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Abstract. The present paper describes the paleoecological evolution of the Dacian Basin starting with the Sarmatian time. The Uppermost Sarmatian is
strongly regressive with freshwater faunas. However, the Meotian is transgressive and it is characterized by a Congeria fauna (indicating reduced salinity)
and ostracoda of marine origin. Both groups disappeared at the end of the Meotian (a freshwater episode). The transgression of the Pontian brings about
a new fauna (with new morphological structures). During the Middle Pontian, the biodiversity is maximal and the Pontian Sea extends to the Panonian
Basin. During the Upper Pontian — Lower Dacian interval, there is a regressive phenomenon which gradually isolates the Dacian Basin from the Euxinian
Basin. Two bioprovinces with distinct morphogenetic evolution take shape. In the Romanian, the Dacian Basin is a freshwater lake.
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INTRODUCTION

The Tethys Ocean was an equatorial basin. Starting with
the Paleozoic, it separated the unique protocontinent, Pan-
gea, dividing it into the Laurasia and Gondwana supercon-
tinents.

The Austrian geologist Eduard Suess coined the name
Tethys and introduced the idea into scientific literature in
1893. The sea Goddess Tethys, whose name was chosen by
Seuss, is, in Greek mythology the personification of the fertile
ocean.

The Tethys ocean, as conceived by Eduard Suess, has al-
tered significantly with time. Initially, Tethys was imagined as
a continuum, uniform oceanic body, encased in the Paleozoic
continent Pangea. Later on (Metcalfe, 1999), Tethys was seen
as a series of aquatic basins which had occurred and suppos-
edly closed down in the Paleozoic-Mesozoic times.

A collision of the continental plates during the Upper
Eocene fractured the Tethys ocean. The current Mediterrane-
an area is its present remnant. The new sea, spread between
the two continents (Fig.1), taking shape North of Tethys, was
called Paratethys (Laskarev, 1924). Its history, the history of

the events that marked the progress of the geologic time, is
mostly that of the faunas undergoing periodical change with
every palaeoecologic opportunity (changing from marine to
brackish, and, often, to lacustrine). In other words, the history
of the Paratethys belongs with the palaeoecologic history.

Configured as an inland sea, the Paratethys spreads from
the Alps to beyond the Aral sea. Senes (1979) and Steininger,
Papp (1979) subdivided its domain as follows:

«  The Western Paratethys (the Rodanian Basin)
«  The Central Paratethys (the Panonic and Dacian basins)
« The Oriental/Eastern Paratethys (the Euxinian and Aral-

Caspian basins)

Paleobiologic and geodynamic considerations enabled
Senes and Marinescu (1974) and Rusu (in 1988) to distinguish
four periods in the development of Paratethys: the Proto-
Paratethys, the Eo-Paratethys, the Meso-Paratethys, and the
Neo-Paratethys (Fig. 2).

The intracontinental Paratethys area separated into a
number of basins which often developed independently. It
was during the Oligocene that the Paratethys (Fig. 3) evolved
as a geographical, even faunal, unity (Rusu, 1977, 1988;
Baldi, 1979, 1980), when links with the Mediterranean Sea
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were diminishing in the South. Moreover, there were differ-
ences occurring between the Western (Alpino-Carpatian or
Central Paratethys) area and the Eastern one (spreading to
the North and East over the North Sea and the Caspian Sea
= Scitic Sea and even further East, the Turanic Sea). It was for
the first time that the brackish-water biotypes occurred (in
Solenovian=0ligocene) and also the first Euxinian facieses (in
Maikopian= Upper Oligocene - Early Miocene) together with
the first endemic elements of faunas. Its connections with
the Mediterranean basin (Tethys) are discontinous while the
fauna is mostly influenced from the North.

The Lower Miocene is predominantly marine as a con-
sequence of reestablishing connection with Mediterrana
through the pre-Alpine pass. East of the Caspian Sea, a flu-
vial-lacustrine sedimentation (and fauna) was evolving. Start-
ing with the Middle Miocene, the Eastern Paratethys tends to
isolate itself, first, ecologically and then, geographically, also.
From the beginning of the Late Konkian (“Veseleanka Beds"),
the water turns brackish (while the links with the ocean are
diminishing). Davidaschvili (1932) found almost 50 endemic
mollusc species including the new Mactrae, Cardium, Ervilia,
Modiola, Cerithium, Mohrenstermia species.

Starting with the Sarmatian, the Paratethys separates it-
self for good from the Mediterranean Sea, as all connections
close down, turning it into a brackish intracontinental sea - a
facies which has continued, with certain intermissions, up to
the present (the relict basins of the Black and Caspian Seas).
From then on, there were two ecosystems evolving at the
same time (the brackish one, in Paratethys and the marine, in
the Mediterranean basin), with totally different faunae and,
consequently, two biostratigraphical scales which are diffi-
cult to correlate.

