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ABSTRACT

A recently published scenario viewing theMessinian salinity crisis as two evaporitic steps rather than
one has led to a search for new indices of the crisis in the Eastern Paratethys. Fluvial processes
characterized the southwestern Dacic Basin (Southern Romania, i.e. the Carpathian foredeep)
whereas brackish sediments were continuously deposited in its northern part.This is consistent with
previously evidenced responses of the Black Sea to theMessinian salinity crisis. High sea-level
exchanges between theMediterranean Sea and Eastern Paratethys are considered to have occurred
just before and just after desiccation of theMediterranean.This accounts for two successive
Mediterranean nannoplankton-dinocyst in£uxes into theEasternParatethys that, respectively, belong
to zones NN11andNN12.Meanwhile, two separate events that gave rise to LagoMare facies (with
Paratethyan Congeria, ostracods and/or dino£agellate cysts) arose in theMediterranean Basin in
response to these high sea-level exchanges and located 5.52 and 5.33Ma (isotopic stagesTG11andTG
5, respectively), i.e. just before and just after the almost complete desiccation of theMediterranean).
These LagoMare facies formed independently of lakes with ostracods of theCyprideis group that
developed in the central basins during the ¢nal stages of desiccation.The gateway faciliting these
water exchanges is not completely identi¢ed. A proto-Bosphorus strait seems unlikely. A plausible
alternative route extends from the northern part of theThessaloniki region up to theDacic Basin and
throughMacedonia and the So¢a Basin.The expression ‘LagoMare’ is chronostratigraphically
ambiguous and should be discontinued for this purpose, although it might remain useful as
a palaeoenvironmental term.

INTRODUCTION

The relationships between theMediterranean Sea and the
Paratethys realm have been debated for a long time (Senes� ,
1973). Before 16Ma, connections were unobstructed and
faunal exchanges (planktonic and benthic foraminifers,
molluscs, dinocysts, etc.) are almost continuously well
documented (R˛gl & Steininger, 1983). From12Ma, Para-
tethyan conditions evolved into restricted marine environ-
ments (Sacchi etal.,1997), and the complete isolation of the
Pannonian Basin (Western Paratethys) is generally consid-
ered to have occurred in the earlyTortonian (Magyar et al.,
1999). Then, Paratethys became a succession of more

or less separated brackish to freshwater basins (StevanovicŁ
et al., 1990).

Normal connections between the Mediterranean Sea
and Paratethys are therefore commonly considered to have
ended in the Late Miocene. Nevertheless, Paratethys
seems to have had a strong in£uence on theMediterranean
region during the Messinian salinity crisis, i.e. during the
so-called Lago Mare event (Cita et al., 1978a). In many
Mediterranean localities, the Lago Mare facies is charac-
terized by the presence of brackish shallow water fauna
(molluscs: Congeria, Dreissena, Melanopsis, etc.; ostracods:
Cyprideis pannonica gr., Loxoconcha, Tyrrhenocythere, etc.) of
Paratethyan origin (Ruggieri, 1967; Cita & Colombo,
1979). More recently, latest Miocene endemic Paratethyan
dinocysts including Galeacysta etrusca (Mˇller et al., 1999)
have been frequently found in the Mediterranean (Corra-
dini & Bi⁄, 1988) and added to the Lago Mare biofacies
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(Bertini et al., 1995; Bertini, 2002). It has been proposed
that the Lago Mare event was caused by the ‘capture’ of
Paratethyanwaters by an almost desiccatedMediterranean
Basin (Hsˇ et al., 1973, 1977), the speci¢c process of which
is poorly documented (Cita, 1991). Another interpretation
is proposed by Orszag-Sperber et al. (2000) who consider
the Lago Mare event as the development of lakes within
depressions caused by strong erosion in the desiccated
Mediterranean without any direct linkage with Paratethys.
This resulted in a broad confusion between the marginal
and deep basin Lago Mare facies that is striking on Fig. 8
of Iaccarino & Bossio (1999, p. 538) who postulate two suc-
cessive LagoMare events in the lateMessinian.

To explain both the LagoMare facies in theMediterra-
nean realm and someMiddleTortonian (Maeotian)Medi-
terranean brackish mollusks and ostracods in the Eastern
Paratethys (R˛gl, 1996, 1998), Sprovieri et al. (2003) have
envisaged a seaway between the Mediterranean Sea and
Paratethys in the area of the present Black Sea, and re-
peated exchanges forced by climate £uctuations since the
Tortonian.

An important part of the Eastern Paratethys constits of
the Dacic Basin (Fig.1a, b). It corresponds to the Southern
Romania and is delimited to the north andwest by theCar-
pathians, to the south by the Balkan Chain (i.e. the Moe-
sian Platform) and to the east by the Black Sea.This area
comprises the foredeep of the Carpathians and it acumu-
lated a very thick succession of terrigenous Neogene sedi-
ments (Marinescu et al., 1998). From the Early to Late
Miocene (i.e. from about 25 to 10Ma), the Dacic Basin ex-
isted as a transitional basin between the Pannonian Basin
(Western Paratethys) and the Euxinian Basin (i.e. the wes-
tern part of the Eastern Paratethys which extended from
the present-day Black Sea across to the Aral Sea) (R˛gl
&Steininger,1983;Marinescu,1992). At about10Ma, it be-
came the western appendage of the Euxinian Basin, the
connection between the two basins being moderately re-
stricted because of the presence of the Dobrogea horst
(R˛gl & Steininger, 1983).

The discovery of some late Neogene calcareous nanno-
fossil £oras both in Southern Romania (Ma� run]eanu,
1992) and theCrimea (Semenenko&Lyuljeva,1978; Seme-
nenko & Olejnik, 1995) has presented a new means to
understand Late Neogene relationships between the
MediterraneanSea andEasternParatethys, and has stimu-
lated an intensive andvery fruitful research of nannofossils
in theDacicBasin.Hence, almost seventeen recurrent dis-
coveries of Mediterranean nannofossil occurrences have
been recorded within the Dacic Basin from about 13.5Ma
up to about 3.5Ma (Papaianopol & Ma� run]eanu, 1993;
Ma� run]eanu & Papaianopol, 1995, 1998; Drivaliari et al.,
1999; Snel etal., in press).This suggests that transient rela-
tionships occurred repeatedly between theMediterranean
Sea and the Dacic Basin during the late Neogene.

Accordingly, we can consider the possible in£uence of
Mediterranean sea-level changes over the Eastern Para-
tethys: some Mediterranean sea-level drops might have
caused the £uvial drainage of Paratethyan waters into the

Mediterranean Basin; whereas some Mediterranean sea-
level rises might have caused the in£ux of marine surface
water in theEasternParatethys (Sprovieri etal., 2003). Such
a process would explain the repeated nannofossil records
in theDacicBasin. In particular, two successiveMediterra-
nean nannoplankton in£uxes have been recorded in
Bosphorian sediments of the northern Dacic Basin (Ma� r-
un]eanu & Papaianopol, 1998; Snel et al., in press). These
sediments belong to the earliest Chron C3r (Snel et al., in
press).The ¢rst in£ux correlates to Zone NN11 zone, and
the second to Zone NN12 (see Fig. 2 for the chronological
assignment of the NN11^NN12 boundary, characterized
by the disappearance of Discoaster quiqueramus and Trique-
trorhabdulus rugosus and/or the appearance of Ceratolithus
acutus: Berggren et al., 1995a, b).These data imply two brief
successive connections at high-sea level between theMed-
iterranean Sea and the Dacic Basin.

In the Black Sea, seismic pro¢les (Letouzey et al., 1978;
Gillet et al., 2003; Gillet, 2004) and the results from three
coreholes (Sites 379, 380, 381; Fig.1a) drilled onDSDPLeg
42B (Ross et al., 1978) suggest that the two main signatures
of the Messinian salinity crisis in the Mediterranean exist
in this basin: evaporite deposition in the abyssal plain, and
an erosional surface on the margin (Hsˇ&Giovanoli,1979;
Gillet, 2004). Such a similar and coeval response of the
Black Sea to theMessinian salinity crisis in theMediterra-
nean implies that the basins (including the Dacic appen-
dage) were connected at high-sea level just before the
crisis.

Several ¢eld investigationswithin theDacicBasin start-
ing in1998 (Clauzon&Suc,1998)were organized to test the
hypothesis ofHsˇ&Giovanoli (1979).TheDacic Basinwas
chosen because of its dense record of Late NeogeneMed-
iterranean nannofossils that should document the most
elevated Mediterranean sea levels in the area. Moreover,
the lack of latest Miocene sediments in the \icleni bore-
hole may be due to an erosional phase consistent with the
Messinian salinity crisis (Drivaliari et al., 1999).We focus
on the time interval 6^5Ma, i.e. the period including two
major successive global low sea levels (isotopic
stagesTG22 andTG20 of Shackleton etal.,1995) and three
main high sea levels (isotopic stagesTG11,TG 9 andTG 5
of Shackleton et al., 1995). Precise ages have been allocated
to these isotopic stages by Vidal et al. (2002): TG 22
(5.81Ma),TG 20 (5.76Ma),TG11 (5.52Ma),TG 9 (5.43Ma)
andTG5 (5.33Ma). It has been established that theMessi-
nian salinity crisis belongs to the C3r reverse chron
(Gautier et al., 1994; Clauzon et al., 1996), its age (5.96^
5.33Ma) being speci¢ed by Krijgsman et al. (1999a).These
successive eustatic events are manifested in theMediterra-
nean Basin by strong signatures (Clauzon et al., 1996),
respectively:

� the deposition of the marginal evaporites caused by a
moderate sea-level fall,

� the ¢nal phase of carbonate platform deposition on the
margins dated at about 5.60Ma (Corne¤ e et al., 2004)
and corresponding to a moderate sea-level rise,
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� theMessinian erosional surface cutting, depending on
the place, carbonate platform and marginal evaporites
(Clauzon, 1997), marginal evaporites (Delrieu et al.,
1993; Fortuin et al., 1995) or other older deposits (Clau-
zon, 1999), and corresponding to the deep desiccated
basin evaporites (strong sea-level drop),

� the earliest Zanclean high-stand characterized in
many places by Gilbert-type fan delta constructions
(Clauzon, 1990, 1999).

