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Abstract: Qualitative and quantitative characteristics of the palynological content of the Upper Badenian strata at
Kudryntsi (western Ukraine) indicate that this succession was deposited in variable environments. The basal
siliciclastic series shows a very low content of palynological organic matter and palynofacies, which indicate a
restricted environment and/or unfavourable conditions for the palynomorph preservation. The presence of dinofla-
gellate cysts (and composition of their assemblages) in the upper part of organodetrital limestones and the
overlying rhodoid limestones indicates a typical shelf environment. Taxonomically variable dinoflagellate cyst
assemblages from particular samples reflect gradual environmental changes — from environments of slightly
increased salinity of seawater (strata overlying the siliciclastic series) to open marine, more remote environments
during deposition of the upper part of the section examined. The gradual deepening of the sea and decrease of
salinity is supported also by the succession of foraminiferal assemblages, which undergo gradual changes from
Elphidium spp. assemblages, through Miliolidae assemblage, Lobatula lobatula assemblage, Neoconorbina spp.
assemblage to Cibicidoides assemblage. The Late Badenian foraminiferal assemblage from Kudryntsi contains
two species common for the Sarmatian, i.e. Elphidium reginum and Elphidium koberi, the latter species known so
far from the Sarmatian.
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INTRODUCTION

This paper deals with deposits related to the major Late
Badenian transgression, which took place when the connec-
tion of the Carpathian Foredeep Basin with other Parate-
thyan basins was restored due to the sea level rise (Osz-
czypko et al., 2006; Peryt, 20006). In places, as Kudryntsi in
western Ukraine, the evidently marine deposits (limestones
and intercalated marls with abundant faunal assemblage)
forming the basal part of the Upper Badenian transgressive
sequence are underlain by the pelites of the siliciclastic se-
ries occurring above the Badenian gypsum deposits (Peryt
& Peryt, 2009). The earlier foraminiferal and geochemical
study of these pelites showed that they formed in restricted
environments (Peryt & Peryt, 2009).

The aim of the paper is to compare the dinoflagellate
cyst and foraminiferal records obtained from the same set of

samples collected from the Upper Badenian transgressive
section that is currently exposed at Kudryntsi gypsum
quarry.

Dinoflagellates are unicellular, mainly autotrophic, or-
ganisms inhabiting almost all aquatic ecosystems, from
freshwater to marine and hypersaline. During their life-cy-
cle they produce resting cysts, which in some species are
fossilizable. Studies on Recent dinoflagellate cyst distribu-
tion (e.g., Dale, 1976; Wall et al., 1977; Harland, 1983;
McMinn, 1990; Edwards & Andrle, 1992; Rochon et al.,
1999; Vink et al., 2000; Marret & Zonneveld, 2003) allow
for relative precise palaecoecological interpretation of Mio-
cene forms, which in major part are also known from Holo-
cene deposits. Therefore, their presence makes possible ba-
sic reconstructions of fossil material related to such factors
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Fig. 1.  Location map showing the general distribution of Upper
Badenian facies (after Kudrin, 1966 and Siplivyy et al., 1974); 1 —
carbonate facies, 2 — clayey-sandy-carbonate facies, 3 — sandy-
clayey facies. In addition, facies zones (I-1V) of the Badenian sul-
phate deposits (after Peryt, 2006) and the present NE gypsum limit
are shown. Abbreviation: MD — Republic of Moldova

like water salinity, temperature, distance from shore, pro-
ductivity (e.g. Dale, 1996). Dinoflagellate cysts have al-
ready been used for these purposes in studies of Miocene of
the Carpathian Foredeep (Gedl, 1996).

However, dinoflagellate cysts are not the only organic
fossils that occur in sedimentary rocks. Fossilizable are also
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particular freshwater and marine algae, sporomorphs, and
tissue remains of terrestrial plants. Association of these or-
ganic particles is known as palynofacies (Combaz, 1964;
see also Tyson, 1995; Batten, 1996). Analysis of palynofa-
cies element ratios, combined with sedimentological data,
serves for further interpretation of environmental factors,
including intensity of land influx and salinity level. They
were also used for palacoenvironmental reconstructions of
the Miocene of the Carpathian Foredeep (Gedl, 1997, 1999)
being particularly useful in case of the Middle Miocene
(Badenian) evaporite deposits (Gedl in Peryt et al., 1997).

Foraminifers are another group of microfossils com-
monly used in studies of the Miocene biostratigraphy and
palaeoenvironment of the Carpathian Foredeep (e.g., Sub-
botina et al., 1960; Pishvanova, 1969; Szczechura, 1982;
Czepiec, 1996; Gruzman & Trofimovich, 1996; Czepiec &
Kotarba, 1998; Gonera, 2001; Peryt & Gedl, 2010; Garecka
& Olszewska, 2011). Environmental requirements of recent
benthic foraminifera have been the subject of many studies
(e.g. Jorissen, 1987; Hottinger et al., 1993; Langer, 1993;
Hayward et al.,. 1997; de Rijk et al., 1999; Chendes et al.,
2004; Fiorini, 2004; Debeney et al., 2005; Abbene et al.,
2006; Milker ef al., 2009). This makes that they are good
bioindicators of marine environment changes (Murray,
20006), especially that some Miocene foraminiferal species
still live in recent seas.

GEOLOGICAL FRAMEWORK

The Kudryntsi gypsum quarry is located on the left side
of the Zbruch River Valley in the foreland of the Carpathian
Foredeep Basin (Fig. 1). The stromatolitic gypsum (ca. 23 m
thick) exploited in the quarry lies on the Cenomanian sand-
stones or on the Lower Badenian biodetrital (usually cora-
lline algal) limestones (2 m thick); the latter are underlain
by thin basal breccia that rests upon the Cenomanian (Peryt
& Peryt, 2009). A unit of 4-m-thick fine siliciclastic depos-
its with intercalations of limestones and fine-grained sand-
stones (up to 15 cm thick) occurs above the gypsum (the
Tyras Suite; Peryt & Peryt, 2009). In the northern part of the
Kudryntsi quarry this unit is pervasively gypsified (Peryt et
al., 2008).