THE APPEARANCE AND EVOLUTION OF THE
PARATETHYS DOMAIN

THE FINAL PHASE OF THE TETHYS DOMAIN
(UpPER EOCENE, 37 - 34 MA)

The paleogeographic image can be explained entirely
through faunas, while their development is traced in the
epicontinental areas, littoral and sublittoral, mostly. During
the Late Eocene, some domains have become ‘classic’ due to
the abundance and diversity of their fauna - all the basins of
Paris, Vincentin, Pannonic, Transilvania, Crimea, developed on
the edge of the alpine zones, consolidated by the Cretaceous
- Paleocene orogenesis.
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Fig. 1 Paleogeographic configuration during the final existence of the Tethys Domain (Late Eocene, 37-34 Ma). Simplified after Popov S.V., Shcherba, 1.G., Stol-
yarov, A.S., (in: Popov et al., 2004)
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Fig. 2 Critical phases of the Paratethys time scale

Until the end of the Tethys Ocean (during the Upper
Eocene), the European continent was mostly covered with wa-
ter. The Black Sea, the Caspian and the Mediterranean seas are
the depression zones. There were wide connections between
them and a significant faunal unity (Fig. 1) while the faunal dif-
ferences between the boreal and the Atlantic-Mediterranean
area are still insignificant. The faunas in the Parisian and the
Belgian basins, as well as the ones in the North of Germany are
quite similar to the faunas in Aquitania and the Mediterranean
Sea areas. The connections of the basin with the Northern Sea
are cut off during the Upper Lutetian and the basin is totally
isolated later. The Stampian is transgressive with Northern fau-
nae. In the Upper Oligocene, the basin is cut off again turning
into a freshwater lake whereas the Belgian area is wide open to
the North (the Kassel clays, Chattiene).

As regards the intra-Carpathian area (in Transilvania), the
post-Senonian and before Middle Lutetian ‘lower red clays’
sequence reaches over 1,500 m in width (with Timiriazevia
punctata Clemens, a common species in Wealdean). The
'marnes with Anomia tenuistriata’is the first marine sequence.
Throughout the Lutetian interval, the benthonic faunae (mol-
luscs and ostracoda) belong almost exclusively to the meso-
geene bioprovince; itis in the Priabonian (the “Cluj limestone’
and the Numulites fabianii complexes) that the faunae exhibit

an obvious Northern influence.

At the end of Eocene, there are differences occuring be-
tween a West European kind of fauna (in Transilvania and the
Panonian basin) and an East Mediterranean one (in Dobrogea
and the Varna-Tracia basin) (Sonmez-Gokcen, 1972). That dif-
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ference suggests distinct influences and affiliation. Thus the
existence of an ‘Anatolian bioprovince’ can be substantiated.

PROTO-PARATETHYS (THE LOWER-MIDDLE OLIGOCENE)

At the end of the Eocene, movements of the tectonic
plates (the drift towards the North of the Indian continent
which collides with Asia; the simultaneous rotation of Africa
and the compression between Africa and Europe generate
the deep reorganization of the Tethys domain and the occur-
rence of two new marine domains (Fig. 1): the Paratethys do-
main, in the North and the Mediterranean one, in the South
(a relict of the Tethys ocean).

In the Paratethys area, there starts an intensive phase
of continentalization. The Eastern Paratethys no longer has
communication with the Indian Ocean. Episodic connections
with the Northern Sea occur instead (through the “Polish
Strait” and the “Rhine Rift”), while the connections with the
Mediterranean Sea of the Western and Central Paratethys di-
minish significantly (are restricted merely to the “Slovenian
corridor”). The connections are interrupted in the Late Chat-
tian, when in the “Renan depression” brackish and freshwater
faunas start to flourish.

North of the Black Sea area, the facies pertaining to the
Euxinian Sea of the Maikopian Series are forming. It is a Medi-
terranean fauna in Eocene, but it attains distinct character-
istics starting with Oligocene when the Northern influences
intensify. It is connected through the Northern Ukrainian
platform and through the Polish basin. During the Rupelian
time there is a slow regression, the waters withdrawing to-
wards the Black Sea depression. A new transgression takes
place during the Poltavian (=Chattian).

A strong process of faunal endemism begins in some ar-
eas (for example, in Transilvania, where brackish insertions
occur) due to a tendency towards regional isolation.

During the Upper Oligocene (Fig. 3) the Paratethys Sea
reopens to the world ocean. The North European influence
continues to be dominant on the fauna in the Western Para-
tethys which connects with the North Sea through the “Rhine
Rift”. The central Paratethys connects with the Mediterranean
Sea through the “Slovenian corridor” until the end of the Bad-
enian.

After a brackish water episode (in Solenovian), the ma-
rine regime is restored in the Eastern Area. The still randomly
intermingling three European bioprovinces i.e., the North-At-
lantic, the Mediterranean, and the Ponto-Caspian (“Oriental
Paratethys”) are finally taking shape. At this point, the bios-
tratigraphic discrepancies become apparent (in the com-
positions of the fauna and of the desynchronization of the
“events”).

Hereon, the biostratigraphy turns prolix. The classic lay-
ers are being discussed, dismissed, and replaced by other lay-
ers, said to be more accurate. In the literature, there are more
than 50 new stages in the European space referring to the Mi-

ocene and Pliocene intervals only. That is creating confusion
and raises the problem of redefining the “biostratigraphical
taxonomy” from a thouroughly different viewpoint.

In the intercontinental area of the Central Paratethys a
new biostratigraphic scale was drafted (Senes and Cicha,
1968), apart from the Oriental Paratethys one.

The Oligocene-Miocene boundary is set within the Ege-
rian, while the Miocene-Pliocene limit is placed either some-
where in the Pontian or at the Pontian/Dacian boundary. The
demarcation line to the Pleistocene is conventionally agreed
upon at 1.8 Ma because the attempt to find a geologic event
occuring symultaneously all over the continent has failed.

