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INTRODUCTIONINTRODUCTION

If we follow the logic, our future would 
be sad. Th ere are things more important 
than logic because we are humans and 
we live in faith, hope, and we know how 
to work

Jacques Yves COUSTEAU

Results of the study of the global geoecosystem (GES) of the 
world ocean and the Azov-Black Sea basin (ABSB) as its re-
gional subsystem, in particular, from the standpoint of marine 
geoecology, allow us to consider the air environment above 
them, their water depths and bottom sediments as, respectively, 
aerial, aquatic and geological environmental subsystems of a 
lower level (Iemelianov, Mitropolsky, 1990). Clarifi cations con-
cerning the basic concepts, approaches, terms and concepts, 
methodological and other components of the methodo logy 
of marine geoecology, mainly of a general, theoretical nature, 
are partly set out in the fi rst section of the monograph and in 
expanded form in the works by V.A.  Iemelianov (2003, 2004, 
etc.). It should be noted that marine geoecology is a scientifi c 
synthetic branch, in a broad sense consisting of marine geology, 
hydrology, atmospheric science, and ecology, the main objects 
of which are marine geoecosystems (MGES) of various scales 
and levels, as well as their subsystems. When solving certain 
tasks of paleogeoecology or underwater archaeo logy in the re-
search region, the subsystem of the HPP of the marine basin 
can also be considered the marine part of the geoecoton «HPP 
of the Azov-Black Sea shelf — HPP of the Northern Black Sea». 

It seems that many of the concepts and approaches men-
tioned in the above works can also become eff ective theoretical 
tools in solving some other tasks, including cultural and histo-
rical ones, among which, in particular, archaeological problems 
and issues somehow related to the infl uence of the MGES of the 
World Ocean on Man and humanity (Iemelianov, 2017). At the 
same time, it should be remembered that although Man is not 
a «full» subsystem of MGES ABSB, he is, in fact, a subsystem of 
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the geoecoton «MGES ABSB — Black Sea GES». With the latter, it is closely re-
lated and experiences its signifi cant diverse infl uence, in particular through the 
position and dynamics of its borders, material composition, the peculiarities of 
functioning of its subsystems, genetic structure, and other factors or phenom-
ena. Th erefore, the organization of human functioning as a living bioecosys-
tem (LBES), as well as of mankind as a whole as a bioecosocial system (BESES) 
and, in particular, its part or subsystem, spatially and functionally covering the 
coastal regions, depends to a large extent on the features of the structure and 
functioning both of the above geoecoton in general and its main subsystems — 
marine geoecosystem (MGES) of the ABSB shelf and GES of the NBSR, includ-
ing various, including dynamic, processes taking place in them. 

MGES ABSB (Fig. 1) and geoecoton «MGES ABSB — Black Sea GES» are 
among the most studied geoecotons — subsystems of the global geoecological 
system of the world’s oceans (here in aft er referred to as the Ocean). 

At all stages of the existence of man and human society as unique and com-
plex systems, the natural environment surrounding these systems was an essen-
tial component of the complex system of conditions of existence, functioning, 
and development of the human species Homo sapiens. Th e geoecosystem of 
the world’s oceans and its constituent subsystems, in one way or another, have 
played a special role in infl uencing these conditions. 

Currently, no one disputes the generally recognized fact of the infl uence of 
the main natural environments (air, water, and geological) on all aspects of hu-
man and social life, including in the archaic era.

Th e infl uence of natural conditions on the processes of human evolution, 
its social development within a certain historical period, and a certain geoeco-
system space imply a complex, heterogeneous, mutual process, which is in a 
state of constant dynamic development and change. 

Th e nature and direction of the life of any kind of biota, including the func-
tioning and development of the unique living bioecosystem «man» (LBES), as well 
as the complex spatial biological-ecological-social-economic systems (BESES) of 
human communities, are largely determined by the internal and external natural 
geoecological conditions of geoecosystems, both those in the space in which they 
operate, and those with which they border. It should be noted that, by and large, 
man is the creation of the natural system, that is, the division of phenomena as-
sociated with man into natural and anthropogenic is rather artifi cial, invented 
by people from certain «vanity» and/or for convenience and contrast between 
themselves and nature (remember the slogan: «Man is the Master of Nature!»).

Th e most infl uential components of the internal GEC system are the subsys-
tems of natural resources (NRS — Natural Resource Subsystem), its environmen-
tal subsystems, and the results of the interaction of these subsystems. In addition 
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to indirect material components of NRS, including minerals, climate, part of the 
aerial, aquatic, and geological spheres, the consequences of their interactions, etc., 
the most important component of the structure of NRS is a living substance (ac-
cording to V.I. Vernadsky, 1978), fi rst of all, as LBES and its products. Both its 
metabolism and production activity. Th at is, both in the process of functioning of 
LBES itself and as a result of its interaction with the surrounding natural environ-
mental subsystems of the planet’s geoecosystem and their resource components. 

It is important to understand that the most important part is not so much 
the material component of LBES, although without it it’s impossible to perform 
various functions inherent in it. Th ese are the functions of material and energy 
self-suffi  ciency and self-replication, aimed at maintaining both individual ac-
tivities and maintaining life itself, functioning and sustainable development of 
the entire species Homo sapiens.

But, as analysis of the results of numerous studies shows, no less important 
than the material component for LBES is its spiritual component — individual 
intelligence — a derivative of the functioning of its material component and the 
system of external geoecological conditions (SEGEC). If we talk about society 
as a BESES, then in this system the role of the main driver of evolution belongs 
to «public» intelligence (collective mind), the function of which is a normal 
situation is aimed at maintaining optimal natural conditions or creating them 
for the preservation and sustainable development of Homo sapiens. Let us em-
phasize that LBES, up to the present time, has mainly implemented its own 
«self-functions» in various ways. At the same time, it tried to use as many exis-
ting natural resources of the planet’s GES and its environmental subsystems as 
possible, while generating unnecessary wastes, which are in most cases harmful 
to its sustainable functioning and development.

As the functional analysis of LBES and BESES shows, their main func-
tion, next to the functions of self-support and self-replication, is the function 
of spiritual self-development. It is on the balanced, sustainable interaction of 
these components of NRS, which depends mainly on individual and collective 
intelligence, that in the broadest sense the optimal functioning of the system of 
internal GEC and their relationship with external GEC depends. 

It is the need for a spiritual component of LBES and BESES that forces them to 
spend some part of their energy on self-improvement through the search and study 
of paleogeoecological, including MGES, and archaeological resources located in their 
space as a cultural heritage of the results of functioning of ancient LBES and BESES.

A necessary link in the study of relations between LBES and BESES in a spe-
cifi c geoecological system is the search for interaction in the spatio-temporal sys-
tem: Man — humanity (population, society, community, etc.) — socio-economic 
relations — a specifi c geoecosystem (as a specifi c part of a higher GES, from 
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regional, global to planetary level). At the same time, important factors in this 
interaction are the indicators of LBES density in the space of a particular GES, its 
productivity, and its connection with the forms of production activity of LBES.

Each specifi c GES occupying a certain spacial part of GES of a higher level, 
with the existing (in a specifi c period of time) forms of conducting produc-
tion activities of LBES, can, in principle, provide only the number of LBES and 
BESES located and functioning in its space, for the maintenance of functioning 
and sustainable development of which there will be enough natural resources.

Change in the number of LBES (i.e. population) in a particular GES can 
only occur as a result of a change in the type of geoecosystem due to natural 
cosmic, tectonic, climatic, military, and other changes or cataclysms, or when 
the forms of production activity change as a result of social or/and production 
(industrial or agrarian) revolutions. Th us, with a decrease (increase) in rainfall, 
there is a decrease (or increase) in bioproductivity of the geoecosystem, which 
primarily aff ects agriculture leading to a fall (increase) in yields and a decrease 
(increase) in the productivity of pastures. 

For example, a signifi cant decrease in the productivity of a particular GES 
makes it unprofi table to invest energy resources, especially if its BESES imports 
them from neighboring GESs, in eff orts aimed at increasing the productivity of 
the «old» GES. Such a change creates internal conditions in a low-productivity 
GES, causing the population either to artifi cially reduce their number or trans-
fer to a new, more productive method of farming, or migrate to the spaces of 
other GESs, becoming their subsystems. With an increase in precipitation and 
the formation of highly productive GESs, the opposite can be observed. 

Th us, the emergence and development of new ecological and socioeconomic 
relations in geoecosystems are due to the dynamics of both external and internal 
GEUS, including environmental and socioeconomic conditions, and the deve-
lopment of a new type of bioecological and socioeconomic systems within them. 

Spatial diff erences in the functioning of any of these systems within indi-
vidual time sections largely depend on the structure of a particular geo-ecosys-
tem space at a specifi c time interval.

Th e forward and backward connections between them are so strong that 
they allow us to talk about anthropogenic changes in geoecosystems due to their 
potential resources involved in and used by human economic activity. Mo reover, 
the existing natural environment serves only as a habitat and a source of resourc-
es. Th erefore, in the fi rst stages of the system operation, the general direction of 
human activity usually corresponds to the conditions existing in the space of a 
particular geoecosystem. Th at is, the quantitative composition of a community 
corresponds to the productivity of the geoecosystem in which it operates in this 
form of economic activity. It has been established that within any particular geo-
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ecosystem, the population will grow until the equilibrium boundary is reached, 
which is determined by the natural potential of the particular geoecosystem and 
the degree of development of productive forces. Excee ding this level leads to a 
decrease in the productivity of the geoecosystem, which entails a reduction in 
the population living on it, necessitates the development of new spaces of more 
productive geoecosystems, or improve the types of economic activities that can 
be implemented only under certain eco-social and economic conditions. 

Changes in the existing natural conditions or an increase in the number of 
LBES both in this regional geoecosystem and in the corresponding BESES cre-
ated the prerequisites for migration of the excess part of LBES. In the event of 
a discrepancy between the performance of a particular geoecosystem and the 
mode of production, a crisis arose. Since the forms of functioning of the BSECSR 
or the BSECSR are «chosen» by them on the principle of the least ener gy (labor), 
the excess part of the subsystems associated with the BSECSR is migrated in one 
way or another from the space of both the geoecosystem and its BSECSR, into 
the space of other geoecosystems. At the same time, fi rst of all, analogous geoeco-
systems are mastered, but with greater productivity, or the most corresponding 
to the already familiar and used forms of functioning of both BSES and BSEC. 

Climate change, which tends to alter the boundaries of geoecosystems 
of the ocean and associated geoecosystems of water basins, has for centuries 
forced BSES to leave geoecosystem spaces with reduced spatial, food, and ener-
gy resources. At the same time, the existing forms of functioning of BSES and 
BSEC, as well as GES, in which they were included as relevant subsystems, had 
to change. Changes and the transition to the spaces of new geoecosystems, to 
new forms of functioning, caused crises that led to the migration of LHBES, a 
decrease in their number in the BESES left  by them, and, as a result, the degra-
dation of the latter. However, new BESESs began to develop rapidly in the spa-
ces of those geo-ecosystems where the LHBES migrated.

Th is has happened many times in the history of the evolution of LHBES and 
BESES as evidenced, in particular, by the dynamics of their development since 
the Paleolithic, under the infl uence of changes, mainly, climatic conditions of 
the global geoecosystem of the Ocean and, as a result, regional geoecosystems 
of the shelf of the Black Sea and the Northern Black Sea Coast for the last four 
thousand years approximately. 

Th e result of this process, along with the demographic factor, were, for 
examp le, migration processes that, as it turned out, took place in the NBSR 
region under study, starting with the Paleolithic. Particularly active were these 
processes of outfl ow of part of LBEH as free producers from the GES spaces of 
mainland Greece which occurred in ancient times. As a result, the foundation 
of several Greek colonies is observed in the Mediterranean, especially in the 
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space of GES NBSR, on the border with MGES of the Black Sea shelf, that is, in 
the geoecoton of «GES NBSR — MGES of the Black Sea shelf». 

As the productive forces of society continue to develop and the complexity 
of the economy increases, the range of natural resources involved in the sphere 
of economic activity expands, which leads to the expansion of the territories 
necessary for society for its normal functioning. Social and natural processes 
of reproduction turn out to be conjugated, but this conjugation is not unambi-
guous: natural conditions act as prerequisites, conditions, and sources of mate-
rial transformed through labor activity into forms capable of satisfying social 
needs. Material production is an active transformative factor in this regard, in-
creasing its intensive and extensive impact on reproduction processes in the 
natural environment (Boraz, 1984). 

One of the main factors of anthropogenic infl uence on geoecosystems is 
agriculture and, fi rst of all, land farming. Th e fall in yields required an improve-
ment in the tillage system, which created prerequisites for a transition to a new 
system of farming of integrated nature with developed cattle breeding as a trac-
tion force and additional source of nutrition, as well as a source of fertilizers. 

Th e development of agriculture, together with the development of various 
types of craft s, has led to the expansion of a range of natural resources involved 
in the economic activities of society and has shown increasing interrelationship 
and mutual infl uence of nature and society. Th eir close interrelationship was mul-
tifaceted, not limited to one type of production activity. Th e natural environment 
played an important role in the choice of place for settlement, its planning, housing 
design, and direction of development of handicraft s and craft smanship. Th e steady 
increase in the area of agricultural land has led, along with construction and other 
uses of wood in economic activities, to a decrease in the area occupied by forests. 
Changes in vegetation caused soil moisture loss, increased erosion, drier climate, 
and drying out or shrinking water reservoirs. All these natural phenomena led to a 
change in the general geoecosystem conditions of GES in this region. 

Th roughout the period under review, changes in the climatic situation and 
LHBES activities resulted in changes in the existing types of geoecosystems, 
and, consequently, in the types of wildlife forage base. A Comprehensive study 
of Paleozoic and paleobotanical materials of each period together with paleocli-
matic, paleontological, and paleogeomorphological studies allows us to recre-
ate the types of paleogeoecosystems existing in the studied region, and to trace 
their changes as a result of both changes in the level of the boundary surface 
between MAQESUS and MGEOESUS MGES of the Black Sea shelf and fl uctua-
tions in climatic characteristics and the functioning of LHBES.

Reconstruction of dynamics of the change in the level of the boundary 
surface between MAQESUS and MGEOESUS MGES ABSB allows solving the 
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problems with the location and localization of many ancient settlements that 
turned out to be fl ooded, as well as paleogeoecosystem conditions that existed 
in geoecoton «MGES shelf — GES NBSR», mainly in ancient times. 

Th e purpose of this work is to show the existing relationship between his-
torical processes that took place both in space of the Black Sea shelf MGES and 
in the GES NBSR in the last 20 thousand years, mainly in the ancient and later 
eras, depending on the change in the natural environment, i.e. in the Holocene. 

One of the methods of restoring the natural conditions of the Holocene is 
the identifi cation and study of modern and ancient forms, including under-
water contours. Such geomorphological studies have as their main objective 
the identifi cation of genetic and age-diff erent elements of the terrain and their 
study from the point of view of the suitability of a particular space for certain 
types of human activities. At the same time, the identifi cation of anthropomor-
phic forms of a contour of the boundary surface between aquatic and geological 
subsystems of MGES of the ABSB shelf is of great importance. 

It is possible to judge the structure and dynamics of MGES ABSB and GES, 
in this case, NBSR, in time and space, most objectively, analyzing the changes 
that have occurred over the past 20 thousand years in its structure, component 
composition, and properties, as well as the features of dynamics of its borders 
with other marine environmental subsystems and GES NBSR subsystems. In 
addition, evidence of various stages of development, operating conditions, and 
dynamics of MGES ABSB, especially its shelf component, are recorded in the 
remains of organisms, including ancient people living in diff erent historical 
epochs on the continental part of the geoecoton «MGES ABSB — GES NBSR» 
at a certain time, as well as in various age and cultural archaeological artifacts. 
Many of these artifacts are now hidden underwater in the marine part of the 
aforementioned geoecoton. 

Th e remains and distribution boundaries of biological objects of diff erent 
ages, in particular, Homo sapiens, are quite informative regarding changes in 
various, mainly climatic, conditions. In addition, a signifi cant amount of useful 
information is carried by archaeological artifacts, which are now found among 
the components of geological and ecological subsystem MGES of the ABSB 
shelf and geoecoton «GES NBSR — MGES ABSB», in particular, at the bounda-
ries of these, as well as adjacent aquatic and aerial subsystems. 

Note that the human genus of the species Homo sapiens took a special 
place among the living components of geoecoton «MGES ABSB — GES NBSR» 
starting from a certain temporary stage of its functioning. Th anks to the cul-
tural heritage left  by this species, modern mankind, analyzing the results of 
archaeological research, can not only judge various socio-historical problems 
of the development of ancient civilizations but also better assess the features of 
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formation, functioning, and dynamics indicated by MGES, GES, and the corre-
sponding geoecoton as whole occupying vast expanses of historical seaside and 
coastal territories. Th e most important place in the hierarchy of infl uencing fac-
tors, the species Homo sapiens not only preserved themselves over the past mil-
lennia but also signifi cantly expanded and increased its importance, including 
through environmental impact. Th e latter began to manifest itself particularly 
strongly around the middle of the last century.

In the proposed monograph, the authors consider the most signifi cant ar-
chaeological artifacts of the Northern Black Sea region, which are partially or 
completely underwater. Bathymetric surveys were carried out on many of them 
(Dniprovka-2 mound, Berezan island waters, antique cities of Olbia, Istria, 
Arga mum), which allowed not only to reconstruct of the ancient coastline of 
the Black Sea using modern methods but also to determine the prospects for the 
archaeological study of underwater parts of these objects.

One of the main tasks of underwater archaeology, as the authors of this 
monograph rightly point out, is to draw up a complete register of monuments 
and put them on a modern geographical basis. Th is is important not only for 
historical and archaeological reconstructions, but also for solving the problem 
of changes in paleogeological conditions of the entire North Black Sea region 
and the adjacent part of the Black Sea shelf.

Th e monograph also presents an analysis of the specifi cs of research on 
underwater archaeological objects, including with the help of modern non-
destructive methods. It is known that underwater archaeological research is as 
fascinating as it is diffi  cult. For its eff ectiveness, special technical and technolo-
gical equipment for expeditions is required. A special chapter of the monograph 
discusses the modern methods of archaeology and some related research.

In connection with the above, this work focuses on the events that most 
likely occurred within the current Northwest Shelf (NWS) of the Black Sea and 
adjacent spaces of the NBSR during the Holocene, as well as the conditions that 
caused them and/or to which they were associated and in which they occurred.

Man, being a unique living biological system, is surrounded and lives in 
systems. Th ey are the most varied in genesis, scale, structure, and functioning 
(universe, space, mainland, ocean, lake, fi eld, multi-storey building, apartment, 
etc.). Virtually each of them can be classifi ed as ecological, subject to the 4th 
simple law based on the concepts of dynamic equilibrium, which were formu-
lated relatively long ago by Barry Commoner and set out in the form of simple 
aphorisms in his famous book «Th e Closing Circle» (Barry Commoner, 1974). 
In particular: 1. Eve rything is connected with everything. 2. Everything must go 
somewhere. 3. Nature knows better. 4. Nothing is given for free, or: «You have 
to pay for everything».
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Naturally, MGES, being a subsystem of GES of the planet Earth, not only 
experiences its infl uence, as well as the infl uence of its subsystems, primarily the 
Ocean but also infl uences them itself and is constantly increasing its infl uence. 

Th e authors have carried out a systematic analysis of the main features of the 
history of development, natural, mainly geological-tectonic and climatic condi-
tions of the formation of GES NBSR and MGES of the Black Sea shelf in the Holo-
cene, the dynamics of functioning and development of MGES ABSB in general and 
the Black Sea, in particular, its shelf zone. Components of ancient NBSR cultural 
systems, mainly formed over the past 20 thousand years, were also considered. At 
the same time, data on geological and geoecological structures, and processes, as 
well as relevant historical data and archaeological evidence on the functioning and 
migration of ancient peoples inhabiting NBSR, were discovered and continue to 
be discovered by archaeologists both on the coast and under the water column in 
the modern shelf part of the MGES ABSB space, were taken as a basis. During the 
analysis, the authors took into account the peculiarities of geological and tectonic 
features of the development of ABSB, and NWS of the Black Sea in late Quaternary 
time, including the dynamics of climatic events occurring in the research region.

Th e analysis revealed a clear connection between the dynamics of MGES 
ABSB, its subsystems, and various indicators of peculiarities of the activities 
and migration of ancient human communities of NBSR, and their cultural 
development.

Th e human species Homo sapiens, like all-natural organisms on Earth, is 
LBES, a unique component of the Earth’s GES subsystem. Prominent scientist, 
one of the founders and the fi rst president of the Ukrainian Academy of Sci-
ences V.I.  Vernadsky (1978), speaking about the living matter of the planet, 
considered its geochemical work as the activity of a single system inextricably 
linked with the work of the systems of animal and plant kingdoms of the Earth. 
Probably, this could include geochemical work carried out by other systems and 
related processes not of biological origin, for example, the work of tides, physi-
cal weathering, volcanic eruptions, etc. 

It should be noted that in this monograph, the term «society» is oft en re-
placed by the word «social environment» borrowed from the Latin language. 
Accordingly, the adjective «social», also used in this work in many contexts, is 
synonymous with the adjective «public». 

Society or social environment, in the broad sense of the meaning of these 
terms, is a self-suffi  cient social system, the basis of which is an organized set of 
all human beings — living biological systems of its components, various pro-
cesses, types, and forms of their functioning, interaction, and association. It was 
formed at certain stages of the historical development of GES of the Earth and 
its subsystems, including MGES of the Ocean, united by the relations characte-
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ristic of them, formed in the process of realization, including the personal needs 
of each member of society. 

In a narrow sense — society, social environment — is a certain form of so-
cial relations, it is a group of persons united by the common interests of ecology, 
economy, and safety, as well as moral and ethical principles. Th at is, it’s a histori-
cally specifi c type of system, but no longer purely biological, but rather biosocio-
ecological. Th erefore, although in relations of people (members of society) as li-
ving biosystems, biological relationships play a signifi cant role, in the framework 
of society as a system, the so-called community, i.e. social, socio-economic, and 
ecological relations are no less important, and oft en predominant.

We emphasize that human society (mankind) as a complex biosocioecologi-
cal and economic system is inextricably linked with material and energy pro-
cesses occurring both in the space system as a whole and in its subsystem — GES 
of planet Earth, and in its ecosphere — the largest global geoecological system of 
high level. Th erefore, it is natural that mankind, as a unique part, subsystem, and 
component of the biosphere, should obey those laws and rules to which other 
complex systems, including human and other living organisms-systems of dif-
ferent levels, are subject. 

About 5,000 years ago, the most developed ancient human systems-com-
munities operating in certain ecological conditions formed the class of bioeco-
socioeconomic and state systems (BECOSES). And, in some outdated commu-
nities, such processes continue even today.

A special type of BECOSES of the highest level is humanity or the commu-
nity of all people and, at the same time, a set of separate societies-subsystems of 
a lower level. Th us, in addition to BECOSES — humanity as a high-level system, 
its subsystems are distinguished — individual societies, distinguished by various, 
for example, territorial, professional, political, cultural, and other characteristics. 
Each such subsystem may have its public subjects of bioecosocioeconomic com-
munication, namely: individual, family, class, group, nation, state, etc. 

Th e main features characterizing a particular social system, in the broad 
sense of the word, its functioning at a certain historical stage, are, fi rst of all, 
places of residence and features of their environment in the geo-ecosystemic 
aspect. In their turn, such important features of social systems as the archi-
tecture of residential, public, and fortifi cation structures; tools of production, 
protection, and attacks, everyday objects, signs of gender and social diff erences, 
their design, and the materials from which they are created, food priorities, 
domesticated animals, works of art, and fi nally — traditions depend on this in 
many respects. All of the above is included in the concept of a «cultural heritage 
system». Components of this system, fi xed in certain artifacts, are the object 
and subjects of research in archaeology, including underwater archaeology.
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Taking into account the above, the authors tried to trace the links between 
features of the structure and dynamics, mainly the shelf zone MGES ABSB, the 
internal and external conditions of its functioning, as well as to show their in-
fl uence on the formation and dynamics of components of the cultural heritage 
system formed, preserved and developing in the Black Sea region for approx. 
the last 10 thousand years.

It is not surprising that MGES ABSB as a unique component-subsystem 
of MGES Ocean has long attracted serious attention not only from research-
ers from the Black Sea countries but also from representatives of broad scien-
tifi c circles of other countries, primarily — European. Th us, for example, since 
2021, the Strategic Research and Innovation Program for the Black Sea (SRIA 
BS), initiated and supported by all countries of the Black Sea region, including 
Ukraine, as well as several countries of the European Union, and supported by 
the European Commission, is starting to be implemented. Th is program guides 
stakeholders from academia, funding agencies, various industries, as well as 
policymakers and the public to jointly address the Black Sea’s most important 
challenges, promote economic prosperity in the Black Sea region and estab-
lish important support systems and innovative research infrastructure, im-
prove edu cation, etc. Th e program highlights the international DOORS project, 
which, like the SRIA BS program in general, pays considerable attention, inter 
alia, to gaining new knowledge about the Black Sea MGES, from its coastal 
shallow-water to deep-water subsystems. In addition, the planned international 
research will focus on the impact of global and regional climate change on the 
functio ning of the MGES, and its regional and local subsystems. Especially im-
portant, in particular, is to identify the potential of the cultural heritage system, 
which unites the surviving underwater archaeological sites (UAS), which are 
increasingly becoming an important part, a complex component of the objec-
tive systems of archaeological science, cultural interest, and tourism business. 

Taking into account the above, the authors in this monograph paid consid-
erable attention and pages to the consideration of peculiarities of the develop-
ment of the MGES shelf of ABSB, mainly the Black Sea, as well as the issues of 
infl uence of natural processes on the morphology of the boundaries between 
the aquatic and geological subsystems of MGES of the Black Sea, the causes and 
nature of their dynamics in the process of Holocene transgression. It should be 
noted that according to some researchers, this transgression occurred continu-
ously, and according to others, it was interrupted by relatively short-term inter-
mediate regressions. Without answers to these questions, it is diffi  cult to provide 
an eff ective, scientifi cally sound solution to the problems relating, in particular, 
to the search, identifi cation, and study of archaeological artifacts concentrated 
today on the coastal territories off  the northern coast of the Black Sea and the 
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Sea of Azov, in their shelf zone, as well as at the bottom of the rivers, seaside 
lakes, and estuaries that fl ow into them. Without the relevant knowledge, it is 
also impossible to develop an eff ective national strategy for the development of 
underwater archaeological studies, in particular, their theory and methodology.

As is known, the global trend in the development of marine research, the 
UN’s declaration of the time interval 2021—2030 as the Decade of Ocean Scien ces 
for Sustainable Development, indicates that such a strategy becomes necessary 
not only in terms of the cultural and political development of Ukrainian society 
but also for implementation of the relevant provisions of the Mari time Doctrine 
of Ukraine (https://zakon.rada.gov.ua/laws/show/1307-2009-%D0%BF) and the 
Decree of the President of Ukraine dated September 30, 2019 No. 722 «On the 
Goals of Sustainable Development of Ukraine for the period up to 2030» (https://
www.president.gov.ua/documents/7222019-29825).

Not surprisingly, UAS are becoming the objects of interest for marine geo-
ecologists, who perceive these anthropogenic formations not only as unique 
components of modern geological-ecological subsystem MGES ABSB but also 
as material evidence of the existence of ancient cultures available in certain pa-
leogeological conditions in this region. In this regard, we believe that the recon-
struction of natural paleogeoecological conditions that have existed for about the 
last 20 thousand years in the NBSR territories, which were periodically fl ooded 
in the process of transgressions and are now within the modern shelf of ABSB, 
should become an integral part of a comprehensive methodology of searching 
for various archaeological artifacts, primarily fl ooded settlements and mounds. 
Without such reconstructions, it is diffi  cult to clarify the peculiarities of life and 
migrations of the peoples who carried out their activities on the Northern Black 
Sea Coast, restore the history of shipping and shipbuilding, predict, determine 
and fi nd the locations of artifacts associated with maritime disasters, etc.

In this regard, it is not surprising to have constant relevance of detailed re-
constructions of regional climatic changes, patterns of formation and migration 
of ancient coastlines, sedimentation conditions and changes in bottom sedi-
ments, geomorphological features of the border between geological-ecological 
and aqua ecological subsystems of MGES ABSB. Th e increased interest in the 
peculiarities of conditions for the formation and functioning of MGES of the 
modern Black Sea shelf and, fi rst of all, its northwestern part, in the study of 
accumulative, erosive, and other geomorphological forms as manifestations of 
various processes of marine geoecogenesis is also understandable.

A correct solution to many issues of searching for preserved relics of an-
cient cultures of the Black Sea Coast, which included the territory of a modern 
shelf at various historical stages, is connected in one way or another by taking 
into account the peculiarities of the structure of its MGES, refl ecting the tecto-
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nic, neotectonic and other geological processes characteristic of its space, which 
vary in time. Th erefore, the authors considered it advisable, at least briefl y, to 
present in the monograph their main features against the background of the late 
history of geoecological and cultural development of the region, based on the 
author’s data, as well as the results of many generations of researchers — geolo-
gists, marine geologists, geoecologists and archaeologists — who have made 
their decisive contribution to such knowledge.

As for the new results of the study of various aspects of the problem of mu-
tual infl uence of MGES ABSB and Homo sapiens, they will surely be obtained in 
the process of further modern systemic national and international comprehensive 
studies of this MGES with the participation of authors and their colleagues from 
the Black Sea and other countries. At the same time, in our opinion, the main atten-
tion should be paid to the study of the geological and ecological subsystem MGES 
of the ABSB shelf, its subsystems, as part of them, the underwater and coastal sites 
of the cultural heritage of ancient civilizations occupy a special standpoint. Th e 
knowledge gained at the same time, among other things, should play the role of 
one of the main drivers for the further development of integrated geoecological and 
underwater archaeological research both in Ukraine and in other countries on the 
Black Sea Coast. Without the understanding of the problems associated with the 
underwater archaeological research considered in this monograph, ways of solving 
them, and answers to a number of the issues that arise, it is impossible to ensure the 
rational organization of eff ective search, identifi cation, and study of components 
of the system of the regional cultural heritage of the peoples of the Northern Black 
Sea. At the same time, it should be taken into account that a signifi cant part of 
the mentioned heritage is concentrated along the boundaries of MGES ABSB and 
adjacent land, i.e. in the geoecoton «MGES ABSB — GES NBSR».

In our opinion, it would be advisable to take into account the data pre-
sented in this book when developing a strategy for the systematic development 
of marine geoecological and underwater archaeological research, and not only 
in Ukraine. Th is would undoubtedly contribute to the perfection and successful 
subsequent implementation of such a strategy, which, in its turn, would become 
an important driver for the growth of the economy in our country and all the 
Black Sea countries, primarily through the economic development of coastal 
communities and the systematic expansion of opportunities of the tourism in-
dustry, including through coastal and underwater archaeological tourism as its 
important component. 

Th e monograph is designed for marine geoecologists and underwater ar-
chaeologists, as well as for postgraduates and students in these new scientifi c 
areas, which, as the authors hope, will expand the list of specialties that people 
will seek to master if they want to dedicate their lives to a knowledge of the 
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Ocean, its relation to the history of mankind and vice versa, to the study of the 
connection of ancient cultures with the Ocean. It is believed that acquaintance 
with the content of this work will also be useful for persons who, by the na-
ture of their activities, must make decisions related to the development of water 
areas, primarily the Black Sea, the coastal territories of Ukraine, and the use of 
their rich not only material but also spiritual, cultural resources.

Th e authors hope that the results of their work, set out in this book, will 
attract the interest of marine geoecologists, archaeologists, teachers, students, 
and graduate students, anyone who is interested in the cultural heritage of 
ancient peoples inhabiting the Black Sea Coast, supports eff ective means and 
methods for its preservation. Th e information provided could also facilitate a 
search for the right solutions for employees of local self-government bodies, 
local coastal communities, and other categories of government offi  cials in one 
way or another related to the protection of nature, historical and cultural sites in 
Ukraine. In addition, the authors are confi dent that the information presented 
in this monograph will be useful in the process of preparing a new generation 
of researchers on the relationship between man and the ocean, including, in 
the historical context, peoples of the Northern Black Sea region and the unique 
geo-ecosystem of the Azov-Black Sea basin. 

Th e authors are grateful to colleagues and friends for their advice and assis-
tance received during their expeditionary research and work on this book. Th eir 
opinions, comments, and recommendations were very valuable to the authors, 
and they took them into account to the maximum extent possible in the process. 

Th e authors consider it a pleasant duty to express sincere gratitude for the 
help, useful advice, as well as attention and support that they constantly felt 
when preparing the manuscript for publication, to Academician of the National 
Academy of Sciences of Ukraine Petro Tolochko and Corresponding member 
of the National Academy of Sciences of Ukraine Eduard Zhovinsky. 

Th e authors are also grateful to the reviewers — Сorresponding member of 
the National Academy of Sciences of Ukraine Alexander Motsya and Professor 
Evgeny Cherkez, who took the time to patiently and carefully read the Ukrai-
nian version of the manuscript and make valuable remarks both substantive 
and editorial, which, of course, helped to signifi cantly improve the latest version 
of the book. 

Th e authors express their special gratitude to Vladyslav Golovatyi, editor of 
the monograph, who translated it into English, for his painstaking and highly 
professional work, which allowed the book to become the one that its readers 
presently see.

Th e authors are grateful to the director of the Publishing House «Akadem-
periodyka» of the National Academy of Sciences of Ukraine, candidate of bio-
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logical Sciences Elena Vakarenko, and the staff  of this publishing house, whose 
professionalism and work in the diffi  cult conditions of the Martial Law, made 
that the monograph could be completed at the high publishing level.

Th e monograph was prepared and published with the fi nancial support of 
the National Academy of Sciences of Ukraine and the European Horizon 2020 
DOORS project, grant agreement 101000518. Th e authors express their sincere 
gratitude for support by the leaders of the National Academy of Sciences of 
Ukraine, personally to the President of the Academy, academician of NASU, 
professor Anatoly Zagorodniy and Vice-President, academician of NASU, pro-
fessor Vyacheslav Bogdanov, as well as to the DOORS project coordinator, Di-
rector General of the National Institute of marine geology and geoecology — 
GeoEcoMar, Bucharest, Romania, professor Adrian Stanica.

Th e sonar search method of marine geoecological and underwater ar-
chaeological research. Th e purpose of integrated underwater archaeological 
and geoecological research is to search for relevant objects of these scientifi c di-
rections in water areas, their detection and identifi cation; to fi nd out the depths 
and characteristics of their locations, including the determination of geographi-
cal coordinates; to assess the current state and features. 

An object of underwater archaeology, as already mentioned at the begin-
ning of the monograph, means any object of natural or artifi cial origin, which 
is currently located, and was a certain interval of time in the space of the geo-
ecosystem of the water basin, in its aquatic or geological subsystems, or at their 
borders, that is, in the corresponding geoecoton. Archaeological artifacts, ob-
jects of the cultural heritage of past epochs, as well as objects — products of 
current civilizations (submerged ships, various weapons, household items, an-
chors, etc.), can be located: — completely in the space of aquatic ecosystems 
(fl ooded object); — at the boundary of the aquatic and geological subsystems of 
the water basin (either on its surface or, partially, in the space of GEOES bottom 
sediments; — completely in the space of GEOES bottom sediments.

Th e objects of geoecology of water basins, in particular marine geoecology, 
are the geoecosystems of water basins and their environmental and other sub-
systems of various levels and scales. 

As you can see, there are many similarities between the objectives and ob-
jects of underwater archaeology and geoecology, they are kind of complemen-
tary to each other. If an object, underwater archaeologists represent a specifi c 
physical body or a complex of such bodies, then the object, in particular, marine 
geoecology, is the geoecosystems, in the space in which the objects of under-
water archaeology are located. Th e internal conditions of these geo-ecosystems 
depend, in particular, on the preservation of underwater archaeological objects, 
their modern location, remoteness from the original location, etc.
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To search and identify both objects, the method of area sonar survey is 
used, which is performed by a side-scan sonar (SRS) from moving carriers (wa-
tercraft ). Th is method is currently one of the most effi  cient in terms of time and 
cost. Two-frequency side-scan sonars (DSCs), interferometric side-scan sonars, 
and multihollow echo sounders (MEAs) operating in HBO mode are used. Th e 
search for archaeological objects in the space of geoecological objects is carried 
out with the help of HBO.

To determine the coordinates of the location of objects on the acoustic ima-
ge, the defi nitions of the coordinates of the vessel’s location in the space of the 
geoecosystem of the water basin (coordinates, heading, roll) are used. To deter-
mine geographical coordinates, navigation receivers of satellite positioning sys-
tems (GPS, GLONASS, etc.) are used.

A sonar search is conducted to identify individual local archaeological sites. 
Such facilities include the foundations of structures, overpasses, as well as sun-
ken vessels, and other items. 

Identifi cation of an object consists in determining the presence (selection) 
of an object on an artifi cial background or the background of another object 
due to diff erent brightness (tone) and is possible only due to a refl ectivity dif-
ferent from the background (background contrast). Th e higher the background 
contrast (the higher the diff erence between the brightness of the object and the 
background), the higher the probability of detecting the object. Th e refl ectivity 
of an object depends on the material from which it is made, the shape of the 
object, and the presence of voids.

Th e completeness of the coverage of the search a rea is characterized by 
the distances between the survey tracks. Th e main criteria for choosing the 
distance between the survey lines are the nature of the boundary between 
the environmental boundaries of the aquatic and geological subsystems of 
the geoecosystem of the water basin (the relief of its bottom), the degree of 
horizontal and vertical division of the GEOES space at diff erent depths and 
other factors.

Usually, the search is performed using the parallel polyline method.
Processing of sonar search materials. Th e processing of materials for so-

nar search and identifi cation of archaeological and geoecological objects in-
volves the decoding of acoustic images and determining the location of objects 
of interest to researchers. When deciphering images, it is necessary to take into 
account the characteristics of the obtained images of the geoecosystem space, 
the relief of the boundary between the aquatic and geological subsystems, ar-
chaeological objects, underwater communications, etc.

Th e obtained images record inhomogeneity in the display of hydroacous-
tic energy on the surface of the bottom. Such heterogeneities arise: on the level 
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border between the aquatic and geological subsystems of the geoecosystem of 
the water basin; due to the heterogeneity of the refl ectivity of various types of 
GEOES bottom sediments and various archaeological objects; on the uneven 
border between the aquatic and geological subsystems of the water basin geo-
ecosystem due to the diff erent refl ectivity of slopes of diff erent exposures, objects 
rising above the bottom, and the presence of zones of acoustic invisibility (acous-
tic shadows); due to a combination of these main factors.

Th e sonar survey results in acoustic images of objects (track shots), maps 
of the location of geological and archaeological objects, and soil density maps. 

Echo sensing technique to determine some qualitative and quantitative 
characteristics of aquatic and geological subsystems of GES water basins. 
In addition to the traditional results of bathymetric studies and sonar surveys, 
there are several modern technical means that make it possible to increase the 
eff ectiveness of underwater archaeological and geoecological research. 

Such tools include remote sensing of the GEOESUS GES geological edge of 
water bodies using Simrad sonars and professional soft ware for the interpreta-
tion of echograms as part of ArcGIS and ReefMaster. As a result of a successful 
combination of hardware and soft ware capabilities, it became realistic to obtain 
some qualitative and quantitative characteristics of the GEOESUS GES water 
basin environment without necessarily directly involving direct methods of a 
survey — drilling wells, testing, etc.

An innovative method of multilateral assessment of the geological and eco-
logical subsystems of GES water basins and the archaeological objects located in 
them was created. Th is technique is largely predictive, is not intended to replace 
direct observation methods, and does not claim to be exceptionally reliable. How-
ever, in combination with signifi cantly less drilling work and direct testing of the 
environment of geological and ecological subsystems of GES water basins and 
archaeological objects located in them, it guarantees the most reliable result due 
to signifi cantly higher reliability and productivity when interpreting the results. 
It should be noted that the evaluations of the qualitative and quantitative charac-
teristics of the environment of the geological and ecological subsystems of GES 
water basins obtained according to this method have been repeatedly confi rmed 
by the results of drilling and direct sampling of the studied areas. Th is allows us 
to conclude the high degree of reliability of the results obtained with the involve-
ment of the proposed methodology, which, at minimal time and fi nancial costs, 
allows the researcher to obtain a cartographic information base regarding the ca-
pacity of the aquatic environment of the aquatic ecological subsystem (AQESUS) 
and the necessary qualitative and quantitative characte ristics of the geological and 
ecological subsystems of the GES of water basins, as well as about the features of 
the boundaries between these subsystems. Moreover, the obtained information, if 
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necessary, can be confi rmed and detailed by direct methods in the process of the 
next stages of underwater geoecological and archaeological research.

In addition, it is important that this technique  is an express method and can 
be quite eff ective if it is used at the initial stages of underwater archaeological 
and geoecological research in any water basins.

Let us dwell on a brief statement of the theoretical and applied foundations 
of the proposed methodology. 

Research Technique. Th e technique of echo sounding of GES reservoirs to 
study its GEOESUS and AQESUS, their characteristics, and the archaeological 
objects located in them is to perform a complex of works consisting of the fol-
lowing stages:

• expedition works — sonar profi ling;
• control testing of the boundary between the aquatic and geological envi-

ronmental subsystems of GES reservoirs;
• primary offi  ce processing of primary data in the ReefMaster environment;
• interpretation of echogram data in ReefMaster, ArcGIS;
• drawing up a set of maps, sections, factographic annexes, and an explana-

tory note to them.,
Th e expeditionary stage of work, namely, sonar profi ling, is carried out in 

automatic fi xation mode at frequencies of 50—200 MHz, depending on the 
purpose of the research. 

In most cases, the component of the technique is the GEOESUS control 
sampling of GES bottom sediments of the studied reservoir along the profi ling 
(Fig. 2). Th e purpose of such testing is to confi rm the GEOESUS geological en-
vironment identifi ed using echograms and to obtain actual material, including 
samples of the geological and/or aquatic environment for laboratory studies to 
ensure the maximum reliability of the obtained result. Sampling is carried out 
by scuba diving to the boundary between the geological and aquatic environ-
ments GEOESUS and AQESUS and using special sampling equipment.

Aft er conducting expeditionary studies, the materials of sonar surveys un-
dergo primary offi  ce processing, which consists in converting the raw data into 
formats that are available for analysis using the most branded GIS.

Th e next step is the interpretation of these echograms, in the process of 
which the main calculated parameters for the reporting material are obtained. 
Such parameters are the thickness of the AQESUS GES aquatic environment of 
the water basin under study and digital fi ngerprint values, which allow obtai-
ning information on the quantitative and qualitative components of the charac-
teristics of the GEOESUS geological environment of the same GES. 

Visualization of the results of AQESUS aquatic environment power measure-
ments is classically carried out using a bathymetric map. It is oft en neces sary to 
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refl ect the specifi ed power in the absolute values of the excess of a particular car-
tographic system (Baltic, WGS84, etc.) [2]. In such cases, for the maximum accu-
racy of calculations of the absolute elevations of the boundary between AQESUS 
and GEOESUS during the expeditionary work on the study of GES man-made 
water bodies, the level of the specifi ed boundary is measured relative to the refe-
rence points with a certain value of elevations in the selected system of heights 
with geodetic accuracy. In the absence of reference points, as a rule, in water 
bodies of natural origin, measurements of the absolute elevations of the speci-
fi ed boundary should be carried out by the appropriate geodetic GNSS systems, 
which give an accuracy close to the millimeter. Depending on the mode of water 
bodies, it is recommended to conduct geodetic support at the beginning and end 
of the survey, or continuously. When bathymetric surveying of GES man-made 
water bodies with a removable surface of the specifi ed boundary, its slope should 
be taken into account. Such ponds typically have good multi-scale topogra-
phic plans. Th erefore, to save time and resources, you can use the marks of the 
AQESUS GES aquatic environment sections located along the strike of the survey.

Further, using ReefMaster and ArcGIS tools, a set of cartographic mate-
rials, sections to them, factual data, and explanatory notes or reports, depen-
ding on the terms of reference for such studies, is compiled.

Hardware and soft ware. Th e successful implementation of our pro-
posed innovative echo-sounding technique for the study of the AQESUS and 
GEOESUS GES environment in water areas of natural and man-made origin, 
and the search for underwater archaeological objects, requires the involve-
ment of mo dern sonar equipment and soft ware of the GIS class. Below is a 

Fig. 2. Example of location of echo sounder sensors on a watercraft . (Photo 
by Chubenko А.V.)
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classic combination of soft ware and hardware used in the fi eld and offi  ce sta-
ges of research.

Th e studies are carried out on watercraft  capable of maintaining the speed 
necessary for the stable operation of the echo sounder. One example of such a 
vehicle is a Suzumar 390 motor boat with 2 Evinrude 2.5 engines (Fig. 2). 

To identify the boundary layer of the geological environment of the 
GEOESUS GES water body, the most reliable result is usually obtained with the 
SonarHub broadband sonar. During the measurement process, the echo sound-
er is placed in the aft  part of the vessel and is fi xed in a position below the level 
of the boundary between the water and air environments of the corresponding 
GES subsystems of the water basin (Fig. 3). Th e map plotter is fi xed on the ope-
rator’s seat, also in the aft  part of the watercraft . To control the quality of the 
sounding process in real-time, visual control of echo sounding is performed.

Th e most representative geophysical equipment, which can be eff ectively ap-
plied for the successful implementation of the obtained main evaluation parameters 
of the technique, is the system as part of the Simrad NSS7 map plotter with a Struc-
tureScan® 3D side-scan scanner and a SonarHub broadband sonar, Full Autopilot 
(Fig. 4). Below are the characteristics of the main components of this equipment.

Fig. 3. Direct testing of the GES water basin and its su bsystems. (Photo by Chubenko А.V.)
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Simrad. Characteristics of the main components of the equipment:
• 7-inch 800 × 480 (15 : 9) multi-touch display;
• built-in high gain 10Hz GPS / GLONASS receiver;
• built-in Chirp with broadband fi sh fi nder and StructureScan® HD support.
• TouchSensible is a combination of several touch screens and a keyboard / 

rotary switch for intuitive and precise control in all conditions;
• state-of-the-art soft ware optimized for widescreen touchscreen display 

with customized panels;
• full autopilot integration capability;
• trip planning is made easier with TripIntel™ technology;
• a CD slot to write fi les to create a soil density map.
Lowrance StructureScan3D. StructureScan® 3D scans the underwater land-

scape and provides high-resolution imaging. Scanning is possible at 180 degrees 
in a three-dimensional view. In the picture, three-dimensional views are displayed 
on the Simrad NSS EVO2 and the echo sounder / chart plotter EVO2, when used 
in conjunction with the StructureScan 3D Skimmer® transducer and module.

Th e key features of Lowrance StructureScan3D (Fig. 5):
• Unparalleled image clarity on the side;
• High defi nition (HD) and super wide 3D scanning;
• Leading EdgeTM Scanning Reference;
• Identifi cation of the target Select Scan TM;

Fig. 4. Map plotter Simrad NSS7. Photo of the instrument panel.
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• Vertical control of Enhancement;
• Overlay point;
• Automatic 3D image settings;
• Ethernet connection;
• Improved design of the Skimmer side sensor.
Lowrance SonarHab Wideband fi nder. Compatible with the complete 

Simrad NSS EVO2 and EVO2 lineup provides use of and connectivity to the 
latest Sonrad sonar technologies, including TotalScan, ForwardScan, Structu-
reScan® HD, and chirp (Fig. 6).

Th e key features of Lowrance SonarHab:
• compact all-in-one sonar modules provide StructureScan® HD and sonar 

chirp technologies;

Fig. 5. StructureScan® 3D Side-View Scanner

Fig. 6. SonarHub Wideband underwater fi nder
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• StructureScan® HD creates best-in-class side views and DownScan™ ima-
ges, providing crystal clear images and a view that is beneath the watercraft ;

• optional sensors include TotalScan, ForwardScan, AIRMAR ®TM150M, 
single-channel chip converter, StructureScan, and HD converters;

• three Ethernet ports that allow you to quickly and conveniently use 
Ether net.

Th e theoretical basis of identifi cation of various material-genetic types 
of GEOESUS GES water bodies. Th e theoretical basis of the technique is that 
diff erent material and genetic types of geological and ecological systems of 
bottom sediments have diff erent permeability of sound waves. Th is physical 
characteristic depends on the density of the geological environment of these 
systems, which, in turn, depends on the size, composition, and genesis of 
solid particles, the amount and properties of the liquid and gas that make up 
the composition and interact with each other in a certain space occupied by 
this geological environment, as well as on the degree of its so-called lithiation. 
Th e latter is a whole system of complex physical, chemical, biological and 
complex processes of transformation of loose geological and ecological envi-
ronment of bottom sediments in GES conditions of water basins into certain 
groups of sedimentary geological systems (sedimentary rocks) having diff e-
rent densities. 

Th e theoretical basis for the identifi cation of bottom sediments is the pres-
ence of three prints in the echogram — PeakSV, E1 E2 (Fig. 7).

Bottom type information is identifi ed from multiple locations of each re-
fl ected sonar signal. Each of these locations provides diff erent values and each 
can be shown individually as individual layers in the echogram.

Fig. 7 shows the normal refl ected sonar signal. Th e information needed to 
identify the geological and ecological systems of bottom sediments is shown in 
Fig. as three diff erent zones, indicated as PeakSV, E1 (fi rst refl ected signal), and 
E2 (second refl ected signal). Each layer characterizes the nature of the environ-
ment in the appropriate place of the geological-ecological system (GEOES). Th e 
following are examples of information for each of these prints.

Peak SV. Th e Peak SV value simply measures the strength of the verifi ed 
signal aft er it is refl ected from the boundary between the aquaecological and 
geological-ecological subsystems of the GES basin, i.e. its bottom, and is highly 
dependent on its density. For some reason, a simple measurement of the Peak 
SV returned from the specifi ed boun dary signal is not always as reliable as the 
use of the second refl ection (E2), but in many cases, the results can be very 
useful. Peak SV is included as a layer in the echogram so that many sonar logs 
(echograms) are not recorded with enough detail set to record the log to hold 
the E2 red layer.
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Layer E1 is the fi rst refl ection and 
follows directly the Peak SV of the fi rst 
echo. Th is value is usually referred to as 
the bottom roughness. Although this 
value is not a direct measurement of the 
boundary density between the aquatic 
ecological and geological-ecological 
subsystems of the GES basin, these two 
values are oft en closely related.

Layer E2 comes from a complete 
second refl ection from the bottom and 
is usually called a strength index. Th e second refl ection is obtained when the echo 
from the specifi ed boundary returns to the surface and is repeatedly refl ected 
from the bottom of the watercraft , and then is refl ected from the bottom of the 
basin and fi xed by the receiver. Th is second refl ected signal is particularly useful 
for determining the relative density of the DNA and shows the densest area in the 
space occupied by the GEOES medium more purely than the fi rst refl ected signal. 

Th e E2 layer is thus the most reliable source of information on the relative 
density of the GEOES bottom sediments. It is also the main indicator of the 
e cho- sounding technique. Th is indicator is involved in the calculation of quan-
titative, and qualitative indicators of the GEOES environment of bottom sedi-
ments and their substantive identifi cation. Th e image in Fig. 6 shows the density 
value extracted from the PeakSV, E1, and E2 layers (darker colors show a higher 
level of refl ected signal). Note how clean the dense area at the center of the 
image is determined from the E2 layer data. When possible, to obtain a more 
stable signal, it is always necessary to collect data with a depth range greater 
than that required to record the complete second mapping of the E2 layer. In 
practice, a range of 10 meters greater than twice the current depth is suffi  cient. 
Automatic range change on many devices oft en trims the E2 layer or even skips 
it completely. Th is means that a lot of useful information is lost.

Th ere is also a composite layer that compiles mixtures or averages of all 
levels that characterize stiff ness (PeakSV, E1, E2).

It was the involvement of the prints described above in the calculations to 
varying degrees that allowed us to eventually obtain information about the quali-
tative and quantitative characteristics of the GEOES environment of bottom se-
diments, which will be discussed later.

Fig. 7. Position of refl ections on the echogram. 
(An example from the working material of 
Chubenko А.V.)
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Note that in the process of calculating the quantitative and qualitative char-
acteristics of the GEOES environment, bottom sediments can be highly sensi-
tive to noise during the fi xation of the latter. Th e study area should be slow dur-
ing the bathymetric survey to minimize the eff ect of noise on sonar recordings.

Identifi cation of GEOES bottom sediments. Sandy GEOES is characterized 
by the presence of a power level of signals E1 and E2, which in some cases al-
most merge and multiply, which allows us to conclude even about the granular-
ity of the sand material that determines the composition and properties of the 
GEOES medium of this material-genetic type.

Th is is because water-saturated sandy material is more permeable to sound 
waves than that formed by dispersed clay particles. Apparently, the larger the 
sand particles in the GEOESUS environment, the larger the volume of voids in 
between, and the greater the penetration capacity for sound waves that refl ect 
from the sand particles, creating a «cave echo eff ect», which multiplies the inten-
sity of the sound wave repeatedly when it is received on the fi xing component 
of the echo sounder. When analyzing the profi le component of the echogram, 
it can be seen that sandy GEOESUS have a brighter tone compared with other 
GEOESUS with denser media (rocks) (Fig. 8).

Th e predominant role of the sand component in the GEOES environment 
of the relevant bottom sediments has been repeatedly confi rmed by the mate-
rials obtained by us as a result of parametric drilling. Below is a section of the 
reference well, through which a sonar profi le was laid, which also identifi ed the 
predominance of sand material in the volume of space occupied by the medium 
of the studied GEOES bottom sediments:

1. 0—2.0 m interval — fi ne- and medium-grained, yellowish-gray sands.
2. Interval 2.0—8.0 m — sands, mixed-grained, yellowish-gray with frag-

ments of sea shells and, at the base, brackish-water mollusks.
3. Interval 8.0—8.1 — gravel-pebble material.
Identifi cation of sludge GEOES. Identifi cation of sludge GEOES is carried 

out in the process of comparison of fi ngerprints E1 and E2. If sludge is predomi-
nant or in signifi cant quantities in the GEOES medium of the bottom of the water 
body, diff erences in the levels of E1 and E2 will be visible on the echogram. Th is is 
seen in the echogram of the space of the classical sludge GEOES, shown in Fig. 9. 

Identifi cation of the boundary of GEOES bottom sediments with the geo-
system of the underlying rock or artifi cial formation, combining them under the 
name «socle», consists in comparing the fi ngerprints E1 and E2. 

If  geosystems of rocks (for example, heavy, dense clay deposits, mudstones, 
sandstones, limestones, metamorphic or magmatic rocks) or artifi cial forma-
tions (for example, a concrete slab or foundation of a fl ooded ancient structure, 
etc.) go beyond the level of the boundary between the aquatic and geological 
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ecological subsystems of the GES of the water basin or are close to it, the echo-
gram will show the convergence of levels E1 and E2 and, as a rule, their fusion, 
as can be seen, for example, in Fig. 9. Th e intensity of the prints will also be 
high, the higher the position of the «socle» border closer to the border between 
the aquatic and geological subsystems of the GES water basin.

Calculation of sludge GEOESUS capacities. A key aspect of the echo- soun-
ding technique used by the authors in marine geoecological and underwater 
archaeological studies is the calculation of sludge GEOESUS capacities. Th e ad-
vantage of the technique is its temporal component. Th is is an express method. 
It should be applied during the reconnaissance phase when it is necessary to 
determine the amount of space occupied by GEOESUS sludge. Th is technique 
is remote and the results of the volume determination are approximate. Even so, 
the results obtained during the thematic work were very close to the quantifi able 
volumes of GEOESUS sludge by direct methods. However, it should be noted 
that in the presence of even one mine in the study area, as a rule, the accuracy of 
the calculation results signifi cantly increases due to the introduction of correc-

Fig. 8. Classic sandy GEOES echogram. (Th e working material of Chubenko А.V.)

F ig. 9. Classic silt echogram. (An example from the working material of Chubenko A.V.)
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tion factors. Also, thanks to our accumulated work experience, a database was 
created containing correction factors to refi ne the calculations of the capacities 
of various types of GEOESUS bottom sediments of water bodies of both natural 
and man-made origin, obtained using the remote echo sounder method (Fig. 10).

Th e fi rst step of the calculations is to determine the volume of the GEOESUS 
space of the bottom sediments (mainly silt) from the fi eld data of the echograms. 
Th e volumes of such GEOESUS, as well as the overlying strata of the aquatic 
ecosystem, are calculated using the ReefMaster analytical apparatus, which is the 
key soft ware in attracting this technique. Th e basis for the calculations is the data 
of the obtained echograms, in which the measurements E1 and E2 must neces-
sarily be present. Below is an example from a successfully implemented project 
which included quantitative and qualitative characterization of GEOESUS bot-
tom sediments including their thickness.

Th e volume of space adjacent to this GEOESUS Aquatic Ecological Subsys-
tem (AQESUS) of the GES reservoir is calculated using the ReefMaster analytical 
apparatus within the areas of mapping the AQESUS boundary with the aerial 
ecological subsystem of this GES. Th e volume of the studied part of the GEOE-
SUS space of bottom sediments is calculated within the areas of their propaga-
tion, determined by sonar during the survey, and diff erentiated by vertical levels 
every half a meter. Below are the main quantitative characteristics of the aquatic 
and geological environments of the GES environmental subsystems of the arti-
fi cial channel basin, which are calculated from the corresponding echograms.

Stage 1. Th e area of the boundary of the AQESUS space with the air envi-
ronment of the space by the adjacent aerial ecological subsystem of GES of the 
reservoir basin within the fi rst stage is 86 710.4 m². Th e maximum thickness of 
the AQESUS space within the fi rst stage is 3.00 m.

Th e minimum thickness of the AQESUS space within the fi rst stage is 0.40 m.
Th e average thickness of the AQESUS space within the fi rst stage is 1.42 m.

Fig. 10. Classic place of exit of the «base» to the bottom surface. (An example from the wor-
king material of Chubenko A.V.)
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Th e aquatic volume of AQESUS space within the fi rst stage: 
• the total volume of the AQESUS space water medium within the fi rst sta-

ge — 88 598.37 m³.
Th e volume of the geological environment of the studied part of the 

GEOESUS silt space of bottom sediments within the fi rst stage:
• the total volume within the fi rst stage — 64 304 m³.
Th e maximum penetrated thickness of the geological environment of the 

studied part of the GEOESUS silt space of bottom sediments within the fi rst 
stage is 3.00 m (Table 1).

Stage 2. Th e area of the boundary between the aerial and aquatic subsys-
tems of GES of the reservoir within the second stage — 105,590 m². Th e maxi-
mum thickness of the AQESUS GES water environment within the second stage 
is 2.79 m.

Th e minimum thickness of the AQESUS GES water environment within 
the second stage is 0.48 m.

Th e average (background) thickness of the AQESUS GES aquatic environ-
ment within the second stage is 1.77 m.

Th e volume of space occupied by the AQESUS GES aquatic environment of 
the reservoir within the second stage:

• the total volume of AQESUS GES water medium within the second sta-
ge — 98 555.52 m³.

Th e volume of the geological environment of the studied part of the 
GEOESUS silt space of bottom sediments within the second stage:

• the total volume of the geological environment of the studied part of the 
GEOESUS silt space of bottom sediments within the second stage — is 33.257 m³.

Th e maximum investigated thickness of the geological environment of the 
studied part of the GEOESUS silt space of bottom sediments within the second 
stage is 2.79 m (Table 2).

Th e result of the GES testing of the channel basin made it possible to es-
tablish that the entire length of the boundary of its AQESUS with the adjacent 
GEOESUS channel has a sludge character (Table 3). Th e same nature, as shown 

Table 1. Th e main quantitative characteristics of the aquatic and geological 
environments of the GES environmental subsystems of the artifi cial channel basin

Lower 
(m)

Upper 
(m)

Volume 
(m³)

Area 
(m²)

Lower 
(m)

Upper 
(m)

Volume 
(m³)

Area 
(m²)

0.00 0.50 1 20 1.50 2.00 16  351 39 393
0.50 1.00 593 4 593 2.00 2.50 20 271 40 752
1.00 1.50 6625 22 567 2.50 3.00 20 382 40 773
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by manual sampling within the reach of the applied method, is inherent in the 
environment of the entire space of the channel basin studied by GEOESUS GES. 
However, in some places in the GEOESUS sludge medium, mainly below the 
specifi ed boundary, there is a stone material. Table 3 shows the results of tes-
ting the geological environment in the GEOESUS study area, starting from its 
surface, i.e. the boundary with the adjacent AQESUS site. Coordinates of points 
are presented in the meter projection of UTM for zone 36 (SK WGS-84).

As a result of the analytical processing of the echogram, the thicknesses 
of the geological environment of the channel bottom (starting from its boun-
dary with the adjacent aquatic ecosystem) are obtained, which are presented in 

Table 2. Th e main quantitative characteristics of the aquatic and geological 
environments of the GES environmental subsystems of the artifi cial channel basin

Lower 
(m)

Upper 
(m)

Volume 
(m³)

Area 
(m²)

Lower 
(m)

Upper 
(m)

Volume 
(m³)

Area 
(m²)

0.00 0.50 0 4 1.50 2.00 7 722 21 629
0.50 1.00 218 1061 2.00 2.50 14 157 31 872
1.00 1.50 1734 9258 2.50 3.00 9 427 32 507

Table 3. Testing of the geology environment 
of the GEOESUS of the GES channel basin

No. 
sample 
point 

X coordinate, 
m

Y coordinate, 
m

Longitude, 
GCS

Latitude, 
GCS

Media 
thickness, 

m

GEOES 
media 
type 

t01 603 130.24 5 393 258.74 48°41´1.85´́ 32º24´4.18´́ 0.85 silt
t02 602 853.56 5 393 071.68 48°40´55.96´́ 32º23´50.49´́ 1.63 »
t03 601 988.83 5 392 674.63 48°40´43.61´́ 32º23´7.85´́ 1.45 »
t04 601 123.87 5 392 161 48°40´27.49´́ 32º22´25.11´́ 2.11 silt with 

stones
t05 600 465.15 5 391 441.5 48°40´4.58´́ 32º21´52.28´́ 1.52 silt
t06 600 161.66 5 391 038.94 48°39´51.72´́ 32º21´37.09´́ 1.62 silt with 

stones
t07 599 759.13 5 390 715.37 48°39´41.48´́ 32º21´17.14´́ 1.45 silt
t08 598 545.71 5 389 909.49 48°39´16.08´́ 32º20´17.1´́ 1.87 silt with 

stones
t09 597 605.45 5 388 803.92 48°38´40.8´́ 32º19´30.25´́ 2.44 silt
t10 596 986.5 5 387 995.24 48°38´14.97´́ 32º18´59.33´́ 1.83 »
t11 597 047.43 5 387 504.88 48°37´59.07´́ 32º19´1.89´́ 2.16 »
t12 597 167.82 5 386 611.43 48°37´30.07´́ 32º19´7.02´́ 2.83 »
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Fig. 11. Fragment of the map of silt GEOES capacities and sections to it: 1 — section by cross 
profi le; 2 — water level at the time of the photo; 3 — line of the longitudinal profi le of the 
actual bottom; 4 — line of the longitudinal profi le of the bottom of sediment. (An example 
from the working material of Chubenko A.V.)

graphical applications on the profi les in the line corresponding to the bottom of 
the latter according to the symbol (legend). 

Given that the presented example of the study was commercial, the coor-
dinates and other cartographic information are distorted to maintain confi den-
tiality, which, however, does not interfere with the understanding of the algo-
rithm of the innovative methodology proposed by us.

Th e ReefMaster sludge volume values obtained with the help of the ReefMas-
ter soft ware analytical apparatus are the basis for further calculations. Th en, ap-
plying the relative values of the peak, the fi rst and the second prints (Peak SV, E1, 
and E2) as coeffi  cients, the step of determining the direct power of the GEOES 
sludge medium follows. Depending on the type of water body under study or 
the availability of primary actual material data, refi nement coeffi  cients are also 
applied, which allow, as mentioned above, more reliable calculation of sludge 
GEOES capacity values for diff erent water basins.

Th e result of the calculations of the sludge GEOES capacity is the corre-
sponding map and sections to it. Fig. 11 shows an example of such a representa-
tion of cartographic materials.







The results of the study of various components in terms of structure, composition, and genesis 
of MGES ABSB and GES NBSR from the standpoint of marine geoecology and archaeology 
allow us to consider the region occupied by these systems as a historical space for human 
settlement, life, and migration, in particular, in the Holocene. Various archaeological artifacts 
present in this space today like an anthropogenic component of the modern composition and 
structure of these geoecological systems are considered, among other things, as components 
of the regional cultural heritage system (CHS) of different epochs. To better understand the 
relationship between these systems, their functions, and development features, this part of the 
monograph is devoted to a brief presentation of the theoretical foundations of the geoecosystems 
study: MGES ABSB, its subsystems — MAES, MAQES, and MGEOES, and GES NBSR. Also, 
the summary presents modern views on some features of the structure of the MGES shelf of the 
Black Sea and GES NBSR, the conditions of their formation, and the history of development 
in the Holocene. In addition, the features of Homo sapiens, the history of their evolution, some 
issues related to the changes in geoecological conditions of MGES of the Black Sea shelf in the 
Holocene, and the impact of these changes on the peculiarities of human settlements, activity, 
and migration in GES NBSR are briefly reviewed.
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CHAPTER  11

It seems that the main meaning of the concept of «geoecosys-
tem» (GES) (from the Greek: «Geo — Earth»; «Ecos — resi-
dence»; and «system») and «marine geoecosystem» (from the 
English «marine»), both for the theory and methodology of 
science and anyone interested in this subject, is that they em-
phasize the mandatory existence of relationships, causal, in-
formational, genetic and other connections, that is, the combi-
nation of components, including those constituting the above 
systems. An example is the marine parts of the atmospheric, 
hydrosphere, and geological (lithospheric) spaces, including 
bottom sediments. Each of these spaces is fi lled with a cer-
tain type of natural environment — air, water, and geological, 
respectively. Th e enumerated natural environments, each of 
which is diff erent in composition, structure, and properties, 
within some boundaries of the space occupied by it, repre-
sent the material, procedural and functional subsystems of an 
entire marine geoecosystem (MGES). Th e marine part of the 
atmosphere is the marine neural ecosystem (MAES), the ma-
rine part of the hydrosphere is the marine aquatic ecosystem 
(MAQES) and, fi nally, the marine part of the geological shell 
of our planet is the geological ecosystem (MGEOLES). As is 
known, parts of any system — subsystems, regardless of their 
origin, and their constituent components, in the operational 
sense, are inseparable from the whole, in this case from MGES 
of our planet — the Ocean.