In the Northwestern Mediterranean region, the two last
signatures are obvious at the base of elevations, especially
at the outlet of deep transverse valleys (Clauzon,1999). For
this reason, we have developed our ¢eld investigations
mainly in the area ofTurnuSeverinwhere theDanubeRiv-
er achieves its crossing of the Carpathians (Iron Gates)
(Fig. 1b). If the Black Sea and Dacic Basin have been af-
fected by the Messinian salinity crisis, similar impacts

must also exist in the Turnu Severin area and on the
NorthwesternMediterranean region.

SIGNATURES OF THE MESSINIAN
SALINITY CRISIS

TheMessinian salinity crisis induced two kinds of results:
immediate events as deposition of (marginal and deep ba-
sin) evaporites, and erosion of the shelf and downcutting of
deep subaerial canyons, and distant e¡ects ranging from
the Gilbert-type fan delta mode of sedimentary ¢lling of
the Zanclean rias, to the complete rebuilding of the shelf
(Lo¢ et al., 2003). First, we will recount the main immedi-
ate and delayed) signatures of theMessinian salinity crisis
within theMediterraneanBasin and the resulting scenario
(Clauzon etal., 1996).Wewill then describe our ¢eld obser-
vations in theDacic Basin and discuss if similar or distinct

Fig.1. Map of the Black Sea and itsWestern edge. (a) Location map of theDacic Basin (box) with respect to the Black Sea and Sites 379,
380, and 381ofDSDPLeg 42B. (b)Detailed map of theDacic Basinwith the studied sections: a, GuraVa� ii; b,Turnu Severin; c, Hinova;
d, Husnicioara; e,Motru (Lupoaia section); f,Va� ra� nic.
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signatures might have existed in the Eastern Paratethys
and whether characterize the Messinian salinity crisis in
this area.

In the Mediterranean Basin

Evaporites deposited in the Mediterranean abyssal plains
(reported only by seismic records) are the ¢rst consequence
of the desiccation of the Mediterranean Sea (Hsˇ et al.,
1973, 1977, 1978b; Ryan et al., 1973). The idea of an almost
complete desiccation of the Mediterranean Sea has been
supported by the dismantling of the Messinian margins
under a generalized erosional surface (Ryan & Cita, 1978;
Gorini et al., 1993) and deep subaerial canyons along the
course of rivers (Chumakov, 1973; Clauzon, 1973, 1978,
1979, 1982, 1990) because of the strong drop in sea level.
The product of this erosion mostly accumulated in detritic
cones at the bottom of canyons (Rizzini et al., 1978; Barber,
1981; Savoye & Piper, 1991; Lo¢, 2002).The erosion of the
margins and their hinterland, especially by rivers, during
the Messinian salinity crisis created large voids that were
later occupied by Zanclean waters (the so-called Pliocene
rias: Denizot, 1952; Clauzon, 1990) and in¢lled by Zan-
clean sediments. Such depositional areas possess two pe-
culiarities from a sedimentary viewpoint: (1) they may
exceed 1000m in thickness (Nile and Rho“ ne rias) that is
unusual in a margin and (2) in space, inter£uves parti-
tioned the deposition realm so that no lateral export of
material could occur from one ria to the next. As a conse-
quence, the Zanclean rias have served as outstanding sedi-
ment traps, depriving the basin of terrigenous material
(Hsˇ et al., 1973; Cita et al., 1978a, 1999). The £ooding of

the Mediterranean Basin by Zanclean marine waters dur-
ing the global high sea level of cycle TB3.4 (Haq et al.,
1987)was sudden as evidenced by the general development
of downlap sedimentary constructions, i.e. the absence of
any transgressive interval, as observed bothwithin the rias
(Clauzon et al., 1995) and in the deep basin (Lo¢ et al.,
2003). Accordingly, the high sea-level prisms are prograd-
ing Gilbert-type fan delta constructions (Clauzon, 1990,
1999; Clauzon et al., 1995).

The time interval of theMessinian salinity crisis is now
well de¢ned: it started just after the beginning of the Gil-
bert magnetochron (Chron C3r) (Gautier et al., 1994) and
more precisely at 5.96Ma (Krijgsman et al., 1999a) and
ended at 5.33Ma. (Lourens et al., 1996) in correspondence
with isotope stageTG 5 (Shackleton et al., 1995).

A scenariowas proposed byClauzon etal. (1996) that re-
conciles discrepancies between previous models (deep ba-
sin^shallow water: Hsˇ et al., 1973; shallow basin^shallow
water: Nestero¡, 1973; deep basin^deep water: Busson,
1990).The so-called ‘two-step’ model has a new chronol-
ogy constrained by the oxygen isotope curve of Vidal et al.
(2002) and tuned to the astronomical time-scale. It is also
compatible with the cyclostratigraphy proposed by
Krijgsman et al. (1999b) for the Italian evaporites (Fig. 2).
This scenario includes two evaporitic episodes forced by
two sea-level drops separated by a brief sea-level rise cor-
responding to the Upper Evaporites of Sicily (topped by
the LagoMare Formationwhich is rich in Paratethyan ele-
ments Congeria, ostracods, and dinocysts and the Arenaz-
zolo Formation), and culminating in the nearest isotopic
low-18O isotope stage (isotope stage TG 11: Shackleton
et al., 1995) (Fig. 2):

Fig. 2. The two-step scenario for theMessinian salinity crisis (Clauzon etal.,1996) and its various expressions on the margins and in the
deep basin. Chronology is based onVidal et al. (2002). LateMiocene^Early Pliocene chronostratigraphic relationships between the
Mediterranean Sea and the Dacic Basin revised by Snel et al. (in press) are followed in the present work. Age of boundary between
nannofossil Zones NN11andNN12 is from Backman & Ra⁄ (1997).
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� the ¢rst episode (5.96^5.64Ma) was a global sea-level
drop of moderate amplitude (less than 100m), includ-
ing glacial Antarctic isotope stagesTG 22 and TG 20
(Shackleton et al., 1995), that precipitated marginal
evaporites (Sicily, Sorbas, PoValley,Tyrrhenian realm)
in some more or less isolated basins;

� the second episode (5.52^5.33Ma) was sea-level drop
of very large amplitude (1500^2000m) that dried up
most of the abyssal plains of the Mediterranean Sea,
resulting in the deposition of abyssal evaporites and
cutting of deep subaerial canyons. Some areas, such
as the PoValley and Adriatic Sea, were not a¡ected by
the second sea-level drop, and received persistent and
continuous brackish to freshwater sedimentation
(Corselli & Grecchi, 1984; Clauzon et al., 1997) (Fig. 2).

This scenario has some basic discrepancies with the mod-
els of Rouchy & Saint-Martin (1992), Butler et al. (1995),
Riding et al. (1998) and Krijgsman et al. (1999b) that place
the Sicilian Upper Evaporites just before the Zanclean
£ooding. The Sicilian Upper Evaporites (including the
Lago Mare and Arenazzolo episodes) are understood by
some of these authors as being the transgressive interval
before Zanclean £ooding (Brolsma, 1976; Butler et al.,
1995; Krijgsman etal., 1999b). Such an interpretation is se-
verely contradicted by an absence of any earliest Zanclean
transgressive interval within the sedimentary ¢lling of
Zanclean rias (Clauzon etal.,1995).New o¡shore data rein-
force the absence of any transgressive interval in the basin
during the earliest Pliocene (Lo¢ et al., 2003). Accordingly,
the Sicilian Upper Evaporites (including the Lago Mare
andArenazzolo formations) cannot be considered to onlap
the margin at the Messinian/Zanclean transition as con-
sidered by Krijgsman et al. (1999b). This supports our
positioning of the Sicilian Lago Mare at the end of the
sea-level rise which tops the ¢rst evaporitic phase
(Clauzon et al., 1996), i.e. in correspondence with the iso-
tope stage TG 11 according to the adopted chronology
(Fig. 2). In some places such as theRho“ neValley, theBarce-
lona area and the Corsica, a LagoMare facies undoubtedly
belongs to the Zanclean deposits (Rho“ ne Valley: Denizot,
1952; Ballesio, 1972; Barcelona area: Gillet, 1965; Almera,
1894;Corsica: Pilot etal.,1975;Magne¤ etal.,1977), i.e. to iso-
tope stageTG 5 or later.

In the Eastern Paratethys: Dacic and
Euxinian Basins

Seismic pro¢les (Letouzey et al., 1978) and results from
three cored boreholes (Sites 379, 380, 381; Fig. 1a) during
DSDP Leg 42B (Ross et al., 1978) suggested that the two
main signatures of the Messinian salinity crisis in the
Mediterranean exist also in the Black Sea: namely, evapor-
ite deposition in the abyssal plain and a erosional surface
on the margin (Hsˇ&Giovanoli,1979). At Site 380A (cored
in the deep basin), a coarse clastic pebbly breccia (19-m
thick) was recovered between 864.5- and 883.5-m depth.

