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Abstract. The history of the Paratethys and its inhabiting organisms was pro-
foundly influenced by its connections with the Global Ocean. As the sea-straits
linking Paratethys with the ocean expanded, they integrated the Paratethys
with the global ocean, causing its water level to mirror the global eustatic fluc-
tuations. These intervals of increased ocean connectivity existed during most
part of the Oligocene-Early Miocene, in the Early Badenian-Tarkhanian, and
in the Late Badenian-Konkian, when also fostered favourable environments
for marine life to flourish in the Paratethys.

When the marine connections became unstable and the sea-straits closed (e.g,
in the second half of Ruppelian-Solenovian time, late Ottnangian-Kotzakhurian,
middle Badenian-Karaganian and from the onset of the Sarmatian up to the
Pliocene), ransformed into vast lacustrine waterbodies where water levels and
salinities were controlled by the balance between river runoff and precipitation
versus evaporation.

Excess of water led to the basin expansion and brackish conditions, while deficits
caused contraction and fragmentation. This resulted in hypersaline basins and
lagoons co-existing with freshwater lakes, creating diverse environments and
faunas that hindered effective biostratigraphic correlations. These fluctuations
caused the decline of the marine biota, leaving behind only euribiontic organisms
capable of enduring drastic shifts in salinity, ion composition, and oxygen levels.
Over time, these survivors diversified and gave rise to endemic faunal communi-
ties adapted to the brackish environments.

The history of the faunistic and phytoplankton composition of the Carpathian
part of the basin (Central Paratethys) became noticeably different from the
Euxine-Caspian ones from the beginning of the Neogene, which led to different
stratigraphic schemes of these parts of the Paratethys. In recent decades, our
focus has centred on refining our understanding of the Eastern Paratethys
paleogeography. While the periods of high base levels in the Eastern Paratethys
are well-documented, the significant base-level drops during isolation phases
have often been overlooked. This was primarily because, until recently, there
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were no effective methods for reconstructing the paleogeography and
geochronology of Paratethys during these episodes of base-level drops. However,
with the advancements in seismic stratigraphy and the utilization of integrated
magneto-bio-stratigraphy, we now possess the means to explore the scale and
spatial distribution of paleogeographic changes, particularly during the substan-
tial basin reductions in partial desiccation periods. Large regressions (during
second part of the Ruppelian, terminal Tarkhanian and Sarmatian in the Eastern
Paratethys and during early Pliocene in the Caspian basin) erode parts of
sedimentary layers, forming surfaces of inconsistency between geological bodies
accumulated before and after the sea-level drop, which can be traced on seis-
mic profiles as erosion boundaries. By deciphering such surfaces and the depth
of river incisions flowing into the basin, it is now possible to reconstruct the
relief picture resulting from these erosions and quantify the depth of base-
level drops in the Paratethys during the largest regressions.

Ancrpakrt. Ha pa3Boj [lapareTuca u meroBe ¢payHe 3Ha4YajHO je yTHIAIA
HeroBa Besa ca CBeTCKUM MopeM. Kako cy ce MOpCKH MOpey3H Koju NoBe3yjy
[TapaTeTnc ca 0KeaHOM IIMPUJIH, OHHU Cy NoBe3asu [lapaTeTHc ca CBeTCKUM
OKeaHOM, y3poKyjyhu 1a HUBO Bo/ie y 6aceHy oJjpakaBa IJ106a/IHe eycTaTUYKe
daykryanuje. OBU HMHTepBa/M HHTEH3WBHEe MOBE3aHOCTU Ca OKeaHOM
MIOCTOjaJIn Cy TOKOM Beher Jiesla oJIMTOLleHa-pPaHOr MUOIEHA, Y PAaHOM U
KacHOM 6a/ieHy, Ka/ia Cy YC0BUJIM TIOBOJbHO OKPY>Kekbe 3a IPOLBaT MOPCKOT
cBeTta y [lapaTteTtucy.

Kaza je Be3a ca okeaHOM nocTasia HeCTabMJIHA U MOPCKU MOpPey3U 3aTBOPEeHHU
(unp. y Apyroj NoJIOBUHU PYNeICKO—-COJEHOBCKOI KaTa, KaCHOT OTHAHTra—Ko-
LIaxXypPCKOT KaTa, Cpe/iiber 6aZleHa-KaparaHCKor KaTa U o mo4eTKa capMaTa
Jl0 IIMolieHa), GopMHpaHa Cy BeJIMKa je3epa y KOjUMa je HUBO BOJie U cajlu-
HUTET KOHTPOJIMCAaH PAaBHOTEXKOM U3MeD)y peyHOr OTUIakha U KOJTUIMHOM
NaJlaBMHa y 0/JHOCY Ha HCllapaBakbe.

Behu npuvB Bo/ie je yc10B/baBao NpolLIMpere 6aceHa U CTBapake 604aTHX
yCJIOBA, [IOK je HeJjocTaTaK Bo/ie IPOY3pOKOBA0 CMamemwe U ¢pparMeHTaL U]y
6aceHa. OBo je Zj0BeJIO [10 TOTA /la XUIIePCAaJIMHCKU 6aceHU U JIaryHe KOer3u-
CTHUPAjy ca CIaTKOBOJHUM je3epuMa, CTBapajylu pasHOBPCHA OKpYXKeka U
pasIUYUT cacTaB QayHe LITO je OTeKaBaJo aJleKBaTHe 6UocTpaTUrpadcke
kopesaluje. OBa Kosiebama Cy M3a3Baja CMalberme 6poja MapUHCKUX opra-
HH3aMa, 0cTaBJbajyhy 3a coboM caMo eBpUOHUOTHYKE OpraHU3Me CIIoCoGHe Jia
W3/ pKe JpacTUYHe IPOMeHe y CAJIMHUTETY, CAaCTaBy jOHAa U HUBOY KMCEOHHUKaA.
TokoM BpeMeHa, IPeKUBeJIN OPTaHU3MU CY ce A1MBep3uUKOBAIU U [J0BEIH
Jl0 CTBapama eHJleMCKUX payHCKUX 3ajelHULA IpUIaroheHnx 6paku4HUM
yCJIOBUMa XHBOTA.

