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Abstract. Construction of the Black Sea level curve in the interval from the Last Glacial Maximum (LGM)
to the present is the main purpose of this article. This curve was created on the basis of seismostratigraphic
analysis and data from other investigations. Existing seismostratigraphic subdivisions have been corrected.
The seismic sections of the uppermost part of the Upper Pleistocene and the Holocene display two sequences
(cycles). Highstand normal regressive, forced regressive, lowstand normal regressive, and transgressive genetic units within the older sequence have been distinguished, i.e., all system tracts. The lowstand normal
regressive tract in the younger sequence was not recognized in the seismic sections. This fact evidences
catastrophic inundation of the brackish Black Sea from the Mediterranean (Marmara) salt waters during the
Early Holocene. Synchronization between sea-level changes and climatic variations is shown. The Black
Sea level in relation to the World Ocean level, the Marmara Sea level, and the Caspian Sea level have been
examined. For this end, the ways and time of formation of the recognized subunits in seismic sections from
the Dardanelles Strait, Marmara and Aegean Seas were explained. Juxtaposition between the results of this
study and solutions of other investigations and hypotheses concerning the Black Sea level changes is done as
a discussion. The chemical aragonite intercalations in the base of the sapropel mud, the seismostratigraphic
analysis, and 14C dating prove redepositions over vast areas of seabed. The constructed Black Sea level curve
is consistent with all data of different nature (e.g., sedimentological, climatic, biostratigraphic, seismostratigraphic, and 14C dating).
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Introduction

In the last decades, the problem with determining the
Black Sea level changes during the last 20,000 years
has been investigated multiple times (e.g., Alpar and
Gainanov, 2003; Bahr et al., 2005, 2006; Chepalyga,
2006; Genov et al., 2004; Mudie et al., 2004; Ryan
and Pitman, 1998; Slavova and Genov, 2003; and
references herein). Most researchers engaged in this
problem ignore the method of the sequence stratigraphy in their studies or make imperfect, fragmentary
stratigraphic interpretations. This circumstance has
led to their different approaches to the topic and, naturally, the results obtained are heterogeneous.
Actually, the determination of the geological sequences and their subdivisions must be the first correctly solved task and, after that, other additional
investigations must be carried out (Genov, 2015a).

Therefore, in this article, the previous interpretations
are corrected, and the Black Sea level curve from the
Last Glacial Maximum (LGM) to the present that explains the geological data is created. Hence, the tasks
at hand are as follows:
– detailed seismostratigraphic subdivision of the
sections obtained by means of seismic continuous profiling in the Black Sea. In this account, objects of investigation are the superficial sediments on the shelf,
the shelf edge, and the upper part of the continental
slope;
– the Black Sea level curve for the interval LGM–
present must be constructed and substantiated by
thoroughly using published results and new interpretations;
– comparison between the scenario on the basis of
the created Black Sea level curve and existing theories
on this problem must be made.
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Methodology

Seismoacoustic sections were subdivided by applying the approach of standardization of sequence stratigraphy (Catuneanu et al., 2009) and the principles
of practical seismostratigraphy (Embry, 2009). Based
on this subdivision, conclusions concerning the Black
Sea level for the time span since the LGM have been
deduced. Depths and thicknesses of the seismic units
were calculated, using two-way travel times and velocity approximations of 1,500 m/s for seawater and
1,800 m/s for deposits.
The defined seismic units were correlated with
events from the Palaeoenvironmental evolution model
of the Black Sea region during the LGM–Holocene
(Genov, 2009) and published radiocarbon ages.
Based on amendment of Genov’s (2015a, b) seismostratigraphic segmentation, reinterpretation of the
results of Gökaşan et al. (2008, 2010) and on the model of Genov (2009), a new curve of the Black Sea level
changes from LGM to the present time is proposed.
Uncorrected 14C ages are used in the new model.
The curve of the Mediterranean Sea level changes was
assumed to match the World Ocean level curve by
Fairbanks (1989, 1990). For clarity, the variations of
the Marmara Sea level, the Bosphorus sill and the Dardanelles sill are shown on the model of Genov (2009)
with insignificant modifications.
Seismostratigraphic analysis