This siliciclastic unit is overlain by a limestone unit
(1.3—1.4 m thick) composed of lithoclastic and fossiliferous
limestones with minor intercalations of clays and marls
(10-30 cm thick; Fig. 2), which is considered to be the ma-
rine facies of the Ratyn Limestone (Peryt & Peryt, 2009)
typically overlying the gypsum deposits in this region (Sip-
livyy et al., 1974). This limestone is covered by the Upper
Badenian rhodoid limestones with minor intercalations of
marls and claystones (Proniatyn facies of Teisseyre, 1900;
cf. Siplivyy et al., 1974). Eastwards, this carbonate facies is
characterized by occurrence of coralline algae-vermetid
reefs and a variety of bioclastic facies (Kudrin, 1966).
These strata in the neighbourhood of Kudryntsi are more
than 10 m thick when not eroded (Siplivyy et al., 1974); in
the Kudryntsi quarry the exposed section reaches 6 m. Far-
ther toward the southwest this carbonate facies is replaced
by the clayey-sandy-carbonate facies that, in turn, passes
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into sandy-clayey facies (Fig. 1) — a typical Kosiv Suite.
The boundary between the carbonate and clayey-sandy-car-
bonate facies is located some 1.5 km SW of the Kudryntsi
quarry (Fig. 1; Siplivyy et al., 1974).

The Upper Badenian strata are covered by Lower Sar-
matian strata that are clearly transgressive; farther east-
wards they overlie the older Middle Miocene strata or they
lie directly upon pre-Miocene substrate (Siplivyy et al.,
1974) (Fig. 1). The Lower Sarmatian deposits comprise bi-
valve coquinas, bioclastic or oolitic grainstones, marls or
clays, breccias and conglomerates, as well as serpulid-mi-
crobialite reefs (Kudrin, 1966; Siplivyy et al., 1974; Jasio-
nowski et al., 2003; Jasionowski, 2006).

The earlier study of the Kudryntsi section documented a
major environmental change during the Late Badenian
(Peryt & Peryt, 2009), following the marine invasion into
southeastern Poland and western Ukraine from the Mediter-
ranean (Andreyeva-Grigorovich et al., 1997; Oszczypko et
al., 2006; Kovac et al., 2007). The siliciclastic series overly-
ing the gypsum was deposited in evaporitic lagoon influ-
enced by large inflows of continental waters. The marine
clay bed, which occurs below the limestone unit considered
to be the Ratyn Limestone, originated in shallow subtidal
environments of normal marine salinity and temperate to
warm waters as indicated by requirements of Elphidium
crispum association in recent seas (Peryt & Peryt, 2009).

MATERIAL AND METHODS

We have studied a new section available due to the
progress of the exploitation in the quarry. The section is lo-
cated in the south-central part of the Kudryntsi quarry
(N48°37.185°, E26°19.261”). It includes the upper part (2.2
m thick) of the siliciclastic unit (the Tyras Suite), the lime-
stone unit (1.3—1.4 m thick; the Ratyn Limestone) and the
3.7-m-thick series of thodoid limestones with intercalations
of marls and claystones (the Kosiv Suite; Fig. 2). Nineteen
samples collected from the section have been analysed for
dinoflagellate cysts and palynofacies as well as foramini-
fers, except of sample O from which foraminifers have not
been studied; the location of samples is shown in Figure 2.

The studied samples represent various lithologies. Sam-
ples from the lower part of the section (samples A, B, D, E)
are pale-coloured (whitish-creamy), frequently banded,
poorly calcareous light marly claystone. Sample C, col-
lected from the same complex, is grey-greenish, non-calcar-
eous sandy mudstone. Sample F, collected from organode-
trital limestone complex, is hard pale-beige massive marl
being more calcareous than underlying strata. Sample G
represents very hard pelitic creamy limestone (highly cal-
careous). Sample H is very poorly calcareous soft dark-
brown banded clay with rare fish remains. Two samples col-
lected from conglomeratic slump layer represent white
chalky limestone (sample I) and dark-brownish hard lime-
stone (sample J). Sample K (top of the organodetrital lime-
stone) is dark-beige massive and hard limestone with rho-
doids.

Samples L—S collected from the rhodoid limestone
complex represent two varieties. Samples M and O are
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whitish-creamy hard organodetrital limestone, whereas the
remaining samples consist of rhodoids with various amount
of calcareous matrix. Samples N, Q and R are purely rho-
doid, whitish-grey hard limestone, while samples L, P and S
contain admixture of greyish-green (L, P) and willow-green
clay (S).

The samples for palynology were processed in the
Micropalaeontological Laboratory of the Institute of Geolo-
gical Sciences, Polish Academy of Sciences, Krakow. Stan-
dard palynological procedure was applied, including 38%
hydrochloric acid (HCI) treatment, 40% hydrofluoric acid
(HF) treatment, heavy liquid (ZnCIp+HCI; density 2.0 g/cm3)
separation, ultrasound for 10—15 s and sieving at 15 pmon a
nylon mesh. No nitric acid (HNO3) treatment was applied.
The quantity of rock processed was approximately 40 g for
each sample except of sample 4, whose quantity was 10 g.
Microscope slides were made from each sample using gly-
cerine jelly as a mounting medium. The rock samples, paly-
nological residues and slides are stored in the collection of
the Institute of Geological Sciences, Polish Academy of
Sciences, Krakow.

Low frequency of dinoflagellate cysts made that almost
all residuum was used for slides, which have been scanned.
Palynofacies were based on counting up to 1,000 elements.

Samples for foraminiferal study were processed in the
laboratory of the Institute of Palacobiology, Polish Acad-
emy of Sciences, Warszawa. Washed residues were obtai-
ned by disaggregation of samples using Na;SO4. An aliquot
of about 200-300 specimens from the >100 pm size fraction
was used for the faunal analyses. The figured specimens are
deposited in the Institute of Paleobiology, Polish Academy
of Sciences, Warszawa (ZPAL F. 70). The palacoenviron-
mental interpretation based on foraminifers applies the re-
quirements of present-day representatives of recorded taxa.