Th e theoretical foundation for the study of features of 
MGES of the Ocean, including ABSB shelf in general, and 
MGES of the Black Sea shelf (BSSH) as its spatial subsystem, 
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in particular, are the biosphere-ecological concept and approaches — natural-
historical and model-target. Let us recall that the essence of this concept implies 
consideration of the biosphere as a modern part of the largest planetary rank 
of an ecosystem (ecosphere), the geological shell of the planet (lithosphere), the 
water shell (hydrosphere), and the air shell (atmosphere) — as its environmen-
tal subsystems (Iemelianov, Mitropolsky, 1990; Iemelianov, 2003, 2004, etc.). 
Based on this concept, MGES of the BSSH is considered by us as: 1) spatial 
regional marine geoecological subsystem MGES ABSB and 2) — marine sub-
system of global MGES of the ocean shelf (Iemelianov, 2017). Anthropogenic 
(man-made) formations are considered either as the system components of 
MGES of the BSSH — MGES subsystem of ABSB shelf — or as specifi c man-
made subsystems that exchange fl ows of matter, energy, and information with 
it. At the same time, the role of anthropogenic formations is assessed in terms 
of their relationship with and dependence on the shelf MGES, but taking into 
account the fact that this MGES is the result of a long historical and geological 
development of matter, preserving traces of the stages of previous development 
of the system under consideration and factors aff ecting it. Although the exis-
tence of anthropogenic formations, in particular artifacts, in the structure of 
MGES, in comparison with its other components, is relatively small and short-
term, such processes, both before and aft er their entry into MGES, can seriously 
aff ect MGES and its subsystems, including man and humankind. Particularly 
susceptible to signifi cant anthropogenic impact is that part of MGES, which is 
closely related to both MGES shelf and GES coastal zone of the continent, in 
this case with NBSR, in the space of the corresponding geoecoton. 

Let’s discuss briefl y the terms «geoecoton» (GET), «marine geoecoton» 
(MGET), and the concepts they denote. Th ese terms in the monograph denote 
the spaces of specifi c boundary zones between adjacent geoecosystems, in this 
case between the object of marine geoecology of — MGES of the BSSH, and 
continental geoecology — GES NBSR. In such space on the border of these 
two geoecosystems, as a result, mainly, of their infl uence on each other, there 
is a relatively sharp change in each of them. Structures, functioning and a long 
range of other features of contacting systems are changing. As a rule, the con-
tact space (or «stress space») of these systems has a signifi cant linear length, 
in this case — more than three thousand kilometers, but at the same time, it is 
characterized by approximate external boundaries, since the adjacent boundary 
between them is common. 

MGETs typically include many inanimate and living components (LCs) 
of diff erent genesis that are common to boundary geoecosystems. In addition, 
MGET usually contains elements formed in it by itself and characteristic only 
of its component structure. Th is is especially true for LC elements, for which 
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the MGES and GES spaces are a constraint in their propagation. Th e species 
composition of LC elements and the density of organisms in the marine part of 
GET is oft en higher than in the part of MGES lying beyond its maritime outer 
boundary. Th is can be explained in several cases by the fact that many orga-
nisms need, as habitats or spaces where diff erent stages of their life cycle take 
place, environmental conditions that are only available in a given MGET. In 
such a GET, the infl uence of LC on other components of MGES, in particular 
the artifacts found in the geological environment of its geological-ecological 
subsystem (MGEOESUS), is usually greater than outside the external boundary 
of the geoecoton part of MGES.

Th e tendency to increase the complexity of the MGES structure towards 
their boundaries can be called a known term «marginal eff ect». American natu-
ralist A. Leopold fi rst introduced this term and the corresponding concept into 
ecology in the early 30s of the 20th century. Currently, this term is commonly 
used by bioecologists to refer to the existing pattern in increasing the diversity 
and density of organisms at the community boundary. However, while using 
this term, it should be remembered that the increase in complexity of MGES is 
due not only to the specifi cs of living component of the system, but also to the 
patterns of formation of its structure and the features of interaction of its inani-
mate components that arise towards the boundaries of one or another MGES. 
Th e concepts of marine geoecoton and marginal eff ect, as it seems to us, are 
closely related to the concepts of ocean barrier zones, natural ocean barriers, 
boundary eff ects in the ocean, etc., which are now widely used in various areas 
of oceanology (Iemelianov, 1998, etc.).

If we carefully analyze the existing ideas about the barrier zones and bar-
riers in the ocean, their properties and characteristics, the great importance of 
these natural phenomena becomes clear not only in ecological terms. It seems 
that marine ecotones are those spaces of the biosphere (ecosphere) in which the 
concentration of all kinds (mechanical, geochemical, biogeochemical, physico-
chemical, physical-mechanical, etc.) of boundaries of the barrier type reaches 
maximum values. Th e greater this concentration, the more active is the migra-
tion of substances and energy, and metabolic processes, and the richer in quanti-
tative and qualitative terms are LC MGET. At the same time, such a geoecoton is 
more stable under an unexpected additional impact on it from the outside than 
MGES, if its resources can be timely replenished with the appropriate amounts 
of necessary substances and energy, and the products of its functioning (wastes) 
are — timely disposed of outside its boundaries. At the same time, an exces-
sive increase in the number of barriers of diff erent nature in MGET space (i.e. 
an increase in the duration of the boundaries of its subsystems while reducing 
their area) can cause a decrease in the diversity of its LC. Th ere is a theoretical 



4444

Chapter 1. THEORETICAL FOUNDATIONS OF THE STUDY OF GEOECOSYSTEMS

maximum diversity of components in MGES and MGET, and it is necessary to 
look for it where the spaces of these geoecological systems are large enough, as 
well as the total length of their internal boundaries-barriers.

If we talk about the functional role of geoecotons in general, it seems to 
correspond most closely to the concept of a geoecological membrane between 
the various subsystems (MGES, GES, etc.) contacted in it, their zones or com-
ponents. As the analysis of the processes and structural features of these geo-
ecomembranes showed, the more dynamic the latter is, the weaker the interre-
lationships between the spaces of the main subsystems of geoecotons.

Th e above trends must be taken into account not only when planning in 
geoecotons or paleogeoecotons of «MGES shelf — GES of the Northern Black 
Sea» such types of impact on them like, for example, hydrotechnical construc-
tion, or search and extraction of various resources — mineral, biological and, of 
course, archaeological.

Th e relative homogeneity and, at the same time, the complexity of the struc-
ture of the studied MGES of the Black Sea shelf are the result of geological and, 
to some extent, anthropological history of the development of our planet and its 
spatial, in particular, regional, structures due to the material, energy and infor-
mation interaction of the basic oppositely directed processes. Th ese processes, 
which are sophisticated, and complex (geological, chemical, physical, biologi-
cal, etc.), should be considered as the mechanisms of feedback, self-regulation, 
and progressive evolution of MGES as a subsystem of our planet in general, and 
of its biosphere as an ecological system in particular

It is known that the energy spent on maintaining the processes occurring 
both in MGES of the shelf in question and the ecosphere as a whole and af-
fecting it from the outside, comes mainly from Space through solar and other 
radiation, various material components, and fi elds. Having joined MGES, space 
energy transforms in time and space of MAES and MAQES, and only then en-
ters MGEOLES. 

But a signifi cant part of the energy comes to MGES from the Earth’s inter-
nal sources, which are located in its crust and mantle and are formed primarily 
as a result of the decay reaction of radioactive elements, other chemical and 
physico-chemical reactions occurring with the release of large amounts of heat. 
In addition, supply of a certain amount of energy can be provided by exother-
mic chemical reactions that occur in MGES itself when disposing of carbon in 
its subsystems (Lisitsyn, 1985). 

It should be noted that MGES ABSB, in addition, continuously absorbs a 
huge amount of information and substances in the form of gases, solutions, 
mineral, organic, and organomineral compounds that enter into it from deep 
layers of the lithosphere and adjacent ecosystems, including biota and its resi-
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dues, as well as through the impact of fi elds of diff erent origin. At the same time, 
MGES also continuously, in various ways exports a certain amount of matter, 
energy, and information of its production to other, predominantly adjacent, 
geoecosystems, for example, GES NBSR. 

Continuous processes of exchange of MGES of the shelf of the Black Sea of 
matter, energy, and information with its subsystems MAES, MAQES, and MGE-
OLES, with subsystems of the adjacent GES NBSR, make its material, energy, 
and information structures non-homogeneous. Th is is evidenced, in particular, 
by the actively ongoing processes of transformation of solid, liquid, and gas 
subsystems-components of MGEOLES bottom sediments, the heterogeneous 
and complex relief of its border with adjacent MAQES, as well as turbid fl ows, 
underwater landslides, and other phenomena. 

Th ey are the processes of mass, energy, and information exchange that are 
continuously carried out between the structural components of the subsystems 
and MGES subsystems themselves and through them, on the one hand, with 
the Space, and on the other hand — with the geological system of deep layers of 
the lithosphere. At the same time, these processes are the mechanisms through 
which an infi nite number of MGES functions of ABSB shelf are peculiarly im-
plemented. In each case, all these processes are structural components of the 
MGES procedural subsystem, and the functions through which they are imple-
mented are structural components of the corresponding functional subsystem 
of the same MGES. In this case, the functions of each specifi c MGES are de-
termined by the material, species, chemical composition and properties of its 
components, synergy of geological, geochemical, biological, geophysical, and 
other processes, as well as the properties of natural and artifi cial fi elds, which 
are formed and interact.

Studies show that for the formation and functioning on MGES of the shelf, 
the main ones are not so much the qualitative and quantitative composition of 
its material components, including its biota with derivatives, as its functions.

 Th e concept of MGES functions is published (Iemelianov, 2002), so there is 
no need to dwell on it in this work. But it is possible to formulate a wide range 
of tasks for science and practice, without which it is diffi  cult to objectively as-
sess the infl uence of natural or/and anthropogenic factors on the functioning 
and development of MGES itself and its subsystems. In particular, biological, 
both internal and external, including humans as LBES, and humanity as BESES. 

In this regard, marine geoecology faces many challenges. Common to these 
tasks is that the content of each of them is to study any phenomenon, both in 
terms of its impact on the specifi c function of the MGES shelf and the mutual 
infl uence of its functions, as well as functions of other subsystems of the marine 
part of the ecosphere and their components, including man as a unique LBES of 
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the corresponding taxonomic species and humanity as a complex functioning 
BESES. Th erefore, in our opinion, it is quite logical and advisable among all the 
functions of the MGES shelf to distinguish its archival and, at the same time, 
transformative and determining function concerning cultural heritage, its for-
mation, placement, and storage as an archaeological system of artifacts, in space 
of the shelf MGES ABSB, in general, and the Black Sea, in particular. 

MGES, in particular MGES of the shelf — this concept is very ambiguous, 
and complex and is the subject of marine geoecology (Iemelianov, 2004). But, 
since a signifi cant number of artifacts, which have been components of the 
MGES shelf for quite a long time, are mainly located either in its space or on the 
border with an adjacent aquaecosystem, this MGES is simultaneously an object 
of underwater archaeology. Naturally, the tasks of marine geoecology and un-
derwater archaeology in the study of shelf MGES and artifacts as their compo-
nents, as well as the theoretical and methodological foundations of the study of 
these complex objects are also characterized by the corresponding complexity. 
With this in mind, a certain system of knowledge is being formed about the 
MGES ABSB cultural heritage system and the Black Sea shelf as its subsystem. 
And, fi rst of all, in connection with the vital activity, development of man and 
human society. 

One of the main conditions for success in the creation of such a system of 
knowledge is the certainty of categorical analysis and synthesis, as well as the 
knowledge of phenomena, processes, and states that arise and occur at various 
historical time intervals in the space of a particular MGES shelf as a specifi c 
system. Th at is, systemic studies of the MGES shelf should be carried out, which 
is especially relevant in the comparative assessment of the causes of changes and 
violations arising in them. At the same time, it should be taken into account 
that changes in the studied MGES and its subsystems can be mainly the result 
of their natural evolutionary changes in time, and violations — the result, fi rst 
of all, of natural disasters or anthropogenic impact. 

Recognition as the main object of marine geoecology and, one of the main 
objects, marine underwater archaeology of a complex system, which is MGES 
ABSB, targets the theory to reveal internal contradictions in it, to identify the 
specifi cs of causal relations and relationships of objects, to a detailed analysis of 
their structure and related functioning processes. All this in aggregate is neces-
sary for rational development, including the archaeological resources of MGES 
ABSB, in general, and MGES of the Black Sea shelf, in particular.

As already mentioned, the MGES of the Black Sea shelf is a product of the 
long natural and historical development of this region. In its structure, it contains 
traces and derivatives of previous stages, including the historical and geological 
development of this region. At the same time, one of the main tasks of marine geo-
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ecology is to know the laws of formation of the structure, functioning, develop-
ment, and transformation (transformation into rock or geosystem) of MGEOES 
and/or its natural components subsystems. When solving this problem, the atten-
tion of the researcher should focus on the natural properties of the studied MGES 
associated with the listed processes, and the knowledge of their characteristics. 
Among such properties are the chemical, physicochemical, and biological prop-
erties of MGES, their stability, productivity, reliability of operation, etc. 

Methodologically important in the study of GES, in particular MGES shelf 
of the Black Sea, is the question of the relationship between the concepts of 
«MGES» and «underwater landscape». Th is issue is considered in more or less 
detail in the work by V.A. Iemelianov (2003). It should be recalled that the term 
«underwater landscape» refers to the result of the interaction of the main marine 
ecological systems and subsystems, including those described above. Th e time of 
existence of the underwater landscape corresponds to a time of functioning of 
the marine ecosystems that form it, as a result of interaction and on the border of 
which it was formed, occupying a certain amount of border space between them. 
Th erefore, the underwater landscape evolves together with the MGES subsys-
tems interacting in this volume of space, primarily environmental ones.

Concerning the role of underwater landscapes, it should be noted that as 
systems, underwater landscapes are the most interesting objects of oceanography 
and, at the same time, very informative integrated indicators of the condition 
of MGES subsystems of diff erent ages and levels. Th is allows us to consider ma-
rine underwater landscapes, their structural organization, and physiognomic 
features, along with other characteristics (biological, geochemical, physical and 
mechanical, etc.) as the most important complex criteria for assessing MGES 
and their subsystems, primarily component-like, procedural and functional. 
At the same time, marine underwater landscapes can serve as qualitative in-
dicators of the functioning of adjacent marine environmental subecosystems 
(more oft en aquatic, less oft en aerial), interacting with MGEOLESUS MGES, 
and among themselves in the MGES space. 

Recall that MGEOLES of the Black Sea shelf, as a subsystem of the GES of 
the respective continental margin, due to the signifi cant scale of the drainage 
basin, plays a special role in the structure and functioning of the entire Black 
Sea MGES and MGEOLES as its subsystem. In particular, processes arising in 
MGEOLES of the shelf as a result of exogenous (biogenic, cosmogenic, anthro-
pogenic) and/or endogenous intake of matter and energy (fl uid and gas fl ow, 
mud volcanism, earthquakes, etc.) can have much more severe consequences 
within this MGEOLES than the continental geological ecosystem (GEOLES), 
which has experienced similar impact. Th is can be explained by the continuity 
of MGEOLES in the GES ABSB space and its lesser openness compared to the 
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adjacent GEOLES continental land, which is due, inter alia, to the structure and 
features of the interaction of its three main environmental subsystems. Th us, 
the aquatic ecological subsystem MGES is distinguished by signifi cantly greater 
species diversity and the number of living components than its aerial ecological 
subsystem. At the same time, a signifi cant part of organic matter produced in 
the aquatic ecosystem becomes not only its component but also a component 
of MGEOLESUS MGES. In addition, MGEOLESUS, located at a relatively low 
hypsometric level, usually has a signifi cant accumulating function, which also 
determines its higher exposure to negative infl uences of various, in particular 
anthropogenic, origins. In this regard, one of the most important issues in the 
study of the MGES shelf by both marine geoecology and marine archaeology is 
the problem of time.

Disclosure of the concept of «structure» of the MGES shelf is an important 
condition for its eff ective study. To a large extent, it depends on the implemen-
tation of the spatial aspects of research. Th ese aspects have already been fully 
considered (Iemelianov, 2004). In particular, it is justifi ed that the MGES of 
the Black Sea shelf, in the narrow sense, can be considered as a natural forma-
tion that has several spatio-temporal, contact, procedural and functional struc-
tural features. Th is formation satisfi es the requirements of systemization, being 
a system with a stable structure and certain functional relationships. Broadly 
speaking, the MGES under consideration consists of itself in the present and an 
ordered set of its main states in the past united based on the action of objective 
laws and the general spatio-temporal confi guration of MGES of the Black Sea, 
the Ocean, and, fi nally, connecting the components of this set of the ecosphere 
of the planet as a whole. 

In other words, the MGES of the Black Sea shelf is considered in this mono-
graph in two main aspects: fi rstly, as an object of marine geoecology recorded 
in the process of interdisciplinary research using various (geological, biological, 
oceanological, technical, and other) methods and, secondly, as one of the objects 
of marine archaeology recorded in the process of underwater archaeological re-
search by a complex of archaeological and other methods, in particular, geo-
physical and geoecological. Moreover, all this is done based on the historical and 
genetic approach and its connection with the ecosystem-structural approach. 
Such approaches are important components of methodology for the study of 
shelf MGES, including their archaeological, cultural, and historical aspects, 
which leads to their widespread application in the research process. 

To get a full understanding of the role of components and non-components 
of MGES of the Black Sea shelf, including anthropogenic entities, in its for-
mation, and the course of various processes in space and time, it is necessary 
to know the genesis of specifi c components-subsystems of MGES, including 
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spatial. Aft er all, there are genetic bonds that characterize shelf MGES under 
consideration from the aspect of its sequence of origin and development of its 
component and spatial structures. And to understand the role of anthropogenic 
formations in the creation of MGES shelf and vice versa, and its impact on an-
thropogenic formations, including artifacts, it is important to understand the 
need to study procedural subsystems, which makes an important component 
of the research methodology to study the relevant procedural characteristics. 

It should be noted that the term «marine geoecological processes and/or 
phenomena» means all processes and/or phenomena that originate and occur 
in the MGES space and have environmental signifi cance, as well as environ-
mental processes and/or phenomena that aff ect the characteristics and features 
of a particular subsystem of shelf MGES. Events and/or processes that have a 
certain impact on the ecological features of the MGES shelf, but occur outside 
its space, belong to marine geoecologically signifi cant processes or phenomena.

Methodologically fruitful when studying the procedural characteristics of 
MGES and, in particular, MGES of the Black Sea shelf, are structural-diachron-
ic analysis and synchronous analysis of diachronicity. Th e fi rst helps to better 
understand the structural and morphological characteristics of the develop-
ment of geoecological, including the associated anthropogenic phenomena in 
time, the duration and order of phases, and the rhythm and speed of individual 
events of the unifi ed environmental and evolutionary processes. Th e second 
allows determining the temporal structure of shelf MGES and such an impor-
tant characteristic as cycling, which is of great methodological importance in 
the construction of models of geoecological and evolutionary processes since 
changes in cyclic structures are usually the result of changes in the laws or im-
portant conditions that control or aff ect these processes. Periodic repetition in 
the geoecological and evolutionary processes of certain states of shelf MGES 
is of great methodological importance when studying the infl uence of anthro-
pogenic factors on them, in particular, material formations created by man. 
Conversely, the infl uence of shelf MGES on humans and human communities 
as a biological and bioeconomical system, respectively, and, ultimately, on the 
features of the currently underwater component of the cultural heritage system, 
on the species, location, and distribution of underwater archaeological relics of 
diff erent epochs, on the development of new technologies for the extraction of 
archaeological resources of MGES shelf, as well as on archaeological artifacts 
within it as components of the cultural heritage system.

In sedimentary, not yet undergone the stage of diagenetic transformations 
of bottom sediments, as well as in rocky magmatogenic and metamorphogenic 
components-subsystems of MGES shelf there can occur and occurs in almost 
the whole wide range of geoecological processes. Th is procedural diversity is 
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largely due to the basic properties of GES (multi-component, multi-phase and 
heterogeneous, etc.) and its subsystems. 

Being open systems of GES shelf and its spatial components (subsystems re-
ceive and give away material components, energy, and information). Th erefore, 
the concept of GES, taking into account the existence of interconnected and 
necessary for its functioning and self-sustaining environments at the inlet and 
outlet, solves the problem caused by the need to draw its boundaries. Of course, 
this concept is supported by natural-historical and model-target approaches.

Th ese approaches indicate that in each particular case it does not matter 
how the MGES subsystem under study is distinguished as a part of it. Natural 
boundaries are oft en convenient for these purposes. Selected based on a natural 
history approach, they may vary based on changes occurring in oceanological, 
geological, geomorphological, or thermodynamic environmental conditions or 
as a result of certain biological and anthropogenic processes. However, in some 
cases, the main criteria for identifi cation of off shore MGES are determined using 
a model-target approach, although the provisions of the natural-historical ap-
proach are usually also taken into account.

Recall that the fi rst main property of MGES of the Black Sea shelf is its gene-
tic relationship with paleogeoecosystems, i.e. its close dependence on the natural 
and historical conditions of origin and subsequent development. Th is obliges re-
searchers to always take into account the geoecological, in particular geological, 
oceanographic, and climatic components of the natural history of the marine ba-
sin when studying MGES. Th e second important property of MGES of the Black 
Sea shelf is its polydispersity. It is known that the size of its components-subsys-
tems fl uctuates in the widest range: from micron fractions to hundreds of kilo-
meters, that is, it constantly operates components-subsystems of diff erent sizes, 
diff ering from each other in size thousands and millions of times. Th is is true 
for both inanimate and living components of shelf MGES. It is known that the 
laws, existence, and interaction of dispersed and colloidal particles are stu died 
by physicochemical methods. Granular and coarse clastic components, as well 
as archaeological artifacts, and their interactions are stu died using approp riate 
methods of petrography, lithology, soil science, geophy sics, and some special 
methods of underwater archaeology. At the same time, the patterns and features 
of the formation of living biotic communities-subsystems, their species diversity, 
and relationships between living components, are studied by special methods of 
hydro- and microbiology. Th erefore, the comprehensive study of the MGES shelf 
goes beyond the areas of listed scientifi c areas, is integrated, and becomes the 
fi eld of application of marine geoecology and underwater archaeolo gy. It should 
be recalled that the formation of properties of each dimensional and/or genetic 
community (subsystem) included in MGES ABSB and the Black Sea shelf is sub-
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ject to certain patterns, but at the same time, the relationship between these com-
munities and their constituent components within the MGES space leads to the 
emergence of new communities-subsystems interacting based on new patterns 
and leading to changes in certain properties of the studied GES.

Th e third and fourth properties of the MGES of the Black Sea shelf are its 
multicomponent and multiphase. At the same time, as components of MGES, 
physically, chemically, geologically, and/or biologically individual material ina-
nimate and/or living objects, in particular, anthropogenic, can be considered, 
forming, among other things, relatively homogeneous parts of the system. Re-
ferring to this property of MGES, it should be emphasized that the term «phase» 
in this case refers to the space-limited material part of MGES having the corre-
sponding component, structural and functional systems. In this case, the range 
of variation of properties of the components of each phase is signifi cantly less 
than the diff erence between properties of the components of diff erent phases. 
For example, the specifi c gravity of the components of the solid phase of the 
MGEOLESUS MGES shelf mainly ranges from 2.00 to 4.00 g/cm3, while the 
specifi c gravity of its liquid phase usually does not exceed 1.05 g/cm3. 

It should be noted that the anthropogenic components of the MGES compo-
nent structure can be any of its phases, as well as a living component. At the same 
time, it is necessary to take into account that the living component is also multi-
phase, and the relative volume of the liquid phase in living organisms signifi cant-
ly prevails over the volume of their solid phase, which makes the living MGES 
subsystem close in structure to physicochemical disperse systems, in which the 
main components of solid phase are oft en clay minerals or/and organic matter, 
and the main volume of space of such a system is occupied by the liquid phase.

Th e fi ft h property of MGES of the Black Sea shelf is its heterogeneity, that 
is, various components of the system and even individual parts of these compo-
nents can be, and usually have diff erent origins or genesis. 

Th e sixth property of the considered MGES is its variability in time and 
space, which is due to the action of various natural, less oft en anthropogenic, 
external, and internal factors. 

Th e seventh important property of shelf MGES is the uneven distribution of 
components in its space, which is explained not only by specifi cs of the genesis, 
composition, and properties of these components but also by the post-genetic 
evolutionary or revolutionary processes in which they were involved. Th ese pro-
cesses can be caused by objective natural, less oft en anthropogenic causes. 

Th e eighth fundamental property of the studied MGES is its constant expo-
sure to complex natural and, in recent decades, increasingly anthropogenic infl u-
ences that determine its properties and functioning. Th e higher the level of MGES 
and the larger it is, the more diverse the human infl uence that it experiences. 
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One of the most common features of GES of the Black Sea shelf is its aqua-
tic and geological environment, i.e. MGES subsystems, including interacting 
solid, liquid, gas, and living biological components, which, according to cur-
rently available data, play an extremely important role in the course of marine 
geoecological processes. 

Given that shelf MGES is a structured system, it should be emphasized that 
this structured entity can be expressed simultaneously in diff erent plans. First 
of all, the composition is characterized by quantitative ratios of various mine-
rals, rocks, other mineral formations, pore waters, living and dead organisms, 
their fragments, anthropogenic formations, in particular, artifacts, etc. All of 
them have certain morphological, dimensional, and age characteristics, physi-
cochemical, metabolic, and other properties. Th e structure of the MGES shelf 
can also be attributed to a spatial distribution of abiotic, anthropogenic, bio-
genic inanimate, and living components in the volume of space of this system. 
Usually, when considering the structure in this regard, certain patterns of the 
spatial location of its components relative to the boundaries of MGES are iden-
tifi ed. Th ese patterns are conditioned either by physical laws (such as gravity), 
by biological needs, or by a wide range of other conditions, including the laws of 
human development. An example of the manifestation of such spatial structure 
can be layering, mosaic, and other phenomena caused by the uneven distribu-
tion of MGES components in its space. In addition, the structure of MGES can 
be considered in terms of a set of all existing inter-component or even inte r-
element relationships and interactions. For example, physical, chemical, bio-
logical, and colloidal. Or complex — physicochemical, colloidal-chemical, bio-
geochemical, biophysical, environmental, information, etc. 

Given that each component of the considered MGES performs its specifi c 
function, and these functions are interconnected, a structure based on such in-
terconnections is defi ned as functional. 

Finally, shelf MGES is characterized by a certain regular set of processes 
that both ensure its development and connect this system to other systems. At 
the same time, MGES of the shelf is externally aff ected by certain processes oc-
curring in adjacent or remote systems. Since all processes related to MGES in 
one way or another are natural and interrelated, it is legitimate to talk about the 
fourth plan of structuring, namely, the procedural structure of MGES.

Th us, we have listed four main plans in which the structure of MGES of 
the Black Sea shelf can be considered. Th ese structured plans are closely re-
lated, but at the same time, each of them includes many other structures. For 
example, there are concepts of the structure of the solid, liquid, and gaseous 
phases, the structure of individual minerals, mineral aggregates, etc. Special at-
tention should be paid to the structures of living organisms themselves, both 
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unique systems and MGES structures formed with their participation (Ieme-
lianov, 1990). 

Th e combination of the structure of fi nely dispersed MGES subsystems 
with its larger subsystems gives details of mesostructures or visually identifi able 
macrostructures visible under the optical microscope. Th us, micro-, meso- and 
macrostructures are a single complementary system of the MGES structure, dif-
fering in the detail and depth of the researcher’s penetration into the structural 
features of the object. 

If one considers the size of the MGES part of the Black Sea shelf, which is 
suffi  cient to assess the component structure of the entire system, one should be 
guided by the need to fully evaluate all four components of the concept of struc-
ture. Taking this into account, the volume of such a space should be selected 
based on the size of components that make up a particular shelf MGES. Th at is, 
to study the latter, it is necessary to choose such volumes of its space that refl ect 
both the average structure of space and the structure of the entire system un-
der consideration. Th e latter should have suffi  ciently uniform physicochemical, 
physicomechanical, environmental, and other properties. Th is part of MGES 
space may be referred to as a «structural volume». 

«Structural element» or «element of the structure» is a concept understood 
as a separate, simple, relatively homogeneous part of MGES, having one or ano-
ther identifi able partition with other parts of the system and exchanging with 
them certain amounts of matter, energy, and information. In some cases — this 
section has a clear border, in others — the border is unclear and forms a certain 
transitional zone. In particular, there are generally no sharp boundaries between 
structural elements of the four main phases of substance in the MGES in ques-
tion. Th erefore, there are certain problems with the separation of MGES subsys-
tems due to the phenomena of the interpenetration of their environments. As an 
examp le, elements of the component structure of shelf MGES can be called col-
loidal particles, fi ne particulate matter, grains of minerals, their aggregates, pores, 
gases, individual organisms, etc. Th e term «structural component» or «compo-
nent of the structure» refers to a set of structural elements that form one of the 
four major phase subsystems of MGES. By «solid», «liquid», «gas», or «living», we 
mean the corresponding MGES subsystems occupying isolated, complexly con-
toured spatial volumetric formations with diff erent compositions and properties. 

Description of structural elements and components of MGES and their rela-
tionships should be made using such concepts as «structural characteristics» and 
«structural indicators». Th e fi rst term denotes the qualitative characteristics of 
certain features or traits inherent in structural elements and/or components: fea-
tures of shape, size, interfaces, nature of relationships, etc. «Structural indicators» 
are structural characteristics usually described using mathematical methods.
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Let us emphasize that the structure of MGES is considered by marine geo-
ecology not only as a static concept — a kind of photo that captures the current 
state of the system at a given time but also as a dynamic concept that is con-
stantly changing both in historical terms and perspective. 

Changes in the structure of the MGES shelf occur under the infl uence of 
two main groups of factors — internal and external, each of them is divided into 
natural and anthropogenic. Internal natural and anthropogenic factors include 
all factors that cause changes in the system, occurring and operating within 
its limits. Among the natural internal factors, there is a group of processes, for 
example, coagulation, crystallization, mineralization of organic matter, biologi-
cal processes that ensure the functioning of the living component of the system, 
etc. Among the internal anthropogenic factors that change the structure of the 
system, we can name the components that are part of it — pollutants of anthro-
pogenic origin, etc.

External factors simultaneously aff ect the same MGES from the outside, 
either directly or indirectly. Examples of external factors are mechanical, che-
mical, thermodynamic, biological, and other external infl uences on the sys-
tem and its subsystems. External natural factors of change in the structure of 
MGES include, for example, physical oceanographic changes in parameters of 
the aquatic and aerial subsystems of MGES, in particular, their temperatures, 
speed, and direction of movement of their components, etc.), geological fac-
tors (earthquakes, volcanic eruptions, etc.), biological (infl uence on the system 
of hydrobionts not included in its structure), including anthropogenic ones. 
Common to internal and external natural factors is that they tend (excluding 
catastrophic phenomena) to change the structure of MGES relatively slowly. 
Anthropogenic factors are characterized by a relative speed of impact and a 
large variety of possible changes in MGES, which they aff ect. Particularly sig-
nifi cant anthropogenic impacts can be exerted on the structure of MGES of the 
Black Sea shelf during hydraulic engineering operations, extraction of mineral 
and organomineral minerals, injection of various solid, liquid, and (or) gaseous 
substances (underwater dumps, leakage of oil and/or gas pipelines, etc.) into the 
MGES space. Changes in the structure of MGES in a broad sense of the term, 
especially those caused by anthropogenic factors, can lead in a relatively short 
time to several environmentally important negative changes in the properties of 
a system that has been exposed to external infl uences. For example, changes in 
its fi ltration capacity, thermal conductivity, physical and chemical characteris-
tics, resistance to mechanical eff ects, etc. 

Th eoretical justifi cations for the forecast of changes in MGES of the Black 
Sea shelf should be based on the study of the dynamics of its structure. Marine 
geoecology, in contrast to geological disciplines, studies mainly relatively short 
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processes of changing the structure of MGES, which have a real impact on the 
change of many of its environmentally important internal and external condi-
tions, as well as properties (physical and mechanical, physical and chemical, etc.). 

When studying the dynamics of the structure of MGES ABSB in gener-
al, and its shelf in particular, it should be taken into account that the MGES 
under consideration, being an open system, is, as already indicated, under the 
infl uen ce of a variety of energy fi elds, is closely associated with the surroun-
ding systems of both natural and anthropogenic objects, is constantly exchang-
ing matter and energy with them. And this process has a clear direction. Th us, 
the MGES environmental subsystems of the shelf have diff erently expressed, in 
particular, accumulative functions. For example, the geological-ecological sub-
system has the most signifi cant cumulative function in comparison with the 
other two main ecological subsystems — aerial and aquatic ones. Figuratively 
speaking, the geological and ecological subsystem MGES of the Black Sea shelf 
is an essential part of the global storage of matter and energy, which is the up-
per part of the lithosphere within modern boundaries of the Ocean, place of 
their disposal, preserves «memory» of the condition and many parameters of 
the marine environment and fl ows of matter in the previous historical periods 
of development of our planet. 

In particular, by studying the geological and ecological subsystems of shelf 
MGES of various ages, one can indirectly judge the past geoecological condi-
tions of the main natural environments of the ecosphere, which is very impor-
tant for marine archaeology in the search and identifi cation of ancient artifacts 
as components of the underwater part of the cultural heritage system. In this 
regard, the most interesting for modern society is, among other things, the op-
portunity to get an idea of the paleoecosphere of our planet by studying the 
characteristics of the condition of marine paleogeoecosystems before the emer-
gence of the factor of human intervention in natural processes and, thus, assess 
the contribution of this factor. Th e data obtained at the same time can be used 
to predict changes in the biosphere, including under the infl uence of global 
climatic fl uctuations or/and regional anthropogenic impact, etc., as well as to 
elaborate diff erent models for the development of the corresponding marine 
basin and its impact on humans as a unique biological system and humanity as 
a complex biosocial and economic systemic phenomenon.

Knowledge of the role of MGES of the Black Sea shelf in the organization 
of MGES ABSB and GES of the Northern Black Sea region, the laws of their 
formation and functioning, as well as relations with marine aerial and aquatic 
ecosystems, allows a more precise and in-depth understanding of features of 
both the natural procedural system of geoecogenesis in general and its anthro-
pogenic subsystem. In particular, it is important to study their mutual infl uen-
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ce, the intensity of coordination, and place in functioning natural and anthro-
pogenic procedural systems, including those operating in the geoecoton «GES 
of the Northern Black Sea Coast — MGES of the shelf». In addition, the trends 
in the development of the Black Sea shelf MGES itself as a subsystem of the 
ABSB shelf MGES become more understandable and predictable. Peculiarities 
of the development of MGES ABSB in general, as well as the associated and 
interaction with its natural and anthropogenic systems, including systems and 
subsystems of archaeological cultural heritage, formed in the Northern Black 
Sea Coast during the last about 20 thousand years, have become clearer. Part 
of the components of this system, represented by archaeological artifacts of va-
rious ages, having spiritual and material value, is today within the sphere of the 
marine geological and ecological subsystem of the bottom sediments of MGES 
shelf of ABSB and on its border with the adjacent aquatic subsystem.



5757

MAIN FEATURES OF THE GEOLOGICAL MAIN FEATURES OF THE GEOLOGICAL 
DEVELOPMENT OF THE RESEARCH DEVELOPMENT OF THE RESEARCH 
REGION AND THEIR IMPACT ON THE REGION AND THEIR IMPACT ON THE 
FORMATION OF GEOECOSYSTEMS FORMATION OF GEOECOSYSTEMS 
OF THE NORTHERN BLACK SEA COAST OF THE NORTHERN BLACK SEA COAST 
AND ADJACENT SHELF AND ADJACENT SHELF 
IN THE HOLOCENEIN THE HOLOCENE

CHAPTER  22

History of the development of geoecosystems of the Black Sea 
shelf and Northern Black Sea Coast (NBSR), to a greater ex-
tent, marine geological-ecological (MGEOESUS) and aquatic 
subsystems (AQESUS) of the MGES of the North-West Shelf 
(NWS) in the Holocene, can be judged due to the works by 
N.I. Andrusov (1890, 1893, 1894, 1929, etc.), A.D. Arkhangels-
ky and N.M. Strakhov (1938, etc.), A.I. Zens-Litovsky (1936, 
1946), V.P. Zenkovich (1960 et al.), M.V. Muratov (1960 et al.), 
L.A. Nevesskaya and E.M. Nevesky (1961, 1967, etc.), P.V. Fe-
dorov (1959, 1978, etc.), E.F. Shnyukov, A.Yu. Mitro polsky 
(1982 et al.), Gozhik P.F., Novoselskiy F.A. (1989), V.A. Emelya-
nov (2004 and others), E.G. Konikov (2009, 2018, etc.), V.V. Jan-
ko (2011 and others), I.A. Suchkov (2018), N.V. Tyuleneva 
(2010) and many other researchers. 

In the second half of the twentieth and early twenty-fi rst 
centuries, studies were carried out that signifi cantly expanded 
the possibility of an objective assessment of the geoecological 
conditions of MGES of the Black Sea shelf and GES NBSR, fl uc-
tuations in time and space of the MAES — MAQES boundary 
level. In addition, the diversity of sedimentation conditions, 
and its role in the formation of marine geological-ecological 
subsystem (MGEOESUS) MGES of the NBSR shelf for the last 
20—30 thousand years were shown. 

Th e latest paleogeographic and geoecological reconstruc-
tions allowed to refl ect in suffi  cient detail on the maps the fea-
tures of the lithological composition of MGEOESUS, which 
was formed in the Holocene in the MGES space of the NBSR 
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shelf from its border with GES NBSR (today it is the coastline) and to depths of 
–50…–60 m and deeper. At the same time, the genesis of lithological compo-
nents of GEOESUS, judging by the data given in many works devoted to MGES 
of the Black Sea (Emelyanov, 2004 etc.), gradually changed from subaerial to 
marine subaerial over a relatively short period, by geological measures.

Let us briefl y analyze the general characteristics and modern ideas about 
conditions for the formation of MGES of the Black Sea shelf adjacent to GES 
NBSR. At the same time, some features of the geological and tectonic structures, 
the history of formation, and geological development in the Holocene of both 
MGES space of the specifi ed shelf and MGES of the Black Sea basin as a whole 
will be aff ected.

For many millennia, the MGES of the Black Sea shelf adjacent to the GES 
NBSR was formed and operated as one of the main basin subsystems of the 
MGES of the Black Sea, the most isolated from the MGES of the Ocean of all 
basin MGES of the planet. Today its area, i.e. the surface area of the boundary 
between its aerial (MAESUS) and aquatic (MAQESUS) subsystems, is about 
420,300 km². Within Ukraine, this area, as the area of the territorial waters 
of Ukraine in the Black Sea, reaches about 24,850 km². At the same time, the 
area of GES water catchment area of the Black Sea, including the areas of all its 
aquatic and non-aquatic subsystems, and supplying matter, energy, and infor-
mation to MGES of the Black Sea basin (BC), exceeds 2 million km². 

Th e average thickness of the Black Sea MAQESUS is about 1290 meters, and 
the maximum is about 2212 meters. Th ere is a point for measuring the maxi-
mum capacity of MAQESUS BC north of Cape Inebolu, located on the north-
ern coast of Turkey. Th e maximum length of MGES BC space is about 1150 km, 
and its width is 580 km. Th e total length of the modern border «KGEOESUS — 
MGEOESUS» MGES of the Black Sea within Ukraine (before the annexation of 
the Crimean Peninsula by the Russian Federation), is approximately 3400 km. 

Since land and underwater archaeological relics as a cultural heritage of 
diff erent eras in the region under consideration are mainly located near the 
boundary of GES NBSR with MGES of the Black Sea shelf, and mainly its north-
western part (NWFS), it will be our main focus. 

Note that the area of MGES NWFS is about 57% of the total area of MGES 
on the Black Sea shelf. Although the boundary between MGES BC and GES 
NBSR is relatively small, in its northwestern part today, there are several bays 
and coves (Fig. 1). Only within the borders of Ukraine, there are 14 large sub-
systems of the Black Sea MGES in the form of estuaries and drowned rivers with 
a total area of 1952 km², as well as 8 subsystems in the form of bays, the area of 
which is about 1770 km², 19 subsystems in the form of seaside lakes and other 
wetlands with a total area of about 65405 hectares. 
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In the Black Sea, there are few island subsystems of the MGES of its shelf. 
One of the largest of them is GES of Zmiinyi (Serpentine) Island. Until the 
1930s, the island was called Fidonisi, Fedonisi, or Fidonizi with the variant 
Sherpilor (in Ukrainian Zmiinyi, in Romanian Insula Şerpilor, Ancient Greek 
Λευκός, Greek Φίδονισι, Turkish Yilan Adası). Th e island is located in the 
north-western part of MGES of the Black Sea shelf, about 37 km east of GES of 
the Danube Delta. Th e area of its surface is limited by the boundary of its geo-
logical and ecological subsystem with AES and AKES MGES of the Black Sea 
and having a specifi c cruciform shape, resembling a snake’s head in the plane, is 
about 20.5 hectares (Dictionary of Geographical Names of the Ukrainian SSR: 
Volume I, 1976; Okhotnikov, 1996). 

Th e second largest island GES is Berezan Island. It is located 4 kilometers 
from the cape Adzhiask, located between the Tiligul and Berezan estuaries, as 
well as the resort village of Rybakovka, located at a distance of about 12.8 km 
from the city of Ochakov. Th e length of the island is about 800 m, the width is 
from 200 to 400 m. Th e surface area, i.e. the boundaries of its geological and 
ecological subsystem with the MAESUS and AKESUS MGES of the Black Sea, 
is about 0.326 km² (Agbunov, 1987).

Th e third largest Black Sea island GES is Kefk en (Turkish Kefk en Adası, for-
merly Daphnusia, Ancient Greek Δαφνουσσα) located near the Turkish coast 
of the Black Sea, in the area of Kandira or Kocaeli, 90 km from the Bosphorus 
Strait. Its area is about 0.11 km² (http://www.kefk en.com/kefk en-tarihi). 

Before talking about the conditions of formation, structural position, tec-
tonic structure, and morphological features of MGES of the northern part of 
the Black Sea shelf and its interaction with the adjacent GES NBSR, it is neces-
sary to remember the continuous mass and energy exchange of this MGES with 
ecosystems of the hydrosphere (aquaecosystem), the atmosphere (aeroecosys-
tem), outer space and with the inner deep spheres (geosystems) of the Earth. It 
is this procedural system of mass and energy exchange that is the mechanism 
that underlies all groups of processes somehow related to MGES of the Black 
Sea and forming its procedural subsystem. Relationships between individual 
processes or groups of processes in this subsystem represent a kind of imple-
mentation of MGES environmental functions. In this context, the latter appears 
to be one of the sources of matter and energy complementary to intraterrestrial 
and space, and also acts as their converter, accumulator, utilizer, transmitting 
medium, and space. A signifi cant part of the mentioned energy and substance 
is spent on maintaining the procedural subsystem of the considered MGES, as 
well as the creation and maintenance of the system of geoecological conditions 
(GECUS) necessary for its functioning (Emelyanov, 2012). Optimal GECUS are 
necessary, ultimately, to ensure the vital activity, not only the living component-
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subsystem of MGES itself but also the living components-subsystems of GES 
in general, that is, representatives of the fl ora and fauna that inhabit our entire 
planet. In addition, the operation of the specifi ed procedural subsystem MGES 
leads to constant and necessary changes in GECUS of the formation and func-
tioning of geological and environmental subsystems, including MGES. 

Recall the conceptual meaning of the terms «GECUS MGES» and «geologi-
cal and environmental conditions», showing their diff erences. In addition, we 
will determine approaches to assessing the impact of geoecological and geologi-
cal-ecological conditions on the functioning of MGES and, in particular, its 
living component, as well as on peculiarities of the organization and implemen-
tation of the development of its material, energy, food and cultural resources, 
including archaeological resources.

So, by the term «geoecological conditions» or GECUS, we mean a spatio-
temporal, objectively existing system that has developed as a result of the func-
tioning of the largest ecosystem of our planet — the ecosphere as a result of 
the processes of interaction of ecological systems of its main geospheres: litho-
sphere, hydro- or aquasphere, atmo- or aerosphere. Th ese systems were formed 
over a certain, long enough historical and geological period in the development 
of our planet. Since they have the property of dynamism, they can be described 
by a set of characteristics that are fair for a certain point in space occupied by 
them and a certain time interval of their functioning. 

Speaking about MGECUS MGES of the Black Sea, we emphasize that the 
above general defi nitions of the concept of «GECUS» are mainly true also con-
cerning the object of our research as a subsystem of ecosphere at the regional 
level. However, it is necessary to make some spatial and other special clarifi ca-
tions that bring the researchers closer to the Black Sea MGES as an object of 
cognition. Th erefore, it seems appropriate to refer here to the narrower concepts 
of «aeroecological», «aquaecological» and «geological-ecological» conditions of 
the Black Sea MGES.

Aeroecological conditions (AECUS) as a subsystem of MGECUS MGES of 
the Black Sea are mainly determined by atmospheric processes occurring in the 
space of the marine aerial ecological subsystem (MAESUS) of this sea basin, 
the features of its structure and functioning that aff ect the relationship with 
adjacent, including other environmental subsystems of MGES of the Black Sea.

Th e processes taking place in the water space of the marine aquatic eco-
logical subsystem (MAQESUS) of the Black Sea MGES, the peculiarities of its 
structure and functioning, on which the relationship with another adjacent, 
including environmental, subsystems depend, determine the marine aquatic 
ecological conditions (MAKEUS) and the corresponding subsystem of the 
MGEKUS of the Black Sea basin MGES. 
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Marine geological and ecological conditions (MGEOEKUS) of MGES are 
understood as the whole variety of processes, features of the structure, and func-
tioning of the corresponding lithospheric block-geosystem with bottom sedi-
ments inclusive, as subsystems of HEKUS MGES. 

Concepts denoting conditions existing in various environmental subsys-
tems of MGES and its space, in general, refl ect its role and importance in the 
life support of biota, including human and human communities. Of course, this 
role is determined by the synergy of GECUS subsystems: MAESUS, MAKE-
SUS, and MGEOLESUS. Moreover, MGEOLESUS includes all components of 
its geological environment: solid (minerals, rocks, gas hydrates, etc.), liquid 
(groundwater, oil, etc.), gas (СН4, Н2, СО2, Н2S, He, etc.) and fi eld (electric, 
magnetic, gravitational, etc. fi elds). Th e focus on «human and human commu-
nity, humanity, etc.» is due to the ability of a unique living system «human» 
and bioecosocio-economic systems with human participation to actively af-
fect MGECUS and their components, including MGEOECUS as a subsystem 
of GEKUS. Moreover, this eff ect can have a real impact on such points of the 
GES and/or MGES space that are not accessible to the direct infl uence of other 
representatives of fl ora and fauna. 

MGECUS or GECUS are valued in the process of analyzing the system of 
characteristics and indicators, which, as a rule, meet the objectives, the solution 
of which ensures the achievement of specifi c goals (model-target approach), in 
particular, the assessment of the features of interaction of MGES of the Black 
Sea and its components with certain man-made formations and systems (engi-
neering structures, watercraft , etc.) throughout their operation. 

Th us, the concept of «MGEKUS», denoting one of the subjects of marine 
geoecology, has a rather broad meaning. It covers, for example, in addition to 
the engineering and geological component of the operating conditions, in par-
ticular, the MGES of the Black Sea, the marine atmospheric and hydrosphere 
conditions of the adjacent MAESUS and MAQESUS. Th us, the expediency of 
including various characteristics and parameters of these marine geoecosystems 
in the information system «marine geoecological conditions — MORGEKUS» 
is due to their role in the formation of quantitative and qualitative characteris-
tics of the components-subsystems of the Black Sea MGES. 

Let us emphasize that the knowledge and correct assessment of GECUS of a 
particular part of the ecosphere allows us to make optimal, in particular, search 
and design decisions. Th ese solutions may concern, among other things, the 
creation and selection of operating parameters of mechanisms, the location and 
design features of auxiliary structures, other aspects of the construction and op-
eration of mining and transit complexes in the space of a specifi c MGES, as well 
as various technologies for the extraction and development of human-required 
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MGES resources, for example, archaeological. Th is is not possible without ma-
rine, in particular shelf geoecological studies, the results of which should help to 
ensure the adoption of optimal decisions aimed at the sustainable development 
of the MGES of the Black Sea and its subsystems, their normal functioning, and 
improving the lives of the population, that is, improving the effi  ciency of the 
functioning of the relevant regional bioeconomical systems in the Black Sea. 

In particular, without connection to the decision-making process of the in-
formation system «geoecological conditions of the sea basin» (Emelyanov et al., 
2012), it is diffi  cult to develop eff ective technologies for the development of mate-
rial, energy, food, spatial and cultural, including archaeological, resources of the 
GES NBSR, MGES shelf of the Black Sea and their eff ective use to support the 
functioning and development of the bioeconomical systems of the Black Sea states.

Turning to the issues of the origin, time of laying, and tectonic structure of 
the Black Sea depression, and its structural features, we note that they, are im-
portant components of the conditions for the formation and functioning of the 
modern MGES of the Black Sea, GES NBSR and their sustainable development, 
constitute a fi eld for numerous discussions that have continued since the end of 
19th century. To date, several main points of view on this issue have emerged, as 
presented by various researchers in numerous published sources.

Th e topic of this monograph does not provide for the analysis of all views, 
assumptions, and hypotheses presented in the works of numerous authors par-
ticipating in these discussions. A detailed description of them can be found in 
published special monographs and articles by geologists, tectonists, and geo-
physicists, presented in a long list of works by N.I. Andrusov (1893), F.F. Oswald 
(1915), B.F. Dobrynin (1922), A.D. Arkhangelsky and N.M. Strakhov (1938), 
N.M. Strakhov (1961), V.A. Obruchev (1926), D.V. Nalivkin (1928), B.L. Lych-
kov (1933), M.V. Muratov (1949), S.A. Kovalevsky (1966), Y.Y.  Milanovsky 
(1967), E.V. Artyushkov et al.(1980), L.I. Lebedev et al. (1980), A.V.  Cheku-
nov (1987), N.A. Belyaevsky (1980), P.N. Kropotkin (1967), V.E. Khain (1987), 
V.E. Khain and M.G. Lomidze (1995), Y.F. Shnyukov et al. (1997, 1999) et al.

We will give only a few examples concerning the views of well-known scien tists 
on the origin, time of laying, tectonic structure, structural features of the Black Sea 
depression, and its position among the surrounding large geological formations. 

N.I. Andrusov (1893), F.F. Oswald (1915), B.F. Dobrynin (1922) believed that 
the Black Sea was a giant graben that arose in the Neogene — Quaternary time 
on the site of a vast land — the Pontide, submerged old folded central massif. Th e 
lowering was compensated by the rise of the surrounding mountain systems of 
the Alpine fold complex — the Crimean-Caucasus, Pontian, and Stara-Planina.

A.D. Arkhangelsky and N.M. Strakhov (1938), V.A. Obruchev (1926), 
D.V. Nalivkin (1928), B.L. Lychkov (1933), and M.V. Muratov (1949, 1955) 
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represented the Black Sea as an ancient geosynclinal trough. Y.Y. Milanovsky 
(1967) determines the time of formation of the Black Sea depression by the 
period of formation of the geosynclinal belt of the ocean Th etis, i.e. Paleozoic-
Mesozoic, believing that the basin cavus is a relict geosynclinal zone with su-
boceanic features.

But the alternative point of view, which speaks about the newly formed 
character of the depression and relates the time of its laying to the interval of 
the end of the Neogene — early Quaternary time, is presented in the works of 
N.I. Andrusov (1893, 1929) and S.A. Kovalevsky (1966).

As a result of geophysical studies of the deep structure of the Black Sea 
depression, carried out in 1956—1962, it was found that it has a refi ned consoli-
dated crust, in which there is no granite layer covered with sediments. Map of 
structural and tectonic structure and zoning in the Azov-Black Sea basin (ac-
cording to M.A. Goncharov et al., 1975) is presented in Fig. 2.1.

Th e formation and evolution of the Black Sea depression is also associa-
ted with the hypothesis of immersion of the earth’s crust and formation of 
depression of the Black Sea type in the process of «basifi cation», «eclogitiza-
tion» (E.V.  Artyushkov et al., 1980; L.I. Lebedev et al., 1980; «Asthenolysis» 
A.V. Chekunov, 1987).

According to the geosynclinal concept, the new crust was formed due to 
rapid vertical immersion of the earth’s crust, and according to the structural-
mobile concept — due to its horizontal extension. Th e last of the mechanisms is 
based either on the rift ogenic fracture and subsequent expansion of the «gran-
ite-metamorphic» layer of the earth’s crust within the depression (Kropotkin, 
1967; Belyavsky, Mikhailov, 1980), or on the principle of areal spreading of sub-
oceanic depressions (Y.D. Sulidi-Kondratiev, Kozlov, 1980).

According to V.E. Hain, the Black Sea depression is the remnant of the 
oceanic plate Th etis. Later, V.E. Hain and M.G. Lomidze (1995) noted the pe-
culiar character of the Black Sea spreading with the movement of adjacent 
folded structures in the direction of the basin axes with the appearance of pe-
culiar accretion wedges in the «pseudo-subduction» zone. As it was noted in 
the work of Y.F. Shnyukov et al. (1997), a similar geostructural position is ob-
served south of the Crimea, but the depth of the location of an array of earth-
quake epicenters (deep-focus in the Mediterranean Sea and shallow-focus off  
the coast of the Crimea) does not allow us to talk about a complete analogy of 
these zones.

E.I. Patalakha, V.V. Gonchar, and V.I. Tregubenko (2003) believe that the 
formation of the Black Sea depression is associated with the stages of colli-
sion, lateral extrusion, and gravitational collapse. Th eir geodynamic model of 
the Eastern Mediterranean and Crimea is based on the dominant role of the 
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orogenic process within the Mediterranean Alpine mobile belt under pressure 
from the Arabian platform. According to their constructions, the deformation 
process in the Crimean zone proceeds according to the type of subduction-
collision interaction of contrast blocks of the lithosphere. In the western part, 
the active extrusion zone of the Western Mountainous Crimea was forced onto 
the West Black Sea microplate, and in the eastern part — subduction collision 
advanced of the active East Black Sea plate under the Crimea.

A.V. Chekunov, having analyzed in several works (Chekunov, 1972, 1989, 
etc.) the evolution of the Black Sea depression, showed that this is a young neo-

Fig. 2.1. Map of the structural-tectonic build-up and zoning of the Azov-Black Sea basin ac-
cording to M.A. Goncharov et al. (1975): 1 — contours of large Paleogene depressions and 
troughs; 2 — contours of secondary uplift s and troughs; 3 — Paleocene-Eocene troughs of 
the Ajar-Trillet structure and the Balkans; 4 — folded structures of the Western Caucasus, 
Western Pontus, and the Balkans; 5 — Crimean meganticlinorium; 6 — Eastern Pontus; 
7 — Paleozoic-Mesozoic cover of the settlement of the Mizian plate and the c; 8 — contours of 
Jurassic depressions within the Pre-Dobruja trough; 9 — folded Paleozoic and Triassic of the 
Northern Dobruja and Priprut ledge; 10 — Riphean edge of the Central Dobruja; 11 — the 
southern edge of the ancient Eastern European platform; 12 — sections: a — temporary; b — 
seismogeological. Depressions: 1 — West-Black Sea; 2 — East-Black Sea; troughs: 3 — Gurian; 
4 — Sorokin’s; 5 — Kerch-Taman; 6 — Indolo-Kuban; 7 — Tuapse; 8 — Sinopsky; 9 — Burgas; 
10 — Lower Kamchisky; 11 — Karkinitsky; 12 — Krylovsky; shaft s: 13 — Gubkin’s; 14 — Ka-
lamitsky; 15 — Azov; 16 — Andrusov; 17 — Shatsky; arches: 18 — Crimean; 19 — Gudautsky; 
20 — Ochamchira; uplift s: 21 — Kilia; 22 — Polshkova; 23 — Druzhba; 24 — Arkhangelskoye; 
25 — Muratov; 26 — Chikhachev; 27 — Dzhanelidze; 28 — Strakhov; 29 — Barrier; 30 — 
Golitsin; 31 — Marginal degree; 32 — Alminska depression; 33 — Trabzon projection
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formation on the continental crust, the destruction of which occurred in the 
Cretaceous-quarters of the time according to the model of rift ing (Fig. 2.2). Th e 
Mesozoic granite layer was denuded. Depression is dynamic, and it has been 
particularly active in recent times. Th e driving force of the formation of the 
depression, as A.V. Chekunov believes, served as a mantle asthenolite, which, as 
a result of the interrelated endogenous processes provoked by it, formed a pecu-
liar layer above the Moho section, which meets the physical properties of basalt. 
Accor ding to this scientist, vertical and horizontal movements — lowering and 
spreading — are naturally connected and inseparable. 

V.P. Kobolev, based on the concept of the polytectonic mechanism of for-
mation of indents of internal seas, proposed the tectonic geodynamic model of 
the Black Sea mega depression (Kobolev, 2002), which, if following this concept, 
this mega depression had experienced two stages in its development (Fig. 2.3). 

In the fi rst, progressive stage, two paleovaults were formed, associated with 
the rise of the Eastern and Western mantle diapirs. When rift ing in the Middle 
Jurassic time, the Northern deep fault with the corresponding magmatism was 
formed here. Th e second, regressive stage refers to the Paleocene-Eocene when 
these structures were sharply immersed in the inner regions, which was marked 
by the corresponding extraction of their magmatic material along the zone 
of the deep Circumcoastal Black Sea fault. Th e formation of paleozoic zones 
ended, apparently, in the late Cretaceous, and in the Paleogene, there was their 
sharp immersion in the mechanism of the plange-principle, which excludes the 
leading role in this process of the density transition «basalt-eclogite». At the 
same time, deep-water basins, like the Black Sea mega depression itself, fi nally 
formed in the Paleocene-Eocene. Th e introduction of mantle diapirs into the 
continental crust led, on the one hand, to the formation of ancient arches, and, 
on the other hand, to the formation of the synchronous introduction of com-
pensatory depressions-geosynclines along their periphery.

Th e results of several marine expeditionary studies (Shnyukov et al., 1997, 
1999) allowed us to talk about the signifi cant role of paleo-island arcs in the 
tectonic structure of the northern part of the continental slope of the Black Sea 
depression. It has been established that the alpine pre-collision magmatism of 

Fig. 2.2. Scheme of subduction of the oce-
anic plate of the Black Sea for continental 
sediments of the Mountain Crimea (by 
A.V. Chekunov, 1989): 1 — Black Sea 
ocean plate; 2 — continental sediments; 
3 — lower lithosphere; 4 — water layer
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the identifi ed Lomonosov underwater massif (LPM) is the result of second-
ary subduction and coincides in time with subduction processes in the Middle 
East, the Pontides, and the Caucasus. According to the results of the studies, 
an important conclusion was made that the rift ogenic magmatism of the LMP 
manifested itself within the boundaries of the previously existing mountainous 
country located on the Scythian plate in the most submerged part of the Eastern 
European platform (Shnyukov, 1999).

Almost simultaneously the Italian geophysicists V.E. Hain (1982, 1984) de-
scribed the structure of Crimea from the standpoint of plate tectonics in the 
following way. He suggested that the magmatism of Mesozoic-Cenozoic in the 
Crimean sector of the Mediterranean was associated with the reopening of Th etis 
and the new formation of the oceanic crust, which ended in the middle of the up-
per Cretaceous. On the northern outskirts of the eastern part of the Alpine belt, 
from Dobruja through the Crimea and the Ciscaucasia in the late Triassic — early 
Jurassic, a marginal continental volcanic-plutonic belt was formed, associated 

Fig. 2.3. Principal tectonic model of the formation of the Black Sea depression (according to 
V.P. Kobolev, 2002): 1 — Andrusov Val (a relic of the Archean Eastern European-Mozambique 
Hot Belt); geophysical layers; 2 — «granite»; 3 — «basalt»; 4 — section M; 5 — mantle plum; 
6 — Permian sediments; 7 — undivided sediments; 8 — Miocene sediments; 9 — Oligocene-
anthropogenic sediments; 10 — «dotted» intrusions of hyperbasites; 11 — fractures of the pro-
gressive stage; 12 — fractures of the regressive stage; 13 — bottom of the immersion of the strata; 
14 — bottom of compensation depressions; 15 — dislocated sediments; 16 — vertical movements
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with the subduction of the Mesozoic Tethys crust under the continent of Eurasia. 
In the Mountain Crimea, this was the fi rst recorded manifestation of plate tecton-
ics, which was carried out in two phases of compression: Middle Jurassic (small 
plutons of granitoids), the second half of Cretaceous period (calcareous-alkaline, 
acidic and medium magmatism). At the end of the Cretaceous — the beginning 
of the Paleogene, there was the second island arc event — the Southern Black Sea 
volcanic-plutonic belt with increasingly alkaline magmatism, the origin of which 
is associated with the subduction of the oceanic crust of Neothetis. Th e zone of 
«pseudo-subduction» was located to the south of the Mountain Crimea and is 
directed under the Crimea. Th e Benioff  zone is traced by epicenters of low-focus 
earthquakes. Th e paleo-island arc of the Mountain Crimea was, in his opinion, 
associated with the East Pontian-Caucasian volcanic arc.

According to the ideas of V.A. Viginsky (1996) the development of the re-
gion in the conditions of closure of the Eastern Mesothetis is determined within 
the Eurasian geoplate by the structures of the planetary rank: Eurasian and Ara-
bian geoplates, separating them with the Rhodopes-Pontian structure, as well as 
the lineament of Arkhangelsk-Andrusov, which is a fragment of the lineament 
of Tornqvist, crossing the Eurasian continent from the North to the Arabian 
Seas. Th e lineament consists of a complex system of branching discharges, up-
lift s, thrusts, and shift s. Th e boundaries between the geoplates are fi xed by their 
frontal regions formed by blocks of collision originating with the earth’s crust 
of the transition type. 

Geological, geophysical and tomographic studies performed by E.D. Suli-
di-Kondratiev and V.V. Kozlov (1980), established the subduction zone of the 
Arabian-African plate at the latitude of the Aegean islands in the Mediterranean 
Sea, localized to the south of the island-water system Pontide (Ant, 1997). As 
noted by I.V. Arkhipov and A.A. Terekhov (1989), a similar geostructural posi-
tion is observed south of the Crimea and the Lomonosov underwater massif, 
but the depth of the epicenters of earthquakes (deep-focus in the Mediterra-
nean Sea and — shallow-focus — off  the coast of the Crimea) do not allow to 
judge the complete analogy of these zones. 

P. Manetti et al. proposed a model of the evolution of Th etis in the Meso-
zoic-Paleogene, according to which the formation of the Black Sea basin took 
place in the conditions of active Middle Jurassic subduction and layering with 
the existence of a back-arc basin of the Greater Caucasus, covering the current 
situation of the eastern part of the Crimea. At the end of the Lower Creta-
ceous at the site of the back-arc basin, the rift  opened and a new ocean fl oor 
appeared at the site of the West Black Sea basin under continuing conditions 
of active subduction. By the end of the chalk, the oceanic crust of the depres-
sion is signifi cantly expanded, and the depression is diff erentiated into areas 
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with a thin continental crust (Eastern Black Sea Basin) and the ocean fl oor. 
Th e ocean fl oor and continental crust of the back-arc basin acquire margins. 
At the end of the Paleogene, the activity of subduction processes decreases, 
but it develops to the northwest — in the area of the Western Black Sea Basin 
(Manetti et al., 1988).

When studying the features of the geodynamics of the Crimean seismic ac-
tive region based on the study of geological formations — complexes-indicators 
of various geodynamic conditions and the results of paleogeodynamic condi-
tions, E.P. Tikhonenkov suggested that Crimea is an epinician continent that 
broke away from Gondwana during the opening of Mesothetis. Crimea has not 
been on the outskirts of the WEP throughout its history. Its south-eastern and 
north-western edges alternately played the role of an active margin, and the 
other two edges were limited by transform faults (Tikhonenkov, 1997).

Th e formation and evolution of the Black Sea depression are also associa ted 
with the hypothesis of immersion of the earth’s crust with the formation of a «Black-
Sea» type depression in the process of «basifi cation», «eclogitization» and «asthe-
nolithization» (Artyushkov et al., 1980; Lebedev et al., 1980; Chekunov, 1987, etc.).

Based on general views, it can be considered that the GES of the Black Sea 
basin is part of the Mediterranean fold belt, which includes the Alpine and Her-
cynian fold regions of Western Europe, the Hercynian structures of the Atlas in 
North Africa, and the epigerzin platforms bordering the edge of the WEP from 
the south, represented by the Mizan and Scythian plates. Th e folded areas sur-
rounding the Black Sea basin, as well as the shelf zone of the Black Sea, have a 
continental crust with a thick granite layer. At the same time, in the central part 
of the depression, the earth’s crust belongs to the «suboceanic», since there is no 
«granite-metamorphic» layer in it. In this case, there is a layer of «basalt». Th e 
thickness of this layer is about 25—27 km, while the thickness of the overlying 
layer of sedimentary rocks fl uctuates in the interval of about 4—14 km. Th e sur-
face of Moho in this part of the sea is relatively elevated to a depth of 20—30 km, 
descending as it approaches the mountain structures of the continental boun-
dary to depths of about 40 km (Earth’s crust and the history of the development 
of the Black Sea depression / Ed. Yu.D. Boulanger, 1975). Th e granite layer is 
wedged along the sublatitudinal zone of the east-north-east strike, located to 
the south of the coastline of Crimea. 

V.V. Yudin and M.E. Gerasimov (1997) developed a geodynamic model of the 
Black Sea depression, which is a combination of «a collage of multi-age island ter-
rains and microcontinents between the African-Arabian and Eurasian lithospheric 
plates». According to these authors, the southern outskirts of the Ukrainian plate is 
the rear part of the confl ict zone, in which the North Crimean trough was formed, 
covering the northern part of the Scythian plate (Scythia). Th e northern region 
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of the Black Sea depression belongs to the development of the Mesozoic micro-
continents and terrains of Eurasia, which include Rhodopia, Crimea, Mizia, and 
Dzirulia. Th e southern boundaries of these structures are the Intrapontine and 
Sevan-Akerine structures of the northern fall. Misia is bordered to the southwest 
by Rhodopia in the Balkan region of the southern fall; to the northeast, east and 
south-east it is bounded by the Peche nia-Kastamonu region. To the east of Mizia, 
there is Dziriliya, which moves through the accretionary prism under the Crimean 
and Caucasian terrains and borders the microcontinent of Malokavkaziya on the 
northern extension of the left -hand shift  (Kropotkin, 1967).

