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The study is fo cused on the tax o nomic in ven tory of an in trigu ing bi valve fauna from the Lower Oligocene Menilite Beds
(Dynów Marls) within the Silesian Nappe, Pol ish Outer Carpathians. Six teen bi valve spe cies have been iden ti fied within the
ma te rial col lected in two small quar ries in Jabłonica Polska near Krosno. Strati graphic and geo graphic dis tri bu tions of all rec -
og nized spe cies are con sid ered. This as sem blage, the first of this kind in Po land and one of three rec og nized in the Outer
Carpathians, shows clear af fin i ties to co eval typ i cal Solenovian fau nas from Ukraine to Kazakhstan, with par tic u lar com par i -
son made to bi valve fau nas from the Menilite For ma tion (Subchert Mem ber) within the Boryslav-Pokuttya Nappe, Ukrai nian
Outer Carpathians. More over, this study pres ents an over view of the main as pects and def i ni tions of the date of the
Paratethys or i gin. The main cri te rion used to de fine the time of the Paratethys birth is the dis tinct fau nal turn over from the
mod er ately di verse bo real or Tethyan bi valve fau nas pop u lat ing par tic u lar bas ins of the North ern Peri-Tethys in the ear li est
Oligocene to the uni form, highly en demic fauna in hab it ing the newly formed semi-closed ba sin. This vast in land sea, named
Paratethys, was pop u lated by rep re sen ta tives of eight euryhaline bi valve fam i lies. They are char ac ter ized by ex tinct
Paratethyan gen era, such as Bessia Kojumdgieva et Sapungieva, Merklinicardium Popov, Korobkoviella Merklin, Urbnisia
Goncharova, Ergenica G. Popov and Janschinella Merklin.
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INTRODUCTION

Oc cur rences of the Paleogene mol lus can fau nas in the Pol -
ish Outer Carpathians are rare and lim ited to the de pos its which 
orig i nated through sub ma rine de bris flows. Thus far, find ings of
shal low-wa ter mol lus can fau nas are noted only from olisto -
strome and olistolith bod ies within the Silesian and Skole
nappes (Fig. 1).

The old est as sem blage, show ing also the great est di ver sity, 
was dis cov ered at Babica near Rzeszów (Paleocene Babica
Clays; Skole Nappe) by Kropaczek (1910) who rec og nized 150
gas tro pod spe cies. Un for tu nately, his un pub lished Ph.D the sis
(Kropaczek, 1910) doc u ment ing 80 spe cies was lost (see
Studencka, 1986) and only a list of these gas tro pods is avail -
able (Kropaczek, 1917). Im por tant palaeontological pub li ca -
tions deal ing with the mol lus can fauna from the Paleocene

Babica Clays within both the Silesian and Skole nappes are
those by Krach (1963, 1969). Within the frag men tary
Kropaczek col lec tion (housed in the Geo log i cal Mu seum of the
In sti tute of Geo log i cal Sci ences, PAS in Kraków) as well as in
the ma te rial col lected by Fleszar (1912) at Płosina, Rogala
(1919, 1926) at Blizne, and in the ma te rial gath ered by him self
at Brzozów, Krach (1963, 1969) doc u mented 251 gas tro pod
spe cies and 84 bi valve spe cies.

The Eocene mol lus can fauna is less di verse but – as in the
Paleocene as sem blages – is dom i nated both nu mer i cally and
tax o nom i cally by gas tro pods. The mol lus can con tent of the up -
per Eocene of both the Silesian and Skole nappes is known
through the work of Friedberg (1903), Wójcik (1903),
Wiśniowski (1908), Kropaczek (1919), Rogala (1925), Jucha
and Krach (1962) and Krach (1985). These re ports show that
the mol lus can fauna ap pears in three ar eas – NE of Krosno (the 
Kobyle I and Kobyle II sites), SW of Rzeszów (Siedliska and
Poręby) and close to Przemyśl (Koniusza and Kruhel Mały).
This lat ter was doc u mented by Wójcik (1903) who col lected al -
most 150 mol lus can spec i mens here. They in clude 45 gas tro -
pod spe cies, seven bi valve spe cies, six scaphopod spe cies and 
one cephalopod, named by Wójcik as Spirulirostra szajnochae
(1903: 544–545, pl. 6, fig. 32). Among the Up per Eocene
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fossiliferous-bear ing sites, the high est num ber of mol lus can
spe cies was re corded in the Popiele Beds (Skole Nappe) in
Koniusza near Przemyśl. In for ma tion on the mol lus can fauna
from the Popiele Beds was pro vided by Wiśniowski (1908),
Rogala (1925), Krajewski and Urbaniak (1964), and Krach
(1985). Within the frag men tary Wiśniowski and Rogala col lec -
tions (stored in the Geo log i cal Mu seum of the In sti tute of Geo -
log i cal Sci ences, PAS in Kraków) and in the ma te rial he him self
col lected, Krach (1985) rec og nized 84 gas tro pod spe cies, 47
bi valve spe cies and three scaphopod spe cies. 

Molluscs are very rare in the Lower Oligocene de pos its of
the Pol ish Outer Carpathians. Un til now only twelve bi valve
spe cies, two gas tro pod spe cies and one scaphopod spe cies
have been re ported from the low est coarse-grained unit
(Siedliska Con glom er ate or Siedliska Mem ber) of the Menilite
Beds (Menilite For ma tion of Kotlarczyk and Leśniak, 1990) at
two sites: Gogołów and Kobyle III near Krosno (Jucha and
Krach, 1962). The most im por tant ob ser va tion is that all these
Carpathian mol lus can fau nas rang ing from the Paleocene un til
the ear li est Oligocene rep re sent a typ i cal nor mal ma rine biota.
De spite these stud ies, how ever, knowl edge of Paleogene
Carpathian mol lus can fauna is far from com plete and is in need
of com pre hen sive mod ern sys tem atic re vi sion. 

The most re cent field work un der taken by the pres ent au -
thors in the vi cin ity of Krosno, Silesian Nappe, has yielded
unique mol lus can ma te rial, rep re sented only by bi valves,
mainly by cardiids and corbulids. It was ob tained from the
Dynów Marls (crop ping out di rectly above the Kotów Chert) of
the Menilite Beds, the or i gin of which is con nected with sub ma -
rine de bris flows as it is the case with all other mol lus can find -
ings here abouts. The ma jor aim of our study fo cuses on the
spe cific at tri bu tion of these Oligocene bi valves found in two ex -
po sures near the vil lage of Jabłonica Polska and an in di ca tion
of the strati graphic and geo graphic dis tri bu tions of these bi -

valves. An other aim is a com par i son of the tax o nomic con tent of 
the two as sem blages with other Early Oligocene fau nas which
in hab ited the Carpathian Flysch bas ins. Spe cial em pha sis is
placed on a bi valve fauna ob tained from the basal part of the
Menilite For ma tion (crop ping out di rectly be low the Chert Mem -
ber) in the Boryslav-Pokuttya Nappe, Ukrai nian Outer Carpa -
thians. De tailed study at the spe cies level (be ing ex tremely
time-con sum ing be cause of poor state of pres er va tion of the
fos sils) car ried out on the bi valve shells from the newly ex plored 
ex po sures and those from the Boryslav-Pokuttya Nappe al lows
plac ing the Carpathian fau nas in a wider palaeobiogeographic
set ting and is crit i cal to trac ing the Paratethys bound aries both
in time and space. Ac cu rate biostratigraphic dat ing of the bi -
valve fos sils is es sen tial to un der stand better the en vi ron men tal 
changes within the Northern Peri-Tethys during the Early
Oligocene, associated with the formation of the Paratethys. 

GEOLOGICAL SETTING

The field work un der taken by the ju nior au thors (MB-W and
RW) in 2007 in the north ern, mar ginal part of the Silesian
Nappe of the Pol ish Outer Carpathians re sulted in dis cov ery of
two bi valve fossiliferous sites within the Oligocene Menilite
Beds crop ping out near Jabłonica Polska, 50 km south of
Rzeszów, 10 km east of Krosno (Fig. 2). In this area the Menilite 
Beds are tri par tite: the Kotów Cherts, at the base, are over lain
by the Dynów Marls which pass up wards to the Rudawka
Tractionites with the Tylawa Lime stones in ter ca la tions (Fig. 3).
The con tact be tween the Up per Eocene Hi ero glyphic Beds and
Oligocene Menilite Beds in the area stud ied is of tec tonic char -
ac ter. Lo cal overthrusting of the Kotów Cherts on over turned Hi -
ero glyphic Beds is ob served (Wasiluk, 2015b). On the other
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Fig. 1. Sche matic map of the east ern part of the Pol ish Outer Carpathians (af ter Kotlarczyk and Leśniak, 1990, 
mod i fied) show ing lo ca tions of the Paleogene fossiliferous sites yield ing mol lus can ma te rial dis cussed in this pa per

The new find of bi valves at Jabłonica Polska is marked by an as ter isk; a more de tailed map of the Jabłonica Polska area
show ing the lo ca tion of the Menilite Beds sec tions yield ing bi valves is shown in Fig ure 2 



hand, in com plete Lower Oligocene sec tions in the Silesian
Nappe the Siedliska Con glom er ate (Siedliska Mem ber) or
Subchert Beds con sti tute the low est unit of the Menilite Beds,
and it is over lain by the Kotów Cherts (Kotlarczyk et al., 2006).
The lat ter (known also as the Chert Mem ber of the Menilite For -
ma tion) forms an im por tant cor re la tion ho ri zon within the Outer
Carpathians (e.g., Olszewska, 1985; Krhovský et al., 1992;
Vyalov et al., 1996; Melinte-Dobrinescu and Brustur, 2008; Fig.
4). Stud ies car ried out in the Moravian Outer Carpathians have
shown that at the level of the cherts (orig i nally �ho ri zon with di a -
toms�) in ter ca lated with non-cal car e ous, dark brown-grey si li -
ceous claystones, cal car e ous nannoflora is ab sent (Krhovský,
1981; Krhovský et al., 1992; Švábenická et al., 2007). Ac cord -
ing to these au thors this ho ri zon con sti tutes a re cord of wide -
spread an oxia, wa ter strat i fi ca tion, fresh wa ter sur face wa ters
and high biosiliceous pro duc tiv ity. The foraminifer as sem -
blages in the cherts are ex tremely poor. Only in ter ca la tions of
mudstones or marls con tain plank tonic foraminifers; they be -
long ex clu sively to spe cies of Globigerina ex gr. officinalis
Subbotina, Globigerina ex gr. praebulloides Blow and the ge -
nus Turborotalia Cushman et Bermúdez (Olszewska, 1985). 

Abun dant fish re mains have been found in the Dynów Marls 
(Kotlarczyk et al., 2006; Bieńkowska-Wasiluk, 2010) as well as
in co eval de pos its in both the Moravian (Brzobohatý, 1981;
Gregorová, 1997, 2011; Péikryl, 2013) and Ro ma nian Carpa -
thians (Jonet, 1947, 1958; Ciobanu, 1977). At some lo cal i ties in 
the Pol ish Carpathians e.g., Wola Czudecka, Straszydle, the
Dynów Marls are intercataled with pe cu liar marl laminae or lam -
i nated marls that com monly con tain well-pre served fish skel e -

tons (Kotlar czyk et al., 2006; Bieńkowska -Wasiluk, 2010).
These laminae and marls are as sumed to be pe lagic sed i ments 
and/or de pos its of low-con cen tra tion tur bid ity cur rents (Bień -
kowska -Wasiluk, 2010). The pres ence of or ganic mat ter and
well-pre served fish skel e tons in di cate anoxic con di tions be low
and above the sea floor.

The Dynów Marls were first de scribed from the Skole
Nappe, Pol ish Outer Carpathians by Kotlarczyk (1979). The or i -
gin of the Dynów Marls is sup posed to be the re sult of the ac tiv -
ity of sub ma rine fans and bot tom cur rents, and/or de po si tion
from low-con cen tra tion tur bid ity cur rents (Kotlarczyk and
Leśniak, 1990; Kotlarczyk et al., 2006). Thus far, equiv a lents of
the Dynów Marls have been rec og nized and doc u mented (un -
der the name Dynów Marlstones) in the Al pine Fore land Ba sin
(Ger man and Aus trian Molasse Ba sin) and along nearly the en -
tire Carpathian Flysch Belt (Kotlarczyk and Leśniak, 1990;
Krhovský et al., 1992, 2001; Nagymarosy and Voronina, 1992;
Rögl et al., 2001; Schulz et al., 2004; Švábenická et al., 2007;
Garecka, 2012; Fig. 4). Al though the Dynów Marls has been
used as a re gional strati graphic marker be tween var i ous tec -
tonic units and fa cies since the mid dle of the 20th cen tury, its
for mal def i ni tion has not yet been pro posed. 

