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The Upper Badenian marly shales overlying gypsum and the Ratyn Limestone at Shchyrets, Ukraine, contain moderately to
well-preserved benthic (calcareous only) and planktonic foraminifers, and palynofacies dominated by bisaccate pollen
grains, presumably transported by wind. Both foraminiferal and dinoflagellate cyst assemblages indicate an open marine en-
vironment with normal-marine salinity and cool waters. The palaeodepth was ca. 50 m except for the uppermost part of the
section studied, where a distinctive deepening is indicated by the dominance of Uvigerina in benthic foraminiferal assem-
blages and a high P/B ratio. The water was thermally stratified and the differences between the bottom water and the water
column show an upwards-increasing trend. Bulimina and Globocassidulina are the most common and dominant component
of benthic foraminiferal assemblages, except for the uppermost part where Uvigerina dominates the assemblage. The com-
position of benthic foraminifer assemblages and 8"3C values of foraminifers indicate nutrient-rich waters and mesotrophic to
eutrotrophic environments in surface waters, and low oxygenation at the sea floor in the Ukrainian Carpathian Foredeep Ba-

=

sin during the Late Badenian.
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INTRODUCTION

Following the mid-Badenian salinity crisis, which resulted in
the deposition of thick evaporite deposits in various basins of
the Carpathian region (see Peryt, 2006 with references
therein), the last marine flooding in the Paratethys in the Late
Badenian resulted in the reconnection of the Central and East-
ern Paratethys (Rogl, 1998). During this transgression, which
was dominantly controlled by sea level changes outside the
Central Paratethys realm (Kovac et al., 2007), outer and inner
neritic conditions were established in the inner and outer parts
of the foredeep, and in the marginal part of the Carpathians
(Oszczypko and Oszczypko-Clowes, 2012 with references
therein). There are various estimates of the transgression start:
from ca. 13.1 Ma (Sliwinski et al., 2012) to ca. 13.54 Ma
(Hohenegger et al., 2014). De Leeuw et al. (2013) suggested
that the end of the Badenian salinity crisis was at 13.36 Ma.

The Upper Badenian deposits show carbonate facies char-
acterized by the occurrence of coralline algae-vermetid reefs
and a variety of bioclastic facies in the eastern part of the
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Carpathian foreland (Kudrin, 1966; Goérka et al., 2012), and
then, towards the west, by rhodoid limestones with minor inter-
calations of marl and claystone (Gedl and Peryt, 2011;
Studencka et al., 2012); farther towards the south-west this car-
bonate facies is replaced by clayey-sandy-carbonate facies
that, in turn, passes into sandy-clayey facies — the typical Kosiv
Suite. The sedimentary facies changes are accompanied by
changes in foraminiferal assemblages, and the most basin-
ward, clayey facies contain chilostomellids, cassidulinids, buli-
minids, and some planktonic species (Orbulina, Globigerina)
(Bobrinskaya et al., 1998).

The Kosiv Formation consists of silty grey clays which alter-
nate with separate interbeds of loose silts, sandstones, tuffs,
and tuffites (Andreyeva-Grigorovich et al., 1997). It is com-
posed of four lithologically distinctive subdivisions: the
Verbovets, Prut, Kolomyia, and Kovalivka beds.

The Verbovets beds contain several layers of tuff and tuffite,
and are characterized by numerous Globigerina bulloides
d’Orbigny, G. regularis d’Orbigny, Subbotina cognata (Pishva-
nova), and Velapertina indigena (tuczkowska). In addition,
radiolarians occur in the lower part of the subdivision, while
pteropods of the genus Spiratella, and foraminifera, occur in its
upper part (Pishvanova, 1969; Garecka and Olszewska, 2011).
Foraminiferal assemblages were assigned to the Globigerina
decoraperta Zone. Within the Prut beds, sandstones predomi-
nate (Andreyeva-Grigorovich et al., 1997). The Prut beds are
characterized by the co-occurrence of agglutinated and calcar-
eous foraminifera of the Bogdanowiczia pokutica and Bulimina-
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-Bolivina zones, with typical Hyperammina granulosa
Venglinski, Bogdaniowiczia pokutica Pishvanova, Cyclammina
pleschakovi Pishvanova, and numerous Bulimina elongata
d’Orbigny (Pishvanova, 1969; Garecka and Olszewska, 2011).

The aim of this paper is to characterize and interpret the en-
vironmental changes from the succession of foraminiferal as-
semblages, palynofacies, and assemblages of dinoflagellate
cysts in the basal part of the Kosiv Formation at Shchyrets, near
Lviv, that is one of key sections of the Upper Badenian in the
Ukrainian Carpathian Foredeep, owing to its palaeogeographi-
cal location near the boundary of marginal and basinal parts of
the foredeep (Fig. 1).

GEOLOGICAL SETTING

Shchyrets is located north of the Rava Ruska Fault Zone
that is commonly considered to represent the southwestern
edge of the East-European Platform. South of the Rava Ruska
Fault Zone, strata of the Bilche-Volytsia zone of the Carpathian
Foredeep occur.

The Bilche-Volytsia Unit shows diverse stratigraphic se-
quences and varied thicknesses of Miocene deposits
(Oszczypko et al., 2006). At the base of the Miocene section in
borehole profiles of the Bilche-Volytsia Unit, various silici-
clastic deposits, commonly conglomerates and breccias, and
carbonate deposits occur that are included in the Sandy-Cal-
careous Series of the Karpatian (Vashchenko et al., 2007) or
Early Badenian (Kotarba et al., 2011) age; in the latter case,
they form part of the Bohorodchany Formation that is covered
by evaporites of Tyras Formation (Peryt et al., 2010). In the
Carpathian foreland, the Tyras Formation includes evaporites
and the Ratyn Limestone (Petryczenko et al., 1994; Andre-

yeva-Grigorovich et al., 1997). The formation is overlain by the
Upper Badenian Kosiv Formation (10-150 m thick); the over-
lying Sarmatian strata are included in the Dashava Formation
that is further subdivided into two parts; the lower part (up to
3500 m thick), and the upper part (up to 1500 m thick) (Kuro-
vets et al., 2004).

Various types of the Badenian deposits are exposed natu-
rally in the Shchyrets area (Lomnicki, 1897; cf. Gerasimov et al.,
2005). In the gypsum quarry (not active at present), clastic, lam-
inated, and redeposited gypsum of total thickness of ca. 20 m,
with ca. 5 m thick breccia intercalation and nucleation cones at
their base (Peryt, 1996), is overlain by the Ratyn Limestone (ca.
0.9 m thick; Fig. 2). The Ratyn Limestone shows mudstone and
then peloidal and intraclastic wackestone-packstone texture
(Peryt and Peryt, 1994). Its isotopic composition suggests that
both marine facies (5'°0 values from —3 to +1%o; &' °C values
from ca. —9%o) and diagenetic material (3'0 values from ca. —1
to —5%o; 8'°C values from ca. —13.5 to —15.5%0) occur (Peryt
and Peryt, 1994: fig. 3; cf. Peryt et al., 2012).