It includes blocks of a stromatolitic dolomite considered
to have formed in an intertidal to supratidal environment
(Sto¡ers &Mˇller, 1978).This suggests that the level of the
Black Sea was very shallow at that time, in agreement with
data from diatoms (less than 50-mwater depth) (Schrader,
1978). According to Schrader (1978: p. 856), the comparable
horizon at the nearby Site 381, which was cored in a more
marginal position ‘contains only a few scattered freshwater
assemblages, and lies approximately 900m above the one
atSite 380A’.Hsˇ&Giovanoli (1979) have interpreted these
data as evidence of the drop in level of the Black Sea to
1600m below global sea level in asociationwith theMessi-
nian salinity crisis in theMediterranean. Such an interpre-
tation was also supported by the record of a seismic
re£ector (re£ector ‘S’) showing that the pebbly breccia is
related to a deltaic system, speculatively a Messinian ero-
sional surface in the Black Sea (Letouzey et al., 1978).
Such an interpretation is supported bya recent high-reso-
lution pollen study at Site 380A where the lowermost
Zanclean age of the aragonite overlying the pebbly
breccia is demonstrated according to a global climatostra-
tigraphic approach (Popescu, in press). All the major and
secondary climatic variations of the early Zanclean have
been recorded at Site 380 and exhibit the same range
in intensity as in other European regions regardless of lati-
tude or longitude. In addition, this study con¢rms the
coastal status of the uppermost laminated carbonates un-
derlying the pebbly breccia. Gillet (2004) has evidenced
a clear erosional surface below Pliocene and Pleistocene
deposits in several seismic pro¢les of the western Black
Sea, especially from Site 380 up to Site 381.This strikingly
con¢rms the previous assumptions of Letouzey et al.
(1978).

NEW DATA FROM THE WESTERN DACIC
BASIN

In order to validate these o¡shore data on land, the ero-
sional signature of the Messinian salinity crisis was
searched in the Dacic Basin along the Danube River that
is expected to have o¡ered the same response as the other
large rivers (Rho“ ne, Nile). Accordingly, we developed our
investigation at the outlet of the Iron Gates (Figs 1 and 3)
in theTurnu Severin area. Here, the Danube River has cut
a gorge through the Carpathians (Figs 3b and c), the con-
text of which is physiographically similar to Zanclean
Gilbert-type fan delta constructions evidenced in the
northwestern Mediterranean region, and demonstrates
the Messinian age to the underlying erosional surface
(Clauzon, 1999).

Evidence of a prominent Danube erosional
surface at the outlet of the Iron Gates

At Gura Va� ii (Figs 1b and 3), a strong erosional surface
that we refer to the Messinian salinity crisis cuts Jurassic
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limestones and is overlain by lateral Zanclean foreset beds
(Fig. 4).This erosional surface belongs to a past tributary
of the Danube River on its left side. The axial erosional
surface cannot be observed but is almost parallel to
the Danube’ modern thalweg according to geological
information given in the Exhibition Hall of the Iron
Gates 1 Dam.The dam was built on the Carpathian base-
mentwhich reached 35m in altitude.Wells have penetrated
conglomerates just in front of the foreset beds. It is
deduced that the present-day thalweg, which is less steep
than the former one, intersects the erosional surface
downstream from the dam. The erosional surface was
mapped in this area but is not exposed downstream
(Fig. 3a).

Theunits of the Pliocene Gilbert-type fan delta
of Turnu Severin

At the outlet of the Iron Gates (Figs 1b and 3), the Danube
River cuts thick conglomerates, dipping 201 eastward on
average, that have been erroneously considered as Mid-
dle-Late Miocene in age (‘Tortonian^Sarmatian’: Savu &
Ghenea, 1967; Nastaseanu & Bercia, 1968) because of their
likeness to a detrital tilted formation overlying Badenian
clays 25 km northward (Marinescu, 1978). The Turnu Se-
verin clastic exposure begins close the village ofGuraVa� ii,
immediately donwstream from the Iron Gates 1Dam, and
is only exposed along the left side of theDanubeValley and
valleys of its northern tributaries (Fig. 3).

Fig. 3. TheZancleanGilbert-type fan delta ofTurnuSeverin. (a) Simpli¢ed geological map of theRomanian part of the IronGates area.
Considered sections: a, GuraVa� ii; b,Turnu Severin; c, Hinova; d, Husnicioara; e, Motru (Lupoaia section); f,Va� ra� nic. Basement
comprises Jurassic limestones and metamorphic rocks. (b) The Iron Gates15-km upstream fromOrSova. (c) Outlet of the Iron Gates
5-km downstream fromOrSova, with the residual Zanclean deposits (indicated by the arrow).
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These thick conglomerates constitute the foreset beds
of a very large Gilbert-type fan delta, and are exposed for
more than 20 km. Extending fromGuraVa� ii to the western
suburbs of Turnu Severin, they comprise pebbles within a
sandy, unevenly cemented matrix (Figs 5a^c, e); and
further along the section they become more or less indu-
rated white sands including some conglomeratic channels
(Figs 5d and f).They contain rare molluscs.

The silty bottomset beds outcrop upstream fromHino-
vawhere they are overlain by sandy foreset beds (Figs 6a^c)
containing a thin layer from which several molluscs have
allowed assignment to the Bosphorian regional substage

(Marinescu, 1978) (Table1).This same layer, and two layers
that overlie it have provided us with assemblages of nan-
nofossils and dinocysts (Table1). In the absence ofDiscoas-
ter quinqueramus, nannofossils are considered as belonging
to Zone NN12 which spans theMiocene/Pliocene bound-
ary (Fig. 2; Berggren etal.,1995a, b; Backman&Ra⁄,1997).
Nevertheless, they reveal an intense Mediterranean sea-
level rise and crossing o¡ the sill separating theMediterra-
nean from the Eastern Paratethys, and illustrate the
Zanclean deluge into this Mediterranean appendage. In
the Mediterranean, two remarkable successive changes in
sea-level occurred within this brief time-window: the

Fig.4. TheMessinian erosional surface and the foreset beds of the Zanclean Gilbert-type fan delta of Turnu Severin at GuraVa� ii. (a)
General view of the area. (b) Cross section atGuraVa� ii (section ‘a’onFigs1b and 3a). (c)Detail of boxC fromFig. 4b (dottedwhite line: the
Messinian erosional surface). (d). Detail of boxD from Fig. 4b (dottedwhite line: theMessinian erosional surface).
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Messinian draw down and the Zanclean deluge. As a
consequence, bottomset beds of the Turnu Severin
Gilbert-type fan delta inevitably date the underlying ero-
sional surface of the Messinian salinity crisis.We found at
Hinova the same dinocysts as those we found at Cernat
Valley in the area of Ploiesti where NN12 nannofossils oc-
cur (Snel et al., in press). These £oras are characterized
by endemic Paratethyan species (Sˇt˛ne¤ Szentai, 1989),
but also include many typical Mediterranean elements
(Table 1).

The top of the overlying sandy foreset beds is marked by
(1) an angular discordance (15^201) at the base of subhori-
zontal topset beds and (2) a thin lignite layer (Fig. 6d)
which probably corresponds to lignite A of \icleanu &
Diaconi]a (1997).This marks the marine/continental tran-
sition that takes place at a present altitude of 220m. An-
other lignite (lignite B of \icleanu & Diaconi]a (1997) is
exposed just above (Fig. 6e). Both clays of the bottomset
beds and those clays overlying lignite B are reversely mag-
netized and belong to Chron C3r (Popescu et al., in press)
(Fig. 6c).

Above this submarine deltaic wedge, the topset beds
have a total thickness of about 200m, and comprise alter-
nating sands (with conglomeratic channels) and lignites
(20 layers of unequal thickness, including lignites A and
B), some of which are intensively worked particularly in
the Husnicioara and Motru areas (\icleanu & Diaconi]a,

1997; Fig. 3a). At Husnicioara (Fig. 7), lignites I, IVand V
of the regional nomenclature are overlain by thick (42m)
£uvial sands indicating the strong, continuous in£uence
of the Danube River. The section shows lignites XIII to
XV at its top. Palaeomagnetic measurements have been
done (Fig. 7a), and the oldest normal event is related to
Chron C3n.4n (Popescu et al., in press), with the others to
be interpreted later. In theMotru area, theLupoaia quarry
shows a continuous,137-m thick, succession of lignites, ex-
tending from lignite V to lignite XIII (Fig. 8), alternating
with clays and some £uvial sands.This section, which re-
presents the almost complete continental accretion in the
Carpathian foreland, is Zanclean in age based on the re-
mains of small and large mammals (Fig. 8).Therefore, pa-
laeomagnetic reversals complemented by pollen records
(reliably correlated to climatic cycles forced by eccentri-
city) indicate that the section starts at Chron C3n.3n and
includes Chron C3n.2n (Popescu, 2001; Popescu et al., in
press). As a consequence, the normal episode recorded at
Husnicioara between lignites XIV and XV is Chron
C3n.1n (Popescu et al., in press).The high-resolution pol-
len records evidence the forcing of eccentricity (100-kyr
cycles) for the lignite^clay alternations (Popescu, 2001;
Popescu etal., in press). According to plant remains (leaves,
fruits, pollen grains), the vegetation of the area resembled
the modern vegetation of Florida and the Mississippi
Delta (\icleanu &Diaconi]a, 1997; Popescu, 2001).

Fig. 5. Foreset beds of theZancleanGilbert-type fan delta betweenGuraVa� ii andTurnuSeverin. (a)Conglomeratic foreset beds atGura
Va� ii. (b) Conglomeratic foreset beds betweenGuraVa� ii and Turnu Severin. (c) Cross section betweenGuraVa� ii and Turnu Severin
(section ‘b’on Figs1b and 3a). (d) Sandy foreset beds at Turnu Severin (back the swimming pool). (e). Detail of the conglomeratic foreset
beds. (f) Detail of the sandy foreset beds.
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Upstream and to thewest ofTurnuSeverin,material be-
comes coarser and the continental prism is less than 100-
m thick because of Late Pliocene and Pleistocene erosion.

