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Pesiome. CratusiTa npecTaBsi CHHTE3HpaHa PEKOHCTPYKIUS Ha T€0JIOXKKOTO PAa3BHTHE HA CeBEpHATa 4acT Ha brirapckust uepHOMOp-
cku mend u kpaidpesxue npe3 Ksarepuepuus nepro. MopckuTe KBaTepHEPHH CCANMEHTH CE Pa3IIekaT KaTO KOMIIOHEHT Ha MOpCKaTta
€KOCHCTeMa, KOSITO M3IUTBA CHIHO eeKkTa OT IMpOMeHHUTe B KinMara. HabmonaBaT ce m3MeHeHUs B crparurpadckara M CeIUMEHTO-
JIO’KKATa XapaKTePHCTHKA Ha IUICHCTOLCHCKUTE CEUMEHTH M T10-CIICLHAIHO, Ha XoJoLeHckuTe yraiiku. [Ipe3 KBareprepa, 3a koiito ca
XapaKTePHH KPaTKOTPANHN, IUKIHIHI KINMATHIHN KOJIeOaHHs, MOPCKUTE HIeI(OBH CEAUMCHTH Ca 3alledaTally ClICIUTE OT PelyBaHETO
Ha JICTHUKOBH M MEXAyIeAHHKOBH (a3u. Ha Gazata Ha metailiinu nurocTpaTurpadcki U dnoctparurpadCku aHaIM3| MO MOJIIOCKOBA
(hayHa 1 1OJIEH € Ipociie/ieHa CIOJKHATA JHHAMIKA Ha TPAHCTPECUBHO-PErPECHBHATE LUKIIH. [Ipocieena e Bpbh3KaTa MM ¢ IposiBaTa Ha
ri106aTHN ¥ PErHOHAIHN IIPOMEHH Ha KJIMMAaTa ¥ MOPCKOTO HHUBO H MOCJIE/BAIaTa CMSIHA Ha [aJICOCKOIDKKUTE 00CTaHOBKHU. Y CTaHOBEHATA
cTpaTUrpadcka IOoCIe0BaTeIHOCT 1 HAIIPaBeHHUTE ITajieoreorpad)CKy 3aKII0UCHNS ca PEe3yNITaT OT HHTErPUpaH JIHTo(alnaieH, 6nocrpa-
Turpadcku ¥ reoMopdonoKku aHanu3. J{Hec no3HaHUsATA 3@ MPUPOIHH MPOLIECH KaTo abpa3ust HAa MOPCKHs OpsT, CBIAYMIIa, IIOPMOBE,
BBJIHU THII ,,[lyHaAMH* U JIp., C& CBBP3BAT IIPSKO C IPOTHO3ATa 33 TEOIOKKHUS PHCK M KOPECIOHJUPAT C T€OCKOIOIHATA H yCTOHYNBOCTTA
Ha cpejaTa, B KOSITO )KHUBEEeM. B TO3M CMHCHII, PEKOHCTPYKIHMATA HA KOMIIOHCHTUTE Ha TEOJI0XKKATa Cpeia OT Hal-OJIM3KOTO Ie0I0KKO
muHa0 — [IneficTonen 1 XooneH, ¢ K04 3a IIPOrHO3HUpaHe Ha IIPOMEHUTE Ha KJIMMaTa ¥ MOPCKOTO HUBO JHEC.

Knrouosu oymu: KBatepHep, TpaHCTPECUBHO-PErPECUBHH LIUKIIH, TTasieoreorpadusi, buirapcko uepHoMopcko kpaiidperxue u meid.

Absract. The article represents a synthesized reconstruction of the geological development of the northern part of Bulgarian Black
Sea shelf and coast during the Quaternary. Marine Quaternary sediments are considered as a component of the marine ecosystem that is
strongly affected by the climate changes. As a result, changes in the stratigraphic and sedimentological characteristics of the Pleistocene
sediments and in particular the Holocene deposits were recorded. During the Quaternary, which is characterized by short-term, cyclic
climatic fluctuations, marine shelf sediments have sealed traces of the alternation of glacial and interglacial phases. Based on detailed
lithostratigraphic and biostratigraphic analysis of mollusk fauna and pollen, not only are the complex dynamics of the transgressive-
regressive cycles traced, but also their relationship to global and regional changes of climate and sea level is confirmed. As a result
of an integrated lithofacies, biostratigraphic, and geomorphological analysis, the stratigraphic sequence of the Quaternary sediments is
established as well paleogeographic conclusions are reached. Today, knowledge of natural processes such as coastal abrasion, landslides,
storms, tsunami waves, etc., are directly linked to the geological risk forecast and correlate with the geoecology and sustainability of the
environment in which we live. In this sense, the reconstruction of the components of the geological environment from the closest geologi-
cal past — Pleistocene and Holocene, is key to forecast climate change and sea level today.

Keywords: Quaternary, transgressive-regressive cycles, paleogeography, Bulgarian Black Sea coast and shelf.

Introduction lution and climatic changes of the northern part of

the Bulgarian coast and shelf during the Quaternary.
The article represents a summary of the results of the A review of the geological development of two geo-
author’s long-term research on the geological evo- morphological units — coastal zone and shelf, is pre-
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sented. They are genetically connected, since both
of them have been part of the Western Black Sea
basin. Today, they are separate units in the outline
of the modern coastline. This study of the geologi-
cal evolution of the Bulgarian Black Sea sector dur-
ing the Neogene—Quaternary shows that the coastal
shelf zone was either completely underwater or was
land, subject of transgressive-regressive cycles. The
restoration of this dynamic paleogeography of the
northern part of Bulgarian Black Sea coastal zone
and shelf from the beginning of the Quaternary until
present, is namely the main goal of this study.