Pa3Boj payHe u puUTONMIAaHKTOHA Yy KapHaTCcKoM Jesy 6aceHa (LleHTpanHu
[lapaTeTuc) ce 3Ha4ajHO Pa3/IMKOBAO 0] EYKCUHCKOTr-KaCIHjCKOT ca oYyeTKa
HeoreHa, LITO je JI0BeJIO 10 PAa3/IMYUTHUX CTPAaTUIPadCKUX IlIeMa OBUX JleJIoBa
[TapaTeTuca. [locneamux AelieHuja, Hall Gokyc je 610 ycpeacpelheH Ha yHanpe-
heme pasymeBama nasneoreorpaduje Mcrounor [apareTuca. [lok cy nepuoau
BUCOKOI' HUBOA BOZleHOT cTy6a y 6aceHy McrouHor [lapaTeTuca f06po LOKy-
MeHTOBaHH, 3Ha4ajHO OMa/jlatbe HUB0A TOKOM ¢asa M3oJialiyje 4ecTo je 3aHe-
MapeHo. OBO je MpBEHCTBEHO MOC/eAMLA TOra LITO /0 HEZLlaBHO HHUje 6UJI0
edUKacHUX MeTo/ia 32 PEKOHCTPYKIUjy Najseoreorpaduje U reoXpoHoJIoTHje
[lapaTeTnca TOKOM OBaKBHUX Nepuoja. MehyTHM, ca HallpeTKOM CeU3MHUUKe
cTpaTurpaduje 1 IpUMEHOM HHTerpUcaHe MarHeTo-6uoctparurpaduje, casa
MMaMO MOTYRHOCT /la UCTPaXKyjeMo 06MM U IPOCTOPHY JUCTPUOYILHMjy Maseo-
reorpaCKMx NPOMeHa, T0Ce6HO TOKOM 3HauajHOT CMakbera baceHa 3a BpeMe
Iepuo/ia keroBor JeJJMMUYHOT UCYLIMBama. Besrke perpecuje (TokoM gpyror
JleJla pyIeJsICKOT, Kpaja TapXaHCKOI KaTa U capMaTa y UCToYHOM [lapaTeTucy
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Y TOKOM PaHOT IJIMOLIeHA Y KacllMjCcKOM 6aceHy) yCJI0B/baBajy epo3ujy cesu-
MEHTHHUX €/10jeBa U GpopMUpame JUCKOPAATHUX MOBPILY U3MeDyY cJiojeBa aKy-
MYJIMPAHUX IIPe U HAKOH 11aJja HUBOA MOpa, KOjH Ce Ha CEN3MUYKUM NPOUIMMA

K/by4He peumn:

na/eozeH, Heo02eH,

HUBO MOpa, mpaHczpecuja,
pezpecuja.

MOT'y TPaTUTH Kao epo3uBHe rpaHule. OTKpHUBabeM TaKBUX [IOBPILIMHA U Y-
OUHe peYHUX KOPHUTA KOjH Ce YJIMBajy y 6aceH, caZia je Moryhe peKOHCTpyHcaTH
n3ries pesbeda Koju je HaCcTao Kao pe3yJITaT epo3uje U KBaHTU(GUKOBATH -
6uHy Bozie [lapaTeTnca TokoM nepuoja Hajeehux perpecuja.

Introduction

During the Mesozoic and early Cenozoic, the
southern and eastern margins of the East European
Platform were submerged under shallow seas, con-
necting to the North Atlantic in the west with and
the vast Tethys Ocean to the south, effectively blend-
ing the waters of the Indian and Atlantic Oceans
(Fig. 1). Plate tectonics gradually closed this ocean
due to the northward movement of the African and
Indian continents. About 40 million years ago, during
the Eocene, the collision of the African-Arabian and
Indian continental plates with the Eurasian plate
commenced, resulting in critical geological changes
such as orogenesis and volcanic activity. As a result
of this collision and deformations of the sedimen-
tary cover, the Alpine folding belt was formed. This
collision led to the formation of the Alpine folding
belt, accompanied by a wide zone of depressions., A
massive inland basin called Paratethys (LASKAREY,
1924) formed to the north of the Alpine uplift zone
during the Eocene - Oligocene transition, about 34
million years ago (according to BaLpI et al., 1984;
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Popov et al,, 2004; ScHuLz et al.,, 2005).

The tectonic processes occurring at the contact
zone of the African and Eurasian continents, coupled
with the loss of deep-sea connection between the
oceans, significantly transformed global oceanic
circulation. This resulted in a rapid thermal separa-
tion of waters, with heated near-surface layers and
very cold deep waters descending towards the polar
regions. Consequently, the global climate trend
shifted towards a cold snap, accompanied by inter-
mittent formation of polar ice caps. These changes
played a crucial role in causing fluctuations in the
level of the World Ocean.