The sequence stratigraphic surfaces (Catuneanu et
al., 2009) recognized on the uppermost parts of the
seismic reflection sections are as follows: correlative conformity – CC* (sensu Posamentier and Allen, 1999), correlative conformity – CC** (sensu
Hunt and Tucker, 1992), maximum regressive surface – MRS (Helland-Hansen and Martinsen, 1996),
maximum flooding surface – MFS (Frazier, 1974),
regressive surface of marine erosion – RSME (Plint,
1988), sub-aerial unconformity – SU (Sloss et al.,
1949), and transgressive ravinement surface – TRS
(Nummedal and Swift, 1987). MFSs were accepted
as sequence boundaries (Galloway, 1989) and two
distinct seismostratigraphic sequences (cycles) from
the top downwards have been distinguished: S-1
and S-2, i.e., one less than the published (Genov,
2015a, b). After improvement of the seismostratigraphic subdivision in the western part of the Black
Sea proposed by Genov (2015a, b), the following
genetic units have been recognized: highstand normal regressive-one (HNR-1), forced regressive-one
(FR-1), transgressive-one (T-1), highstand normal
regressive-two (HNR-2), forced regressive-two
(FR-2), lowstand normal regressive-two (LNR-2),
transgressive-two (T-2) (Figs 1–7). The FR-2 stage is
correlated to the LGM. The unit older than the FR-2
(i.e., HNR-2) will not be discussed herein.
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Important markers of the Black Sea surface position since the LGM have been recognized. The water level during the last stage of LGM reflected in
FR-2 unit was 105±2 m below present-day sea level
(bpdsl). The minimal water level for the regression of
FR-1 unit was 90±2 m bpdsl. The maximum level of
the post-LGM rise achieved about 37 m bpdsl during
LNR-2, T-2, and HNR-1 stages (Figs 2–7). The age of
fresh or brackish waters high position is provided by
14
C dating of molluscs from an Early Holocene lobe
in the Danube delta (Giosan et al., 2009). The ages of
their two samples of Dreissena polymorpha collected
from a depth of about 39 m are 8,660±45 14C yrs BP
and 8,860±45 14C yrs BP.
The FR-2 system tract displays a progradation
driven by base level fall (i.e., fast decrease of the base
level during the LGM). The LNR-2 system tract between the FR-2 unit and the T-2 unit is a progradation
with aggradation driven by sedimentary supply that
indicates slow base-level rise. The T-2 system tract is
characterized by retrogradation and onlap driven by
fast base-level rise. The deposits of the HNR-1 system
tract were accumulated before about 9,000 14C yrs BP
(Figs 2, 3). They display a combination of progradation and aggradation driven by sedimentary supply
that is typical for slow base-level rise or base-level
stillstand. The FR-1 stage is characterized by truncation and progradation driven by base level fall. It must
have been interrupted suddenly, because no system
tract LNR-1 (i.e., a transition between FR-1 and T-1
units) was found. Other lithologic and biostratigraphic
studies (Genov and Slavova, 2004; Genov, 2009) do
not contradict this conclusion, either. The T-1 system
tract is situated over FR-1 unit. The unit indicates
backstepping driven by fast base-level rise.
Similar succession of the water-level changes has
been recognized by sedimentological investigation of
the core EUXRO03-3 from the northwestern part of
the Black Sea (Genov et al., 2014).
Sediment thicknesses in the Bosphorus Strait vary
(Algan et al., 2001). The maximum thickness occurs
in the southern part called the Southern Bosporus sill
(Genov, 2009; Fig. 8). The maximum depositional
volume is placed in the outflow zone. The Black Sea
waters flow into the Marmara Sea at the Southern
Bosphorus sill. Hence, the youngest Black Sea history could be ascertained by deciphering the Southern
Bosphorus sill formation. It has been done to a certain
degree by the model of palaeoenvironmental evolution
of the Black Sea region during the LGM–Holocene
(Genov, 2009). Additional explanation follows in the
next section.
Rationale of the Black Sea-level
curve

The overall warming and sea-level rise after the LGM
was punctuated by climatic events involving ocean–

atmosphere reorganization and cooling. The most intensive events that have had different impact on the
Black Sea level state are: the warming, which caused
1A melt-water pulse (1A-MWP) (Fairbanks, 1990);
the cooling called Younger Dryas (YD); the warming, which caused 1B melt-water pulse (1B-MWP)
(Fairbanks, 1990), including the last major stage of

deglaciation 9,000–8,000 cal yrs BP (Mayewski et al.,
2004) with forcing of the cooling in the interval 8,400–
8,000 cal yrs BP or 7,650–7,200 14C yrs BP (Barber
et al., 1999). After the LGM, a time interval of slow
increase of the Black Sea level (LNR-2) began. It
was followed by an interval of quick rising of water
surface (T-2) during the 1A-MWP of glacial waters.

