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The Badenian section of Anadoly near Kamyanets Podilskyy (Ukrainian Carpathian Foredeep Basin) consists of the Tyras
Fm. (gypsum and Ratyn Limestone) and the Ternopil Mb. of the Kosiv Fm. The latter are 5.3 m thick and are composed of
dark grey mudstones with limestone intercalations. This study indicates the occurrence of over 54 species of benthic
foraminifers and 10 species of planktonics. Benthic foraminifera are represented mainly by calcareous forms; agglutinated
tests are very rare. Planktonic foraminifera appear in the upper part of the succession studied. Five benthic foraminiferal as-
semblages are recognized: A (Elphidium/Lobatula/Astrononion) B (Hauerinidae), C (Cibicidoides/Lobatula), D (Poroso-
nonion) and E (Uvigerina/Bulimina). The foraminiferal record indicates deposition in a shallow subtidal environment (20 m
depth) of normal marine salinity and temperate waters followed by gradual deepening of the basin to >50 m. Analysis of
foraminiferal assemblages indicates that bottom waters were highly oxygenated during deposition of the lower and middle
parts of the Anadoly sequence. During deposition of the upper part of the sequence the oxygenation of bottom water gradu-
ally decreased, as expressed by a large decrease in the proportion of oxic species and an increase in dysoxic ones. The
same set of samples yielded low amounts of palynological organic matter represented by dominant black opaque
phytoclasts; bisaccate pollen grains and dinoflagellate cysts are rare. Taxonomically impoverished assemblages of the latter
consist of dominant Polysphaeridium and Cleistosphaeridium placacanthum associated with Lingulodinium machaero-
phorum and a few other taxa. The taxonomically richest assemblage was found in the topmost sample. These changes were
interpreted as indicative for increased salinity in the surface water layer, with its maximum in the middle part of the section;
the assemblage from the topmost part is characteristic for normal marine salinity.
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INTRODUCTION 2015). As a result, in the western Ukraine the shoreline shifted
towards the NE (Fig. 1).

Our earlier study of pelites of the siliciclastic series occurring

The Badenian (Middle Miocene) deposition in the Ukrainian
Carpathian Foredeep Basin took place mostly in the marine
realm. Shortly after 13.81 Ma (de Leeuw et al., 2010), evaporite
deposition started in some Central Paratethys basins (Peryt,
2006 with references therein). It was terminated by the last ma-
rine transgression in the Central Paratethys (Rdgl, 1998) at
13.36 Ma (de Leeuw et al., 2013) or ca. 13.54 Ma (Hohenegger
et al., 2014) which flooded a wide area in the Carpathian fore-
land as well as marginal parts of the Outer Carpathian
accretionary wedge and the northern part of the Magura Nappe
(Oszczypko et al., 2006; Kovac et al., 2007; Gozhyk et al.,

* Corresponding author, e-mail: ndgedl@cyf-kr.edu.pl

Received: May 5, 2016; accepted: June 6, 2016; first published
online: June 9, 2016

above the Badenian gypsum deposits and the overlying lime-
stones and intercalated marls with abundant faunal assem-
blages in the Kudryntsi section located in the marginal part of
the Late Badenian basin (Fig. 1) showed that this succession
was deposited in variable environments (Peryt and Peryt, 2009;
Gedl and Peryt, 2011). The sequence of dinoflagellate cyst and
foraminiferal assemblages indicated a gradual deepening of the
sea and decrease of salinity, from slightly increased to normal
marine (Gedl and Peryt, 2011). In this paper we document the
lithological and micropalaeontological (foraminifers, dinofla-
gellate cysts, palynofacies) differentiation of the deposits of the
Late Badenian sea after the Badenian Salinity Crisis in another
Ukrainian key section, Anadoly near Khotyn, located in the mar-
ginal part of the basin (Fig. 1). This section, however, shows a
different lithological succession compared to Kudryntsi despite
a generally similar palaeogeographical location (Fig. 1).
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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)

GEOLOGICAL SETTING

The studied section, Anadoly near Kamyanets Podilskyy
(Fig. 1), is located in the foreland of the Carpathian Foredeep,
which is filled mostly by Middle Miocene deposits (Oszczypko
etal., 2006). In the outer zone of the Carpathian Foredeep and
the foreland, the section of Middle Miocene deposits is clearly
tripartite with marine siliciclastics and carbonates several tens
to several hundreds of metres thick below the Badenian eva-
porites (Tyras Fm.), and marine to brackish siliciclastic depos-
its (up to 5 km thick) above the Badenian evaporites (Vjalov et
al., 1981; Oszczypko et al., 2006). The Tyras Fm. includes
mostly Ca-sulphate deposits and local Na-chloride deposits
(Peryt, 2006 with references therein) and the Ratyn Lime-
stone, which overlies and/or locally interfingers with gypsum
deposits (Andreyeva-Grigorovich et al., 1997). The Ratyn
Limestone is a deposit of complex origin (see Peryt et al.,
2012); its marine facies is characterized by the presence of
marine fauna (Peryt and Peryt, 1994; Peryt et al., 2012). De-
posits of the Tyras Fm. are overlain by sediments of the Kosiv
Fm. consisting, in the outer zone of the Carpathian Foredeep,
of silty grey clays which alternate with separate interbeds of
loose silts, sandstones, tuffs, and tuffites (Andreyeva-
-Grigorovich et al., 1997). Towards the north-east, i.e., toward
the basin margin, these clayey deposits are gradually passing
into scallop or glauconitic marls, and then into calcareous
marls and marly limestones with fine rhodoids; the thickness
of the marginal facies of the Kosiv Fm. is usually 4 to 15 m
(Lomnicki, 1897; Teisseyre, 1900). Further toward the basin
margins, the marginal facies of the Kosiv Suite passes into the
Pronyatyn Limestone (Teisseyre, 1900; Kudrin, 1966).
Studencka et al. (2012) characterized the Upper Badenian
section of the Surzha borehole located between Kudryntsi and
Anadoly. The base of the profile consists of the Ternopil Mb.
(6 m thick succession of coralline-algal marly limestones with
two thin fine-grained sandy-silty intercalations) and the overly-

ing Prut Mb. (7 m of predominantly laminated grey-green or
grey-blue clayey silt with occasional sandy limestones).

At Anadoly, numerous outcrops of the Tyras Fm., repre-
sented by gypsum and the Ratyn Limestone, and the sili-
ciclastic deposits of Ternopil Mb. of the Kosiv Fm., are found
(Figs. 2 and 3). The gypsum is mostly recrystallised, fine-
-grained gypsum deposits that represent gypsum microbialite
facies and alabastrine facies (facies M of Babel, 2005: fig. 4),
ca. 8 m thick, are overlain by ca. 3 m thick bedded clastic and
laminated gypsum (Peryt, 1996; Petrichenko et al., 1997: fig.
3b, c). At the boundary between the gypsum and the Ratyn
Limestone a few cm thick clay layers, followed by a celest-
ite-bearing bed composed of sparitic limestone, occur (Sido-
renko, 1904; Koltun et al., 1972). The gypsum-associated lime-
stones of Anadoly referred to as the Ratyn Limestone are
polygenic (see Peryt et al., 2012 for discussion) although often
the upper parts of the Ratyn Limestone are marine (Peryt and
Peryt, 1994; Peryt et al., 2012), often bioclastic grainstones and
packstones, such as in the outcrop studied by us (Fig. 2B; GPS
coordinates: N48°27.160’, E26°33.067' — Anadoly | in Peryt et
al., 2012).