RESULTS
Palynofacies and dinoflagellate cysts

All samples yielded palynological organic matter,
which, however, differ in quantity and quality (Figs 3, 4).
The palynofacies are shown in Figure 5 and the representa-
tive dinoflagellate cysts are shown in Figures 6 and 7.
Siliciclastic (basal) part of the Kudryntsi section (samples
A-E) contains very low amounts represented almost exclu-
sively by black, opaque phytoclasts (95%), and highly de-
graded black and dark-brown, frequently elongated wood
particles. There are almost no palynomorphs except of in-
frequent sporomorphs and some pale-coloured subspherical
forms of uncertain origin (possibly Recent contamination).
Qualitative differences refer to shape of black woody parti-
cles, which particularly in samples A and B are elongated,
being strongly disintegrated in sample D.

Samples collected from organodetrital limestone ex-
posed above (G and F) contain only trace amounts of paly-
nological organic matter (small-sized black phytoclasts and
single subspherical forms). A different palynofacies occurs
in sample H taken from dark-brown clays: it consists of
highly disintegrated small-sized particles of structureless
organic matter; no palynomorphs have been found except of
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photograph of the lower part of the section

a single specimen of pale-coloured dinoflagellate cyst Sys-
tematophora placacantha.

Two samples from the conglomeratic slump layer yiel-
ded different palynofacies. Sample I contains high amounts
of very well preserved Late Cretaceous dinoflagellate cysts
(excluded from further studies in this paper), and sample J
contains trace amounts of palynological organic matter
(highly disintegrated small-sized black phytoclasts).

Sample K from the topmost layer of the organodetrital
limestone complex is the first sample, which contains dino-
flagellate cysts. It generally contains low amounts of paly-
nological organic matter, which consists chiefly of small-
sized black phytoclasts (70%), and pale-coloured phyto-
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clasts palynodebris (30%). Dinoflagellate cysts are very rare;
these are Systematophora placacantha, Spiniferites ramosus
s. 1., Polysphaeridium subtile and Lingulodinium machaero-
phorum, and a single specimen of Pyxidiniopsis? sp.

A characteristic feature of the rhodoid complex is oc-
currence of dinoflagellate cysts (except of the uppermost
sample S), which are absent or very rare in underlying strata
of the studied section. Their ratios range there from a few to
several tens per cent. Palynofacies of samples from the rho-
doid limestone complex shows relation to lithology: sam-
ples collected from organodetrital layers (M, O) contain a
much higher amount of palynological organic matter than
other samples from rhodoid layers. Moreover, the former
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Fig.5. Palynofacies of Badenian deposits from Kudryntsi (scale bar in F represents 0.5 mm and refers to all other photomicrographs):
A — sample B (black and dark-brown elongated wood particles); B — sample H (palynofacies consists of highly disintegrated particles of
structureless organic matter); C — sample M (palynofacies with common bisaccate pollen grains and dinoflagellate cysts); D — sample N
(palynofacies with high ratio of dinoflagellate cysts); E — sample Q (palynofacies dominated by small-sized black palynodebris; large
palynomorphs of uncertain origin [zooclasts?] occur); F — sample R (palynofacies composed of equidimensional black phytoclasts)
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Fig. 6. Dinoflagellate cysts from Badenian sequence at Kudryntsi: A-D — Lingulodinium machaerophorum (A, B: specimens with
scabrate cyst wall and long processes, sample L; C: specimen with relatively smooth cyst wall and 2P archaeopyle, sample R; D: specimen
with thick and scabrate cyst wall and relatively short processes, sample R; E: specimen with 5P archaeopyle, sample L); F-H —
Pentadinium sp. (F: sample L; G, H: sample P); I — Systematophora placacantha (sample L); J, K — Spiniferites pseudofurcatus (J: sample
O; K: sample N); L-N — Systematophora placacantha (L, M: sample N; N: sample L)
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Fig. 7.

contain high ratios of sporomorphs (mainly bisaccate pollen
grains) and dinoflagellate cysts. The latter yielded mainly
black phytoclasts (particularly dominating in samples from
upper part of rhodoid complex: Q and R), except of sample
N, which contain high ratio of dinoflagellate cysts.

The basal sample from the rhodoid complex (L) con-
tains low amounts of palynological organic matter domi-

Dinoflagellate cysts from Badenian sequence at Kudryntsi: A, B —Hystrichokolpoma rigaudiae (both specimens from sample
P); C — Impagidinium sp. (sample P); D — Pyxidiniopsis sp. (sample K); E — Operculodinium sp. (sample M); F—1 — Polysphaeridium
subtile (all specimens sample R); J — Dapsilidinium pseudocolligerum (sample L); K, L — Spiniferites sp. (K: sample N, L: sample M); M
— Systematophora placacantha (sample H); N — Impagidinium sp. (sample M); O — Systematophora placacantha (two specimens from
sample N); P, Q — Operculodinium sp. (both specimens from sample N)

nated by small-sized black phytoclasts (70%). Pale-colou-
red plant tissue remains, sporomorphs and palynomorphs of
uncertain taxonomical position (presumably algae) are sub-
ordinate. Dinoflagellate cyst assemblage (8%) is taxonomi-
cally impoverished; it consists of four dominating taxa: Sys-
tematophora placacantha, Pentadinium sp., Polysphaeri-
dium subtile and Lingulodinium machaerophorum, and sin-
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gle specimens of Spiniferites sp. and Dapsilidinium pseudo-
colligerum.

