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The Badenian sec tion of Anadoly near Kamyanets Podilskyy (Ukrai nian Carpathian Foredeep Ba sin) con sists of the Tyras
Fm. (gyp sum and Ratyn Lime stone) and the Ternopil Mb. of the Kosiv Fm. The lat ter are 5.3 m thick and are com posed of
dark grey mudstones with lime stone in ter ca la tions. This study in di cates the oc cur rence of over 54 spe cies of ben thic
foraminifers and 10 spe cies of planktonics. Ben thic foraminifera are rep re sented mainly by cal car e ous forms; ag glu ti nated
tests are very rare. Plank tonic foraminifera ap pear in the up per part of the suc ces sion stud ied. Five ben thic foraminiferal as -
sem blages are rec og nized: A (Elphi dium/Lobatula/Astrononion) B (Hauerinidae), C (Cibicidoides/Lobatula), D (Poroso -
nonion) and E (Uvigerina/Bulimina). The foraminiferal re cord in di cates de po si tion in a shal low subtidal en vi ron ment (20 m
depth) of nor mal ma rine sa lin ity and tem per ate wa ters fol lowed by grad ual deep en ing of the ba sin to >50 m. Anal y sis of
foraminiferal as sem blages in di cates that bot tom wa ters were highly ox y gen ated dur ing de po si tion of the lower and mid dle
parts of the Anadoly se quence. Dur ing de po si tion of the up per part of the se quence the ox y gen a tion of bot tom wa ter grad u -
ally de creased, as ex pressed by a large de crease in the pro por tion of oxic spe cies and an in crease in dysoxic ones. The
same set of sam ples yielded low amounts of palynological or ganic mat ter rep re sented by dom i nant black opaque
phytoclasts; bisaccate pol len grains and dinoflagellate cysts are rare. Tax o nom i cally im pov er ished as sem blages of the lat ter 
con sist of dom i nant Polysphaeridium and Cleistosphaeridium placacanthum as so ci ated with Lingulodinium machaero -
phorum and a few other taxa. The tax o nom i cally rich est as sem blage was found in the top most sam ple. These changes were
in ter preted as in dic a tive for in creased sa lin ity in the sur face wa ter layer, with its max i mum in the mid dle part of the sec tion;
the as sem blage from the top most part is char ac ter is tic for nor mal ma rine sa lin ity. 

Keywords: Paratethys, Carpathian Foredeep, Up per Badenian, foraminifers, dinoflagellate cysts, palaeoenvironment.

INTRODUCTION

The Badenian (Mid dle Mio cene) de po si tion in the Ukrai nian
Carpathian Foredeep Ba sin took place mostly in the ma rine
realm. Shortly af ter 13.81 Ma (de Leeuw et al., 2010), evaporite
de po si tion started in some Cen tral Paratethys bas ins (Peryt,
2006 with ref er ences therein). It was ter mi nated by the last ma -
rine trans gres sion in the Cen tral Paratethys (Rögl, 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 mar ginal parts of the Outer Carpathian
accretionary wedge and the north ern part of the Magura Nappe
(Oszczypko et al., 2006; Kováč et al., 2007; Gozhyk et al.,

2015). As a re sult, in the west ern Ukraine the shore line shifted
to wards the NE (Fig. 1). 

Our ear lier study of pelites of the siliciclastic se ries oc cur ring 
above the Badenian gyp sum de pos its and the over ly ing lime -
stones and in ter ca lated marls with abun dant fau nal as sem -
blages in the Kudryntsi sec tion lo cated in the mar ginal part of
the Late Badenian ba sin (Fig. 1) showed that this suc ces sion
was de pos ited in vari able en vi ron ments (Peryt and Peryt, 2009; 
Gedl and Peryt, 2011). The se quence of dinoflagellate cyst and
foraminiferal as sem blages in di cated a grad ual deep en ing of the 
sea and de crease of sa lin ity, from slightly in creased to nor mal
ma rine (Gedl and Peryt, 2011). In this pa per we doc u ment the
lithological and micropalaeontological (foraminifers, dino fla -
gellate cysts, palynofacies) dif fer en ti a tion of the de pos its of the
Late Badenian sea af ter the Badenian Sa lin ity Cri sis in an other
Ukrai nian key sec tion, Anadoly near Khotyn, lo cated in the mar -
ginal part of the ba sin (Fig. 1). This sec tion, how ever, shows a
dif fer ent lithological suc ces sion com pared to Kudryntsi de spite
a gen er ally sim i lar palaeo geo graphi cal lo ca tion (Fig. 1). 
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GEOLOGICAL SETTING

The stud ied sec tion, Anadoly near Kamyanets Podilskyy
(Fig. 1), is lo cated in the fore land of the Carpathian Foredeep,
which is filled mostly by Mid dle Mio cene de pos its (Oszczypko
et al., 2006). In the outer zone of the Carpathian Foredeep and 
the fore land, the sec tion of Mid dle Mio cene de pos its is clearly
tri par tite with ma rine siliciclastics and car bon ates sev eral tens
to sev eral hun dreds of metres thick be low the Badenian eva -
porites (Tyras Fm.), and ma rine to brack ish siliciclastic de pos -
its (up to 5 km thick) above the Badenian evaporites (Vjalov et
al., 1981; Oszczypko et al., 2006). The Tyras Fm. in cludes
mostly Ca-sul phate de pos its and lo cal Na-chlo ride de pos its
(Peryt, 2006 with ref er ences therein) and the Ratyn Lime -
stone, which over lies and/or lo cally interfingers with gyp sum
de pos its (Andreyeva-Grigorovich et al., 1997). The Ratyn
Lime stone is a de posit of com plex or i gin (see Peryt et al.,
2012); its ma rine fa cies is char ac ter ized by the pres ence of
ma rine fauna (Peryt and Peryt, 1994; Peryt et al., 2012). De -
pos its of the Tyras Fm. are over lain by sed i ments of the Kosiv
Fm. con sist ing, in the outer zone of the Carpathian Foredeep,
of silty grey clays which al ter nate with sep a rate interbeds of
loose silts, sand stones, tuffs, and tuffites (Andreyeva -
-Grigorovich et al., 1997). To wards the north-east, i.e., to ward
the ba sin mar gin, these clayey de pos its are grad u ally pass ing
into scal lop or glauconitic marls, and then into cal car e ous
marls and marly lime stones with fine rhodoids; the thick ness
of the mar ginal fa cies of the Kosiv Fm. is usu ally 4 to 15 m
(Łomnicki, 1897; Teisseyre, 1900). Fur ther to ward the ba sin
mar gins, the mar ginal fa cies of the Kosiv Suite passes into the 
Pronyatyn Lime stone (Teisseyre, 1900; Kudrin, 1966).
Studencka et al. (2012) char ac ter ized the Up per Bade nian
sec tion of the Surzha bore hole lo cated be tween Kudryntsi and 
Anadoly. The base of the pro file con sists of the Ternopil Mb.
(6 m thick suc ces sion of coralline-al gal marly lime stones with
two thin fine-grained sandy-silty in ter ca la tions) and the over ly -

ing Prut Mb. (7 m of pre dom i nantly lam i nated grey-green or
grey-blue clayey silt with oc ca sional sandy lime stones).