The Ratyn Limestone (1.8 m thick) overlies the celest-
ite-bearing bed and except for the uppermost 0.3 m is peloidal-
-microbial with common pseudomorphs after lenticular gypsum
crystals. The uppermost part is bioclastic packstone-grainstone
with foraminifers, bryozoans, ostracods, echinoderms and bi-
valves that are sometimes accompanied by rhodoids and
intraclasts of limestones showing mudstone texture. Above the
Ratyn Limestone, a section 5.3 m thick composed of dark grey
mudstones with limestone intercalations was measured and
sampled in the slope outcrop (GPS coordinates of this outcrop:
N48°27.137’, E26°33.019’) in 1996. In addition, two samples
(Nos. 119 and 120) were taken in the outcrop located between
the last outcrop and Anadoly | and shown in Figure 2C. X-ray
diffraction study of the rocks overlying the Ratyn Limestone in-
dicated that their mineralogical composition is quite stable
throughout the section. In all studied samples calcite, quartz,
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Fig. 2. Field photos showing the NE outcrops
in the Anadoly area

smectite and (with exception of sample M-16) illite were re-
corded. In the lower part of the section (up to sample M-13) ze-
olite occurs, and in its upper part (samples M-15, M-17-M-19)
and additionally in sample M-9 feldspar occurs. Gypsum was
noticed in sample M-9, M-11 and M-13.

MATERIAL AND METHODS

The section was measured and eleven samples (M-9 to
M-19) were selected in 1996 and subsequently two samples
were taken from the lowest part of the Ternopil Mb. for micro-
palaeontological studies in order to establish the presence of
foraminifers and dinocysts. The location of samples studied is
shown in Figure 3. Basal sample 119 collected 5 cm above the
Ratyn Limestone is dark brownish calcareous clay with frag-
ments of coralline algae. Higher samples are pale beige to

white coralline algal limestone mixed with dark clay (120, M-9,
M-10, M-11, M-12) and with gypsum crystals (M-13—M-16).
Sample M-17 is a pale beige, porous, non-calcareous gaize.
Two uppermost samples (M-18 and M-19) are pale celadon cal-
careous clay.

Washed residues for foraminiferal study were obtained from
the rocks by disaggregation using Na,SO,. An amount of about
300-400 specimens of foraminifers >63 um size fraction was
picked for the faunal analyses. The classification scheme used
follows Loeblich and Tappan (1987) and Cicha et al. (1988).
The specimens were studied and documented using a Philips
XL20 SEM.

The palaeoenvironmental interpretation based on fora-
minifers applies the requirements of present-day representa-
tives of the recorded taxa (e.g., Thomas, 1980; Van der Zwaan,
1982; Lutze and Coulbourn, 1984; Culver, 1988; Lutze and
Thiel, 1989; Verhallen, 1991; Murray, 1991, 2006; Sjoerdsma
and van der Zwaan, 1992; Jorissen et al., 1992, 1995; Langer,
1993; Kaiho, 1994; Hayward et al., 1997, 2010; Chendes et al.,
2004; Kaminski, 2012; Hayward, 2014, Arslan et al., 2016).
Some taxa are characterized by opportunistic behaviour; they
are tolerant to dysoxia and increased bottom-water salinity
(e.g., Bulimina, Bolivina, Hanzawaia, Uvigerina). Elphidium
(keeled) is epifaunal, prefers sandy substrate marine temper-
ate-warm waters 0-50 m deep (inner shelf) and of salinity range
35-70%.. Among hauerinids, Quinqueloculina is epifaunal, lives
free or is clinging plants or sediment in marine-hypersaline (sa-
linity 32—65%o), cold-warm waters 0—40 m deep, in shelf, rarely
bathyal environment. Triloculina is epifaunal, lives free or is
clinging mud, sand, plants, lives in marine-hypersaline (salinity
32-55%0), cold waters 0—40 m deep in inner shelf environ-
ments, although some species are bathyal. Pyrgo is epifaunal,
lives free or is clinging plants or sediment, in marine cold
shelf-bathyal waters. Lobatula lobatula is epifaunal, is clinging
or attaches firm substrates in marine temperate-warm waters
0-50 m deep, in lagoon and inner shelf environments.

Astronion is epifaunal-infaunal, lives free or clinging in ma-
rine, cold waters, in inner shelf-bathyal zones. Porosononion, by
analogy to non-keeled Elphidium, is infaunal, prefers muddy and
sandy substrate, inner shelf depth and a wide salinity range
(0—70%0). Neoconorbina is epifaunal, lives clinging or attached
on firm substrates in marine, temperate waters, in inner shelf
zone. Rosalina is epifaunal, lives clinging or attached on firm
substrates in marine, temperate-warm waters 0-100 m deep, in
lagoons and inner shelf zone. Cibicidoides is epifaunal, inhabits
hard substrates in marine cold water of shelf-bathyal zones.
Uvigerina is mainly infaunal, some species are epifaunal, lives
free on muddy sediment in marine cold waters 100 to >4500 m
deep, in shelf-bathyal zones. Melonis is infaunal, lives in mud
and silt, in marine waters of temperature <10°C, in shelf-bathyal
zones.

Globocassidulina is infaunal, lives in mud in marine temper-
ate-cold waters of shelf-bathyal zones.

Bulimina and Bolivina live in inner shelf-bathyal zones.
Bolivina is infaunal—epifaunal, prefers muddy sediment and
cold to warm environments, and Bulimina is infaunal, prefers
mud to fine sand, and cold-temperate conditions. Heterolepa is
epifaunal and lives on hard substrates in marine cold-water
shelf-bathyal environments. Pullenia and Hoeglundina are in-
faunal forms favouring muddy marine cold-water middle shelf-
-bathyal zones.

Benthic and planktonic fauna characteristics and the P/B ra-
tio [100x(planktonic foraminifera/total foraminifera)] were used
to estimate palaeobathymetry (Murray, 1976; Hemleben et al.,
1989; Van Hinsbergen et al., 2005; Kouwenhoven and van der
Zwaan, 2006).
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Fig. 3. Upper Badenian Anadoly section showing sample locations,

lithology and microfacies

To estimate the level of oxygenation of the sea-floor the
benthic foraminifers were grouped into oxic, suboxic and
dysoxic indicators according to Thomas (1980), van der Zwaan
(1982, 1983), Verhallen (1991), Murray (1991, 2006), Jorissen
et al. (1992), Kaiho (1994), Bernhard and Sen Gupta (1999),
Gebhardt, 1999; Kouwenhoven and van der Zwaan (2006) and
Kaminski (2012).

The following taxa are included into the oxic group: Elphidium
spp., hauerinids, Lobatula lobatula, Neoconorbina sp., Rosalina
obtusa, Cibicidoides spp., Heterolepa dutemplei, Hanzawaia
boueana, Sigmoilinita tenuis. Oxic indices represent epifaunally
living species. Taxa tolerant of suboxic environments are: Poro-
sononion spp., Astrononion perfossum, Nonion commune,
Melonis pompilioides, Pullenia bulloides, P. miocenica, Sphaero-
idina bulloides, Hoeglundina elegans, and taxa tolerant of dyso-
xic environments — Bulimina spp., Uvigerina spp., Bolivina spp.,
Globocassidulina oblonga, Reussella spinulosa.

Foraminifers tolerant of suboxic environments represent
mostly shallow infaunally living species, while foraminifers toler-
ant of dysoxic environments represent mostly deep infauna and
species with opportunistic behaviour. They are commonly used

as stress markers (e.g., van der Zwaan et al., 1999;
van Hinsbergen et al., 2005).