A higher sample M (organodetrital limestone layer) is
composed of dominating sporomorphs (mainly bisaccate
pollen grains —up to 60%) and aquatic palynomorphs repre-
senting dinoflagellate cysts (up to 20%), acritarchs and al-
gae. The dinoflagellate cyst assemblage is dominated by the
genus Spiniferites (app. 70%), relatively common are speci-
mens of Operculodinium spp., Systematophora placa-
cantha and Lingulodinium machaerophorum. Rare Nema-
tosphaeropsis labyrinthea, Impagidinium sp., and Pentadi-
nium sp. occur. Noteworthy is preservation of dinoflagellate
cysts, which frequently are wrinkled or torn-off.

Palynofacies of sample N is distinguished by very high
ratio of dinoflagellate cysts — up to 60%. Their assemblage
is taxonomically similar to the one from sample B, but dif-
fers qualitatively. It consists of frequent specimens of Syste-
matophora placacantha, Operculodinium spp., Lingulodi-
nium machaerophorum and Spiniferites spp. (the latter ge-
nus is much less frequent than in sample M). Nematosphae-
ropsis labyrinthea, Achomosphaera spp. and Pentadinium
sp. are represented by rare specimens.

Sample O yielded similar palynofacies as sample M, an-
other sample representing organodetrital layer, dominated by
pollen grains (up to 60%). Dinoflagellate cysts (20%) from
this sample are also taxonomically impoverished: their as-
semblage is dominated by the genus Opercu- lodinium, and,
to a lesser degree, Systematophora placacantha and Lingulo-
dinium machaerophorum. Representatives of the genus Spi-
niferites are subordinate, similarly as Pyxidiniopsis? sp.

Palynofacies of sample P containing low amount of paly-
nological organic matter consists of black phytoclasts (up to
50%) and sporomorphs (30%; beside bisaccate grains, genus
Intratriporopollenites is common). Dinoflagellate cysts are
relatively common (app. 15%); their assemblage consists
mainly of Systematophora placacantha, Lingulodinium ma-
chaerophorum and Spiniferites spp. An outstanding feature is
low ratio of Operculodinium (frequent in underlying sam-
ples) and numerous occurrence of Hystrichokolpoma rigau-
diae, which is absent in lower samples of the studied section.
Pentadinium sp., Polysphaeridium subtile and Polysphaeri-
dium zoharyi are infrequent. A single specimen of /mpagi-
dinium sp. has been found. Some palynomorphs of uncertain
origin, possibly algae, have been found in this sample.

The two following samples Q and R contain low
amounts of palynological organic matter. Their palynofa-
cies is dominated by small-sized black phytoclasts (up to
90%). Additionally, small-sized plant tissue remains, sporo-
morphs (frequent spores) and dinoflagellate cysts occur.
The latter are relatively rare (a few percent): their assembla-
ges in both samples consist of dominating Systematophora
placacantha and Lingulodinium machaerophorum; further-
more, Spiniferites spp., Pentadinium sp., Polysphaeridium
subtile, P. zoharyi are also present. Infrequent small acri-
tarchs occur in sample Q. Assemblage from sample R is
characterized by lack of Spiniferites ramosus. Both samples
contain no Operculodinium.

The topmost sample S, as the only one from the rhodoid
complex, contains no dinoflagellate cysts. Its low amount of
palynological organic matter consists of small-sized black
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phytoclasts, and pale-coloured plant tissue remains and
fungi (the two latter groups, similarly as single sporomor-
phs, are possibly recent contamination).

Foraminifers

The abundance fluctuations of foraminifers ares shown
in Figure 8 and selected species are shown in Figures 9 and
10. Samples from the siliciclastic unit yielded very rare and
poorly preserved foraminifers. Taxonomic composition and
their state of preservation suggest that they were probably
reworked and redeposited (Peryt & Peryt, 2009). One sam-
ple (sample A) yielded a quite rich assemblage of Badenian
foraminifers: single specimens of Heterolepa dutemplei,
Eponides repandus, molds of Quinqueloculina spp. and Tri-
loculina spp. and other strongly damaged tests. In addition,
the following taxa occur: keeled elphidiids (Elphidium fich-
telianum, E. joukovi, E. macellum), Porosononion spp.,
Astrononion perfossum, Lobatula lobatula, Cibicidoides
pseudoungerianus, C. ungerianus, Semivulvulina sp., Buli-
mina aculeate, Rosalina sp., Siphotextularia sp., Neoepo-
nides sp. and rare specimens of planktonic Globigerina bul-
loides. Most of tests show very distinct evidences of redepo-
sition; some of them, however, are well preserved.

The lowest occurrence of in situ benthic foraminifers is
recorded in sample E (Fig. 8). Seven foraminiferal assem-
blages (I-VII) have been recognised in the interval compris-
ing samples E-S.

Assemblage I occurs in a clayey-sandy bed underlying
the Ratyn Limestone (sample E; Fig. 8). This low diversity
assemblage is characterized by dominance of elphidiids
(more than 60%) represented mainly by Elphidium koberi
and ?Elphidium sp. Another important component is Neo-
conorbina sp., which exceeds 20%. Rare specimens of El-
phidium aculeatum, Quinqueloculina sp. and Astrononion
perfossum also occur.

Assemblage II is recorded in organodetrital limestone
(samples F, G, J). This assemblage is dominated by thick-
walled, large specimens of Elphidium crispum and E. mace-
llum contributing 60—80% to the assemblage (Fig. 8). Minor
components in these assemblage are miliolids and Poro-
sononion spp.

Assemblage I1I occurs in dark-brown clays (sample H)
and in topmost layer of the organodetrital limestone com-
plex (sample K; Fig. 8). This assemblage differs signifi-
cantly from assemblage II from organodetrital limestones.
Elphidium crispum is not present in this assemblage. In-
stead, spiny elphidiids: E. aculeatum and E. koberi are dom-
inant taxa. They form to 50% of the assemblage. Miliolids
are also important contributors. Their ratio exceeds 40%:
Triloculina spp. (25%), Quinqueloculina spp. (9%), Pyrgo
spp. (4%) and Articulina sp. (3%). Rare large specimens of
E. reginum are also recorded. Rosalina is common in this
assemblage too. The tests show slightly damaged ornamen-
tation possibly caused by bottom currents.