The biostratigraphic frame work of the Dynów Marls unit is
based largely on its char ac ter is tic cal car e ous nannofossils, in
par tic u lar the en demic Paratethyan spe cies Reticulofenestra
ornata Müller and its ex plo sive bloom, which is ev i dence of ex -
treme eco log i cal con di tions, prob a bly very low sa lin ity and/or
high nu tri ent lev els (Veselov and Lul’eva, 1980; Krhovský,
1981; Krhovský et al., 1992; Melinte, 2005; Švábenická et al.,
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Fig. 2. Geo log i cal map of the Jabłonica Polska area adopted from Wasiluk (2015a, b)

Bi valve fauna sites at Jabłonica Polska are shown by as ter isks



2007; Melinte-Dobrinescu and Brustur, 2008). In gen eral, the
nannoplankton di ver sity is low but in dic a tive of the
nannoplankton Sphenolithus distentus Zone NP23 (Müller,
1970; Veselov and Lul’eva, 1980). The cal car e ous nanno -
fossils from the Dynów Marls of the Skole Nappe yielded
Reticulofenestra ornata Müller and Transversopontis fib ula
Geţa, which is char ac ter is tic of the low er most NP23 Zone
(Garecka, 2012). The low-di ver sity nannoplankton flora dom i -
nated by Reticulofenestra ornata Müller with oc ca sional oc cur -
rences of Transversopontis fib ula Geţa, T. latus Müller, Braaru -
do sphaera bigelowi (Gran et Braarud) and Orthozygus aureus
(Stradner), typ i cal euryhaline forms, is best doc u mented
through the Lower Solenovian car bon ate-rich fa cies of the
Euxino-Cas pian Ba sin Sys tem of the Paratethys and de scribed
as a char ac ter is tic Polbinian-type nannoflora (Veselov and
Lul’eva, 1980; Andreyeva-Grigorovich, 1981; Nagymarosy and

Voronina, 1992; Fig. 5). This very poor as sem blage of
Polbinian -type nannoflora yield ing only Reticulofenestra ornata, 
Transversopontis fib ula and/or T. latus was doc u mented in sev -
eral ex po sures of the Dynów Marls in the Silesian Nappe
(Nagymarosy and Voronina, 1992), in the Molasse Ba sin in
Aus tria and Ger many (Krhovský et al., 2001; Rögl et al., 2001;
Schulz et al., 2004), and in the Transylvanian Ba sin (Rusu,
1988; Rusu et al., 1996; Melinte-Dobrinescu and Brustur,
2008). In the Paleogene Hun gar ian Ba sin, apart from the
Polbinian -type nannoflora, very rare stenohaline el e ments in -
clud ing the in dex spe cies of the NP23 Zone, Sphenolithus
distentus Bramlette et Wilcoxon have been iden ti fied (Nagy -
maro sy and Báldi-Beke, 1988). Thus, the Reticulo fenestra
ornata–Transversopontis fib ula as sem blage of fers an ex cel lent
cor re la tion tool of high strati graphic fi del ity in the Lower Oligo -
ce ne and was suc cess fully ap plied within Paratethys.
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Fig. 3. The lith o logic suc ces sion of the Menilite Beds at the Jabłonica Polska 2 site 
in di cat ing the po si tion of bi valve fos sils

De tails of units dis tin guished within the Menilite Beds are given in the text 
(see Fig. 2 for lo ca tion) 



JABŁONICA POLSKA SITES

Bi valve fau nas have been found in two lo cal quar ries about
500 m north of Jabłonica Polska (Fig. 2). The dis tance be tween
the quar ries is 1.5 km. De tailed field work in these ex po sures
was un der taken in 2009 also by the se nior au thors (BS and
SVP) and the col lec tion of bi valves was cre ated for the Pol ish
Acad emy of Sci ences Mu seum of the Earth in War saw. In both
Jabłonica Polska quar ries (JP1: GPS N 49°42.6526’, E
21°54.1269’ and JP2: GPS N 49°42.262’, E 21°54.879’) the
same bi valve-bear ing se quence was ac ces si ble, but in the
east ern quarry (JP2) the Oligocene se quence (Figs. 3 and 6) is
better ex posed. 

The sec tion at Jabłonica 2 at tains a thick ness of 12.0 m
(Fig. 3) and be gins with the Kotów Cherts rep re sented by the
2.5 m thick suc ces sion of brown cherts in ter ca lated with si li -
ceous shales. The base of the Kotów Cherts level is not ex -
posed. The over ly ing Dynów Marls, about 6 m thick, are rep re -
sented mainly by marls with oc ca sional len tic u lar chert lev els.
Most of the marl lay ers are structureless; some of them dis play
nor mal grad ing. Com mon are ir reg u lar bases and tops of marl
lay ers and as so ci ated cherts, re sult ing in len tic u lar beds that
are in ter ca lated with shales and less lithified marls (Fig. 6B, C).
Scat tered bi valve shells and moulds oc cur only in the up per
part of the unit (Figs. 3 and 6). The diagenetic pro cesses of ar -
agon ite dis so lu tion strongly in flu enced the qual ity of shell pres -
er va tion (Fig. 7). The bi valves oc cur in marls con tain ing ad di -
tion ally lithoclasts, mainly quartz gravel (Fig. 7D, E), and fish re -

mains such as scales and bones. Most of them are in de ter mi -
nate ver te brae and bones of heads of tele ost fishes. Among the
fish ma te rial rep re sen ta tives of five fam i lies have been de -
tected: Cetorhinidae Gill, Centrophoridae Bleeker, Clupeidae
Cuvier, Merluccidae Gill and Trichiuridae Rafinesque. Study of
their tax on omy was made by a youn ger au thor (MB-W). These
grav elly marls are ma trix-sup ported, dis or ga nized, of ir reg u lar
thick ness and with dis tinct ero sional bases that in di cate or i gin
as de bris flows. The Dynów Marls unit is fol lowed by the
Rudawka Tractionites unit, about 2 m thick, com posed pre dom -
i nantly of shales and sand stones. In the up per part of this unit
two thin lay ers of lam i nated lime stones have been ob served.
These lime stones re flect cal car e ous nannoflora blooms (Krho -
vský, 1981; Haczewski, 1989) and are dis tin guished as the
Tylawa Lime stones and con sid ered as a re gional marker ho ri -
zon (e.g., Kotlarczyk et al., 2006; Ciurej and Haczewski, 2012). 

MATERIAL AND METHODS

The ma te rial avail able for the pres ent study con sists en tirely 
of spec i mens gath ered from two quar ries (JP1 and JP2) by the
au thors dur ing field work be tween 2007 and 2009. The field ob -
ser va tions showed that the bi valve fauna oc curs only in the up -
per part of the Dynów Marls. Sam pled lev els at the Jabłonica
Polska 2 site are marked in Fig ures 3 and 6. The bi valve spec i -
mens were sep a rated from dark brown si li ceous marls. Spec i -
mens were whit ened with MgO and pho to graphed with a Nikon
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Fig. 4. Cor re la tion of the Lower Oligocene de pos its yield ing the mol lus can fauna in the Ždanice Unit (af ter Krhovský
et al., 1992), the Silesian Nappe (af ter Kotlarczyk et al., 2006), the Boryslav-Pokuttya Nappe (af ter Gruzman, 1990) 

and the Mar ginal Fold Nappe (af ter Rusu, 1999; Melinte-Dobrinescu and Brustur, 2008) 

https://gq.pgi.gov.pl/article/view/7850/pdf_105


D-50 dig i tal cam era. The fos sils are gen er ally un fa vour ably pre -
served and the shell ma te rial is partly dis solved (Fig. 7). The
spec i mens are fre quently in com plete and/or ar tic u lated, so in
many cases it was not pos si ble to study the in side of the shell.
De spite many prob lems – valves em bed ded in the rock, frag -
mented ma te rial, im prints and moulds of shell in te ri ors – the
fauna al lows palaeo eco logi cal in ter pre ta tion. 

The shell ma te rial has been com pared with sev eral his tor i -
cal col lec tions. In pre par ing the pres ent re port, we had ac cess
to: (1) a large col lec tion of Solenovian (mid Early Oligocene; for
its age see Fig. 5) bi valves from South Rus sia, Geor gia and
Kazakhstan col lected by Merklin (1961, 1974), Popov and
Titova (1982), Voronina and Popov (1984) and Popov et al.
(1993b), and a ref er ence col lec tion of Solenovian bi valves from

Ukraine, housed in the Borissiak Paleontological In sti tute, Rus -
sian Acad emy of Sci ences in Mos cow (PIN); (2) the Hamrat
Col lec tion kept at the Hun gar ian Nat u ral His tory Mu seum in Bu -
da pest il lus trated, in part, by Báldi (1986); (3) a large col lec tion
of Rupelian bi valves from Transylvania gath ered by Moisescu
(1972) and pre sented to the Grigore Antipa Na tional Mu seum of 
Nat u ral His tory in Bu cha rest, and (4) spec i mens of Solenovian
bi valves col lected by Rusu (1977, 1988) and stored in the Geo -
log i cal In sti tute in Bu cha rest.

The Carpathian bi valve ma te rial doc u mented herein is all
de pos ited at the Pol ish Acad emy of Sci ences Mu seum of the
Earth in War saw, Po land (abbr. MZ) un der the cat a logue num -
bers MZ VIII Ml 3865 – MZ VIII Ml 3891 and MZ VIII Ml-3904 –
MZ VIII Ml-3954.
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Fig. 5. Time frame work of the Late Eocene to Early Mio cene 
af ter the In ter na tional Strati graphic Chart 2013

Cal car e ous nannoplankton stan dard zones are those of Mar tini (1971); the Cen tral Paratethys 
ages are adopted from Rusu et al. (1996), and Piller et al. (2007); East ern Paratethys ages

fol low Popov et al. (2004, 2009b) 



RESULTS

FAUNAL COMPOSITION

One hun dred twenty bi valve spec i mens were col lected in
the Dynów Marls dur ing this study. The bi valve fauna from the
Jabłonica Polska 1 site in cludes nine spe cies, while the fauna
col lected in the Jabłonica Polska 2 site is rep re sented by thir -
teen spe cies. Some spec i mens are at trib uted only to ge neric
level due to un fa vour able pres er va tion. The tax o nomic com po -
si tion of the bi valve fauna from both Jabłonica Polska sites is
sum ma rized in Ta ble 1. A to tal of 16 bi valve spe cies have been
iden ti fied that rep re sent six gen era be long ing to five fam i lies.

Among these, spe cies be long ing to the cardiid ge nus Cerasto -
derma Poli and the myid ge nus Janschinella Merklin are by far
the most abun dant el e ments. 

Based on the col lec tions stored in the Borissiak Paleonto -
logical In sti tute RAS and rel e vant lit er a ture (Merklin, 1961,
1974; Nossovsky, 1962; Veselov and Sheremeta, 1964; Rusu,
1977, 1999; Kojumdgieva and Sapundgieva, 1981; Popov and
Titova, 1982; Báldi, 1984, 1986; Kazakhashvili, 1984; Voronina
and Popov, 1984; Popov et al., 1985, 1993b; Rusu et al., 1996;
Schultz, 2003, 2005;  éslamoÈlu et al., 2010), data on the strati -
graphic range and palaeogeographic dis tri bu tion of each taxon
iden ti fied are briefly pre sented be low.

Cerastoderma serogosicum (Nossovsky) (Figs. 7A and
8A, B). The spe cies Cardium serogosicum was cre ated by

Oligocene bivalve faunas from the Silesian Nappe, Polish Outer Carpathians... 323

Fig. 6. Ex po sure of the Menilite Beds at Jabłonica Polska 2

A – east ern wall of the aban doned small quarry near Jabłonica Polska; ar rows in di cate bi valve-bear ing 
lev els; B – marl lenses in cal car e ous shales, 1 m be low marls with crushed mol lus can shells;

 C – lower part of the Dynów Marls with len tic u lar cherts 



Nossovsky (1962: 30, pl. 5, figs. 1–4) on the ba sis of ma te rial
found in core ma te rial of the Nizhniy Serogozy bore hole in the
re gion of Kherson, Ukraine. Re search on Lower Oligocene suc -
ces sions has shown Cerastoderma serogosicum to be wide -
spread through out the Paratethys and mod er ately abun dant in
dif fer ent bas ins. Its oc cur rence in the Euxino-Cas pian Ba sin
Sys tem has been doc u mented in dif fer ent lo cal i ties of the Up -
per Solenovian Serogozy Suite of the Black Sea Re gion,
Ukraine (Nossovsky, 1962; Veselov and Sheremeta, 1964;
Popov et al., 1993b), in the Ezerovo Fm. of the High Thracian
Ba sin, Bul garia (Kojumdgieva and Sapundgieva, 1981), in the
Solenovian Otskhe Beds and the Tskhruta-Tsakhana Suite of
Akhaltsikhe, in the Avchaly Suite of Kartli and the Congeria
Beds of Guria in Geor gia (Merklin, 1974; Voronina and Popov,
1984; Popov et al., 1993b), and in both the Solenovian South
Mangyshlak Suite of the Mangyshlak Pen in sula and the Tamdy
Suite of the North ern Ustyurt Pla teau in Kazakhstan (Merklin,
1974; Popov et al., 1985, 1993b). It is also re corded in the
Kiscellian Ileanda and Creaca for ma tions in Transylvania, Ro -
ma nia (Rusu, 1977, 1988; Rusu et al., 1996) and in both Bi tu mi -

nous Marls and Lower Dysodilic Fm. of the Outer Carpathians
in Ro ma nia (Rusu, 1999).

