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Резюме. Статията представя синтезирана реконструкция на геоложкото развитие на северната част на Българския черномор-
ски шелф и крайбрежие през Кватернерния период. Морските кватернерни седименти се разглеждат като компонент на морската 
екосистема, която изпитва силно ефекта от промените в климата. Наблюдават се изменения в стратиграфската и седименто-
ложката характеристика на плейстоценските седименти и по-специално, на холоценските утайки. През Кватернера, за който са 
характерни краткотрайни, циклични климатични колебания, морските шелфови седименти са запечатали следите от редуването 
на ледникови и междуледникови фази. На базата на детайлни литостратиграфски и биостратиграфски анализи по молюскова 
фауна и полен е проследена сложната динамика на трансгресивно-регресивните цикли. Проследена е връзката им с проявата на 
глобални и регионални промени на климата и морското ниво и последвалата смяна на палеоеколжките обстановки. Установената 
стратиграфска последователност и направените палеогеографски заключения са резултат от интегриран литофациален, биостра-
тиграфски и геоморфоложки анализ. Днес познанията за природни процеси като абразия на морския бряг, свлачища, щормове, 
вълни тип „цунами“ и др., се свързват пряко с прогнозата за геоложкия риск и кореспондират с геоекологията и устойчивостта 
на средата, в която живеем. В този смисъл, реконструкцията на компонентите на геоложката среда от най-близкото геоложко 
минало – Плейстоцен и Холоцен, е ключ за прогнозиране на промените на климата и морското ниво днес.

Ключови думи: Кватернер, трансгресивно-регресивни цикли, палеогеография, Българско черноморско крайбрежие и шелф.

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. 
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Introduction

The article represents a summary of the results of the 
author’s long-term research on the geological evo-

lution and climatic changes of the northern part of 
the Bulgarian coast and shelf during the Quaternary. 
A review of the geological development of two geo-
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 

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

Фиг. 1. Геоморфоложка позиция на изследваните геоложки структури на шелфа и крайбрежните лимани от се-
верната част на Българското Черноморско крайбрежие (по Parlichev, Petrov, 1974, в: Hristova, 2015b). Ромбоидите 
показват местоположението на сондажите.
1 – прибрежна зона; 2 – вътрешна депресия; 3 – зона на валовете (Калиакренски и Емински); 4 – наклонена акумулативна 
равнина; 5 – външна зона; 6 – външна депресия (вероятно дъно на реликтова лагуна); 7 – подводни валове в края на шелфа; 
8 – ръб на шелфа. Абревиатури на геоложките структури: N – Северна; A – Априлска; E – Елизаветинска; SE – Самотино-
изток; SS – Самотино-море; YG – Юрий Годин и устия на реките: Батова, Камчия, Фандъклийска, Ахелой
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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 
(Kup rin 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.

Тhe 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). Моst 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‰ (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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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, 

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, 1990а, b; Christova, 
2003; Hristova, 2004).

Fig. 2. Correlation scheme of Quaternary sediments of boreholes with different geomorphological position (after Hristova, 
2006b, with additional data)
Coastal zone: borehole С-115 Kamchia firth, section length 40 m; central shelf zone: borehole С-6 Samotino-East, with recovery 
of 33 m; peripheral zone of the shelf: borehole С-5 Yurii Godin, with recovery of 30 m.
1, mollusk fauna; 2, clay; 3, sand; 4, carbonate silty clay; 5, silt; 6, erosional boundary; 7, water depth.

Фиг. 2. Корелационна схема на кватернерни седименти от сондажи с различна геоморфоложка позиция (по Hristova, 
2006b, с допълнения)
Крайбрежие: сондаж С-115 Камчийски лиман, дължина на разреза 40 m; централна зона на шелфа: сондаж С-6 Самотино-
изток с дължина 33 m; периферна зона на шелфа: сондаж С-5 Юрий Годин, с дължина 30 m. 
1 – молюскова фауна; 2 – глина; 3 – пясък; 4 – карбонатна алевритова глина; 5 – алеврит; 6 – размивна граница; 7 – дъл-
бочина на водата.



51

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 palaeoincision 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‰. 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‰. 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 Linné, proves 
undoubtedly а 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, 2006а).