Assemblage IV occurs in basal samples from the rho-
doid complex (L and M). The assemblage is dominated by
miliolids (60-70%); common are Porosononion spp.,
Guttulina spp. and Glandulina spp. in sample L, and Elphi-
dium crispum and E. macellum in sample M (Fig. 8).
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Fig. 9. Foraminifers from Badenian sequence at Kudryntsi (scale bars =200 um): A — Elphidium fichtelianum (d’Orbigny) (sample S);
B — Elphidium rugosum (d’Orbigny) (sample J); C — Elphidium crispum (Linné) (sample J); D — Elphidium joukovi Serova (sample N); E
— Elphidium fichtelianum (d’Orbigny) (sample P); F — Elphidium aculeatum (d’Orbigny) (sample K); G — Reussella pulchra Cushman
(sample L); H — Elphidium reginum (d’Orbigny) (sample K); I-K — Elphidium aculeatum (d’Orbigny) (sample K); L — Virgulinopsis sp.
(sample L); M — Globulina spinosa d’Orbigny (sample L); N — ?Elphidium sp. (sample H); O, P — Elphidium koberi Tollmann (sample H);
Q — Elphidium macellum (Fichtel & Moll) (sample S); R — Elphidium crispum (Linné) (sample J); S — Schackoinella imperatoria
(d’Orbigny) (sample K)
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Fig. 10. Foraminifers from Badenian sequence at Kudryntsi (scale bars = 200 um): A — Rosalina obtusa d’Orbigny (sample L); B, C —
Astrononion perfossum (Clodius) (sample L); D — Porosononion martkobi (Bogdanowicz) (sample L); E — Lobatula lobatula (Walker &
Jacob) (sample S); F — Lobatula lobatula (Walker & Jacob) (sample N); G — Cibicidoides pseudoungerianus (Cushman) (sample S); H —
Neoconorbina sp. (sample S); I — Siphotextularia concava (Karrer) (sample S); J — Pseudotriloculina consobrina (d’Orbigny) (sample L);
K, M, N — Triloculina gibba d’Orbigny (sample K); L — Triloculina sp. (sample K); O — Glandulina sp. (sample L); P — Guttulina
communis (d’Orbigny) (sample L); Q — Guttulina gibba (d’Orbigny) (sample L); R — Quinqueloculina buchiana d’Orbigny (sample K); S
— Quinqueloculina sp. (sample K)
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Assemblage V has been distinguished in sample N from
the rhodoid complex. This almost monospecific assemblage
is in 70% composed of Lobatula lobatula. Minor compo-
nents are keeled elphidiids and miliolids (Fig. 8).

Assemblage VI occurs in samples P and Q of the rho-
doid complex. In this assemblage, Neoconorbina spp. (35—
40%) and Astrononion perfossum (18-22%) dominate. Ro-
salina spp. (11-14%), Porosononion spp. (11%) and Loba-
tula lobatula (8—10%) are also common. Elphidium is very
rare in this assemblage (Fig. 8). The large tests are often
damaged and their surfaces are smoothed due to current
activity.

Assemblage VII has been found in the topmost part of
the rhodoid complex (samples R and S). This assemblage is
characterized by the highest diversity, and by the common
presence of Cibicidoides spp., which is absent in other as-
semblages; Neoconorbina is much less abundant (10%)
than in assemblage VI, Elphidium spp., Baggina sp., Rosa-
lina spp., Astrononion perfossum are also common (Fig. 8).

INTERPRETATION AND DISCUSSION

A carbonate platform existed in western Ukraine (simi-
larly as in a few places within the Central Paratethys) after
the beginning of Late Badenian deposition characterized by
transgression and formation of a normal marine environ-
ment (Schmid et al., 2001; Vrsaljko et al., 2006). Qualita-
tively and quantitatively diversified palynological and fora-
miniferal contents of the Badenian strata exposed in the Ku-
dryntsi section located near the seaward margin of that plat-
form indicate variable environmental conditions. Interpreta-
tion of these changes are supported by environmental pref-
erences of particular genera of foraminifers, which occur in
variable ratios within the Kudryntsi section.

Foraminiferal palaecoenvironmental preferences

Elphidiids are very common component of foramini-
feral assemblages recorded in the Kudryntsi section. Salin-
ity and water depth are important ecological factors that
control abundance of this group. Particular Elphidium spe-
cies show also relation to water depth and the degree of ex-
posure to high wave and current energy (Langer, 1993;
Hayward et al., 1997). Keeled morphotypes, which are pre-
sent in the described assemblages, are mostly herbivorous,
epifaunal dwellers preferring sandy sediment, occurring in
shallow marine environments (inner shelf) with warm to
temperate and normal to hypersaline (35-70%o) waters
(Hayward et al., 1997; Murray, 20006). Quinqueloculina is
an epifaunal dweller, living free or clinging on plants or
sediment, preferring shallow normal marine to hypersaline
(32-65%0) environments. Similar ecologic requirements
possesses Triloculina, commonly occurring in combination
with Elphidium and Quinqueloculina (Murray, 1991, 2006).
The Quinqueloculina spp. association occurs in recent Med-
iterranean Sea in shallow environments (2—65 m), temper-
ate to warm waters (10-25°C) and slightly elevated salinity
(37-39%0). Lobatula lobatula is an epifaunal dweller, usu-
ally attached and immobile, especially in high energy; pre-
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ferring temperate — warm shallow normal marine environ-
ments (Murray, 1991, 2006). Rosalina and Neoconorbina
are epifaunal dwellers, preferring temperate — warm shal-
low normal marine environments (Murray, 1991, 2006). Ci-
bicidoides and Astrononion are an epifaunal dwellers, pre-
ferring cold normal marine environments (shelf — bathyal;
Murray, 1991, 2006).