The boundary between the two main time sequences,
ranked as epochs, namely the Oligocene and the Miocene,
has generated a debate yet to be settled. In the central area
of the Paratethys, the boundary is set at the end of the “Buda
Marls’, when the Miogypsinoides complanatus and the Pa-
ragloborotalia opima opima species occur, as well as, at the
end of the Nannoplancton NP-24 zone, which both mark the
beginning of the Egerian (Baldi 1969,1979, 1984). In Transil-
vania, the existence of a specific episode called Merian (Moi-
sescu 1975, 1989) is pointed out. Its upper limit would be set
at the“Cardium lipoldi level” synchronized with the base of the
nannoplankton NP-23 zone.

The faunal evolution in the late Oligocene to early Mi-
ocene is influenced by Mediterranean and Indo-Pacific con-
nections (Rogl, 1996). The molluscs community seems to
demonstrate similarities during the Egerian and the Cauca-
sian stage.

During the Aquitanian, in the Atlantic bioprovince, sedi-
ments, mostly sandy, accumulated with an exceptionally rich
fauna. The Bazas and Saucats falunae become the stratotype
of the Aquitaine and the Burdigalian. In the Helvetian stage of
this area noticeable tropical influences become apparent.

During the Burdigalian (Fig. 4), the Western Paratethys
was connected to the Mediterranean Sea through the “Pre-
Alpine Pass” In the Central and Oriental Paratethys there is
ample regression. With the Burdigalian, the “faunas with gi-
ant Pectinids” occur; they are considered to be of “indo-pa-
cific, subtropical” origin (Rogl, 1988). This horizon is a world
wide stratigraphic marker level (according to Addicott, 1974,
Steininger et al., 1976, Rogl, 1996).

The dissimilarities between the three (aquatic) bioprov-
inces remain, moreover, they become more prominent which
indicates a diminishing faunal “flow”. Still, many species, are
known to be familiar both with the North Sea and Aquitania,
while, the boreal faunas enter the Pannonic area through the
“Silesian passage”. In the North-German area, after a regres-
sive stage (with coals), the sea advances with a faunal minor-
ity of Mediterranean origin. From now on, the fauna becomes
entirely holoarctic.
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Fig. 3 Paleogeographic configuration during the initial stage of the Paratethys Domain (Early Oligocene, 34-32 Ma). Simplified after Popov S.V., Shcherba, 1.G.,
Stolyarov, A.S., (in Popov et al., 2004)
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In the Carpathians flysch-type sedimentation continues.
The disoxic and anoxic conditions persist (regionally) in the
deep water environments (North of the Black Sea depression,
the “Maikop Strata” are formed).

A major event is the Ottnangian-Kotsakhurian. The sud-
den “burst” of the Rzehakia species, together with the Conge-
rii, Melanopsidae and Eoprosodacnae validates the existence
of a brackish-water biofacies resulting in their excessive and
mostly exclusive growth. The extension of that ecologic epi-
sode across Paratethys supports the hypothesis of a general
event (generated by isolation as well as by a huge regression
along with the setting up of certain detrimental facies that
favoured the “eruption” of those eccentric, unknown or previ-
ously minor faunae).

MESO-PARATETHYS (KARPATHIAN — BADENIAN)

According to the fossil faunas, the Karpathian from the
Central Paratethys is a Late-Burdigalin sequence. Mean-
while, numerous species of foraminifera and ostracoda (Zorn,
1995) generate the luxuriant Badenian fauna. Obviously, the
boundaries are no more - and cannot be any more - than

merely “transitional”.

A large transgressive phase (Rogl, 1996) in the entire Cir-
cum-Mediterranean area generated a new basal Badenian
fauna. The Langhian correlates with the Lower Badenian due
to the existence of Praeorbulins (Cita & Premoli Silva, 1968)
and of the Orbulina universa species in both areas. (including
the Serravallian stage). Within intra-Carpathian area, the Pan-
nonian basin was flooded during the Lower Badenian (Mora-
vian). The occurrence of the first evaporites throughout the
Paratethys domain is equally important to substantiate the
existence of a warm climate (with Orbulina suturalis) (Fig. 5).

The faunas of the Eggenburgian - Badenian time interval
are similar to the ones found in the Pad Valley, the Rhone De-
pressions and the Vienna basin. That supports the idea that
permanent links existed through the Drava-Sava-Vincentin
corridor (the transdinaric or Slovenian corridor).

Within the Paratethys, the faunal segregation process in-
creases. The central Paratethys was separated from the Western
one when the“Bohemian massif”emerged; it connected instead,
with the Mediterranean through the ‘Slovenian corridor’

The Oriental Paratethys is clearly quasi-isolated, with
its faunae and its distinct stratigraphy (the Sakaraulian,
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Tarkhaninan, Tschocrakian, Karaganian and the Lower Konka
levels, all of them, considered nowadays contemporary with
the Miocene).

The Sakaraulian correlated to the Acvitanian-Burdigalian
and the Eggenburgian. Many ostracod species are common
(Cytherella postdenticulata Oertli, Senesia philippi (Reuss),
Hermanites sakaraulensis Schneides (closest to H. haidin-
geri), Loxoconcha punctatella (Reuss), Cushmanidea bradiana
(Lnkls.), Cytheretta ovata (Egger), Xestoleberis tunida (Reuss),
Krithe galericum Schneider etc) (Schneider, 1963). After the
Kotsakhurian brackish-water episode the Tarkhanian trans-
gression restored the marine conditions (Nevesskaya et al.,
1984, 1987, fide Rogl, op. cit.).