The Ratyn Limestone is overlain by 5 m thick pale beige to
pale olive hard, massive marly clays, with one 20 cm thick bed
of carbonatized tuffite located 1.5-1.7 m above the Ratyn Lime-
stone, a 15 cm thick sandstone intercalation occurring 2.9 m
above the Ratyn Limestone, and a 35 cm thick bed of
carbonatized tuffite at the top (Fig. 2). In addition, there occur
thinner tufogenic intercalations; one of these, occurring about
2.5 m above the gypsum, was radiometrically dated to 13.19 £
0.14 Ma (Nejbert et al., 2012). These marly clays contain
foraminifers; Kudrin (1966: p. 140) mentioned that N. Boya-
rintsevaya found rare Textularia carinata d’Orbigny, Gyroidina
soldanii d’Orbigny, Uvigerina pygmea d’Orbigny, Bulimina
elongata d’Orbigny, B. buchiana d'Orbigny, Pullenia coryelli
White, Globigerina ex gr. bulloides d’Orbigny, and Miliolina sp.
in the “tuffaceous sandstones” of Shchyrets.
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Fig. 1. Location map showing the mid-Badenian sulphate zones (after Peryt, 2006)
and Upper Badenian facies in the Carpathian foreland (after Kudrin, 1966)
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MATERIAL AND METHODS

The section exposed in the Shchyrets Quarry was mea-
sured and sampled in 1996. Nine samples were selected for
study of foraminifers, palynology and mineralogical composi-
tion. The location of samples studied is shown in Figure 2.

Samples M-1 to M-8 are pale beige to pale olive hard, mas-
sive marly shales, and samples M-10 to M-15 are mostly pale
beige fine-splitting marly shales.

Washed residues for foraminiferal study were obtained from
the marls by disaggregation using Na,SO,. An aliquot of about
200-300 specimens of foraminifers from the 100—600 um size
fraction was picked for the faunal analyses. Taxonomy of the
foraminifers follows Loeblich and Tappan (1987), Odrzywolska-
-Bienkowa and Olszewska (1996) and Cicha et al. (1998). The
figured specimens are deposited in the Institute of Paleo-
biology, Polish Academy of Sciences, Warszawa (ZPAL F. 60).

Foraminiferal taxa were allocated to morphogroups accord-
ing to Jones and Charnock (1985) and Corliss and Chen
(1988). The relative percentages of benthic foraminifer species
within the benthic foraminiferal assemblages, the relative abun-
dance of infaunal, shallow infaunal and epifaunal forms (to in-
form on trophic conditions), and the percentage of planktonic
foraminifers within total foraminiferal assemblages (P/B ratio)
were calculated. Palaeobathymetry was estimated on the basis
of benthic faunal characteristics and the P/B ratio. The
palaeoenvironmental interpretation, based on foraminifers, ap-
plies the requirements of present-day representatives of re-
corded taxa (see Peryt and Gedl, 2010: table 1). To estimate
the level of oxygenation of the sea floor, benthic foraminifera
were grouped into oxic, suboxic, and dysoxic indicators accord-
ing to Thomas (1980), van der Zwaan (1982, 1983), Verhallen
(1991), Jorissen et al. (1992), Kaiho (1994), Loubére (1996,
1997), Bernhard and Sen Gupta (1999), Kouwenhoven and
van der Zwaan (2006), and Kaminski (2012).

The following taxa, present in the material studied, are in-
cluded in the oxic group: Heterolepa dutemplei, Lobatula
lobatula, Cibicidoides spp., Cibicides sp., Sigmoilinita tenuis.
Oxic indices represent epifaunally living species. Taxa tolerant
of suboxic environments are: Lenticulina spp., Lagena spp.,
Porosononion granosum, Astrononion perfossum, Melonis
pompilioides, Pullenia bulloides, P. miocenica, Sphaeroidina
bulloides, and taxa tolerant of dysoxic environments are
Bulimina spp., Bolivina spp., Uvigerina spp., Fursenkoina
acuta, Praeglobobulimina pyrula and Globocassidulina sp.
Foraminifers tolerant of suboxic environments represent mostly
shallow infaunally living species, while foraminifers tolerant of
dysoxic environments represent mostly deep infauna and spe-
cies with opportunistic behavior. They are commonly used as
stress markers (e.g., van der Zwaan et al, 1999; van
Hinsbergen et al., 2005).

Since Emiliani (1955), 8'0 values of foraminifera are re-
garded as an excellent indicator of temperature changes. To cal-
culate absolute water temperature, 5'®0 ratios of selected
foraminifer species were used: planktonic Globigerina spp. (in
four samples, in two of them G. bulloides) and infaunal Bulimina
elongata. In one case where the latter taxon was too rare to allow
for isotopic studies, Uvigerina peregrina was used instead, as
both have similar environmental requirements, and in another
sample both Bulimina elongata and Uvigerina peregrina were
used. It is assumed that the isotope values for Globigerina and
BuliminalUvigerina are indicative of the surface and deep-water
isotope composition, respectively. Foraminifer tests were re-
acted with 100% phosphoric acid at 75°C, using a KIEL IV online
automatic carbonate preparation line connected to the Finnigan
Mat delta plus mass-spectrometer at the Light Stable Isotopes
Laboratory of the Institute of Geological Sciences, Polish Acad-
emy of Sciences, Warszawa. All isotopic data was reported in
per mil relative to VPDB related to NBS 19. The precision
(reproducibility of replicate analyses) of both carbon and oxygen
isotope analyses was usually better than +0.2%.. For the calcula-
tion of palaeotemperatures, various equations have been gener-
ated, but all generally follow Epstein et al.’s (1953) original equa-
tion. In the present work we use this original equation. Due to var-
ious corrections, the final temperature values for Late Badenian
Paratethyan water can differ substantially (see Peryt, 2013: ap-
pendix 3), although the trends of temperature changes, based on
calculations with various equations, remain stable.

The samples were processed following standard
palynological procedure, including 38% hydrochloric acid (HCI)
treatment, 40% hydrofluoric acid (HF) treatment, heavy liquid
(ZnCl*+HCI; density 2.0 g/cm®) separation, ultrasound for
10-15s, and sieving at 15 um on a nylon mesh. No fuming nitric
acid (HNO;) treatment was applied. The quantity of rock pro-
cessed equalled 20 g for each sample. The rock samples,
palynological residues and slides are stored in the collection of
the Institute of Geological Sciences, Polish Academy of Sci-
ences, Krakow.

Palynomorphs and phytoclasts were counted up to a total of
1000. Among palynomorphs dinoflagellate cysts, sporomorphs
(spores and pollen grains), and Leiosphaeridia were distin-
guished, whereas palynodebris consist in the material studied
of cuticular remains, black opaque phytoclasts, dark brown
translucent woody particles and structureless debris. All
dinoflagellate cysts on a slide were counted.

