and 3. Washed 
res i dues were ob tained by disaggregation of sam ples us ing
Na2SO4. An aliquot of ~200–300 spec i mens from the >63 mm
size frac tion was used for qual i ta tive and quan ti ta tive anal y ses.
The spec i mens were stud ied and doc u mented us ing a Philips
XL20 SEM.  Supraordinal clas si fi ca tion fol lows Pawlowski et al.
(2013). Spe cies de ter mi na tion of foraminifera was based on 
Venglinskyi (1958, 1975), Papp and Schmid (1985), and Cicha

et al. (1998). The fig ured spec i mens are de pos ited in the In sti -
tute of Paleobiology, Pol ish Acad emy of Sci ences, Warszawa
(ZPAL F. 70). The palaeoenvironmental in ter pre ta tion based on 
foraminifers ap plies the re quire ments of pres ent-day rep re sen -
ta tives of re corded taxa (see Hay ward et al., 1997, 2025; Gedl
et al., 2016; Jorissen et al., 2018; Rodrigues et al., 2018;
Dumitriu et al., 2020 with ref er ences therein; Ta ble 1).

The rel a tive abun dances of the most com mon ben thic fora -
miniferal gen era, the Shan non in dex (H) of di ver sity (Buzas and 
Gib son, 1969) cal cu lated as:

H p pi i
i

S

= -
=

å ln
1

 where: pi – pro por tion of in di vid u als of spe cies ith in the com mu nity;
ln – nat u ral log a rithm; S – to tal num ber of spe cies (rich ness).
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Fig. 3A – strata show ing the lo ca tion of sam ples 1–8; B – photo of sam pled
out crop (photo shown in A is ad ja cent to this photo) and the lo ca tion 

of sam ples 8, 9; ar row shows the bed that yielded sam ple 7

Ex pla na tion of the col our bar right of the pho tos in Fig ure 2
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P/B ra tio (per cent age of plank tonic foraminifera within the
foraminiferal as sem blages) (Murray, 1976; van Hinte, 1978)
and the rel a tive abun dance of epifaunal, shal low infaunal and
deep infaunal forms within ben thic foraminiferal as sem blages,
were cal cu lated (see Corliss and Chen, 1988; Murray, 1991,
2006; Reolid et al., 2008; Valchev and Stojanova, 2016;
Kaminski et al., 2025). The ra tio of the lat ter groups within ben -
thic foraminiferal as sem blages was used to es ti mate trophic
con di tions in sur face wa ters and ox y gen lev els in bot tom wa -
ters. Ben thic and plank tonic foraminifera char ac ter is tics were
used to es ti mate palaeobathymetry (Murray, 1976, 1991, 2006; 
Hemleben et al., 1989; Van Hinsbergen et al., 2005; Kouwen -
ho ven and van der Zwaan, 2006). H(S) val ues >2.1 in di cate
nor mal ma rine en vi ron ments (Murray, 1991).

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. 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. 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
dysoxic in di ca tors ac cord ing to van der Zwaan (1982, 1983),
Verhallen (1991), Jorissen et al. (1992, 2007, 2018), Kaiho
(1994), Loubere (1996, 1997), Bernhard and Sen Gupta
(1999), Kouwen hoven and van der Zwaan (2006), Holcová
and Zá goršek (2008), Kaminski (2012), Kranner et al. (2022),
and Cristallo et al. (2024) (Ta ble 1). The fol low ing taxa are in -
cluded into the oxic group: Cibicidoides, Eponides,
Hansenisca, Heterolepa, Lobatula, miliolids, keeled
elphidiids. Taxa tol er ant of suboxic en vi ron ments are: Hanza -
waia, Melonis, Pullenia, Sphaeroidina, No nion, Porosononion, 
Astrononion, Reussella, Uvigerina, Angulo gerina, Glandulina, 
Globulina, Guttulina, Ammo baculites, Dorothia, Gaudryina,

Semi vulvulina, Spirorutilus, Textularia, Siphotextularia and
taxa tol er ant of dysoxic en vi ron ments – Bolivina and Bulimina.
Oxic in di ces rep re sent epifaunal spe cies. Foraminifera tol er -
ant of suboxic en vi ron ments rep re sent mostly shal low infaunal 
spe cies, while fora minifers 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.