At Anadoly, nu mer ous out crops of the Tyras Fm., rep re -
sented by gyp sum and the Ratyn Lime stone, and the sili -
ciclastic de pos its of Ternopil Mb. of the Kosiv Fm., are found
(Figs. 2 and 3). The gyp sum is mostly recrystallised, fine -
-grained gyp sum de pos its that rep re sent gyp sum micro bialite
fa cies and alabastrine fa cies (fa cies M of Bąbel, 2005: fig. 4),
ca. 8 m thick, are over lain by ca. 3 m thick bed ded clastic and
lam i nated gyp sum (Peryt, 1996; Petri chen ko et al., 1997: fig.
3b, c). At the bound ary be tween the gyp sum and the Ratyn
Lime stone a few cm thick clay lay ers, fol lowed by a ce lest -
ite-bear ing bed com posed of sparitic lime stone, oc cur (Sido -
renko, 1904; Koltun et al., 1972). The gyp sum-as so ci ated lime -
stones of Anadoly re ferred to as the Ratyn Lime stone are
polygenic (see Peryt et al., 2012 for dis cus sion) al though of ten
the up per parts of the Ratyn Lime stone are ma rine (Peryt and
Peryt, 1994; Peryt et al., 2012), of ten bioclastic grainstones and
packstones, such as in the out crop stud ied by us (Fig. 2B; GPS
co or di nates: N48°27.160’, E26°33.067’ – Anadoly I in Peryt et
al., 2012). 

The Ratyn Lime stone (1.8 m thick) over lies the ce lest -
ite-bear ing bed and ex cept for the up per most 0.3 m is peloidal -
-mi cro bial with com mon pseudo morphs af ter len tic u lar gyp sum
crys tals. The up per most part is bioclastic packstone -grainstone 
with foraminifers, bryo zoans, ostracods, echino derms and bi -
valves that are some times ac com pa nied by rhodoids and
intraclasts of lime stones show ing mudstone tex ture. Above the
Ratyn Lime stone, a sec tion 5.3 m thick com posed of dark grey
mudstones with lime stone in ter ca la tions was mea sured and
sam pled in the slope out crop (GPS co or di nates of this out crop:
N48°27.137’, E26°33.019’) in 1996. In ad di tion, two sam ples
(Nos. 119 and 120) were taken in the out crop lo cated be tween
the last out crop and Anadoly I and shown in Fig ure 2C. X-ray
dif frac tion study of the rocks over ly ing the Ratyn Lime stone in -
di cated that their min er al og i cal com po si tion is quite sta ble
through out the sec tion. In all stud ied sam ples cal cite, quartz,
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Fig. 1. Lo ca tion map show ing the mid-Badenian sul phate zones (af ter Peryt, 2006) 
and Up per Badenian fa cies in the Carpathian fore land (af ter Kudrin, 1966)



smectite and (with ex cep tion of sam ple M-16) illite were re -
corded. In the lower part of the sec tion (up to sam ple M-13) ze -
o lite oc curs, and in its up per part (sam ples M-15, M-17–M-19)
and ad di tion ally in sam ple M-9 feld spar oc curs. Gyp sum was
no ticed in sam ple M-9, M-11 and M-13.

MATERIAL AND METHODS

The sec tion was mea sured and eleven sam ples (M-9 to
M-19) were se lected in 1996 and sub se quently two sam ples
were taken from the low est part of the Ternopil Mb. for micro -
palaeontological stud ies in or der to es tab lish the pres ence of
foraminifers and dinocysts. The lo ca tion of sam ples stud ied is
shown in Fig ure 3. Basal sam ple 119 col lected 5 cm above the
Ratyn Lime stone is dark brown ish cal car e ous clay with frag -
ments of coralline al gae. Higher sam ples are pale beige to

white coralline al gal lime stone mixed with dark clay (120, M-9,
M-10, M-11, M-12) and with gyp sum crys tals (M-13–M-16).
Sam ple M-17 is a pale beige, po rous, non-cal car e ous gaize.
Two up per most sam ples (M-18 and M-19) are pale celadon cal -
car e ous clay.

Washed res i dues for foraminiferal study were ob tained from 
the rocks by disaggregation us ing Na2SO4. An amount of about
300–400 spec i mens of foraminifers >63 mm size frac tion was
picked for the fau nal anal y ses. The clas si fi ca tion scheme used
fol lows Loeblich and Tappan (1987) and Cicha et al. (1988).
The spec i mens were stud ied and doc u mented us ing a Philips
XL20 SEM. 

The palaeoenvironmental in ter pre ta tion based on fora -
minifers ap plies the re quire ments of pres ent-day rep re sen ta -
tives of the re corded 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; Hay ward et al., 1997, 2010; Chendeş et al.,
2004; Kaminski, 2012; Hay ward, 2014, Arslan et al., 2016).
Some taxa are char ac ter ized by op por tu nis tic be hav iour; they
are tol er ant to dysoxia and in creased bot tom-wa ter sa lin ity
(e.g., Bulimina, Bolivina, Hanzawaia, Uvigerina). Elphidium
(keeled) is epifaunal, pre fers sandy sub strate ma rine tem per -
ate-warm wa ters 0–50 m deep (in ner shelf) and of sa lin ity range 
35–70‰. Among hauerinids, Quinqueloculina is epifaunal, lives 
free or is cling ing plants or sed i ment in ma rine-hypersaline (sa -
lin ity 32–65‰), cold-warm wa ters 0–40 m deep, in shelf, rarely
bathyal en vi ron ment. Triloculina is epifaunal, lives free or is
cling ing mud, sand, plants, lives in ma rine-hypersaline (sa lin ity
32–55‰), cold wa ters 0–40 m deep in in ner shelf en vi ron -
ments, al though some spe cies are bathyal. Pyrgo is epifaunal,
lives free or is cling ing plants or sed i ment, in ma rine cold
shelf-bathyal wa ters. Lobatula lobatula is epifaunal, is cling ing
or at ta ches firm sub strates in ma rine tem per ate-warm wa ters
0–50 m deep, in la goon and in ner shelf en vi ron ments.

Astronion is epifaunal-infaunal, lives free or cling ing in ma -
rine, cold wa ters, in in ner shelf-bathyal zones. Porosononion, by
anal ogy to non-keeled Elphidium, is infaunal, pre fers muddy and
sandy sub strate, in ner shelf depth and a wide sa lin ity range
(0–70‰). Neoconorbina is epifaunal, lives cling ing or at tached
on firm sub strates in ma rine, tem per ate wa ters, in in ner shelf
zone. Rosalina is epifaunal, lives cling ing or at tached on firm
sub strates in ma rine, tem per ate-warm wa ters 0–100 m deep, in
la goons and in ner shelf zone. Cibicidoides is epifaunal, in hab its
hard sub strates in ma rine cold wa ter of shelf-bathyal zones.
Uvigerina is mainly infaunal, some spe cies are epifaunal, lives
free on muddy sed i ment in ma rine cold wa ters 100 to >4500 m
deep, in shelf-bathyal zones. Melonis is infaunal, lives in mud
and silt, in ma rine wa ters of tem per a ture <10°C, in shelf-bathyal
zones.

Globocassidulina is infaunal, lives in mud in ma rine tem per -
ate-cold wa ters of shelf-bathyal zones.

Bulimina and Bolivina live in in ner shelf-bathyal zones.
Bolivina is infaunal–epifaunal, pre fers muddy sed i ment and
cold to warm en vi ron ments, and Bulimina is infaunal, pre fers
mud to fine sand, and cold-tem per ate con di tions. Heterolepa is
epifaunal and lives on hard sub strates in ma rine cold-wa ter
shelf-bathyal en vi ron ments. Pullenia and Hoeglundina are in -
fau nal forms fa vour ing muddy ma rine cold-wa ter mid dle shelf -
-bathyal zones.

Ben thic and plank tonic fauna char ac ter is tics and the P/B ra -
tio [100x(plank tonic foraminifera/to tal foraminifera)] were used
to es ti mate palaeobathymetry (Murray, 1976; Hemleben et al.,
1989; Van Hinsbergen et al., 2005; Kouwen hoven and van der
Zwaan, 2006).
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Fig. 2. Field pho tos show ing the NE out crops
 in the Anadoly area



To es ti mate the level of ox y gen a tion of the sea-floor the
ben thic foraminifers were grouped into oxic, suboxic and
dysoxic in di ca tors ac cord ing 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 fol low ing taxa are in cluded into the oxic group: Elphi dium
spp., hauerinids, Lobatula lobatula, Neoconorbina sp., Rosalina
obtusa, Cibicidoides spp., Heterolepa dutemplei, Han za waia
boueana, Sigmoilinita tenuis. Oxic in di ces rep re sent epifaunally
liv ing spe cies. Taxa tol er ant of suboxic en vi ron ments are: Poro -
sononion spp., Astrononion perfossum, Nonion com mune,
Melo nis pompilioides, Pullenia bulloides, P. mio cenica, Sphaero -
idina bulloides, Hoeglundina elegans, and taxa tol er ant of dyso -
xic en vi ron ments – Bulimina spp., Uvigerina spp., Bolivina spp.,
Globocassidulina oblonga, Reussella spinulosa.

