
3

GEOLOGICA BALCANICA, 45, Sofia, Dec. 2016, pp. 3–19.

The Black Sea level from the Last Glacial Maximum  
to the present time

Ivan Genov
Institute of Oceanology, Bulgarian Academy of Sciences, P.O. Box 152, 9000 Varna, Bulgaria;  
e-mail: gen_id@abv.bg, idgenov@io-bas.bg
(Accepted in revised form: December 2016)

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 ge-
netic 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, seismostrati-
graphic, and 14C dating).

Genov, I. 2016. The Black Sea level from the Last Glacial Maximum to the present time. Geologica 
Balcanica 45, 3–19.
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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 stratigra-
phy in their studies or make imperfect, fragmentary 
stratigraphic interpretations. This circumstance has 
led to their different approaches to the topic and, natu-
rally, the results obtained are heterogeneous.

Actually, the determination of the geological se-
quences and their subdivisions must be the first cor-
rectly 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 ex-
plains 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 pro-
filing in the Black Sea. In this account, objects of in-
vestigation 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 interpre-
tations;

– 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 apply-
ing the approach of standardization of sequence stra-
tigraphy (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 ve-
locity 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) seis-
mostratigraphic segmentation, reinterpretation of the 
results of Gökaşan et al. (2008, 2010) and on the mod-
el 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 Dar-
danelles 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: correla-
tive conformity – CC* (sensu Posamentier and Al-
len, 1999), correlative conformity – CC** (sensu 
Hunt and Tucker, 1992), maximum regressive sur-
face – 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 seismostrati-
graphic subdivision in the western part of the Black 
Sea proposed by Genov (2015a, b), the following 
genetic units have been recognized: highstand nor-
mal 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.

Important markers of the Black Sea surface posi-
tion since the LGM have been recognized. The wa-
ter 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 
14C 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 be-
tween 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 prograda-
tion 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 trunca-
tion 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 his-
tory 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–
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fig. 1. Area of investigations and location map of studied seismic profiles.

atmosphere reorganization and cooling. The most in-
tensive 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 warm-
ing, 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. 
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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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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 Gold-
en Horn Gulf, which in turn supported the sedimen-
tation 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 re-
sult, at the end of YD around 10,000 14C yrs BP (Fair-
banks, 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 re-
gression started despite their fast increase due to the 
1B-MWP impact (Genov, 2009). Conditions over the 
Southern Bosphorus Sill must have occasionally be-
come similar to those in type B estuary (sensu Ken-
nett, 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 freshwa-
ter-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 wa-
ters to the Black Sea as well, besides the rivers that 
mouthed into the Black Sea directly. The Volga Riv-
er 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 trib-
utaries; that resulted in a disconnection between the 
Caspian and the Black seas. The Black Sea regression 
was related to sapropel formation in the Eastern Medi-
terranean Sea (Genov, 2009). Considering the earli-
est 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 climat-
ic consequences (after-effects) for Europe of 1A-MWP 
and 1B-MWP were different. Southward fluvial trans-
port 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 Atlan-
tic Ocean and the Mediterranean Sea. Climate in North-
ern 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 Dan-
ube 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 ma-
jor 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 correspond-
ing 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 regres-
sion 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 
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(Mediterranean) salt-water intrusion into the brackish 
Black Sea. This fact provides information on the be-
ginning 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. Indica-
tions 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 locali-
ties in the Dardanelles Strait. The Marmara Sea sur-
face 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 Darda-
nelles 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. Moreo-
ver, Gökaşan et al. (2008, 2010) suggested that this 
place must have been partly filled with sediments. 
It is only natural that the shallow subsurface cur-
rent 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 Bos-
phorus 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), Medi-
terranean 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 re-
flected 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 es-
tablishment of two-way flow regime through the Bos-
phorus 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 con-
tinued 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 forma-
tion 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 mini-
mal level of the Black Sea during the LGM? Accord-
ing 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 Piraz-
zoli (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 Shcher-
bacov (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. Accord-
ing to the “outflow hypothesis” (Aksu et al., 1999,  
2002b), persistent westward melt-water discharge 
from the Black Sea to the Atlantic Ocean via the Mar-
mara 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 for-
mation 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 catastroph-
ic 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 re-
gression 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 Ae-
gean 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 subu-
nit 2c (Gökaşan et al., 2010) must also have continued 
to deposit during two-way flow regime in the Darda-
nelles 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 es-
tablished over the Southern Bosphorus sill. Estuarine 
sedimentation additionally supported the sill growth. 
Thus, the saline Marmara Sea was prevented from en-
tering 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 afore-
mentioned, 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 synchro-
nous regressions in the Black and Caspian seas oc-
curred 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 pre-
ferred 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) be-
cause of presence of low-salinity marine Spinifirites 
cruciformis in core 9 (or MAR 98-09) at the south-
ern 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 dur-
ing 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 disap-
pearance 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 be-
tween continental and marine sediments, as well as 
between upper water column (0 to 400 m) sediments 
and intermediate water column (400 to 1400 m) sedi-
ments (Soulet et al., 2011), is incorrect. Actually, the 
KSK-20 borehole (Görür et al., 2001) reached the pal-
aeo-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 non-
marine filling of the shaped negative form during the 
latter regression. The “hash layer” and the “transition-
al unit” (Soulet et al., 2011) belong to the redeposited 
sediments of the FR-1 tract and/or the T-1 tract (Sla-
vova 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 arid-
ity. 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-wa-
ter 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 down-
ward 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), 

