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Ab stract: The aim of this study is to com pare the as sem blages of foraminifera and cal car e ous nannoplankton from 
the Mid dle Mio cene sed i ments from SE Po land and west ern Ukraine. De tailed in ves ti ga tions re vealed a high
de gree of sim i lar ity of foraminiferal as sem blages of the Pecten/Spirialis beds of Po land and the Kosiv For ma tion
of Ukraine. As sem blages from both ar eas are char ac ter ized by nu mer ous arenaceous spe cies of foraminifera
(Hyperammina granulosa, Ammodiscus miocenicus, Haplophragmoides indentatus, H. laminatus), radio lar ians,
pteropods and in dex planktic spe cies Velapertina indigena. High de grees of sim i lar ity also dis play as sem blages
from the Krakowiec beds (Po land) and the Dashava For ma tion (Ukraine). The lower parts of both sub di vi sions are
char ac ter ized by the pres ence of Anomalinoides dividens. Saccammina sarmatica, Bolivina sarmatica, Brizalina
nisporenica, and Porosononion granosum oc cur in the up per parts. Chloropycean Halicoryne morelleti is a cha-
r ac ter is tic el e ment of the as sem blages.

The cal car e ous nannoplankton as sem blages con tain al most iden ti cal spe cies. The de pos its ly ing above the
evaporites (which be long to the NN6 zone) are in cluded into the NN6, un di vided NN6-NN7, and NN7 zones. The
grad ual im pov er ish ment of the spe cies of the up per part of NN6 and the lower part of NN7 zones is ob served. The
as sem blages of the Krakowiec beds and the up per part of the Kosiv and Dashava for ma tions are of low spe cies
di ver sity and are mainly re stricted to a few spe cies with high abun dance. The as sem blage is com posed of
placoliths (Coccolithus and Reticulofenestra spe cies), high num ber of the re worked nannofossils and dam aged
el e ments.

Key words: foraminifera, cal car e ous nannoplankton, cor re la tion, Mid dle Mio cene, Carpathian Foredeep, Po land,
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IN TRO DUC TION

The stud ies of hy dro car bon re sources of the Pol ish-
Ukrai nian bor der land of the Carpathian Foredeep in cluded
strati graphi cal cal i bra tion of po ten tial res er voirs. Among
microfossils sug gested for strati graphi cal re search, only
foraminifera and cal car e ous nannoplankton did pro vide sat -
is fac tory data. The Mid dle Mio cene sed i ments that fill the
foredeep ba sin are con sid er ably di ver si fied lithologically. A 
more de tailed pat tern of re gional sub di vi sion of the Pol ish
part of the Carpathian Foredeep into eleven zones was pro -
posed by Alexandrowicz (1971). In the east ern part of the
foredeep, this au thor dis tin guished: the Mar ginal Zone of
Roztocze (zone 8), the East ern Cen tral Zone, the Le¿ajsk–
Lubaczów (zone 9) and the South-East ern Zone, and the
Przeworsk–Przemyœl (zone 10). In all men tioned zones the
Mid dle Mio cene sed i ments are rep re sented by the Baranów
beds, the chem i cal de pos its, the Spirialis-bear ing clays and

sandy clays, pass ing lat er ally into the Pecten marls and the
Krakowiec beds (Paw³owski et al., 1985). Al though fur ther
in ves ti ga tions led to the in tro duc tion of new sub di vi sions
(Alexandrowicz et al., 1982; Jasionowski, 1995, 1997), the
es sen tial lithological char ac ter of sed i ments re mains the
same. The pres ent pa per is an at tempt of cor re la tion of the
Mid dle Mio cene strata of the Pol ish-Ukrai nian bor der land
based on foraminifera and cal car e ous nannoplankton.

GEO LOG I CAL SET TING

The Mio cene sed i ments of the Carpathian Foredeep
have been ex ten sively stud ied since the 19th cen tury. The
re sults of ear lier in ves ti ga tions were sum ma rized by Osz-
czypko et al. (2006). In SE Po land, the Mid dle Mio cene
sed i ments are rep re sented by the fol low ing sub di vi sions:
Baranów beds (early late Badenian), Krzy¿anowice/Wie-



liczka for ma tions (late Badenian), Spirialis and Pecten beds 
(lat est Badenian–ear li est Sarmatian), and Krakowiec beds
(Sarmatian–early Pannonian) (Olszewska, 1999). The bio-
strati graphi cal re search fo cused on the Baranów, Pecten/
Spirialis and Krakowiec beds. The Baranów beds oc cur on
the east ern and north-east ern part of the Pol ish Carpathian
Foredeep. These beds are com posed of sandy/clayey sed i -
ments with a layer of coralline al gal lime stones and tuffs,
sub di vided into three se quences: sandy (lower), limey with
coralline al gae (mid dle) and clayey/sandy (up per) ones
(Ney, 1969). The pres ence of the coralline al gal lime stones
(com mon in the north ern part of the Carpathian Foredeep)
led Alexandrowicz et al. (1982) to in clude the Baranów
beds into the lower Badenian Piñczów For ma tion. Ac cord -
ing to Jasionowski (1997), the Baranów beds only partly
(their mid dle and up per parts) cor re spond to the Piñczów
For ma tion.

The Baranów beds are cov ered by the evaporitic ho ri zon
(Wieliczka/Krzy¿anowice for ma tions; Alexandrowicz et al.,
1982), the main cor re la tive ho ri zon of the Mid dle Mio cene
sed i men tary suc ces sion of the Carpathian Foredeep (Peryt,
2006, with ref er ences therein). It is cov ered by the “Pecten
beds” (Kowalewski, 1957). The de pos its that con sti tute the
main Up per Badenian part of the foredeep are grey-green
car bon ate siltstones and marls (Czapowski, 1994), with lo cal
sandy in ter ca la tions and tuffite lay ers. Microfossils are rep re -
sented by foraminiferal as sem blages of the Neobulimina
longa and Hanzawaia crassiseptata zones of £uczkowska
(1964), radio lar ians, and pteropods of the ge nus Spirialis.
Alexandrowicz et al. (1982) in cluded the Pecten beds into
the Machów For ma tion. The Pecten beds pass to wards the
SE into open ma rine, clayey sed i ments of the Spirialis beds
(Jurkiewicz & Karnkowski, 1961).

The Krakowiec beds, orig i nally de scribed by £omnicki
(1897), are com posed of siltstones, claystones and coarse
clastic sed i ments. The Krakowiec beds rep re sent the youn -
gest de pos its of sed i men tary se quence of the Pol ish part of
the foredeep. In the lithostratigraphic scheme of Alexandro- 
wicz et al. (1982), this sub di vi sion forms the fi nal seg ment
of the Machów For ma tion.

The autochthonous Mid dle Mio cene sed i ments of the
Ukrainian part of the Carpathian Foredeep (the Bilche-
Volytsia Zone) are com posed of the fol low ing sub di vi sions: 
Zhuriv For ma tion (late early-early late Badenian), Tyras
For ma tion/Ratyn lime stones (late late Badenian), Kosiv
For ma tion (lat est Badenian), and Dashava For ma tion (early
Sarmatian) (Andreyeva-Grigorovich et al., 1997a). The
transgressive Zhuriv For ma tion is com posed of glauconitic
sand stones, argillites and marls (Vyalov, 1965; Andreyeva-
Grigorovich et al., 1997a) and it is over lain by the Tyras
For ma tion com posed of gyp sum, anhydrite and salts, in ter -
ca lated by clays and lime stones (Petryczenko et al., 1994;
Peryt et al., 2010). In the NW part of the foredeep thick sed -
i ments of the Kosiv For ma tion oc cur. This for ma tion is
com posed of four lithologically dis tinc tive sub di vi sions: the 
Verbovets’, Prut, Kolomyia and Kovalivka beds. The Ver-
bovets’ beds con tain sev eral lay ers of tuffs and tuffites and
nu mer ous radio lar ians. Within the Prut beds sand stones pre -
dom i nate; char ac ter is tic is also a ho ri zon with ag glu ti nated
foraminifera. The Kolomyia and Kovalivka beds oc cur in

the SE part of the foredeep only. The lat ter beds are typ i fied
by the oc cur rence of brown coal seams (Vyalov et al.,
1981). The Sarmatian sed i ments oc cur mainly in the NW
and cen tral part of the Bilche-Volytsia Zone (Kultchytsky & 
Smirnov, 1995). The thick lower Sarmatian (Volhynian)
clays, with sand stones in the up per part and nu mer ous tuff
lay ers, form the Dashava For ma tion. Liholog i cal di ver sity
of the for ma tion (among oth ers, the pres ence of tuff ho ri -
zons) made it pos si ble to dis tin guish sev eral sub di vi sions
(Andreyeva-Grigorovich et al., 1997a; Kurovets et al.,
2004). (Fig. 1)

PRE VI OUS BIOSTRATIGRAPHICAL
RE SEARCH

Foraminifera

Ini tial micropalaeontological in ves ti ga tions sug gested
that the Baranów beds com prise early Badenian foramini-
fera of the Candorbulina suturalis and Uvigerina costai
zones of £uczkowska (1963) as well as molluscs Amussium
denudatum Reuss and Ostrea co chlear Poli (Odrzywolska-
Bieñkowa, 1966, 1972). Later, it was dem on strated that the
sub di vi sion in cludes also sed i ments of the late Badenian
age (Bielecka, 1974; Szczechura, 1982).

Micropalaeontological in ves ti ga tions of the Pecten beds
were per formed by Odrzywolska-Bieñkowa (1966) who
iden ti fied foraminifera of the Neobulimina longa and Hanza-
waia crassiseptata zones of £uczkowska (1964) as well as
radio lar ians and pteropods. The co eval, open ma rine Spirialis
beds are rich in pteropods of the ge nus Spirialis, radio lar ians
and fish re mains. Foraminifera are more fre quent in the up per 
part of the sub di vi sion and con tain, among oth ers, Hanza-
waia crassiseptata (£uczkowska), Velapertina indigena
(£uczkowska), Ammodiscus miocenicus Karrer, Cyclammina
sp., Haplophragmoides sp., and Quinqueloculina div. sp.
(Jurkiewicz & Karnkowski, 1961).