RESULTS

Fifty-five spe cies of ben thic foraminifera and five plank tonic
spe cies have been iden ti fied in the in ter val stud ied (sam ples
1–12; Ap pen dix 1). The fol low ing gen era have been re corded:
Ammobaculites, Angulogerina, Astrononion, Bolivina, Bulimina, 
Cibicidoides, Dorothia, Elphidium, Eponides, Gaudryina, Gla -
ndu li na, Globigerina, Globulina, Guttulina, Hansenisca, Hanza -
waia, Heterolepa, Lobatula, Melonis, Neoeponides, Nonion,
Porosononion, Pullenia, Reussella, Rosalina, Quinqueloculina,
Semivulvulina, Sigmoilinita, Siphotextularia, Sphaeroidina,
Spiro rutilus, Textularia, Trilobatus, Uvigerina (Figs. 4–6; Ap -
pen dix 1).

Rel a tive abun dances of gen era which ex ceed 5% at least in
one sam ple are shown on Fig ure 7. Among the ben thic fora -
minifera, the cal car e ous forms dom i nate; ag glu ti nated taxa are
con stantly pres ent in small num bers, ex cept in sam ples 10 and
3 where they ex ceed 10 and 20%, re spec tively (Fig. 7). The
H(S) val ues in the sig nif i cant part of the sec tion vary be tween
1.7 and 2.2 (sam ples 12 to 6); in the up per most part of the stud -
ied in ter val the H(S) val ues al ter nate be tween 2.0 in sam ples 4
nad 2 and 2.5 – in sam ples 5, 3 and 1 (Fig. 8). Plank tonic
foraminifera rep re sented by Globigerina and Trilobatus oc cur in 
all sam ples in the stud ied in ter val. Their con tri bu tion to fora -
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T a  b l e  1

En vi ron men tal re quire ments of gen era re corded at the Kudryntsi sec tion

Ge nus Modes of life Sub strate T [°C] Sa lin ity [%] Depth/en vi ron ment

Astrononion epifaunal-infaunal, 
free or cling ing cold ma rine in ner shelf-bathyal

Bulimina infaunal mud to fine sand cold-tem per ate in ner shelf-bathyal

Cibicidoides epifaunal hard cold ma rine shelf-bathyal

Elphidium 
(keeled) epifaunal sand tem per ate-warm sa lin ity range

35–70‰
in ner shelf, 

0–50 m 

Eponides epifaunal, free or cling ing sed i ment or hard cold to tem per ate ma rine shelf-abys sal

Hansenisca epifaunal, free mud cold ma rine shelf-bathyal

Hanzawaia epifaunal, free or cling ing hard tem per ate-warm ma rine in ner shelf

Heterolepa epifaunal hard cold ma rine shelf-bathyal

Lobatula lobatula epifaunal, 
cling ing or at tached firm tem per ate-warm ma rine la goon and in ner shelf,

0–50 m

Melonis infaunal mud and silt <10°C ma rine shelf-bathyal

Neoconorbina epifaunal, 
cling ing or at tached firm tem per ate ma rine in ner shelf

Porosononion infaunal mud and sand wide sa lin ity range 
(0–70‰) in ner shelf

Pullenia infaunal mud cold mid dle shelf-bathyal

Reussella infaunal mud and sand tem per ate-warm ma rine shelf-bathyal

Rosalina epifaunal, 
cling ing or at tached firm tem per ate-warm ma rine la goons and in ner shelf,

0–100 m 

Sphaeroidina infaunal mud cold mid dle shelf-bathyal

Uvigerina mainly infaunal, 
some epifaunal, free mud cold ma rine shelf-bathyal, 

100 to >4500 m
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miniferal as sem blages is gen er ally low (1 to 15%), ex cept in
sam ples 7 and 11 where they form 29 and 40%, re spec tively.
Nei ther ben thic ag glu ti nated foraminifera nor plank tonic forms
have been re corded from the un der ly ing rhodoid com plex (Gedl 
and Peryt, 2011). Ad di tion ally, in the lower part of the stud ied

