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DIFFICULT ASCENT TO THE PEAKS OF SCIENCE 

 
Academician Akif Ali-Zadeh is known in Azer-

baijan and far beyond its borders not only for his 
unique scientific achievements in the field of paleon-
tology and other earth sciences, but also for his ex-
tensive scientific and organizational activity as di-
rector of the Institute of Geology and Geophysics of 
the National Academy of Sciences of Azerbaijan 
(1976 – present, currently Institute of Geology and 
Geophysics of the Ministry of Science and Educa-
tion of Azerbaijan Republic) and President of the 
Azerbaijan National Academy of Sciences (2013-
2019). The initial stage of this activity (1976-1990) 
became a real school for the young scientist at that 
time, who was appointed head of the largest Institute 
in the system of the Academy of Sciences at the age 
of 42 (!). 

There were no ordinary lessons and textbooks in 
this “school”, they were replaced by daily live com-
munication with employees during which Akif Ali-
Zadeh learned to listen to people and delve into their 
problems, no matter how insignificant they may 
seem at first glance, use any opportunities for 
providing them the necessary help and support, look 
for optimal ways out of occurring conflict situations, 
unite supporters around himself filling them with his 
inexhaustible enthusiasm, sparkle a favorable crea-
tive environment in the team, defend his position 
with arguments avoiding the use of dictate and voli-
tional decisions, accept and analyze constructive 
criticism, admit and correct his mistakes and so on. 
This is how the talent inherent in today's leader of 
geological science of attentive and friendly attitude 
to the people around him was formed. His “philoso-
phy of life”1 was formed in such conditions. 

It was a marvelous time, which is not by chance 
now called the "golden age of science", because it 
was then that the most important discoveries were 
made in the world science and after it in the "great 
Soviet science", which had a noticeable impact on 
the development of geological science. 

It was necessary to intensify the creative pro-
cess, concentrate the efforts of the team of scientists 
in priority (primarily interdisciplinary) directions, 
create new scientific schools and supply them with 
modern equipment, train new personnel, etc. in order 

 
1 Abbasova R. Philosophy of life (interview with Ak.A.Ali-
Zadeh). “Kaspiy”, May 30, 2015. 

to stay on track with the ongoing changes. All these 
issues were constantly in view of the head of the 
Institute – Akif Ali-Zadeh. 

It was not only a difficult but also a very inter-
esting time whereas during this period Akif Ali-
Zadeh was lucky to work with many luminaries of 
the geological science of Azerbaijan. He remembers 
his teachers: academicians Musa Mirzoevich Aliyev, 
Azal Jafarovich Sultanov, Aliashraf Abdulguseino-
vich Alizade, Shamil Abduragimovich Azizbekov, 
Gambay Asgarovich Alizade, Shafayat Farkha-
dovich Mehdiyev, Edhem Shakhlarovich Shi-
khalibayli, Mirali Saidovich Kashkai, Abdulhamid 
Yusifovich Khalilov and others with special warmth 
and gratitude noting their help, valuable advice, con-
stant support and friendly attitude towards him. 

But, in fairness, it should be noted that, there 
were also detractors among the people surrounding 
Akif Ali-Zadeh which (either out of envy or from 
other motives) created artificial obstacles on his 
path. 

Definitely, any leader can take decisive and 
even tough measures against such people in such 
situations to stop their slanderous fabrications. But 
Akif Ali-Zadeh as a human of honor is not capable 
of this. “Personal honor, he says, is determined not 
so much by the individual’s ability to tolerate insults 
and offences as by his inability to insult and offend 
anyone.” 

This is how he has always been acting proving 
his ill-wishers his place and role in science on the 
obtained results among which we note the following: 
the discovery of a new family of belemnoids named 
after him – Akifibelidae (not many scientists receive 
such recognition!), determination of paleotempera-
tures in the Cretaceous basins of the Caucasus by the 
method of isotope paleothermometry, studying the 
mineral and geochemical composition of the Creta-
ceous belemnites in Azerbaijan, etc. 

But the real test fell to Akif Ali-Zadeh in the 
early 90s of the last century, when the Soviet Union 
collapsed, established ties with the specialized scien-
tific organizations of the former Soviet Republics 
that became independent states were broken, the 
amount of state budget funding of scientific research 
was sharply decreased, and the outflow of highly 
qualified personnel began and so on. During these 
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troubled times, some pseudo-patriots appeared from 
somewhere and called for “closing the Academy as 
an unnecessary appendage of the Soviet past”. Akif 
Ali-Zadeh was among those who resolutely came to 
its defense. Based on knowledge and deep under-
standing of the trends in the development of world 
science, he urged: “It is necessary not to close the 
Academy, but to reform and gradually develop the 
system of organizing fundamental scientific re-
search, adapting it to the conditions of a market 
economy”. These words testify a deep understanding 
of the role of science in modern society, its influence 
on the course of inevitable reforms in a market 
economy, and the necessity for progressive devel-
opment in priority areas, one of which is science. 

It should be admitted that in those years (the 
first years of independence of the Republic of Azer-
baijan) there was not yet an appropriate regulatory 
and legal framework of laws, strategies, state pro-
grams, action plans, etc. for the progressive devel-
opment of science. All these have already appeared 
in the next century. In the meantime, complete un-
certainty has remained in the system of organizing 
scientific research gradually “corroding” like corro-
sion the creative potential of the Academy of Sci-
ences especially among young specialists. Akif Ali-
Zadeh – a scientist deeply devoted to science could 
not remain indifferent to such situation, so, it was 
necessary to find a way out of the situation. And he 
did everything possible to find and demonstrate how 
and in what directions basic science should develop 
in the near future. 

Once Academician A.E.Fersman quite rightly 
remarked: “One of the biggest challenges of science 
is its ability to predict and anticipate”. Akif Ali-
Zadeh undoubtedly has such a talent based on high 
intelligence and extensive scientific outlook. This 
was especially clearly manifested in the project of 
the first national Concept of organization of Funda-
mental Scientific Research (FSR) in the Republic of 
Azerbaijan (hereinafter referred to as Concept' 92)2 

developed in 1992 on his initiative and direct partic-
ipation, and in a number of articles published later in 
periodicals touching on key aspects of this Concept 
– state support of science, forms and financing 
mechanism of scientific research, the creation of a 
regulatory and legal framework for science, the de-
velopment of international scientific cooperation, the 
introduction of scientific achievements (in modern 
interpretation – the development of mastering the 
innovative scientific developments), etc. It is inter-
esting to note that many of the scientist’s proposals 

 
2 Ali-Zadeh Ak.A., Ibrahimov V.B. Organization of basic scien-
tific research in the Republic of Azerbaijan: main directions of 
reform (Project Concept). “Elm”, No. 11, 1992. 

expressed by him, in particular, in the fundamentally 
important article “What kind of Academy does 
Azerbaijan need?”3 were reflected in one form or 
another in the conceptual document for domestic 
science “National Strategy for the Development of 
Science in the Republic of Azerbaijan for the period 
of 2009-2015 and the State Program for the imple-
mentation of this Strategy" (approved by Order of 
the President of the Republic of Azerbaijan, May 4, 
2009, No. 255) and in a number of other program 
documents and regulatory and legal acts. Some of 
them will be briefly considered below on specific 
examples. 

 
Sources of scientific research funding 

 
The main source of funding of science was (and 

remains today) state budgetary funding, the various 
forms of which were not written clearly enough any-
where (in any official documents) for a long time. 
Akif Ali-Zadeh proposed to divide the state budgetary 
funding of science into two “channels” to eliminate 
this uncertainty in 1992:  the channel of basic funding 
of large institutes, centers and other scientific infra-
structure facilities and the channel of program-
targeted allocations (in modern interpretation – The 
Targeted Funding Program) of research projects and 
programs of national importance4, while the second 
channel also included grants allocated by state funds 
(which did not exist at that time!) to finance initiative 
scientific projects on a competitive basis. 

24 years later (i.e. in 2016), the Law of the Re-
public of Azerbaijan "On Science" was adopted, in 
which the forms of state financing of scientific and 
scientific-technical activities in Article 34.4 were 
defined as follows: Basic Financing, The Targeted 
Financing Program and Grant Funding. The only 
difference between this article and the scientist’s 
previously expressed proposal is the allocation of 
grant funding as a separate line, although this does 
not change the essence of the matter. 

Akif Ali-Zadeh initiated the development of 
four state programs at the Institute of Geology and 
Geophysics, which were approved by the Cabinet of 
Ministers of the Republic of Azerbaijan (see: Reso-
lutions of the Cabinet of Ministers of the Republic of 
Azerbaijan, June 18, 2007, No. 98; January 23, 
2008, No. 22s; August 22, 2008, No. 299s; July 31, 
2014, No. 236s) and were successfully implemented 
over the period of  2007 - 2018 following the princi-
ple “Test your ideas in practice to make sure they 

 
3 Ali-Zadeh Ak.A. What kind of Academy does Azerbaijan 
need?  “Bakinskiy Rabochiy” No. 48, 2001. 
4 Ali-Zadeh Ak.A., Ibrahimov V.B. “Lifesaver” for science. 
“Vishka”, September 29, 1992. 
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work” within the channel “The Targeted Financing 
Program of Scientific Research” for the first time in 
the system of the Azerbaijan National Academy of 
Sciences. Akif Ali-Zadeh had already created a new 
Department “Coordination of innovative projects” 
related to the “grant financing” within the structure of 
the Institute of Geology and Geophysics in 2001 with 
information and methodological support of which the 
Institute’s employees received about 150 grants from 
government funds (Science Development Foundation 
under the President of the Republic of Azerbaijan, 
Scientific Foundation under SOCAR), as well as fo-
reign funds such as CRDF, INTAS, CARIPLO, DE-
FRA, SDC, NSF, WOTRO, etc. 

But is the state budget the only source of fund-
ing for scientific research? “No, it is not,” Akif Ali-
Zadeh convinces. He notes the significant share of 
private companies in the total amount of funding for 
scientific research analyzing foreign experience and 
decides to use this factor anticipating an interest of 
the western oil companies in the development of oil 
and gas fields in the Azerbaijani sector of the Caspi-
an Sea.  A group of highly qualified specialists of 
the Institute began working with the alliance of “BP-
Statoil” (Great Britain - Norway) companies provid-
ing for joint scientific research (with the financial 
support of the alliance) in the field of studying geol-
ogy and geochemistry of mud volcanoes, as well as 
biostratigraphy of the Neogene of Azerbaijan and, in 
particular, the South Caspian basin in 1992 before 
the sign of the famous “Contract of the Century” on 
Akif Ali-Zadeh’s initiative. Hereafter the Institute 
carried out more than 50 works (!) on a contract ba-
sis for such oil companies as ConocoPhilips, Statoil, 
ChevronTexaco, ExxonMobil, Shell, Unocal, Total, 
Elf, Agip, Lukoil, etc. over the next two decades.  All 
this made it possible not only to stabilize the finan-
cial situation of the Institute at certain stages, but 
also to accumulate invaluable experience in business 
interaction with similar western companies, as well 
as significantly expand the knowledge and practical 
skills of individual employees who have become real 
experts of the European level in the relevant fields of 
oil and gas geology. 

The gradual transition from predominantly state 
to decentralized (multiple) funding of scientific re-
search and development began from this period 
which was predicted by Akif Ali-Zadeh. 

 
Commercialization in the scientific and 

technical field 
 
Akif Ali-Zadeh urged scientists to learn how to 

earn money themselves e.g., using various forms of 
entrepreneurial activity noting the limited and con-
stantly decreasing amount of state budget funding 

for science (it amounts to 0.1-0.2% of GDP in Azer-
baijan, and fluctuates between 2-5% of GDP while 
abroad). He wrote in the above-mentioned Concept’ 
92 back in the early 90s of the last century: “The 
new organizational structure of the Academy of Sci-
ences should include commercial subdivisions in-
tended to create a specific “nutrient medium” for the 
interaction of science and subjects of a market econ-
omy. This includes well-established technology 
parks in other countries, as well as small forms of 
entrepreneurial activity in the scientific and tech-
nical field – small and medium-sized enterprises, 
consulting, marketing, intermediary, information and 
other service firms forming a network of so-called 
“small research business”. As expected, numerous 
skeptics objected: they say that scientists should on-
ly be concerned with obtaining new knowledge, and 
let businessmen and their commercial structures deal 
with entrepreneurship. But Akif Ali-Zadeh stood 
firm in his position and was right. The right of scien-
tists and specialists of scientific organizations and 
universities to engage in scientific entrepreneurial 
activities were clearly established in the Article 38 
of the Law of the Republic of Azerbaijan “On Sci-
ence” adopted in 2016. Hereafter the Resolution of 
the Cabinet of Ministers of the Republic of Azerbai-
jan, June 20, 2017, No. 266 specified the types of 
entrepreneurial activities allowed for research insti-
tutes, – production and sale of high-tech products, 
consulting services, laboratory tests (analyses) on a 
paid basis, information services, carrying out scien-
tific research based on orders, etc. It is not difficult 
to see that all these types cover the above-mentioned 
“small research business”. 

But Akif Ali-Zadeh considered that the creation 
of larger structures – technology parks is the most 
perspective organizational form of integration of 
science and production for the purpose of develop-
ment (commercialization) of scientific achieve-
ments. In his article “Science on the Path to the 
Market” published in 19935, he confidently stated: “I 
consider it is advisable to immediately begin prepa-
rations for the creation of the first of them in Azer-
baijan (at least as an experiment) on the basis of the 
Academy of Sciences”. This proposal of the scientist 
remained unclaimed for a long time until 2016 when 
High Technology Park of the Azerbaijan National 
Academy of Sciences was created by Order of the 
President of the Republic of Azerbaijan, November 
8, 2016, No. 2425. Thus, Akif Ali-Zadeh’s this pre-
diction based on deep knowledge of the trends in the 
development of world science in a market economy 
came true. 