The Tarkhanian is marine (with marine species: Pterigo-
cythereis calcarata, Costa edwardsi, Bosquetina carinella, B.
zalanyi, Loxoconcha carinata, Eucythere alexanderi, Schneider,
1956, and Flexus plicata, F. triebeli, Bythocypris lucida, “Trachy-
leberis” prestwichiana, Suzin, 1965). Andrusov, (1918) and
Davidaschvili, (1932), (fide Amitrov, 1975) found molluscs spe-
cies: Nucula placentina Lamarck, Pecten denudatus Riss, Nassa
tamanensis n sp, N. rosticorum n sp, four Turboniella species,
Leda fragilis Chemn., Ostrea cochlear Poli. etc, all of them sug-
gesting the pre-Lower Badenian time. During the Lower Bad-
enian two new taxa appeared, Acanthocythereis histrix (Reuss)
and Verrucocythereis verrucosa (Reuss). The ostracod commu-
nity is larger (Mutylus (?) polyptichus (Reuss), Cytherella pos-
tdenticulata Oertli, Bythocypris lucida (Seguenza), Mutilus aff
deformis (Reuss), Aurila philippi (Reuss), Urocythereis seminu-
lum (Reuss), Quadracythere sulcatopunctata (Reuss), Bosque-
tina carinella (Reuss), Costa reticulata (Reuss), Flexus triebeli
(Ruggieri), Cushmanidea longa (Reuss), Occultocythereis bitu-
berculata (Reuss), Cytheropteron vespertilio (Reuss), Eucythe-
rura pygmea (Reuss), Hemicytherura aff. videns (G.W.Muller),
Ruggieria tetraptera tetraptera (Seguenza), Loxoconcha punc-
tatella (Reuss), Loxoconcha aff hastata (Reuss).

Likewise, the marine Tschokrakian faunas correlate admi-
rably with the Middle-Upper Badenian (similar with the Costei
ostracod and foraminifer community, from Transilvania).

Schneider (op. cit.) found an ostracod community with:
Paracytheridea aff triquetra (Reuss), Phlyctenophora kalikzii
(Schneider), Leptocythere rugosa (Schneider), Pontocythere
suzini Schneider, Pseudocytherura aff caudata Sars, Semicy-
therura filicata (Schneider), Semicytherura aff acuticostata
(G.W.Muller), Semicytherura aff inversa (Seguenza), Ruggieria
tetraptera tetraptera (Seguenza), Costa edwardsi (Roemer),
Falunia plicatula (Reuss), Cytheridea mulleri (von Munster),
Eocytheropteron inflatum Schneider, Loxoconcha aff carinata
(Lienenklaus), Loxoconcha carinata alata Schneider, “Trachyle-
beris” prestwichiana (Jones — Sherborn).

In 1956, Suzin completed it with: Pontocythere vitrea Su-
zin, Paradoxtoma eusiforme Brady, Semicytherura aff reticulata
(Lienenklaus), Cytheropteron obesum Schneider, Cushmani-
dea lithodomoides (Bosquet), Cytherella aff compressa (von
Munster), Cytherella gracilis Lienenklaus.

Davidaschvili (op. cit.) offers a long list of molluscs, most
of them, endemic elements (almost 50 species). Dominant
taxa are: Venus konkensis Sokolov, V. marginata Hoernes, Mac-
tra bajarunasi Andrusov, Donax tarchaniensis Andrusov, Tapes
vitalianus Andrusov, Spaniodontella intermedia Andrusov si
S. crassidens Andrusov, Modiola volhinica Hoernes, M. mar-
ginata (Eichwald), Ervilia praepodolica Andrusov, E. trigonula
Sokolov, Mohrenstermia inflata Andrusov, Cardium (six en-
demic species), Cerithium (five species), Trochus (12 endemic
species and subspecies), Leda (4 species). All of them suggest
that the beginnings of the ecologic isolation process occured
before the Central Paratethys areas (salinity reduction).

During the Karaganian time, that results into a poor fauna,
presumably generated by a sharp decline in salinity. Ossipov
(1932) found seven Spaniodontella species, and some Unio,
Mohrenstermia, Sandbergeria, Nassa, Planorbis, Lymnea and
Helix species, suggesting an oligohaline restricted biotop.
Such community with brackish and lacustrine species shows
a regional facies with fluvial-continental influences.

Schneider (op. cit.) found some ostracod species: Candona
ex gr candida Muller, Herpetocypris reptans (Baird), Darwinula
stevensoni (Brady & Stevenson), Loxoconcha truncata Schnei-
der, “Cythereis” declivis Schneider (both are juvenile speci-
mens), Loxoconcha aff bairdii Muller (new species).

The Konkian (biostratigraphically matched with the Ko-
sovian, Rogl, 1998) and its thoroughly marine fauna sug-
gest a reopening of the Paratethys towards the marine West
(Nevesskaya et al., op. cit.). It is the time of the ecosystem
change in two steps, “Venus konkensis Beds", belong to Kon-
kian s. str. and “Veseleanka Beds” belong to the Buglovian
stage). A significant reduction in biodiversity occurred, 316
mollusc species and almost 200 ostracod species within the
Upper Badenian and 140 mollusc species and 41 ostracod
species within the Konkian. During the last sequence of the
succession (“Veseleanka Beds”) the community is more re-
duced. The following mollusc species are dominant: Acantho-
cardia andrussovi, Venus konkensis, Mactra basteroti konkensis
and Ervilia pusilla - trigonula - podolica, Congeria sandbergeri,
Cardium kokupicum, C.praeplicatum, C. ruthenicums, Cerithium
konkensis, Mohrenstermia etc. (Ossipov, op. cit.).