sec tion (sam ples 12 to 6) Uvigerina, Melonis, Reussella and
Eponides ap peared, while Neoconorbina, Rosalina and Bag -
gina, com mon in the rhodoid com plex, were not re corded in this
in ter val (Fig. 7). The most abun dant ge nus is Cibicidoides
reach ing up to 70%, while Elphidium and Lobatula ex ceeded 40 
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Fig. 4. Foraminifera from the up per Badenian se quence at Kudryntsi (scale bars A–E = 100 µm; F–K = 200 µm ): A1–A3,
B1–B3 – Globigerina praebulloides; C1–C3 – Globigerina bulloides; D1–D3 – Trilobatus trilobus; E1–E3 – Trilobatus
quadrilobatus; F1–F3 – Neoeponides sp.; G – Sphaeroidina bulloides; H1, H2, I1, I2  – Elphidium fichtelianum; J1, J2 –
Elphidium joukovi; K1, K2 – Elphidium crispum

A, C – sam ple 1; B, D, E, H, K – sam ple 11; F, I – sam ple 10; G – sam ple 2; J – sam ple 8
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Fig. 5. Foraminifera from the up per Badenian se quence at Kudryntsi (scale bars = 200 µm ): A, C – Uvigerina semiornata;
B – Uvigerina sp.; D – Uvigerina bellicostata; E – Bolivina sp.; F – Bulimina aculeata; G – Bulimina schischkinskayae; H –
Spirorutilus carinatus; I – Siphotextularia sp., K – Ammobaculites agglutinans; L – Textularia pala; M – Siphotextularia
concava; N – Textularia sp., O, P – Textularia gramen; Q – ?Gaudryina sp., R – Sphaeroidina bulloides; S1, S2 –
Elphidium fichtelianum; T – Guttulina communis; U – ?Bulimina sp.; V – Glandulina sp., W1, W2 – Porosononion
martkobi; X1, X2 – Astrononion perfossum; Y1, Y2 – Melonis pompilioides

A–C, S, Y – sam ple 11; D, H, I, M – sam ple 3; E–G, U – sam ple 5; J, K, O, P, X – sam ple 9; L, N, Q, T – sam ple 10;

 R, V – sam ple 1; S, Y – sam ple 11; T – sam ple 10; V – sam ple 1; W – sam ple 6
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Fig. 6. Foraminifera from the up per Badenian se quence at Kudryntsi (scale bars = 200 µm ): A1–A3 – Cibicidoides
austriacus; B1–B3 – Eponides repandus; C1–C3 – Cibicidoides pseudoungerianus; D1–D3 – Cibicidoides ungerianus;

E1–E3 – Heterolepa dutemplei; F1–F3 – Hanzawaia sp., G1–G3 – Hanzawaia crassiseptata

A, C – sam ple 8; B, D – sam ple 10; E – sam ple 2; F, G – sam ple 1
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and 30%, re spec tively. Foraminiferal as sem blages from the up -
per part of the stud ied suc ces sion (sam ples 5 to 1) un der went
an im por tant successional re or ga ni za tion. Spe cies of Poro -
sononion, Elphidium, Lobatula, Reussella and Eponides dom i -
nant or com mon in the lower part of the stud ied in ter val com -
pletely dis ap peared at the level of sam ple 6. They were re -
placed by Heterolepa, Uvigerina, Bulimina, Hansenisca, Han -
za waia and Sphaeroidina which are com mon in the up per part
of the stud ied sec tion. Ben thic foraminifera that oc curred in al -
most the en tire stud ied suc ces sion were Cibicidoides, Melonis,
and ag glu ti nated forms (Fig. 7). 

INTERPRETATION

Five ben thic foraminiferal as sem blages have been re cor -
ded in this part of the suc ces sion: VIII to XII (Fig. 7). Num ber ing
of as sem blages is a con tin u a tion of the pre vi ously pub lished re -
search on the older part of the pro file (Gedl and Peryt, 2011).
Foraminiferal as sem blages are un der stood as groups of spe -
cies with a clear dom i nance of one or a few char ac ter is tic taxa
and whose com po si tion is de ter mined by the prop er ties of the
en vi ron ment and by their mu tual re la tions.