Korobkoviella kiktenkoi (Merklin). The spe cies Cerasto -
derma (Korobkoviella) kiktenkoi was es tab lished by Merklin
(1974: 98, pl. 39, figs. 7–11) based on fos sils found in the
Bolshaya Kostromka bore hole in the Black Sea Re gion. This
spe cies des ig nated by Merklin (1974: 97–98) as a type spe cies
of the sub ge nus Cerastoderma (Korobkoviella) is re stricted to
the Oligocene Paratethys. Up to now it has been re ported from
the Solenovian Otskhe Beds of Akhaltsikhe and the Solenovian
Urbnisia Beds of the Avchaly Suite in Geor gia (Popov and
Titova, 1982; Popov et al., 1993b) and from the Lower
Tsraudon Suite of North Ossetia–Alania in the Rus sian Fed er a -
tion (Popov et al., 1993b). Its oc cur rence in the Lower Kiscellian 
of Aus tria was only pre sumed: in the opin ion of Schultz (2003:
562–563), Aus trian spec i mens de scribed as Cardium lipoldi
rep re sent Korobkoviella kiktenkoi. In con trast to the state ment
of Schultz (2003), the pres ent au thors re gard Korobkoviella
kiktenkoi (Merklin, 1974) and K. lipoldi (Rolle, 1858) as dif fer ent, 
al beit closely al lied, spe cies. The lat ter was cre ated by Rolle
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Fig. 7. Pres er va tion state of bi valve shells from the Dynów Marls

A – Cerastoderma serogosicum (Nossovsky, 1962), ex te rior of left valve (MZ VIII Ml-3877/1); B – Lenticorbula cf.
sokolovi (Karlov, 1962), in ter nal mould of right valve (MZ VIII Ml-3871/1); C – Lentidium cf. ustjurtense Merklin,
1974, in ter nal mould of two right valves (MZ VIII Ml-3873); D – Lentidium ustjurtense Merklin, 1974, ex te rior of left
valve (top) and frag ment of Cerastoderma sp. (mid dle) with quartz grains (g), var i ous un de ter mined frag ments of
fish-bones (fb) and fish scales (fs); E – Janschinella vinogrodskii (Merklin, 1961), ar tic u lated shell, view of left
valve (MZ VIII Ml-3891/5) and im print of frag ment Korobkoviella sp. valve (top right) with quartz grains (g) and var i -
ous un de ter mined frag ments of fish-bones (fb); F – Lentidium cf. ustjurtense Merklin, 1974, ex te rior of right valve
(MZ VIII Ml-3873); scale bars 5 mm; A, E, F – Jabłonica Polska 2; B–D – Jabłonica Polska 1



(1858: 25–26, pl. 2, figs. 8–10) based on ma te rial found in the
Eocene and/or Oligocene coal-bear ing strata of the South ern
Karavanke Mts., Slovenia and dis tin guished by him as the
Sotzka-Schichten (Socka Beds). Based on its cal car e ous
nannofloral con tent Báldi (1984) cor re lated the Socka Beds
with the nannoplankton zone NP 23 (Mid dle Kiscellian). More
re cently, on the ba sis of plank tonic and ben thic foraminifers de -
tected in the Socka Beds Cimerman et al. (2006) re ferred this
unit to the Priabonian (Late Eocene). The oc cur rence of
Korobkoviella lipoldi has been doc u mented in the mid dle Tard
Clay of the Paleogene Hun gar ian Ba sin, Hun gary (Báldi, 1984,
1986), in the Ezerovo Fm. of the High Thracian Ba sin, Bul garia
(Kojumdgieva and Sapundgieva, 1981), in both Bizuşa and
Ileanda for ma tions in Transylvania, Ro ma nia (Rusu, 1977;
Rusu et al., 1996) and from Lower Oligocene de pos its of the
Outer Carpathians: the Dynów Marls at Křepice, in the Czech
Re pub lic (Čtyroký, 1991) and both Bi tu mi nous Marls and Lower 
Dysodilic Fm. at Piatra Neamţ in Ro ma nia (Rusu, 1999). 

Korobkoviella ahalcikhensis Popov (Fig. 8C). The spe -
cies was in tro duced by Popov (Popov and Titova, 1982: 43, pl. 5, 
figs. 22, 23) based on spec i mens found in the Solenovian de pos -
its at the vil lage of Chvinta, near the town of Akhaltsikhe in Geor -
gia. It has been also de tected in sev eral lo cal i ties of the
Solenovian Otskhe Beds of Akhaltsikhe and Urbnisia Beds of the 
Avchaly Suite of Geor gia (Popov and Titova, 1982). The avail -
able ev i dence sug gests that in other parts of the Para tethys
Korobkoviella ahalcikhensis is rarely en coun tered. It is only
known from the Solenovian Tsraudon Suite of North
Ossetia–Alania in the Rus sian Fed er a tion (Popov et al., 1993b).

Lenticorbula sokolovi (Karlov) (Figs. 7B and 8F–H).
Amongst Lenticorbula spe cies rec og nized within the Oligocene
Paratethyan fauna, Lenticorbula sokolovi is rel a tively com mon.

The spe cies Lentidium sokolovi was cre ated by Karlov (1962:
104, pl. 1, figs. 1–8) on the ba sis of ma te rial doc u mented within
the Serogozy Suite in the core of the Novo-Nikolayevka bore -
hole in the Black Sea Re gion. It is es tab lished that Lenticorbula
sokolovi in hab ited the Euxine-Cas pian area since the
Pshekhian (ear li est Oligocene) and per sisted up to the ter mi nal
Kalmykian (lat est Oligocene) (Merklin, 1974; Popov et al.,
1993b). So far its old est re cord through out the Paratethys is
from the Pshekhian Ashcheairyk Suite of the North ern Ustyurt
Pla teau in Kazakhstan (Merklin, 1974). Its oc cur rence in the
Solenovian has been doc u mented in the Tsraudon Suite of
North Ossetia–Alania in the Rus sian Fed er a tion (Popov et al.,
1993b), in the Congeria Beds of Guria, the Otskhe Beds and
Tskhruta Suite of Akhaltsikhe and the Avchaly Suite of Kartli in
Geor gia (Merklin, 1974; Popov et al., 1993b) as well as in the
Tamdy Suite of the North ern Ustyurt Pla teau, Kazakhstan
(Merklin, 1974). Its pres ence is well-doc u mented in the Ezerovo 
Fm. of the High Thracian Ba sin, Bul garia (Kojumdgieva and
Sapundgieva, 1981). The avail able data sug gests that in the
Kalmykian (Late Oligocene) of the Paratethys Lenticorbula
sokolovi is rarely en coun tered: its youn gest re cords are in a few
lo cal i ties of Kalmykian Sivash Suite of Ukraine and the Koktur -
nak Beds of the north ern Aral Re gion, Kazakhstan (Merklin,
1974). Its oc cur rence in the Mid dle Kiscellian has been doc u -
mented in the Bizusa Marls and Creaca Clays of the Ileanda
Fm. in Transylvania, Ro ma nia (Rusu, 1977).

Lenticorbula slussarevi (Merklin). Merklin (1974: 144, pl.
48, figs. 16–22) erected the sub spe cies Corbula (Lenticorbula)
sokolovi slussarevi on the ba sis of the Solenovian ma te rial found
in the Chilikta Suite of the north ern Aral Re gion in Kazakhstan.
The pres ence of this taxon is doc u mented in sev eral ex po sures
of the Serogozy Suite of the Black Sea Re gion (Veselov and
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T a  b l e  1

List of bi valve spe cies from two quar ries near the Jabłonica Polska vi cin ity show ing
num ber of spec i mens found in each quarry 

JP1 – Jabłonica Polska 1 site; JP2 – Jabłonica Polska 2 site



Sheremeta, 1964, as Corbula sp.) and from the Solenovian
Otskhe Beds, the Tskhruta Suite of Akhaltsikhe and the Avchaly
Suite of Kartli in Geor gia (Popov and Titova, 1982: 38–41, as C.
subtriangula). More over, Lenticorbula slussarevi was pre vi ously
re ported from the Lower Oligocene Ezerovo Fm. of the High
Thracian Ba sin in south ern Bul garia (Kojum dgieva and Sapun -
dgieva, 1981, as L. sokolovi slussarevi), from the Solenovian
Pinarhisar Fm. of Thrace, Tur key (�slamoÈlu et al., 2010), and
from the Lower Solenovian Tsraudon Suite of North Osse -
tia–Ala nia in the Rus sian Fed er a tion (Popov et al., 1993b). 

Lenticorbula mefferti Titova. The mod er ately large,
well-char ac ter ized spe cies Corbula (Lenticorbula) mefferti was
in tro duced by Titova (Popov and Titova, 1982: 46–47, pl. 5,
figs. 45–47) based on ma te rial from the Oligocene Otskhe Beds 
at the vil lage of Chvinta near the town of Akhaltsikhe in Geor gia. 
It is note wor thy that through the Paratethys Lenticorbula
mefferti seems to be sparsely dis trib uted (Popov and Titova,
1982; Kazakhashvili, 1984). Un til now its spec i mens were
known ex clu sively from the Solenovian de pos its of Geor gia: the 
Otskhe Beds of Akhaltsikhe (type lo cal ity), the Avchaly Suite of
Kartli, and the Congeria Beds of Guria.

Lentidium ianischewskii (Ruchin). This es sen tially Para -
tethyan spe cies oc curs abun dantly only in the Pshekhian (low -
er most Oligocene) de pos its of the north ern Aral Re gion, from

where it was de scribed by Ruchin (1935: 49, pl. 2, fig. 11), and
in the Pshekhian Ashcheairyk Suite of the North ern Ustyurt Pla -
teau in Kazakhstan (Merklin, 1974).

Lentidium leonovi Titova (Fig. 8I). The spe cies, ex tremely 
rare in the Paratethys, has been re ported mainly from the
Solenovian de pos its of Geor gia: in the Otskhe Beds at Chvinta
(the type lo cal ity), the Tskhruta Suite of Akhaltsikhe and the
Avchaly Suite of Kartli (Popov and Titova, 1982; Kazakhashvili,
1984; Popov et al., 1993b). It was also found in the Serogozy
Suite of the Black Sea Re gion, Ukraine. The spec i mens from
the Pol ish Outer Carpathians as cribed to Lentidium aff. leonovi
re sem ble very closely Lentidium leonovi, how ever, they dif fer
from the lat ter spe cies (see Titova in Popov and Titova, 1982:
47, pl. 5, figs. 31–33), in the shell out line: they are less elon -
gated than the type Geor gian spec i mens (H/L 0.66–0.69 ver sus 
0.44–0.57) with its pos te rior part ac count ing for 66–67% of the
valve length (up to 13.5 mm). The an te rior ridge is more dis tinct
than on the typ i cal form. Con se quently, the Geor gian and
Carpathian spec i mens might be long to two, al though closely re -
lated spe cies. A de fin i tive de ci sion would re quire better-pre -
served ad di tional Carpathian ma te rial. 