Fig. 1. Area of investigations and location map of studied seismic profiles.
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Fig. 2. Sequence stratigraphic interpretation of seismic reflection section B2CH96 (after Lericolais et al., 2010; Genov, 2015a).
Profile location is shown in Fig. 1.
Types of genetic units: HNR, FR, LNR and T.
Sequence stratigraphic surfaces: SU – dashed red line; CC* – brown line; CC** – dashed yellow line; RSME – pink line; MRS –
yellow line; TRS – dashed green line; MFS – dashed blue line.
Other surfaces: delineation of the shallow-water sediments – dashed brown line; tectonic disturbance (gravity fault or slip fault) –
red line; shoreline trajectory – blue line; erosion surface of the underwater currents – dashed pink line.
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Fig. 3. Sequence stratigraphic interpretation of seismic reflection section S02 (after Algan et al., 2002; Görür et al., 2001; Genov, 2015a). Profile location is shown in Fig. 1 (symbols are
the same as in Fig. 2).
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Fig. 4. Sequence stratigraphic interpretation of seismic reflection section XV (after Genov, 2015b). Profile location is shown in Fig. 1 (for symbols see Fig. 2).

The Black Sea fresh waters overflowed the Northern
Bosphorus sill (Fig. 8), entered the Marmara Sea, and
formed specific water circulation in front of the Golden Horn Gulf, which in turn supported the sedimentation in the Southern Bosphorus sill (Genov, 2009).
This circulation was similar to the now existing water
circulation in this zone (Yuksel et al., 2003).
Thus, at the beginning, the Southern Bosporus sill
was formed as an underwater sand bar. Later, when
the Marmara Sea connected with the Mediterranean
Sea around 12,000 14C yrs BP (Aksu et al., 2002b;
Stanley and Blanpied, 1980), estuarine deposition was
an additional factor in its formation (Fig. 8). Initially,
estuarine deposition was in a type A estuary (sensu
Kennet, 1987), i.e., the Black Sea (lake) outflow to
the Marmara Sea was significant and predominated in
the system circulation. When the YD cold event began
around 11,000 14C yrs BP (Fairbanks, 1989, 1990),
this outflow started to decrease gradually. As a result, at the end of YD around 10,000 14C yrs BP (Fairbanks, 1989, 1990), the Black Sea level was probably
insignificantly higher than the Marmara Sea level. In
the subsequent warm climatic interval, the difference
between levels persisted until the next Black Sea regression started despite their fast increase due to the
1B-MWP impact (Genov, 2009). Conditions over the
Southern Bosphorus Sill must have occasionally become similar to those in type B estuary (sensu Kennett, 1987), i.e., the outflow did not dominate before
the regression’s onset. In that way, the saline Marmara
Sea waters were prevented from entering the freshwater-brackish Black Sea as a result of excess outflow
of the Black Sea through the Bosphorus Strait and the
Southern Bosphorus sill (Genov, 2009). Additional
explanations are necessary for the reasons that kept up
the continuous increase of the Black Sea level during
the climatic intervals.
During the 1A-MWP, the Caspian Sea waters spilt
over, through the Cuma-Manich depression, into the
Black Sea (Feodorov, 1996; Major et al., 2002). It
means that the Volga River indirectly supplied waters to the Black Sea as well, besides the rivers that
mouthed into the Black Sea directly. The Volga River sources are situated in the uttermost north, unlike
those of the Black Sea tributaries. Gradual withdrawal
of ice sheets to the north caused steady cease of glacial
water supply to the rivers coming from the north. In
consequence, the ice water influx into the Volga River
decreased later than into the northern Black Sea tributaries; that resulted in a disconnection between the
Caspian and the Black seas. The Black Sea regression
was related to sapropel formation in the Eastern Mediterranean Sea (Genov, 2009). Considering the earliest sapropel age in the East Mediterranean Sea, which
is 9,000 14C yrs BP (Stanley and Blanpied, 1980) or
9,600 14C yrs BP (Çağatay et al., 2000), and data from
core MAR 98-09 (Turritella spp. – 9,070 ±70 14C yrs
BP) at the Bosphorus exit in Marmara sea (Aksu et al.,
2002a; Hiscott et al., 2002; Mudie et al., 2002), it can