Foraminifers tol er ant of suboxic en vi ron ments rep re sent
mostly shal low infaunally liv ing spe cies, while foraminifers tol er -
ant of dysoxic en vi ron ments rep re sent mostly deep infauna and 
spe cies with op por tu nis tic be hav iour. They are com monly used

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

Plank tonic foraminifers were used to in ter pret
palaeo climatic con di tions. They were grouped into
cool-tem per ate in di ces (Globi gerina bulloides, G.
praebulloides) and warm in di ces (Globigerinoides
spp.; Szczechura, 1982, 1984, 2000; Hemleben et
al., 1989; Spezzaferi et al., 2002; Bicchi et al., 2003;
Peryt, 2013; Holcová et al., 2015).

The sam ples for palynology were pro cessed in
the Micropalaeontological Lab o ra tory of the In sti -
tute of Geo log i cal Sci ences, Pol ish Acad emy of Sci -
ences, Kraków. Stan dard palynological pro ce dures
were ap plied, in clud ing 38% hy dro chlo ric acid (HCl) 
treat ment, 40% hy dro flu oric acid (HF) treat ment,
heavy liq uid (ZnCl2 + HCl; den sity 2.0 g/cm3) sep a -
ra tion, ul tra sound for 10–15 s and siev ing at 15 µm
on a ny lon mesh. No ni tric acid (HNO3) treat ment
was ap plied. The quan tity of rock pro cessed was
ap prox i mately 60 g for coralline al gal lime stone
sam ples, and 20 g for clay sam ples. Two mi cro -
scope slides were made from each sam ple us ing
glyc er ine jelly as a mount ing me dium; ap prox i -
mately 25% of the re sid uum was used for each
slide. The rock sam ples, palynological res i dues and 
slides are stored in the col lec tion of the In sti tute of
Geo log i cal Sci ences, Pol ish Acad emy of Sci ences,
Kraków. All ma rine palynomorphs were counted
from two slides. No sta tis ti cal prox ies were cal cu -
lated due to very low fre quency, only percentages.

Iso to pic anal y ses of three bulk lime stone sam -
ples (M-10, M-12 and M-19) were done at the In sti -
tute of Phys ics, Uni ver sity Maria Cu rie-Skłodowska, 
Lublin, Po land; see Peryt et al. (2004) for de tailed
pro ce dure ap plied.

RESULTS

FORAMINIFERS

The pres er va tion of foraminifers is good to mod -
er ate; in sam ple M-17 cal car e ous tests of ben thic
foraminifers are etched; in some oth ers they show

traces of me chan i cal dam age that may in di cate rese di mentation. 
54 spe cies of ben thic foraminifers and 10 plank tonic ones have
been iden ti fied. Ben thic foraminifers are rep re sented mainly by
cal car e ous forms; ag glu ti nated tests are very rare and only a few
spe cies are re corded, i.e., Sipho textularia concava and
Semivulvulina sp. Plank tonic fora minifera ap pear in the up per
part of the stud ied suc ces sion (sam ples M-13 to M-19). They
form from 3 to 10% of the as sem blage (40% in sam ple M-13).
Globigerina bulloides, G. praebulloides and Globigerinoides spp. 
are the most com mon spe cies. 

The stratigraphically and palaeoenvironmentally im por tant
spe cies of foraminifers are shown in Fig ures 4–6; plank tonic
foraminifers are il lus trated in Fig ure 4 and ben thic foraminifers
in Fig ures 5–6. The abun dance fluc tu a tions of foraminifers are
shown in Fig ure 7. 

Five ben thic foraminiferal as sem blages are rec og nized in the
stud ied suc ces sion: Elphi dium/Lobatula/Astrononion As sem blage 
(As sem blage A), Hauerinidae As sem blage (As sem blage B), Cibi -
ci do ides/Lobatula As sem blage (As sem blage C), Porosononion
As sem blage (As sem blage D) and Uvigeri na/Bulimina As sem -
blage (As sem blage E; Fig. 7). In the lower and mid dle parts of the
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Fig. 3. Up per Badenian Anadoly sec tion show ing sam ple lo ca tions, 
li thol ogy and microfacies

https://gq.pgi.gov.pl/article/view/8217/pdf_491
https://gq.pgi.gov.pl/article/view/21138/pdf_1245
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Fig. 4. Plank tonic foraminifers from the Up per Badenian of Anadoly (scale bars = 100 mm)

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. Ben thic foraminifers from the Up per Badenian of Anadoly (scale bars = 200 mm)

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

A, B – Uvigerina aculeata (sam ple M-19); C–G – Uvigerina semiornata (sam ple M-19); H, I – Uvigerina brunnensis (sam ple M-19);
J–L – Bulimina insignis (sam ple M-19); M–P – Bulimina aculeata (sam ple M-19); Q – Bolivina dilatata (sam ple M-19); R – Bolivina
max ima (sam ple M-19); S, T – Globocassidulina oblonga (sam ple M-16); U, V – Sphaeroidina bulloides (sam ple M-19); W –
Semivulvulina sp. (sam ple M-13); X, Y – Hanzawaia boueana (sam ple M-18); Z – Siphotextularia concava (sam ple M-15); Aa, Bb –
Hoeglundina elegans (sam ple M-19); Cc, Dd – Heterolepa dutemplei (sam ple M-18); Ee – Pullenia miocenica (sam ple M-19); Ff –
Pullenia bulloides (sam ple M-19)



sec tion as sem blages A, B and C in ter ca late. As sem blage A is
dom i nated by Elphidium rep re sented by sev eral spe cies, e.g., E.
macellum, E. fichtelianum, E. joukovi, E. crispum, E. advenum.
Elphidium forms 22 to 53% of the as sem blage, Lobatula lobatula – 
6 to 35% and Astrononion perfossum – up to 31%. Porosonion
spp., Neoconorbina sp. and Rosalina obtusa are also rare to com -
mon com po nents of the as sem blage. As sem blage A is re corded
in sam ples 119, 120 and M-12.

As sem blage B is char ac ter ized by a high dom i nance of
hauerinids. They form 50 to 75% of the as sem blage; com mon
is Elphidium (6–24%); Lobatula lobatula less com mon than in
the As sem blage A (13% in sam ple M-14). Poroso nonion and
Rosalina are mi nor com po nents. As sem blage B is re corded in
sam ples M-9, M-10, M-11 and M-14.

As sem blage C is dom i nated by Cibicidoides spp., com pris -
ing 28 to 45% of the as sem blage. An other im por tant con trib u tor 
to the as sem blage is Lobatula lobatula which reaches 35%. Be -
side dom i nat ing Cibicidoides spp., for the first time in this suc -
ces sion Uvigerina sp., Melonis pompilio ides and Sphaeroidina
bulloides ap pear which are mi nor com po nents. As sem blage C
oc curs in sam ples M-13, M-15 and M-16. 

As sem blage D dif fers from As sem blages A, B and C by the
to tal ab sence of Elphidium, hauerin ids and Lobatula which
were dom i nant or com mon com po nents of those as sem blages. 
As sem blage D is dom i nated by Porosononion (47%) rep re -
sented by P. granosum, P. martkobi and P. tumidulus.
Cibicidoides spp., Melonis pompilioi des, Heterolepa dutemplei
and Hoeglundina ele gans are also com mon. As sem blage D
was found in sam ple M-17. 