Material and methods

The factual material comprises coast and shelf prob-
ing of geological structures of substantial geomor-
phological position: Northern, Aprilska, Elizave-
tino, Samotino-East, Samotino-Sea, Yurii Godin
structures and the valleys of Batova, Kamchia,
Fandakliiska, and Aheloi Rivers; cross-section of
the coast near the town of Nessebar (Fig. 1; Stoya-
nova, 1990a, b; Hristova, 2004, 2015b). The cores
of several drill-holes with a length of 30 m to 60 m
beneath the seafloor are described lithologically and
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Fig. 1. Geomorphological position of the studied geological structures on the shelf and the coastal estuaries of the northern
part of Bulgarian Black Sea coast (after Parlichev, Petrov, 1974 in: Hristova, 2015b). The rhomboids indicate the location
of the boreholes.

1, nearshore zone; 2, inner depression; 3, submarine bar’s zone (Kaliakra and Emine); 4, inclined sedimentation plane; 5, outer
zone; 6, outer depression (probably bottom of relict lagoon); 7, submarine bars on the outer shelf margin; 8, shelf edge. Abbrevia-
tions of geological structures: N, Northern; A, Aprilska; E, Elizavetino; SE, Samotino-East; SS, Samotino-Sea; YG, Yurii Godin
and estuaries of Batova River, Kamchia River, Fandakliiska River, Aheloi River

@ur. 1. I'eomopdo1oikka MO3ULMA HA U3CACIBAHUTE I'C0JIOKKH CTPYKTYpH Ha meada U Kpaiidpe:KkHUTe JIHMAHHU OT ce-
BepHaTa yacT Ha bbarapckoro YepHomopcko kpaiiope:xue (no Parlichev, Petrov, 1974, B: Hristova, 2015b). Pom0ougute
MOKA3BAT MeCTOINOJIOKEHNETO HA COHTAKNTE.

1 — mpubpexHa 30Ha; 2 — BbTpENIHa Jenpecust; 3 — 30Ha Ha BasoBete (Kanmakpenckn u EMUHCKY); 4 — HAKIIOHEHA aKyMyJIaTHBHA
paBHMHA; 5 — BHHIIIHA 30Ha; 6 — BBHIIIHA JAeTPecHs (BEPOSITHO IHHO Ha PEIMKTOBA JIaryHa); 7 — IMOJJBOJHU BaJOBE B Kpas Ha menda;
8 — p10 Ha mwenga. AOpeBuaTypu Ha reonoxkute cTpykrypu: N — CeBepHa; A — Anpwiicka; E — Enmnzasetuncka; SE — CamoTrHO-
u3tok; SS — Camoruno-mope; YG — FOpuii I'ogun u yerus Ha pexure: barosa, Kamuus, ®dannbkiuiicka, Axenoi
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stratigraphically. A complex approach is applied in
the study of the cores, including geomorphological,
lithological and biostratigraphic methods. Such a
complex analysis provides a high authenticity of the
results.

The established stratigraphic sequence repre-
sents Pleistocene and Holocene levels in compli-
ance with the chronostratigraphical scheme of the
regional Quaternary stages and substages (Shopov,
1991). A correlation scheme of the spatial relations
between the Upper Quaternary lithostratigraphic
units and the biostratigraphic zones at the border be-
tween the shelf and continental slope in the Bulgar-
ian sector of the Black Sea depression was drawn up
(Hristova, 2015a).

Results and discussion

Pleistocene

Lower Pleistocene (Mindel, Chaudinian
regional stage)

In the beginning of the Early Pleistocene, in Chau-
dinian age, the level of the basin was significantly
lower than the present one due to the end of the early
Chaudinian regression and the uncompleted Glacial
regression on a global scale. The ancient coastline
of the early Chaudinian Sea was located west of the
contemporary edge of the shelf. The established
lower Chaudinian sediments of the North Bulgarian
shelf in the sea prolongation of the Dolna Kamchia
basin — the Elizavetino and Samotino-East struc-
tures, serve as evidence to this statement (Fig. 2).
In these structures, the lower part of the Chaudin-
ian sediments is determined at a depth of —73 m
(Kuprin et al., 1984). The low level of “standing” of
the Chaudinian basin and its significantly reduced
range during early Chaudinian regression may be
related to the range of the Early Pleistocene glacia-
tion at that time in the Caucasus region.

The upper Chaudinian sediments were discov-
ered (Dimitrov, Govberg, 1978) in the peripheral
zone of the modern shelf, in the area of the accu-
mulative shafts. According to them, the outlines of
the Chaudinian basin shoreline are traced as a strip
parallel to the edge of the modern shelf, at a depth
of —80 to —100 m. They consider the accumulative
shafts as forms of coastal relief and assume that all
areas west of them were drought.