be assumed that this disconnection occurred around
9,000 14C yrs BP.
During the YD chron, the Black Sea level decrease
was impossible because the Volga River still delivered
waters via the Cuma-Manich depression. The YD cold
climatic event brought about only level equalization of
the Black Sea and the Marmara Sea (Fig. 8). The climatic consequences (after-effects) for Europe of 1A-MWP
and 1B-MWP were different. Southward fluvial transport through the whole continent and oceanic transport
of cold waters from the ice sheets dominated during the
1A-MWP. During 1B-MWP, the north-to-south fluvial
transport of glacial waters, except the Volga River, was
rerouted toward the Baltic Sea, the North Sea, the Atlantic Ocean and the Mediterranean Sea. Climate in Northern and Western Europe became gradually cool, while
in Eastern Europe it remained warm. Similar climatic
differences between Western and Eastern Europe after
the climatic optimum 10,000 14C yrs BP (Berger, 1988),
i.e., during 1B-MWP was presumed by Genov (2009).
According to Mayewski et al. (2004), the last major
stage of deglaciation 9,000–8,000 cal yrs BP includes
North Atlantic ice rafting, alpine glacier advance,
strengthened atmospheric circulation over the North
Atlantic and Siberia, and widespread aridity midway
through humid period in low latitudes. This interval
included a sudden cooling event at 8,300–8,200 cal yrs
BP (Martin et al., 2007) or 7,650–7,200 14C yrs BP
(Barber et al., 1999).
At the same time, evaporation predominated in the
Black Sea region (Genov, 2009; Genov et al., 2014;
Slavova et al., 2016); the Volga River supplied waters
only to the Caspian Sea; the northern tributaries of the
Black Sea were gone without glacial waters; the Danube River water runoff decreased because of the alpine
glacier advance; and very fast regression in the Black
Sea was predetermined and inevitable. Unit FR-1
proves this regression in the Black Sea (Figs 2–7).
In summary, following the concept of Catuneanu
(2006) for deposition response to level changes, the
post-LGM Black Sea level rise between 18,000 14C yrs
BP and 9,000 14C yrs BP may be divided into three major stages: 1) slow increase of the level, reflected in the
LNR-2 unit formation; 2) subsequent quick increase
of the level, related to deposition of the T-2 unit; and
3) last stage of slow increase of the level corresponding to the HNR-1 unit (Figs 2, 3).
Even the two HNR-units may have existed in the
time interval from the YD to the onset of the regression reflected in FR-1 unit. For example, these units
may have been formed at the final stage of YD or at
~9,000 14C yrs BP because of the very slow increase of
the Black Sea level (Figs 2, 3, 8).
Erosion of the BospHorus Strait

Gökaşan et al. (2005) reported massive erosion in the
Bosphorus Strait deposits as a result of the Marmara
9
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Fig. 5. Sequence stratigraphic interpretation of seismic reflection section XIX (after Genov, 2015a). Profile location is
shown in Fig. 1 (for symbols see Fig. 2).
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Fig. 6. Sequence stratigraphic interpretation of seismic reflection section XXIV (after Genov, 2015b). Profile location shown in Fig. 1 (for symbols see Fig. 2).
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Fig. 7. Sequence stratigraphic interpretation of seismic reflection section XX. Profile location shown in Fig. 1 (for symbols see Fig. 2).

(Mediterranean) salt-water intrusion into the brackish
Black Sea. This fact provides information on the beginning of the last transgression T-1 and on the end
of the regression reflected in FR-1 unit in the Black
Sea. The Marmara Sea and the Mediterranean Sea
were connected and shared equal levels before the
inundation of their salt waters to the brackish Black
Sea. Their water level became higher than the Black
Sea surface as a result of the regression, which began
around 9,000 14C yrs BP in the freshwater (brackish)
basin. An important additional factor was the Southern
Bosphorus sill, which blocked the salt waters’ way. At
the time of the Marmara Sea water incision into the
sediments of the Bosphorus channel, an accelerating
stream in the Dardanelles Strait was created. Indications of erosion after 9,000 14C yrs BP in the deposits
of this strait were provided by Gökaşan et al. (2010).
They distinguished four units in seismic profiles from
the Marmara and Aegean seas. The upper boundary
of their unit 2 was erosional. Unit 2 was divided into

subunits 2a, 2b, and 2c. The uppermost subunit 2c was
interpreted as a delta that was formed in limited localities in the Dardanelles Strait. The Marmara Sea surface was prevented from rising owing to the outflow of
the Marmara Sea waters into the Black Sea, while the
Mediterranean Sea level increased gradually under the
significant influence of 1B-MWP. This circumstance
additionally accelerated the stream into the Dardanelles Strait, and the water surface became inclined in
the strait (Fig. 8). It was possible because of narrowing
at the Narra passage in the Dardanelles Strait. Moreover, Gökaşan et al. (2008, 2010) suggested that this
place must have been partly filled with sediments.
It is only natural that the shallow subsurface current was faster, but its energy decreased close to the
outflow because the surface reached the Marmara
Sea level. The erosional upper limit of subunit 2c of
Gökaşan et al. (2010), or that of unit 2 of Gökaşan et
al. (2008), marks this accelerated stream in the inflow
zone of the Marmara Sea, thus providing information