As sem blage VIII is re corded in sam ples 6, 7 and 12 (Fig. 7). 
This as sem blage is char ac ter ized by the dom i nance of keeled
Elphidium and Lobatula lobatula. Elphidium forms from 24 to
53% of the as sem blage while Lobatula lobatula from 22 to 32%; 
com mon is also Porosononion martkobi (11 to 26%). Ad di tion -
ally, Eponides and Cibicidoides ex ceed 10% in this as sem -
blage. Astrononion perfossum, Reussella spinulosa and ag glu -
ti nated forms are mi nor com po nents; they not ex ceed 10%. The 
H(S) di ver sity in dex is 1.9 to 2.0. Epifaunal taxa form 57 to 80%
of the as sem blage (Fig. 8).

As sem blage IX oc curs in sam ples 8–11 (Fig. 7). It is dom i -
nated by Cibicidoides which form from 40 to 70% of the as sem -
blage. Lobatula lobatula is less com mon than in as sem blage
VIII. Its con tri bu tion drops to 9 to 20%. Elphidium, Melonis and
Eponides form up to 10%. Ag glu ti nated taxa are also sta ble
com po nents of this as sem blage (3 to 14%). Porosononion and
Astrononion oc cur in small num bers. The H(S) di ver sity in dex is 
1.9 to 2.2. Epifaunal taxa com prise 62 to 89% of the as sem -
blage (Fig. 8).

As sem blage X has been found in sam ples 1 and 5 (Fig. 7).
Dom i nant taxa in this as sem blage are: Uvigerina (27 to 33%)
and Bulimina (15 to 26%); com mon are Sphaeroidina (6 to
17%) and Hanzawia (3 to 14%). Cibicidoides, Melonis, Han -
senisca, Heterolepa and ag glu ti nated forms are mi nor com po -
nents; they do not reach 10% of the as sem blage. The H(S) di -
ver sity in dex is 2.5. Epifaunal taxa form 13 to 15% of the as -
sem blage (Fig. 8).

As sem blage XI oc curs in sam ples 2 and 4 (Fig. 7). This as -
sem blage is dom i nated by Heterolepa dutemplei which forms
38 to 47% of the as sem blage. Uvigerina and Bulimina de -
creased and in this as sem blage they form from 4 to 11% while
Sphaeroidina oc ca sion ally reaches up to 18%. The H(S) di ver -
sity in dex is 1.9 to 2.0. Epifaunal taxa com prise 56 to 59% of the 
as sem blage; deep infaunal spe cies form 9 to 13% of the as -
sem blage (Fig. 8).

As sem blage XII is re corded in sam ple 3 (Fig. 7). In this as -
sem blage Uvigerina and ag glu ti nated taxa are dom i nant. They
form 30 to 23%, re spec tively, of the as sem blage. Heterolepa,
Bulimina and Sphaeroidina form ~10% each. Melonis and
Hanzawaia are mi nor com po nents. The H(S) di ver sity in dex is

2.5. Epifaunal taxa form 12% of the as sem blage, while deep
infauna – 13%; shal low infaunal taxa dom i nate and com prise
75% of the as sem blage (Fig. 8).

DISCUSSION

Foraminifera are one of the best tools for palaeoenviron -
mental in ter pre ta tions. Plank tonic foraminifera, be cause of their 
depth strat i fi ca tion, may be good in di ca tors of an cient sea-level
changes, of prox im ity of mar ginal seas to an ocean, as well as
wa ter mass tem per a tures (Schiebel and Hemleben, 2017);
ben thic foraminifera are valu able prox ies be cause of the cor re -
la tion be tween their test shapes and palaeoenvironmental re -
quire ments (e.g., Jorissen et al., 1995, 2018 with ref er ences
therein). Plank tonic Globigerina and Trilobatus (for merly as -
signed to Globigerinoides) are re corded in the stud ied suc ces -
sion. The two taxa in habit shal low ma rine en vi ron ments. Glo -
bige rina bulloides, the most com mon plank tonic spe cies in the
ma te rial stud ied, ex hib its a max i mum abun dance within the up -
per 60 m of the wa ter col umn and is also con sid ered to be an in -
di ca tor of cooler wa ters while Trilobatus char ac ter izes tem per -
ate to warmer wa ters (Schiebel and Hemleben, 2017). Gen er -
ally, the per cent age of plank tonic foraminifera within as sem -
blages in creases with in creas ing dis tance from the shore
(Murray, 1976; van Hinte, 1978). 