 
5 Ali-Zadeh Ak. A., Ibrahimov V.B. Science on the path to the 
market. “Bakinskiy Rabochiy”, March 13, 1993. 
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Possessing a pronounced innovative mindset, 
Akif muallim foresaw the innovative path of devel-
opment of Azerbaijan and prepared for it: "I see a 
way out of the current situation (with the develop-
ment and commercialization of scientific develop-
ments)," he said in 2001, "on the way of transition 
(of the institutes of the Academy of Sciences) to 
active innovation." And this “transition” began 
with the creation of the first specialized Depart-
ment “Coordination of innovative projects” at the 
Institute of Geology and Geophysics in the system 
of Azerbaijan National Academy of Sciences, 
where four innovative projects were developed by 

the employees of the Institute in a short time. The 
final product of one of them, “Atlas of lithologic-
paleogeographical maps of the territory of Azerbai-
jan and the Azerbaijani sector of the Caspian Sea” 
was acquired by BP (British Petroleum). Thus, it 
was proven that the scientific developments of the 
Institute of an innovative nature can be of not only 
scientific, but also commercial interest. 

Academician Akif Alizadeh turned 90 years. 
But, despite such a venerable age he does not stop 
and continues the “difficult ascent to the peaks of 
science”. He is still full of new ideas and plans. And 
we believe that they will all realize. 

 
 
 

d.t.s. Vagif Ibrahimov 
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CURRENT STATUS OF PALEONTOLOGICAL‐STRATIGRAPHIC STUDIES  

IN AZERBAIJAN 

 

Alizadeh Ak.A. 

Ministry of Science and Education of the Republic of Azerbaijan,  

Institute of Geology and Geophysics,   

119, H.Javid ave., Baku, AZ1143 
 

Keywords: Paleontology, 
stratigraphy, Azerbaijan, 
Productive Series, climato-
stratigraphic scheme, Azykh 

Summary. The history of the study of fossil paleontological remains in Azerbaijan is divided
into several stages depending on the degree of research intensity, the scale of stratigraphic cover-
age, and the participation of national personnel. In the 50-80s of the twentieth century, the priority 
was to unite specialists according to age groups of fossil remains (e.g., Jurassic ammonites, Creta-
ceous inoceramas, ammonites and belemnites, Paleogene nummulites, Miocene pelecypods, etc.).
Later, by the end of the nineties of the last century, the priorities of fundamental research shifted
somewhat to the study of ecosystem evolution, paleobiology, event biostratigraphy, etc. 

Such coryphees as academicians: M.M.Aliyev, G.A.Alizadeh, professors A.G.Khalilov, 
D.M.Khalilov, D.A.Agalarova stood at the origins of development of paleontological and strati-
graphic researches in Azerbaijan. Activity of these scientists was accompanied by rapid develop-
ment of paleontological and stratigraphic ideas, study of invertebrate fossil fauna, phytofossils (in-
cluding nanofossils). Thus, by the end of the twentieth century, almost all archistratigraphic groups
of fauna, their evolution, as well as paleoecological, paleobiological, paleobiogeochemical and
other aspects of their habitat conditions had already been studied in detail. 

As they say today, it really was the "golden age" of science, including paleontological and 
stratigraphic one. The main actor of this progress in science and its practical affairs, of course, was 
a researcher – an expert in his field, and only highly qualified personnel of Azerbaijani paleonto-
logical and stratigraphic science dynamically raised the bar of its achievements higher and higher. 
Among them are prominent paleontologists: T.A.Gasanov, K.M.Sultanov, H.Aliulla, B.G.Vekilov, 
A.B.Abbasov, R.G.Babaev, Sh.A.Babaev, M.R.A. Abdulkasumzadeh, G.A.Aliev, R.A.Aliev, 
R.O.Koshkarly, R.N.Mamedzadeh, O.B.Aliev, E.Z.Ataeva, H.Sh.Aliyev and others.  

Thus, the wide scope of fundamental paleontological and stratigraphic research allowed Azer-
baijani scientists to create a serious paleontological and stratigraphic base of geological research in
Azerbaijan. The continuation of the systematic and systematic development of the regional geolog-
ical study of the territory of Azerbaijan ultimately led to the creation of a fundamental formation-
stratigraphic and geochronological basis, based on a set of modern methods and achievements in 
the field of paleontology, stratigraphy, isotope geochronology, facies-paleogeographic analysis and 
historical and geological synthesis. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
For over thirty years of the independence, 

Azerbaijani scientists have travelled a difficult and 
complex path in the field of paleontological and 
stratigraphic research. 1990s were marked by a stag-
nation experienced by all activity spheres of the 
country, including politics, culture, education, and 
science. The scientific sector of Azerbaijan, includ-
ing academic studies, had unexpectedly become 
challenged by a number of difficulties, such as the 
shortage of funding, the outflow of talented young 
researchers, the transition of adventurous people to 

 
 Paper presented during LXX Anniversary Session of the Pale-
ontological Society of Russia, 2024 

the business sector, and the breakage of ties with 
research organizations and scientists in Russia and 
the CIS countries. In general, the Azerbaijani sci-
ence lived a deep crisis in the last decade of the 20th 
century. In their efforts to overcome the emerging 
problems, the local scientists, of course, including 
geologists-paleontologists, tried to maintain coop-
eration with their colleagues from the post-Soviet 
states, and to gain new partners overseas. Both ef-
forts aimed at the integration with global scientific 
community – fundamental purpose of the national 
science of that period.  
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Historians will probably more accurately deter-
mine the formation period, development stages and 
the “Golden Age” of the geological and paleontologi-
cal science of Azerbaijan. In our opinion, the paleon-
tological-stratigraphic research in Azerbaijan reached 
its’ peak in the second half of the 20th century, when, 
through the efforts of several generations of special-
ists, the main features of the dynamics of paleontolog-
ical and stratigraphic studies had been formulated. 
Based on these fundamental achievements, the local 
paleontologists and stratigraphers established a stand-
ard stratigraphic basis for large-scale geological sur-
veys, deep and ultra-deep (Saatli well) formation 
drilling in the region (Alizade et al., 1999). 

Moreover, rapid development of the national oil 
industry at that period also occurred thanks to the 
efforts of the Azerbaijani geologists, with essential 
contribution of paleontologists and stratigraphers. 
Starting from the hard times of 1990s, local re-
searchers have managed to intensify the integration 
process of the Azerbaijani paleontological-
stratigraphic science into the world scientific net-
work. With signing of the “Contract of the Century” 
in 1994, new opportunities were created for a joint 
work with the world's largest oil corporations, such 
as British Petroleum, Unocal, Exxon, Shell, Amoco, 
Mobil, Statoil, Total, Agip, etc. 

For the Azerbaijani geologists, stratigraphers and 
paleontologists this was a breakthrough into the inter-

national research auditorium. During this period, a 
relatively small team of scientists, mostly young spe-
cialists, completed over 50 research projects in geolo-
gy, oil and gas problems, geochemistry and, of course, 
paleontology and stratigraphy. Joint desktop and field 
studies, followed by the analysis and interpretation of 
the produced data at the different foreign scientific cen-
tres and universities, have made it possible to quickly 
learn new research methods, software and standards 
used in the Western countries on the one hand, and to 
intensify training of local scientists on the other.  

Historically, increased attention paid since the 
1930-40s to the paleontological and stratigraphic 
research in Azerbaijan was primarily associated with 
the growing demands of oil-gas search and explora-
tion. This had determined stricter requirements set 
against stratigraphic-paleontological studies imple-
mented using various complex methodologies. You 
are all well aware that the territory of Azerbaijan has 
diverse geological and tectonic evolution record, 
resulting in the emergence of the Absheron Peninsu-
la, Caspian shelf, Middle Kur Depression (Fig. 1) 
and the other world-famous oil and gas provinces. 

The list of the pioneers of the Azerbaijani pale-
ontology and stratigraphy contains the names of 
such famous scientists as academicians Musa Ali-
yev, Aliashraf Alizadeh, Gambay Alizadeh, Profes-
sors Dunya Agalarova, Jalil Khalilov, Damir 
Gadjiyev and others (Fig. 2). 

 

 
 

Fig. 1. Geological map of Azerbaijan 
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Fig. 2. The famous palaeontologists of Azerbaijan: 1 – Musa Aliyev; 2 – Aliashraf Alizadeh; 
3 – Gambay Alizadeh; 4 – Dunya Agalarova; 5 – Jalil Khalilov; 6 – Damir Gadjiyev 

   
Over the course of 70 years of the history of the 

Soviet Azerbaijan, local scientists conducted funda-
mental scientific research and published important 
findings in the fields of the Phanerozoic paleontolo-
gy and stratigraphy (mollusks, brachiopods, forami-
nifera, ostracods, spores-pollen, etc.). Great contri-
bution to the formation and development of this re-
search area in Azerbaijan had been made by the out-
standing Russian and Soviet scientists, such as 
I.M.Gubkin, N.B.Vassoevich, V.V.Weber, V.V.Bo-
gachev, D.V.Nalivkin, Yu.A.Orlov, B.S.Sokolov, 
V.I.Zhamoida, N.P.Luppov, V.V.Drushchits, 
V.A.Vakhrameev, V.I.Kacharava, L.Sh.Davitashvili, 
etc. Regional stratigraphers compiled stratigraphic 
schemes of different-scale geological surveys which 
had covered the entire territory of Azerbaijan.  

These schemes (Халилов, 1978) were developed 
based on the results of complex studies implemented 
by the Azerbaijani macro- and micropaleontologists. 
These scientists developed detailed reference sections 
of the Devonian, Cretaceous, Paleogene and Neogene 
stratigraphy of the Lesser and Greater Caucasus sys-
tems. Also, they prepared detailed stratigraphic 
schemes (up to the identification of faunal zones) of 
the Mesozoic, Paleogene and Neogene sequences of 
both systems (Ализаде Ак.А., 1972; Ализаде К.А., 
1977; Алиюлла, 1970, 1977; Халилов и др., 1973; 
Халилов, Ализаде Ак.А., 1970; Касимова, 1970; 
Ализаде, Мамедов, 1970 a, b; Ализаде, Гаджиев, 
1975; Бабаев, 1970). Another important achievement 
of the Azerbaijani stratigraphers was the creation of a 

biostratigraphic scheme of the country’s Quaternary 
deposits. The Azerbaijani scientists have published 
the results of important studies dedicated to the mi-
cromorphology of foraminifers, ostracods, mollusks, 
brachiopods and pollen spores (Мамедов, 1992; 
Векилов, 1969, 1962; Атаева, 2007; Агаларова и 
др., 1961; Джабарова, 1967; Джафарова, 2006; 
Касумова, 1966). Using scanning electron micro-
scope (SEM) in the carried-out investigations helped 
identify new micromorphological features and trace 
onto-phylogeny of the morphological elements of a 
number of studied micropaleontological groups of the 
fauna, such as ostracods, nanoplankton, etc. (Kosh-
karly, Mamedova, 1997).  

Analysis of the micromorphological evolution 
of various micropaleontological fauna groups al-
lowed establishing the taxonomic rank of the studied 
signs which had represented a value for the stratig-
raphy of oil and gas deposits. 

In 1990s, the Institute of Geology of Azerbaijan 
had continued biostratigraphic studies of the main oil-
gas deposits. In particular, investigation of the Neo-
gene deposits of the Eastern Azerbaijan and the South 
Caspian basin has provided evidences to an assumption 
that the basement of the Productive Series should be 
located at a glacio-eustatically low sea level. Study of 
the Azerbaijan’s famous Pliocene Productive Series 
which contains about 26 billion barrels of the oil 
equivalent, allowed characterizing its’ stratotype sec-
tion covering the time interval between 3.4 Ma (upper 
boundary) and 5.5 Ma (lower boundary) (Fig. 3). 
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Fig. 3. Kirmaky section, Stratotype of Productive Series of Azerbaijan. 
Stratigraphic column for South Caspian Basin (Javanshir et al., 2014) 

 
The study outcomes were summarized in a 

monograph “Productive Series of Azerbaijan” (Али-
заде и др., 2018, Vol. 1, 2). 

The Paleogene of Azerbaijan has been suffi-
ciently studied. The stratigraphic division of the 
Paleogene deposits is based on macrofauna, plank-
ton foraminifers and nanofossils (more than 10 bi-
ozones of the standard Martini’s scale (Martini, 
1970) have been discovered in Azerbaijan). Several 
detailed nano-zone sequences have been identified 
among Eocene and Oligocene deposits. The biostrat-
igraphic studies of Neogene, Paleogene and Creta-
ceous formation were implemented based on a pro-
gram developed in Azerbaijan back in 1978 for the 
biostratigraphic studies of the calcareous nanofos-
sils. Several interesting papers on nanofossils were 
published in 1990, such as “Regional Paleogene 
stratigraphic scheme of the Azerbaijan” (Ализаде 

К.А. и др., 1989), “Biostratigraphic and stratigraph-
ic Atlas of the Cretaceous, Paleogene, Neogene, and 
Quaternary strata of Azerbaijan and South Caspian 
basin” (Koshkarly, Mamedova, 1997), “Geology of 
Azerbaijan. Stratigraphy. Volumes 1, 2” (2007), 
“Geosciences of Azerbaijan” (Alizadeh et al., 2016). 

Special mention should be made of a radio-
metric scale of the Azerbaijan’s Late Cenozoic, 
developed by Azerbaijani specialists in close col-
laboration with scientists and specialists of St. Pe-
tersburg State University specialized in absolute 
geochronology. These studies brought significant 
clarifications into the understanding of the Neogene 
stratigraphy of Azerbaijan and the Caspian region 
(Fig. 4), dating the Pontian regiostage as Upper 
Miocene, and the Productive Series as Lower Plio-
cene deposits (Чумаков и др., 1988 a, b). 

 

 
 

Fig. 4. Chronostratigraphic scale of Pliocene of South Caucasus (Мамедов, 1991) 
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Based on the latest data on the origin of the 
Caspian Sea and the formation of its main structures, 
18 paleogeographic maps were compiled and in-
cluded in the zootomic atlas “Paleogeographic atlas 
of shelf regions of Eurasia for the Mesozoic and Ce-
nozoic shelves of Eurasia” (Атлас палеогеографи-
ческих карт, 1992).  

