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a b s t r a c t
An intense controversy on chronostratigraphy of upper Miocene–lower Pliocene deposits and the Messinian
Salinity Crisis in the Dardanelles area led to a systematic investigation of calcareous nannoplankton content
of 10 key-sections representative of the most relevant regional Kirazlı and Alçıtepe formations. Our study
shows clearly that the Kirazlı Formation deposits predate the Messinian Salinity Crisis while those of the
Alçıtepe Formation postdate this outstanding event, which severely impacted the region as widely known
around the Mediterranean Basin. Fluvial canyon cutting or gap in sedimentation linked to the peak of the
Messinian Salinity Crisis separates the two formations. Detailed palaeoenvironmental investigations (based
on the ﬂuctuation and distribution pattern of dinoﬂagellate cysts, pollen grains and calcareous
nannoplankton) allow us to reconstruct the regional palaeogeography before, during and after the Messinian
Salinity Crisis. The gathered data do not indicate any marine corridor between the Eastern Mediterranean Sea
and Eastern Paratethys through the Marmara Sea region at the time of the Messinian Salinity Crisis.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
During the Late Neogene, very signiﬁcant paleobiogeographical
changes have taken place in the Mediterranean region s.l., fundamentally because the connection of the Atlantic Ocean with the
Mediterranean Sea and the Paratethys (a residual continental sea
which covered large areas of the Central and Eastern Europe) Sea was
restricted and sometimes completely interrupted (Seneš, 1973; Rögl
and Steininger, 1983; Marinescu, 1992; Mărunţeanu and Papaianopol,
1995; Rögl, 1998; Sprovieri et al., 2003; Clauzon et al., 2005; Popov
et al., 2006; Popescu, 2006; Melinte, 2006). The latest Miocene is
characterized by an exceptional event, which was the severe sea-level
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drop of the Mediterranean Sea, leading to the Messinian Salinity Crisis
(MSC). This event is characterized throughout the Mediterranean
basin by both, deposition of thick evaporites in its deep basins and
cutting of huge ﬂuvial canyons across its margins (Hsü et al., 1973;
Clauzon, 1973; Cita et al., 1978; Clauzon et al., 1996). Such a prominent
geological event produced signiﬁcant changes in the palaeobiological
assemblages, mirrored especially by the marine planktonic organisms
(such as planktonic foraminifers, calcareous nannoplankton and
dinoﬂagellates), which are very sensitive to environmental changes.
Consequently, the Messinian Salinity Crisis is now recognized as the
most prominent event marking palaeobiogeographical change in the
Mediterranean. Examples of case studies of spectacular features
associated with the MSC are widespread over the entire Mediterranean
area (for an overview, see: Agusti et al., 2006; Rouchy et al., 2006; Suc
et al., 2007; CIESM, 2008). The present study is devoted to improving
our knowledge of the MSC in the Dardanelles region (Fig. 1A), which is
crucial for our understanding of the evolution of the linkage between
the Aegean Sea and the Black Sea. The existence of a gateway at the
time of the MSC is subject of controversy (in support of such a gateway,
see: Esu, 2007; Faranda et al., 2007; Gliozzi et al., 2007; Stoica et al.,
2007; in opposition of such a gateway, see: Clauzon et al., 2005;

Fig. 1. Location and geological maps. A, Study area. B, Geological map of the studied area according to Türkecan and Yurtsever (2002). C, Geological map of the area surrounding the Dardanelles Strait according to Türkecan and Yurtsever (2002) .
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Popescu, 2006; Gillet et al., 2007; Popescu et al., 2009). However, most
of the regional stratigraphic works underestimated the impact of the
MSC in the Dardanelles (see, for examples: Görür et al., 1997; Çağatay
et al., 1998; Görür et al., 2000; Türkecan and Yurtsever, 2002; Sakınç
and Yaltırak, 2005; Çağatay et al., 2006). The consensus among
regional stratigraphers is that the rocks outcropping in the Dardanelles
are chieﬂy sediments of Eocene to Middle–Late Miocene Age and that
the region is basically devoid of marine sediments of Pliocene Age
(Fig. 1B, C). The typical strong marginal signature of the MSC is present
all around the Mediterranean (including the Aegean Sea), with an
erosional surface and deeply incised ﬂuvial canyons, subsequently
covered and ﬁlled with marine Pliocene sediments (examples from the
Western Mediterranean: Clauzon, 1973, 1978, 1980a,b, 1982, 1990;
Gautier et al., 1994; Clauzon, 1999; Guennoc et al., 2000; Loﬁ et al.,
2003, 2005; Sage et al., 2005; Cornée et al., 2006; Maillard and
Mauffret, 2006 — example from the Central Mediterranean: El Euch-El
Koundi et al., 2009 — examples from the Eastern Mediterranean:
Chumakov, 1973; Delrieu et al., 1993; Poisson et al., 2003). Even if these
erosional effects of the MSC were suspected in the Dardanelles region
(Çağatay et al., 2006), they were not clearly evidenced until today,
mapped and recognized as such using conventional stratigraphy.
Defying the stratigraphical consensus, the study by Armijo et al.
(1999) presented evidence for a widespread erosion surface and a
prominent canyon that parallels the present-day Dardanelles Strait.
These authors interpreted explicitly these features as possibly
resulting from the MSC, given the large uncertainties in the ages of
the formations mapped in the area (Ternek, 1964). Both the erosion
surface and the canyon appear carved into the sediments of the Kirazlı
Formation and ﬁlled by sediments of the Alçıtepe Formation (Armijo
et al., 1999). Consequently, Armijo et al. (1999) deduced for these two

formations a possible Messinian and an early Pliocene Age, respectively (Fig. 2). The study by Armijo et al. (1999) includes a geological
map that shows strong folding affecting layers of the Kirazlı Formation,
but not those of the overlying Alçıtepe Formation. Therefore, this
important unconformity would also correlate roughly with the MSC,
providing an invaluable constraint for the age of the propagation of the
North Anatolian Fault across the region (Armijo et al., 1999). The work
by Armijo et al. (1999) has been strongly criticized (e.g., Yaltırak et al.,
2000 vs. Armijo et al., 2000) and its main stratigraphic inferences
dismissed (e.g., Sakınç and Yaltırak, 2005; Çağatay et al., 2006).
In order to clarify the signiﬁcance of the Messinian Salinity Crisis and
its geological imprint in the Dardanelles region, we revised the
stratigraphy by a systematic sampling of the most critical sedimentary
units and by dating those using calcareous nannofossils. We studied ten
key-sections (Enez and Yaylaköy in the Gulf of Saros; Burhanlı, Eceabat,
Poyraztepe, Kilitbahir, Seddülbahir, Intepe, Yenimahalle and Truva in the
Dardanelles Strait) where Upper Neogene deposits are well exposed
(Fig. 1B, C). Our objectives are: (1) dating these sections with respect
to global bio- chronostratigraphy using calcareous nannofossils,
(2) reconstructing marine, brackish and continental palaeoenvironments using dinoﬂagellate cyst, calcareous nannoplankton and
pollen grain ﬂuctuations, and (3) setting up a reliable chronostratigraphic basis for current and future studies of the Messinian Salinity
Crisis in the Dardanelles region, as well as for studies using the MSC as
a chronometer for deformation associated with the North Anatolian
Fault.
The age of the Alçıtepe Formation is the crucial question for the
ongoing controversy (Fig. 2). The Alçıtepe Formation is described as
being composed of brackish- to freshwater carbonates, interbedded
with marine sandstones and siltstones (Görür et al., 1997; Çağatay et al.,