The ben thic foraminifera dis tri bu tion is a func tion of the in -
ter play be tween the food avail abil ity and ox y gen con cen tra tions 
at the sea floor (phytodetritus in put ver sus bac te rial ac tiv ity, re -
spec tively) (Jorissen et al., 1995, 2007, 2018; Rodrigues et al.,
2018). In oligotrophic and well-ox y gen ated en vi ron ments ben -
thic foraminiferal as sem blages are dom i nated by epifaunal spe -
cies; in eutrophic and dysoxic en vi ron ments deep infauna dom i -
nate as sem blages. 

The qual i ta tive and quan ti ta tive anal y ses of the foraminifera 
showed that the stud ied suc ces sion ac cu mu lated un der vari -
able sed i men tary con di tions (Fig. 9). The foraminiferal as sem -
blages VI and VII de scribed by Gedl and Peryt (2011) from the
up per part of the rhodoid com plex are char ac ter ized by mod er -
ate di ver sity and taxa pre fer ring tem per ate-warm to cold shelf to 
bathyal ma rine en vi ron ments. The as sem blage VI con sists of
taxa pre fer ring tem per ate-warm shal low ma rine en vi ron ments,
whereas the as sem blage VII sug gests tem per ate to cold ma -
rine in ner shelf en vi ron ment. 

In the en tire clayey-marly suc ces sion over ly ing rhodoid
com plex only a few spe cies of shal low wa ter plank tonic fora -
minifera Globigerina and Trilobatus oc cur in low num bers. Their 
pres ence con firms a nor mal ma rine in ner shelf en vi ron ment as
well the H(S) val ues in most cases >2 (Figs. 8 and 9).

In the lower part of the stud ied sec tion two foraminiferal as -
sem blages oc cur: As sem blage VIII and As sem blage IX. As -
sem blage VIII is dom i nated by keeled Elphidium and Lobatula.
Three Elphidium spe cies: E. crispum, E. macellum and E.
fichtelianum of the As sem blage VIII live in mod ern seas (Hay -
ward et al., 1997, 2025). They pre fer tem per ate, nor mal sa lin ity, 
sandy, shal low subtidal (0–20 m) en vi ron ments. Lobatula loba -
tula lives on hard sub strates, in high en ergy, oligotrophic en vi -
ron ments; tol er ant for depths: from 0 to 2000 m and tem per a -
tures: from warm to cold. Jorissen et al. (2018) in cluded Cibi -
cides lobatulus (=Lobatula lobatula) to Group I con tain ing „sen -
si tive spe cies”, i.e. taxa which are very sen si tive to or ganic en -
rich ment. The eco log i cal re quire ments of dom i nant taxa of this
as sem blage sug gest tem per ate, nor mal sa lin ity, sandy, shal low 
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subtidal, of ~20 m depth, mesotrophic, close to oligotrophic en -
vi ron ment at the site. As sem blage IX dom i nated by Cibicido -
ides al ter nates with As sem blage VIII. Cibicidoides pre fers cold,
shelf to bathyal ma rine en vi ron ments. Lobatula lobatula, sec -
ond in abun dance next to Cibicidoides, is a com mon taxon in
As sem blage IX and has sim i lar eco log i cal re quire ments. 

Elphidium is ab sent or rare in this in ter val. It dom i nates in
cold and deep wa ter sug gest ing cool ing and deep en ing of the
sea down to ~50 m. Both as sem blages are dom i nated by
epifaunal taxa: keeled Elphidium, Lobatula and Cibicidoides.
They form 57 to al most 90% of these as sem blages; shal low
infauna rep re sents 10 to 43%; deep infaunal taxa are not pres -
ent. High dom i nance of epifaunal foraminifera in this in ter val in -
di cates mesotrophic, close to oligotrophic sur face wa ters and
well-ox y gen ated bot tom wa ters. A sig nif i cant re or gani sa tion of