As sem blage E, re corded in sam ples M-18 and M-19, is
char ac ter ized by low dom i nance and higher di ver sity than all
other as sem blages. Uvi ge rina spp. (Uvigerina aculeata, U.
brunne nsis, U. semiornata, Uvigerina sp.) (12–26%), Bulimi na
spp. (Bulimina aculeata, B. insignis, Bulimina sp.) (6–21%),
Sphaeroidina bulloides (18–21%), Heterolepa dutemplei
(15–19%), Hoeglundina ele gans (3–8%) and Pullenia spp.
(3–11%) are com mon in this as sem blage. 

DINOFLAGELLATE CYSTS AND PALYNOFACIES

All sam ples yielded low amounts of palynolo gical or ganic
mat ter, con sist ing mainly of small -sized (be low 20 µm)
equidimensional, ex cep tion ally elon gated, eas ily disintegrable
black opa que phytoclasts. Such phytoclasts usu ally con sti tute
80–90% of the to tal. Dark brown phytoclasts, with par tially pre -
served vas cu lar struc tures, are rare. A char ac ter is tic fea ture is
near com plete lack of sporomorphs; bisaccate pol len grains oc -
cur in fre quently, com monly as a few grains per slide (Fig. 8).
Their pres ence may be, how ever, a re cent con tam i na tion, as
some sam ples con tain a rel a tively high ad mix ture of re cent vas -
cu lar plant re mains and fungi phycoma. 

Ma rine palynomorphs are rep re sented by dinoflagellate
cysts and acritarchs; they are shown in Fig ures 9–11. Sim ple
spec i men and spe cies num bers are shown in Fig ure 12.

Dinoflagellate cysts are rare to very rare; they oc cur com -
monly as a few to sev eral spec i mens per slide (Fig. 8). A char -
ac ter is tic fea ture is a gen eral tax o nom i cal im pov er ish ment of
their as sem blages, which con sist of a few dom i nat ing spe cies
only (Polysphaeridium subtile, P. zoharyi, Lingu lo dinium
macha ero phorum, and Cleistosphaeridium placa can thum);
their pro por tions dif fer from sam ple to sam ple.

Acritarchs are also very rare, they oc cur in some sam ples
only (Fig. 8). Acritarchs are rep re sented by Cymatiosphaera
(C.? icenorum, C. sp.), and an acanthomorphitic form ques tion -
ably re ferred to Micrhystridium (Fig. 11). Cymatiosphaera oc -
curs in basal sam ples only. This ge nus is rep re sented by two
dif fer ent morphotypes: chorate and prox i mate. 

Chorate forms (Cymatiosphaera sp. A) are sim i lar to a
newly de scribed spe cies C.? icenorum (De Schepper and
Head, 2014), but dif fer by acuminate end ings of pro cesses (Fig. 
11A–C, F–H, X), which by C.? icenorum are ter mi nated with a
plat form-like struc ture; no pylome is ob served in spec i mens
from Anadoly. 

Prox i mate forms in clude var i ous spe cies with solid crests
that de limit po lyg o nal fields; they dif fer by crest height, its mar -
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Fig. 7. Ben thic foraminiferal as sem blages and rel a tive abun dances of foraminifer groups 
within the Up per Badenian se quence of Anadoly



gin type, field num ber and wall struc ture. Most com mon is
Cymatiosphaera sp. B char ac ter ized by rel a tively large size
(app. 25–40 µm across), rel a tively low crests that form nu mer -
ous po lyg o nal fields, and var i ously de vel oped bulbs in the cen -
tres of these fields; the bulbs are ei ther very in dis tinct, hardly
vis i ble (Fig. 11K, O, P) or they are dis tinct, giv ing punctate ap -
pear ance of the wall (Fig. 11L–N, V, W); this spe cies re sem bles 
most closely C.? deverteuilii of Quaijtaal et al. (2015) by its gen -
eral mor phol ogy (dense net work of po lyg o nal fields) but dif fers
by larger size and rel a tively low ers crests, and by the pres ence
of the bulbs lo cated cen trally in each po lyg o nal field; no pylome
is ob served in spec i mens from Anadoly. Cymatiosphaera sp. C
in cludes spher i cal spec i mens with smooth wall and solid crests
that form a few fields; no pylome is ob served (Fig. 11D, E, I, J);
this spe cies shows mor pho log i cal sim i lar i ties to C.? fensomei of 
De Schepper and Head (2014) and C.? invaginata of Head et
al. (1989). An other spe cies of Cymatiosphaera (Fig. 11D–T, U)
is slightly elon gated, sim i lar in shape to Impagidinium.

Basal sam ple 119 yielded rel a tively tax o nom i cally di ver si -
fied dinoflagellate cyst as sem blage con sist ing of 8 spe cies. It is
dom i nated by Lingulodinium machaerophorum, which stands
for over 50% of all iden ti fied dinoflagellate cysts. Poly -
sphaeridium (P. subtile) slightly ex ceeds 10% in this sam ple.

Sam ple 120 yielded very rare dinoflagellate cysts com -
posed of three most com mon spe cies in this sec tion:
Lingulodinium machaerophorum, Polysphaeridium subtile, and
Cleistosphaeridium placa can thum; L. machaerophorum, sim i -
larly as in the lower sam ple, is the most fre quent.

Dinoflagellate cyst as sem blages from higher sam ples M-9 to
M-13 con sist gen er ally of the same spe cies (as so ci ated by rare
Spiniferites and Operculodinium); they are dom i nated by
Polysphaeridium (mainly P. subtile), which pro por tion in crea ses
up wards, to reach 80% in sam ple M-13. Basal part of the sec tion

stud ied (up to sam ple M-12) yielded acritarchs of the ge nus
Cymatiosphaera; this ge nus is ab sent from the higher part.

Sam ple M-15 yielded a sim i lar tax o nom i cally im pov er ished
as sem blage, which is dis tin guished by dom i nat ing Cleisto -
sphae ridium placa can thum (>60%; Polysphaeridium – 22%).
An even more im pov er ished as sem blage oc curs in higher sam -
ple M-16 in which a monospecific as sem blage of Polysphaeri -
dium sub tile was found. No aquatic palynomorphs oc cur in
sam ple M-17.

Two top most clay sam ples M-18 and M-19 yielded two dif -
fer ent as sem blages. Lower sam ple M-18 yielded an as sem -
blage that re sem bles the ones from the basal part of sec tion – it
con sists of Polysphaeridium and Cleisto sphae ridium only (C.
cf. placa can thum dom i nates – >70%). As sem blage from the
sam ple M-19, in turn, is char ac ter ized by the high est tax o nom i -
cal di ver sity – 10 spe cies; most fre quent are: C. cf. placa can -
thum  (34%), Lingulodinium machaerophorum (22%), and Pen -
ta dinium sp. (18%). Polysphaeridium (P. subtile and P. zoharyi)
hardly ex ceeds 10% in this sam ple. Acanthomorphitic acri -
tarchs Micrhy stridium? sp. oc cur in both sam ples.

A char ac ter is tic fea ture of the Anadoly as sem blages is the
lack of dinoflagellate cysts that are as sumed to be off shore spe -
cies (Nematosphaeropsis, Impagidinium) which in habit wa ters
of open ma rine bas ins (see e.g., Morzadec-Kerfourn, 1977;
Wall et al., 1977; Harland, 1983; Brinkhuis, 1994).

CARBON AND OXYGEN ISOTOPES

Iso to pic anal y ses of three sam ples stud ied (M-10, M-12 and 
M-19) yielded d13C val ues (2.13‰, –2.54 and –1.69‰, re spec -
tively) and d18O val ues (–2.18‰, –2.73 and –1.78‰, re spec -
tively) that fall within the field of Badenian ma rine sed i ments
(e.g., Kováčová and Hudáčková, 2009; Kováčová et al., 2009).