The prism is topped with a conglomeratic abandon-
ment surface marked by some residual siliceous pebbles
(Fig. 9a), as can be observed on a topographic bench at

433-m altitude at Va� ra� nic (Fig. 9d) developed on a lapiaz
morphology (Fig. 9b). Karstic Jurassic and/or Sarmatian
limestones have probably been overlain by the ¢nal conti-
nental deposits of the Gilbert-type fan delta construction
(Fig.9c).These deposits aggradated up to the beginning of
the Plio-Pleistocene cutting which was probably forced

Fig. 6. Distal part of the Zanclean Gilbert-type fan delta of Turnu Severin in the area of Hinova. (a) Clayey bottomset beds (the arrows
indicate the levels withMediterranean nannofossils assigned to Zone NN12). (b) Clayey bottomset beds overlain by sandy foreset beds.
(c) Cross section atHinova (section‘c’onFigs1b and 3a). (d)Detail of the marine-continental transition (the arrow indicates ligniteA). (e)
Overlying deposits with the marine-continental transition (i.e. the topset beds overlying the foreset beds; the arrows indicate lignite A
corresponding to this transition, and lignite B).
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mostly by the earliest Northern Hemisphere glaciations
starting at 2.6Ma. Indeed, the surface is dated at about
2.2Ma according to the Slatina mammal faunas which are
augmented by magnetostratigraphy (Ra� dulescu et al.,
1997). Such erosion explains the karstic evolution and pre-
servation of siliceous remnants only (Fig.9a).

TheTurnu Severin Zanclean Gilbert-type fan
delta compared with the Mediterranean
Pliocene Gilbert-type fan deltas

It should be recalled that the only relatively brief and in-
tense drop ^ rise succession in sea level of profound im-
portance during the Late Miocene^earliest Pliocene
interval corresponds to the Messinian salinity crisis fol-
lowed by the Zanclean deluge (Fig. 2).This assumption is
additionally supported strongly by all the chronological
data obtained from the topset beds of the Gilbert-type
fan delta; namely mammals, magnetostratigraphy and cli-
mate £uctuations via pollen records.

The evolution of this Gilbert-type fan delta extending
over more than 3Myrs (from5.33 to ca. 2.10Ma) is summar-
ized in Fig. 10. This construction, exceeding 400m in
thickness, is strikingly similar to the Western Mediterra-
nean deltas that characterized thePliocene re£ooding after
the Messinian desiccation. For example, they are nested
within all the earlier Miocene deposits, they rest on an
erosional surface (the pronounced £uvial Messinian can-
yons related to the desiccation phase), and they have clayey
bottomset beds of earliest Zanclean age (ZoneNN12, Zone
MPl1) (Clauzon, 1996). They unanimously show three
characteristic well-expressed surfaces: theMessinian ero-
sional surface (at 5.33Ma), the diachronous marine^non-
marine transition (because of its prograding genesis) very
often expressed by a lignite, and the isochronous abandon-
ment surface expressed everywhere a little earlier than
2Ma (probably caused by the earliest glacials in theNorth-
ern Hemisphere). Such similarities have never been re-
ported outside of theMediterranean context except in the
DacicBasin.TheDacicBasinGilbert-type fan delta di¡ers
from the Mediterranean Gilbert-type fan deltas in its

number of lignite layers probably owing to the generally
humid feature of the region.

It is demonstrated that the Danube River existed a long
time before the Pleistocene. Indeed, such an impressive
Gilbert-type fan delta system could not be built without
the presence of a powerful river. The ¢rst appearance of
the modern hydrographic network in southern Romania
has generally been placed within the Late Pliocene^Early
Pleistocene (Jipa, 1997). Our results lower this event to
LateMiocene.

Regional extension of theMessinian erosional
surface in the Dacic Basin

Exposed sections, such as Valea Vacii and Ca� luga� reni
(PloieSti area; Fig.11), andBadislava (R|“ mnicuV|“ lcea area;
Fig.11), exhibit continuous sedimentation during the Late
Miocene and Early Pliocene (Marinescu et al., 1981), as in-
ferred from nannofossil analyses (Ma� run]eanu & Papaia-
nopol, 1998) and palaeomagnetic measurements (Snel
et al., in press). Subsurface data are consistent with these
¢eld observations, with many wells revealing a complete
LateMiocene sedimentation (C. Dinu, personal informa-
tion; Fig. 11). In contrast, some other wells, mostly from
thewestern and southernCarpathian foredeep, are charac-
terized by a hiatus below the Pontian (generally thin) and
the Dacian (often easily recognizable because of the pre-
sence of lignites). These deposits directly overlie Sarma-
tian (with the entire Maeotian missing) or older layers
such as Oligocene or Cretaceous (Fig. 11). This break in
sedimentary record might illustrate an erosional gap
because of the ‘proto-Danube’ and its tributaries. Fig. 11
provides an overview of the two palaeogeographically con-
trasted areas in the Carpathian foreland during theMessi-
nian salinity crisis: (1) an erosional zone resulting from the
palaeo- £uvial network and (2) a continuous sedimentary
zone within a perched ‘palaeo-lake’. Clarifying the exact
expanse of these areas eastward and southward requires
examination of additional boreholes.

Table1. Fossil content of the bottomset beds of theTurnu Severin Gilbert-type fan delta at Hinova

Paratethyan molluscs Mediterranean nannofossils Paratethyan dinocysts

Limnocardium emarginatum Reticulofenestra minuta Galeacysta etrusca
L. petersi R. pseudoumbilicus Spiniferites cruciformis
Plagiodacna auingeri R. minutula Tectatodinium psilatum
Dreissena rostriformis group R. doronicoides Mediterranean dinocysts
Dreissenoyma aperta Sphenolithus abies Achomosphaera andalousiensis
Phyllocardium planum planum Calcidiscus leptoporus Operculodinium centrocarpum

Amaurolithus primus Impagidinium patulum(?)
A. ampli¢cus Spiniferites bentori
Coccolithus pelagicus S. elongatus
Helicosphaera kamptneri S. hyperacanthus

S. ramosus
Nematosphaeropsis labyrinthus
Tectatodinium pellitum
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A NEW IDEAON MEDITERRANEAN^
PARATETHYS LATE NEOGENE
RELATIONSHIPS

Discoveries of repeated Mediterranean nannoplankton
in£uxes into Paratethys have considerably changed the
concept of Mediterranean^Paratethys isolation since the
Sarmatian.These in£uxes occurred (1) from earliest Sar-
matian up to Romanian (Dacic Basin: Ma� run]eanu, 1992;
Papaianopol & Ma� run]eanu, 1993; Ma� run]eanu & Papaia-
nopol, 1995; Ma� run]eanu & Papaianopol, 1998; Drivaliari
et al., 1999; Snel et al., in press) and (2) from Maeotian
to Kimmerian (regional stage following Pontian) in the
Ponto-Caspian Basin (Semenenko & Lyuljeva, 1978;

Semenenko etal., 1995; Semenenko&Olejnik,1995) (where
Mediterranean dinocysts were also found: Semenenko &
Olejnik, 1995). It has been proposed that there were many
brief incursions of Mediterranean waters into the brack-
ish-freshwaters of the Paratethys, and that ‘many species
(nannoplankton) died immediately, marking exactly the
moment of the connections’ (Ma� run]eanu & Papaianopol,
1998, p.121). Such in£uxes were necessarily forced by high
sea levels in the Mediterranean Sea because coccolitho-
phores and many dino£agellates live within the photic
zone of surface waters (Sarjeant, 1974;Winter et al., 1994).

As a consequence, based on two successive records of
Mediterranean nannofossils (and dinocysts) in the Eastern
Paratethys, we consider the possibility that an in£ow of

Fig.7. Vertical section of the Husnicioara quarry (section ‘d’on Figs1b and 3a). (a) Lithological succession and palaeomagnetic polarity.
Forty-four metres of £uvial sands represent the time-interval between lignitesVand XIII (i.e. about 500 kyr from ca. 4.800 to ca.
4.300Ma) during which the Danube £ood plain aggradated in the area. (b) Lignite I and of overlying clays. (c) From lignite IV to lignite
XV. (d) From ligniteV to lignite XIV.
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Paratethyan waters reached the Mediterranean realm not
just once (Hsˇ et al., 1973) but that two in£uxes may have
occurred via surface currents. The ¢rst in£ux, corre-
sponding to Zone NN11, occurs before a strong erosional
surface in the Eastern Paratethys, and just before the deep
basin evaporite deposition in the Mediterranean (isotope
stage TG 11). The second in£ux, corresponding to Zone
NN12, occurs just above this erosional surface in the East-
ern Paratethys (see also Semenenko, 1995; Gillet et al.,

2003) and corresponds to the earliest Zanclean in the
Mediterranean (starting at isotope stageTG 5) (Fig.12).