the tax o nomic com po si tion of foraminiferal as sem blages in the
up per part of the stud ied suc ces sion re flects also a greater en -
vi ron men tal change. Shal low, tem per ate-warm wa ter Elphi -
dium, Lobatula and Porosononion dis ap peared. In this in ter val
three al ter nat ing as sem blages oc cur: X – dom i nated by Uvige -
rina and Bulimina, XI – dom i nated by Heterolepa  and XII –
dom i nated by Uvigerina and ag glu ti nated taxa. These gen era
live in cold, shelf-bathyal en vi ron ments (Ta ble 1). The high est
H(S) val ues up to 2.5–2.6 are cal cu lated in as sem blages X and
XII where infaunal spe cies (shal low and deep) ex ceed 85%;
epifaunal forms com prise 12 to 15%. In As sem blage XI the
H(S) value drops to 2.0 and rel a tive abun dance of epifaunal
taxa in creases up to 60%. Tax o nomic com po si tion of the as -
sem blages in this part of the sec tion in di cates colder and
deeper ma rine en vi ron ment dur ing sed i men ta tion than in un -
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der ly ing strata com pris ing As sem blage VIII. The pos si ble
cause of this dis tri bu tion pat tern of ben thic foraminifera in the
study area might be short-lived sea-level fluc tu a tions likely con -
trolled mainly by the on go ing in ten sive tec tonic evo lu tion in the
Cen tral Paratethys (Ková¹ et al., 2017). The high dom i nance of
infaunal taxa in as sem blages X and XII in di cates a large sup ply
of or ganic mat ter to the sea floor, the dom i nance of eutrophic
con di tions in the sur face wa ters, and the ox y gen im pov er ish -
ment of the bot tom wa ters in this area. The rel a tive in crease of
epifauna in As sem blage XI in di cates a change from eutrophic
to meso trophic con di tions, a de crease in the or ganic mat ter
sup ply, and an ame lio ra tion in ox y gen in bot tom wa ters. 

Sum ma riz ing, in ferred from foraminiferal data, the stud ied
suc ces sion of the Kudryntsi quarry lo cated in Ukrai nian Carpa -
thian Fore land Ba sin, shows that en vi ron men tal con di tions

were vari able in this part of Cen tral Paratethys dur ing the late
Badenian. Tec tonic ac tiv ity was most prob a bly re spon si ble for
the depth changes within the ba sin. The changes in ox y gen a -
tion of bot tom wa ters re flected the vari able flux of or ganic mat -
ter from the sea sur face. 

CONCLUSIONS

1. The newly ex posed (5.3 m thick) and stud ied Up per
Badenian Kudyntsi suc ces sion com prises var i ously indurated
coralline al gal lime stones with cal car e ous marly in ter ca la tions
in the lower part that are in cluded, as the strata pre vi ously stud -
ied by Gedl and Peryt (2011) to the Ternopil Mem ber of Kosiv
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For ma tion, and clay siltstones, of ten with coralline red al gae
that rep re sent the Prut Mem ber of the Kosiv For ma tion. 

2. Fifty-five spe cies of ben thic foraminifera and five plank -
tonic spe cies have been iden ti fied in the in ter val stud ied. They
form five ben thic foraminiferal as sem blages VIII to XII (Fig. 7).
Qual i ta tive and quan ti ta tive anal y ses of the foraminifera show
that the stud ied suc ces sion ac cu mu lated un der vari able sed i -
men tary con di tions. 

3. Low-di ver sity, shal low-wa ter plank tonic foraminifera
(Globi gerina and Trilobatus) in di cates nor mal ma rine, tem per -
ate, in ner shelf en vi ron ments.

4. Al ter na tion of shal low-wa ter ben thic foraminiferal As sem -
blage VIII with deeper-wa ter as sem blages IX and X might re -
flect the short-lived sea-level fluc tu a tions likely con trolled main -
ly by the on go ing in ten sive tec tonic evo lu tion in the Cen tral
Paratethys.

5. High dom i nance of epifaunal ben thic foraminifera and
lack of deep infaunal spe cies within as sem blages in di cates

mesotrophic close to oligotrophic sur face wa ters and well-ox y -
gen ated bot tom wa ters at this site dur ing sed i men ta tion of the
lower part of the stud ied suc ces sion.