Samples were subject to X-ray Diffraction (XRD) study us-
ing a Philips X'Pert PW 3020 spectrometer at the Central
Chemical Laboratory of the Polish Geological Institute — Na-
tional Research Institute, Warszawa. The wavelength used was
K-Alpha1 and the peak search parameter set was PC-APD.
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RESULTS

FORAMINIFERS

The deposits examined yielded moderately- to well-pre-
served foraminifers (Figs. 3-5). Benthic assemblages are com-
posed entirely of calcareous forms (Figs. 3 and 4); agglutinated
foraminifers were not recorded in the material studied. Simple
benthic diversity is low to moderate. Thirty-eight species of ben-
thic and nine species of planktonic foraminifers were recorded.

Bulimina is the most common and dominant component of
benthic foraminiferal assemblages in almost the entire interval
studied, except in the uppermost part, where this group is com-
pletely lacking. In places, Uvigerina and Globocassidulina, at
the expense of Bulimina, exceed 50% and dominate assem-
blages. Fursenkoina, Heterolepa dutemplei, and Sphaeroidina
bulloides are also temporarily important contributors, forming
up to 25% of the assemblages; Pullenia bulloides, Sigmoilinita
tenuis, Astrononion perfossum are common in different inter-
vals (Fig. 6).

The contribution of planktonic foraminifera is very low
(0-5%) except in the uppermost part of the section, where the
P/B ratio exceeds 50%. Globigerina and Globigerinelloides are
the most common; Tenuitellinata, Globigerinoita, Turborotalita,
and Velapertina? were also recorded (Fig. 5).

In sample M-1, the benthic foraminiferal assemblage is domi-
nated by Bulimina aculeata and Bulimina elongata; common are
Sigmoilinita tenuis and Lagena sp.; Bolivina sp., Sphaeroidina
bulloides, Astrononion perfossum, Elphidium macellum,
Cibicidoides sp. and Praeglobobulimina sp. rarely occur (Fig. 6).
Dysoxic indices form 80% of the assemblage and are composed
mainly of Bulimina spp.; Bolivina and Praeglobobulimina are mi-
nor contributors to this group; suboxic indices form 13% of the
assemblage, and oxic ones only 7% (Fig. 7). Planktonic fora-
minifera are rare and are represented by Globigerina bulloides,
G. praebulloides, Globigerina sp., and Globigerinoides sp. In ad-
dition, reworked Cretaceous foraminifera occur.

In sample M-2, Bulimina, a dominant form in the preceding
sample, decreases in relative abundance to 38% of the assem-
blage (Fig. 6). Small thin-walled Lagena spp., Astrononion
perfossum, Reussoolina apiculata, Lobatula lobatula, Cibici-
doides sp., Eponides repandus, and Polymorphina? sp. are
common. In this assemblage the contribution of dysoxic forms
is the lowest in the entire interval studied and reaches 38%; the
suboxic group is the largest and forms 48% of the total, and oxic
forms comprise 14% (Fig. 7). The planktonic foraminifera as-
semblage is the same as in sample M-1.

In sample M-5, Bulimina again is the main component of the
benthic foraminiferal assemblage (70% of the total). Bulimina
aculeata and B. elongata are the most abundant. Heterolepa
dutemplei is also a very important contributor and exceeds 25%
of the assemblage. Minor components are Astrononion per-
fossum, Reussoolina apiculata, Elphidium sp., Melonis pompili-
oides, Uvigerina sp., and Sphaeroidina bulloides (Fig. 6).
Dysoxic indices contribute 65% of the assemblage; oxic ones
represented mainly by Heterolepa dutemplei form 27%, and
suboxic forms comprise 8% (Fig. 7). Planktonic foraminifera are
lacking.

In the following sample, M-7, Bulimina exceeds 50% of the
assemblage, Fursenkoina acuta forms 25%, Astrononion
perfossum forms 16%, and Sigmoilinita tenuis makes up 5%
(Fig. 6); in addition rare Heterolepa dutemplei, Bolivina sp.,
Sphaeroidina bulloides, Elphidium macellum, Cibicidoides sp.,
Praeglobobulimina pyrula, Guttulina sp. and Glandulina ovula
occur. Bulimina and Fursenkoina acuta are main dysoxic forms

and their contribution to the assemblage exceeds 75%); suboxic
species form 20% and oxic species form only 5% (Fig. 7).
Planktonic foraminifera, represented by small Globigerina spp.
and Globigerinoides spp., form 5% of the assemblage.

In sample M-8, the contribution of Bulimina drops to 30%;
Globocassidulina sp. dominates (53% of the assemblage);
Sigmoilinita tenuis and Astrononion perfossum are common in
this assemblage; rare components are represented by Lagena
sp., Lenticulina sp., Reussoolina apiculata, Porosononion
martkobi, Bolivina spp., and Glandulina ovula (Fig. 6). In this
assemblage dysoxic forms dominate, reaching 86%; suboxic
representatives drop to 10% and oxic ones form 4% (Fig. 7).
Planktonic foraminifera are rare and do not exceed 5% of the
assemblage.

In sample M-10 Bulimina dominates (B. aculeata and
Bulimina elongata are the most abundant); Astrononion
perfossum and Sigmoilinita tenuis exceed 13 and 10%, respec-
tively (Fig. 6). In this assemblage, the contribution of dysoxic
forms is 68%, and of suboxic ones is 20%; oxic indices form
12% (Fig. 7). Planktonic forms are represented by Globigerino-
ides spp., Globigerina bulloides, G. praebulloides, and Globi-
gerina sp.; their contribution to the assemblage is <56%.

In sample M-12, the taxonomic composition of benthic
foraminiferal assemblage is very similar to that of sample M-8,
where Bulimina is common but not dominant (Fig. 6). Globo-
cassidulina sp. dominates in this assemblage. Minor compo-
nents are Sphaeroidina bulloides, Lagena sp., Pullenia
bulloides, Lenticulina sp., Reussoolina apiculata, Porosononion
martkobi and Glandulina ovula. Dysoxic species dominate and
form 87% of the assemblage, suboxic species comprise 6%,
and oxic forms make up 7% (Fig. 7). Planktonic foraminifera are
very rare and represented by Globigerina spp.

In sample M-13, Bulimina spp. dominate and form 63% of
the assemblage; Sigmoilinita tenuis is common and represents
10%; rare components in this assemblage are represented by
Astrononion perfossum, Lagena sp., Lenticulina sp.,
Reussoolina apiculata, Porosononion martkobi and Glandulina
ovula (Fig. 6). Dysoxic representatives form 63% of the assem-
blage, suboxic ones 29%, and oxic ones 8% (Fig. 7). Planktonic
foraminifera do not exceed 5% of the assemblage.