Paleogeographic method

Studying the facial composition of deposits,
fossilized remains of organisms, and their biogeo-
graphic structure, allows us to reconstruct the paleo-
geography of seas in the distant past, providing insights
into coastal lines, the near-shore zone of the shelf, and
deep-sea troughs, and the ecological conditions in

40 Ma

Fig. 1. Map depicting the paleogeography of Eurasia and nearby territories in the second half of the Eocene epoch of the Paleogene period

(40 Ma) (Popov et al, 2004). Legend shown in Fig. 3.
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basins and their connections (Popov et al., 2001, 2004;
Popov & PATINA, 2023). In the beginning of the Oligocene,
the waters of the Paratethys were teemed with diverse
marine flora and fauna, akin to the contemporary
North Atlantic fauna but adapted to warmer climates
(AmiTrOV, 1993; Popov et al., 2002). This diverse biota
included mollusks, foraminifera, ostracods, diatoms
algae, nannoplankton, fish, and marine mammals with
mineralized skeletons, which could be preserved as
fossils in sedimentary layers. Analysis of terrestrial
vegetation remains, spores and pollen aids in recon-
structing past climatic changes of past epochs.

Throughout the Neogene period, the biota of the
Paratethys was profoundly influenced by its connec-
tions with open marine basins. During time when
wide and deep marine straits were present, the water
level in the Paratethys mirrored that of the World
Ocean, fostering rich marine fauna and plankton
populations (NEVESSkavA et al., 1986; KRASHENINNIKOV
etal,, 2003). Conversely, when connections were lim-
ited, a significant portion of marine organisms faced
extinction. The water level in the basin was then
regulated by the balance between inflow, evapora-
tion, and the potential discharge of excess water into
neighbouring basins (Popov et al.,, 2010).

Fossils of animals and phytoplankton, preserved
in ancient sea sediments serve as sensitive indica-
tors of environmental changes (NEVESSKAYA et al.,
2005). When a basin becomes isolated and marine
fauna declines, only resilient organisms capable of
withstanding oxygen-depleted environments and
fluctuating levels of ions, pH and salinity can survive.
These survivors play a crucial role in the emergence
of new species, genera, and even families, particularly
in the absence of competitors, leading to a significant
acceleration in the rate of endemics evolution. De-
tailed stratigraphic research has facilitated precise
dating of the major stages in the history of the
Paratethys basins (ANDRUSOV, 1961, 1963; NEVESSKAYA
etal, 1986; Popov et al,, 2022).

Paleomagnetic Methods for advancing
Paleogeographic Reconstructions

A robust geochronological framework is crucial
for advancing paleogeographic reconstructions.

However, establishing the chronology of events in
Paratethys presents notable challenges (Papp et al,,
1974; HARZHAUSER & PILLER, 2004; PALcU & KRIJGSMAN,
2021). The presence of endemic faunas, alongside
sparse marine elements in the Paratethys environ-
ments throughout its history, significantly complicates
fossil utilization (HARZHAUSER & PILLER, 1998). Further-
more, pervasive tectonic activity has obscured the
tracing of ocean regression-transgression cycles
across much of the basin (Manbic et al.,, 2019), except
for brief intervals characterized by improved ocean
connections and reduced tectonic disturbance. Ad-
ditionally, the sensitivity of lithological records to
local events and the instability of the Paratethyan
water chemistry due to ever unstable marine con-
nections (LIRER et al., 2009) have hindered the broad
use of chemostratigraphy or cyclostratigraphy as a
geochronological tool (AUER et al., 2015).

To answer these challenges, the primary methods
for establishing geochronological markers have re-
lied on a regional stratigraphic framework based on
Paratethys’ endemic fauna (RAFFI et al., 2020; Popov
etal,, 2022; PaLcu et al., 2023), combined with paleo-
magnetism (VASILIEY, 2006; VAN Baak et al., 2016; PaLcy,
2018; Krijgsman et al., 2019), and, where feasible, iso-
topic tephrochronology (de LEEuw et al., 2010; LukAcs
et al, 2018; SanT et al, 2020). While isotopic
tephrochronology is limited to volcanic tephra marker
beds, magnetostratigraphic dating offers broader
applicability. Magnetic stratigraphy, or magneto-
stratigraphy, serves as a potent tool for paleogeo-
graphic reconstructions by analysing the magnetic
properties of sedimentary rocks to identify polarity
reversals and establish precise chronological se-
quences (LANGEREISet al., 2010).

This approach not only aids in pinpointing the
timing of significant geological events, such as sea-
level fluctuations and basin reductions but also pro-
vides insights into their spatial distribution (e.g.,
PaLcu et al., 2019a). Thus, magnetostratigraphy as-
sumed a pivotal role in deepening our comprehen-
sion of the intricate interplay between tectonics,
sea-level variations, and climate evolution through-
out Paratethys history (VasiLiEv et al.,, 2005; KrijGs-
MAN et al., 2010; PauLIssEN et al., 2011; TRUBIKHIN &
PiLIPENKO, 2011; vaN Baak et al.,, 2015; SANT et al.,,
2017; PaLcu et al,, 2019a; PiLIPENKO et al.,, 2019; vaN
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DER BooN et al,, 2019; ManDpIc et al., 2019; LAZAREV et
al., 2020). Critically, the use of this method has
solved the challenges presented by diachronous
events in the fragmented basins of the Paratethys
during times of disconnection from the ocean (e.g.,
PaLcu etal,, 2021). In recent decades, efforts to date
the Paratethys regional stages using paleomag-
netism have proven very successful (Fig. 2), opening
the way for more detailed local cyclostratigraphic
studies (RYBKINA & RosTovTsEvA, 2014; RYBKINA et al,,
2015; RostovTsEva & RyBkiNa, 2017; Porov et al,,
2022) and reshaping the interpretations of the pa-
leogeographic evolution of Paratethys (STEININGER &
ROGL, 1984; RocGL, 1998; MAGYAR et al., 1999; Poprov et
al.,, 2004, 2019; KovAc et al.,, 2007).