Planktonic foraminifers were used to interpret
palaeoclimatic conditions. They were grouped into
cool-temperate indices (Globigerina bulloides, G.
praebulloides) and warm indices (Globigerinoides
spp.; Szczechura, 1982, 1984, 2000; Hemleben et
al., 1989; Spezzaferi et al., 2002; Bicchi et al., 2003;
Peryt, 2013; Holcova et al., 2015).

The samples for palynology were processed in
the Micropalaeontological Laboratory of the Insti-
tute of Geological Sciences, Polish Academy of Sci-
ences, Krakéw. Standard palynological procedures
were applied, including 38% hydrochloric acid (HCI)
treatment, 40% hydrofluoric acid (HF) treatment,
heavy liquid (ZnCl, + HCI; density 2.0 g/lcm®) sepa-
ration, ultrasound for 10-15 s and sieving at 15 um
on a nylon mesh. No nitric acid (HNO3) treatment
was applied. The quantity of rock processed was
approximately 60 g for coralline algal limestone
samples, and 20 g for clay samples. Two micro-
scope slides were made from each sample using
glycerine jelly as a mounting medium; approxi-
mately 25% of the residuum was used for each
slide. The rock samples, palynological residues and
slides are stored in the collection of the Institute of
Geological Sciences, Polish Academy of Sciences,
Krakéw. All marine palynomorphs were counted
from two slides. No statistical proxies were calcu-
lated due to very low frequency, only percentages.

Isotopic analyses of three bulk limestone sam-
ples (M-10, M-12 and M-19) were done at the Insti-
tute of Physics, University Maria Curie-Sktodowska,
Lublin, Poland; see Peryt et al. (2004) for detailed
procedure applied.

RESULTS

FORAMINIFERS

The preservation of foraminifers is good to mod-
erate; in sample M-17 calcareous tests of benthic
foraminifers are etched; in some others they show
traces of mechanical damage that may indicate resedimentation.
54 species of benthic foraminifers and 10 planktonic ones have
been identified. Benthic foraminifers are represented mainly by
calcareous forms; agglutinated tests are very rare and only a few
species are recorded, i.e., Siphotextularia concava and
Semivulvulina sp. Planktonic foraminifera appear in the upper
part of the studied succession (samples M-13 to M-19). They
form from 3 to 10% of the assemblage (40% in sample M-13).
Globigerina bulloides, G. praebulloides and Globigerinoides spp.
are the most common species.

The stratigraphically and palaeoenvironmentally important
species of foraminifers are shown in Figures 4-6; planktonic
foraminifers are illustrated in Figure 4 and benthic foraminifers
in Figures 5-6. The abundance fluctuations of foraminifers are
shown in Figure 7.

Five benthic foraminiferal assemblages are recognized in the
studied succession: Elphidium/Lobatula/Astrononion Assemblage
(Assemblage A), Hauerinidae Assemblage (Assemblage B), Cibi-
cidoides/Lobatula Assemblage (Assemblage C), Porosononion
Assemblage (Assemblage D) and Uvigerina/Bulimina Assem-
blage (Assemblage E; Fig. 7). In the lower and middle parts of the
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Fig. 4. Planktonic foraminifers fro e Upper Badenian of Anadoly (scale bars = 100 um)

A, D — Tenuitellinata juvenilis; B, H — Globigerina bulloides; C — Globigerinita uvula; E — Globigerina praebulloides;
F — Globigerina tarchanensis; G — Globigerina falconensis; I, L, O — Globigerinoides quadrilobatus;
J, K, N — Globigerinoides trilobus; M — Globigerinoides sp.
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Fig. 5. Benthic foraminifers from the Upper Badenian of Anadoly (scale bars = 200 um)

A, H — Elphidium fichtelianum (sample 120); B — Elphidium joukovi (sample 119); C — Elphidium macellum (sample 119); D, E —
Quinqueloculina sp. (sample 120); F — Pseudotriloculina consobrina (sample 120); G — Elphidium crispum (sample M-13); I, J —
Triloculina gibba (sample M-15); K — Lobatula lobatula (sample 119); L — Porosononion granosum (sample 120); M — Elphidium
advenum (sample 119); N — Porosononion martkobi (sample 120); O — Astrononion perfossum (sample 119); P — Rosalina obtusa
(sample 119); Q — Neoconorbina schreibersi (sample 120); R, S — Cibicidoides pseudoungerianus (sample M-13); T — Melonis
pompilioides (sample M-13)
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Fig. 6. Benthic foraminifers from the Upper Badenian sequence of Anadoly (scale bars = 200 um)

A, B — Uvigerina aculeata (sample M-19); C—G — Uvigerina semiornata (sample M-19); H, | — Uvigerina brunnensis (sample M-19);
J-L — Bulimina insignis (sample M-19); M—P — Bulimina aculeata (sample M-19); Q — Bolivina dilatata (sample M-19); R — Bolivina
maxima (sample M-19); S, T — Globocassidulina oblonga (sample M-16); U, V — Sphaeroidina bulloides (sample M-19); W —
Semivulvulina sp. (sample M-13); X, Y — Hanzawaia boueana (sample M-18); Z — Siphotextularia concava (sample M-15); Aa, Bb —
Hoeglundina elegans (sample M-19); Cc, Dd — Heterolepa dutemplei (sample M-18); Ee — Pullenia miocenica (sample M-19); Ff —
Pullenia bulloides (sample M-19)
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Fig. 7. Benthic foraminiferal assemblages and relative abundances of foraminifer groups
within the Upper Badenian sequence of Anadoly

section assemblages A, B and C intercalate. Assemblage A is
dominated by Elphidium represented by several species, e.g., E.
macellum, E. fichtelianum, E. joukovi, E. crispum, E. advenum.
Elphidium forms 22 to 53% of the assemblage, Lobatula lobatula —
6 to 35% and Astrononion perfossum — up to 31%. Porosonion
spp., Neoconorbina sp. and Rosalina obtusa are also rare to com-
mon components of the assemblage. Assemblage A is recorded
in samples 119, 120 and M-12.

Assemblage B is characterized by a high dominance of
hauerinids. They form 50 to 75% of the assemblage; common
is Elphidium (6—-24%); Lobatula lobatula less common than in
the Assemblage A (13% in sample M-14). Porosononion and
Rosalina are minor components. Assemblage B is recorded in
samples M-9, M-10, M-11 and M-14.

Assemblage C is dominated by Cibicidoides spp., compris-
ing 28 to 45% of the assemblage. Another important contributor
to the assemblage is Lobatula lobatula which reaches 35%. Be-
side dominating Cibicidoides spp., for the first time in this suc-
cession Uvigerina sp., Melonis pompilioides and Sphaeroidina
bulloides appear which are minor components. Assemblage C
occurs in samples M-13, M-15 and M-16.

Assemblage D differs from Assemblages A, B and C by the
total absence of Elphidium, hauerinids and Lobatula which
were dominant or common components of those assemblages.
Assemblage D is dominated by Porosononion (47%) repre-
sented by P. granosum, P. martkobi and P. tumidulus.
Cibicidoides spp., Melonis pompilioides, Heterolepa dutemplei
and Hoeglundina elegans are also common. Assemblage D
was found in sample M-17.

Assemblage E, recorded in samples M-18 and M-19, is
characterized by low dominance and higher diversity than all
other assemblages. Uvigerina spp. (Uvigerina aculeata, U.
brunnensis, U. semiornata, Uvigerina sp.) (12—-26%), Bulimina
spp. (Bulimina aculeata, B. insignis, Bulimina sp.) (6—21%),
Sphaeroidina bulloides (18-21%), Heterolepa dutemplei
(15-19%), Hoeglundina elegans (3-8%) and Pullenia spp.
(3-11%) are common in this assemblage.