Many works of the Azerbaijani paleontologists 
are devoted to Quaternary period of Azerbaijan (2.5 
Ma). This interest is due to a decisive role of this 
period in the formation of modern Earth's surface. 
As is known, the Quaternary period is generally very 
contrasting due to sharp climatic transformations 
(Fig. 5), multiple continental glaciation events and 

repeated changes in landscape and climatic belts of 
the region. 

The data produced as a result of many years of 
the studies had made it possible to develop a Pleisto-
cene climate-stratigraphic division chart of the Cas-
pian Sea and correlate it with the paleogeographic 
events of the Black Sea and the European continent. 
Azerbaijani specialists have revealed a close connec-
tion between the Quaternary transgressions and re-
gressions of the Caspian Sea and the climatic events 
in the northern latitudes. It has been established that 
the scale of the Caspian Sea’s transgression and re-
gression, as well as of the glaciation area of the East 
European Plain, tends to decrease from more ancient  

 

 
 

Fig. 5. Climatostratigraphic scheme of the Caspian Sea Pleistocene (Велиев и др., 2004)  
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to more recent epochs. Generalization of accumulated 
factual material on macro- (remains and imprints) and 
micro- (pollen and spores) remains of the plants pla-
ying a leading role in the interpretation of paleoland-
scape and paleoclimatic reconstructions, made it pos-
sible to identify the main evolution stages of landco-
ver and climate for the territories of the Caucasus 
(Early epochs of the Cenozoic – Eocene, Oligocene, 
Miocene) and Azerbaijan (Late Cenozoic – Pliocene, 
Pleistocene). 1:2500000 scale vegetation maps were 
compiled for individual chronological sections of the 
Cenozoic era, 8 of which were included in the Na-
tional Atlas of Azerbaijan (Tağıyeva vә b., 2014). 

Restored landscapes formed due to the climatic 
changes of the Pleistocene interglacial periods, pro-
vide valuable information about changes in modern 
landscape components and can be used to make cli-
mate change and anthropogenic intervention based 
forecasts. These studies resulted in preparing and 
publishing of the “Palaeontological Atlas of Quater-
nary Systems of Azerbaijan" (2017). Serving as a 
summary of the past studies, the Atlas presented re-
sults of the stratigraphical study of Azerbaijan’s Qua-
ternary deposits based on the analysis of macro- and 
microfauna remains of Pleistocene and Holocene.  

Another noteworthy important international ini-
tiative pursuing the study of Azerbaijan paleogeog-
raphy was implemented within the framework of the 
program “The dynamics of the interaction between 
the Natural environment and Primitive Man” (Ве-

личко и др., 1980; Гаджиев и др., 1979; Мамедов 
и др., 1982; Сулейманов, 1979, 1982). The basis 
for carrying out these studies was laid back in 1960s 
by a discovery of the Paleolithic men’s sites 
(Damdzhily, Azykh, Taglar) in the territory of the 
Garabagh region of Azerbaijan. Azykh site is a 
unique archaeological monument illustrating more 
than 1 Ma of the Paleolithic Human evolution in a 
single cave complex. Discussions about it continue to 
this day. Located at one of the migration routes of the 
Homo erectus from Africa to Europe, the Garabagh 
region surpasses all other parts of the South Caucasus 
in terms of the number of discovered archaeological 
sites. Today, prehistorical sites of the Lesser Cauca-
sus region are studied together by paleogeographers 
and archaeologists from the Azerbaijan National 
Academy of Sciences, and the scientists from Japan 
and Germany. The research project called “Absolute 
and relative chronology of the Neolithic monuments 
of Garabagh” is implemented together with the Ger-
man Archaeological Institute. 

Within the Cenozoic Era, the Neogene (Miocene 
and Pliocene) are the two most interesting periods in 
the history of the Earth’s evolution. Azerbaijani scien-
tists have implemented comprehensive palaeobotanical 
(spores-pollen, dinoflagellates, diatoms) and micro-
faunistic studies of marine sediments on the western 
flange of the South Caspian Basin (part of the Eastern 
Paratethys), in order to elaborate on and clarify its’ 
stratigraphy (Fig. 6) (Байрамова и др., 2021).  

 

 
 
Fig. 6. Changes in the paleogeographic conditions of the Maykop time of the Shamakhi-Gobustan region by palynological data 
(Байрамова и Тагиева, 2023) 
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The research carried out in this area has allowed 
correlating and identifying paleopalynological zones 
of the oil-gas bearing, Maykopian and Diatom for-
mation of Azerbaijan, as well as to study the change 
in environmental conditions and vegetation in the 
stratigraphic sequences of geological periods. Based 
on the phytoplankton study results, the origin of dis-
persed organic matter and changes in its catagenesis 
degree have been studied. To make these studies 
efficient, the Institute of Geology has been equipped 
with a full set of up-to-date equipment, including 
optical and scanning electron microscopes and the 
required computer software. 

A few words should be said about the current 
state of paleontological studies of vertebrates. The 
history of these studies in Azerbaijan covers a period 
of 150 years (since 1870). Stratigraphically, the 
studies cover the time interval from the Cretaceous 
to the Holocene. In total, remains of more than 500 
vertebrate species have been identified in Azerbai-
jan, including more than 140 fishes, 10 amphibians, 
12 reptiles, 140 birds and 205 mammal species.  

The studies resulted in the development of a 
special catalogue characterizing more than 500 spe-
cies and subspecies belonging to 5 classes. The cata-
logue reflects the systematic confinement of differ-
ent species in the sequence of their appearance in the 
evolution process. To the extent possible, each of the 
catalogued fossils was provided by a card index 
identifying the location of the discovery and storage 
place of the fossil, as well as the people who found 
and characterized the discovery. It should be noted 
that this is only the first stage of research and work 
on the catalogue will be continued, since a large 
amount of the discovered fossil vertebrates must be 
re-identified and placed in the collection funds of the 
Natural History Museum of Azerbaijan (NHM).  

Intensive systematic excavations on the 
paleontology of vertebrate animals were carried out 
by employees of the NHM of Azerbaijan, as a result 
of which the museum’s collections were replenished 
with new fossil materials from the Binagadi burials 
(suburbs of Baku), the Mingachevir reservoir (west 
of Azerbaijan) and other sites. Thus, tens of thou-
sands of the bones belonging to different vertebrate 
species (reptiles, birds, mammals), as well as a large 
number of plant and arthropod remains were disco-
vered at the Binagadi site (Fig. 7) only. Recently, the 
collection has been further enriched by new, pre-
viously undescribed species of birds, bats and plants. 

During excavations in the vicinity of the 
Mingachevir reservoir, a whole skull (without the 
lower jaw) of a southern elephant (Fig. 8) was 
discovered. 

After a sharp drop in the water level of the 
reservoir, numerous bones remain of the postcranial 

skeletons and skulls of the southern and forest 
elephants (Fig. 9) were discovered. 

There is a large accumulation of different 
vertebrate species discovered for the first time since 
2012 in the vicinity of the Mingachevir reservoir, on 
the spurs of the Bozdagh and Garaja ranges 
(composed of Absheronian and Bakunian deposits) 
(Fig. 10). 

The discovered species include primitive bull 
Bos sp. (Fig. 13), bison – Bison sp., buffalo – Buba-
lus sp. (Fig. 11), forest elephant – Palaeoloxodon 
antiquus (Fig. 12), ancestor of the giant deer – 
Praemegaceros verticornis (Fig. 15) (both species 
were first discovered in Azerbaijan); two species of 
the ancient Merki rhinoceros (Fig. 16) – Stepha-
norhinus hundsheimensis and Stephanorhinus 
kirchbergensis, skull of a trogonteria elephant or 
Wüsti elephant bones of the postcranial and cranial 
skeleton of the Stenon horse – Equus stenonis, 
ancient cabaloid horse Equus sp., giant deer 
Megaloceros giganteus, red deer Cervidae (Fig. 14.) 

Together with bone remains, there are many 
Early Paleolithic Man’s tools (Fig. 17), discovered 
in the Mingachevir site. 

As a result of the studies, it was established that 
the surroundings of the Mingachevir reservoir are 
unique, having no analogues in the world in terms of 
the area, relief and the annual number of discovered 
fossils. It was concluded that to organize its’ protec-
tion, the site must be given the status of a “Natural 
Monument” of global significance. 

Research has shown that the Merk's rhinoceros 
(Fig. 16) from the Garaja site (Stephanorhinus 
kirchbergensis) is a typical species of the Late Vil-
lafrancian – Early Galerian complexes of the West-
ern Europe (analogues of the Tamanian faunal com-
plex). 

Stratigraphic spread of this taxon in the Eastern 
Europe is currently unknown due to the fragmenta-
tion of previously identified Early Pleistocene rhi-
noceroses in this area. 

In 2021, a large skull fragment belonging to a 
forest straight-tusked elephant, as well as more than 
2 m long tusk fragment of a forest elephant (Fig. 18) 
were discovered in the Garaja site. 

Along with the abundance of animal bone 
remains, the Mingachevir site is characterized by 
rich variety of various Pleistocene flora species, 
represented by fossilized trunks (Fig. 19) of large 
and small trees and shrubs (typical forest vege-
tation). This speaks for the assumption that during 
the described period, the area represented a habitat 
with semi-open forest-steppe type landscapes 
dominated by the steppe areas interspersed with tree 
and shrub vegetation. 
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Fig. 7. Binagadi burial of the Quaternary fauna and flora. Turtles bones 
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Fig. 8. Southern elephant Archidiscodon meridionalis 
 

 
 

Fig. 9. Forest elephants Mammuthus trogontherii 
 

 
 

Fig. 10. Mingachevir reservoir. Bozdagh and Garaja 
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Fig. 11. Fragment of the skull of the fossil buffalo Bubalus sp. from the Upper Bakunian deposits 
 

  
 

Fig. 12. Forest elephant Paleoloxodon antiquus 
 

 
 

Fig. 13. Fragments of the horns and lower jaw of the bull Bos sp. 
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Fig. 14. Ancient cabaloid horse Equus sp.; Giant deer Megaloceros giganteus; Red deer Cervidae 
 

 
 

Fig. 15. The ancestor of the giant deer Praemegaceros verticornis 
 

   
 

Fig. 16. Merki rhinoceros Stephanorhinus hundsheimensis, Stephanorhinus kirchbergensis 
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Fig. 17. Early Paleolithic Man’s tools. Garadja 
 
 

 
 

Fig. 18. Tusk of a straight-tusked elephant Paleoloxodon antiquus. Mingachevir, Garadja site 
 

Spine paleontologists continued their studies in the 
vicinity of Pirakashkul village located on the south-
eastern termination of the Greater Caucasus mountains. 
There, in the upper parts of the southern slope of Gara-
Islam Mountain, numerous whale bone fragments were 
first discovered in the diatomic deposits.  

In 2012-2013, in the vicinity of the Shamkir 
reservoir (Fig. 20), lower jaw fragments of a Stenon 
horse, and a tooth of a Southern elephant (Fig. 21) 
were discovered. 
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Fig. 19. Fossilized trunks of trees. Garadja 
 

 
 

Fig. 20. Shamkir reservoir 
 

   
 

Fig. 21. Lower jaw fragments of a Stenon horse. A tooth of a Southern elephant 
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In 2020, specialists of the NHM discovered a 

large new deposit of the Maykopian flora (tree 
trunks) and vertebrate fauna (cetaceans, cartilagi-
nous bony fishes) (Fig. 22), located in Greater Cau-
casus at the foothills of Jangi Mountain. 

As to international relations, Azerbaijani scien-
tists continue to actively participate in the imple-
mentation of international programs, conducting 
joint research with several foreign institutions. Thus, 
the Institute of Geology and Geophysics, together 
with the Institute of Geography (Azerbaijan), as well 
as the Institute of Applied Geosciences, University 
Montan Leoben and Geocentre NAWI Graz Austria, 
are conducting joint micropaleontological, miner-
alogical and geochemical investigation of the previ-
ously unstudied Miocene deposits of Azerbaijan 
(Gobustan). Close ties are also maintained with the 
Paleontological Institute and the Geological Institute 
of the Russian Academy of Sciences (Fig. 23). 

Azerbaijani palaeogeographers work closely 
with the evolutionary geography department of the 
Institute of Geography of the Russian Academy of 
Sciences, conducting joint research consisting in the 
study of changes in natural environment and the cor-
relation of events that occurred during the Quater-
nary period in Azerbaijan and Eastern Europe. It is 
known that the development of new research meth-
ods requires the training of qualified personnel. In 
this regard, Azerbaijani young scientists acquire 
grants for conducting scientific research and opening 
startups to implement new projects. They are also 
gaining internships at leading universities in Europe 
and Russia. Another noteworthy example of the in-
ternational cooperation is the research conducted 
jointly by the Azerbaijani paleontologists and stra-
tigraphers, and the geological services of Russia, 
Kazakhstan, Central Asian states, and China. 

  

  
 

Fig. 22. Cetaceans, cartilaginous bony fishes. Tunes. Jangi 

 

 
 

Fig. 23. Scientist from Azerbaijan, Austria, and Russia 
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Thus, over the past 30-40 years, fundamental 
research has been carried out in the field of stratig-
raphy and paleontology in Azerbaijan, producing 
interesting scientific results. At the same time, the 
ongoing complex global study of the oceans – the 
Earth's superstructures, has allowed geologists, in-
cluding stratigraphers and paleontologists, to take a 
new look at the World Ocean, which occupies 3/4 
of the Earth's surface. This branch of geology – the 
geology of the bottoms of the seas and oceans, had 
almost fallen out of the specialists’ interest before 
drilling of “Challenger” 1968 allowed judging about 
the ocean’s lithosphere. This, of course, was a revo-
lution in geology, giving rise to a plenty of thoughts 
and forecasts for the future. Knowledge of the 
World Ocean’s floor made it possible to pose and 
solve problems of global stratigraphic correlation 
within the time interval of the Mesozoic through the 
Quaternary. Tremendous role in this progress was 
played by a monographic study of nanofossils, mi-
crofauna, and the salt content of the waters.  