Main stages in the Paratethys history

Paleogene basins (60-34 million years ago).
During the first half of the Paleogene period, a wide
and deep marine basin known as the Tethys Ocean
existed between Africa and Eurasia. Throughout this
period, the seas of Eurasia maintained stable con-
nections with the Tethys through straits located in
relief depressions between the folded zones (PaLcu
& Krijgsman, 2021). Communication with the North
Atlantic occurred via the Pre-Alpine and Pre-
Carpathian troughs, as well as depressions in the
territory of modern northern Poland and the
Dnieper-Donetsk depression (PALcU & KRIJGSMAN,
2021).

Around 40 million years ago, during the middle
Eocene epoch, the uplift of the Alpine Mountain
ranges and the volcanic belt that accompanied it in-
tensified (Fig. 1, for more detail see Popov et al,,
2004, map 1). By the end of the Eocene, further con-
vergence of the African-Arabian plate with Eurasia,
along with eustatic sea-level changes, resulted in a
reduction of open marine basins space (ScHMID et al.,
2020). The activation of tectonic processes led to
the emergence of new folded areas along the colli-
sion boundary of the plates. These newly formed
uplifts hindered the free communication of water
masses in the basins and set the stage for the future
isolation of Paratethys (vAN DER BooN et al., 2019;
CRAMWINCKEL et al., 2023).

Oligocene-Early Miocene (Maikopian) Basin
(34-15 million years ago). Approximately 34
million years ago, at the onset of the Oligocene
epoch of the Paleogene period, the growth of the
Alpine Mountains (ScHMID et al.,, 2020) and a drop
in eustatic sea levels (WESTERHOLD et al., 2020;
HuTcHINSON et al., 2021) significantly reduced the
connection between the Paratethys area and open
seas (BaLbi et al., 1984; RocL, 1996; Popov et al.,,
2002, 2004). Consequently, a unique hydrological
regime developed in it, leading to the formation of
endemic species and genera (MELINTE, 2005). This
marked the beginning of the Paratethys as an intra-
continental sea with unstable characteristics, in-
cluding salinity, pH, and oxygen regimes (BALDI et al.,
1984; Porov et al.,, 2002; ScHuLZ et al., 2005; SACHSEN-
HOFER et al, 2017). Connections with the North At-
lantic (Fig. 3), occurred during first part and end of
the Early Oligocene, facilitating the influx of marine
fauna and phytoplankton. The biogeographical con-
nection with the Central Iranian and Mesopotamian
basins, which open into the Indian Ocean, was more
limited, hindered by both terrestrial and climatic
barriers that impeded faunal migrations (Fig. 3).
During the peak of the Early Oligocene trans-
gression, the flooding of the Paratethys basin into
the southwest part of the West Siberian Lowland
acted as an obstacle to the spread of terrestrial
mammals (Popov et al., 2002).

Similar to the modern Black Sea, the Oligocene-
Early Miocene Paratethys had a stagnant (estuarine)
water circulation system. Saltwater from the open
sea entered the basin through straits, sinking to the
bottom, while freshwater from river runoff washed
over the upper layers. Due to the lack of vertical
mixing, the lower layers of water (deeper than
200m in the Black Sea) contained very little oxygen,
making life on the sea floor impossible for all taxa
except extremophiles. Dead organisms and animal
remains from the oxygenated upper layer fell and
settled on the bottom of the sea, creating an oxygen-
deprived zone. These sediments became enriched
in organic matter, triggering the formation of hydro-
gen sulphide. It is estimated that in the Maikopian
basin, the entire deep-water zone was devoid of life
and contaminated with hydrogen sulphide (SACHSEN-
HOFER et al, 2017).
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Fig. 3. Paleogeographic map of the Western Eurasia in the first half of the Early Oligocene (32-34 Ma) (after Popov et al., 2004, modified).
Legend (for all paleogeographic maps): 1. mountains; 2. high lands; 3. low lands; 4. lagoons and lakes; 5. shallow shelf; 6. deep shelf;
7. depressions; 8. bathyal; 9. intrusive massifs; 10. acidic extrusives; 11. salt marches and lagoons; 12. slopes of depressions; 13. pale-

ogeographic boundaries; 14. facial boundaries; 15. sea\continental boundary; 16. river valleys; 17. river deltas, fans; 18. volcanoes;

19. sediment source; 20. bioherms; 21. faults; 22. thrusts (active - red, subsequent — black); 23. shifts active and subsequent.

The Eastern Paratethys fauna composition was
influenced by limited water exchange with warm
southern seas and inflow of relatively cold waters
from the North Atlantic, placing it in the North
European biogeographic region (Popov et al.,, 2002).
Adjacent basins hosted tropical-subtropical faunas,
including various reef-forming corals and num-
mulites (N. intermedius, N. vascus, and N. fichteli in
the Carpathian part of the basin).

The vegetation along the shores of the Paratethys
exhibited a wide range of compositions and require-
ments for climatic conditions and humidity levels.
Stretching across the entire northern coast were
forests characterized by deciduous, moderately

moisture-loving coniferous-broadleaf species in-
cluding laurels, castanopses, and the other primitive
Fagaceae (in the Pasekovo association: Akhmetiev
data in Popov et al.,, 2002). On the Kazakh Upland
and the low northern slopes of the Tian Shan Moun-
tain range, drought-resistant oak-laurel forests and
hard-leaved shrubs formed by legumes and ericaceans
thrived. In the southern territories, an arid Central
Asian province emerged, dominated by shrubby-
herbaceous formations containing salt-tolerant
plants like Ephedra and Artemisia. Meanwhile,
islands and the southern coast of Paratethys were
enveloped by moist subtropical forests characteris-
tic of the Tethyan region (Fig. 4).
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Fig. 4. Phytogeographic zonation of the Western Eurasia continental frame for the first half of the Early Oligocene (after Popov et al,
2001, modified). Phytoprovinces are marked with numbers: 1. Northern European; 2. Kazakhian; 3. Central Asian; 4. Central European;

5. South European; 6. North African.

Around 27 million years ago, the Maikopian
Basin lost its initial direct connection with the open
seas. Consequently, the marine biota within the
basin faced extinction, paving the way for the colo-
nization of its waters by a depauperate, highly en-
demic fauna of lagoon origin. Among these forms,
there were Ergenica, Urbnisia, Janschinella, Corbula
(Lenticorbula), and some species of Cerastoderma
among Bivalvia. At the same time, gastropods of this
basin were mainly the lagoonal forms that had wide
geographic and stratigraphic ranges.