The analysis of the upper Chaudinian sediments
of the cores in the Aprilska, Samotino-East, and
Yurii Godin structures (Bozilova et al., 1989; Stoy-
anova, 1990a, b; Christova, 2003; Hristova, 2004,
2015b) proved categorically that the western bank
of the Chaudinian basin was significantly farther

from the edge of the modern shelf behind periph-
eral accumulative shafts. It can be assumed, that the
Chaudinian basin had been extended as far as the in-
terior part of the shelf as well, next to the coastline.
The lithofacies analysis and the presence of mollusc
taxa such as Didacna tschaudae (Andrus.), Didac-
na crassa (Eichw.), Didacna pseudocrassa (Pavl.),
outlines a new area of distribution of the Chaudinian
Sea, which is related to the Chaudinian transgres-
sive phase of the basin development. As a result,
Caspian waters were penetrated through the Manich
Strait and resettlement of late Baku specimens of
the genus Didacna (Yanina, 2018). Most probably,
the coastline then coincided with the present-day
one. In some areas, in the deep erosion valleys, the
Chaudinian coastline has penetrated inside the con-
temporary land. It could be assumed, that as a re-
sult of the late Chaudinian transgression, at the time
of its peak, highly elevated terraces were formed
on land at a level of 80—90 m in Dobrudzha coast
and 90-100 m in Asparuhovo area near to Varna
(Popov, Michev, 1974). These terraces are geneti-
cally connected to the upper Chaudinian deposits,
because they are the result of one and the same
palaeogeographical event — the transgressive phase
with the highest amplitude in the late Chaudinian.
According to Fedorov (1963), as a result of the late
Chaudinian transgression, highly elevated terraces
on the Caucasian coast had been formed. The de-
scribed upper Chaudinian sediments are comparable
with the sediments from the southern part of the shelf
(Khrischev, Shopov, 1978; Hristova, Doncheva,
2011). The taxonomic composition of the mollusc
fauna consists of Dreissena rostriformis tschaudae
(Andrussov), Dreissena rostriformis abchasica Ne-
vesskaia, Didacna tschaudae (Andrussov), Didacna
crassa (Eichwald), and correlates with the stratotype
section of cape Chauda and with the Chaudinian ter-
race on the Kerch peninsula coast, the Caucasus and
Turkey (Fedorov, 1963).

The biostratigraphic analysis of the molluscan
and pollen taxa allowed the reconstruction of some
of the elements of the Chaudinian environment.
The salinity of the Chaudinian basin has been low-
er than recent one — 8—10%o (Svitoch et al., 1998).
The upper Chaudinian sediments of the shelf and
frigo-philic fauna which they contain, prove that
in the beginning of the Chaudinian transgression
there had been cool climate. A characteristic fea-
ture of the climatic conditions is the fact that a car-
bonate cover occur on the shells of the Black Sea
and Caspian species, which shows a high carbon
content precipitated from the sea water (Fedorov,
2000). The Chaudinian Sea had cold brackish wa-
ter and the climate was dry and cold. The land-
scape on the coastal zone was of steppe type and
the coniferous species were predominant. Spore-
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Fig. 2. Correlation scheme of Quaternary sediments of boreholes with different geomorphological position (after Hristova,

2006b, with additional data)

Coastal zone: borehole C-115 Kamchia firth, section length 40 m; central shelf zone: borehole C-6 Samotino-East, with recovery
of 33 m; peripheral zone of the shelf: borehole C-5 Yurii Godin, with recovery of 30 m.

1, mollusk fauna; 2, clay; 3, sand; 4, carbonate silty clay; 3, silt; 6, erosional boundary; 7, water depth.

®@ur. 2. KopesjauuonHna cxeMa Ha KBaTePHEPHH ceJTUMEHTH OT COHIAKH € pa3jinyHa reoMopdoJioxka no3unus (no Hristova,

2006b, ¢ tonbaAHEHU)

Kpaiibpexue: congax C-115 Kamuniicku muMaH, AbDKHHA Ha paspesa 40 m; neHTpanHa 3oHa Ha menda: connax C-6 Camotuno-
M3TOK ¢ IbJDKMHA 33 m; nepudepHa 30Ha Ha menda: connax C-5 Opuit ['ogun, ¢ ppmwkuHa 30 m.

1 — momockoBa (ayHa; 2 — riuHa; 3 — mICHK; 4 — KapOOHATHA aJeBPUTOBA IJIMHA; 5 — aJI€BPUT; 6 — pa3MUBHA TPAHUI; 7 — IbII-

OourHa Ha BOJATA.

pollen analysis suggests the spreading of steppe
vegetation dominated by the families Asteraceae
(e.g., Artemisia), Chenopodiaceae, Poaceae, and
the genus Ephedra. Such a vegetation type can be
attributed to both cold and dry conditions. Arbo-
reals are represented mainly by the genera Pinus
(diploxylon- and haploxylon- types), Picea, Abies,
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Quercus, Ulmus, and Fagus (Filipova-Marinova et
al., 2002). The strong presence of a Ponto-Caspian
type molluscan community with deposited Plio-

cene relicts in the shelf sediments marks the so
called “Caspian” stage of the geological history
of the Black Sea (Stoyanova, 1990a, b; Christova,
2003; Hristova, 2004).



Middle Pleistocene (Riss Glacial, Old Euxinian
regional stage and Uzunlarian regional stage)

The Middle Pleistocene on the Bulgarian shelf and
coast is mainly represented by Old Euxinian and
Uzunlarian sediments deposited during the Riss
Glacial. The Caspian phase of the basin develop-
ment continued during the Old Euxinian stage (the
first phase of the Riss Glacial). A deep regression
divided the Chaudinian and Old Euxinian basins and
the sea level lowered to 40—60 m, which is proved
by the deep palacoincision of the river valleys on
the seaside (Svitoch et al., 1998). Everywhere on
the shelf, the Old Euxinian sediments cover with a
sharp lithologic boundary the Chaudinian ones. As
a result of the Old Euxinian transgressive phase, the
basin waters penetrated deep into the valleys of the
Black Sea coast (Kamchia firth), which is proved
also by the development of the Old Euxinian ter-
races at a level of 35-40 m bellow the present sea
level (Hristova, 2006a).