As for the north-western part of the Black Sea shelf, it, according to the 
gene rally accepted geotectonic zoning (Geology of the shelf of the Ukrainian 
SSR. Tectonics, 1987), is located within the young epigerzin platform separating 
the edge of the Eastern European Platform (EEP) from the alpine fold struc-
tures of Stara Planina, the Mountain Crimea, and the Caucasus and represented 
by the Scythian and Mizian plates, separated by the horst of Dobruja, and its 
northernmost part is part of the southern outskirts of the Doriphean WEP. Th e 
position and structural features of the junction zone between the WEP and 
the Scythian Plate are among the most controversial. Various authors place the 
position of this zone, depending on the priority paradigm and on the level of 
novelty of the actual research material, in a wide band of the Black Sea NWS 
from the Dniester to the latitude of Lake Alibey (Rogosa, Chatsky, Pryamkova, 
1984), the latitude of the Danube (Chekunov, Garkalenko, 1965), and south of 
the Danube (Samsonov, Krasnoshchek, 1969). Th e researchers place the eastern 
extension of the zone in the area of Karkinit Bay and Prisivashye (Garkalenko 
et al., 1969). Th e Mizan plate covers the area of the Lower Danube Plain, the ad-
jacent shelf area, the base of the North Bulgarian uplift , and the Prebalkan zone, 
which frames the edge of the plate. Th e Scythian plate within the Black Sea shelf 
extends from the mouth of the Danube to the East Sivash in the Plain Crimea 
and is separated from the VEP by a suture zone consisting of a fault system. In 
the south, the Scythian plate borders the deep-water Black Sea depression along 
the zone of the Oder-Caucasian lineament, which separates the lithospheric re-
gions with a thick (Scythian plate) and thin (the Black Sea depression) crust, 
crossing in the north-west of the Carpathians in the area of the branch zone and 
further enveloping the Crimean Peninsula (Morgunov et al., 1981). 

According to geodynamic reconstructions carried out by the team of au-
thors of the Geodynamic Map of Ukraine (V. Pastukhov et al., 1993), the south-
western boundary of the VEP is an active continental margin subject to de-
struction in the zone of rear rift s, and the structures of Northern Dobrudja and 
the Plain Crimea arose as a result of the collision of the Eurasian plate and the 
Mizian microcontinent. 
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Most of the Black Sea NWS covers the Odesa-Jankoi rift ogenic Meso-Ceno-
zoic trough (Chekunov et al., 1965). Th e deep Cretaceous-Paleogene-Neogene 
depression of the trough has a latitudinal stretch and is made of a thick stratum 
of sedimentary deposits. Th e western extension of the Paleorift  according to the 
graben system is superimposed on the Paleozoic complexes of the Predobrodru-
zhinsky perikraton trough. According to M.R. Pustilnikov et al. (Garkalenko, 
1978), defl ection is a suture zone of the joint between the ancient platform and 
the Scythian plate. In the most submerged part of the defl ection, two one-sided 
grabens are distinguished: Yuzhno-Golitsinsky and Yuzhno-Mikhailovsky, sepa-
rated by the Central-Mikhailovsky ledge (Muratov et al., 1968). Th e South Golit-
sinsky graben is complicated in its northern part by the Golitsin-Schmidt zone 
of horst-shaped uplift s, and the South Mikhailovsky — Rural-Tarkhankut. An 
important role in the structure of the listed structures is played by the zones of 
the Odesa (Odesa-Sinofsky) and Mykolaiv faults since it is assumed that along 
the zone of the Mykolaiv fault on the border of the early and late chalk there was 
a shift  of the entire Crimean block in the southern direction with a turn coun-
terclockwise (Pasynkov et al., 1992). Th e fault divides the entire thickness of the 
earth’s crust and is traced in the geosystem of the region by the distribution of 
thicknesses and facies of the Mesozoic-Cenozoic deposits.

Th e main local structures of the platform cover include anticlinal uplift s 
grouped into sublatitudinal zones and oriented along the zones of faults: these 
are the uplift s of Golitsyn, Schmidt, Karkinit, Arkhangelsk, West Olenevska 
(northern zone), and Gamburtsev, Storm, Stilevoye, Priboinoye, located along 
the southern wing of the faults. 

Th e water area of Karkinit Bay occupies part of the space of the Karkinit-North 
Crimean Trough. Its northern side, superimposed on the edge of the Eastern Eu-
ropean platform, is a hollow monocline falling to the south. Th e southern bound-
ary of the trough is the slope of Kilia-Snake and the Central-Crimean uplift s. Th e 
trough is confi ned to the junction zone of the ancient and young platforms and is 
a deep asymmetric depression of the sublatitudinal strike, made by the high (up to 
10—11 km) thickness of the Lower Cretaceous — Miocene-Pliocene deposits. Th e 
structure is also considered a rear (rift ) zone within the North Crimean Trough, 
including the separated Karkinit and Si vash grabens (Pastukhov et al., 1993). Zones 
of local uplift s are identifi ed in the central and southern parts of the defl ections: 
Hamburtsev-Melova, Golitsyn-Mezhvodnens ka, and Bakalsko-Tatyanovska, the 
formation of which is associated with regio nal, long-term developing zones of shear 
dislocations. Th e most submerged part of the Karkinit-North Crimean Trough is 
the Mikhailovska Depression, located to the west of the Tarkhankut Peninsula. 

Th e Kalamitsky-Central Crimean uplift  zone covers the Black Sea-Kalamit 
rampart, culminating in the west with the rampart of Gubkin. Th is structure is 
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a western extension of the Novoselovsky uplift  of the Plain Crimea, bounded 
by the Alminska depression and the fl exural fracture zone traced south of the 
Tarkhankut peninsula. Th e western fl ank of the structure is in contact with the 
eastern immersion of the Kiley-Snake uplift  along the meridian of Mykolaiv. 
According to the fault system, the Black Sea-Kalamitsky shaft  in the north pas-
ses into the zone of the Odesa-Jankoi rift ogenic trough.

Th e platform structure of the Almina depression opens towards the deep-
water part of the Black Sea and is a near-axis zone of paleo-elevation located 
west of Crimea within the Black Sea (Gerasimov, 1994). 

In the structure of the eastern part of NWS, adjacent to the Crimean penin-
sula, the tectonic structures of the Mountain Crimea play an important role. Th e 
isolated shelf area adjacent to the South Bank of the Crimea is directly related to 
the structures of the Cimmerian folding of the Main Ridge of the Mountainous 
Crimea and is its underwater extension. Th roughout the continental slope from 
the LMP to the Forosian ledge and further to the meridian of the city of Alushta, 
the structures of the West Crimean, and to the east, to the Feodosia Bay — the 
East Crimean synclinorium, participate in the tectonic structure of the slope. 
Th e Kerch-Taman shelf region is spatially connected with the immersion of the 
Alpine fold structures of the Mountain Crimea and the Kerch periclinorium 
(Pasynkov, 2001). 

Evidence to date suggests that the near-Crimea part of the shelf and the 
continental slope of the Black Sea belongs to the area of a relatively young (Cre-
taceous) paleo-island volcanic arc at the junction of the Alpine, Baikal, and 
Hercynian tectonic structures (Shnyukov et al., 1997, 1999). 

Sediment fi ndings marking ancient coastlines: Licenses containing fresh-
water Sarmatian-Karangatian fauna we re found at considerable depths (Albov, 
1958). Th e location of these rocks and their confi nement to the foot of the con-
tinental slope allow us to support the view of the relatively young (Neogene — 
Anthropogenic) age of the formation of the Black Sea depression. In favor of 
the rapid sinking of individual sections of the slope, possibly testify to the dis-
coveries of shallow fauna, made at depths of 1000 — 1500 m in fi elds of muddy 
sediments of the section of the slope adjacent to the Feodosia region of the shelf 
(Geological studies of the NIS «Kyiv» in the Black Sea (4th cruise, 1996). 

By the adopted tectonic zoning, the southern boundary of the shelf with the 
continental slope of the Black Sea is located in the zone of connection of two 
geotextures: Dobrudja-Western-Anatolian and Caucasian-Eastern-Anatolian. 

Th e neotectonic and modern stages of the development of the Black Sea 
shelf of Ukraine are characterized by a trend of general immersion, which pro-
bably began in the Neogene. Th e deepening and expansion of the shelf and 
slope, which is still ongoing, is blocking nature. According to the scheme of 
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modern (late Quaternary) movements of the continental terrace of the north-
western part of the Black Sea, part of the bottom of the deep-water depression 
of the Black Sea and the shelf strip adjacent to the Western Crimea, especially 
in its south-western part, is included in the area of intensive sinking. Areas of 
weak sinking with local large areas of relative uplift s cover most of the area of 
the North-Western shelf to the west of the meridian of Mykolaiv, including the 
Odesa-Danube coast (Garkalenko et al., 1962). 

Th e region adjacent to the alpine structures of the Mountainous Crimea 
experiences the greatest sinking gradients. Here, tectonic movements are dis-
tinguished, by contrast, fractional diff erentiation, and large gradients of descent 
speeds. Th e intensity and contrast of movements decrease from west to east. In 
the area of the coast of the Mountainous Crimea, these values are 0.7—1.4 mm/
year, but given the fact that its orogenic belt experiences an uplift  from +2 to 
+4 mm/year, the contrast of neotectonic movements has a signifi cant impact 
on the development of the relief. Th e greatest infl uence of this factor is felt in 
the sector south of the Foros ledge of the continental slope, where along the 
diagonal zones of the faults there was contrast immersion of the slope blocks in 
interaction with latitudinal dislocations. 

NWS is experiencing unequal newest area immersion in areas separated by the 
Odesa-Sinop deep fault zone. Th e western block has a weak tendency to dive, while 
to the south-east these values are about 5—7 mm/year. Measurements of current 
movements also indicate the presence of horizontal movements toward the sea. 
Th eir speed, in particular, in the area of Odesa, ranges from 3.5 to 20 mm/year, 
with the most contrasting movements confi ned to the activated zones of faults. 

Taking into account the theme of the monograph, we will pay more atten-
tion to the geomorphological features of the geoecological conditions of the 
research region, especially MGES NWS of the Black Sea. 

Th e shelf of the Black Sea within Ukraine covers a vast area of the north-
western sector of the Black Sea, a narrow strip extending along the Southern 
coast of the Crimea, but expanding to the east from Meganom to the waters of 
the Bay of Feodosia and the Kerch Strait. Th e spatial position of the shelf zone 
is limited to depths from 90 to 110 m but off  the southern coast of the Crimea 
(between Sevastopol and Yalta) and south of the Kerch-Taman region, the edge 
of the shelf descends to depths of 140—160 m. 

In the space of the MGES shelf of the Black Sea, within its Ukrainian sec-
tor, based on morphostructural and other diff erences, three large areas are dis-
tinguished — subsystems: North-West, Crimean-Yuzhnoberezhna, and Kerch-
Taman. Th e boundaries of the conditional section of the selected areas are the 
zones of long-lived and seismically active faults, which are the boundaries of the 
GEOESUS MGES spaces with a diff erent neotectonic regime. 
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Th e relief of the boundary between GEOESUS and MAQESUS in the Black 
Sea MGES NWHS is a slightly altered relict subaerial erosion-denudation relief of 
the pre-Holocene seaside plain, which, due to the relatively rapid rise in the level 
of the boundary «MAQESUS MGES NBSR — GEOESUS GES NBSR» was pre-
served and preserved signifi cantly better than the relief of the boundary surface 
between GEOESUS GES NBSR and AESUS GES NBSR of similar age on land. 

It should be borne in mind that abrasion, underwater erosion, and accu-
mulative processes played an important role in the formation of the modern re-
 lief of the GEOESUS — MAQESUS border. Intensive abrasion on certain sections 
of the specifi ed boundary led to the formation of abrasion terraces (benches). 
Th e accumulation processes contributed to the formation of the corresponding 
positive forms of relief (banks) composed of marine sediments, as well as un-
derwater dynamically active coastal ramps. 

It is common to distinguish four stages of Holocene transgression, during 
which terraces were formed, surrounded by ancient coastlines. So, E.V. Melnik 
(1999) distinguishes the Early Euxin, Middle Euxin, Late Euxin, Old Black Sea, 
and New Black Sea terraces. According to Suchkov (1999), multi-stage trans-
gression in the fi eld of NWS developed in the Middle Euxinic, Late Euxinic, 
Old Black Sea, and New Black Sea periods. According to Melnik (1999), the 
most signifi cant stages in the evolution of sedimentation conditions were: the 
pre-New Euxinic time, during which powerful strata of accumulative forma-
tions were formed; the Bellingian interstadium (between the fi rst and second 
stages of the New Euxinic transgression), during which the ancient coastlines of 
the Uzunlar and Surazhsky basins were located; the end of the new Euxin with 
the stabilization of the coastline; the Atlantic time with intensive ingression of 
the sea into the land along the river valleys and the abrasion of the banks; the 
post-Atlantic time with the fi lling of the Danube estuary with sediments; the 
Phanagoric regression, the stage of which was marked by the formation of an 
alongshore bar on the section from the Danube estuary to the Danube delta. 

In the recent past, within the present space of MGES NWS of the Black 
Sea, on the currently fl ooded seaside alluvial plain, there were the lowlands of 
large Paleo-rivers: Paleo-Dunay, Paleo-Dniester, Paleo-Sarat, Paleo-Dnepr, and 
others. Th is is an area of a fl at watershed, divided by paleo-valleys into separate 
elevations of interstream areas. Th e pre-Holocene relief was characterized by 
heights of 20—30 m, but in the future, the diff erences in heights were leveled by 
fl uvial processes with the accumulation of alluvial, estuary, and fragmentary-
marine sediments. 

Within the MGES NWS space of the Black Sea, the Dniester Upland and, 
located to the south, the Budak Upland are distinguished. Th e depths of the 
top surfaces of these forms of shelf topography are 13—20 m and 17—20 m re-
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spectively. In the central northern part of the NWS, there is the Dnipro-Tendra 
Upland with depths of the top surface of about 40 m. In the eastern part of the 
NWS, the Tarkhankut Upland is distinguished, with the marks of the depths of 
the top surface of about 15—20 m. It is limited on the one hand by the sout-
hern edge of the extensive depression currently fl ooded in the modern Karkinit 
Bay, and on the other — by the western ledge of the Tarkhankut peninsula. Th e 
southeastern part of NWS is characterized by a sharp immersion of depths and 
the presence of ledges at about 10, 20, 25, 50, and 70 m, corresponding probably 
to the ancient boundaries between GES NBSR and MGES of the Black Sea shelf, 
i.e. the ancient sea coast.

Th e main part of the boundary surface area between MGEOESUS and 
MAQES NWS is occupied by the coastal shoal, which is a fl ooded seaside su-
baerial plain divided by the largest NBSR paleorivers: Danube, Dniester, Sara-
toy, Southern Bug, and Dnipro. 

Th e relatively fl at «watershed» space on the NWS is complicated by the Dnies-
ter and Budak Hills. Th e uplift  of the Budak hill has a submeridional stretch and 
extends to Serpent Island in the form of chain-shaped gentle protrusions. Th e 
southeastern projection of this elevation is formed by two groups of small local 
uplift s of incorrect confi guration. In some places, fl at top surfaces of watershed 
elevations are complicated by gentle crest-like uplift s of the bottom, 2—3 m 
higher than the common surface. Such shapes are especially characteristic for 
the Dniester hill (submeridional Dniester bank with depths less than 10 m, sub-
latitudinal shaft  at the clamp of the Dniester trough with depths of about 20 m). 
Th ese hills are divided by valleys of the Paleorivers. Th us, the Budak hill is sepa-
rated from the Dniester by the valley of Paleo-Dniester with depths of 25—35 m 
and more. In the west, it is limited by the submeridional depression of the sea-
bed known as Paleo-Sarata. To the west of the Paleo-Dniester valley, a complex 
underwater-erosion network of the Paleo-Danube and its tributaries is deve-
loped — the valley of Kogilnik river, the valley of Kilia mouth, etc. A network 
of underwater valley-like depressions formed by the continuation of the rivers 
Kogilnik, Sarata, Alkalia, and Hadzhidar, fl owing into the modern Lake Ali-
bey, is developed north-east of the Danube Avant-delta. In the MGES space of 
this part of the shelf, these rivers merge into a single river paleosystem located 
35 km off shore of Lake Shagan. In the area of isobath 20 m, they form a paleo-
gulf, which in the area of isobath 55 m, at a distance of about 110 km from 
the overfl ow of modern Sasyk estuary lake, receives the Kilia-Sulina paleoriver 
Danube. In its paleo-valley, which extends in the direction of the outer shelf, 
having an average width of about 5 km, two stratigraphic incisions are traced — 
to a depth of 30 and 80 m. Similar morphology depressions are found on the 
entire area of the boundary surface «MGEOESUS — MAQESUS» in the MGES 
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space of the shelf WS. Hydroacoustic studies have found that these, similar to 
the depression paleo-valleys, are mostly fi lled with modern marine sediments, 
usually manifesting in the modern relief of the water area bottom fragmentarily. 
Th ey are particularly prominent in the upper reaches of underwater canyons 
extending on the continental slope, as well as in areas of intensifi ed tectonic 
movements or at the intersection of active tectonic zones. Th e eastern boun-
dary of this area is conditionally the zone of the Odesa-Sinop deep fault, along 
the axis of which there is a change like the neotectonic regime of the speci-
fi ed boundary surface in the space of the MGES shelf. Th e western part of the 
MGEOESUS has a weak tendency to sink, while the MGEOESUS unit, located 
southeast of the deep fault, has a higher sinking rate of 5—7 mm/year. 

Th e formation of the relief of the ledge of the Serpentine Island, a peculiar 
and unique geomorphological formation located in the north-western part of 
the MGEOESUS MGES shelf of the Black Sea, is directly related to the tectonic 
structure of the region and is due to its characteristic endogeodynamic processes. 

Th e active infl uence of tectonic movements of the sliding, shear and thrust 
types, and vertical movements, the time range of which is dated in a wide time 
interval (from the Mesozoic to the Quaternary period), led to the formation of 
the main morphostructures and the prevailing structural type of the modern 
relief of the MGEOESUS MGES — ACESUS border in this MGES NWS area. 

Most of the listed tectonic structures are refl ected in the modern relief of 
this boundary in the form of longitudinal depressions linearly oriented in space 
and separating «watershed surfaces» or underwater elevations.

Th e central part of MGEOESUS MGES NWS NBSR is a relatively shallow 
part of the seabed with a leveled, slightly hilly relief. Th is is a direct extension 
of the adjacent land to the depths in the area of the continental slope. A sig-
nifi cant part of the boundary surface between MGEOESUS and MAQESUS is 
occupied here by a large hollow declining accumulative plain, within which the 
said boundary is characterized by an average slope of 1—3°. It is in this space 
that MGES NWS formed the largest islands in the Black Sea: Tendra and Jaryl-
gach. Th ey are sublatitudinally elongated accumulative bodies, the formation of 
which occurred at the turn of Kalamit and Djemetin times. From GES NBSR, 
formed based on mainland land, they are separated by a system of bays — Tend-
ra, Jarylgach, Yagorlyk, etc. In the northern part of the MGES NWS area under 
consideration, the Tendra Upland is identifi ed, adjacent to the Tendra Spit from 
the south. Chains and ridges of oval sloping local protrusions of latitudinal 
stretch are developed here. 

In the coastal zone near the accumulative shores, dynamically active under-
water sand ramparts located like coulis to the shore are distinguished. Th e zone 
of abrasion terraces (benches), is especially typical for the Odesa coast, where 
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the remains of pontic limestones are developed, and the benches themselves are 
composed of meiotic clays, oft en complicated by landslides. Th e cumulative re-
lief of the depressions is inherited from the pre-Holocene stage of development 
and is buried under the thickness of modern marine sediments. Th e largest 
accumulative forms of relief include the Odesa bank, which has an asymmetric 
structure, due to the river paleovalley, which cuts it from the north of the Dni-
pro gutter, and later — the Dnipro-Bug estuary. 

Th e relief of the border surface between MGEOESUS and MAQESUS in 
the area of the Odesa bank is leveled, in its northern part — slightly hilly. Th e 
base of the bank is the alluvial terrace of the pra-Dnipro River. Th e Dnipro gut-
ter at the beginning of the Holocene was the valley of the river, then the estuary, 
which was fl ooded by sea waters as a result of the transgression that took place 
in the New Black Sea time. 

Th e alluvial fl ood plain NWS was formed in the conditions of repeated re-
structuring of large paleorectic systems of the Dnipro, Dniester, Sarata, Danube, 
and other, farther than small fresh watercourses. Regression and transgression 
processes were active throughout Pliocene-Quaternary time. Due to this, san-
dy-clay deposits of superimposed terraces and deltas take part in the structure 
of the alluvial plain. 

Th e buried valleys formed during the last New Euxine regression are well 
expressed in relief. Th e width of the valleys, «cuts» of which on the surface of 
«watersheds» are about 15—20 m, varies from 1—2 to 5—6 km. All the valleys 
lead to the ledge of the shelf zone edge and give rise to underwater canyons de-
veloped on the boundary surface between MGEOESUS and MAQESUS in the 
space of the MGES continental slope. 

Marine abrasion and accumulative processes played and continue to play a 
signifi cant role in the formation of the relief of the boundary surface between 
MGEOESUS and MAQESUS in the MGES space of the shelf. Th anks to them, 
during the transgressions, the protruding forms of the relief of the paleoalluvial 
plain, which today forms the features of NWS, gradually smoothed out. Th is 
is evidenced by the thickness of modern marine sediments, which vary from 
0.1 m on the «watersheds» to 3—4 m — in the thalwegs of the paleovalleys. 

In the MGES space of the Black Sea, where the thickness of its MAQESUS 
reaches about 120—130 m, a boundary zone (geoecoton) has been formed be-
tween the MGES shelf and the MGES continental slope. It is quite clearly expressed 
in the relief of the boundary surface between MGEOESUS and MAQESUS by a 
sharp kink and an increase in the capacity of MAQESUS from about 100 m in the 
shelf zone, and up to 200 m and more in the zone of the continental slope.

Th e north-eastern part of MGEOESUS MGES NWS is included in the mor-
phostructure of the Karkinit trough and is confi ned to the area of the modern 
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shallow bay of the same name. Th is depression is located between the Black Sea 
mega depression and the Tarkhankut shaft  of the Scythian plate. Th is area is a 
kind of fl ooded plateau-like surface, divided by the paleovalley of the Paleo-Ka-
lanchak (or Pra-Dnipro) river. Th e neotectonic regime of the morphostructure 
of the Karkinit trough is more stable, in contrast to the descending Karkinit-Pri-
sivash depression, which predetermined the development of the accumulative-
erosion relief here. Th e northern coast of the bay is characterized by the presence 
of an abrasion terrace with a width of 10 to 300 m (in the vicinity of the villages 
of Lebedevka-Kurortnoe — up to 10 km), made in limestones of meotic age. Th e 
southern coast of the Karkinit Bay, which at the same time is the coast of the 
north-western part of the Crimean peninsula, is complicated by a system of cans 
and braids, among which the largest are Churyumska and Baklska. 

Th e south-eastern part of MGES NWS (located to the south of the Tarkhan-
kut peninsula), adjacent to the western coast of the Crimea, is quite separate 
in terms of both its morphometric parameters and geomorphological features. 
Th ese include: a high gradient of immersion, i.e. increasing depths; the presence 
of ledges corresponding to the ancient sea coastlines; a distinct manifestation in 
the relief of the boundary surface between MGEOESUS and MAQESUS of the 
paleovalleys of the Donuzlav, Sasyk, Alma and Kacha rivers. At the same time, 
a sharp narrowing of the shelf is observed here as the absolute elevations of the 
boundary surface of the GEOESUS GES land in the transition zone from the 
Plain Crimea to the Mountainous one increase. 

Positive tectonic movements, actively manifested in the Pliocene, caused 
the manifestation of the corresponding geological structures in the relief of the 
underwater continuation of the Tarkhankut bank. In particular, on the boun-
dary surface between MGEOESUS and MAQESUS, relief forms characteristic 
of underwater outcrops of Cretaceous rocks are common.

On the western extension of the shaft  in the space of the MGES shelf, the 
Tarkhankut hill is distinguished, extended in the direction of the Budak hill. 
Th e most characteristic manifestation of the relationship between the forms of 
the shelf topography and the tectonic structure of this area is the development 
of an overdeepened incision of the underwater extension of the PaleoDonu-
zlav River, which has an undoubted tectonic nature and inherits the position 
of the Early Cimmerian rift  (or southern marginal seam). Th e general uplift  is 
also experienced by the morphostructures of the Novoselovsky shaft , which is 
also refl ected in the relief of the boundary surface between MGEOESUS and 
MAQESUS in the coastal zone of this shelf section. 

On the border with the lowering Almina depression, due to the contrast of ne-
otectonic movements, the processes of erosional dismemberment appear to have 
intensifi ed. As a result, large erosion and tectonic depressions of Lakes Sasyk and 
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Kizil-Yar were formed. It should be noted that the general immersion of the Almi-
na depression, adjacent to the shelf in the southern part of the region in the form 
of the Kalamit Bay, is caused by intensive downward (compensatory) neotectonic 
movements, accompanied by the corresponding migration of the paleo rivers in 
both the coastal-marine zone of the GES land and in the adjacent area of the MGES 
shelf. Th e area of the boundary surface between MGEOESUS and MAQESUS in 
the coastal zone of the Kalamit Bay to the traverse of Cape Lukull is represented by a 
fl at, slightly inclined to the west plain, complicated by low rampart hills. To the south 
of Cape Lukull, a system of ridged ledges is distinguished, confi ned to elevations
–2…–3 m, –18…–20 m, and –32 m, which are denudation relics of the bedrock 
constituting MGEOESUS. Th e bottom of the second ridge rises above the level 
of the boundary surface between MGEOESUS and MAQESUS by about 8—9 m. 
Th e surface of the ridged hills reaches a width of 600—800 m in the second ridge. 
In the third ridge, the width of the ridged hills signifi cantly increases and reaches 
from 3 to 15 km.

Th us, this area is a kind of transition zone of the morphostructures of the 
MGES shelf of the plain-platform areas of the NBSR to the morphostructures 
of the MGES of the Crimean-South coast shelf. Its structure refl ects heteroge-
neous morphostructures due to the dynamic development of the main tectonic 
elements of the mega anticlinorium of the Mountain Crimea, genetically asso-
ciated with the latest activation of heterogeneous folded structures that form a 
heterogeneous multi-story pre-Alpine base of the Crimean mountains.

Th e western sector of this area of the MGES shelf is spatially and genetically 
related to the morphostructures of the GES of the South-Western synclinorium 
of the Mountainous Crimea: fold-block ridges separated by intermountain ero-
sion-tectonic basins. Th e largest morphostructure of the area — Foros, forms 
a projection, covering a signifi cant, the most extended part of the South-bank 
Crimean shelf. It is characterized by sharp depth diff erences associated with 
the development of block movements along the activated zones of faults and 
with horizontal movements along listric faults. Th e formation of the relief of 
the boundary surface between MGEOESUS and MAQESUS takes place here in 
contrasting conditions of the latest. 

Th e area of the MGES shelf adjacent to the South Bank, by the nature of 
the relief of the boundary surface between MGEOESUS and MAQESUS, cor-
responds to the marine accumulative plain with separate local uplift s and an 
«over-deepened» outer edge. Its formation occurred in conditions of intensive 
sinking, which led to the formation of a leveled accumulative relief and the ac-
cumulation of thick strata of Holocene deposits. 

From Sevastopol to Cape Sarych, the MGES shelf space narrows to 15—
16 km, and then to the east, it expands again — to 30 km. In some areas, 
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there is a sharp narrowing of the MGES shelf space to 10—11 km (Cape Ai-
Todor). Here, at the outer boundary of the western part of the MGES shelf, 
the thickness of the MAQESUS varies from 125—140 to 160—180 m, and 
in the eastern part from 130 to 140 m. Th e variation in the thickness of the 
MAQESUS at the boundary of the MGES shelf and the continental slope 
is probably due to diff erent intensities of lowering. Th is is confi rmed, in 
particular, by the fact that several steps are clearly expressed here in the re-
lief of the boundary surface between MGEOESUS and MAQESUS MGES 
of the shelf. At the same time, in the western part, there are three level sur-
faces located at elevations –55…–60, –80…–90, and –105…–115 m. East of 
Cape Sarych, the steps are located at elevations –80…–95, –105…–115, and
–130…–135 m. Th eir surfaces are complicated by low uplift s oriented parallel 
to the coastline and being the remains of ancient coastal bars smoothed by abra-
sion processes and then covered by younger sediments. 

From Yalta to Alushta, the width of the MGES shelf varies from 4—5 km 
(Ayudag) to 10 km (Alushta). Its characteristic feature is the limited width and 
fragmentation of abrasion-accumulative levels at depths of 30—35 and 105—
115 m. Th e level of 80—95 m is more clearly expressed and can be traced along 
its entire length. As noted in the work of P.F. Gozhik et al. (2003), there are ir-
regularities in the bottom of the coastal zone, formed by paleorivers at a lower 
position of the sea and not compensated by sediments to date. Th e shelf strip 
here, as many researchers note, is complicated by underwater erosion depres-
sions — the tops of canyons extending on the continental slope, along which the 
terrigenous material fl ows into the deep-water part of the basin. Th e lowering 
sides do not have underwater abrasion ledges, and the width and levelness of 
the bottoms indicate the constancy of the fl ow direction.

Th e central sector of the MGES of this shelf area occupies the space of the 
interface zone of the main synclinorium of the Mountainous Crimea and the 
transverse structure of the Salgiro-Oktyabrsky deep fault. Th is is the narrowest 
part of the MGES of the South Crimean shelf, which is associated with the de-
velopment of a signifi cant size underwater erosion-tectonic depression, passing 
to the south in the MGEOESUS MGES of the Alushta Canyon, a subsystem of 
the MGES of the continental slope. 

Th e eastern sector of the MGES of the Black Sea shelf is formed on the 
morphostructure of the Southeast synclinorium of the Mountainous Crimea. 
It is much more complicated due to the recurrent impact of ancient multi-age 
northwestern and north-eastern tectonic structures. Th e greatest cumulative ef-
fect of such impact is observed in the western part of this sector of the shelf 
zone, adjacent on land to the GES area of the Demerji and Karabi-Yaila moun-
tain ranges. In the GES of land and underwater extension of the articulation 
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of these massifs, an extensive erosion-tectonic megacircus is laid, confi ned to 
interblock dislocations and continuing within the continental slope. 

To the east, in the area of the prominence of Cape Meganom, the space of 
the MGES shelf begins to expand again, reaching a maximum (40—45 km) in 
the area of the Bay of Feodosia. Th is area is associated with a general decline 
in the mountain chain of the Crimea caused by the closure of buried Hercy-
nian structures controlling the position of the eastern tip of the mountain mas-
sif. Here again, a natural increase in the MGES space of the adjacent shelf is 
manifested due to the decrease in the absolute elevations of the surface of the 
«GEOESUS — AESUS» GES boundary of the adjacent land, but at the same 
time, there is no underwater erosion valleys on the MGEOESUS — MAESUS 
boundary surface of the MGES shelf. Th e slopes of this MGES surface here are 
very gentle, but the level surfaces (ancient sea terraces) are traced and deve-
loped at elevations –20…–25, –30…–35, and –50…–60 m. Th e most expanded 
surface area is at a depth of –50…–60 m. At the same time, the terrace, located 
at depths of –80…–90 m, is narrowed to 1.5 km.

Th e Kerch-Taman region of the MGES shelf, adjacent to the Kerch and Ta-
man peninsulas, is distinct in terms of its geomorphological and morphostruc-
tural features. Th e shelf section belonging to the Maikop South-West Plain of 
the Kerch Peninsula is represented by GES fl at, hollow declining fl at surface. 
In the zone of the off -Parpachian folded morphostructure, the character of the 
relief of the boundary surface «MGEOESUS — MAQESUS» of the MGES shelf 
changes, which is fi xed by the boundaries of the hill of the mountain of Opuk 
and the underwater manifestation of the structure of the Parpachian crest on 
the specifi ed boundary surface — the Parus group of islands. Th e same area is 
confi ned to the Pravdinsky deep fault, which plays an important role in the ge-
ne ral seismicity of the area. According to underwater seismoacoustic profi ling, 
this zone is complicated by an extended fault of the north-western strike, where 
the latest (5—10 thousand years) catastrophic lowering of the bottom in the 
form of the Kuban Canyon is confi ned to it. To the east, the boundary surface 
of MGEOESUS — MAQESUS of the MGES shelf is more fragmented, which 
is also infl uenced by the introduction of terrigenous material from the Kerch 
Strait and the formation of a huge cone at the outlet, covering not only this part 
of the MGES shelf space but also part of the MGES continental slope and MGES 
deep-water depression of the Black Sea. 

Th e boundary surface of MGEOESUS — MAQESUS MGES of the Kerch-
Taman shelf sector is also characterized by an extension to 50—60 km and an 
increase in width to 80—95 km. According to P.F. Gozhik et al. (2003), the lat-
ter is blocked by a thick stratum of sedimentary material, carried mainly in the 
form of a suspension by the rivers of the Northern Azov Sea.



8181

Chapter 2. MAIN FEATURES OF THE GEOLOGICAL DEVELOPMENT OF THE RESEARCH

It should be emphasized that there are geoecotons of appropriate scale and 
level between all identifi ed groups, species, and types of MGEOES of the Black Sea.

It should be noted that the characteristics of the marine geological-ecolo gical 
systems (MGEES) of the Black Sea shelf within Ukraine are given in Table 2.1 and 
the map of the geoecological zoning of the shelf and the continental slope of the 
Black Sea within Ukraine is shown in Fig. 2.4 are supplemented and improved as 
geoecological information is accumulated. However, today they serve as a basis 
for the creation of illustrative cartographic models of the Black Sea MEGEOES, 
including the MEGEOES of the Black Sea shelf of Ukraine, necessary for the ra-
tional development of its resources, in particular, archaeological ones. 

Th e most complex and obvious signs of the diff erentiation of the Black Sea 
shelf of Ukraine are its manifestations as the basis of various underwater land-
scapes. Th ese manifestations are the result of the interaction of subsystems of 
the general structure of the Black Sea MGEOES and at the same time — the 
product of the interaction of its subsystems with the corresponding subsystems 
MAQES and MAES.

If we briefl y characterize the current ideas about the stratigraphy of the stu-
died MGEOESUS MGES NWS, it should be noted that the stratigraphic range 
of sediments represented in its space within Ukraine covers the Paleozoic, Me-
sozoic, Cenozoic, and Quaternary periods. Th e Paleozoic sediments in the out-
crops and bedrock are known only in the GES area of Serpentine Island, where 
they form its base. Meso-Cenozoic sediments come to the surface of the seabed 
on the continuation of the geological structures of the Crimea into the MGES 
space of the Black Sea. Th e most widespread development in most of the space 
of the Black Sea MGES on the border of MGEOESUS and MAQESUS MGES of 
the Black Sea shelf, located in the jurisdiction of Ukraine, received Quaternary 
sediments, the dissection of the strata of which is usual ly performed taking into 
account the latest stratigraphic schemes, as well as the results of work performed 
by P.V. Fedorov (1978), F.A. Shcherbakov, E.V. Korneeva, E.K. Zabelina (1978), 
V.N. Semenenko and N.N. Kovalyukh (1973), N.V. Maslun et al. (1989) and 
many other researchers.

Below is a brief stratigraphic description of the anthropogenic sediments, 
which usually make up the upper part of the MGES GEOESUS space. 

Th e upper part of the space GEOESUS MGES of the Black Sea, which is 
directly the basis of the modern MGES of the Black Sea shelf of Ukraine, is com-
posed, as a rule, of anthropogenic deposits (N32-H) (Geology of the shelf of the 
Ukrainian SSR. Stratigraphy, 1984). Th ey with sharp stratigraphic and angular 
unconformity lie on the underlying horizons: from Pliocene to the east and west 
of the southern coast of the Crimea — to Mesozoic in the Crimean sector of the 
shelf. Th e Eopleistocene, Pleistocene, and Holocene sediments cover the surface 
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of the shelf bedrock and continental slope with an almost continuous cover but 
are absent in the places of its steepest sections. Th ey are represented by Pleisto-
cene and Holocene sediments of marine, estuary, alluvial and subaerial facies, 
in the distribution of which the morphostructural features of the shelf and con-
tinental slope played a determining role. In this regard, three facies areas of the 
MGES sub-system of the Black Sea shelf are distinguished on the NBSR shelf: 
the north-western one (from the mouth of the Danube to the Perekop isthmus), 
the South Crimea, and the Kerch-Taman. 

Th e MGEOESUS FHF of the studied MGES is represented by the Late 
Pleistocene age leveling surface, composed of sediments of an extensive buried 
alluvial valley with sandy New Euxine arenas. Th e South Crimean part, the nar-
row surface of which has a greater steepness, is characterized by higher modern 
tectonic, neotectonic and hydrodynamic activity. Th e tops of many canyons of 
the continental slope and the geological and ecological subsystems of the Black 
Sea MGES formed on their basis are developing here. Th us, the GEOESUS of 
the Kerch-Taman part of the MGES shelf is represented by a wide band of Late 
Pleistocene alignment surfaces, on which the upper canyons and the GEOESUS 
formed on their basis also originate. 

On the boundary surface of the «GES NBSR — MGES shelf NWS», sea ter-
races were widely developed. Th e thickness of anthropogenic sediments com-
mon in this part of the MGES space varies widely, depending on their belonging 
to certain morphostructural areas. 

Note that the most ancient Quaternary deposits as components of the MGES 
shelf within Ukraine are represented by the Chaudinsky horizon (m PI cd) of 
the lower link of the anthropogenic I. Th e distribution of sedimentary rocks of 
this age is not of an area character. Th us, in the eastern part of the northwestern 
region of the MGES shelf, they occur sporadically, in particular, on the Golitsyn 
uplift . In general, the «Gurian chaud» in the space of MGEOESUS MGES NWS 
gravitates to its outer edge and submerged parts of the depression. 

In the space of the geoecoton «GES NBSR — MGES of the NWS shelf», 
southwest of the Dniester estuary, under the thickness of marine Holocene and 
continental Pleistocene sediments, subaerial loess-like rocks are found, which 
are continental analogs of Lower Pleistocene marine formations — loess-like 
clays, silty, red-brown, oft en with inclusions of carbonate ties. Th e thickness of 
sediments on the shelf varies from 6.3 to 8.1 m.

Th e Ancient Euxine horizon (lm PII dev), which belongs to the Middle link 
of the anthropogenic (PII), consists of two packs of sediments separated by a 
clear unconformity and composed mainly of sand-clay sediments. At the top 
of each bundle, there are marine sediments with a mixed type of brackish and 
marine mollusks fauna, which indicates the invasion of Mediterranean waters 
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Fig. 2.4. Map of geoecological zoning of the shelf and continental slope of the Black Sea 
wit hin Ukraine (by Emelyanov et al., 2004). Mesogeoecosystem: mesogeoecological area of the 
Black Sea shelf: 1 — Microgeoecosystem: microgeoecological region NW of the Black Sea 
shelf (Microgeoecological sites: 1.1 — Danube MGES; 1.2 —Sasyk-Dniester; 1.3 — Dnies-
ter-Berezan MGES; 1.4 — Dnieper-Bug Karkinitsky MGES; 1.4.1 — Southern Bug MGES; 
1.4.2 — Dnipro MGES); 2 — Microgeoecosystem: Microgeoecological region of the Crime-
an shelf (Microgeoecological sites: 2.1 — Tarkhankut MGES; 2.2 — West Crimean MGES; 
2.3 — Kachinsk-Sevastopol MGES; 2.4 — Sevastopol-Balaklava MGES; 2.5 — South-
Western MGES; 2.6 — South-Eastern MGES); 3 — Microgeoecosystem: Microgeoecologi-
cal region of the Kerch-Taman shelf (Microgeoecological site: 3.1 — Prykerchenska MGES). 
1—3 — Boundaries of microgeoecological (1 — regions; 2 — sites; 3 — subsystems). 4—9 — 
Elements of MGES zoning (4 — Zone of active subaerial and subaqueous (river and lake) 
exogenous land geological processes; 5 — Zone of active wave action; 6 — Zone of pas-
sive wave action; 7 — Zone of incomplete accumulation with the development of landslide 
processes; 8 — Zone of the deep-sea bed of the Black Sea depression; 9 — Zone bounda-
ries). 10—15 — Geomorphological elements (10 — River valleys of the land; 11 — Paleoriver 
valleys of the shelf; 12 — Continental slope canyons; 13 — Crest of the upper ledge of the 
continental slope; 14 — Ledges of the continental slope; 15 — Foot of the continental slope). 
16 — Coastline of the sea; 17 — Anomalous gas emitting objects (gas fl ares); 18 — Main 
directions of sediment fl ows in the coastal strip
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into the semi-sea Euxin basin. Th e most widely represented sediments of the 
ancient Euxin are in the Kerch-Taman region. In the northwest, they have a 
local distribution on the Golitsyn uplift , where their thickness does not exceed 
1.1 m. Th e deposits of this age are represented by yellowish-white, fi ne-grained, 
quartz-carbonate sands with shells and rounded fragments of Chadian mol-
lusks: Dreissena polymorpha Pall., Th eodoxus transversalis Pfeif., Hydrobia 
ventrosa Mut., Didacna pontocaspia Pavl., D. Baericrassa Pavl., D. Subpyrami-
data Prav., Dreissena rostrivormis Desh. In the area of the Zhebrianska bay, the 
ancient Euksinsky deposits are represented by silty clays with numerous roots 
of plants encrusted with iron oxides, with rare inclusions of carbonates. Of-
ten contain lenses of fi ne-grained sands and interlayers of fi ne shells. Th e total 
thickness of lm PII dev sediments here is about 5.7 m.

In the Kerch-Taman part of the MGES shelf NBSR and some areas of the 
NWS, deposits of the upper part of the anthropogenic (III) PIII — Karangaty-
Postarangaty horizon (m PIII krg-pkrg) are widespread, the thickness of which 
on the shelf varies from 5 to 10 m. In the South Crimean part of the MGES shelf, 
they have not yet been detected. In the Kerch Strait, similar sediments are made 
in the Sarmatian and Ancient Euxine clays and are represented by gray layered 
clays with Paphia senensens shells (Coc.), Cardium edule L., C. Paucicostatum. 
(Sow.), Mytilus galloprovincialis Lam. Above there are shells with Ostrea edulis 
L. (oyster jars Cardium edule L., Mytilus galloprovincialis Lam, Gastrana fragi-
lis (L), Chlamus glabra (L). In the Bay of Feodosia and the area to the south of 
Cape Opuk, the horizon deposits (m PIII krg-pkrg) are represented by a stra-
tum of shell limestones.

Th e Karangaty deposits have been penetrated by the well near the island 
of Dolgiy, where they are represented by a thick sand pack, in the MGES of the 
shelf. Th e sands are fi ne-grained, quartz, with numerous detritus and whole 
shell fl aps, mainly Cardium tuberculatum L, edule L. On the rise of Golitsyn, 
the carangate is represented by heterogeneous sands that turn into lithifi ed 
limestones with numerous detritus shells Th eodoxus pallasi Zindh., hydrobia 
ventrosa Montagne, and oysters. Th e shell here is composed of oyster shells 
and gravel-pebble material. On the Dniester bank, the horizon deposits (m PIII 
krg-pkrg) are represented by two layers: upper — sand-shell and lower — clay-
siltstone with brackish-water fauna with an admixture of Caspian forms. Shells 
are highly lithifi ed. Th e Karengata paleo beach — a thick stratum of loose shell 
rocks with numerous thick-walled shells of the genera Ostrea, Paphia, etc.

Th e sediments of the New Euxinic horizon (lm P III nev) are developed on 
almost the entire shelf and continental slope. In the stratum of the New Euxinic 
formations, two horizons are distinguished: the lower one (sediments of the 
post-Karangatsky regression) and the upper one — the actual New Euxin. In the 
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MGES NWS space, the New Euksinsky deposits make deep cuts in the meotis 
and pontus rocks. So, near the Odesa bank, they lie on the Upper Sarmatian 
sediments, in the mouth part of the Dnipro estuary they overlap the continental 
formations of the Upper Pliocene and lean against the rocks of the pontoon. 
On the Dniester estuary-Zhebrianska bay, deposits of the New Euxinic age lie 
on Pliocene-Quaternary continental rocks. At the same time, the thickness of 
the sediments of the upper layer of the GEOESUS MGES shelf is sustained over 
an area of about 10 m, and the lower one — up to 20 m. Th e presence of de-
salinated fauna of the Caspian type with Mono Dacna caspia Eichw is typical 
for the horizon sediments., Viviparus fasciatus Mull., Dreissena polymorpha 
Pall., D. Rostriformis Desh., Lithoglyphus naticoides Pfeif., Th eodoxus pallasi 
Lind., Micromelania sp. et al. In the area of the Odesa bank, the sediments of 
Novoeuxin are represented by bluish-gray and grey silts with the inclusion of 
plant residues and sapropels. In the estuaries of the Dnipro and Dniester estuar-
ies, the upper horizons are replaced by a stratum of siltstones with inclusions of 
plant residues and interbeds of peat 

Modern sediments (H) are represented by Holocene marine sediments of 
the Black Sea horizon (m H c1), which are represented by two sub-horizons: 
Lower Black Sea and Upper Black Sea, lying on the New Euxin sediments. Th eir 
thickness varies in the range of 0.1—4 m. Sediments are represented by vari-
ous facies containing Mediterranean-type fauna. In the space of the GEOESUS 
MGES shelf, they make up small terrace ledges, areas with a small angle of in-
cidence of the surface, paleo-water sections, canyon thalwegs, fl ush, etc. Th e 
maximum thickness (up to 4 m) of sediments (mHc1), mainly represented by 
mussel silts with Mytilus galloprovincialis Lamk, are found at the foot of the 
slopes. Th e Lower Black Sea Subhorizon (mHc1) in the GEOESUS MGES space 
of the Black Sea shelf is represented by a layer of greenish-gray and dark green 
silt, with a characteristic «mixed fauna» Dreissena polymorpha Pall., Mono-
dacna caspia Eich., Mytilus galloprovincialis L., Cardium edule L., exiguum L. 
et al. In the lower part of the section of this sub-horizon, the deposits contain 
interlayers of shellfi sh with a fauna of draissenide. In the Kerch Strait, the layers 
of the Lower Black Sea sub-horizon are represented by dark gray clays with a 
thickness of up to 10 m.

Deposits of the Upper Black Sea sub-horizon (mHc2), the thickness of 
which in the GEOESUS space of the MGES shelf does not exceed 2—2.5 m, 
crown the anthropogenic section of bottom sediments in the MGES of the 
Black Sea. At NWS, the Upper or New Black Sea layers transgressively cover 
sediments of diff erent ages. Th ey are represented by gray and dark gray silts 
with numerous fauna of modern shellfi sh that form shell fi elds with the inclu-
sion of various additives of pelitic and silt fractions. Th e fauna is characterized 
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by modern Mediterranean species with a wide development of freshwater and 
brackish water forms in the estuaries of rivers and estuaries. 

Gravity deposits are developed in the boundary parts of the MGES shelf 
with GES NBSR and are usually confi ned to the coastal boundary strip, can-
yons, and underwater erosion washouts and are represented by coarse clastic 
material: pebbles, gravel, grass, sands, silty-sand mixture. Th e aggregate is clay, 
silty-pelite, or siltstone terrigenous silt, oft en with diff erent percent admixture 
of shell detritus. Th e coarse clastic fraction of marine gravity sediments is rep-
resented by fragments of sedimentary and, oft en, volcanogenic rocks, constitu-
ting both coastal and underwater paleovolcanic massifs. 

Conclusions. Analysis of the geological, paleontological, paleoclimatic, 
and archaeological materials available to the authors relating to the topic of this 
monograph showed the following.

1. Th e main components of the system of conditions that determine the pecu-
liarities of the formation, functioning, and development of marine GES of the Azov-
Black Sea basin as a whole, and their spatial subsystems, in particular the subsystem 
of the North-Western shelf of the Black Sea, are the subsystems: climatic, geological, 
tectonic, neotectonic and geomorphological features of the region under conside-
ration, as well as the features of the modern and paleorelief of the said shelf, hydro-
dynamics of the water column of the basin, terrigenous and biogenic sedimentation 
and mineral formation, including autogenous. Th e listed components-subsystems 
of the system of geoecological conditions change in time in space.

Th e north-western shelf of the Black Sea is located in the southern part of the 
temperate zone with signs of aridity, which, however, do not have a signifi cant 
impact on the nature of sedimentary material feeding because that rivers draining 
into the sea drain more humid areas in the north. Th e geological and geomorpho-
logical structure and features of the geological development of the region deter-
mine the confi guration of the coastal strips and the magnitude of the overall slope 
and relief of the bottom surface, on which, in turn, the redistribution of sedimen-
tary material under the infl uence of hydrodynamic processes occurs. Th e geologi-
cal structure of the earth’s surface is one of the leading factors of sedimentation on 
the continental margin. It determines the composition of material mobilized on 
land and sediments that accumulate at the bottom of water reservoirs. Endogenous 
factors in combination with exogenous ones form the shelf zone appearance.

It is confi rmed that bottom sediments of the upper Holocene age, which in 
their characteristics of grain-size and chemical composition and physical and 
mechanical properties correspond to the concept of «pelloid», were accumula-
ted mainly in paleo-estuaries, within the Paleo-Rus and Paleo-valleys of rivers, 
which are refl ected on the surface of the modern seabed in the researched area 
by negative forms of relief of diff erent scales.
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SHELF IN THE HOLOCENESHELF IN THE HOLOCENE

CHAPTER  33

Th e dynamics of the development of the geoecosystem (GES) 
of the shelf of the Black Sea and the Northern Black Sea in the 
Holocene, which spatially and historically is, to a signifi cant 
degree, a constantly changing over time transition zone «land-
sea», depends on the synergy of a complex multifactor system, 
including both external and internal factors in the status of 
subsystems, aff ec ting the considered geoecoton «MGES of the 
shelf of the Black Sea-GES NBSR». Th e main external factors 
include, fi rst of all, space, climatic and tectonic factors. Inter-
nal factors are, fi rst of all, hydrophysical, including hydrody-
namic, hydrochemical and hydrobiological, geochemical and 
geophysical, etc. 

Anthro pogenic factors, the infl uence of which has been 
growing especially rapidly since the beginning of the last cen-
tury, can be attributed to both external and internal factors of 
infl uence on the system of the geoecoton in question. Th is, in 
our opinion, can be explained by the fact that Man, on the one 
hand, is not a component-subsystem of the MGES of the Black 
Sea shelf, but on the other hand — he is an active subsystem-
component of the GES NBSR. 

Let us emphasize that all factors are in one way or another 
components of the most complex procedural system aff ecting 
the part of the Black Sea geoecosystem under consideration 
and NBSR and its subsystems.

Th e dynamics of the development of the geoecoton 
«MGES of the Black Sea shelf — GES NBSR» in the Holocene 
can be judged by the results of both marine geoecological and, 
in particular, archaeological studies of the dynamics of the le-
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vels of the boundary surface «MAESUS — MAKESUS» in the MGES space of 
the Black Sea. 

To date, it has been established that the level of the border between the 
MAESUS and MAKESUS MGES of the Black Sea has undergone signifi cant 
changes over the past few thousand years. However, there is no consensus on 
the absolute values of these changes. Th us, in the period from the 7th century 
B.C. to the 4th century A.D., according to various researchers, fl uctuations in 
the level of this boundary were determined from –2 to –13 m (Fig. 3.1 and 
Fig. 3.2). If the level of this boundary was lower than the current one by 8—
10 m, many, especially the most elevated areas of the boundary surface 
«MGEOESUS — MAKESUS» located in the MGES space of the NBSR shelf 
were exposed, especially located in the northwestern part of the specifi ed sur-
face. Th e width of such sections could vary from a few hundred meters to sev-
eral tens of kilometers. 

Note that the same processes are found when fi xing changes in the MGES 
space of the Caspian Sea, where at the beginning of the I thousand B.C. there is 
also a decrease in the level of the boundary surface «GEOESUS — AKESUS» in 
the space of the GES Caspian Sea, and then its gradual increase by the end of the 
same millennium (Varushenko et al., 1987).

To assess the dynamics of the MGES of the Black Sea, we can use the scheme 
of M.F. Veklich (1987), who distinguishes in the space of the Black Sea MGES 
at diff erent times in the history of its development many such phases of changes 
in the level of the border «MGEOESUS — MAKESUS»:

  I transgressive phase (–85 m) — 11 thousand years ago — late Dryas;
  II transgressive phase (–45 m) — 11 thousand years ago — HD;
  II regressive phase (–65 m) — 9.3 thousand years ago early PO;
III  transgressive phase (–30—35 m) — 8.5 thousand years ago late PO;
III  regressive phase (–55—57 m) — 8 thousand years ago the limit of PO 

and ESD;
IV transgressive phase (–10 m) — 6.5 thousand years ago mid-AO;
IV  regressive phase (–25 m) — 5.8 thousand years ago the last third of the AO;
  V transgressive phase (+2, +3 m) — 4 thousand years ago early SB;
  V regressive phase (–13 m) — 2.5 thousand years ago the limit of SВ and SA;
VI transgressive phase with three highs (0 m) — 1.7 thousand years ago; 

(0 m) — 0.7 thousand years ago; modern; and two lows (–3 m) — 1.1 thousand 
years ago and (–3 m) about 0.5 thousand years ago.

At the time of the formation of the Black Sea MGES, the space occupied by 
the GES of the New Euxine Lake was much smaller than the modern MGES of 
the Black Sea basin. Th is is especially true for MGES NWS, where the smallest 
space thicknesses of its MAKESUS are still recorded, which, in general, do not 
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Fig. 3.1. Changes in the level of the boun-
dary surface «MAESUS — MAKESUS» in 
the MGES space of the Black Sea during the 
late glaciers and the last glaciers (according to 
Vec lich, 1987)
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exceed 100 m. Th erefore, during the periods of antiquity and the Middle Ages, 
the space of the MGES NWS shelf could extend several hundreds of meters and 
up to tens of kilometers seaward of the modern boundary «MGES NWS — GES 
NBSR». It is likely that all areas of the boundary surface of «KGEOESUS — 
KAESUS» in the GES NWS space, which at that time did not border directly 
with MAKESUS MGES of the Black Sea shelf, were inhabited. Th ere could be 
settlements on them, and perhaps even mounds. 

For example, in the Black Sea, 25 km north of the port of Sinop (Turkey), 
at a depth of 97 m, the remains of a building measuring 10 × 12 m have been 
found, the time of existence and cultural affi  liation of which have not yet been 
precisely determined. Hypothetically, the building was fl ooded when the waters 

Fig. 3.2. Fluctuations of the level of the boundary surface of the MAESUS — MAKESUS 
MGES of the Black Sea in the last 4000 years (according to the results of studies of vari-
ous authors) (according to A.N. Shcheglov supplemented by M.M. Ievlev): 1 — curve 
of Р. Fairbridge (sea level fl uctuations — according to Morner, 1971; 2 — according to Fe-
dorov, 1959; 3 — according to Zenkovich, 1960; 4 — according to Shilik, 1970, 1975; 
5 — according to Blagolin, Shcheglov, 1968; 6 — according to Varushen ko, 1975; 7 — accor-
ding to Nevesky, 1967; 8 — according to Shcheglov, 1969; 9 — according to Ostrovsky et al., 
1977; 10 — according to Pravotor, 1967; 11 — according to Veklich, 1987

One thousand BC                                                      One thousand AD
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of the Mediterranean Sea broke through the Bosporus Strait (about 8.000—
9.000 thousand years ago). Judging by the available signs, at that time the level 
of the border between the IAESUS and the MAKESUS of the Black Sea MGES 
quickly rose (Voronov, 2008). In the geoecotone «GES NBSR — MGES of the 
Black Sea shelf» now known several dozen settlements and settlements of 
ancient and medieval times, which are completely or partially located in the 
border zone between MGEOESUS and MAKESUS of the shelf of the modern 
MGES of the Black Sea.

Th e creation of maps of changed outlines «GES NBSR — MGES NWS» 
over the past four thousand years is not only one of the main tasks for marine 
geoecology but also archaeology, primarily — underwater. Such maps would 
not only make more reasonable assessments of the geoecological, in particular, 
paleoclimatic conditions for the formation, in particular, of the geoecoton «GES 
NBSR — MGES of the Black Sea shelf», but also the development of the cultures 
of the ancient peoples of the Black Sea region, would signifi cantly narrow the 
areas of search for monuments of their cultures, that is, would contribute to 
increasing the eff ectiveness of archaeological work. 

Given the signifi cant changes in geoecological conditions in the GES NBSR 
and MGES of the adjacent shelf of the Black Sea over the past millennia, the conduct 
of underwater geoecological and archaeological research could help to solve many 
issues of paleoecological, cultural-historical, and paleoanthropological nature.

Speaking about the dynamics of the development of the geoecoton «GES 
NBSR — MGES of the Black Sea shelf» in the Holocene, it should be noted that 
during the Black Sea transgression, which began aft er the so-called Phanagoria 
regression, in the space of the said geoecoton under the infl uence of mainly 
exogenous processes, there were constant changes caused by destructive and 
creative processes aimed at aligning the boundaries between the said GES and 
MGES, as well as their environmental subsystems. Depending on various natu-
ral, and the appearance of man and anthropogenic, factors, on some sections 
of these borders there was an intensive erosion of the coast, erosion, and abra-
sion of boundary surfaces, etc. At the same time, accumulation of sedimentary 
material and accumulation of accumulative bodies took place at other border 
sections: sand spits, capes, islands, and peninsulas, which became the basis of 
the corresponding GES and MGES of low levels. Oft en, it is in the space of the 
accumulative subsystems of the geoecoton «GES NBSR — MGES shelf NBSR», 
as well as in the space of GES estuaries, river delta, and mouth zones that ar-
chaeological artifacts of the ancient and medieval ages are found. Th e forma-
tion of GES NBSR, as well as the MGES of the NBSR shelf as a whole, judging 
by the results of our observations and published works (Kvasov, 1975; Yanko-
Hombach et al., 2011, etc.), continues at present.
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Th e reasons for the transformation of GES of the New Euxin Lake into 
MGES of the Black Sea still cause discussions among scientists dealing with this 
problem. (Arkhangelsk, Strakhov, 1938; Neveska,1965, Hiscott, Aksu, Mudie et 
al., 2007). From the point of view of some researchers, this transformation was 
progressive and began some 9.500 years ago thanks to the restoration of water 
exchange between the Black Sea and the Mediterranean Sea through the Marble 
Sea, the Dardanelle Straits and the Bosphorus. (Yanko-Hombach et al., 2011). 

Scientists adhering to a diff erent version believe that the transformation of 
the GES of the basin in question was reciprocal and occurred at diff erent speeds 
due to diff erent factors and causes. Based on geological and paleontological 
data, proponents of this version indicate that starting from the upper Pleisto-
cene (about 12 years ago), the level of the basin fl uctuated in the oscillatory 
mode, which was primarily due to climate fl uctuations and, fi rst of all, a change 
in the balance between the volume of water brought from the catchment, the 
infl ow of Mediterranean and Azo-sea waters and evaporation (Ostrovsky et 
al., 1977; Fedorov, 1978; Shilik, 1997; Chepaliga, 2002).

Changes in the Black Sea level during the ancient or medieval periods fl uc-
tuated (according to various studies, including archaeological ones) in the range 
from –13 to +2 m. Such a rather small change in the sea level compared to previ-
ous fl uctuations (even if we take the largest mark of –13 m) greatly facilitated the 
process of their study. Small accumulative formations of these periods persisted 
only in relatively isolated bays and estuaries. In some areas of the Black Sea 
coast, the intense increase in the coastline in the subsequent period led to the 
fact that some bottom sedimentary formations and archaeological sites, during 
the Phanagorian regression, were under the stratum of younger coastal-marine 
sediments. However, for most of the Black Sea shelf MGES and GES NBSR, 
such relics were blurred, which determined the use of various indirect, mainly 
lithological indicators (layers of sand and peat in the stratum of estuarine sedi-
ments lying below the current level, continental sediments, etc.) to determine 
the level of the «MGES BC — GES NBSR» boundary. It should be noted that 
the small number and not always correct results of radiocarbon dating made 
in diff erent laboratories at the end of the twentieth century according to diff e-
rent methods determined the diff erence in the ratio between radiocarbon and 
historical date indicators, which ranged from 100 to 450 years (Nevesky, 1965).

By reconstructing the ancient coastline in the space of the geoecoton «GES 
NBSR — MGES of the NBSR shelf» and relying on the available geological and 
archaeological materials, as well as written information of ancient authors that 
have reached our time (Fig. 3.2), it is possible to make an approximate recon-
struction of the coastline only since the beginning the Greek colonization of the 
NBSR coast. Th us, according to some data, in the X-I century B.C., the modern 
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Kinburn spit (Fig. 3.3) was much wider and longer by 45 km due to the cur-
rently fl ooded Odesa bank (Fig. 3.4) (according to Shilik, 1975).

According to MV. Agbunov, the Kinburn spit in ancient times was a system 
of islands separated by separate Dnipro channels (Agbunov, 1985). Th e same 
opinion about the Kinburn spit is held by I.V. Broyako and V.A. Karpov (1992). 

Fig. 3.3. Scythian map of Herodotus

Fig. 3.4. MGES NWS and NBSR section between Kinburn Spit and Odesa (Odesa bank). 
Modern condition (NAVIONICS)
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According to them, this spit existed in the ancient era, it was part of the loess 
plateau of the Upper Pleistocene period, covered with sandy deposits of the Ho-
locene time. In the middle of the 1st thousand B.C., the Odesa bank was a sandy 
spit, similar to the modern Tendra spit, towered above the level of the border 
«MAES — MAKES» from 1 to 4 m and was divided, apparently, into at least two 
parts. Th e coastline was located much further to the sea, in the area of Berezan 
of the Dnipro-Bug estuary up to 5 km, from the modern coast, and the Yagorlyk 
bay and the Tendra spit probably didn’t exist (Broyako, Karpov, 1992), (Fig. 3.5).

Th e above reconstruction of the ancient coastline along the considered sec-
tion of the north-west coast of the Black Sea by these authors as a whole does 
not contradict each other. Th ey are also confi rmed on the maps of the Lower 
Transmission, which date back to the end of the 18th century. Th ese maps show 
the depths of the water area, which do not exceed 1—3 m, both above the Odesa 
bank and in the coastal zone (Pavlyuk, Gleb-Koshanska, 2002).

Th ere is also the opinion of VV. Latyshev, according to which the Kinburn spit 
did not exist in ancient times, having formed later. According to his assumption, 
it stretched no further than Cape Stanislava, which is located at the confl uence of 
the Dnipro and Southern Bug rivers (Latyshev, 1909, p. 289). However, this as-
sumption, based on the archaeological data available to date, was erroneous.

Th e Kinburn spit is part of the ancient Dnipro delta, which existed long be-
fore ancient times. Th is is confi rmed by the remains of settlements and bronze-
era sites discovered during archaeological research here (Kryzhytsky et al., 
1990). Probably, in ancient and medieval times the Kinburn spit was separated 
from the coast by one or even several sleeves of the Dnipro and represented 
several delta islands. One of the Dnipro sleeves existed until the late Middle 
Ages, it is known in the literature as the «Cossack Channel». Th is «channel» is 
mentioned in the description of the Northern Black Sea Coast, in the book of 
Beauplan «Description of Ukraine» (Beauplan, 1832, p. 28). Th e map compiled 
by N. Radziwill and G. Beauplan shows several islands located in the Dnipro 
Delta. Th is is also evidenced by the Italian nautical charts of the XIV—XVI cen-
turies, which have survived until now. Th us, on the handwritten and published 
Italian portolans, starting with P. Vesconte, the sleeves of the Dnipro Delta are 
shown, creating two islands of diff erent sizes. Large — western and smaller — 
eastern (Fig. 3.6, 3.7).

In the description of the area of the Kinburn spit of the late 18th—19th 
centuries, the book «Heritage of De-Volan» and the maps given in it do not 
mention any channels or sleeves of the Dnipro to the east of its main chan-
nel (Pavlyuk, Gleb-Koshanskaya, 2002). Probably, by this time, they had ceased 
to exist. Th e assumption of I.V. Broviako and V.A.  Karpov that Berezan Is-
land was connected to the mainland, not from the west side of Cape Adzhiask 
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Fig. 3.5. Th e boundary of the «MGES shelf and GES NBSR», i.e. the coastline of 
the Black Sea, in ancient times according to the reconstructions of diff erent aut-
hors (according to Broviaco and Karpov, 1992): a — in the area from the modern 
Tiligul estuary to the Dnipro-Bug estuary (according to Shilik, 1975): 1 — modern 
coastline; 2 — coastline in ancient times. b — in the area of the North-West Black 
Sea Coast (according to Broviaco and Karpov, 1992): 1 — sections of the coast are 
fl ooded. c — near the Dnipro estuary and the Yagorlyk bay (according to Agbunov, 
1984): 1 — modern coastline; 2 — coastline in ancient times; 3 — the existing chan-
nel of the Dnipro river
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(Rybakovka village), but the east, — from the city of Ochakov (Broviako, Kar-
pov, 1992) looks rather controversial.

During this period, the Berezan estuary was closed by the reservoir through 
which the river Berezanka ran, and its fairway until now runs from the east side 
of Berezan Island. Berezan Island itself was part of the mainland, which sepa-
rated from the main bank in the earlier geological era. Probably, the island of 
Berezan was formed in the III thousand B.C. at the time when the Black Sea 
level exceeded the current level by 2—3 m (Veklich, 1987). Th erefore, in ancient 
times, it was connected to the root bank by silt, which came to the surface as 
a result of lowering the water level. Later, as a result of the rise in the level of 

Fig. 3.6. Map of the northern part of the Black Sea basin and the Northern Black Sea region 
of the 16th century (according to M. Ievlev, А. Chubenko, 2020)

Fig. 3.7. Northwestern Black Sea Coast area on the map of Fra Mauro, 1459 (a); Dnipro-Bug 
estuary area on the map of A. Ortelli, 1590 (b, according to M. Ievlev, А. Chubenko, 2020)

a b
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the Black Sea, it is once again becoming an island. Confi rmation that Berezan 
island was connected to the mainland from the west side of the coast, in the 
vicinity of the modern village of Rybakovka, is the map published in the book 
«Th e Heritage of F.P. De-Volan», which shows the spit from the village in the 
direction of Island Berezan. In this book, in the description of the Island. It is 
reported that Berezan is distant from the western mouth of the Berezan Bay at 
a distance of 8 to 900 fathoms, that is, the island was at a distance of 17 m to 
1.9 km. Th e depth of the sandbank between the island and the mainland at that 
time was only 4 feet (1.2 m) (Pavlyuk, Gleb-Koshanskaya, 2002). According to 
a survey of residents, the island’s permanent connection to the mainland con-
tinued until almost the middle of the twentieth century. Th is can be seen in the 
photo of the northern edge of the island Berezan from the village of Rybakovka, 
made in 1931 (Soloviev, 2005). According to K.K. Shilik, the Island of Berezan 
was separated from the mainland only at the end of III—IV centuries A.D., 
when the level of the Black Sea reached 2 m.