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–Würm, Karangatian 
regional stage and Late Glacial–Würm 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–Würm 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 palaeogeographi-
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‰ (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 palaeogeographical 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. 

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–Würm). 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 Würm 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-
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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‰. 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‰. 
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‰. 
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 
(Würm 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-
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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 

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)

Фиг. 3. Климатични промени и палеогеография на Българския черноморски шелф и крайбрежие през Кватернера 
(по Filipova-Marinova et al., 2002, с допълнения)

→
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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).

Acknowledgements: The preliminary results of 
this synthesis were presented by the author at the 
Proceedings of IGCP 610 Second Plenary Confer-
ence and Field Trip: “From the Caspian to Medi-
terranean: Environmental Change and Human 
Response during the Quaternary” (A. Gilbert, V. 
Yanko-Hombach, T. Yanina, Eds), Astrakhan (Rus-
sia), 22–30 October 2015, pp. 86–92. The National 
Science Program “Environmental Protection and 
Reduction of Risks of Adverse Events and Natural 
Disasters”, supported by the Ministry of Education 
and Science (MES) of Bulgaria (Agreement No: 
D01-230/06.12.2018).

References

Aksu, A., R. Hiscott, P. Mudie, A. Rochon, M. Kamisnki, T. 
Abrajano, D. Yaşar. 2002. Persistent Holocene outflow 
from the Black Sea to the Eastern Mediterranean contra-
dicts Noah’s Flood hypothesis. – Geol. Soc. of America 
Today, 12, 5, 4–10.

Algan, O., E. Gökaşan, C. Gazioğlu, Z. Yücel, B. Alpar, C. 
Güneysu, E. Kirci, S. Demirel. E. Sari, D. Ongan. 2002. A 
high-resolution seismic study in Sakarya Delta and Subma-
rine Canyon, southern Black Sea shelf. – Continental Shelf 
Research, 22, 10, 1511–1527.

Arkhangelskiy, A. D., N. M. Strakhov. 1938. Geological Struc-
ture and History of Evolution of the Black Sea. Moscow, 
Leningrad, Publ. of the Academy of Sciences of the USSR, 
226 p. (in Russian). 

Balabanov, I. 2006. Holocene sea-level changes of the Black 
Sea. – In: Yanko-Hombach, V., A. S. Gilbert, N. Panin, 
P. M. Dolukhanov (Eds). The Black Sea Flood Question: 
Changes in Coastalline, Climat and Human Settlements. 
Dordrecht, Springer, 711–730.

Bozilova, E., V. Velev, V. Kalcheva, P. Nojarov, R. Stoy-
anova٭, M. Filipova. 1989. Quaternary sediments in core 
C-3 Aprilska structure in the Northern Black sea Bulgarian 
shelf. – C. R. Acad. Bulg. Sci., 42, 4, 83–86 (in Russian).

Christova٭, R. 2003. Biostratigraphical analysis and palaeoeco-
logical conditions in the Bulgarian Black sea zone during 
the Quaternary. – Proceedings of Institute of Oceanology, 
5, Bulg. Acad. of Sci., 4, 36–41. 

Dimitrov, P., L. Govberg. 1978. Basic characteristics of the ge-
ological history of the Black Sea shelf. – C. R. Acad. Bulg. 
Sci., 31, 9, 1167–1170.

Fedorov, P. V. 1963. Stratigraphy of Quaternary Deposits 
on the Crimean-Caucasian Coast and Some Problems of 
the Black Sea Geological History. Trudi Geol. Inst. Acad. 
Nauk SSSR, 38, 157 p. (in Russian).

Fedorov, P. V. 1978. Pleistocene of the Ponto-Caspian Region. 
Trudi Geol. Inst. Acad. Nauk SSSR, 310, 165 p. (in Russian).

Fedorov, P. V. 2000. Effects of climatic events on the geo-
logical history of the Black Sea during the Pleistocene. 
– Stratigraphy and Geological Correlation, 8, 5, 74–81 
(in Russian).