Micropalaeontological stud ies of the Krakowiec beds
were ex ten sively car ried out by Jurkiewicz (in: Ney, 1969)
who iden ti fied two Sarmatian foraminiferal zones: 1 – with
Anomalinoides dividens, and 2 – with nu mer ous Quinque-
loculina sp. Odrzywolska-Bieñkowa (1966) iden ti fied the
Anomalinoides dividens and Elphidium hauerinum zones
(£uczkowska, 1964) within the Krakowiec beds; then Odrzy- 
wolska-Bieñkowa (1972) and £uczkowska (1972) dis tin -
guished there foraminiferal zones rep re sent ing the early and
mid dle Sarmatian (Volhynian–Bessarabian). Sub se quent fo-
raminiferal stud ies (Czepiec, 1997; Olszewska, 1999) of the
Krakowiec beds con firmed such an age as sign ment. In turn,
the Pannonian (early Late Mio cene) age was sug gested by
Paruch-Kulczycka (1999) based on foraminifera and the ca-
moebians from the up per part of the Krakowiec beds in the
well Jamnica S-119 (Fig. 2).

In west ern Ukraine, foraminifera oc cur in the up per part 
of the Zhuriv For ma tion only, and their as sem blages are
com posed pre dom i nantly of planktic spe cies. The char ac -
ter is tic spe cies in clude: Orbulina suturalis Brönnimann,
Praeorbulina glomerosa (Blow), Globigerinoides trilobus
(Reuss), Globoquadrina altispira (Cushman et Jarvis),
Globoquadrina dehiscens (Chapmann, Parr et Col lins), and
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Globorotalia scitula (Brady) (Pishvanova, 1969; Gruzman
et Trofimovich, 1996; Andreyeva-Grigorovich et al., 1997a). 
This as sem blage cor re sponds to the Orbulina suturalis zone.

The evaporatic sed i ments of the Tyras For ma tion are
poor in foraminifera. Clayey in ter ca la tions con tain, how -
ever, age-sig nif i cant spe cies, such as Neobulimina longa
(Venglinskyi) and Uvigerina semiornata d’Orbigny in di -
cat ing re la tion ship of these as sem blages with those of the
Kosiv For ma tion (Pishvanova, 1969). Foraminifera of the
Kosiv For ma tion were stud ied by Livental et al. (1953),
Pishvanova (in: Subbotina et al., 1960), Pishvanova (1969), 
and Gruzman and Trofimovich (1996). Peryt and Peryt
(2009) and Gedl and Peryt (2011) stud ied foraminifera from 
the Tyras gyp sum in the Kosiv For ma tion tran si tion.

The Verbovets’ beds are char ac ter ized by nu mer ous
Globigerina bulloides d’Orbigny, G. regularis d’Orbigny,
Subbotina cognata (Pishvanova), and Velapertina indigena. 
In ad di tion, radio lar ians oc cur in the lower part of the sub di -
vi sion while pteropods of the ge nus Spiratella and forami-

nifera oc cur in its up per part (Pishvanova, 1969). Foramini-
fe ral as sem blages were as signed to the lo cal Globigerina
decoraperta zone.

The Prut beds are char ac ter ized by co-oc cur rence of ag -
glu ti nated and cal car e ous foraminifera of the Bogdano-
wiczia pokutica and Bulimina-Bolivina zones, with typ i cal
Hyperammina granulosa Venglinski, Bogdaniowiczia po-
kutica Pishvanova, Cyclammina pleschakovi Pishvanova,
and nu mer ous Bulimina elongata d’Orbigny (Pishvanova,
1969).

The Kolomyia beds rep re sent the Cassidulina crista
zone with nu mer ous Cassidulina crista Pishvanova.

The Kovalivka beds con tain mixed as sem blages of
euryhaline and stenohaline foraminiferal spe cies as signed
to the Am mo nia galiciana zone. The in dex spe cies Am mo -
nia galiciana Putria is ac com pa nied by Porosononion gra-
nosum (d’Orbigny), Schackoinella imperatoria (d’Orbig-
ny) and rep re sen ta tives of gen era Quinqueloculina and
Elphidium (Pishvanova, 1969).
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Fig. 1. Lo ca tion map of the Carpathian Foredeep in SE Po land and west ern
Ukraine, show ing the prin ci pal tec tonic units (af ter Kotarba & Koltun, 2006;
Garlicki, 1979; Khrushchov & Petrichenko, 1979; mod i fied)



Foraminiferal as sem blages of the Dashava For ma tion
are as signed to two zones. The lower Cibicides badenensis
zone oc curs at the base of the for ma tion and is char ac ter ized 
by nu mer ous spec i mens of the in dex spe cies ac com pa nied
by Sinoloculina nitens (Reuss), Articulina problema Bog-
danovich, and Elphidium advenum Cushman (Pishvanova,
1969). The up per Porosononion subgranosus – Quinquelo-
culina reussi zone con tains nu mer ous rep re sen ta tives of
Miliolidae. To im por tant spe cies be long: Varidentella reu-
ssi (Bogdanovich), V. sarmatica (Karrer), Articulina pro-
blema, Elphidium reginum (d’Orbigny), and E. obtusum
(d’Orbigny). Ex cept for foraminifera, there also oc cur rep -
re sen ta tives of the cal car e ous al gae Halicoryne morelleti
and ostracods (Pishvanova, 1969; Gruzman & Trofimovich, 
1996).

Cal car e ous nannoplankton

In SE Po land, cal car e ous nannoplankton from the Bara- 
nów beds is com mon but the spe cies di ver sity is low (Peryt
et al., 1998). The most com mon spe cies are: Coccolithus
pelagicus (Wallich) Schiller; Reticulofenestra spp., and
Helicosphaera kamptneri Hay et Mohler. The other spe cies
oc cur spo rad i cally (e.g., Geminithella rotula (Kamptner)
Backman, Helicosphaera sp., Sphenolithus sp., Thoraco-
sphaera sp., Cre ta ceous taxa). The long-rang ing, re sis tant
to dis so lu tion spe cies are pre dom i nant in the as sem blage,
but the guide spe cies are lack ing. The pres ence of Cycli-
cargolithus floridanus (Roth et Hay) Bukry in the as sem -
blage of the anhydrite ho ri zon (di rectly above the Baranów
beds) in di cates that the de pos its are not youn ger than the
NN6 Zone (Peryt et al., 1998). GaŸdzicka (1994) in cluded
the Baranów beds to the NN6 Zone (Fig. 2) based on the oc -
cur rence of: Calcidiscus leptoporus (Murray et Blackman)
Loeblich et Tappan, Coccolithus pelagicus, Discoaster
exilis Mar tini et Bramlette, Reticulofenestra minutula (Gart -
ner) Haq et Berggren, Reticulofenestra pseudoumbilica
Gart ner, and the ab sence of Sphenolithus heteromorphus
Deflandre and Discoaster kugleri Mar tini et Bramlette. The
Pecten beds (GaŸdzicka, 1994) were as signed to the un di -
vided NN8/9 zones (Fig. 2). The char ac ter is tic fea ture of the 
as sem blage is the oc cur rence of Helicosphaera ge nus. Heli- 
coliths are ac com pa nied by: placoliths, Rhabdosphaera sic-
cus Stradner, Sphenolithus abies Deflandre, and Thoraco-
sphaeraceae. Ac cord ing to GaŸdzicka (1994), the sin gle oc -
cur rence of Discoaster kugleri (a zonal marker for the lower 
limit of NN7) in the Pecten beds sug gests a redeposition and 
thus the de pos its over ly ing evaporites (the Pecten beds) are
youn ger than the NN7 Zone. The char ac ter is tic fea ture of
the Syndesmya beds as sem blage is the in crease in num ber
of Braarudosphaera bigelowii (Gran et Braarud) Deflandre
and Thoracosphaera ge nus. GaŸdzicka (1994) as signed
these sed i ments to the NN8/9 zone. In the Krakowiec beds,
Helicosphaera sellii, H. walbersdorfensis Mul ler, and
Sphenolithus abies dis ap pear and H. kamptneri be comes
rare. The as sem blage is re stricted to some placoliths. Disco- 
asteraceae are rep re sented by Discoaster calcaris Gartner.
GaŸdzicka (1994) sug gested that these sed i ments be long to
the NN8 and NN9 zones (Sarmatian ac cord ing to GaŸ-
dzicka, 1994; Pannonian ac cord ing to Piller et al., 2007)
(Fig. 2). In the lower part of the Krakowiec beds, high abun -
dance of Coccolithus pelagicus and lay ers with nearly
monospecific as sem blage (Reticulofenestra pseudoumbi-
lica or Umbilicosphaera jafarii) with out ev i dence of re -
work ing are ob served. In the up per part of the Machów For -
ma tion the num ber of re work ing spec i mens in creases. In the 
top part of the beds (the vi cin ity of Stalowa Wola) Disco-
as ter bellus Bukry et Percival, D. brouweri Tan, D. interca-
laris Bukry, D. hamatus Mar tini et Bramlette are found. It
in di cates, ac cord ing to GaŸdzicka (1994), the NN9-NN10
zones. Pre lim i nary stud ies by Jugowiec (in: Garecka & Ju-
gowiec, 1999) of sev eral sam ples of the Krakowiec beds
indicated the NN5 zone. Garecka (in: Szyd³o et al., 2009)
as signed the Krakowiec beds, based on cal car e ous nanno-
plank ton anal y sis, to the late late Badenian and to the low er -
most part of the late Sarmatian. Placoliths (long-rang ing)
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Fig. 2. Biostratigraphical po si tion of the Mio cene de pos its of
the Pol ish (af ter GaŸdzicka, 1994 and Paruch-Kulczycka, 1994)
and Ukrai nian – Bilche-Volytsia Zone (af ter Andryeva-Grigo-
rovich et al., 2008) parts of the Carpathian Foredeep



are the dom i nant forms in these de pos its (Coccolithus pela-
gicus, Reticulofenestra pseudoumbilica, “small reticulofe-
netrids” and Cyclicargolithus floridanus). The ma jor ity of
the as sem blage con sists of de stroyed and small frag ments of 
undistinguishable forms. The di ag nos tic spe cies oc curred as 
sin gle spec i mens or were miss ing at all, and it was not pos -
si ble to de ter mine the age pre cisely. The oc cur rence of
Discoaster kugleri (and/or the ab sence of Cyclicargolithus
floridanus) in the sam ples in di cated that they rep re sent at
least the up per most part of the early Sarmatian or the lower
part of the late Sarmatian. The sed i ments of the Machów
For ma tion in the Rzeszów area be long to the up per part of
the NN6 (the early Sarmatian) and to the NN7 (the low er -
most part of the late Sarmatian) zones (Krzywiec et al.,
2008; Lelek et al., 2010).