The benthic foraminiferal assemblage of sample M-14 is
similar in taxonomic composition to that of sample M-12 and is
dominated by Globocassidulina sp. — 38% of the assemblage.
Bulimina aculeata and Bulimina elongata are common and to-
gether contribute 24% to the assemblage; common contribu-
tors to the assemblage are Sigmoilinita tenuis (9%) and
Astrononion perfossum (6%); rare components are repre-
sented by Glandulina ovula, Lagena sp., Lenticulina sp.,
Reussoolina apiculata, and Pseudotriloculina consobrina (Fig.
6). In the assemblage dysoxic forms dominate — 71%, suboxic
ones form 20%, and oxic ones 9% (Fig. 7). Planktonic forms —
Globigerina bulloides, G. praebulloides, Globigerina sp., and
Globigerinoides spp. — constitute <5% of the assemblage.

It is notable that foraminiferal assemblages dominated by
Globocassidulina (samples M-8, M-12, and M-14) are charac-
terized by reduced test sizes.

In sample M-15, the benthic foraminiferal assemblage is
characterized by the total absence of Bulimina; Uvigerina domi-
nates this assemblage. Uvigerina pudica, U. brunnensis, U.
semiornata, U. peregrina, and Uvigerina sp. form almost 57% of
the total assemblage. An important contributor to this assem-
blage is Sphaeroidina bulloides, which forms 25% of the total;
common species are Sigmoilinita tenuis (5%), Bolivina spp. (B.
dilatata, B. plicatella and B. sp.) (5%), Pullenia bulloides (5%);
rare contributors are Globulina punctata, Melonis pompilioides,
Cibicidoides sp. and Osangularia? sp. (Fig. 6). Dysoxic compo-
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Fig. 3. Benthic foraminifers from Shchyrets

A, B — Uvigerina semiornata; C, D, E — Uvigerina peregrina; F — Uvigerina sp.; G — Uvigerina brunnensis; H — Bulimina sp.; I, N, Q —
Bulimina elongata; J — Bulimina aculeata; K — Bulimina insignis; L, O, P — Bulimina schischkinskayae; R, S, U, V, W, X — Sigmoilinita
tenuis; T — Sigmoilinita sp.; Z — Sigmoilinita tschokrakensis; Y — Lagena sp.; A1 — Bolivina dilatata; B1 — Bolivina sp.; C1 — Bolivina
plicatella; D1, E1 — Fursenkoina acuta; F1 — Bolivina sp.; G1, G2, H1, H2 — Globocassidulina sp.; 11 — Glandulina sp.; J1, J2 —
Astrononion perfossum; K1, K2 — Pullenia bulloides; L1, L2 — Melonis pompilioides; scale bars = 100 ym
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Fig. 4. Benthic foraminifers from Shchyrets

A1, A2 — Sphaeroidina bulloides; B1, B2 — Cibicidoides sp.; C1, C2, D1, D2 — Rosalina nana; E1, E2 — Globocassidulina sp.; F1, F2,
L1-L3, M1-M3 — Lobatula lobatula; G1, G2 — Porosononion martkobi; H1-H3, J1-J3 — Heterolepa dutemplei; K1, K2 — Pullenia
miocenica; A1, A2, B1, B2, K1, K2 — sample M-15; C1, C2 — sample M-13; D1, D2, E1, E2 — sample M-8; F1, F2, G1, G2, L1-L3,
M1-M3 — sample M-2; H1-H3 — sample M-7; I1, 13 — sample M-4; J1-J3 — sample M-5; scale bars = 100 ym
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Fig. 5. Planktonic foraminifers from Shchyrets

A1, A2, E1, E2 - Globigerina bulloides; B1, B2 — Globigerinelloides trilobus; C1, C2 — Globigerinoides primordius?; D1, D2, L1, L2 —
Tenuitellinata juvenilis; F1, F2 — Globigerinoita sp.; G1, G2 — Velapertina? sp.; H1, H2 — Globigerina praebulloides; 11, 12, K1, K2 —
Turborotalita quinqueloba; J1, J2 — Globigerinoides quadrilobatus; A1, A2,B1,B2, C1, C2,E1,E2,F1,F2,G1, G2, H1, H2,J1, J2, L1,
L2 — sample M-15; D1, D2 — sample M-7; 11, 12, K1, K2 — sample M-8; scale bars = 100 ym

nents form 62% of the assemblage, suboxic forms 31% and
oxic forms 7% (Fig. 7). P/IB is 57%. Very common are
Globigerinoides spp., Globigerina bulloides, G. praebulloides,
and Globigerina sp. Rare occurrences of Tenuitella, Globi-
gerinoita, Turborotalita, and Velapertina are recorded.

ISOTOPIC ANALYSES OF FORAMINIFERS

Results of isotopic analyses of foraminifers are shown in
Figures 8 and 9. The range of §'°C values for Bulimina and
Uvigerina is from —0.21 to —2.72%. (the mean is —1.13 +
0.80%o), and for Globigerina is from —0.41 to 1.72%o. (the mean

is —1.18 % 0.62%o); they are similar. The range of §'20 values for
Bulimina and Uvigerina is from —0.39 to 2.54%o (the mean is
1.72 + 0.99%0), and for Globigerina from —0.07 to 0.59%. (the
mean is 0.18 + 0.29%o) (Fig. 8).

The benthic §'>C curve shows some fluctuation with the low-
est values recorded in the bottom part of the section studied.
Higher up in the section the 8'°C values of benthic foraminifers
gradually increase up to ca. 0%o near +2.5 m, then decrease to
ca. —2%o near +4.0 m and next, in the uppermost part of the sec-
tion studied, show an increase to ca. —0.5%o. The benthic §'°0
curve shows first an increase of §'®0 values (from 0.94%o to
1.73%0) and then a distinct decrease (to —0.39%o. just above the
thick tuffite bed). Next, in the middle part of the section they in-
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Fig. 6. Relative abundances of dominant and common benthic foraminiferal species
within assemblages in the marls above the Ratyn Limestone at Shchyrets

Species or groups of species which at least in one sample exceed 5% are shown

crease to 2.28%0 and the upper part of the sections shows fluc-
tuations in a small range (2.05-2.54%o). As far as the planktonic
foraminifers are concerned, the number of samples analysed
was too low to detect the direction of changes in carbon and ox-
ygen isotopes, but limited data indicate the highest 8'C values
and the lowest 8'®0 values at the base and top of the section,
and much a smaller range of fluctuation of §'®0 values than of
3'3C values (Fig. 8). There is a distinctive, gradual upwards in-
crease in A8'20, from 0.9%o in the lowest sample, to 2.2% in the
highest sample, however, this trend is based on only four sam-
ples (Fig. 8).

When compared to roughly coeval foraminifers from other
Upper Badenian basins of the Central Paratethys, our data for
Globigerina bulloides is similar to data from the Vienna Basin
(Fig. 9). As far as our data for benthic foraminifera, mostly
Bulimina elongata, is concerned, five of eight samples studied
gave results identical or close to those characteristic of
Uvigerina of the Vienna Basin, but three samples show devia-
tions in 3 values that are smaller by 1-2%. compared to the Vi-
enna Basin (Fig. 9). Both the Shchyrets section and sections
from the Vienna Basin show clearly higher §'°0 values and
clearly lower 8'3C values that the Upper Badenian Uvigerina
and planktonic foraminifera from the Pannonian Basin (Fig. 9).