Fig. 8. Sea-level curves (Black Sea, Marmara Sea, Mediterranean Sea – World Ocean) and the Straits sills (Northern Bosphorus
sill, Southern Bosphorus sill, Dardanelles sill) during the distinct time intervals and geological events.
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on water surface at the Southern Bosphorus sill just
before saltwater inundation to the Black Sea. Unit 2
(subunit 2c) reaches about 27 ms that correspond to
about 20 m bpdsl in a seismic section in the inflow
zone shown in Fig. 17 of Gökaşan et al. (2008).
Therefore, the saltwater incision in the South Bosphorus sill must have been about 25 m, considering
the depths of erosional surfaces in the Bosphorus
Strait (Gökaşan et al., 2005; Fig. 8). According to
the global sea-level curve (Fairbanks, 1990), Mediterranean Sea level (respectively Marmara Sea
level) was 20 m bpdsl at about 7,500 14C yrs BP.
Hence, the last transgression in the Black Sea reflected in T-1 unit on the seismoacoustic profiles
(Figs 2–7; Genov, 2015a, b) began at the same time.
The regression reflected in FR-1 unit, which began
at about 9,000 14C yrs BP, finished also at that time.
Disappearance of lacustrine fauna and appearance
of marine fauna occurred then (see Ballard et al.,
2000; Jones and Gagnon, 1994). The absence of
LNR-unit between the FR-1 unit and the T-1 unit

proves that the brackish Black Sea was suddenly
overwhelmed by the saltwater (Figs 2–7).
The last transgression T-1 brought about ceasing
of sapropel formation in the Eastern Mediterranean
Sea 7,000 14C yrs BP (Stanley and Blanpied, 1980) or
6,400 14C yrs BP (Çağatay et al., 2000) and the establishment of two-way flow regime through the Bosphorus Strait (Genov, 2009). After 6,400 14C yrs BP,
the levels of the Mediterranean Sea, the Marmara Sea
and the Black Sea were almost equal. However, the
Marmara Sea level and the Black Sea level became
equal earlier (Fig. 8). After that, they both began to
increase and this reflected in successive onlapping of
unit 1 (Gökaşan et al., 2010; Gökaşan et al., 2008)
over subunit 2b in the Marmara Sea (Gökaşan et al.,
2010), subunit 2c in the Dardanelles Strait (Gökaşan
et al., 2010), and subunit 2a (Gökaşan et al., 2010)
toward the Aegean Sea. Later, after the levels of the
three seas (Black Sea, Marmara Sea, Mediterranean
Sea) were equalized, unit 1 and subunit 2c have continued to form up to now (Fig. 9).

Fig. 9. Comparison of the proposed sea-level curve with the concept of Lericolais et al. (2009) for the Black Sea level and formation of subunits 2a, 2b, 2c and unit 1 of Gökaşan et al. (2010) in the Dardanelles Strait, the Aegean Sea and the Marmara Sea.
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Discussion

In this chapter, the results are compared to previously
published works. Conclusions on the Black Sea level
response to climatic changes are drawn.