Nowadays, the scientific community of Azer-
baijan is focused on this type of the correlative 
stratigraphic studies. It is planned to pay close at-
tention to determining the stratotypes of the bound-
aries – large Phanerozoic stratons. One of such stra-

totype sections is the Dorasham section (Fig. 24) in 
Nakhchivan (Julfa canyon). It is useful for studying 
the Permian-Triassic boundary on the territory of 
Azerbaijan. 

This section (Fig. 24) has got everything to be 
recognized by the international scientific strati-
graphic community as a reference for solving the 
problem of stratigraphic boundaries between Permi-
an and Triassic periods. 

The most important problem of the Azerbaijani 
stratigraphy and paleontology remains the solution 
of some unsolved problems of the Quaternary stra-
tigraphy. In this regard, it is important to thoroughly 
study the relationships and the places of transition 
of the continental Quaternary sediments to marine 
facies. It is necessary to implement more detailed 
investigation of the problem of accurate identifica-
tion of the distribution boundaries of marine Caspi-
an transgressions, starting from the Bakunian stage 
and up to the Khazarian, Khvalynian and other 
transgressions. Comparisons of faunistically charac-
terized Caspian terraces with similar modern conti-
nental deposits are also of great interest. Finally, we 
believe it is important to begin a detailed dissection 
of the Quaternary lavas of the Garabagh plateau and 
the river basin of Tartar. 

 

 
 

Fig. 24. Julfa canyon. Stratotype of the Upper Permian 
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In the future, serious attention should be paid to 
conducting modern research on basin stratigraphy – 
sequence-stratigraphy with mandatory paleo-
biogeochemical and facies analysis. As is known, 
the latter is associated with the study and modelling 
of the sedimentation stages. 

As before, there is a high demand for the de-
velopment of seismostratigraphic studies in the geo-
sciences, as this is one of the key methods of theo-
retical stratigraphy enabling the wide use of math-
ematical and IT methodology in solving specific 
geological tasks. Very important is the correlation 
of continental, terrigenous and volcanic formations 
on a biostratigraphic basis. Paleontologists and stra-
tigraphers of Azerbaijan are planning to implement 
interesting studies of the stratigraphy of the Caspian 
shelf sediments. 

It is an urgent task to study the stratigraphic 
layers illustrating various stages of the development 
of life throughout the Phanerozoic. Today, Azerbai-
jani paleontologists pay special attention to the 
study of the evolution of ecosystems, problems of 
paleobiogeography, evolutionary morphology, regu-
larities of the evolution process and problems of 
biomineralization. In the coming years, Azerbaijan 
National Academy of Sciences is planning to im-
plement the Program “Evolution of the Biosphere” 
(2024-2030). These studies will be carried out at the 
intersection of paleontology, geochemistry, biogeo-
chemistry, and lithology. As it comes to how purely 
paleontological and paleobiogeographic problems 
are addressed in Azerbaijan, special mention should 
be made of the studies covering the evolution of a 
biota. It is important to create section-by-section 
chronostratigraphic and paleogeographic recon-

structions of the territory of Azerbaijan with clarifi-
cation of cause-and-effect relations, as well as to 
implement quantitative and qualitative assessment 
of the nature-climatic changes. Studies of the pre-
historical ecology shall target the reconstruction of 
natural and climatic conditions that existed on the 
territory of the Paleolithic sites of Azerbaijan, and 
the study of interaction between the natural envi-
ronment and the primitive societies. 

In conclusion, let me say a few words about 
how almost the entire toolkit of a geologist, paleon-
tologist-stratigrapher has changed in the 21st centu-
ry. Today, this toolkit is based on automated re-
search systems that are embodied in specialized us-
er-friendly software, freeing a researcher from a 
routine manual work. Recent years were marked by 
a significant increase in the intensity of scientific 
contacts and exchanges within the global scientific 
network. Global international projects with the par-
ticipation of scientists from many countries, includ-
ing Azerbaijan, have become more common. High 
reputation of the Institute of Geology and Geophys-
ics gained from its’ participation in dozens of inter-
national contracts, guarantees that the institute will 
successfully meet the today’s requirements and ini-
tiate several of its’ own projects. 

I would like to recall the words of the outstand-
ing Austrian biologist and ethologist Konrad Lo-
renz: “When we scientifically explain one of the 
wonderful phenomena of nature, this explanation is 
in no way like an unmasked wizard. The true rea-
sons are grander and more amazing than the most 
beautiful myth.”  

Therein lies all our love of science! 
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Резюме. История изучения ископаемых палеонтологических остатков в Азербайджане подразделяется на несколько этапов 

в зависимости от степени интенсивности исследований, масштаба стратиграфического охвата, а также участия в них нацио-
нальных кадров. В 50-80-е годы ХХ века приоритетом было объединение специалистов по возрастным группам ископаемых 
остатков (например, юрские аммониты, меловые иноцерамы, аммониты и белемниты, палеогеновые нуммулиты, миоценовые 
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пелециподы и т.д.). Позднее, к концу девяностых годов прошлого столетия приоритеты фундаментальных исследований не-
сколько сместились в область изучения эволюции экосистем, палеобиологии, событийной биостратиграфии и т.д. 

У истоков развития палеонтолого-стратиграфических исследований в Азербайджане стояли такие корифеи, как акаде-
мики: М.М.Алиев, Г.А.Ализаде, профессора А.Г.Халилов, Д.М.Халилов, Д.А.Агаларова. Деятельность этих учёных сопро-
вождалась бурным развитием палеонтологических и стратиграфических идей, изучением беспозвоночной ископаемой фау-
ны, фитоостатков (включая нанофоссилии). Так, к концу ХХ века детально были уже изучены почти все архистратиграфи-
ческие группы фауны, их эволюция, а также палеоэкологические, палеобиологические, палеобиогеохимические и другие 
аспекты условий их обитания.  

Как сегодня принято говорить, это действительно был «золотой век» науки, в том числе и палеонтолого-страти-
графической. Главным действующим лицом этого прогресса в науке и её практических делах, конечно, был исследователь ‒ 
классный специалист, и только высококвалифицированные кадры азербайджанской палеонтолого-стратиграфической науки 
динамично поднимали планку её достижений всё выше. Среди них видные специалисты палеонтологи: Т.А.Гасанов, 
К.М.Султанов, Х.Алиюлла, Б.Г.Векилов, А.Б.Аббасов, Р.Г.Бабаев, Ш.А.Бабаев, М.Р.Абдулкасумзаде, Г.А.Алиев, Р.А.Алиев, 
Р.О.Кошкарлы, Р.Н.Мамедзаде, О.Б.Алиев, Э.З.Атаева, Х.Ш.Алиев и другие. 

Таким образом, широкий размах фундаментальных палеонтолого-стратиграфических исследований позволил азербай-
джанским учёным создать серьезную палеонтолого-стратиграфическую базу геологических исследований в Азербайджане. 
Продолжение планомерного и систематического развития регионального геологического изучения территории Азербайджа-
на привело в итоге к созданию фундаментальной формационно-стратиграфической и геохронологической основы, опираю-
щейся на комплекс современных методов и достижений в области палеонтологии, стратиграфии, изотопной геохронологии, 
фациально-палеогеографического анализа и историко-геологического синтеза.  

Ключевые слова: Палеонтология, стратиграфия, Азербайджан, продуктивная серия, климатостратиграфическая 
схема, Азых 

 
 

AZӘRBAYCANDA PALEONTOLOJİ-STRATİQRAFİK TӘDQİQATLARIN MÜASİR VӘZİYYӘTİ 
 

Әlizadә Ак.А. 
1Azәrbaycan Respublikasının Elm vә Tәhsil Nazirliyi, Geologiya vә Geofizika İnstitutu 

AZ1143, Bakı şәh., H.Cavid pr., 119 
 

Xülasә. Azәrbaycanda paleontoloji qalıqların öyrәnilmә tarixi müvafiq tәdqiqatların intensivliyi, stratiqrafik yaş intervalı, 
hәmçinin bu tәdqiqatlarda milli kadrların iştirakı dәrәcәsindәn asılı olaraq bir neçә mәrhәlәyә bölünür. XX әsrin 50-80-ci illәrindә 
paleontoloji qalıqların tәdqiqatı zamanı mütәxәssislәrin geoloji yaş qrupları üzrә birlәşmәsi prioritet idi (mәsәlәn, Yura ammonitlәri, 
Tәbaşir inoseramları, ammonit vә belemnitlәri, Paleogen nummulitlәri, Miosen pelesipodları vә s.). Daha sonra ötәn yüzilliyin 
doxsanıncı illәrinin sonunda fundamental tәdqiqatların prioritetlәri bir qәdәr dәyişәrәk ekosistemlәrin tәkamülünün, paleobio-
logiyanın, biostratiqrafik hadisәlәrin öyrәnilmәsi kimi sahәlәrә üstünük verildi. 

Azәrbaycanda paleontoloji-stratiqrafik tәdqiqatların tәmәli akademiklәr Musa Mirzә oğlu Әliyev, Qambay Әsgәr oğlu Әlizadә, 
professorlar Әbdülhәmid Yusif oğlu Xәlilov, Cәlil Mustafa oğlu Xәlilov, Dünya Әlәkbәr qızı Ağalarova kimi korifeylәr tәrәfindәn 
qoyulmuşdur. Bu alimlәrin fәaliyyәti paleontoloji vә stratiqrafik ideyaların sürәtli inkişafı, qәdim onurğasız faunanın vә floranın 
(nanofossillәr dә daxil) öyrәnilmәsi ilә müşayiәt olunurdu. Belәliklә, XX әsrin sonuna qәdәr, demәk olar ki, bütün arxistratiqrafik 
fauna qrupları, onların tәkamülü, hәmçinin onların yaşam şәraitinin paleoekoloji, paleobioloji, paleobiogeokimyәvi vә başqa 
aspektlәri әtraflı öyrәnilmişdi.  

Bu dövr, hәqiqәtәn, elmin, o cümlәdәn paleontologiya-stratiqrafiya elminin “qızıl әsri” – intibah dövrü idi. Elmdә vә onun 
praktiki tәtbiqindә bu tәrәqqinin әsas hәrәkәtverici qüvvәsi, әlbәttә, tәdqiqatçılar ‒ yüksәkixtisaslı mütәxәssislәr idi. Yüksәkixtisaslı 
kadrlar Azәrbaycanın paleontologiya-stratiqrafiya elminin nailiyyәtlәrinin dinamik inkişafının tәkanverici qüvvәsi idi. Onların 
arasında paleontologiya üzrә görkәmli mütәxәssislәr T.A.Hәsәnov, Q.M.Sultanov, X.Әliyulla, B.Q.Vәkilov, A.B.Abbasov, R.Q.Ba-
bayev, Ş.Ә.Babayev, M.R.Әbdülqasımzadә, Q.A.Әliyev, R.Ә.Әliyev, R.O.Qoşqarlı, R.N.Mәmmәdzadә, O.B.Әliyev, E.Z.Atayeva, 
X.Ş.Әliyev, V.B.Ağayev, Ç.Ә.Tahirov vә başqalarının adları xüsusi qeyd edilmәlidir. 

Belәliklә, fundamental paleontoloji-stratiqrafik tәdqiqatların geniş miqyas alması sayәsindә Azәrbaycan alimlәri respublikada 
geoloji tәdqiqatların ciddi paleontoloji-stratiqrafik bazasını yaratmaq imkanı әldә etdilәr. Azәrbaycan әrazisinin regional geoloji 
tәdqiqinin planauyğun vә sistematik şәkildә davam vә inkişaf etdirilmәsi yekunda müasir metodlara vә paleontologiya, stratiqrafiya, 
izotopların geoxronologiyası, fasial-paleocoğrafi analiz vә tarixi-geoloji sintez sahәlәrindә nailiyyәtlәrә söykәnәn fundamental 
formasion-stratiqrafik vә geoxronoloji tәmәlin yaradılması ilә nәticәlәndi. 

Açar sözlәr: paleontologiya, stratiqrafiya, Azәrbaycan, Mәhsuldar seriya, iqlimstratiqrafiya sxemi, Azıx 
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Summary. We present GPS observations of crustal deformation monitoring in Azerbaijan and
adjacent territory which carried out since 1998. Unlike our previous studies there are more perma-
nent GPS station and survey mode data aggregated, which accordingly allowed us more accurately
determine the dynamics of the main tectonic structures. 

Eight permanent stations were established by the Institute of Geology and Geophysics since 
2006.In 2012, Republican Seismological Survey Center of Azerbaijan National Academy of Sci-
ences started to construct permanent GPS stations, where totally 24 stations were established. Over
35 survey mode sites were measured repeatedly starting from 1998 to 2022. 

On a broad scale, the GPS velocity field clearly illustrates the NNE motion of Caucasus and
adjacent regions with respect to Eurasia south of the Main Caucasus Thrust Fault (MCT). An im-
portant note here is the sharp decrease in site velocities, and the clockwise rotation, between sites
located to the west of West Caspian Fault (WCF) in Kura Depression and Talish region and sites to
the east of WCF in Absheron Peninsula. This decrease and difference in GPS vector directions in-
dicate high strain accumulation rates ~6 mm/yr south to Absheron Peninsula. We believe that the
significant accumulation of elastic energy is responsible for the activation of seismic events and
ofmud volcanoes in this region. Thus, spatial densification of the GPS observations is needed to 
better resolve localized deformation, and consequently the seismic hazard in the eastern Caucasus,
Kur Depression, and Absheron area. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
Azerbaijan is caught in the active continent-

continent collision of the Arabian plate with Eurasia 
(Mckenzie, 1972; Sengor et al., 1985; Philip et al., 
1989). Plate tectonic reconstructions provide only 
broad constraints on the timing of the initial colli-
sion of the Arabian Plate with Eurasia of between 
10-30 Ma BP (e.g., Robertson, 2000; Allen et al., 
2004), and indicate that the rate of northward motion 
of Arabia relative to Eurasia has remained more or 
less constant at about 20 mm/yr since collision be-
gan (McQuarrie et al., 2003; Reilinger et al., 2006). 
These reconstructions imply that Arabia has pro-
gressed from 200-600 km “into” space formerly oc-
cupied by Eurasian continental lithosphere. This 

continuing “invasion” of the Arabian Plate into the 
Eurasian Plate determines the lithospheric shorten-
ing along the Main Caucasian Thrust (MCT), which 
extends in the meridional direction, and horizontal 
displacement of the lithosphere (McKenzie, 1972; 
Sengor et al., 1985; Jackson, 1992; Shevchenko et 
al., 1999; Guliev et al., 2002; Reilinger et al., 2006; 
Kadirov et al., 2008, 2012, 2023; Kadirov, 2004). 