Schneider (op. cit.) described the following ostracod com-
munity: Cytheridea muelleri (von Munster), Pterigocythereis
calcarata (Reuss), Falunia plicatula (Reuss), Mutilus deformis
(Reuss), Aurila punctata (von Munster), Carinocythereis carinata
(Roemer), Hermanites haidingeri (Reuss), Aurila similis (Reuss),
Cytheretta aff tenuipunctata (Bosquet), Loxoconcha aff bairdi
Muller (new species), Loxoconcha aff laevatula (Normann) (new
species), Bairdia explicata Schneider, Phlyctenophora affinis
Schneider, Hemicytheruravidens Muller, Semicytherura bacuana
(Schneider), “Cytheridea” parangusta Zalany (juvenil), Pontocy-
there mediterranea Schneider, Amnicythere tenuis (Schneider).

During the Konkian s. I. a new fauna “wave” appeared.
Most of them are endemic species characterized by larger
intrapopulational variability. It is another type of community
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generated by a particular ecology, a slow transition between
the marine ecosystem and the brackish-water ecosystem.The
process occurred on the Volhino-Podolian area.

We think that it was not an actual geographic isolation
(geographic barriers like the continental spaces), but rather
an ecological one. The Eastern Paratethys area has slowly
started to turn brackish, while in the Western part, the faunal
communities are exclusively marine. The faunae were restric-
tively and selectively migrating in all directions, which made
the biostratigraphical correlation hardly possible.

South-West of Transylvania, there are several Badenian
fossiliferous deposits which are an indicator of a large and di-
rect connection with the Mediterranean; similarly, West of the
Dacian basin. By contrast, the rest of the Carpathic area (that
is, Northern Transylvania and the central part of the Dacian
basin) is characterised by a specific litho- and bio-stratigraph-

"o

ical sequence: the “marls (tufa) with globigerinae”, “salt brec-
cia’, “radiolar schists” and “marls with Spiratella’” The existence
of salt supports the hypothesis of dessication in Transilvania

and in the sub-Carpathian fosse from Moldavia to Muntenia.

The fossiliferous deposits from Lapugiu, Costei, Delinesti
(in that order of succession) in the South-Western Transylvania,

correlated well to the Badenian from Vienna Basin (Nussdorf,
Kostel etc, Brestenska & Jiricek, 1975). The literature assumes
the closing of the “Slovenian corridor” during the Upper Bad-
enian (Fig. 6). The existence of the luxuriant mollusc fauna
(Rado-Moisescu, 1965, more than 350 species) and ostracoda
from Buituri (Latest Badenian) invalidates such an assumption

At the “Buituri level” there is an extremely rich Mediter-
ranean fauna (Hemicytherura videns (G.W.Muller)*, Semicy-
therura sanmarinensis Ruggieri, Semicytherura retipunctata
Ruggieri, Falunia (Hiltermanncythere) hartmanni (Caraion)’,
Carinocythereis carinata (Roemer)’, Costa edwardsi edwardsi
(Roemer), Costa napoliana Puri, Pseudocytherura calcarata
(Seguenza), Aurila convexa (Baird)", Aurila aff. cicatricosa (Re-
uss), Mutilus badenicus Olteanu, M. aenigmaticus Olteanu,
Cytheridea acuminata (Bosquet), Loxoconcha rhomboidea
(Fischer)’, L. quadricornis Ruggieri, Semicytherura punctata
(G.W.Muller)*, Costa edwardsi runcinata (Baird)", Henryhowella
assperrima (Reuss)’, Pterigocythereis jonesi, (Baird)*, “Cythereis”
polygonata Rome®, Ruggieria tetraptera unicostata Olteanu,
Bythoceratina unica Olteanu) (‘nowadays species from the
Black Sea, Schornikov, 1969), while the “marls with Spiratella”
show links with the Eastern area. Such segregation brings to
mind the existence of an ecological barrier.
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The features that differentiate the faunae of the Central
and Eastern Paratethys are significant indeed. Yet, there are
enough shared traits to support the random connection be-
tween them.

NEO-PARATETHYS (SARMATIAN-RECENT)

The Neo-Paratethys is characterized by specific faunae at
all levels of the faunal spectra. Beginning with the Sarmatian
time (Fig. 7) the biggest intercontinental brackish basin in the
geological history of Europe took shape. During the Volhinian, it
displayed the maximum areal extension and a clear faunal uni-
formity. The Sarmatian begins ca 13 Ma (Rogl op. cit.) but it ends
differently in the two areals. The correlation is questionable.

In Eastern Paratethys Saulea et al. (1969), Saulea (1995)
emphasize the significance of the presence and migration
of the Chisinau-Orhei-Camena barrier reef. The movement
towards the South (which takes place beginning with the Up-
per Badenian up until the Middle Sarmatian) is evident with
intense subsidence in front of the Eastern Carpathians. This
reef facies suddenly ceases during the Middle Basarabian.

Itis followed by a strong regression which simultaneously
affects both the South Dobrogean promontory and the East-
ern end of the Dobrogean ridge.

The facies, that Saulea et al. (op. cit.) called “continental-del-
taic” which emerged in the Lower Sarmatian, in the Septentri-
onal part of the Carpathian avantfosse, extends into the Upper
Sarmatian covering the foreland also. This leads to the closing of
the aquatic basin of the avantfosse in the North. Consequently, it
may be said that the paleogeographic area configuration of the
Dacian basin was completed in the Upper Sarmatian.