PALYNOLOGY

All samples yielded palynological organic matter (Fig. 10).
However, its quantity and quality differs in particular samples.

All samples, except for M-10, yielded dinoflagellate cysts; they
are illustrated in Figures 11 and 12, and their distribution is
shown in Table 1 and Figure 13.

Palynofacies of the lowermost sample M-1 is dominated by
sporomorphs (mostly bisaccate pollen grains) — up to 70%;
black opaque, dark brown phytoclasts and small-sized cuticles
are subordinate — up to 15%; the ratio of highly disintegrated
structureless particles is difficult to evaluate, it presumably does
not exceed 10%. Aquatic palynomorphs are relatively rare:
dinoflagellate cysts are 1-2%, infrequent Leiosphaeridia occur.

Dinoflagellate cysts are well-preserved; their assemblage is
dominated by Spiniferites spp. (over 70% of all cysts; mainly
Spiniferites ramosus). The remaining part of the assemblage
consists of common Operculodinium spp., Lingulodinium
machaerophorum, Melitasphaeridium pseudorecurvatum, M.
choanophorum, Labyrinthodinium truncatum, less frequent
Systematophora placacantha, Hystrichokolpoma rigaudiae,
Nematosphaeropsis labyrinthus, and single specimens of
Impagidinium sp. and Systematophora cf. placacantha (Table 1).
Rare reworked specimens of reworked Paleogene Cordo-
sphaeridium? funiculatum, and Wetzeliella sp. have been found.

Sample M-2 contains similar palynofacies (Table 1).
Dinoflagellate cysts (2%) are also dominated by Spiniferites
spp., although not so pronouncedly as in lower sample M-1 —
40%. Operculodinium spp. and Lingulodinium machaero-
phorum are very frequent, whereas Melitasphaeridium pseudo-
recurvatum, M. choanophorum, Nematosphaeropsis labyrin-
thus, Labyrinthodinium truncatum, Reticulatosphaera actino-
coronata, and Homotryblium floripes are less common (the lat-
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occur. A single isolated process most likely repre-
sents part of a reworked Paleogene specimen of
Adnatosphaeridium.

A similar palynofacies occurs in sample M-7:

Uvigerina dominating pollen grains (over 70%), black and dark

5 % 5 37 3 2 = : i 3 brown woody particles (10%), small cuticles (8%),

3"80 [% VPDB] Globigerina P AUvigerina ~ @nd aquatic palynomorphs (10%) (Fig. 13). The lat-

bulloides r AL ter are represented mainly by dinoflagellate cysts,

PANNONIAN A which are more taxonomically diverse than in the

BASIN o ® N lower sample. Although dominated by Spiniferites

A Bulimina elongata 2] spp. (70%), they also include frequent Operculo-
A Uvigerina peregrina o ) 8'3¢ L .

4 Bulimina elongata and Uvigerina peregrina [y, yPDB] dinium spp. and Batiacasphaera sp. Moreover, rela-

o Globigerina bulloides 5 A tively frequent specimens of Nematosphaeriopsis

O Globigerina spp.

Fig. 9. Plot of '3C and §'°0 values of Upper Badenian foraminifers

from Shchyrets Quarry

ter species might be reworked from Paleogene strata; see
Gedl, 2005 for discussion). A single specimen of reworked
Cerodinium (Upper Cretaceous—Paleocene) has been found.
The higher sample M-5 is distinguished by a higher ratio of
dinoflagellate cysts — up to 15% (pale-coloured and thin-walled
pollen grains form 60%, and highly disintegrated black phyto-
clasts comprise 25%) (Fig. 13). Dinoflagellate cyst assemblage
is taxonomically impoverished: it consists of Spiniferites spp.,
and less frequent Systematophora placacantha, Lingulodinium
machaerophorum, and Operculodinium spp. Single specimens
of Hystrichokolpoma rigaudiae and Impagidinium cf. aculeatum

labyrinthus, Labyrinthodinium truncatum, Systema-
tophora placacantha, and Melitasphaeridium
choanophorum occur. Rare specimens of Hystricho-
kolpoma salacia, Dapsilidinium sp., Imperfe-
ctodinium septatum, Impagidinium cf. aculeatum,
Phelodinium sp., and Reticulatosphaera actinocoronata have
been found. A few isolated processes have been found, which,
as in sample M5, presumably represent fragments of reworked
Paleogene specimens. Aquatic palynomorphs in this sample are
also represented by the acritarch Nannobarbophora.

The following two samples, M-8 (+285 cm) and M-10
(+300 cm), are characterized by very small amounts of
palynological organic matter, which consists almost exclusively
of black opaque phytoclasts. Rare bisaccate pollen grains oc-
cur in both samples; sample M-8 additionally contains rare dark
brown cuticle fragments, and single specimens of Spiniferites

Fig. 10. Palynofacies of the Shchyrets succession

A, B — palynofacies of sample M-1 characterized by domination of pollen grains; dinoflagellate cysts are infre-
quent; C — sample M-7 showing palynofacies dominated by pollen grains, but aquatic elements (mainly
dinoflagellate cysts) show relatively high ratios; D — palynofacies of sample M-8 consisting almost exclusively of

black opaque phytoclasts
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Table 1
Distribution of dinoflagellate cysts in the Shchyrets succession
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Pre-Miocene reworked species highlighted with an asterisk

sp., Lingulodinium machaerophorum, and Operculodinium
centrocarpum (cf. Fig. 13)

The amount of palynological organic matter increases in
sample M-12, collected 9 cm above sample M-10. Its palyno-
facies consists of sporomorphs (50%, mainly bisaccate pollen
grains), black opaque phytoclasts (30%), and dinoflagellate
cysts (over 15%). The latter are dominated by Spiniferites spp.
and the morphologically similar genus Achomosphaera. The
following taxa occur frequently: Melitasphaeridium pseudo-
recurvatum, Operculodinium spp., M. choanophorum, Syste-
matophora placacantha, and Lingulodinium machaerophorum;
less common are: Nematosphaeropsis labyrinthus, Impa-
gidinium sp., Reticulatosphaera actinocoronata, Pentadinium
sp., and Hystrichokolpoma salacia.

Relatively frequent are specimens of reworked Paleogene
taxa: Homotryblium tenuispinosum, Hystrichosphaeridium tubi-
ferum, fragmentarily preserved (mainly isolated processes)
Areosphaeridium (including A. diktyoplokum), and Cordo-
sphaeridium.