Since the Arabian Plate is moving north relative 
to Africa at a rate of 1.1-2.0 cm/year, a strong 
movement of the Arabian Plate towards Eurasia can 
be expected in advance. This causes the Caucasus to 
form a raised bridge separating two deep-water ba-
sins: the Black Sea and the South Caspian. Being 
responsible for crustal deformations, these regional 



F.Kadirov et al. / ANAS Transactions, Earth Sciences  1 / 2024, 28‐43; DOI: 10.33677/ggianas20240100107  

 29

tectonic processes cause earthquakes, which are his-
torically documented throughout the entire Caucasus 
(Зоненшайн и Савостин, 1979; McKenzie, 1972). 

In this paper we use Global Positioning System 
(GPS) observations in and around Azerbaijan in the 
period 1998-2022 to estimate present-day surface 
motions. The observed motions (site velocities) al-
low us to identify zones of rapid strain accumulation 
that we interpret as resulting from deep slip on faults 
that are presently locked at crustal depths and will 
likely give rise to future earthquakes. The GPS-
derived surface motions allow estimation of fault 
geometry, slip rates, and locking depths (e.g., Oka-
da, 1992), thereby providing an improved physical 
basis for estimating regional earthquake hazards. For 
example, the estimated rate of slip on the deep, 
freely sliding section of the Main Caucasus Thrust 
Fault (MCT) determined by GPS observations of 
surface motion, and estimates of slip in prior earth-
quakes (from study of historic and pre-historic 
earthquakes) allows estimation of the time required 
to accumulate sufficient strain to generate an earth-
quake, or equivalently, the earthquake recurrence 
time for individual fault segments (assuming the 
time-predictable earthquake model; Shimazaki and 
Nakata, 1980). Furthermore, the total coseismic slip 
from prior earthquakes, together with estimates of 
the locking depth of the fault (from the wavelength 
of the GPS deformation field), and the length of 

fault segments (from geological and geophysical 
studies) allow estimation of the magnitude of future 
events. Thus, our GPS observations have the poten-
tial to constrain the timing and magnitude of future 
earthquakes. 

 
1. Tectonic Settings of the Caucasus  

Mountains 
In the broadest context, the Lesser and Greater 

Caucasus Mountains lie within the zone of plate in-
teraction where the African and Arabian plates are 
actively converging with the Eurasian Plate (Fig.1). 
McKenzie et al. (1970), McKenzie (1972), and Jack-
son and McKenzie (1984, 1988) provided a plate 
tectonic description of the region, recognizing active 
continental collision in eastern Turkey, the Cauca-
sus, and the Zagros; lateral transport of Anatolia 
(Turkey) towards the west; subduction of African 
oceanic lithosphere (i.e., Neotethys) along the Hel-
lenic and Cyprus trenches; N-S extension in the Ae-
gean and western Turkey; and ocean rifting along 
the Red Sea and Gulf of Aden. Convergence of Ara-
bia and Africa with Eurasia has been occurring for > 
100 Ma as the intervening Neotethys Ocean litho-
sphere has been subducting beneath Eurasia. While 
ocean subduction continues at present along the Hel-
lenic and Cyprus trenches, complete ocean closure 
north of the Arabian plate occurred ~27 Ma (e.g. 
McQuarrie and van Hindsbergan, 2013). 

 

 
 
Fig. 1. Tectonic overview of the Arabia-Eurasia Collision Zone. Yellow dots are earthquakes from the EHB catalog (Engdahl et al., 
1998) and updates thereof to 2008, plus ISC locations from 2009 onwards. Major plate boundaries are from Bird (2003) 
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Subsequent seismological, geophysical and geo-
logical studies added important refinements to this 
plate tectonic characterization, including the west-
ward “extrusion” of Anatolia accommodated by the 
North and East Anatolian faults (Sengor et al., 
1985), partitioning of crustal deformation in the 
eastern Turkey/Caucasus continental collision zone 
(Jackson, 1992; Allen et al., 2004;Copley and Jack-
son, 2006), the influence of slab detachment on up-
lift and volcanism of the Turkish Iranian Plateau 
(e.g.,Sengor et al., 2004;Barazangi et al., 2006), and 
early subduction of the S Caspian oceanic basin be-
neath the N Caspian Eurasian continental lithosphere 
along the central Caspian Seismic Zone (e.g., Jack-
son et al., 2002). 

The Greater Caucasus Mountains are thought to 
have formed by tectonic inversion of a former back-
arc ocean that opened during north-dipping subduc-
tion of the Neotethys (e.g. Zonenshain and Le Pichon, 
1986; Forte et al., 2012; Alizadeh et al., 2016, 2017; 
Tye et al., 2021, 2022; Kangarli et al., 2018, 2021, 
2022), where the eastern Black Sea, Kur Depression 
in Azerbaijan, and southern Caspian Sea are the re-
maining remnants of the back-arc basin. Both the tim-
ing and spatial evolution of shortening and exhuma-
tion remain uncertain, with preferred estimates of the 
timing being Late Miocene to Early Pliocene (e.g. 
Kopp and Shcherba, 1985; Philip et al., 1989; Vincent 
et al., 2007). Total shortening across the Greater Cau-
casus is also uncertain with estimates ranging from 
150-400 km (e.g. McQuarrie and van Hindbergen, 
2013), and an increase in total shortening from west 
to east (e.g. Kral and Gurbanov, 1996; Avdeev and 
Niemi, 2008; Forte et al., 2012). 

 
2. Tectonics of the Africa–Arabia–Eurasia  
   Plate System and GPS 
During the past ~30 years, the active tectonics 

of theAfrica–Arabia–Eurasia plate system has 
been measured directly by geodetic observations, 
most importantly the GPS (Hager et al., 1991; 
Dixon, 1991). GPS consists of a system of 32 sat-
ellites 20,000 km above the Earth’s surface that 
complete 2 orbits of the Earth each 24 h 
(http://tycho.usno.navy.mil/gpscurr.html). The sa-
tellites are operated by the US Department of De-
fense in cooperation with the Interagency GPS 
Executive Board. Other Global Navigation Satel-
lite Systems (GNSS) have been developed by 
Russia (GLONASS), a European consortium (Gal-
ileo), Japan (QZSS), and China (Beidou), but 
these systems are not used in the results we report. 

There are three components to use the GPS sys-
tem for precise positioning: the satellite constella-
tion, a global network of GPS tracking stations 
(Mueller and Beutler, 1992), and data processing 

involving applying physical models and parameter 
estimation. Most importantly for this chapter, posi-
tions are determined with an accuracy of ~2 mm in 
horizontal coordinates and 3-10 mm in heights by 
recording data over a 24-h period. These precisions 
are possible because of highly accurate timing pro-
vided by atomic clocks on the GPS satellites, precise 
orbital positions for the satellites provided by the 
International GNSS Service (http://igs.org/) (deter-
mined from the global network of observing sta-
tions), and processing software that uses advanced 
mathematical models to account for the Earth’s rota-
tion, solid Earth and ocean tides, and the ionospheric 
and atmospheric delays of the GPS signal, among 
other factors that influence position estimates (e.g., 
Herring et al., 2010). 

 
3. Combined Azerbaijan – US  
    Investigations: A Short Background 
The Geology and Geophysics Institute of the 

Ministry of Science and Education of the Republic 
of Azerbaijan and Republican Seismic Survey Cen-
ter of the Azerbaijan National Academy of Sciences 
and the Department of Earth, Atmospheric, and 
Planetary Sciences at Massachusetts Institute of 
Technology have been using the Global Positioning 
System (GPS) to monitor crustal deformation in the 
territory of Azerbaijan since 1998 (Reilinger et al., 
2006; Kadirov et al., 2008,2009, 2013, 2014,  2015; 
Kadirov and Safarov, 2014; Ahadov and Kadirov, 
2021; Ahadov and Jin, 2017; Ahadov and Jin, 2021; 
Ismail-Zadeh et al., 2020). These studies, coordinat-
ed and integrated with GPS studies in neighboring 
parts of the Arabia–Eurasia collision zone, provide 
new constraints on the fundamental geodynamic 
processes that are actively deforming the collision 
zone (e.g., Reilinger et al., 2006; Kadirov et al., 
2012, 2015; Forte et al., 2012; Eppelbaum and Katz, 
2022; Eppelbaum and Keshin, 2012). These geody-
namic processes produced and maintain the high 
elevation of the Turkish–Iranian Plateau (Fig.1) and 
are the cause of the volcanic and earthquake activi-
ties that characterize this region. 

The question of earthquake hazards has played a 
central role in our research because of the increasing 
vulnerability of the growing population and rapid in-
frastructure development expected maximum magni-
tude, and their likelihood of occurrence. This infor-
mation is necessary in order to take appropriate prepar-
edness and mitigation measures to reduce the risk to 
the population and infrastructure, including the vulner-
able facilities associated with the petroleum industry 
that are critical to the economy of Azerbaijan. 

In this chapter, we use GPS observations to 
constrain Arabia–Eurasia relative plate motions and 
the character of interplate deformations in the Ara-
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bia–Eurasia collision zone. Within this broader con-
text, we focus on earthquake hazards in the Azerbai-
jan Caucasus and SW Caspian Basin. 

 
4. Seismicity of Azerbaijan Territory.  
    A Brief Background 
Territory of Azerbaijan is located within the 

central part of the Mediterranean tectonic belt seis-
micity of which is caused by intensive geodynamic 
interaction of the Eurasian and Arabian lithospheric 
plates (Хаин, 2001; Азизбеков, 1968; Yetirmishli, 
2020). Territory of Azerbaijan is characterized by 
high seismic activity where during historical period 
(registered), strong and catastrophic earthquakes 
with magnitude M ≥ 6 were observed. Azerbaijan 
territory may be subdivided by the level of seismic 
activity and character of space distribution of strong 
and weak earthquakes into the following manner:(1) 
Southern slope of the eastern part of the Greater 
Caucasus, (2) Kur Depression, (3) Talysh Mts., (4) 
Gusar-Shabran depression, (5) Northern slope of 
Lesser Caucasus, (6) Absheron Peninsula and (7) 
Caspian Sea (Telesca et al., 2017). 

The history of seismic studies in Azerbaijan can 
be divided into two main periods: (1) pre-
instrumental (historical)including all the information 
from ancient times reflected in the historical Arab 
chronicles, manuscripts, travel notes of travelers, 
etc., and (2) instrumental (contemporary) period 
which includes information about earthquakes from 
the beginning of the twentieth century (when after 
strong Shamakhi earthquake in 1902, the first seis-
mic station in Azerbaijan “Shamakhi” was founded) 
till the present time. 

Among the strong (historical) earthquakes, we can 
note such events as Azerbaijan earthquake of 427, 
Goygol of 1139,Ganja of 1235, Eastern Caucasian of 
1668, Mashtaga of 1842,numerous Shamakhi events 
(1192, 1667, 1669, 1828, 1859,1868, 1872, 1902), Ar-
debil of 1924, Lankaran of 1913, and Caspian earth-
quakes (957, 1812, 1842, 1852, 1911, 1935,1961, 
1963, 1986, 1989, 2000) triggered earth relief chang-
ing, building destructions, and numerous casualties. 

One of the largest seismic events in Azerbaijan 
in twentieth century was a Shamakhi earthquake on 
February 13, 1902 (lat., 40.7 and long., 48.6; magni-
tude ≈ 7; depth offocus, 15 km; intensity of motions 
in the center, VIII–IX).  

 
5. Role of GPS measurements on  
    seismological studies in Azerbaijan 
GPS observations play an important role in 

studying crustal deformation in the Arabia-Eurasia 
zone of plate interaction, and use these observations 
to constrain broad-scale tectonic processes within 
the collision zone of the Arabian and Eurasian 

plates. Within this plate tectonics context, we exam-
ine deformation of the Caucasus system (Lesser and 
Greater Caucasus and intervening Caucasian Isth-
mus), and show that most crustal shortening in the 
collision zone is accommodated by the Greater Cau-
casus Fold-and-Thrust Belt (GCFTB) along the 
southern edge of the Greater Caucasus Mountains. 
The eastern GCFTB appears to bifurcate west of 
Baku, with one branch following the arcuate geome-
try of the Greater Caucasus, turning towards the 
south and traversing the Neftchala Peninsula. A sec-
ond branch (or branches) may extend directly into 
the Caspian Sea south of Baku, likely connecting to 
the Central Caspian Seismic Zone (CCSZ). Our 
studies indicate that strain is actively accumulating 
on the fault along the ~200 km segment of the fault 
west of Baku (approximately between longitudes 47-
49°E). Parts of this segment of the fault broke in 
major earthquakes historically (1191, 1859, 1902) 
suggesting that significant future earthquakes (M~6-
7) are likely on the central and western segment of 
the fault. We observe a similar deformation pattern 
across the eastern end of the GCFTB along a profile 
crossing the Kur Depression and Greater Caucasus 
Mountains in the vicinity of Baku. Along this east-
ern segment, a branch of the fault changes from a 
NW-SE striking thrust to an ~ N-S oriented strike-
slip fault (or in multiple splays). The similar defor-
mation pattern along the eastern and central GCFTB 
segments raises the possibility that major earth-
quakes may also occur in eastern Azerbaijan. How-
ever, the eastern segment of the GCFTB has no rec-
ord of large historic earthquakes, and is character-
ized by thick, highly saturated and over-pressured 
sediments within the Kur Depression and adjacent 
Caspian Basin that may inhibit elastic strain accu-
mulation in favor of fault creep, and/or distributed 
faulting and folding. Thus, while our analyses sug-
gest that large earthquakes are likely in central and 
western Azerbaijan, it is still uncertain whether sig-
nificant earthquakes are also likely along the eastern 
segment, and on which structure. Ongoing and fu-
ture focused studies of active deformation promise 
to shed further light on the tectonics and earthquake 
hazards in this highly populated and developed part 
of Azerbaijan. 