Fig. 2. Controversed age of the Neogene formations in the Dardanelles Strait area. Time-interval corresponding to the Messinian Salinity Crisis (MSC) is indicated by a red band.
Deﬁning the stratigraphic position of the Alçıtepe Formation with respect to the MSC is critical. The hypothesis represented to the left (Armijo et al., 1999) assigns a Pliocene Age
(post-MSC) to the Alçıtepe Formation. The hypothesis that is currently proposed in the conventional stratigraphy (e.g., Görür et al., 1997; Sakınç et al., 1999; Türkecan and Yurtsever,
2002; Çağatay et al., 2006) assigns a Miocene Age (pre-MSC and partly coeval with it) to the Alçıtepe Formation. The undulating line represents an important erosion and tectonic
unconformity in the hypothesis of Armijo et al. (1999), only a slight unconformity in the conventional stratigraphy. (For interpretation of the references to colour in this ﬁgure legend,
the reader is referred to the web version of this article.)
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1998) as more or less conformably overlying the Kirazlı Formation
(Çağatay et al., 2006). It is overlain by shallow ﬂuvio-marine siliciclastic
rocks (Göztepe Formation in the North Marmara region, Truva
Formation in the South Marmara region: Görür et al., 2000; Çağatay
et al., 2006). A brackish Paratethyan fauna (i.e. Mactra sp., Paradacna
abichi, Dreissena sp., Cardium sp., and C. edulis) was reported from the
Alçıtepe Formation, suggesting that these deposits belong to the Pontian
Paratethyan Stage (Gillet et al., 1978; Taner, 1979; Çağatay et al., 2006)
and, as a consequence, to the so-called “late Messinian Lago Mare”
(Sakınç and Yaltırak, 2005; Çağatay et al., 2006). Some intercalations of
layers with Mediterranean marine faunas (Ostrea, Pecten) were also
reported (Sakınç and Yaltırak, 2005), that emphasizes the dual,
Paratethyan and Mediterranean, inﬂuence in the area. To characterize
the MSC in the region, we focussed our study on the relationships
between the Alçıtepe Formation and the underlying Kirazlı Formation.
2. Materials and methods
Calcareous nannoplankton investigations were performed for the
sections Enez, Yaylaköy, Buhranlı, Eceabat, Poyraztepe, Kilitbahir,
Seddülbahir, Intepe, Yenimahalle and Truva. To retain the original
sample composition, smear slides were prepared directly from the
untreated samples. The calcareous nannoﬂoral analyses were performed using a light polarizing microscope at ×1600 magniﬁcation.
The nannoﬂoral taxonomic identiﬁcation follows Perch-Nielsen
(1985) and Young (1998).
Palynological samples were processed from some of these sections:
Burhanlı (1 sample), Eceabat (1 sample), Seddülbahir (2 samples), and
Intepe (10 samples). Each sample (20 g of dry sediment) was processed
using standard method (Cour, 1974): acid digestion, concentration using
ZnCl2 (at density 2.0) and sieving at 10 μm. A 50 μl volume of residue was
mounted between the coverslip and microscope slide using glycerine in
order to allow rotation of palynomorphs for their complete examination
resulting in their proper identiﬁcation. Counting of palynomorphs was
performed using a light microscope, their identiﬁcation was done at
×1000 magniﬁcation. Pollen grains were identiﬁed with a botanical
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approach. 150 pollen grains except those of Pinus were identiﬁed and
counted per sample. For the slides showing very poor concentrations in
dinoﬂagellate cysts, a new sieving at 20 μm was performed on the pollen
residue that permitted to concentrate the dinoﬂagellate cysts and a new
slide was obtained using 50 μl from the new residue. Only the ten
samples from the Intepe sections were analysed: all the specimens
present on a slide were identiﬁed and counted. The freshwater algae
Pediastrum and Botryococcus were considered as transported by rivers,
and were also counted. Their vertical distribution documents duration
and intensity of freshwater inputs.
3. Results
3.1. Bio- and chronostratigraphy
The calcareous nannoplankton offers an accurate way of biostratigraphic dating based on successive calibrated datum events within the
time-window 8–4 Ma, which is of interest to this study. The calibration of
the FAD (First Appearance Datum) and the LAD (Last Appearance
Datum) follows Berggren et al. (1995), Backman and Rafﬁ (1997),
Lourens et al. (2004) and Rafﬁ et al. (2003, 2006); we also took into
account the available data for nannoﬂoral distribution within the
Messinian–Zanclean interval from the Eastern Mediterranean (i.e.,
Castradori, 1998; Snel et al., 2006; Wade and Bown, 2006). The
distribution of six nannofossils was particularly useful for biostratigraphical purposes, as follows (Fig. 3): Amaurolithus primus (FAD: 7.424 Ma;
LAD: 4.50 Ma; Plate I, Fig. 5), Reticulofenestra rotaria (FAD: ca. 7.41 Ma;
LAD: imprecise, up to ca. 6 Ma; Plate I, Fig. 1), Nicklithus (= Amaurolithus)
ampliﬁcus (FAD: 6.909 MA; LAD: 5.978 Ma; Plate I, Fig. 4), Triquetrorhabdulus rugosus (FAD: 12.671 Ma; LAD: 5.279 Ma; Plate I, Fig. 6), Ceratolithus
acutus (FAD: 5.345 Ma; LAD: 5.040 Ma; Plate I, Figs. 2–3), and
Reticulofenestra pseudoumbilicus (FAD: 8.761 Ma; LAD: 3.839 Ma). The
absolute age of the FADs and LADs (after Rafﬁ et al., 2003, 2006) is
indicated as a rough guide; noticeably, when different ages are given for
the same event, we accepted those proposing the largest range especially for the Eastern Mediterranean, when available. The nannoﬂoral

Fig. 3. Chronostratigraphy, calcareous nannoplankton biostratigraphy of the Late Miocene and Early Pliocene and inferred age of the studied sections. Chronology refers to Lourens
et al. (2004), calcareous nannoplankton events according to Berggren et al. (1995) and Rafﬁ et al. (2006). The grey strips correspond to two steps of the MSC (Clauzon et al., 1996)
accepted by a representative community working on the Messinian Salinity Crisis (CIESM, 2008). Locality numbers, see Fig. 1B, C. The double line in the “Formations” column
illustrates the lack of sedimentation during the peak of the MSC. It is to notice that the Yenimahalle and Truva sections are not located according to nannoplankton biostratigraphy but
with respect to geomorphology and the reverse palaeomagnetism of the Yenimahalle section.
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Plate I. Microphotographs of the signiﬁcant biostratigraphic nannoplankton species (light microscope, crossed nicols, scale bar = 4 µm).
Fig. 1.