By the onset of the Late Oligocene, approxi-
mately 25 million years ago, the basin witnessed the
return of marine organisms from the North Atlantic.
The most typical among these is Chlamys bifida, the
zonal bivalve species of the Chattian A. This species
was an abundant, widely distributed form that
reached as far as the Kyzylkum and Kopetdagh.This
event marked the final direct connection between

the Paratethys Sea and the Atlantic Ocean via the
North Sea and Dnieper-Donets depressions.

Since the onset of the Miocene, approximately 22
million years ago, warm-water species and genera
of southern origini.e., Arca, Barbatia (Obliquarca),
Isognomon, Ctena, Arcopagia, Cardita calyculata,
Cerithium, and Olivia flammulata among mollusks
have started to emerge as part of the Paratethyan
fauna, indicating the establishment of a migration
route from the Eastern Mediterranean and/or the
Mesopotamian basins. Despite the relatively low di-
versity of fauna (number of genera and species) in
the Maikopian Basin, the biomass of the organisms
inhabited it was substantial. This was facilitated by
the abundance of biogens, primarily nitrogen and
phosphorus, supplied by the river discharge. Large
quantities of dead organic matter were carried into
the deeper parts of the basin, where they settled as
sediment due to stagnant, anoxic conditions that
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Fig. 5. Paleogeographic map of the Western Eurasia in the first half of the Early Miocene (18-20.5 Ma) (after Popov et al., 2004).

inhibited decomposition. The organic remains of  gional Kozakhurian stage and Late Ottnangian sub-
plant and animal origin buried in these deposits stage (Fig. 2), as well as throughout the earliest part
made them prone to oil formation (SACHSENHOFER et of the Middle Miocene (in the Eastern Paratethys),
al, 2017), serving as a source material for hydrocarbon the basin faced another period of challenges in con-
generation. This mechanism is common in water necting with open seas, resulting in the emergence of
bodies of inland basins like the Paratethys, wherea  communities with endemic benthic fauna (Rzehakia
combination of nutrient-rich environments and dubiosa, Eoprosodacna, Corbula (Lenticorbula), Mela-
anoxic deep-water conditions contribute to the high nopsis). It is noteworthy that the basin supported the
enrichment of oil and gas. coexistence of both marine and brackish-water

Around 20 million years ago, during the Sakaraulian ~ species. The presence of endemic brackish mollusks
regional stage (Fig. 2), the basin contracted compared and oceanic phytoplankton suggests the existence of
to the Oligocene (Fig. 5), and the southern coast of the two distinct water masses in the basin: a lower ma-
Paratethys was colonized by a diverse thermophilic rine water mass and an upper brackish water mass,

genera and species (Atrina, Isognomon, Megaxinus, Di- reminiscent of the modern-day Sea of Marmara
valinga, Venus cf. multilamella, Callista lilacinoides, Gly- (Popovet al.,,2022).

cymeris pilosa deshayesi, and Glossus maior). This Middle Miocene to Pliocene (15-2.7 Ma) basins.
migration wave involved fauna migrating from the Ana- Towards the end of the early Miocene, the Paratethys

tolian-Iranian basin (Fragum, Europicardium) and Seaunderwent a division, giving rise to two distinct
spreading north-westward to the Alpine-Carpathian  basins: the Central Paratethys and the Eastern Para-
part of the Paratethys during the Eggenburgian. tethys, each following its own unique evolutionary

Beginning approximately 17.5 million years ago, path. By the conclusion of the early Miocene, the pre-
at the end of the Early Miocene and during the re- Alpine region, known as the Western Paratethys, had
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already transformed into a landmass. During the
Middle Miocene period (15-12 Ma), the Pannonian-
Carpathian region, representing the Central Para-
tethys, maintained broader connections with the
Mediterranean through the Slovenian Corridor com-
pared to the primary (Eastern) part of the Para-
tethys. In contrast, the Black Sea-Caspian basin, part
of the Eastern Paratethys, primarily experienced a
semi-marine regime characterized by limited sea-
water inflow and occasional discharge of brackish
water. Periodically, it transitioned into an enclosed
brackish lake environment.

A correlation scale for the Neogene deposits of
the primary eastern part of the Paratethys was
developed in the late 19th to early 20th century based
on the sequence of marine and various non-fully
marine biological assemblages and the reconstruc-
tion of evolutionary faunal processes (ANDRUSOV,
1961, 1963). However, with advancements in strati-
graphy through the study of fossil plankton remains,
paleomagnetic analysis, and absolute dating methods,
these subdivisions have been more accurately corre-
lated with Global and Mediterranean stratigraphic
scales, leading to refined age estimations (see Fig. 2).

In the Middle Miocene (approximately 14.9 mil-
lion years ago) during the Tarkhanian regional stage
(Fig. 2), the Eastern Paratethys boasted the widest

connection with the World Ocean in the Neogene
period. It was populated by marine biota and pro-
bably connected to the global ocean through two
straits: the Badenian Sea of the Central Paratethys
opened to the west, while connections with the
Turkish-Iranian basins to the south are hypothe-
sized to have provided access to the Eastern
Mediterranean Sea (Fig. 6).