 
6. Estimating Surface Motions from  
    GPS Observations 
The GPS measurements presented in this paper 

include both continuously recording stations (cGPS) 
that remain in place indefinitely and survey-mode 
(sGPS) observations where the GPS antenna is posi-
tioned temporarily over a survey marker (Fig. 2). 
Over 35 survey mode sites were measured repeated-
ly starting from 1998 to 2022. By repeating the 



F.Kadirov et al. / ANAS Transactions, Earth Sciences  1 / 2024, 28‐43; DOI: 10.33677/ggianas20240100107  

 32 

sGPS measurements episodically, we are able to es-
timate how the position has changed during the ob-
servation period. 

Eight permanent stations were established by the 
Institute of Geology and Geophysics since 2006. In 
2012, Republican Seismological Survey Center of 
Azerbaijan National Academy of Sciences started to 
construct permanent GPS stations, where totally 24 
stations were established. Continuous GPS observa-
tions allow estimation of position on a daily basis or 
more frequently. However, reliable estimates of long-
term, secular site velocities require a minimum of 2.5 
years of observations even for cGPS because annual 

and semiannual systematic errors can bias estimates 
of steady-state motion (Blewitt and Lavellee, 2002). 

While the precision of our site velocities varies 
with observation period, the GPS horizontal veloci-
ties we determine using the GAMIT-GLOBK pro-
cessing software (Herring, 2004; Herring et al., 
2010) have 1-sigma uncertainties in the range of0.2-
0.9 mm/year, with most sites <0.5 mm/year. Because 
deformation rates across the Greater Caucasus 
Mountains vary from 2 to 14 mm/year from north-
west to southeast, these precisions allow us to inves-
tigate details of the mountain building processes and 
associated earthquake hazards. 

 

 
 

Fig. 2. GPS velocities with respect to Eurasia for the eastern AR-EU collision zone. Orange stars shows 1902, M6.9 Shamakhi; 1139, 
M7.3 Ganja; 1988, M6.8 Spitak and 1991, M7.0 Racha earthquake epicenters. Four character codes indicate survey and permanent 
GPS site names. Blue arrows indicate Azerbaijan GPS sites from these study, green arrows – Iranian GPS sites (Raeesi et al.,2017), 
Red arrows – Armenian GPS sites (Karakhanyan et al.,2013), Yellow arrows – Georgian GPS sites (Sokhadze et al., 2018), White 
arrows – Russian GPS sites (Milyukov et al.,2015), Black arrows are velocities from Reilinger et al., 2006. 
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Velocity estimates are determined in a global 
reference frame, that is, with respect to the global 
network of tracking stations. The reference frame is 
determined and maintained (updated) by the Interna-
tional Terrestrial Reference Frame (ITRF2014) Ser-
vice (Altamimi et al., 2016) using well-positioned 
stations, with a long history of well-behaved obser-
vations, located around the globe and accounting for 
motions of the Earth’s tectonic plates. We determine 
site velocities from Altamimi et al. (2016), but we 
present them in a reference frame fixed to the Eura-
sian Plate. It is important to bear in mind that the 
relative motion between measurement sites (i.e., de-
formation or strain rate) is invariant to changes in 
reference frame. 

 
7. Present-Day Arabia–Eurasia  
   Continental Collision 
Fig.2 shows the velocities of GPS sites in the 

zone of interaction of the African, Arabian, and Eur-
asian plates (Reilinger et al., 2006 and updates 
thereof for sites in Azerbaijan). Virtually all major 
active tectonic processes are well resolved and quan-
tified by the GPS observations, including the north-
ward motion and counterclockwise (CCW) rotation 
of the Arabian Plate as a result opening of the Red 
Sea (e.g., ArRajehi et al., 2010), crustal shortening 
of the Zagros fold-and-thrust zone in Iran (e.g., 
Djamour et al., 2010), motion of the African Plate 
with respect to Eurasia (McClusky et al., 2003), and 
the change from NNW motion of Arabia to NNE 
motion of the Caucasus system (Reilinger et al., 
2006; Vernant and Chery, 2006). 

Reilinger et al. (2006) used the GPS velocity 
field to estimate how AR-EU convergence is parti-
tioned between lateral “extrusion” of crustal blocks 
and crustal shortening. They found that a large ma-
jority (~70 %) of the convergence is accommodated 
by lateral transport, and ~15 %by shortening along 
the GCFTB (Greater Caucasus Fold-and-Thrust 
Belt), with the remainder being accommodated by 
other structures or distributed strain. The only slight-
ly thickened crust in the Lesser Caucasus—E Turkey 
Plateau (Gok et al., 2003; Barazangi et al., 2006), in 
spite of 150–400 km of continental convergence 
(McQuarrie and van Hindbergen, 2013) – indicates 
that the geodetic results reflect long-term, tectonic 
deformation processes in the collision zone (i.e., if 
not for lateral transport, the crust would be expected 
to be much thicker). The utility of geodetic studies 
for constraining long-term geodynamic processes 
finds further support from comparison between pre-
sent-day, geodetically derived Arabia–Eurasia con-
vergence rates and longer-term plate convergence 
rates derived from plate tectonic reconstructions 
(e.g., McQuarrie et al., 2003) that indicate that these 

plate motions have been remarkably constant (±10–
15 %) since the onset of continental collision in the 
Early Miocene (e.g., ArRajehi et al., 2010).  

 
Results and discussion 
Unlike previous years, in this study there are 

more permanent GPS station data and accordingly 
moreaccurate GPS observations made along the 
MCT (Reilinger et al., 2006; Kadirov et al., 2008, 
2009, 2013, 2014, 2015; Kadirov and Safarov, 2014; 
Ahadov and Kadirov, 2021; Ahadov and Jin, 2017; 
Ahadov and Jin, 2021; Ismail-Zadeh et al., 2020; 
Yetirmishli et al., 2021, 2022a,b; Kazimov, 2021). 
Therefore it is possible to accurately track how the 
dynamics of the MCT changes from west to the east. 
Fig.3 shows a close-up of the GPS velocity field 
around the Greater and Lesser Caucasus, providing a 
quantitative basis to estimate the locations and slip 
rates and directions on the major structures that ac-
commodate deformation.  

On a broad scale, the GPS velocity field clearly il-
lustrates the NNE motion of Caucasus and adjacent re-
gions with respect to Eurasia south of the MCT (Fig.3).  

The main shortening here in collision zone oc-
curs along the southern boundary of the Greater 
Caucasus near the seismically active Greater Cauca-
sus Fold-and-Thrust Belt (GCFTB). 

This is well illustrated in the series of velocity 
profiles in Figs.4, 5 and 6, which show the rate of mo-
tion versus distance along profiles parallel to (AA/) 
and traversing (B-C) the Caucasus system (profile 
locations on Fig. 3). Fig. 4a shows the component of 
velocity parallel to the direction of the profile; Fig. 4b 
shows the component normal to the direction of the 
profile (i.e. shortening or lengthening). 

The plot in Fig.4b for the profile aligned along 
strike of the Greater Caucasus demonstrates the pro-
gressive increase in convergence rate with Eurasia 
from west to east, from 1-2 mm/yr in Georgia, to 13-
14 mm/yr south of Absheron peninsula. The absence 
of any consistent change in rates in the direction of 
the profile traversing the Lesser Caucasus (i.e., Figs 
5a and 6a) constrains active shortening in the Lesser 
Caucasus to < 2 mm/yr. These observations, and the 
low level of significant seismicity in the Lesser Cau-
casus (Fig. 3; the M6.8, 1988, Spitak, Armenia Earth-
quake being a notable exception), suggest that, within 
the resolution of our GPS observations, the Lesser 
Caucasus behaves like a coherent block rotating in a 
counterclockwise sense with respect to Eurasia, 
around a pole near the eastern end of the Black Sea 
(e.g. Lawrence, 2003; Reilinger et al., 2006; Copley 
and Jackson, 2006). Rotation may be related to the 
closure of an inter-continental back-arc basin separat-
ing the Lesser and Greater Caucasus, with the Cauca-
sian Isthmus (Kur Depression in Azerbaijan) being 
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the last remnants currently undergoing the final stages 
of subduction/closure (e.g. Cowgill et al., 2012). 

However, when looking in more detail, we can 
see that along the MCT, the direction of the GPS 
velocity vectors west and east of the 480E -longitude 
changes from NNW to NNE, respectively. This can 
be explained by the separation of the MCT into a 
segment with more different dynamics near its inter-
section with 480E and/or by the presence of an active 
fault normal to the strike of MCT. 

Along the southern slope of the Greater Cauca-
sus, from west to east highest velocities are observed 
in KATE (5.51 mm/yr), OKUD (6.11 mm/yr), SEKC 
(6.10 mm/yr), YAGB (7.91 mm/yr), QABL (6.83 
mm/yr), KEBE (5.46 mm/yr), ISMA (6.77 mm/yr) 
and IMLG (8.04 mm/yr) stations. The direction of the 
GPS velocity vectors at these points is mainly to the 
NNW, except for ISMA. Starting from GPS station 
MEDR (6.00 mm/yr) eastward from the epicenter of 
historical Shamakhi earthquake to Absheron Peninsu-
la, the values of velocity vectors gradually decrease 
and reach 1.70 mm/yr at station JLVG, while the di-
rections of movement are towards NNE. 

Relatively smaller velocities are observed in the 
stations located on the northern slope of the Greater 
Caucasus and the northern part of the NCF. Thus, the 
earth's crust horizontal rates at QSRG, SAMU, SIYE 
stations are equal to 3.65, 2.19 and 1.71 mm/yr, respec-
tively. Although the direction of motion is NNE at sta-
tion XNQG (4.85 mm/yr), which is located slightly to 
the south, the velocity at station ANIX is 1.90 mm/yr, 
and the direction of motion is SW. Thesmall, but sharp 
difference from the regional crustal motion sense at the 
ANIX station may be a sign of the presence of a local 
active fault perpendicular to the strike of the Great 
Caucasus trust andfold system. This can be observed 
from the topographic structure of the area, as well. 

We can observe how the Earth's crust horizontal 
movement ratesare gradually increase from west to 
east, in the GPS stations located in the northern 
slope of the Lesser Caucasus, the Kura depression 
and the Talish zone. In general, unlike the Greater 
Caucasus,here the velocities are higher. Thus, the 
horizontal crustal movement velocities starting from 
the territory of Georgia in the west, from the station 
QZXG (7.65 mm/yr) located in the territory of 
Azerbaijan increase towards the east, at stations 
BLVR (13.54 mm/yr), ASTA (13.40 mm/yr), and 
LKRG (13.54 mm/yr). In addition, it is observed that 
the Earth's crust movement direction along the Kura 
depression is towards the NNE in all the stations, 
except for the YEVL station, which suggests that the 
Lesser Caucasus, the Kura depression and the 
Talysh zone move as a coherentand single block. 
The same pattern is observed in the neighboring ter-
ritories of Georgia and Armenia. 

We believe that the observed NNW movement 
at the YEVL site is caused by the large number of 
multi-trajectory errors and the higher signal-to-noise 
ratio at this site (due to the presence of tall buildings 
and trees near the antenna). 

In the areas located south of Goycha Lake and 
the Iran-Azerbaijani border, we encounter a more 
complex velocity field, which indicates the existence 
of an active fault system parallel to each other in the 
SE-NW direction, which is also observed in the ter-
ritories of Armenia and Iran in the south, starting 
from the Hekari river valley. 

It can be observed that the crustal movement ve-
locities at the GPS stations located south of the Ab-
sheron Peninsula (starting from SALN)decrease from 
the WCF to the east and, at the same time, the move-
ment directions change from NNE (SALN, KHİD) to 
East (SHİK, SANG, JANG, BAKU, GOBG, QALG, 
GURK, JLVG, PIERCE, NARD) (Figs 3, 6). 

In addition, small azimuth differences are no-
ticeable in the direction of PIRS and NARD GPS 
vectors located in the north of the Absheron Penin-
sula and GOBG, BAKU, QALG, GURK and JLVG 
stations located in the south. This can be explained 
by the dynamics of the fault, which is characterized 
by weak activity passing in the subparallel direction 
from the northern part of the Absheron Peninsula, 
suggesting that significant deformational energy can 
be accumulated here along the boundary. 

We estimate shortening across the eastern seg-
ment of the MCT from the velocity difference be-
tween site KURD in the Kura Depression and 
SAMU on the northernmost site of the Pre-Caspian-
Guba region (Fig. 2). The total velocity difference is 
9 ± 1 mm/yr, corresponding to the rate of shortening 
across the MCT at ~48° E longitude. The total velocity 
difference between SATG in the central Kura Depres-
sion and SIYE on the north of the Absheron peninsula 
is almost 11 ± 1 mm/yr (Fig. 2). In western Azerbaijan 
the rate of crustal shortening derived from QZXG 
and ZKTG GPS site velocity differences is about 
4 ± 1 mm/yr, indicating that the strain accumulation 
rates across the MCT is different from west to east. 

An important note here is the sharp decrease in 
site velocities, and the clockwise rotation, between 
sites located to the west of WCF in Kura Depression 
and Talish region (GOSM, YARD, BILE, SATG, 
SABD) and sites to the east of WCF in Absheron 
Peninsula (SHIK, SANG, GOBG, BAKU and further 
to the east) (Fig. 2). This decrease and difference in 
GPS vector directions indicate high strain accumula-
tion rates ~6 mm/yr south to Absheron Peninsula.  