Reticulofenestra rotaria Theodoridis; Eceabat (sample 1).

Fig. 2.

Ceratolithus acutus Gartner and Bukry; Intepe (sample 24).

Fig. 3.

Ceratolithus acutus Gartner and Bukry; Kilitbahir (sample 4).

Fig. 4.

Nicklithus ampliﬁcus (Bukry and Percival) Gartner and Bukry; Intepe (sample 1).

Fig. 5.

Amaurolithus primus (Bukry and Percival) Gartner and Bukry; Intepe (sample 35).

Fig. 6.

Triquetrorhabdulus rugosus Bramlette and Wilcoxon; Kilitbahir (sample 4).

events (i.e., occurrence and extinction of the above-mentioned
nannofossils) allow us to identify the NN11 and NN12 Zones of Martini
(1971), including the subzones of Berggren et al. (1995). As done by
Bukry (1975) and more recently used by Backman and Rafﬁ (1997) for
the global ocean, it appeared necessary to subdivide Zone NN12. We
subdivided it into Subzones a and b, deﬁned by the LAD of Discoaster
quinqueramus and the FAD of Ceratolithus acutus, respectively. D. quinqueramus is rarely recorded in the Mediterranean, but its extinction
occurred at the beginning of the peak of the MSC. The Messinian
Erosional Surface may be considered as coeval of this bioevent, making
the subdivision into Subzones NN12a and NN12b very useful in the
Mediterranean region. Hence, the chronostratigraphic resolution in the
Mediterranean can be improved in distinguishing post-Salinity Crisis
sediments below the FAD of C. acutus from those above it (Fig. 3).
Concerning the nannoﬂoral preservation observed in the studied
samples, this is generally moderate, which means that dissolution
and/or overgrowth of the nannofossils hindered the speciﬁc identiﬁcation up to 25%. Some samples (i.e., from the lower part of the
Intepe section) showed a good preservation; hence, the nannoﬂoral

specimens could be identiﬁed up to 90% to species level. A few
samples (i.e., 14–21 from Intepe), contain nannoﬂoral assemblages
poorly preserved, showing severe dissolution, fragmentation and/or
overgrowth; the speciﬁc identiﬁcation being hindered up to 70%.
In general, the investigated samples contain nannoﬂoral reworkings mainly from Cretaceous, Paleogene and Lower Miocene. The
reworked taxa represent between 25 and 60% of the total recorded
nannoﬂoras. Hence, we may address questions about the possibility
that some Miocene taxa, such as Triquetrorhabdulus rugosus and Reticulofenestra pseudoumbilicus, are in situ or reworked, impeding the
accuracy of the biostratigraphical interpretation. T. rugosus is generally
rare in the studied samples throughout its range (2–4 specimens/
sample) and thus the possibility of this taxon being reworked into
younger deposit is very low. Reticulofenestra pseudoumbilicus (N7 µm)
is common in all the studies samples, being probably also common in
the underlying Miocene deposits. But the fact that the recorded
specimens of R. pseudoumbilicus are well-preserved, being found in
assemblages yielding a moderate to good preservation, indicate that
the nannoﬂoral compositions are primary.
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Fig. 4. Distribution and biostratigraphy of the calcareous nannoﬂoras from the Enez
locality. Nannoplankton biostratigraphic markers are in bold characters. a, Clay.

3.1.1. Gulf of Saros
The studied section near Enez is located on the eastern shoreline of
the Enez lagoon (40°46′24″ N latitude, 26°04′ E longitude; Fig. 1B), an
area described as covered by deltaic deposits of the Meriç River
overlying the Kirazlı Formation (Çağatay et al., 1998, 2006) while
Sakınç et al. (1999) indicates some bioclastic carbonate rocks
attributed to the Alçıtepe Fm., the upper part of which could belong
to Zanclean. Here, brownish clays with a thickness of about 8 m have
provided a poorly to moderately preserved nannoﬂora in 7 samples
(Fig. 4). The co-occurrence of Triquetrorhabdulus rugosus and Ceratolithus acutus throughout the whole section is indicative for the NN12b
nannofossil Subzone (Fig. 4), representing the extreme end of
Messinian (after the MSC) to early Zanclean (Fig. 3).

Fig. 5. Nannoﬂora of the Burhanlı locality with indication of nannoplankton subzones.
Nannoplankton biostratigraphic markers are in bold characters. a, Clay; b, Sand.
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Fig. 6. Distribution and biostratigraphy of the calcareous nannoﬂoras from the Eceabat
locality. Nannoplankton biostratigraphic markers are in bold characters. a, Clay; b, Sand;
c, Limestone.

At Yaylaköy, blue clays are exposed along the beach (40°36′22″ N
latitude, 26°21′28″ longitude E; Fig. 1B) below coquina beds with
Ostrea and interbedded with Cardium-bearing sands of Zanclean Age
(Çağatay et al., 1998, 2006). This section probably corresponds to the
upper third of the Erikli section of Sakınç et al. (1999) and Sakınç and
Yaltırak (2005) that the authors refer to the Alçıtepe Formation. The
studied sample of the blue clays includes Amaurolithus delicatus,
Braarudosphaera bigelowii, Calcidiscus leptoporus, Ceratolithus acutus,
Coccolithus pelagicus, Florisphaera profunda, Thoracosphaera sp., Reticulofenestra pseudoumbilicus, Sphenolithus abies and Triquetrorhabdulus rugosus. Reworked specimens are rare. According to the cooccurrence of C. acutus and T. rugosus, this moderately preserved
nannoﬂora also belongs to the beginning of the nannofossil Subzone
NN12b covering an interval from the topmost of the Messinian (after
the MSC) up to the early Zanclean (Fig. 3).