Mediterraneanwater influxes into Paratethys
during the Late Miocene ^ Early Pliocene

Two in£uxes of Mediterranean nannoplankton and dino-
cysts occurred (Ma� run]eanu & Papaianopol, 1998; Snel
et al., in press). The Late Portaferrian^Borphorian in£ux

Fig. 8. Vertical section of the Lupoaia quarry (section‘e’on Figs1b and 3a). (a) Lithological succession and palaeomagnetic polarity from
ligniteV to ligniteXIII and the overlying clays and sands,with indication of the mammal remains. (b) Southern part of the quarry where
sediments run from ligniteV to ligniteVIII. (c) The threee layers of ligniteVIII. (d) Northern part of the quarry where worked lignites
X to XII are located.
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has been recorded at ValeaVacii, Ca� luga� reni and Badislava
(Fig. 11), and belongs to Zone NN11.The Bosphorian in-
£ux has been recorded at ValeaVacii, Ca� luga� reni, DoiceSti,
Hinova (Fig. 11) and Argova Valley (SE Bucharest, well
68913/67), and belongs to Zone NN12. In contrast to other
localities, the nannoplankton (NN12) and dinocyst in£ux
at Hinova overlies an important erosional surface consid-
ered to belong to theMessinian salinity crisis.The nanno-

plankton (NN12) in£ux recorded at \icleni overlies a gap
within Late Pontian deposits (Drivaliari et al., 1999). We
therefore conclude that these two successive in£uxes cor-
respond to two successive high Mediterranean sea levels
occurring immediately before and after the Messinian
salinity crisis, i.e. to isotope stages TG 11 and TG 5 (Fig.
12) which are referred to high global sea levels (Vidal et al.,
2002;Warny et al., 2003).

Fig.9. Residual Late Pliocene abandonment surface near Va� ra� nic. (a) Residual siliceous pebbles at altitude 424m. (b) Lapiaz at altitude
424m. (c) Cross section nearVa� ra� nic (section ‘f ’on Figs1b and 3a) showing the residual top of the Late Pliocene abandonment surface
characterized by remnant siliceous pebbles and lapiaz, the karst system through the Samatian limestones and the basement.The
conglomeratic and sandy foreset beds of theTurnu Severin Gilbert-type fan delta are separated from the Sarmatian limestones and
basement by theMessinian erosional surface. (d)W^E oriented view of the £at morphology of the Late Pliocene residual abandonment
surface.

r 2005 Blackwell Publishing Ltd,Basin Research, doi: 10.1111/j.1365-2117.2005.00269.x 13

Late NeogeneMediterranean ^ Eastern Paratethys sea-level changes. LagoMare deciphered



Mediterranean nannoplankton in£uxes into theCentral
Paratethys are not restricted events because they are also
recorded in the Azov Sea region, close to Kerc. Here, they
correspond to an interval restricted to Zones NN11 and

NN12 and are located in deposits of latest Pontian ^ ear-
liest Kimmerian age (i.e. almost reaching the earliest Plio-
cene) (Semenenko&Lyuljeva,1978; Semenenko&Pevzner,
1979; Semenenko & Olejnik, 1995).The in£uxes are sepa-

Fig.10. Location of studied sections ‘a’^‘f ’of the Zanclean Gilbert-type fan delta of Turnu Severinwith respect to the structure of a
Gilbert-type fan delta as found in theMediterranean (Clauzon, 1990, 1999; Clauzon et al., 1995) and to the chronology of this
exceptionally exposed sedimentary body based on bio- and magnetostratigraphy. Complete details on bio- and chronostratigraphic
assignements are given by Popescu (2001) and Popescu et al. (in press).

Fig.11. Considered localities in theDacic Basin. Exposed sections: a,ValeaVacii; b, Ca� luga� reni; c, Badislava; d,GuraVa� ii. Boreholes: 1,
MoaraVla� siei; 2, Afuma]i; 3, PeriS 909; 4, Fla� manzeni185; 5, Dumitrana1483; 6, Potlogi146; 7,Titu1690; 8, Singureni 315; 9, Ba� laria 590;
10,Ghimpa]i 2; 11,Videle 96; 12,Orbeasca 255; 13, Ciuperneci 400; 14, CiolaneSti155; 15, PetreSti1600; 16,Visina165; 17,Dumbra� veni166;
18,HumeleBuzoeSti 2046; 19,CoseSti 3275; 20,Ma� lureni 3300; 21,GieSti-Pa� dure]i 75; 22, Spineri 4 and 5030; 23,GocieSti 41; 24,TatuleSti
5036; 25, Corbu 3; 26, B|“ rla 70; 27,Va� leni 7; 28, Boianu 48; 29, Boianu 45; 30, CiureSti 67; 31, Priseaca 3026; 32,MogoSeSti 921; 33, Priseaca
2222; 34, Brebeni 28; 35, OptaSi-Ma� gura 2; 36, Oporelu 3303; 37, Negreni 3014; 38, Priseaca 3025; 39, Doba 26; 40, Izvoru 39; 41, Caracal 2;
42,DobroteSti10; 43, Cotmeana 3205; 44,\icleni; 45,Monrunglav; 46,Gerce\Sti116; 47, PiatraOlt101; 48,Malu; 49, Leu105; 50, Caracal
490; 51,M|“ rSani 31; 52, Caracal 499; 53, Caracal 433; 54,Giuva� ra� Sti16; 55, Stoica� neSti 43; 56, Stoica� neSti 44; 57, Boca� leSti104; 58, Ca“ rliga]i
2; 59, Pla� viceni 8; 60, Pla� viceni 44; 61, Lita; 62,TurnuMa� rgurele; 63, Pu]ineiu 3; 64, Alexandria; 65, Giurgiu.
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rated by a gap in the deposits that Semenenko (1995) con-
sidered as being because of widespread erosion in the
northwstern Black Sea, recently con¢rmed by Gillet et al.
(2003).

Paratethyanwater influxes into the
Mediterranean (latest Messinian^earliest
Zanclean)

Two Lago Mare events can be distinguished in the Medi-
terranean realm, the ¢rst event occurs at the top of the Si-
cilian Upper Evaporites (i.e. at the end of the evaporitic
phase on the Mediterranean margins; Clauzon et al.,
1996), and the second occurs at the beginning of the Zan-
clean £ooding.We relate them to the two successive high
Mediterranean sea levels (TG11 and TG 5) which allowed
exchanges of surface waters between the Mediterranean
Sea and Paratethys, as supported by the presence of Para-
tethyan dinocysts (Galecysta etrusca for example) in the two
successive LagoMare events (Fig.12).

We present a review of many selected Lago Mare For-
mation localities in the Mediterranean (Fig. 13), taking
mainly into account Paratethyan mollusc, ostracod and di-
nocyst occurrences (Table 2). In this review, deep basinal
localities (containing only ostracods) are distinguished
from marginal ones, which are in turn subdivided into
two categories according to the chronological assignment
that we propose (lateMessinian or earliest Zanclean).

TheMessinian localities generally overlie marginal eva-
porites (sensuClauzon etal., 1996) and/or are overlain by the
Messinian erosional surface; in some places, a nannofossil
age (NN11) is known (Pasquasia: Cita et al., 1973; Corfou:
Vismara Schilling et al., 1976).The calcareous nannofossil
assemblages suggest an NN11 age for the Lago Mare For-
mation and an NN12 age for the Arenazzolo Formation,
based on to the disappearance of Discoaster quinqueramus
between them at Capo Rossello (Cita &Gartner, 1973) and
Eraclea Minoa (Bizon et al., 1978; A. Di Stefano, personal
information) (Fig.13).These two formations are separated
by the Messinian erosional surface, most conspicuously
expressed westward where the uppermost 5m of the Lago

Mare Formation are missing at the Eraclea Minoa refer-
ence section. Such data lead us to reject the classical strati-
graphical position of the Arenazzolo Formation (Fig. 2)
and to shift it into the earliest Zanclean (Fig. 12), a view
previously implied by some authors (Brolsma,1976; Butler
et al., 1995). In this section, cysts of Galeacysta etrusca have
been recorded only during relative high sea levels (i.e.
within the turbiditic layer preceding the last gypsum and
within the Arenazzolo Formation) according both to the
abundance of Pinus vs. halophyte pollen grains (Fauquette
et al., in press) and to a sequence stratigraphic analysis
(Homewood et al., 1992). It is clear that, at Eraclea Minoa,
two successive in£uxes of Paratethyan elements are re-
corded in relation to relative high sea levels, respectively:
(1) before the almost complete desiccation of theMediter-
ranean (marked bydino£agellate cysts includingGaleacysta
etrusca and, at a relative lower sea level, byCongeria and os-
tracods) and (2) after the almost complete desiccation of
theMediterranean (marked by dino£agellate cysts includ-
ing Galeacysta etrusca).These in£uxes are separated by the
Messinian erosional surface which corresponds to the
deep desiccated basin evaporites (Clauzon et al., 1996).
Accordingly, these in£uxes can be respectively related to
isotopic stages TG 11 (last occurrence of Discoaster
quinqueramus, corresponding to the Lago Mare Formation
in Sicily) andTG5 (earliest Zanclean corresponding to the
Arenazzolo Formation in Sicily), a gap in sedimentation of
190 kyr separating these two layers (Fig.12). At Cava Serre-
di (Livorno, Italy), the uppermost 20m of the Lago Mare
facies are missing from the present-day quarry face at
about 400-m north of the section described by Bossio
et al. (1981). This suggests the presence of the Messinian
erosional surface betweenMessinian and Zanclean depos-
its, and disputes the continuous deposition claimed by
Bossio et al. (1981) and Corradini & Bi⁄ (1988).

We distinguished some other earliest Zanclean local-
ities because we observed them above the Messinian ero-
sional surface, as suspected by some previous authors.
These localities include Papiol (Almera, 1894; Gillet,
1965), localities from the Rho“ ne Valley (Fontannes, 1883;
Denizot,1952; Ballesio,1972) andAleria in Corsica (Magne¤

Fig.12. Proposed evolution of selected basins in theMediterranean Sea and the Eastern Paratethys during the lateMessinian^early
Zanclean. Chronological location of the three proposed LagoMare events. Age of boundary between nannofossil Zones NN11and
NN12 is from Backman & Ra⁄ (1997).
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et al., 1977) (Fig. 13). In theTyrrhenian Sea, the Messinian
erosional surface can be followed o¡shore from Aleria to
the basin where it cuts the Messinian evaporites (Aleria,
1980), that are demonstrated as being the marginal ones
(Clauzon et al., 1996).