In west ern Ukraine, cal car e ous nannoplankton in ves ti -
ga tion con ducted by Andreyeva-Grigorovich (in: Andrey-
eva-Grigorovich et al., 1997a, b) al lowed to re late the de -
pos its of the Tyras For ma tion first to the lower part of the
late Badenian (NN5 zone), with the cal car e ous as so ci a tion
com posed of Helicosphaera kamptneri, Cyclicargolithus
floridanus, Coccolithus pelagicus, Pontosphaera multi-
pora, Calcidiscus leptoporus, Sphenolithus abies, S. het ero- 
morphus, S. moriformis (Brönnimann et Stradner) Bram-
lette et Wilcoxon, and then to the lower part of the NN6
zone and un di vided NN6-7 zones (Andreyeva-Grigorovich

et al., 2003, 2008). Ac cord ing to Andreyeva-Grigorovich,
cal car e ous nannoplankton of the NN5 zone was un doubt -
edly re de pos ited. The Ratyn Lime stone, which di rectly
over lies gyp sum de pos its, rep re sents a part of the NN6/NN7 
zones (Peryt & Peryt, 1994). Coccoliths were rare and
poorly pre served due to in ten sive recrystallization. Andrey-
eva-Grigorovich (in: Andreyeva-Grigorovich et al., 1997a,
b) as signs the Kosiv For ma tion to the late Badenian. The
lower part of the Kosiv For ma tion, i.e. the Verbovets’ beds,
con tain, i.a.: Sphenolithus heteromorphus, S. abies, Helico-
sphaera kamptneri, Discoaster variabilis Mar tini et Bram-
lette, Cyclicargolithus floridanus, Reticulofenestra pseudo-
umbilica, Calcidiscus leptoporus, and Thoracosphaera
albatrosiana Kamptner (Andreyeva-Grigorovich & Savits-
kaya, 1996; Andreyeva-Grigorovich et al., 1997a, b). The
up per part of the Verbovets’ beds (SE part of the foredeep)
con tains nearly monospecific lay ers with Sphenolithus
abies (Andreyeva-Grigorovich & Savitskaya, 1996, An dre-
yeva-Grigorovich et al., 1997b). The up per part of the
Kosiv For ma tion (Prut, Kolomyia and Kovalivka beds) be -
longs to the un di vided zones NN6-NN7 (Discoaster exilis-
Discoaster kugleri zones) based on co-oc cur rence of: Tri-
quetrorhabdulus rugosus Bramlette et Wilcoxon, Corono-
cyclus serratus Hay, Mohler et Wade, Calcidiscus lepto-
porus, Cyclicargolithus floridanus, Helicosphaera kamp-
tneri, Pontosphaera multipora (Kamptner) Roth, Rhabdo-
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Fig. 3. Lo ca tion of the stud ied wells in the Pol ish (SE part) and Ukrai nian (NW part) Carpathian Foredeep



sphaera siccus, Holodiscolithus macroporus (Deflandre)
Roth, Reticulofenestra pseudoumbilica, and the sin gle ap -
pear ance of Discoaster variabilis, D. exilis and Spheno-
lithus abies. A char ac ter is tic fea ture of nannoplankton as so -
ci a tion of the Kosiv For ma tion is its grad ual im pov er ish -
ment to wards the up per part of the for ma tion. Cur rently,
Andreyeva-Grigorovich et al. (2008) in clude the Kosiv For -
ma tion into the un di vided NN6-7 zones (the evaporites rep -
re sent ing the lower part of the NN6 zone). Based on cal car -
e ous nannoplankton, the Dashava For ma tion rep re sents the
lower Sarmatian (see Andreyeva-Grigorovich et al., 1997a,
b, 2008) (Fig. 2). The nannoflora as so ci a tion of this for ma -
tion is rather poor. At the base of the for ma tion, some more
spe cies oc cur: Coccolithus pelagicus, Helicosphaera kamp- 
tneri, Cyclicargolithus floridanus, Reticulofenestra pseudo-
umbilica, and Braarudosphaera bigelowii subsp. parvula
level (acme zone parvula) (Andreyeva-Grigorovich & Smir-
nov, 1996; Andreyeva-Grigorovich & Savitskaya, 1996; An -
dreyeva-Grigorovich et al., 1997b). In the up per part of the
lower Sarmatian, the beds with Calcidiscus macintyrei
(Bukry et Bramlette) Loeblich et Tappan, Cyclicargolithus
floridanus and Reticulofenestra pseudoumbilica were es tab -
lished. The lower Sarmatian as sem blage cor re sponds with
the as sem blage of the Up per Kosiv For ma tion. The dis crim i -
na tion be tween these two as sem blages is im pos si ble.

MA TE RIAL AND METH ODS

The in ves ti gated ma te rial from the Pol ish part of the
Carpathian Foredeep (about 100 sam ples) came from wells
grouped along geo phys i cal pro files G, F1 and F2, close to
the Pol ish-Ukrai nian bor der. In di vid ual pro files in cluded
the fol low ing wells: G – Biszcza 1–4 and Ksiê¿pol 10, 11,
12, 15; F 1 – Wola Ró¿aniecka 7, 10 and Rudka 8; and F 2 –
Wola Obszañska 10, Lubliniec 4, and Dzików, 12, 15, 17.
Sam ples from the Ukrai nian part of the Carpathian Fore-
deep (about 70 sam ples) came from the Bilche-Volytsia
Zone drilled by wells: Bortiatyn 1, Chornokuntsi 1, Lanivka 
1, Makuniv 1, Mosty 1, Moryantsi 1, Nyklovychi 26, Piv-
nichne Hirs’ke 1, Podil’tsi 1, Pyatnychany 1, Skhidne
Dovhe 3, Susoliv 5, and Voloscha 1 (Fig. 3).

Foraminiferal stud ies were per formed on sam ples trea-
ted with wa ter, washed and dried in oven. Pho tos of strati-
graph i cally im por tant spe cies were taken un der the SEM
mi cro scope.

The photo plates pres ent ex clu sively foraminifera iden -
ti fied in the Ukrai nian sam ples. The Pol ish spec i mens are to
be found in plates pub lished by Odrzywolska-Bieñkowa
and Olszewska (1996) and Olszewska (1999).

The smear slides for nannoplankton stud ies were pre -
pared ac cord ing to the method de scribed by Báldi-Beke
(1984). For light mi cro scope ex am i na tion, a fine wa ter sus -
pen sion of the rock is spread out on a glass slide. A drop of
the sus pen sion is spread out on the mi cro scope slide af ter
stir ring and short pe riod of set tling. Af ter dry ing, the mi cro -
scope slide is cov ered with Can ada bal sam and a cover
glass. The slides were in spected with a Nikon Eclipse E400
Pol light mi cro scope at 1000x mag ni fi ca tion. Pho tos were
taken under the light microscope.

BIOSTRATIGRAPHICAL RE SULTS

Foraminifera

Sed i ments of the Baranów beds were re cog nised in
wells Wola Ró¿aniecka 10 (pro file F1) and Dzików 12 (pro -
file F2). Foraminiferal as sem blages are com posed of:
Amphistegina mamilla (Fichtell et Moll), Bulimina aculeata
d’Orbigny, B. elongata, Heterolepa dutemplei (d’Orbigny), 
Pullenia bulloides (Reuss), Melonis barleeanus (Wil liam -
son), Sphaeroidina bulloides d’Orbigny, Uvigerina semio-
rnata (d’Orbigny), Globigerina bulloides, Globigerinoides
trilobus, Tenuitellinata tarchanensis (Subbotina et Chiu-
tzieva), and Paragloborotalia mayeri (Cushman et Ellisor).
They rep re sent the Uvigerina semiornata (=Uvigerina cos-
tai) zone. Foraminifera char ac ter is tic for the Baranów beds,
rep re sent ing Praeorbulina suturalis and Uvigerina semior-
nata zones (£uczkowska, 1964), were also iden ti fied in
wells Jedlinki 2 and Ryszkowa Wola 7.

Sed i ments of the Pecten/Spirialis beds were stud ied in
wells Wola Ró¿aniecka 7, 10, and 11 (pro file F1). The fora-
miniferal as sem blage con tained: Ammodiscus miocenicus,
Hyperammina granulosa, Reticulophragmium crassum
(Reuss), Pseudotriplasia elongata Ma³ecki, Pavonitina
adanula Ma³ecki, Martinotiella communis (d’Orbigny),
Haplophragmoides indentatus Voloshinova, H. laminatus
Voloshinova, Spirorutilus carinatus (d’Orbigny), Bolivina
tarchanensis Subbotina et Chutzieva, Neobulimina longa
Venglinski, Sinoloculina nitens, Hanzawaia crassiseptata,
Globigerina bulloides, Globoturborotalita druryi (Akers),
Velapertina indigena, and Tenuitellinata tarchanensis.
Foraminifera were ac com pa nied by pteropods: Spiratella
tarchanensis (Kittl), S. andrusovi Kittl, bolboforms (Proto-
phyta, incertae sedis): Bolboforma badenensis Szczechura,
and radio lar ians. The as sem blage cor re sponds to the Neo-
bulimina longa and Hanzawaia crassiseptata zones (£ucz-
kowska, 1964).

Sed i ments of the Krakowiec beds were in ves ti gated in
wells: Rudka 8, Wola Ró¿aniecka 7, 11, 10 (pro file F1),
Wola Obszañska 10, Lubliniec 4, Dzików 17 (pro file F2),
Biszcza 1, 3, 4, and Ksiê¿pol 10, 11, 12, 15 (pro file G).