The Old Euxinian basin is characterized by a
brackish type of molluscan fauna, but with another
composition of species — old brackish Cardidae
predominate, which marks one-way connection
with the Caspian basin: Didacna crassa pontocas-
pia (Pavlov), Didacna crassa parvula Nalivkin,
Didacna pallasi (Pravoslavlev). This change of
species of the molluscan fauna was evolutionary,
which proves the long duration of the Old Euxin-
ian age. The basin salinity was about 10—12%o. The
biostratigraphic analysis of the molluscan fauna, in
combination with the presence and paleoecologi-
cal importance of Chenopodiaceae and Artemisia,
reconstructs cold climatic conditions and coastal
landscapes with steppe vegetation (Filipova-Ma-
rinova et al., 2004).

The biostratigraphic analysis of shelf sediments
established the Uzunlarian transgressive stage — the
secondary phase of the Riss Glacial, wich marks the
transformation of the Caspian type of brackish ba-
sin into a brackish type of sea basin, whose salinity
reached 19%o. A specific feature of the sediments
of the Uzunlarian regional level is that they contain
both Caspian and Mediterranean species: Hydrobia
ventrosa (Montagu), Abra ovata (Philippi), Cardi-
um edule Linne, Paphia sp., Dreissena polymorpha
(Pallasi) (Stoyanova, 1990a; Christova, 2003). The
high values of pollen of Pinus diploxylon-type sug-
gests that during the Uzunlarian in the higher coastal
areas forests most probably of Pinus nigra existed
(Filipova-Marinova et al., 2004). The representative
section of core C-115 of Kamchia firth mouth con-
tains two complexes of molluscan fauna (Hristova,
2006a). The first molluscan complex, characteristic
of the lower parts of the interval, contains brack-
ish taxa of the Caspian Sea type such as Didacna

crassa pontocaspia (Pavlov), Dreissena polymorha
(Pallasi), Monodacna caspia (Eichwald). The sec-
ond molluscan complex contains the Mediterranean
Sea type fauna. The presence of Pleistocene brack-
ish Cardidae, represented by the dominant Old Eux-
inian marker Didacna crassa pontocaspia (Pavlov)
and the simultaneous presence of the first Medi-
terranean immigrant species, represented by Abra
ovata (Philippi) and Cardium edule Linngé, proves
undoubtedly a Mediterranean influence. In the
above-described lithological interval of core C-115,
no interruption between the Old Euxinian and the
Uzunlarian sediments has been detected. The gradu-
al transition from the Caspian fauna to the Mediter-
ranean one along the discussed lithological interval
shows that this change was also gradual. The first
Mediterranean taxa, such as Cardium edule Linné
and Abra ovata (Philippi), appear within the Old
Euxinian sediments, where there still exists fauna of
Caspian-type, such as Didacna crassa pontocaspia
(Pavlov). The Uzunlarian sediments contain a com-
paratively rich spectrum of halophytic taxa. At the
same time, ancient forms such as Didacna sp. and
Didacna crassa pontocaspia (Pavlov) completed
their development.

We reached the conclusion that during the Mid-
dle Pleistocene the water masses of the Old Eux-
inian Sea and later of the Uzunlarian Sea, which
replaced the former sea without interruption, were
spread into the mouths of the coastal rivers, i.e.,
mark transgressive phases in the development of the
Black Sea as a whole. The biostratigraphic analysis
also suggests that the first invasion of more saline
and dense Mediterranean waters into the closed
brackish Black Sea basin happened during the Old
Euxinian time (Hristova, 2006a).

The existence of the first Mediterranean immi-
grants proves the influx of Mediterranean water.
The immigrants appeared in a molluscan communi-
ty, where the Caspian brackish Cardidae family and
shallow Gastropoda predominate. The Uzunlarian
transgression fixes the first slight warm spell of the
climate and the increase of salt content. The change
from the Old Euxinian to the Uzunlarian fauna hap-
pened gradually, which has been established in the
sections on the coast, with no interruption between
the Old Euxinian and Uzunlarian sediments. The
soft climatic conditions facilitated the development
of coastal steppes, which is proved by the palyno-
logical data (Filipova-Marinova et al., 2004).

Upper Pleistocene (Riss—Wiirm, Karangatian
regional stage and Late Glacial-Wiirm New
Euxinian regional stage)

The Upper Pleistocene sediments on the Bulgarian
Black Sea coast and shelf are represented by Ka-
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rangatian and New Euxinian deposits. The climate
fluctuations caused the glacial-interglacial phases
in the Ponto-Caspian region, which determines the
transgressive-regressive cycles of the Black Sea
Quaternary evolution (Yanina, 2014). The Upper
Pleistocene basin contains sediments with mollus-
can fauna of Caspian type, establishing a connec-
tion with Caspian Sea (lower Karangatian substage
and upper New Euxinian substage) and sediments,
which contain Mediterranean mollusk species and
prove the Mediterranean invasion (middle and up-
per Karangatian substage).