The major processes that led to the configuration of the

Dacian Basin were the following:

- the broadening of the sedimentation area of the Car-
pathian avantfosse. It started to extend (to the East and
to the South) in the Upper Badenian continuing during
the Lower and Middle Sarmatian;

- the closing of the aquatic basin of the Carpathian fosse
during the Middle and Upper Sarmatian due to the emer-
gence of the Northern part of the avantfosse and the set-
ting up of a continental facies.

The occurrence of the Dacian Basin as an independent
aquatic unity is one of the consequences of the movements
pertaining to the attic phase (Saulea et al., 1969). The separa-
tion of the Dacian Basin from the Pannonian Basin is another
consequence of the attic movements. Meanwhile, the con-
nection between the Dacian Basin and the Oriental Parate-
thys continues into the Upper Pontian.
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In the Central Paratethys area (including the Dacian ba-
sin), the Sarmatian is transgressive. In the Eastern Paratethys
(Volhinia, Bassarabia, Northern Black Sea) only, there is a
gradual succession from the marine to the brackish faunas,
with all the faunal changes generally encountered starting
with the Upper Konkian.

Gradually, the new residual’ eurihaline communities be-
come dominant and the intra-specific diversification proc-
esses increase. Distinct philogenetic lineations occur, with
distinct morphogenetic directions, starting from several
previous typologies while the ‘opportunist’ species of marine
(Badenian) origin are slowly disappearing.

The cases of the Limnocardiidae, of some of the ostracoda
or some of the foraminifera shows a remarkable ‘selection of
species’ when the new brackish ecosystem is established. The
Volhinian had still preserved a great number of previously ex-
isting foraminifera and ostracoda. The Basarabian is an epoch
of maximum biodiversity (dominated by new mollusc, ostra-
coda and foraminifera species), their morphogenesis following
individual tracks. At the Lower and Middle Sarmatian level, the
faunas display uniformity and quasi-unity both in the central
and in the Eastern Paratethys basins. Throughout, littoral or
deep to shallow areas are identified. They are examples of local

or regional situations which do not alter the overall image (i.e.,
metacommunity). The regional biotope with Congeria on the
Moldave platform is an example (Jeanreanud, 1963).

The Upper Sarmatian (Chersonian) is a short and atypical
temporal sequence for the general evolution of the faunas. The
diversity of the faunas on the whole is sharply reduced (the ex-
istence of several small sized Mactrae and of several species of
ostracoda). There are only some endemic foraminifera species
known (Bica lonesi, 1968, Natalia Paghida-Trelea, 1968). The
Late Sarmatian ends with freshwater facies (with Candonag,
Cypris, Darwinula) resulting in the extinction of all the “Sarma-
tian type” faunas (more precocious in the Moldavian Platform,
called “the Balta-Paun formation’, lonesi et al., op. cit.).

The post-Sarmatian period, in the Paratethys area is char-

acterized by the following processes:

«  The colmatation of the aquatic basins in the Central Para-
tethys (the Pannonic and Dacian basins)

+  The action of ample eustatic movements in the Euxinian-
Caspian region

« The almost entire separation of the Black Sea from the
Caspian.

As compared to the Sarmatian Sea, the geographical area of
the Neo-Paratethys diminishes sharply during the Maeotian.
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It is asserted that during the Upper Miocene (Maeotian,  ta), a large level with brackish ostracods (Hemicytheria - 22
8.5 to 7 Ma) (Fig. 8), in the Eastern Paratethys, a “corridor”  species, Loxoconcha, Xestoleberis, Maeotocythere, Stanchevia)
opened towards the Indian Ocean (Chepaliga, 1995). There  and finally, the last two short fresh-water levels, with Unio,
are no concrete examples (with one exception, namely, Abc-  Helix and Reticulocandona and the second one, with Congeria
hazia, the Atapi Valley, where the marine-level (with Mutilus ~ novorossica-navicula-panticapea, this with frequently Pontian
polyptichus (Reuss), Hemicytheria sp.n., Callistocythere sp.n,  ostracods in Eastern and central areas of the basin). The his-
and Loxoconcha sp.n) in the Lower Meotian is intercalated  tory of the Dacian Basin during the Maeotian time was a suc-
among brackish faunas with two morphotypes of Cyprideis ~ cessive opening and isolation phases with “cosmopolite” and
sp.). Nevertheless, the Maeotian community in the North- endemic taxa, respectively. The absence of Limnocardiids and
ern-Black Sea area appears to be uniform and relatively com-  foraminifers (except for Ammonia beccari) and the last oc-
pact (it is symbolically named “the Dosinia complex”). The  curence of Mutilus, Hemicytheria, Xestoleberis species are the

fact that such uniformity is not to be found in the Western  specific features of the Maeotian metacommunity. The luxuri-

areas (in the Dacian basin) suggests that the “marine influx”  ant Congeria species evolution suddenly interrupted.

originates from the East (South of the Caspian Sea?) and not No Maeotian taxa crossed the Pontian boundary.
entirely from the South (from the “Aegean” Sea, Gillet, 1961,
Semenenko & Ljulieva, 1978). In the Dacian Basin, after the
Uppermost Sarmatian fresh-water levels a new brackish-wa-
ter community appeared (with Drobetiella, Severinella, Hemi- In the Lower Pontian (the Upper Messinian) (Fig. 9), the Gi-
cytheria, Loxoconcha, Maeotocythere species). It was followed  braltar closes down while the Mediterranean Sea becomes an
by the “Dosinia level” (with Modiola incrassata, Ervilia minuta,  enclosed lake (5.8 Ma). On the edges, evaporites and gypsum
Pirenella caspia, P. disjunctoides, Caspia minor and two ostra-  are being deposited. During the next time (5.8 - 5.6 Ma) the
cod species Mutilus parabulgaricus Olteanu and Maeotocythe-  sea level rises forming the so-called “Lago mare” with brack-
re sulakensis Suzin only), a fresh-water level (with Leptanodon-  ish waters (and implicitly brackish faunas). Eventually, 5.6 Ma,