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) cor-
roborate 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 run-
off 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 ex-
plain the unexpected inundation of salt waters in the 
Black Sea and the after-effect from this, mass dying 
of freshwater-brackish organisms. Acicular arago-
nite 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 trans-
gression T-1 over TRS (Figs 2–7). Probably, the unit 
III and the “Shallow unit” (sensu Oaie and Melinte-
Dobrinescu, 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 dur-
ing the Black Sea regression in the interval 9,000– 
7,500 14C yrs BP, blocking the Marmara Sea salt-
water incursion to the brackish Black Sea. Probably, 
the wave action in the southern part of the Bospho-
rus 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 dis-
appearance 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 in-
cision in the South Bosphorus sill. An accelerating 
water stream in the Dardanelles Strait from the Ae-
gean Sea to the Marmara Sea was formed (Fig. 8). 
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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 en-
hanced until the three sea levels were not equalized 
(Fig. 8). This stream eroded the sediments of subu-
nits 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 real-
ized 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 less-
saline, oxygen-rich Black Sea waters into the Marma-
ra 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 (dat-
ing Çağatay et al., 2000). The three seas reached the 
present-day sea level simultaneously.

The described scenario is consistent with the “lo-
cation 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 con-
clusion 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 observa-
tions. Moreover, data obtained from different investi-
gations and regions can be adapted as proof for that. 
It confirms the concept of the model of palaeoenvi-
ronmental 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 con-
sideration 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).

Acknowledgements

I am grateful to Dr Atanas Vasilev and Elitsa Hineva for 
their help and support. I am much obliged to S. Buche-
va for her beneficial advice. The article is a contribu-
tion to the Bulgarian-Ukrainian project GEO-METH-
ANE DNTS/ Ukraine01/008 14.11.2012–14.11.2014 
(Geophysical estimation of scalable sources and sinks 
of methane in the Black Sea) to the National Fund 
“Scientific Investigation”.

referenceS

Aksu, A.E., Hiscott R.N., Kaminski, M.A., Mudie, P.J., 
Gillespie, H., Abrajano, T., Yasşar, D. 2002a. Last glacial-
Holocene paleoceanography of the Black Sea and Marmara 
Sea: stable isotopic, foraminiferal and coccolith evidence. 
Marine Geology 190, 119–149.