The Karangatian transgressive stage is corre-
sponding to the Riss—Wiirm interglacial. Accord-
ing to Svitoch et al. (1998), the sea level increased
with +6 to +8 m higher than the recent one. The
biostratigraphical analysis of the sediments of the
Karangatian regional stage, provide an opportunity
to reconstruct the change in the palacogeographi-
cal environmental. The soft warm spell and the
increase of the salinity, which had begun during
the Uzunlarian age, reached their maximum in
the culmination of the Karangatian transgresstion.
The established molluscan fauna is the most ther-
mophilic and the most halophilic in the geologi-
cal evolution of Black Sea during the Quaternary.
The influx of Mediterranean waters also reached
its maximum. The Mediterranean influence was
proved by the one-sided migration of an euryha-
line and stenohaline fauna. The Karangatian wa-
ters are warm and with high salt content — up to
30%o (Nevesskaya, 1965), which is proved by the
rich species diversity. The studied sections of the
shelf and of the fluvial firth on the Bulgarian Black
Sea coast established different climatic conditions.
Both the biostratigraphical analysis of the Karan-
gatian sediments of the Yurii Godin structure and
their geomorphological position prove that the
Karangatian basin has been located on the entire
contemporary shelf. The presence of species, such
as Corbula gibba (Ol.), Eulimella pointeli (M.),
Cardium paucicostatum Sow., Nucula nucleus
(Linné), Retusa sp. proves their early Karangatian
age. They correlate by age to the studied early Ka-
rangatian terraces on the coast like these of Varna
area, the valley of Fandakliiska river (Krastev et
al., 1990; Hristova, 2007a), which mark the early
phase of the Karangatian transgression. These ter-
races are genetically related to the lower Karanga-
tian sediments of the shelf because they are a re-
sult from the same palacogeographical event — the
transgressive phase with the highest amplitude in
the early Karangatian. In the coastal sections the
monodominant presence of the euryhaline taxon
Corbula gibba (Ol.) is also established. The frigo-
philic celtic species reconstruct relatively fresh
and cold waters of the early Karangatian basin.
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The analysis of pollen spectra of the terraces of
Varna and firth of Fandakliiska river establishes
mostly a pollen of grassy vegetation typical of dry
and colder climates. The radiocarbon data of shells
of Corbula gibba (Ol.) determines an age of 23 880
BP (Krastev et al., 1990). The paleomagnetic anal-
ysis determines a positive magnetic polarity with
low values of magnetic declination (j=31) (Krastev
et al., 1990). It is important to mention that the
comparison in age between the Karangatian sedi-
ments of the shelf and coast and early Karangatian
(Tobetchikski) sediments from the Russian Black
Sea coast marks an inversion comparable to the
magnetic episode Blake (Tchepalyga, 1989). The
palynological data on the Karangatian sediments
along the Kamchia River mouth show that dur-
ing that period the Bulgarian Black Sea coast was
covered with mixed oak forests. The pollen spectra
prove the existence of a dry and cool climate with
a tendency for warming and humid climate, which
predetermines the development of deciduous oak
and hornbeam forests on the seaside (Filipova-Ma-
rinova et al., 2004).

The New Euxinian transgressive stage (Late
Glacial-Wiirm). The beginning of the New Eux-
inian epoch is marked by a deep regressive phase
of the basin development. The New Euxinian re-
gression in the Late Pleistocene coincides with
the Wiirm glaciation. The relict post-Karangatian
refreshed basin existed as an isolated lake-sea and
the sea level lowered to -90-100 m, and the con-
nection with the Mediterranean and Caspian Seas
was broken. The presented in this paper New Eu-
xinian sediments on the Bulgarian Black Sea shelf
differ lithofacially from sea coastal type of ter-
rigenous shell sediments from the peripheral area
of the shelf (Dimitrov, Govberg, 1978). Here, the
above-mentioned New Euxinian silty sediments of
Aprilska and North structures reveal deeper facies
of the North Bulgarian Black Sea shelf. In the off-
shore part of the Dolna Kamchia depression, the
New Euxinian muds lie down directly on the Plio-
cenian clays (Samotino-Sea structure — SS-C-3) or
directly on the Chaudinian sediments (Samotino-
East structure-SE-C-6). The high amplitude of the
post-Karangatian outwash is proved by significant
stratigraphic hiatus of the washed away Old Eux-
inian, Uzunlarian and Karangatian sediments. The
morphologically well expressed on the shelf Batova
and Kamchia firth are formed on post-Karangatian
incisions, formed in the first half of the New Eux-
inian epoch. As a result, the fluvial mouth is first
filled with alluvial type of sediments and then later
on, with sea sediments. During the New Euxinian
transgressive phase a Caspian type of molluscan
fauna, including Dreissena rostriformis distincta
(Andrus.), Dreissena polymorpha regularis (An-



drus.), dominated. Poor in species diversity, but rich
in quantity, it marks a fresh-water influx of Caspian
waters (Hristova, 2006b).

The pollen spectra show the domination of
herb communities over arboreal vegetation. The
Pleniglacial and the stadials of the Late Glacial are
clearly represented by spread of cold steppe with a
predominance of species of Artemisia, Chenopodi-
aceae, Poaceae. Stands of Pinus, Betula, Quercus,
Corylus were presented among the herb communi-
ties (Filipova-Marinova et al., 2004) and stenoha-
line dinoflagellate cysts Spiniferites cruciformis and
Tectatodinium psilatum reconstructs a cold climate
and low salinity down to 7%o. The cold and dry cli-
mate predetermines the development of steppe and
semi-steppe coastal vegetation.