We regard the Colombacci Formation of the Po Valley
and theAdriatic realm, classically accepted as latestMessi-
nian in age (Fig. 2), as earliest Zanclean for the following
reasons. At Maccarone, this Formation with Paratethyan
ostracods and dino£agellate cysts (including Galeacysta
etrusca: Bertini, 1992; Popescu, in progress;Table 2) repre-
sents a marine environment with planktonic and benthic
foraminifers (Carloni etal., 1974) and oceanic dino£agellate
cysts such as Impagidinium aculeatum (Bertini, 1992; Popes-
cu, in progress) which began 44m below the Colombacci
Formation. It inevitably belongs to a relative high sea level.
The occurrence of in situ foraminifers (Carloni et al., 1974)
points to a Zanclean age for the Colombacci Formation.
This conclusion was previously reached in a con¢dential
study for theTOTALCompany on theMontagna dei Fiori
section (near Ascoli, Marche, Italy), an area where the
Colombacci Formation is very thick (Selli, 1973; Bassetti
et al., 1994).

The age has been unclear for some localities from the
Aegean Sea, with assignment to theMessinian (R˛gl et al.,

1991; Syrides, 2000) or Zanclean (Karistineos & Geor-
giades-Dikeoulia, 1985^1986), such as in the Axios-Ther-
maikos Basin (Fig. 13). The signi¢cance of the incursion
of Paratethyan waters is also discussed (Syrides, 2000),
and the problem is perpetuated because most of the local-
ities have no age control other than molluscan evidence.
The matter is nonetheless crucial because these faunas
are located in a possible gateway area between the Para-
tethys and the Mediterranean (Stankovic, 1960; Hsˇ et al.,
1977, 1978a; Kojumdgieva, 1987; Marinescu, 1992). There-
fore, after several ¢eld investigations in the northern Ae-
gean Sea, we established that localities of the Strymon,
Xanthi-Kometini and Gelibolu basins that have Parateth-
yan elements (Fig.13) were cut by theMessinian erosional
surface (cutting in some places the marginal evaporites, a
feature clearly seen also on seismic pro¢les of the Prinos
Basin: Proedrou, 1979; Proedrou & Sidiropoulos, 1993),
and overlain by Gilbert-type fan delta deposits showing
bottomset beds belonging to nannofossil ZoneNN12.A si-
milar situation is suspected for the Ambarlik˛y area (Fig.
13) based on seismic investigations in the Black Sea (Gil-
let, 2004). We have recorded Mediterranean calcareous
nannofossils continuously along the Intepe section at the
western opening of the Dardanelles Strait (Fig. 13). This
section belongs to the Messinian Alc� itepe Formation

Fig.13. Selected localities in theMediterranean andDacic basins used to propose three LagoMare events from the lateMessinian to
earliest Zanclean.The discussed possible gateways between the Aegean Sea and the Eastern Paratethys are indicated by grey double
arrows.Localities (some including several sections; references are given inTable 2) are as follows: 1, ArgovaValley; 2, Ca� luga� reni; 3,Valea
Vacii; 4,DoiceSti; 5,Badislava; 6,\icleni; 7,Hinova; 8,Kerc (AzovSea); 9,CapoRossello; 10,EracleaMinoa; 11, Pasquasia; 12,Vizzini; 13,
Djebel Kechabta; 14, Zinga; 15, Corfou; 16, Zakynthos; 17, Khairetiana (Crete); 18, Pissouri and Polemi (Cyprus); 19, Cava Serredi; 20,
Pomarance; 21,Vera; 22, Sorbas; 23, Papiol; 24,The¤ ziers; 25, Saint-Marcel d’Arde' che; 26, Saint-Restitut; 27, Allex; 28, Aleria; 29, Alba;
30,Torre Sterpi; 31,Monteglino; 32,Maccarone; 33, Ancone; 34, LeVicenne; 35, Souvala (Aegina); 36, Axios-Thermaikos Basin; 37,
StrymonBasin; 38,Xanthi-Kometini Basin; 39,Gelibolu; 40, Intepe; 41, Ambarlik˛y; 42,Yalakdere; 43, Site 978A; 44, Site 975B; 45, Site
654; 46, Site 974B; 47, Site 968A; 48, Site 967A; 49, Site 380A; 50, Ravno Pole¤ ; 51, Ptolemais.
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(G˛rˇretal.,1997), and has two apparently conformable as-
semblages: the lower part of the succession is assignable to
Zone NN11 (co-occurrence of Triquetrorhabdulus rugosus,
Reticulofenestra rotaria, Amaurolithus primus and A. delicatus),

and the the upper part is assignable to Zone NN12 (indi-
cated by the appearance of Ceratolithus armatus/C. acutus,
and the disappearance of Triquetrorhabdulus rugosus). More-
over, as in other Mediterranean and Atlantic regions

Table2. Mediterranean LagoMare localities and their fossil content

Localities Congeria Ostracods Dinocysts

Alboran Sea:
Vera (Cita et al., 1980) 1

Sorbas (Civis et al., 1979; Ott d’Estevou &Montenat, 1990) 1 1

Site 978A (Iaccarino & Bossio, 1999) 1

NorthwesternMediterranean:
Papiol (Gillet, 1960, 1965; Almera, 1894) 1 1

The¤ ziers, Saint-Marcel d’Arde' che, Saint-Restitut,
Allex (Rho“ neValley) (Fontannes, 1883; Ballesio, 1972;
Archambault-Guezou, 1976; Carbonnel, 1978)

1 1

Cava Serredi (Bossio et al., 1981; Corradini & Bi⁄,1988) 1 1 1

Pomarance (Bossio et al., 1978) 1 1

Aleria (Corsica) (Pilot et al., 1975;Magne¤ et al., 1977) 1 1 1n

Site 975B (Iaccarino & Bossio, 1999) 1

Site 654 (Cita et al., 1990) 1

Site 974B (Iaccarino & Bossio, 1999) 1

PoValley and Adriatic Sea:
Alba (Cavallo & Repetto, 1988) 1 1n

Torre Sterpi (Corselli & Grecchi, 1984) 1 1 1n

Monteglino (Iaccarino & Papani, 1979) 1 1

Monticino1987 (Marabini & Vai, 1988; Bertini, 1992) 1 1

Ancone (Gillet, 1968) 1 1

Maccarone (Carloni et al., 1974; Bertini, 1992) 1 1n

LeVicenne (Cipollari et al., 1999; Gliozzi, 1999; Bertini, in progress) 1 1 1

CentralMediterranean:
Vizzini (Di Geronimo et al., 1989) 1

Capo Rossello (Cita & Colombo, 1979; Bonaduce & Sgarrella, 1999) 1 1 1n

EracleaMinoa (Decima & Sprovieri, 1973; Bonaduce & Sgarrella, 1999) 1 1 1n

Pasquasia (Colalongo, 1968; Cita et al., 1973) 1

Zinga (Selli, 1973;Martina et al., 1979) 1

Djebel Kechabta (Burollet, 1952; Benson, 1976) 1

Ionian Sea:
Corfou (Vismara Schilling et al., 1976) 1

Zakynthos (Kontopoulos et al., 1997) 1

Aegean andMarmara seas:
Khairetiana (Crete) (Sissingh, 1972) 1

Souvala (Aegina) (R˛gl et al., 1991) 1 1

Axios-Thermaikos Basin (Gillet, 1937;
Gillet & Geissert, 1971; Syrides, 1998)

1

Strymon Basin (Syrides, 1995, 1998) 1

Xanthi-Komotini Basin (Syrides, 1998) 1

Gelibolu (Gillet et al., 1978; G˛rˇr et al., 1997) 1

Intepe (Gillet et al., 1978; G˛rˇr et al., 1997) 1

Ambarlik˛y (Gillet et al., 1978; G˛rˇr et al., 1997) 1

Yalakdere (Gillet et al., 1978; G˛rˇr et al., 1997) 1

Eastern Levantine Basin:
Pissouri and Polemi (Cyprus) (Orszag-Sperber et al., 1980;
Di Stefano et al., 1999; Rouchy et al., 2001)

1 1

Site 967 (Spezzaferri et al., 1998) 1

Site 968 (Blanc-Valleron et al., 1998) 1

A distinction is drawn between the deep basin localities and the marginal ones, and among the latter, between those referred to the lateMessinian and
those referred to the earliest Zanclean.
Normal characters: deep basin localitiesBold characters: localities referred to LateMessinian Italic characters: localities referred to Early Zanclean.
nOur study.

r 2005 Blackwell Publishing Ltd,Basin Research, doi: 10.1111/j.1365-2117.2005.00269.x 17

Late NeogeneMediterranean ^ Eastern Paratethys sea-level changes. LagoMare deciphered



(Backman & Ra⁄, 1997; Castradori, 1998), the two above-
mentioned nannofossil events are not coincident: the ex-
tinction of T. rugosus is younger than the appearance of C.
armatus/C. acutus.The two assemblages are separated by a
lignite (5-cm thick), a sand (2-cm thick) and a shelly lime-
stone (17-cm thick), which may express the discontinuity
observed to the north at Yaylak˛y (Gulf of Saros) where
clayey bottomset beds belonging to Zone NN12 are nested
within the Alc� itepe Formation owing to the Messinian
erosional surface. Presently, only two localities are of un-
certain age:Trilophos (locality 36 on Fig.13) is assigned to
the late Messinian (Gillet & Geissert, 1971; Syrides, 1998)
pending nannoplankton data (Fig.13;Table 2); and Souva-
la, a locality of the Aegina Island (35 on Fig.13), is ascribed
to the earliest Zanclean (Fig.13;Table 2) because nannoos-
sils of Zone NN12 overlie beds containing Congeria,
although there is no information on whether an erosional
surface is present (R˛gl et al., 1991). Hence, despite some
missing information on the latter locality, we believe that
the two high sea-level exchanges between the Mediterra-
nean Sea and the Paratethys, occurring just before and just
after the Mediteranean Sea desiccation, have been re-
corded in this area.