Previous results and hypotheses
The first controversial question is, what was the minimal level of the Black Sea during the LGM? According to this study, it is –105±2 m bpdsl (Figs 2–9). This
value is very close to −106±3 m of Genov (2009), to
−105 m of Algan et al. (2002), and to −110 m of Pirazzoli (1996); but differs significantly from −150 m and
more of Winguth et al. (2000), Ryan et al. (1997), and
Ballard et al. (2000), from −120 m of Lericolais et al.
(2009; 2010), and from −90 m of Kaplin and Shcherbacov (1986), Julian et al. (1987), and Demirbağ et al.
(1999). No regression reaching a minimal level below
−105 m was recognized in this study (Figs 2–7). The
regression (FR-1) at minimal level −90 m occurred
later than the regression FR-2 during the LGM (see
above and Genov, 2015a, b).
The next moot point is the state of the Black Sea
level during the subsequent time intervals. According to the “outflow hypothesis” (Aksu et al., 1999,
2002b), persistent westward melt-water discharge
from the Black Sea to the Atlantic Ocean via the Marmara and the Mediterranean seas was established; and
the Black Sea level was predominantly increasing.
However, this concept cannot explain the flow from
the Mediterranean Sea to the Marmara Sea through the
Dardanelles Strait (Gökaşan et al., 2010) and the formation of the Early Holocene Black Sea coast line at
90 m bpdsl, i.e., the formation of FR-1 unit (Figs 2–8;
Genov, 2004, 2005, 2009).
In the rivalling hypothesis of the catastrophic flood of the Black Sea published by Ryan et al.
(1997) and all its modifications by Lericolais et al.
(2009, 2010) and Ryan et al. (2003), there was no
synchronization between the climatic events and their
hydrological responses. It is not clear whether a regression in the Black Sea during two consecutive and
different climatic events (i.e., the cold YD and the
subsequent warm 1B-MWP) could exist. There are
no explanations in their studies (Ryan et al., 2003,
Fig. 12; Lericolais et al., 2009, Fig. 9; Lericolais
et al., 2010). According to Lericolais et al. (2009),
the minimal level at the end of the latest regression
in the Black Sea that corresponds to FR-1 unit was
100 m bpdsl, whereas it is estimated at 90 m bpdsl in
this research (Figs 2–8).

Black Sea level dynamics
One saltwater basin (the Mediterranean Sea) and three
vast freshwater lakes (the Marmara Sea, the Black Sea,
and the Caspian Sea) existed at about 13,000 14C yrs BP.
At the same time, the Marmara Sea water surface was