3.1.2. Dardanelles Strait
At Burhanlı (40°18′17″ N latitude, 26°33′08″ E longitude; Fig. 1C),
six samples from the variegated clays alternating with sands of the
Kirazlı Formation provided a moderately preserved nannoﬂora along
10 m with a continuous record of Reticulofenestra pseudoumbilicus, R.
rotaria and Triquetrorhabdulus rugosus (Fig. 5). Nicklithus ampliﬁcus
was recorded in the two uppermost samples. Reworkings from
Cretaceous, Eocene, Oligocene and Miocene have been observed.
Such an assemblage is considered to represent the upper part of the
nannofossil Subzone NN11b and the lowermost part of the nannofossil
Subzone NN11c (Fig. 5), i.e. latest Tortonian to early Messinian in age
(Fig. 3).
Northward Eceabat (40°11′30″ latitude N, 26°21′18″ E longitude;
Fig. 1C), four samples have been studied from the whitish clayey base
(20 m thick) belonging to the Kirazlı Formation, and one sample (10 m
higher) from a clayey intercalation within calcareous tabular deposits
of the Alçıtepe Formation (Sakınç et al., 1999). All of them display a
nannoﬂora characterized by a poor to moderate preservation and few
reworked specimens. It includes Amaurolithus primus, Reticulofenestra
pseudoumbilicus, R. rotaria (samples 1, 2, 4, 5), Nicklithus ampliﬁcus
(samples 1 and 3) and Triquetrorhabdulus rugosus (Fig. 6). Such an
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assemblage belongs to the NN11c nannofossil Subzone (Fig. 6), early
Messinian in age (Fig. 3).
In the nearby Poyraztepe hill (40°12′27.6″ N latitude, 26°21′59.9″ E
longitude; Fig. 1B), the upper part of the section belonging to the
Alçıtepe Formation and with a stratigraphic position higher than the top
of the Eceabat section, provided a nannoﬂora from its uppermost clayey
intercalations (two samples) just underlying the topmost limestone.
These samples contain, among an important amount of reworked
specimens from Eocene to Lower Miocene, Triquetrorhabdulus
rugosus and Reticulofenestra pseudoumbilicus, without any specimen of
Reticulofenestra rotaria or Nicklithus ampliﬁcus (Fig. 7). Taking into
account their stratigraphic position (see above) and the absence of the
latter species, we consider that these samples belong to the NN11d
Subzone (Fig. 7), i.e. the late Messinian, and more precisely to the ﬁrst
step of the MSC with respect to the importance of reworking (Fig. 3).
Near Kilitbahir, two sections were investigated: the one on the
seashore (40°10′08.8″ E longitude, 26°22′16″ N latitude) belongs to the
Kirazlı Fm. and that along a path above the castle (40°08′35″ E longitude,
26°22′10″ N latitude) to the Alçıtepe Fm. (Sakınç et al., 1999; Sakınç and
Yaltırak, 2005) (Fig. 1C) where we took one sample. The coastal locality
is made of 1.50 m of blue clays rich in mollusc shells where three samples
were taken overlain by about 20 m of sands including, 4 m over their
base, a blue clayey bed (1 m thick) which provided one sample. The
three lowermost samples contain Triquetrorhabdulus rugosus and Reticulofenestra pseudoumbilicus (Fig. 8); additionally, huge Eocene to Lower
Miocene reworked nannofossils are present. The sample 4 (from the
intercalated clays of the Kilitbahir seashore section) contains, besides
the above-mentioned taxa, Ceratolithus acutus; a similar nannoﬂoral
assemblage with C. acutus and T. rugosus was identiﬁed in the sample
Kilitbahir castle (Fig. 8). The two samples yielding C. acutus are
characterized by a weak reworking. They belong to Subzone NN12b
(Fig. 8), i.e. the extreme end of Messinian to earliest Zanclean (Fig. 3).
The three coastal samples belong to Subzone NN12a, i.e. to the latest
Messinian (Fig. 3). As it has been demonstrated that the Mediterranean
reﬂooding anticipated the base of the Zanclean Stage (Popescu et al.,

Fig. 7. Distribution and biostratigraphy of the calcareous nannoﬂoras from the
Poyraztepe locality. Nannoplankton biostratigraphic markers are in bold characters.
a, Clay; b, Limestone.

Fig. 8. Distribution and biostratigraphy of the calcareous nannoﬂoras from the Kilitbahir
seashore and castle localities. Nannoplankton biostratigraphic markers are in bold
characters. a, Clay; b, Sand.

2007, 2009) as deﬁned by its GSSP (Global Stratotype and Point Section:
Van Couvering et al., 2000) and in the absence of any unconformity
between samples of Subzones NN12b and NN12a, we consider that all
these samples immediately postdate the MSC (Fig. 3).
At the beach of Seddülbahir, there are two distinct sections both
referring to the Alçıtepe Fm. (Sakınç and Yaltırak, 2005), of which
the second section constitutes the reference exposure: (1) to the East
(40°02′30″ N latitude, 26°11′12.1″ E longitude; Fig. 1C), a thin section

Fig. 9. Nannoﬂora of the East Seddülbahir locality with indication of nannoplankton
subzone. Nannoplankton biostratigraphic markers are in bold characters. a, Sand;
b, Sandstone; c, Clay.
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(5 m thick) mostly made of sands, clays and marls, yielded within ﬁve
samples nannoﬂoral assemblages with Triquetrorhandulus rugosus,
Reticulofenestra pseudoumbilicus and R. rotaria (Fig. 9), that we refer to
the Subzone NN11b (Fig. 9), i.e. latest Tortonian–earliest Messinian in
age; notably, Nicklithus ampliﬁcus does not occur (Fig. 3); (2) to the
West (40°02′38″ N latitude, 26°10′55″ E longitude; Fig. 1C), the
second section, made of thick clays (about 30 m) rich in mollusc
shells, provided nannoﬂoras containing as signiﬁcant biostratigraphical taxa Triquetrorhabdulus rugosus and Reticulofenestra pseudoumbilicus and, additionally, Ceratolithus acutus in the topmost 11 m
(samples 8–12; Fig. 10). Reworking is weak. As there is no
unconformity within the West Seddülbahir section, we may suppose
that the nannoﬂoral assemblages evidence a continuous passing from
Subzone NN12a to NN12b (Fig. 10), i.e. from the latest Messinian (after
the peak of the MSC, as at the Kilitbahir seashore section) to the
earliest Zanclean (Fig. 3). However, the West Seddülbahir section is
obviously discordant over the East Seddülbahir one.
The Intepe section (40°1′27″ N latitude, 26°20′33″ E longitude;
Fig. 1C) (Gillet et al., 1978; Sakınç and Yaltırak, 2005) is about 77 m thick,
of which we studied the 36 m thick central part (Fig.11A, C). The studied
section is made up of sands, clays, calcareous sandstones and thin
limestones. It is topped by yellow sands and pebbly sandstones and a
thick calcareous ﬂagstone which constitutes a local reference surface.