DINOFLAGELLATE CYSTS AND PALYNOFACIES

All samples yielded low amounts of palynological organic
matter, consisting mainly of small-sized (below 20 pm)
equidimensional, exceptionally elongated, easily disintegrable
black opaque phytoclasts. Such phytoclasts usually constitute
80-90% of the total. Dark brown phytoclasts, with partially pre-
served vascular structures, are rare. A characteristic feature is
near complete lack of sporomorphs; bisaccate pollen grains oc-
cur infrequently, commonly as a few grains per slide (Fig. 8).
Their presence may be, however, a recent contamination, as
some samples contain a relatively high admixture of recent vas-
cular plant remains and fungi phycoma.

Marine palynomorphs are represented by dinoflagellate
cysts and acritarchs; they are shown in Figures 9—-11. Simple
specimen and species numbers are shown in Figure 12.

Dinoflagellate cysts are rare to very rare; they occur com-
monly as a few to several specimens per slide (Fig. 8). A char-
acteristic feature is a general taxonomical impoverishment of
their assemblages, which consist of a few dominating species
only (Polysphaeridium subtile, P. zoharyi, Lingulodinium
machaerophorum, and Cleistosphaeridium placacanthum);
their proportions differ from sample to sample.

Acritarchs are also very rare, they occur in some samples
only (Fig. 8). Acritarchs are represented by Cymatiosphaera
(C.?icenorum, C. sp.), and an acanthomorphitic form question-
ably referred to Micrhystridium (Fig. 11). Cymatiosphaera oc-
curs in basal samples only. This genus is represented by two
different morphotypes: chorate and proximate.

Chorate forms (Cymatiosphaera sp. A) are similar to a
newly described species C.? icenorum (De Schepper and
Head, 2014), but differ by acuminate endings of processes (Fig.
11A-C, F—H, X), which by C.? icenorum are terminated with a
platform-like structure; no pylome is observed in specimens
from Anadoly.

Proximate forms include various species with solid crests
that delimit polygonal fields; they differ by crest height, its mar-
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Fig. 8. Frequency of marine palynomorphs
in the Anadoly section

gin type, field number and wall structure. Most common is
Cymatiosphaera sp. B characterized by relatively large size
(app. 25-40 pum across), relatively low crests that form numer-
ous polygonal fields, and variously developed bulbs in the cen-
tres of these fields; the bulbs are either very indistinct, hardly
visible (Fig. 11K, O, P) or they are distinct, giving punctate ap-
pearance of the wall (Fig. 11L—N, V, W); this species resembles
most closely C.? deverteuilii of Quaijtaal et al. (2015) by its gen-
eral morphology (dense network of polygonal fields) but differs
by larger size and relatively lowers crests, and by the presence
of the bulbs located centrally in each polygonal field; no pylome
is observed in specimens from Anadoly. Cymatiosphaera sp. C
includes spherical specimens with smooth wall and solid crests
that form a few fields; no pylome is observed (Fig. 11D, E, |, J);
this species shows morphological similarities to C.? fensomei of
De Schepper and Head (2014) and C.? invaginata of Head et
al. (1989). Another species of Cymatiosphaera (Fig. 11D-T, U)
is slightly elongated, similar in shape to Impagidinium.

Basal sample 119 yielded relatively taxonomically diversi-
fied dinoflagellate cyst assemblage consisting of 8 species. It is
dominated by Lingulodinium machaerophorum, which stands
for over 50% of all identified dinoflagellate cysts. Poly-
sphaeridium (P. subtile) slightly exceeds 10% in this sample.

Sample 120 vyielded very rare dinoflagellate cysts com-
posed of three most common species in this section:
Lingulodinium machaerophorum, Polysphaeridium subtile, and
Cleistosphaeridium placacanthum; L. machaerophorum, simi-
larly as in the lower sample, is the most frequent.

Dinoflagellate cyst assemblages from higher samples M-9 to
M-13 consist generally of the same species (associated by rare
Spiniferites and Operculodinium); they are dominated by
Polysphaeridium (mainly P. subtile), which proportion increases
upwards, to reach 80% in sample M-13. Basal part of the section

studied (up to sample M-12) yielded acritarchs of the genus
Cymatiosphaera; this genus is absent from the higher part.

Sample M-15 yielded a similar taxonomically impoverished
assemblage, which is distinguished by dominating Cleisto-
sphaeridium placacanthum (>60%; Polysphaeridium — 22%).
An even more impoverished assemblage occurs in higher sam-
ple M-16 in which a monospecific assemblage of Polysphaeri-
dium subtile was found. No aquatic palynomorphs occur in
sample M-17.

Two topmost clay samples M-18 and M-19 yielded two dif-
ferent assemblages. Lower sample M-18 yielded an assem-
blage that resembles the ones from the basal part of section — it
consists of Polysphaeridium and Cleistosphaeridium only (C.
cf. placacanthum dominates — >70%). Assemblage from the
sample M-19, in turn, is characterized by the highest taxonomi-
cal diversity — 10 species; most frequent are: C. cf. placacan-
thum (34%), Lingulodinium machaerophorum (22%), and Pen-
tadinium sp. (18%). Polysphaeridium (P. subtile and P. zoharyi)
hardly exceeds 10% in this sample. Acanthomorphitic acri-
tarchs Micrhystridium? sp. occur in both samples.

A characteristic feature of the Anadoly assemblages is the
lack of dinoflagellate cysts that are assumed to be offshore spe-
cies (Nematosphaeropsis, Impagidinium) which inhabit waters
of open marine basins (see e.g., Morzadec-Kerfourn, 1977,
Wall et al., 1977; Harland, 1983; Brinkhuis, 1994).

CARBON AND OXYGEN ISOTOPES

Isotopic analyses of three samples studied (M-10, M-12 and
M-19) yielded 8'°C values (2.13%o, —2.54 and —1.69%, respec-
tively) and 5'®0 values (—2.18%o, —2.73 and —1.78%o, respec-
tively) that fall within the field of Badenian marine sediments
(e.g., Kovacova and Hudackova, 2009; Kovacova et al., 2009).

INTERPRETATION

The taxonomic composition of foraminiferal assemblages
indicates that the lower part of the studied deposits originated in
a shallow water marine environment (about 20 m deep) with
well oxygenated bottom waters (Fig. 12). Foraminifers included
in the oxic group form in these assemblages from 76 to 99% of
the total. Only in the lowest sample oxic species composed
55% of the assemblage. Keeled species of Elphidium,
hauerinids and Lobatula lobatula were dominant groups of
foraminifera in assemblages A and B. They represent epiphytic
foraminifera (Langer, 1993) which live free or clinging to plants
or firm substrates, in temperate to warm waters, 0-50 m deep.
Elphidium shows a preference for sandy siliciclastic substrates
in the modern Arabian Gulf (Arslan et al., 2016). The taxonomic
composition of the assemblages A and B enables to infer shal-
low (20 m deep) subtidal environment of normal marine salinity
and temperate waters. Alternation of biofacies A and B may in-
dicate changes of type of vegetation at the sea-floor or changes
of energy of environment in time. In the middle of the section ap-
pears for the first time in the section planktonic foraminifera.
They are represented mainly by a few species of Globigerina
and Globigerinoides which are shallow water forms. At the
same time in the section Cibicidoides spp. appears, which dom-
inate Assemblage C representing an inner shelf environment
with well-oxygenated bottom waters. In this assemblage the
oxic group forms 67 to 80% of the total. According to Hohe-
negger (2005) the shallowest water depth for Cibicidoides
ungerianus is 50 m. In this assemblage another common con-
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Fig. 9. Dinoflagellate cysts from the Anadoly section, genus Cleistosphaeridium