about 100 m bpdsl (Çağatay et al., 1999), and the Aegean Sea (Mediterranean Sea) water surface was 102–
103 m bpdsl (Fairbanks, 1990). The decreasing Black
Sea level reached about 105 m bpdsl at the LGM
terminus (Figs 2–8). During the subsequent gradual
warming, the Black Sea level, initially slowly (LNR-2),
and then rapidly, increased (T-2 during 1A-MWP). It
reached the point of inflow into the Marmara Sea, and
the Southern Bosphorus sill must have begun to form
as a result of interaction of inflow and return (back)
currents in the front of the Gulf of the Golden Horn
(Genov, 2009). In turn, the Marmara Sea must have
overflowed the Mediterranean Sea. The Marmara
fresh-water inflow into the Aegean saline waters must
have caused the deposition of Gökaşan et al.’s (2010)
subunit 2a. The sediments of this subunit and of subunit 2c (Gökaşan et al., 2010) must also have continued
to deposit during two-way flow regime in the Dardanelles Strait after about 12,000 14C yrs BP when the
levels of the Marmara Sea and the Mediterranean Sea
became equal (Genov, 2009; Fig. 9). The Marmara
Sea became saline, and estuarine conditions were established over the Southern Bosphorus sill. Estuarine
sedimentation additionally supported the sill growth.
Thus, the saline Marmara Sea was prevented from entering the fresh or brackish Black Sea water due to the
excess outflow and/or from the Southern Bosporus sill
until about 7,500 14C yrs BP (Fig. 8, see above). The
levels of the Black and Marmara (Mediterranean)
seas matched from about 10,000 14C yrs BP to about
9,000 14C yrs BP (Fig. 8). The event corresponds to
the first invasion of euryhaline fauna in the Black Sea:
at 55 m bpdsl 9,850 14C yrs BP (Major et al., 2006) or
78 m bpdsl 9,370 14C yrs BP (Marret et al., 2009).
However, the hypothesis by Lericolais et al. (2009)
about sea level at around the −100 m isobath from
11,000 to 8,500 14C yrs BP cannot explain this fact
from the Black Sea history (Fig. 9).
According to Genov (2009, 2015a) and the aforementioned, the Black Sea level increased until about
9,000 14C yrs BP, then decreased until 7,500 14C yrs
BP. Other authors (e.g., Thom, 2010; Lericolais et
al., 2009, 2010) considered that the surface increase
finished earlier because of regression during the YD.
The sapropel age in the East Mediterranean Sea is an
indirect criterion for the end of the post-LGM Black
Sea transgression, because deposition cease is related
to the resumed Black Sea outflow to the Marmara
Sea, respectively to the Mediterranean Sea 7,000–
6,400 14C yrs BP (Fig. 8; Stanley and Blanpied, 1980;
Çağatay et al., 2000).
The Khvalinian transgression is the reason for
the Caspian Sea outflow into the Black Sea during
1A-MWP (Dolukhanov et al., 2010). The age of
transgression is also still debatable. The synchronous regressions in the Black and Caspian seas occurred from 12,300 to 10,500 cal yrs BP (Thom,
2010). Taking into account the Black Sea level curve
in the present study (Fig. 8), these events should be
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shifted more than 2,500 years later. This means that
the Volga River must have supported the Black Sea
outflow to the Marmara Sea indirectly through the
Cuma-Manich depression until about 9,000 14C yrs
BP. After that, the regressions in both basins eroded
the upper levels of transgressive sediments. In this
study, and in the model of Genov (2009), the date
9,000 14C yrs BP (Stanley and Blanpied, 1980) is preferred for the end of the post-LGM Black Sea level
rise (LNR-2, T-2, and HNR-1 in Figs 2–9) instead of
the date 9,600 14C yrs BP (Çağatay et al., 2000) because of presence of low-salinity marine Spinifirites
cruciformis in core 9 (or MAR 98-09) at the southern Bosphorus outlet (Aksu et al., 2002a; Hiscott and
Aksu, 2002; Hiscott et al., 2002; Mudie et al., 2002).
Probably, the Black Sea outflow was very weak during the interval 9,600–9,000 14C yrs BP (e.g., type B
estuary of Kennett, 1987) and did not exert influence
upon the ventilation (aeration) of the Mediterranean
Sea waters.
The Black Sea regression FR-1 (Figs 6–8) in the
interval 9,000–7,500 14C yrs BP is consistent with 14C
ages dating the last initial marine inflow and disappearance of lacustrine species shown by Soulet et al.
(2011, Table 1). But it must be noted that juxtaposition
of the Black Sea level changes with the correlation between continental and marine sediments, as well as
between upper water column (0 to 400 m) sediments
and intermediate water column (400 to 1400 m) sediments (Soulet et al., 2011), is incorrect. Actually, the
KSK-20 borehole (Görür et al., 2001) reached the palaeo-valley that has been incised twice by the Sakarya
River (during the LGM and during the regression in
the interval 9,000–7,500 14C yrs BP; Fig. 3) and the
units 1, 2 (Görür et al., 2001) or “fluvial” and “fresh
brackish”-lagoonal units (Soulet et al., 2011) are nonmarine filling of the shaped negative form during the
latter regression. The “hash layer” and the “transitional unit” (Soulet et al., 2011) belong to the redeposited
sediments of the FR-1 tract and/or the T-1 tract (Slavova et al., 2016). This means that the explanation of
the Black Sea level curve with the reservoir effect is
not correct.

Aragonite formation
Aragonite is a criterion for shallow water and aridity. Arid conditions in the Black Sea were one of
the reasons for the regression during the interval
9,000–7,500 14C yrs BP. Other factors were drainage
decrease of the northern tributaries and the Danube
River, because glacial melt-waters and 1B melt-water pulse correspondingly rerouted (Genov, 2009), as
well as the cease of the Caspian Sea outflow to the
Black Sea. Every newly created aragonite layer in the
surf zone has been gravitationally transported downward during the regression. At the last stage of the
regression (FR-1) and the transgression T-1 onset,
when the sea level was near to 90 m bpdsl (Fig. 8),
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coastal, rim, and rimturbidity currents had most likely
redeposited the regressive sediments. In this way, the
“transitional unit” of Soulet et al. (2011, Fig. 2) with
aragonite layers in the top was formed (Genov et al.
2014; Slavova et al., 2016; Koleva-Rekalova et al.,
2016). Taking into account the interpretation of the
geochemical parameters for the Black Sea sediments
(Genov, 2009), it can be concluded that geochemical
parameters shown in Fig. 3 (Soulet et al., 2011) corroborate the above-described process of redeposition
over the vast areas of the bottom. Actually, peak in
the XRF-Ti/Ca and a peak in the sediment grain size
indicate the final stage of the falling level (last stage
of FR-1), and not marine inflow (i.e., transgression).
Decrease in XRF-Ca intensity is because of increase
of terrigenous component as a result of intensive runoff near the shelf edge and transport to the sea bed
during the last stage of FR-1. Lericolais et al. (2013)
noted significant redeposition, too. Disappearance of
brackish ostracods and abrupt increase of TOC explain the unexpected inundation of salt waters in the
Black Sea and the after-effect from this, mass dying
of freshwater-brackish organisms. Acicular aragonite crystals in the “hash layer” at 28.15 m and at
66.80 m bpdsl (Oaie and Melinte-Dobrinescu, 2010;
Soulet et al., 2011) were formed during the transgression T-1 over TRS (Figs 2–7). Probably, the unit
III and the “Shallow unit” (sensu Oaie and MelinteDobrinescu, 2010, Figs 3, 5) in Figs 3, 5 consist of
non-marine (non-lacustrine) deposits over SU of the
FR-1 and the T-1 sediments, respectively.