INTERPRETATION

The tax o nomic com po si tion of foraminiferal as sem blages
in di cates that the lower part of the stud ied de pos its orig i nated in 
a shal low wa ter ma rine en vi ron ment (about 20 m deep) with
well ox y gen ated bot tom wa ters (Fig. 12). Foraminifers in cluded
in the oxic group form in these as sem blages from 76 to 99% of
the to tal. Only in the low est sam ple oxic spe cies com posed
55% of the as sem blage. Keeled spe cies of Elphidium,
hauerinids and Lobatula lobatula were dom i nant groups of
foraminifera in as sem blages A and B. They rep re sent epiphytic
foraminifera (Langer, 1993) which live free or cling ing to plants
or firm sub strates, in tem per ate to warm wa ters, 0–50 m deep.
Elphidium shows a pref er ence for sandy siliciclastic sub strates
in the mod ern Ara bian Gulf (Arslan et al., 2016). The tax o nomic
com po si tion of the as sem blages A and B en ables to in fer shal -
low (20 m deep) subtidal en vi ron ment of nor mal ma rine sa lin ity
and tem per ate wa ters. Al ter na tion of biofacies A and B may in -
di cate changes of type of veg e ta tion at the sea-floor or changes 
of en ergy of en vi ron ment in time. In the mid dle of the sec tion ap -
pears for the first time in the sec tion plank tonic foraminifera.
They are rep re sented mainly by a few spe cies of Globigerina
and Globigerinoides which are shal low wa ter forms. At the
same time in the sec tion Cibicidoides spp. ap pears, which dom -
i nate As sem blage C rep re sent ing an in ner shelf en vi ron ment
with well-ox y gen ated bot tom wa ters. In this as sem blage the
oxic group forms 67 to 80% of the to tal. Ac cord ing to Hohe -
negger (2005) the shal low est wa ter depth for Cibicidoides
ungerianus is 50 m. In this as sem blage an other com mon con -

Foraminiferal and palynological organic matter records of the Upper Badenian (Middle Miocene) deposits at Anadoly... 525

Fig. 8. Fre quency of ma rine palynomorphs 
in the Anadoly sec tion



stit u ent is Lobatula lobatula, which lives at in ner shelf depths.
This en ables to in ter pret the deep en ing of the sea to 40–50 m in 
this time in ter val. The up per part of the stud ied suc ces sion orig -
i nated in a shelf en vi ron ment with de creas ing ox y gen a tion of
bot tom wa ters. As sem blage D rep re sents a tran si tional time in -
ter val dur ing which ox y gen a tion of bot tom wa ters de creased. It

is ex pressed by huge in crease in suboxic spe cies (Fig. 12). As -
sem blage D is com posed by 29% of oxic and 71% of suboxic
taxa. As sem blage E rep re sents an in ter val with the high est de fi -
ciency of ox y gen at the sea-floor. It is ex pressed mainly by low
con tri bu tions of oxic forms (20–35%) and high con tri bu tions of
dysoxic taxa (>35%) to the as sem blage (Fig. 12). On the other
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Fig. 9. Dinoflagellate cysts from the Anadoly sec tion, ge nus Cleisto sphae ridium 

A, B – Polysphaeridium zoharyi (same spec i men, var i ous foci; sam ple M-10); C, D – Polysphaeridium subtile (same spec i men, var i ous foci;
sam ple M-13); E, F – three spec i mens of Polysphaeridium subtile (same spec i mens, var i ous foci; sam ple M-13); G – Polysphaeridium
subtile (sam ple M-13); H, I – Polysphaeridium subtile (same spec i men, var i ous foci; sam ple M-13); J, K – Polysphaeridium subtile (same
spec i men, var i ous foci; sam ple M-13); L, M – Polysphaeridium subtile (same spec i men, var i ous foci; sam ple M-12); N, O – Polysphaeridium 
subtile (same spec i men, var i ous foci; sam ple M-13); P–R – Polysphaeridium zoharyi (com plete, same spec i men, var i ous foci; sam ple
M-13); S – Polysphaeridium subtile (com plete spec i men; sam ple M-12); scale in O re fers to all other mi cro pho to graphs



hand the high est di ver sity in this as sem blage and pres ence of
sev eral spe cies of Uvigerina (deeper wa ter foraminifers) and
Hoeglundina elegans in di cate mid dle shelf depths. The pres -
ence of Cibicidoides, Melonis, Pullenia, Heterolepa, Globo -
cassidulina, Hoeglundina, Uvige rina and Bulimina com mon to

dom i nant in the up per part of the stud ied in ter val in di cate colder
wa ters than in the lower part.

The tax o nom i cally im pov er ished dinoflagellate cyst as sem -
blage shows that the de pos its stud ied orig i nated in a ma rine, but
re stricted, en vi ron ment. Dom i nat ing taxa like Polysphae ridium
and Lingulodinium machaerophorum are usu ally as so ci ated with
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Fig. 10. Dinoflagellate cysts from the Anadoly sec tion, gen era Lingulodinium, Systematophora, 
Pentadinium, Dapsilidinium, and Spiniferites

A–D – Lingulodinium machaerophorum (A, B: sam ple M-14; C, D: sam ple M-19); E, F – Cleisto sphae ridium placa can thum (same spec i men,
var i ous foci; sam ple M-14); G – Cleisto sphae ridium placa can thum (sam ple M-19); H, I – Dapsilidinium sp. (same spec i men, var i ous foci;
sam ple M-19); J–L – Pentadinium sp. (same spec i men, var i ous foci; sam ple M-19); M – Cleisto sphae ridium cf. placa can thum (sam ple M-19); 
N – Cleisto sphae ridium cf. placa can thum (sam ple M-19); O – Dapsilidinium pseudocolligerum (sam ple M-19); P – Pentadinium sp. (same
spec i men, var i ous foci; sam ple M-19); Q – Spiniferites pseudofurcatus (sam ple M-12); scale in C re fers to all other mi cro pho to graphs
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Fig. 11. Acritarchs from the Anadoly sec tion

A–C – Cymatiosphaera sp. A (same spec i men, var i ous foci; sam ple M-9); D, E – Cymatiosphaera sp. C (same spec i men, var i ous
foci; sam ple M-9); F–H – Cymatiosphaera sp. A (same spec i men, var i ous foci; sam ple M-9); I, J – Cymatiosphaera sp. C (same
spec i men, var i ous foci; sam ple M-9); K – Cymatiosphaera sp. B (spec i men with in dis tinct or na men ta tion of po lyg o nal fields; sam ple 
M-10); L–N – Cymatiosphaera sp. B (spec i men with dis tinct bulbs on the po lyg o nal fields and low and faint ridges; same spec i men,
var i ous foci; sam ple M-10); O, P – Cymatiosphaera sp. B (spec i men with faintly de vel oped bulbs on the po lyg o nal fields; same
spec i men, var i ous foci; sam ple M-10); Q–S – Cymatiosphaera sp. B (spec i men with dis tinct bulbs on the po lyg o nal fields and rel a -
tively high and thick ridges; same spec i men, var i ous foci; sam ple M-10); T, U – Cymatiosphaera sp. (same spec i men, var i ous foci;
sam ple M-10); V, W – Cymatiosphaera sp. B (same spec i men, var i ous foci; sam ple M-12); X – Cymatiosphaera sp. A (sam ple
M-11); Y–Z1 – Micrhystridium? sp. (same spec i men, var i ous foci; sam ple M-18); Z2, Z3 – Micrhystridium? sp. (same spec i men, var -
i ous foci; sam ple M-18); scale in A re fers to all other mi cro pho to graphs 
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a near-shore, shal low ma rine en vi ron ment (e.g., Wall et al.,
1977; Ed wards and Andrle, 1992). Some changes of their fre -
quen cies may be as so ci ated with sa lin ity fluc tu a tions or wa ter
depth changes. Lingulodinium machaerophorum is re garded as
a euryhaline spe cies, with its pro cess length re flect ing var i ous
sa lin ity lev els (e.g., Wall and Dale, 1973; Dale, 1996; Ellegaard,
2000; see also Sluijs et al., 2005: p. 296 for dis cus sion). Poly -
sphaeridium zoharyi (cyst of Pyrodinium bahamense), in turn, is
com monly found in hypersaline wa ters (e.g., Brad ford and Wall,
1984; Reichart et al., 2004), al though Marret and Zonne veld
(2003) sug gested its euryhaline na ture. The low er most sam ple
119 yielded a rel a tively tax o nom i cally rich as sem blage (eight
spe cies) dom i nated by Lingulodinium machaero phorum;
Polysphaeridium in this sam ple is rare. This in di cates ma rine
con di tions, pos si bly with slightly low ered wa ter sa lin ity. A grad ual 
de cline of spe cies fre quency is ob served higher up the sec tion
(sam ple 120 still shows a high pro por tion of L. machaerophorum
but dinoflagellate cysts are very rare) as so ci ated with a grad ual
in crease in the pro por tion of Poly sphaeridium (Fig. 12). This
trend likely re flects a grad ual in crease of wa ter sa lin ity, pos si bly
as so ci ated with a shallowing trend. Its max i mum can be placed
around sam ples M-16 and M-17 where a Polysphaeridium
mono specific as sem blage (M-16) and lack of dinoflagellate cysts 
(M-17) re flects most re stricted con di tions. Higher up, an in crease 
of spe cies rich ness, par tic u larly in the top most sam ple M-19, re -
flects a grad ual deep en ing of the ba sin and re turn of nor mal ma -
rine wa ter con di tions. 