Filipova-Marinova, M., R. Christova٭, E. Bozilova. 2002. Pal-
aeoecological conditions in the Bulgarian Black sea zone 

during the Quaternary. – C. R. Acad. Bulg. Sci., 55, 8, 
61–68.

Filipova-Marinova, M., R. Christova٭, E. Bozilova. 2004. 
Palaeoecological conditions in the Black Sea zone during 
the Quaternary. – J. Env. Micropalaeont., Microbiol. аnd 
Meiobentol., 1, 136–154.

Filipova-Marinova, M., R. Christova. 2001. Sea level fluctua-
tions in the western part of the Black Sea during the Holo-
cene. – C. R. Acad. Bulg. Sci., 54, 5, 59–64.

Hristova, R. 2004. Palaeogeography of the Bulgarian Black 
Sea Shelf and Coast during the Quaternary. Summary of 
PhD thesis, Varna, IO-BAS, 32 p. (in Bulgarian with Eng-
lish abstract).

Hristova, R. 2006a. New data on the Oldeuxinian and Uzunlari-
an sediments (Middle Pleistocene) from the Bulgarian Black 
sea coast and shelf. – C. R. Acad. Bulg. Sci., 59, 1, 45–50.

Hristova, R. 2006b. Palaeogeographical reconstruction of the 
Bulgarian Black Sea shelf and coastal zone during the Qua-
ternary. – C. R. Acad. Bulg. Sci., 59, 12, 1275–1282. 

Hristova, R. 2007a. New data on the Karangatian (Pleistocene) 
sediments from the Bulgarian Black Sea shelf. – C. R. 
Acad. Bulg. Sci., 60, 3, 299–302.

Hristova, R. 2007b. Marine Holocene sediments from the Bul-
garian Black Sea coast. – C. R. Acad. Bulg. Sci., 60, 4, 
429–434.

Hristova٭, R. 2015a. Lithostratigraphic and spatial relation-
ships of the Upper Quaternary sediments on the boundary 
shelf-continental slope in the Bulgarian sector of the Black 
Sea. – C. R. Acad. Bulg. Sci., 68, 3, 351–358.

Hristova, R. 2015b. Bulgarian Black Sea Shelf and Coast dur-
ing the Quaternary: Geological Evolution and Climatic 
Changes. Sofia, St. Kliment Ohridski Univ. Publish. House, 
127 p. (in Bulgarian).

Hristova, R, V. Doncheva. 2011. Palaeogeographical notes on 
the Tschaudinian (Lower Pleistocene) stage of the South 
Bulgarian Black sea shelf. – C. R. Acad. Bulg. Sci., 64, 5, 
725–728.

Ilina, L. B. 1966. History of Black Sea Gastropods. Trudi Pale-
ont. Inst. Acad. Nauk USSR, 110, 228 p. (in Russian).

Khrischev, K., V. Shopov. 1978. Quaternary stratigraphy of the 
Outer South Bulgarian Black Sea Shelf. – Geologica Balc., 
8, 2, 21–40.



57

Konikov, E. 2006. Sea-level fluctuations and coastline migra-
tion in the Northwestern Black Sea area over the last 18 
ky based on high-resolution lithological-genetic analysis 
of sediment architecture. – In: Yanko-Hombach, V., A. S. 
Gilbert, N. Panin, P. M. Dolukhanov (Eds). The Black Sea 
Flood Question: Changes in Coastline, Climate and Hu-
man Settlements. Dordrecht, Springer, 406–435.

Krastev, T., A. Svitoch, V. Gunova, O. Parunin, N. Slavov. 
1990. New data on the Karangatian (Pleistocene) terrace 
complex in Varna. – In: Krastev, T. (Ed.). Geological Evo-
lution of the Western Part of Black Sea Basin during the 
Neogene–Quaternary. Sofia, Publ. Hause Bulg. Acad. Sci., 
106–112 (in Russian).

Kuprin, P., A. Samsonov, E. Babak, A. Varishtenko, I. Mona-
chov, P. Fedorov. 1984. Structure and biostratigraphy of 
the Quaternary sediments of the Bulgarian Black Sea Shelf. 
– Bull. Moscow. Obschestva Ispitatelei Prirodi, Otdel 
Geol., 59, 3, 31–40 (in Russian).