Lentidium ustjurtense Merklin (Figs. 7C, D, F and 8J, K).
This oc curs abun dantly only in the Pshekhian Ashcheairyk
Suite of the north ern Ustyurt Pla teau in Kazakhstan, from where 
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Fig. 8. Se lected Early Oligocene bi valves (Solenovian-type) from the Silesian Nappe, Pol ish Carpathians

A, B – Cerastoderma serogosicum (Nossovsky, 1962): A – ex te rior of right valve (MZ VIII Ml-3867), B – ex te rior of left valve (MZ VIII
Ml-3877/1); C – Korobkoviella cf. ahalcikhensis Popov, 1982, ex te rior of left valve (MZ VIII Ml-3881/1); D – Korobkoviella sp., ex te rior of left
valve (MZ VIII Ml-3855); E – Mytilopsis kochi (Andrussow, 1900), ex te rior of right valve (MZ VIII Ml-3883/2); F–H – Lenticorbula sokolovi
(Karlov, 1962): F – umbonal part of right valve (MZ VIII Ml-3885/2), G – right valve with par tial shell pres er va tion (MZ VIII Ml-3885/1); H – ex -
te rior of right valve (MZ VIII Ml-3868/3); I – Lentidium aff. leonovi Titova, 1982: in te rior of left valve (MZ VIII Ml-3886/2); J, K – Lentidium
ustjurtense (Merklin, 1974): J – rub ber rep lica of left valve (MZ VIII Ml-3888/2), K – ex te rior of left valve (MZ VIII Ml-3888/1); L, M –
Janschinella vinogrodskii (Merklin, 1961): L – ex te rior of right valve (MZ VIII Ml-3874/1), M – ex te rior of right valve (MZ VIII Ml-3890/1); scale
bars 10 mm; A, D, L – Jabłonica Polska 1; B, C, E, F–K, M – Jabłonica Polska 2



it was de scribed (Merklin, 1974: 147, pl. 49, figs. 15–21). Its oc -
cur rence was also re ported from the Mid dle Kiscellian Ileanda
Fm. in Transylvania, Ro ma nia (Rusu, 1977). The ge nus
Lentidium de Cristofori et Jan, 1832 [=Corbulomya Nyst, 1843]
shows def i nite bo real af fin i ties and it is pos si ble that Lentidium
donaciforme (Nyst, 1836) re corded in the Lower Oligocene of
Bel gium, France and Ger many (Gitton et al., 1986; Marquet et
al., 2008) as well as in the basal part of the Lower Oligocene
(Pshekhian) of Kazakhstan is the most prob a ble an ces tor of
Lentidium ustjurtense Merklin, 1974.

Janschinella vinogrodskii (Merklin) (Figs. 7F, 8L, M).
This thin-shelled spe cies was de scribed by Merklin (1961: 86,
pl. 9, figs. 6–9) on the ba sis of ma te rial col lected from the bore -
hole in Bolshaya Kostromka, South Ukraine. It shows a wide
dis tri bu tion within the Early Oligocene Paratethys. It oc curs
abun dantly in the Lower Solenovian Molochanskaya Suite of
the Black Sea Re gion, Ukraine (Veselov and Sheremeta, 1964; 
Popov et al., 1993b), the Up per Solenovian Serogozy Suite,
Ukraine (Nossovsky, 1962; Veselov and Sheremeta, 1964;
Merklin, 1974) as well as in the Solenovian Suite of Ergeni in
Rus sia (Popov et al., 1993b). The pres ence of Janschinella
vinogrodskii is doc u mented in the Tsraudon Suite of North
Ossetia–Alania in the Rus sian Fed er a tion (Popov et al., 1993b) 
and from the Solenovian de pos its of Geor gia: the Otskhe Beds
and the Tskhruta Suite of Akhaltsikhe, and the Avchaly Suite of
Kartli (Popov and Titova, 1982; Kazakhashvili, 1984; Voronina
and Popov, 1984; Popov et al., 1993b). It was re ported (as
Janschinella melitopolitana) from the Mid dle Kiscellian of Aus -
tria (Schultz, 2005), the mid dle Tard Clays of the Hun gar ian
Paleogene Ba sin (Báldi, 1984,1986), the Ileanda Fm. in
Transylvania, Ro ma nia (Rusu, 1977) and the Ezerovo Fm. of
the High Thracian Ba sin in Bul garia (Kojumdgieva and Sapund -
gi eva, 1981), in the Pinarhisar Fm. of Thrace in Tur key
(�slamoÈlu et al., 2010). More over, the pres ence of Jans -
chinella vinogrodskii is doc u mented in the Up per Pshekhian
Varkhan Beds of Akhaltsikhe, Geor gia (Popov et al., 1993b).
The spe cies Janschinella vinogrodskii (Merklin) has never been 
re ported from any other Carpathian lo cal i ties (Čtyroký, 1991;
Rusu, 1999) whereas both the Bi tu mi nous Marls and the Lower
Dysodilic Fm. of the Ro ma nian Outer Carpathians so far have
yielded spec i mens of Janschinella garetzkii (Merklin), the type
spe cies of the ge nus Janschinella by orig i nal des ig na tion (see
Merklin, 1961: 84–85, pl. 9, figs. 6–9).

Mytilopsis kochi (Andrussow) (Fig. 8E). Andrussow
(1900: 75–76, pl. 1, figs. 8–11) de scribed the spe cies Congeria
kochi on the ba sis of ma te rial col lected from the Oligocene de -
pos its of the Almash Ba sin in Transylvania. The Transylvanian
spec i mens from the Cetate Beds in the Almash Ba sin as cribed
by Moisescu (1964) as Congeria tenuissima are, in the opin ion
of Kojumdgieva and Sapundgieva (1981), in dis tin guish able
from Congeria kochi and should be treated as a sin gle spe cies
named kochi, ac cord ing to the pri or ity rule. The spe cies
Mytilopsis kochi was known from the Up per Oligocene Ezerovo
Fm. of the High Thracian Ba sin in Bul garia (Kojumdgieva and
Sapundgieva, 1981). It was also re ported (as Congeria
tenuissima, Moisescu) from both the Pshekhian Karatuban and 
Varkhan Beds of Akhaltsikhe in Geor gia and from the
Solenovian Tsraudon Suite of North Ossetia–Alania in the Rus -
sian Fed er a tion as well as from the Solenovian Otskhe Beds
and Tskhruta Suite of Akhaltsikhe, the Avchaly Suite of Kartli
and the Congeria Beds of Guria in Geor gia (Popov and Titova,
1982). Its oc cur rence is also known from the Up per Oligocene
(Kalmykian) Kokturnak Beds of the north ern Aral Re gion in
Kazakhstan (Merklin, 1974; Popov et al., 1993a).

FAUNAL AFFINITIES

With re spect to tax o nomic com po si tion, the stud ied as sem -
blages in clude mainly spe cies rep re sent ing typ i cal in dex-taxa
for the Solenovian stage of the East ern Paratethyan (Voronina
and Popov, 1984, 1985; Popov et al., 1985, 1993b). The
Solenovian bi valve fau nas are char ac ter ized by a small num ber 
of fam i lies, poor ge neric com po si tion and the ab sence of fully
ma rine stenohaline taxa. It is dom i nated by en demic taxa be -
long ing to euryhaline bi valve fam i lies such as the Cardiidae
Lamarck, Cultellidae Davies, Dreissenidae Gray, Rzehakiidae
Korobkov, Myidae Lamarck, Cyrenidae Gray and Corbulidae
Lamarck, of which the fam ily Cardiidae reaches par tic u larly
high tax o nomic di ver sity. It em braced pre dom i nantly the ex tinct
Oligocene Paratethyan gen era Bessia Kojumdgieva et
Sapungieva, Korobkoviella Merklin and Merklinicardium Popov
and en demic spe cies of the gen era Parvicardium Monterosato
and Cerastoderma Poli of which mod ern rep re sen ta tives are
able to adapt to en vi ron ments with a wide range of sa lin ity.
Other en demic gen era oc curred through out the Paratethys:
Ergenica G. Popov and Urbnisia Goncharova (Rzehakiidae, al -
beit ac cord ing to the World Reg is ter of Ma rine Spe cies these
gen era should be in cluded within the fam ily Veneridae), Jans -
chinella Merklin (Myidae) and Lenticorbula Merklin (Corbu -
lidae). More over, the pres ence of the ge nus Loripes Poli (Luci -
ni dae), and en demic spe cies of the gen era Siliqua Megerle von
Mühlefeld (Cultellidae), Mytilopsis Conrad (Dreissenidae),
Polyme soda Rafinesque (Cyrenidae) and Lentidium Cristofori
et Jan (Corbulidae) sug gest en vi ron men tal con di tions char ac -
ter ized by a wide range of phys i cal-chem i cal pa ram e ters such
as ion com po si tion and wa ter sa lin ity. 

Close in spec tion of Ta ble 1 shows that a num ber of spe cies
have strati graphic/ecologic sig nif i cance. The as sem blages stud -
ied show strong af fin i ties with those doc u mented in the
Solenovian strata of the Euxino-Cas pian Ba sin Sys tem of the
Paratethys. The spe cies Cerastoderma serogosicum (Nosso -
vsky), Lenticorbula sokolovi (Karlov), Lenticorbula slussarevi
(Merklin) and Janschinella vinogrodskii (Merklin) have the wid est
geo graphic dis tri bu tion within the Paratethys and are most com -
mon in Solenovian strata that were de pos ited pre dom i nantly in
shal low-ma rine and brack ish-wa ters (Voronina and Popov,
1984, 1985; Popov et al., 1993a, b; Popov and Studencka,
2015). Of the four spe cies men tioned above, the oc cur rence of
three is lim ited to the Solenovian and Lower Kiscellian (dated
NP23); only Lenticorbula sokolovi also oc curs in the Pshekhian
(dated NP22). The oc cur rence of five spe cies: Cerastoderma
serogosicum (Nossovsky), Lenticorbula soko lovi (Karlov), Lenti -
dium ustjurtense Merklin, Janschinella vinogrodskii (Merklin) and 
Mytilopsis kochi (Andrussow) has been doc u mented in both the
Solenovian of the Euxine-Cas pian Ba sin Sys tem and the Lower
Kiscellian of the Paleogene Hun gar ian and Transylvanian bas ins 
(Merklin, 1974; Rusu, 1977; Kojumdgieva and Sapundgieva,
1981; Báldi, 1984, 1986; Popov et al., 1985, 1993b). The pres ent 
re search shows the first oc cur rence of Korobkoviella kiktenkoi
(Merklin), Koro bko viella ahalcikhensis Popov and Lenticorbula
mefferti Titova in the Lower Oligocene be yond the Euxine-Cas -
pian Ba sin Sys tem.

PALAEOENVIRONMENTAL CONSIDERATIONS 

It is as sumed that en vi ron men tal fea tures such as sa lin ity,
strat i fi ca tion of wa ter col umn and con di tions at the ba sin bot tom 
of the Solenovian–Early Kiscellian Paratethys were sim i lar to
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those of the Ho lo cene Black Sea (e.g., Rusu, 1977, 1988; Rögl, 
1999; Báldi, 1984; Schulz et al., 2005). Thus, it is of some in ter -
est to com pare the bi valve fau nas of the two bas ins. The most
com pre hen sive study con cern ing the lat ter fauna was done by
Nevesskaja (1961, 1965), who in ves ti gated a se ries of about 70 
bore hole sec tions (each ca. 3 m long) in both the Black and
Azov seas which al lowed rec og ni tion of bi otic events and re -
con struc tion of en vi ron men tal changes dur ing the lat est Qua -
ter nary. Much in ter est was fo cused on the eco log i cal re quire -
ments of par tic u lar spe cies as a clue to un der stand the com po -
si tion of the mod ern Black Sea fauna. Ini tially, five bi valve as -
sem blages were rec og nized (Nevesskaja, 1961). Their com po -
si tion changes sig nif i cantly through the sec tions stud ied, re -
flect ing changes in sa lin ity. The lower as sem blage, char ac ter -
ized by Dreissena polymorpha (Pallas), Monodacna pontica
(Eichwald) and Adacna euxinica Nevesskaja shows strong af -
fin i ties to the mod ern Cas pian fauna. The sec ond one sug gests 
the pos si bil i ties of a ma rine con nec tion to wards the Med i ter ra -
nean: the Cas pian-type fauna was ac com pa nied by very rare
euryhaline taxa, such as Cerastoderma glaucum (BruguiÀre),
Abra segmentum (Récluz) and Lentidium mediterranum (da
Costa). In the mid dle as sem blage, the dom i nance of the three
spe cies men tioned above, which are ex tremely tol er ant of sa lin -
ity vari a tions, is ob served (C. glaucum: 2.5–35‰; A. segmen -
tum: 4–45‰; L. mediterranum: 7–18‰) to gether with other
brack ish wa ter-tol er ant taxa i.e. Mytilaster lineatus (Gmelin)
and Parvicardium exiguum (Gmelin). No ta bly, the abun dance
of Dreissena polymorha de creases largely while Monodacna
pontica and Adacna euxinica are miss ing. The next, fourth as -
sem blage with Cerastoderma glaucum ac ces sory and dom i -
nant Mytilus galloprovincialis Lamarck, Spisula subtruncata (da 
Costa) and Chamelea gallina (Linneaus), in di cates ma rine in -
flu ence. Es tab lish ment of more sta ble ma rine con di tions pro -
foundly in flu enced the com po si tion of the lat ter as sem blage. It
is char ac ter ized by the dom i nance of Lucinella divaricata
(Linnaeus), Gouldia minina (Montagu), Pitar rudis (Poli) and by
ac com pa ny ing taxa, such as Moerella donacina (Linnaeus) and 
Irus irus (Linnaeus).  