The correlation of the Pontian with Mediterranean scale is
disputable (Khondkarian et al. 2004).
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the sea level decreases sharply and massive areas of land are
exonded. Still, the brackish faunas which occur meanwhile
invade the Eastern Paratethys across the Aegean Sea and
the Pre-Pontida (or the area located just North of it). In other
words, there are several separate phases: the first is a phase
characterized by hypersalinity, followed by the refilling of the
basin and the dilution of the water to the brackish “Pontian
type” (around 0.010% salinity). Similarly, we must remember
that the (hypersaline) Dead Sea still receives river influx from
the Jordan Valley without turning brackish. Likewise, the sa-
linity of the Caspian Sea does not decrease under 0.06%. It is
true though, that the warm climate and the intense evapo-
ration are responsible for it (but the Mediterranean had the
exact same conditions at the time).

The Early Pontian is strongly transgressive. A new wave
of fauna migration spread through the Eastern seas (neo-
Limnocardiids as Chartoconcha, Pseudocatillus, Prosodacna,
Pachydacna, Tauricardium, Caladacna, Pontalmyra, Phyllocar-
dium etc. and new ostracod types as Bacunela, Pontoniella,
Euxinocythere, Pontoleberis). It is possible but unlikely they
originate from the Pannonian area.

The question of the origin of the brackish faunas in the
South of France, the Italian Peninsula and the Aegean basin
remains a mystery. The question is whether those influences
and movements or morphogenetic evolutions, respectively,
are unique to this area (Olteanu, 2000, 2003). The maximum
sea extent occurred in the Pannonian Basin in the Portafer-
rian time.

The semi-enclosed Dacian basin continues to be under
the ,faunal umbrella” of the Euxinian bioprovince, in spite
of the fact that, starting in the Upper Pontian, it tends to
become isolated. In its Western region, more fresh levels ap-
peared. During the Post-Pontian, there is a gradual, but per-
sistent retreat and freshening of the waters, as, after the Mid-
dle Pontian, the Moldavian Platform is emerging (lonesi et al.,
2005). Lacustrine formations occur. The flora is an indicator of
warm climate (lonesi et al., op. cit.).

The Euxinian basin is the only one which stays brackish
throughout this interval. The Pontian can be directly corre-
lated with the Dacian basin fauna (and the Portaferian fauna,
with the Pannonian basin). The differences occur in Post-Pon-
tian, when the biostratigraphic nomenclature becomes cor-
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respondingly intricate (and more accurate). In the Northern
Euxinian area, the first freshwater episode to appear is in the
Kuialnikian time. (Contrary to the Black Sea deep basin, which
stayed brackish, as it was in the Kimmerian, preserving the
same type of evolutionary line of the fauna. Consequently,
the Kuialnikian cannot be accepted but as a marginal, shal-
low final facies of the Kimmerian stage, a facies which pre-
sumably continued the ,Azov Beds” dominated by the Conge-
ria species). During the Late Dacian time, the Dacic Basin was
isolated. Its low brackish-water rich fauna (Olteanu, 1995) is
different from the Kimmerian fauna (three common species
only). There are two directions in fauna evolution in the two
bioprovinces with different (paleo) ecology, low salinity in the
Dacian Basin and higher and constant salinity in the Euxinian
Basin.

The upper limit of the Pontian was conventionally set to
coincide with the Miocene/Pliocene boundary, which should
begin with the Zanclean (in the Mediterranean Sea), with
the Dacian (in the Dacian basin), with the Kimmerian (in the
Euxinic basin) and the Babadzhanian (in the Caspian area),
around 5.3 Ma (Popov et al., 2004).

During the Romanian stage, the Dacian basin wasisolated.
It became a large lake with a rich community of fresh-water
molluscs (Unionidae, more 70 endemic species, Melanopsidae
and Viviparidae) and ostracods (Candona s. I, Cypris s.l.). The
Middle Romanian is characterized by a specific ostracod com-
munity: Cypris mandelstami, Zonocypris membranae, “Eucy-
pris” famosa, Kowalevskiella sp. (that community includes Up-
per Pliocene species existing also in the Caspian area).

A variety of ecosystems are known for the Dacian basin
development, from marine (Badenian), through all the brack-
ish phases (Sarmatian - Dacian) to the fresh-water ecosystem
(Romanian).

In the Upper Pliocene (3.4 - 1.8 Ma) (Piacentian and Ge-
lasian in the Mediterranean basin; Romanian, in the Dacian
basin and Akchiaghilian in the Pontic-Caspian area), in the Pa-
ratethys domain, the Pliocene orogenic movements shaped
the general features of the present-day geography (Fig. 10).

After the “Congeria rhomboidea Beds” (Portaferrian), the
Pannonian basin was almost completely filled up, except for
two regional depressions.