Despite these extensive connections, sea regres-
sion persisted, continued, reflecting the eustatic
drop of the World Ocean. This regression reached its
peak in the Late Tarkhanian-Early Chokrakian time
(around 14.8 million years ago, according PaLcu et al.,
2019a). During this regressive interval, the newly ex-
posed territories of the northern and southern
shelves merged with the island structure of the
Greater Caucasus. For the first time, the landmass,
including the Dzirula Massif in Georgia, the Cauca-
sus Island, and the Stavropol Upland, temporarily
separated the Black Sea and Caspian basins. This
land bridge facilitated the migration of terrestrial
vertebrates, leading to the expansion of African
vertebrates into Eurasia and the widening of the
Eurasian species habitat. This is evidenced by the
composition of the famous Belomechetka vertebrate
fauna found in the Central Pre-Caucasus on the right
bank of the Kuban River, which includes African
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aardvarks (genus Orycteropus) and swine (genus
Kubanochoerus), as well as Eurasian bears and deer.
[t was also during this period that the endemic Cau-
casian genus of equids, Paranchiteria, was able to
migrate to the Balkans (GABUNIA, 1973).

The most significant events in the subsequent
history of the Miocene Eastern Paratethys were the
maximum transgressions during the Middle Chokrakian
(approximately 14.5-13.8 million years ago, according
PaLcu et al,, 2019a, PaLcu data in Popov et al.,, 2022),
Karaganian (13.8-13.4 million years ago), and Early-
Middle Sarmatian s.l. (12.6-9.76 million years ago)
stages. During these intervals, the Caucasus once again
became an island for an extended period. During the
Sarmatian transgression, the basins of the Central and
Eastern Paratethys merged again (12.6-11.6 Ma) and
were characterized by a common endemic fauna. Later
11.6 million years ago Central and Eastern parts of the
Paratethys developed their own history.

The last major transgression of the Eastern
Paratethys occurred during the Early Pontian re-
gional stage (6.1-5.6 Ma). During this period, the sea
level rose approximately 70 meters, the connection
with the World Ocean was only partial and brief.
This was followed by a deep intra-Pontian regres-

sion (~5.6 million years ago) when the Eastern
Paratethys sea level dropped by 200-250 meters.

The lowest sea level occurred during the Messi-
nian salinity crisis in the Mediterranean Sea. As
result of this drop, the Black Sea basin lost its con-
nection to the Caspian basin and remained sepa-
rate. Later on, the Caspian Lake only periodically
overflowed into the Black Sea when it became over-
filled.

In the first half of the Pliocene (approximately
5.2-3.4 million years ago), the Caspian Lake basin ex-
perienced its deepest regression. The water level in it
dropped by 800-1000 meters, and water remained
only in the South Caspian depression. During this
time, sediment from the paleo-Volga river delta accu-
mulated near the Apsheron Peninsula (BATURIN, 1937).

During this period the Balakhan Grouproughly
terrigenous sediments were formed, as a result of
erosion caused by the uplift of the Caucasus and
Kopetdag. These sediments now are the main oil
and gas reservoirs in Azerbaijan, southern Dagestan,
and Turkmenistan. After this regression, the Caspian
basin was refilled with marine waters featuring a
limited fauna (Fig. 7). The origin and pathways of
these waters remain a subject of debate.
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Fig. 7. Paleogeographic map of the Eastern Paratethys in the Pliocene-Early Pleistocene (2.2-2.6 Ma) (modified after Popov et al.,, 2004).
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Advancements in Paleogeographic
Research: Investigating Regressive
Stages

The concise history of the Paratethys in the
Paleogene and Neogene periods was depicted in the
“Atlas of Lithologic-Paleogeographic Maps of the
USSR” (1967). Compiled over six decades ago by a
distinguished group of geologists, this atlas remains
relevant and accurately portrays the distribution of-
basins during transgressive phases. However, akin to
all subsequent paleogeographic maps (Popovet al.,
2004), it relies on facies analysis and sediment accu-
mulation over extensive mapped intervals. Conse-
quently, most existing paleo-basin reconstructions
solely depict the maximal (transgressive) evolutionary
stages when the sea level reached its peak. The distri-
bution of transgressive sedimentary sequences natu-
rally furnishes the most comprehensive factual basis
for research, as these deposits typically showcase
complete facies sets (including coastal ones) and are
often exposed in natural outcrops, in addition to being
penetrated by a significant number of boreholes.

The distribution pattern of deposits formed
during significant water level decreases differs fun-
damentally. Sedimentary rocks from such periods
usually endure only in deep basins and seldom
emerge to the surface. Moreover, drilling data are
scarce due to the considerable depth of these facies

odistance (km) 10 20 30

locations and the limited number of wells available
for studying these deposits. Furthermore, subse-
quent marine transgressions frequently obliterated
shelfal and coastal deposits from these intervals.
Another intricate aspect is that water level de-
creases are typically associated with the boundary
intervals between geological epochs, permitting
dating solely in the most thoroughly studied areas.

Until recent times, methods for reconstructing
paleogeographic conditions during hydrological
crises were practically non-existent. Only in the last
few decades, with the advancement of geophysical
research methods, have series of intersecting seismic
profiles with sufficiently high resolution become
accessible. These data were acquired during re-
gional and large-scale geophysical studies using the
seismic reflection method.

The information obtained through seismic strati-
graphy interpretation of the acquired data enables the
spatial mapping of the structural features of intra-
continental sedimentary basins, including the se-
quences accumulated during the baselevel fall.
Significant regressions eroded portions of sedimen-
tary layers and created unconformity surfaces be-
tween geological bodies formed before and after the
sea level fall (Fig. 8).