The re con struc tion of en vi ron men tal changes based on bi -
valve as sem blages pre sented by Nevesskaja (1961, 1965) is in 
good agree ment with the in ves ti ga tion of cal car e ous nanno -
plankton as sem blages from the Ho lo cene de pos its of the NW
Black Sea. They also sug gest pro gres sive in crease of sa lin ity:
from fresh-wa ter lac us trine con di tions around 7 kyr BP to more
sta ble ma rine con di tions, with av er age sa lin ity sur face wa ter of
17–18‰ (Giunta et al., 2007; Oaie and Melinte -Dobrinescu,
2012).

Ac cord ing to the sys tem atic de scrip tion by Nevesskaja
(1965), at least 43 spe cies, rep re sent ing 22 fam i lies, are pres -
ent in the mod ern Black Sea fauna. The fam ily Cardiidae
Lamarck is the most di verse and abun dant group, fol lowed by
the Mytilidae Rafinesque and Semelidae Stoliczka. The mod -
ern Black Sea bi valve fauna dem on strates es sen tially Med i ter -
ra nean af fin i ties, show ing as high as 80% iden tity at the spe cies 
level. In com par i son with the Med i ter ra nean fau nas, how ever, it 
is char ac ter ized by euryhaline taxa that are able to adapt to
mesohaline con di tions. From among 38 spe cies which are in
com mon with the Med i ter ra nean, 19 spe cies do not sur vive at
sa lini ties <17–18‰. Among them Modiolula phaseolina
(Philippi), Lucinella divaricata (Linnaeus), Parvicardium papillo -
sum sim ile Milaschevitsch, Gouldia min ima (Montagu), Pitar
rudis (Poli) and Gastrochaena dubia (Pen nant) are abun dant.
Sig nif i cantly, most of these spe cies are rep re sented by spec i -
mens smaller than those from the Med i ter ra nean, sug gest ing a
sub-op ti mal en vi ron ment. Whilst large spec i mens of three spe -

cies eas ily tol er at ing sa lin ity vari a tions – Cerasto derma
glaucum, Abra segmentum and Lentidium mediterra num – oc -
cur pre dom i nantly in ar eas lo cated close to river mounths.

All the above data in di cate that the mod ern fauna of the Black 
Sea de vel oped by mi gra tion of spe cies from the Med i ter ra nean
whereas the Solenovian–Early Kiscellian Paratethys fauna has
been in her ited from the pre vi ous ear li est Rupelian North ern
Peri-Tethys as a re sult of the clo sure of both the North Sea and
Proto-Med i ter ra nean sea ways. Con trary to the mod ern Black
Sea bi valve fauna that is char ac ter ized by a low level of
endemism and a high per cent age of spe cies in com mon with the
Med i ter ra nean, those pop u lat ing the Early Soleno vian–Early Kis -
cellian Paratethys show highly en demic char ac ter. Ad di tion ally,
the Early Solenovian–Early Kiscellian Para tethys fauna con tains
sig nif i cantly fewer fam i lies as com pared to the Re cent Black Sea
bi valve fauna (8 ver sus 22). The bi valve gen era re stricted to the
Paratethys con sti tute >50% of the Early Solenovia–Early Kis -
cellian fauna. Ex tremely low di verse bi valve as sem blages (fre -
quently com posed of three to four spe cies) to gether with a spe -
cific ostracod as so ci a tion (Nikolaeva, 1998; Popov et al., 2002;
Monostori, 2008) and a nearly mono typic cal car e ous nanno -
plankton flora (see Veselov and Lul’eva, 1980; Krhovský et al.,
1992; Nagymarosy and Voro nina, 1992; Melinte-Dobrinescu and 
Bruster, 2008) pro vide good ev i dence that sa lin ity in the
Paratethys was lower than in the pres ent-day Black Sea. This is
in agree ment with the sug ges tion pre sented by Rusu (1977,
1988) who es ti mated a sa lin ity be tween 12 and 15‰. 

On the other hand, the bi valve as sem blages pop u lat ing the
Paratethys dur ing Late Solenovian–Mid dle Kiscellian are char -
ac ter ized by co-oc cur rence of dom i nant en demic Paratethyan
el e ments, with ac com pa ny ing euryhaline spe cies of bo real or i -
gin such as Nucula compta Goldfuss (Nuculidae), Saccella
westen dorpi (Nyst) (Nuculanidae), Glossus subtransversus
d’Orbigny (Glossidae), Peronidia nysti (Deshayes) (Tellinidae),
Callista beyrichi (Sem per) and Cordiopsis westendorpi (Nyst)
(Veneridae), and Cyrtodaria angusta (Nyst et Westendorp)
(Hiatellidae). These (mixed) as sem blages are known from up -
per Solenovian shal low-wa ter de pos its in Bul garia (up per
Ezerovo Fm., High Thracian Ba sin; Kojumdgieva and Sapun -
dgieva, 1981), Ro ma nia (Lower Dysodilic Fm., Ro ma nian Outer 
Carpathians; Rusu, 1999), North Ossetia–Alania in the Rus sian 
Fed er a tion (Tsraudon Suite; Voronina and Popov, 1984), Geor -
gia (Corbula Beds of Guria; Voronina and Popov, 1984; Popov
et al., 1993b) and in Kazakhstan (Manaysor Beds of Tamdy
Suite of the North ern Ustyurt Pla teau; Merklin, 1974; Voronina
and Popov, 1984; Popov et al., 1993b). Isochronous, more
deep-wa ter sed i ments, dark clays with py rite and jarosite, were
de pos ited in anoxic en vi ron ments (Popov and Stolyarov, 1996). 
There fore, we con clude that dur ing the Late Soleno vian–Mid dle 
Kiscellian the con di tions in the Paratethys were sim i lar to those
in the pres ent-day Black Sea, i.e. mesohaline with marked strat -
i fi ca tion of the wa ter col umn and re stricted con nec tions with
open seas.

OTHER EARLY OLIGOCENE CARPATHIAN 
BIVALVE FAUNAS

NORMAL MARINE FAUNAS 

Oc cur rences of Early Oligocene bi valve fau nas in the Pol ish 
Outer Carpathians are ex tremely rare (Figs. 1 and 9). The only
fossiliferous Lower Oligocene de pos its are known from the
Silesian Nappe, NW of Krosno (Jucha and Krach, 1962). How -
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ever, the mol lus can fau nas of ex ploited lo cal i ties at Gogołów
and Kobyle have been treated only in pre lim i nary and in com -
plete in ven to ries and un til now have not been crit i cally worked
up, and the tax on omy and no men cla ture are still con fused and
out dated. A to tal of eleven bi valve spe cies and three gas tro pod
spe cies were rec og nized within the ma te rial sam pled from the
up per most Siedliska Con glom er ate (or Siedliska Mem ber) of
the Menilite Beds (Menilite For ma tion of Kotlarczyk and Leś -
niak, 1990) at the Gogołów sec tion. They are (af ter orig i nal at tri -
bu tions given by Krach): Nucula mixta Deshayes, Leda sp.,
Limopsis cf. nana (Lamarck), Axinea pulvinata (Lamarck), Axi -
nea sp., Phacoides praecinctus Koenen, Miltha elegans (Defra -
n ce), Cardium sp., Tellina donacilis Lamarck, Corbula leonina
Oppenheim and Cor. angulata (Lamarck), and Turritella
sulcifera (Deshayes) var. paucicarinata (Lamark), Turritella sp., 
and Fusus sp. In the same strati graphic po si tion (di rectly above
the Globigerina marls rep re sent ing the up per most part of the
Eocene); at the Kobyle III sec tion only very poor pre served
spec i mens of Leda sp., Phacoides sp. and Pleurotoma sp.
were found (Jucha and Krach, 1962). 

On the other hand, unique and more di verse mol lus can as -
sem blages were doc u mented in Lower Oligocene de pos its in
the Boryslav-Pokuttya Nappe, Ukrai nian Outer Carpathians.
These as sem blages were re corded in the Subchert Mem ber,
co eval with the Siedliska Con glom er ate, which crops out im me -
di ately be low the Chert Mem ber, a sig nif i cant ho ri zon at the
base of the Menilite se ries (Menilite For ma tion of Gozhyk et al.,
2015) of the Outer Carpathians. The mol lus can con tent of the
basal part of the Oligocene Menilite se ries is known from the
stud ies of Maximov (1961, 1963, 1987), Studencka et al. (1999) 
and Popov et al. (2009a). The bi valve fauna from the Up per
Eocene and the Oligocene Menilite se ries of the Ukrai nian
Outer Carpathians has been stud ied by A. Maximov dur ing the
1950s. His un pub lished Ph.D the sis (Maximov, 1959) doc u -
ment ing 63 bi valve spe cies is stored in the Rus sian State Li -
brary in Mos cow. Un for tu nately, the poor qual ity of il lus tra tions
and lack of ac cess to the orig i nal ma te rial (ap par ently lost) pre -
clude any ver i fi ca tion of Maximov’s de ter mi na tions. Only de -
scrip tions of eight new spe cies were pub lished (Maximov,

1961) and no more than a list of mol lus can spe cies is avail able
(Maximov, 1987). The same list of mol lus can spe cies was pro -
vided by Vyalov et al. (1996). 

More re cently, tax o nomic stud ies were per formed by
Studencka et al. (1999) and Popov et al. (2009a). Twice (in
1989 and 2000) the se nior au thors had the op por tu nity to un -
der take field work (in co op er a tion with O.V. Amitrov, PIN RAS,
Mos cow) in the Ukrai nian Carpathians. Mol lus can ma te rial was
ob tained from the basal part (crop ping out di rectly be low the
Chert Mem ber) of the Menilite Fm. in the Boryslav-Pokuttya
Nappe, ex posed in the Pistynka River at Kosmach and in the
Rybnytsia River at Kosiv (Figs. 9 and 10). These two sec tions of 
the Menilite Fm. were the sub ject of de tailed re search car ried
out by Gruzman (1990). Each sec tion com prises a >250 m thick 
suc ces sion of Lower Oligocene–Lower Mio cene de pos its. The
base of its lower part, dis tin guished as the Lower Menilite
Subformation, about 65 m thick, is marked by the Subchert
Mem ber at tain ing a thick ness of 10 m. This unit, rep re sented by 
a suc ces sion of mostly dark grey to black clayey-si li ceous
shales in ter ca lated with thin sand stones and dark grey cal car e -
ous sand stones, con tains fish re mains (Gruzman et al., 1962).
Oc ca sion ally, within the up per part of the Subchert Mem ber, bi -
valve and gas tro pod shells have been found. By means of an
in te grated study of plank tonic foraminifera and cal car e ous
nannofossils (the NP22 Helicopontosphaera reticulata Zone),
an ear li est Oligocene age is in di cated for the Subchert Mem ber
(Andreyeva-Grigorovich, 1987; Gruzman, 1990; Andreyeva -
-Grigorovich and Gruzman, 1994; Vyalov et al., 1996). The
Subchert Mem ber is fol lowed by the Chert Mem ber (Fig. 10B,
D), 15 m thick, com posed pre dom i nantly of thin- to me dium -
-bed ded black cherts and chalcedonites in ter ca lated – in its
basal part – with dark shales. To wards the top of the Chert
Mem ber, the amount of shales in creases and the unit slowly
grades into a suc ces sion of thin-bed ded light grey marls in ter -
ca lated with dark grey shales. In the basal part of this unit, at -
tain ing a thick ness of 30 m, a few thin lam i nated lime stone in ter -
ca la tions have been ob served. In the opin ion of Gruzman
(1990) these lime stones may be cor re lated with those de -
scribed in the Pol ish Outer Carpathian as the Tylawa Lime -
stones, at trib uted to the NP23 Zone (see Haczewski, 1989;
Ciurej and Haczewski, 2012). The Lower Menilite Subformation 
ter mi nates with a 10 m thick se quence of sand stones of Kliwa -
-type which con tains foraminifera sug gest ing an Early Oligo -
cene age (Gruzman, 1990). 