Palaeoenvironment reconstruction

The siliciclastic part of the exposure (samples A-E;
Fig. 2) contains very low amounts of palynological organic
matter. It consists almost exclusively of variously preserved
black phytoclasts (Fig. 4A); there are no dinoflagellate
cysts. Such palynofacies may reflect either restricted envi-
ronment, unfavourable for aquatic phytoplankton (e.g.
dinoflagellates), or specific sedimentary setting critical for
preservation of palynomorphs. A rare occurrence of sporo-
morphs seems to opt for the first possibility. These strata
were presumably deposited in very shallow environments,
characterized by high hydrodynamic conditions. According
to Batten (1996, p. 1033 and references therein), a high ratio
of black phytoclasts is associated with proximal, high en-
ergy environments (it also occur in deep sea facies, but
these can be excluded in case of Kudryntsi deposits).

The presence of foraminifers in the siliciclastic unit ca.
2 m below the undoubtedly marine deposits limestone is
enigmatic. One possible explanation is that the siliciclastic
unit related so far with the final stage of evaporite deposi-
tion in the Carpathian Foredeep Basin (Peryt & Peryt,
2009), should be rather associated with the Late Badenian
transgression. However, other samples from this unit are
barren (except for the redeposited Cretaceous forms). The
alternative explanation is that during terminal stages of eva-
poritic basin, the deposition of the siliciclastic unit took
place in a lagoon, which was periodically flooded by short-
lived marine ingressions. Similar situation has been de-
scribed from the Upper Miocene evaporites of the Eastern
Betics, SE Spain, where scarce and poorly preserved
foraminifera are recorded in various gypsum units (Playa et
al., 2000, table 2); planktonic foraminifera are scarce, small
and usually poorly preserved, and the benthic foraminifera
seem to have adapted to a wide range of salinity (Playa et
al., 2000, table 2). The composition of foraminifers in sam-
ple A strongly argues for redeposition from older Badenian
strata. The Kudryntsi section is located very close to the
original limit of the Badenian gypsum basin (Peryt ef al.,
2004; Peryt & Peryt, 2009), and towards the east the Upper
Badenian rests upon the Lower Badenian strata (Siplivyy et
al., 1974).

A monospecific assemblage 1 with Elphidium koberi
from the clayey marly bed from the topmost part of the
siliciclastic unit (sample E) indicates a very restricted ma-
rine environment; probably with elevated salinity.

Shallow water environments (0—20 m deep) of normal
marine to slightly elevated salinity, and characterized by
high hydrodynamic conditions, are suggested for deposition
of organodetrital carbonates characterized by foraminiferal
assemblage II with Elphidium crispum and E. macellum
(samples F, G, J).



344

The occurrence of dark-brown clay with fish remains
(sample H) may indicate a period of a calm, stagnant envi-
ronment — palynofacies of this sample consists exclusively
of structureless organic matter, which is typical for the bac-
terial decay of organic matter in the oxygen depleted, espe-
cially anoxic environments (Batten, 1996). Foraminiferal
assemblage III with dominant elphidiids with spines, i.e.
Elphidium aculeatum and E. koberi and common miliolids,
characterizes shallow-marine environment with low hydro-
dynamic conditions and slightly increased salinity.

Occurrence of dinoflagellate cysts in the topmost part
of the organodetrital limestone complex (sample K) and in
the overlying rhodoid limestone indicates a change of envi-
ronment that might be related to the appearance of marine
conditions favourable for motile stages of dinoflagellates,
or it may reflect a change of sedimentary setting responsible
for the preservation of terrestrial and aquatic palynomorphs.
A high ratio of sporomorphs and cuticles points at a terres-
trial influx into the marine basin. The influx intensity was
rather limited, since dinoflagellate cysts are a significant
component of palynofacies, being indicative for hemipe-
lagic mode of sedimentation. Such a change may be related
to a gradual widening of the basin, possibly associated with
deepening, and the appearance of more offshore, less dyna-
mic, quiet bottom environment, which led to accumulation
and preservation of both terrestrial and marine palyno-
morphs. Dinoflagellate cyst assemblages are rather taxono-
mically not diversified. They consist exclusively of gonyau-
lacoids, which in majority are represented by chorate and
proximochorate specimens. The lack of peridinioids might
be related either to primary conditions not suitable for this
group of dinoflagellates (e.g. low nutrient conditions of the
surface water) but also unfavourable syn- and post depo-
sitional conditions related to aerobic conditions at the bot-
tom and in the sediment, which are particularly hostage for
their preservation (see e.g., Zonneveld et al., 1997).

A general composition of dinoflagellate cyst assem-
blages suggests marine environment during deposition of
the rhodoid complex. The majority of species are typical for
shelf environment. Some of them, like Polysphaeridium zo-
haryi and P. subtile, are characteristic for inner shelf or la-
goonal environments, being tolerant to increased salinity.
However, these species never occur as dominant in the stud-
ied material. On the other hand, rare specimens of taxa typi-
cal for offshore, oligotrophic waters have been found in
samples M and N (single specimen of /mpagidinium occurs
also in sample P). Their presence may indicate either influ-
ences of offshore waters, limited nutrient availability in
near-shore surface waters, or deepening of the basin.

Foraminiferal assemblages from the rhodoid complex
(IV=VII) also support marine environments of their origina-
tion.

A different composition of dinoflagellate cyst assem-
blages in particular samples reflects presumably slightly di-
verse environmental conditions. Sample L contains Poly-
sphaeridium zoharyi and P. subtile. According to several
authors, these species (especially P. zoharyi) are typical for
littoral embayment in tropical to subtropical settings and are
tolerant for increased salinity (Wall & Dale, 1969; Dale,
1976; Wall et al., 1977; Morzadec-Kerfourn, 1979, 1983;
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Bradford & Wall, 1984; Edwards & Andrle, 1992). How-
ever, Marret and Zonneveld (2003) reported P. zoharyi
from low saline environments and suggested euryhaline
nature of this species.