This is best illustrated by the GPS velocity pro-
files shown in Fig.6a, and b. The location of the pro-
file CC/is shown on Fig. 3. Fig.6a shows the compo-
nent of site velocity parallel to the WCF at this loca-
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tion (rate of right-lateral strike slip), and Fig.6b the 
component of site velocity normal to the WCF (i.e., 
rate of fault-normal motion). Fig.6a indicates11 ± 1 
mm/yr right-lateral strike slip motion across the 
WCF, while Fig.6b indicates 3 ± 1 mm/yr fault-
normal motion along the segment of the MCT/WCF 
south of the Absheron Peninsula. 

As noted earlier, the small difference on crustal 
motions for sites in northern Absheron (PIRS, 
NARD) and those located in southern side indicates 
left lateral, strike slip on the fault, which is probably 
the southern segment of NCT, where it turns to the 
south inland from the Caspian coast line and crosses 
the peninsula from west and continues eastward to 
the Caspian Sea. This geometry for the NCT is 
roughly consistent with some earlier interpretations 
of the regional tectonics (e.g., Philip et al., 1989), 
and indicates that the Baku area is located at a high-
ly complex junction between four fault systems, the 

MCT, the Central Caspian Seismic Zone, the North 
Caspian Fault, and the West Caspian Fault. 

A decrease in the velocity and a significant ac-
cumulation of elastic energy in the southern Ab-
sheron Peninsula is responsible for the activation of 
seismic events and of mud volcanoes in this region. 
The strong earthquake in the Caspian Sea at the end 
of 2000 and its aftershocks probably represent a re-
sponse to the deformational processes which contin-
ue in recent years, and the related stress accumula-
tion at foothills of the Greater Caucasus and the Ab-
sheron Peninsula and middle Caspian regions (Kadi-
rov et al. 2005).  

While the available GPS data provide fundamental-
ly new constraints on fault geometry and rates of strain 
accumulation, spatial densification of the GPS observa-
tions is needed to better resolve localized deformation, 
and consequently the seismic hazard in the eastern Cau-
casus, Kura Depression, and Absheron area. 

 

 
 
Fig. 3. GPS velocities with respect to Eurasia for the eastern AR-EU collision zone. Orange stars shows 1902, M6.9 Shamakhi; 1139, 
M7.3 Ganja; 1988, M6.8 Spitak and 1991, M7.0 Racha earthquake epicenters. Velocity profiles A-C are shown in Fig. 4-6. Locations 
and widths (brackets) of velocity profiles crossing the Kura Basin (A–A/) across strike of the Greater Caucasus (B-B/), and Absheron 
Peninsula (C-C/), respectively. 
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Fig. 4.GPS velocities with respect to Eurasia plotted versus distance along profile A-A/ shown in Fig. 3. The widths ofthe profile is 
indicated by brackets in Fig. 3. (a) The component of motionparallel to the profile, (b) The component of motion normal to the strike 
of the profile. 

  

 
 
Fig. 5. GPS velocities with respect to Eurasia plotted versus distance along profile B-B/ shown in Fig. 3. The widths of the profile is indicated 
by brackets in Fig. 3. (a) The component of motion parallel to the profile, (b) The component of motion normal to the strike of the profile. 
 

 
 
 
Fig. 6. GPS velocities with respect to Eurasia plotted versus distance along profile C-C/ shown in Fig. 3. The widths of the profile are indicated by 
brackets in Fig. 3. (a) The component of motion parallel to the profile, (b) The component of motion normal to the strike of the profile 
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Structures accommodating deformation may 
merge offshore with the thick, folded sediments 
south of the Absheron Peninsula. This offshore 
geometry is supported by GPS velocities in the SW 
corner of the Caspian Basin in Iran (Djamour et al., 
2010) that indicate northerly motion with rates 
similar to those in the adjacent Lesser Caucasus to 
the west. 
 

Conclusions 
Repeated GPS surveys in Azerbaijan and 

more permanent station data for the period 1998 – 
2022 are providing direct observations of present-
day surface motions. They clearly define active 
convergence between the Lesser Caucasus/Kura 
Depression and the Greater Caucasus with strain 
concentrated along the Main Caucasus Thrust 
Fault (MCT). 

On a broad scale, the GPS velocity field clearly 
illustrates the NNE motion of Caucasus and adjacent 
regions with respect to Eurasia south of the MCT.  

Present-day slip rates on the MCT decrease 
from 10 ± 1 mm/yr in eastern Azerbaijan to 4 ± 1 
mm/yr in western Azerbaijan. These new observa-
tions further indicate that the strain accumulation 
rates along MCT gradually changes from west in 
Georgia, to the east of the Absheron Peninsula. 

GPS velocity vectors west and east of the 480E 
suggests that MCT separates into a segments byan 
active fault normal to the strike of MCT character-
ized by different dynamics near its intersection with 
480E. 

It is observed that the earth's crustal movement 
direction along the Kura depression is towards the 
NNE in all the stations, except for the YEVL station, 
which suggests that the Lesser Caucasus, the Kura 
depression and the Talysh zone move as a coher-
entand single block. 

WCF is a predominantly right lateral strike slip 
fault with a slip rate of 11± 1 mm/yr south of the 
Absheron Peninsula.  

GPS-derived motions in the northern slope of 
Greater Caucasus and along the Caspian coast in 
Azerbaijan north of the Absheron Peninsula require 
that thrust faulting along the south-dipping North 
Caucasus. Thrust turns to the south inland of the 
Caspian coast, crosses the peninsula from west and 
continues eastward to the Caspian Sea, presumably 
accommodating left-lateral strike slip motion on this 
segment.  

These interpretations of the GPS velocity field 
place Baku at the junction of four active fault sys-
tems, the MCT, the North and West Caspian faults 

(likely left and right-lateral, strike slip respectively), 
and the Central Caspian Seismic Zone. More fo-
cused geodetic monitoring of surface motions are 
needed in the Absheron region and Kura Depression, 
as well as in the immediate vicinity of other active 
faults and mud volcanoes. 

The geodetic observations presented in this 
study demonstrate that strain is accumulating along 
all segments of the Greater Caucasus Fold-and-
Thrust Belt from the Shamakhi region (~70 km west 
of Baku) to the Azerbaijan-Georgian border.  

Geodetic observations across the Kur Depres-
sion and Absheron Peninsula in the densely populat-
ed and highly developed easternmost part of Azer-
baijan show a similar deformation pattern across the 
GCFTB as the observations crossing the central and 
eastern segments of the fault. While this may indi-
cate active strain accumulation that could generate 
earthquakes, the absence of large historic earth-
quakes, the change in strike of the fault west of Ba-
ku, and the thick highly saturated sediments in the 
eastern Kur Depression and south Caspian Basin 
may preclude large events like those known to occur 
on the fault further east.  

However, given the rapid increase in the popu-
lation and the extensive infrastructural development 
in this part of Azerbaijan, and the likelihood of gain-
ing new insights from additional geodetic observa-
tions and complex fault models, it is essential that 
further studies be focused on the possibility and ef-
fects of damaging earthquakes along the eastern 
segment of the GCFTB. In particular, densifying 
GPS coverage along and across the eastern Cauca-
sus, Kur Basin, and Greater Caucasus, constraining 
the subsurface geometry of the GCFTB and it’s ex-
tension into the Caspian Sea with seismic studies, 
and investigating the historic earthquake record and 
paleoseismic observations to extend the earthquake 
record will provide the constraints needed to clarify 
better earthquake hazards in Azerbaijan. 
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РЕЗУЛЬТАТЫ 25-ЛЕТНЕГО (1998-2022) МОНИТОРИНГА ДЕФОРМАЦИИ ЗЕМНОЙ КОРЫ В АЗЕРБАЙДЖАНЕ 
И НА СОПРЕДЕЛЬНОЙ ТЕРРИТОРИИ С ИСПОЛЬЗОВАНИЕМ GPS 

 
Кадиров F.1, Етирмишли Г.3, Сафаров Р.1, Мамедов С.1, 

Казимов И.3, Флойд М.2, Рейлингер Р.2, Кинг Р.2 
1Министерство науки и образования Азербайджанской Республики, Институт геологии и геофизики, Азербайджан 

AZ1143, Баку, просп. Г.Давида, 119 
2Факультет наук о Земле, атмосфере и планетах, Массачусетский технологический институт 

54-918 Кембридж, Массачусетс, США, Массачусетс авеню, 77 
3Республиканский центр сейсморазведки Национальной академии наук Азербайджана 

Азербайджан, Баку Az 1001, ул. Н.Рафибейли 25 
 

Резюме. Мы представляем GPS-наблюдения за мониторингом деформаций земной коры в Азербайджане и на прилега-
ющей территории, которые проводились с 1998 года. В отличие от наших предыдущих исследований, здесь собрано еще 
больше данных постоянных GPS-станций и съемки, что, соответственно, позволило нам более точно определить динамику 
основных тектонических структур. 

С 2006 года Институтом геологии и геофизики было создано восемь постоянных станций. В 2012 году Республиканский 
центр сейсмологической службы Национальной академии наук Азербайджана приступил к строительству постоянных стан-
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ций GPS, всего было установлено 24 станции. С 1998 по 2022 год неоднократно проводились измерения на более чем 35 
пунктах наблюдения. 

В широком масштабе поле скоростей GPS четко иллюстрирует движение Кавказа и прилегающих регионов в северо–
северо-восточном направлении относительно Евразии к югу от Главного Кавказского надвига (ГКН). Здесь важно отметить 
резкое уменьшение скоростей на пунктах измерения и вращение по часовой стрелке между пунктами, расположенными к 
западу от Западно-Каспийского разлома (ЗКР) в Куринской впадине и Талышском районе, и участками к востоку от ЗКР на 
Абшеронском полуострове. Такое уменьшение и различие в направлениях GPS-векторов указывает на высокие скорости 
накопления деформации – ~6 мм/год к югу от Абшеронского полуострова. Мы полагаем, что значительное накопление 
упругой энергии является одной из основных причин активизации сейсмических событий и грязевых вулканов в этом реги-
оне. Таким образом, пространственное уплотнение GPS- наблюдений необходимо для лучшего разрешения локализованных 
деформаций и, следовательно, сейсмической опасности на Восточном Кавказе, в Куринской впадине и на Абшероне. 

Ключевые слова: Деформация, тектонические структуры, мониторинг, GPS, землетрясение, сейсмическая опасность 
 
 

AZӘRBAYCAN VӘ QONŞU ӘRAZİLӘRDӘ GPS VASİTӘSİLӘ YER QABIĞI DEFORMASİYALARININ  
25 İLLİK (1998-2022) MONİTORİNQİNİN NӘTİCӘLӘRİ 

 
Qәdirov F.1, Yetirmişli Q.3, Sәfәrov R.1, Mәmmәdov S.1, 

Kazımov I.3, Floyd M.2, Reylinger R.2, Kinq R.2 
1Azәrbaycan Respublikasının Elm vә Tәhsil Nazirliyi, Geologiya vә Geofizika Institutu, Azәrbaycan 

AZ1143, Bakı, H.Cavid prosp., 119  
2Yer, atmosfer vә planetlәr elmlәri fakültәsi, Massaçusets Texnologiya Institutu 

54-918, ABŞ, Massaçusets, Kembric, Massaçusets Avenyu, 77  
3Azәrbaycan Milli Elmlәr Akademiyasının Seysmik Kәşfiyyat Mәrkәzi 

AZ1001, Bakı, N.Rәfibәyli küç., 25 
 

Xülasә. 1998-ci ildәn Azәrbaycanda vә ona bitişik әrazilәrdә aparılan yer qabığı deformasiyalarının GPS monitorinq nәticәlәri 
tәqdim edilmişdir. Әvvәlki tәdqiqat işlәrindәn fәrqli olaraq, burada daha çox fasilәsiz işlәyәn GPS stansiyaları vә ölçü mәntәqә 
mәlumatları cәmlәnmişdirki, bu da regionun әsas tektonik strukturlarının dinamikasını daha dәqiq müәyyәn etmәyә imkanvermişdir. 

2006-cı ildәn başlayaraq, Geologiya vә Geofizika İnstitutu tәrәfindәn sәkkiz fasilәsiz işlәyәn stansiya qurulmuşdur. 2012-
ciildәnisә Azәrbaycan Milli Elmlәr Akademiyası nәzrindә Respublika Seysmoloji Xidmәt Mәrkәzi tәrәfindәn GPS stansiyalarının 
qurulmasına başlanmış vә burada ümumilikdә 24 stansiya yaradılmışdır. 1998-ciildәn 2022-ciilә qәdәr 35-dәn çox ölçü mәntәqәsindә 
dәfәlәrlә müşahidәlәr aparılmışdır. 

Böyük miqyasda, GPS sürәt sahәsi Әsas Qafqaz Üstәgәlmә Qırılmasından (MCT) cәnubda  olmaqla Qafqaz vә ona bitişik 
rayonların Avrasiyaya nәzәrәn şimal-şimal-şәrq istiqamәtindә hәrәkәtini aydın şәkildә tәsvir edir. Burada qeyd edilmәli mühüm 
mәqam Kür çökәkliyi vә Talış bölgәsindә Qәrbi Xәzәr qırılmasından (QXQ) qәrbdә yerlәşәn mәntәqәlәrlә QXQ-nin şәrqindә 
Abşeron yarımadasında yerlәşәn mәntәqәlәr arasında sürәtlәrin kәskin azalması vә saat әqrәbi istiqamәtindә fırlanmadır. GPS vektor 
istiqamәtlәrindәki bu azalma vә fәrq Abşeron yarımadasının cәnubunda ~6 mm/il olmaqla deformasiyaların yüksәk sürәtlә 
toplanmasını göstәrir. Belә hesab edirik ki, elastik enerjinin әhәmiyyәtli dәrәcәdә toplanması bu regionda seysmik hadisәlәrin vә 
palçıq vulkanlarının aktivlәşmәsinin sәbәblәrindәndir. Belәliklә, Şәrqi Qafqazda, Kür çökәkliyindә vә Abşeron әrazisindә toplanmış 
deformasiyanı vә nәticәdә seysmik tәhlükәni daha dolğun qiymәtlәndirmәk mәqsәdilә GPS müşahidә mәntәqәlәrinin sıxlığının 
artırılmasına ehtiyac vardır. 