Holocene

Black Sea regional stage
(Boreal, Atlantic, Subboreal, Subatlantic)

It is divided into the Old Black Sea substage (Pre-
boreal, Boreal, Atlantic, Subboreal) and the New
Black Sea substage (Subatlantic) (Shopov, 1991). In
the beginning of the Holocene the Black Sea trans-
gression marks a new stage in the geological evolu-
tion of the basin and changes the palaeogeographi-
cal environment. As a result of the Holocene post-
glacial transgression, the Black Sea transforms into
a sea basin with palaeoecological features, close to
the contemporary characteristics: euryhaline, Medi-
terranean type fauna and a salinity of about 19%e.
According to Tchepalyga (2002) the increase of the
Black Sea water level continued 9000-8000 yr BP
(10 000-8800 cal. yr BP) as a result of the postgla-
cial transgression of the World Ocean that prevent
the fresh water outflow from the Black Sea. In the
geological development of the Black Sea postgla-
cial transgression two phases can be distinguished,
of which well-preserved geological and geomor-
phological traits were found alongside the Bulgar-
ian coastal line and shelf: the Drevnechernomorian
phase (Old Black Sea regional substage) with a sea
level of 10-20 m lower than the contemporary one
and the Novochernomorian phase (New Black Sea
regional substage) with a sea level of about 2 m
higher than the contemporary one (Fedorov, 2000).

The sediments of the Old Black Sea regional
substage contain a mixed type of molluscan fau-
na: redeposited Caspian species (Dreissena ros-
triformis distincta Andrussov, Monodacna caspia
(Eichwald)) and Mediterranean immigrants (Hyd-
robia ventrosa (Montagu), Cardium edule Linné)
exist simultaneously in high temperature and salin-
ity conditions together with euryhaline dinoflagel-

lates (Hristova, 2007b). The pollen diagrams re-
store steppe landscapes and mixed oak forests on
the coast.

The sediments, composing the New Black Sea
regional substage, mark the beginning of the mod-
ern stage of the geological history of the Black
Sea basin and fix the maximum of the Holocene
transgression. The molluscan fauna is only steno-
haline, Mediterranean type: Mytilus galloprovincia-
lis Lamarck, Spisula subtroncata triangulata (Re-
nier), Modiolus phaseolinus (Philippi), Pitar rudis
Poli, Chione gallina Linné, Nassa reticulata Linné,
Scala communis Lamarck and exist together with
stenohaline dinoflagellates (Hristova, 2007b). The
salinity is close to the recent one — about 17—18%eo.
Oak forests existed in the conditions of high humid-
ity, the formation of flooded type of forests in flu-
vial valleys (Filipova-Marinova et al., 2004).

Discussion

The geological facts presented in this study sup-
port the thesis of a gradual, rather than “geo-
catastrophical” type, “rapid” type of flooding of
Black Sea with Mediterranean Sea waters — a hy-
pothesis that has been shaped and supported by re-
searchers such as Ryan et al. (1997, 2003), Major
et al. (2002), Algan et al. (2002), Yanchilina et al.
(2017). According to the idea of the so called bibli-
cal “Flood”, which has taken place in the period of
14.7-9.3 ka during the New Euxinian regression
(Wiirm glaciation), Black Sea has been a freshwa-
ter basin. The remaining post-Karangatian highly
refreshed basin existed as non-draining lake-sea.
The sea level dropped from —90/-100 to —140 m,
whereby Black Sea’s connection with the Mediter-
ranean and Caspian Seas was cut off. According
to the above mentioned authors, the flooding with
Mediterranean Sea waters through the Bosporus
threshold has had a catastrophic impact, compa-
rable to the scale of a biblical “Flood”, whereby
a “catastrophic” type of sediments forms in the
Black Sea basin — saproprel.

The interpretation of the collected geological
data: stratigraphical schemes such as Arkhangels-
kiy and Strakhov (1938); Quaternary stratigraphy
of Black Sea based on molluscan fauna (Fedorov,
1963, 1978, 2000; Nevesskaya, 1965; Ilina, 1966);
foraminiferal stratigraphy (Yanko, 1989; Aksu et
al., 2002) leads to another scenario. In this other sce-
nario of Black Sea’s palaeogeographical evolution,
the amplitude of the transgressive-regressive cycles
is refined. The fore mentioned researchers support
the thesis that the New Euxinian lake has gradually
transformed into a sea basin and has been recolo-
nized by Mediterranean immigrants during the post-