The lay ers of the Subchert Mem ber, con tain ing mol lus can
ma te rial, re veal sed i men tary struc tures in di cat ing that they
were de pos ited by de bris flows (Fig. 10C). Thirty two bi valve
spe cies and 11 gas tro pod spe cies have been iden ti fied within
the ma te rial taken from the Pistynka River sec tion at Kosmach
and 15 bi valve spe cies and 5 gas tro pod spe cies have been rec -
og nized in the Rybnytsia River sec tion at Kosiv (Popov et al.,
2009a). The tax o nomic com po si tion of the bi valve fauna from
both Kosmach and Kosiv sites is sum ma rized in Ta ble 2. Se -
lected spe cies are shown in Fig ures 11 and 12. Eco log i cally, the 
fauna con sists of two ma rine bi otic com mu ni ties. One is rep re -
sented by typ i cal shore line dwell ers strongly dom i nated by
thick-shelled rep re sen ta tives of the ge nus Glycymeris da Costa 
which fa voured sandy en vi ron ments in the lit to ral down to
depths of a few metres. On the other hand, small (<1 cm) and
del i cate thin-shelled bur row ing Thyasira, e.g., Th. benedeni (De 
Koninck), Th. inopinata Maximov and Th. turgida Maximov
found at Kosmach lo cal ity; Th. benedeni (De Koninck) and Th.
obtusa (Beyrich) from Kosiv, is con sid ered to be im por tant com -
po nent of the cir cum lit toral com mu nity in hab it ing or gan i cally en -
riched sandy muds or clays at 50–100 m depth. Some spe cies
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Fig. 9. Sche matic map of the Outer Carpathians show ing 
lo ca tion of the Lower Oligocene mol lus can-bear ing 

lo cal i ties re ferred to in this pa per

https://gq.pgi.gov.pl/article/view/7850/pdf_105


of the ge nus Thyasira Lamarck have es tab lished sym bi otic re -
la tion ships with chemoautotrophic bac te ria in their gills, the me -
tab o lism of which con trib utes con sid er ably to the nu tri tion of the 
bi valve while other spe cies are asymbiotic (Tay lor et al., 2007). 

Within the bi valve as sem blages in ques tion, gen era of north -
ern or i gin pre vail, the bo real in flu ences thus be ing clear. In ad di -
tion, ac cord ing to data by Dreger (1904) and Löffler (1999), the
Ukrai nian bi valve as sem blages show a re sem blance to the
Lower Oligocene fauna from Tirol. In re spect to the biogeo -
graphic af fin i ties, the oc cur rence of Limopsis goldfussi (Nyst),
Oblimopa ?costulata (Goldfuss), Glycymeris aff. tenuisulcata
(Koenen), Gonimyrtea droueti (Nyst), “Lucina” [?Pseudomiltha]
rostralis (Mayer et Gümbel), Thyasira benedeni (De Koninck),
Th. obtusa (Beyrich), Cyclocardia depressa (Koenen), Astarte cf. 
gracilis Münster in Golfuss, A. cf. falsopropinqua R. Janssen,
Habecardium cf. tenuisulcatum (Nyst) and Callista splendida
(Mérian in Goldfuss) places the Carpathian fauna within the
North Eu ro pean Re gion pro posed by Popov et al. (2002) [or the
Proto-At lan tic-Bo real Re gion of Harzhauser et al. (2002)] with
strong links with those of the Ger man Prov ince, whilst typ i cal el e -
ments from the Proto-Med i ter ra nean are miss ing or very rare. Of

12 bi valve spe cies from Kosmach noted by Maximov (1987) only
Cardita laurae Brongniart is a typ i cal Med i ter ra nean spe cies.
How ever, on the ba sis of de scrip tion and il lus tra tion given by
Maximov (1987: 72, pl. 1, figs. 3, 4) the spec i mens as signed to
Cardita laurae show a close re sem blance to Acturellina oswaldii
(Slodkevich) re corded in the Up per Eocene of the south ern
Ukraine and the Lower Oligocene of Cri mea (Popov et al., 1993). 
Ac cord ing to Maximov (1987), the Carpathian mol lus can fauna
dis plays high sim i lar i ties with those from the Lower Oligocene
(Khadumian) of Cri mea and Ciscaucasia. The pres ent au thors
agree with Studencka et al. (1999) and Popov et al. (2009a) that
the oc cur rence in the Carpathian ma te rial in ves ti gated of the bi -
valve ge nus Barbatia Gray, di verse lucinids and rep re sen ta tives
of gas tro pod fam i lies Turritellidae Lovén, Volutidae Rafinesque,
Conidae Flem ing and Marginellidae Fle m ing jus ti fies the dif fer -
ence be tween the mol lus can fauna from the Carpathian Early
Oligocene strata and the Khadumian as sem blages from both
Cri mea and Ciscaucasia. In ad di tion, no Paratethyan endemics
known from the Khadumian Prov ince have been found among
the Carpathian fauna (Popov et al., 2009b).  
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Fig. 10. Ex po sures of the Menilite For ma tion in the the Boryslav-Pokuttya Nappe, Ukrai nian Carpathians

A – dark grey and black clayey-si li ceous shales of the Subchert Mem ber con tain ing mol lus can shells and fish re mains, B – the
higher part of the Subchert Mem ber (left) cov ered by a suc ces sion of thin-bed ded cherts, C – de tail of the Subchert Mem ber: the
shales dis play cha otic struc tures in di cat ing that these strata rep re sent slump de pos its, D – me dium and thin-bed ded black cherts 
of the basal part of the Chert Mem ber; A, B – Kosiv upon Rybnytsia; C, D – Kosmach upon Pistynka



SOLENOVIAN – TYPE BIVALVES 

The Carpathian Early Oligocene fauna dis cussed in this pa -
per shows great sim i lar i ties to the coastal fau nas de scribed
from the Solenovian de pos its from Ukraine to Kazakhstan, with

sev eral co-oc cur rences at the spe cies level. Sim i lar bi valve as -
sem blages, dis tin guished at the ge nus level, have been de -
scribed from the Dynów Marlstone crop ping out at Křepice
(Ždanice Unit, Moravian Outer Carpathians), where Korobko -
viella cf. lipoldi (Rolle) oc curs in as so ci a tion with ?Lentico -

Oligocene bivalve faunas from the Silesian Nappe, Polish Outer Carpathians... 331

KoP – Kosmach upon Pistynka; KoR – Kosiv upon Rybnytsia  

T a  b l e  2  

List of Early Oligocene bi valves de rived from the Subchert Mem ber of the Menilite For ma tion
in the Ukrai nian Carpathians that are housed in the Pol ish Acad emy of Sci ences Mu seum

 of the Earth in War saw, Po land



rbula sp. (Čtyroký, 1991). More over, based on the col lec tions
stored at the Fac ulty of Sci ence, Uni ver sity in Brno, the pres -
ence of Urbnisia cf. lata (Goncharova) and Korobkoviella cf.
kiktenkoi (Merklin) has been doc u mented at Křepice (Popov
and Studencka, 2015). De tailed strati graphic anal y ses were
pro vided by Krhovský (1981), Krhovský et al. (1992) and
Švábe nická et al. (2007) who, based on the cal car e ous nanno -
fossil con tent, placed the Dynów Marlstone in the NP23
Sphenolithus predistentus Zone of Mar tini, the es ti mated age of 
which is be tween 29.9 and 32.3 Ma. 

A cor re spond ing bi valve fauna has also been doc u mented
at the Piatra Neamţ site from both Bi tu mi nous Marls and Lower
Dysodilic Fm. in the Mar ginal Folds Nappe, Ro ma nian Outer
Carpathians (Rusu, 1999). Ac cord ing to Rusu (1999), the bi -
valve fauna from the Bi tu mi nous Marls in cludes: Korobkoviella
lipoldi (Rolle), Polymesoda convexa (Brongniart), Lenticorbula
sokolovi (Karlov) and Janschinella garetzkii (Merklin). Ex am i -

na tion of bi valves doc u mented at the Lower Dysodilic Fm. re -
vealed Cerastoderma cf. serogosicum (Nossovsky), Korobko -
viella lipoldi (Rolle), Urbnisia lata Goncharova, Polymesoda
convexa (Brongniart) and Janschinella garetzkii (Merklin). This
unit also spo rad i cally con tains the euryhaline bo real or i gin spe -
cies Nucula compta Goldfuss, Saccella westendorpi (Nyst) and
Glossus subtransversus d’Orbigny. In the opin ion of Rusu
(1999) this sug gests brief ep i sodic con nec tion with the North
Sea. How ever, it must be em pha sized that bi valve-bear ing sed -
i ments were also de pos ited by gra di ent cur rents from near -
-shore to shelf set tings. Ac cord ing to Melinte-Dobrinescu and
Brustur (2008), lev els of lam i nated coccolith lime stones iden ti -
fied within the Lower Dysodilic Fm. may be cor re lated with
those de scribed in the Pol ish Outer Carpathian as the Tylawa
Lime stones (see Haczewski, 1989; Ciurej and Haczewski,
2012) and they yielded bloom as sem blages of Reticulofenestra
ornata Müller and Transversopontis fib ula Geţa usu ally with out
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Fig. 11. Se lected Early Oligocene shal low-wa ter bi valves from the Boryslav-Pokuttya Nappe, 
Ukrai nian Carpathians

A1, A2 – Barbatia sp. (MZ VIII Ml-3905): A1 – in te rior of left valve, A2 – ex te rior of left valve; B1, B2 – Cardites
sp.1 (MZ VIII Ml-3921): B1– in te rior of right valve, B2 – ex te rior of right valve; C – Astarte cf. gracilis Münster in
Golfuss, 1837, in te rior of left valve (MZ VIII Ml-3926/1); D – Astarte cf. falsopropinqua R. Janssen, 1979, ex te rior
of left valve (MZ VIII Ml-3927); E – Glycymeris aff. tenuisulcata (Koenen, 1893) ex te rior of left valve (MZ VIII
Ml-3940/1); F – Glycymeris aff. tenuisulcata (Koenen, 1893), in te rior of right valve (MZ VIII Ml-3910/1); scale bars 
5 mm; A–D, F – Kosmach upon Pistynka; E – Kosiv upon Rybnytsia

https://gq.pgi.gov.pl/article/view/7850/pdf_105
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any other spe cies. The low-di ver sity cal car e ous nannoflora re -
corded from the Lower Dysodilic Fm. is in dic a tive of NP23 Zone  
(Melinte, 2005; Melinte-Dobrinescu and Brustur, 2008).  

The above re view clearly shows that the fauna from the
Jabłonica Polska sites, dom i nated by Cerastoderma serogo -
sicum (Nossovsky) and Janschinella vinogrodskii (Merklin) ap -
pears to be the most di verse Carpathian as sem blage. The
fauna stud ied from the Pol ish Outer Carpathians is also one of
the most di verse within co eval de pos its of the whole Para -
tethys: the only more di verse Solenovian bi valve as sem blage is 
found in Akhalcikhe, Geor gia (Popov and Titova, 1982;
Kazakhashvili, 1984; Popov et al., 1993a). In con trast to bi valve 
shells from Jabłonica Polska, gen er ally un fa vour ably pre ser -
ved, those from Akhalcikhe are very well pre served.

THE BIRTH OF THE PARATETHYS: 
AN OVERVIEW AND COMMENTS 

The term Paratethys was in tro duced by Laskarew (1924) to
de scribe an in ter con ti nen tal sea (ex tend ing over a large area
from the Rhôn to the cur rent po si tion of the Aral Sea, for a dis -
tance of about 4,500 km) that formed north of the Al pine moun -
tain belt in the Early Mio cene (Burdigalian). Ac cord ing to Las -
karew (1924), both en vi ron men tal set tings and fauna in hab it ing
the Paratethys Sea dur ing the Early and Mid dle Mio cene did not 
dif fer from those pre vail ing dur ing that time in the [Med i ter ra -
nean] Tethys1. Only at the be gin ning of the Sarmatian (Late
Mio cene), si mul ta neously with the iso la tion of the Paratethys,
its fauna lost these sim i lar i ties and un til the end of Neo gene was 
de vel op ing in de pend ently from that of the Tethys.