The assemblage IV with Miliolidae (samples L and M)
supports the interpretation of elevated salinity during the
deposition of the lowermost part of the rhodoid complex, in
shallow water environment. The next, monospecific assem-
blage V with Lobatula lobatula (sample N) suggests shal-
low-marine, very high-energy environment. Dinoflagellate
cyst assemblages from samples M—O contain no Poly-
sphaeridium zoharyi: this change might be interpreted as
transition from higher saline regime during deposition of
the basal part of the rhodoid complex, into normal marine
environment in its higher part. The occurrence of some off-
shore taxa (Nematosphaeropsis labyrinthus and species of
Impagidinium) in the middle part of the rhodoid complex
(samples M and N) coincides with the highest ratio of dino-
flagellate cysts (up to 60% in sample N). Both N. laby-
rinthus and Impagidinium are treated by several authors as
“oceanic” species, which motile stages inhabited offshore
waters (e.g., Morzadec-Kerfourn, 1977; Wall et al., 1977;
Harland, 1983; Brinkhuis, 1994). The other common species
in the middle part of the rhodoid complex — Operculodi-
nium sp. (mainly O. centrocarpum) and Lingulodinium ma-
chaerophorum are cosmopolitan species (e.g., Marret & Zon-
neveld, 2003). Lingulodinium machaerophorum is a euryha-
line species, which may possess shorter processes in lower
saline conditions (e.g., Wall & Dale, 1973; Dale, 1996; Elle-
gaard, 2000): in our material specimens of L. machaero-
phorum have rather long processes, which may suggest nor-
mal salinity. Operculodinium centrocarpum, which is a very
frequent species in samples M—0, is regarded a cosmopolitan
species, which motile stage can flourish in a wide range of
environments. Also in case of this species a process length re-
duction related to lower salinity was suggested (de Vernal et
al., 1989; Ellegaard, 2000), but in Kudryntsi material species
with “normal” processes predominate.

Samples P-R from the higher part of the rhodoid com-
plex contain dinoflagellate cyst assemblages, which are
dominated by cosmopolitan species Systematophora placa-
cantha and Lingulodinium machaerophorum. Qualitative
fluctuation of taxonomical composition may be related to
water depth: assemblages with common or dominating
Operculodinium (samples M—O) may reflect slightly deeper
(offshore) environment than the ones inhabited by motile
stages of Lingulodinium machaerophorum and Systemato-
phora placacantha (samples P-R). Possibly similar changes
were described by Morzadec-Kerfourn (1983) who de-
scribed Lingulodinium machaerophorum Association from
the inner coastal zone with water depth of 10-30 m, and
Operculodinium centrocarpum-Q. israelianum Association
from the deeper outer coastal zone (30-50 m water depth).
More proximal environment for samples P-R may be sup-
ported by the occurrence of Polysphaeridium in these sam-
ples, and the absence of this genus in samples suggests more
offshore environment for samples M—O with common
Operculodinium. However, common occurrence of Hystri-
chokolpoma rigaudiae in sample P may also indicate off-
shore conditions since this genus, although commonly be-
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lieved to be cosmopolitan (e.g., Brinkhuis, 1994) is related
by some authors as an offshore one (e.g., Rassmussen et al.,
2003). On the other hand, it cannot be excluded that appear-
ance of H. rigaudiae in our material is associated with other
environmental changes like water temperature.

The foraminiferal assemblages VI and VII occurring in
that part of the section characterize the highest diversity and
taxa preferring temperate-warm to cold shelf to bathyal nor-
mal marine environments. The assemblage VI, composed of
taxa preferring temperate — warm shallow normal marine
environments (Lobatula, Neoconorbina, Rosalina, Poroso-
nonion, Astrononion), confirms suggestions of lowering of
salinity to normal marine in the middle part of the rodoid
complex. The assemblage VII with Cibicidoides and Lo-
batula, Neoconorbina, Rosalina, Baggina, Porosononion,
Elphidium and Astrononion suggests temperate to cold nor-
mal marine shelf environment.

A NOTE ON ELPHIDIUM REGINUM
OCCURRENCE

We focused in this paper on palacoenvironmental as-
pects of our micropalacontological assemblages from Kud-
ryntsi. However, one biostratigraphical aspect, which is an-
nounced here, deserves a separate discussion. It refers to the
occurrence of Elphidium reginum in the Upper Badenian
succession at Kudryntsi. This species is regarded as the in-
dex species of the Lower Sarmatian biozone (Grill, 1941;
Luczkowska, 1972; Czepiec, 1996; Harzhauser & Piller,
2004a; Toth et al., 2010). In Podolia, Elphidium reginum
occurs in the Buglovian and Volhynian (Pishvanova, 1958;
Krasheninnikov, 1960), but Krasheninnikov (1958, p. 296
and 302; 1960, fig. 6) noted that it appears already in the up-
permost Badenian (his horizon G). Szczechura (1982) also
reported single specimens of this species in the Badenian
profile of J6zefow and Hamernia in Roztocze Hills (SE Po-
land). Other typically Sarmatian foraminifers appearing in
the Anomalinoides dividens Zone (e.g., Czepiec, 1996) are
lacking and therefore we relate the appearance of Elphidium
reginum in the Upper Badenian of Kudryntsi to specific en-
vironmental conditions which in that particular area have
been very similar to those in which the Sarmatian assem-
blages lived (c¢f. Szczechura, 1982). The same reasoning
may be applied to Elphidium koberi, another elphidiid spe-
cies that so far was described from the Sarmatian strata
(Tollmann, 1955; Brestenska, 1974; Papp & Schmid, 1985;
Cicha et al., 1998; Goriir et al., 2000; Paruch-Kulczycka,
2007; Schiitz et al., 2007) and which occurs in samples E
and H in the Kudryntsi section. Harzhauser and Piller
(2004b) recorded reworked corallinacean limestone and
abundant corallinacean fragments in the Lower Sarmatian
deposits of the Vienna Basin and interpreted them as due to
intense reworking of Badenian deposits. In addition, Harz-
hauser (written information, 2011) has seen several other
outcrops in Austria and Hungary in which the Badenian/
Sarmatian boundary is expressed as hiatus, and the earliest
Sarmatian deposits are usually reworked Badenian coralli-
nacean limestone, which bear the entire suite of Badenian
taxa, including molluscs (this kind of deposits has an own
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lithostratigraphic term in Austrian geology referred to as de-
trital Leitha Limestone). However, although undoubtedly
there is some reworking within the studied section at
Kudryntsi, we do not see the convincing arguments in fa-
vour of the massive reworking of the Upper Badenian strata
and the incorporation of reworked rhodoids and molluscs
diagnostic for the Badenian into the Sarmatian succession in
the case of the Kudryntsi outcrop.