The Lower Sarmatian (Volhynian) is represented by
two foraminiferal as sem blages. The older (early Volhynian) 
as sem blage is char ac ter ized by the oc cur rence of Anomali-
noides badenensis (£uczkowska), ac com pa nied by Briza-
lina dilatata (Reuss), Am mo nia beccarii (Linne), Schackoi-
nella imperatoria (d’Orbigny), Articulina problema, Elphi-
dium puscharovski Serova, Globigerina bulloides, Tenui-
tella neobrevispira Quianyu, T. subcretacea (£omnicki),
and Turborotalita quinqueloba (Natland). Char ac ter is tic are 
also rep re sen ta tives of the cal car e ous al gae Halicoryne
morelleti. The as sem blage rep re sents the Anomalinoides
dividens and Cycloforina karreri ovata foraminiferal zones
(£uczkowska, 1964).

The youn ger (late Volhynian) as sem blage con tained:
Saccammina sarmatica Venglinski, Porosononion grano-
sum, Brizalina nisporenica Didkovskyi, Bolivina sarmatica
Didkovski, Varidentella sarmatica Karrer, Affinetrina
cubanica (Bogdanovich), Elphidium hauerinum d’Orbigny, 
E. joukovi Serova, Caucasina subaculeata Venglinski,
Nonion bogdanoviczi Voloshinova, and Rotaliella risilla
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(Bogdanovich). The as sem blage cor re sponds to the Vari-
dentella sarmatica and Elphidium hauerinum foraminiferal
zones (£uczkowska, 1964).

The Early late Sarmatian (early Bessarabian) forami-
niferal as sem blages are youn gest in SE Po land. These as -
sem blages are poor in foraminiferal spe cies, which are rep -
re sented by: Am mo nia beccarii, A. lepida Cushman, Poro-
sononion granosum, Elphidium joukovi, Bolivina sarma-
tica, and Brizalina saggitula (Didkovskyi). Foraminifera
are ac com pa nied by el e ments of stato cysts of Mysidacea
(shrimps) of the ge nus Paramysis, and fish oto liths. The as -
sem blage rep re sents the Porosononion granosum zone
(£uczkowska, 1964).

In west ern Ukraine, foraminifers ten ta tively re lated to
those of the Zhuriv For ma tion were en coun tered in the
Hrudivka 1 well. Poorly di ver si fied as sem blage con tained
Brizalina dilatata, Cassidulina laevigata d’Orbigny, Am -
mo nia beccarii, Cassigerinella chipolensis (Cushman et
Ponton), Quinqueloculina sp., Tenuitellinata pseudoedita
(Subbotina), and sponge spicules.

Sed i ments of the Verbovets’ beds were iden ti fied in
wells: Chornokuntsi 1, Mosty 1, and Moryantsi 1. Forami-
niferal as sem blages are com posed of nu mer ous Globigerina 
bulloides (Fig. 4A), and Subbotina cognata, Tenuitellinata

pseudoedita, Angulogerina angulosa (Willamson), Cassi-
dulina margareta Karrer. Foramimifera are ac com pa nied
by nu mer ous radio lar ians (Figs 4B, 4C) and pteropods (Fig.
4D).

Sed i ments of the Prut beds were iden ti fied in wells:
Bortiatyn 1, Pyatnychany 1, and Voloscha 1. Foraminiferal
as sem blages are char ac ter ized by nu mer ous ag glu ti nated
spe cies, among oth ers: Ammodiscus miocenicus (Fig. 4E),
Bogdanoviczia pokutica, Hyperammina granulosa (Fig.
4F), Hyperammina taurinensis (Sacco) (Fig. 4G) Cycla-
mmina zemplinica Cicha et Zapletalova (Fig. 4H), C. vul-
chovensis Venglinski (Fig. 4I), Haplophragmoides lami-
natus (Fig. 5A), H. indentatus, and Martinotiella communis
(Fig. 5B). Ben thic cal car e ous foraminifera are rep re sented
by: Fursenkoina acuta (d’Orbigny) (Fig. 5C), Bulimina
insignis £uczkowska (Fig. 5D), Pappina cf. graciliformis
(Papp et Turnovsky) (Fig. 5E), and Sinuloculina consobrina
(d’Orbigny) (Fig. 5F). Among planktic spe cies, the con stant 
pres ence of the late Badenian in dex spe cies Velapertina
indigena (Fig. 5G) is note wor thy. The in dex spe cies is ac -
com pa nied by Orbulina suturalis (Fig. 5H), Globoquadrina 
altispira (Cushman et Jarvis) (Fig. 5I), and Praeorbulina
glomerosa (Fig. 6A). The as sem blage rep re sents the Bogda- 
nowiczia pokutica zone (Pishvanova, 1969).
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Fig. 4. Foraminifera of the Kosiv For ma tion (West Ukraine). A – Globigerina bulloides d’Orbigny, Kosiv Fm., Verbovets’ beds,
Mosty 1 well, depth 1,413.0–1,420.0 m; B – radiolaria, Kosiv Fm., Verbovets’ beds, Mosty 1 well, depth 1,413.0–1,420.0 m; C –
radiolaria, Kosiv Fm., Verbovets’ beds, Mosty 1 well, depth 1,413.0–1,420.0 m; D – Spirialis sp., Kosiv Fm., Verbovets’ beds, Mosty 1
well, depth 1,413.0–1,420.0 m; E – Ammodiscus miocenicus Karrer, Kosiv Fm., Prut beds, Pyatnychany 1 well, depth 1,222.0–1,237.0 m;
F – Hyperammina granulosa Venglinskyi, Kosiv Fm., Prut beds, Bortiatyn 1 well, depth 1,802.0–1,810.0 m; G – Hyperammina
taurinensis (Sacco), Kosiv Fm., Prut beds, Pyatnychany 1 well, depth 1,150.0–1,160.0 m; H – Cyclammina zemplinica Cicha &
Zapletalova, Kosiv Fm., Prut beds, Bortiatyn 1 well, depth 1,802.0–1,810.0 m; I – Cyclammina vulchoviensis Venglinskyi, Kosiv Fm.,
Prut beds, Bortiatyn 1 well, depth 1,802.0–1,810.0 m



Foraminiferal as sem blages that ten ta tively rep re sent the 
Kolomyia beds were iden ti fied in wells: Podil’tsi 1, Lanivka 
1, and Skhidne Dovhe 3. Foraminiferal as sem blages con tain 
the in dex spe cies Cassidulina crista ac com pa nied by Hy-
perammina granulosa, Angulogerina angulosa, Nonion
bogdanoviczi, Varidentella ro tunda (Gerke), Brizalina dila-
tata, Am mo nia beccarii (Fig. 6B), Globigerina bulloides,
Globoturborotalita druryi, and Globorotalia scitula (Brady).

Char ac ter is tic fea tures of the Kovalivka beds are coali-
fied plant re mains and as sem blages en riched in rep re sen ta -
tives of gen era: Am mo nia, Porosononion and Elphidium
(Pishvanova, 1969). In ter vals that may be re ferred to this
subdi vi sion oc cur in wells Podil’tsi 1, Makuniv 1 and Pivni- 
chne Hirs’ke 3 where they di rectly un der lie sed i ments of the 
Dashava For ma tion. Foraminiferal as sem blages are very
poor and con tain spe cies re de pos ited from the older strata.

Sed i ments of the lower part (Volhynian) of the Dashava 
For ma tion were iden ti fied in wells: Lanivka 1, Makuniv 1,
Moryantsi 1, Nyklovychi 26, Pyatynychany 1, Pivnichne
Hirs’ke 1, Podil’tsi 1, and Susoliv 5. A char ac ter is tic fea ture 
of foraminiferal as sem blages is the per sis tent oc cur rence of
Anomalinoides dividens (£uczkowska) (Fig. 6C). Be sides

in dex spe cies, there also oc cur: Saccammina sarmatica
(Fig. 6D), Porosononion granosum, Am mo nia beccarii,
Brizalina dilatata, Bolivina sarmatica (Fig. 6E), Brizalina
nisporenica Didkovski, Globigerinita uvula (Ehrenberg)
(Fig.6F) Rotaliella risilla (Venglinski), Pseudotriloculina
fluviata (Venglinski) (Fig. 6G), Caucasina sarmatica Ven-
glinski, Tenuitella neobrevispira, Tenuitellinata subcre-
tacea (£omnicki) (Fig 6H), Neogloboquadrina pseudo-
pachyderma Cita, Premoli-Silva et Rossi, and Turborotalita 
quinqueloba (Natland). Foraminifera are usu ally ac com pa -
nied by cysts of al gae Halicoryne morelleti (Pokorny) (Fig.
6I), char ac ter is tic for the lower Sarmatian clayey de pos its
(Paruch-Kulczycka, 1994).

Cal car e ous nannoplankton

The cal car e ous nannoplankton as sem blage from the
lower part of the Dzików 12 well (pro file F2) con sists of:
Reticulofenestra pseudoumbilica (Fig. 7A, B), Helicospha-
era kamptneri (Fig. 7C,D), H. walbersdorfensis, Ponto-
sphaera multipora, Discoaster sp. (frag ments), D. exilis,
Sphenolithus heteromorphus (Fig. 7E–G), and S. mori-
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Fig. 5. Foraminifera of the Kosiv For ma tion (West Ukraine). A – Haplophragmoides laminatus Voloshinova, Kosiv Fm., Prut beds,
Pyatnychany 1 well, depth 1,222.0–1,237.0 m; B – Martinotiella communis (d’Orbigny), Kosiv Fm., Prut beds, Moryantsi 1 well, depth
2,015.0–2,023.0 m; C – Fursenkoina acuta (d’Orbigny), Kosiv Fm., Prut beds, Pyatnychany 1 well, depth 1,222.0–1,237.0 m; D –
Bulimina insignis £uczkowska, Kosiv Fm., Prut beds, Pyatnychany 1 well, depth 1,140.0–1,150.0 m; E – Pappina cf. graciliformis (Papp
& Turnovsky), Kosiv Fm., Prut beds, Pyatnychany 1 well, depth 1,222.0–1,237.0 m; F – Sinuloculina consobrina (d’Orbigny), Kosiv Fm., 
Prut beds, Bortiatyn 1 well, depth 1,802.0–1,810.0 m; G – Velapertina indigena (£uczkowska), um bil i cal side, Kosiv Fm., Prut beds,
Pyatnychany 1 well, depth 1,222.0–1,237.0 m; H – Orbulina suturalis Brönnimann, Kosiv Fm., Prut beds, Pyatnychany 1 well, depth
1,222.0–1,237.0 m; I – Globoquadrina altispira (Cushman & Jarvis), um bil i cal side, Kosiv Fm., Prut beds, Pyatnychany 1 well, depth
1,222.0–1,237.0 m