53



0€L
odopioyor | 19 m 0 — |uorssor3au zun
s :a_mwmo Snipa) ‘vdiv) ‘snan] a3 ‘x%kaw\wewﬁ\ _ & a ” o
) woly Xnjjur ‘o9 g ourd ‘wnipoxny :payisodopar ppou1] vidsvd vidsvorLing 5
I9jem (sorelq pjod Jo spueys ypim oddoys ‘Snuig ‘DISIdLLY DSSDAD DUWPIA | 1o d d n mr 1OPUI =
‘ayewnt[o AIp pue p[oo opaovipodouay) aDpRDYDS) PUIDPI g Mo | —
: p2ISLYIGD UJSOL AT =] -
aDpnPYIS) 0LE
SIULIOJ11SOL DUDSSIDA(T uerurxno Z| o
-ouAdI(J AJIed SS1Y -
[OPUIN| ™=
ueLIR[UNZN =
4 e
DUDIAOYIUSD]0Y DIASLILLINT Oorled
©ag uerdse) xnpjur DSSDAI14DG “JO (] UOISSAIBAI | SSTY »
‘095 ()] 10)EM [SOTYRIq addoys Doobod “DISIU2LY Wupbe (] | 08 F0 LT 8 UBIUIXNO N
00 ‘orew aperodwd ‘opaopipodousy)) pnawd psspid q | -ou A0 I( sl
P[00 Seti]o 9 } pidsvoojuod pssp.ao PusDPI] -ouAdI(T 3% ss1ygl—| -
. apaopipodoudyy)) DSOLUDA DIGOIPAL]
dJeWI|D [009 ‘BXe) - " .n%umsm 4. Sinpo Sﬁwa .ﬁmub wersejunzn ( uorssaidsuer) ) o
uoueLINPIIN+ueIdse)) | sturiofiond sajriafiurdg | 9ddalS pue $1s310J Ul ‘DisiudLY ‘Snulg gD DAGY ueLIR[UNZ) o loer
UOISSAITAI ] SSIY
83G UBOUBLIDIPIN 11721u10d pjowng Ioamof W -
o xnpjur Sp.7 ¢ . “ds psnjay ] uoIssaIgsuen wiIn m
g J b ur oo $1S910J Snav,| Q.Q.N..N snjnjoq snajonu ppnony |2 TP P T W & XBUI - SIOJeM -ss1y o
o .&oqmﬂ: WMW+~WE I weaquIoy pue Jeo snuidiny) ‘snatongy wnpisostonnd unipin?) S | ueouemonpo b
wnwindo onewrto vqqi8 pnqioy | 12 ddn | B JO xnpur
- W ()0 [-) UOISSaI5aX @
W O0T~06 — [9A9] &3S SJUQWIIPIS [BJUSUNIUOD 1omof | o UBIESURIEYISO o
MO[JINO BIS-O3E] INOYHIM ° ©og -
= | UBOUBLIONPIN o
BS-0B[ INOYIIM d SIIqDI4DA DJOIRISSALC) Z. | oy oy moginQ wan pm
©ag ueidse)) xnpyur ‘oo / oddoss oDRIBIPeACUoD) oudspd pudvpouoy | 1oddn | Z (w 0Z+06-) &
—G “Ioyem SYOD[EIq P[Od DISTURILY StapnSad 2 | uorssordsuern -
pyd.iowdjod puassiaiq =
UOISSAIFIT
Srew[o SIULIOf1ONAD Sa]1I2fiuldg §15010§ b1y ppounsip . - 1e uow ML . ol
. q : / : SIULIOJ111SOL DUDSSIDA B
ay) JO uoneIoIowE winpopisd winiuipovda), eo paxiw uado w:m&%&w%@m%&%%@a uLLofLy 124 - S1o1EM L
14400 o | UBOUBLIONPOIN T [ea1ogq
" T o |Jouorseaurjsny | = Z ° I8
Ayurres o1y 55 Ayurpes &% >
Jo asearour Ayrpruiny 15910 Contai “santon s m <] =~ rory e - g [
pue arnjeraduwa) wn.ioydoovyoput 3 5& | ; D ‘snjnjoq BRI R Jo asearour = 5
Jo wnurxewr §ES\Q~§M§Q AEO PAXIIL PadUIE[Eg Shurainy ,m,:nthm anpa ?Eﬁxﬁ@ =8 1 =3 m = & 2
rwnwmdo opewI ‘ JO WNUIXEU : o
ndo dpewrr JO wnwirxew ‘vsojnqo;s wnnSixo wnip1v ° e .
R QSma&%SSSAD snpniaq winsojidod wnipav 5 UOISSQIZSURI], w w1 - °
! win.toydo.tovyovut snuidip)) Jo 9SeRIOUT | snuiyy) ‘snjdio) ‘smniaq syproutaoidoyns smdy BOS OB MON | o> g | =& -
ayy Jo dn Surkip ysiys wnuponSury ‘ : °N | 8
g . B g {§1S310J JeO paxIw snurdipy) ‘SnaaonQ) —_ 82 =) @
B
©OG ULOUEIIONPIJA WO} _ %)
XO[Jul ‘09 07—§] ‘W 7+ “ds wnuipria sAa[TeA @ w M uoISSIZoY = = =
[2A9] Bas ‘armjeroduwo) ‘snsown. sajlfiurdg | I9ALI 9y) FuO[e S)SaI0) x1vs ‘Snujy & W Z B UBLIOSRUR m._ 2 -z
JO 9sBAI09p pue ‘wnioydoanyovul PapOO[J JO SUOTIRULIO] ‘sn3v,y ‘snurdiv)) pppnduply vinsids fm 9% ~ k] W. o ki
Aypruuny Jo aseaour wnupom3ury PUE $)SI0J O PAXIUI ‘snutj) ‘snodangy snu1joaspyd snjoipop =8 ueaeydwAiN (< =,
o
s10ke[qns 38>
%3 ] SIUOZLIOY Mmm mm.nw M w% _ m
sagueyo soSejquosse sodeospue] sogerquosse soSejquosse e § L $38625|8]| & |28
(1661 aodoyg) | (@861 A010p2d) | 5 5= Z |2 <8%
dewI) areq[edeyourg [e1s80) uoyjod ugosSn[[O N JI9YS B Yorlg ool slel 3 | gaogQ
o1} JO SWAYDS ~mo_w0—o.—ﬁ%£ pue m 8 o " S
[ed130[0U0IY) | SuoIssaIFsueI], = &




«—

Fig. 3. Climate changes and palaeogeography of the Bulgarian Black Sea shelf and the coast during the Quaternary (after

Filipova-Marinova et al., 2002, with additional data)

®@ur. 3. KnumaTtuuau npomenu u najeoreorpadgust Ha Bbiarapckust yepuomopcku medig u kpaiiopexxue npe3 Karepnepa

(o Filipova-Marinova et al., 2002, ¢ nonbJ1HeHust)

Glacial transgression of the World Ocean. They ar-
gue that the transgression has begun approximately
9500 years ago, when a two-way current through
the Bosporus between Black Sea and Marmara Sea
was established (Stanley, Blanpied, 1980).