Aksu, A.E., Hiscott, R.N., Mudie, P., Rochon, A., Kaminski, 
M., Abrajano, T., Yaşar, D. 2002b. Persistent Holocene 
outflow from the Black Sea to the Eastern Mediterranean 
contradicts Noah’s flood hypothesis. Bulletin of the Geo-
logical Society of America 12 (5), 4–10.

Aksu, A., Hiscott, R.N., Yaşar, D. 1999. Oscillating Quaternary 
water levels of the Marmara Sea and vigorous outflow into 
the Aegean Sea from the Marmara Sea-Black Sea drainage 
corridor. Marine Geology 153, 275–302.

Algan, O., Çağatay, N., Tchepalyga, A., Ongan, D., Eastoe, 
C., Gökaşan, E. 2001. Stratigraphy of the sediment infil in 
Bosporus Strait: water exchange between the Black and 
Mediterranean Seas during the last glacial Holocene. Geo-
Marine Letters 20 (4), 209–218.

Algan, O., Gökaşan, E., Gazioğlu, C., Yücel, Z.Y., Alpar, B., 
Güneysu, C., Kirci, E., Demirel, S., Sari, E., Ongan, D. 
2002. A high-resolution seismic study in Sakarya Delta and 
Submarine Canyon, southern Black Sea shelf. Continental 
Shelf Research 22, 1511–1527.

Alpar, B., Gainanov, V. 2003. New shallow seismic data from 
the southwestern Black Sea shelf; implications for recent 
sea-level fluctuations. Journal of the Black Sea/Mediterra-
nean Environment 110, 5–20.

Bahr, A., Lamy, F., Arz, H., Kuhlmann, H., Wefer, G. 2005. 
Late glacial to Holocene climate and sedimentation history 
in the NW Black Sea. Marine Geology 214, 309–322.

Bahr, A., Arz, H., Lamy, F., Wefer, G. 2006. Late glacial to 
Holocene palaeoenvironmental evolution of the Black Sea, 
reconstructed with stable oxygen isotope records obtained 
on ostracod shells. EPSL 241(3–4), 863–875.

Ballard, R.D., Coleman, D.F., Rosenberg, G.D. 2000. Further 
evidence of abrupt Holocene drowning of the Black Sea 
shelf. Marine Geology 170, 253–261.



18

Barber, D.C., Dyke, A., Hillaire-Marcel, C., Jennings, A.E., 
Andrews, J.T., Kerwin, M.W., Bilodeau, G., McNeely, R., 
Southon, J., Morehead, M.D., Gagnon, J.M. 1999. Forcing 
of the cold event of 8,200 years ago by catastrophic drain-
age of Laurentide lakes. Nature 400, 344–348.

Berger, A. 1988. Milankovitch Theory and Climate. Reviews of 
Geophysics 26 (4), 624–657.

Çağatay, N., Algan, O., Sakinç, M., Eastoe, J., Egesel, L., 
Balkis, N., Ongan, D., Caner, H. 1999. A mid-late Holo-
cene sapropelic sediment unit from the southern Marmara 
sea shelf and its palaeocenographic significance. Quater-
nary Science Reviews 18, 531–540.

Çağatay, N., Görür, N., Algan, A., Eastoe, C., Tchapalyga, A., 
Ongan, D., Kuhn, T., Kuşcu, Ì. 2000. Late Glacial-Holo-
cene palaeoceanography of the Sea of Marmara: timing of 
connections with the Mediterranean and the Black Seas. 
Marine Geology 167, 191–206.

Catuneanu, O. 2006. Principles of Sequence Stratigraphy. Else-
vier, Amsterdam, 375 pp.