formis (Ta ble 1). A char ac ter is tic fea ture is the oc cur rence
of Sphenolithus heteromorphus (a di ag nos tic spe cies for the 
Mid dle Mio cene) and the ab sence of Helicosphaera ampli-
aperta Bramlette et Wilcoxon. The as sem blage iden ti fied
above this in ter val and the as sem blages in wells: Ksiê¿pol
10, 11, 12 (pro file G) and Dzików 15, 17 (pro file F2) con -
tain mainly: Braarudosphaera bigelowii (Gran et Braarud)
Deflandre, Calcidiscus macintyrei, Coccolithus pelagicus,
Helicosphaera kamptneri, Pontosphaera multipora (Fig.
7H,I), Sphenolithus abies (Fig. 7J, K), and Reticulofenestra
pseudoumbilica. The stratigraphically im por tant Cyclicar-
golithus floridanus (Fig. 7L, M) oc curred spo rad i cally.
Asteroliths ap peared as sin gle spec i mens. A note wor thy
fea ture of the as sem blage was the fre quent oc cur rence of re -
de pos ited taxa from the Palaeogene (Eocene) and Cre ta -
ceous strata. The ma jor ity of the as sem blage con sists of de -
stroyed and small frag ments of undistinguishable forms/el e -
ments. In the Ksiê¿pol 10 and 11 wells, Braarudosphaera
bigelowii oc curred in high quan tity (Fig. 7N, O). In the top
part of the Ksiê¿pol 11 well, Calcidiscus macintyrei ap -
peared fre quently. The sam ples in Dzików 12 well con -
tained poorly pre served nannofossil as sem blage in which
re de pos ited spe cies dom i nated. In the sam ples from the Dzi- 
ków 15 well, an in crease in the num ber of Braarudosphaera 

bigelowii and Calcidiscus macintyrei (Fig. 7P–S) were
marked (Ta ble 1). The di ver sity of the as sem blage was low.
Coccolithaceae and Prinsiaceae dom i nated (Coccolithus
pelagicus, Cyclicargolithus floridanus, Reticulofenestra
pseudoumbilica as the most fre quent spe cies), whereas Dis-
coasteraceae, Sphenolithaceae and Pontosphaeraceae oc -
curred as sin gle spec i mens. The cal car e ous nannoplankton
from the Biszcza 1 well (G pro file) was rel a tively abun dant, 
but due to the com monly poor state of pres er va tion iden ti fi -
ca tion of many spe cies was im pos si ble. The as sem blage
was dom i nated by placoliths, i.e., Calcidiscus macintyrei,
Coccolithus pelagicus (Figs 7T, 8A), Cyclicargolithus flori- 
danus and Reticulofenestra pseudoumbilica. Helicospha-
eraceae ap peared fre quently (many spe cies, but not many
spec i mens). Less fre quently oc curred Pontosphaeraceae
(Pontosphaera multipora) and Sphenolithaceae (Sphenoli-
thus abies, S. moriformis). Asteroliths oc curred as sin gle
spe cies (Discoaster exilis, D. deflandrei; Fig. 8B). All stud -
ied sam ples con tained pentaliths – Braarudosphaera bige-
lowii and Micrantolithus sp. (Fig. 8C). The pres ence of cal -
car e ous dinoflagellata (Thoracosphaera fossata Jafar) was
re corded in the in ves ti gated sam ples (Ta ble 2).

In west ern Ukraine, the cal car e ous nannoplankton as -
sem blage from the Chornokuntsi 1 well (Ta ble 3) was
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Fig. 6. Foraminifera of the Kosiv and Dashava for ma tions (West Ukraine). A – Praeorbulina glomerosa (Blow), Kosiv Fm., Prut beds,
Pyatnychany 1 well, depth 1,222.0–1,237.0 m; B – Am mo nia beccarii (Linne), um bil i cal side, Kolomyia beds, Lanivka 1 well, depth
1,168.0–1,173.0 m; C – Anomalinoides dividens £uczkowska, um bil i cal side, Dashava Fm., Podil’tsi 1 well, depth 1,200.0–1,211.0 m; D
– Saccammina sarmatica Venglinskyi, Dashava Fm,. Pyatnychany 1 well, depth 962.0–973.0 m; E – Bolivina sarmatica Didkovskyi,
Dashava Fm., Podilsti 1 well, depth 982.5–991.0 m; F – Globigerinita uvula (Ehrenberg), spi ral side with “ bulla”, Dashava Fm., Podil’tsi
1 well, depth 976.6–982.5 m; G – Pseudotriloculina fluviata (Venglinskyi), Dashava Fm., Podil’tsi 1 well, depth. 982.5–991.0 m; H –
Tenuitellinata subcretacea (£omnicki), um bil i cal side, Dashava Fm., Podil’tsi 1 well, depth, 1,211.0–1,216.0 m; I – Halicoryne morelleti
(Pokorny), Dashava Fm., Podil’tsi 1 well, depth 976.5–982.5 m



scarce and dam aged. The spe cies di ver sity was low. The
most abun dant spe cies was Coccolithus pelagicus. Reti-
culofenestra pseudoumbilica and Cyclicargolithus flori-
danus oc curred less fre quently or as sin gle spec i mens. The
re de pos ited spec i mens from older strata (mainly Eocene
and Cre ta ceous) and dam aged el e ments were also found.
The sam ple from Yuryiv 1 (Ta ble 3) well con tained strongly 
de stroyed coccoliths – al most ninety per cent of the as sem -
blage was found as frag ments. The cal car e ous nannoplank-

ton as sem blage con sisted mainly of long-rang ing placoliths, 
helicoliths, cribriliths (Pontosphaera multipora) and pen-
taliths (Braarudosphaera bigelowii). The char ac ter is tic el e -
ments were radiolarian frag ments. The sam ples from the
Voloscha 1 well (Ta ble 3) con tained the fol low ing spe cies:
Coccolithus pelagicus, Cyclicargolithus floridanus, Ponto-
sphaera multipora (frag ments), Reticulofenestra pseudo-
umbilica (Fig. 8D, E), “small reticulofenestrids” and Umbi-
licosphaera rotula (Kamptner) Varol (Fig. 8F–H). Helico-
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Fig. 7. Cal car e ous nannoplankton of the Baranów and Krakowiec beds (SE Po land). Scale bar is 5 µm. A, B – Reticulofenestra
pseudoumbilica Gart ner, Baranów beds, Dzików 12, depth 1,041.0–1,050.0 m; C, D – Helicosphaera kamptneri Hay et Mohler, Baranów
beds. Dzików 12, depth 1,041.0–1,050.0 m; E–G – Sphenolithus heteromorphus Deflandre, Baranów beds, Dzików 12, depth
1041.0–1050.0 m; H, I – Pontosphaera multipora (Kamptner) Roth, Krakowiec beds, Ksiê¿pol 12, depth 740.0–749.0 m; J, K –
Sphenolithus abies Deflandre, Krakowiec beds, Ksiê¿pol 10, depth 786.0–791.0 m; L, M – Cyclicargolithus floridanus (Roth et Hay)
Bukry, Krakowiec beds, Ksiê¿pol 10, depth 786.0–791.0 m; N, O – Braarudosphaera bigelowii (Gran et Braarud) Deflandre, Krakowiec
beds, Ksiê¿pol 10, depth 677.0–682.0 m; P–S – Calcidiscus macintyrei (Bukry et Bramlette) Loeblich et Tappan, Krakowiec beds,
Dzików 15, depth 1,087.0–1,096.0 m; T – Coccolithus pelagicus (Wallich) Schiller, Krakowiec beds, Biszcza 1, depth 510.0–514.0 m



sphaeraceae, in clud ing: Helicosphaera burkei Black (Fig.
8I,J), H. kamptneri (Fig. 8K,L), H. mediterranea Müller
(Fig. 8M,N), H. sellii (Fig. 8O–Q), H. walbersdorfensis
(Fig. 8R,S), oc curred fre quently. Sphenoliths and discoas -
ters were miss ing. A sim i lar as sem blage of the cal car e ous

nannoplankton was de scribed from the Skhidne Dovhe 3
well (Ta ble 3). Helicoliths dom i nated in only one sam ple
from the Bortiatyn 1 well (Ta ble 3). Many of them were pre -
served badly, as frag ments. Coccolithus pelagicus, “small
reticulofenestrids” and Reticulofenestra pseudoumbilica
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Fig. 8. Cal car e ous nannoplankton of the Krakowiec beds (SE Po land) and Kosiv For ma tion (West Ukraine ). Scale bar is 5 µm. A –
Coccolithus pelagicus (Wallich) Schiller, Krakowiec beds, Biszcza 1, depth 510.0–514.0 m; B – Discoaster deflandrei Bramlette et
Riedel, Krakowiec beds, Biszcza 1, 630.0–634.0 m; C – Micrantholithus sp., Krakowiec beds, Biszcza 1, depth 540.0–544.0 m; F–H –
Umbilicosphaera rotula (Kamptner) Varol, Kosiv For ma tion, Voloscha 1, depth 2,070.0–2,080.0 m; I, J – Helicosphaera burkei Black,
Kosiv For ma tion, Voloshcha 1, depth 2,050.0–2,060.0 m; K, L – Helicosphaera kamptneri Hay et Mohler, Kosiv For ma tion, Voloscha 1,
depth 2,050.0–2,060.0 m; M, N – Helicosphaera mediterranea Müller, Kosiv For ma tion, Voloscha 1, depth 2,050.0–2,060.0 m; O–Q –
Helicosphaera sellii Bukry et Bramlette, Kosiv For ma tion, Voloscha 1, depth 2,050.0–2,060.0 m; R, S – Helicosphaera walbersdorfensis
Müller, Kosiv For ma tion, Voloscha 1, depth 2,050.0–2,060.0 m; T – Pontosphaera multipora (Kamptner) Roth, Kosiv For ma tion,
Makuniv 1, depth 1,681.0–1,688.6 m
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Ta ble 1

Dis tri bu tion of cal car e ous nannoplankton in Ksiê¿pol 10,11,12 and Dzików 12,15,17 wells
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Ksiê¿pol 10