Major, C., W. Ryan, G. Lericolais, I. Hajdas. 2002. Con-
straints on Black Sea outflow to the Sea of Marmara dur-
ing the last glacial/imterglacial transition. – Marine Ge-
ology, 190, 19–34; https://doi.org/10.1016/S0025-3227 
(02)00340-7.

Nevesskaya, L. A. 1965. Late Quaternary Mollusks of the 
Black Sea, their Systematization and Ecology. Moscow, 
Acad. Sci. USSR, 347 p. (in Russian).

Popov, V., K. Mishev.1974. Geomorphology of the Bulgarian 
Black Sea Coast and Shelf. Sofia, Publ. House of the Bulg. 
Acad. Sci., 267 p. (in Bulgarian with English abstract).

Ryan W. B. F., W. C. Pitman III, C. O. Major, K., Shimkus, 
V. Moskalenko, G. A. Jones, P. Dimitrov, N. Görür, M. 
Sakınç, H. Yüce. 1997. An abrupt drowning of the Black 
Sea shelf. – Marine Geology, 138, 119–126; https://doi.
org/10.1016/S0025-3227(97)00007-8.

Ryan, W., C. Major, G. Lericolais, S. Goldstein. 2003. Cata-
strophic flooding of the Black Sea. – Ann. Rev. Earth and 
Planetary Sciences, 31, 525–554; https://doi.org/10.1146/
annurev.earth.31.100901.141249.

Shopov, V. 1991. Biostratigraphy (on the Basis of Molliscan 
Fauna) of Quaternary Sediments from the Bulgarian Black 
Sea Shelf. Summary of D. Sci. Thesis, Sofia, Geol. Inst., 
BAS, 47 p. (in Bulgarian).

Stanley, D., C. Blanpied. 1980. Late Quaternary water ex-
change between the Eastern Mediterranean and the Black 
Sea. – Nature, 266, 537–541.

Stoyanova٭, R. 1990a. Biostratigraphical studies of Quaternary 
sediments from the platform part of the Bulgarian Black 
Sea shelf. – In: Krastev, T. (Ed.) Geological Evolution of 
the Western Part of the Black Sea Basin during the Neo-
gene–Quaternary. Sofia, Publ. House Bulg. Acad. Sci., 
194–202 (in Russian) 

Stoyanova٭, R. 1990b. Biostratigraphy of the Quaternary pe-
riod of the shelf zone of the Lower Kamchia depression. 
– In: Krastev, T. (Ed.). Geological Evolution of the Western 
Part of the Black Sea Basin during the Neogene–Quater-

nary. Sofia, Publ. House of the Bulg. Acad. Sci., 202–210 
(in Russian) 

Svitoch, А., A. Selivanov, T. Yanina. 1998. Palaeogeographic 
events of the Ponto-Caspian and Mediterranean Pleistocene 
(reconstruction materials and correlation). RASHM, Mos-
cow, 1–228 (in Russian).

Tchepalyga, A. 1989. Problems of stratigraphy and palaeoge-
ography of the Black Sea. – In: Quaternary period. Mos-
cow, Nauka, 113–120 (in Russian).

Tchepalyga, A. 2002. Marine basins. – In: Velichko, A. (Ed.). 
Dynamics of Terrestrial Landscape Components and Inner 
Marine Basins of Northern Eurasia during the Last 130 000 
Years. Moscow, GEOS Publishers, 165–213 (in Russian).

Yanchilina, A. G., W. B. F. Ryan, J. F. McManus, P. Dim-
itrov, D. Dimitrov, K. Slavova, M. Filipova-Marinova. 
2017. Compilation of geophysical, geochronological, and 
geochemical evidence indicates a rapid Mediterranean-
derived submergence of the Black Sea’s shelf and sub-
sequent substantial salinification in the early Holocene. 
– Marine Geology, 383, 14–34; https://doi.org/10.1016/j.
margeo.2016.11.001. 

Yanina, T. 2014. The Ponto-Caspian region: Environmental 
consequences of climate change during the Late Pleisto-
cene. – Quaternary International, 345, 88–99; https://doi.
org/10.1016/j.quaint.2014.01.045.