Some how enig matic in palaeoenvironmental re con struc -
tions is the pres ence of Cleisto sphae ridium. This ge nus, rep re -
sented in Anadoly by C. placacanthum (for mer Systemato -
phora placacantha) and a sim i lar morphotype C. cf. placacan -
thum, has no well-known palaeoenviron mental pref er ences.
Köthe (1990) in cluded C. placa can thum  in the Glaphyrocysta
group, and fol low ing Wil liams’ (1977) in ter pre ta tion sug gested
open-ma rine pref er ences of this spe cies. Brinkhuis (1994), in
turn, pro posed more in shore pref er ences of the Glaphyrocysta
group (i.e., Glaphyrocysta and Areoligera, both mor pho log i cally 
sim i lar to Systematophora) and lo cated its op ti mal liv ing con di -
tions in an in ner neritic zone of car bon ate bar ri ers. The lat ter in -
ter pre ta tion is closer to the data ob tained from other Mio cene
ma te ri als of west ern Ukraine at Kudryntsi and Shchyrets where
Cleisto sphae ridium placa can thum fre quently oc curs in ma rine
shelf fa cies above the Ratyn Lime stone (Gedl and Peryt, 2011;
Peryt et al., 2014). These fa cies, al though rel a tively shal low and 
prox i mal, seem to be lo cated more off shore than the ones from
the Anadoly sec tion, as C. placa can thum oc curs both at
Kudryntsi and Shchyrets as a part of more di ver si fied as sem -
blages with fre quent spec i mens of Spiniferites ramosus,
Operculodinium, and rare off shore Nemato sphaero psis
labirynthus and Impagidinium. There fore, a near-shore en vi -
ron ment can be sug gested for motile stages of C. placa can -
thum dur ing the Mid dle Mio cene, al though this spe cies seemed 
to pre fer a more off shore and/or less sa line wa ters com pared to 
the ones in hab ited by Pyrodinium bahamense. Fol low ing this
in ter pre ta tion, it can be sug gested that sec tion in ter vals with
fre quent C. placa can thum – sam ples M-14 and par tic u larly
M-15, and the top most in ter val (M-18 and M-19) – were de pos -
ited dur ing pe ri ods of ba sin deep en ing or pe ri ods of sea wa ter
sa lin ity de crease (the lat ter com pared to hypersaline con di tions 
fa vour able for Polys phaeridium). 

An other as pect of palaeoenvironmental re con struc tion of
the Anadoly sec tion is based on acritarchs. They are most fre -
quent and di ver si fied in the basal part of the sec tion where var i -
ous spe cies of Cymatiospahera oc cur. The mid dle part of the
sec tion yielded no acritarchs, whereas its up per most part yiel -

ded an acanthomorphitic spe cies de ter mined as Micrhystri -
dium? sp. This dis tri bu tion may re flect wa ter sa lin ity/depth
changes as in ferred from dinoflagellate cysts, with the most re -
stricted pe riod dur ing the de po si tion of the mid dle part of the
stud ied suc ces sion. Al ter na tively, it also may be re ferred to sea
wa ter tem per a ture. The prasinophycean Cymatiosphaera is
com monly treated as an in di ca tor of cold- and/or re duced sa lin -
ity wa ters (Schreck et al., 2013 and ref er ences therein). Quaij -
taal et al. (2015) sug gested cold-wa ter pref er ences of the Mio -
cene spe cies Cymatiosphaera? deverteuilii, a sim i lar spe cies to 
Cymatiosphaera sp. B, which is the most fre quent among
acritarchs in the basal part of the stud ied sec tion. Hence, pos si -
ble cold-wa ter con di tions can be sug gested for at least the
basal part of the Anadoly sec tion. It is note wor thy that
Cymatiosphaera was also found in warm-wa ter Mid dle Bade -
nian as sem blages of Korytnica (Gedl, 1996: fig. 15L), but this is
a dif fer ent spe cies than that occuring at Anadoly. 

DISCUSSION

Com par i son of foraminiferal as sem blages from Anadoly
with the Kudryntsi (see Gedl and Peryt, 2011) and Shchyrets
(see Peryt et al., 2014) sec tions shows that the Anadoly as sem -
blage is the rich est one al though the dif fer ence in num ber of
spe cies re corded is not es sen tial (54 spe cies of ben thic fora -
minifers in Anadoly vs. 38 spe cies in Shchyrets). In ad di tion,
rare ag glu ti nated foraminifers oc cur in Anadoly whereas they
are not re corded in Kudryntsi or in Shchyrets. Plank tonic fora -
minifera (8 spe cies) are pres ent in the en tire sec tion of
Shchyrets; whereas in the Anadoly sec tion they (10 spe cies)
ap pear in the mid dle of the suc ces sion, and in the Kudryntsi
sec tion they are to tally lack ing. 

It seems that as sem blages II to IV from Kudryntsi roughly
cor re spond to as sem blages A and B from the Anadoly sec tion.
In both sec tions those as sem blages are dom i nated by
Elphidium spp. and hauerinids, in di cat ing a shal low subtidal en -
vi ron ment of nor mal ma rine sa lin ity and tem per ate wa ters. As -
sem blages V to VII from Kudryntsi roughly cor re spond with As -
sem blage C from the Anadoly sec tion. The equiv a lents of as -
sem blages D and E from Anadoly are not rep re sented in the
Kudryntsi sec tion. It seems that the Kudryntsi sec tion rep re -
sents a stratigraphically shorter in ter val than that from Anadoly. 

While com par ing the Anadoly and Shchyrets sec tions it is
ob vi ous that the de pos its of the Shchyrets sec tion orig i nated in
deeper, more poorly ox y gen ated bot tom wa ters. Foraminiferal
as sem blages in the Shchyrets sec tion are dom i nated by Buli -
mina, Globocassidulina and Uvigerina, i.e., dysoxic in di ca tors. 