1/300.0-305.0 R R T T T T T T C C P

2/502.0-504.0 R T aff. T T T T T C C P

3/677.0-682.0 C R T cf. T cf. R C P

4/824.0-829.0 R T T R C P

5/786.0-791.0 C T T T T T C C P

6/862.0-867.0 T cf. T T T C C P

Ksiê¿pol 11

1/330.0-339.0 T T T R T T T T T T T T C R P

2/535.0-544.0 T R T C R P

3/735.0-744.0 R T T Cf C C P

5/915.0-922.0 T T C R P

Ksiê¿pol 12

1/335.0-344.0 T C C P

2/540.0-549.0 C R P

3/740.0-749.0/I/R5 T T aff. Cf T C C P

4/740.0-749.0/VI/R3 T T cf. T T R R P

5/740.0-749/IX/R3 T T C C P

Dzików 12

1/470.0-479.0 T T T C C P

2/730.0-733.0 T T R R T T C C P

3/812.0-821.0 T T T T T T T C C P

4/905.0-915.0 T C C P

5/940.0-949.0 T C C P

6/1041.0-1050/0 T T T T T T R T C C P

Dzików 15

1/220.0-229.0 T aff. T T T T C C P

2/460.0-469.0 T T T aff. aff. T T T C C P

3/460.0-469.0/S2 T T C C P

4/830.0-839.0 T T T T aff. R C P

5/830.0-839.0/VIII T T T C C P

6/920.0-929.0 T T C C P

7/1067.0-1078.0 B B B B B B B B B B B B B B B B B B B B B B B B B B C B

8/1087.0-1096.0/I C T C T R C P

9/1087.0-1096.0/II B B B B B B B B B B B B B B B B B B B B B B B B B B B P

10/1087.0-1096.0 R C P

Dzików 17

1/494.0-503.0 T cf. T C C P

2/743.0-750.0 T T T T aff. cf. T T T T T R C P

947.0-956.0 T T T T T T C C P

A – more than 1 spec i men per field of view; B – one spec i men per 1–10 fields of view; R – one spec i men per more than 10 fields of view; T– traces; f – frag -
ments of the spec i mens; B – bar ren sam ple. State of pres er va tion: M – mod er ate; P – poor



were com mon, too. Sphenolithaceae and Pontosphaeraceae
(frag ments) oc curred spo rad i cally, whereas asteroliths were 
lack ing. The cal car e ous nannoplankton as sem blage from
the Makuniv 1 well was marked by low spe cies di ver sity
and low abun dance. In the sam ples from the lower part of
the in ves ti gated in ter val, the fol low ing spe cies were re -
corded: Coccolithus pelagicus, Cyclicargolithus floridanus
(sin gle spec i mens), Reticulofenestra pseudoumbilica, and
Pontosphaera multipora (Figs 8T, 9A). Re de pos ited spec i -
mens, small frag ments of de stroyed and undistinguishable
forms were noted as well. In the sam ples from shal lower
depths, the re de pos ited and de stroyed forms pre vailed (Ta -
ble 3). The sed i ments ly ing above the anhydrite ho ri zon in
the Pyatnychany 1 well con tained the fol low ing spe cies:
Calcidiscus leptoporus (Fig. 9B, C), Coccolithus pelagicus
(abun dant), Reticulofenestra pseudoumbilica (equally
abun dant as C. pelagicus), Cyclicargolithus floridanus,
Pontosphaera multipora (frag ments), Helicosphaera bur-
kei, H. kamptneri, H. sellii, H. vedderii, H. walbersdorfen-
sis, Scapolithus fossilis Deflandre, Sphenolithus abies,

Syracosphaera pulchra Lohmann, Umbilicosphaera rotula, 
and the frag ments of Discoaster exilis. The com mon oc cur -
rence of Braarudosphaera bigelowii and the coccosphers of 
this spe cies were noted, too. The sam ples from a shal lower
in ter val in cluded poorly pre served cal car e ous as sem blage,
in which Coccolithus pelagicus, Reticulofenestra pseudo-
umbilica and the re de pos ited spec i mens were dom i nat ing.
The badly pre served, crum bled, undistinguishable el e ments
of coccoliths and frag ments of Pontosphaera and Helico-
sphaera ge nus were also found (Ta ble 3). The nannofossil
as sem blage from the Podil’tsi 1 well (Ta ble 4) cor re -
sponded with the as sem blage from the Pyatnychany 1 well.
Apart from the above men tioned spe cies, the fol low ing
forms oc curred in the as sem blage stud ied: Calcidiscus mac- 
intyrei, C. premacintyrei Theodoridis (Fig. 9D–F), Corono- 
cyclus nitescens (Kamptner) Bramlette et Wilcoxon (Fig.
9G, H), Cyclicargolithus floridanus – small forms, Helico-
sphaera intermedia Mar tini (Fig. 9I, J), H. mediterranea, H.
sp. (small forms), H. stalis Theodoridis (Fig. 9K, L),
Holodiscolithus macroporus, Micrantholithus sp., “small
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Ta ble 2

Dis tri bu tion of cal car e ous nannoplankton in Biszcza 1 well
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1/510.0-514.0 C R T cf. Cf R C T R C P

2/510.0-514.0 f T R T T T R R P

3/510.0-514.0 R T R T T T T T T R T R R P

4/540.0-544.0 T T T R aff. R T T T f R R C M

5/540.0-544.0 R R T R T T T T T T T T T T R R P

6/540.0-544.0 f T T R R T R T f T R P

7/580.0-584.0 T T T T aff. T T T T R P

8/580.0-584.0 f R T T f T R C P

9/580.0-584.0 R T T R T T R R P

10/630.0-634.0 C T T T T T T C C P

11/630.0-634.0 C T T T T f T T C C P

12/630.0-634.0 C T T T aff. T C T R C C P

13/630.0-634.0 C T R cf. T R R T A A M

14/690.0-694.0 C C A T R T R R R C C C M

15/690.0-694.0 R C T T T A A P

16/789.0-793.0 Cf C T T f C C M

17/789.0-793.0 C R f R C C M

18/860.0-864.0 C T aff. A A P

19/860.0-864.0 A T T T R R C A P

20/860.0-864.0 R T T T C C A P

21/860.0-864.0 T C T T cf. f R C A P
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Ta ble 3

Dis tri bu tion of cal car e ous nannoplankton in Chornokuntsi 1, Yuriyiv 1, Voloscha 1, Skhidne Dovhe 3, Bortiatyn 1,
Makuniv 1 and Pyatnychany 1 wells
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Chornokuntsi 1

1/1/1751.0-1756.0 A T T T C P

1/2/1751.0-1756.0 A T T T C P

Yuriyiv 1 

1/1542.0-1551.0 T T R R T Cf T C C C P

Voloscha 1

2/2050.0-2060.0 A C C C aff. C f C C P

3/2060.0-2070.0 A T C C P

6/2070.0-2080.0 R R T T R f C C P

Skhidno Dovhe 3

4/1624.0-1634.0 C T T R P

6/1634.0-1641.0 C T T R C P

10/1700.0-1711.0 C R C P

28/1766.0-1775.0 C T T T f T cf Cf f T T R C P

31/1793.0-1800.0 C Rf f R C P

Bortyatyn 1

6/1800.0-1810.0 C T R T C R C C f T T R R C P

Makuniv 1

1/1343.0-1353.0 R T R R A A P

3/1681.0-1688.6 C T aff. T C R A A P

6/1857.2-1858.0 C R aff. C T f A A P

10/1880.7-1862.9 C T C C C P

13/2212.0-2222.2 C T C R C C P

15/2512.0-2578.5 cf. aff. R R P

18/2992.5-3000.0 R T f R R P

21/3106.0-3110.6 R R R R P

23/3261.0-3269.0 R R R P

25/3356.4-3438.0 R aff. R R P

27/3538.0-3546.0 C R R P

28/3619.2-3626.8 R R R P

Pyatnychany 1

1/800.0-814.0 A R T R

2/963.0-973.0 A R R

6/1140.0-1150.0 A R T R R

8/1150.0-1160.0 T A R C R f C R

9/1197.0-1207.0 C R A R C C Cf f C C T R T

11/1207.0-1227.0 f A T f cf. C R Cf C T

13/1222.0-1237.0 A R C C C Cf T f C C T T T
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Ta ble 4

Dis tri bu tion of cal car e ous nannoplankton in Podil'tsi 1, Moryantsi 1, Nyklovychi 26, Pivnichne Hirs'ke 1, Susoliv 5 and
Lanivka 1 wells