A, B — Polysphaeridium zoharyi (same specimen, various foci; sample M-10); C, D — Polysphaeridium subtile (same specimen, various foci;
sample M-13); E, F — three specimens of Polysphaeridium subtile (same specimens, various foci; sample M-13); G — Polysphaeridium
subtile (sample M-13); H, | — Polysphaeridium subtile (same specimen, various foci; sample M-13); J, K — Polysphaeridium subtile (same
specimen, various foci; sample M-13); L, M — Polysphaeridium subtile (same specimen, various foci; sample M-12); N, O — Polysphaeridium
subtile (same specimen, various foci; sample M-13); P-R — Polysphaeridium zoharyi (complete, same specimen, various foci; sample
M-13); S — Polysphaeridium subtile (complete specimen; sample M-12); scale in O refers to all other microphotographs

stituent is Lobatula lobatula, which lives at inner shelf depths.
This enables to interpret the deepening of the sea to 40-50 m in
this time interval. The upper part of the studied succession orig-
inated in a shelf environment with decreasing oxygenation of
bottom waters. Assemblage D represents a transitional time in-
terval during which oxygenation of bottom waters decreased. It

is expressed by huge increase in suboxic species (Fig. 12). As-
semblage D is composed by 29% of oxic and 71% of suboxic
taxa. Assemblage E represents an interval with the highest defi-
ciency of oxygen at the sea-floor. It is expressed mainly by low
contributions of oxic forms (20-35%) and high contributions of
dysoxic taxa (>35%) to the assemblage (Fig. 12). On the other
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Fig. 10. Dinoflagellate cysts from the Anadoly section, genera Lingulodinium, Systematophora,
Pentadinium, Dapsilidinium, and Spiniferites

A-D - Lingulodinium machaerophorum (A, B: sample M-14; C, D: sample M-19); E, F — Cleistosphaeridium placacanthum (same specimen,
various foci; sample M-14); G — Cleistosphaeridium placacanthum (sample M-19); H, | — Dapsilidinium sp. (same specimen, various foci;
sample M-19); J-L — Pentadinium sp. (same specimen, various foci; sample M-19); M — Cleistosphaeridium cf. placacanthum (sample M-19);
N — Cleistosphaeridium cf. placacanthum (sample M-19); O — Dapsilidinium pseudocolligerum (sample M-19); P — Pentadinium sp. (same
specimen, various foci; sample M-19); Q — Spiniferites pseudofurcatus (sample M-12); scale in C refers to all other microphotographs

hand the highest diversity in this assemblage and presence of
several species of Uvigerina (deeper water foraminifers) and
Hoeglundina elegans indicate middle shelf depths. The pres-
ence of Cibicidoides, Melonis, Pullenia, Heterolepa, Globo-
cassidulina, Hoeglundina, Uvigerina and Bulimina common to

dominant in the upper part of the studied interval indicate colder
waters than in the lower part.

The taxonomically impoverished dinoflagellate cyst assem-
blage shows that the deposits studied originated in a marine, but
restricted, environment. Dominating taxa like Polysphaeridium
and Lingulodinium machaerophorum are usually associated with
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Fig. 11. Acritarchs from the Anadoly section

A-C — Cymatiosphaera sp. A (same specimen, various foci; sample M-9); D, E — Cymatiosphaera sp. C (same specimen, various
foci; sample M-9); F—-H — Cymatiosphaera sp. A (same specimen, various foci; sample M-9); |, J — Cymatiosphaera sp. C (same
specimen, various foci; sample M-9); K — Cymatiosphaera sp. B (specimen with indistinct ornamentation of polygonal fields; sample
M-10); L-N — Cymatiosphaera sp. B (specimen with distinct bulbs on the polygonal fields and low and faint ridges; same specimen,
various foci; sample M-10); O, P — Cymatiosphaera sp. B (specimen with faintly developed bulbs on the polygonal fields; same
specimen, various foci; sample M-10); Q—S — Cymatiosphaera sp. B (specimen with distinct bulbs on the polygonal fields and rela-
tively high and thick ridges; same specimen, various foci; sample M-10); T, U — Cymatiosphaera sp. (same specimen, various foci;
sample M-10); V, W — Cymatiosphaera sp. B (same specimen, various foci; sample M-12); X — Cymatiosphaera sp. A (sample
M-11); Y=Z1 — Micrhystridium? sp. (same specimen, various foci; sample M-18); Z2, Z3 — Micrhystridium? sp. (same specimen, var-
ious foci; sample M-18); scale in A refers to all other microphotographs
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a near-shore, shallow marine environment (e.g., Wall et al.,
1977; Edwards and Andrle, 1992). Some changes of their fre-
quencies may be associated with salinity fluctuations or water
depth changes. Lingulodinium machaerophorum is regarded as
a euryhaline species, with its process length reflecting various
salinity levels (e.g., Wall and Dale, 1973; Dale, 1996; Ellegaard,
2000; see also Sluijs et al., 2005: p. 296 for discussion). Poly-
sphaeridium zoharyi (cyst of Pyrodinium bahamense), in turn, is
commonly found in hypersaline waters (e.g., Bradford and Wall,
1984; Reichart et al., 2004), although Marret and Zonneveld
(2003) suggested its euryhaline nature. The lowermost sample
119 yielded a relatively taxonomically rich assemblage (eight
species) dominated by Lingulodinium machaerophorum;
Polysphaeridium in this sample is rare. This indicates marine
conditions, possibly with slightly lowered water salinity. A gradual
decline of species frequency is observed higher up the section
(sample 120 still shows a high proportion of L. machaerophorum
but dinoflagellate cysts are very rare) associated with a gradual
increase in the proportion of Polysphaeridium (Fig. 12). This
trend likely reflects a gradual increase of water salinity, possibly
associated with a shallowing trend. Its maximum can be placed
around samples M-16 and M-17 where a Polysphaeridium
monospecific assemblage (M-16) and lack of dinoflagellate cysts
(M-17) reflects most restricted conditions. Higher up, an increase
of species richness, particularly in the topmost sample M-19, re-
flects a gradual deepening of the basin and return of normal ma-
rine water conditions.

Somehow enigmatic in palaeoenvironmental reconstruc-
tions is the presence of Cleistosphaeridium. This genus, repre-
sented in Anadoly by C. placacanthum (former Systemato-
phora placacantha) and a similar morphotype C. cf. placacan-
thum, has no well-known palaeoenvironmental preferences.
Kothe (1990) included C. placacanthum in the Glaphyrocysta
group, and following Williams’ (1977) interpretation suggested
open-marine preferences of this species. Brinkhuis (1994), in
turn, proposed more inshore preferences of the Glaphyrocysta
group (i.e., Glaphyrocysta and Areoligera, both morphologically
similar to Systematophora) and located its optimal living condi-
tions in an inner neritic zone of carbonate barriers. The latter in-
terpretation is closer to the data obtained from other Miocene
materials of western Ukraine at Kudryntsi and Shchyrets where
Cleistosphaeridium placacanthum frequently occurs in marine
shelf facies above the Ratyn Limestone (Ged| and Peryt, 2011,
Perytetal., 2014). These facies, although relatively shallow and
proximal, seem to be located more offshore than the ones from
the Anadoly section, as C. placacanthum occurs both at
Kudryntsi and Shchyrets as a part of more diversified assem-
blages with frequent specimens of Spiniferites ramosus,
Operculodinium, and rare offshore Nematosphaeropsis
labirynthus and Impagidinium. Therefore, a near-shore envi-
ronment can be suggested for motile stages of C. placacan-
thum during the Middle Miocene, although this species seemed
to prefer a more offshore and/or less saline waters compared to
the ones inhabited by Pyrodinium bahamense. Following this
interpretation, it can be suggested that section intervals with
frequent C. placacanthum — samples M-14 and particularly
M-15, and the topmost interval (M-18 and M-19) — were depos-
ited during periods of basin deepening or periods of sea water
salinity decrease (the latter compared to hypersaline conditions
favourable for Polysphaeridium).