Aquatic palynomorph as sem blages from the Anadoly sec -
tion dif fer sig nif i cantly from as sem blages col lected from the
sec tions lo cated in a sim i lar po si tion just above the Ratyn Lime -
stone at Kudryntsi and Shchyrets (see Gedl and Peryt, 2011;
Peryt et al., 2014 re spec tively). The main dif fer ence is lower di -
ver sity and a dom i nance of Polysphaeridium at Anadoly. At
Kudryntsi, Polysphaeridium is sub or di nate, and it is lack ing at
Shchyrets. Dinoflagellate cysts at Kudryntsi and Shchyrets
show a higher tax o nom i cal di ver sity; par tic u larly Spiniferites
ramosus and Operculodinium, which are al most ab sent at Ana -
doly, and are fre quent to very fre quent in most of the Kudryntsi
and Shchyrets sam ples. Off shore spe cies like Impagidinium or
Nematosphaeropsis, which are ab sent at Anadoly, oc cur (al -
though rare) at Kudryntsi, and are rel a tively fre quent at Shchy -
rets (16% in top most part of the sec tion). All these fea tures can
be in ter preted as re flect ing more prox i mal, shal lower and pre -
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sum ably higher sa line wa ter con di tions at Anadoly. Some sim i -
lar i ties be tween the Anadoly and Kudryntsi as sem blages are
vis i ble in the com po si tion of the as sem blage from the top most
sam ple M-19, in par tic u lar re gard ing its tax o nom i cal di ver sity
and the pres ence of Pentadinium sp. This im plies sim i lar en vi -
ron men tal con di tions for the depositional set ting of the
Kudryntsi sec tion and the top most part of the Anadoly sec tion.
Shchyrets as sem blages, with their high est tax o nom i cal rich -
ness, lack of Polysphaeridium, and rel a tively fre quent oc cur -
rence, sug gest the most off shore sed i men tary set ting of all
three ana lysed sec tions.

An other dif fer ence be tween Anadoly and the Kudryntsi and
Shchyrets sites is re flected in dif fer ent acritarch as sem blages.
Cold-wa ter prasinophyceans (Cymatiosphaera spp.) are pres -
ent at the base of the suc ces sion 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 sec tion may re flect warmer-wa ter con di tions (see
Schreck et al., 2013: p. 55) in com par i son to wa ter tem per a ture
just af ter de po si tion of the Ratyn Lime stone (i.e., the low er most
part of the Anadoly sec tion). Nannobarbophora gedlii (ex
Svenkodinium versteeghii, see Head, 2003), pre sum ably a
warm-wa ter spe cies (see Gedl, 1996; Schreck et al., 2013), is
ab sent at Anadoly, but it was noted from the up per parts of the
Kudryntsi and Shchyrets sec tions (Gedl and Peryt, 2011; Peryt
et al., 2014); its oc cur rence can be cor re lated with the
Micrhystridium? sp. oc cur rence at Anadoly, and re flects slightly
warmer wa ter con di tions (Fig. 12).

Anadoly sam ples yielded rare bisaccate pol len grains (up to 
a few per cent of the palynofacies; dif fi cult to es ti mate their true
pro por tion as partly they might be a re cent con tam i na tion),
which are usu ally com mon in Mio cene strata of the Carpathian
Foredeep (see e.g., Gedl, 1996, 1997, 1999). Their lack con -
trasts with their fre quent oc cur rence in co eval strata at Kudryn -
tsi and Shchyrets (Gedl and Peryt, 2011; Peryt et al., 2014). 

Con sid er able dif fer ences be tween the Anadoly and, in par tic -
u lar, Kudryntsi sec tions re main enig matic. The Anadoly sec tion
is char ac ter ized by the less di ver si fied tax o nomic com po si tion of
phytoplankton and spo radic oc cur rence of bisaccate pol len
grains. Their struc ture fa vours trans por ta tion over hun dreds of
kilo metres so if they oc cur in Kudryntsi, it is rea son able to ex pect
them also in Anadoly. A nec es sary con di tion to pre serve
sporomorphs is low pH so the al ka line en vi ron ment could re sult
in a se lec tive oc cur rence of dinocysts and the dom i nance of
acritarchs that are char ac ter ized by an ex cep tion ally re sis tant
cell mem brane as it is re corded in Anadoly. How ever, there is no
proof for a pH shift to wards al ka lin ity. On the other hand, the low
fre quency of bisaccate pol len grains in Anadoly may be caused
by many fac tors, in clud ing palaeo ge ogra phy (lack of emerged
ar eas with co nif er ous tree veg e ta tion) and hy dro dy nam ics (wa ter 
cur rents re spon si ble for re moval of these grains). The prox i mal,
shal low-ma rine set ting, as de duced from dino flagellate cyst as -
sem blages, sug gests rather the lat ter op tion as an ex pla na tion
for the rar ity of pol len grains. More off shore set tings at Kudryntsi
and Shchyrets could be a place for ac cu mu la tion of wind- or wa -
ter-cur rent trans ported bisaccate pol len grains (the so-called
“Neves ef fect” of Chaloner and Muir, 1968).

Our palaeoenvironmental in ter pre ta tions of the Anadoly
sec tion based on foraminifers and dinoflagellate cysts show
some dis crep an cies (cf. Fig. 12) al though the over all pic tures
are sim i lar. Both groups show that dur ing de po si tion of the
lower part of the sec tion stud ied shal low-ma rine con di tions pre -
vailed that sub se quently were changes dur ing the de po si tion of
the mid dle part when the sa lin ity was in creas ing as in di cated by
the phytoplankton re cord. This is clearly seen in sam ples M-16
and M-17 where Polysphaeridium pre dom i nates among the

phytoplankton. In the up per most part of the Anadoly sec tion the
re turn to nor mal ma rine sa lin ity and the depth in crease is re -
corded in both groups (Fig. 12).

A pos si ble ex pla na tion of those dis crep an cies could be re -
lated to var i ous eco log i cal niches of both microfossil groups, as
dinoflagellate cysts are plank tonic and most of foraminifera
from strata in ques tion are ben thic. How ever, plank tonic forms
also oc cur among foraminifera, par tic u larly in the up per part of
the stud ied sec tion (above sam ple M-12; up to 40% in sam ple
M-13) – in the same in ter val the dinoflagellate cyst re cord
shows a high tax o nomic im pov er ish ment and dom i nance of
Polysphaeridium and Cleistosphaeridium placacanthum (the
for mer spe cies is re garded as tol er ant to in creased sa lin ity);
hence, dinoflagellate cysts show hypersaline con di tions (pos si -
bly as so ci ated with shal low, la goonal wa ters) whereas fora -
minifers point to fully ma rine con di tions in a grad u ally deep en -
ing ba sin. Such a dis crep ancy could be ex plained by the
resedimentation of dinoflagellates from la goonal en vi ron ments
into more off shore parts of the ba sin. In such a model the pres -
ence of off shore dinoflagellate cysts would be ex pected, which,
how ever, are ab sent through out most of the sec tion (they ap -
pear in the top most sam ple M-19). An other ex pla na tion im plies
a strat i fi ca tion in the wa ter col umn of the ba sin at Anadoly lead -
ing to a hypersaline sur face wa ter layer in hab ited by photo -
synthetic dinoflagellates, and deeper wa ters with nor mal sa lin ity 
oc cu pied by plank tonic (mid dle part of the wa ter col umn) and
ben thic (bot tom wa ters) spe cies. The o ret i cally, more sa line,
denser sea wa ter, as a heavier one, should ac cu mu late in the
deeper ba sin parts. How ever, the ex cess of evap o ra tion over
pre cip i ta tion may lead to a salt ier sur face wa ter layer than the
deeper wa ters, and such strat i fi ca tion can re main sta ble when
the bot tom wa ters are much cooler (i.e., denser). In our ma te -
rial, cold bot tom wa ter is sug gested by the ben thic foraminifers
data. This phe nom e non could be re spon si ble for pre vent ing the 
mix ing of salt ier sur face wa ters and cold, nor mal sa line sea wa -
ter be low the thermocline (Fig. 13). A sim i lar model was pro -
posed by Reichart et al. (2004) who de scribed Polysphaeri -
dium -dom i nated as sem blages from off shore wa ters of the Ara -
bian Sea. Fre quent oc cur rence of this spe cies, which is typ i cal
for hypersaline wa ters of the most prox i mal zones, i.a., in off -
shore wa ters of the Per sian Gulf (see Brad ford and Wall, 1984), 
was ex plained as a re sult of in creased evap o ra tion dur ing
warmer pe ri ods, lead ing to the ap pear ance of a hypersaline
sur face wa ter layer sep a rated by a pycnocline from colder
deeper wa ters. How ever, this model im plies rel a tively deep,
calm wa ters. In the case of Anadoly, the wa ter depth was re con -
structed as 20 m in the ini tial pe riod, and over 50 m dur ing sub -
se quent phases. It re mains a ques tion if strat i fi ca tion could de -
velop in such a shal low ba sin.