Fig. 10. Distribution and biostratigraphy of the calcareous nannoﬂoras from the West
Seddülbahir locality. Nannoplankton biostratigraphic markers are in bold characters.
a, Dark-light clay; b, Coquina; c, Sand; d, Silt; e, Sandstone; f, Limestone.
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The section is rich in Mactra shells and displays also gastropod shells such
as Melanopsis. In its middle part, the section displays a thin lignite (5 cm
thick) (Gillet et al., 1978) overlain by a sand (2 cm thick) and a Mactra
coquina (17 cm thick) (Fig. 11B–E). Thirty ﬁve samples were studied: all of
them provided a relatively well-preserved nannoﬂora (Fig. 12). From the
biostratigraphic point of view, Amaurolithus primus was discontinuously
present all along the section, Reticulofenestra rotaria was found in samples
14–18, Nicklithus ampliﬁcus in samples 1 and 7, Triquetrorhabulus rugosus
almost continuously recorded from sample 1 to sample 31, Ceratolithus
acutus regularly from sample 24 to sample 35 (Fig. 12). Hence, the lower
part of the studied section (samples 1–18) belongs to the NN11c
calcareous nannofossil Subzone according to the joint occurrence of R.
rotaria and T. rugosus and the occasional presence of N. ampliﬁcus, while
its upper part (i.e. from sample 24 where C. acutus appears) represents a
large part of Subzone NN12b including the disappearance level of T. rugosus (Fig. 12). As a consequence, the interval between samples 18 and 24
belongs to the NN11c Subzone and maybe to NN12a Subzone for the
uppermost layers just preceding sample 24 (Fig. 12). Distinction between
Messinian and Zanclean can be placed around samples 23–24 according to
the ﬁrst appearance level of Ceratolithus acutus. If some changes in sealevel have been recorded in the section with respect to an impact of the
MSC, they concern the layers immediately underlying the appearance of
C. acutus (Fig. 12). Our research focussed on the lignite corresponding to
our sample 21 (Fig. 11C–D) as a ﬁrst candidate because of its deposition
under few centimetres of water. The lignite has an erosional contact with
the overlying ﬁne sand (Fig.11E). But the expected gap in sedimentation is
obvious in a lateral outcrop where the lignite is directly overlain on a long
distance by reddish clays indicative of an emersion phase (Fig. 11F),
because in present-day lignite quarries, lignites catch ﬁre readily upon
exposure, ﬁring the overlying clays, thus producing ‘porcellanite’
(Fig. 11G). This is the obvious signature of an emersion event that
occurred just below the appearance of C. acutus. Accordingly, we may
consider that (1) the lignite corresponds to the ﬁrst step of the MSC
(5.960–5.760 Ma; Fig. 3) characterized by a weak fall in sea-level
(ca. 150 m), (2) the immediately overlying clays correlate with the sealevel rise separating the two steps of the MSC (5.76–5.60 Ma; Fig. 3), (3)
the erosion of these clays or their ﬁring (when being partly preserved
during the duration of exposure) signs the huge drop in sea-level (ca.
1500 m) of the peak of the MSC (5.60–5.46 Ma; Fig. 3) (Clauzon et al.,
1996).
About 34 m thick, the Yenimahalle section (39°57′51″ N latitude, 26°
17′46″ E longitude; Fig. 1C), is mostly composed of sands, sandstones
and limestones including some clayey intercalations. It was described by
Çağatay et al. (2006) who included it into the Alçıtepe and Truva
formations. Palaeomagnetic measurements performed here by W.
Krijgsman (Çağatay et al., 2006) revealed a continuous reverse signal
and the section was assigned to Chron C3r, and more precisely to its
Messinian part. However, the Yenimahalle section should be relatively
younger than the Intepe section because it overlies an obvious
morphological surface atop the Intepe section, an assumption also
supported by the absence of any calcareous coccolith at Yenimahalle.
Ceratolithus acutus is recorded without Triquetrorhabdulus rugosus in
the upper part of the Intepe section (Fig. 12) which could belong to the
uppermost part of Chron C3r, and possibly Chron C3n.4n (see Fig. 3). As a
consequence, the Yenimahalle section should be assigned at least to the
next reverse chron, i.e. Chron C3n.3r (Fig. 3).
The Truva section (39°57′30″ N latitude, 26°14′47″ E longitude;
Fig. 1C), with a thickness of only 5 m, and composed of limestones and
intercalated clays, overlies the Yenimahalle section (Fig. 3) and tops
the Truva Fm. No calcareous nannoplankton was found in the two
studied samples.
The above-presented results, based on calcareous nannoplankton
investigations, allow us to date in detail several Upper Miocene–Lower
Pliocene reference sections from NW Turkey, and also to identify in
detail a succession of nannoﬂoral events the time-interval encompassing the MSC (Fig. 3). Particularly, the ﬁrst record of Ceratolithus acutus in
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Fig. 11. Lithostratigraphy of the central part of the Intepe section. A, General view of the Intepe section where red lines indicate the studied (i.e. central) part of the section; B, Upper
part of the studied section; C, Lithological log of the studied section, location of samples; 1, Dark-light clay; 2, Sand; 3, Calcareous sandstone; 4, Mollusc shells; 5, Lignite; 6, Sandstone;
7, Limestone; 8, Silt. D, Lignite-coquina interval including the discontinuity caused by the peak of the MSC; E, Detail of Fig. 4D; F, Fired clays (porcellanite) overlying the lignite and
marking the discontinuity caused by the peak of the MSC; G, Present-day analogue from the S Romania lignite Lupoaia quarry showing clays transformed into porcellanite after being
naturally ﬁred by the underlying lignite. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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the Kilitbahir, West Seddülbahir and Intepe sections may reliably be
considered as corresponding practically to its ﬁrst appearance datum.
This event is well-calibrated in the global ocean at 5.345 Ma (Rafﬁ et al.,
2006), i.e. slightly after the end of the peak of the MSC, estimated at
5.46 Ma by Clauzon et al. (2008). At Kilitbahir and West Seddülbahir, C.
acutus was recorded for the ﬁrst time few metres above the Messinian
Erosional Surface (Figs. 8 and 10), i.e. in a consistent chronostratigraphic
position with its global ﬁrst appearance datum. The same situation
concerns the Intepe section, where the ﬁrst occurrence of C. acutus has
been found slightly above the Messinian discontinuity which corresponds to the Messinian Erosional Surface in an embayment context
(Fig.12). The nannoﬂoral scarcity of some layers (i.e., samples 24 and 25;
Fig. 12) does not constitute an impediment for biostratigraphical
interpretations; probably these layers correspond to a restrictive
environment, such as a lagoonar one, as it is suggested in the next
section of “Palaeoenvironment reconstructions”.
3.2. Palaeoenvironmental reconstructions
We particularly considered palynomorphs, mainly those from the
Intepe section where we focussed on the interval encompassing the
MSC: (1) the dinoﬂagellate cysts for the coastal marine environment
reconstruction, and (2) the pollen grains for the vegetation, climate
and palaeoaltitude reconstruction. We also took into account the
calcareous nannoplankton, a group of marine algae which live in
marine surface waters (0–200 m), being therefore affected by changes
in the surface water environment, particularly salinity, temperature
and nutrient availability.
3.2.1. Coastal marine palaeoenvironments
The dinoﬂagellate cyst ﬂora from the Intepe section comprises only