Another aspect of palaeoenvironmental reconstruction of
the Anadoly section is based on acritarchs. They are most fre-
quent and diversified in the basal part of the section where vari-
ous species of Cymatiospahera occur. The middle part of the
section yielded no acritarchs, whereas its uppermost part yiel-

ded an acanthomorphitic species determined as Micrhystri-
dium? sp. This distribution may reflect water salinity/depth
changes as inferred from dinoflagellate cysts, with the most re-
stricted period during the deposition of the middle part of the
studied succession. Alternatively, it also may be referred to sea
water temperature. The prasinophycean Cymatiosphaera is
commonly treated as an indicator of cold- and/or reduced salin-
ity waters (Schreck et al., 2013 and references therein). Quaij-
taal et al. (2015) suggested cold-water preferences of the Mio-
cene species Cymatiosphaera? deverteuilii, a similar species to
Cymatiosphaera sp. B, which is the most frequent among
acritarchs in the basal part of the studied section. Hence, possi-
ble cold-water conditions can be suggested for at least the
basal part of the Anadoly section. It is noteworthy that
Cymatiosphaera was also found in warm-water Middle Bade-
nian assemblages of Korytnica (Ged|, 1996: fig. 15L), but this is
a different species than that occuring at Anadoly.

DISCUSSION

Comparison of foraminiferal assemblages from Anadoly
with the Kudryntsi (see Gedl and Peryt, 2011) and Shchyrets
(see Peryt et al., 2014) sections shows that the Anadoly assem-
blage is the richest one although the difference in number of
species recorded is not essential (54 species of benthic fora-
minifers in Anadoly vs. 38 species in Shchyrets). In addition,
rare agglutinated foraminifers occur in Anadoly whereas they
are not recorded in Kudryntsi or in Shchyrets. Planktonic fora-
minifera (8 species) are present in the entire section of
Shchyrets; whereas in the Anadoly section they (10 species)
appear in the middle of the succession, and in the Kudryntsi
section they are totally lacking.

It seems that assemblages Il to IV from Kudryntsi roughly
correspond to assemblages A and B from the Anadoly section.
In both sections those assemblages are dominated by
Elphidium spp. and hauerinids, indicating a shallow subtidal en-
vironment of normal marine salinity and temperate waters. As-
semblages V to VII from Kudryntsi roughly correspond with As-
semblage C from the Anadoly section. The equivalents of as-
semblages D and E from Anadoly are not represented in the
Kudryntsi section. It seems that the Kudryntsi section repre-
sents a stratigraphically shorter interval than that from Anadoly.

While comparing the Anadoly and Shchyrets sections it is
obvious that the deposits of the Shchyrets section originated in
deeper, more poorly oxygenated bottom waters. Foraminiferal
assemblages in the Shchyrets section are dominated by Buli-
mina, Globocassidulina and Uvigerina, i.e., dysoxic indicators.

Aquatic palynomorph assemblages from the Anadoly sec-
tion differ significantly from assemblages collected from the
sections located in a similar position just above the Ratyn Lime-
stone at Kudryntsi and Shchyrets (see Gedl and Peryt, 2011;
Peryt et al., 2014 respectively). The main difference is lower di-
versity and a dominance of Polysphaeridium at Anadoly. At
Kudryntsi, Polysphaeridium is subordinate, and it is lacking at
Shchyrets. Dinoflagellate cysts at Kudryntsi and Shchyrets
show a higher taxonomical diversity; particularly Spiniferites
ramosus and Operculodinium, which are almost absent at Ana-
doly, and are frequent to very frequent in most of the Kudryntsi
and Shchyrets samples. Offshore species like Impagidinium or
Nematosphaeropsis, which are absent at Anadoly, occur (al-
though rare) at Kudryntsi, and are relatively frequent at Shchy-
rets (16% in topmost part of the section). All these features can
be interpreted as reflecting more proximal, shallower and pre-


https://gq.pgi.gov.pl/article/view/13817/pdf_1188
https://gq.pgi.gov.pl/article/view/13817/pdf_1188
https://gq.pgi.gov.pl/article/view/13817/pdf_1188

Foraminiferal and palynological organic matter records of the Upper Badenian (Middle Miocene) deposits at Anadoly... 531

sumably higher saline water conditions at Anadoly. Some simi-
larities between the Anadoly and Kudryntsi assemblages are
visible in the composition of the assemblage from the topmost
sample M-19, in particular regarding its taxonomical diversity
and the presence of Pentadinium sp. This implies similar envi-
ronmental conditions for the depositional setting of the
Kudryntsi section and the topmost part of the Anadoly section.
Shchyrets assemblages, with their highest taxonomical rich-
ness, lack of Polysphaeridium, and relatively frequent occur-
rence, suggest the most offshore sedimentary setting of all
three analysed sections.

Another difference between Anadoly and the Kudryntsi and
Shchyrets sites is reflected in different acritarch assemblages.
Cold-water prasinophyceans (Cymatiosphaera spp.) are pres-
ent at the base of the succession at Anadoly, but they are lack-
ing at Kudryntsi and Shchyrets (see Gedl and Peryt, 2011;
Peryt et al., 2014). Micrhystridium? sp. from the top of the
Anadoly section may reflect warmer-water conditions (see
Schreck et al., 2013: p. 55) in comparison to water temperature
just after deposition of the Ratyn Limestone (i.e., the lowermost
part of the Anadoly section). Nannobarbophora gedli (ex
Svenkodinium versteeghii, see Head, 2003), presumably a
warm-water species (see Gedl|, 1996; Schreck et al., 2013), is
absent at Anadoly, but it was noted from the upper parts of the
Kudryntsi and Shchyrets sections (Gedl and Peryt, 2011; Peryt
et al., 2014); its occurrence can be correlated with the
Micrhystridium? sp. occurrence at Anadoly, and reflects slightly
warmer water conditions (Fig. 12).

Anadoly samples yielded rare bisaccate pollen grains (up to
a few percent of the palynofacies; difficult to estimate their true
proportion as partly they might be a recent contamination),
which are usually common in Miocene strata of the Carpathian
Foredeep (see e.g., Gedl, 1996, 1997, 1999). Their lack con-
trasts with their frequent occurrence in coeval strata at Kudryn-
tsi and Shchyrets (Ged| and Peryt, 2011; Peryt et al., 2014).