The above-pre sented mod els only hy po thet i cally ex plain
the dis crep an cies ob served be tween foraminifera and dino -
flagellate cysts stud ied from the same set of sam ples. There
might be sev eral other fac tors re spon si ble for such a bi modal
re cord, in clud ing cli ma tic, ocean cur rent dis tri bu tion, lo cal bot -
tom mor phol ogy, bot tom cur rents, trophic con di tions, etc., all
dif fi cult to trace. In ter est ingly, com par i son of our pre vi ous stud -
ies on palaeoenvironmental changes that pre ceded and fol -
lowed the sa line cri sis in the Mio cene of the Carpathian Fore -
deep show rel a tively co her ent in ter pre ta tions based on both
fos sil groups, as far only as they can be cor re lated (Peryt and
Gedl, 2010; Gedl and Peryt, 2011; Peryt et al., 2014). This
makes the dis crep an cies ob served at Anadoly more enig matic.
How ever, sim i lar dif fer ences were noted in the case of ap prox i -
mately co eval post-evaporitic strata of the Roztocze area in Po -
land. The Up per Badenian strata from that area yielded sim i lar
dinoflagellate cyst as sem blages (com posed of dom i nant Poly -
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sphaeridium and as so ci ated by C. placacanthum and L.
machaerophorum, and with out other ma rine forms) in ter preted
as in di cat ing in creased sa lin ity in a rel a tively shal low ba sin
(Gedl, 2016). The same strata, sim i larly as in the case of
Anadoly, yielded ben thic foraminifers typ i cal for rel a tively shal -
low wa ters of a ma rine ba sin, as so ci ated with in fre quent plank -
tonic spe cies (Szczechura in Wysocka, 2002; Szczechura in
Jasionowski et al., 2006). More over, the pres ence of steno -
haline cal car e ous al gae in the Up per Badenian of Roztocze
(Wysocka, 2002) ex cludes hypersaline con di tions, and some
in di ca tions of high-en ergy en vi ron ments (Jasio no wski and
Wysocka, 1997) ex clude strat i fi ca tion.

Com par i son of our data from three Ukrai nian sec tions at
Shchyrets, Kudryntsi and Anadoly shows the most off shore
char ac ter of both foraminifers and dinoflagellate cysts at
Shchyrets; Kudryntsi yielded as sem blages that are typ i cal for
more prox i mal set tings. Com par i son of dinoflagellate cysts only 
shows the most nearshore and re stricted (la goonal) en vi ron -
ment at Anadoly. Pos si bly, the Anadoly sec tion might have ac -
cu mu lated in a nearshore la goonal set ting de vel oped around
an isolated area (island?).

CONCLUSIONS

1. The Up per Badenian Anadoly suc ces sion is com posed of 
5.3 m thick dark grey mudstones with lime stone in ter ca la tions.
54 spe cies of ben thic (mostly cal car e ous) and 10 spe cies of
plank tonic foraminifers (in the up per part of the suc ces sion)
were iden ti fied. The foraminiferal re cord in di cates de po si tion in
a shal low subtidal en vi ron ment (20 m depth) of nor mal ma rine
sa lin ity and tem per ate wa ters fol lowed by grad ual deep en ing of
the ba sin to >50 m.  

2. Anal y sis of foraminiferal as sem blages in di cate that bot -
tom wa ters were highly ox y gen ated dur ing the de po si tion of the
lower and mid dle parts of the Anadoly se quence with the ex -
cep tion of the basal sam ple show ing higher pro por tion of
suboxic taxa. Dur ing the de po si tion of the up per part of the se -
quence ox y gen a tion of bot tom wa ter was grad u ally de creas ing, 

as ex pressed by a de crease of oxic spe cies and an increase of
dysoxic ones.

3. As sem blages II to VII from Kudryntsi roughly cor re spond
to as sem blages A, B and C from the Anadoly sec tion, in di cat ing 
sim i lar en vi ron men tal con di tions at both sites at that time. The
Shchyrets sec tion in turn was de pos ited in a deeper sea with
dysoxic bot tom wa ters than the Kudryntsi and lower and mid dle
parts of the Anadoly (As sem blages A, B and C) sec tions. As -
sem blage E from the Anadoly sec tion re flects prob a bly sim i lar
en vi ron men tal con di tions to the ones pres ent dur ing the
deposition of the Shchyrets succession.

4. Low amounts of palynological or ganic mat ter com posed
chiefly of most re sis tant black, opaque phytoclasts in di cate lim -
ited ter res trial in flux into the basin. 

5. Anal y sis of dinoflagellate cysts sug gests that the sa lin ity
of the sur face wa ters in creased through out the de po si tion of the 
sec tion. The most re stricted con di tions, pre sum ably re lated to
sa lin ity fluc tu a tions, took place dur ing de po si tion of the mid dle
part of the sec tion, lead ing even to a tem po rary ab sence of
dinoflagellate flo ras. Dinoflagellate cysts from the top most part
of the sec tion in di cate a grad ual re turn of fully marine conditions 
in surface waters.

6. Dinoflagellate cysts from Anadoly re sem ble co eval as -
sem blages from the Pol ish part of the Roztocze area by tax o -
nomic im pov er ish ment and the pres ence of dom i nant spe cies
tol er ant for in creased salinity. 

7. Some dis crep an cies ob served be tween foraminifers and
dinoflagellate cysts stud ied from the same set of sam ples re main 
enig matic. Sim i lar dif fer ences were noted in a case of ap prox i -
mately co eval post-evaporitic strata of Roztocze (SE Po land).
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Fig. 13. A hy po thet i cal model for en vi ron men tal con di tions dur ing early stages 
of Late Badenian trans gres sion at Anadoly

In creased evap o ra tion leads to a hypersaline sur face wa ter layer sep a rated from colder deep
wa ters in hab ited by cold-wa ter foraminifers be low a thermocline/pycnocline. This warm, salty
sur face wa ter layer forms a niche for Polysphaeridium – a ge nus that usu ally in hab its sim i lar
con di tions but in shal low set tings. Here, pycnocline could pre vent non-motile cyst stages from
sink ing in deeper wa ter zones
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APPENDIX

Fau nal ref er ence list of the iden ti fied foraminifers and dinoflagellate cysts. Tax on omy of the Foraminifers fol -
lows Cicha et al. (1998) and Iaccarino et al. (2007); their de scrip tions and rep re sen ta tive il lus tra tions can be
found in those pub li ca tions. Dinoflagellate cyst full tax o nomic ci ta tions are given in Fensome et al. (2008) 

FORAMINIFERA

Ben thic
Bolivina dilatata Reuss, 1850 (Fig. 6Q)
Bolivina max ima Cicha and Zapletalova, 1963 (Fig. 6R)
Bolivina sp.
Bulimina aculeata d’Orbigny, 1846 (Fig. 6M–P)
Bulimina elongata d’Orbigny, 1846
Bulimina insignis Łuczkowska, 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 Ja cob, 1798) (Fig. 5K)
Melonis pompilioides (Fichtel et Moll, 1798) (Fig. 5T)
Neoconorbina schreibersi (d’Orbigny, 1846) (Fig. 5Q)
Nonion com mune (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. 6Z)
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.

Plank tonic 
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. 4I, 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. 11O)
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 Wil liams, 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, I, J)
Cymatiosphaera sp. (Fig. 12T, U)
Micrhystridium? sp. (Fig. 12Y–Z3)