Catuneanu, O., Abreu, V., Bhattacharya, J.P., Blum, M.D., 
Dalrymple, R.W., Eriksson, P.G., Fielding, C.R., Fisher, 
W.L., Galloway, W.E., Gibling, M.R., Giles, K.A., Hol-
brook, J.M., Jordan, R., Kendall, C.G.St.C., Macurda, B., 
Martinsen, O.J., Miall, A.D., Neal, J.E., Nummedal, D., 
Pomar, L., Posamentier H.W., Pratt, B.R., Sarg, J.F., Shan-
ley, K.W., Steel, R.J., Strasser, A., Tucker, M.E., Winker, 
C. 2009. Towards the standardization of sequence stratigra-
phy. Earth Science Reviews 92, 1–33.

Chepalyga, A. 2006. The late glacial great flood in the Pon-
to-Caspian basin. In: Yanko- Hombach, V., Gilbert A.S., 
Panin N., Dolukhanov P.M. (Eds), The Black Sea Flood 
Question; Changes in Coastline, Climate and Human Set-
tlement. Springer, 119–148.

Demirbağ, E., Gökaşan, E., Oktay, F., Simsek, M., Yüce, H. 
1999. The last sea level changes in the Black Sea: evidence 
from the seismic data. Marine Geology 157, 249–265.

Dolukhanov, P.M., Chepalyga, A.L., Lavrentiev, N.V. 2010. 
The Khvalynian transgressions and early human settle-
ment in the Caspian basin. Quaternary International 225, 
152–159 

Embry, A.F. 2009. Practical Sequence Stratigraphy. Canadian 
Society of Petroleum Geologists, Online at www.cspg.org, 
79 pp.

Fairbanks, R. 1989. A 17,000-year glacio-eustatic sea level re-
cord: influence of glacial melting rates on the Younger Dryas 
event and deep-ocean circulation. Nature 342, 637–642.

Fairbanks, R. 1990. The age and origin of the “Younger Dryas 
climate event” in Greenland ice cores. Paleoceanography 
5 (6), 937–948.

Feodorov, P. 1996. Ponto-Caspii as possible stratoregion of 
Pleistocene in Europe. Stratigraphy and Geological Cor-
relation 4 (6), 92–97.

Forenbaher, S., Miracle, P.T. 2005. The spread of farming in 
the Eastern Adriatic. Antiquity 79, 514–528.

Frazier, D.E. 1974. Depositional episodes: their relationship to 
the Quaternary stratigraphic framework in the north-western 
portion of the Gulf Basin. University of Texas at Austin, Bu-
reau of Economic Geology, Geological Circular 4 (1), 28 pp.

Galloway, W.E. 1989. Genetic stratigraphic sequences in ba-
sin analysis, I. Architecture and genesis of flooding-surface 
bounded depositional units. American Association of Petro-
leum Geologists Bulletin 73, 125–142.

Genov, I. 2004. Way and time of swell formation near the Bul-
garian Black Sea shelf. Comptes rendus de l’Académie bul-
gare des Sciences 57 (6), 95–98.

Genov, I.D. 2005. Model of sedimentation of the Bosporus 
Strait during Neoeuxine-Holocene time. Comptes rendus 
de l’Académie bulgare des Sciences 58 (5), 579–586.

Genov, I. 2009. Model of Palaeoenvironmental Evolution of 
the Black Sea Region during the Last Glacial Maximum-
Holocene. Oceanology 49 (4), 540–557.

Genov, I. 2015a. Seismostratigraphy and the last Black Sea 
level changes. Comptes rendus de l’Académie bulgare des 
Sciences, 68 (11), 1419–1424.

Genov, I. 2015b. Structure of the uppermost part of the sedi-
ment blanket near to the shelf edge (Bulgarian Black Sea 
sector). Comptes rendus de l’Académie bulgare des Sci-
ences 68 (9), 1129–1134

Genov, I.D., Slavova, K.R. 2004. Chronostratigraphic scale for 
correlation of Neoeuxin and Holocene sediments from the 
deepwater part and the shelf of the Black Sea. Review of the 
Bulgarian Geological Society 65 (1–3), 25–35.