K.K. Shilik also suggested that Island Berezan was only inhabited during 
the periods when it was connected to the main bank (Shilik, 1978). Probably, 
throughout the ancient period, and possibly the early Middle Ages, the con-
nection of Island Berezan with the mainland was not completely interrupted. 
In the course of underwater research, a re-deposited cultural layer containing a 
signifi cant amount of archaeological material dating from the II—III centuries 
A.D. was discovered. Th is serves as evidence that Island Berezan was a penin-
sula until the end of the 3rd century A.D., and possibly later (Nazarov, 2003, 
pp. 43—48). Distance between the island of Berezan and Adzhiask Cape re-
mains shallow until now, its depths do not exceed –2 m.

Th e entire NBSR region has undergone a complex geological history of its 
development, which is determined by two main factors: tectonic and euristatic. 
Th eir interaction formed the modern structure of the geoecoton «GES NBSR — 
MGES of the NBSR shelf» and had a signifi cant impact on the state of the sea-
land boundary, the outlines of the coastline, and sedimentation processes. 

Th e territories of the Black Sea NWS aft er Sarmatian time are characterized 
by the almost complete absence of deformations. At the neotectonic stages of 
development, block diff erentiated movements are observed. In 14—13 thou-
sand A.D., strong tectonic changes occurred in the peripheral parts of the deep-
water Black Sea basin. Th e diff erentiated nature of the movement is due to the 
block structure of the shelf, which was refl ected in the uneven penetration of 
salt sea waters into the MGES space of the shelf. Neotectonic processes were 
manifested mainly in the activation of ancient meridional faults, along which 
the uneven immersion of individual blocks occurs. Most intensively the block 
located on the east of a meridian of Mykolaiv is immersed. 
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Studies of neotectonic movements conducted in the territory of the Steppe 
Black Sea Coast have shown that the area of the Lower Pobuzhye and Lower 
Podneprovye, which is experiencing sinking under the infl uence of the Black 
Sea depression, is expanding. Th is lowering process took place and continues to 
take place in a diff erentiated manner depending on the structural features of the 
diff erent sections of the blocks of the basement of this area (Gozhik, Novoselsky, 
1989). Similar geological changes have occurred and continue to occur throug-
hout the NBSR region. Th us, the land surface of the North-Western Crimea has 
a diff erent movement in tectonic terms. On its territory, the Tarkhankut uplift  is 
experiencing an increase, and the Alminska and Karkinitska depressions fl an-
king it are experiencing a decrease (Kutaisov, 2010). Perhaps these are the facts 
that explain the diff erences in the Black Sea level during the Phanagoric Regres-
sion between the diff erent researchers.

As a result of the geological studies carried out, it was established (Gozhik, 
Novoselsky, 1989) that in the vicinity of Ochakov, the lowering of the coastal 
strip occurs at a rate of 0.9 mm per year; in the vicinity of Stanislav 0.8 mm; near 
Kasperovka village (Kizomys) — 2.1 mm; near Kinburn spit — up to 1.5 mm per 
year (Fig. 3.8).

Th us, the average rate of lowering of the whole area is about — 1.5 mm per 
year. Given the rate of sinking of this area since the 7th century B.C., it can be 
calculated that only due to the tectonic factor it could still be more than 3—3.5 m. 
It is also necessary to take into account the fact that due to the insignifi cant, 
from a geological point of view, period of this natural process, the calculat-
ed value of sinking can be quite close to reality. Th us, if we take the value of 
the lowering of the level of the boundary surface between the IAESUS and the 
IACESU in the MGES of the Black Sea as a whole by 4 m, then for the Lower 
Transnistrian region, taking into account the negative tectonic movements of 
this region, the total value of this lowering will be at least 7—7.5 m below the 
current level. It should also be taken into account that many ancient settle-
ments discovered in the GES NBSR space are located within diff erent geologi-
cal blocks, where tectonic and neotectonic lowering or lift ing processes occur. 
Th erefore, the determination of the maximum fall or increase in the level of the 
boundary surface of the «MAESUS — MAKESUS» in the MGES space of the 
Black Sea in the places of their measurements or the location of characteristic 
sites can diff er signifi cantly from each other. Probably, this reason, together with 
the insuffi  cient knowledge of fl ooded ancient settlements, can explain the dif-
ferences in the results of determining the absolute elevations of the level of the 
«MAESUS — MAKESUS» boundary surface in the MGES space of the Black 
Sea in ancient times by various researchers. As a result of the fall of this level by 
the middle of the 1st century B.C., the areas of estuaries decreased due to the 
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drainage of their shallow areas. Along the coast, the surface of the MGEOESUS 
MGES of the Black Sea shelf was partially exposed at a distance of several hun-
dred meters to several kilometers.

Th e greatest drop in the level of the «MAESUS — MAKESUS» boundary 
surface in the MGES space of the Black Sea falls on the maximum of the Phana-
gorian regression, which in time coincides with the archaic period of the an-
cient era. In the areas exposed by the fall in sea level, swampy shoals and islands 
were formed, on which settlements could be located in ancient and medieval 
times. Moreover, the greatest number of them should have arisen in the ar-
chaic period at the end of the VII—V centuries B.C. Similar settlements of this 
historical period were opened in the fl ooded coastal zones of the Dniester and 
Tiligul estuaries, in the region of Berezan, Yagorlyk bay, Tendra spit, and in the 
north-western district of Sivash. It was the settlements of the archaic period of 
antiquity that were most aff ected by the rise of the level of the «MAESUS — 
MAKESUS» border surface in the MGES space of the Black Sea at the end of 
the 1st century A.D., when the Nymphaean transgression began (Shilik, 1997). 
Its maximum falls at the end of the 3rd — beginning of the 3rd century A.D. 
when the level of the boundary surface «MAESUS — MAKESUS» in the space 
of the Black Sea MGES is raised to 1 m above the modern one. At the end of the 
third and beginning of the ninth century A.D., this level again decreased, reach-
ing elevations of –3.6 m below the current level in the fourteenth and fi ft eenth 
centuries A.D. (Shilik, 1997). 

Fig. 3.8. Map diagram of tectonic movements in the area of the Dnipro—
Bug estuary (according to Gozhik, Novoselskaya, 1989): 1 — Speed of mo-
dern tectonic movements, mm/year; 2 — Lowering area
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Let us emphasize that the fl ooded settlements of all periods of antiquity 
and the fl ooded quarters of the ancient cities of Tiras, Olbia, Chersonesus, etc., 
discovered to date, practically all are today at depths from 0.3 to –5 m.

According to data published by many authors, it can be considered as the 
reason for the transformation of the GES of the freshwater New Euxine basin 
into the Black Sea MGES, a sharp increase in the level of the «MAESUS — 
MAKESUS» boundary surface in the MGES space of the world ocean in ge-
neral, and in the MGES space of the Black Sea, in particular, as a result of the 
warming of the climate in the post-glacial period and a signifi cant increase in 
the infl ow of waters from the continents into these MGES. As a result of such a 
sharp rise in the level of the said boundary, the waters of the MAKESUS MGES 
of the Mediterranean Sea, breaking through about 8—7.2 thousand years ago 
a hypothetical natural dam at the outlet of the Bosphorus was dissolved by the 
aquatic environment of the ACESUS GES of the New Euxinе Lake to 18—20%, 
raising the level of the «AESUS — ACESUS» boundary by 100—150 m. As a 
result, more than 100.000 square kilometers of alluvial plains formed on the 
boundary surface between KGEOESUS and KAESUS in the GES NWS space 
were fl ooded, turning on the boundaries between MGEOESUS and MAKESUS 
MGES of the Black Sea shelf into coastal-marine plains. 

Th ere is also the hypothesis of A.L. Chepalyga who suggests that the sharp 
rise in the level of the «MAESUS — MAKESUS» border of the Black Sea MGES 
was caused not by the Mediterranean, but by the waters of AKESUS GES Cas-
pian, which penetrated AKESUS GES of the New Euxine Lake through Manych, 
Don, the Azov Sea and the Kerch Strait between the 16th and 13th centuries 
A.D. (Chepalyga, 2007). 

Since the breakthrough of water from the MAKESUS MGES of the Medi-
terranean Sea to the AKESUS GES of the New Euxinе basin, about 8 thousand 
years ago, the process of long-term raising of the level of the boundary surface 
of the «MAESUS — MAKESUS» of the basin, or the so-called Black Sea trans-
gression, has begun. It proceeded unevenly, experiencing periodic slowdowns 
and acce lerations in the rise of the specifi ed level, and, at times, even some of 
its decline (Fedorov, 1959). As a result of raising the level of the boundary sur-
face of the «MAESUS — MAKESUS» basin, the bottoms of the rivers fl owing 
into it were periodically fl ooded and transformed into estuaries, which caused 
the activation of the abrasion of the «MGEOESUS — KGEOESUS» border in 
the space of the «GES NBSR — MGES NWS NBSR» geoecoton. According to 
some data (Shilik, 1975), the rise occurred unevenly in time and, in about III 
thousand B.C., during the transgression came to the maximum: the level of the 
«MAESUS — MAKESUS» boundary in the MGES basin exceeded its current 
position by about 2 m.
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From the second half of the 2nd century B.C., the reduction of the level of 
the «MAESUS — MAKESUS» border in the Black Sea MGES space, known in 
modern literature as the Phanagorian regression, begins. At the same time, the 
maximum descent marks of the specifi ed level, which are called by various re-
searchers, range from –2 to –13 (Fig. 3.7). Th is diff erence in the determination 
of the maximum low level of the Black Sea EAEC at the time of the Phanagoric 
Regression is probably because, to date, there is no single reference point for 
determining the degree of change in the level of the Black Sea MGES considered 
by the EAEC. In addition, many researchers, in particular K.K. Shilik (1975), 
did not take into account tectonic movements occurring diff erently in diff erent 
parts of GES NBSR.

 Judging by the diff erent depths of the modern location of fl ooded accumu-
lative forms, as well as the heights of ancient coastal terraces, from ancient to the 
present, there were diff erent rates of immersion and lift ing of various sections of 
the boundaries of GES NBSR and MGES of the Black Sea basin (Fedorov, 1963).

Th e results of the study of the lithology and stratigraphy of the geological 
and ecological systems of bottom sediments formed in the estuaries of NWS 
convincingly indicate the existence of a period during which there were sharp 
changes in the conditions of sedimentation in the inner parts of the estua-
ries, associated with the relative decrease in the level of the boundary surface 
«MAKESUS — MGEOESUS» MGES of the Black Sea. 

According to L.A. Neveskaya (1961), the Holocene phase of the Black Sea 
transgression was nonlinear and consisted of «jumps», which are recorded 
along the paleo-shore lines and regressive depressions of the level of the boun-
dary surface «MAESUS — MAKESUS — GES NBSR». Four such «jumps» were 
distinguished: Bugsky, Vityazevsky, Kalamite, and Djemetinsky. 

Th e outlines of the coastline of the Bug phase are sometimes very wavy and 
characterized by the presence of bays and estuaries, and its position is traced at 
the level of modern isobaths (–25…–35 m). Th e formation of layers of bottom 
sediments of the Holocene as a geological medium MGEOESUS MGES BC is 
inextricably linked with its modern development. Th e Bug phase began with 
a rapid rise in the water level, as a result of which subaquatic sediments with 
mixed freshwater, brackish water, and marine fauna began to accumulate in the 
shelf area. (Neveskaya, 1965). Th e bottom sediments of the Bugsky period are 
represented by a wide granulometric spectrum from clay and silt sediments to 
sands and shells, which have a complex, sometimes mosaic, location within the 
described area. In particular, in the structure of the bottom sediments of the 
Dnipro-Bug estuary, the appearance of more coarse-grained, sandy, and sandy-
siltstone material containing a relatively wide range of residues of freshwater 
faunal complexes (Geology of the shelf of the USSR. Stratigraphy, 1984). 



Chapter 3. DYNAMICS OF GEOECOSYSTEMS DEVELOPMENT OF THE BLACK SEA

In the upper part of the Bugsky estuary, sandy-siltstone layers are replaced 
by peaty sandy loam and peaty loam, which lie at depths of 4.0—5.0 m. Th ey 
are stratigraphically related to the regressive «Phanagorian» phase, which began 
aft er the period of a higher level of the Black Sea in the 2nd thousand B.C.

A series of conducted radiocarbon dating, according to the shell material, 
allows attributing the regressive series of estuary deposits to the I thousand B.C., 
during which the level of the border of the «MAESUS — MAKESUS» MGES 
NBSR was lower than the modern one. In particular, for the Budak estuary sedi-
ments, the beginning of the modern stage of sedimentation according to radio-
carbon dating (uncalibrated age) is estimated to be 1600 years ago, which can 
be considered as an approximate estimate of the age of the beginning of the last 
transgressive phase (Kochubey, Trashchuk, Kovalyuk, 1981).

Th e most accurate data on the change in the level of the boundary surface of 
«MAESUS — AKESUS» in the MGES space of the Black Sea in the second half of 
the 1st thousand B.C. — the beginning of the 1st century A.D. also give the results 
of underwater archaeological studies, which were carried out on se veral ancient 
and medieval monuments located in the geoecotone «GES NBSR — MGES of the 
NBSR shelf». 

Conclusions. Summarizing the information presented in this chapter, it is 
appropriate, in the opinion of the authors, to pay special attention to the fol-
lowing. Over the past millennia, both in MGES B.C. as a whole and in the geo-
ecoton «MGES B.C. shelf — NBSR» there have been signifi cant changes in geo-
ecological conditions, which continue to change in our time, however, with the 
increasing infl uence of the anthropogenic factor on them. 

Conducting complex geoecological and underwater archaeological works 
in the space of the said geoecoton, in addition to solving many issues of a geo-
ecological, paleogeological and archaeological nature, can help to make correct 
management decisions on the development of resources, including archaeologi-
cal and recreational, of this unique natural geoecosystem, as well as contribute 
to the return of valuable monuments of the cultural heritage of ancient times to 
humanity that are still hidden from our eyes.
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EVOLUTIONEVOLUTION

CHAPTER  44

Th e very phenomenon of the «bioecological system of Man» 
(hereinaft er LBES Man) is a vivid confi rmation of one of the 
postulates of the theory of complex systems, which says that: 
«Th e whole is greater than its constituent parts», as well as the 
objective existence of such a property of any systems as emer-
gence. Indeed, LBES, consisting of separate, very diff erent-
sized components-subsystems, as a result of their interaction, 
embodies, among other things, one of the least understand-
able phenomena — LIFE. And hypotheses about the origin of 
humans from monkeys, since the time of George Louis Buf-
fon and Charles Darwin, have provoked intense discussions 
among scientists and clergy (Understanding Evolution. https://
evolution.berkeley.edu/). Numerous anecdotes and caricatures 
were involved. One of the anecdotes oft en cited in the literature 
was dedicated to a certain wife of a certain bishop, who, aft er 
learning about the existence of an understanding of the fact of 
human origin from monkeys, was extremely upset and praying 
expressed the hope that even if it was true, it should not receive 
wide publicity. 

By and large, we should consider our ancestors, probably 
all who realized the phenomenon of «Life», starting with the 
roots and early branches of the tree of evolution. Moving in 
time through this tree and its branches further, you can reach 
the branch of the hominid family of the order of primates 
Homo (from Latin — people), to which we belong and we are 
modern humans.

Th e purpose of this chapter is to remind the reader of at 
least the main points (in comparison with the global, and per-
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haps the planetary nature of the problem raised in it) related to the history of the 
emergence and development of Man and his evolution over time. In the opinion 
of the authors, it will be easier for the reader to understand the importance 
and peculiarities of the relationships between many questions, the answers to 
which, including using marine geoecology and underwater archaeology, the 
aut hors have tried to set out on the pages of this book as a whole. 

Th us, in the conventional sense, the term «human» usually refers only to 
the species of Homo sapiens in our time (Merriam-Webster Dictionary, 2017; 
Oxford English Dictionary, 2018; Groves, 2005; Barras, 2021). Th e generic name 
«Homo», derived from the Latin «homo», which refers to people of all sexes 
(Porkorny, 1959, 2008), was adopted in the 18th century. Th e name of the species 
«sapiens» means «wise», «intelligent», and «knowledgeable» (Online Etymology 
Dictionary, 2015). Recall that the binomial species Homo sapiens (hereinaft er 
Homo S.) was introduced by Carl Linnaeus in his 18th century work «Systema 
Naturae» (Spamer, 1999).

If we talk about humans and human evolution in general, it should be noted 
that humans are monkeys evolving along the following lines: Hominoidea super-
family (hominids, monkeys) — Hylobatidae (gibbons) — Hominids (hominids, 
apes) — Ponginae (Pongo — Orangutans), Pongo abelii, Pongo tapanuliensis 
(Pongo pygmies), Gorillini (hominins), Gorilla beringei, Paninae, Pan (chimpan-
zees), Pan troglodytes, Pan paniscus, Hominins (hominans), Homo sapiens (hu-
mans) (Tuttle, Russell, 2018). Th e Gibbons (family Hylobatidae) and the Orang-
utan (genus Pongo) were probably the fi rst living groups to separate from this 
line. Aft er them, separated gorillas, and, fi nally, 6—7 million years ago — the an-
cestors of chimpanzees (genus Pan). Naturally, these great apes have been gone 
for a long time. Some evolved into humans, others formed dead-end branches 
and disappeared, while others simply went the other way.

Although humans have lost much of their body hair and have increased 
brain volume, they are evolutionarily close to other apes. 

 Th is is confi rmed by the fact that about 97% of the DNA of our genes coin-
cides with them. In addition to a similar appearance, researchers found several 
human actions similar to those of our ancestor monkeys (Goodall Jane, 1969 et al.)

Recall that the date of separation between human and chimpanzee lines is 
placed by paleoanthropologists in the Late Miocene era, in the interval of about 
8—4 million years ago (Goodman, Tagle, Fitch, Bailey, Czelusniak, Koop et al., 
1990; Ruvolo, 1997), or with a more limited interval of 8—7 million suggested 
by some geneticists (Brahic, 2012; MacAndrew, 2011). 

Discussions continue on the scientifi c defi nition of man and his appea rance 
on Earth. About 7.0—6.5 million years ago, the Homo genus appeared in the 
structure of the Earth’s GES, and about 500 thousand years ago, humans ac-
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quired an almost modern form as a result of anthropogenesis. Many studies 
have found that the modern human population originated in the southern Afri-
can region about 200,000 years ago (Reich, 2018).

Although the most ancient remains have been found in eastern Africa, 
the birthplace of mankind seems to be the region of modern northeastern Bo-
tswana, south of the Zambezi river, where the earliest branch of human genetic 
phylogeny appears to have emerged. Modern man, Nomo S., appeared on Earth 
about 130,000 BC due to the evolution of another species — the upright man. 
Interestingly, the oldest remains of Homo S. (their age is about 140,000 years 
± 20,000 years) are found in the Border Cave of South Africa, which is charac-
terized by the unique preservation of archaeological materials due to its micro-
climate (d’Errico et al., 2012). 

Th e appearance of man continues to be debated. Some scholars speak of the 
appearance of Homo about 100,000 years ago, while others argue that Homo 
is 11 million years old. Th ey include chimpanzees, gorillas, and Neanderthals 
to Homo. Th e majority of scientists believe that the fi rst people appeared some 
2—3 million years ago (Barras, 2021), and the genus Homo descended from 
australopithecus. 

Th e earliest fi nding of Homo, 2.8 million years old, occurred in Ethiopia, 
and the earliest named species, Homo habilis and Homo rudolfensis appeared 
2.3 million years ago. Some scientists believe that the emergence of the genus 
coincides with the invention of the production of stone tools (Villmoare, Kim-
bel, Seyoum, et al., 2015). 

Th e fi rst archaic human species to develop the typically human form of the 
body, leave Africa and settle in Eurasia (Zhu Zhaoyu, Dennell Robin, Huang 
Weiwen, Wu Yi, Qiu Shifan, Yang Shixia, Rao Zhiguo, Hou Yamei, Xie Jiubing, 
Han Jiangwei, Ouyang Tingping, 2018) was probably Homo Erectus, who ap-
peared 2 million years ago. From his descendants who remained in Africa and 
then migrated from the continent, gradually replacing local populations of ar-
chaic humans, about 300,000 years ago, a modern Man emerged (Barras, 2021; 
Out of Africa…, 2005; Stringer, 2003; Johanson, 2001), the only species of the 
genus Nomo that survived until now. 

A new study (An ancestral…, 2021) provides data on the isolation of genes 
that are unique to modern humans, rather than inherited from ancient ances-
tors. Th is process is complicated because humans have genetic variants that they 
share with Neanderthals. And it’s not just because the two groups crossed, but 
because humans and Neanderthals inherited some of the same genetic variants 
from a common ancestor. But researchers have learned to identify eff ectively 
the diff erence between the parts of the genome inherited by modern humans as 
a result of breeding with Neanderthals and the parts that humans shared with 
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Neanderthals before their evolutionary breakup, about 500,000 years ago. At the 
same time, it was found that only 1.5 to 7% of the human genome are unique 
for Homo sapiens and do not have signs of interbreeding or hereditary vari-
ants. According to many researchers (Schaefer, XXXX), the value of 7% is a part 
of the human genome, in which people are more closely related to each other 
than to Neanderthals or Denisovans. Th e value of 1.5% is the part that includes 
variants of genes that all people have but were missing in Neanderthals or Deni-
sovans. Th e researchers were surprised that a small part of the genome belongs 
exclusively to humans and that most of the genes in that part (1.5—7%) were 
genes that essentially have a function that encodes proteins that are known to 
be involved in brain development and function rather than genetic material that 
is something special. Modern researchers know them and can recognize them.

To date, it has been found that human-specifi c mutations have resulted 
from two diff erent «surges» of adaptive genetic changes that occurred about 
600,000 years and 200,000 years ago. Why genetic changes occurred then or 
what might have happened on the planet at the time to cause these changes is 
not yet known. Further study of these mutations to determine precisely how 
they aff ect brain function may help researchers to understand the cognitive and 
biological diff erences between humans and Neanderthals. In general, it can be 
assumed that Neanderthals probably were led to extinction due to a slight drop 
in their birth rate.

Th us, from a systemic standpoint, LBES is the most numerous and wide-
spread unique self-developing biological living subsystem — a component of 
the geoecosystem of our planet. Man is distinguished by bipedality and a large 
complex brain, which allowed him to develop tools and devices of labor, cul-
ture, and language. At the same time, human beings are largely social and typi-
cally live in self-created complex social, environmental, and socio-economic 
systems composed of a multitude of interacting and competing subsystems, 
ranging from kinship families to political states. We emphasize that social, eco-
logical, and economic interactions between people are extremely multifaceted. 
But it is they who maintain the relative stability of the global system of human 
society — humanity. 

Recall that the term «society» is oft en replaced by the Latin word «socium». 
Accordingly, the adjective «social» in many contexts is synonymous with the 
adjective public. Society or socium, as we know, is a self-suffi  cient system, the 
basis of which is an organized set of all functioning human beings of its compo-
nents. It is a system of organizations and institutions that has arisen as a result of 
human interaction. Human beings are highly social and quite oft en live in social 
structures based on the family. But, as a rule, people function as unique living 
biological subsystems or components of large complex social and other systems, 
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which can be divided into diff erent components depending on their income, 
power, the reputation of people as their components, as well as other factors. 

Th e desire to know and understand the natural environment and its eco-
logical signifi cance, to infl uence it, to explain to oneself and fellow human be-
ings the phenomena of the world around us, and to predict and manage them 
prompted mankind as a complex biosocioecological and economic system 
(hereinaft er BSEKES) to self-development. Various human-generated tools and 
techniques have been widely used: various labor actions, sciences, philosophies, 
mythology, religions, and other skills and knowledge.

 Th e structure of social stratifi cation and the degree of social mobility diff er 
particularly markedly between modern and traditional societies (Schizzerotto, 
2018). Th e fi rst forms of the social organization of LBES as a low-level GES sub-
system of our planet were families operating in communities as hunter-gather-
ers (Fukuyama, 2012). 

Th e scale of the subsystems that make up the modern BSEEC of mankind 
ranges from the size of human bodies and families to nations characterized by 
special types of functioning and interaction, as well as the forms of associa-
tion that have developed at certain stages of the historical development of the 
Earth’s GES, its global subsystems (in particular, the Ocean), and the associated 
or constituent subsystems of living organisms, including the hominine of vari-
ous species. 

Only a real «breakthrough» in paleoanthropology, which has taken place in 
the last 30 to 40 years due to the development of evolutionary biology, as well as its 
constituent and complementary elements, in particular, the genetic theory of evo-
lution and the neutral theory of molecular evolution, has made it possible to iden-
tify several new branches of the evolutionary tree of hominids. Th is tree turned 
out to be much more extensive than previously thought. At the same time, the 
number of described hominin species doubled, which forced scientists in many 
cases to abandon previous views (Markov, 2012). First, it became clear that the 
evolution of the hominins was not linear, but was more complex — bushy. Th is is 
also confi rmed by the simultaneous coexistence in the same territory of several 
types of hominins, 

Early humans were hunter-gatherers before settling in various parts of the 
Old World. Access to surplus food has led to the formation of permanent hu-
man settlements and the domestication of animals, which has triggered a chain 
reaction to accelerate the development of this species. As the number of Homo 
S. representatives grew, settlement densities increased, and various forms of 
governance developed within and between communities. Many civilizations 
have evolved, fl ourished, and declined, but the BSEEC mankind as a subsystem 
of GES of our planet continues, like the universe, to expand, increasing quan-
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titatively and occupying increasingly large parts of space of GES of the Earth. 
In 2021, more than 7.9 billion people lived in almost all regions of the world 
(UNO…, XXXX).

In terms of human evolutionary genetics, we note that humans, like most 
animals, are diploid eukaryotes. Genes as internal conditions, and the environ-
ment as external conditions for the formation and functioning of the LBES 
body, determine not only biological features but also the dynamics of the speci-
fi ed system, its physiology, susceptibility to diseases, mental abilities, body size, 
and life expectancy. Th e exact infl uence of genes and environment on certain 
traits is still not fully understood (Edwards, Dent, Kahn, 1966; Machin, 1996).

Again, the evolution of Homo sapiens was not a simple linear or branched 
progression. Th is systemic process involved crossing between related species. 
As shown by genomic studies, hybridization between signifi cantly divergent 
clones was common in human evolution (Yong, 2011; Ackermann, Mackay, Ar-
nold, 2015). For example, DNA data suggest that several genes of Neanderthal 
origin are present in all non-African populations, and Neanderthals and other 
hominins may have contributed about 1.5% to 6% of their genome to the DNA 
of modern humans (Reich, Green, Kircher, Krause, Patterson, Durand et  al., 
2010; Noonan, 2010; Abi-Rached, Jobin, Kulkarni, McWhinnie, Dalva, Gragert 
et al., 2011). According to data available by 2010, a human has about 22,000 
genes (Pertea, Salzberg, 2010). No human is genetically identical (Jonsson, 
Magnusdottir, Eggertsson, Stefansson, Arnadottir, Eiriksson et al., 2021). But 
two people on average will have a genetic similarity of 99.5—99.9%. (Human…, 
2013; Levy, Sutton, Ng, Feuk Halpern, Walenz et al., 2007). Th us, humans are 
more homogeneous than other apes (Race…, 2005; Media…, 2013). 

A slight diff erence in human DNA compared to that of other organisms 
suggests a so-called bottleneck in the population during the late Pleistocene 
(about 100,000 years ago). Th e human population then shrank to a small num-
ber of cohabiting couples. (Harpending, Batzer, Gurven, Jorde, Rogers, Sherry, 
1998; Jorde, Rogers, Bamshad, Watkins, Krakowiak, Sung et al., 1997). At the 
same time, the forces of natural selection continued to aff ect human popula-
tions, indicating that certain regions of the genome have demonstrated targeted 
selection over the past 15 thousand years or so (Wade, 2007).

Recall that the human genome was fi rst sequenced in 2001 (Pennisi, 2001), 
and by 2020 hundreds of thousands of genomes were sequenced (Rotimi, 
Adeyemo, 2021).

An interesting fact was found when comparing the mitochondrial DNA in-
herited only from the mother. Th is allowed geneticists to conclude that the last 
common female ancestor, whose genetic marker was found in all modern humans 
(the so-called «mitochondrial Eva»), had to live about 90,000—200,000 years ago 
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(Cann, Stoneking, Wilson, 1987; Soares, Ermini, Th omson, Mormina, Rito, Röhl 
et al., 2009; Poznik, Henn, Yee, Sliwerska, Euskirchen, Lin et al., 2013). 

Although humans diff er in many ways, such as genetic predisposition and 
physical characteristics, two individuals, as noted above, are on average more 
than 99% genetically similar. Th e most genetically diverse populations reside 
in Africa, and the greatest degree of genetic variability exists between men and 
women. 

On average, men have greater body strength, and women tend to have a 
higher percentage of body fat, experience menopause and become infertile de-
cades before the end of their lives. At the same time, women have a longer life 
expectancy than almost all the people of the world. Th e division of roles bet-
ween male and female subsystems has historically changed. In many societies, 
however, there were deviations from traditional gender norms.

For various reasons, including biological/genetic, women live on average 
about four years longer than men (Kalben, 2002). As of 2018, the average life 
expectancy of a girl at birth in the world is estimated at 74.9 years, compared 
with 70.4 years for a boy (Life expectancy…, 2018). 

Signifi cant geographical disparities in real life expectancy are mainly re-
lated to economic development. For example, life expectancy at birth in Hong 
Kong is 87.6 years for girls and 81.8 years for boys, while in the Central African 
Republic it is 55.0 years for girls and 50.6 years for boys. (Conceição et al., 2019; 
Human…, 2019). 

Developed human societies tend to age. Th eir average age is about 40 years. 
In developing countries, the average age is between 15 and 20 years. Whereas 
one in fi ve Europeans is 60 years of age or older, only one in 20 Africans is 
over 60 years of age (U.S. Central…, 2009) estimated the number of long-lived 
people (people 100 years or older) on the planet in 2002 at about 210,000 (Uni-
ted…, 2002).

Th e human body system is designed in such a way that it can be replenished 
with substance and energy due to the consumption of a variety of plant and ani-
mal products (Haenel, 1989; Cordain, 2007; Crittenden, Schnorr, 2017). Th at 
is, humans are omnivorous and able to consume a variety of plant and animal 
products. Th ey can use the fi re to cook food since the time of H. Erectus, live up 
to eight weeks without food and three or four days without water, usually lead a 
daily life and sleep an average of seven to nine hours a day. 

Before the development of agriculture (about 20—10 thousand years ago), 
Homo S. used the hunter-gatherer method as the only means of collecting food 
(Crittenden, Schnorr, 2017). Th is involved combining stationary food sources 
(such as fruits, grains, tubers and mushrooms, insect and aquatic mollusk lar-
vae) with wildlife that had to be hunted and killed for consumption (Cordain, 
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Eaton, Sebastian, Mann, Lindeberg, Watkins et al., 2005). People are believed 
to have used fi re to cook food since Homo erectus (Ulijaszek, 2002). Agricul-
ture (Harrington, 1997; Balter, 2007; Morelle, 2006) has signifi cantly altered 
a person’s diet, probably aff ecting their biology, including body function. For 
example, the spread of dairy farming, which provides a new and rich source of 
food, has led, inter alia, to the development in many adults of the ability of the 
digestive subsystem to digest lactose (Krebs, 2009; Holden, Mace, 1997). 

Individuals and human groups can follow diets ranging from purely vegan 
to predominantly carnivorous. In some cases, dietary restrictions in humans 
may lead to certain diseases associated with a defi ciency of certain substances 
necessary for the body. In contrast, relatively stable groups of people have adap-
ted to a variety of dietary patterns to use nutritionally balanced food sources 
(American…, 2003), due to both genetic specialization and cultural traditions. 
At the same time, the types of food consumed and the methods of their prepara-
tion vary greatly depending on time, geographical location, and culture. (Gib-
bons, 2021; Ritchie, Roser, 2017). Since the diet is visibly refl ected in people’s 
culture, this has stimulated the formation and development of special nutrition 
science (Crittenden, Schnorr, 2017). 

Although people may live up to eight weeks without food, depending on 
accumulated fat (Lieberson, 2004), survival without water is usually limited 
to three or four days, with a maximum of one week (Spector, 2018). Obesity 
among some groups of the world’s population, caused by the consumption of 
a signifi cant number of calories (foods), more than the body spends, increases 
rapidly. Th is has led to health complications and increased mortality in several 
developed and some developing countries (Haslam, James, 2005). At the same 
time, the global distribution of food is not uniform. It is estimated (Holmes, 
2021) that 9 million people died in 2020 from causes directly or indirectly re-
lated to hunger (Mai, 2020). Childhood malnutrition is also common and con-
tributes to the global spread of disease (Murray, Lopez, 1997).

Th e human brain, the human central nervous system, controls the perip he-
ral nervous system. In addition to managing «lower», involuntary, or predomi-
nantly vegetative activities such as breathing and digestion, it is also a place of 
higher-order functioning, such as thinking, reasoning, and abstraction. (Th e 
Secret …, 2005). Th ese cognitive processes constitute consciousness and, along 
with their behavioral consequences, are the object of study of psychology.

Human beings have a large and highly developed prefrontal cortex, that is, 
a brain area associated with higher knowledge. Th is determines the ability of 
the «human» biosystem to occasional and long-term accumulation and storage 
of the received information (memory), fl exible facial expressions, self-aware-
ness, self-analysis, personal thinking, imagination, will, and formation of views, 
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including their existence (Robson, 2020; Owen, 2015; Schmidt, Cohn, 2001; 
Moisse, 2011; Deleniv, 2018), as well as having a theory of reason (Beck, 2019).

Th anks to reason and the transfer of knowledge to future generations, the 
Human as a Biophysical System has been able to develop technologically quite 
rapidly, to develop and create complex means of production, protection, and at-
tack, as well as other tools and methods for various purposes. All this led people 
to declare themselves to be smarter than any other known species (Erickson, 
2014). However, it is diffi  cult to objectively assess this, as other animals adapt 
and develop their feelings and successfully act in many areas in which humans 
cannot function in this way (Humans…, 2020). 

Since off spring, reproduction is a process associated with high risks of com-
plications and death, as a rule, both women and men take care of their off spring, 
who are helpless at birth. 

Because the evolution of Homo S. involved crossing between related species, 
most features of human physiology are very similar to those of animal physi-
ology. Th e body of an adult human consists of approximately 100 trillion cells 
that make up his or her torso, arms, neck, head, and other parts of the body. 
Th e most pronounced systemic components of the human body as a system 
are its nervous, cardiovascular, digestive, endocrine, immune, cover, lymphatic, 
musculoskeletal, reproductive, respiratory, and urinary subsystems (Roza, 2007; 
Inner Body, 2013). Since the body weight, physique, and functioning of these 
subsystems of the human body are infl uenced mainly by genetic predisposition, 
food priorities, and the environment, the qualitative and functional organisms 
in diff erent people can diff er signifi cantly, including externally (Kushner, 2007; 
Adams, Murphy, 2000).

Human evolution is also characterized by several morphological changes 
associated with the development and physiological and behavioral changes that 
occurred aft er the split between the last common ancestor of man and the chim-
panzee. Th e most signifi cant of these changes are, inter alia, increased brain 
size, decreased sexual dimorphism, etc. Th e interrelationships between all of 
the changes mentioned above are a subject of ongoing debate (Boyd, Silk, 2003).

Th e results of the functioning of man as a unique living system and, at the 
same time, the subsystem of the biosocial and ecological system of mankind, are 
language, art, and trade, the development of which has been greatly stimulated 
by migration processes. Th e scientifi c evidence suggests that the migration of 
the fi rst people «from Africa» occurred in at least two waves: the fi rst — about 
130—100 thousand years ago, and the second (southern distribution) — about 
70—50 thousand years ago (Posth, Renaud, Mittnik, Drucker, Rougier, Cu-
pillard, et  al., 2016; Karmin, Saag, Vicente, Wilson Sayres, Järve, Talas et  al., 
2015). Long-range migration has undoubtedly contributed to the rapid spread 



116116

Chapter 4. A BRIEF ON HOMO SAPIENS AND THE HISTORY OF HUMAN EVOLUTION

of means and resources, including both genetic, material and spiritual, cultural. 
Th is gave people an advantage over other members of such species, with the 
prolonged colonization of virtually all continents and large islands (Fig. 4.1). 

In Eurasia, for example, Homo S. spread about 60 thousand years ago, (Ar-
mitage, Jasim, Marks, Parker, Usik, Uerpmann, 2011; Rincon, 2011); in Austra-
lia — about 65 thousand years ago, (Clarkson, Jacobs, Marwick, Fullagar, Wallis, 
Smith et al., 2017), in America and on the islands of Hawaii and Easter — about 
15 thousand years ago. Th e islands of Madagascar and New Zealand were colo-
nized by Homo S. between 300 and 1280 A.D. (Lowe, 2008; Appenzeller, 2012). 

It should be noted that the main reason for the migration of modern people, 
which began only aft er about 70,000 years of residence in their native region, 
according to many researchers, was paleoclimatic changes. Th e original habitats 
of the fi rst people began to be regularly aff ected by droughts, which prompted 
them to leave along green corridors to the northeast and southwest. It can be 
assumed, based on the information obtained by geologist-paleontologists as a 
result of studying the dynamics of geological processes, climate, and the history 
of migrations of various terrestrial organisms, that migratory processes invol-

Fig. 4.1. Map of the world of  prehistoric human migrations according to 
mitochondrial genetics (fi gures presented by millennia until now) (accor-
ding to https://uk.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%B
B:World_map_of_prehistoric_human_migrations.jpg)



117117

Chapter 4. A BRIEF ON HOMO SAPIENS AND THE HISTORY OF HUMAN EVOLUTION

ving hominins have occurred before, as well as signifi cant climatic changes that 
have occurred in the history of our planet.

It should be noted that the existence of only one type of hominid on the 
Earth — Homo S., is, to some extent, natural, from the point of view of the the-
ory of competition in biology, but not typical for the history of anthropogenesis. 
Th is situation has developed relatively recently, aft er about 25 thousand years ago 
the GES of our planet lost the last Neanderthals. It is known that 40—50 thou-
sand years ago there were, apparently, four types of people on Earth at the same 
time — Neanderthals, relic erectus in East Asia, dwarf people from the island of 
Flores, and modern man.

 At the beginning of the Upper Paleolithic, about 40 thousand years ago, the 
Homo S. range already covered almost the entire GES of the planet. Th e excep-
tion was probably the American continent, which, according to available data 
(Oxford…, XXXX; Man…, 2017), was settled later, about 15 thousand years 
ago. Th ere is ample reason to believe that the reduction in the quantitative di-
versity of hominins was the result of the competitive displacement of archaic 
species by more advanced, primarily Homo S. species.

Th e location of human communities, which developed at certain stages of 
the historical development of GES Earth and its subsystems, was governed by 
geoecological factors, primarily geological and geographical (favorable climate, 
proximity to water sources, distance from sources of geological threats, etc.) 
and biological (objects and food sources) conditions. Th e largest and most suc-
cessful communities were formed primarily in the vicinity of the Ocean and its 
subsystems: — rivers, their deltas, estuaries, estuaries, etc., i.e. at water sources. 
Th ey brought together people with distinctive economic relationships in the 
process of functioning and fulfi lling their personal needs. At the same time, his-
torically specifi c types of systems were formed, but no longer just biological, but 
social, socio-ecological, and socio-economic, more precisely biosocio-ecologi-
cal systems (BSEES). Th erefore, although biological laws and relationships have 
played a signifi cant role in the relationship of people as living biosystems, in the 
framework of society as a system, so-called regular social, socio-economic, and 
ecological-economic relations and relationships are equally important. Th ey 
can be traced in the process and the results, including underwater geoecologi-
cal and archaeological research.

Let us emphasize that human society (mankind) is biological (taking into 
account the main role of man in it as a biological living subsystem and the main 
system-forming component), but, at the same time, the social, and socio-eco-
nomic system, is inextricably linked with material and energy processes, inclu-
ding those occurring in the GES of planet Earth and its global subsystems, par-
ticularly in the oceans and biosphere. Th erefore, it is natural that humanity, as a 
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unique component-subsystem of the global biosphere, should be subject to the 
same laws and the same rules as other complex systems of diff erent levels, scales, 
and genesis, including humans and other living organisms. At the same time, let 
us repeat that each person is a unique, complex, living biological system.

Culture and cultural universality are inherent in humankind as a social sys-
tem. Th e following play a crucial role in the functioning of this system: mother 
tongue (Comrie, Polinsky, Matthews, 1996), art, religion, and the ability to ap-
ply recursive embedding to generate and transmit complex concepts (Winkler, 
Mueller, Friederici, Männel, 2018), science and philosophy, teaching and learn-
ing, as well as a range of other abilities and skills.

Approximately six thousand diff erent languages are used today, including 
sign languages. At the same time, it should be realized that many thousands more 
languages are extinct. Unlike the limited linguistic systems of other animals, al-
though many species communicate through sounds, human language is an open 
system, unique to humans, a defi ning feature of humanity, and a universal cultur-
al heritage (Scott-Phillips, Blythe, 2013), which, by combining a limited number 
of symbols, allows an infi nite number of meanings (Pagel, 2017; Fitch, 2010). 

One of the defi ning characteristics of a person is art. Th e earliest evidence 
of art is considered to be the engravings on shells made by Homo erectus 
300,000 years before the advent of modern man (Joordens, d ‘Errico, Wesse-
lingh, Munro, de Vos, Wallinga et al., 2015). Th e art attributed to Homo S. exis-
ted at least 75,000 years ago, as evidenced by ornaments and drawings found in 
some caves in South Africa (St Fleur, 2018; Radford, 2004). Th ere is evidence of a 
link between creativity and language (Morriss-Kay, 2010). Th ere are various hy-
potheses about why people became the originators of art. Th is includes enabling 
them to better solve problems, providing tools to control or infl uence others, en-
couraging cooperation and contributions to society, or increasing the chances of 
attracting a potential partner. (Dissanayake, 2008). Th e use of imagination de-
veloped through art, which can take various forms, including visual, literary, and 
performing forms, as well as combinations thereof, coupled with logic, may have 
given early humans an evolutionary advantage (Morriss-Kay, 2010). As you know, 
a modern person has long used art not only for entertainment and the transfer of 
knowledge but also for commercial and political purposes (Bird, 2019).

Humans are the only animals, not counting the extinct hominids that are 
known to transmit generalized information (Goldman, 2012), initially use recur-
sive embedding to generate and transmit complex concepts that allow them to 
participate in the conscious design of means of production, various tools (John-
son-Frey, 2003; Emery, Clayton, 2009), cooking in the wild (Lemonick, 2015), etc. 

Teaching and learning preserve the cultural and ethnographic identity of all 
diverse human societies. (Vakhitova, Gadelshina, 2015).
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 Other abilities and skills that seem to be prevalent in humans include light-
ing a fi re (McKie, 2018), designing melodies (Nicholls, 2015), and teaching vo-
cals (Dasgupta, 2015).

A wide range of human intellectual skills has been a key factor in the spe-
cies’ ultimate technological progress and concomitant dominance in the eco-
sphere (Ord, 2020). 

Stone tools were used by primitive humans at least 2.5 million years ago 
(Clark, de Heinzelin, Schick, Hart, White, WoldeGabriel et al., 1994). Th is abil-
ity distinguishes people more than anything else (Choi, 2009), and is seen as a 
historically important evolutionary step (Orban, Caruana, 2014), which also 
helps archaeologists to restore some pictures of natural environmental condi-
tions, events, and phenomena of distant historical eras. 

About 1.8 million years ago, when the controlled use of fi re appeared, 
which was quite widespread about 1 million years ago (Berna, Goldberg, Hor-
witz, Brink, Holt, Bamford, Chazan, 2012; Gowlett, 2016), technology became 
more complex (Choi, 2009). Around the fourth millennium B.C., a wheel and 
wheeled carts appeared (Bodnár, 2018). Th e development of complex tools and 
technologies has made it possible to cultivate more intensively and eff ectively 
the land and tame animals, that is, to develop agriculture, which became the 
basis of the so-called neolithic revolution (Damiano, 2018). 

It should be recalled that several signifi cant inventions of human civiliza-
tion, including four great inventions: paper, the compass, gunpowder, book 
printing, as well as some other important objects and tools are native to China 
(Deng, Wang, 2011). Very serious changes in the functioning of mankind were 
made by the industrial revolution that occurred due to the invention of auto-
matic machines (National…, 2020). 

Religion occupies a special place in the functioning of humankind as a sys-
tem. Th ere is no universally accepted academic defi nition of what constitutes 
this phenomenon (Idinopulos, 1998). Religion has taken many forms that diff er 
according to culture and individual points of view according to the geographi-
cal, social, and linguistic diversity of the planet (Idinopulos, 1998). Although 
the exact time when people fi rst became religious remains unknown, the evo-
lution and history of the fi rst religions have recently become an area of active 
scientifi c research (Evolutionary…, 2009; Boyer, 2008; Emmons, 2003; King, 
2016). As a result, reliable evidence of people’s religious behavior was obtained 
from 200 to 45 thousand years ago, that is, around the Middle Paleolithic era 
(Culotta, 2009). Religiousness may have emerged and evolved to play a role 
in promoting cooperation among people (Atkinson, Bourrat, 2011) and their 
separation, to facilitate their manipulation by representatives of leading groups 
to achieve their own, including commercial, interests. 
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Man-made science and philosophy have been extremely eff ective tools for 
developing people’s unique ability to transfer knowledge from one generation 
to another and to continuously use this information to develop and create more 
effi  cient tools and instruments for diff erent kinds of production, new scientifi c 
knowledge, and laws, other advances both for trade in them and for further 
transmission to future generations (Di Christina, 2020). Th is ability to accumu-
late knowledge has been very successfully used by man in his progress towards 
domination (Andersen, Hepburn, 2020). 

Th e fi rst scientist who precedes the emergence of scientifi c thought in the 
Hellenistic period is Aristotle (Lo Presti, 2014; Russo, 2004). Many other ear-
ly advances in science came from the Han Dynasty in China and during the 
Golden Age of Islam (Needham, Wang, 1954; Renima, Tiliouine, Estes, 2016). 
Modern science was shaped by the Scientifi c Revolution that took place at the 
end of the Renaissance (Henry, 2008). 

A chain of events and infl uences has led to the development of a scientifi c 
method, observation, and experimentation process, which is used to distin-
guish science from pseudoscience (Hansson, 2017). Oft en, the whole science 
is divided into separate groups or directions. For example, science in many 
countries is divided into three main groups: formal sciences (for example, logic 
and mathematics), which are associated with formal systems, applied sciences 
(for example, engineering, and medicine), which are focused on practical ap-
plications, and empirical sciences. sciences, which are based on empirical ob-
servations and in turn are divided into natural sciences (for example, physics, 
chemistry, biology) and social sciences (for example, psychology, economics, 
sociology) (Branches…, 2017). But some sciences, particularly geology or ar-
chaeology, are diffi  cult to classify into one of these groups, as they have the 
characteristics of virtually every one of them.

Philosophy is an area of study and, at the same time, a science in which and 
with the help of which, people seek to understand fundamental truths about 
themselves and the surrounding world in which they live (What is Philoso-
phy…, 2020). Th e main areas of philosophy include metaphysics, epistemology, 
logic, and axiology (including ethics and aesthetics) (Hassan, Mingers, Stahl, 
2018). Philosophical research was an important milestone in the development 
of the intellectual history of mankind (Philosophy…, 2020). Unlike religion, 
philosophy relies on reason and evidence but does not require empirical obser-
vations and experiments provided by science, which distinguishes it from the 
latter (Messerly, 2016). 

All human societies organize, recognize, and classify the types of social re-
lations based on the relationship between parents, children, and other descen-
dants (kinship), as well as on the relationship through marriage (kinship). Th ere 
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is also a third type applied to godparents or adopted children (fi ctitious). Th ese 
culturally defi ned relationships are called kinship. In many societies, this is one 
of the most important principles of social organization, which plays a role in 
the transfer of status and inheritance (Th e Nature…, 2020). In many societies, 
there are rules of taboo on incest, according to which marriage between certain 
kinship relationships is prohibited, and in some, on the contrary, there are rules 
of preferential marriage with certain kinship relationships (Itao, Kaneko, 2020).

An important role in the functioning of mankind as a complex BSEES is 
played by the ethnic belonging of a person as its biological subsystem, to a par-
ticular ethnic group. Or, in other words, a social category that identifi es itself to-
gether as a group based on common attributes that distinguish that group from 
other groups. Th e list of such attributes may include a common set of traditions, 
origins, language, history, society, culture, nation, religion, or social status in 
the area of residence (Chandra, 2012; People J., Bailey, 2010). Th e attribution of 
ethnicity to a certain population is diffi  cult, since even within the common eth-
nic designations, there may be a wide range of subgroups, and the composition 
of these ethnic groups may change over time, both collectively and individually 
(Race…, 2005). In addition, there is no generally accepted defi nition of what 
constitutes an ethnic group (Chandra, 2006), although ethnic groups can play 
an important role in the social identity and solidarity of ethnopolitical units, 
which was closely linked to the rise of the nation-state as the dominant form 
of political organization in the 19th and 20th centuries (Smith, 1999; Banton, 
2007; Delanty, Kuma, 2006). It should be remembered that ethnicity is sepa-
rated from race, which is based on physical characteristics, although both are 
socially constructed (Blackmore, 2019).

Speaking about power and politics as the most important attributes of the 
functioning of human society and its constituent communities, it should be re-
membered that the early distribution of political power was determined by the 
presence of fresh water, fertile soil, and a temperate climate in various places 
(Holslag, XXXX, p. 417). As the farming population gathered in larger and in-
terconnected communities, the interaction between these diff erent groups in-
tensifi ed, resulting in the development of governance within and between com-
munities (Christian, 2004). As communities grew, the need for some form of 
governance grew, as all large societies, being BSES of diff erent scales and levels, 
tried to function without governments (Nuwer, 2020). People have developed 
the ability to relatively easily change belonging to diff erent social groups, includ-
ing strong political alliances if this has provided personal advantages (Cronk, 
Leech, 2017). Th is cognitive fl exibility allows individuals to change their politi-
cal ideologies, with people with greater fl exibility less likely to support authori-
tarian and nationalist positions (Zmigrod, Rentfrow, Robbins, 2018).
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Government systems, functioning, create laws and policies that aff ect the 
subsystems of the citizens or populations they govern. Th roughout human his-
tory, there have been many forms of government, each with diff erent means of 
gaining power and the ability to exercise more or less suffi  cient control over the 
population (Melina, 2011). 

As of 2017, more than half of all national governments are democracies, of 
which 13% are autocracies, and 28% include elements of both systems (DeSil-
ver, 2020). Many countries have formed international political alliances, the 
largest of which is the United Nations, with 193 members (National…, 2012).

Trade, the voluntary exchange of goods and services, is considered by many 
experts as a characteristic that distinguishes humans from other animals, and is 
referred to as a practice that gave Homo S. a great advantage over other homi-
nids (Sanchez, 2017; Horan, 2005). Evidence suggests that the fi rst Nomo S. 
used long-distance trade routes to exchange goods and ideas, leading to cultural 
breakthroughs and providing both additional food sources when hunting was 
diffi  cult and diff erent in strength and sign emotions. At the same time, there 
were no trade routes for the now extinct Neanderthals (Gibbons, 2015; Univer-
sity..., 2005). Early trading probably included materials like obsidian, to create 
tools of certain types and purposes (Polianskaya, 2018). Th e fi rst truly inter-
national trade routes formed during the Greek, Roman, and medieval periods 
were related to the spice trade (Henriques, 2020). Other important trade routes 
that developed around the same time included the Silk, Incense, Amber, Tea, 
Salt, Trans-Saharan, and Tin trade routes (Cock-Starkey, 2016).

Th e early human economy was most likely not based on a barter system, 
but on gift -giving (Strauss, 2016). Th e fi rst money was probably made up of 
goods. Th e oldest of these were most likely cattle, and the most widely used 
were cyprium kauri shells. Since then, money has become coins, paper, and 
electronic money issued by states (Th e History of Money, 2020). 

We know that there is a huge disparity in the distribution of wealth among 
people. Th us, the eight richest people have as much material and productive 
means, as well as other values in monetary terms, as the poorest half of all hu-
manity (Sheskin, 2020). 

It is known that primates, as well as humans, have both interaction and ag-
gressiveness. At the same time, people commit violence against other people at 
a rate comparable to other primates, but at a faster rate than most other mam-
mals (Yong, 2016). It is predicted that 2% of the early Homo S. were killed. In 
the medieval period, the proportion of killed increased to 12% before falling to 
below 2% in our time (Gómez, Verdú, González-Megías, Ménde, 2016). Unlike 
most animals, which usually kill babies, adults kill other adults, and at a very 
high rate (Wrangham, 2018). Th ere is a large diff erence in the level of violence 
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between human populations: the homicide rate in societies with legal systems 
and strong cultural traditions is only about 0.01% (Pagel, 2016).

Th e willingness of people to massacre other members of their species 
through organized confl ict (that is, war) has long been a subject of controversy. 
According to a political science school, war arose as a means of eliminating 
competitors and has always been an innate human trait. Another school sug-
gests that war is a relatively recent phenomenon and has arisen due to changes 
in the social conditions of human activity (Ferguson, 2018).

Conclusions. Man, as the only surviving member of the species Homo 
sapiens, is the most numerous and widespread self-developing unique living 
multicellular subsystem of the geoecosystem of our planet. Humans are char-
acterized by bipedalism and a large complex brain that allows one to memorize 
and analyze information, learn, develop technologies, tools, and instruments of 
labor, culture, and language. Biological variations of a person in the visible char-
acteristics of one’s physiology, susceptibility to diseases, mental abilities, body 
size, life expectancy, as well as migration characteristics, including priorities, 
are infl uenced by genes and conditions of the natural and cultural environment. 
Early human settlements depended on proximity to water and, depending on 
lifestyles, on other natural resources used as food (wildlife populations for hunt-
ing, land for growing crops, grazing, etc.) (Rector, 2016) and the production of 
tools for labor, as well as for the organization of housing.

Consolidation and targeted alteration of natural habitats is oft en done by 
a person to provide protection, comfort, or material wealth, increase the quan-
tity and quality of aff ordable food, increase knowledge and/or improve the ex-
change of resources, including genetic and cultural resources (Habitat, 20136).

Humans are one of the most adaptable species, even though they do not 
tolerate many extreme conditions on Earth. Th anks to the inventions, man as a 
species of living biological system has been able to expand its tolerance to a wide 
range of temperatures, humidity, and heights, and thus — pressures (Piantado-
si, 2003). As a result, humans are a cosmopolitan species in almost all regions of 
the world, including tropical forests, arid deserts, extremely cold Arctic regions, 
and heavily polluted cities. Most other species are limited to a few geographi-
cal areas due to their limited adaptability (O’Neil, 2013). However, the human 
population is not evenly distributed on the surface of our planet. Population 
densities vary from region to region, and there are large areas, almost entirely 
uninhabited (eg, Antarctica and vast ocean spaces (Piantadosi, 2003; Popula-
tion…, 2017). Most people (61%) live in Asia; the rest live in America (14), 
Africa (14), Europe (11), and Oceania (0.5%) (Bunn SE, Arthington, 2002).

Human beings, as, to a large extent, social biosystems, usually function in 
social systems that they have created that are complex in terms of material, pro-
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cedural, and functional characteristics. Th e latter consist of many interacting 
and competing subsystems, ranging from individual human systems — indi-
viduals and/or families with kinship ties — to political state systems and their 
associations. 

Social and socio-economic interactions between people are extremely mul-
tifaceted. But it is they who support the evolving human society or BECOSES of 
mankind in relative stability. 

Th e thirst for knowledge, the desire to know and understand the environment, 
to infl uence it, to explain the phenomena of the surrounding world, to predict and 
manage them prompted humanity as a complex BECOSES to self-development, 
for which it applied various tools and means created by it: work, sciences, philoso-
phy, mythology, religion, other skills, and knowledge that a person transmits from 
generation to generation, including in the form of cultural heritage.

It seems that for all normal members of Homo S. species the following 
questions may be of interest: «When did man realize himself as part of man-
kind?» and «When will mankind end its existence?». Most likely, man, judging 
by his activities and behavior, has not yet fully realized himself as part of the 
whole humanity, and this awareness, although, unfortunately, very slowly, with 
some interruptions, for example, for world wars, but continues. In principle, 
this process can be implemented for quite a long time. Although mankind is in-
terested in its completion as soon as possible, since then, at least to a large extent 
for it as a system, the threat from the Human being himself will be reduced. If 
the process of human awareness as a system-forming part of the BECOSES of 
mankind is hindered by some powerful force majeure phenomenon or an event 
of natural or anthropogenic origin (for example, a collision of the Earth with 
some large cosmic body, a super-powerful eruption of a giant volcano or atomic 
world war…), the unique super-complex system «humanity» can prematurely 
end its development, functioning and even existence. 

One can talk for a long time about the life (functional) cycle of the human 
body system, about its division (which, however, is typical for any complex sys-
tem) into several (from three to twelve) stages or steps, and the general stages 
include infancy, childhood, adolescence, adulthood and old age (Mintz, 1993). 
It is possible to discuss the duration of these stages, the causes of their varia-
tions, longevity, that is, the functioning of man as an LBES, in general, and the 
factors that determine both the variation of life stages and the longevity of man. 
By the way, according to some scientists, this important indicator of the sustai-
nability of the human LBES depends on two main factors: genetics, peculiarities 
of consumed food, and lifestyle (Marziali, 2010). We would add to these major 
factors the quality of natural and cultural environments. In our opinion, they 
are underestimated. 
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Since the detailed consideration of the issues and problems raised above is 
not part of our main tasks, we will note only that directly related to the topic of 
our monograph — geoecology and archaeology of the GES NBSR and MGES 
research region of the adjacent ABSB shelf, and more specifi cally, the Black Sea 
and its northwestern part. We emphasize that throughout the entire period, at 
least in the Holocene, this region was more or less comfortable, both in terms 
of the natural environment, including geological, geographical, biological, and 
cultural environments and conditions, for the development of suffi  ciently stable 
BECOSES in its space. 

Th us, it can be stated that the GES NBSR space, including many parts of 
the space of its subsystem — the NWS of the Black Sea, periodically freed from 
water in the Holocene, were and are a place favorable for the formation and 
development of both individuals of the Homo S. species and their associations. 
A typical example is the unusually rapid surge in growth and/or puberty during 
adolescence of people living in conditions similar to GES NBSR (Soliman, De 
Sanctis, Elalaily, Bedair, 2014), which is observed today. 

Th e uniqueness of conditions of the region under consideration for the de-
velopment of BECOSES of mankind is fully confi rmed, inter alia, by marine 
environmental and underwater archaeological research, the peculiarities of lo-
cation and distribution of archaeological sites of cultural heritage in the GES 
space of the Northern Black Sea and the coastal zone of the Black Sea. Th ese 
issues will be discussed in more detail in the next section of this monograph.







This section of the monograph provides a brief description of the history of the development 
of underwater archaeology, considers the typification of archaeological sites, provides a brief 
description of the main types of underwater archaeological monuments, as well as the most 
significant cultural heritage sites of the Northern Black Sea region (NBSR) discovered and 
studied to date. It should be noted that today they are partially or completely located in the 
space of the marine ecosystem (MGES) of the Black Sea shelf and its basin subsystems of 
low level (bays, straits, estuaries, deltas, etc.), mainly at the boundary of the spaces of their 
aquatic and geological subsystems (respectively AQESUS and GEOESUS). 

It should be noted that underwater archaeology, as a separate and interesting research 
domain of archaeological science, emerged in the early 20th century. Since then, scientists and 
admirers of underwater archaeology have shown the world hundreds of previously unknown 
antiquities from early antiquity to the late Middle Ages. These are merchant ships, warships, 
ships sunk for various reasons in maritime accidents and battles, ancient port facilities, piers, 
breakwaters, and quay walls, architectural and rock painting sites, ship anchors, amphoras, 
remnants of coastal settlements, and entire quarters of cities that were submerged as a result 
of sea level changes, and much more.

 On a significant part of them (for example, the Dniprovka-2 settlement, nearby wa-
ter areas near the island of Berezan, near the ancient cities of Olbia, Istria, Argamum, 
etc.) bathymetric surveys were carried out to determine the features of the border between 
AQESUS and GEOESUS, the types of bottom sediments (GEOESUS of the lower level) and 
their density properties were characterized. In this case, modern devices, equipment, and 
technologies were used, the characteristics of which, and the data obtained with their use, 
will also be discussed in this section. 

  Integration of archaeological and geoecological studies, joint interpretation, and analysis 
of the obtained materials allow for more accurately reconstruct of the ancient coastlines of 
the Azov-Black Sea basin (ABSB), others related to its marine geoecosystem, AQESUS, and 
GEOESUS of other water basins (estuaries, bays, etc.). At the same time, thanks to the co-
operation and a comprehensive system approach, the use of both theoretical foundations and 
practical developments of marine geoecology, and the achievements of underwater archaeol-
ogy itself, it became possible to clarify many important features of the geoecological conditions 
of the current location and preservation of underwater parts of many famous archaeological 
sites of NBSR. Several previously unexplored underwater archaeological and other artifacts 
of various ages have also been discovered, and interesting spaces in the Black Sea MGES and 
associated lower-order GEOESUS water basins have been identified, promising for the estab-
lishment of integrated archaeological and geoecological studies in the future. 

One of the main tasks of the authors of this monograph is a brief description of al-
ready known archaeological, in particular, underwater, relics and other interesting underwater 
objects, their overlapping on a modern geological and geographical basis regarding certain 
GEOESUS. This is important not only for historical and archaeological reconstructions but 
also for solving the problems of deeper knowledge of the causes and consequences of changes 
in the paleogeological and modern geoecological conditions of the ABSB and NBSR shelf, the 
dynamics, and directions in their development, as well as the impact on the inhabitants of the 
region under consideration.
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CHAPTER  55

Underwater archaeology, as a special fi eld of archaeological 
science, is an important and peculiar component of an exten-
sive system of historical science. Its objects of study are various 
monuments of archaeology and history, which for some reason 
ended up in the GES space of any water natural or artifi cial ba-
sin: sea, estuary, lake, river, or reservoir. Usually, such objects 
are located either on the border of the AQESUS GES water ba-
sin with its, GEOESUS or in the space of the latter. 

It should be noted that underwater archaeology is closely 
related to many other scientifi c areas: geology, geomorphology, 
geoecology, and their marine components.

To date, UAS (underwater archaeological sites) have been 
the least explored compared to similar land-based sites. Th eir 
lack of knowledge is primarily due to the diffi  culties of conduc-
ting underwater research, the lack of reliable and eff ective met-
hods, search means, including fl oating, and equipment. Various 
methods for conducting underwater research, inclu ding archaeo-
logical research, are currently developed and exist, and various 
types of new underwater search equipment, including robotic de-
vices, are being developed and continue to be develo ped, which 
signifi cantly facilitate the conduct of underwater archaeological 
research, especially at big depths.

All archaeological sites that are located in the GES space of 
water basins can be divided by several features. First of all, based 
on: the time of their creation and operation; their type (mound, 
settlement, ship, etc.); the type of water body (sea, estuary, lake, 
river, etc.) in the GES space which they are currently located; 
the location in the GES space of the water body. 
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For the study of sites of each type, it is necessary to use, and if it does not 
exist, then develop a separate methodology. In this case, the specifi cs of the UAS 
location, the material-genetic type and physical and mechanical properties of the 
geological environment of the GEOESUS GES reservoir, in the space in which the 
majority of the UAS is located, the characteristics and dynamics of the AQESUS 
GES aquatic environment, its temperature regime, the presence and/or absence 
of currents, other natural or anthropogenic factors should be taken into account. 

A systematic study of ancient cities and settlements on the territory of the 
Northern Black Sea Coast began in the fi rst quarter of the 19th century. During 
this period, studies were carried out not only on ancient mounds and mounds 
on land but also on archaeological sites that were found at the bottom of the 
coastal zone of the Black Sea.

Th us, in the book of I.M. Muravyov-Apostol «Travels through Tavrida», 
published in 1823, attention was drawn to the fact that part of Olbia, a Greek 
colony based on the shore of the Dnipro-Bug estuary, was fl ooded at a distance 
of 40—50 meters from the shore. In the middle of the 19th century, underwater 
research in Olbia was continued by Count Uvarov a.s., who noted the presence 
of underwater remnants of the coastal walls of the port. In 1902, BV. Farma-
kovsky carried out the fi rst practical steps to study the fl ooded part of Olbia 
with the help of a fl oating lift ing scoop. Measurements were made of the struc-
ture taken for the remains of the city marina.

At the beginning of the 19th century, several marble columns were acciden-
tally found in the Kerch Strait, south of the Chushka Spit, and the attempt to lift  
them failed. In 1820, in the coastal part of Phanagoria, two marble fi gures of li-
ons were found and lift ed ashore. A more thorough study of the fl ooded part of 
the Phanagoria Mound revealed in 1858 large clusters of stones that were taken 
for the remnants of the ancient breakwater. 

In 1892—1894, simultaneously with the construction of the Feodosia port 
in the Crimea, in the course of the special diving work begun, it was possible to 
extract a large number of pine piles from the bottom of the ancient hydraulic 
structures. In 1905, the director of the Simferopol Historical Museum, L.P. Koli 
resumed underwater work in Feodosia Bay, as a result of which 15 antique am-
phorae were raised from the depth of fi ve meters. 

In 1913, two Roman Red Clay entities were found underwater near the is-
land of Berezan. Such fi ndings are rightly considered to be the beginning of 
Russian underwater archaeology.

Th e initial stage of underwater archaeological research played a positive 
role, in determining the interest of scientifi c circles, fi rst of all — historians and 
archaeologists, in research of archaeological sites under water. Th e information 
accumulated during this period became the scientifi c basis for the subsequent 
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large-scale process of research, development of underwater exploration, and ex-
cavation techniques.

Th e second stage in the development of underwater archaeology is believed 
to have begun in the mid-1930s. It is characterized by highly systematic under-
water archaeological research under the guidance of Professor R.A. Orbeli. On 
his initiative, in August 1937, an agreement was reached on joint underwater 
work with the General Directorate of the Special Purpose Underwater Work 
Expedition (EPRON), a special-purpose state organization that existed in the 
former USSR, and was mainly engaged in the lift ing of ships, vessels, and sub-
marines, as well as other underwater work. Th us, the main task that R.A. Orbeli 
set at that time before the cooperation with EPRON, was to search and study 
antiquities which are both in water, and in coastal territories, in sedimentary 
rocks near Kerch, Feodosia, Chersonesus, and Olbia. 