Re-examination of the Lago Mare localities suggests
that two successive in£uxes of Paratethyan organisms en-
terred theMediterranean Sea, ¢rstly in the lateMessinian
and again in the earliest Zanclean. Such in£uxes were
made of surface waters, these being able to transport Con-
geria and ostracod larvae and where dino£agellates live in
the photic zone. They necessarily correspond to the two
opposite in£uxes of Mediterranean surface waters occur-
ring at high sea level, transporting the calcareous nanno-
plankton characterizing Zones NN11 and NN12 (Fig. 12).
Accordingly, these results suggest the existence of two rela-
tively brief episodes of two-way exchange at high sea level
between the Paratethys and theMediterranean, the brack-
ish to fresh Paratethyanwaters exported at the surface, and
the Mediterranean saline waters imported below surface
(Fig.12).

DISCUSSION

Two brief in£uxes of Mediterranean waters (with calcar-
eous nannoplankton and dino£agellates) have clearly oc-
curred in the late Messinian^earliest Zanclean of the
Eastern Paratethys (Dacic and Euxinian basins). They, re-
spectively, belong to the calcareous nannofossil Zones
NN11 and NN12. According to palaeomagnetic data in
the northern Dacic Basin (Snel et al., in press), they imme-
diately preceded and followed theMessinian salinity crisis.
This timing is also attested by the presence of the Messi-
nian erosional surface below the bottomset beds (assigned
to Zone NN12) of the Gilbert-type fan delta of Turnu Se-
verin. Because nannoplankton and dino£agellates are
mostly distributed in surface waters (the upper photic
zone, i.e. the uppermost 90m), it is realistic to correlate
these in£uxeswith the two successive high global sea levels

illustrated by the isotope stagesTG11 and TG 5 of Shack-
leton et al. (1995) which respectively immediately predate
(5.52Ma) and postdate (5.33Ma) theMessinian salinity cri-
sis (Vidal et al., 2002; Warny et al., 2003) (Fig. 12). At the
same time, brief reverse £ows of Paratethyan waters will
have entered the Mediterranean, explaining the arrival of
Paratethyan elements (Congeria, ostracods and dino£agel-
lates) and causing the development of two successive Lago
Mare facies in the Mediterranean. This scenario resolves
the apparently discrepant chronology of this facies that is
represented by localities underlying the Messinian ero-
sional surface, but also localities overlying the same sur-
face (Fig. 12). The present-day water exchanges between
the Maramara and Black seas through the Bosphorus
Strait occurs because brackishwaters exit the Black Sea as
a surface current that £ows over a deeper reverse current
of saline Mediterranean waters entering the Black Sea
(Fortey, 2000). This presents a realistic analogue for the
suggested water exchanges between the Mediterranean
Sea and Eastern Paratethys during the Late Neogene. In
some areas protected from erosion, the two successive ex-
changes at high sea level have been recorded within the
same vertical section: in the Eastern Paratethys (northern
Dacic Basin) and in the Mediterranean (Eraclea Minoa
classical section, Intepe) (Fig. 13). In the Mediterranean
(except thePoValley and theAdriatic realm), £uvial erosion
during theMediterranean desiccation resulted in a nesting
of Zanclean deposits within Miocene deposits that are
generally considerably eroded. Therefore, only one of the
two Lago Mare facies caused by high sea-level exchanges
can be exposed in each locality, except near EracleaMinoa
and at Cava Serredi (Livorno) where relatively weak ero-
sion occurred. The late Messinian Lago Mare sediments
have been protected from erosion in some Mediterranean
localities (Fig. 13), whereas the earliest Zanclean Lago
Mare deposits are often poorly documented because of
the di⁄culty in observing the oldest Zanclean sediments
within theMessinian canyons. In the PoValley and Adria-
tic realm, only the second in£ux (earliest Zanclean) seems
documented, considering that, at Maccarone, it signi¢ -
cantly postdates an ash bed dated at 5.51 � 0.04Ma
(40Ar/39Ar:Odin etal.,1997;H.Maluski, personal informa-
tion). Such an assumption can be extrapolated across the
whole region considering that, for example, at Monticino,
the second LagoMare deposits unconformably overlie the
marginal evaporites (Marabini & Vai, 1988); and at Torre
Sterpi and Sioneri (near Alba), they overlie the reworked
marginal evaporites. These data may support some uplift
of the Otrante Sill during the episode that includes the
¢rst high sea-level exchange between the Eastern Para-
tethys and theMediterranean (5.90^5.40Ma) (Fig.14).The
connection of the Mediterranean Sea with the Eastern
Paratethys at high sea level just before the salinity crisis
provides a better explanation for the sea-level drop of the
latter than by its drainage into the dried-up Mediterra-
nean as proposed by Hsˇ et al. (1978a). Similar relation-
ships at high sea level occurred repeatedly between the
two realms before and after the time-window including
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the Messinian salinity crisis as attested by Mediterranean
nannofossil records in theDacic Basin (Ma� run]eanu&Pa-
paianopol, 1998) and by the unusual presence of Parateth-
yan fauna in the Mediterranean, such as below the
Crevillente 6 mammal level (Archambault-Guezou et al.,
1979) dated at about 6.1Ma (Garce¤ s et al., 1998).

The signi¢cance of Paratethyan dinocyst in£uxes into
theMediterraneanBasin is di¡erent from that of Congeria
in£uxes, because they are not recorded simultaneously at
some non-coastal localities, such as EracleaMinoa for in-
stance. At Eraclea Minoa, Paratethyan dinocysts are re-
corded in the following relatively high sea-level deposits:
(1) a turbiditic layer underlying the last gypsum that re-
presents a relative drop in sea level (Homewood et al.,
1992) and (2) the Arenazzolo Formation. These two rela-
tively high sea-level deposits are separated by the Lago
Mare Formation, which includesCongeria only.We believe
that dinocyst and Congeria migrations have occurred at
the same time (as recorded simultaneously in several
coastal localities, Torre Sterpi for example). But in some
distal localities, such as Eraclea Minoa, dinocysts owing
to their greater abundance appear more reliable for identi-

fying the exact in£ux level. Indeed, Congeria beds are a
better signature for characterizing more coastal conditions
and brackish-water lagoons along the shoreline.

Such exchanges at high sea-level between the Eastern
Paratethys and the Mediterranean would correspond to
episodic connections not only forced by rises in sea level
but also controlled by palaeogeographic features such as
very narrow andwinding sills and marine currents.Where
were such connections located? (Fig.13). A proto-Dardan-
nelles^Bosphorus gateway was considered by Archam-
bault-Guezou (1976), Kojumdgieva (1987) and Marinescu
(1992). The absence of Mediterranean nannofossils from
the earliest Pliocene at Site 380A (Percival, 1978), relatively
close to the present-dayBosphorusStrait, allows us to dis-
card this hypothesis. An approximately 200-kyr delay in
the arrival ofMediterranean diatoms and dinocysts at this
site supports our decision (Schrader, 1978; Popescu, in
press). According to Carbonnel (1980), a passage in the
Black Sea area is untenable because no comparable ostra-
cod faunas are known fromwells of DSDP Leg 42B (Ben-
son, 1978; Olteanu, 1978) (Fig. 1a). The morphology of
Dacic Basin coccoliths supports a direct connection be-
tween theDacic Basin and theMediterranean, on the basis
of di¡erence in Crimean coccoliths that show some adap-
tation to Black Sea euxinic conditions because they prob-
ably reached this area later. The possibility of a passage
through the Serres Basin into Bulgaria, already considered
by Kojumdgieva (1987), is discarded according to recent
results published by Zagorchev (2002). Nevertheless, a
gateway through northernGreece,Macedonia andBulgar-
ia seems possible (Stankovic, 1960; Hsˇ et al., 1977, 1978a)
because the area was under prevalent extension at that
time (Dabovski et al., 2002). Such a possibility, already sug-
gested byMarinescu (1992), should be explored. Assuming
such a scenario, the Dacic Basin could have been directly
connected to the Mediterranean Sea, being itself episodi-
cally connected to the Black Sea north of the Dobrogea
horst through the Reni Strait (Semenenko, 1995) (Fig. 14).
Such a gateway is supported bymorphological adaptations
of the dinocysts to the low salinity of theDacic Basin, which
seems to be less important at Hinova than at Cernat or at
Site 380A, i.e. at an increased distance away from the con-
nection. A passage through the So¢aBasin is supported by
evidence of Mediterranean dinocysts in the Zanclean la-
custrine facies from Ravno Pole¤ borehole near So¢a (Dri-
valiari, 1993). In addition, the canyon of Mezdra to the
north of So¢a is a reliable candidate for providing the out-
let towards the Danube Plain.We suggest that the most re-
liable outlet of this gateway in the Aegean Sea is the area
of Thessaloniki (i.e. the Axios-Thermaikos Basin) where
Syrides (1998) found Paratethyan Congeria together with
typicalMediterranean organisms (Mactra,Abra,Parvivenus
widhalmi). This prospective gateway is also supported by
the presence in the Zanclean lacustrine layers of Ptole-
mais, a nearby basin, of Spiniferites cruciformis, a typical di-
nocyst from the Paratethys (Kloosterboer-vanHoeve et al.,
2001) at a time when Mediterranean nannofossils of Zone
NN13 also penetrated the Dacic Basin (Ma� run]eanu &

Fig.14. Proposed sea-level changes in theMediterranean Sea
and the Eastern Paratethys between 6.00 and 5.30Ma, and their
brief connections during episodes of high sea level.
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Papaianopol,1998).Hence, a passage through the region of
Thessaloniki, Macedonia and the Basin of So¢a must be
preferred (Fig.13) and needs to be tested by future investi-
gations.