12 taxa, to which can be added freshwater algae Pediastrum and Botryoccocus colonies that are interpreted as markers of freshwater input
(Fig. 13). Preservation of dinoﬂagellate cysts is poor to moderate. The
dinoﬂagellate cyst assemblage is constituted by: (1) oceanic species
and other neritic species as Spiniferites mirabilis and S. membranaceus,
(2) marine autotrophic cosmopolitan species such as Lingulodinium
machaerophorum, Operculodinium centrocarpum sensu Wall and Dale,
Spiniferites bentorii, S. bentorii subsp. truncates, S. hyperacanthus, S.
ramosus, S. bulloideus, Spiniferites spp., and (3) Paratethyan brackish
species as Galeacysta etrusca and Impagidinium globosum. Despite
dinoﬂagellate cyst scarcity, their assemblage distribution, completed
by the relative frequency of freshwater algae documents palaeoenvironmental changes.
During the time-interval covered by the samples 15–19, the
dinoﬂagellate cyst ﬂora was dominated by marine euryhaline species
as O. centrocarpum, L. machaerophorum, Spiniferites bulloideus, S.
ramosus, S. bentorii, S. bentorii subsp. truncates and S. hyperacanthus.
The high relative abundance of Spiniferites spp. (more than 50%),
characterized by short processes, denotes the deterioration of marine
conditions, in relation with a drop in salinity (Kokinos and Anderson,
1995; Hallett, 1999; Ellegaard, 2000; Sorrel et al., 2006; Popescu et al.,
2009). Notably is the presence of S. mirabilis within sample 15 (one
specimen), and that the presence of the Paratethyan brackish
dinoﬂagellate cysts Galeacysta etrusca in sample 17 (one specimen)
and Impagidinium globosum in samples17 and 19 (one specimen per
sample). Morphology of G. etrusca denotes that this specimen belongs
to the morphological group “C” (small endocyst/exocyst ratio) of
Popescu et al. (2009).
Samples 20 to 23 are characterized by the absence of dinoﬂagellate
cysts and a huge increase (acme) of Pediastrum that indicates a new
change in the local environments marked now by fresh- to brackishwater conditions. Salinity at that time is probably less than 4.6 pps,
according to minimum of salinity tolerance of S. ramosus (Marret and
Zonneveld, 2003), identiﬁed as the most tolerant marine eurihaline
species within the Intepe assemblage. This interpretation is consistent
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with the absence of calcareous nannoplankton and deposition of a
lignite layer (sample 21) when shallow water and freshwater
conditions prevailed. Pediastrum was also found in sample 24, with a
high relative abundance indicating continuous fresh- to brackish-water
conditions, sometimes interrupted by incursions of marine waters.
Sample 25 is characterized by the increase in diversity of marine
dinoﬂagellate cysts and their relative abundance in opposition to a
decrease of Pediastrum, that indicates increased salinity. Sample 26 is
characterized by the absence of marine dinoﬂagellate cysts and
increase of freshwater algae, which marked the return of prevalent
freshwater input.
According to the dinoﬂagellate cyst record, we may propose a
relatively detailed evolution of the environmental conditions during
the time-interval corresponding to samples 15–26, as summarized:
– from samples 15 to 19, the local environment was characterized by
low saline conditions that evolved progressively to brackish ones
at the top of the interval; this decrease in salinity of surface waters
caused unfavourable conditions for marine plankton;
– samples 20 to 23 indicate an huge input of freshwater resulting in
brackish to freshwater conditions in the local environment,
sometimes interrupted by some marine incursion revealed by
the calcareous nannoplankton;
– samples 24 and 26 display the progressive increase in salinity in
relation with the reﬂooding by marine waters and some freshwater
inputs.
The nannoﬂora is on the whole consistent with the information from
the dinoﬂagellate cyst assemblages. It is to be noticed that the nannoplankton diversity is drastically altered in samples 21–23, while it was high
in the lower part of the studied section (especially in the interval covered
by the samples 5–13), being again considerably reduced in its upper part
(samples 31–35) (Fig. 12). Notably, the nannofossil Braarudosphaera
bigelowii and the calcareous dinoﬂagellate Thoracosphaera have a more
consistent frequency within samples 8–13 than in lower levels, indicating
stressfully conditions in relation probably with the drop in salinity. At the
beginning of the interval covered by the samples 14–21, a signiﬁcant
increase of the calcareous dinoﬂagellate Thoracosphaera was observed.
Thoracosphaera decreases at the top of the above-mentioned interval; its
lowermost abundance corresponds to the highest frequency of B. bigelowii.
The signiﬁcant decrease of Thoracosphaera, coincident with the B. bigelowii
bloom, is probably indicative of an important decrease in salinity. The
collapse of the calcareous nannofossil assemblage and the progressive
decrease in salinity possibly mirrored the transition from a hyposaline
(even brackish) environment to a continental one, marked by the
deposition of the lignite layer. Between samples 22 and 26, B. bigelowii
represents a minor component of the nannoﬂora. Thoracosphaera, after a
peak recorded at the base of this interval, drops signiﬁcantly. In the
uppermost part of the section (samples 27–35), B. bigelowii and Thoracosphaera represent minor component of the assemblages.
Finally, considering both the dinoﬂagellate cysts from samples 15–
26 and the nannoplankton all along the section, three main
ecostratigraphic intervals have been identiﬁed within the studied
part of the Intepe section (earlier ﬁrst):
– (1) samples 1–13, denoting almost normal marine conditions;
– (2) samples 14–21, illustrative of a sea-level fall associated with a
decrease in salinity (probably brackish conditions), and some
emersion at the top;
– (3) samples 22–35, indicating a return to almost normal marine
conditions in spite of some deterioration in the uppermost layers.
3.2.2. Continental palaeoenvironments
Fourteen samples from the Dardanelles Strait area provided pollen
grains in sufﬁcient quantity. They inform on the vegetation and climate of
the region just before and after the MSC. Herbs (Asteraceae, Poaceae,
Amaranthaceae–Chenopodiaceae, Caryophyllaceae, Artemisia, etc.)
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(Fauquette et al., 1998) in the coastal area using a selection of the
pollen assemblage (altitudinal trees are not employed for this
calculation) offers a possibility to estimate minimum palaeoaltitude
of the nearby massif (Fauquette et al., 1999) as altitudinal elevation of
conifer belts is narrowly linked to temperature and, as a consequence,
to latitude of the massif (Ozenda, 1989). This estimate was done using
the pollen record of Intepe after the MSC. The most probable mean
annual temperature calculated for the Intepe samples 22–26 is 16.5 °C
(range: 15–18.5 °C). This temperature is recorded today, in Turkey at
low altitude, at around 38.5° of North latitude. We applied the
method described by Fauquette et al. (1999) where the estimated
palaeotemperatures are shifted into present-day latitudes. The
obtained latitudes are projected onto the altitudinal elevation
gradient of the Abies–Picea belt with respect to decreasing latitude
(100 m in altitude per degree in latitude; Ozenda, 1989) and provide a
range from 1800 to 2400 m for the minimum altitude of the Ganos
Mountain with a most probable value at 2000 m.
4. Discussion