Genov, I.D., Slavova, K.R., Dimitrov, P.S. 2004. Geological 
events as result from the climatic changes in the Black sea 
region during the period 20000–7000 calendar years BP. 
In: Proceedings of International Symposium on Earth Sys-
tem Sciences, 2004, Istanbul, Turkey, 577–584.

Genov, I., Slavova, K., Ivanov, P., Dobrev N. 2014. Lithologi-
cal features of the core EUXRO03-3 and Black Sea geolog-
ical setting reconstruction. Comptes rendus de l’Académie 
bulgare des Sciences 67 (11), 1539–1546.

Giosan, L., Filip, F., Constatinescu, S. 2009. Was the Black Sea 
catastrophically flooded in the early Holocene? Quaternary 
Science Reviews 28 (1–2), 1–6.

Gökaşan, E., Ergin, M., Ozyalvac, M., Ibrahim Sur, H., Tur, 
H., Görüm, T., Ustaömer, T, Batuk, F., Alp, H., Birkan, 
H., Turker, A., Gezgin, E., Ozturan, M. 2008. Factors 
controlling the morphological evolution of the Çanak-
kale Strait (Dardanelles, Turkey). Geo-Marine Letters 28, 
107–129.

Gökaşan, E., Tur, H., Ecevitoğlu, B., Görüm, T., Türker, A., 
Tok, B., Çağlak, F., Birkan, H., Şimşek, M. 2005. Evidence 
and implications of massive erosion along the Strait of Is-
tanbul (Bosporus). Geo-Marine Letters 25, 324–342.

Gökaşan, E., Tur, H., Ergin, M., Görüm, T., Batuk, F., Sağci, 
N., Ustaömer, T., Emem, O, Alp, H. 2010. Late Quaternary 
evolution of the Çanakkale Strait region (Dardanelles, NW 
Turkey): implications of a major erosional event for the 
postglacial Mediterranean-Marmara Sea connection. Geo-
Marine Letters 30, 113–131.

Görür, N., Çağatay, M.N., Emre, Ö., Alpar, B., Sakinç, M., 
İslamoğlu, Y., Algan, O., Erkal, T., Keçer, M., Akkök, 
R., Karlik, G. 2001. Is the abrupt drowning of the Black 
Sea shelf at 7150 yr BP a myth? Marine Geology 176, 
65–73.

Helland-Hansen, W., Martinsen, O.J. 1996. Shoreline trajecto-
ries and sequences: description of variable depositional-dip 
scenarios. Journal of Sedimentary Research 66 (4), 670–
688.

Hiscott, R.N., Aksu A.E. 2002. Late Quaternary history of the 
Marmara Sea and Black Sea from high-resolution seismic 
and gravity-core studies. Marine Geology 190, 261–282.

Hiscott, R.N., Aksu A.E., Yaşar D., Kaminski M.A., Mudie 
P.J., Kostylev V.E., MacDonald J.C., Işler F.I., Lord A.R. 
2002. Deltas south of the Bosphorus Strait record persistent 
Black Sea outflow to the Marmara Sea since ~10 ka. Ma-
rine Geology 190, 95–118.

Hunt, D., Tucker, M.E. 1992. Stranded parasequences and the 
forced regressive wedge system tract: deposition during 
base level fall. Sedimentary Geology 81, 1–9.

Jones, G., Gagnon, A. 1994. Radiocarbon chronology of Black 
Sea sediments. Deep-Sea Research І 41(3), 531–557.

Julian, M., Linienberg, D.A., Nicod, J. 1987. Rôle des modifi-
cations des niveaux quaternaires des mers Caspienne, Noire 
et Méditerranée dans la formation du relief de leurs marges 
montagnardes. Méditerranée 2–3, 19–35.



19

Kaplin, P.A., Shcherbacov, F.A. 1986. Reconstruction of shelf 
environments during the late Quaternary. Journal of Coast-
al Research, Special Issue 1, 95–98.

Kennett, J.P. 1987. Marine Geology. Moscow, MIR, Volume 1, 
397 pp. (translation in Russian).