Species
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Podil'tsi 1 

3/683.0-700.0 C C T T R C P

6/959.0-965.2 C R f T aff. T T T T C C T T T T C C M

14/976.5-982.5 C A C T T T R C T A C M

15/982.5-991.0 T A T f T T C T C C P

17/1200.0-1211.0 T T A T T C T C T C T T C C P

23/1231.7-1243.2 A T f C C P

26/1500.0-1510.0 A R T T R T f A C T A C M

27/1700.0-1714.7 A T C C C P

31/1756.8-1774.3 T T T T T R P

33/1860.8-1875.9 T A R T C T C R T R R P

34/1875.9-1889.1 f A T T T T R C R T T R C P

Moryantsi 1

1/1701.4-1706.8 T T cf. T T C T A A P

4/1762.4-1768.9 f T T cf. T f aff. C A A P

6/1829.7-1834.7 C T T A A P

11/1875.0-1881.0 C T R A P

14/2015.0-2023.0 A T aff. T A A C T A A P

16/2048.8-2054.7 A A C R T R A P

Nyklovychi 26

19/1752.0-1762.0 C R C T A A M

26/1880.0-1890.0 C R C A A P

29/1926.0-1936.0 C R C A A P

34/2101.0-2111.0 A R T T T T C T T A A P

37/2111.0-2111.0 f C R R C T A A P

Pivnichne Hirs'ke 1

2/887.8-900.8 A R T C C T f C A A P

4/980.4-986.0 A C T C R C f R A P

5/1028.0-1036.0 A aff. T C A A P

6/1200.0-1210.0 A T C C T f C T C R T T A R P

Susoliv 5

1/2002.0-2101.0 C A C R T R C C A P

8/2418.0-2428.0 f A f C A P

10/2441.0-2451.0 A f f A P

14/2461.0-2471.0 A T R aff. C R C R P

18/2486.2-2498.3 A R C R R P

24/2550.0-2570.0 A T T C R C A P

29/2586.0-2608.0 R T R T C R P

35/2622.0-2634.0 C A T cf. R T C A P

40/2699.5-2708.8 A R C A P



reticulofenestrids”, Sphenolithus moriformis, and Umbili-
cosphaera jafarii (Fig. 9M, N). The frag ments or small
forms of Braarudosphaera bigelowii were noted. In the
sam ples from the shal low est in ter vals, Coccolithus pelagi-
cus, Reticulofenestra pseudoumbilica and Thoracospha-
era sp. (Fig. 9O, P) oc curred as the only spec i mens. In the
deep est sam ple in the Moryantsi 1 well (Ta ble 4) Heli-
cosphaeraceae were abun dant, but the state of their pres er -
va tion was gen er ally bad (many of them were de scribed as
Helicosphaera sp.). The most abun dant spe cies in all in ves -
ti gated sam ples was Coccolithus pelagicus, rep re sented
mainly by small forms. In the shal lower sam ples the as sem -
blage was very poor. Coccolithus pelagicus, Cyclicar-
golithus floridanus (rare, small forms), the frag ments of
Braarudosphaera bigelowii and undistinguishable forms
were iden ti fied. The cal car e ous nannoplankton from the
Nyklovychi 26 well (Ta ble 4) was dom i nated by long-rang -
ing spe cies. Coccolithus pelagicus and Reticulofenestra
pseudoumbilica (var i ous in size) were the most com mon
spe cies in all ex am ined sam ples, whereas Cyclicargolithus
floridanus and “small reticulofenestrids” oc curred spo rad i -
cally. Due to the com monly poor state of pres er va tion
(undistinguishable frag ments) many spe cies were ex cluded
from the iden ti fi ca tion pro ce dure. The sam ples from the
Pivnichne Hirs’ke 1 well con tained the same spe cies as
those men tioned in the Nyklovychi 26 well. Among
helicoliths, Helicosphaera kamptneri and H. mediterranea
were com monly pres ent (Ta ble 4). In the deep est sam ple
small helicoliths were iden ti fied. Placoliths, helicoliths,
cribriliths and pentaliths (mainly Braarudosphaera bige-
lowii) oc curred com monly in the sam ples from the Susoliv 1 
well (Ta ble 4). How ever, the re de pos ited and dam aged
spec i mens pre dom i nated in all in ves ti gated sam ples. The
cal car e ous nannofossils in the ex am ined sam ples from the
Lanivka 1 well were rare and poorly pre served. Only Co-
ccolithus pelagicus, Reticulofenestra pseudoumbilica, Cy-

clicargolithus floridanus (sin gle spec i mens) and the frag -
ments of undistinguishable forms were found (Ta ble 4).
Cal car e ous dinoflagellata – Thoracosphaeraceae oc curred
also in sam ples from the Nyklovychi 26, Pivn. Hirs’ke 1 and 
Susoliv 1 wells.

DIS CUS SION

A com par i son of above men tioned microfossils points
to sim i lar ity of the spe cific com po si tion of foraminiferal as -
sem blages from the Pecten/Spirialis beds and sub di vi sions
of the Kosiv For ma tion of Ukraine (the Verbovets’, Prut
and Kolomyia beds). A char ac ter is tic fea ture is the oc cur -
rence of arenaceous taxa (Hyperammina granulosa, Ammo- 
dis cus miocenicus, Haplophragmoides indentatus, H. lami-
natus), planktic spe cies Velapertina indigena, as well as nu -
mer ous radio lar ians and pteropods (Table 5).

Foraminiferal as sem blages of the Krakowiec beds (SE
Po land) and the Dashava For ma tion (west ern Ukraine) dis -
play a high de gree of sim i lar ity (Ta ble 6). Char ac ter is tic is
the oc cur rence of Anomalinoides dividens in lower parts of
both sub di vi sions. In the up per parts, Bolivina sarmatica,
Brizalina nisporenica, Saccammina sarmatica, and Rota-
liella risilla oc cur. As sem blages of miliolids and elphiids
have many spe cies in com mon; fre quent is Porosononion
granosum. An other com mon el e ment of the dis cussed as -
sem blages is a chlorophycean Halicoryne morelleti. The
sim i lar ity of microfossil as sem blages en ables one to con -
clude about equiv a lence of the dis cussed sub di vi sions. In
SE Po land, the cal car e ous nannoplankton as sem blage from
the Baranów beds – the low est part of the Dzików 12 well –
rep re sents the NN5 (higher part of this zone) zone (late
Badenian; Rögl, in: Cicha et al., 1998; Piller et al., 2007;
Rögl et al., 2008). The Krakowiec beds (Ksiê¿pol 10, 11, 12 
and Dzików 12 (up per part), 15 and 17 wells) were early
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Ta ble 4 continued

Species
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43/2808.0-2822.0 A T C R P
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and late Sarmatian in age – the NN6, un di vided NN6-NN7
and NN7 zones. The lower bound ary of the NN6 zone in
Mar tini’s scheme (1971) was de fined based on the last oc -
cur rence (LO) of Sphenolithus heteromorphus spe cies. The
up per bound ary of the zone was iden ti fied based on the first
oc cur rence (FO) of Discoaster kugleri and/or the last oc cur -
rence of Cyclicargolithus floridanus. A very low num ber or
the ab sence of this spe cies made age de ter mi na tion dif fi cult. 
In badly pre served ma te rial it was dif fi cult to dis tin guish
Discoaster kugleri from other sim i lar, over grown discoas -
ters. The LO of the long-rang ing Cyclicargolithus flori-
danus var ies with lat i tude and should be used care fully for
long-dis tance cor re la tion. In mid- and high lat i tudes, this
spe cies con tin ued to the Late Mio cene. There fore, it was
dif fi cult or even im pos si ble to dis tin guish be tween auto-

chthonous and re de pos ited spec i mens. Ac cord ing to Mar -
tini (1971), the top part of the NN6 zone was char ac ter ized
by low fre quency of this spe cies, whereas the Reticulo-
fenestra pseudoumbilica in creased in num bers. On the ba sis 
of the lack of Discoaster kugleri, some stra tigra phers sup -
posed that in the Cen tral Paratethys the NN7 zone be longs
to the brack ish-wa ter Sarmatian. Be cause of the ab sence of
this spe cies, Lehotayova (1978) stated that the Up per
Badenian Kosovian substage be longs to the NN6 zone. Ac -
cord ing to Cicha et al. (1998), the ex tent of the NN6 zone
(Up per Badenian–Lower Sarmatian) does not al low to mark 
the Badenian/Sarmatian bound ary based solely on the cal -
car e ous nannoplankton group. Due to these dif fi cul ties, the
two zones (NN6 and NN7) were con nected into one un di -
vided zone NN6-NN7 (Andreyeva-Grigorovich & Savits-
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Fig. 9. Cal car e ous nannoplankton of the Kosiv and Dashava for ma tions (West Ukraine). Scale bar is 5 µm. A – Pontosphaera
multipora (Kamptner) Roth, Kosiv For ma tions, Makuniv 1, depth 1,681.0–1,688.6 m; B, C – Calcidiscus leptoporus (Murray et
Blackman) Loeblich et Tappan, Kosiv and Dashava For ma tions, Pyatnychany 1, depth 1,197.0–1,207.0 m; D–F – Calcidiscus prema-
cintyrei Theodoridis, Kosiv and Dashava for ma tions, Podil’tsi 1, depth 1,200.0–1,211.0 m; G, H – Coronocyclus nitescens (Kamptner)
Bramlette et Wilcoxon, Kosiv and Dashava for ma tions, Podiltsi 1, depth 1,200.0–1,211.0 m; I, J – Helicosphaera intermedia Mar tini,
Kosiv and Dashava for ma tions, Podil’tsi 1, depth 982.5–991.0 m; K, L – Helicosphaera stalis Theodoridis, Kosiv and Dashava for ma -
tions, Podil’tsi 1, depth 1,875.9–1,889.1 m; M, N – Umbilicosphaera jafarii Müller, Kosiv and Dashava for ma tions, Podil’tsi 1, depth
1,500.0–1,510.0 m; O, P – Thoracosphaera sp., Kosiv and Dashava for ma tions, Podil’tsi 1, 683.0–700.0 m



kaya, 1996a, Andreyeva-Grigorovich et al., 1997a,b, 2003,
2008).

The ob served cal car e ous nannoplankton as sem blage
was typ i fied by low spe cies di ver sity and high num ber of
spec i mens (exept of Helicosphaera ge nus). The me chan i cal 
de for ma tion (frag men ta tion) of the nannoplankton was the

main type of de struc tion. The ma jor ity of the as sem blage
con sisted of de stroyed small frag ments of undistinguishable 
coccoliths and re de pos ited forms from the Up per Cre ta -
ceous and Eocene (mainly). The dis so lu tion seems to be less 
im por tant be cause nannoplankton did not show traces of
dis so lu tion. The cal car e ous nannoplankton as sem blages
were dom i nated by long-rang ing placoliths with out strati -
graphical value (in par tic u lar Coccolithus pelagicus, Reticu- 
lofenestra pseudoumbilica) while Cyclicargolithus and
Calcidiscus were sub or di nate. Helicosphaeraceae oc curred
less fre quently. Due to a com monly poor state of pres er va -
tion, many of them were ex cluded from iden ti fi ca tion pro -
ce dure (es pe cially small forms). Pontosphaera and Braaru-
dosphaera spe cies oc curred with un sta ble fre quency.
Pontosphaera multipora was found in all in ves ti gated sam -
ples mainly as frag ments. The in dex asteroliths were miss -
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Ta ble 5

Dis tri bu tion of char ac ter is tic microfossils
in the Pecten/Spirialis beds (Po land) and equiv a lent
Ukrai nian sub di vi sions (Verbovets’ beds, Prut beds,

Kolomyia beds)