SUMMARY

Diversified palynological and foraminiferal assem-
blages recorded in strata exposed in the Kudryntsi section
above the gypsum indicate variable environmental condi-
tions during the Late Badenian transgression. Analysis of
changes of microfossil assemblages suggests restricted en-
vironment during beginning of the transgression, and grad-
ual passage into marine environment during later stages of
Late Badenian deposition (Fig. 11).

The basal part of the Upper Badenian succession (silici-
clastic complex) at Kudryntsi is barren — this points at
highly restricted environmental conditions not suitable nei-
ther for dinoflagellate cysts (absent) nor foraminifera (rare —
presumably reworked). It was presumably high-energy
shallow environment (palynofacies of this part of section
contains frequent elongated woody particles), possibly as-
sociated with hypersaline conditions as indicated by forami-
nifera assemblage from topmost part of the siliciclastic unit
(Assemblage I).

A shallow subtidal warm-temperate restricted environ-
ment with increased salinity and changing hydrodynamic
intensity is suggested for the topmost siliciclastic unit and
the organodetrital limestone. The former yielded a mono-
specific foraminiferal assemblage I with Elphidium koberi,
whereas the organodetrital limestone contains foraminiferal
assemblages I (with Elphidium crispum and E. macellum)
and III (Elphidiids with spines, i.e. Elphidium aculeatum
and E. koberi); the latter assemblage characterizes shallow
water marine environment with low hydrodynamic condi-
tions and slightly elevated salinity. The lowering hydrody-
namic conditions that periodically appeared in Late Bade-
nian sea during deposition of organodetrital complex gave
rise to anoxic bottom conditions as presumed from palyno-
facies (sample H). Environmental conditions during deposi-
tion of the organodetrital limestone were sufficient for
foraminifera, but crucial for dinoflagellates. The latter ap-
peared for the first time in the topmost part of the organode-
trital complex. Their appearance is related with further sa-
linity decrease (although infrequent dinoflagellate cyst as-
semblage from the topmost part of organodetrital limestone
contains rare specimens typical for hypersaline environ-
ments) and gradual remoting of the sedimentary setting ex-
posed at Kudryntsi, which led to slightly deeper setting,
with normal marine salinity and temperate-water environ-
ment during deposition of the rhodoid complex. However,
appearance of dinoflagellate cysts may be related to sedi-
mentological factors reflecting increase of water depth and
the appearance of less dynamic, quiet bottom environment,
which led to accumulation and preservation of both terres-
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Fig. 11.
and foraminifera assemblages

trial and marine palynomorphs. The beginning of the depo-
sition of the rhodoid complex was presumably still under
slightly restricted conditions related to slightly increased
water salinity (assemblage IV in the basal part of the rho-
doid complex with Miliolidae — typical for shallow water
environment with slightly increased salinity); interestingly,
this part of the section yielded dinoflagellate cyst assem-
blage typical for normal salinity regime. Sample M yielded
a dinoflagellate cyst assemblage dominated by Spiniferites,
and single specimens of an offshore genus Impagidinium.
This may indicate various sensitivity of both microfossil
groups, or bottom waters inhabited by foraminifera were
characterized by increased salinity compared to the surface
marine waters.

The higher part of the rhodoid complex was deposited
in marine, more offshore, but still rather near-shore environ-
ment. Dinoflagellate cyst assemblages from the rhodoid
complex suggest the transition from slightly higher saline

Conceptual palacoenvironmental changes in the Late Badenian basin at Kudryntsi based on interpretation of dinoflagellate cyst

regime characteristic for the deposition of its basal part
(sample L — occurrence of Polysphaeridium subtile) and
normal marine environment in its higher part (samples M—R
— taxonomically rich and diversified assemblages). The
monospecific assemblage V with Lobatula lobatula from
the lower part of the rhodoid complex (sample N) indicates
shallow-marine environment with normal salinity, but char-
acterized by very high-energy hydrodynamic conditions.
Dinoflagellate cyst assemblage from the same sample is
characterized by high frequency and relative diversity — this
points at optimal living conditions related to shelf waters.
The foraminiferal assemblages VI and VII characterize the
highest taxonomical diversity; they include taxa preferring
temperate-warm to cold shelf to bathyal marine environ-
ments. Associated dinoflagellate cysts from the same inter-
val (samples P-R) are generally diversified; a characteristic
feature of their assemblages is lack of Operculodinium,
which commonly occur in underlying strata. This change
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may reflect some palacoenvironmental variation, possibly
related to minor cooling of marine waters as induced from
foraminifera record (the assemblage VI consists of taxa
preferring temperate-warm shallow marine environments,
whereas the assemblage VII suggests temperate to cold
marine shelf environment).

The latter interpretation of changes of foraminiferal as-
semblages is related to water temperature decline. This may
reflect a slight cooling during the Late Badenian, but it may
be also linked to deepening of the basin and appearance of
colder bottom waters.

The foraminiferal assemblages from Kudryntsi contain
Elphidium reginum and Elphidium koberi common for the
Sarmatian; Elphidium reginum is regarded as the index spe-
cies of the Lower Sarmatian biozone, although it was earlier
reported from the uppermost Badenian. Other typically
Sarmatian foraminifers of the Anomalinoides dividens Zone
are lacking and the occurrence of Elphidium reginum and
Elphidium koberi in the Upper Badenian of Kudryntsi is re-
lated to specific environmental conditions which were very
similar to those characteristic for the Sarmatian.
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