Koleva-Rekalova, E., Slavova, K., Genov, I. 2016. Morpho-
logical characteristics of the aragonite into the Holocene 
laminated sapropel (Unit 2) from NW Black Sea Conti-
nental Slope. In: Peer reviewed short communications of 
the National Conference with international participation 
“GEOSCIENCES 2016”, 119–120

Lericolais, G., Bourget, J., Popescu, I., Jermannaud, P., Mulder, 
T., Jorry, S., Panin, N. 2013. Late Quaternary deep-sea sed-
imentation in the western Black Sea: New insights from re-
cent coring and seismic data in the deep basin. Global and 
Planetary Change 103, 232–247.

Lericolais, G., Bulois, C., Gillet, H., Guichard, F. 2009. High 
frequency sea level fluctuations recorded in the Black Sea 
since the LGM. Global and Planetary Change 66, 65–75.

Lericolais, G., Guichard, F., Morigi, C., Minereau, A., Popescu, 
I., Radan, S. 2010. A post Younger Dryas regression identi-
fied from sequence stratigraphy correlated to core analysis 
and dating. Quaternary International 225 (2), 199–209.

Major, C., Goldstein, S.L., Ryan, W.B.F., Lericolais, G., Pi-
otrowski, A.M., Hajdas, I. 2006. The co-evolution of Black 
Sea level and composition through the last deglaciation and 
its paleoclimatic significance. Quaternary Science Reviews 
25, 2031–2047.

Major, C., Ryan, W., Lericolais, G., Hajdas, I. 2002. Con-
straints on Black Sea outflow to the Sea of Marmara dur-
ing the last glacial – interglacial transition. Marine Geology 
190 (1–2), 19–34.

Marret, F., Mudie, P., Aksu, A., Hiscott, R. 2009. A Holo-
cene dinocyst record of a two-step transformation of the 
Neoeuxinian brackish water lake into the Black Sea. Qua-
ternary International 197, 72–86.

Martin, R.E., Leorri, E., McLaughlin, P.P. 2007. Holocene sea 
level and climate change in the Black Sea : Multiple marine 
incursions related to freshwater discharge events. Quater-
nary International 167–168, 61–72.

Mayewski, P.A., Rohling, E.E., Stager, J..C, Karlén, W., 
Maasch, K.A., Meeker, L.D., Meyerson, E.A., Gasse, F., 
van Kreveld, S., Holmgren, K., Lee-Thorp, J., Rosqvist, 
G., Rack, F., Staubwasser, M., Schneider, R.R., Steig, E.J. 
2004. Holocene climate variability. Quaternary Research 
62, 243–255.

Mudie, P.J., Rochon A., Aksu A.E., Gillespie H. 2002 Dino-
flagellate cysts, freshwater algae and fungal spores as salin-
ity indicators in Late Quaternary cores from Marmara and 
Black seas. Marine Geology 190, 203–231.

Mudie, P.J., Rochon, A., Aksu, A.E., Gillespie, H. 2004. Late 
glacial, Holocene and modern dinoflagellate cyst assem-
blages in the Aegean-Marmara-Black Sea corridor: statis-
tical analysis and re-interpretation of the early Holocene 
Noah’s Flood hypothesis. Review of Palaeobotany and Pa-
lynology 128, 143–167.

Nummedal, D., Swift, D.J.P. 1987. Transgressive stratigraphy 
at sequence-bounding unconformities: some principles de-
rived from Holocene and Cretaceous examples. In: Numed-
al, D., Pilkey, O.H., Howard, JD. (Eds). Sea-level fluctua-
tion and coastal evolution. Society of Economic Paleontol-
ogists and Mineralogists, Special Publication 41, 241–260.

Oaie, G., Melinte-Dobrinescu, M.C. 2010. Holocene litho- and 
biostratigraphy of the NW Black Sea (Romanian shelf). Qua-
ternary International doi:10.1016/j.quaint.2009.12.014.