In both areas there is the abundant, but exclusively en-
demic ostracoda and mollusc species. In Slovenia, the “Palu-
dinae Beds" represent an essential break up from the previ-
ous community, while in the satellite “Baraolt basin” (Jekelius,
1932) a“residual fauna” with the (dominant) Pachidacna fuch-
si, and the P. abichiformis (inherited from the Pontian fauna)
and few new taxa, together with the last species of “Hunga-
rocypris” and with deviant forms of Caspiollaand Amplocypris
(Olteanu, 2003) survived to prove the continuity of the faunal
evolution in the Post-Pontian or even newer oligohaline and
lacustrine facies. In the final part of the sequence (at Racos
and at Bodos-Baraolt) forms of Unio - looking like certain spe-

cies from the Romanian of the Dacian basin (in the Pristinunio
pristinus and P. mutabilis group) (Olteanu, Lubenescu, in press)
- were found. The above support a most likely correlation
(with the Romanian and the Pleistocene) as our knowledge
deepens and extends.

The Euxinian basin is isolated although there occur ran-
dom connections with the Caspian basin through the Manici
corridor (Northern Caucasus). The Kuialnikian-Gurian-Ceaudi-
an episodes (conspicous in the NE area of the Euxinian basin),
each of them with specific community, (Imnadze, 1971) imply
an intense eustatic ,play” and an implicit hydrochemical one
(yet, it cannot be claimed that the area turned ,lacustrine”.
Ancient or recent, the Black Sea has never been a freshwater
lake).

The Caspian basin (as well as the whole geographical
area belonging to the Paratethys) is now a low salinity one
(as compared to the Pliocene average). The water level move-
ment compared to the present-day level of the Black Sea,
reaches high levels (up to 500m). In the ,Akchiaghilian Epi-
sode” a lower level and a freshwater upper level occur (con-
firmed by ostracoda, Mandelstam et al., 1962). In the middle
level of the Akchiaghilian, the sea extends towards the North
(along the Volga - Ural depression axis), for nearly 2,200 km
and Westwards towards Taman-Crimea across the Kuban
depression. The Black Sea boreholes brought to light ‘exotic’
faunal elements of a rather high salinity (of marine origin in
a Sarmatian “typology” (Avimactra, Avicardium, Miricardium,
Andrusella, Kirkiziella) which naturally, raises the question:
Where did they come from? Likewise, where did the Mediter-
ranean brackish fauna come from?). (Olteanu, 2001). The mol-
lusc fauna suggests that the salinity exceeded the Pliocene
average. That brackish insertion-transgression (along with its
specific fauna of uncertain origin) seems to be generated by
a South Caspian possible corridor through the Upper basin of
the Eufrat that would have linked that basin to the Southern
marine area (Steininger et al., 1985, Chepalyga, 1995).

The likely cronostratigraphic correlation between the
Romanian and the Akchiaghilian was generally agreed upon,
while the next episode, Apscheronian, belongs to the Lower
Quaternary. The boundary with the Pleistocene is again con-
ventionally set (at 1.8 Ma) just because it is generally impos-
sible to put together a correlation of any kind of geological
‘events.

The Dacian Basin area was ephemerally invaded by
the Euxinian waters during the Upper Dacian (in the Leh-
liu - Alexandria area is the one constant level, 0.10cm with
Kimmerian ostracods) and, for the last time, during the Ap-
scheronian (with the mollusc fauna in Barbosi — Galati, Mac-
arovici, Costetchi, 1973, with Didacna crassa, D. aff pseudo-
crassa, Adacna plicata, Corbicula fluminans, Viviparus sadleri,
V. pseudo-sadleri, V. diluviensis etc and Bandrabur, 1960, Unio
pictorum, Unio sp.). The ostracoda fauna in Barbosi sequence
is particularly rich: Amnicythere precaspia (Livental), A. quin-
quetuberculata (Livental)’, A. multituberculata (Livental)’, A.
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bacuana (Livental)", A. striatocostata (Schweyer)*, A. cymbula
(Livental)’, A. propinqua (Livental)*, A. variabituberculata pro-
pinqua (Livental), A. unicornis (Schweyer), Euxinocythere bos-
queti (?) propinqua (Livental), E. aff ergeniensis (Schweyer), E.
post-kuialnica n. sp., Candona mandelstami (Schweyer), C. li-
ventalina (Evlachova), C. elongata (Schweyer)*, Limnocythere
(Scordiascia) aff sharapovae (Schweyer), Tyrrhenocythere pon-
tica (Livental), Loxoconcha petasa (Livental), L. eichwaldi (Liv-
ental), Cytherissa new sp.(‘recent species in the Black Sea). It
suggests a large western lagoon of the Black Sea.

During the Karangatian (the Riss-Wurm interglacial pe-
riod) the Bosporus opens up and the Black Sea area is in-
vaded by organisms from the Mediterranean basin, includ-
ing many marine ostracod species: Pterigocythereis jonesi,

Carinocythereis carinata, Loxoconcha aff granulosa, L. lepida,
L. aff eliptica, Semicytherura aff sanmarinensis, S. aff acuticos-
tata, Mediocythereis n. sp., Sclerochilus n. sp., Echinocythereis
n. sp., Hemicytheria n. sp. etc. The second opening of the
Bosphorous takes place during the Sourozkian episode: Lep-
tocythere multipunctata, L. macallena, Loxoconcha granulata,
Cytheridea aff acuminata, while the last opening, during the
Upper Neo-Euxinian: Hemicytherura videns, Callistocythere
diffusa, C. flavidofusca, C. mediterranea, C. ramosa, C. fabae-
formis, Costa edwardsi runncinata, Urocythereis margaritife-
ra, Loxoconcha rhomboidea, Aurila convexa. (three brackish
ingressions in the Danube Delta) (Olteanu, 2004). Three mo-
ments, three migration waves and three types of colonists
signify different ecological features during the Black Sea
recent history.
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