Several significant researches (Fedorov, 1963,
1978, 2000; Tchepalyga, 1989, 2002; Svitoch et al.,
1998; Balabanov, 2006; Konikov, 2006; Yanko-
Hombach, 2006; Yanko-Hombach et al., 2007,
2017) suggest a third scenario, where the change
from freshwater basin into sea has been neither
“catastrophic”, nor gradual. This change has been
oscillatory, meaning that it has continually ceased
and restored temporarily, which means that during
the last 18 000 years there have been fluctuations:
transgressive phases of quick rise of Black Sea’s
level and regressive phases.

In the context of this oscillatory scenario, bi-
ostratigraphic evidences are presented for the first
time, elucidated an unexplored aspect of Black Sea
Bulgarian zone’s geological evolution. Contrary to
the biblical “Flood” hypothesis, it is proved that the
first flooding of Mediterranean Sea waters has taken
place already during the Pleistocene. A conclusion
can be drawn that during the Middle Pleistocene,
the waters of the Old Euxinian and then also of the
Uzunlarian Sea, which has outwashed it, have pene-
trated deeply into Black Sea coast and the river val-
leys there. For the first time in the geological evo-
lution of Black Sea basin during the Pleistocene, a
clearly observable Mediterranean influence on the
waters of then-existing closed Caspian-type basin is
recorded.

Conclusions

A review of climatic and sea level changes of the
Bulgarian Black Sea shelf and coastal zone during
the Quaternary is presented (Fig. 3). The most rep-
resentative results from this study can be marked as
follows:

1. The established stratigraphic sequence shows
that, the transgressive basins and the separating re-
gression basins are a result of consistent and com-
plex transgressive-regressive cycle with large fluc-
tuations. However, a defining sign of the whole
cycle gives the transgressive phase, which leaves
more definite traces in the geological record. In

general, Black Sea transgressions are clearly two-
phase in nature, beginning with the influx of Cas-
pian waters and developing as typical interglacial
transgressions. Black Sea regressions are char-
acterized by shorter duration, less factual record,
and the amplitude of the decrease at sea level is
best determined by the paleoincision of the ancient
river valleys.

2. During the Middle Pleistocene the water
masses of the Old Euxinian Sea and later of the
Uzunlarian Sea, which replaced the former sea
without interruption, “drown” the mouths of the
coastal rivers, i.e., they mark transgressive phases
in the development of the Black Sea. The biostrati-
graphic analysis proves that the first invasion of
more saline and dense Mediterranean waters into
the closed brackish Black Sea basin happened dur-
ing the Old Euxinian time (Hristova, 2006a). The
existence of the first Mediterranean immigrants
proves the influx of Mediterranean water. The im-
migrants appear in a molluscan community, where
the Caspian brackish family Cardidae and shallow
Gastropoda predominate. The Uzunlarian trans-
gression fixes the first slight warm spell of the
climate and the increase of salinity. The change
from the Old Euxinian fauna to the Uzunlarian one
was done gradually, which has been established in
the sections on the coast, with no interruption be-
tween the Old Euxinian and Uzunlarian sediments
(Hristova, 2015b). The soft climatic conditions fa-
cilitated the development of coastal steppes, which
is proved by the spore-pollen diagrams (Filipova-
Marinova et al., 2004).

3. Following the geohistorical development of
the Black Sea from the beginning of the Quater-
nary 2.6 Ma to the present, it becomes clear that
the coast-shelf area has always been subject to sig-
nificant dynamics. Biostratigraphic analysis clear-
ly marks the replacement of basins with different
paleoecological parameters fixed by ancient mol-
lusk communities and sediments. Climate fluctua-
tions feature cycles of severe cold, alternating with
cycles of warming, which determine the diversity of
the Black Sea fauna and flora and model the current
state of the Bulgarian Black Sea shelf and coast.

4. A controlling factor in the evolution of the
Bulgarian Black Sea coast and shelf during the Hol-
ocene is the eustatic fluctuations of the sea level.
The action of the tectonic factor is manifested in a
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regional plan. The sea level has exceeded the pre-
sent level for a few times for the last 6000 years
which is evidenced by the sea terraces formed along
the coast line at an elevation of 2—6 m. The differ-
ences which have been observed while determining
the coastlines and their age are due to the heteroge-
neous structural plan, the neotectonic occurrences,
the lithological and physical-geographical charac-
teristics of the separate areas along the coastline.
The biostratigraphical analyses of the lithology and
molluscan fauna establishing of the marine phases
in oscillation link lake-sea. The beginning and the
end of the transgressions can be followed in the
sediments of the floated river mouths and the firths
formed along the coast. Nowdays general advance
of the shoreline into the land is observed due to the

slow sea level rise from 2.5 to 3.0 mm/yr (Filipova-
Marinova, Christova, 2001).
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