A similar palynofacies dominated by bisaccate pollen grains
and a relatively high ratio of dinoflagellate cysts (15%) occurs in
sample M-14 (Fig. 13). Also the taxonomical composition of the
dinoflagellate cyst assemblage is similar to the one from the
lower sample: it is dominated by Spiniferites and, to a lesser de-
gree, by Systematophora placacantha. Achomosphaera spp.,
Melitasphaeridium pseudorecurvatum, Operculodinium spp.,
M. choanophorum, Reticulatosphaera actinocoronata, and
Lingulodinium machaerophorum, which all occur frequently;
Nematosphaeropsis labyrinthus, Labyrinthodinium truncatum,
and Batiacasphaera? sp. are less numerous. Single specimens
of Impagidinium and Cordosphaeridium cantharellum have
been found. In this sample, as in sample M-12, reworked
Paleogene taxa occur: Deflandrea sp., Areosphaeridium sp.,
and Hystrichosphaeridium tubiferum.

The palynofacies of sample M-15 — the highest of the sam-
ples studied — qualitatively resembles that of lower samples (Fig.
13), but significantly differs by much lower amounts of
palynological organic matter. Also, the dinoflagellate cyst assem-
blage taxonomically generally resembles ones from samples
M-14 and M-12, but specimens are much rarer. It is dominated
by Spiniferites spp., and less frequently by Operculodinium spp.
Rare or single specimens of the following taxa occur:
Lingulodinium  machaerophorum,  Achomosphaera  sp.,
Melitasphaeridium choanophorum, Labyrinthodinium truncatum,
Impagidinium sp., Hystrichokolpoma salacia, Pentadinium sp.,
Nematosphaeropsis labyrinthus, and Batiacasphaera? sp.

MINERALOGY

The results of XRF analysis are shown in Table 2. In all
samples studied calcite, quartz and smectite were recorded,
and the latter mineral occurs in greater proportion in samples
M-10 and M-12. The three minerals are accompanied, in the
lower part of section studied (samples M-1 and M-2), by gyp-
sum, feldspar, zeolite, pyrite, illite, and chlorite, and these min-
erals (except for gypsum) are present in other samples in the
section. In the middle part of the section, aragonite and
muscovite were identified (Table 2).

INTERPRETATION

FORAMINIFERAL RECORD

The dominant species recorded in the interval represented
by samples M-1 to M-14 indicate a depth of ca. 50 m (Fig. 14) as
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Fig. 11. Dinoflagellate cysts and acritarchs from Shchyrets

A-D — Labyrinthodinium truncatum (A—C: same specimen, various foci, M-15; D: M-14); E, F — Pyxidiniopsis sp. (both specimens
M-14); G, H — Impagidinium spp. (G: M-15, H: M-14); I-K — Melitasphaeridium choanophorum (l, J: same specimen, various foci,
M-14; K: M-15); L-O — Nematosphaeropsis labyrinthus (L, M and N, O: same specimens, various foci; both specimens: M-14); P —
Reticulatosphaera actinocoronata (M-14); Q, R — Operculodinium piaseckii (same specimen, various foci, M-14); S — Spiniferites sp.
(M-14); T, U — Nannobarbophora gedlii (T: M-7, U: M-14); V — Achomosphaera sp. (M-14); W — Spiniferites sp. (M-14); X —
Batiacasphaera sp. (M-7); Y — Spiniferites ramosus (M-14)



Foraminiferal and palynological records of the Late Badenian... 477

Fig. 12. Dinoflagellate cysts from Shchyrets

A, B — Hystrichokolpoma rigaudiae (both specimens: M-7); C — Pentadinium laticinctum (M-12); D—F —
Lingulodinium machaerophorum (D: M-14; E, F: same specimen, various foci, M-14); G — Operculodinium
centrocarpum (M-15); H, | — Operculodinium spp. (both specimens: M-15); J — Spiniferites pseudofurcatus
(M-15); K, L — Systematophora placacantha (K: M-15, L: M-14)

Bulimina elongata lives at depths of >15 m, Heterolepa
dutemplei at depths of >40 m, and Globocassidulina at depths
of >50 m (Hohenegger, 2005). Very low P/B values (0-5%) in
the interval and taxonomic composition of planktonic foramini-
feral assemblages also indicate inner shelf depths (Murray,
1991). Planktonic foraminifera, mostly Globigerina and rarely
Globigerinoides, indicate a shallow cool sea. Globigerina
bulloides is a mixed-layer, cold-water dweller adapted to more
eutrophic waters, tolerant of a wide range of typical oceanic sa-
linities (Pujol and Vergnaud-Grazzini, 1995; Majewski, 2003;

Majewski and Bohaty, 2010). Globigerinoides in turn is a sur-
face-dweller common in warm, oligotrophic waters of the mixed
layer, with highest abundances in regions where there is a per-
manent vertical stratification of the water column (Hemleben et
al., 1989; Di Stefano et al., 2010).

Deepening of the sea is interpreted for interval starting
from sample M-15 where Uvigerina dominates, which accord-
ing to Hohenegger (2005) lives not shallower than 70 m. At the
same level the P/B ratio significantly increases and exceeds
50% (Fig. 14).
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Fig. 13. Palynofacies changes in the Shchyrets succession

In the lowest part of the interval, the frequency of infaunal
Bulimina is very high and exceeds 80%. Very high dominance
of Bulimina indicates probably not only very low oxygen levels
at the sea floor causing stress for benthic life, but probably also
increased salinity, as Bulimina is tolerant of both dysoxia and
high bottom-water salinity (Verhallen, 1991). The amelioration

of oxic conditions at the sea floor in the higher part of the section
(sample M-2) is shown by a low-dominance assemblage, char-
acterized by a relatively low abundance of dysoxic forms in fa-
vour of suboxic ones that are represented mostly by nodo-
sariids, nonionids, and Lobatula lobatula; Cibicidoides spp. rep-
resent oxic forms.

Then, the deposition of thin tuffite bed at the
sea bottom, possibly the result of Transcarpa-
thian volcanic activity of Badenian age (see

Table 2 Bilonizhka et al., 2012 with references therein),

Mineralogical composition of samples studied exterminated the biota for a short time (cf. Hess

et al., 2001; Zagorsek et al., 2012). Hess et al.

Sample number | M-1 | M-2 | M-5 | M-7 | M-8 | M-10 [ M-12 [ M-14 [ M-15 | ~ (2001), by monitoring the recolonisation of the

Sample location Mt Pinatubo 1991 ash layer by benthic

above the Ratyn | 0.75 | 1.05 | 1.71 [ 2.35|2.85| 3.0 | 3.09 | 3.89 | 4.29 foraminifera, discovered that recolonisation was

Limestone [m] very fast and took only a few years for a com-

Calcite + + plete recovery of the foraminiferal benthic com-

Quartz + + munities. The steps of recolonisation were not

Gypsum + + recognized in the material studied. The M-8

Feldspar ; + . N . sa!mple overlylng the tuffite bed contains a ben-

: thic foraminiferal assemblage reflecting a
Zeolite + + + . .