Considerable differences between the Anadoly and, in partic-
ular, Kudryntsi sections remain enigmatic. The Anadoly section
is characterized by the less diversified taxonomic composition of
phytoplankton and sporadic occurrence of bisaccate pollen
grains. Their structure favours transportation over hundreds of
kilometres so if they occur in Kudryntsi, it is reasonable to expect
them also in Anadoly. A necessary condition to preserve
sporomorphs is low pH so the alkaline environment could result
in a selective occurrence of dinocysts and the dominance of
acritarchs that are characterized by an exceptionally resistant
cell membrane as it is recorded in Anadoly. However, there is no
proof for a pH shift towards alkalinity. On the other hand, the low
frequency of bisaccate pollen grains in Anadoly may be caused
by many factors, including palaeogeography (lack of emerged
areas with coniferous tree vegetation) and hydrodynamics (water
currents responsible for removal of these grains). The proximal,
shallow-marine setting, as deduced from dinoflagellate cyst as-
semblages, suggests rather the latter option as an explanation
for the rarity of pollen grains. More offshore settings at Kudryntsi
and Shchyrets could be a place for accumulation of wind- or wa-
ter-current transported bisaccate pollen grains (the so-called
“Neves effect” of Chaloner and Muir, 1968).

Our palaeoenvironmental interpretations of the Anadoly
section based on foraminifers and dinoflagellate cysts show
some discrepancies (cf. Fig. 12) although the overall pictures
are similar. Both groups show that during deposition of the
lower part of the section studied shallow-marine conditions pre-
vailed that subsequently were changes during the deposition of
the middle part when the salinity was increasing as indicated by
the phytoplankton record. This is clearly seen in samples M-16
and M-17 where Polysphaeridium predominates among the

phytoplankton. In the uppermost part of the Anadoly section the
return to normal marine salinity and the depth increase is re-
corded in both groups (Fig. 12).

A possible explanation of those discrepancies could be re-
lated to various ecological niches of both microfossil groups, as
dinoflagellate cysts are planktonic and most of foraminifera
from strata in question are benthic. However, planktonic forms
also occur among foraminifera, particularly in the upper part of
the studied section (above sample M-12; up to 40% in sample
M-13) — in the same interval the dinoflagellate cyst record
shows a high taxonomic impoverishment and dominance of
Polysphaeridium and Cleistosphaeridium placacanthum (the
former species is regarded as tolerant to increased salinity);
hence, dinoflagellate cysts show hypersaline conditions (possi-
bly associated with shallow, lagoonal waters) whereas fora-
minifers point to fully marine conditions in a gradually deepen-
ing basin. Such a discrepancy could be explained by the
resedimentation of dinoflagellates from lagoonal environments
into more offshore parts of the basin. In such a model the pres-
ence of offshore dinoflagellate cysts would be expected, which,
however, are absent throughout most of the section (they ap-
pear in the topmost sample M-19). Another explanation implies
a stratification in the water column of the basin at Anadoly lead-
ing to a hypersaline surface water layer inhabited by photo-
synthetic dinoflagellates, and deeper waters with normal salinity
occupied by planktonic (middle part of the water column) and
benthic (bottom waters) species. Theoretically, more saline,
denser sea water, as a heavier one, should accumulate in the
deeper basin parts. However, the excess of evaporation over
precipitation may lead to a saltier surface water layer than the
deeper waters, and such stratification can remain stable when
the bottom waters are much cooler (i.e., denser). In our mate-
rial, cold bottom water is suggested by the benthic foraminifers
data. This phenomenon could be responsible for preventing the
mixing of saltier surface waters and cold, normal saline sea wa-
ter below the thermocline (Fig. 13). A similar model was pro-
posed by Reichart et al. (2004) who described Polysphaeri-
dium-dominated assemblages from offshore waters of the Ara-
bian Sea. Frequent occurrence of this species, which is typical
for hypersaline waters of the most proximal zones, i.a., in off-
shore waters of the Persian Gulf (see Bradford and Wall, 1984),
was explained as a result of increased evaporation during
warmer periods, leading to the appearance of a hypersaline
surface water layer separated by a pycnocline from colder
deeper waters. However, this model implies relatively deep,
calm waters. In the case of Anadoly, the water depth was recon-
structed as 20 m in the initial period, and over 50 m during sub-
sequent phases. It remains a question if stratification could de-
velop in such a shallow basin.

The above-presented models only hypothetically explain
the discrepancies observed between foraminifera and dino-
flagellate cysts studied from the same set of samples. There
might be several other factors responsible for such a bimodal
record, including climatic, ocean current distribution, local bot-
tom morphology, bottom currents, trophic conditions, etc., all
difficult to trace. Interestingly, comparison of our previous stud-
ies on palaeoenvironmental changes that preceded and fol-
lowed the saline crisis in the Miocene of the Carpathian Fore-
deep show relatively coherent interpretations based on both
fossil groups, as far only as they can be correlated (Peryt and
Gedl, 2010; Gedl and Peryt, 2011; Peryt et al., 2014). This
makes the discrepancies observed at Anadoly more enigmatic.
However, similar differences were noted in the case of approxi-
mately coeval post-evaporitic strata of the Roztocze area in Po-
land. The Upper Badenian strata from that area yielded similar
dinoflagellate cyst assemblages (composed of dominant Poly-
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Early stages of Late Badenian transgression
at Anadoly

L] ] bed

L4

. hypersaline surface waters inhabited by Polysphaeridium
- thermocline - - - == - - - - oo oo oo
(and/or pycnocline) cold water of normal salinity inhabited by marine foraminifers

< Late Badenian gypsum deposits

Fig. 13. A hypothetical model for environmental conditions during early stages
of Late Badenian transgression at Anadoly

Increased evaporation leads to a hypersaline surface water layer separated from colder deep
waters inhabited by cold-water foraminifers below a thermocline/pycnocline. This warm, salty
surface water layer forms a niche for Polysphaeridium — a genus that usually inhabits similar
conditions but in shallow settings. Here, pycnocline could prevent non-motile cyst stages from

sinking in deeper water zones

sphaeridium and associated by C. placacanthum and L.
machaerophorum, and without other marine forms) interpreted
as indicating increased salinity in a relatively shallow basin
(Gedl, 2016). The same strata, similarly as in the case of
Anadoly, yielded benthic foraminifers typical for relatively shal-
low waters of a marine basin, associated with infrequent plank-
tonic species (Szczechura in Wysocka, 2002; Szczechura in
Jasionowski et al., 2006). Moreover, the presence of steno-
haline calcareous algae in the Upper Badenian of Roztocze
(Wysocka, 2002) excludes hypersaline conditions, and some
indications of high-energy environments (Jasionowski and
Wysocka, 1997) exclude stratification.

Comparison of our data from three Ukrainian sections at
Shchyrets, Kudryntsi and Anadoly shows the most offshore
character of both foraminifers and dinoflagellate cysts at
Shchyrets; Kudryntsi yielded assemblages that are typical for
more proximal settings. Comparison of dinoflagellate cysts only
shows the most nearshore and restricted (lagoonal) environ-
ment at Anadoly. Possibly, the Anadoly section might have ac-
cumulated in a nearshore lagoonal setting developed around
an isolated area (island?).

CONCLUSIONS

1. The Upper Badenian Anadoly succession is composed of
5.3 m thick dark grey mudstones with limestone intercalations.
54 species of benthic (mostly calcareous) and 10 species of
planktonic foraminifers (in the upper part of the succession)
were identified. The foraminiferal record indicates deposition in
a shallow subtidal environment (20 m depth) of normal marine
salinity and temperate waters followed by gradual deepening of
the basin to >50 m.

2. Analysis of foraminiferal assemblages indicate that bot-
tom waters were highly oxygenated during the deposition of the
lower and middle parts of the Anadoly sequence with the ex-
ception of the basal sample showing higher proportion of
suboxic taxa. During the deposition of the upper part of the se-
quence oxygenation of bottom water was gradually decreasing,

as expressed by a decrease of oxic species and an increase of
dysoxic ones.