Rivers and ephemeral streams flowing into the
basin formed extensive and deep incisions, subse-
quently filled with sediments. It was during the most
significant baselevel falls that

1.0

TWT(S) o

s

Black Sea

the deepest incisions were
05 carved, and the formation of a

1 new river network occurred.
Such structures and surfaces
are exposed in boreholes and
are clearly evident in seismic
profiles as uneven erosional
boundaries of several orders.
Deciphering these surfaces
0 and determining the depth of
the river incisions enabled the
reconstruction of resulting to-

LML 2

(s)

Fig. 8. Seismic section of the western (Romanian) shelf of the Black Sea (MunTEANU et al., 2012).
The boundaries of the unconformities which reflect erosion of the underlying rocks are marked
by red lines. Indices show the rock age: Pg3-N1kc -Oligocene-Miocene; Nysr-my - Sarmatian-
Lower Maeotian; Nymy-p; - Upper Maeotian-Lower Pontian; Nyp,-N, — Upper Pontian-

Pliocene; N,-Q - Pliocene-Quaternary. The inset on the lower left shows its location.

pography from these erosions
and quantification of basin
base-level fall amplitudes
during the major regressions
(Popov et al., 2010).
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Fig. 9. Two generations of the paleo-Don River Neogene incisions in the Manych area as a result of falls of the erosion basis at the end

of Sarmatian and at the end of Maeotian-Pontian, filled with marine sediments of subsequent transgressions (TIMOKHIN et al., 2009).

Subsequently, the rivers mainly inherited pre-
viously established channel patterns. This situation
is very indicative for the paleo-Don River Neogene
incisions (Fig. 9) (TiMokHIN et al., 2009). While sea
level drops, the paleo-Don River embedded in the
underlying sediments, forming its valleys. The most
ancient was the valley at the end of the Tarkhanian
(14.8 Ma). Then, it was filled with marine sediments
of the Neogene: Chokrakian-Konkian (N;c-kn) and
Sarmatian (N;sr). The next and the deepest incision
occurred at the end of the Sarmatian (about 8 Ma)
when the canyon cut through the same Oligocene-
Miocene sediments to a depth of -380 m, and was
filled with marine Upper Sarmatian-Maeotian sedi-
ments (N;sr3-m;). The last Miocene cut occurred at

the end of the Maeotian-Pontian (N;_,m-p), about 6
million years ago. The youngest incision was formed
at the beginning of the Pliocene (about 5 Ma) and cut
out the underlying sediments to the level of -60 m.
We posit that the maximal drop in sea level oc-
curred during the Neogene period, specifically at the
end of the Sarmatian stage (8.0-7.6 Ma). Erosive
features of this age were extensively developed and
traced in various regions: on the open shelf of the
Black Sea (TuGoLEsov et al., 1985), the shallow north-
western shelf of the Black Sea; in the Dacian basin
(MuNTEANU et al,, 2012), on the north step of the
West Kuban trough, in the Terek and Kura depres-
sions. The existence of an entire network of channels
and a deltaic complex was determined in the north
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part of West Kuban (Postnikova et al,, 2024) and south-
west part of the Tuapse troughs (AFANASENKOV et al.,
2005; Baskakova, 2022). The width of the canyons is
10-12 km, the depth is 450-500 m, and the total
length is up to 250-300 km. Studying these incisions
and their filling points to their fluvial and deltaic ori-
gin as a result of the 500 m fall in water level. Based
on the results of these seismic profile interpretations,
it is possible to reconstruct the paleogeographic
picture for the maximum regression (Fig. 10).

30° 36"

The exposed areas have acted as vital land bridges
facilitating the movement of terrestrial vertebrates
between the African, Asian, and European conti-
nents. The basin’s isolation has fostered conditions
conducive to the rapid evolution of unique endemic
organisms, communities, and life forms, distinctly
different from marine counterparts.

The abundant water influx from river runoff, en-
riched with biogenic compounds-particularly nitro-
gen and phosphorus—has fuelled colossal biomass
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Fig. 10. Paleogeographic map of the Eastern Paratethys during the terminal Sarmatian regression, 7.6 Ma.

Conclusions

The Paratethys, an expansive sea basin with a
rich and distinctive history, has often diverged from
global events in the World Ocean. Characterized by
alternating open, hemi-closed, and closed hydro-
logical regimes, its repeated shifts between regressive
and transgressive episodes have profoundly in-
fluenced both aquatic and terrestrial ecosystems,
shaping migration patterns and opportunities.

within these intracontinental basins. Concurrently,
the anoxic conditions prevailing at the basin floor
have facilitated the burial of organic material, con-
tributing to the formation of hydrocarbons.
Understanding the palaeogeographical condi-
tions during maximum regressions holds signifi-
cance not only for historical-geological insights and
evaluating migration dynamics for terrestrial
and marine fauna amidst landscape and trophic net-
work changes but also for practical applications.
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Such knowledge aids in the exploration of hydrocar-
bon deposits and artesian groundwater. During re-
gressions, the formation of powerful alluvial cones,
horizons, and lenses of coarse-clastic material pro-
vided excellent reservoirs for oil and gas accumula-
tion, also acting as filters for drinking and industrial
water.
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Pe3ume

YckiahuBawe MHTepnpeTanuje
[lapaTteTnca kopumrhemwem
najieoreorpagcKux peKOHCTPyKIMja ¥
reoXpoOHOJIOIIKHUX U3y4YaBamha