Interpretation
The Southern Bosphorus sill must have risen during the Black Sea regression in the interval 9,000–
7,500 14C yrs BP, blocking the Marmara Sea saltwater incursion to the brackish Black Sea. Probably,
the wave action in the southern part of the Bosphorus Strait turned the southern sill into a dam when
the levels of both seas became almost equal about
9,000 14C yrs BP (Fig. 8). After that, the waves from
the side of the Marmara Sea built the dam until ca
7,500 14C yrs BP (see above and Genov, 2009). This
dam (Southern Bosphorus sill) reached 20 m bpdsl
about 7,500 14C yrs BP and predetermined the end
of the regression FR-1 as well as the onset of the
T-1 transgression in the Black Sea, respectively disappearance of freshwater fauna and appearance of
saline one (Fig. 8; see above; Ballard et al., 2000;
Jones and Gagnon, 1994). At about the same time,
the Marmara Sea salt waters breached the sand dam
at the southern entrance of the Bosphorus Strait and
eroded the fresh-water sediments in the channel
(Genov, 2009). The capacity of outflow to the Black
Sea increased in consequence of fast salt-water incision in the South Bosphorus sill. An accelerating
water stream in the Dardanelles Strait from the Aegean Sea to the Marmara Sea was formed (Fig. 8).

Moreover, the Marmara Sea level could not increase
due to the outflow, but the Aegean Sea level rose as
a result from significant influence of 1B-MWP. The
water movement in the Dardanelles Strait was enhanced until the three sea levels were not equalized
(Fig. 8). This stream eroded the sediments of subunits 2a and 2c of Gökaşan et al. (2010), deposited the
coarser material of subunit 2b in the Marmara Sea
and brought about erosion along the Sarkoy Canyon.
The sediments of unit 1 of Gökaşan et al. (2008,
2010) successively overlaid deposits of subunits 2b,
2c and 2a when the Black Sea level was equalized
first with the Marmara Sea level and after that with
the Aegean Sea level. The sediments of subunit 2c,
together with the sediments of unit 1 were deposited
and after the equalization of the three sea levels until
now (Fig. 9). This equalization was probably realized at about 7,000 14C yrs BP or between 7,000 and
6,400 14C yrs BP. Genov (2009) suggested that the
continuous and gradual increase in the flow of lesssaline, oxygen-rich Black Sea waters into the Marmara and the Aegean seas probably improved their water
circulation and ventilation and hence brought sapropel
formation to a halt before about 6,400 14C yrs BP (dating Çağatay et al., 2000). The three seas reached the
present-day sea level simultaneously.
The described scenario is consistent with the “location of sites recording the first evidence for the
Neolithic across Europe, Anatolia and the Near East
(Forenbaher and Miracle, 2005; Pinhasi et al., 2005)
based on median probability calibrated radiocarbon
ages” (Turney and Brown, 2007, Fig. 1). Actually, the
Neolithic people entered Europe when the Bosphorus
sill was a dry land.

Conclusions

Concerning the exposed material, the following conclusion can be drawn: the deduced Black Sea level
curve for the interval from the LGM to the present is
consistent with all data and facts from the investigated
region and can be a base for more detailed observations. Moreover, data obtained from different investigations and regions can be adapted as proof for that.
It confirms the concept of the model of palaeoenvironmental evolution of the Black Sea region during
the LGM–Holocene (Genov, 2009) for the water-level
changes and is not in concordance with those hypo
theses based on the:
• persisting freshwater outflow from the Black
Sea (Aksu et al., 1999, 2002);
• calculation of the reservoir effect without consideration of the impact of the Early Holocene
regression in the Black Sea from 9,000 14C yrs
BP to 7,500 14C yrs BP (Soulet et al. 2011);
• concept of the last regression that started about
10,000 yrs 14C BP or earlier (Ryan et al., 2003;
Lericolais et al., 2009).
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