Species 
Pecten/
Sprialis

beds

Verbovet
s beds

Prut beds
Kolomyia 

beds

Ammodiscus miocenicus X X

Hyperammina granulosa X X X

Hyperammina taurinensis X

Reticulophragmium crassum X

Pseudotriplasia elongata X

Pavonitina adanula X

Martinotiella communis X X

Haplophragmoides indentatus X X

Haplophragmoides laminatus X X

Spirorutilus carinatus X

Bolivina tarchanensis X

Neobulimina longa X

Sinoloculina nitens X

Hanzawaia crassiseptata X

Globigerina bulloides X X X

Globorotalita druryi X X

Orbulina suturalis X X

Praeorbulina glomerosa X

Globoquadrina altispira X

Velapertina indigena X X X

Globorotalia scitula X

Tenuitellinata tarchanensis X

Subbotina cognata X

Tenuitellinata pseudoedita X

Angulogerina angulosa X X

Ammonia beccarii X

Sinuloculina consobrina X

Fursenkoina acuta X

Bulimina insignis X

Pappina graciliformis X

Bogdanoviczia pokutica X

Cyclammina zemplenica X

Cyclammina vulchoviensis X

Cassidulina crista X

Nonion bogdanoviczi X

Varidentella rotunda X

Pterpods X X

Radiolarians X X

Ta ble 6

Dis tri bu tion of char ac ter is tic microfossils in the Krakowiec 
beds (Po land) and Dashava For ma tion (Ukraine)

Species 
Krakowiec

beds (Poland)

Dashava
Formation
(Ukraine)

Anomalinoides dividens X X

Brizalina dilatata X X

Schackoinella imperatoria X

Articulina problema X X

Elphidium puscharowski X

Elphidium joukovi X

Globigerina bulloides X

Globigerinita uvula X X

Tenuitella neobrevispira X X

Turborotalita quinqueloba X X

Tenuitellinata subcretacea X X

Neogloboquadrina pseudopachyderma X

Saccammina sarmatica X X

Porosononion granosum X X

Brizalina nisporenica X X

Bolivina sarmatica X X

Brizalina saggitula X

Varidentella sarmatica X

Varidentella reusi X

Affinetrina cubanica X

Caucasina subaculeata X

Nonion bogdanoviczi X

Rotaliella risilla X X

Ammonia beccarii X X

Ammonia lepida X

Pseudotriloculina fluviata X

Caucasina sarmatica X

Elphidium reginum X

Elphidium obtusum X

Mysidacea (shrimps) X

Halicoryne morelleti X X



ing or oc curred very rare as frag ments (frag ments of the
arms) (Discoaster aff. kugleri was found only in the one
sam ple from the Moryantsi 1 well, Ukrai nian part of the
foredeep). Sphenoliths were rep re sented by small spec i -
mens of Sphenolithus abies only. The in dex Sphenolithus
heteromorphus was miss ing in all the in ves ti gated sam ples,
ex cept of sin gle oc cur rences (re de pos ited?) in the some
sam ples. Char ac ter is tic fea tures of the cal car e ous as sem -
blage of the Krakowiec beds (ex cept of Dzików 17 well) in -
cluded: fre quent pres ence of re de pos ited taxa, de stroyed
frag ments of coccoliths, and low spe cies di ver sity. An in -
crease in the num ber of Braarudosphaera bigelowii and
Calcidiscus macintyrei were ob served in sam ples from the
Ksiê¿pol 10, 11, 12, Dzików 15, and Biszcza 1 wells. Sam -
ples from the Dzików 17 well were included into the upper
part of the Sarmatian. The assemblage was more diver si fied
in comparison to those described in the other wells.

The sed i ments of the Kosiv For ma tion (Verbovets’,
Prut, Kolomyia nad Kovalivka beds) in west ern Ukraine
were as signed to the NN6, un di vided NN6-NN7 and NN7
zones. A grad ual im pov er ish ment of the spec i mens to wards
the up per part of the sam pled for ma tion was ob served. In
the up per part of the in ves ti gated wells, only Coccolithaceae 
and Prinsiaceae were found. In shal lower in ter vals the num -
bers of re de pos ited form were grow ing. Many of the ob -
served forms were found as frag ments (i.e., Braarudo-
sphaera sp., Helicosphaera sp., Pontosphaera sp.). A typ i -
cal as sem blage was com posed of: Coccolithus pelagicus,
Cyclicargolithus floridanus, (sin gle spec i mens), Ponto-
sphaera multipora (frag ments), Reticulofenestra pseudo-
umbilica, Umbilicosphaera rotula, Helicosphaera kamp-
tneri, Sphenolithus abies, and Scapolithus fossilis. The oc -
cur rences of small-sized helicoliths (i.e., Helicosphaera
stalis, H. walbersdorfensis) in the Podil’tsi 1 well sug gest
rather the NN6 zone. In sam ples col lected from the Dashava 
For ma tion, the re de pos ited and dam aged spe cies pre dom i -
nated. In the ex tremely poor nannoplankton as sem blage,
mainly C. pelagicus and R. pseudoumbilica were iden ti fied. 
The com po si tion of the cal car e ous as sem blage was sim i lar
to that de scribed from the up per part of the Kosiv For ma tion 
(Kolomyia nad Kovalivka beds). It was im pos si ble to sep a -
rate the cal car e ous nannoplankton as sem blages from the in -
ves ti gated Kosiv and Dashava for ma tions. It ap peared that
in ves ti gated sam ples from Dashava For ma tion were more
im pov er ished than those from the older deposits and repre-
sented most likely the lower part of the NN7 zone (Fig. 10).

RE MARKS
ON THE PALAEOENVIRONMENT

The or i gin and de vel op ment of the epicontinental sea –
the Cen tral Paratethys – dur ing the Mid dle Mio cene were
sub ject of nu mer ous stud ies (vide Kováè et al., 2007).
Changes of sed i men tary con di tions, to a cer tain de gree, re -
flected global events de pend ing on func tion ing of the gate -
ways that trans mit ted ocean o graphic and cli ma tic mod i fi ca -
tions (Mühlstrasser, 2001). Palaeo eco logi cal changes of
sed i men tary en vi ron ment in the Pol ish part of the Cen tral
Paratethys were stud ied, among oth ers, by Szczechura

(1982), Czepiec (1991, 1996), Gonera (1994, 2001), Cze-
piec and Kotarba (1998), Gonera et al. (2000), and Peryt
and Gedl (2010). Gen er ally, two transgressive ep i sodes
took place in the Early Badenian. The first ep i sode is
marked by the pres ence of plank tonic foraminifer Praeo-
rbulina glomerosa (NN4 cal car e ous nannoplankton Zone),
the sec ond one by Orbulina suturalis (NN5 cal car e ous
nannoplankton Zone) (Kováè et al., 2007). The over ly ing
evaporite sed i ments in di cate tem po ral iso la tion of the east -
ern part of the Cen tral Paratethys (Carpathian Foredeep,
Transcarpathian and Transylvanian bas ins) (Peryt, 2006,
with ref er ences herein). The late Badenian is marked by the
last large trans gres sion over the en tire Cen tral Paratethys
ba sin (Kováè et al., 2007). The foraminiferal as sem blages
are char ac ter ized by the pres ence of spe cies Velapertina
indigena and calcareous nannoplankton of the NN6 Zone.

The end of the Badenian brought about a sig nif i cant
sea-level fall ac com pa nied by changes in wa ter geo chem is -
try (G¹siewicz et al., 2004). Both were re flected in as sem -
blages of shal low-wa ter (la goonal), dwarfed, euryhaline
foraminifera (Czepiec & Kotarba, 1998). Cal car e ous
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Fig. 10. Biostratigraphical scheme of the in ves ti gated Mio cene
de pos its of the SE part of the Pol ish and NW part of the Ukrai nian
Carpathian Foredeep (Bilche – Volytsia Zone)



nannoplank ton as sem blages were dom i nated by nearshore
(Coccolithus, Cyclicargolitus and Reticulofenestra), shal -
low-wa ter (Braarudosphaera, Pontosphaera) spe cies. The
open oce anic, typ i cally warm-wa ter forms (Discoasters,
Sphenoliths) oc curred spo rad i cally or were mostly ab sent.
Deltaic char ac ter of sed i men tary con di tions con tin ued to the 
end of the Sarmatian. How ever, some re stricted con nec tions 
with the open seas were pos si ble, as doc u mented by the
Med i ter ra nean type of cal car e ous nannoplankton (Crihan & 
Marunteanu, 2006; Piller et al., 2007). The prob lem of ex -
ist ing con nec tions be tween the Cen tral and East ern Parate-
thys and the oce anic do main dur ing the Mid dle Mio cene,
how ever, still re mains con tro ver sial (Piller et al., 2007).

CON CLU SIONS

The anal y sis of foraminiferal as sem blages pre sented in
this study con firmed two im por tant facts con nected with the 
Mid dle Mio cene Cen tral Paratethys fau nas of the in ves ti -
gated re gion: re li abil ity of foraminiferal zones de scribed by
£uczkowska (1964), and the high de gree of cor re la tion be -
tween the Pol ish and Ukrai nian as sem blages (al ready in di -
cated by £uczkowska, 1964). Our re sults show that the cal -
car e ous nannoplankton as sem blages, both of the Pol ish and
Ukrai nian part of the Carpathian Foredeep, are sim i lar. The
cor re la tion of these de pos its on the ba sis of this group of
microfossils is, there fore, pos si ble. The ob tained re sults
con cur with the ear lier ob ser va tions (i.e., Andreyeva-Grigo- 
rovich et al., 2003; Peryt et al., 1998; Peryt, 1999). In the
ma jor ity of the ana lysed wells of the Ukrai nian part of the
Carpathian Foredeep it is not pos si ble to dis crim i nate the
cal car e ous nannoplankton as sem blages of the high est part
of the Kosiv For ma tion (Kolomyia and Kovalivka beds)
from those of the lower Dashava For ma tion. The grad ual
im pov er ish ment of spe cies in the as sem blages of the up per
part of NN6 and the lower part of NN7 Zones are ob served.
The as sem blages are of low di ver sity and mainly re stricted
to a few spe cies with high abun dance (i.e., the Krakowiec
beds and up per parts of the Kosiv and Dashava for ma tions).
The as sem blage is com posed mainly of placoliths (near-
shore) and shal low-wa ter pentaliths, which only con firm the 
iso la tion of the ba sin. The high num ber of re worked
nannofossils and dam aged el e ments of the coccoliths sug -
gest a high supply of terrigenous material, unstable condi-
tion in the basin and suggest shallow-water conditions.
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