Th e fi rst expedition works were carried out in Chersonesus. In their process, 
in a relatively short time, measurements of the fl ooded part of this ancient city 
were made, the surface of the bottom along the coast was inspected, and the lo-
cation of the ancient  Chersonesus harbor was established. Later, based on many 
years of underwater archaeological research, R.A. Orbeli for the fi rst time formu-
lated the tasks of a new scientifi c discipline — underwater or hydroarchaeolo gy, 
which provided for a whole set of measures. Having an encyclopedic education 
and great practical skills, R.A. Orbeli not without reason believed that the ef-
fectiveness of this new direction of archaeology is based on a close relationship 
with natural sciences, in particular with geology, biology, physics, mechanics, 
and hydrography. On this basis, it was intended to develop a methodology for 
exploration and excavation underwater, taking into account the existing techni-
cal capabilities at that time. An integral part of the program, developed for the 
long term, was the compilation of a hydro-archaeological map of the Northern 
Black Sea. On the one hand, this made it possible to put under the control of the 
state all the sights of underwater archaeology, ensuring their protection, on the 
other hand, to draw up a long-term plan for the work and the sequence of the 
study of these sites. R.A. Orbeli considered it necessary to create a new scientifi c 
institute — the Institute of Hydroarchaeology — in the system of the Academy 
of Sciences and the All-Union Museum of Underwater Surveys. But the Second 
World War and the death of R.A. Orbeli in 1943 prevented the further continua-
tion of research work in the fi eld of underwater archaeology for many years. 

Truly systematic underwater archaeological research in the Northern Black 
Sea Coast put the work of the expedition under the leadership of the outstan-
ding scientist V.D. Blavatsky. Th anks to his organizational eff orts, the talent of 
the researcher, and international fame (V.D. Blavatsky was a member of the In-
ternational Council of Underwater Archaeology) in the period from 1957 to 
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1965, under his leadership underwater archaeological research of the Azov-
Black Sea region was carried out. He became one of the pioneers of Bosporus 
and gave a comprehensive analysis of the ancient city and ancient economy. 
Characteristically, it was V.D. Blavatsky who for the fi rst time investigated and 
showed the impact of ancient urban planning and economy (quarries, mines, 
water pipelines, roads, canals, harbors) on the natural landscape, fauna, and 
fl ora of the Northern Black Sea Coast. Th anks to specially developed methods 
of underwater archaeological exploration and the use of various underwater 
equipment for a relatively short period, it was possible to expand and deepen 
the survey of many underwater parts of ancient cities, including Panticapaeum, 
Chersonesus, and Olbia, to carry out underwater archaeological work in the 
Dniester estuary, the Kerch Strait, the Donuzlav and the Sea of Azov.

Since the same time, the use of the latest achievements of diving equipment, in 
particular, the widespread use, has received scuba diving. Th anks to scuba diving, 
scientists were able to work freely and without special costs at depths of up to 50 m. 

Underwater archaeologists are widely using hydroacoustic devices, magne-
tometers, deep-sea multipurpose vehicles, aerial photographs, and underwater 
television. Th e technique began to be used not only for searching for underwa-
ter objects but also for their mapping and excavation, regardless of the structure 
of bottom sediments. Th e introduction of the latest technical means and the 
development of appropriate methods on their basis have signifi cantly expanded 
the limits of underwater historical and archaeological research of sites located 
in the shelf zone of the Black Sea. Th e results of underwater research allow us to 
solve several issues of paleogeographic nature. 

As was shown in the fi rst section of the monograph, over the past centu-
ries there have been signifi cant changes in the geoecological situation of many 
coastal regions, in particular, in the NBSR. As a result of marine transgression, 
the sinking of parts of the land and seabed, abrasion of the shores and ero-
sion of sediments, and other natural processes, the coastline of the sea and all 
estuaries has changed its shape. In some coastal areas, the changes have been 
so signifi cant that, without an underwater survey of the surrounding areas of 
the Black Sea, it has become impossible to locate with suffi  cient precision not 
only individual ancient settlements but also several ancient Greek cities men-
tioned in the writings of their contemporaries. Th e most famous monuments of 
this type on the territory of NBSR are the ancient Greek cities of Olbia, Tiras, 
Chersonesus, and Panticapaeum, as well as some other ancient settlements, in 
which signifi cant parts of their territories are fl ooded. Underwater objects that 
are primarily subject to study, in this case, can be stone foundations and wells, 
basements of residential buildings, the location of the remains of ship parking, 
which are located at the bottom of water areas.
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Th e growing activity of underwater archaeological research served as the 
basis for the compilation of a suffi  ciently large historiographic base. It is ref-
lected in numerous publications devoted to the history of the development of 
underwater archaeology, technical techniques and methods of archaeological 
work in the aquatic environment, and methods of lift ing and museumization 
of ancient ships. Th e fi rst books written by Jacques Yves Cousteau, one of the 
founders of European underwater archaeology, became the basis for the subse-
quent appearance of a series of monographs written by his students and follo-
wers (Th e Silent World: A Story of Undersea Discovery and Adventure). 

Th e th ird stage began with the application of integrated methods in the re-
search activities of underwater archaeologists. Th is contributed to a signifi cant ex-
pansion of the circle and an increase in the amount of source research material re-
ceived. On the territory of the NBSR, complex underwater archaeological research 
began to be actively carried out in the second half of the twentieth century. At this 
time, underwater archaeological research of the coastal part of the SZP was carried 
out mainly by S.D. Kryzhitsky, MV. Agbunov, V.V. Nazarov, A.S. Ostroverkhov and 
S.B. Okhotnikov. Th us, comprehensive research, which was conducted under the 
guidance of S.D. Kryzhitsky, a correspondent member of the National Academy 
of Sciences of Ukraine, was primarily aimed at studying the fl ooded parts of the 
large antique and medieval centers of Tiras and Olbia. VV. Nazarov was engaged 
in the study of coastal areas of Snake Island and the water area of the Berezan 
estuary. Studies of archaeological sites of antiquity and the Middle Ages of the Cri-
mea located underwater were carried out under the guidance of S.N. Shcheglov, 
M.I. Zolatorev, V.N. Zelenko, as well as many other researchers.

Th e authors are witnesses and participants in the beginning, continuation, 
and development of the modern stage in archaeological, primarily underwa-
ter, research. Th is stage is now characterized by a more focused integration of 
archaeological surveys with geological, biological, and geoecological studies, 
including geoecosystems of marine and related water basins. At the same time, 
the application of new geophysical and other prospecting, exploration, and car-
tographic equipment, as well as appropriate modern technologies, has begun, 
which makes it possible to facilitate the conduct of such studies and expand 
their spaces. Th e analysis, interpretation, and generalization of the obtained 
data and materials have become more involved in a systematic approach. Th e 
complexity and systematicity of research of the ancient, and not very, UAS cul-
tural heritage, features of material composition, properties, conditions, and dy-
namics of spatial environments of various, in particular, aquatic GES, in which 
they are located, allow signifi cantly increase the amount and improve the qua-
lity of the information received, including the reasons for the current position 
and state of various artifacts in geoecosystems (GES) of diff erent water bodies.
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All archaeological sites are divided by the time of their origin 
and existence, as well as by their location. Today, it is possible 
to distinguish such types of underwater archaeological sites.

Flooded areas of ancient cities and settlements are the 
most informative and relatively well-surveyed underwater ar-
chaeological sites. Th eir formation is mainly due to transgres-
sion. Abrasion and wind erosion of coastal cliff s also play a role.

Th ere are many reasons why ground facilities were sub-
merged. Th ese include tectonic changes of the Earth’s surface 
caused by volcanic activity and earthquakes, but mainly by ri-
sing water levels in the world’s oceans. Persistent fl uctuations in 
the level of the Black Sea during certain cultural (archaeologi-
cal) periods eventually led to signifi cant paleographic changes in 
the coastal strip throughout the Northern Black Sea. As a result 
of these natural processes, most of the ancient Greek and medi-
eval cities, based on the shores of the Black Sea, were partially 
or completely submerged or aff ected by coastal abrasion. For 
many years, underwater archaeological studies of the fl ooded 
territories of Olbia, Chersonesus, and Tiras, as well as Korocon-
dam and Akra (which are completely at the bottom of the Kerch 
Strait) have been carried out. A similar picture can be seen not 
only on the Black Sea coast but also on the territory of the Medi-
terranean, in other parts of the world’s oceans. An example is 
the results of underwater studies of the large Phoenician com-
mercial port of Caesarea, fl ooded by the sea of the Roman city of 
Epidaurus of Illyria in the Gulf of Brenna, and some other settle-
ments and cities of the ancient and medieval periods (Fig. 6.1).

Th ey retained their original planning and possibly some of 
the building remnants. As a result of underwater archaeologi-
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cal studies of these objects located in the space of GEOESUS GES of water bo-
dies, climatic conditions, technical techniques, and materials that were used in 
the construction of residential buildings and structures for economic purposes 
can be established, and the objects found during the excavation will help to re-
construct the lifestyle, everyday life, and occupations of the population living in 
this place. All the cities and towns that are now underwater in the MGES space, 
as a rule, conducted lively sea trade and had port facilities or berths for naviga-
tion and berthing of sea vessels, so the possibility of fi nding in such places the 
remains of ships and ship cargo is not excluded.

Port facilities. In the territory of NBSR of this type of monument, so far, 
very little is known. Th e references to numerous ports in the works of ancient 
authors and many epigraphic documents suggest the identifi cation of such ob-
jects in the coastal zone of NBSR in the course of future research. At the very 
end of the 19th century, during the dredging works at the time of construc-
tion of the Feodosia seaport, A.L. Bertier-Delagarde discovered port facilities 
that existed in ancient times. R.A. Orbeli surveyed the coastal area of another 
ancient city, Olbia (Orbeli, 1945). According to reports, the remains of a stone 

Fig. 6.1. Spain. Th e underwater archaeological park of Bahia Cities and settlements, which 
have been underwater for many hundreds of years, have not been subjected to destructive hu-
man activities, and have not been rebuilt or destroyed (М. Ievlev, А. Chubenko 2020)
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pier of ancient times were destroyed during dredging in the port of Kerch. In 
the fl ooded part of the ancient city of Phanagoria, on the Taman Peninsula, an 
ancient breakwater was discovered, which can be seen «only under the surface 
of the water» (Hertz, 1870).

Anchorages, unlike the above monuments, do not contain residues of any 
fi xed structures. Archaeologically, they are recorded by the fi nds of anchors and 
fragments of ceramic vessels. Similar places are known in the Snake Island area, 
in the harbor of Evpatoria, and in many bays on the Crimean coast.

Th e remains of shipwrecks are closed complexes and are among the most 
informative underwater archaeological sites. In the ancient period, in the Mid-
dle Ages, ship accidents were quite common. Th e number of ships, for various 
reasons, were at the bottom of the seas and oceans for the entire period of the 
existence of navigation, according to the calculations of the American ocean-
ographers Rechnitzer and Terry, is about a million. Th e annual loss of ships 
only in the 19th century is determined as 3 thousand. In the last half-century 
alone, hundreds of ships belonging to diff erent historical epochs have been dis-
covered and brought to museums, and in some cases raised, in the waters of 
the Mediterranean and Black Seas. Only due to underwater expeditions led by 
J.I. Cousteau, in 1948, a large number of ancient ships were found off  the coast 
of Tunisia, in the coastal waters of France, Italy, in particular, near the islands 
of Sardinia, Sicily, and Corsica. French underwater archaeologists found several 
ancient merchant ships near the island of Sapienza, located in the southwest of 
the Peloponnese, near the islands of Lemnos and Euboea. Numerous wreckage 

Fig. 6.2. Th e wreckages of a sunken medieval ship at the bottom of the Black Sea (М. Ievlev, 
А. Chubenko 2020)
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of ships of ancient times and the Middle Ages were found in the territorial wa-
ters of the former states of Yugoslavia, Bulgaria, and Ukraine (Fig. 6.2). Each of 
the vessels found at the bottom is of great historical value, not only for archae-
ologists and historians but also for those who study the history of shipbuilding, 
navigation technology, are interested in issues of maritime trade and interna-
tional relations at diff erent stages of the existence of human society. Any sunken 
merchant ship or warship symbolizes the era to which it belonged.

Unfortunately, due to the insuffi  cient knowledge of the MGES space of the 
Black Sea shelf on the border with GES NBSR, such objects are known, so far, in 
a relatively small number. To date, several dozens of ancient and medieval ships 
have been found here. At the same time, there is no doubt that the number of 
dead ships of these epochs, which today are located in the space of the MGES 
shelf of the Black Sea on the border with GES NBSR, is large enough, which 
makes this space very promising for the staging of prospecting underwater ar-
chaeological works. As for the coastal zone, a promising direction of the search 
is the identifi cation and thorough examination of areas potentially dangerous 
for navigation, as well as ancient ports and ship moorings. Given the presence 
of hydrogen sulfi de contamination of AQESUS and GEOESUS MGES of the 
Black Sea at depths of more than 150—200 m, the possibility of detecting here, 
at the border between these subsystems, the remains of ships of good preserva-
tion, also has a good prospect (Blavatsky, 1978). 

Indivi dual archaeological fi nds are extremely diverse and are mostly rep-
resented by ceramic vessels or their fragments, anchor rods, lapidary inscrip-
tions on stone slabs, various stone products, and, in particular, sculptures. Such 
fi ndings are very important because of determining the prospects for further 
searches of still unknown archaeological sites and therefore need their full ac-
counting, research, and mapping of the archaeological material found.
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Argamum or Organa originated on the Black Sea coast of Ro-
mania, in the middle of the 7th century B.C. (Figs 7.1—7.6). 
Located at the confl uence of Lakes Razim and Golovica, Ar-
gamum was founded by Greek colonists from Asia Minor.

In the 1st century B.C., the city was part of the Roman Em-
pire. It was destroyed around 665 by the Union of Nomadic 
Bulgar and Avar Tribes.

Th e seaside area of the ancient city is approximately 100 hec -
tares. It is estimated that about ten thousand people lived in Ar-
gamum in the IV—V century A.D., during the heyday of the city. 
It can be said that some part of the city was fl ooded by the waters 
of the Black Sea as a result of the rise of its level. To establish the 
total area of the fl ooded part of the city, it is necessary to conduct 
a full-scale geoecological survey, including a bathymetric survey 
of its coastal part and explora tory underwater archaeological re-
search. Based on the results of the preliminary bathymetric sur-
vey, it can be stated that the width of the fl ooded part of the coast 
near the city of Argamum can vary from 50 to 100 m (Fig. 7.4).

Based on the data currently available, it can be concluded 
that the geography of the area in the ancient period was diff er-
ent. In ancient times, near the city of Argamum, there was the 
Black Sea bay, the Greeks called it Halmyris, «brackish water». 
Th e city of Argamum had a port on the Black Sea bay, which 
gradually separated from the sea by a narrow spit. Route for 
navigation was on the place where now there is a channel Gura 
Portitei. Th is was the main entrance to the bay. Th ere was also 
an island with a small temple, as well as a military checkpoint.

On the banks of the Gura channel, during the bathymetric 
survey, 6 anoma lies of soil density were recorded near both its 
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Fig. 7.1. Modern view of the seaside of the ancient city of Argamum (М. Ievlev, А. Chubenko 2020)

banks. Th eir sizes on each coast are approximately the same. On the Argamum 
side, they have values of 100 per 25—30 m, and on the opposite side — 200 
per 35—40 m (Fig. 7.5). It can be assumed that these anomalies are traces of 
boathouses, in which ancient ships were saved, repaired, and possibly built. 
Similar Hellenic remnants were recorded during the underwater archaeological 
research in the Quarantine Bay of Chersonesus of ancient times in the Crimea.

Fig. 7.2. Th e seaside part of the ancient city of Arkaim, the entrance to the city (М. Ievlev, 
А. Chubenko 2020)
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Fig. 7.4. Schematic bathymetric map of the modern AQESUS MGES boundary with its GEOESUS 
bottom sediments (Mapped by Chubenko А.V.)

Fig. 7.3. A seaside part of the ancient city of Arkaim, a modern view (М. Ievlev, А. Chubenko 2020)
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Fig. 7.5. Schematic map of GEOESUS bottom sediments (Mapped by Chubenko А.V.)

From Lake Razim it was possible to enter the Danube through a secon-
dary sleeve, this is the current Dunavets Canal, with an exit near the village of 
Murigiol, in ancient times it was the city of Halmiris, which got its name 
from the nearby island. 

Fig. 7.6. Schematic map of the density of the GEOESUS medium of bottom sediment (Mapped 
by Chubenko А.V.)
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In the Roman period, the importance of the city of Halmiris was greater 
than that of Argamum, because it was the base of the Roman navy. Th e bathy-
metric survey was carried out on a strip with a width of up to 150 m. It was 
found that in ancient times the coastline passed at a distance of up to 750 m 
from the modern coastline (Fig. 7.6). One of the reasons for the loss of the value 
of Argamum as a port could be caused by the rise in the Black Sea level and 
changes in the geoecological conditions in the area. In particular, the Hellenic 
fl ooding required the choice of another location for the repair and construction 
of ships. Th e compiled schematic maps of GEOESUS silt and GEOESUS density 
of bottom sediments (Figs 7.7 and 7.8) showed the probability of suffi  ciently 
dense development in the fl ooded coastal part of the city. Full-scale underwater 
geo-ecological and archaeological studies in the coastal zone of Argamum are 
necessary to confi rm the results of preliminary underwater surveys in the area 
of ancient Argamum, as noted above.

Fig. 7.8. A seaside part of the ancient city of Istria, a modern view (M. Ievlev, А. Chubenko 2020)

Fig. 7.7. Th e seaside part of the ancient city of Istria, the entrance to the city (M. Ievlev, А. Chu-
benko 2020)
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Fig. 7.9. Schematic map of GEOESUS bottom sediments (Mapped by Chubenko А.V.)

Fig. 7.10. Schematic bathymetric map of the modern AQESUS MGES boundary with 
GEOESUS bottom sediments. (Mapped by Chubenko А.V.)
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Istria is an ancient Greek and Roman-Early Byzantine city in the Lower 
Dniester area (Figs 7.9. and 7.10). One of the largest antique centers on the 
Western Black Sea Coast. Th e remains of Istria are located in the Romanian 
Dobruja on the shore of Lake Sinoe and are connected to the southern sleeve of 
the Danube. Istria was founded by colonists from Miletus in 657/656 or about 
630 B.C. In 512, the city was damaged during the Darius I campaign against the 
Scythians. Th e city controlled the trade of Greeks with the barbarians of Lower 
Podunavje and Podnestrovie. About 339, Istria was destroyed during the war 
between the Scythians of Atheus and King Philip II of Macedonia. Aft er restora-
tion, she was subordinated by the diadochus to the king of Th race (305—281) 
Lysimachus. In 72—71 B.C., Istria was captured by the Roman commander 
Lucullus. Serious destruction in History is associated with the expansion of the 
«Gothic Tsar» of Burebista around 60—50 B.C. Towards the turn of the era, 
due to the alluvium of sand in Lake Sinoe, Istria turned into a small settlement. 
Around 238 A.D., she suff ered during the Scythian Wars. Under the Roman 
emperor Gordian III (238—244), the coin ceased to be minted and became a 
small provincial town. Th e fl ourishing of Istria in the IV—VI centuries A.D. was 
associated with the activities of Constantine the Great and Justinian I. Th e fi nal 
decline of Istria was a consequence of avar raids (about 599/600), by the end of 
the VII century A.D. it ceased to exist.

Istria occupied an area of 60 hectares on the shore of the Black Sea lagoon, 
which had access to the Danube Delta in the north. At the beginning of our era, 
the commercial value of Istria fell greatly due to the siltation of the delta, the 
lagoon turned into a closed Blue Lake (Rum. Lacul Sinoe).

Fig. 7.11. Schematic map of the density of GEOESUS sludge (Mapped by Chubenko А.V.)
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Th e bathymetric survey carried out near the coastline of the ancient city 
of Istria confi rmed the existence of a rather large fl ooded part of its territory. 
As in the ancient city of Olbia, this fl ooded part was the so-called «Lower City» 
(Figs 7.9. and 7.10). Th e entire fl ooded part of the city is located at depths not 
exce eding 0.5 m. Based on the obtained data (Fig. 7.11) on the GEOESUS bot-
tom sediments, the bathymetric features of the modern AQESUS MGES border 
with GEOESUS silt sediments and the density of its environment (Figs 7.11), it 
is possible to draw such conclusions. Th e border of the fl ooded part of the city of 
Istria passed at a distance of up to 250 m from the modern coast. In this area, 
there was a rather dense building, and at a distance of 200—250 m from the mo-
dern shore, probably, there was a defensive wall of the city. Unfortunately, the na-
ture and time of the construction of the discovered objects, without conducting, 
at least, underwater exploration archaeological studies, is currently impossible.
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Snake island (Achill Island, White Island (Leva), Fedonisi Is-
land) (Figs 8.1—8.3) — one of the three Black Sea mainland 
islands located in the open sea, 38 km east of the mouth of the 
Danube river.

Th e geological structure of the island is such that no sig-
nifi cant reduction of its territory during transgression and 
abrasion can be assumed. Th erefore, the search for the fl ooded 
part of ancient Levka, where the cultural layer of ancient times 
could be preserved, does not make sense (Hunters, Ostroverk-
hov, 1993). It should be noted that the Snake Island coastal 
zone occupies a special place among the open underwater ar-
chaeological sites of the northwestern part of the Black Sea. Ar-
chaeological material, which was found during his study, dates 
from the VII century B.C. — the XV century B.C.

Achilles Sanctuary, the most famous and respected sanctu-
ary in the North Black Sea, existed on the island throughout 
the ancient era. In this regard, the island is mentioned in the 
works of many ancient and medieval writers (Tolstoy, 1918; 
Hunters, Ostroverkhov, 1993). Numerous numismatic fi ndings 
on its territory testify to the constant connection with the cities 
of Olbia, Chersonesus, Panticapaeum, and other ancient cities 
of the Northern Black Sea Coast, as well as with such Medi-
terranean shopping centers as Chios, Rhodes, Samos, and Fas-
sos. In the fi rst century A.D., Snake Island played a signifi cant 
role as one of the locations of the Roman fl eet. Later, the island 
continued to serve as a place for berthing ships, as evidenced 
by the fi nds of coins of the Byzantine Empire and fragments 
of ancient Russian graves. While on trade routes, Snake Island 
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was actively used by Venetian and Genoese merchants who established their 
numerous colonies on the Northern Black Sea Coast.

Th e fi rst studies of the archaeological sites of the island were carried out in 
the fi rst quarter of the 19th century. In 1823, Lieutenant Commander Kritsky 
dis covered in its southwestern part the remains of a foundation and a wall of a 
large house composed of local white limestone (Tolstoy, 1918). In 1841, N.N. Mur-
zakevich, one of the founders of the Odesa Society of History and Antiquities, 
made an archaeological survey of the island. Having carried out excavations 
within the northeastern part of the island, N.N. Murzakevich was able to estab-
lish that the size of the island underwent signifi cant changes, shrinking several 
times compared with the antique period (Pyatysheva, 1966). Th is conclusion is 
very important since it indicates signifi cant changes in geoecological conditions 
that have occurred in the region in question since about the 8th century B.C. 
4—5 A.D., not just in the Snake Island area. 

It should be recalled that Antique civilization encompassed not only Hel-
las, i.e. Ancient Greece, and Ancient Rome, but also Greek colonies and Roman 
provinces, in particular, those formed on the territory of modern Ukraine, and 
more precisely — NBSR. Th e location of the island on the sea routes determined 
its signifi cance as an intermediate point where ships stopped (Fig. 8.4). Conse-
quently, ownership of the island meant control of the sea lanes. In principle, the 
status of the island as a sacred zone has an all-Hellenic signifi cance, preventing 
it from becoming a base for the practical implementation of such control (de 
facto — a pirate base). Th e fact that such attempts took place is evidenced by an 

Fig. 8.1. Snake island, aerial view (before February 24, 2022)
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epigraphic document — a fragment of the decree in honor of an olbiopolite (the 
name was not preserved), who liberated the island of Levka from pirates (IPE, I, 
No. 325). At the same time, while exercising patronage over the sanctuary, Olbia 
and later Tiras certainly used the island in one way or another to obtain certain 
benefi ts from maritime trade (Vinogradov, 1989; Hunters, Ostroverkhov, 1993). 
Th e long-lasting operation of one of the most revered sanctuaries here involved 
the presence of a harbor or at least a regularly used anchorage site. Th e latter is 
even more likely due to the existing ban on the residence and any economic ac-
tivity in the Achilles’ possessions. Th is assumption was confi rmed in the course 
of underwater archaeological research in the Snake Island area.

Fig. 8.3. Snake island. View from the sea on the lighthouse (before February 24, 2022)

Fig. 8.2. Snake Island Engraved Images (1836)
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Trial dives, fi rst made here during the research work of the 1964 and 1966 ex-
peditions, did not yield results (Hunters, Ostroverkhov, 1993). Stationary un-
derwater exploration in the area adjacent to Snake Island has been carried out 
since 1988 under the supervision of S.B. Okhotnikov (Okhotnikov, Ostroverk-
hov, 1989, 1993; Okhotnikov, 1990, 2001). Th e work was carried out in the 
South and North Bay of the island, as well as a little east of the latter at a distance 
of up to 100—150 m from the coast at depths of up to 15—20 m. It was found 
that the bottom of the island was rocky, and starting from a depth of 15 m — 
sandy. From the northeastern side of the island, an underwater ridge consisting 
of boulders stretches northward. Th e bulk of the lift ing archaeological material 
was found in the North Bay of the island. Here it is found at a distance of 100—
150 m from the coast, along an elongated strip. But the largest concentration 
of ceramics (the so-called «amphoric fi eld») was observed in the center of this 
strip. Generally, the material is represented by amphorae fragments, including 
a wide pallet from the end of the 7th to the beginning of the 6th centuries BC, 
produced by Klazomen; Chios wide-necked; Fasos, as well as amphorae origi-
nating from other ancient centers and amphorae of the Roman period. Th us, the 
amphorous material characterizes the entire period of existence of the Achilles 
Shrine on Levka (Hunters, Ostroverkhov, 1989, 1993). It is also worth noting 
the fi ndings: tiles — fl at ceramics and oval capillary calipers, as well as calcined 
bricks about 5 cm thick (Hunters, Ostroverkhov, 1989). A signifi cant group of 
fi nds are parts of antique anchors: stone (6 pieces) and lead (28 pieces), rods and 
lead staples fi xing the wooden legs of the anchors (6 pieces). Characteristically, 
they lay along a line that repeats the curve of the bay (Okhotnikov, 1990; Okhot-
nikov, Ostroverkhov, 1993). Most of these fi ndings have not been published, but 
the published materials provide a holistic view of the typology and chronology 
of the anchors of antiquity from the Snake Island area.

Th e main types of anchor rods found in the Snake Island area are:
• anchor rods of rectangular shape and trapezoidal section. Th e length is 

about 0.6  m, the width is 0.11—0.13  m. In the center, there is a rectangular 
chute. Dated to the 5th and 5th centuries B.C.;

• segmental stone stock. Th e length is 1.4 m, and the largest width is up 
to 0.25 m. In the center, a sample is traced along the entire perimeter, which is 
intended for fastening the spindle. Dated to the 5th century B.C.;

• 0.99 m long lead arc-shaped rod with a maximum width of 0.09 m. A cir-
cular hole with a diameter of 3 cm is located in the center. It is dated from the 
5th to the 4th centuries B.C.;

• bicorn lead rod 1.26 m long with a central rectangular hole with dimen-
sions of 0.21 × 0.14 m. Rod horns bent upwards, inside them, there is a rectan-
gular cavity with a cross-section from a wooden core. On one of the lateral 
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faces of the central part of the rod, there is a sign in the form of the letter «T». 
Th ese anchors date from the 3rd to the 1st centuries B.C. III—IV centuries CE 
(Oracheva, 1988). According to the authors of the publication, S.B. Okhotnikov 
and A.S. Ostroverkhov, the stock found in the Snake Island area most likely 
belongs to the III—I century B.C.

In addition to ceramics and anchor parts, there is a cone-shaped lead sinker 
with a height of 0.28 m, which was probably used a lot. Th e upper part of the 

Fig. 8.4. Image of an antique vessel on a Roman mosaic (M. Ievlev, А. Chuben-
ko 2020)

Fig. 8.5. Photos of the found antique vessel (Photo by Tereschenko)
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Fig. 8.6. Scheme of the found antique vessel (Tereschenko, 2013)
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product has a hole with traces of scuffi  ng from the rope (Hunters, 1990; Hun-
ters, Ostroverkhov, 1993). Of particular interest is the fi nding in the South Bay 
of the island — a fragment of marble relief. It was found at a depth of 15 m on 
rocky soil. Th e dimensions of the relief are 0.36 × 0.45 × 0.15 m. Judging by the 
bend, it had a diameter of 1 m and could belong to a roundhouse frieze or serve 
as a column cladding. On the relief, there is an image of a plant leaf or a griff on 
wing framed by cannelures, and on the top, there is a profi led roller with a small 
ledge. Th e most likely date is from the 2nd to the 3rd centuries A.D. (Hunters, 
Ostroverkhov, 1993).

In 2011, the Navarex expedition of the Odesa National University named aft er 
I.I. Mechnikov found a wooden commercial Greek vessel with a lead pla ting on 
the bottom (Figs 8.5, 8.6). Th e cargo of this vessel consisted mainly of synchronous 
amphorae of three or four types: Peparet-1 (Peparet-II, Peparet-III, Solokha-1), 
a variety of black lacquer utensils, including fi sh dishes, kantar bowls, skyphos 
bowls, and ceramic dishes of the crew. Analysis of the ceramic complex suggests 
that the vessel made sea voyages in 350—325 B.C. between the island of Peparet 
in the Aegean Sea and the ancient cities of the North-Western Black Sea (Teres-
chenko, 2013). Th e found sunken sailboat is the fi rst underwater-archaeological 
object of the ancient period in the North-Western Black Sea region, which is lo-
cated at an accessible depth. According to preliminary data, the vessel was loaded 
with amphorae in four rows in the amount of 3000 pieces, which corresponds to 
100 net tons. Th e vessel is an invaluable source for the study of ancient Greek colo-
nization and trade routes from Hellas to the North-Western Black Sea, is a unique 
monument of shipbuilding of the IV century B.C. and belongs to the category of 
semi-closed submarine-archaeological complexes (Tereschenko, 2013).

Random fi nds in the Snake Island area. Ochakov fi shermen repeatedly re-
ported about fi nds of amphorae near Snake Island. Th eir fate is oft en unknown. 
Separate samples of amphorae went to the Odesa archaeological museum.

Amphora, inv. No. 84233, height — 64 cm, shoulder width — 36 cm, bot-
tom diameter — 4 cm. Typologically this copy refers to the so-called «amphorae 
with a glass-like bottom» (Seest 1960, type 9). According to the latest develop-
ments, the dating of these amphorae falls within the limits of the late VII — the 
fi rst half of the VI century B.C. (Ruban 1990; Cook, Dupont, 1998).

Amphora was found 60 miles southeast of Snake Island at a depth of 62 m. It 
has a rounded cone-shaped body 70 cm high and 28 cm in diameter. Amphorae 
of similar types existed in the IV—V century A.D. (Robinson 1959; Nettle, 1993).

Th e u pper part of the amphora (fragment height 42 cm), XII—XIII centuries.
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In the coastal zone between the Danube Delta and the Dnies-
ter estuary, sites dating back to antiquity and the Middle Ages 
are now practically unknown. It should be noted that there are 
also few references to the existence of settlements in this area 
in ancient written sources. In ancient times, only Pliny and 
Ps. Arrian had references to them. Pliny writes about the cities 
of Kremisk and Epilia, as well as about the Macro Silicon Moun-
tains. He reports: «Behind Istrom» and Ps. Adrian also reports: 
«From the Neoptolems to Kremisk 120 stages, 16 miles»; geog-
rapher Artemidor says that «from the Tiras River to Kremisk 
480 stages, 64  miles» (Ps.-Arr/&8). Th e localization of these 
items has been considered by many researchers.

Years of searching for these geographical locations to date 
have not yielded results. Th ey are believed to have been fl ooded 
by the waters of the Black Sea as a result of the rise in its level 
since antiquity (Ostroverkhov, 2008, p. 48). Based on modern 
bathymetric data, the coastline in the ancient period could pass 
2 km from the modern coastline. As a result of the rise in the 
level of the Black Sea, river valleys have been fl ooded and sea 
bays, estuaries, and lakes have formed in their place. So, the 
modern lake Burnas in ancient times didn’t exist, in its place, 
there was a valley through which the river fl ows into the sea 
bay  — the Pra — the Burnas estuary (Agbunov, 1984). Cur-
rently, the depths of Lake Burnas do not exceed 1.6 m. During 
underwater archaeological studies conducted by MV. Agbunov 
at the bottom of the sea on an area of 500 × 300 m near the 
Buynak Cape, fragments of antique ceramics, marble slabs, and 
other objects of the Hellenistic period were identifi ed. Unfor-
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tunately, all of them were found in a hypothermic state (Agbunov, 1985). Th e 
results of these underwater archaeological studies suggest that the Hellenistic 
settlement on the site was destroyed by coastal abrasion. It is virtually impos-
sible to establish the name of this ancient settlement at the moment, it can only 
be assumed that these are the remains of one of the ancient authors of the ci-
ties mentioned in this area. Full-scale underwater archaeological research is re-
quired to establish the name of the settlement.

Th e water area of the Dniester estuary, the district of Tiras (now Belgorod-
Dniester). Located on the right bank of the Dniester estuary, Tiras was one of 

Fig. 9.1. View of the Medieval fortress (a) and remains of the ancient city of Tiras and the 
medieval fortress (b) (before February 24, 2022) (M. Ievlev, А. Chubenko 2020)
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the largest ancient cities of the North Black Sea region, the center of the pole of 
the same name (Fig. 9.1, 9.2). Th e city was founded in the 5th century B.C. on 
the way of ships along the western and northwestern coasts of Pontus Euxinus, 
on the right bank of the Dniester estuary. Tiras was the center of an indepen-
dent polis in the IV—III centuries B.C. It consisted of 92 ancient settlements, 
according to the available data obtained from the archaeological study of the 
Dniester estuary (Okhotnikov, 1983). All of them are on the banks of the Dnies-
ter estuary, and hence, to some extent suff ered in the process of its formation. 
Given that some of the Tiras chora settlements may have been fl ooded as a 
result of this natural process, their number may have increased considerably. It 
should be borne in mind that some settlements may have been located directly 
on the shore of the Black Sea and may have been fl ooded or destroyed by its 
waters during their uplift ment.

At the end of the 2nd century B.C. Tiras became a part of the state of Mit-
ridat Yevpator. Life in the city continued until the 5th century B.C. Th en there 
was the medieval city of Moncastro. Around the end of the 14th — beginning 
of the 15th centuries, the Chetatya Albee Fortress (White Fortress) was built 
on the territory of the city, which later (under the Turks) was called Ackerman.

Fig. 9.2. Diagram map of the depths of ancient Tiras and medieval fortress (NAVIONICS)
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Underwater research, fi rst carried out in 1962 in the water area of the 
Dnies ter estuary near the city of Tiras under the leadership of V.D. Blavatsky 
found that a signifi cant part of the city is underwater. It was found that the trac-
es of erosion of the layers of the ancient and medieval city occur at a distance 
of more than 100 m from the modern bank of the estuary and are at depths of 
up to –3 m (Blavatsky, 1985). From the very beginning, underwater archaeolo-
gists had to face some diffi  culties, fi rst of all, strong sediments of sand and silt, 
and poor vi sibility in the water. Even so, they managed to explore three areas: 
the west, opposite the old area; the southeast, near the ferry crossing; and the 
east, near the power station. In the western part, the remains of medieval struc-
tures destroyed by the waters of the estuary were discovered. Opposite the ferry 

Fig. 9.3. Fragment of the leather shield of the 2nd — 3rd centuries A.D. from Dura-Europos 
with the designation of cities on the territory of the Western and Northern Black Sea Coast 
(Ostrovierkhov, 2008)
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pier, there was a cultural layer 
of ancient times. In the area 
located near the power plant, 
the cultural strata of ancient 
and medieval times were re-
corded (Blavatsky, 1985).

Th e following complex 
his torical and archaeological 
studies, carried out together 
with scuba divers, made it pos-
sible to solve several complex 
issues rela ting to the paleogeo-
graphic situation within the 
Dniester estuary in the ancient 
and medieval eras.

Exploration of underwa-
ter works in the area of Tiras, carried out by an expedition of the Institute of 
Archaeology of the Academy of Sciences of the Ukrainian SSR in 1971 under 
the direction of S.D. Kryzhitsky, depth measurements were performed to de-
termine the soil composition on the bottom surface on eight transverse profi les 
up to 600 m long. Th e measurements showed that the bottom slope was much 
smaller in the Tiras region, compared to Olbia (where underwater research was 
carried out in parallel) (Fig. 9.3), and the level of silt occurrence is higher. At 
a distance of 100—200 m from the shore, a bottom ledge with a smooth depth 
diff erence of up to 0.5 m was found (Kryzhitsky, Shilik, 1972, pp. 396—397). 
Th us, it can be stated that the studies of the fl ooded part of Tiras were prelimi-
nary and exploratory. It is necessary to continue its research and conduct it 
with the use of the latest technology, which will allow more complete restora-
tion of the history of the development of Tiras in the periods of antiquity and 
the Middle Ages.

Niconium. Th e city of Nikonium was founded on the left  bank of the Dnies ter 
estuary in the last decade of the 6th century B.C. (Fig. 9.4). Mention of it is found in 
the descriptions of this area of the Northern Black Sea Coast in many ancient au-
thors, such as Strabon, Pliny, Pseudo Arrian, Ptolemy, and many others. In the last 
third of the 4th century B.C. Nikonium was destroyed by the troops of Zopirion, 
commander of Alexander the Great. Th e city of Nikon is reborn in Roman times 
and continues to exist until the end of the 3rd century A.D. Th is is confi rmed by 
the fi ndings obtained during archaeological research on its territory, as well as the 
designation of the city on the internarium depicted on the leather shield from Dura 
Europos (on which the cities of the North-Western Black Sea Coast are indicated).

Fig. 9.4. Aerial photograph of the location of the an-
cient city of Nikonium (before February 24, 2022) 
NA VIONICS
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Th e location of the ancient city of Niconium has not been established for a 
long time and was the subject of discussions among researchers in this region 
(Ostroverkhov, 2008). As a result of large-scale archaeological research, Niconi-
um was identifi ed with the Roxolane settlement, which existed in ancient times. 
Th e remains of the settlement are located 500 m northwest of the village of Roxo-
lana, on the high left  main bank of the estuary.

Th e city of Nikon consisted of two parts: the upper part and the lower, ter-
raced part. Th e territory of the settlement was severely damaged by abrasive 
processes. As a result of the rise in the level of the Black Sea and the formation 
of the Dniester estuary (Fig. 9.5), the lower part of Nikonium, on whose terri-
tory the harbor and port facilities were located, was fl ooded, and the upper part 
began to be intensively eroded. According to available data, at least 2 hectares of 
the upper part of the settlement, the remaining part of which is about 3.8 hecta-
res, were destroyed by the estuary waters. Th e boundaries of the fl ooded lower 
part of the settlement are fi xed by a shallow section.

Underwater archaeological research in the area of the ancient city of Nikon, 
carried out in 1962 under the direction of V.D. Blavatsky and in 1975, under the 
leadership of M.V. Agbunov, showed that in ancient times the coastline passed 
at a distance of 200 m west of the modern coastline. Findings of various cera-
mics and stones were found at a distance of up to 100 m from the modern coast-
line (Blavatsky, 1965; Agbunov, 1979).

«Tiragetov Island» is mentioned in the work of Pliny the Elder (Pliny, NH, 
IY, 82), and this is the only report about it that occurs in ancient authors (Skrzyns-
ka, 1977). In the last decade, the hypothesis of M.V. Agbunov (Fig. 9.6), accor-

Fig. 9.5. City of Nikonium. View from the estuary (before February 24, 2022) 
(Photo by Ostro verkhov А.)
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ding to which the island of Tiragetov was a delta island at the mouth of the 
Dnies ter estuary, was recognized. M.V. Agbunov believed that in ancient times 
the Dniester estuary did not exist, and the Dniester River had two sleeves, be-
tween which there was a large delta island (Fig. 9.6). Th is hypothesis is largely 
based on the results of underwater archaeological studies (Agbunov, 1985), car-
ried out by its author in the area of the Dniester estuary in 1981. At the same 
time, the area with a total area of about 500 × 500 m was examined. Th e ar-
chaeological material collected during the inspection of the bottom surface was 
represented by more than a hundred fragments of amphorae and stucco vessels 

Fig. 9.6. Shallow section of the Dniester estuary opposite the ancient city of Tiras 
(remnants of the existing island?) NAVIONICS 

Fig. 9.7. Scheme of changes in the Dniester estuary over the last 2500 years. By 
M.V. Agbunov (1987): a — in the archaic period; b — Hellenistic and Roman 
periods; c — in the medieval period; d — modern
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(Getty and Scythian, according to the author of the fi ndings). A similar pattern 
was observed two kilometers west and two kilometers east of the area. All these 
fi ndings were found at depths of –3—4 m. According to M.V. Agbunov, he dis-
covered the traces of three settlements of the IV—III centuries B.C., which were 
part of the polis of ancient Tiras (Agbunov, 1985).

As shown by the geological section of the estuary bottom along the Bel-
gorod-Dnestrovsky — Ovidiopol line, the bottom is covered with a silt thick-
ness of up to 4 m, and the top of the island on the section below the current 
sea level by 3.7 m. Th e island protruded above the water level from 1 m to 4 m 
(depending on the sea level). Th e island was 20—30 km long and 5—8 km wide 
(Ostroverkhov, 2008). It was fl ooded during the Nymphaean transgression, but 
it did not disappear forever. In the XIII—XVI centuries, the sea level dropped 
to –3 m and the island reappeared on the territory of the Dniester estuary. Th e 
map of Fra Mauro in 1459 shows a large island, which is washed by two sleeves 
(Fig. 9.7). Th is delta island is also associated with the problem of the localiza-
tion of the settlement of Ofi us. Th e question of the location of this ancient set-
tlement is still debatable. According to F.K. Brun, Ofi us was one of the names of 
this delta island (Brun, 1879—1880). Later, this assumption was supported by 
M.V. Agbunov, who believed that, at fi rst, in the sixth century BC, the settle-
ment of Ofi us was founded on the delta island. It is noteworthy that in the an-
cient world there are at least 10 settlements known by the name of Ofi us, all of 
which are located on islands.

In the 5th century B.C. the settlement of Ofi us, according to M.V. Agbunov 
was moved to the right bank of the Dniester called Tiras (Agbunov, 1985, 1992). 
It can be assumed that one of the main reasons for this transfer was the rise in the 
level of the Black Sea and the beginning of the formation of the Dniester estua-
ry. As a consequence of this process, fl ooding of the settlement area by estuary 
waters could begin, which led to its relocation.

A diff  erent opinion is held by I.V. Broyako and V.A. Karpov, who believed 
that the island of Tiragetov in ancient times was in the place of the modern 
Dnies ter bank (Fig. 9.8). Th e island was approximately 8—10 km long and 2—
3 km wide, rising 4—5 m above sea level. Its bottom was composed of a lime-
stone plateau covered with lithogenic sediments of the Karangaty period (Broya-
ko, Karpov, 1992). According to A.S. Ostroverkhov, on this island, there was an 
empire of the Tiras polis (Ostroverkhov, 2008).
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Th e Tiligul estuary, one of the large estuaries of the Northern 
Black Sea Coast, was formed as a result of the rise in the level of 
the Black Sea in the Holocene (Novikov, 1986). Th e estuary has 
the shape of a canyon, its banks are cliff y, and the depths grow 
immediately at the shore. It is a wide valley, which in its lower 
part turns into a salt lake. Th e estuary is separated from the sea 
by a sand cover up to 4 km wide and up to 2 m high. In the mid-
dle of the 19th century, during the survey of the Northern Black 
Sea Coast, Count A.S. Uvarov suggested that in the distant past 
the estuary was connected to the sea and was a convenient har-
bor for ships (Uvarov, 1856). Settlements that would be fl ooded 
by the waters of the Tiligul estuary are currently unknown. Th e 
settlements discovered on its shores date mainly from the ancient 
and early medieval periods. All of them were aff ected to diff er-
ent degrees by the destruction of the coasts by various, mainly 
geological and hydrological processes (abrasion, landslides, etc.) 
with fl uctuations in the sea level during these periods. Th e fl o-
oded antique settlement with an area of 330 × 500 m, at depths 
of 3—4  m, was found east of the Tiligul estuary, opposite the 
Cape Karabush, in the area of «Banks of Tutaev» was found 
M.V. Agbunov (Agbunov, 1987) (Fig. 10.1). Tutaev bank is for-
med by outcrops of limestone rocks, it is a relatively fl at section 
of the bottom surface covered with a thin layer of sand.

Th is open settlement M.V. Agbunov identifi ed with the 
ancient city of Odesa (Agbunov, 1987). Reports of that city are 
found in ancient authors: Ptolemy (Ptol., III, 514; Pliny (Plin., 
NH IV, 82), Arrian (Arr., PPE, 87), Pseudo-Arr. (PPT, 31). 
Th ere is also a suggestion that ancient Odesa should be identifi ed 
with the Koshara settlement, which is located above, on the right, 



Fig. 10.1. Schematic bathymetric map of the Black Sea in the area of the Tutaev 
Bank (before February 24, 2022) NAVIONICS

Fig . 10.2. Location of the ancient city of Odesa: a — according to V.I. Goshke-
vich, 1915 (Одессъ); b — according to E.A. Simanovich, 1954 black square — 
fragment c, white square — fragment d; V. Zubarev, 2005; c, d — according to 
M.V. Agbunov, 1987. In fragments b, d: 1 — modern coastline; 2 — coastline in 
ancient times (See also p. 164)

a
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root bank of the Tiligul estuary (Goshkevich, 1909; Simanovich, 1954; Zubarev, 
2005) (Fig. 10.2.II). Having considered these assumptions, it can be concluded 
that the latter seems more reasoned for the following reasons.

During the Hellenistic period, the left  bank of the Tiligul estuary was ap-
proximately 500 m further south (according to M.V. Agbunov). It was repre-
sented by a low accumulative form that came to the surface as a result of the 
lowering of the Black Sea level. In the area of the left  bank of the channel which 
connected the Tiligul estuary with the Black Sea, there couldn’t be a convenient 
shelter for large ships as the main channel, as well as in all rivers of this region, 
had to pass at the right high coast. In its location, the settlement opened by 
M.V. Agbunov did not meet the requirements that were imposed on the place 
of foundation of cities in ancient times.

All the cities of the North-Western Black Sea Coast, such as Tiras and Ol-
bia, were located on the high right banks of the rivers (the Dniester and the Dni-
pro) at a suffi  ciently large distance from the sea, which saved ships from storms. 
All these requirements are fully met by the Koshara settlement, the existence of 
which dates back to the IV—III centuries B.C. Th is settlement is located on the 
right bank of the channel, which currently connects the Tiligul estuary with the 
Black Sea. Th e ancient settlement discovered by M.V. Agbunov could probably 
be a settlement of the agricultural chora of ancient Odesa, which was fl ooded as 
a result of the rise in the level of the Black Sea (Fig. 10.2).

End of Fig . 10.2
b d

c
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Berezan Island (Fig. 11.1) is located at the confl uence of the wa-
ters of the Dnipro-Bug estuary and the Black Sea, about 12 km 
from the city of Ochakov, opposite the exit of the Berezan estuary.

Th e nearest parts of the island’s coast are about 2 km away. 
In the middle of the 19th century, research on the coastal part 
of Berezan Island in NBSR was carried out by Count A.S. Uva-
rov. His two books, published in 1851 and 1856, covered the re-
sults of changes in the paleogeographic character of the sites he 
surveyed. In his opinion, Berezan Island in the ancient era had 
a completely diff erent appearance. Long before the beginning 
of the archaeological excavations on the island of A.S. Uvarov 
concluded that Berezan Island, as a berth for seagoing vessels, 
could be used by the Slavs during their voyages on the Black 
Sea (Uvarov, 1856).

According to data dating back to the early 19th century, 
Snake Island had a length of 1000 feet or 2 versts (2.12 km) and 
a width of 3 to 400 fathoms (6.4 m to 852 m) (Pavlyuk, Gleb-
Koshanskaya, 2002). According to measurements taken at the 
end of the twentieth century, the island’s modern dimensions 
(until February 24, 2022) were 890 m in length and 420 m in 
width. Th us, even taking into account the errors in determi-
ning the size, it can be stated that the area of the Berezan island 
over the past 200 years has been reduced by almost half, and in 
ancient times, especially at the early stage of colonization, at the 
end of the VII century B.C., it could occupy an even larger area. 
Likely, the area of Berezan Island could be further reduced aft er 
February 24, 2022, as a result of the hostilities that took place in 
this area of the Black Sea. 
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As already written, in the early 19th century, the island was remote from 
the west coast of the Berezan estuary at a distance of 8 to 900 fathoms (17 m and 
1917 m) and most likely was connected to the mainland or separated from it. Th e 
map compiled by Devolan shows a spit that almost connects the island with the 
mainland (Pavlyuk, Gleb-Koshanskaya, 2002). Th e same scythe is shown on the 
map of the Berezan Island water area, compiled in 1817, although already in a 
somewhat smaller size. Th e photo taken in 1931 clearly shows that the braid ap-
proaches the island (Soloviev, 2005). Th ese data demonstrate the process of chang-
ing the size of the spit connecting the island to the mainland, being clear evidence 
of the change in the level of the Black Sea over the past 200 years. As a monument 
of archeology, Berezan island is widely known. It reveals the remains of the earliest 
ancient settlement of the Northern Black Sea Coast, founded in the last quarter of 
the 7th century B.C. In modern historiography, the Berezan settlement is identi-
fi ed with the Miletus colony of Boristhenus. Th e creation of the colony is reported 
in the Chronicles of Bishop Eusebius of 645 B.C., who lived in the IV century B.C. 
Th ere is also an assumption that the Berezan settlement, at the initial stage of its 
existence in the VI — early V centuries B.C., was the center of an independent 
polis, the settlements of which were located on the banks of the Berezan estuary.

Aft er the formation of a polis in the territory of Nizhny Pobuzhye with a 
center in Olbia, the Berezan settlement was part of it and continued to exist as 
a port city. During the excavations on the island also discovered: a small settle-
ment and a fairly large burial ground of the Middle Ages, the existence of which 
dates back to the ancient-russian era. Th e existence of a small settlement and a 
large burial ground indicate that during the time of Kyivan Rus, the island was 

Fig. 11.1. Modern view of Berezan island (Photo by В. Nazarov) (before February 24, 
2022)
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an important strategic point on the waterway trade. Th is trade route connected 
the two largest states of Eastern Europe: Byzantine Empire and Kyivan Rus.

Underwater archaeological research, which was carried out in the Berezan 
area, was aimed at a detailed study of the paleogeoecological situation here in 
the ancient period, including determining the time of separation of the island 
from the mainland, studying the dynamics of changes in the outline of its shores. 
At the same time, although the water area of the shelf adjacent to Berezan Island 
has been studied quite well, it should be noted that full answers to all the ques-
tions have not yet been provided.

Th e fi rst attempt to conduct underwater archaeological research here was 
started in 1961 under the leadership of V.V. Lapin. At that time, depth measure-
ments were carried out in the direction: the lighthouse on the island was a navi-
gation sign in the village of Viktorovka. According to the results of measure-
ments, the profi le of the estuary bottom in this area at a distance of up to 600 m 
from the coast was compiled (Lapin, 1966; Nazarov, 1997).

Subsequently, stationary underwater research was conducted under the 
guidance of V.V. Nazarov in 1984, 1988, 1989, 1996, and 2000 by the Berezansky 
expedition of the Institute of Archeology of the National Academy of Sciences 
of Ukraine (Nazarov, 1989, 1990; Mazarati, Nazarov, 1986; Nazarov, 1997).

Th e areas of the shelf adjacent to the island were surveyed in the following 
directions: north, northwest (Fig. 11.2), northeast, and east. Th e shelf section 
between the island and Cape Ajiyask was also surveyed. In addition to visual 
exploration of this part of the coastal shelf area in its northern and northeast-
ern sections, bottom sediments were bored to determine their stratigraphy and 
thickness, and other geoecological characteristics, as well as to search for a cul-
tural layer in the fl ooded part of the settlement.

Areas of the water area in the Berezan Island area where underwater re-
search has been carried out in recent decades (until February 24, 2022).

Th e northwestern section was surveyed in 1996 by visual inspection of the 
boundary surface between MGEOESUS and AQESUS MGES shelf. Studies were 
conducted at a distance of up to 100 m from the coast at depths from 1 to 5 m oppo-
site two excavated sites of the ancient necropolis on the island. Lift  ing material is 
fragmented and small. Among these fi nds, it is necessary to note the fi nding of the 
upper part of the light-clayed narrow-necked amphora and a fragment of the throat 
of the amphora, which dates back to the 1st century B.C. — I.C.E. (Shelov, 1978).

Th e northern section from the east is bounded by an underwater sand spit, 
which stretches in a northeastern direction. Th e portion of the island adjacent 
to the shore is a surface formation, the confi guration, and size of which are 
constantly changing depending on weather conditions. From the west, the site 
is bounded by an underwater rock ridge, elongated parallel to the coastline of 
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the island, and located at a depth of up to 2 m. It is formed by large limestone 
stones, many of which have more than 1 m in cross-section. Th is ridge is a large 
accumulation of clastic material formed during the abrasion process (it is in this 
area of the island coast that it proceeds most intensively).

Th e site was surveyed in 1984, 1985, and 2000 by visual inspection of the 
bottom surface. In 1988 and 1989, archaeological exploration was carried out 
on its territory. During the visual inspection, a signifi cant amount of dated ar-
chaeological material was collected. It was mainly represented by fragments of 
amphorae, and in smaller quantities by fragments of tableware and bones of 
animals. Th e dating of the found lift ing material corresponds to the time of 
existence of the Berezan settlement. Present fragments of amphorae and other 
utensils are dated from Archaic to Roman times inclusive. Th e found ceramics 
are slightly rounded, but oft en there are also unrolled fragments of ceramics. 
Th e bulk of the lift ing material was collected at a distance of up to 50—175 m 
from the water line, heading north from the coast of the island.

According to the results of boring carried out here in 1988—1989, at a distance 
of 50 m from the shore, the thickness of accumulative sediments is 0.10—0.20 m, 
at a distance of 70 m increases to 1 m, and a distance of about 140 m is already 
4.15 m from the level of the bottom surface. Accordingly, the increase in depth 
from the water line is 1.10—1.20…1.70—2.0 m. Th e soil is silty sand (a thin layer 
of pure sand lies above), saturated with fragments of mussel shells. Below lies a 
continental rock of Pontian limestone, which forms the foundation of the island.

Under the sediment layer, directly near the surface of the mainland rock, a 
large number of broken amphorae were found on a small area (about 3 × 3 m), 
including large unrolled fragments of walls with a corrugated surface, as well as a 
whole light-clayed narrow-necked amphorae on a circular pallet. Th e early mate-
rial is represented by a fragment of a Rhodes-Ionian vessel, probably an oinahoy 
with a two-barreled handle, as well as a part of the leg of a Chios wide-necked am-
phora. Th e nature and state of the described complex of fi nds indicate that in this 
place there was recorded not an accidental accumulation of moved archaeological 
material, but material from the cultural layer of Roman time. Th is layer should be 
characterized as over-deposited, taking into account the almost complete replace-
ment of clayey soil with alluvial sandy soil. Findings found at the level of contact 
of bottom sediments and the surface of the continental rock were practically in 
situ, they could only slightly move during the erosion of the cultural layer. Th e 
weak roundness of the ceramic indicates that it has hardly been aff ected by abra-
sion, that is, the fl ooding of this area of land occurred in a relatively short time.

Th e northeastern section of the surveyed coastal area of the island ex-
tends from the underwater spit to the northwest to the «Main» excavation in 
the southeast. In 1982 and 1984, the site was inspected by visual inspection of 
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Fig. 11.2. Plan of the fl ooded part of the Berezan settlement (Nazarov V.V. 2003)

the bottom surface. In 1988, two exploration pits were laid on its territory. Th e 
work was carried out at a distance of up to 340 m from the shore at depths of 
1.4—1.7 m. Th e bottom of the surveyed site was sandy, it encountered both 
clusters of rubble stones and individual stones. Th e latter most likely represents 
the destroyed surface of the mainland rock areas that protruded over the layer 
of accumulated sediments. Th e thickness of the latter at this site is 0.10—0.50 m.

No archaeological material was found in the studies. It is also absent in 
the soil, which is an underwater spit that stretches northeast from the island. 
Rounded fragments of ceramics are found only directly near the shore, which is 
associated with the action of abrasive and erosive processes.

Random fi nds. Two rubbing bowls of Roman time were found by fi shermen 
in the area of the island at the beginning of the century (UAC for 1913—1915). 
Th e fragment (upper part) of the marble anthropomorphic stele of the archaic 
herm was lift ed from the bottom of the estuary (also by fi shermen) in the Bere-
zan Island area in the 20s of the twentieth century (Lagocheva, Snitko, 1986). 
Th ey are kept in the Nikolaevsk regional museum of local lore.

According to unverifi ed data, marble slabs with inscriptions were seen in 
the estuary near the southeastern end of the island. Th is message, coming from 
amateur scuba divers, of course, cannot be considered reliable scientifi c infor-
mation. It is included taking into account the need to determine the perspective 
of underwater archaeological research in the area of Berezan island.



170170

Chapter 11. BEREZAN ISLAND

Fig. 11.3. Berezan island plan (Nazarov V.V. 2003) (а) and b — schematic bathymetric map 
of the water area near the village of Berezan. Navionics (made before 24 February 2022, 
NAVIONICS): 1 — coastline in ancient times; 2 — distribution of fragments of ceramics; 
3 — stones; 4 — pits

Fig. 11.4. Schematic map of the 
density of the bottom of soils 
around the Berezan Island water 
area (Mapped by Chubenko А.V.)
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As a result of underwater archaeological studies, a fl ooded part of the Bere-
zan settlement was found (Fig. 11.2). It is located at a distance of 50 to 175 m 
north of the island at a depth of up to 2 m, and is fi xed due to the accumulation of 
antique ceramics. Based on the surviving descriptions and underwater stu dies, it 
can be assumed that the area of Berezan Island could be at least 2—3 times larger 
than the modern one (Ievlev, 2014) and taking into account the territory of the 
accumulative form that came to the surface as a result of the lowering of the 
Black Sea level, it could be even larger (Fig. 11.3). Considering the depth map, 
even with a minimum drop in the Black Sea level to the mark of 4 m, this as-
sumption seems quite reasonable. Th ese data are confi rmed by the bathymetric 
studies carried out in the Berezan Island water area (Fig. 11.3—11.7). 

Th e section of the geoecosystem of the water area located between the is-
land of Berezan and the cape Adzhiask. Th e site is characterized by relatively 
large depths (up to 6—7 m) and good visibility (about 3 m in the bottom layer of 
the aquatic environment). Th e layer of accumulative sediments at the bounda ry 
«aquatic environment — geological environment (sand) here is quite thin; in 
some places, there are outcrops of the bedrock and large blocks of limestone.

Archaeological exploration of this part of the water area was carried out in 
1984, 1988, and 1996 of the twentieth century. Method — visual inspection of 
the bottom surface and collection of lift ing material. Fixation of the places of 

Fig. 11.5. Schematic bathymetric map around Berezan Island water area (Mapped by Chubenko А.V.)
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fi nds was carried out by the method of marks with theodolite from the shore 
(1984, 1988), and sextan from the board of the vessel «Burevestnik» (VRD 
type, 1996).

Work on this section of the water area was carried out to verify the hypothe-
sis of K.K. Shilik about the existence of a harbor of the Berezan settlement in 
this area. In his opinion, it should have been located about 500 m northwest of 
the modern island, where bathymetric maps showed a sharp fracture of isobath 
lines, indicating depths of 3, 4, and 5 m.

Lift ing material collected in the course of the research, represented mainly 
by single fragments of amphorae, including a fragment of the corolla of the ar-
chaic amphora «with wide stripes» and a fragment of the wall of the amphorae 
with a corrugated surface, date from the 1st century A.D. Of particular interest 
is the fi nding of a stone anchor, which is a fl at stone with a stretch in the middle 
for fastening the rope. Th is is one of the simplest types of anchors. Such anchors 
were used on boats. Analogies of this fi nding are known in Olbia, and Beikush 
settlements and are characteristic of Berezan (Nazarov, 1994).

Fig. 11.6. Schematic map of the current situation NAVIONICS (before February 24, 2022) (a): 
1 — A section of the coastal part near Berezan Island, and 2 — the Berezan estuary; b — ar-
chaic villages on the banks of the Berezan estuary: 1 — existing riverbeds; 2 — fl ooded areas; 
3 — areas occupied by forest vegetation; 4 — settlement of the fi rst half of the VI—V centuries 
B.C.; 5 — places of fi nds of antique ceramics in the water area of the Berezan estuary and adja-
cent territories (according to V.V. Nazarov, 2003)
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Th e discovery of an anchor in the place of the proposed harbor together 
with antique ceramics is certainly very important, but at this stage of research, 
it seems premature to draw certain conclusions.

Th e section between the island and the Camp Spit. Work on this section of 
the water area was carried out in 1996. An area of about 1 km2 was surveyed at 
a distance of 1 km from the island and 1 km from Camp Spit. Th e depth in the 
specifi ed area is 2—3 m (Fig. 11. 6 and 11.7), the bottom surface is fl at, and the 
soil is sandy. Sometimes on the bottom, there are small and medium, and less 
oft en large rubble stones. In the process of exploration, a small amount of lift ing 
archaeological material was collected. It is mainly represented by fragments of 
ancient amphorae, among which two sero-clays, one «with a glass-like bottom», 
and one facing it are distinguished by the profi le details. Th ere are also single 
fragments of red-clay, sero-clay, and light-clay tableware. A signifi cant part of 
the ceramic fragments is not rolled or rounded to a small extent (Naza rov, 1987).

Probably, the specifi ed fi nds can testify to the existence of this place in an-
tiquity of the ancient settlement which has been eroded subsequently during 
transgression of the Black Sea.

Fig. 11.7. Schematic bathymetric map of the ancient settlement of the VI—V cen-
turies B.C. Beikush, NAVIONICS (drawn up before February 24, 2022)
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Th e water area of the Berezan and Beikush estuaries. Th e Beikush settle-
ment is located on the headland, at the confl uence of the Berezan and Beikush 
estuaries (Fig. 11.6, 1, 2; 11.7). Th e time of existence of the Beikush settlement 
dates back to the VI — the fi rst half of the V century B.C. In ancient times, this 
is the cape on which it is located, it was one of the centers of departure of the 
cult of Achilles (Kryzhitsky et al., 1989). Currently, part of the settlement is 
fl ooded by waters of the Berezan estuary and destroyed during abrasion of the 
coast; this process continues with great intensity at present. Th e site immedi-
ately adjacent to the settlement and further along the spit located to the south 
was surveyed, separated from the Beikush cape by an artifi cial strait. Th e depths 
in this area do not exceed 1 m; in the «strait» — 2 m. Th e soil is sandy.

During the underwater archaeological survey of the water area, a part of the 
Beikush settlement was found, which ended up on the seabed as a result of in-
tensive abrasion of the shore. Archaeological material was found mainly to the 
west of the cape and spit at a distance of up to 100 m from the shore, as well as 
at the bottom of the «strait» and in the cuts of its sides. It is mainly represented 
by highly rounded fragments of amphoric containers (in a small number there 
were also unrolled debris), which date from the VI — the fi rst quarter of the 
V century B.C. (Nazarov, 1987). 

Because all buildings in the territory of the Beikush settlement consisted 
of various types of dugouts and semi-earthlings, which were established during 
the archaeological excavations of its surviving part, the main construction ma-
terial for which was clay and wood, it is almost impossible to fi nd their remains 
on its fl ooded part. Th is applies to almost all settlements in the territory of the 
Dnipro-Bug region of the archaic period, which suff ered as a result of the rise in 
the water level in the Black Sea.

In addition to the Beikush settlement of archaic time, 17 more settlements 
of antique time have been discovered on the banks of the Berezan estuary, un-
fortunately, no underwater studies of the water area in their locations have yet 
been carried out (Fig. 11.6, 2).

Random fi nds. A fragmented lapidary inscription dedicated to Achilles Pon-
tarches (Ruler of the Black Sea) was found in the estuary opposite the village of 
Viktorovka in 1913 (IOSPE, I No. 146; Fabrizius, 1951; Oreshko, 1979).

In 1907, a marble Ol bian plate with an inscription in honor of Adoi, the win-
ner of the competition, was lift ed from the water at the Berezan estuary (IOSPE, 
1 No. 156; Fabrizius, 1951).
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Th e territory on the banks of the Bug estuary became the basis 
for the formation of the Olbian state with the capital in Olbia — 
one of the largest antique policies in the Northern Black Sea 
Coast. Founded in the middle of the 6th century B.C. by the 
Miletians, Olbia survived as a capital until the 4th century B.C.

Th e territory of the Olbian state stretched from the area 
of modern Odesa to the Perekop isthmus. Th e sphere of infl u-
ence of the Polis during its heyday extended from the island of 
Levke (Snake island) to the North-Western Crimea. Polis had 
extensive trade and cultural ties with many centers of the Hel-
lenic world. On the  shores of the Berezan, Bug, and Dnipro 
estuaries more than a hundred settlements and mounds of the 
ancient period which were a part of the Olbian state are now 
known. Th e vast majority of them were located on the banks 
of the Bug, Berezan, and Dnipro estuaries of the Black Sea and 
the rivers fl owing into it. In diff erent periods of polis develop-
ment, the number of settlements and mounds was diff erent. 
Th e largest number of settlements is located on the banks of 
the Bug estuary.

To date, 106 settlements are known in these territories: for 
the archaic period, for the Hellenistic period — 152, for the Ro-
man period — 60. Like the settlements of the Tiras polis, they 
were aff ected in varying degrees during the formation of estuar-
ies due to the rise in the level of the Black Sea. Most of the settle-
ments of the Olbia State are located in the coastal zone and have 
suff ered to varying degrees as a result of the rising water level in 
the Black Sea. Unfortunately, underwater archaeological studies 
of the water area of the Bug estuary were carried out only at the 
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city of Olbia, the settlement on Berezan island, the Bekush settlement, the settle-
ment of Dniprovka 2, and in the area of Bublikov Cape on the Bug estuary.