- mesotrophic environment at surface waters and
Pyrite A A no oxygen deficit at the sea floor. The epifaunal
Aragonite + dweller Heterolepa dutemplei constitutes there
Opal/cristoballite >25% of the assemblage. This assemblage
Smectite + + + + ++ + ++ contains the highest oxic indices found in the
llite entire section studied.

Muscovite + + In the intgrval repregepted by salm.ples M-7 tg
Muscoviteillite M-14 deep. infaunally I|V|r?g. foraminifera .doml-

- nate: dysoxic, or opportunistic forms. Their con-
Chiorite R H A * tribution to the assemblages varies from 70 to
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Fig. 14. Palaeoenvironmental changes in the Late Badenian basin at Shchyretsi based on interpretation of foraminifera
and dinoflagellate cyst assemblages

80%, which indicates mesotrophic/eutrophic environments at
surface waters, and a large influx of organic matter to the sea
bottom, where a lot of oxygen was consumed for its degradation.

The benthic foraminiferal assemblages are composed
mainly by Bulimina and Globocassidulina. However, their relative
abundances vary from sample to sample. In samples M-7, M-10,
and M-13 Bulimina dominates forming from 56 to 77% of the as-
semblages. The contribution of Globocassidulina in these sam-
ples varies from 15 to 25%. On the other hand in samples M-8,
M-12, and M-14 Globocassidulina dominates in benthic fora-
miniferal assemblages and its contribution to the assemblages
exceeds 60%. Levels where small Globocassidulina dominate
may indicate the highest deficit of oxygen at the sea floor. Small,
thin-walled foraminiferal tests are common in low-oxygen envi-
ronments where foraminifera must withstand the acidic condi-
tions often associated with organic enrichment (Bernhard, 1986).
Fursenkoina acuta, Astrononion perfossum, and Sigmoilinita
tenuis are important contributors in these assemblages. Assem-
blages where Bulimina prevails are more diverse, which proba-
bly reflects better oxygenation at the sea floor (Fig. 14).

The reason for change in the relative abundances of
Bulimina and Globocassidulina in this interval remains enig-
matic. One of the possible reasons could be a change of type
and/or quality of food sinking from the surface waters (cf. Peryt
et al., 2002).

The benthic foraminiferal assemblage from the topmost
sample (M-15) is also dominated by dysoxic forms, but there is
a complete reorganization of the assemblage: Bulimina and
Globocassidulina are absent, and Uvigerina forms 57% of the
assemblage. Sphaeroidina bulloides, a shallow infauna dweller,
is the second important component of this assemblage.
Sigmoilinita tenuis and Pullenia bulloides reach 5% each of the
total. A decreased contribution of dysoxic forms to the assem-

blage to 62%, dominance of Uvigerina (middle shelf — bathyal
form), increased diversity and a high P/B ratio indicates deep-
ening of the sea to middle shelf depth, a mesotrophic environ-
ment at the surface, a lower influx of organic matter to the bot-
tom, and better oxygenation at the sea floor (Fig. 14).

In general, both benthic and planktonic §'°C values indicate
the nutrient-rich conditions in the Ukrainian Carpathian
Foredeep Basin during the Late Badenian, although they are
probably the most clearly expressed in the lowest part of the
section, possibly due to increased input of continental organic
matter during the transgression. Negative 8'°C values of
Bulimina and Uvigerina indicating nutrient-rich and 3C-de-
pleted pore-water conditions correspond to the dominance of
low-oxygen benthic foraminiferal indicators, such as Bulimina
elongata (cf. Kovacova and Hudackova, 2009).

There are several factors controlling foraminiferal §'20 dis-
tribution, although temperature changes played a decisive role
in the Carpathian Foredeep Basin as well as in the Vienna Ba-
sin (see discussion in Kovacova and Hudackova, 2009). In turn,
strongly negative 8'®0 values measured in Late Badenian
planktonic foraminifers (see Figs. 8 and 9) were interpreted by
Baldi (2006) as due to less saline surface water. In their study of
Badenian foraminifera from the Vienna Basin, Kovacova et al.
(2009) assumed a 8'®Oyater Of 0%, and calculated that palaeo-
water temperatures, if the equation of Epstein et al. (1953) is
applied, would be 6.3-8.5°C for benthic foraminifers (mostly
Uvigerina) and 9.7 to 17.7°C for Globigerina. Those values are
similar to those recorded by us (54-8.4°C for
Buliminal Uvigerina if two anomalous values of 11.5 and 17.1°C
are ignored, and 12.9-15.7°C for Globigerina). However, we
assume that §'°0,er Was higher, although most probably be-
low 1%o.
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Palaeotemperatures calculated from the oxygen isotope ra-
tios of foraminifers (Fig. 8) indicate differences between the bot-
tom water and the water column (Fig. 8). The increase in A3'®0
(from 0.9%o in sample 1 to 2.2%o in sample M-15) clearly sug-
gests an upwards-increasing trend in the stratification of the wa-
ter column. Such an increasing stratification trend was earlier re-
corded in other parts of the Central Paratethys: in the Vienna Ba-
sin (Kovacova et al., 2009), the Upper Silesia Basin (Gonera et
al., 2000), and in the Pannonian Basin (Baldi, 2006), possibly
due to modification of basin circulation (Kovacova et al., 2009).

PALYNOLOGICAL RECORD

A characteristic of the deposits studied is a palynofacies
dominated by bisaccate pollen grains. This feature, associated
with relatively common aquatic elements, and an almost com-
plete lack of large cuticular remains, indicates a hemipelagic
sedimentary setting devoid of direct, intense terrestrial influx.
Dominating pollen grains were presumably transported by
wind. Ratio changes of dinoflagellate cysts and pollen grains
suggest slightly variable sedimentary conditions (Fig. 14).

Basal samples M-1 and M-2 contain a relatively low ratio of
dinoflagellate cysts compared to the overwhelming pollen
grains. This may reflect a proximal site influenced by an intense
influx of pollen grains (either by wind or water currents). The
higher samples M-5 and M-7 contain a higher ratio of
dinoflagellate cysts, presumably resulting from a less intense
land influx. This most likely reflects a more offshore sedimen-
tary setting in comparison to the basal interval, although
changes in hydrodynamic circulation or wind direction cannot
be excluded. The latter may be responsible for the palynolo-
gical content of following two samples M-8 and M-10, which
contain very low amounts of palynological organic matter. Such
content may be related to a very shallow lagoon environment,
or an environment characterized by high-energetic hydrody-
namic current activities (Fig. 14). A general shallowing at this
level may be suggested by frequent occurrences of Batiaca-
Sphaera in the underlying sample M-7. This taxon commonly
occurs in shallow-water Miocene deposits of the Carpathian
Foredeep (see Gedl, 1996, 1997).