Fig. 13. Dinoﬂagellate cyst ﬂora from eight samples of the central part of the Intepe
section. Lithological legend, see Fig. 11.

The new bio- and ecostratigraphic data provide consistent
information on the impact of the MSC in the Dardanelles which
must be discussed in terms of palaeogeographic inferences and
palaeoenvironments.
4.1. Palaeogeographic inferences

predominated before the MSC (in the sections Burhanlı, Eceabat, Intepe p.
p.), while trees were mostly composed of warm-temperate elements
(Quercus, Carya, Zelkova, etc.) with few subtropical elements (Taxodiaceae, Engelhardia) (Fig. 14). Sample 21 shows important halophytes
plus an over-representation of aquatic plants (Potamogeton, Typha,
Myriophyllum and Sparganium), the reason for which it was not draft
on Fig. 14. It denotes a coastal freshwater marsh. After the MSC
(Intepe p.p., Seddülbahir), subtropical trees (with Cathaya) show
larger percentages as Pinus and altitudinal trees (Cedrus, Abies
and Picea) do (Fig. 14). Increase in disaccate pollen grains (Pinus,
Cedrus, Abies and Picea) could indicate a more distal location of the
upper part of the Intepe section with respect to the palaeoshoreline,
i.e. in relation with marine water invasion after the MSC. However, the
larger representation of halophytes (Amaranthaceae–Chenopodiaceae)
and freshwater plants (Sparganium, Alismataceae, Potamogeton) after
the MSC points out nearby coastal environments.
As a consequence, we suggest that the increase in conifer pollen
grains (Cedrus mainly, with Abies and Picea) could be signiﬁcative of
some relief uplift resulting in a larger representation of altitudinal
conifers in coastal pollen records. Southward Intepe, the Kayacı Mount
which is made of Eocene–Oligocene volcanic rocks does not bear
evidence for uplift during the latest Miocene. Cedrus does not like
silice-rich soils but prefers limestones, dolomites and ﬂysch (Quézel,
1998; Quézel and Médail, 2003). Hence, the Kayacı relief, whatever its
elevation, is not a likely source of Cedrus pollen grains. Armijo et al.
(1999) suggested that the Ganos–Gelibolu Mountain, situated to the
North of the Dardanelles and mostly constituted by Eocene–Oligocene
ﬂysch and volcanics, has been uplifted during the Messinian as a
response to the propagation of the North Anatolian Fault (Fig. 1B).
This relief appears to be a good candidate for the habitat of Cedrus
forests as they exist today in southern Turkey (Quézel, 1998; Quézel
and Médail, 2003). Uplift occurred during the late Messinian, fact
also suggested by the signiﬁcant percentages in Cedrus plus Abies and
Picea recorded at Intepe section after the MSC (samples 22–26) unlike
for the older deposits (in the sections Burhanlı, Eceabat and in the
section Intepe in samples 15–20) (Fig. 14). Reconstruction of
the mean annual temperature by palaeoclimatic transfer function

This study allows to date precisely some key-sections deﬁning the
regional stratigraphic framework, which was previously established
by rather loose correlations of lithological units, using mollusc
macrofossils which may have a large range of salinity tolerance and
duration (Sakınç et al., 1999).
The most important outcome concerns the Alçıtepe Fm. which is
younger than the Messinian Salinity Crisis according to its two
reference sections:
– at Seddülbahir, the Alçıtepe Fm. deposits (i.e. the West Seddülbahir
section) are separated from the Kirazlı Fm. deposits (i.e. the East
Seddülbahir section) by an angular unconformity which hence
corresponds to the Messinian Erosional Surface (Fig. 15B, C);
– at Intepe, the Alçıtepe Fm. deposits conformably overlie those of
the Kirazlı Fm., but we infer an unconformity between the two
formations, resulting from emersion and probably some erosion in
relation with the peak of the MSC, this is what we called the
Messinian discontinuity (Figs. 11 and 15B).
In addition, the Eceabat section plus its uppermost part at
Poyraztepe hill, which were conventionally attributed to the Alçıtepe
Fm. on the basis of lithological similarities, have a late Messinian Age
and must belong to the Kirazlı Fm. (Figs. 3 and 15B, D). Beds of the
Eceabat and Poyraztepe sections dip 10–15° NW and culminate at
altitude 143 m (Fig. 15D). Southward, between Eceabat and Kilitbahir
(Fig. 15D), sediments younger than the MSC start from the
seashore and relate to the early Zanclean up to the altitude 125 m
where calcareous nannoplankton (Triquetrorhabdulus rugosus and
Ceratolithus acutus) was recorded above the Kilitbahir castle (Figs. 3
and 15B, D, G). As they are covered by the Alçıtepe calcareous ﬂagstone, they are obviously nested within the Messinian succession of
Eceabat–Poyraztepe from which they are necessarily separated by the
Messinian Erosional Surface (Fig. 15B, D) that can be observed along
the road southward Eceabat. The extremity of the Gelibolu Peninsula
obviously corresponds to the sedimentary ﬁlling of a ﬂuvial valley
incised during the peak of the MSC (Fig. 15A), as suggested by Armijo
et al. (1999). Many places in this area, such as at Nuriyamut (Fig. 15A,

Fig. 12. Distribution and biostratigraphy of the calcareous nannoﬂoras from the Intepe section. Nannoplankton biostratigraphic markers are in bold characters. Lithological legend,
see Fig. 11.
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B), show thick early Zanclean sands with gravels with an organization
in foreset beds dipping (25–30° at Nuriyamut) in the direction of the
axis of the Messinian valley (Fig. 15F). Such a sedimentary organization is typical of a Gilbert-type fan delta which is the widespread
feature of sediments within the Messinian canyons after the
Mediterranean reﬂooding (Clauzon, 1990; Clauzon et al., 1990). Clayey
deposits at West Seddülbahir and Kilitbahir seashore constitute the
bottomset beds of the Dardanelles Gilbert-type fan delta more or less
imbricated with coarser foreset beds (Fig. 15B). The calcareous
topmost plateau of Alçıtepe constitutes the abandonment surface of
the Gilbert-type fan delta.
On the southern coastline of the Dardanelles Strait, the horizontal
sediments observed in the Intepe section are suddenly (300 m
northward the section) replaced by sands and gravels organized in
foreset beds dipping (25°) in direction of the Dardanelles Gilbert-type
fan delta (Fig. 15E). The contact is obviously erosional as it has been
precisely followed on land back to the Güzelyalı village (Fig. 15A). This
Gilbert-type fan delta construction ﬁlls a canyon cut by a tributary of
the main Dardanelles ﬂuvial drain during the peak of the MSC
(Fig. 15A, B). Here, the Messinian Erosional Surface incises deposits of
the Kirazlı Formation and laterally evolves into a discontinuity in an
interﬂuve context (Intepe section) as drawn on Fig. 15B.
Accordingly, the impact of the MSC is obvious in the region and
must henceforth be considered in the stratigraphic setting and
palaeogeographic reconstructions. The gap in sedimentation because
of erosion (Dardanelles and tributary Messinian canyons) or nondeposition (Intepe) is chronostratigraphically located in the extremely latest Messinian, i.e. during the peak of the MSC, and not in the
Zanclean as repeatedly assumed as by Sakınç et al. (1999) and Sakınç
and Yaltırak (2005). Nesting of post-MSC deposits within the pre-MSC
ones must allow distinguishing the Alçıtepe Formation from the
Kirazlı Formation without using the often misleading facies
characteristics.
In the Gulf of Saros, nesting of the post-MSC sediments within the
older ones is not very pronounced, probably because of a relatively
weak ﬂuvial activity. The most intense ﬂuvial activity during the MSC
was located in the Dardanelles Strait area; it rapidly diminished when
passing to an interﬂuve context, as supported by the palaeoenvironmental data.
In spite of its reverse palaeomagnetic signal and the record of
Paratethyan organisms, the Yenimahalle section cannot be considered as
representative of the MSC in the region. Clearly overlying the topmost
ﬂagstone of Intepe, which has a similar signiﬁcance as the abandonment