Olbia underwater research. Ruins of the city of Olbia, are south of Paru-
tino village in the Ochakov region of the Mykolaiv area, on the right bank of 
the Bug estuary. In the plan, the Olbia settlement has a shape approaching the 
triangle; from the north and the west it is limited by deep hollows, and from the 
east — by the Bug estuary (Fig. 12.1). In the vertical plane, the settlement is di-
vided into three parts: the so-called «Upper City», which occupies the territory 
of the plateau; «Terraced City», located on the slope; and «Lower City», which is 
located on the surface of the sea abrasion terrace formed during the New Black 
Sea transgression. It was the so-called «Lower City» of Olbia that suff ered the 
most as a result of the rise of the Black Sea level. Th e fact of fl ooding of part of 
the Olbian settlement by the waters of the Bug estuary was known since the end 
of the 18th century. In 1792, F.P. Devolan drew up a «Report on the geographi-
cal and topographical position of the Ochakov steppe, to clarify the maps and 
plans taken by the Highest Command by Major Engineer Devolan».

In addition to geographical, hydrographic, and topographic information, 
it also contains some descriptions of antiquities. Devolan noted that in place 
of a tract «One hundred graves (so the area of Olbia was called then) undoub-

Fig. 12.1. Olbia, aerial image (condition before February 24, 2022) (1); 2 — Olbia’s plan (ac-
cording to Karasev, 1948)

а b
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tedly there are ruins of the ancient city». Th is city Devolan is defi ned as «Bori-
sphenopolis of Strabone and Ptolemy». He mistakenly localized Olbia a little 
north of the Volosh spit. Devolan probably overlooked the fact that Olbia and 
Borisphen, in ancient writers, were usually the names of one city. Describing 
the current state of the Olbia settlement, Devolan noted that part of it was de-
stroyed by the estuary.

He wrote: «Probably, as a result of some earthquake some of these ruins 
were thrown into the river, or they were washed away by currents; large pieces 
were gradually taken to the estuary. Rather, as a result of the earthquake, most 
of this place was absorbed (estuary). Th is is confi rmed by the many processed 
stone fragments that are found in water, marble, granite» (Tunkina, 1994). 

In the description of Olbia made in 1807 by the professor of the Kharkiv 
university I.S. Rizhsky it was noted that in the estuary «there is also an infi -
nite number of the mentioned clay, and sometimes marble fragments». Locals 
«make small semi-circular dams in the river from stones lying in abundance 
on the shore, taking sand and water out of them by shovels on the shore and 
looking for various small pieces, especially copper, silver and even occasionally 
gold coins» (Tunkina, 1994). P.P. Keppen, who visited Olbia in August 1819, 
subsequently wrote: «Th ey claim that coins and other things are found not only 
on the shore of the Bug, but also underwater far from the shore».

As early as the fi rst half of the 19th and early 20th centuries, various re-
searchers made repeated attempts to study the fl ooded part of the Olbian settle-
ment. For the fi rst time B.V. Farmakovsky (Fig. 12.2), who tried to use for this 
purpose specially hired in Mykolaiv a lift ing bucket on the water, so-called «Th e 
machine for gold things extraction» (Kryzhitsky, 1984) began an attempt of ar-
chaeological study of the fl ooded part of Olbia. On his instructions, in 1915 
and 1916, V.I. Derenkin measured the stone blockage underwater, known as 
the marina, and took a profi le of the bottom of the area (Farmakovsky, 1915; 
Kryzhitsky, 1984).

In 1937, with the help of the Odesa Emergency Rescue Team under the 
leadership of R.A. Orbeli, a survey of the coastal water area of the ancient city of 
Olbia was carried out. Despite the extremely poor visibility in the water, incle-
ment weather, and the limited lifetime of divers, it was still possible to deter-
mine the location of the expected location of the harbor on an area of more than 
11,000 square meters. Remnants of port structures at a distance of 60 m from 
the coast, which were at the bottom of the Dnipro-Bug estuary, were noted. 
In his works about Olbia, R.A. Orbeli suggested that the lower city of Olbia, 
together with the waterworks of ancient times, are underwater (Orbeli, 1945).

Th e beginning of complex research in the Bug estuary was the work of 
B. Borisov and B. Zyukov, under the guidance of which a group of scuba divers 



178178

Chapter 12. UNDERWATER STUDIES OF THE WATER AREA OF THE BUG ESTUARY

Fi
g.

 1
2.

2.
 R

ec
on

str
uc

tio
n 

of
 th

e b
ou

nd
ar

ie
s o

f t
he

 fl 
oo

de
d 

pa
rt

 o
f t

he
 L

ow
er

 C
ity

 o
f O

lb
ia

: a
 —

 V
.D

. B
la

va
tsk

y (
19

62
); 

b 
—

 
S.

D
. K

ry
zh

its
ky

 (2
00

1)
: 1

 —
 th

e l
in

e o
f t

he
 n

or
th

er
n 

de
fe

ns
iv

e w
al

l o
f H

ell
en

ist
ic

 ti
m

e; 
2 

—
 th

e l
in

e o
f t

he
 d

ef
en

siv
e w

al
l o

f 
th

e V
 —

 th
e fi

 rs
t h

al
f o

f t
he

 IV
 ce

nt
ur

y 
B.

C.
; 3

 —
 th

e e
as

te
rn

 b
or

de
r o

f t
he

 L
ow

er
 C

ity
; 4

 —
 th

e l
in

e o
f t

he
 d

ef
en

siv
e w

al
l 

of
 th

e fi
 rs

t c
en

tu
rie

s A
.D

.; 
5 

—
 o

pt
io

ns
 fo

r t
he

 lo
ca

tio
n 

of
 th

e s
ou

th
er

n 
w

al
l o

f t
he

 L
ow

er
 C

ity



179179

Chapter 12. UNDERWATER STUDIES OF THE WATER AREA OF THE BUG ESTUARY

carried out a visual inspection of the bottom of the water area adjacent to this 
ancient city. In 1961, the underwater expedition of V.D. Blavatsky carried out 
a topographic survey of the bottom of the estuary and recorded and measured 
stone breakdowns and clusters of ceramics (Fig. 12.2, a). In 1964, K.K. Shilik 
and B. Fedorov carried out a geoacoustic survey of the fl ooded part of Olbia. 
As a result of this survey, new objects were identifi ed — the collapse of the 
northern defensive walls of the city (Kryzhitsky, 1984). Aft er that, the fl ooded 
part of the city was reconstructed, and a geomorphological plan of the bottom 
was drawn up with the help of acoustic devices developed and applied by 
K.K. Shilik and B. Fedorov. By this time, the topography of ancient Olbia had 
already been reconstructed, and a detailed geomorphological plan of the bot-
tom and coastline was drawn up relative to the current state (Shilik, Fedorov, 
1968; Shilik, 1975). In general, the works showed that the urban area stretched 
eastward from the modern Cliff  by at least 200 meters, and the water level in the 
estuary at the end of the 3rd century B.C. was 6 meters lower than the modern 
one. In 1971, a permanent underwater expedition of the Institute of Archeology 
of the National Academy of Sciences of Ukraine was organized on the initiative 
of S.D. Kryzhitsky has been operating in Olbia.

In the course of underwater work, archaeologists inspected previously dis-
covered clusters of stones, including the «marina», the ruins of the northern 
walls of the city, and opened two new fl ooded objects, amphorous fi elds. Th e 
so-called «marina» was a rockfall, 83 × 33 m in size, elongated from north to 
south, consisting of both treated slabs and blocks, and unprocessed stones of 
transported rocks. Th e stratigraphy of the collapse, traced in several pits, gave 
grounds to refuse later the very defi nition of this object as a «wharf» and to 
attribute it to the system of the defense complex of the city, which took place 
during the Hellenistic period. In the area of Olbia, the coastline in ancient times 
passed at a distance of about 300—500 m from the modern one (Shilik, 1975). 
In the fl ooded part of Olbia, the Underwater expedition of the Institute of Ar-
chaeology of the Academy of Sciences of the Ukrainian SSR led by S.D. Kry-
zhitsky carried out a complex of hydro-archaeological studies. It included — 
visual inspection of the water area, measurements, and drawing on the plan of 
archaeological objects and boring (Fig. 12.2, b).

Th e depths on the surveyed site vary from 1.5—2.5 m. Th e bottom is fairly 
fl at, sandy, and further to the east — muddy. A large number of stones have 
been recorded off shore that have fallen out of a cliff  destroyed by coastal abra-
sion. Sometimes, when the water level in the estuary drops as a result of strong 
northern winds, these stones, as well as stones belonging to other construction 
residues, which are now located in the coastal zone of the Bug estuary, protrude 
above the water surface.
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Archaeological material and construction residues were found in the area 
from the northern hollow to the so-called south-eastern cape. When start-
ing underwater work, archaeologists relied on the results obtained in 1964 by 
K.K. Shilik and B.K. Fedorov during a geoacoustic survey within the entire 
fl ooded part of Olbia. A signifi cant role in conducting long-term underwater 
research was also played by the circumstances that at the time of the begin-
ning of work in 1971, the location of many archaeological sites identifi ed at one 
time by A.N. Karasev (Karasev, 1956) and V.D. Blavatsky (Blavatsky, 1962) was 
clarifi ed at the bottom. In the course of a whole set of research works, including 
underwater exploration of the water area, stratigraphic observation, measure-
ments, and application of construction residues on the general archaeological 
plan, boring in the places of the alleged location of the port part of the city, 
it was possible to fi nd previously unknown clusters of ceramics, stone blocks, 
the collapse of defensive structures of the pre-Getian and post-Getian periods 
(Fig. 12.2, b). Th e most signifi cant objects surveyed on the fl ooded part of Ol-
bia are the so-called «amphoric fi elds», the remains of defensive structures and 
building complexes within the port part of the city (Kryzhytsky, 1977).

It should be noted that the explored fl ooded part of the lower plateau of the 
Olbia settlement now represents one of the most thoroughly studied objects in 
the underwater archaeology of the Northern Black Sea coast. Th is allows it to be 
considered as one of the benchmarks that can be used in reconstructions of sea 
level changes and geoecological conditions that existed in ancient times in this 
region. Th e main interest is a complex of underwater objects that characterize the 
bounda ries of development and the age framework of development by ancient 
Greek settlers of the territory of the «Lower City» (Fig. 12.3). Both studied col-
lapses of defensive structures can be traced to depths of 2.0—2.3 m and are chro-
nologically related to the V—IV and IV—III centuries B.C. (Kryzhitsky, 1984).

Th e absence of a confi dently erected eastern defensive wall, which was most 
likely located along the estuary, makes it possible to consider these collapses as 
some landmarks of the eastern border of the «Lower City». Two amphoric fi elds 
are located in the outer coastal strip, between the collapses at depths of 2.2—3.1 
m. Th e «fi rst» (southern), which dates back to the 4th century B.C., and the 
«second» — at a distance of 50—60 m to the north of the «fi rst» contains ceram-
ic material of the late 6th century B.C. — IV century A.D. (Leipunskaya, 1984).

Th e presence of the cultural layer of the middle of the 1st thousand A.D. in the 
outer part of the «Lower City» does not confi rm the existing ideas about the deve-
lopment during this period of the transgressive phase of the so-called «Nympha-
ean» transgression, which would inevitably lead to the fl ooding of this territory. 

Th e results of underwater studies of the fl ooded part of Olbia showed that 
the greatest depth of undisturbed antique cultural layers in the littered part of 
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the settlement is 2.5—3.3 m, from the 
modern surface of the estuary. Accor-
ding to these studies, the level of the 
estuary in the middle of the I thousand 
B.C. was lower than the modern one by 
about 4 m. Analyzing the fi nds of ce-
ramic complexes, it can be noted that 
the port north-eastern part of the city 
continued to function aft er the III cen-
tury A.D., which indirectly indicates a 
slight change in the position of the sea level at the end of the I thousand B.C. — 
the beginning of the I thousand A.D. Currently, the fl ooded part of Olbia is 
located at depths from –2 to –4.5 m. Its eastern border was at a distance of 
170 m from the modern coastline, in the area of the so-called «marina», at the 
site of the collapse of the post-Getta wall in 210 and 280—290 m, at the north-
eas tern corner of the amphoric fi eld II (Kryzhytsky, 1984). In addition, the city 
has been signifi cantly aff ected by landslides and coastal erosion caused by the 
rise in the water level in the Black Sea, which is typical for the entire region. 
Amphoric fi elds were found in the upper layers of bottom sediments during vi-
sual exploration. Within the boundaries of the fi rst amphoric fi eld, archaeolo-
gists were able to fi nd a large number of large unrolled fragments of amphorae 
and about a dozen whole specimens. In chronological terms, the amphorae 
found to date from the sixth century B.C. to the second to the third century 
B.C. Many of the amphorae discovered date back to the 4th century B.C. Th e 
discovery of the fi rst amphoric fi eld and its study made it possible to draw 
interesting conclusions. Being within the port part of the city, the amphorous 
fi eld testifi ed that in this place, most likely, there were warehouses in which 
basements there were a large number of amphorae delivered to Olbia by ships 
by sea. Th e second amphoric fi eld was located at a distance of 50—60 m from 
the fi rst and had a clearer confi guration. Th e ceramics found on its territory 
are represented by amphorae, tableware, and kitchen utensils. In chronological 
terms, it covers the range of the 6th century B.C. to the 3rd century B.C. Th e 
discovery of amphorous fi elds made it possible to determine the location of the 
port part of the city and the ancient harbor, where merchant ships that arrived 
in Olbia could moor.

Underwater archaeological studies in Olbia allowed us to signifi cantly sup-
plement and concretize the general picture of the city’s development from the 

Fig. 12.3. Image of an antique Greek vessel on 
the black varnish vessel (M. Ievlev, А. Chubenko)
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moment of its emergence in the late VII century B.C. (Shilik, 1970, 1975, 1976). 
As a result of the reconstruction of borders of the fl ooded part of the Olbian 
settlement, it was succeeded to fi nd out that the territory of «Lower city» is on 
the estuary bottom. At the early stage of its existence in the 5th—4th centuries 
B.C., its area was at least 12 hectares. In Hellenistic times, the total area was 
about 17 hectares, and in the fi rst century A.D. its size, taking into account the 
port area, decreased to 6—7 hectares (Kryzhytsky, 1984).

Most of the identifi ed objects are associated with Olbia’s fortifi cations. 
Th ese are debris stones stretched east-east-west-east, defi ned as the collapse of 
the «Pre-Get» (Hellenistic) and «Post-Get» (Roman) protective walls. In 1914, 
a plate with a four-line Latin inscription was found in the specifi ed area «in the 
water under the cliff y shore, topped with part of the Olbian protective wall» 
(Rostovtsev, 1915). It reported on the construction of a building in the II cen-
tury A.D. by Roman soldiers (the names of specifi c military units are indicated), 
probably a defensive wall (Zubar, Son, 1994) (Figs 12.4, 12.5).

Th e southern part of the coastal water area opposite the Olbian settlement 
from the southeastern cape to the Zayachy hollow separated the settlement from 
the west and southwest and is practically devoid of cultural remains, determined 
as a result of exploratory dives, which were repeatedly carried out here (Kry-
zhitsky, 1984).

Fig. 12.4. Olbia’s defensive structures of the Roman Olbia (according to S.B. Buyskikh): 
a — NG section, steepness and tower reconstruction option; b — Tower on the Hare hollow 
(Buyskikh, 1991)
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In general, underwater stu dies of ancient Olbia carried out in the second half 
of the twentieth century, were able to provide additional information about the 
location of the most signifi cant architectural and construction complexes, to con-
cretize the picture of the phased development of the city.

A preliminary bathymetric survey along the fl ooded Olbia coastline at a 
distance of 100 to 200 m in 2012 confi rmed the existence of not one, but several 
breakwaters. Th ey were at depths of 4—5 m and had a fi xed length of 50—100 m 
at a distance of up to 300 m from the modern coast (Figs 12.6—12.11). On the 
bathymetric map, these breakwaters are read as almost rectangular triangles. In 
total, we succeeded in fi xing six such protrusions. Based on the confi guration 
of these protrusions and the depth marks at which they are located, it can be 
argued that they are of artifi cial origin. Th ey were built during the period when 
the coastline of the estuary passed in the area of modern depths of 3—3.5 m. 
At a depth of 3.5 m, along the ancient coast, at a distance of up to 500 m, the 
defensive wall of the «Lower City» is well readable on a multilayer map. In ge-
neral, its location coincides with the previously discovered underwater objects, 
which the researchers partly associated with the fortifi cations of the «Lower 
City» of Olbia. In front of it, there are several areas of compacted soil that can 
be interpreted as port facilities. Unfortunately, at the moment it is impossible 
to compare the results of the bathymetric survey with the results of underwater 
archaeological studies carried out in these territories in the second half of the 

Fig. 12.5. Aerial photograph (taken before February 24, 2022). Olbia, the «Lower City» 
(M. Ievlev, А. Chubenko 2020)
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twentieth century. However, it can be assumed that the open section of the wall 
and the structures in front of it probably belong to the Hellenistic period, and 
individual breakwaters — to the Roman one.

At present, it is not possible to determine precisely to what period of Olbia’s 
existence these open structures are related. Stationary underwater archaeologi-
cal studies are needed to address this issue. In addition, the remains of a sunken 
vessel have been recorded in one of these breakwaters (Fig. 12.11, 12.12). Also, 
in the central part of the studied area of the fl ooded part of the Lower City of 
Olbia, numerous areas of denser soil are recorded, which indicates their pos-
sible artifi cial origin. Probably, in their place, there were residential or house-
hold buildings that were on the territory of the Lower City of Olbia (Fig. 12.12).

It is necessary to conduct a thorough bathymetric survey of the territory 
of the entire fl ooded part of the Lower City of Olbia, followed by underwater 
archaeological studies based on its results, to make a fi nal decision on the origin 
and destination of open facilities.

Coastal zone of the Bug estuary to the south of Olbia. Underwater archaeo-
logical exploration was carried out by the Olbia expedition in 1987 (Nazarov, 
1987). Th ree areas of the water area opposite the area extending from the Hare 
Beam to the Wide Beam were surveyed. In this area, one of the settlements of 
the Olbia chora of archaic time (Kryzhytsky et al., 1990) is known. In general, 
the plateau to the west and south of Olbia is occupied by its necropolis. Th e coast 
here is cliff y, distinguished by the presence of landslides, narrow and deep hol-
lows, as well as a small sandy beach. Th e cultural layer in the cut of coastal cliff s is 

Fig. 12.6. Multilayer schematic bat hymetric map (bathymetry survey by Chubenko А.V.)

Fig. 12.7. Multilayer schematic map of the bottom of the southern part of the Lower City 
(bathymetry survey by Chubenko А.V.)
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Fig. 12.10. Schematic multilayer map of the bottom of the central part of the Lower City (ba-
thymetry survey by Chubenko А.V.)

Fig. 12.11. Remnants of the silted vessel (?) at the bottom of the Olbian port (bathymetry survey 
by Chubenko А.V.)

Fig. 12.8. Schematic bathymetric map of the bottom of the southern part of the Lower City 
(bathymetry survey by Chubenko А.V.)

Fig. 12.9. Schematic multilayer map of the bottom of the northern part of the Lower City 
(bathymetry survey by Chubenko А.V.)

not visible, but sometimes the destruction of graves by abrasion is noticeable. On 
the shore, rounded fragments of amphorae walls are found in small quantities.

Site No. 1 is located directly to the south of the Hare hollow — between 
it and the se cond unnamed hollow. On the shore and in the water near the 
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shore, there are relatively large amounts of rounded frag ments of ancient ce-
ramics, while to the north and south of the site, ceramics are practically ab-
sent. Th e survey was carried out by the free search method at depths of 1—
2 m. No archaeological objects we re found. Th e distribution of ceramic debris 
is limited to the shoreline zone.

Site No. 2 is located about two kilometers south of Olbia. On the shore and 
in the water, there are quite a lot of stones — both rubble and with traces of 
processing. Several such stones were cleared by soil erosion with the PM-600 
motor pump. Th ey are probably remnants of an ancient building destroyed by 
a landslide. It could have been a stone crypt. As mentioned, the necropolis of 
Olbia was located on the plateau, and such burial structures are in general char-
acteristic of it.

Approximately 65 m from the shore at a depth of 1.70—1.80 m, a cluster of 
ruby stones was found stretched along the north-south axis, which protrudes 
from the bottom surface by 15—30 cm. Th eir nature at the current stage of the 
study is not known.

Archaeological material du ring the survey of this site, as well as site No. 3, 
which is located opposite the mouth of the Wide hollow, was not identifi ed.

Bathymetric studies in the area of Dniprovka 2 settlement and Ajigol 1 
settlement. Th e monuments of the settlement of Ajigol 1 and Dniprovka 2 are 
on the right bank of the Dnipro-Bug estuary (Fig. 12.13).

In antiquity and medieval times, the estuary did not exist in its modern 
form. It was replaced by the Dnipro and Southern Bug rivers, which merged in 
the area of the Ajigol Cape. Probably, this factor was one of the reasons for the 
emergence of a settlement and a settlement in this place, which existed throug-
hout ancient and medieval times.

Fig. 12.12. Reconstruction of the coastal zone of the Bug estuary near the location of the 
Lower Town during the Hellenistic period (by S.D. Kryzhitsky, 1984) 
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Fig. 12.13. Schematic bat hymetric map at Ajigol 
Cape (NAVIONICS)

Ajigol 1 settlement. Th e an-
cient settlement of  Ajigol 1, is lo-
ca ted several hundred meters from 
the bank of the Dnipro-Bug estu-
ary on the high slope of the Ajigol 
hollow. A bathymetric survey of 
the water area of the Bug estuary 
in the vicinity of this settlement 
showed that there were no signifi -
cant archaeological remains that 
could be attributed to this settle-
ment. Studies indicate that the set-
tlement was on a site that was not 
aff ected by the rise in the Black Sea.

Mound Dniprovka 2. Th e 
Dniprovka 2 Mound (Fig. 12.14) 
is multi-layered (the ancient and 
medieval cultural layers are re-
corded on its territory), and loca-
ted on the bank of the estuary. 
In the times of antiquity and the 
Middle Ages, when the level of the 
Black Sea was lower than the modern one by 3—13 m (according to various re-
searchers), the estuary did not yet exist in the modern condition. At this point, 
in the area of the Ajigol Cape, the Dnipro and Southern Bug rivers merge (Iev-
lev, 2014). In front of the settlement, there was a rather signifi cant fl ooded area, 
on which the lower part of the settlement could be located. Th e existence of the 
remains of the exit from the territory of the settlement Dniprovka-2 to the bank 
of the Dnipro-Bug estuary were recorded by V.I. Goshkevich in 1913, which 
testifi es to the possibility of the existence of the settlement, which was located 
on its shore. Due to the rise in the level of the Black Sea, this part of the fortress 
was fl ooded. Similar to the fl ooded «Lower City», which is located near the 
ancient city of Olbia. For a search of the part of a settlement on the fl ooded site 
in the area of the settlement, Dniprovka 2 bathymetric survey was carried out.

Th e total area of the surveyed site was 3.75 sq. km: 2.5 km in length and 
1.5 km in width (Fig. 12.14, a, b). Th e bathymetric survey showed that at the 
bottom of the Dnipro-Bug estuary, at a distance of up to 1 km from the modern 
shore, there is an area at depths of 1 to 2.5 m. Th us, if the level of the Black Sea 
was lower than the modern one by 4 m, it could have a settlement the same as 
the «Lower City» in ancient Olbia.
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A bathymetric survey showed that the ancient channel of the estuary 
passed at a distance of 1 km from the modern coastline of the estuary, near 
the settlement of Dniprovka 2. It is at this distance that the depths of 2 m end 
and the depths of 3 to 5.5 m begin (Fig. 12.14, a). When mapping the bottom 
relief opposite the Dniprovka 2 settlement, it was recorded that it is at depths 
up to 2 m. In its central part, several depressions were recorded, deepened by 
2.5 m. Along the ancient channel of the Southern Bug river in its northern part, 
there is an elevation depth of 1.5 m. Th is elevation has an elongated shape about 
600 m long and 20 to 50 m wide.

Th us, there were several decreases and increases in the territory of the sur-
veyed site, the occurrence of which could not be due to natural factors. On the 
western side of the settlement at a distance of 1.1 km from the modern bank of 
the estuary, in its water area at a depth of 6—6.5 m, a depression 500—550 m 

Fig. 12.14. Mound Dni-
provka 2: a — photo of 
the space survey of the 
mound (mapping by 
Chubenko А.V.); b — 
plan of the mound (map-
ping by Ievlev М.М)
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long and 250—270 m wide was recorded. Th is depression had a fairly regular 
rectangular shape, which makes it possible to assume its artifi cial origin.

Th e compilation of a soil density map of the studied site showed that along 
the entire ancient channel of the Southern Bug River, a strip with a width of 
20—50 m and a length of about 2 km is recorded on its territory. Th is stripe 
coincides with the increase that was recorded during the mapping of the bottom 
relief. It is located at depths from 1.5 to 2 m.

Another site, on which a large density of bottom sediment was recorded, is 
near the settlement of Dniprovka 2. Its dimensions are equal to about 500 m by 
750 m. 550 m to the northeast of the settlement there are several more densely 
located plots on which a large soil density is recorded, with dimensions of about 
400 m by 250 m (Fig. 12.15, b). When surveying this part of the territory of 
the Dnipro-Bug estuary, a large number of stones were recorded at its bottom, 
except for areas that had a high density of soil. Most of the stones formed long 
parallel strips, and in some cases — parts of rectangles, which indicates their 
artifi cial origin. Probably, these stones at the bottom of the estuary are the re-
mains of the foundations of the buildings of the ancient settlement that was lo-
cated here. Th e duration of the settlement will be determined aft er underwater 
archaeological research.

Th e location of these plots, on which a large density of soil is recorded, as 
well as the remains of the foundations of buildings, indicates that it was in this 
area that the lower part of the settlement, which should belong to the settlement 
of Dniprovka 2, was to be located. 

Although the territory of the probable settlement is divided into two parts, 
which are at a distance of up to about 500 m, it can be assumed that these two 
parts of the settlement may relate to diff erent times of existence of the settle-
ment Dniprovka 2.

As it was already specifi ed, the settlement is in a very important strategic 
place of connection of the Dnipro and Bug estuaries, on the highest place (42 m 
above estuary level) therefore on its territory all periods of existence of a settle-
ment — from antiquity to the Middle Ages are recorded.

Without stationary underwater archaeological research, it is now impos-
sible to establish the exact time of existence and the boundaries of the fl ooded 
settlement, as well as whether this entire territory was a continuous settlement, 
had several periods of development depending on the change in the water level 
in the Dnipro-Bug estuary.

Based on the results obtai ned, it can only be assumed that the southeastern 
part of the fl ooded settlement may belong to the medieval period. Th is assump-
tion is based on the fact that it is located on the territory of the already men-
tioned rectangular depression with depths of up to 6.5 m. Th e medieval port was 
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probably located at this place. Th e discovery of the remains of the foundations 
in the southeastern part of the settlement may indicate that they date back to 
the ancient time of the settlement’s existence. Th is is supported by the fi n dings 
of similar stone foundations in the fl ooded part of the ancient «Lower City» of 
Olbia, which is 7 km upstream of the Bug estuary.

Th e carried-out surveys of relics near the Dnipro-Bug estuary, near infl ow 
into the Ajigol hollow near the village of Solonchaki of the Ochakov region 

Fig. 12.15. Layout of the tracks in the water area near the settlement 
Dniprovka 2 (route of the bathymetric survey) (a); b — Layout of 
the bathymetric survey site near the settlement Dniprovka 2 (bathy-
metry survey by Chubenko А.V.)
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of the Mykolaiv area established: the ancient settlement of Ajigol 1 has been 
largely destroyed as a result of economic activity in recent years, but no signs 
of the destruction of its territory from the rise of the Bug estuary level have 
been recorded.

In the water area of the Dnipro-Bug estuary in the area of the settlement of 
Ajigol 1, no archaeological sites have been found.

Dniprovka 2, located 2 km north of the settlement of Ajigol 1, suff ered sig-
nifi cant damage from coastal abrasion as a result of the rise in the level of the 

Fig. 12.16. Dniprovka Mound 2: a — schematic map of the density of 
bottom sediments; b — schematic map of the distribution of various 
types of bottom sediments (bathymetry survey by Chubenko А.V.)
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Bug estuary, the economic activities of the local population, and burglary exca-
vations. Th is is especially true in the southern part of the citadel.

In the water area of the Dnipro- Bug estuary near the location of the settle-
ment of Dniprovka 2, there is its fl ooded part which occupies a considerable 
area. In its southeastern part, there were remains of buildings that can be related 
to the ancient period of existence of the settlement. In the northeastern part of 
the area of the ancient channel, there was a port, the existence of which can be 
attributed to the XIV—XVI centuries.

Fig. 12.17. Comparison of distances from the modern village of Pa-
rutino (the ancient city of Olbia) to Cape Stanislav and Cape Bub-
likova (NAVIONICS)
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Conducting further under-
water archaeological research on 
the territory of the Dniprovka 2 
settlement and the part that is 
under the water of the Dnipro-
Bug estuary can give very inter-
esting scientifi c results.

Bathymetric studies at Bub-
likova Cape (Belozersky District, 
Kherson Region). In 2016, the expedition of the National Academy of Sciences 
of Ukraine conducted archaeological research using the latest non-destruc-
tive techniques in the area of Cape Bublikov. Th e cape is located between two 
large hollows: Bublikova and Aleksandrovska hollows. Cape Bublikova occu-
pies a very important strategic position, which allows you to control the lower 
reaches of the river Southern Bug. Th us, this cape together with the cape Stan-
islav allowed to exercise control over the entire area of the Lower Bug estuary 
(Fig. 12.17). Elevation of the water level of the Black Sea, caused a rise of water 
level in the Dnipro-Bug estuary. According to available data, Cape Bublikova 
in the times of antiquity and the Middle Ages had a long length. Its fl ooded 
part had a length of up to 2 km, a width of 150—200 m, and a total area of 
33—35 hectares. Th e entire fl ooded part of the Bublikov cape is at depths of 
2—2.5 m, while the depths in this area of the Dnipro-Bug estuary are 4—5 m 
(Fig. 12.17). One of the tasks of conducting underwater archaeological research 
at Cape Bublikov on the territory of its fl ooded part was to establish the possibi-
lity of the existence of the Demetra Church on it, and not on Stanislav Cape. 
Th e overwhelming majority of researchers, based on the message of the ancient 
author Herodotus, suggest that it was on Cape Stanislav that the temple of the 
Greek goddess Demetra was located. In his book, Herodotus quite accurately in-
dicates the location of this temple, which, according to his report, was located on 
a narrow wedge-shaped strip of land, which was called Cape Hypolaye. Stanislav 
Cape is located several kilometers south of Bublikov Cape. It should be noted 
that Cape Stanislav is located at a distance of more than 23 km (Fig. 12.18) from 
the city of Olbia, from which, according to Herodotus, you could see the tem-
ple of Demetra. At this distance, it is almost impossible to see this temple from 
Olbia. Another thing when it comes to Bublikova Cape, the distance which is 
14.3 km, which gives a great opportunity to see it from the city of Olbia.

Fig.12.18. Schematic bathymetric map 
in the area of the Bublikova Cape 
(NA VIONICS)
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Along with the Bublikova Cape, in the area of the Aleksandrovska Balka, 
according to data obtained during archaeological explorations, which were car-
ried out in the second quarter of the twentieth century, in addition to settle-
ments and ground burial grounds of ancient times, a burial ground of the 12th 
century was recorded. 

Th is may indicate in favor of the fact that an ancient settlement or settle-
ment, which exercised control over water trade routes along the Southern Bug 
River, could be located on the Cape of Bublikov.

Th e survey of the coastal strip in the area of the Bublikovа Cape location 
revealed a small amount of rolled ceramics of ancient and medieval times, as 

Fig. 12.19. Schematic map of the density of bottom sediments on the studied section of the 
water area near the central part of the city of Bublikova (bathymetry survey by Chubenko А.V.)

Fig. 12.20. Th e layout of water areas near the central part of Bublikova cape is very promising 
for underwater archaeological research (mapped by Chubenko А.V.)

Fig. 12.21. Th e western section of the fl ooded part of the cape Bublikova (bathymetry survey 
by Chubenko А.V.)

Fig. 12.22. Th e remains of the vessel (?) at the western side of the fl ooded cape Bublikova 
(bathymetry survey by Chubenko А.V.)



Chapter 12. UNDERWATER STUDIES OF THE WATER AREA OF THE BUG ESTUARY

well as fragments of iron and glass slags. Th ese fi ndings may indicate the pos-
sibility of a metalworking workshop in the vicinity or on the Cape of Bublikov 
(Figs 12.20).

Th e bathymetric studies carried out in the fl ooded part of the territory near 
Bublikov Cape recorded several areas of elevations with a higher density of bottom 
sediments (Fig. 12.21). Th ese sections had a regular geometric shape (Figs 12.21, 
12.22) and are located at a distance of about 1 km from the modern bank of the 
estuary on its fl ooded part. It should be noted that the bottom of the Bug estu-
ary in this place is covered with a layer of silt, therefore carrying out underwater 
archaeological research will be diffi  cult. Depths in the area of these elevations are 
1.5—2 m. On the east side of their location at a depth of 2—2.5 m, a longitudinal 
compacted strip was recorded, which was directed from the south to the north. 
Th e diff erence between the depths on the west and east sides of this strip is 0.5—
1 m. Also, along the elevation, an increased soil density was recorded, which may 
indicate the possibility of the existence of an artifi cially constructed structure: a 
retaining wall or a mole at this place. Th e bathymetric studies made it possible to 
assume the possibility of the existence of a complex of destroyed structures in this 
place, buildings, the cultural affi  liation of which is now being determined. Near 
them, on the western side of the fl ooded territory of the Cape Bublikova, the re-
mains of a sunken vessel were recorded (Fig. 12.22). Further research will make 
it possible to establish the time of existence and cultural affi  liation of the found 
objects, as well as the type of sunken vessel and the time of its death.
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On the banks of the Dnipro estuary and in the lowlands of the 
Dnipro River there is a large number of archaeological sites of 
various historical periods, from the era of the stone to the era of 
the late Middle Ages. One of them, especially along the banks 
of the Dnipro estuary, was completely or partially fl ooded as a 
result of the rise in the level of the Black Sea, and non-fl ooded 
sites suff ered from coastal abrasion. Th e most numerous his-
torical sites in the area are ancient and medieval monuments.

Mounds and settlements of the ancient period are located 
on the high mainland shores, almost all of them have suff ered 
from coastal abrasion to varying degrees. Settlements that were 
located in fl oodplain territories have not been found to date. 
One can safely assume that they existed in the times of anti-
quity, but were fl ooded as a result of the change in the Black 
Sea level. In addition, there were parts of the mounds that were 
located in the coastal zone. Moreover, there were undoubtedly 
marinas or ports and their associated structures. Most likely, 
warehouses and shipyards for the construction and repair of 
ships. Th is can be evidenced by the exits from the territories of 
the mounds to the bank of the estuary. Now the territories they 
occupied are underwater. On the banks of the Dnipro estuary, 
there are now settlements: on the territory of Stanislav village 
(Fig. 13.1), Shiroka Balka village (Golden Cape), Sofi evka-II, 
Sofi evka-I settlement (Glyboka Prystan) near Sofi evka village 
and a settlement near Belozerka village on one of the branches 
of the Dnipro river.

Stanislav Mound. Stanislav’s ancient settlement (the time 
of the 5th century B.C. — IV century A.D.) is located on the 
headland at the confl uence of the Dnipro and Bug estuaries 
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(Fig. 13.1). According to the measurements of V.I. Goshkevich, at the beginning 
of the 20th century its area was about 6500 sq.m., and at the end of the 20th cen-
tury it was 4200 sq.m. Th us, for 90 years the settlement decreased by 2300 sq.m, 
having lost 1/3 of the area. Th e size of the fl ooded part of the cape (when the 
level of the Black Sea is raised by 4—5 m) is about 1.5—1.7 km, with a width of 
700 to 50 m. Th e settlement of Stanislav-1, located on the cape between the Dni-
pro and Bug estuaries, poorly preserved archaic complexes and complexes of the 
IV century B.C., the time of the maximum prosperity of the Olbia state. At the 
same time, the materials of the 2nd — 3rd centuries B.C., the settlement of the 
fi rst centuries A.D., and the Chernyakhov settlement are recorded in the coastal 
zone of the settlement (Vinogradov, 2002). Probably, this fact can be explained 
by the fact that, due to the location of the settlement on the prominent cape, the 
Hellenistic and part of the archaic layers were destroyed by coastal abrasion as 
a result of the rise in the level of the Dnipro-Bug estuary. In the late Hellenistic 
and Roman periods, the Olbiopolitans, taking into account the importance of 
the strategic position of Stanislav, moved the settlement further inland.

Th is is because the main channel of the Dnipro estuary runs quite close in 
this area, increasing the abrasion of the estuary’s root banks. Probably, the area 
of the settlement of Stanislav, known in ancient literature as Hippolaev Cape, 
due to its location was most aff ected by coastal abrasion caused by both the rise 
in the level of the Black Sea and the erosion of the coastline by the current of the 
main Dnipro channel (as described above). 

Th us, the mention of Herodotus: «Th e wedge-shaped strip of land bet-
ween these rivers is called the Hippolaev Cape; on it is the temple of Demeter» 
(Herod. IV) may well have been true. An approximately similar description of 
Hippolaev Cape is given in Dion Chrysostom: «Th is cape is a sharp and steep 
protrusion of the mainland in the form of a ship’s nose, near which both ri-
vers merge» (Dio. Chrys. Or. Bor, XXXVI). A comparison of the descriptions 
of this area, given in Herodotus (5th century B.C.) and Dion Chrysostom (1st 
century A.D.), shows the natural changes that occurred during this period. In-
direct confi rmation of the existence of the Demetra Temple in Stanislav can 

Fig. 13.1. Th e ancient 
settlement of Stanislav 
(Photo by А. Chuben-
ko). Top view (before 
February 24, 2022)
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be provided by information from residents who claimed that there are stone 
columns underwater in the area. Having studied all available information about 
the sanctuary, which probably was on the Hippolaev Cape (modern Stanislav 
Cape), A.S. Rusyaeva concluded the possibility of its existence in this place. Ac-
cording to her assumption, Demetra’s sanctuary was located at its end until the 
second half of the 4th century B.C., aft er which the cape is destroyed as a result 
of rising water levels in the Dnipro and Bug estuaries, which caused the activa-
tion of coastal abrasion (Rusyaeva, 2004). Th is can also be confi rmed by the ab-
sence of Dion Chrysostom’s description of Demeter’s temple from Herodotus. 
Th e most signifi cant increase in the water level in estuaries began in the early 
twentieth century and especially intensifi ed in its second half. Th is is especially 
well recorded at Stanislav Cape. 

Th e medieval castle in the town of Stanislav is built as one of the main 
outposts in the south of the Grand Duchy of Lithuania and Russia, from the 
territory of which trade routes on the Dnipro and Southern Bug rivers were 
controlled. Th e castle was on the mainland cape between the Dnipro and Bug 
estuaries at a height of 22—35 m above the water level of the estuarine. Accor-
ding to the existing evidence from the local population, the castle existed until 
the 20s of the twentieth century, when it was dismantled for construction mate-
rial. Now the castle is located in a modern building, which makes it impossible 
to conduct archaeological research. However, in addition to the castle itself, it 
had to have a port and the necessary economic structures and facilities for its 
functioning to exercise direct control over the waterways along the Dnipro and 
Southern Bug rivers. Th e location of this medieval port is still uncertain.

Considering the situation of Stanislav, it should be noted that over the past 
historical period, this territory has experienced a complex geological history of 
development. At the end of the 14th century, the territory of the cape was much 
more modern. During this period, the level of the Black Sea was lower than the 
current one by about –3 m (Veklich, 1987). In addition, it is necessary to take 
into account the fact that this area, according to the studies of P.F. Gozhik and 
F.A. Novoselsky (1989), annually drops to 0.8 mm per year, that is, by about 
0.8 m per 100 years. Considering the modern depth map in the area of Stanislav 
Cape (Fig. 13.2), it can be stated that the Cape could be longer than the modern 
one by almost 3.5 km. Th is fl ooded area may have contained several medieval 
objects belonging to the castle. Th erefore, the conduct of stationary underwa-
ter research in the area could provide very interesting material. Th e fi nite part 
of the cape Stanislav, which is currently underwater at depths not exceeding 
4 m (Fig. 13.2), is of the grea test interest for research.

Unfortunately, bathymetric studies were carried out only at the most ext-
reme point of the fl ooded part of the Stanislavski Cape. Th e total area of the site 
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where the bathymetric sur-
vey was carried out is about 
80 hectares. No obvious re-
mains from the structures of 
ancient and medieval times 
were found during the survey 
(Fig. 13.3—13.9).

However, it is necessary to 
note the identifi ed triangular 
section of about 180 m by 280 
m at the end of the cape. In this 
area, seven rounded depres-
sions with diameters from 10 to 
40 m were recorded, the depth 
of which varies from –6 to –9 m (Fig. 13.9). Th e origin of these depressions is not 
yet clear. Based on the available information, no submarine operations of this 
magnitude have been carried out in the area for the past 30 years. If such work 
had been carried out in earlier periods (which is currently not known), such 
depressions would have already been dragged by bottom sediments.

One of the possible explanations for the occurrence of these depressions 
may be the unauthorized search in this area for the remains of the ancient tem-
ple of Demetra, the existence of which was indicated by several ancient authors, 
in particular Herodotus, in Stanislav. Th e location of this church is dedicated to 
a fairly large number of scientifi c works of modern researchers, who also had 
the Demetra Church in Stanislav.

According to available paleogeographic data, this cape was about 2—3 m 
above the water level of the Dnipro-Bug estuary in the fourteenth and fi ft eenth 
centuries. It could contain a medieval watchtower, which supervised and cont-
rolled the vessels that passed through the Dnipro and Bug estuaries. It was the 
remains of such a watchtower that were found during a bathymetric survey in the 
water area of the Dnipro River near the Lithuanian castle on the island of Tyagin 
in 2018. Th erefore, the presence of the remains of such a tower on the fl ooded part 
of Stanislav was fully justifi ed. In addition to the tower, other defensive, economic 
buildings and objects of that time could be located on the cape. In particular, there 
should be a port on this cape where ships and river vessels can stop.

Fig. 13.2. Schematic bathymetric 
map near Stanis lav in the north-
western part of the Dnipro estuary 
(mapped before February 24, 2022) 
(NAVIONICS)
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On bathymetric maps and maps of bottom sediment density (soil density) 
on the east side of the studied part of the cape by about 800 m to the northeast, 
there is a plot of 100 by 250—300 m, which could be a port. Based on the depth 
map of the Dnipro estuary, the medieval port could also be located at a distance 
of about 1 km northeast of the end of the modern Stanislav m. 300—350 m 
from the shore (Fig. 13.5).

Summing up the results of the study, we can come to the following conclusions:
1. On the fl ooded part of Stanislav, the remnants of the watchtower, and 

other defensive and economic structures could be located.
2. If they were conducted at the end of the cape, they were destroyed by 

unauthorized construction works, the purpose of which is not yet clear.
3. Because the total length of the fl ooded cape is more than 3.5 km, on its 

territory there could be remnants of ancient and medieval structures of various 
purposes, such as a port and associated farm buildings.

Golden Cape Mound. Th e Golden Cape Mound (the time of the І—III cen-
tury A.D.), located on the eastern outskirts of the Broad Beam village 8 km east 
of Stanislav (Fig. 13.9), is intensively destroyed by coastal abrasion. During the 
period from 1977 to 1987, the area of the settlement decreased by 0.5 hectares. 
Control measurements at the Golden Cape Mound showed that 0.6 to 0.9 m of the 

Fig. 13.3. Stanislav Mound: a — plan (according to Goshkevich, 1913): a preserved territory 
of the settlement until 1980; b — plan of the settlement 1980 (mapped by Ievlev М.М., 2014)
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Fig. 13.4. Town of Stanislav. Map 1903 

Fig. 13.5. Schematic bathymetric map in the fl ooded part of the city of Stanislav (NAVIONICS)

Fig. 13.6. Flooded part of the border (NAVIONICS) 

Fig. 13.8. Investigated part 

Fig. 13.9. Depressions fi xed at the end of the fl ooded part of Stanislav (bathymetry survey by 
Chubenko А.V.)

Fig. 13.7. Location of Stanislav
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main coast on which it is located is 
destroyed in a year. Since its incep-
tion, the area of the settlement has 
decreased by at least half. A large 
complex of grain pits in its territory 
was discovered during the study 
(Kryzhitsky et al., 1990), which in-
dicates the possibility of a trading 
port where grain and other goods 
that arrived at the settlement along 
the Dnipro River were loaded onto 
trading ships.

Sofi evka 1 settlement and So-
fi evka 2 settlement (Deep Marina). 
Th ese two were one major locality 
(the period of the IV—III centu-
ries.C.), which was located on two 
levels, like Olbia, the lower and up-
per terraces. Th e lower part of this 

settlement is partially fl ooded and partially destroyed by coastal abrasion. On 
the upper part, there is a mound with an area of more than 10 hectares, suff er-
ing from coastal abrasion. During the archaeological research, two towers and a 
road were opened, which connected the upper and lower terraces of this locality 
(Fig. 13.11). It can be argued that this settlement was a small city of the Olbian 
state and carried out the role of a transit point in trade with Scythia (Kryzhitsky 
et al., 1990). When carrying out a bathymetric survey along the coastline to 
which the settlement approached, in its central part, at the bottom of the Dnip-
ro estuary the construction made of the treated stone (mainly limestone) was 
fi xed. It reached the estuary at a distance of about 130 m with a width of up to 
20 m (Fig. 13.11). Th is construction can be attributed to the type of port facility 
known as the pier. Its length reached the depths of the estuary, which allowed 
sea vessels to dock. Th e existence of such a pier, with a previously opened paved 
road that served as a descent from the plateau to the bank of the estuary, serves 
as undeniable evidence that the settlement of Sofi evka 1 and the settlement of 
Sofi evka 2 constituted a single complex that was one of the cities of the Olbian 
state during the Hellenistic period. Th e existence of cities in the area and their 
names are reported by the ancient author Ptolemy, who shows more than a 
dozen cities on his map.

Th e following sites of this area of the Dnipro estuary can be attributed to the 
medieval period: the remains of the castle in the town of Stanislav (which was 

Fig. 13.10. Golden Cape Mound (Photo by 
А. Chu benko)
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dismantled in the fi rst quarter of the twentieth century), the remains of the ship 
parking near the village of Sofi yivka (Sofi yivka-II or «Cossack Wharf»). During 
the study of its territory, the remains of probably 17th-century shipyards were 
found, which were recorded at the end of the twentieth century, and are now al-
most destroyed by coastal abrasion. Also nearby at depths of 1,5—2 meters inha-
bitants of the village of Broad hollow found remains of the ship (probably, the Cos-
sack gull) from which the gun was removed (was in the museum of the village). 

Fig. 13.11. Plan of «Gluboka Prystan» settlement (mapping of the ancient settle-
ment by Ievlev М.М) (a): 1 — defensive wall; 2 — escarped slopes of the hollow; 
3 — boundaries of the unstable position; 4 — road to the «Lower City»; 5 — burial 
ground; 6 — excavations (mapping by Ievlev М.М); b — Photograph of the «Glubo-
ka Prystan» site 3 (Photo by А. Chubenko)
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Mound (location is not determined) near the settlement of Belozerka, which ac-
cording to D.I. Yavornitsky, was founded by the Genoese and existed in the XIII—
XV cen turies (Egorov, 1985). In addition, several dozen towns and settlements of 
this period were described by ancient authors in this area. Virtually most of these 
have not been found to date. Also in the descriptions of medieval authors: Byzan-
tine, Arab, and Old Russian chronicles, Western European also mentions a large 
number of diff erent settlements, the location of which is uncertain.

On the banks of the lower Dnipro River, there are sites of various historical 
periods from the Bronze Age to the Middle Ages. Th e most numerous and stu-
died sites of this region, as well as on the territory of the Dnipro estuary, are the 

Fig. 13.12. Schematic bathymetric plan of the depths of the water area in the area of 
the «Gluboka Prystan» settlement. 2. Scheme of distribution of bottom sediments 
of various densities at the bottom of the water area in the area of the «Gluboka 
Prystan» settlement (bathy metry survey by А.V. Chubenko)
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sites of the ancient and medieval periods. Scythian settlements and mounds are 
also among the monuments of antiquity. Se veral dozen settlements and mounds of 
this culture are known in the lower reaches of the Dnipro river. Some of them are 
located on the banks of the Dnipro river, and some — are on the banks of the arti-
fi cial Kakhovka reservoir, which are intensively destroyed due to coastal abrasion.

Along the Dnipro River, several dozen settlements and mounds dating back 
to the late Middle Ages are known. Th ese include monuments of the Crimean 
Khanate and the Cossacks. Some of them are mentioned in various written de-

Fig. 13.13. Fixed section of the pier in the area of the fl ooded central part of the «Gluboka 
Prystan» settlement. 2. Possible construction on the fl ooded part of the «Gluboka Prystan» 
(bathymetry survey by А.V. Chubenko)
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scriptions of this region and are 
depicted on maps that were writ-
ten and compiled at that time 
(Figs 13.14—13.18).

Mounds and settlements lo-
cated on the bank, directly on the 
Dnipro River, in addition to whar-
ves, usually had crossings or fords 
across the river, through which 
land trade routes passed. Mounds 
or settlements supervised the cros-

sings and at the same time controlled the water trade route that ran along the 
Dnip ro River. It was for the control of the crossing and land routes (from Eas tern 
Europe to the Crimea) through the Ingulets River — the right tributary of the 
Dnip ro River, in its lowlands a Roman camp was built (Fig. 13.14). Later, a Gothic 
fort ress was built a little upstream. Conducting underwater archaeological research 
in places of ancient crossings can give very interesting archaeological material.

Bathymetric studies at Tyagin Fortress. One of the signifi cant archeologi-
cal sites in the lower reaches of the Dnipro River is the Tyagin settlement and 
fortress. Having arisen in the 4th century B.C., this settlement, with temporary 
breaks, existed until the beginning of the 18th century B.C. (Fig. 13.1.20).

Th e fortress and the settlement of Tyagin are located on the peninsula bet-
ween the Dnipro River and its right tributary  — the Tyaginka River, which 
gave the name of the fortress and the settlement. It should be noted that at the 
time of the existence of the fortress and the fortress in the Middle Ages, the 
peninsula on which they were, was an island, the area of 18.5  hectares, sur-
rounded on all sides by waters of the river Dnipro and the river Tyaginka. In 
addition, the Tyagin settlement was located on the second island, with an area 
of more than 6 hectares, which is located upstream of the Tyaginka River. Th e 
fact that this position was part of the settlement is evidenced by numerous fi nds 
of archaeolo gical material of the time of the existence of the settlement and the 
Tyagin fortress, which were found on its territory.

Tyagin Mound was located in a very convenient strategic place, which al-
lowed us to exercise control over both the waterway and the river Dnipro, and 
on the overland route between Europe and the Crimea.

Fig. 13.14. Defensive wall of the An-
novsky Late Scythian settlement. Re-
construction option (reconstruction of 
M.M. Ievlev)



207207

Chapter 13. INVESTIGATED ARCHAEOLOGICAL LOCATED

It was in the area of the island of Tyagin, in the Middle Ages, that one of the 
most convenient crossings across the Dnipro River was located, which was men-
tioned by Mikhail Litvin in the middle of the 16th century (Syroechevsky, 1932). 
In the XIII—XIV centuries on the island of Tyagin, there was a city that was a part 
of the Gold Horde. It was quite densely built. On its territory, the remains of the 
water supply system are recorded. Th e total area of the city was about 18 ha. In the 

Fig. 13.15. Map of Beauplan. Th e lower part of the Dnipro river (Ievlev, Chubenko, 2020)

Fig. 13.16. Image of a Turkish galley on a medieval map (Ievlev, Chubenko, 2020)
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XIV—XVI centuries, when the territory of the Nizhny Podneprovye became part 
of the Grand Duchy of Lithuania, a castle was built on the settlement to control 
the crossing of the Dnipro River and the border that passed through it (Fig. 13.20).

At that time, near the Tyagin settlement, near the confl uence of the Tyagin-
ka River with the Dnipro River, there was probably a river port to which ships 

Fig. 13.17. Th e lower part of Dnipro on the map of Kherson province 1906 (Ievlev, Chubenko, 2020)

Fig. 13.18. Roman camp on the Ingulets river (reconstruction of S.B. Buyskikh, М.М. Ievlev) 
(Buyskikh, 1991)
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from the Black Sea could climb and river vessels moored. In the same area, there 
was a crossing that connected the trade route from Europe to the Crimea.

To determine the location of the river port and the crossing in the area of 
the Tyagin settlement, bathymetric studies of the water area of the Dnipro and 
Tyaginka rivers were carried out. When carrying out them in the water area 
of the river Tyaginka, the remains of the marina were found. Th is marina was 
located about 3 km upstream of the Tyaginka River from the point of its conf-
luence with the Dnipro River at a depth of up to 3 m. Th e open marina is located 

Fig. 13.19. Tyagin Mound. Modern look. Photo by А. Chubenko (before February 24, 2022)

Fig. 13.20. Medieval castle Tyagin, aerial photography. Photo by А. Chubenko (before Februa-
ry 24, 2022)

Fig. 13.21. Reconstruction of Tyagin Castle (reconstruction of M.M. Ievlev)
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on the southwestern side of this island on the left  bank of the Tyaginka River. At 
the bottom of the river, there were found the remains of supports, one part of 
which was stone, and the other was the remains of wooden poles with diameters 
of 0.3—0.4 m. Th e total area of distribution of the remains of supports is more 
than 300 sq. m, and its dimensions are 11 × 35 m.

Except for a water trade way at the Tyagin settlement passed the overland 
way through the crossing therefore the search for a location of this crossing was 
one of the tasks of carrying out bathymetric research in the water area of the 
river Dnipro. When carrying out bathymetric studies in the area of the con-
fl uence of the Tyaginka River with the Dnipro River, near the cape that they 
form, the remains of a stone tower were found, from which at the bottom of 
the Dnipro River the remains of foundations and the collapse of walls were 
partially preserved (Figs 13.18, 13.19). Th e remains of the tower have dimen-
sions of 25 × 20 m and are located on a rounded hill, which is at a depth of 4 m. 
According to residents, fi shermen oft en found stone cannonballs in this place.

Th us, this tower was a separate fortifi cation facility that controlled the entrance 
to Tyaginka. In addition, the tower could also control the crossing of the Dnipro 
River, which was to be located above the confl uence of the Tyaginka River into the 
Dnipro River, near the Tyagin settlement. Th is area, judging by the recorded depth 
measurements, was the most favorable for the existence of the crossing.

During bathymetric studies above the infl ow of the Tyaginka River into the 
Dnipro River, two long increases were recorded at the bottom. Th ese elevations 
began at the left  bank of the Dnipro River and partially crossed it (Fig. 13.20). Th e 
fi rst elevation was at a distance of 450 meters from the remains of the found to-
wer upstream of the river Dnipro. Th is increase is at a depth of 3.5—4 m, ha ving 
a length of up to 160—180 m and a width of 20—25 m. It is located at a distance 
of 500 m from the left  bank and almost at the same distance from the right bank 
of the Dnipro River (Fig. 13.20). Th is elevation and its existing crossing were 
pro bably related to the earlier pe riod of the existence of the tra de route from 
Sout hern Europe to the Crimea. Th e period of its existence covers the period 
from the IV century B.C. — until the 2nd century A.D., when the area was part 
of the territories that were in the sphere of political and military interests of the 
ancient states of the Northern Black Sea region, and la ter — the Roman Empire. 
Confi rmation of this assumption is that in the territory of Tyagin Island during 
archaeological research in its northern part remnants of fortifi cations that ac-
cording to available lift ing materials can be attributed to the antique period are 
recorded. In addition, during the study of the medieval settlement and Tyagin 
fortress, individual fi nds of ancient objects were found, mainly fragments of 
amphorae. Further archaeological research is needed to better determine the 
time of origin and existence of this ancient settlement and crossing.
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Th e second such increase is 
400  m downstream of the Dnipro 
River, almost opposite the found 
tower (Fig. 13.21). It is located at a 
depth of 3.5—4 m, its length is ap-
proximately 180—200  m, and the 
width is 20—25  m. As well as the 
fi rst increase, it is located almost in 
the center of the Dnipro River. In 
both ele vations, the smallest depth 
is recorded in their western parts 
(about 3 m). Th e length of these ele-
vations is now impossible to estab-
lish because from the west they were destroyed during the deepening of the 
Dnipro river bed. However, to date, there is no doubt that these increases were 
associated with the crossing of the Dnipro River. Probably, in this place, there 
was a ferry that existed at diff erent historical times. Due to natural processes, 
the crossing moved 400 m downstream of the Dnipro River. During the exis-
tence of the Tyagin settlement, the second elevation is more suitable for cros-
sing. Th is crossing pro bably passed from the left  bank of the Dnipro River to 
the cape, which formed the city of Tyaginka and the Dnipro River, next to the 
found tower. Further, the road passed under the walls of the Tyagin settlement, 
which made it possible to exer cise full control over the land trade route from 
Europe to the Crimea.

Further bathymetric studies we re carried out in the old channel of the Dnip-
ro River, which was located on the southeastern side of the Tyagin settlement. 
During its study, two abnormal uplift s were recorded at the bottom, which may 
be associated with him (Fig. 13.22). Th e fi rst anomalous place was almost op-
posite the southeastern corner of the Tyagin fortress. It had two elevations on 
both sides of the old riverbed of the Dnipro River, which are located opposite 
each other at depths of 0.5, and –0.7 m. Th e elevation, which was located on 
the northern shore, was about 10 m wide and 20 m long. Th e elevation on the 
southern shore had an almost square shape of 20 × 20 m. Between these two 
elevations, the distance is about 10 m with depths of 1—1.5 m. It is here that 
the road that began with the crossing of the Dnipro River, which was 1.5 km 

Fig. 13.22. UAS location: circle — berth near 
the island; diamond in the circle — fortress; 
fl ag — fl ooded tower (bathymetry survey by 
А.V. Chu benko)
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downstream, should pass. In this place, probably, there was a bridge that con-
nected two banks of the old channel of the river Dnipro. Th e road from this 
bridge was to go to the mound and the Tyagin fortress, and further to the west. 
At a distance of 20—25 m from the location of the proposed bridge, to the west, 
15 m south of the fortress walls, there was a second abnormal elevation at the 
bottom of the old channel.

It was located along the coast and had a length of more than 50 m and a 
width of about 20 m. Th is increase, based on its location, could be a wharf of 
various types of ships.

Th us, as a result of the bathymetric survey in the water areas of the Dnip ro 
River and the Tyaginka River, it was possible to fi nd the locations of two wharves, 
the location of the crossing over the Dnipro River, and the tower near the cros-
sing, as well as the location of the bridge over the old channel of the Dnipro Ri-
ver. To confi rm the results, it is necessary to conduct underwater archaeological 
studies at the locations of open objects. Such studies, along with the continuation 

of the bathymetric survey in the area 
of the lake on the Tyaginka river and 
the old channel of the Dnipro River, 
can give very interesting results.

A large number of archeological 
sites are located along the banks and 
at the bottom of the Kakhovsky reser-
voir. Th e area was called the «Greater 
Meadow» and has been the region’s 
pastoral center for the past millennia. 

Fig. 13.23. Remains of supports at the pier on the river Tyaginka (bathymetry survey by 
А.V. Chubenko)
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Th ere are seve ral dozen medieval mounds and villages in the area. Historian 
of the 18th century S. Mishetsky remembers 12 mounds of the Golden Order 
period, which were on the territory of the smoother (now on this place there is 
the Kakhovsky reservoir). One was the partially fl ooded mound on the islands 
of the Greater and Lesser Kuchugury.

Mound on the islands of Big and Small Kuchugury. Th e investigated area 
of the settlement occupied more than 10 hectares aft er the formation of the 
Kakhovsky Reservoir, its most part was under water (Fig. 13.30). Th e fi rst un-
derwater archaeological research was carried out in 1972. During their con-

Fig. 13.24. Tower location (bathymetry survey by А.V. Chubenko)

Fig. 13.25. Th e collapse of rocks at the bottom of the tower (bathymetry survey by А.V. Chu-
benko)

Fig. 13.26. Location of anomalies relative to the tower. Th e most favorable place for the an-
cient ford on the modern bathymetric map (bathymetry survey by А.V. Chubenko)
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duction, 9 places of accumulation of stones, gummy bricks, glazed tiles, and 
fragments of ceramics were recorded. During the studies carried out in 1977, 
the remains of stone foundations of a large building were found. A large 
amount of archaeological material: ceramics, products made of iron, and 
non-ferrous me tals were found during the research at the settlement. Th e 
found archaeological material allows us to conclude that in the 16th century 
A.D. the settlement was the economic and administrative center of the Lower 

Podneprovye (Popandopulo, Tikho-
molova, 2007).

Underwater exploration of the 
Dnipro river in the area of the island 
of Khortytsia. Around Khortytsia 
locals since ancient times found va-
rious household items: axes, crimson, 
hooks, horseshoes, bayonets, locks 
from guns, stirrups, and the like. 
From the bank of the Dnipro fl oods 
washed away the remains of ancient 
vessels of the Cossack times. Nu-
merous written sources mentio ned 
ancient settlements, fords, mounds 
and graves, fortifi cations, and ship-
yards that existed in this place of 
Zaporizhzhia (Kalmukidi, 1987; No-
vitsky, 2005).

Fig. 13.27. Unknown residues under the sand Fig. 13.28. Second unknown anomaly

Fig. 13.29. Th e old channel of the Dnipro 
river. In red, there is padding (the place of a 
possible marina) and a bridge behind it in the 
strait near the fortress (bathymetry survey by 
А.V. Chubenko)
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Back in 1905, aft er fi nding a ship with guns in the Dnipro below Khortytsia, 
the question of the need for archaeological research of sites located underwater 
within the channel of the Dnipro in this area was raised for the fi rst time. Du ring 
1972—1975, research was carried out by a hydro-archaeological expedition in 
the course of the old Dnipro under the direction of G.I. Shapovalov. Th e work 
of the expedition gave rich material of the 18th century. Th e main works of the 
1979 expedition were carried out on the right bank of the Dnipro River opposite 
the Naumova hollow. During this period, a large section of the coastal zone was 
surveyed at a depth of 5—6 m to 23 m. Th e study of this section lasted three 
years. During this period, interesting fi nds were found: fragments of ceramics, 
a vessel of the bronze period, a copper boiler, a dagger, etc. In 1984, on the bot-
tom of the old Dnipro in the vicinity of the hollow of Generalka at a depth of 
7.5 m, a one-dwarf boat was found, which was completely covered with sandy 
soil (Shapovalov, 1987). Th e boat was hollowed out of an entire tree trunk, the 
diameter of which reached 1 m, the length of the boat reached 5.2 m, the height 
of the sides was 0.5 m, the width was 0.6 m, in its upper part there was a small 

Fig. 13.30. Th e spatial image of the islands of Big and Small Kuchugury (before 
February 24, 2022) (M. Ievlev, А. Chubenko, 2022)
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platform for anchors or nets, in the fore part — an opening for anchor fastening, 
in the stern — a platform seat for a rower. Th e method of radiocarbon analysis of 
wood revealed that the boat was made between 1395 and 1475 (Nefedov, 2007).

Valuable material on the history of Ukraine and the Dnipro was found du-
ring hydro-archaeological studies of 1994—1995 of the channel of the old Dnip-
ro. In 1997, archaeologists M.A. Ostapenko and D.G. Kobalia examined several 
Khortytsa objects: the Sovutina hollow, Molodnyaga, Ushvyvaia, Kostina-Lipo-
vaya, Dumska Skala. As a result of the hydro-archaeological survey of the water 
area of the river Old Dnipro in May 1998, a sunken ancient vessel of the fi rst half 
of the 18th century — the Cossack «seagull» — was discovered and investigated. 
Th e size of the vessel, which was part of the Dnipro Flotilla, which fought against 
the Turkish fl eet, was 17.5 m long and 3.5 m wide, the height of the aft  part was 
2.7 m, the height of the side in the middle part did not exceed 1.7 m. In 1999, it 
was raised to the surface and for 10 years it underwent the process of restoration, 
conservation, and museumifi cation. Th is year was also marked by the discovery 
of the vessel «Brigantine» near Naumova rock, which was lift ed to the surface in 
November 2004. Brigantines were ships of the sailing and rowing type, had in 
service four light and three-pound guns that transported 50—60 people of the 
crew. During the war of 1736—1739, several dozen brigantines were built for the 
Dnipro fl otilla to confront the Turkish fl eet in the water area of the Dnipro-Bug 
estuary and the Black Sea. «Brigantine» was made at the Bryansk shipyard in 
1738 and it participated in the Russian-Turkish war of 1736—1739. Th e vessel 
has a total length of 20 m, its greatest width is 4.2 m, the height of the aft  part is 
3.7 m, and the height of the side in the middle part does not exceed 1.8 m.

As early as  1998, a hollow boat was found on the bottom of the Dnipro in 
the area of Naumova Cliff  of Khortytsia Island and aft er long research in 2010 
it was lift ed to the surface and placed in a restoration hangar. It is a military 
boat of 1736—1739, up to 20 m long, and 6 m wide. Made of oak and pine. On 
deck, there were 4 guns — falconets.

In 2011, Valery Nefedov, a senior researcher at the Khortytsia National Re-
serve, discovered a single-drawer boat in the course of the Old Dnipro near the 
island of Baida. In June 2012, as part of an underwater archaeological expedi-
tion (headed by Dmitry Kobalia), a detailed study of this sunken object was car-
ried out. Th e boat was made of solid wood — oak. Th e length of the single-track 
is about 7.40 m, and the width is up to 1 m. According to preliminary conclu-
sions, the age of the fi nd is 500 years.
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Now both of these bays are located to the south of the Kinburn 
spit and have depths not exceeding 2—3 m (Fig. 14.1). As early 
as in the 19th century, the territory of these bays was much less 
than modern (Fig. 14.2). According to paleogeographic and 
paleogeological studies, the territories of these bays during the 
Bronze Age, Antiquity and the Middle Ages were not occupied 
by the waters of the Black Sea. Th erefore, a signifi cant number 
of settlements, burial grounds, and other archaeological sites 
from the Bronze Age to the Early Middle Ages could exist in 
their place. Th e remnants have been partially preserved in non-
fl ooded areas, which have become islands, and several others 
have been recorded in underwater archaeological studies.