Laskarew’s (1924) con cept of the Paratethys was re-de fined
sev eral times over the years. Es pe cially, the time when the
Paratethys came into ex is tence has been strongly de bated. Be -
low we dis cuss all im por tant as pects and def i ni tions of the date of 
the Paratethys or i gin. Ma jor prog ress in this field was made by
Seneš (1960, 1966) who made im por tant con tri bu tions to the
knowl edge of the com pli cated his tory of the Paratethys Sea. Ac -
cord ing to Seneš (1960), the Paratethys formed around the
Oligocene-Mio cene bound ary which co in cided chiefly with the fi -
nal sep a ra tion be tween the in ter con ti nen tal Cen tral Eu ro pean
seas and the North Sea. Based on its geodynamic and palaeo -
bio logi cal de vel op ment, he pro posed di vid ing the his tory of the
Cen tral Paratethys into three evo lu tion ary stages: Eopara tethys
(Early Mio cene, Aquitanian un til the end of the Hel ve tian, now
known to be lat est Karpatian co eval with the lat est Burdigalian),
Mesoparatethys (late Early Mio cene un til early Mid dle Mio cene,
Karpatian–Mid dle Tortonian now known to be Mid dle Badenian)
and Neoparatethys (Mid dle Mio cene till the end of the Neo gene).
As re gards fau nas, in the opin ion of Seneš (1960), the changes
in palaeo ge ogra phy were re flected by the im mi gra tion of both
West ern Med i ter ra nean and At lan tic taxa along with oc ca sional
oc cur rences of typ i cal north ern el e ments.
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Fig. 12. Se lected Early Oligocene rel a tively deep-wa ter 
bi valves from the Boryslav-Pokuttya Nappe, 

Ukrai nian Carpathians

A1, A2 – Limopsis goldfussi (Nyst, 1843), (MZ VIII Ml-3938/1): A1 –
in te rior of left valve, A2– ex te rior of left valve; B1, B2 – Thyasira
inopinata Maximov, 1987 (MZ VIII Ml-3918/1) ): B1 – in te rior of left
valve, B2 – ex te rior of left valve; C – Limopsis goldfussi (Nyst, 1843),
in te rior of left valve (MZ VIII Ml-3906/1); D – Thyasira turgida
Maximov, 1987, ex te rior of left valve, (MZ VIII Ml-3919/1); E –
“Lucina” [?Pseudomiltha] rostralis (Mayer et Gümbel, 1861) ar tic u -
lated shell, view of right valve (MZ VIII Ml-3943/1); scale bars 10 mm; 
A, E – Kosiv upon Rybnytsia; B–D – Kosmach upon Pistynka

1 In the Laskarew’s pa per the sen tence on p. 5 reads: Ainsi, pen -

dant les époques du miocéne inférieur (burdigalien – I étage

méditerranéen) et moyen (vindobonien – II étage méditer.) sur toute

l’étendue de la Paratéthys régnaient des con di tions et des faunes sem -

blables et parfaitement uniformes ́  celles de la Téthys. L’isolation de la 

Paratéthys ´ l’époque du miocÀne supérieur (sahélien ? – sarmatien)

provoqua une divergeance des con di tions et des faunes de la Téthys et 

Paratéthys qui s’accrõ continuellement jusqu’ ´ la fin des périodes

néogÀnes. 



Seneš (1966) sub se quently in tro duced the Transeuropean
bioprovince as a biogeographic en tity to which the Paratethys
has been held to be cor re la tive and vir tu ally syn on y mous. As
the com plex i ties of the Paratethys be came clearer Seneš
(1971) pro posed a re gional di vi sion into West ern, Cen tral and
East ern Paratethys, each re cord ing a dif fer ent en vi ron men tal
his tory. There fore, new re gional stages have been in tro duced
and sta bi lized in the three in di vid ual ar eas. As the old est stage
within the Cen tral (and West ern) Paratethys the Egerian has
been in di cated, roughly cor re lat ing to the Mid dle Chattian–Early 
Aquitanian. As a con se quence, the du ra tion of the Paratethys
Sea, lim ited ear lier to the Neo gene (Laskarew, 1924; Seneš,
1960), has been ex tended to the Late Oligocene. Rusu (1977)
mod i fied the con cept of the Transeuropean bioprovince as typ i -
fied by Seneš (1966), lim it ing this term to the Early Oligocene
(Rupelian) time while the term Paratethys con tin ued to be used
only for the pe riod be gin ning since Egerian time (mid Late
Oligocene). Of sig nif i cant im pact to this state ment were find ings 
of pe cu liar bi valve fau nas in the Lower Oligocene de pos its of
the Transylvanian Ba sin. This mol lus can fauna in cludes (af ter
orig i nal at tri bu tions given by Rusu, 1977), among oth ers,
Lentidium aff. ustjurtense Merklin, Cardium lipoldii Rolle, C.
serogosicum Nossovsky, Congeria aralensis Merklin,
Lentidium vinogrodskii Merklin, Corbula sokolovi sokolovi
(Karlov), Cor. sokolovi zhizchenkoi Merklin and Rzehakia
cimlanica Popov. The oc cur rence of these bi valves along with
the en demic cal car e ous nannoplankton spe cies Reticulofe -
nestra ornata Müller, ac cord ing to Rusu (1977), had con sid er -
able im por tance for the cor re la tion of the Transylvanian Oligo -
cene to the Euxine-Cas pian Lower Oligocene (Solenovian). Ex -
ten sive geo log i cal and palaeontological in ves ti ga tions un der -
taken by Báldi (1979, 1980) in the Hun gar ian Paleogene Ba sin
were strongly con sis tent with the data from the Transylvanian
Ba sin ac quired by Rusu (1977). Con trary to pre vi ously held as -
sump tions con cern ing the date of the Paratethys or i gin Báldi
(1979, 1980) pos tu lated that this hap pened in the ear li est
Oligocene, and in tro duced the Kiscellian as the first re gional
Cen tral Paratethyan stage, above the Priabonian and be low the 
Egerian. Ac cord ing to Báldi (1979, 1980), the Paratethys or i gin
was re flected by abrupt, fun da men tal change in the depo -
sitional sys tem: the car bon ate suc ces sion was in ter rupted by
siliciclastic sed i men ta tion. Báldi (1979, 1980) as so ci ated this
im por tant shift in li thol ogy from car bon ate to terrigenous de po -
si tion with the ma jor change in ben thic fau nas: clear West ern
Tethyan af fin i ties were re placed by strong bo real in flu ences. 

There are, how ever, sev eral prob lems as so ci ated with the
cri te ria de fin ing the date of the Paratethys birth as given by
Báldi (1979, 1980). Firstly, it is now clear that the palaeog -
eographic sep a ra tion of the North ern Peri-Tethys bas ins from
the World Ocean was dur ing Late Paleogene time (Nevesskaja
et al., 1987; Rögl, 1998, 1999; Meulenkamp et al., 2000; Popov
et al., 1993a, 2002, 2004; Meulenkamp and Sissingh, 2003).
Sec ondly, in spite of the broad con nec tion of par tic u lar bas ins
within the North ern Peri-Tethys (Fig. 13), a ho mo ge neous
fauna and flora had not de vel oped, due to con spic u ous cli ma tic
lat i tu di nal zonations that oc curred dur ing this in ter val (Popov,
1994; Amitrov, 1996, 1998). The Eocene-Oligocene bound ary
wit nessed a sig nif i cant re or ga ni za tion of biota in hab it ing the
Euxine-Cas pian area of the North ern Peri-Tethys; the East ern
Paratethys is con sid ered as its palaeo geo graphi cal and geo -
log i cal de scen dant. Dras ti cally re duced di ver sity of both plank -
ton and benthos has been ob served even along its south ern
mar ginal parts. Sig nif i cant fau nal im pov er ish ment co in cid ing
with strong endemism led to the or i gin of the Khadumian Prov -
ince within the North Eu ro pean Re gion, as pro posed by Popov
et al. (2002). Gen er ally, at ge neric level the ear li est Oligocene

mol lus can fauna of the Khadumian Prov ince dis plays af fin i ties
to those of the Rupelian in Bel gium, France and Ger many
(Popov et al., 1993b, 2002; Amitrov, 1996, 1998). As ob served
for the bi valves, the east ern part of the Euxine-Cas pian Ba sin
Sys tem seems to have acted as the cen tre of or i gin. The ear li -
est cer tain re cord of Cerastoderma mutabile Popov, Janschi -
nella garetzkii (Merklin), J. vinogrodskii (Merklin) Lentidium
ianischewskii (Ruchin), L. ustjurtense Mer klin and Corbula
sokolovi (Karlov) is from the basal Oligocene de pos its as signed 
to nannofossil zone NP22 (Voronina and Popov, 1984; Popov
et al., 2002). Some of these spe cies viz., Lentidium ianische -
wskii and L. ustjurtense oc cur lo cally abun dantly in the North ern 
Ustyurt Pla teau, Kazakhstan (Merklin, 1961, 1974) and were
prob a bly es tu ary-dwell ers (Voronina and Popov, 1984; Popov
et al., 2002). 

In con trast, at the same time (ear li est Oligocene:
NP21–NP22 zones) the cen tral part of the North ern Peri-Tethys 
formed a com plex sys tem of bas ins with var i ous sed i men tary
pat terns and eco sys tems in flu enced by chang ing sea ways be -
tween the North Sea and the Proto-Med i ter ra nean Sea (Popov
et al., 1993a, 2002, 2004; Rögl, 1998, 1999; Meulenkamp et al., 
2000; Fig. 9). As re flected by mol lus can fauna from the Mera
Fm. (NP22 Zone), the Transylvanian Ba sin re mained con -
nected to the North Ital ian Ba sin (Moisescu, 1972; Rusu, 1977,
1988). De spite the change in depositional sys tem (lat est
Eocene coral reefs are in strong con trast with the Early Oligo -
cene coastal siliciclastic suc ces sion) the Thracian Ba sin was
still part of the West ern Tethys (éslamoÈlu et al., 2010). On the
other hand the Hun gar ian Paleogene Ba sin com mu ni cated with 
the North Sea via the North Al pine Molasse Ba sin (which
opened at this time into the Rhine Graben), as marked by plank -
tonic foraminifera and the pe lagic thecosomatous pteropod ge -
nus Limacina Bosc from the lower Tard Clays (Báldi, 1980,
1984, 1986). The mol lus can fauna from the basal part of the
Menilite For ma tion in the Ukrai nian Outer Carpathians – as
doc u mented by Studencka et al. (1999) and Popov et al.
(2009a) – dis plays a north ern af fil i a tion. In fact, a great dif fer -
ence in spe cies com po si tion be tween fau nas of par tic u lar bas -
ins is ob served. Up to the ear li est Oligocene (as signed to NP22
Zone), the mol lus can fauna pop u lat ing the Transylvanian and
Thracian bas ins as well as these liv ing in the area of a pres -
ent-day Ar me nia show a clearly West ern Tethyan af fil i a tion
(Moisescu, 1972; Rusu, 1977; Voronina and Popov, 1984;
éslamoÈlu et al., 2010). On the other hand, a bo real char ac ter is
ob vi ous for the ear li est Oligocene as sem blages in hab it ing the
North Al pine, Hun gar ian Paleogene and Carpathian Flysch
bas ins (Báldi, 1986; Löffler, 1999; Studencka et al., 1999;
Popov et al., 2002, 2009a, 2009b; our study). 

Báldi (1984) was of the opin ion that mass oc cur rence of
Limacina spe cies might in di cate the lower bound ary of the
Kiscellian and pro vide a very good cor re la tion cri te rion with the
Euxine-Cas pian area of the North ern Peri-Tethys. In fact, at least 
two ho ri zons with small pteropod shells, known as the Spiratella
level [Spiratella Blainville is an ob jec tive syn onym of Limacina;
Spirialis Eydoux et Souleyet is re garded to be its youn ger syn -
onym] were rec og nized in the same strati graphic po si tion i.e. just
be low the de pos its yield ing bi valve shells of Korobkoviella and
Janschinella spe cies, in both the Hun gar ian Paleogene (Báldi,
1984, 1986) and Molasse bas ins (Seifert et al., 1991). In deed,
Limacina shells be come quite abun dant also in the basal part of
the Menilitic Fm. in the Carpathian Flysch bas ins (Krhovský et al., 
1992; Bubik et al., 2005) and in the Lower Maykopian strata in
Geor gia, the North ern Peri-Tethys (Popov et al., 2009b). How -
ever, Báldi’s idea does not gain cre dence be cause Krhovský et
al. (1992), Rusu (1995), Rusu et al. (1996), Bohn-Havas et al.
(2004), Kotlarczyk et al. (2006), Po pov et al. (2009b),  and
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Kotlarczyk and Uchman (2012) no ticed the dif fer ent ages of the
Limacina [= Spiratella] ho ri zons. The lat ter, lo cated in the low er -
most Tard Clay in the Hun gar ian Paleogene Ba sin, are linked to
the bound ary be tween the NP21and NP22 zones in the mag -
netic chron C13n, around 33.2 Ma ago (Bohn-Havas et al., 2004) 
while those from the Subchert Mem ber of the Menilitic Fm. in the
Ždánice Unit, Moravian Outer Carpathians are at trib uted to the
ter mi nal part of the NP22 Zone by Krhovský et al. (1992). Ad di -
tion ally, these au thors (Krhovský et al., 1992) as sert the oc cur -
rence of lay ers with Limacina cf. umbilicata (Bornemann) as the
re sult of mass mor tal ity and noted that fac tors con trol ling mor tal -
ity of these or gan isms were ei ther short-term de creases in sur -
face wa ter sa lin ity or a rise of the H2S poi soned wa ter level.
There are also some dif fer ences be tween the Geor gian [Trans -
caucasian] and Hun gar ian Oligocene pteropod find ings such as
the con sid er ably ear lier ap pear ance (in the NP21 Zone) of
Limacina spe cies [re fer ring to the Planorbella Beds] in Geor gia
(Popov et al., 2002, 2009b). In the Pol ish Outer Carpathians
(Skole Nappe) Limacina spe cies were re cov ered from the Sie -
dliska Mem ber (top of the NP21 Zone; Kotlarczyk et al., 2006;
Kotlarczyk and Uchman, 2012). On the other hand, in the Tran -
syl vanian Ba sin the ge nus Limacina oc curs ex clu sively in well -
-known bi tu mi nous shales of the Bizusa Fm. be long ing to the
Janschinella garetzkii to tal-range zone (Rusu, 1995; Rusu et al.,
1996) which is at trib uted to the NP23 Zone (Melinte-Dobrinescu
and Brustur, 2008).