[lapaTeTuc mnpeacTaB/ba BEJIUKH MapUHCKU
6aceH ca jeJMHCTBEHUM e0JIOLIKUM pa3BojeM, pop-
MUpaH Ha ceBepHOM 0601y TeTuca U ofBOjeH Of
Hbera aJIlICKUM OPOreHUM I10jacoM. Y pajy je pa3mar-
paHa MCTopHja cTBapama 6aceHa, heropa eBoJyLyja
Y HeCTaHaK OTPOMHOT MHTEpPKOHTUHEHTAJHOT MOpa
- [lapaTeTuca, of, lberoBor HaCTaHKa y OJIUTOLIEHY
(34 Ma) o koHauHe nogese Ha LpHo Mope u Kac-
IIMjCKO je3epo Ha Kpajy MuoLeHa (5,6 Ma). [loce6Ha
KapakTepucTHka [lapaTeTuca npescraBba CMeHU-
Bale OTBOPEHOT, M0JIy3aTBOPEHOI U 3aTBOPEHOT
XUJpOJIOIIKOT pexuMa. CMeHe perpecMBHUX U
TpPaHCIPEeCUBHUX CEKBEHIIM UMaJle Cy 3HadajaH yTH-
11aj Ha BOJleHe U KOIIHEHe eKocucTeMe, ofpehyjyhu
u MoryhHOCTH MUrpaldje opranusama. OTKpuBeHa
noZpydyja Cy CIy»uJia Kao KOMTHEHW MOCTOBH 3a MHUT-
pauujy KOMHEHUX KMUMekaka uaMehy adppuikor,
a3UjCKOT U eBPOIICKOI KOHTUHeHTa. M3osanuja 6a-
CeHa CTBOPUJIA je YCI0Be 3a 6p3y eBOYLU]Y jeJUH-
CTBEHUX €HJIEMUYHHUX OpraHu3ama, 3ajeJHHLA U
*KUBOTHUX 00JIMKA, KOjU Ce 3HAYajHO PA3JIUKY]y O]
MapUHCKUX GOPMHU.

O6usbe a30THUX U GOCHOPHUX jeUEbeHba U3
pe4YHOr NpUJINBA YTHULAJIO je HAa UMII03aHTaH pa3Boj
>KUBOT CBETA y OBUM UHTPAKOHTHHEHTa/JIHUM bace-
HUMa, JOK Cy aHOKCUYHH YCJI0BY Ha JHY 6aceHa Jj0-
BeJIU /10 CTBapama YI/bOBOJOHHKA TaJl0XKeHeM
OpraHcke MaTepuje.

Kapa cy ce Mmopeysu 3aTBopuiy, [lapaTteTunc ce
IPeTBOPHO y OTPOMHO je3epo, y KOMe Cy HUBO BoJie

Y CaJINHUTET 3aBHUCUJIU Of] paBHOTEXe U3Mehy pey-
HOT NPUJIMBA U MCllapaBama: ca MO3UTUBHUM OU-
JIaHCOM BO/ie, 6aceH je 04eo Jia ce LUKMPHU U 110CTaje
604YaTHHU, a Ca HETATUBHUM OUJIAHCOM, CMakhUBa0
ce, bopmupajyhu ciane 3ai1vBe u jaryHe. Ca Tak-
BUM INpOMeHaMa, MapUHCKU OPTraHU3MU Cy He-
CTaJly, a CaMO HEKOJIMKO OpraHu3ama CloCOOHUX Jia
W3/pXKe JipacTUYHe NpOMeHe Yy CaJUHUTETY, ca-
CTaBY jOHA U PEXUMY KHCEOHHUKA je eBOJIyUpaslo U
dbopmupaso jefMHCTBEHE eHJleMCKe rpyle dayHe
npusaroheHe 6pakUuHOj CpeSUHMU.

Y naneoreorpaduju [lapareTtuca 106po cy usyde-
HU MIEPUO/IU BUCOKOT HHBOA BOJIEHOT CTy6a y 6aceHy,
ajJid He U UHTepBa/IM 3HAYajHOT ONaJama HUBOA
MOpa TOKOM Ilepyuoja usosanuja. /lo HejaBHO HUje
6110 MeTO/1a 32 NaJsieoreorpadcke peKOHCTPYKIIM]je
TaKBUX LIUKJIyca. JlaHac, ca pa3BojeM MeTO/ie CEU3MHU-
yKe cTparturpaduje, nojapsbyje ce MpUIUKa 3a IPo-
y4aBame 061Ma U MPOCTOPHE JUCTPUOYILIM]je MaJieo-
reorpadckux NpoMeHa Koje cy npeheHe 3Ha4ajHUM
cMamereM 6aceHa TOKOM perpecCMBHUX Nepro/a.

PekoHcTpykLMja mnajieoreorpadckux ycjoBsa
TOKOM IlepuoJia MaKCMMaJIHUX perpecuja je BaxKHa
He CaMO 3a MCTOPUjCKO-TeoJIOUIKa U3y4yaBamwa U
NpaBUJIHY NpoLieHy MOryRHOCTH MUTrpalyje KoIl-
HeHe U MapUHCKe payHe, Beh U 3a IpUMeeHa reo-
JIOLIKAa MCTPa)KHBama Kao LITO CYy UCTpPaKUBakbe
JIEXUILTA YI/bOBOJOHUKA U apTeCKUX U3JaHU. [le-
GeJie HacJsare ajJyBHjaJIHOI HAHOCA, XOPU30HTU U
COYHMBa 0/ rpy6OKJIACTUYHOT MaTepHjajia Koju Ha-
CTajy TOKOM perpecuje npeiCcraBsbajy oO4JIM4He KO-
JlekTope HadTe U raca, a Takohe akymMyJaupajy u
duaTpupajy Boay 3a nuhe v UHAYCTPH]Y.
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