Th e settlement of the Bronze Age near the island of Orlov 
is located 2.5 km southwest of the Yagorlyk Ugol (Kut) pen-
insula, 5 km northeast of the Tendra spit, in the Tendra Bay. 
Approaches to the island are shallow, the highest points of the 
island above sea level reach 1.5—2.0 m; 100—150  m to the 
southwest of the house of ichthyologists, a large amount of ca-
tacombs culture ceramics has been found in the cut of the shore 
(the fi rst half II thousand B.C.), fl int products, and osteologi-
cal material. Among the stone products, there are fl int plates, 
chips, and fragments of grain trays. Th e discovery of a partially 
fl ooded settlement of the Bronze Age in the water area of the 
Tendra Bay indicates that in the II thousand B.C. the level of 
the Black Sea was lower than the modern one. It is obvious 
that nowadays the territory of the island of Orlov was part of 
the mainland, Yagorlyk Kut, which probably was signifi cantly 
issued in the Bay of Tendra or even connected with the Tendra 
spit (Sapozhnikov, Ostroverkhov).
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In 1983, the Black Sea expedition of the Institute of Archaeology of the Aca-
demy of Sciences of the Ukrainian SSR, headed by A.S. Ostroverkhov, discovered 
amphorous material related to Hellenistic, Roman times, and the early Middle 
Ages in the course of exploration work near the islands of Round and Long (Ost-
roverkhov, 1986). In the study of the sea coasts of the islands, found materials 
of ancient and medieval times, fragments of amphorae dating from the 5th cen-
tury B.C. to the 7th century A.D. Th e islands are of accumulative origin and rise 
above sea level by no more than 1 m. Th e fi ndings were found near the island 
of Dolgiy at a distance of 100—150 m from the coast and a depth of 0.5—0.6 m. 
Th e archaeological materials were found to suggest the existence of an ancient 
settlement that existed from ancient to early medieval times. It was located on 
the shore of the convenient bay of the Bay of Pra-Yagorlyk and was part of a delta 
island known in ancient literature as Borisphen (Okhotnikov, 1987).

Fig. 14.1. Schematic map of the Yagorlyk and Tendra bays (drawn up before February 24, 
2022) NAVIONICS
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Yagorlyk Bay District. Yagorlyk Bay is located in the northwestern part of 
the Black Sea water area within the administrative boundaries of the Kherson 
region of Ukraine (Fig. 14.3).

Studies of the underwater part of Yagorlyk Bay were carried out in 2001 by 
an expedition led by S.V. Voronov and V.V. Nazarov. Th anks to the use of a sonar 
fi nder in the exploration process, three mound-like formations up to 5 meters 
high were identifi ed at the bottom in several places. Th is is undoubted evidence 
of the presence of land on the site of the modern Yagorlyk Bay, which was fl o-
oded during the rise of water level in the Black Sea (Nazarov, Voronov, 2002).

In addition to these facilities, on the south-eastern shore of the Yagorlyk 
Bay, there is a partially fl ooded Greek settlement, which received this name from 
the name of the Bay — Yagorlyk. It arose at the end of the 7th and beginning of 
the 6th centuries B.C. aft er the Berezan settlement. According to the available 
paleogeographic data, this area was one of the delta islands of the Dnipro River 
in the 7th century B.C. Th e Yagorlyk settlement was located in the area of the 
ancient Dnipro Delta in the northeastern arm of the Dnipro River, which existed 
in the 17th century and is known as the Cossack Channel. Th e most important 
factor in determining where it was founded was the natural resources of the sur-
rounding area. Formed by the drift s of the Dnipro and its channels, the area of 
the ancient delta includes all the material brought in, including minerals. Now 
the settlement is located along the coast of the Yagorlyk  bay, its length is 1.4 km, 
and the width is 0.4—0.5 km deep in the coast (Kryzhitsky et al., 1990). Th e total 

Fig. 14.2. Map of part of the Black Sea in the area of the Dnipro Delta from 
the Meyer Atlas (M. Ievlev, А. Chubenko) 
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fi xed settlement area is approximately 70 hectares. In addition, the fl ooded part 
of the settlement should be taken into account when determining the entire ter-
ritory of the settlement. It is fi xed by a discontinuous strip along the coastal zone 
of Yagorlyk  bay with a width of 50—100 m, at depths of 0.3—0.6 m (Fig. 14.3). 
Th us, about 10—12 hectares of the area of the Yagorlyk  settlement were fl ooded, 
and its total area could make up 90 hectares, and maybe more. Th is makes it one 
of the largest settlements of archaic time in the territory of Lower Pobuzhye and 
Lower Podneprovye. Th e chronological framework of the existence of the Yago-
rlyk  settlement is attributed by some authors to the second half of the VII — the 
fi rst half of the VI century B.C. (Ruban, 1980) or the turn of the VII — VI cen-
turies A.D. — the beginning of the 5th century B.C. (Ostroverkhov, 1978; Bui, 
Ostroverkhov, 1978). Th e time of the end of the existence of the settlement is 
attributed by most researchers to the fi rst half of the 6th century B.C., that is, the 
time of the emergence of Olbia (Zubarev, 2005).

Coastal area from Yagorlyk Bay to Perekop Isthmus. To date, as a result of 
the severe erosion of the coastline from the Kinburn spit and the Yagorlyk bay 
to the eastern shore of the Kalanchak river, virtually no ancient and medieval 
settlements have survived. A small amount of rounded lift ing material occurs 

Fig. 14.3. Yagorlyk  settlement plan: a — by A.S. Ostroverkhova, 1978: 1 — remains of dom-
nica; 2 — remains of iron-melting furnace; 3—7 — fi ndings of bronze products, slags and 
bronze foundry slags; 8 — mass fi ndings of glass beads; 9 — remains of the furnace for ce-
ramic products (possibly glass) 10—11 — fi ndings of lead spices; 12 — fragments of antique 
ceramics; b — by N.P. Olenkovsky, 2002: I — settlement plan with identifi ed archaeological 
sites; II — plan for the location of the settlement and its fl ooded part



221221

Chapter 14. GEOECOSYSTEMS OF THE TENDRA AND YAGORLYK BAYS

in the area of the village of Zhelezny Port. It is mainly represented by fragments 
of amphoric containers. On the section from the village of Zhelezny port to the 
village of Azure, there is practically no lift ing material. Again, the lift ing mate-
rial, in a small amount, appears on the coastal territory of the island of Jarylgach 
and continues to the mouth of the Kalanchak river.

Th e possibility of ancient settlements in this area is indicated only by the re-
mains of a fl ooded settlement in the area of the Tender Spit, fragments of rolled 
ancient and medieval ceramics are found almost on most parts of its coast, as well 
as the remains of cultural layers on islands in the Yagorlyk Bay (Nazarov, 2003). 
At present, to the west of the Perekop isthmus, only two Hellenistic settlements 
are known, which were almost destroyed by coastal abrasion. Th ese settlements, 
according to S.B. Lantsov, were part of the Chersonese state (Lantsov, 2004).

In the descriptions of the ancient authors, the data on the Bay of Karkinit, on 
the northern coast of which this area is located, are extremely controversial and 
their interpretation causes discussion among modern researchers. A detailed 
description of the Bay of Karkinit is contained in the «Geographical Guide» by 
Claudius Ptolemy (Ptol., III, 52). Among the settlements listed in this work, the 
author recalls a locality called Kefalones. V. Zubarev places this locality in the 
western part of the modern island of Dzharylgach (Zubarev, 2005), which in 
the middle of the I thousand B.C. was part of the mainland (Brovyako, Karpov, 
1992). Th is assumption may well be true since the depths of the strait separa-
ting the island of Jarylgach from the mainland does not exceed 4 m. Th e loca-
tion of this ancient settlement on the western side of the island is objectionable. 
Indeed, if the ancient settlement was on the island of Jarylgach, which was part 
of the mainland, as evidenced by several mounds on its territory, it would have 
to be on its eastern side (Tunkina, 2002). Th e main reason for this arrangement 
is that this side of the island was in ancient times the elevated western bank of 
the Kalanchak estuary, and all Greek settlements were located on elevated sites 
and in areas that had a permanent source of freshwater. From the western part 
of the island of Jarylgach, there are no permanent sources of freshwater. In the 
construction of their settlements, Greek colonists gave preference to areas with 
rivers. Most of all ancient cities and settlements of coastal areas of the steppe 
Northern Black Sea Coast (excluding ancient cities and settlements located on 
the Crimean peninsula) were located on the high banks in the lowlands of the 
Dniester, Dnipro, Southern Bug, Don rivers. Unlike Ptolemy, Pliny places Ke-
falonia on the island (Plin, NH, 93), which can be explained by the fact that a 
prolonged rise in the water level of the Black Sea led to the transformation of 
this part of the territory into an island (Broiviaco, Karpov, 1992). In addition 
to the island of Jarylgach itself, there are the Swan Islands in the area, opposite 
the mouth of the Kalanchak River, which were also undoubtedly the remnants 
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of the fl ooded part of the land. Th e settlement of Kefalonia may have been in 
their area. Th is may be evidenced by the fact that the Swan Islands occupied the 
highest part of the area on the banks of the river (Fig. 14.4). 

In addition, this can be indirectly evidenced by the fi ndings of two ancient 
amphorae on their territory, which were stored in the Kalanchak Museum of 
Local Lore. Unfortunately, there is also unconfi rmed data on the discovery of 
antique ceramics in the coastal zone of the Swan Islands.

Bathymetric studies near the coastline of the Tendra spit. Th e Tendra spit 
is located in the north-western part of the Black Sea water area in the administ-
rative boundaries of the Kherson region of Ukraine. Elongated in a northwes-
terly direction for 65 km, width — about 2 km, the maximum point of elevation 
above sea level is 2.5 m, total area 38 sq. km. Th e spit is separated from the 
mainland by the Bay of Tendra. Th e surface of the spit is low-lying, its western 
edge is expanded, and the coastal part is characterized by sandy coastal ram-
parts and lakes-lagoons between them. In the southern part, there are aeolian 
dunes and snowdrift s formed by winds. Th e assumption that the Tendro braid 
was part of the mainland until the mid-19th century, which was subsequently 
separated from it as a result of the rise in the Black Sea level and tectonic lo-
wering, indicates the fact that it was possible to get to it by land as early as 1848 
(Tunkina, 2002; Nazarov, 2003).

Th erefore, it is quite likely that the Tendra bay as it exists now, in ancient 
times didn’t exist, and the Tender spit itself had a much shorter length in the 
western direction. As shown by the hydrological studies carried out in this area 

Fig. 14.4. Map of the Black Sea shelf area in the area of the island of Jarylgach (built before 
Feb ruary 24, 2022) NAVIONICS
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in the fi ft ies of the XX  cen-
tury, in the direction of the 
Tendra spit there is a constant 
movement of sand and estu-
ary sludge from the Karkinite 
Bay. Th is process is constant, 
since it occurs within a large 
fl at shoal; extends from 35 km 
to 5 m isobath, which is locat-
ed from the shore of the Ten-
dra spit at a distance of up to 
500 m. Th e gradual reduction 
in the size of the spit led to the 
fact that the remains of build-
ings, including the Achilles 
Temple, (which most resear-
chers, according to ancient 
authors, place on the Tendra spit), could be at a much greater distance from 
the modern watermark, in addition, under a multimeter layer of sand (Zenko-
vich, 1958). At the north-western end of the spit (Fig. 14.5), to the north-east 
of it, there are two bays convenient for berthing ships. Th ey are separated by a 
cape (clay ridge), which protrudes into the sea about 0.5 km long, and separates 
the bays. In this water area, strong currents caused by storms, which are inhe-
rent in the Bay of Tendra, appear periodically, directed from the northwest to 
the southeast. Th ese currents, together with the underwater ridge and shallow 
depths, could pose a great danger to the ships in the area.

Th e fi rst archaeological information and confi rmation of the existence on 
the Tendra spit throughout the antique period of the bay are the fi nds found 
on the northern (north-western) edge of the spit, from the ash pit excavated in 
1824 by the naval team of Captain Kritsky, the head of the construction of the 
lighthouse of the same name. Th e ash pit they excavated contained more than 
800 antique coins, lapidary inscriptions and graffi  ti with dedications to Achilles, 
which can confi rm the fact of Achilles Pontarch’s cult on the Tendra Spit.

Th e fi rst discoveries of underwater archaeological objects were made in 1981 
by employees of the Odesa branch of the Institute of Biology of the Sout hern Seas 
of the Academy of Sciences of the Ukrainian SSR in the area of the sout h-eastern 

Fig. 14.5. Map of Schubert, 1863. 
Th e western part of the Tendra spit 
(M. Ievlev, А. Chubenko)
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part of the Tendra Spit from the seaside. On the traverse of Babi Island in 1981, 
fragments of amphorae, antique red-clay and red-lacquer ceramics, as well as frag-
ments of limestone, the outcrops of which are absent in this area, were recorded 
at a depth of 2 m. According to R.P. Alekseev, these fi ndings serve as evidence of 
the existence of an ancient settlement in this place, subsequently fl ooded by the 
waters of the Black Sea as a result of transgression (Alekseev, 1987).

Archaeological exploration in the water area of the Tendra spit was conti-
nued by the Black Sea expedition of the Academy of Sciences of the Ukrai-
nian SSR in 1983 under the leadership of A.S. Ostroverkhov. Th e expedition 
discovered several large fragments of Roman amphorae. In 1984, the expedi-
tion of the Academy of Sciences of the Ukrainian SSR under the leadership of 
V.V. Nazarov carried out a full-scale visual inspection of the water area of the 
Tender Spit from the side of the Bay of Tendra and the seaside. Th e total length of 
the exploration site was 10.5 km and the width was 150—200 m. Th e dives were 
made mainly at depths from 5 m to 20 m of the northern spit. Archaeological 
material was found collected on the shore, where this material was most likely 
thrown by a storm. Most of the fi nds are represented by rounded fragments of 
amphorae, which date from the VI—V centuries B.C. — the 1st century A.D., 
fragments of Sicilian tiles, a stone sinker, a fragment of the wall of a medieval 
irrigation vessel, iron nails, knives, a horseshoe, and a harpoon tip. Th e under-
water archaeological work at the Tender Spit was continued in 2001 by the Me-
dea expedition in the Bay of Tender from Bili Kuchugury to the north of the 
navigational sign. Th e collected archaeological material is mainly represented by 
unclear rounded fragments of the walls of ceramic ware, most likely amphorae.

Further archaeological studies of the western part of the Tendra spit were 
carried out in 2016 along its coastline with a length of 12 km, at a distance of up 
to 50 m (Figs 14.6, 14.7). Th e most interesting objects were located on its south-
western side. In this place, an increase in the sea fl oor was recorded, which is not 
typical for formations due to natural factors. At the location of these elevations, 
a signifi cant increase in soil density was also recorded, which may indicate their 
artifi cial origin (Fig. 14.8). Such uplift s are located in the fl ooded part of the an-
cient city of Olbia, near its port. Along the coastline, a signifi cant number of rolled 
fragments of ancient and medieval ceramics were recorded in this city. In the 
underwater studies, archaeological material consisting mainly of amphorae frag-
ments were also found. Th e archaeological material found comes from the area of 
the northern Black Sea. Recognizing that all fragments of ceramics were found on 
one small area, this indicates the remains of a shipwreck that probably occurred in 
the fi rst century A.D. Considering this, this place may have been an ancient port 
or a ship’s parking lot. Th is may also be indicated by debris from processed stones 
found nearby at the bottom, which may have been port remnants.
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Fig. 14.6. General plan of the bathymetric survey site in the area of the western part of the 
Tendra spit (bathymetric survey by Chubenko А.V.)

Fig. 14.7. Schematic map of bottom sediments (bathymetric survey by Chubenko А.V.) 

Fig. 14.8. Schematic bathymetric map of the water area from the north side of the Tendra spit 
(bathymetric survey by Chubenko А.V.)

Fig. 14.9. Vessel remnants in the port

Fig. 14.10. Undefi ned items at the bottom of the port (bathymetric survey by Chubenko А.V.)
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During the bathymetric survey in the water area of Tendra Bay (data were 
received until February 24, 2022), the remains of the ship were also recorded. 
Th e site on which they were found is east of the former cannery in one of the 
two bays that have already been mentioned. Th is area is located on a sandy slope 
with a depth diff erence of 1 to 8.5 m and an inclination of about 30°. At depths 
of 4—5 m, a depth diff erence of up to 6.5 m was recorded, then a fl at sandy bot-
tom begins, which gradually decreases to a depth of 10 m. 

Th us, during bathymetric studies on the territory of the water area of the 
Tendra spit, areas of the location of three possible underwater archaeological 
objects were found: a port city or a ship’s berth and the places of death of two 
ships of antique time (Figs 14.9, 14.10). 

Summing up the results of the consideration of archaeological sites of the re-
gion from the Dniester estuary to the Dnipro delta, it can be stated that almost all 
ancient settlements located on the high banks of the Dniester, Bug, Dnipro, and 
Berezan estuaries suff ered from coastal abrasion. It is evident that in most of these 
settlements and mounds of diff erent historical periods there were fl ooded areas 
in the coastal zone. However, confi rmation of this assumption requires separate 
underwater studies. To date, the existence of the fl ooded part of the settlements, 
as a result of underwater archaeological research, has been confi rmed only for 
the Beikush settlement of the archaic time, the settlement of Dniprovka 2, the 
settlement of the Deep Hellenistic Time Pier, and the cities of Tiras and Olbia. 
However, it cannot be overlooked that some of the settlements were undoubtedly 
located on ancient fl oodplains or on the numerous islands that existed at that time 
on the site of modern estuaries. Th is assumption can be confi rmed by archaeolo-
gical underwater research on the territory of the Dniester and near the Tiligul 
estuaries (Agbunov, 1985). Th is is also indicated by the fact that a signifi cant part 
of the archaic settlement in the village of Ivanovka, located on the shore of the 
modern Yagorlyk  Bay, is under the waters of the estuary at a depth of 0.3—1.5 m. 
Th e settlement is located near the southeastern section of the Tender Spit, on its 
southern side, at a depth of up to 2 m at the bottom of the Black Sea. Th ese data 
suggest that most of the antique settlements of the Olbia Choir may now be loca-
ted in the fl ooded coastal areas of modern estuaries and the Black Sea. In favor of 
this assumption can testify to information which is given in V.N. Taskayev’s book. 
He reports that fragments of amphorae from the Hellenistic and Roman periods 
were found in the area of the islands of Round and Dolgi, located in the Yagorlyk 
Bay, on the coast of the island of Eagles, in the Bay of Tendra, as well as remnants 
of the eroded cultural layer of the same periods (Taskayev, 2007).
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Along the coast of the Crimean peninsula, there is a large num-
ber of archeological sites of various historical periods. All of 
these monuments have been aff ected to varying degrees by 
the fl uctuations in the level of the Black Sea over the past four 
thousand years. It was off  the coast of the Crimea that the fi rst 
underwater archaeological research was carried out, which 
continues to this day. Th erefore, it is the underwater archaeo-
logical sites of the region that are the most explored. Th e results 
of these studies have been published many times, so this book 
contains only the most signifi cant underwater archaeological 
sites that have been studied off  the Crimean coast.

Th e western coast of the Crimea is currently in the process 
of intensive coastal abrasion. According to the observations of 
various researchers, in the last quarter of the twentieth century 
in some areas, the coastline retreats at a rate of 0.5 m per year 
(Scheglov, 1978), and according to V.P. Zenkovich, this value is 
twice as large (Zenkovich, 1960). Th erefore, most archeological 
sites that are directly located on the coast suff er from this natural 
phenomenon throughout the entire period of raising the level of 
the boundary surface between MAESUS and MAQESUS MGES 
of the Black Sea due to the post-New Euxinic transgression.

In the area of the North-Western Crimea, there is now a 
large group of salt lakes separated from the sea by sandy spills. 
Th e formation of these reservoirs is mainly related to the rise 
of the Black Sea level as a result of transgression. Th ere are cur-
rently 22 lakes. All these estuaries formed in the place of river 
valleys of small rivers that fl owed into the Black Sea. Th erefore, 
settlements, mainly of ancient and early medieval times, could 
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be located on their shores, especially in the vicinity of the sea. Some of them 
were undoubtedly fl ooded and are now partially or completely underwater.

One example of such monuments was the manor of the second half of the 
IV — the fi rst half of the III century B.C. in the ancient settlement of Olives of 
the IV—II century B.C. (Fig. 15.1, A). It belonged to the Chersonese chora and 
was partially destroyed by coastal abrasion, which is located in the southern 
part of the coast of the Bay of Tarkhankut, on the shore of Windy Bay (Shcheg-
lov, 1978). Th e remains of the manor’s northeastern corner tower are located at 
a depth of 1.5 m 20 m from the shore of the Bay of Karkinit.

A similar picture is observed in the settlement of Panskoye I (Fig. 15.1, B), 
partially fl ooded by the lake of the same name, the waters of which completely 
fl ooded the settlement of Panskoye IV (Latysheva, 1978; Scheglov, 1978). Now it 
is at a depth of 3.5 m, at the bottom of the lake of the same name (Kutaisov, 2010).

Th e ancient city of Kalos Limen (Beautiful Harbor) (Fig. 15.2) is also now 
actively destroyed by coastal abrasion (Kutaisov, Uzhentsev, 1991). Its western 
border in ancient times was at a distance of 25—50 m from the modern coast-

Fig. 15.1. Coastal plans: a  — olive settlements (according to Latyshev, 
1978); b — Panskoye-I (according to Shcheglov, 1978)
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Fig. 15.2.  Excavations of the ancient settlement of Kalos Limen (M. Ievlev, А. Chubenko)

Fig. 15.3. Schematic map of the western part of Lake Donuzlav (mapped before February 1, 
2022) NAVIONICS
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line (Kutaisov, 2010). Th e antique fortress walls were to be 20—30 m from the 
water line in order to prevent erosion. Th erefore, the coast of the sea in ancient 
times had to pass at a distance of 50—100 m from the modern one.

At the mouth of the Alma River, near the village of Peschanaya (formerly 
Alma-Tomak), on the cape, which is visible in the Black Sea, there is the Scythian 
settlement of the same name. Th e territory of this settlement is gradually shrin-
king due to coastal abrasion, which is visible when comparing the plans taken 
at diff erent times of its study during the twentieth century. (Vysotskaya, 1994).

Research in the area of Lake Donuzlav. Lake Donuzlav has a length of 
27 km, its maximum depth is 27 m, the length of sand cover is 9 km, width is up to 
0.5 km (Fig. 15.3).

Many years of work by underwater archaeologists have been carried out in 
the northwest of the Crimea, near Lake Donuzlav, and occupy a special place in 
Russian underwater archaeology. Th e excavations of an ancient ship that died in 
the late IV — early III centuries B.C. near the modern strait connecting the sea 
with Lake Donuzlav were considered the only investigated monument of classical 
underwater archaeology of ancient times on the coast of the Crimean peninsula.

Th e study of the place of death of the antique ship began with the report of 
discovery in January 1964 in the area of the Evpatorian seaport of eight antique 
amphorae near the underwater channel, which had depression for approaching 
ships to the berths. Information about these fi ndings was received by the Insti-
tute of Archaeology of the Academy of Sciences of the USSR. A joint expedition 
of the Institute of Archaeology was organized to ascertain the nature of the 
sights and record the location of underwater fi nds.

At a distance of approximately 150 m from the shore in the area of work, 
fi ndings were found. Continuing the search, the scuba divers found seven am-
phorae. Th e survey area was 7000 sq.m at a depth of up to –5 m and a distance 
of 140—180 m from the shore. Numerous wrecks of amphorae from Heraclea of 
Pontium have been found, indicating that in this place in ancient times there was 
a catastrophe of a large sea trade vessel (Blavatsky, Peters, 1967; Monakhov, 1999).

In 1964, an underwater archaeological expedition led by Professor V.D. Bla-
vatsky continued research. Th e absence of any signs of monuments on the fl at 
sandy bottom confi rmed signifi cant changes in surface sediments due to winter 
storms. Depth measurements showed that instead of the previous values of –5 m, 
–4 m from the sea surface are valid. A layer of sand sediments was created, which 
hid the amphorae to a meter depth from the bottom surface. To continue the 
search, it became necessary to establish markings and apply probes made of thin 
six-millimeter wire 1 m long. Using these metal probes, every 10 cm, over the area 
of marked squares of 25 × 25 m, scuba divers probed sand sediments to identify 
the remains of the ship and its cargo. Th e surface of the bottom was also studied 
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with a specially designed probe, which during the movement was deepened into 
the soil. In places where the probes and the probe encountered obstacles, four 
exploration squares were laid, the walls of which were fi xed with metal or wooden 
formwork. To fi nd the hull of the vessel, eight wells with a depth of 1.8 m were 
laid in places of ceramics accumulation, which were passed by scuba divers with a 
hand drill underwater. An underwater archaeological excavation was carried out 
on the area of 140 × 90 m, which is the most saturated with fi nds. Underwater ar-
chaeologists made 39 excavations, up to 5 meters deep, moving about 5 thousand 
cubic meters of sand (Blavatsky, Peters, 1966; Blavatsky, Peters, 1967).

Th e remains of the ship were directly represented by poorly preserved frag-
ments of the arched frame and side plating boards with traces of ship nails and 
resin, a large number of bronze ship nails with a length of 10.5 cm to 25.8 cm. 
Th e ends of the nail rods were bent. It can be assumed that the straight part of 
the nail corresponded to the thickness of the wooden part of the vessel, which, in 
this case, ranged from 3.5 to 4.5 cm. Th e upper part of the nails had the shape of 
a truncated cone and tightly closed the holes made in the ship’s planks. Ten sepa-
rate torn-to-part and crushed lead plating sheets with nail holes, resin and wood 
prints were found (the largest dimensions of the sheets were 60 × 50 cm with a 
thickness of 0.1 cm). Th is amount of lead indicated that the outer surface of the 
hull was covered with lead sheets to prevent seawater breakdown and decay.

Numerous fragments of amphorae dominated the total number of fi ndings 
identifi ed during the excavation. Among the 20 Herculean amphorae, 13 had 
workshop stamps, which made it possible to date them to the end of the IV — 
III centuries B.C. Th e stamps of the workshops on the found amphorae refer 
to one batch of goods, which formed part of the ship’s cargo (Blavatsky, Peters, 
1969). Also among the fi nds were fragments of chernolak (black lacquer) kan-
farans and sticks with stamped ornaments, fi sh dishes, a bronze cup leg, pieces 
of Sinop shingles, and other antique items.

One of the interesting fi nds is a 19.5  cm long ship carpenter’s ax with a 
40 cm long wooden handle. At the time of the fi nding, this item was a piece of 
sandstone, when opened, it turned out that the wooden handle remained, while 
the metal part was destroyed by corrosion. Inside this conglomerate, a void was 
formed that corresponded to the shape of the instrument. Aft er fi lling this void 
with a cast, it was possible to obtain an ax cast.

Th e reconstruction of the ship based on research and famous images of Greek 
merchant ships of Hellenistic times was attempted by B. Peters. In his opinion, the 
probable carrying capacity of the ship could be approximately 3000 amphorae, 
the presence of lead plating also indicates that it was suffi  ciently large. Th e ship 
sank on the outside of the reef, was later crushed by waves, and was buried under 
sediments of sand (Peters, 1982).
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Th e underwater studies carried out in this area in subsequent years con-
fi rmed that ship accidents at Lake Donuzlav occurred not only during the Hel-
lenistic period but also in later times (Blavatsky, Peters, 1969). It should be no ted 
that modern methods of research of underwater archaeological sites allowed us 
to carry out these works in a shorter period , with much higher accuracy of fi xa-
tion and a much higher fi nal result.

In 1985—1986, underwater archaeological research in the area of Lake Do-
nuzlav, as well as in the coastal zone of the village of Storm, in the north-wes tern 
Crimea, was carried out by the Western Crimean underwater archaeolo gical group 
under the leadership of V.N. Taskaev (Taskaev, 1987; Taskaev, Bogatuev, 1993). 
Finds of ancient ceramics in the coastal strip of the site, where in 1964—1965 there 
were excavations of the Greek ship of the IV—III centuries B.C. expedition of the 
Eastern Blavatsky that served as a starting point for the survey of the area. Th e fi rst 
fi ndings immediately showed that the valuable material is under the sand layer. 
Th e fragments of ceramics found on the bottom and individual objects were fi xed 
using buoys, aft er which they were applied to the general archaeological plan. At 
the locations of archaeological fi nds, the bottom of the estuary was investigated 
with the help of metal probes. Only in one season of 1985, it was possible to sur-
vey a section of the bottom within which there was an underwater rock ridge and 
two amphorous fi elds. One area was represented mainly by rounded fragments 
of amphorae from the IV—III centuries B.C. (Chios, Fassos, Kosh) and V—
VII centuries B.C. Th e second was at a distance of 180—220 m from the coast in 
the southwestern direction. Along with the unfi nished legs and walls of the am-
phorae of Heracles, Sinop, and Fasos, a sheet of lead sheathing was found. In the 
coastal zone, where the remnants of the antique ship were investigated by the expe-
ditions of V.D. Blavatsky, other sheets of lead ship plating and numerous fragments 
of amphorae dating from the time of the death of the ship of the IV—III centuries 
B.C. were found. Particularly interesting were fragments of the III century B.C. 
chernolak (black lacquer) plate and concave tiles with a stamp (Taskaev, 1987).

During underwater work in 1986, a two-horned metal anchor of the 1st 
century AD was found at a distance of 125 m from the shore under the sedi-
ments of sand. (Taskaev, 1990). A stone monolith of oval shape with a square 
hole in the middle and longitudinal grooves on both sides was found at a cer-
tain distance from it. By design, this part belongs to one of the types of hand 
mill top mills. Following these fi ndings, two forged four-horn anchors 3 m long 
with a thin tetrahedral spindle and hole were opened with a hydro-monitor on 
the northern spit separating Lake Donuzlav from the Black Sea, at a distance of 
250 m from the shore. It was later found that such cat anchors were widely used 
on rowing and sailing vessels of the XVII—XVIII st. Th e identity of both an-
chors, and the orientation of the spindles towards the shore, may indicate their 



233233

Chapter 15. ARCHAEOLOGICAL SITES ON THE BLACK SEA COAST OF CRIMEA

Fig. 15.4. Modern schematic bathymetric map of Evpatoria Bay (mapped before February 1, 
2014) NAVIONICS

Fig. 15.5. Changes in the coastal zone in the area of ancient Kerkinitida (modern Yevpatoria) 
according to A.N. Shcheglov (1978): a — the supposed contour of the coastline in the area 
of the location of Kerkinitida in ancient times; D — settlement; N — necropolis; b — the 
coastline of Evpatoria in the XIX century; c — the coastline of Evpatoria in the XX century

belonging to one vessel. Numerous fi nds of various designs of anchors allowed 
to take the water area at the Donuzlav lake to the areas of intensive navigation, 
starting from antique time and till the 18th century inclusive.
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To identify new archaeol ogical sites in the surrounding area and obtain in-
formation of a paleogeographic nature, an aerial survey of the coast was car-
ried out from the Donuzlav Strait to the ancient settlement of Biliaus (Taskaev, 
1987). On aerial photographs, the directions of the ancient coastline are de-
coded, indicated by the outcrops of rock and the ancient location of the mouth 
of the Antikit river, which ran at the place where Lake Donuzlav is currently 
located (Taskaev, Bogatuyev, 1993).

Conducted underwater exploration in the coastal zone of the village of 
Storm, it was possible to establish the presence of remains of a wooden vessel 
80 m from the shore. A ship’s gun was found while clearing the hull of the vessel. 
Th e design features of the cannon make it possible to date it to the last quarter of 
the 18th century. (Taskaev, 1987). On the surface of almost all the found objects, 
a thick limestone crust has formed, which indicates the contact of seawater so-
lutions with the surface of these fi nds.

Studies of the water area of Evpatoria Bay. Evpatoria Bay is located in the 
northern part of the Kalamit Bay on the western coast of the Crimean penin-
sula (Fig. 15.4). Due to its advantageous geographical position, it has been a 
place of active navigation since ancient times. It is no coincidence that in the 
6th  century B.C. on the shore of this bay the ancient Greek colonists foun-
ded Kerkinitida, a port city that was part of the Chersonesus state. Th e coastal 
part of the ancient city of Kerkinitida, which was located on the territory of 
the modern city of Evpatoria, is now partially fl ooded by the sea (Fig. 15.5) 
(Shcheglov, 1978). Its western border was 20—30 m from the modern coast at 
a depth of 1.5 m (Kutaisov, 2010).

During the reconstruction of the  Yevpatoria port in 1986, a large number of 
fragments of ceramics, including antique ones, were extracted with the help of 
dredgers. During these works, archaeologists found in mixed layers of sand and 
shell rock a single archaeological material, which dates from the 5th century 
B.C. to the late Middle Ages. Parts of the amphorae of Chios and Heraclea be-
longed to the fourth century B.C. Judging by the amphorae found at the bottom, 
goods from Fasos, Chios, Heraclea of Pontiac, and Chersonesus were delivered 
to Kerkinitida by the sea in the 5th—3rd centuries B.C.

Studies of fl ooded settlements in the area of Cape Tarkhankut — Evpato-
ria. Large-scale archaeological excavations in the 70—80s of the 20th century 
opened many settlements of Hellenistic time, such as Peschanka, Vitino, Light-
house II, and Khutorok, on this section of the coast. According to the data of lif-
ting material and analyses of stamps on amphorae, all fi nds do not go beyond the 
limits of IV—III centuries B.C. and confi rm the belonging of settlements in the 
early stages to the distant chora of Chersonesus (Fig. 15.6). Th ese settlements, 
except the Khutorok settlement, are located on land and have not been fl ooded.
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During 2008—2009, the archaeological expedition of the Center for Under-
water Archaeology of the Kyiv National University carried out underwater ar-
chaeological explorations on the monuments of ancient times of the western 
Crimea, including in the ancient settlement of Khutorok. During studies of the 
coast in 1974, 2.5 km south of Khutorok village, at a distance of up to 70 m from 
the shore, the site, with an area of 50 × 150 m (along the shore of 100—150 m), 
was examined, which was studied at a depth of 3 m. At 60 m from the shore, 
limestone squares with a size of 1 × 0.60 × 0.3 m were found. Th e fi nding of 
treated stones together with shingle fragments became a determining factor in 
the classifi cation of this object as a fl ooded settlement. Th e dating of the am-
phorae produced by Heracleia, Sinop, and Chersonesus determined the time of 
existence of this settlement in the IV—III centuries B.C. (Monuments of history 
and culture). At a distance of 100—150 m from the shore, an area saturated with 
fragments of ceramics with an area of 50 × 100 m was found. It was located at a 
depth of 3—6 m among construction and natural blocks of limestone rocks. Th e 
amphorae raised to the surface are represented by specimens of light, gray and 
red color; fragments of the walls of clay vessels (kitchen pots, jugs, cups). Almost 
all the products found came from the ceramic centers of Chersonesus, Heraclea, 
and Sinop and date back to the IV—III centuries B.C. In 2009, when conducting 
underwater archaeological research at the site of the monument, the collapse of 
the remains of the walls, which were contoured by descent, was recorded.

Fig. 15.6. Map of the ter ri-
tory of the State of Cherso -
nesus IV — III centuries B.C. 
(according to S.B. Lantsov, 
2004): 1  — border of the 
Chersonesus chora; 2 — an-
tique cities; 3  — fortifi ca-
tions; 4  — antique settle-
ment; 5  — barbaric settle-
ments dependent on Cher-
sonesus
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A comprehensive study of paleogeographic changes in the coastal zone of 
the Bay of Kalamita showed that, as a result of the rise in the level of the Black 
Sea from ancient times to the present, a strip of coastline up to several kilome-
ters wide was destroyed. It can be argued that most of the ancient settlements 
in the coastal zone of the bay could have been destroyed by coastal abrasion 
or fl ooding (Lantsov, 2004). According to the assumption of A.N. Shcheglov, 
from ancient to the present, the sea fl ooded a strip of land with a width of sev-
eral tens to several hundred meters (Shcheglov, 1978). Probably, these natural 
phenomena can be the explanation of the absence of settlements in the chora 
of Chersonesus of ancient times for sixty kilometers, between Saksky lake and 
Sevastopol bay (Shcheglov, 1978; Lantsov, 2004).

Underwater archaeological research of ancient Chersonesus and its dis-
tricts. Th e city of Chersonesus was founded by the people of the Greek city of 
Heraclea of Pontius in 422—421 B.C. Later, Chersonesus became the capital of 
the state of the same name, which was one of the largest ancient centers of the 
Northern Black Sea Coast (Figs 15.7, 15.8). Th e territory of the Chersonesus 
state covered almost the entire western coast of the Crimean peninsula. In the 
fi rst century A.D. Chersonesus falls under the infl uence of the Roman Empire, 
and since the 5th  century A.D. is part of the Byzantine Empire. Th e time of 
death of Chersonesus dates back to 1299.

Underwater archaeological studies of ancient Chersonesus began in the 
fi rst half of the twentieth century in the area of the location of the Chersonesus 
lighthouse. In 1929—1930, an underwater archaeological expedition was cre-
ated under the leadership of the director of the Chersonesus Museum, Professor 
K. E. Grinevich. Th e work was carried out from the seaside of the Lighthouse 
Peninsula. Examining an underwater coastal strip of the sea at the distance of 
70—130 m west of the Chersonesus lighthouse to check this site concerning stay 

Fig. 15.7. Modern view of 
ancient Chersonesus (before 
February 1, 2014)
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at the bottom of the sea of walls and other constructions. At depths of 4—20 m, 
divers discovered sites dismembered by stone formations that resemble the 
ruins of an ancient city. Based on the reports of archaeology transmitted by di-
vers, a plan of the «fl ooded city» was drawn up. Subsequently, it was found that 
what was accepted as the remains of the walls and towers of the city turned out 
to be natural geological formations — outcrops of rock (Shcheglov, 1976).

Seven years aft er the fi rst attempts to fi nd the remains of underwater Cher-
sonesus, an expedition led by Professor R.A. Orbeli took place in 1937. Th e pri-
mary task of this expedition was to inspect the submarine strip along the entire 
coast near the settlement and to perform measurements of the most destroyed 
port facilities and ancient harbor buildings. By surveying the soil of the bottom 
surface and measuring the fl ooded part of this ancient city, it was possible to 
establish the location of the ancient harbor of Chersonesus opposite the tower 
of Zeno, city walls, and gates in the bay adjacent to the city (Orbeli, 1945).

Further underwater archaeological studies carried out in the area of ancient 
Chersonesus have shown that the construction remains of the city stretch under-
water along the coast at a distance of up to 52 m and go to the sea at a distance 

Fig. 15.8. Ancient Chersonesus plan 1914 г. According to М.I.Skubetov (M. Ievlev, А. Chu-
benko. 2020)
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of up to 40—45 m, being at a depth of up to 3 m (Blavatsky, 1985). Th e fl ooded 
quarters found were outside the city walls not only during Roman times but also 
during medieval times. As a result of rising water levels in the Black Sea, the city’s 
borders were changing. So, the distance of the fl ooded city quarter to defensive 
walls in the Roman period was 70—115 meters. In the early Middle Ages, this 
distance is reduced to 40—90  meters. Th ese studies have recorded elevations 
in the Black Sea from antiquity to the Middle Ages (Fig. 15.9). Found during 
underwater research, numerous wrecks of Late Antique and Medieval cera mics, 
at a greater distance from the shore, according to the head of the expedition 
V.D. Blavatsky, are the remains, damaged by time and sea cargo of sunken ships, 
injured by the disaster on the approaches to Chersonesus (Blavatsky, 1961).

During underwater archaeological research in the area of Quarantine Bay, 
an ancient fl ooded terrace was discovered, chronologically associated with the 
ancient period. Th e remains of the towers that were part of the defensive system 
of medieval Chersonesus were examined. Th e ancient coastline was distanced 
from the modern edge of the water by 25—30 m and 75—80 m. Th e depths 
in the area of this ancient terrace were 3.5—4 m. Th ese data gave grounds to 
A.N. Shcheglov to assume that the value of the fall in the level of the Black Sea in 
ancient times in the area of Chersonesus was lower than the modern one by 4 m 
(Shcheglov, 1978). In favor of this, it is also evidenced that underwater, along the 
banks of the fl ooded part of the ancient Quarantine Bay, at the same depths, 10—
12 boathouses for ships were noted (Fig. 15.10). On this place of the bay, accor-

Fig. 15.9. Remnants of medieval Chersonesus (photo taken before February 1, 2014) (М. Iev-
lev, А. Chubenko 2020) 
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ding to the assumption of M.I. Zolotarev, who directed underwater archaeolo-
gical research, there was a port of ancient Chersonesus (Zolotarev, 2004).

Th e possibility of the existence of an ancient marina in the territory of an-
cient Chersonesus in Sandy Bay was also indicated by the researcher Z. Arkas. 
Although its search at the eastern shore of the bay did not yield results, the re-
mains of an antique ship were discovered at the bottom of the bay in 1965, 30 m 
from the modern shore. Another marina of ancient Chersonesus, according to 
underwater archaeological studies carried out in 1964, was located in Kruglya 
Bay (Zelenko, 2008).

Underwater studies carried out in the coastal area near ancient Chersone-
sus suggested that the ancient coastline in ancient times passed in this area at a 
depth of up to 3.5—5 m (Gorlov et al., 2004). Th ese underwater archaeological 
studies also showed that in the district of Chersonesus in ancient times there 
were many rural estates, which were partially or destroyed as a result of the rise 
of the Black Sea level (Nikolayenko, 1994; Sorokopud, Filippenko,  1999). Ar-
chaeological material in the coastal zone of Chersonesus showed that the sea 
le vel since the creation of the city in the early V century B.C. and the X—XI cen-
 tury was lower than its current situation; and the main stages of restructu ring 
of urban structures in the II—III, V—VI, IX—X, XIII—XIV century A.D., 
were associated with changes in the economic and political structure of society 
(Blagolin, Shcheglov, 1969), and not with the destructive eff ect of the sea during 
the «Nymphaean» transgressive phase, which took place in the middle of the 
I thousand A.D. (Shilik, 1997).

Fig. 15.10. Th e plan of the 
coastline of the Quarantine 
Bay and the area of ancient 
Chersonesus (according to 
Zolotarev, 2004): 1  — the 
place of concentration of 
large stones; 2  — mo dern 
coastline; 3 — ancient coast-
line; 4  — places of boat-
houses
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Th e development of the «Nymphaean» transgressive phase can be traced 
to some extent to an early medieval monument located on a small island in 
the Cossack Bay of the Herakleian Peninsula, discovered in the 19th century. 
Several researchers excavated the temple located on this island. It was fi nally ex-
cavated by P.S. Pallas (Fig. 15.13). based on written evidence, I, VI, IX, XIII cen-
tury. VV. Nazarov tried to recreate the change in the Black Sea level during 
this period, highlighting several periods of such fl uctuations during this period 
(Nazarov, 2003). Th e island is now underwater.

Th roughout its existence from antiquity to the Middle Ages, Chersonesus 
was one of the largest trading centers and ports of NBSR. Th is is confi rmed by 
the discoveries of the remains of ships off  its coast and in its bays. Th us, in 2007, 
at a distance of 39 km in the southwestern direction from ancient Chersonesus, 
an expedition of the Institute of Archaeology of the National Academy of Scien-
ces of Ukraine together with American scientists from the Institute of Research 
(Institute of Exploration) and the Institute of Archaeological Oceanography 

Fig. 15.11. Schematic bathymetric map of the coastal water area of Chersonesus (mapped 
before February 1, 2014) NAVIONICS
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Fig. 15.12. Th e plan of the Christian temple excavated on the island in the Cossackbay: 
a — according to A.I. Markevich (Nazarov В.В. 2003); b — according to K.K. Kostyushko-
Valyuzhinich; c — according to P.S. Pallas (Zubar В.М., 2005) 
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(Institute for Archaeological Oceanography) at a depth of –139 m found and 
partially investigated a sunken ship (Fig. 15.13). Th e fi xed part of the cargo 
consisted of 80 single-handed amphorae jugs with a fl at bottom. In total on the 
found vessel, there could be up to 200 similar pitchers — amphorae. Th ese types 
of jugs were the main type of ceramic containers on the territory of the Northern 
Black Sea region in the Middle Ages. Th ey were fl at-bottomed vessels with an 
elongated torso and one (sometimes with two) fl at wide handles, sometimes 
decorated with several grooves drawn down the throat. Th e type of vessel allows 
you to date this ship to the IX—XI centuries A.D. In modern literature, they are 
called jugs of the Taman type. Judging by the location of the cargo, which out-
lined the contours of the vessel, its length is approximately 10—12 m. Such an 
open vessel, according to the researchers, is of the «small Latin sailboat» type. 
Th is type of sailboat of Byzantine design appeared in the 8th century. Th e open 
vessel had one mast, which had a Latin sail and an inclined and curved ray. Ves-
sels of this type did not have deck superstructures, but their outer sides along 
the entire length were equipped with sides (Voronov, Ievlev, 2007).

Studies of Koktebel Bay. In July 1957, under the scientifi c supervision of the 
archaeologist P.N. Schultz, an underwater survey of the site of the village of Pla-
nerskoye was carried out (Fig. 15.14), where the mol. At the bottom of this site, 
researchers found up to a dozen diorite squares with traces of calcareous layer on 
the side surfaces. According to the archaeologists P.N. Schulz, M.A. Frondzhulo, 
and the architect Yu.S. Losev, these squares were used for breakwater covering.

In 19 72, during the survey of the bottom, archaeological material was 
discovered in the area of an ancient harbor in Koktebel Bay at a distance of 
300 m from the coast, at a depth of up to seven meters. Th is material belongs to 
two chronological periods: the fi rst — VIII—IX centuries A.D., the second — 
XIII—XV centuries A.D. According to A.I. Aybabin, the found ceramics got 
to the bottom of the bay as a result of erosion and descent of the cultural layer 
from Tepsen hill (Aybabin, 1974).

In the mid-1980s, scuba divers found clusters of fragments of medieval ce-
ramics in Koktebel Bay at a distance of 1 km from the medieval settlement on 
Tepsen Hill, at a depth of 6—9 m. About 90 fragments of medieval amphorae of 
«Black Sea type» and jugs with fl at handles of the IX—XI centuries A.D. were 
lift ed. Th is accumulation of ceramic debris indicates the place of the shipwreck 
(Nazarov, 2003).

Studies of Cape Meganom. In 1997—1998, surveys were carried out of 
the shelf zone of the eastern Crimea between the Megane and Chameleon 
capes. Du ring the visual inspection of the bottom, three areas of the shelf were 
identifi ed as promising: from Cape Meganom to the village of Kurortnoe, from 
the village of Kurortnoe to Cape Tupoy (Kara-Dag reserve), and from Cape 
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Fig. 15.13. Studies of the remains of a me-
dieval vessel (Article by S. Voronov, A. Iev-
leva «Researches of the sunken Byzantine 
ship» magazine «Th e World of Antiquity» 
No. 1, 2007)

Tupoy to Cape Chameleon in Koktebel Bay. During the survey of the fi rst site, 
the bay was mapped, the bottom was surveyed at the location of the ancient 
breakwater, and the lift ing of individual samples of archaeological material was 
recorded (Fig. 15.15).

During the survey of the bay adjacent to Cape Malchik, small fragments of 
amphorae and pyphoses of VIII—IX centuries A.D. were recorded on its slopes, 
and anchors and amphorae of the Black Sea type of VIII—X centuries A.D. 
were found in the sea. Th e main fi ndings were at the bottom of the bay at a 
depth of 4—5 m. Th ey were concentrated on the rocky ridge, which stretches 
between the shore and the site of the ancient breakwater. Archaeological mate-
rial is represented by the main categories of ceramics characteristic of a me-
dieval settlement: pitchers, amphorae, pyphoses, tableware, animal bones, etc. 
Th e archaeological material found dates back to VIII—XIV centuries A.D. and 
indicates that the medieval coastline is now at a depth of 3—4 m and a distance 
of 20—50 m from the modern coast (Maiko, 2004).

In 2000, to compile a register and a map of underwater archaeological 
sites of the Crimean coast, underwater exploration was carried out on the shelf 

Fig. 15.14. Schematic bathymetric map of 
Koktebel Bay (drawn up before February 1, 
2014) NAVIONICS
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between Megan and I-Foca capes. Two clusters of archaeological material of 
medieval times were discovered near Cape Malchik during the survey of the 
underwater ridge. Th e shelf survey was also carried out in the eastern part of 
Sudak Bay from Cape Alchak to Megan Mountain (Zelenko, Parshina, 2000).

In 2001, underwater archaeological surveys of the shelf of Cape Meganom 
(Cape Alchak — Pribrezhne — Cape Malchik) were continued. On Cape Mal-
chik far in the sea on an underwater ridge, two sites with archaeological mate-
rial are found. Probably, in the Middle Ages, these obstacles posed danger to 
navigation. Analysis of underwater archaeological material and data obtained 
in the course of research in 2001 suggested that there were sites of medieval 
ships on the traverse of the capes Megan and Bugaz (Zelenko, 2001).

Studies of Sudak Bay (Novy Svet Settlement). In 1960, an underwater expe-
dition led by V.D. Blavatsky carried out exploratory dives in the western part 
of Sudak Bay, in the direction of the southwest from Mount Sokol near Cape 
Ploskiy at a depth of 11 m. On an area of about 1 hectare, placers of fragments 
of medieval ceramics, mainly amphorae, were found. Among the remains of 
ceramic dishes, in some places, there were individual processed building blocks, 
including one square with dimensions of 0.40 × 0.30 × 0.20 m. No ship remains 
were found (Blavatsky, Koshelenko, 1963).

In 1957—1958, a group of scuba divers led by P.N. Schultz surveyed the wa-
ter area near Novy Svet village in Sudak bay (Fig. 15.16). During dives, fragments 
of medieval ceramics were discovered at the bottom of the bay (Propp, 1978).

In 1977, the expedition of the Academy of Sciences of the Ukrainian SSR, 
led by M.A. Fronjulo, carried out underwater reconnaissance in the water area 
of Tikhaya Bay, located to the west of the Sudak Fortress. During the surveys, a 
bay plan was drawn up indicating the depths and nature of the bottom surface. 
Findings of ceramics are concentrated in a radius of several meters and are rep-
resented by fragments of amphorae, pitchers, and pyphoses of the X—XIII cen-
turies (White, 1978).

Since the early 80s of the last century, a group of scuba divers has worked as 
part of the archaeological expedition leading the excavation of the Sudak For-
tress (the head of the expedition, I.A. Baranov) almost annually. Th eir task was 
to conduct research on the shelf off  the coast of the Sudak region and to study the 
coastal part of the Sudak Fortress (Fig. 15.17). During underwater archaeologi-
cal research in 1983—1986, residues of dwellings, pottery furnaces of the VIII—
X century, as well as the remains of a Byzantine ship with a load of high-necked 
jugs of the IX—X century were found at depths of –5—7 m (Baranov, 1990).

During the two fi eld seasons of 1997—1998, underwater archaeologists of 
the Kyiv National University carried out short-term archaeological explorations 
in the western part of the bay of Novy Svet to identify and inspect the places of 
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Fig. 15.15. Cape Me ganom (M. Ievlev, А. Chubenko 2020)

Fig. 15.16. Sudak bay (photo taken before February 1, 2014) 
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distribution of archaeological material. A large accumulation of archaeological 
material of medieval time was observed on an area of 20 × 30 m near Mount 
Koba-Kaya. Th e laid pits with dimensions of 1 × 2 m and a depth of 60 cm in this 
area opened under the sand with shallow pebbles at a depth of 40 cm plugged 
amphorae of two types, as well as wooden handles with lead fi lling from the 
steering wheel of the ship and a wooden hollow.

In connection with the traces of illegal excavations noticed on the monu-
ment, which threatened to destroy the integrity of the cultural layer, since 1999, 
safety excavations began in the bay of Novy Svet and continued exploration 
on the shelf in this area of the south-eastern Crimea. Th e main work was fo-
cused on excavating the remains of the ship under the Koba Kaya rock. Th e 
archaeological material recovered from this site made it possible to date the 
found remains of the ship of the XIII century (Zelenko, 1998). Th e ship’s car-
go consisted of pythos, amphorae, tableware and kitchen utensils, glassware, 
and irrigation ceramics. Individual amphorae, kitchenware, and glazed utensils 
probably belonged to the ship’s crew’s personal belongings. Th e conducted re-
search revealed an interesting fact — the raised archaeological material showed 
that the ship sank as a result of a fi re. Th e layer of sand, having closed the place 
of shipwreck, preserved on many vessels traces of burning — the fragments of 
amphorae fused from high temperature, on the bottom of irrigation bowls the 
rather powerful layer of carbon and ash deposited.

From 2002 to 2008, the expedition carried out safety research in the bay of 
Novy Svet. Th e area of dense dispersion of archaeological material related to the 
death of the ship of the XIII century is approximately 4060 m. Th e maximum 
area of distribution of material is 120 × 120 m. During 2003—2006, these areas 
continued to be studied from the area already studied in the direction of the 
sea. Th e bulk of the archaeological fi nds were ceramic containers — fi rst of all, 
amphorae, pyphoses, and small vessels for small volumes. Th e second group of 
fi nds were objects of trade — art glazed ceramics and Venetian glass. Table and 
kitchen utensils, wood, stone, and metal products made up a smaller percentage 
of all the fi nds. Th e fi nds of metal products made of copper, bronze, lead and 
iron: coins, buckles, buttons, bronze rings, lead and copper kitchen pots are few. 
Found archaeological materials confi rm that the ship died from a fi re. Many 
vessels retained traces of fi re — the surface of irrigation ceramics was especially 
aff ected by the eff ects of fl ame.

Th e second area with the remnants of the X—XI ship was found in the 
central part of the bay at a distance of 110 m from the Koba-Kaya rock at a 
depth of 10—12 m. Th e archaeological material consisted of entire amphorae 
and fragments represented in large quantities of several types. Th is monument 
is partially covered by archaeological material from a 13th-century ship.
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Th e fi nding during the fi eld season of 2004 — 35 silver coins of the Tra-
pezund Empire during the reign of Manuel I (1238—1263) — also contributed 
to determining the time of death of the vessel and its identifi cation. In 2005, 
the collection was enriched with 3 more coins from the same plot. Another 
shipwreck of this period is known in the area. In the eighties, a trawl of a fi shing 
seiner at a depth of 50 meters in the area of Sudak Bay passed through the place 
of death of the ship. An amphora like Ganos was brought aboard. Interest in it is 
caused by the presence of a round stamp with Greek letters and graphic inscrip-
tions under it. Similar stamps have amphorae of this type from excavations of 
Bulgaria and Kyiv (Zelenko, 2001).

Th e area of the port part of the fortress was inspected annually by an em-
ployee of the Sudak archaeological expedition VV. Kuzminov. During 1985—
2004 he collected a fairly large collection of lead and copper plastics: rings, 
buckles, fi bules, twisted amulets, various weights for scales, and trade seals. 
It has several thousand copies. Th e number of good preservation seals is 194. 
Th ere are 60 copies of seals published by V.S. Shandrovskaya, I.A. Baranov, 
E.A. Stepanova, and V.I. Bulgakova (Bulgakova, 2004).

In 2005, during the underwater archaeological works by V.V. Kuzminov, 
lead seals were found in the port part of the medieval city of Sugdei, which, ac-
cording to the hypothesis of E.A. Stepanova, are part of the Sugdean city archive 
of Byzantine seals (Stepanova, 2006).

In 2004—2005, in the bay of Uyutnoye, near Su dak, the expedition of the 
Institute of Archeology of the National Academy of Sciences of Ukraine and the 
Berlin Free University (Germany) led by V. Bulgakov carried out archaeologi-
cal work on the collection and lift ing of archaeological material, during which 
about 2.5 thousand products were identifi ed. It has been established that the 
distribution of underwater archaeological materials in the bay is related to the 
existence of the port infrastructure of that time.

An exceptional feature of underwater fi nds in the bay is the distribution 
of lead Byzantine seals in them. During the underwater works of 2004—2005, 
198 lead Byzantine stamps of the VI—XII centuries, 11 blanks of the VIII—
XII centuries, four Byzantine stamps of the XI—XII centuries, as well as 17 press 
seals of the XI—XV centuries, mainly Western European, were discovered (Bul-
gakova, 2004).

Investigations of the coast between Alushta and Gur zuf. In 1995—1996, 
the underwater-archaeological expedition of the University of Kyiv continued 
visual inspection of the bottom along the southern coast of Crimea between 
Alushta and Gurzuf. On the stretch of coastline from Mount Ayu Dag to Mount 
Genèvez-Kaya, the area near the Adalara cliff  is particularly dangerous for sail-
ing vessels in coastal navigation. Th is site is of interest, given the fi ndings found 
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here. At a depth of 6—17 m, common archaeological material of ancient and 
medieval times is found among the rocks on the slopes and the sand. Ancient 
amphorae dominate from the western side of the rock and are represented by 
several types that date from the I—III centuries BC. (Monakhov, 1999). Medi-
eval amphorae were found mainly on the eastern side of the Adalara cliff . In two 
years, this site collected lift ing material, the bulk of which belongs to the ten 
types of amphorae widely known in the Northern Black Sea region of various 
chronological periods from the 4th to the 14th centuries A.D. (Jacobson, 1979). 
Graffi  ti is painted on individual amphorae. In addition to amphorae, fragments 
of pythos, irrigation, household, craft , and construction ceramics, millstones, 
and numerous anchors of diff erent eras were found. Th e number of these fi nds, 
consisting of individual complexes of ceramic products, the place of their detec-
tion near dangerous rocks testifi es to the places of death of many ships. Accord-
ing to preliminary estimates, the approximate number of disasters can reach 
5—6 ships. Due to the movement of sandy soil by strong underwater currents 
of various directions in 1996, new objects appeared on the surface of the site 
where no signs of ceramics were noted during preliminary exploration in 1995.

Studies of the area of Cape Plaka. From 1991 to 1995, surveys covered 
off shore areas at Cape Plaka, Partenit Bay, and the area around Mount Ayu Dag. 
Near Cape Plaka, near the coastline under the ancient medieval settlement 
Partenit, the places of death of one ancient and two medieval ships were opened 
(Zelenko, 1999).

Th e fi rst place of the medieval shipwreck is located on the east side of the 
cape behind a natural ridge at a depth of 10 m among a group of large blocks, 
which do not reach the sea surface several meters. Around them, at the bot-
tom, there are clusters of large fragments of ceramics and residues of lead ship 
plating. Th e cargo of the merchant ship consisted of two types of amphorae. 
Th e fi rst type of amphorae belongs to one of the most widespread and wide-
spread types of amphorae of the Black Sea and Mediterranean basins from the 
4th to the 7th centuries A.D. Th e second type is light-clay amphorae of the V—
VII century A.D., which have a cone-shaped hull with light corrugation, and are 
also widespread in the basins of the Black and Mediterranean seas (Kuzmanov, 
1985; Romanchuk, Sazanov, Sedikova, 1995).

Th e second crash site of the medieval ship is located on the western side of 
Cape Plaka on the underwater slope with a depth diff erence from –6 to –10 m 
(Fig. 15.18). Th e lift ing material is mainly represented by trade containers used 
for the transportation and storage of products. Th e fi rst type of packaging is 
mainly represented by fragments of amphorae jugs assigned to the fi rst half of 
the nineteenth and twentieth centuries A.D. Th e second type discovered at the 
site of this medieval shipwreck are fragments of amphorae of the Black Sea type. 
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Local workshops for the production of amphorae of this type were located along 
the entire coast of the Crimea in the IX—X century A.D. Also among the fi nds, 
there are fragments of ceramic fl asks and pythos.

Between the Partenit and Plaka capes, a natural ridge with a width of 10—
15 m was surveyed, at a distance of 250—300 m from the coast at a depth of 
10 m in the center of the bay. Th is increase could create a dangerous obstacle 
to the passage of ships off  the coast. Th e confi guration of the ridge repeats the 
curves of the banks. Lift ing material was found on the ridge from the sea. Th ese 
are fragments of amphorae of the Black Sea type of the XI—X A.D., pitchers 
with a tape handle in the section of the IX—XI A.D., wide-necked amphorae of 
the Late Antique time, as well as building blocks from a shell. Th e accumula-
tion of ceramics was also recorded in the area of Cape Plaka. Th e archaeological 
material found was located at a depth of 10—12 m, it was represented by me-
dieval ceramics of the V—XV centuries A.D., fragments of building ceramics, 
and fragments of antique amphorae of the IV—III centuries B.C I—IV centuries 
A.D., were mainly on the eastern side of the cape. Considering the local accu-
mulation of archaeological material of ancient times from the east side of Cape 
Plaka and the classifi cation of the lift ing material into the categories of ceramics 
characteristic of settlements, the researchers assumed the existence of the an-
cient city of Lampada in this area (Zelenko, 1999, 2001). Studies carried out in 
the bay on the western side of Cape Plaka have determined that the thickness of 
the cultural layer is about 0.5 m, and the fi ndings from it date back to the V—
XI centuries A.D. Based on the results obtained, the researchers assumed that 

Fig. 15.18. Cape Plaka (picture taken before February 1, 2014)
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the medieval settlement of the VI—XI centuries A.D. was located in this part of 
the cape. (Zelenko, 1999).

During the underwater survey of the coastal strip from Cape Partenit to 
Mount Ayu-Dag, at the boat dock (Kuchuk-Ayu rock), single fragments of jugs 
of the IX—XI centuries A.D. were found.

Feodosia. Feodosia was founded in the 6th century B.C. by people from 
the Greek city of Miletus. From 355 BC, the city became part of the Bosporan 
Kingdom, and from the 5th century — part of the Byzantine Empire. From the 
13th century to the 15th century Feodosia was under the rule of the Genoese 
Republic (Fig. 15.19), and in 1475 it was captured by the Turks and became part 
of the Ottoman Empire.

At the end of the 19th century, Feodosia Bay still preserved traces of its 
ancient history. Near the shore, the remains of a fl ooded medieval or even an-
tique breakwater were traced. During the construction of the Feodosia port in 
1894, a large number of limbs of pine piles were lift ed from the bottom, deeply 
submerged in the muddy sediments of the bottom. Th e rows of these piles went 
in the directions that formed the angle. All of them stood unharmed in their 
places. In total, about 4 thousand pieces of piles were lift ed to the surface, which 
had a depression in the bottom layers up to 4.2 m and were at a depth of up to 
eight meters from the sea surface. Th e rows of these piles went in diff erent di-
rections, forming an angle.

Probably it was not a marina, but some kind of protective structure like a 
breakwater. Piles are well preserved in the conditions in which they were found 

Fig. 15.19. View of Th eodosia. Lithography of the XIX century



252252

Chapter 15. ARCHAEOLOGICAL SITES ON THE BLACK SEA COAST OF CRIMEA

buried deep in the silt, up to 4 fathoms from the sea surface and more than 2 
fathoms from the bottom. All these piles stood «in their places». Archaeologist 
L. Bertier-Delagardi supervised these works. Examining the piles raised to the 
surface, he suggested that these remains belong to the protective pit. Diffi  culties 
in determining age were because the tree was perfectly preserved under con-
ditions of immersion in silt. Th erefore, the researcher noted the impossibility 
of accurate dating of the building and proposed to attribute it to the Genoese, 
Turkish, or even ancient Greek times. Th e discoveries at the bottom of Feodosia 
Bay served as the basis for the beginning of underwater works in the fi rst years 
of the 20th century and were carried out to discover archaeological sites at the 
bottom of the Black Sea. Considering information about the previous works 
carried out in the water area of Feodosia port, the director of the Simferopol 
historical museum L.P. On October 14, 1905, Colley organized the fi rst dives 
of divers in the area of the remains of the ancient breakwater. In 1905, L.P. Col-
ley, in the course of his research in Feodosia Bay, was able to extract from the 
water several thousand pine piles driven by ancient builders (Fig. 15.20). Near 
the piles from a depth of about 5 m, the researchers lift ed 15 large Lycianisland 
amphorae. In addition, divers took soil samples to determine their composition 
from the underwater site and shore in the area of underwater work. Th e identity 
of the composition of soils, and the fi ndings of amphorae confi rmed the exis-
tence of underwater breakwaters from ancient times (Kolli, 1909).

Further works in the water area of the Feodosia Bay (Fig. 15.21) were res-
tored by the expedition of R.A. Orbeli. In 1939, surveys of the port area were 
carried out. Th e found remains of the stone ridge, which runs in the direction of 
the coastline, opposite the ancient fortress wall of the III—II centuries B.C., con-
fi rmed the existence of port structures in the form of a breakwater made of treated 
rectangular stone blocks in this place in ancient times. Aft er the completion of 
work in Feodosia, Orbeli concluded that the study and dating of stone hydraulic 
structures — a rather diffi  cult task, to solve which it is necessary to determine the 
materials from which they were made, to correlate the size, shape, and technique 
of stone processing. To solve these problems, he was aware of the need to coope-
rate with geologists, and experts in the fi eld of architecture (Orbeli, 1945).

Th e fl ooded part of Phanagoria was studied in 1959. Th e site planned for 
excavation was determined based on the results of previous studies within the 
north-eastern part of the settlement, at a distance of 185 m from the coast with 
depths of up to 2 m — there was the collapse of a large stone ridge, resembling 
a city fortress wall in the confi guration of remains. Based on the presence of 
remnants of stone paving stones of the IV—III centuries B.C., buried at a depth 
of 3—3.5 m, it was possible to establish that over the last two thousand years the 
sea level in the Bay of Taman has risen by at least four meters (Blavatsky, 1961).
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Coast of Kerch Peninsula. To date, a large number of archaeological sites 
of various historical periods have been discovered on the territory of the Kerch 
peninsula. Th e most numerous and studied archaeological sites among them 
are those of the ancient and medieval periods. Several fl ooded structures of 
ancient times (remnants of fortifi cation or residential structures, breakwaters, 
wells, etc.) located within the boundaries of ancient settlements on the Kerch 

Fig. 15.20. Medieval Ge-
noese fortress in Feodo-
sia (picture taken before 
February 1, 2014)

Fig. 15.21. West of the Bay of Feodosia (NAVIONICS)
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Strait coast are currently located at depths of 2.5—3.5 m. Reconstruction of Late 
Holocene sea level changes for the Kerch Strait area is based on the results of 
the study of such ancient accumulative forms as Paleo-Tuzla, Paleo-Kamysh-
Burun, fragments of the New Black Sea terrace on the coast of the Kerch Penin-
sula, as well as the geomorphological position of fl ooded archaeological objects 
in the coastal part of the Strait.

On the coast of the Kerch peninsula, most of the ancient mounds and set-
tlements located here are located in fl ooded areas or have undergone active 
coastal abrasion.