6. As sem blages X, XI and XII from the up per part of the
stud ied suc ces sion sug gest fluc tu a tions in or ganic mat ter flux to 
the sea floor. As sem blages X and XII highly dom i nated by
infaunal spe cies in di cate dysoxic bot tom wa ters and high in put
of or ganic mat ter from mesotrophic to eutrophic sur face wa ters. 
As sem blage XI with an al most equal con tri bu tion of epifaunal
and infaunal spe cies re flects mesotrophic sur face wa ters and
ox y gen ated bot tom wa ters.
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APPENDIX 1  

 
List of the identified foraminifera 

 
Benthic foraminifera 

 
Ammobaculites agglutinans (d’Orbigny, 1846)  Fig. 5K 
Angulogerina angulosa (Williamson, 1858)  
Astrononion perfossum (Clodius, 1922)    Fig. 5X 
Bolivina dilatata Reuss, 1850  
Bolivina sp.       Fig. 5E 
Bulimina aculeata d’Orbigny, 1826                 Fig. 5F 
Bulimina schischkinskayae Samoylova, 1947  Fig. 5G 
Bulimina subulata Cushman and Parker, 1937  
Bulimina sp.       Fig. 5U 
Cibicidoides austriacus (d’Orbigny, 1846)                Fig. 6A 
Cibicidoides pseudoungerianus (Cushman, 1922)  Fig. 6C 
Cibicidoides ungerianus (d’Orbigny, 1846)                 Fig. 6D 
Cibicidoides sp.  
Dorothia sp.  
Elphidium crispum (Linné, 1758)                  Fig. 4K 
Elphidium fichtelianum (d’Orbigny, 1846)  Fig. 4H, I and 5S 
Elphidium joukovi Serova, 1955                  Fig. 4J 
Elphidium macellum (Fichtel and Moll, 1798)  
Elphidium sp.  
Eponides nanus (Reuss, 1850) 
Eponides repandus (Fichtel and Moll, 1798)                Fig. 6B 
?Gaudryina sp.      Fig. 5Q 
Glandulina sp.      Fig. 5V 
Globulina sp. 
Guttulina communis (d’Orbigny, 1826)   Fig. 5T 
Hansenisca soldanii (d’Orbigny, 1826) 
Hanzawaia boueana (d’Orbigny, 1846)  
Hanzawaia crassiseptata (Łuczkowska, 1955)  Fig. 6G 
Hanzawaia sp.      Fig. 6F 
Heterolepa dutemplei (d'Orbigny, 1846)                 Fig. 6E 
Lobatula lobatula (Walker and Jacob, 1798)  
Melonis pompilioides (Fichtel and Moll, 1798)   Fig. 5Y 
Neoeponides schreibersi (d’Orbigny, 1846)  
Neoeponides sp.                   Fig. 4F 
Nonion tumidulus Pishvanova, 1960  
Porosononion martkobi (Bogdanowicz, 1947)   Fig. 5W 
Pullenia bulloides (d’Orbigny, 1826) 
Reussella spinulosa (Reuss, 1850)  
Rosalina obtusa d’Orbigny, 1846  
Quinqueloculina sp.  
Semivulvulina pectinata (Reuss, 1850) 
Sigmoilinita tenuis (Czjzek, 1848)  
Siphotextularia inopinata Łuczkowska, 1955 
Siphotextularia concava (Karrer, 1868)   Fig. 5M 
Siphotextularia sp.     Fig. 5I 
Sphaeroidina bulloides d’Orbigny, 1826   Fig. 4G and 5R 
Spirorutilus carinatus (d’Orbigny, 1846)   Fig. 5H 
Textularia gramen d’Orbigny, 1846          Fig. 5O, P 
Textularia laevigata d’Orbigny, 1826  
Textularia pala Czjzek, 1848    Fig. 5L 
Textularia sp.      Fig. 5N 
Uvigerina bellicostata Łuczkowska, 1955                Fig. 5D 
Uvigerina brunnensis Karrer, 1877 
Uvigerina semiornata d’Orbigny, 1846           Fig. 5A, C 
Uvigerina sp.      Fig. 5B 
 
 
 
 



 

 

 
Planktonic foraminifera  

 
Globigerina bulloides d’Orbigny, 1826    Fig. 4C 
Globigerina praebulloides Blow, 1959            Fig. 4A, B 
Trilobatus quadrilobatus (d’Orbigny, 1846)                Fig. 4E 
Trilobatus trilobus (Reuss, 1850)                 Fig. 4D 
Trilobatus sp. 
 