surface of the Dardanelles Gilbert-type fan delta, the Yenimahalle section
has a younger Zanclean Age and represents the end of the Pliocene
sedimentation in the region (Fig. 15B).
4.2. Palaeoenvironments
The present-day southern shoreline of the Dardanelles Strait is a
key-area because of the proximity of distinct environments during the
peak of the MSC (a ﬂuvial canyon and an interﬂuve domain) and after
it (a subaquatic delta system and a coastal domain). Such an
environmental coexistence is somewhat normal but the accuracy of
its record over a short distance is infrequent. At Intepe, the local
environment ﬂuctuated between marine and almost freshwater
conditions in relation with moderate to intense ﬂuvial freshwater
inputs. The blooms of the calcareous dinoﬂagellate Thoracosphaera are
situated at the base and towards the top of the interval, and may be
associated with the calcareous nannoplankton collapse (Fig. 12). Such
blooms may reﬂect unstable marine conditions, associated with an
important nutrient record (possibly linked to a high terrigenous
input) and the lack of other marine planktonic competitors. The
bloom of the calcareous nannoplankton species Braarudosphaera
bigelowii at the top of the Messinian layers at Intepe is probably
related to the salinity ﬂuctuations. As they are highly sensitive to
environmental changes, dinoﬂagellate cysts require that the Intepe
locality was very close to the paleoshoreline. A bay head (Fig. 15A)
seems to be the probable palaeogeography before and after the MSC
while the varying freshwater inputs depended from the nearby river.
Such a relatively isolated context was signiﬁcantly impacted by the
successive ﬂuctuations in Mediterranean sea-level and the resulting
steps of the MSC (Clauzon et al., 1996). The moderate sea-level fall of
the ﬁrst step of the MSC is marked by the lignite and development of
marsh conditions (5.96–5.76 Ma: Fig. 3). The following sea-level rise is
indicated by the overlying clays (5.76–5.60 Ma: Fig. 3), mostly eroded
or ﬁred during the episode of emersion corresponding to the huge
sea-level drop of the peak of the MSC during which the nearby ﬂuvial
canyon was cut (5.60–5.46 Ma). Climatic conditions are warm and
relatively dry out of the riverbanks, as it is indicated by the large
percentages of herb pollen grains. Some relief uplifted during the MSC,
event probably connected to the establishment of an important relief
in the Ganos–Gelibolu Massif.
According to these results, we may address questions about the
gateway between the Black Sea (i.e. the Eastern Paratethys domain)
and Aegean Sea (the Eastern Mediterranean domain) through the

Fig. 14. Synthetic pollen diagram from some localities before and after the peak of the MSC. 1, Subtropical trees; 2, Cathaya; 3, Warm-temperate trees; 4, Cupressaceae; 5, Cooltemperate trees (Cedrus mainly); 6, Boreal trees (Abies and Picea); 7, Elements without signiﬁcation; 8, Mediterranean xerophytes; 9, Herbs; 10, Steppe elements (Artemisia mainly).
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Fig. 15. The Messinian ﬂuvial canyon in the western part of the Dardanelles Strait. A, Map showing the main Messinian ﬂuvial canyon and a tributary (grey surface), the Early Zanclean coastline (dotted grey line), and location of photographs C–F.
Sections: 4, Eceabat; 5, Poyraztepe; 6, Kilitbahir (seashore); 7, Kilitbahir (castle); 8, East Seddülbahir; 9, West Seddülbahir; 10, Intepe; 11, Yenimahalle; 12, Truva. B, Reconstructed composite cross-section (a–b, c–d) in the Dardanelles Strait and the
extremity of the Gelibolu Peninsula through the Zanclean Gilbert-type fan delta with calcareous nannoplankton events and location of photographs C–F and Fig. 4. 1, Clay; 2, Limestone; 3a, Messinian Erosional Surface; 3b, Messinian discontinuity;
4, Sandy and gravelly foreset beds. C, Photograph of the beach of Seddülbahir showing the Messinian Erosional Surface cutting the clays and sands of the East Seddülbahir section and overlain by the clayey bottomset beds of the West Seddülbahir
section. Nannoplankton markers are indicated. D, View of the surroundings of Eceabat showing the Alçıtepe Formation deposits nested within the Eceabat–Poyraztepe sections now reported to the Kirazlı Formation. Nannoplankton markers and the
Messinian Erosional Surface are indicated. E, Sandy and gravelly foreset beds near the Intepe section. F, Sandy and gravelly foreset beds at Nuriyamut. G, Kilitbahir (seashore) section with calcareous nannoplankton markers.
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Marmara realm during the MSC (Görür et al., 1997; Çağatay et al.,
2006) cannot be perpetuated. Indeed, a connection between these
domains is incompatible with coeval subaerial erosion both on the
Black Sea side (Gillet et al., 2007) and the Dardanelles area (this work)
during the peak of the MSC. Connection would have been only possible
during times of high sea-level, i.e. before and after the peak of the MSC
(Clauzon et al., 2005) or before its ﬁrst step. However, the extreme
scarcity of Paratethyan dinoﬂagellate cysts in the Intepe sediments
does not support such a connection; as these organisms live on the
surface waters, we may suppose that a sea-level high-stand should be
expressed in their signiﬁcant increase. For the same reason, a one-way
passage resulting in inﬂux of Paratethyan organisms only into the
Mediterranean realm (see discussion in: CIESM, 2008) is also
questionable. Still, the almost continuous presence of the Paratethyan
bivalves and ostracods before and after the MSC in the region (Çağatay
et al., 2006) needs to be explained. It has been suggested that their
arrival was caused by an episode of high sea-level just before the peak
of the MSC (Clauzon et al., 2005; Popescu et al., 2009) and that their
persistence was favoured in some relatively isolated environments
(lagoons, bays) at the frontier between marine, brackish and freshwater conditions (Çağatay et al., 2006). But, as we mentioned above,
the Paratethyan dinoﬂagellate cysts (which should be the earliest
immigrants as planktonic organisms) are absent or extremely rare in
our samples, and therefore do not support the hypothesis of a
connection allowing the penetration of the Paratethyan macrofaunas
throughout a Marmara marine corridor, connecting the Black Sea (i.e.
the Eastern Paratethys domain) and the Aegean Sea (the Eastern
Mediterranean domain) during the MSC.
5. Conclusion
The chronological constraints presented in this work provide a sound
background for new prospects on the late Miocene–Pliocene stratigraphy and palaeogeography in the Dardanelles region. Evidence of the
strong impact of the MSC in the region, as elsewhere around the
Mediterranean, indicates that the Dardanelles Strait was a ﬂuvial
collector eroding the older rocks during the peak of the MSC. The
systematic use of the calcareous nannoplankton biostratigraphical
results in a clariﬁed regional stratigraphy, unbiased by lithological
similarities. In this region as everywhere around the Mediterranean, the
peak of the MSC and the resulting erosional surface or discontinuity may
be regarded as a robust chronological indication. The most important
results lie in the fact that the Alçıtepe formation is a Pliocene unit
postdating the MSC and that the Kirazlı formation is a Late Miocene unit
predating the MSC. The study in progresses aims at reconstructing the
Messinian ﬂuvial network in the Marmara region and deciphering the
role of the MSC on the North Anatolian Fault propagation across the
region. Finally, the Dardanelles–Marmara region is to be discarded as a
connection between the Black Sea (i.e., the Eastern Paratethys domain)
and Mediterranean Sea, during the Messinian Salinity Crisis.
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