The evolution of the Mediterranean region (including
the Po Valley) and Eastern Paratethys during the interval
6.00^5.30Ma, as forced by changes in Mediterranean sea
level and relationships with the Atlantic Ocean, is sum-
marized in Fig.14. Some attention is given to the function
of sills within the Mediterranean^Eastern Paratethys
realm, which controlled exchanges between the basins or
caused their isolation. Fig.14b corresponds to the margin-
al evaporitic phase, and Fig.14d to the deep basin desicca-
tion.High sea levels inFig.14c (i.e. isotope stageTG11) and
14 (i.e. isotope stageTG5)would have produced exchanges
between the Mediterranean Sea and Eastern Paratethys,
i.e. the Lago Mare events in the Mediterranean realm and
simultaneous nannoplankton-dinocyst in£uxes in the
Dacic and Euxinian basins.

The northern part of the Dacic Basin has evolved as a
perched basin disconnected both from the Black and
Mediterranean seas (Figs11and14), with residual brackish
to freshwaters probably caused by the highly positivewater
budget of the area forced by climatic conditions and proxi-
mity of high reliefs. A similar evolution was envisioned for
thePoValley^AdriaticBasinwhich probably existed during
the desiccation of the Mediterranean Sea as a perched
freshwater basin (Fig.14), continuously fed by waters from
the Alpine and rising Apennine mountain ranges: during
the salinity crisis, the area was characterized by almost
continuous sedimentation (Corselli & Grecchi, 1984; Cita
& Corselli, 1990; Clauzon et al., 1997; Figs 2 and 12). This
hypothesis is supported in the lower part of theMaccarone
section by high percentages of certain subdesertic plants
(such as Lygeum; Bertini, 1994, 2002) that are generally
abundant in Sicily before and after the salinity crisis (Suc
& Bessais, 1990; Bertini et al., 1998). Subdesertic plants
probably migrated northwards during the desiccation of
the Mediterranean Sea because they could not persist
within the evaporitic basinwhere such dry conditions pre-
vailed (Fauquette etal., in press).The upper part of the sec-
tion (including the Colombacci Formation) deposited
prior to the Zanclean clays has yielded planktonic forami-
nifers and ostracods that are considered not to be reworked
(Carloni et al., 1974), and oceanic dinocysts such as Impagi-
dinium aculeatum (Bertini, 1992).We suggest these data in-
dicate that the basin once again received marine waters
from the Mediterranean before the o⁄cially de¢ned be-
ginning of the Pliocene. Simultaneously, a strong increase
in bisaccate pollen grains occurs parallel to a manifold de-
crease in coastal plants (halophytes), which expresses the
sudden establishment of o¡shore conditions (Bertini,
1994, 2002). This break is so abrupt that it cannot be ex-
plained by a tectonic event.We consider that water of the
PoValley^Adriatic lake was at the same level as the Medi-
terranean Sea, which was now able to overtop the uplifted
Otrante Sill (Fig. 14) and introduce surface marine waters
during Zanclean £ooding, i.e. isotope stageTG 5.

The interpretation of ostracod layers is not easy in
terms of invasion of theMediterranean Basin by Parateth-
yanwaters.There is no ambiguity for the more or less mar-
ginal localities where ostracods are generally associated
with the other Paratethyan immigrants (Congeria, dino-
cysts): they really result from brackish water in£ows (Fig.
13: localities 9^22 and 36^42 for the ¢rst in£ux, localities
9^10, 23^35 and 40 for the second in£ux) from the Eastern
Paratethys (Table 2). More debatable is the interpretation
of ostracod layers found,without any other marker of Para-
tethyan origin, at the top of the Messinian series in the
deep Mediterranean Basin boreholes (Fig. 13: localities
43^48) (Table 2).These ostracods, accepted as being in situ
because of their fragile carapaces, are thought to represent
brackish- or freshwater lakes developed on the deep sea
£oor just after the desiccation of the Mediterranean Sea
(Iaccarino &Bossio,1999). Such deep deposits are consid-
ered to have occurred later than the marginal Lago Mare
sediments (Iaccarino & Bossio, 1999, p. 538, Fig. 8). Never-
theless we believe that they result from di¡erent events as
already suggested by Carbonnel (1980) who put forward
the following arguments: the ostracod faunas revealed by
deep sea boreholes are less diverse than the marginal ones,
and some di¡erences in carapace morphology exist. For
us, the presence of lakes on the deep sea £oor is incompa-
tible withMediterranean^Eastern Paratethys exchanges at
high sea level. Hence, we consider that such lakes in the
deep, almost desiccated Mediterranean Basin had devel-
oped immediately at the end of the desiccation or existed
during longer periods in some intermediate basins (see
ODP Site 652 in theTyrrhenian Basin; Cita et al., 1990).We
suggest that local ecological conditions caused the appear-
ance ofCyprideis group ostracods in these deepMediterra-
nean lakes, as suggested by Rouchy et al. (2001) for the
southern Cyprus basins. In contrast, the marginal Lago
Mare facies seem to have been caused by real in£uxes of
Eastern Paratethys waters during cross exchanges at high
sea level between the Mediterranean Sea and the Eastern
Paratethys.

Finally, three Lago Mare events occurred in the Medi-
terranean Sea between 5.96 and 5.30Ma: they are distinct
not only chronologically but also in view of their origin.
Theyhave been labelled LM1, LM2, and LM3 on Fig.12:

� LM 1 occurred at 5.52Ma and corresponds to isotope
stageTG 11; LM 2 occurred at the end of the desicca-
tion, i.e. just before 5.33; and LM3 occurred at 5.33Ma
and corresponds to isotope stageTG 5;

� LM1andLM3 result from exchanges at high sea level
between the Mediterranean Sea and Eastern Para-
tethys and are characterized by Congeria, ostracods
and dinocysts; LM 2 re£ects ecological changes in the
deepMediterranean lagoons at the end of desiccation,
and is marked only by the presence of ostracods.

As a consequence, we recommend restricting the term
LagoMare to a palaeoecological context, and discontinu-
ing its use in chronostratigraphic applications.
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Our results resolve thewidespread confusion surround-
ing the old LagoMare concept (Hsˇ et al., 1973, 1977; Cita
et al., 1978b), which was implied by Fortuin et al. (1995,
p. 198) in terms of stratigraphic relationships with the
Messinian erosional surface, and by Iaccarino & Bossio
(1999, p. 538, Fig. 8) as diachronism that we explain by
di¡erences between the Mediterranean margins and
central basins.

Referring to the map on Fig. 13, LM1has a widespread
geographic distribution across the Mediterranean mar-
gins. In contrast, LM2 is restricted to the centralMediter-
ranean basins. Lastly, LM3 appears less widely distributed
thanLM1, a feature that could be explained by the insu⁄ -
cient strength of the Paratethyan surface current to oppose
the pressure of in£owing Atlantic water.

CONCLUSION

Some classical signatures of the Messinian salinity crisis
in the Mediterranean Basin have been found in the Dacic
Basin (Eastern Paratethys) in the area of Turnu Severin,
close to the course of the modern Danube, namely:

� an erosional surface overlain by clay deposits belong-
ing to calcareous nannofossil Zone NN12,

� an impressive Gilbert-type fan delta.

In addition to evaporite deposition and the presence of an
erosional surface in the Black Sea, these new elements lo-
cated at the outlet of the IronGates assert that the Eastern
Paratethys was also severely a¡ected by theMessinian sali-
nity crisis.

In£uxes of Mediterranean nanno£oras and dinocysts
penetrated the Dacic Basin and northwestern part of the
Euxinian Basin during events corresponding to Zones
NN11andNN12, i.e., just before and just after the desicca-
tion of theMediterranean. Hence, newdata onMediterra-
nean in£uxes into the Eastern Paratethys, and new ¢eld
evidences from the Dacic Basin, suggest that theMediter-
ranean Sea and the Eastern Paratethys were connected at
high sea level just before and just after the crisis, providing
another explanation for Black Sea desiccation other than
its drainage into the desiccatedMediterranean Basin. Our
data suggest that high sea-level cross exchanges existed
between the Mediterranean Sea and the Eastern Para-
tethys.

The Danube River appeared as an immediate conse-
quence of the salinity crisis, and rapidly reached a course
similar to its modern one over the Romanian Plain. The
Messinian erosional surface developed along the Danube
course and along its main tributarieswhereas the northern
part of the Dacic Basin remained as a perched lake, fed by
Carpathian rivers owing to a regional positive hydrologic
budget. This area endured continuous sedimentation,
as was proposed for the Po Valley and the Adriatic
realm.

Henceforth, the LagoMare must be considered a triple
event.Two events, LM1and LM 3, a¡ected only theMed-

iterranean margins: one Paratethyan water incursion oc-
curred just before the Mediterranean became desiccated,
the other marking the Zanclean re£ooding of theMediter-
ranean; they respectively correspond to isotope stagesTG
11 (5.52Ma) and TG 5 (5.33Ma).They are only recorded in
the marginal and perched satellite basins.They did not af-
fect the deepMediterranean Basin lakes (containing ostra-
cods of the Cyprideis group) which we believe to have
developed (LM2 event) when theMediterraneanwas des-
siccated, just before the Zanclean in¢lling.

The gateways followed by these water exchanges are
more clearly de¢ned. A proto-Bosphorus Strait seems to
be unnecessary, but a gateway through Macedonia and
Bulgaria seems possible and is being explored.
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