Pinhasi, R., Fort, J., Ammerman, A.J. 2005. Tracing the ori-
gin and spread of agriculture in Europe. PLOS Biology 3, 
2220–2228.

Pirazzoli, P. 1996 Sea-level Changes: the Last 20000 Years. 
John Wiley, New York, 211 pp.

Plint, A.G. 1988. Sharp based shoreface sequences and “off-
shore bars” in the Cardium Formation of Alberta: their re-
lationship to relative changes in sea level. In: Wilgus, C.K., 
Hastings, B.S., Kendal, C.G.St.C., Posamentier, H.W., 
Ross, C.A., Van Wagoner, J.C. (Eds). Sea Level Changes – 
An Integrated Approach. Society of Economic Paleontolo-
gists and Mineralogists, Special Publication 42, 357–370.

Posamentier, H.W., Allen, G.P. (Eds.).1999. Siliciclastic se-
quence stratigraphy: concepts and applications. Concepts 
in Sedimentology and Paleontology. Society of Economic 
Paleontologists and Mineralogists, Special Publication 7, 
210 pp.

Ryan, W.B.F., Major, C.O., Lericolais, G., Goldstein, S.L. 
2003. Catastrophic flooding of the Black Sea. Annual Re-
view of Earth and Planetary Sciences 31, 525–554.

Ryan, W., Pitman, W. 1998. Noah’s Flood. Simon and Schus-
ter, New York, 319 pp.

Ryan, W., Pitman, W., Major, C., Shimkus, K., Moskalenko, 
V., Jones, G., Dimitrov, P., Gorür, N., Sakinç, M., Yüce, H. 
1997. An abrupt drowning of the Black Sea shelf. Marine 
Geology 138, 119–126.

Slavova, K.R., Genov, I.D. 2003. Possible paleo-exchange of 
water masses between the Mediterranean Sea, Marmara 
Sea and Black Sea. Geologica Balcanica 33 (3–4), 57–67.

Slavova, K., Genov I., Koleva-Rekalova E., Dobrev N. 2016. 
Redeposition of chemical aragonite at the Black Sea sapro-
pel base – proof for Early Holocene Black Sea regression. 
Comptes rendus de l’Académie bulgare des Sciences 69 (5), 
607–614.

Sloss, L.L., Krumbein, W.C., Dapples, E.C. 1949. Integrated 
facies analysis. In: Longwell, C.R. (Ed.), Sedimentary Fa-
cies in Geologic History. Geological Society of America 
Memoir 39, 91–124.

Soulet, G., Ménot, G., Lericolais, G., Bard, E. 2011. A revised 
calendar age for the last reconnection of the Black Sea to the 
global ocean. Quaternary Science Reviews 30, 1019–1026.

Stanley, D., Blanpied, C. 1980. Late Quaternary water ex-
change between the eastern Mediterranean and the Black 
Sea. Nature 285, 537–541.

Thom, N. 2010. A hydrological model of the Black and Caspi-
an Seas in the late Pleistocene and early-middle Holocene. 
Quaternary Science Reviews 29, 2989–2995.

Turney, C.S.M., Brown, H. 2007. Catastrophic early Holocene 
sea level rise, human migration and the Neolithic transition 
in Europe. Quaternary Science Reviews 26, 2036–2041.

Winguth, C., Wong, H., Panin, N., Dinu, C., Georgescu, P., 
Ungureanu, C., Kruglikov, V., Podshuveit, V. 2000. Up-
per Quaternary water level history and sedimentation in the 
north western Black Sea. Marine Geology 167, 127–146.

Yuksel,Y., Yalciner, A.C., Guler, I., Mater, B., Erturk, F. 2003. 
Hydrography of the Bosphorus Strait, and the Effects to 
Submarine Constructions. In: Proceeding of the Thirteenth 
(2003) International Offshore and Polar Engineering Con-
ference, Honolulu, Hawaii, USA, 25–30.