In the course of the Early Oligocene, par tic u larly around the
bound ary be tween the NP22 and NP23 zones, a fun da men tally 
new palaeobiogeographic and palaeogeographic set ting arose
to the north of a con ti nen tal bar rier formed by a chain of moun -
tains and microcontinents e.g., Alps, Dinarids, Balkanides,
Helle nides, Pontids, Ana to lian Mas sif, Lesser Cau ca sus, El -
burz and Kopeth Dagh. In re sponse to the clo sure of sea ways
to wards the Proto-Med i ter ra nean Sea (Transylvanian and
Thra cian bas ins) and re stricted con nec tion with the North Sea
(Fig. 14), mol lus can di ver sity de creased and an en demic bi -
valve fauna evolved, spread ing to wards the west as far as the
North-Al pine Molasse Ba sin (Seifert et al., 1991). Tec tonic ac -
tiv ity, geodynamics, ocean o graphic and cli ma tic changes which 
led to this cru cial re or ga ni za tion of the North ern Peri-Tethys
have been dis cussed in de tail else where (e.g., Rusu, 1977,
1988; Báldi, 1979, 1980, 1984, 1986, 1989; Rögl, 1998, 1999;
Steininger and Wessely, 2000; Meulenkamp et al., 2000;
Popov et al., 1993a, 2002, 2004, 2009b; Schulz et al., 2004).
Con tem po ra ne ously with this en vi ron men tal changes, great
tax o nomic sim i lar i ties are ob served be tween the bi valve as -
sem blages, doc u mented in the up per Tard Clays in the Hun gar -
ian Paleogene Ba sin (Báldi, 1980, 1986), the Bizuşa and
Ileanda for ma tions in the Transylvanian Ba sin (Rusu, 1977,
1988; Rusu et al., 1996), the Mid dle and Up per Ezerovo Fm. in
the High Thrace Ba sin (Kojumdgieva and Sapundgieva, 1981),
the Pýnarhisar Fm. in the Thrace Ba sin (éslamoÈlu et al., 2010),
the Schöneck Fm. in the Molasse Ba sin (Seifert et al., 1991) as
well as in the Dynów Marls (Čtyroký, 1991; our study) and the
Lower Dysodilic Fm. in the Outer Carpathians (Rusu, 1999).
Cor re spond ing fau nas are well-known from the Solenovian de -
pos its from Ukraine and as far east as Kazakhstan in the
Euxino-Cas pian area (Voronina and Popov, 1984, 1985; Popov 
et al., 1985, 1993b, 2002). The ap pear ance of bi valves be long -
ing to highly en demic gen era such as Korobkoviella Merklin,
Janschinella Merklin, Lenticorbula Merklin and Ergenica G.
Popov, Urbnisia Goncharova in both the Transylvanian and
Thracian bas ins co in cides with the in com ing of the for merly bo -
real spe cies Nucula compta Goldfuss, Saccella westendorpi
(Nyst), Parvicardium scobinula (Merian in Deshayes) and
Peronidia nysti (Desha yes) (Rusu, 1977, 1988; Kojumdgieva

and Sapundgieva, 1981; éslamoÈlu et al., 2010). These lat ter
spe cies are al ready en coun tered in the low er most Oligocene
strata (NP22 Zone) of the Exine-Cas pian area of the North ern
Peri-Tethys (Popov et al., 1993b). This fau nal turn over marks
the strati graphic in ter val in better way than the diachronous oc -
cur rences of Limacina spe cies, and it is clearly not de pend ant
on fa cies changes. 

Briefly sum ma riz ing, the nor mal ma rine con di tions pre vail -
ing in the North ern Peri-Tethys dur ing the NP21 and NP22
zones (32.3–33.9 Ma) were re placed in the NP23 Zone
(29.9–32.3 Ma) by pliohaline con di tions (12–15‰) with a ver ti -
cal den sity wa ter-col umn strat i fi ca tion. This event caused a dis -
tinct fau nal turn over from the di verse bo real or Tethyan bi valve
fau nas pop u lat ing the North ern Peri-Tethys in the ear li est
Oligocene to the highly en demic dom i nant gen era. That par tic u -
lar event in di cated by the sud den evo lu tion and dis persal of an
en demic fauna is em i nently suit able to mark the birth of the
Paratethys as first dis cussed by Rusu (1977, 1988) and sub se -
quently by Báldi (1989) and Meulenkamp et al. (2000). Rusu
(1988) also con cluded that the lower bound ary of the Kiscellian,
the ini tial Cen tral Paratethyan re gional stage, should be placed
at the same time as the Paratethys arose. 

Con se quently, by pro pos ing to place the Lower Kiscellian
bound ary at the base of the NP23 Zone, Rusu (1988) dated the
low er most Oligocene strata of both Transylvanian and Hun gar -
ian Paleogene bas ins as Merian in age. The time span of the
lat ter Cen tral Paratethyan stage pro posed by Marinescu (1975) 
and re-de fined by Rusu (1988) is roughly con tem po ra ne ous to
the Pshekhian East ern Paratethyan re gional stage (Fig. 5). Up
to to day, how ever, the tim ing of the Kiscellian re mains vague:
there is no real con sen sus about the age of its lower bound ary.
In many pub li ca tions the Lower Kiscellian bound ary is equated
with Eocene/Oligocene bound ary at 33.9 Ma. The use of the
base of the NP23 Zone to de fine the base of Kiscellian (Rusu,
1988, 1995) places the age of the Kiscellian bound ary at 33.2
Ma. On the other hand Piller et al. (2007: fig. 1), de scrib ing the
cur rent sta tus of par tic u lar Cen tral Parate thyan stages, con -
nected the Lower Kiscellian bound ary with the Ru2 lowstand of
Hardenbol et al. (1998) which ap prox i mates the bound ary of the 
CP17 and CP18 zones in the Okada and Bukry zonal scheme
(ranges within Zone NP23). This means that the well-es tab -
lished util ity of this stage for cor re la tion will only grow with fur -
ther work. 

The bi valve fauna in hab it ing the newly formed Paratethys is
char ac ter ized by a de creased num ber of fam i lies, im pov er ished 
ge neric com po si tion and the ab sence of ma rine stenohaline
taxa. It was dom i nated by en demic taxa be long ing to euryhaline 
bi valve fam i lies, of which the fam ily Cardiidae reaches par tic u -
larly high tax o nomic di ver sity. Sim ply stated, af ter a dra matic
change of en vi ron men tal fac tors, strong endemism within the
bi valve fauna oc curred through out the Paratethys, which co in -
cides with a spe cific ostracod as so ci a tion (e.g., Nikolaeva,
1998; Popov et al., 2002; Monostori, 2008) and monospecific
nannoplankton (Reticulifenestra ornata Müller, Transverso -
pontis fib ula Geţa and/or T. latus Müller) blooms (Veselov and
Lul’eva, 1980; Voronina and Popov, 1985; Nagymarosy and
Voronina, 1992; Rögl, 1998, 1999; Popov et al., 1993a, 2002;
Melinte-Dobrinescu and Bruster, 2008). In gen eral, dur ing that
time brack ish wa ter con di tions with plio haline sa lin ity (12–15‰)
are pro posed for the Paratethys (e.g., Rusu, 1977, 1988; Popov 
et al., 1985, 1993a, 2004; Popov and Stolyarov, 1996; Schulz et 
al., 2004). A strat i fied wa ter col umn may have caused tem po -
rarily anoxic con di tions on the sea bot tom, dur ing which only
very lim ited ben thic life was pos si ble (see Kotlarczyk and
Uchman, 2012). By this event (dur ing the NP23 Zone) the
Paratethys was united in a sin gle, very dis tinct biogeographic
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en tity as far as shal low-wa ter bi valves are con cerned, sub se -
quently dis tin guished as the Transeuropean Prov ince (Rusu,
1977), the Solenovian Prov ince (Popov et al., 2002) and the
Danubian Prov ince (Harzhauser et al., 2002). 

Af ter a short time (ca. 2.4 Myr: the time span of NP23 Zone)
the Paratethys was dif fer en ti ated into two large geotectonic
units which showed dis sim i lar en vi ron men tal his to ries due to
non-syn chro nous re gional tec tonic move ments con trol ling ma -
rine and non-ma rine phases (Nevesskaja et al., 1987; Jones

and Simmons, 1996; Rögl, 1999; Meulenkamp et al., 2000;
Popov et al., 2004). In the case of the Cen tral Paratethys four
evo lu tion ary stages have been rec og nized: to three erected by
Seneš (1960), Rusu (1988) added the new term Proto para -
tethys (Mid dle Early Oligocene to mid dle Late Oligocene, Kis -
cellian) to spec ify its old est evo lu tion ary phase. On the other
hand, as pointed out by Nevesskaja et al. (1987) the geo -
dynamic his tory of the East ern Paratethys may be di vided into
seven stages.  
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Fig. 13. Palaeo geo graphi cal sketch of Eu rope in the ear li est Rupelian adopted
 from Popov et al. (2004)

Carpathian fauna sites shown by as ter isks

Fig. 14. Palaeo geo graphi cal sketch of Eu rope in the Mid dle Rupelian adopted 
from Popov et al. (1993a) and Rusu (1999)

Carpathian fauna sites shown by as ter isks



FINAL CONCLUSIONS

The newly col lected ma te rial, one of three rec og nized in the
Outer Carpathians, is of great im por tance both in terms of tax o -
nomic di ver sity and the depositional en vi ron ments it in di cates.
The bi valve fauna pop u lat ing the Carpathian Paleogene Flysch
bas ins dur ing the Early Oligocene (NP23 Zone) (Čtyroký, 1991; 
Rusu, 1999; and this study) is also of great im por tance for cor -
re la tion of the Carpathian Flysch not only with the Kiscellian de -
pos its of both the Hun gar ian Paleogene Ba sin (Báldi, 1986;
Rusu, 1988) and the Transylvanian  Ba sin (Moisescu, 1964,
1968; Rusu, 1977, 1988), but also with the Solenovian strata of
Ukraine, Rus sia, Geor gia and Kazakhstan. Find ings of this pe -
cu liar bi valve as sem blage, typ i cal of the Solenovian of the
Paratethyan Euxine-Cas pian Ba sin Sys tem, in the Carpathian
Paleogene Flysch bas ins show how the clo sure of wide con -
nec tions with the World Ocean (ap prox i mately at the bound ary
be tween the NP22and NP23 zones) con sid er ably changed en -
vi ron men tal fea tures such as sa lin ity, strat i fi ca tion of wa ter col -
umn and con di tions at the ba sin bot tom. This also shows that
the newly formed semiclosed Paratethys was char ac ter ized by
strong endemism ex pressed by the pres ence of uni form shal -
low-wa ter fauna of small bi valves char ac ter ized by the oc cur -
rence of en demic gen era such as Korobkoviella Merklin,
Merklinicardium Popov, Urbnisia Goncharova, Ergenica G.
Popov, Janschinella Merklin and Lenticorbula Merklin, and en -
demic spe cies of the gen era Cerastoderma Poli, Parvicardium

Monterosato, Lentidium Cristofori et Jan and Mytilopsis
Conrad. This is also the best in di ca tor for con di tions of the
Solenovian–Early Kiscellian Paratethys with sed i men tary char -
ac ter is tics sim i lar to that of the Ho lo cene Black Sea (Rusu,
1977, 1988; Schulz at al., 2005) with pliohaline (es ti mated sa lin -
ity be tween 12 and 15‰) wa ter ox y gen ated at the sur face and
euxinic en vi ron men tal con di tions at the bot tom. 
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within the frame work of bi lat eral co op er a tion be tween the Pol ish
Acad emy of Sci ences and the Rus sian Acad emy of Sci ences. It
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Harzhauser (Nat u ral His tory Mu seum in Vi enna) have kindly of -
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