Yanina, T. 2018. Stratigraphic and paleogeographic analysis of 
the malacofauna of the Black Sea. – In: Lisizin, A. (Ed.). The 
Black Sea System. Moscow, Scientific World, Shirshov In-
stitute of Oceanology, Russian Acad. Sci., 426–472; https:// 
doi.org/10.29006/978-5-91522-473-4.2018.426.

Yanko, V. 1989. Quaternary Foraminifera of the Ponto-Cas-
pian Basins. Professor’s theses, Odessa, 48 р. (in Russian).

Yanko-Hombach, V. 2006. Controversy over Noah’s Flood 
in the Black Sea: geological and foraminiferal evidence 
from the shelf. – In: Yanko-Hombach, V., A. S. Gilbert, 
N. Panin, P. M. Dolukhanov (Eds). The Black Sea Flood 
Question: Changes in Coastalline, Climat and Human Set-
tlements. Dordrecht, Springer, 146–203.

Yanko-Hombach, V., A. Gilbert, P. Dolukhanov. 2007. Con-
troversy over the great flood hypotheses in the Black Sea in 
light of geological, paleontological and archaeological evi-
dence. – Quaternary International. IGCP 521: Black Sea-
Mediterranean Corridor: Sea Level Change and Human 
Adaptation, 167–168, 91–113; https://doi.org/10.1016/j.
quaint.2006.08.004.

Yanko-Hombach, V., E. Schnyukov, A. Pasynkov,V. Sorokin, 
P. Kuprin, N. Maslakov, I. Motnenko, O. Smyntyna. 2017. 
Geological and geomorphological factors and marine con-
ditions of the Azov-Black Sea Basin and coastal charac-
teristics as they determine prospecting for seabed prehis-
toric sites on the continental shelf. – In: Flemming, N., J. 
Harff, D. Moura, A. Burgess, G. Bailey (Eds.). Submerged 
Landscapes of the European Continental Shelf. John 
Wiley & Sons Ltd., Wiley Blackwell, 431–478; https:// 
doi.org/10.1002/9781118927823.ch16.

Remark: The surnames of Stoyanova٭, Christova and Hristova, are on 
one and the same person – Raina Hristova.

Постъпила на 23.04.2021 г., приета за печат на 25.10.2021 г.
Отговорен редактор Димитър Синьовски

https://doi.org/10.1016/S0025-3227(02)00340-7
https://doi.org/10.1016/S0025-3227(02)00340-7
https://doi.org/10.1016/S0025-3227(97)00007-8
https://doi.org/10.1016/S0025-3227(97)00007-8
https://doi.org/10.1146/annurev.earth.31.100901.141249
https://doi.org/10.1146/annurev.earth.31.100901.141249
https://doi.org/10.1016/j.margeo.2016.11.001
https://doi.org/10.1016/j.margeo.2016.11.001
https://doi.org/10.1016/j.quaint.2014.01.045
https://doi.org/10.1016/j.quaint.2014.01.045
https://doi.org/10.29006/978-5-91522-473-4.2018.426
https://doi.org/10.29006/978-5-91522-473-4.2018.426
https://doi.org/10.1016/j.quaint.2006.08.004
https://doi.org/10.1016/j.quaint.2006.08.004
https://istina.msu.ru/workers/1159363/
https://istina.msu.ru/workers/2581646/
https://istina.msu.ru/workers/4923821/
https://istina.msu.ru/workers/63493262/
https://www.wiley.com/en-bg/search?pq=%7Crelevance%7Cauthor%3ANicholas+C.+Flemming
https://www.wiley.com/en-bg/search?pq=%7Crelevance%7Cauthor%3AJan+Harff
https://www.wiley.com/en-bg/search?pq=%7Crelevance%7Cauthor%3ADelminda+Moura
https://www.wiley.com/en-bg/search?pq=%7Crelevance%7Cauthor%3AAnthony+Burgess
https://www.wiley.com/en-bg/search?pq=%7Crelevance%7Cauthor%3AGeoffrey+N.+Bailey
https://doi.org/10.1002/9781118927823.ch16
https://doi.org/10.1002/9781118927823.ch16