The highest part of the succession studied (samples M-12,
M-14 and M-15) displays similar palynofacies to the one repre-
sented by samples M-5 and M-7. Hence, a similar sedimen-
tary setting may be reconstructed: relatively frequent
dinoflagellate cysts, associated with pollen grains (presum-
ably wind-transported), point to hemipelagic sedimentation in
a rather offshore setting. The latter feature of sedimentary set-
ting is also supported by the occurrence of Nemato-
sphaeropsis labyrinthus and Impagidinium sp. Although infre-
quent, these taxa are believed to be indicative of offshore wa-
ters (e.g., Morzadec-Kerfourn, 1977; Wall et al., 1977;
Harland, 1983; Dale, 1996; Rochon et al., 1999; Vink et al.,
2000), occur in almost all samples studied, and therefore may
be symptomatic of the whole Shchyrets succession. Their per-
centage, however, reaches the highest values in the upper
part of the section, above the barren samples M-8 and M-10,
being the highest in the topmost sample M-15. This may re-
flect a slight deepening of the basin, recorded in the upper-
most part of the section studied. A similar interpretation may
be based on dinoflagellate cyst assemblage diversity. This

shows the lowest values in the basal part (samples M-1 to
M-7), which may reflect a relatively shallow basin compared to
the topmost part (samples M-12 to M-15).

MINERALOGY

There is no major variation of mineralogical composition in
the section studied (Table 2). Clay mineral composition was
strongly controlled by pyroclastic material alteration that re-
sulted in the common occurrence of smectite (cf. Bilonizhka et
al., 2012). As already mentioned, thin tufogenic intercalations
abound at Shchyrets (Kudrin, 1966; Nejbert et al., 2012).

DISCUSSION

Both foraminiferal and dinoflagellate cyst assemblages indi-
cate an open marine environment with normal-marine salinity
(Fig. 14). Foraminifers are represented by both planktonic
(mainly Globigerina and Globigerinoides) and benthic forms.
Bulimina, Globocassidulina, Uvigerina, Sphaeroidina, Pullenia,
Heterolepa, and Fursenkoina which are common to dominantin
benthic foraminiferal assemblages are shelf-bathyal species
(Murray, 1991, 2006; Hohenegger, 2005). A low diversity of
benthic foraminiferal assemblages, with high dominance of
infaunal dysoxic forms, indicates nutrient-rich surface waters
and a deficit of oxygen at the sea floor. Fluctuations in relative
abundances of dominant infaunal taxa indicate probably not
only changes in the quantity of organic matter sinking from the
surface but also in its type and/or quality. Dinoflagellate cyst as-
semblages from all samples studied are qualitatively similar
(except those of samples M-8 and M-10, which contain no
specimens or very infrequent ones). Being dominated by
Spiniferites, they are taxonomically relatively diverse, pointing
to a normal marine environment during deposition of the
Shchyrets succession. The latter feature is confirmed by a vir-
tual lack of species tolerant of hypersaline conditions (e.g.,
Polysphaeridium zoharyi; Wall and Dale, 1969; Dale, 1976;
Wall et al., 1977; Morzadec-Kerfourn, 1979, 1983; Bradford and
Wall, 1984; Edwards and Andrle, 1992), which have been re-
cently described from approximately coeval deposits of
Kudryntsi (Gedl and Peryt, 2011). The only indication of stress
conditions in the material studied, presumably related to in-
creased salinity, is the very high dominance of Bulimina and the
occurrence of infrequent Leiosphaeridia in basal sample M-1
(Fig. 14). This seemingly prasinophycean alga (see Guy-
Ohlson, 1996) is reported from various environments, but com-
monly from hypersaline ones (e.g., Brugman et al., 1994). In the
Carpathian Foredeep this genus occurs in mid-Badenian
evaporitic deposits (Gedl, 1997; Gedl in Peryt et al., 1997) orin
strata directly overlying them (Gedl, 1999). This is in concert
with the benthic and planktonic 8'3C values clearly indicating
nutrient-rich conditions, especially in the lowest part of the sec-
tion, possibly due to an increased input of continental organic
matter during the transgression.

The Kosiv suite at Yaziv Field, located 44 km NNW of
Shchyrets in a roughly similar palaesogeographical location,
consists of a 8.3 m thick section of the Verbovets beds followed
by a 3 m thick section of the Prut and Kolomyia beds (Goretsky,
1977). Goretsky (1977) recorded the first planktonic fora-
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minifers (Globigerina bulloides) 5.1 m above the Ratyn Lime-
stone, and a quite rich assemblage of benthic foraminifers
(Cibicides, Bulimina, Neobulimina, Glandulina) occurs in the in-
terval 5.8-8.3 m above the Ratyn Limestone. At Shchyrets,
both benthic and planktonic foraminifers appear much lower in
the stratigraphic section. This may be due to oxygenation and
productivity changes in the marginal part of the Ukrainian
Carpathian Foredeep Basin, close to its basinal part after the
Badenian salinity crisis.

CONCLUSIONS

1. The marly shales overlying mid-Badenian gypsum and
Ratyn Limestone at Shchyrets contain moderately- to well-pre-
served benthic (only calcareous) and planktonic foraminifers;
thirty-eight species of benthic and nine species of planktonic
foraminifers were recorded. The palynofacies is dominated by
bisaccate pollen grains. Twenty-six taxa of dinoflagellate cysts
were noted; infrequent reworked taxa from Upper Cretaceous
and Paleogene were also recorded. Both foraminiferal and
dinoflagellate cyst assemblages indicate an open marine envi-
ronment with normal-marine salinity. It was rather a shallow ma-
rine basin with a limited influx of terrestrial organic matter, ex-
cept for pollen grains, presumably transported by wind or water
currents.

2. Changes in the relative abundances of dominant and
common species within benthic foraminiferal assemblages, of
dinoflagellate cysts, and of pollen grains indicate slightly vari-
able sedimentary conditions.

3. Bulimina and Globocassidulina are the most common
and dominant component of benthic foraminiferal assem-
blages, except of the uppermost part where they are lacking
and Uvigerina dominates the assemblage. In the uppermost
part the P/B ratio is 57% in contrast to the rest of the section,
where it is <56%, and this indicates deepening of the sea. The
latter is recorded in the palynological record by the highest per-
centage (over 16%) of offshore taxa (Nematospaheropsis
labyrinthus and Impagidinium) in the topmost sample, whereas
it is 5% or lower in the remaining part of the section.

4. The composition of benthic foraminifer assemblages as
well as both benthic and planktonic 5"3C values indicate nutri-
ent-rich waters, mesotrophic to eutrophic environments at the
surface, and low oxygenated environments at the sea floor in
the Ukrainian Carpathian Foredeep Basin during the Late
Badenian. Negative §'*C values of Bulimina and Uvigerina indi-
cating nutrient-rich and "*C-depleted pore-water conditions cor-
respond to the dominance of low-oxygen benthic foraminiferal
indicators, such as Bulimina elongata.

6. Palaeotemperatures calculated from the oxygen isotope
ratios of foraminifers indicate differences between the bottom
water and the water column and an upwards-increasing trend in
the stratification of the water column.
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