3. Assemblages Il to VII from Kudryntsi roughly correspond
to assemblages A, B and C from the Anadoly section, indicating
similar environmental conditions at both sites at that time. The
Shchyrets section in turn was deposited in a deeper sea with
dysoxic bottom waters than the Kudryntsi and lower and middle
parts of the Anadoly (Assemblages A, B and C) sections. As-
semblage E from the Anadoly section reflects probably similar
environmental conditions to the ones present during the
deposition of the Shchyrets succession.

4. Low amounts of palynological organic matter composed
chiefly of most resistant black, opaque phytoclasts indicate lim-
ited terrestrial influx into the basin.

5. Analysis of dinoflagellate cysts suggests that the salinity
of the surface waters increased throughout the deposition of the
section. The most restricted conditions, presumably related to
salinity fluctuations, took place during deposition of the middle
part of the section, leading even to a temporary absence of
dinoflagellate floras. Dinoflagellate cysts from the topmost part
of the section indicate a gradual return of fully marine conditions
in surface waters.

6. Dinoflagellate cysts from Anadoly resemble coeval as-
semblages from the Polish part of the Roztocze area by taxo-
nomic impoverishment and the presence of dominant species
tolerant for increased salinity.

7. Some discrepancies observed between foraminifers and
dinoflagellate cysts studied from the same set of samples remain
enigmatic. Similar differences were noted in a case of approxi-
mately coeval post-evaporitic strata of Roztocze (SE Poland).
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APPENDIX

Faunal reference list of the identified foraminifers and dinoflagellate cysts. Taxonomy of the Foraminifers fol-
lows Cicha et al. (1998) and laccarino et al. (2007); their descriptions and representative illustrations can be
found in those publications. Dinoflagellate cyst full taxonomic citations are given in Fensome et al. (2008)

FORAMINIFERA

Benthic

Bolivina dilatata Reuss, 1850 (Fig. 6Q)

Bolivina maxima Cicha and Zapletalova, 1963 (Fig. 6R)
Bolivina sp.

Bulimina aculeata d'Orbigny, 1846 (Fig. 6M—P)
Bulimina elongata d’Orbigny, 1846

Bulimina insignis tuczkowska, 1953 (Fig. 6J-L)
Bulimina sp.

Cibicidoides austriacus (d'Orbigny, 1846)

Cibicidoides pseudoungerianus (Cushman, 1922) (Fig. 5R, S)

Cibicidoides ungerianus (d’Orbigny, 1846)

Elphidium advenum (Cushman, 1922) (Fig. 5M)
Elphidium crispum (Linné, 1758) (Fig. 5G)

Elphidium fichtelianum (d’Orbigny, 1846) (Fig. 5A, H)
Elphidium joukovi Serova, 1955 (Fig. 5B)

Elphidium macellum (Fichtel et Moll, 1798) (Fig. 5C)
Elphidium sp.

Eponides repandus (Fichtel et Moll, 1798)

Florilus sp.

Fursenkoina acuta (d'Orbigny, 1846)

Glandulina ovula d’Orbigny, 1846

Guttulina communis d’'Orbigny, 1826
Globocassidulina oblonga (Reuss, 1850) (Fig. 6S, T)
Globulina sp.

Guttulina sp.

Hanzawaia boueana (d’Orbigny, 1846) (Fig. 6X, Y)
Heterolepa dutemplei (d’Orbigny, 1846) (Fig. 6Cc, Dd)
Hoeglundina elegans (d'Orbigny, 1826) (Fig. 6Aa, Bb)
Lenticulina sp.
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Lobatula lobatula (Walker et Jacob, 1798) (Fig. 5K)
Melonis pompilioides (Fichtel et Moll, 1798) (Fig. 5T)
Neoconorbina schreibersi (d’Orbigny, 1846) (Fig. 5Q)
Nonion commune (d'Orbigny, 1826)

Nonion tumidulus Pishvanova, 1960

Porosononion granosum (d’Orbigny, 1826) (Fig. 5L)
Porosononion martkobi (Bogdanowicz, 1947) (Fig. 5N)
Pseudotriloculina consobrina (d’Orbigny, 1846) (Fig. 5F)
Pullenia bulloides (d’Orbigny, 1826) (Fig. 6Ff)
Pullenia miocenica Kleinpell, 1938 (Fig. 6Ee)

Pyrgo sp.

Quinqueloculina sp. (Fig. 5D, E)

Reussella spinulosa (Reuss, 1850)

Rosalina obtusa (d'Orbigny, 1846) (Fig. 5P)
Semivulvulina sp. (Fig. 6W)

Sigmoilinita tenuis (Czjzek, 1848)

Siphotextularia concava (Karrer,1868) (Fig. 62)
Sphaeroidina bulloides d’Orbigny, 1826 (Fig. 6U, V)
Triloculina gibba (d’Orbigny, 1826)

Triloculina sp.

Uvigerina aculeata d’Orbigny, 1846 (Fig. 6A, B)
Uvigerina brunnensis (Karrer, 1877) (Fig. 6H, I)
Uvigerina semiornata (d’Orbigny, 1846) (Fig. 6C-G)
Uvigerina sp.

Valvulineria bradyana (Fornasini, 1900)

Virgulinopsis sp.

Planktonic

Globigerina bulloides d’'Orbigny, 1826 (Fig. 4B, H)
Globigerina falconensis Blow, 1959 (Fig. 4G)

Globigerina praebulloides Blow, 1959 (Fig. 4E)

Globigerina tarchanensis Subbotina et Chutzieva, 1950 (Fig. 4F)
Globigerina sp.

Globigerinita uvula (Ehrenberg, 1862) (Fig. 4C)
Globigerinoides quadrilobatus (d’Orbigny, 1846) (Fig. 41, L, O)
Globigerinoides trilobus (Reuss, 1850) (Fig. 4J, K, N)
Globigerinoides sp. (Fig. 4M)

Tenuitellinata juvenilis (Bolli, 1957) (Fig. 4A, D)

DINOFLAGELLATE CYSTS

Cleistosphaeridium placacanthum (Deflandre et Cookson, 1955) Eaton et al., 2001 (Fig. 11E-G)
Cleistosphaeridium cf. placacanthum (Deflandre et Cookson, 1955) Eaton et al., 2001 (Fig. 11M, N)
Dapsilidinium pseudocolligerum (Stover, 1977) Bujak et al., 1980 (Fig. 110)

Dapsilidinium sp. (Fig. 11H, I)

Hystrichokolpoma sp.

Lingulodinium machaerophorum (Deflandre et Cookson, 1955) Wall, 1967 (Fig. 11A-D)
Operculodinium centrocarpum (Deflandre and Cookson, 1955) Wall, 1967

Operculodinium sp.

Pentadinium sp. (Fig. 11J-L, P)

Polysphaeridium subtile Davey et Williams, 1966 (Fig. 10C-O, S)

Polysphaeridium zoharyi (Rossignol, 1962) Bujak et al., 1980 (Fig. 10A, B, P-R)

Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970 (Fig. 11Q)

Spiniferites ramosus (Ehrenberg, 1838) Mantell, 1854

PRASINOPHYCEANS AND ACRITARCHS
Cymatiosphaera sp. A (Fig. 12A-C, F-H, X)
Cymatiosphaera sp. B (Fig. 12K-S, V, W)
Cymatiosphaera sp. C (Fig. 12D-E, |, J)
Cymatiosphaera sp. (Fig. 12T, U)
Micrhystridium? sp. (Fig. 12Y-Z3)