Th e fi rst information about the discovery of underwater remains of an-
cient structures dates back to the 19th century, and is related to the fi ndings of 
I.P. Blaramberg et al., 1823. So in 1823, south of the Chushka Spit, they observed 
six marble columns at a shallow depth. Further attempts to raise the remains of 
these buildings to the surface were unsuccessful, but researchers suggested the 
location of an ancient temple on this site, which could belong to one of the an-
cient cities of the Black Sea Coast (Dubruks, 1858, vol. 4).

In 1827, in the southern part of the Bay of Taman, antique marble sculp-
tures of lions were found stranded, which were raised to the surface and sent to 
the Th eodosian Museum of Local Lore.

In the coastal strip of the Kerch Strait, locals repeatedly found remnants of 
amphorae, ceramic dishes, and even (in the area of Yeltegen) a jug with silver 
antique coins of the Pantapaean, Apollo, and Nymphian minting of the 5th cen-
tury B.C. (Zograf, 1951).

Kitay. Kitay is a city of the Bosporan Kingdom, located 32 km north of the 
modern city of Kerch (ancient Panticapaeum), which originated in the 5th cen-
tury B.C. In the 4th century BC, the city was fortifi ed with walls and towers with 
a moat. From the ancient city of Kitay to the present, due to the intense destruc-
tion of the coastline of the sea, hardly more than half of its area, which now is 
about 4.5 hectares, has survived (Figs 15.22, 15.23). A coastal strip adjacent to 
the surviving part of the city is saturated with the debris of amphorae and other 
remnants of the abraded cultural layer. Th e fl ooded part of the city has an area 
of at least 10 hectares. Th e depth of occurrence of its fl ooded part is from 0 to 
10 m (Molev, 2010; Voronov, 2008, Voronov et al., 2010).

Akra. Th e ancient city of Akra was founded in the 6th  century B.C. by 
Greek colonists from the city of Miletus, and the city survived until the 4th cen-
tury B.C. Th e city is located on the southwestern coast of the Kerch Peninsula. 
Currently, most of it is fl ooded by the sea (Fig. 15.24).

Th e report on its discovery in 1981 during the land works on the western 
bank of the Kerch Strait in the area of the village of Zavetnoye, on the spill 
separating the small Lake Janysh from the Strait, was the beginning of research 
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in the city of Akra (Shilik, 1983). In the process of reconnaissance boring, con-
ducted by a researcher of the Kerch Historical and Archaeological Museum 
V.N. Kholodkov in 1982, a cultural layer was discovered. Th e following year, the 
Bosporus underwater archaeological detachment headed by K.K. Shilik started 
its work. Th e remains of the cultural layer and fragments of Hellenistic ceramics 
were identifi ed directly on the sandstone spit, at a distance of about 80 meters 

Fig. 15.22. Kitay’s plan: a — plan of P.I. Keppen (Tunkinov, 2002); 
b — plan on excavation materials 1970—1995 (Molev, 2010) 
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from the shore and at relatively shallow depths. In this regard, it was suggested 
that at the turn of the IV—III centuries B.C., the land extended much further 
in the east direction, and the ancient line of the coast passed at a distance of 
200—220 m from the modern one. From the side of Lake Janysh towards the 
Kerch Strait, a cape was issued, surrounded by water from three sides (Shamrai, 
1993). Th e study of the bottom of the strait with the help of sonar at a distance 
of up to 1 km showed that in the area of the modern water area, located from 
the ancient coastline to a depth of 7.5 meters, there was an ancient harbor, par-
titioned in the east and northeast by a natural stone ridge (Shilik, 1983). Further 
exploration revealed the remains of a stone breakwater of artifi cial origin, up to 
100 m long, which divided the harbor into two parts (Shamray, 1993). Based on 
the fi ndings of archaeological material, it was possible to determine the berth-
ing places of sea vessels. Th e presence of a large number of anchor rods and 

Fig. 15.23. Kitay mound. Modern look (pictures taken before February 14, 2014)

Fig. 15.24. Flooded part of the ancient city of Akra (M. Ievlev, 
А. Chubenko 2020)
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entire anchors found made it possible to determine the chronological periods 
from the 3rd century B.C. to the 10th century A.D., during which the harbor of 
the city was most intensively used. Most of the anchors and anchor rods were 
found in four defi ned areas of the water area. Th e fi rst area was located at the 
northern end of the underwater stone ridge; the second area was 620 m from 
the coast at the eastern end of the ridge. Two more areas, with a relatively com-
pact location of fi nds, were located within the limits of modern depths from 
4.5 to 7 meters. According to design features, the chronological framework for 
the use of anchors extends from the VII—VI centuries B.C., to the early Middle 
Ages (Shamrai, 1993).

Among the archaeological fi nds found in the process of visual observa-
tion of the bottom, selective boring found: limestone acroteria with a fl at bot-
tom, round millstones, fragments of chernolak (black lacquer) ceramics of the 
IV century B.C., trihedral bronze arrowheads, coins, a needle, lead and other 
objects. At a distance of about 300 m to the south of the settlement, at the bot-
tom of the strait, a bronze sculpture of a siren weighing 4 kg, 28.5 cm high was 
found. Th e layout, its weight, and other signs suggested that this part served 
as a leg of what was a massive object, most likely, a sarcophagus. Based on this 
fi nding, K.K. Shilik suggested that the Akra necropolis may have been located 
there (Shilik, 1987).

Th e determination of the location of the Akra settlement was also made 
based on the paleogeographic reconstruction of the coastal zone based on the 
results of geophysical methods of research by E.B. Jones. Th e study of the relief 
of the bottom of this area and the analysis of the archaeological material found 
made it possible to fi nd underwater the contours of a cape about 250 meters 
long, along the entire area of which there were clusters of ceramics of the V—
III centuries B.C. produced by Chios (V centuries B.C.), Faasos (late III centu-
ries B.C.). the beginning of the 2nd century B.C.), Sinop (IV—II century B.C.), 
and Heracles (Shamrai, 1993). Near the western end of this cape, at a distance 
of 170 m from the shore, at a depth of 3 m in the bottom sediments, an ancient 
well lined with stones was opened (Shilik, 1983). Th e western wall of the well 
was formed by a vertically placed stone slab, and the masonry walls are made 
of well-machined blocks laid on horizontally located wooden bars. Th e stones 
scattered around the well were remnants of the upper rows of masonry. A sur-
vey of the well by the Bosporus underwater archaeological unit during 1983—
1984 showed that it had a rectangular section, with a height from the preserved 
upper edge of the masonry down to about 1 m. Wooden parts were also present 
in the masonry. Numerous fragments of amphorae, black lacquer dishes, frag-
ments of a large jug, a fragment of a lead anchor rod, and several wooden parts 
machined on a lathe were found in the soil of the well fi lling (Shilik, 1984). Of 
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particular interest were seven whole branded amphorae of the fourth century 
B.C. of the Heracleic type.

It was possible to fi nally solve the problem of localization of Akra only aft er 
the discovery of the remains of fortifi cations on the fl ooded part of the settlement 
(Fig. 15.25). In the coastal zone located to the east of the headland, 22 m from the 
shore, a partially preserved masonry of the fortress wall was found (Fig. 15.26), 
about 10 m long, composed of large blocks of limestone, suffi  ciently tightly fi t-
ted to each other. Th e wall ended with a rectangular tower, the size of 6.5 × 7 m 
(Fig. 15.27). Th e remains of another building, 30 m long in the southeast direc-
tion, were found at a shallow depth to the south. Th e fortress wall with a width of 
more than 2 m had a two-shell structure with a wall-fi lling for greater strength 
with a small stone. It continued on land, and its total length was 215 meters in 
total (Shilik, 1984).

Based on the results of work carried out in 1982—1985 by the Bosporus 
underwater-archaeological group under the general guidance of K.K. Shilik 
and A.V. Shamraya, a section of the harbor was localized, which successfully 
combined the advantages of relief with artifi cial structures. From the south and 
southeast winds, the harbor was protected by a natural stone ridge, which to-
wered over the water surface up to 3 m and had a length of about 600 m. From 
the northeast winds, it was closed by an artifi cial mole about 100 m long, built 
perpendicular to the coastline.

Th e area of the fl ooded part of the Akra settlement was 3.5 hectares. It was 
a large Hellenistic city, where life lasted from the 6th to the 3rd century B.C. to 
the 12th century B.C. Almost the entire territory of this ancient city is at the 
bottom of the Kerch Strait, only the western corner of it is about 20 m overfl o-
wing (Shamrai, 1993).

Excavations laid in 1994 in the eastern part of the settlement fell under 
the infl uence of autumn-winter storms, which caused signifi cant destruction 
of cultural layers. Due to the erosion of the coast, new objects were discovered, 
for the study of which two excavations were laid at the foot of the coastal cliff .

Th e main task of the fi rst stage of work was to identify and accurately record 
archaeological sites opened by the sea on the shore and underwater. Th e refe rence 
baseline of the strip search was carried out in the east direction of the six-meter 
depth marks. Work continued drawing up a detailed topographic plan of the set-
tlement on a scale of 1 : 100, with an area of up to 1.5 hectares south of the line 
of the defensive wall of the settlement of the IV—III centuries B.C. Th e remains 
of a trapezoidal tower with limestone quadras measuring 7.6 × 6.9 × 7.3 × 6.4 m, 
located at a distance of approximately 40 m from the coastline, were examined. 
Th e walls are preserved with a height of 1—2 rows. Th e presence of a cultural 
layer with fragments of ceramics was recorded near the walls.
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On the east side, the collapse of another wall adjacent to this tower was 
determined (Grabovetsky, Kulikov, 1998). Th e search at a greater distance from 
the shore did not yield any special results. In the process of studying the settle-
ment, it was found that over the past 10 years, the loss of the coastal strip, due to 
coastal abrasion, amounted to 3—3.5 m (Voronov et al., 2010).

Nymphaeum. Th e city of Nymphaeus was founded by people from the 
city of Miletus in the second quarter of the 6th  century B.C .and existed as 
part of the Bosporus Kingdom until Roman time. Th e remains of the ancient 
Nymp haeus are located in the area of the village of Geroyevskoye (Eltigen) 
(Fig. 15.28), about 17 km from Kerch (ancient Panticapaeum).

Th e fi rst underwater archaeological exploration of the Nymphaeum area 
was carried out by a group of scuba divers under the direction of V. Lavrukhin 
in 1977. In 1990, underwater archaeological research in this area was carried 
out under the direction of V. Zinko and A. Shamraya.

When conducting underwater research on the territory of the fl ooded part 
of the ancient city of Nymphaea, at a distance of 300—500  m from the mo-
dern shore, at depths of 4—4.5 m, building remains were found (Zinko,1994). 
Further underwater archaeological work in the coastal zone of the Kerch Strait 
showed that the bottom of the strait with a width of 250—300 m at depths of 
0—4  m is a slope of an ancient terrace on which an ancient settlement and 
mounds were located. Further, there is a strip at a depth of 4.6—6 m, about 100 m 

Fig. 15.25. Plan of the fl ooded part of the defense structures of the Akra settlement (accor-
ding to Zelenko, 2008)

Fig. 15.26. Plan of the fl ooded ancient tower (by Zelenko, 2008)
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wide, which has a rather steep slope with a diff erence of 1.5—1.7 m. Th is strip 
can be considered a terrace, the existence time of which refers to the time of 
the Phanagorian regression. Th e geomorphological studies were carried out for 
several seasons to determine the location of the harbor of the ancient city. Pro-
cessing of bathymetric profi les laid from the coastline to a depth of 5 m showed 
the location of the coast in ancient times at a distance of 350—400 m from the 
current position. Th e boundary of the coast of the IV—III centuries B.C. is cur-
rently at a depth of 5 m. According to the assumption of N.L. Th e Nymphaea 
Harbour and the port of Hrach are now underwater (Hrach, 1972).

Having analyzed the results of all complex studies, it was found that the 
harbor of the city of Nymphaea was probably located on the southern side of 
Cape Kamysh-Burun (Soloviev, Butyagin, Vlasova, 1996; Belenky, Zhindarev, 
Penzin, 1996; Belenky, 1998).

Over the past 2.5 thousand years in this area of the Kerch peninsula, a 
coastal strip with a width of more than 400 m has been fl ooded. According to 
V.N. Zinko, the size of the fl ooded territories of the Nymphaea polis is about 
3—4 km of square territory. Th is means that most of the seaside settlements, 
port areas, and Nymphaeum structures were fl ooded (Zinko, 2003). Based on 
the data obtained from underwater studies, it can be assumed that the mini-
mum level of the Black Sea in the area of Nymphaeus in the IV century B.C. was 
5.5—5.7 m lower than the current one.

Fig. 15.27. A stretch of coast between Akra and Nymphaeus (before February 1, 2014) NAVIONICS

Fig. 15.28. Plan of underwater stone construction (Lavrukhin, 1977; Zelenko, 2008)
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In the course of work on the project «Nymphaeus — the history and struc-
ture of the Greek polis» in 1993—1997, underwater exploration and surveys of 
the following points were carried out:

• place of the shipwreck of XVII—XVIII centuries near the settlement of 
Geroyevka-I. Th e remains of a vessel are located at a depth of 3,6 m, completely 
covered with sand, and its bronze and copper rivets and nails are destroyed 
by the sea. Th e total length of the visible part was approximately 40 m (Scholl, 
Zinko, 1999).

• settlement No.  1 opposite the Geroyevka-I lighthouse at a distance of 
300—500 m from the coast. Underwater exploration of this area revealed clus-
ters of blocks, some with precise dimensions of 0.8 × 0.4 × 0.2 m. Almost half of 
the stones had traces of processing. Th e ceramic material was located between 
the stones in the layers of bottom sediments and is represented by fragments of 
amphorae of the IV—III centuries B.C. I—II centuries A. and fragments of Bos-
porus roofi ng tiles. A fragment of a vessel made of limestone with two handles 
and a stone altar were also found. Earlier, two amphorae of the 9th century were 
found here. (one had graffi  ti in the form of a double Greek letter H). According 
to the researchers, this place was a groundstone building, which later, due to 
changes in the coastline, was submerged (Scholl, Zinko, 1999).

• settlement No. 2 was opened by a group of scuba divers under the leader-
ship of V. Lavrukhin in 1977 and was called «a rural house». It has the form of 

Fig. 15.29. Central part of the ancient Nymphaeus (picture taken before February 1, 2014) 
(M. Ievlev, А. Chubenko 2020)
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Fig. 15.30. Navigation model of the Cimmerian Bosporus in Strabo (Shamray (2009): 1 — 
fl ooded strip of the coast; 2 — partially fl ooded antique cities and settlements; 3 — fl ooded 
antique cities and settlements; 4 — supposed cities, settlements, their harbors and raid par-
king lots; 5 — localized harbors and raid parking lots; 6 — directions of the ship’s way; 7 — 
a crossing line from the outskirts of the Panticapaeum

Fig. 15.31. View of the Panticapée acro-
polis. Engraving of the 19th century
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the remains of a wall parallel to the shore, composed of large limestone blocks 
at a distance of 20 m in the direction of the sea. Separate blocks scattered at a 
depth of 1 to 3 m on an area of 0.5 hectares, and between stones fragments of 
amphorae and Bosporus shingles of the IV—III centuries B.C. are found. In 
1982, the scientifi c consultant of the Bosporus submarine-archaeological expe-
dition V. Golenko made a drawing of this building;

• settlement No. 3 is located south of settlement No. 2 at a depth of 3—3.5 m. 
It is a cluster of large limestone blocks. Some of them show signs of processing. 
Th e lift ing material dates back to the IV—III centuries B.C.

Fig. 15.32. Part of 
the Kerch Strait at 
the ancient Panti-
capee. a — Plan of 
Panticapaeum with 
an indication of the 
ancient breakwater, 
compiled by I. Blam-
berg (given accord-
ing to I.D. Marchen-
ko (Назаров, 2003). 
b — Modern view of 
the Kerch port area 
(photo taken before 
February 1, 2014) 
NAVIONICS
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• anchorage was found at a depth of 6—6.5  m east of settlement No.  1. 
15 anchors buried under a layer of sand with a thickness of 0.14 to 0.25 m were 
identifi ed. Th ree types of anchors were identifi ed: 1 — stone with one recess; 
2 — stone with several rounded recesses; 3 — stone, with several grooves for 
tying the rope. Fragments of ceramics were oft en found at the anchorage, with 
medieval ceramics located in the upper layer, antique — at the level of the an-
chor layer (Scholl, Zinko, 1999).

Fig. 15.33. A central part of the acropolis of Panticapaeum (picture taken before February 1, 
2014) (M. Ievlev, А.Chubenko)
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It can be assumed that a similar picture of landscape changes occurred in 
the territory of the rural district in most of the cities of the Bosporus Kingdom 
located in the coastal zone of the Kerch Strait (Fig. 15.29). Most of the undisco-
vered ancient settlements of this area need to be searched within the limits of 
the modern shelf, at depths up to 4.5 m (Agbunov, 1987). Th e associated territo-
rial elements (marinas, harbors, and raid sites) are likely to be between 4.5 and 
9 m deep (Shamrai, 2009).

Panticapaeum. Th e city of Panticapaeum, the capital of the Bosporan King-
dom, was founded in the 6th century B.C. by the Ionians (Fig. 15.30, 15.31). In 
ancient times, the Kerch Peninsula was part of the Bosporan Kingdom — the 
largest ancient state in the Northern Black Sea Coast, the capital of which was 
Panticapaeum. In the Middle Ages, this city was known as Bosporus, Korchev. 
Th e remains of the ancient Panticapaeum are now on the territory of the mo-
dern city of Kerch. Th e town was located at the top of Mithridate Mountain, 
descending to the sea. At the beginning of the twentieth century, the remains 
of the breakwater of the harbor of the ancient Panticapaeum, to which Strabon 
referred, were preserved (Strab, VII, 4,4). Th e length of this breakwater, accor-
ding to measurements made in the 1930s by Colonel Stepankov, was 340 m and 
it was indicated on the  plans of Kerch at that time (Tolstikov, 1984). Nowadays, 
this breakwater is underwater.

In 1939, Professor R.A. Orbeli organized an underwater survey of the an-
cient Kerch harbor, which revealed the remains of construction.

Panticapaeum II—I B.C. Th ey were massive stone blocks, the shape, and size 
of which were similar to ancient masonry (Fig. 15.32, 15,33). To identify these 
remains with the quarry deposits in the vicinity of Kerch, the participants of the 
expedition carried out ground studies to determine the composition and timing 
of the extraction of this construction raw material. According to R.A. Orbeli, the 
solution of the questions of the origin of building blocks brought the researchers 
closer to solving the problem of the location of the Panticapéean harbor, known 
according to the reports of the ancient Greek historian Strabon. Numerous fi nds 
of anchors, fi shing hooks and sinkers, whole amphorae, and pythos also served 
as confi rmation of the existence of a harbor here (Orbeli, 1945).
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CHAPTER  1616

Th e total area of the Azov Sea is 39.1 thousand km2, and the 
length of the coastal strip is 2686 km. To date, the maximum 
depths of the Sea of Azov do not exceed 13 m. Th e bottom re-
lief is even, in the central part more than half of the sea area 
is at depths from 10 to 13 m, about 43% of the total sea area 
is at depths of 5—10 m; the other part is at a depth below 5 m 
(Fig. 16.1). Izobata 10 m, depth marks, passes quite close to the 
shores of the Kerch peninsula, but the northern and western 
parts of the coasts of the Azov Sea are at a distance of 30—40 
km. From the west side of the Sea of Azov is Sivash, which is 
separated from it by the Arabat arrow. Th e total area of Sivash 
is 2,630 km2. In the northeastern part, there are Utlyuk and 
Milk estuaries. Th e depths of these reservoirs do not exceed 
3.6 m (Grese, 1987).

Proceeding from this, it is necessary to consider that at 
a level of fall even on an elevation of –4  m, not to mention 
an elevation to –9 m, its area had to be considerably less mo-
dern, almost twice. Sivash, Utlyuk, and Milk estuaries did not 
exist with such a drop in sea level. Th is is evidenced by the 
numerous references made by various ancient authors: Gel-
lanica, Herodotus, Hippocrates, Aristotle, Strabone, Plutar-
chus, Ptolemy, and others who recall the Sea of Azov called 
«Lake of Meotia» by the Greeks or «Meotian Swamp» by the 
Romans. Even if we take the value of the fall in sea level at the 
level of 4 m, the northern boundary of the Azov Sea was to the 
south, at a distance of several hundred meters to several tens of 
kilometers. As a result of the sea level rise, all low-lying areas 
that were near these marks were fl ooded, and those that were 
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at higher altitudes were aff ected by active coastal abrasion. Indirectly, this can 
be evidenced by the numerous fi ndings of fragments of ancient and medieval 
ceramics found in the coastal zone of the Azov Sea.

Th e process of active coastal abrasion of the northern shores of the Azov 
Sea continues to this day. Th is explains the fact that along the entire northern 
coast of the Sea of Azov, settlements or mounds of ancient or medieval times 
are virtually unknown. It can be concluded that a part of them was fl ooded and 

Fig. 16.1. Schematic bathymetric map of the Azov Sea (surveyed before 
February 1, 2014)

Fig. 16.2. Ptolemy map of the Azov Sea (M. Ievlev, А. Chubenko, 2020)
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is now at the bottom of the Sea of Azov, and the second part was destroyed by 
coastal abrasion. To date, only three ancient settlements have been opened on 
the northern coast of the Azov Sea. Th e fi rst one is located in the lowlands of the 
Molochnaya river estuary (Boltrik, Fialko, 1987), and the second one is located 

Fig. 16.3. Portolan map by Antonio Lafreri, 1572 (M. Ievlev, А. Chubenko, 
2020)

Fig. 16.4. Portolan map of Pietro Visconte, 1318 (M. Ievlev, А. Chubenko, 
2020)
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in the coastal part of the Taganrog Bay (Kopylov, Larenok, 1994). Th ese settle-
ments are now underwater at depths of 1—2 m. Th e third settlement is located 
on the northwest coast of Sivash Island at a depth of –0.5—1 m, near the town 
of Armenk at the eastern end of the Turkish berm (Bui, Burakov, 1977). Th e 
time of the establishment of these settlements dates back to the end of the 6th — 
beginning of the 5th century B.C., that is, the time when the level of the Black 
Sea, and hence the Azov Sea, was the lowest during the Phanagorian regression.

Th e Bay of Sivash in ancient times did not exist in its modern form, and the 
territory it occupied was a land on which settlements of diff erent epochs were 
recorded. In particular, the settlements of the Bronze Age were located next to 
the antique settlement of the 5th century B.C.

It can be said that under the waters of Sivash and on certain islands on its 
territory there is a fairly large number of settlements of the Bronze Age, Anti-
que, and Medieval periods. Th us, in the northern part of the Arabat rifl e bet-
ween the Azov Sea and Sivash, a multilayer settlement of the ancient and me-
dieval periods was studied (Magomedov, Kubashev, 1994). Th e medieval maps 
on the northern coast of the Azov Sea show 14 settlements (Figs 16.2—16.4). To 
date, they have not been found.

Th e fact that there were settlements in the territory of the Northern Azov 
Sea and in the medieval period is indirectly confi rmed by the fi nding of a me-
dieval vessel, which was found during hydraulic engineering work in the Tonka 
Channel in the water area of the port of Genichesk.

Fig. 16.5. Kazantip Bay (NAVIONICS)
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In 1989, the expedition of underwater archaeological works led by G.I. Sha-
povalov explored the bottom of the Tonkoy Strait in the waters of the port of 
Genichesk on the Sea of Azov. Here at the end of 1987 — the beginning of 1988, 
during the hydraulic engineering work on the construction of the bay, a comp-
lex of objects of the XI—XII centuries were found. Th e initial depth of the bay 
was 2 m. Th e fi ndings were made when the bottom was deepened by a grapple 
to 4 m. Th eir clusters were 15—30 m from the northern shore of the bay. Th e 
bucket of the self-propelled fl oating crane has raised: a wooden sculpture depic-
ting the head of a large animal with long horns, three amphorae, two pitchers, 
many fragments of amphorae and pitchers, fragments of two white-clay pitchers 
with glaze, fragments of a black-clay pitcher and three dishes with glaze, a frag-
ment of a plinth, a part of a frame and an iron rod. In the same area earlier, in 
the summer of 1987, a small medieval iron four-horned anchor was accidentally 
found. In the course of underwater archaeological work, a board of side plating, 
a small bow frame, and several fragments of amphorae and jugs were found and 
raised to the surface (Shapovalov, 1995). Th e composition of ceramic products 
found on the investigated ship indicates that it came to the shores of the Azov Sea 
from the territory of the Southern coast of the Crimean peninsula. Th e results 
of the radiocarbon analysis of wood, the types of ceramic containers, and house-
hold utensils found made it possible to date the place of the ship’s death in the 
Azov Sea near the city of Genichesk of the XI—XII centuries (Shapovalov, 1995).

Investigations of the Kazantip Peninsula in Crimea. In 1984, scuba di vers 
of the Bosporus detachment of the LOIA of the USSR Academy of Sciences car-
ried out a visual survey at a depth of 2 m of the bottom surface in the area of the 
water area of the south-eastern coast of the Kazantip peninsula (Fig. 16.5). Lift  ing 
material is represented by separate fragments of antique ceramics. According to 
K.K. Shilik, this is a fl ooded part of the Kazantip-II settlement (Shilik, 1985).

In 1985, in the course of underwater research carried out by scuba divers 
of the Bosporus detachment, the area of Cape Takil was surveyed. It was found 
at a depth of 6 m clusters of roofi ng tiles of antique time (Shilik, 1999). Unfor-
tunately, it was not possible to establish whether this cluster of tiles was part of 
the cargo of the dead ship or the remains of the roof of the fl ooded building. 
Additional underwater archaeological studies are needed to address this issue.
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Th is monograph is a fi rst experience of the systematic consid-
eration of the relationship between the principal objects of ma-
rine geoecology (marine geoecological systems) and underwa-
ter archeology (archaeological artifacts or their systems, which 
for various reasons are currently in the space of marine geoeco-
systems (MGES) or geoecosystems (GES) of other connected 
to the sea open water bodies. 

As a rule, the object of underwater archeology is located 
under the boundary separating the spaces of the aerial and 
aqua ecological medial subsystems of MGES and/or GES. To 
better understand this relationship, considerable attention has 
been paid to the theoretical basis for studying MGES on the 
example of the Azov-Black Sea basin shelf (ABSSH) and the 
Northern Black Sea region (NBSR). In particular, the con-
ceptual and terminological base of marine geoecology, rather 
unusual for underwater archaeology, is briefl y reviewed. In 
particular, such concepts as «geoecoton», «marine geoeco-
ton», etc., without deciphering of which it can be diffi  cult to 
understand many provisions of this book. For example, the 
concept and terms «marine geoecoton» (MGET) and «geoeco-
ton» (GET). Th ese terms in the monograph indicate the space 
of specifi c boundary zones between adjacent geoecosystems, in 
this case between the object of marine geoecology — MGES of 
the Black Sea shelf (BSSH), and the object of continental geo-
ecology — the geoecosystem of the Northern Black Sea region 
(GES NBSR). In such space on the border of these two geoeco-
systems, as a result, mainly, of their infl uence on each other, 
there are relatively sharp changes in the structure, peculiarities 
of functioning, and some other signs of contacting systems. 
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Th e structure of MGET usually includes many inanimate and living system 
components, for example, living bioecosystems (LBES) of diff erent genesis, of-
ten common to boundary geoecosystems. In addition, MGET usually contains 
elements formed in it by itself and characteristic only of its component struc-
ture. Th is is especially true for LBES elements, for which MGES and GES spaces 
are a constraint in their distribution. 

Th e results of the study of various components of MGES of the Azov-Black 
Sea basin (ABSB) and GES of the Northern Black Sea region (NBSR), including 
various archaeological artifacts, from the standpoint of marine geoecology and 
underwater archeology, allow us to consider the region of research as a histori-
cal space of settlement, vital activity and migration of man, in particular, in the 
Holocene. 

Multi-scale and multi-age archaeological artifacts are present today as an 
anthropogenic component both in the space of MGES BSSH and in the spaces 
of other high-level geoecosystems of open water basins serving as subsystems 
of MGES BSSH (underwater archaeological artifacts) and in the space of GES 
NBSR coastal land areas. 

In a brief form, the current views on some features of the structure of 
MGES BSSH and GES NBSR, on the geoecological conditions for the forma-
tion of these geoecosystems, their dynamics, and history of development in the 
last 4—8 thousand years are presented. In addition, some issues related to the 
peculiarities of the evolution of the unique living biological-ecological system 
(LBES) — the species Homo sapiens, the history of their evolution, including 
migration processes with their participation — are considered. Th e connection 
of these processes is shown, in particular, with the dynamics of geoecologi -
cal conditions aff ecting the settlement and vitality of an ancient man in GES 
NBSR space. 

Particular attention is paid to the continuous changes in geoecological con-
ditions in the geoecoton «MGES BSSH — GES NBSR» in the Holocene, which 
continue in our time, and with the increasing infl uence of the anthropogenic 
factor. Anthropogenic (man-made) formations are considered either as system 
components of MGES BSSH and GES NBSR, i.e. their subsystems, or as specifi c 
anthropogenic systems exchanging with them the fl ows of matter, energy, and 
information. At the same time, the role of anthropogenic formations is assessed 
in terms of their relationship with MGES BSSH and GES NBSR, but taking into 
account the fact that the features of these high-level systems were formed as 
a result of their long-term historical and geological development. Th roughout 
their operation, these systems retain the traces of previous stages of develop-
ment. At the same time, anthropogenic formations, in particular archaeological 
artifacts, in the structure of MGES BSSH and GES NBSR, in comparison with 
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many other material components of their structure, occupy a relatively small 
part of the system space. Despite this, and the fact that their time in these sys-
tems is relatively short, the processes leading up to the entry of archaeological 
artifacts into MGES and GES NBSR, as well as the consequences resulting from 
these processes, can seriously aff ect the functioning of MGES, GES NBSR, and 
their subsystems, this statement is also true for GES of higher levels, for which 
MGES and GES NBSR are low-level subsystems, as well as human LBES. 

Th e part of MGES ABSB that is closely related to both MGES of the shelf 
and GES of the continent’s coastal zone in the space of the corresponding MGET 
is a particular subject of anthropogenic infl uence. 

Th e monograph shows that the functional role of geoecotons in general 
largely corresponds to the concept of «geoecological membrane» (GET). As 
shown by the analysis of the structural features of these geoecomembranes and 
the processes occurring in them, the more dynamic the GET, the weaker the 
interrelationships between the contacting spaces of the main GET subsystems. 
Th e above trends must be taken into account not only when planning in geo-
ecotons or paleogeoecotons of the type «MGES BSSH — GES NBSR» such types 
of impacts on them as, for example, hydro-technical construction, extraction of 
various mineral and biological components necessary for man, but also in the 
development of cultural, in particular, underwater archaeological resources.

Th e dynamics of the development of geoecoton «MGES BSSH — GES 
NBSR» in the Holocene can be judged by the results of both marine geoecologi-
cal and underwater archaeological studies of dynamics of the boundary surface 
levels «MAQESUS — MGEOESUS» in the space of MGES ABSB. 

Conducting complex geoecological and underwater archaeological works 
in the space of the said geoecoton, in addition to solving several issues of a geo-
ecological, paleogeological and archaeological nature, can help to make correct 
management decisions for the development of resources, including archaeo-
logical, cultural, and recreational, of this unique natural geoecosystem, as well 
as facilitate the return of valuable monuments of the cultural heritage of ancient 
times to humanity that are still hidden from our eyes. 

Th e relative homogeneity and, at the same time, the complexity of the struc-
tures of MGES ABSSH studied are the result of the geoecological and, in a way, 
anthropological history of the development of our planet, conditioned by the 
material, energy, and information interaction of the main, opposite-directed 
processes, its spatial, in particular, regional, structures. Moreover, these pro-
cesses, which have a complex nature (geological, chemical, physical, biologi-
cal, etc.), should be considered as mechanisms of feedback, self-regulation, and 
progressive evolution of the Earth’s GES as a planet, and its biosphere as a high 
level ecological system, in particular. 
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It is shown that for the formation and functioning of MGES ABSSH, the 
actual qualitative and quantitative composition of its material components, in-
cluding biota with derivatives, and also — environmental conditions are deter-
mined. But when assessing the importance of the services that a particular GES 
can provide to man and the human community, the main role belongs to the 
functional features of this system and its subsystems. Science and practice face 
a wide range of challenges, without which it is diffi  cult to objectively assess the 
impact of natural, including anthropogenic factors on the functioning and devel-
opment of both MGES ABSSH as a whole and its subsystems, including human 
LBES and geoecotons or paleogeoecotons BESES of mankind. Common to these 
problems is that their solution is based on the study of any phenomenon both in 
terms of its impact on the specifi c function of MGES and the mutual infl uence 
of its functions, as well as the functions of other subsystems of the marine part 
of the ecosphere and their components. It is quite logical and advisable to distin-
guish among all the functions of MGES BSSH its preservation and, at the same 
time, transformative and, to a certain extent, determining function concerning 
the system of underwater cultural heritage, its formation, placement and storage 
in the space of MGES ABSB in general, and MGES BSSH in particular. 

MGES is a very ambiguous, complex concept and is, as already mentioned, 
an object of marine geoecology. But, since a signifi cant number of underwater 
archaeological artifacts, which have been components of MGES BSSH for quite 
a long time, are mainly located either in the space of its MGEOESUS or on the 
border of the latter with the adjacent aquaecosystem (MAQESUS), MGES is 
also an object of underwater archaeology. 

Naturally, the tasks of geoecology of high-level water basins, including seas, 
and underwater archaeology in the study of shelf MGES and archaeological 
artifacts as their components, as well as theoretical and methodological foun-
dations of the study of these complex objects, are also characterized by the cor-
responding complexity. With this in mind, a certain system of knowledge about 
the MGES ABSB and MGES BSSH underwater cultural heritage system as its 
subsystem is being formed. Moreover, fi rst of all, in connection with the devel-
opment of the vital activity (functioning) of LBES man and BECOSES human 
society (humanity). 

One of the main conditions for success in creating such a knowledge system 
for the studied region of the Black Sea is the certainty of categorical analysis 
and synthesis, as well as knowledge of the phenomena, processes, and states 
that arise and are carried out at diff erent historical time intervals in the space 
of a particular MGES BSSH as a specifi c system. Th at is, the system studies of 
MGES BSSH should be carried out, which is especially relevant in the com-
parative evaluation of the causes of changes and violations that arise in them. 



275275

CONCLUDING REMARKS

At the same time, it should be taken into account that changes in the studied 
MGES and its subsystems can be mainly the result of their natural evolutionary 
changes in time, and violations — the result, fi rst of all, of natural disasters and/
or anthropogenic impact. 

Recognition as the main object of marine geoecology and, one of the main 
objects of underwater archaeology, complex systems MGES ABSB, MGES 
BSSH, and their subsystems, target the theory to reveal internal contradictions 
in them, to identify the specifi cs of causal relationships and relationships of 
objects, to a detailed analysis of their structure and related processes of func-
tioning. All this is necessary for the rational development of underwater ar-
chaeological resources MGES ABSB in general, and MGES BSSH in particular, 
which, like GES NBSR, are the products of the long-term natural, historical 
and civilizational development of the region, as evidenced by the presence of 
relevant geological and cultural traces in their structures. Including in the form 
of certain material-genetic types of marine geological-ecological subsystems 
(MGEOESUS) of bottom sediments and underwater archaeological objects 
(UAS) — the cultural heritage of certain historical epochs, including the stages 
of development of ABSB and NBSR. 

MGES BSSH in a narrow sense can be considered a natural formation with 
several spatio-temporal, contact, procedural, and functional characteristic fea-
tures. Th is formation satisfying the requirements of system ability is a system 
with a stable structure and certain functional relationships. In the broad sense, the 
considered MGES BSSH consists of itself in the present and an ordered set of its 
main states in the past, united based on the action of objective laws and the gen-
eral spatio-temporal confi guration of MGES BSSH, MGES ABSB, and MGES of 
the Ocean, which binds the components of this set into the marine, in the broad 
sense, part of the ecosphere and the cultural sphere of our planet as a whole. 

In other words, MGES BSSH is considered in two main aspects: fi rstly, 
as an object of marine geoecology recorded in the process of interdisciplin-
ary research using various (geological, biological, oceanological, technical, and 
other) methods and, secondly, as one of the objects of underwater archaeology, 
containing in its structure various archaeological artifacts recorded in the pro-
cess of underwater archaeological research. Moreover, all this was carried out 
with the help of several new geophysical and geoecological methods, as well as 
historical-genetic and ecosystem-structural approaches. Th ese approaches have 
become important components of the methodology of studying MGES BSSH, 
including in archaeological, cultural, and historical aspects, which makes them 
widely used in the research process. 

To understand the role of anthropogenic entities in the formation of MGES 
BSSH and vice versa, and its infl uence on anthropogenic entities, including ar-
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chaeological artifacts, it is important to understand the need to study proce-
dural subsystems, which makes an important part of the study methodology the 
study of relevant procedural characteristics. 

Structurally fruitful in the study of the procedural characteristics of MGES 
and, in particular, MGES BSSH are structural-diachronic analysis (DA) and 
synchronized analysis of diachrony (SAD). 

DA helps to better understand the structural and morphological character-
istics of the development of geoecological, including associated anthropogenic 
phenomena in time, duration, and order of phases, rhythm, and speed of indi-
vidual events of the unifi ed environmental and evolutionary processes. 

SAD allows us to determine the temporal structure of MGES BSSH and 
such an important characteristic of it as cyclicity, which is of great methodologi-
cal importance in the simulation models of geoecological and evolutionary pro-
cesses. Aft er all, changes in cyclical structures are usually the result of changes 
in the laws or essential conditions that govern or aff ect these processes. Peri-
odic repetition in geoecological and evolutionary processes of certain states, in 
particular MGES BSSH, is of great methodological importance when studying 
the infl uence of anthropogenic factors on them, for example, material forma-
tions created by man, in particular archaeological artifacts. Conversely, when 
determining the impact of MGES BSSH on LBES and/or BECOSES, ultimately, 
on the features of the present underwater component of the cultural heritage 
system, including the species, location, and distribution of underwater archaeo-
logical sites of diff erent eras, to develop new technologies for the extraction of 
archaeological artifacts from the space MGES BSSH as components of the un-
derwater cultural heritage system.

Being open, MGES BSSH and its spatial and/or environmental subsystems 
receive and deliver material components, energy, and information. Th erefore, 
the geoecosystem concept takes into account the presence of interconnected 
through it and is necessary for its functioning and self-sustaining environments 
at the inlet and outlet, and also solves, based on naturally historical and model-
target approaches, the problem of delineating its boundaries. 

Researchers must take into account its basic properties when studying 
MGES, namely:

• a genetic connection with paleogeoecosystems, that is, the dependence of 
MGES BSSH on the natural and historical conditions of its genesis and subse-
quent development, taking into account the geoecological, in particular, geo-
logical, oceanographic, climatic, as well as anthropogenic components of the 
natural history of this marine basin; 

• polydispersity, since the size of sub-system components, fl uctuates in the 
widest range: from micron fractions to hundreds of kilometers, i.e. in MGES 
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BSSH, system formations of diff erent sizes, diff ering from each other in size by 
thousands and millions of times, constantly operate; 

• multicomponent. However, the components may be physically, chemi-
cally, geologically, and/or biologically distinct material inanimate and/or liv-
ing objects, in particular anthropogenic ones, forming relatively homogeneous 
parts of the system.

• heterogeneity. Th at is, various components of MGES BSSH and even the 
individual structures of these components can have, and usually have diff erent 
origin or genesis; 

• variability in time and space, which is due to the action of various natural, 
anthropogenic, external, and internal factors; 

• uneven distribution of components in its space. Th is is due not only to 
the specifi cs of the genesis, composition, and properties of these components 
but also to the post-genetic evolutionary or revolutionary processes in which 
they were involved. Th ese processes can be caused by objective natural and, in 
particular, anthropogenic causes; 

• permanent exposure to complex natural infl uences and, in recent decades, 
to increasing anthropogenic infl uences. 

• multiphase. Referring to this property of MGES BSSH, it should be em-
phasized that the term «phase» in this case refers to the space-limited material 
part, component, or subsystem of MGES BSSH of a certain (solid, liquid, gas) 
physical state. It should be noted that the anthropogenic components of the 
MGES BSSH component structure can be any of its phases, as well as a living 
component. At the same time, it is necessary to take into account that the living 
component, LBES, has all the properties inherent in complex systems.

One of the most common features of MGES BSSH is its aqua and geological 
medial subsystems, including interacting solid, liquid, gas, and living biological 
components, which are reportedly extremely important in the course of marine 
geoecological processes, in general. 

MGES BSSH is a structured system, and this structure can be expressed si-
multaneously in diff erent terms. For example, in terms of a component; spatial; 
in the aspect of the totality of all existing intercomponent or even inter-element 
relationships and interactions, procedural and functional. 

Th ese structural plans are closely related, but at the same time, each of them 
includes many other structures. For example, there are concepts of the structure 
of the solid, liquid, and gaseous phases, the structure of individual minerals, mi-
neral aggregates, etc. Special attention is paid to the structures of living organisms 
such as LBES, and the structures of MGES, formed with the participation of LBES. 

When deciding on the size of the part of the MGES BSSH space that is suffi  -
ciently studied to assess the component structure of the entire system, including 
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archaeological artifacts, the need for a full assessment of all four components of 
the concept of structure should be taken into account. Given this, the volume of 
such space should be chosen based on the size of the components of a particular 
MGES BSSH and the tasks of specifi c studies. 

Changes in the structure of MGES BSSH occur under the infl uence of two 
main groups of factors — internal and external, each of which is divided into 
natural and anthropogenic. Internal natural factors include all factors that cause 
changes in the system, occurring and operating within its limits, for example, co-
agulation, crystallization, mineralization of organic matter, biological processes 
that ensure the functioning of LBES, etc. Among the internal anthropogenic fac-
tors that change the structure of the system, for example, it includes artifi cially 
created human components-pollutants, ancient archaeological artifacts, etc.

External factors simultaneously aff ect the same MGES externally, either di-
rectly or indirectly. Examples of external factors are mechanical, chemical, ther-
modynamic, biological, and other external infl uences on the considered system 
and its subsystems. Th e external natural factors of the change in the structure 
of MGES include, for example, physical -oceanographic changes in the param-
eters of the aquatic and aerial environmental subsystems of MGES, in particular, 
their temperatures, speed, and direction of movement of their components, etc.), 
geological factors (earthquakes, volcanic eruptions, etc.), biological (infl uence 
on the system of hydrobionts not included in its structure), as well as anthropo-
genic factors. Common to internal and external natural factors is that they tend 
(excluding catastrophic phenomena) to change the structure of MGES relatively 
slowly. Anthropogenic factors are characterized by a relative speed of impact and 
a large variety of possible changes in MGES, which they aff ect. Particularly sig-
nifi cant anthropogenic impacts can be exerted on the structure of MGES BSSH 
during hydraulic works, extraction of mineral and organo-mineral substances, 
injection of various solid, liquid, and/or gaseous substances into the MGES space 
(underwater landfi lls, breakthrough of oil and/or gas pipelines, explosives, and 
explosive devices, etc.). Changes in the structure of MGES in the broad sense of 
this concept, caused by certain factors, can lead, in a relatively short period, to 
several ecologically important negative changes in the properties of the externally 
aff ected system. For example, changes in fi ltration capacity, thermal conductiv-
ity, physical and chemical characteristics, resistance to mechanical impacts, etc. 

Th eoretical justifi cations for the forecast of changes, in particular MGES 
BSSH, should be based on the study of the dynamics of its structure. Marine geo-
ecology, unlike geological disciplines, mainly studies the relatively short process-
es of changing the structure of MGES, which have a real impact on the change of 
many of its environmentally important internal and external conditions, as well 
as properties (physical and mechanical, physical and chemical, etc.). 
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When studying the dynamics of the structure of MGES BSS in general, and 
MGES BSSH in particular, it should be taken into account that the considered 
MGES, being an open system, is under the infl uence of a variety of energy fi elds, 
and is closely related to the surrounding systems. It constantly exchanges mat-
ter, energy, and information with them. Moreover, the exchange processes have 
a clear focus. For example, the geological-ecological subsystem has the most 
signifi cant cumulative function compared to the other two main ecological 
subsystems — aerial and aquatic — and aquatic — transit. Figuratively speak-
ing, the geological-ecological subsystem MGES BSSH is an essential part of the 
global storage of matter and energy, which is the upper part of the lithosphere in 
the modern boundaries of the Ocean, the place of their disposal, preserves the 
«memory» of the state and many parameters of the marine environment and 
the fl ows of matter in the previous historical periods of development of the eco-
sphere of our planet and the evolution of LBES man, as its subsystem of low level. 

In particular, by studying the main environmental subsystems of MGES 
BSSH of various ages, researchers indirectly judge the past geoecological con-
ditions of the main natural environments of the paleoecosphere, which is very 
important to take into account when searching for and identifying ancient un-
derwater archaeological artifacts. In this regard, the most interesting for mod-
ern society is, among other things, the opportunity to get an idea of the paleo-
ecosphere of our planet by studying the characteristics of the state of marine 
paleogeoecosystems before the appearance of the factor of human intervention 
in geoecological processes and, thus, assess the contribution of the anthropo-
genic factor. Th e resulting data can be used to predict changes in the biosphere, 
including under the infl uence of global climate variability or/and regional an-
thropogenic impacts, as well as to create diff erent models for the development 
of MGES of the Ocean or a particular sea basin and their impact on humans as 
a unique BELS, and humanity as a complex BECOSESUS.

Th e knowledge of the role of MGES BSSH in the organization of MGES 
AVSB and GES NBSR, the patterns of their formation and functioning, as well 
as the relationship with marine aero- and aquaecosystems (MES and MQES re-
spectively), allows to understand more precisely and more deeply the peculiari-
ties of both the development of the natural procedural system of geoecogenesis 
in general and the evolution of its anthropogenic sub-system, manifested, in 
particular, in underwater archaeological artifacts. 

Analysis of the geological, paleontological, paleoclimatic, and archaeologi-
cal materials available to the authors relating to the subject of this monograph 
showed the following. Th e main components of the system of conditions deter-
mining the peculiarities of formation, functioning, and development of MGES 
ABSB in general, and their separate spatial subsystems, in particular, the sub-
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system of the North-West Shelf of the Black Sea (NWSHSUS), are: Climatic, 
geological, tectonic, non-tectonic, Geomorphological and other characteristics 
of the region in question, as well as features of modern and paleorelief of the 
ABSB shelf, hydrodynamics of the aquatic environment of its MAQESUS, ter-
rigenous and biogenic sediment and mineralogy, including autogenic. 

Th e geological and geomorphological structure and features of the geological 
development of the region determine the boundary confi guration between the 
space MGES ABSB and the magnitude of the total slope and relief of the bound-
ary surface between the space MGEOESUS of the bottom sediments MGES of the 
ABSB shelf and the adjacent MAQESUS, on which in turn the redistribution of 
sedimentary material under the infl uence of hydrodynamic processes takes place. 

In general, it is the geological structure of the Earth’s surface that is one 
of the leading factors of precipitation accumulation and formation of the cor-
responding geological and ecological subsystems of the geoecosystem of NBSR. 
It determines the composition of material mobilized on land and sediments 
that accumulate at the bottom of ponds. Endogenous factors in combination 
with exogenous factors form the features of visual perception of the boundaries 
between diff erent environmental subsystems of MGES BSSH and GES NBSR.

It is confi rmed that MGEOESUS MGES BSSH, judging by the characteris-
tics of its granulometric, paleontological, chemical composition, and physical-
mechanical properties, was formed mainly in paleo-estuaries, within paleo-beds 
and paleo-valleys of rivers, which are represented in the relief of the boundary 
surface separating MGEOESUS and MAQESUS MGES BSSH in the area of the 
diff erent geological scale.

Research has shown that the dynamics of MGEOESUS and NBSSH in the 
Holocene, which are spatially and historically a time-changing land-sea transi-
tion zone, depend on the synergy of a complex multifactor system, which in-
cludes both external and internal factors in the status of subsystems, the geoeco-
ton in question «MGES BSSH — GES NBSR». Th e main external factors include, 
fi rst of all, space, climatic and tectonic factors. Internal factors are, fi rst of all, hy-
drophysical, hydrochemical and hydrobiological, geochemical and geophysical, 
etc. Anthropogenic factors, the infl uence of which has been growing especially 
rapidly since the beginning of the last century, can be attributed to both external 
and internal factors of infl uence on the system of the geoecoton in question. 
Th is, in our opinion, can be explained by the fact that people, on the one hand, 
are not sub-system components of MGES BSSH, but on the other hand — they 
are in the form of human society — an active LBES component of GES NBSR. 

Let us emphasize that all factors are in one way or another components of 
the most complex procedural system aff ecting the part of MGES, NBSR, and 
their subsystems under consideration.
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Human beings are the only surviving member of the species Homo sa -
piens — the most numerous and widespread self-developing unique LBES and, 
at the same time, the GES subsystem of our planet. Any LBES, and LBES man 
especially, is a vivid confi rmation of one of the main postulates of the theory of 
complex systems, saying that: «Th e whole is greater than its constituent parts». 
In addition, LBES objectively confi rms such a general and essential property of 
any system as emergence. Indeed, LBES man, consisting of separate, very dif-
ferent-sized components-subsystems, as a result of their interaction (synergy) 
functionally ensures the emergence, self-replication, existence, and develop-
ment of such a phenomenon and one of the least understandable phenomena 
characteristic of our planet as LIFE.

It is characterized by bipedalism and a large complex brain that allows you 
to memorize and analyze information, learn and develop technologies, tools, 
and instruments of labor, culture, and language. Biological variations of a person 
in the visible characteristics of his physiology, susceptibility to diseases, mental 
abilities, body size, and life expectancy, as well as his adaptation and migration 
features, including priorities, are infl uenced by his genetic features, as well as 
the conditions of his natural and cultural environment. And, in the creation of 
the last person from ancient times plays an active role. Early human settlements 
depended on proximity to water and, depending on lifestyle, on other natural 
resources used both for subsistence (wildlife populations for hunting, land for 
growing crops, grazing livestock, etc.) and for the production of tools, as well as 
for the organization of dwellings in relatively safest spaces.

Th e unifi cation and purposeful alteration of natural habitats, the creation of 
anthropogenic environments, has been done and is being done by man to provide 
protection, comfort, or material wealth, increase the quantity and quality of acces-
sible food, increase knowledge and/or improve the exchange of resources, including 
genetic and cultural. Th ough, quite oft en, especially in the strategic plan, the results 
do not correspond to the originally declared goals. All this is confi rmed not only by 
modern facts but also by the evidence that represents us objects of cultural heritage, 
including those obtained during underwater archaeological research. 

Although humans are one of the most adaptable species of LBES, they 
struggle to withstand many extreme conditions on Earth. Th anks to his intel-
ligence, manifested through inventions, man as a unique kind of LBES was able 
to expand his adaptability to a wide range of temperatures, humidity, and at-
mospheric pressure. Th is has made humans a virtually cosmopolitan species 
in almost all regions of the world, including tropical forests, highlands, arid 
deserts, extremely cold Arctic regions, and heavily polluted cities. Most other 
LBES of mammal species are limited to a few geographical areas due to their 
limited adaptability. At the same time, human LBES are not evenly distributed 
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at the boundary of the spaces of the GES environment subsystems of our plan-
et. Most human LBES (about 61%) function within Asia, and the rest (about 
39%) — are in the rest of our planet. At the same time, the density of human 
LBES varies from one region to another, and there are large areas with almost 
completely uninhabited vast ecosystem spaces, for example, Antarctica and the 
Ocean. It can be assumed that BECOSES of mankind still has enough resources 
to maintain its functioning without active development of material and energy 
resources contained in the spaces of the mentioned ecosystems.

Humans, like, to a large extent, social bioecosystems, usually function in 
the complex material, procedural and functional characteristics of BECOSES 
that they have created. Th e latter consist of many interacting and competing 
subsystems: from individual human LBES (individuals and/or families with 
kinship ties) to political state systems and their associations. 

Biological, environmental, and socio-economic interactions between hu-
man LBES are extremely multifaceted. But it is they who support the evolving 
BECOSES of mankind in relative stability. 

Th e thirst for knowledge, the desire to know and understand the environ-
ment, to infl uence it, to explain the phenomena of the world around us, to predict 
and manage them prompted mankind as a complex BECOSES to self-develop-
ment, for which it applied various tools and means created by it: work, sciences, 
philosophy, mythology, religion, other skills, and knowledge that a person trans-
mits from generation to generation, including in the form of cultural heritage.

Most likely, human LBES, judging by their functioning and behavior, have 
not yet fully realized themselves as part of the integral BECOSES of mankind. 
Regrettably, however, this awareness, albeit very slowly, with some occasionally 
reversing and interrupting, for example, the world wars, is continuing. In prin-
ciple, this awareness as a process can be realized for quite a long time. Although 
mankind is interested in this process being completed as soon as possible, since 
then, at least for it as a system, the threat from the human LBES itself will be 
reduced. If some powerful force majeure phenomenon of natural or anthropo-
genic origin (for example, a collision of the Earth with some large space body, a 
super powerful eruption of a giant volcano, or atomic world war...) prevents the 
realization of the process of human awareness of himself as a system-forming 
part of mankind, BECOSES of mankind as a unique super-complex system can 
prematurely end its development, functioning and/or even existence. 

An important indicator of the sustainability of human LBES — the dura-
tion of its functioning, according to many scientists, depends on three main fac-
tors: genetics, peculiarities of consumed food, and lifestyle. Perhaps these main 
factors should be added to the quality of the natural and cultural environment. 
In our opinion, they are underestimated. 
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We emphasize that judging by the known history of human development 
of the GES NBSR space, based on paleogeological and archaeological evidence, 
objects of cultural heritage, this region was more or less comfortable from the 
point of view of both the natural and cultural environments, i.e. conditions for 
the functioning of suffi  ciently stable human LBES and human society BECO-
SES, at least in the last 6—4 thousand years. 

Th us, it can be stated that the GES NBSR space, including many parts of 
the space of its subsystem — NWBSSH, periodically freed from the water in the 
Holocene, were and are favorable for the formation and development of both 
individual LBES of the Homo S. species and their associations — BECOSES. 
A typical example is an unusually rapid surge in growth and/or puberty in the 
adolescence of people living in conditions similar to GES NBSR, which is also 
observed today. 

Th e uniqueness of the conditions of the region under consideration for the 
development of BECOSES of mankind is fully confi rmed not only by marine 
geoecological but also underwater archaeological research, the peculiarities of 
the location and distribution of archaeological sites of cultural heritage in the 
space of GES NBSR and the coastal part adjacent to its MGES NBSSH. 

Archaeological research, mainly of ancient cities and settlements, on the ter-
ritory of the Northern Black Sea — nowadays the territory of modern Ukraine, 
began in the fi rst quarter of the 19th century. During this period, not only stu-
dies of ancient mounds and mounds on land were carried out, but also the study 
of archaeological sites located at the bottom of the Black Sea began. However, 
underwater archaeology itself, as a separate research area of archaeological scien-
ce, began to form in the early 20th century. Since then, scientists and admirers 
of this most interesting scientifi c direction have discovered and demonstrated to 
humanity hundreds of previously unknown antiquities from early antiquity to 
the late Middle Ages. Th ese are coastal settlements and quarters of cities that have 
been submerged as a result of sea level changes and the lowering of continents, 
merchant ships and warships that have died, for various reasons, in sea accidents 
and battles, ancient port facilities, piers, breakwaters, and quay walls, architectural 
and rock painting sites, ship anchors, amphorae and many other things.

Underwater archaeological sites (UAS) are still the least explored compared 
to similar land-based sites, particularly in the NBSR. Th eir lack of knowledge 
is primarily due to the diffi  culties of conducting underwater research, and the 
lack of reliable and eff ective methods, and search means, including fl oating, and 
equipment. However, the stages of development of underwater archaeological 
research were identifi ed, and the typifi cation of cultural heritage monuments 
(CHM) and GES, in the space in which they were found, was carried out. Th e 
main types of underwater archaeological sites, as well as the most signifi cant 
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CHM NBSR, which have been discovered and investigated in the seaside parts 
of its GES NBSR to date, are briefl y described. 

Today, many CHMs of the NBSR, partially or completely, are located in 
the space of MGES BSSH and, associated with it, water basin subsystems of 
low level (estuaries, bays, estuaries of rivers, etc.). Such UAS are located mainly 
on the border of aquatic and geological subsystems, AQESUS and GEOESUS, 
respectively, or in the space of the latter. 

On many of them (Dniprovka-2 settlement, nearby water areas near the 
island of Berezan, near the ancient cities of Olbia, Istria, Argamum, etc.) bathy-
metric surveys were carried out, to determine the features of the border be-
tween AQESUS and GEOESUS, the types of bottom sediments GEOESUS of 
the lower level, and their density properties were characterized. At the same 
time, modern devices, equipment, and technologies were used. 

Th e combination of archaeological and geoecological research, joint in-
terpretation, and analysis of the obtained materials made it possible to more 
accurately reconstruct the ancient coastlines-borders — MGES ABSB and its 
MAQESUS and GEOESUS other water basins (estuaries, river mouths, etc.). At 
the same time, thanks to the cooperation and the integrated system approach, 
the use of both the theoretical foundations and practical developments of ma-
rine geoecology, and the achievements of underwater archaeology itself, it was 
possible to clarify many important features of the geoecological conditions of 
the current location and preservation of underwater parts of many well-known 
archaeological sites NBSR.

Seaside and, in particular, underwater archaeological sites and some other 
interesting underwater archaeological artifacts are already briefl y described. 
Some of them are applied on a modern geological and geographical basis con-
cerning certain GEOESUS. Th is is important not only for historical and archaeo-
logical reconstructions but also for solving the problems of deeper knowledge of 
the causes and consequences of changes in the geoecological and paleogeological 
conditions of the ABSB and NBSR shelf in the Holocene, the dynamics of their 
development, and their impact on the LBES inhabitants of the research region.

Th e archaeological sites discovered today and researched, which are located 
in the fl ooded territories of the Northern Black Sea Coast, belong mainly to the 
ancient era and medieval times. In this area, the archaeological fi nds of earlier 
historical periods are few. Th is is because it is in ancient and medieval times that 
the stone construction was widely spread, the remains of which can be most 
easily fi xed underwater, and the relics of these times are the most numerous 
and occupy quite a large area. It is the time of the existence of these histori-
cal epochs that coincides with the fall in the level of the Black Sea, called the 
Phanagorian Regression. According to the defi nition of various researchers, the 
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lowering of the sea level in the coastal areas of the Northern Black Sea Coast is 
determined from –4 to –10 m. Th erefore, all fl ooded archaeological objects are 
at depths not exceeding –10 m (except for sunken ships). Th ey are well-fi xed 
by modern search devices and methods when exploring underwater archaeo-
logical sites, their research does not create signifi cant technical obstacles. To 
identify and investigate earlier archaeological sites located at great depths, it is 
necessary to develop new, more sophisticated research methods using the latest 
technical equipment. Conducting special paleogeographic and geoecological 
studies to reconstruct the natural environment of various geoecological surface 
and underwater geoecosystems, and its change at certain stages of the historical 
development of the territory of the NBSR. Th ese studies will help to study the 
historical processes that have taken place in this and adjacent territories.

Considering the history of the development of ancient states on the territory 
of NBSR it is necessary to note the great infl uence on its features of changes in 
the level of the border surface between MGEOESUS and MAQESUS MGES of 
the Black Sea at all stages of their existence. Virtually all known settlements and 
cities of the ancient and medieval periods are located on the borders of water and 
continental geoecosystems, i.e. on the shores and in the water column of the sea, 
estuaries, and rivers fl owing into them, and practically all of them were aff ected 
to some extent by the rise of the level of the said boundary surface in the space 
of the Black Sea MGES. Th us, many ancient settlements of the late 7th and early 
5th centuries B.C., which arose on the banks of the estuaries of the Dniester, Bug, 
and Dnipro rivers, ceased to exist or were moved to a new place as a result of 
the fl ooding of the territories on which they were located. Th e exact number of 
fl ooded settlements and mounds of the archaic period, as well as subsequent his-
torical periods in the territory under consideration, is currently unknown. Th is is 
because in the early stages of Greek colonization the Black Sea level was the lowest 
compared to the current one. Th is is typical for the entire NBSR. Th us, at the be-
ginning of the 6th century BC, the Yagorlyk settlement was founded, which was 
located on one of the delta islands of the Dnipro, and by the end of the 6th century 
BC, it ceased to exist. Almost at the same time, the ancient city of Olbia emerges, 
which becomes the capital of the polis of the same name. Around the same time, 
the earliest ancient settlement found on the territory of NBSR, located on the is-
land of Berezan, although not ceasing to exist, loses its political signifi cance and 
becomes one of the ordinary settlements of the Olbian chora. One of the reasons 
for this degradation may also have been the rise in the level of the Black Sea, 
which caused the fl ooding of the agricultural land of the Berezan settlement. Th e 
same fate befell most of the agricultural lands and settlements of the late VI — 
early V centuries B.C., which were dependent on the Berezan settlement, they 
were located along the lower reaches of the Berezanka River, which turned into 
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an estuary. Th is natural process led to the economic decline of the Berezan settle-
ment and its districts and its further incorporation into the Olbia Polis. 

Similar natural and historical processes took place at that time in the area of 
the Dniester estuary. Virtually all the settlements of the archaic time were based 
on its low left  bank. Th ere is an assumption that one of the main reasons for this 
arrangement of ancient settlements was that the main thing, the Dniester river bed 
passed closer to the left  bank, and the channels and antiquities at the right bank 
were unsuitable for navigation. On the place of the Dniester estuary, there was a 
large delta island, on which several archaic and Hellenistic settlements were noted, 
which were subsequently fl ooded by the waters of the estuary. It is on this island 
that most researchers locate the settlement of Ofi ussa, mentioned by many ancient 
authors. Many researchers connect the emergence of the ancient city of Tiras with 
the transfer of the population to its territory from the settlement of Ofi ussa. Th e 
later resettlement of part of the Greek population from the left  bank to the right 
bank and the demise of the settlement of Ofi ussa can be attributed to the beginning 
of the fl ooding of the lowest parts of the right bank of the estuary and its delta island.

In the course of the studies, several previously unexplored underwater ar-
chaeological and other artifacts of various ages were also discovered, promis-
ing spaces in the MGES of the Black Sea shelf and associated GEOESUS water 
basins of lower levels were identifi ed, promising the establishment of integrated 
archaeological and geoecological studies in the future. 

Unfortunately, so far no fi nal value of the fall in the Black Sea level during 
the Phanagorian regression has been established. Th is raises the question of the 
possibility of the Greek population settling in large areas in the archaic and ear-
ly Hellenistic periods. Th ere is no doubt that at this historical stage there were 
Greek states in the NBSR territories. First of all, this applies to the modern loca-
tions of the Odesa and Dniester seamounts, which are currently underwater at 
depths of 6—8 m, as well as to the areas of the Yagorlyk, Tendra and Skadovsk 
bays, where modern depths are in the range from –1 to –7 m. Exploring the 
areas of these water areas shortly can give interesting results for the restora-
tion and understanding of the historical development of NBSR not only for the 
ancient and medieval periods but possibly for earlier historical epochs. Th is is 
evidenced by the fact that in ancient and medieval authors in the description 
of the territory of NBSR there are dozens of names of diff erent settlements, the 
location of which has not yet been determined. According to the information 
given, many of them were located on the coast of the Black and Azov seas or 
their estuaries. It is logical to assume that some of them are now underwater.

As a result of the process of raising the level of the AESUS-AQESUS GES 
boundary of the water basins that existed in the region under consideration 
before the fi nal formation of the Black Sea and its MGES in the Holocene, large 
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areas along the coasts were fl ooded, on which archaeological artifacts from an-
cient to medieval times were located. In addition, it is necessary to take into ac-
count the large number of ships of these epochs located at the bottom of water 
basins, which are rich in NBSR. Exploring the places of death of these ships can 
give very interesting fi ndings that will help in the restoration of historical events 
that took place in the region. 

Bathymetric surveying in the areas of some ancient and medieval monu-
ments has produced interesting results, which have made it possible to deter-
mine the areas of fl ooded territories of ancient settlements, determine the loca-
tions of their marinas, areas of location, and destination of buildings for various 
purposes. Th ey showed the prospects and the need to conduct a full-scale sur-
vey of fl ooded archaeological sites located in the shelf zone off  the coast of the 
modern NBSR, using geoecosystem theoretical and methodological tools, tak-
ing into account, among other things, the provisions of the theory of complex 
systems, concepts and approaches of marine geoecology, as well as attracting 
new modern, in particular geophysical, research methods.

Th e authors are witnesses and participants in the beginning and develop-
ment of the modern stage in archaeological, primarily underwater, research. 
Th is stage is characterized by a more focused integration of archaeological re-
search with geological, biological, and geoecological research, including GES 
of marine and related water basins. At the same time, the application of new 
geophysical and other prospecting, exploration, and cartographic equipment, 
as well as appropriate modern technologies, has begun. Th is makes it easier to 
carry out such studies and expand and deepen their spaces. Th e analysis, inter-
pretation, and generalization of the obtained data and materials have become 
more involved in a systematic approach. Th e complexity and systemic nature of 
the research in ancient, and not very ancient cultural heritage, peculiarities of 
material composition, properties, conditions, and dynamics of spatial environ-
ments of various, in particular, aquatic GES, in which they are located, allow to 
signifi cantly increase the amount and improve the quality of the information 
received, including the reasons for fi nding various artifacts in these GES. 

According to the authors, such studies can more accurately be called underwa-
ter geoarchecological, by the name of a new synthetic scientifi c fi eld — the under-
water geoarchecology, which is being formed at the junction of marine geoecolo -
gy and underwater archeology in the course of their scientifi c development.
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Монографію присвячено вивченню на основі геоекосистемного підходу до аналізу ве-
ликого оригінального авторського й оприлюдненого матеріалу деяких проблем зв’язку 
морської геоекології і підводної археології як складової науки, що вивчає історію люд-
ства за підводними знахідками матеріальних залишків його діяльності — культурної 
спадщини. Певну увагу приділено сучасним геофізичним методам і технічним засобам 
пошуку й ідентифікації підводних об’єктів культурної спадщини стародавніх цивіліза-
цій, прогнозуванню ймовірності виявлення нових підводних археологічних артефак-
тів у просторі прибережної зони Північного Причорномор’я і прилеглого шельфу.
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вищої освіти, органів самоврядування місцевих прибережних громад, державних діячів 
і всіх, хто цікавиться культурним надбанням древнього Причорномор’я, розуміє важли-
вість морських наук, їхніх здобутків для збереження і поліпшення стану навколишнього 
середовища, розвитку культури й економіки народів прибережних країн і людства.