Açar sözlәr: Deformasiya, tektonik strukturlar, monitorinq, GPS, zәlzәlә, seysmik tәhlükә 
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Summary. The paper provides an analysis of the results of isotope-geochemical studies of 
rocks and oils of the Cenozoic-Mesozoic section of the South Caspian Basin (SCB) over the past 
30 years. As a result, the previously established fact of the heavy carbon isotope composition (ICC) 
of organic matter (OM) of Miocene rocks (Diatom Formation), as well as its derivative oils accu-
mulated in the main (Lower Pliocene) reservoir of the SCB, were confirmed. To verify the global
nature of this phenomenon, a comparative analysis of isotope-geochemical data on sedimentary ba-
sins of 18 countries was carried out. A generalized diagram showing the limits of change in the
ICC of kerogen and oils and their average values for various stratigraphic complexes for all con-
sidered basins has been constructed. It has been established that this phenomenon is also character-
istic of other basins of the world. Based on this, a conclusion was made about the global nature of
this phenomenon. The reasons that led to the isotopic shift in the global carbon budget that oc-
curred in the Miocene are not completely understood. The existing ideas about its possible nature
are considered. The results once again confirmed the effectiveness of using δ13C for oil-oil and oil-
source rock correlation in combination with other geochemical criteria. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
The South Caspian basin (SCB) is a large 

tectonic element of the Earth's crust in the central 
segment of the Alpine-Himalayan mobile belt, 
which includes the deepest depression on Earth – the 
South Caspian Depression (SCD). The SCB is char-
acterized by very rapid Pliocene- Quaternary subsid-
ence and sedimentation (1.2-3.0 km/Ma). The sedi-
mentary fill of the SCB reaches a thickness up to 25 
km and is formed by deposits of Middle Jurassic to 
Quaternary age. 

The SCB is among the oldest oil and gas bearing 
provinces in the world. Oil and gas is produced from 
reservoirs over a wide stratigraphic range: from the 
Upper Cretaceous to the Quaternary. The majority of 
commercial oil reserves, however, are located in the 
Lower Pliocene – Productive Series (>75%), with the 
remainder in the Miocene-Paleogene (15%) and the 
Upper Cretaceous (10%) (Feyzullayev et al., 2001). 

Over the past 30 years, a large amount of re-
search has been carried out to study the generation 
potential of the Mesozoic-Cenozoic rocks from 
outcrops and wells, as well as the carbon isotope 
composition (ICC) of reservoir oils. Oil-to-oil and 
source rocks-to-oil correlations based on carbon 
isotopic ratios suggest that the Miocene interval 
(Diatom, Chokrak and Upper Maykop strata) has 
played the principal role in the formation of 
commercial oil accumulations in Lower Pliocene – 
Productive Series (PS) reservoirs (Guliyev et al., 
1997; Feyzullayev et al., 2001; Guliyev et al., 
2001; Feyzullayev, 2019).  

Based on the ICC of organic matter (OM), two 
groups of rocks were clearly identified in the sedi-
mentary section of the SCB: diatoms and pre-
diatoms. OM of diatom rocks, as well as its deriva-
tive oils, is characterized by relatively heavier ICC 
(Fig. 1 and 2). 
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Fig. 1. SCB. Limits of change and average values of δ13C in 
kerogen of roсks of different ages (Feyzullayev et al., 2001) 

 

 
 
Fig. 2. Average values of carbon isotope ratios in the alkane 
fraction of oils from different age reservoirs in the South Caspi-
an Basin (Guliyev et al., 2001) 

 
The source of oils of the main (Lower Pliocene) 

SCB reservoir is mainly the diatomaceous formation 
(Feyzullayev, Aliyeva, 2003) and therefore they are 
also characterized by relatively heavy ICC. 

The Diatom suite belongs to the Middle-Upper 
Miocene stratigraphic interval and includes 4 hori-
zons namely: Konk, Karagan, Sarmat and Meotis. 
This formation is distinguished by a high Total Or-
ganic Carbon (TOC) content (on average 4.35 wt.%) 
with type II-I kerogen (HI up to 770 mg HC/g TOC) 
and a high generation potential (~3 t. HC/m2). 

As the name of the formation suggests, it con-
sists of more than 50% diatom shells and is repre-
sented by loose or cemented siliceous deposits of 

light gray or yellowish color (Diatomite, 1978; 
Zhuze, 1973). 

The diatomite is a porous rock, light-weight, 
siliceous, being a result of accumulation and com-
pactions of diatom remains, clay and silt. The dia-
toms accumulate in areas where the rate of deposi-
tion of diatoms frustule is higher than the deposi-
tion of other sediments (e.g., Berger, 1970; Barron 
1987). Diatomites are of marine, less often fresh-
water (lake) origin and contain 70-98% silica 
(Jordan, Stickley, 2010). 

Diatomites are prolific hydrocarbon source 
rocks in many basins worldwide (Schwartz, 1987; 
Aoyagi, Iijima, 1987; Aoyagi, Omokawa, 1992; Bai-
ley et al., 1996; Bazhenova, 2002; Mayer et al., 
2018; Sachsenhofer et al., 2018; Tulan et al., 2020). 

Examples include the Miocene Monterey For-
mation in California (Isaacs and Rullkötter, 2001). 
Several Miocene diatomaceous deposits are docu-
mented in Central Europe. In the Pannonian Basin 
the Middle Miocene diatom-rich rocks are associat-
ed with volcanic activity (Dill et al., 2008). 

They are distributed mainly in Paleogene-
Neogene and Quaternary geological deposits 
(Tomkeev, 1986). Diatomites acquire a particular-
ly important significance in the Tertiary period; in 
Paleogene diatomites, silica is often replaced by 
pyrite (Maslov, 1974). 

The starting discovery of a similar phenomenon 
(heavy ICC of the Miocene OM and oils) in some 
other sedimentary basins motivated this study (Ken-
nett, 1986; Chung et al., 1992; Magoon et al., 1995;  
Lillis et al., 2001; Younes, 2012; Philip, Jarde, 2015).  

In this regard, the main objective of this study 
was to collect, summarize and compare the ICC of 
kerogen and oils of the Miocene and older rocks/re-
servoirs of various sedimentary basins of the world. 
The main purpose is to test the assumption about 
the global nature of the phenomenon of heavy ICC 
of OM and oils of the Miocene identified in the 
SCB.  

 
Analytical database 
The data on the carbon isotope composition of 

OM (kerogen/extract of rocks) and SCB oils used in 
the paper represent the most complete summary of 
research results over the past 30 years. For a com-
parative analysis with other basins of the world, data 
on Miocene (Diatom Formation) and relatively older 
Oligocene-Lower Miocene (Maykop Series), Eocene 
and Cretaceous sediments were used. The amount of 
this data is reported in Table 1. 

Results from other basins in the world are di-
vided into two groups in Table 2 based on their 
age (Miocene and Pre-Miocene). 
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Table 1 
Number of analyzes IСС of OM and oils in the SСB 

 
Age of oil source and  
reservoir rocks 

Diatom Maykop Eocene Cretaceous 

Analyzed objects OM Oil OM Oil OM Oil OM Oil 
Number of analyses 31 64 52 29 12 28 14 10 

   
Table 2  

Number of analyzes IСС of OM and oils for various basins of the world 
 

Country Basins / Province 
Number of  ICC 

Source Miocene Pre-Miocene 
OM Oil OM Oil 

Azerbaijan South Caspian – Kura basin 31 64 78 57 
Guliyev et. al., 1997;  
Guliyev et al., 2001 

USA 

San Joaquin and Santa Clara basins, 
California; Pismo, Santa Maria and 
Hartford basins; Denver and Powder 
River basins; Gulf of Mexico. 

29 152 57 88 

Clayton et al., 1992;   
Magoon et al., 1995; 
Lillis et al., 2001; Lillis 
and Magoon, 2007; Pe-
ters et al., 2018; An-
drusevich et al., 1998; 
Schouten et al., 1997; 
Johnson, 1998; Spiker et 
al., 1988; Komada et al., 
2005; Froelich, Robin-
son, 1988; 

Russia 

Eastern and Western Siberia basins, 
Yenisei-Khatanga OGR, Sakhalin, 
Kamchatka, Crimea-Caucasus region, 
Caspian depression. 

 28 77 206 

Kontorovich et al., 2011; 
Leushina et al., 2021; 
Afanasenkov et al., 
2019; Oblasovа et al., 
2020; Andrusevich et al., 
1998; Timoshina, 2005 

Canada Saanich Inlet, British Columbia 30    Johnson, 1998 

Norway Wring Plateau, Nothern Sea. 8   11 
Morris, 1976; Andruse-
vich et al., 1998 

Hungary Pannonian basin 20  4  
Körmös et al., 2021;  
Veto et al., 2016 

Poland / 
Ukraine 

Outer and CisCarpathia (Polish-
Ukrainian segment) 

  14 20 
Kotarba, Koltun, 2006; 
Kotarba et al., 2021; 
Wieclaw et al., 2012 

Austria Alpine foreland basin    41 Gratzer et al., 2011 

Lithuania Baltic Syneclise    12 
Zdanaviciute, Bojesen–
Koefoed, 1997 

Kazakhstan Aryskum trough    14 
Golyshev et al., 2020;  
Madisheva, 2020 

Oman Salt basin   40  Grosjean et al., 2009 
Libya East Sirte Basin    16 Aboglila, 2010 

Guinea Niger Delta Basin   12 39 Ogbesejana et al., 2020 

Egypt Gulf of Suez  4   Younes, 2012 
Turkiye Gulf of Edremit, northwestern Anatolia 3    Bozcu,  2015 

India 
Indus Fan (Laxmi basin in the eastern 
Arabian Sea) 

7    
Khim et al., 2020 

Malaysia North Sabah Basin 3    Anuar, 1994 
TOTAL  131 248 282 504  
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The Pre-Miocene data presented in Table 2 co-
vers a wide stratigraphic interval spanning from the 
Oligocene to the Cambrian. These data include the 
results of the determination of the IСС of both kero-
gen/extract and oil as a whole, as well as their satu-
rated and aromatic fractions. 

Data processing and graphical constructions 
were performed using standard computer programs. 

 
Results  
The South Caspian Basin  
The fact of isotope-heavy carbon of OM of Ne-

ogene rocks and oils of the SCB in comparison with 
underlying rocks and reservoirs was first noted in 
previous studies (Guliyev, Feyzullayev, 1996; Guli-
yev et al., 1997), and later in the works (Feyzullayev 
et al., 2001 and Guliyev et al., 2001).  

In order to consider this problem from a global 
scale, the results of a profound analysis of ICC of 
OM and oils in SCB based on the most complete 
summary of data are given below. 

Figure 3 shows histograms of the distribution of 
ICC values of OM and oils of Miocene and pre-
Miocene rocks and reservoirs, according to which an 
isotopic difference between these two age groups is 
obvious with a boundary value of -27.0‰. 

Isotopic differences in OM and oils of the two 
age groups under consideration are clearly reflected 
in the graphs of the relationship between their satu-
rated and aromatic fractions (Fig. 4). 

There is an interesting feature in the change of 
ICC values with depth: the values of oils from Mio-
cene reservoirs shift upward (mainly above a depth 
of 3 km) compared to the ICC of OM of Miocene 
rocks, which is apparently associated with subverti-
cal migration processes (Fig. 5). Due to these pro-
cesses, the oils of the main reservoir of the SCB 
(Productive Series), which have an epigenetic nature 
and are derivatives of predominantly Miocene 
source rocks, have also a heavy carbon isotope (Gu-
liyev et al., 2001). 

 
 

 
 

Fig. 3. Distribution of ICC values of Miocene and Pre-Miocene OM (a) and oils (b) in the SCB 
 
 

 
 

Fig. 4. Graphs showing the relationship between ICC of saturated and aromatic fractions of OM and oils of rocks 
and reservoirs of different stratigraphic age: 1-Miocene; 2-Maykop; 3-Eocene; 3- Cretaceous 
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Fig. 5. SCB. ICC values of OM and oils of different stratigraphic 
units vs. depth: 1-Miocene; 2-Maykop; 3-Eocene; 4-Cretaceouse. 
 

Results for other basins around the world 
Before conducting a comparative analysis for all 

basins of the world as a whole, we will first consider 
the example of basins in America and Russia, for 

which (see Table 2), as well as for the SCB, there is 
a more complete and statistically significant amount 
of information. All charts below were compiled by 
the author of this paper based on the sources listed in 
Table 2. 

 
San Joaquin basin (USA) 
Histograms of ICC values of the saturated and 

aromatic fractions of kerogen in the OM of Mio-
cene and pre-Miocene rocks of the San Joaquin ba-
sin show clear isotopic differences between these 
two age groups (Fig.6). A similar pattern is also ob-
served in the histograms of the ICC values distribu-
tion of the saturated and aromatic fractions of oils 
from the San Joaquin reservoirs (fig. 7). The ICC 
boundary values between Miocene and Pre-Miocene 
reservoirs are: for OM – within -26.0/-25.0‰ and 
for oils – -25.0‰.  

Obvious differentiation in the plots of the rela-
tionship between carbon isotopes of the saturated 
and aromatic fractions of kerogen and oils can also 
be observed in the San Joaquin basin (Fig. 8). 

 

 
 

Fig. 6. Histograms of distribution of  ICC values of the saturated (a) and aromatic  (b) fractions of kerogen in OM of Pre-Miocene (1) 
and Miocene (2) rocks in San Joaquin basin (USA) 

 

 
 
Fig. 7. Histograms of distribution of  ICC values of the saturated (a) and aromatic (b) fractions of oils of Pre-Miocene (1) and Mio-
cene (2) reservoirs in San Joaquin basin (USA) 
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Fig. 8. Graphs of the relationship between ICC of saturated (a) and aromatic (b) fractions of OM and oils of Miocene (1) and Pre-
Miocene (2) rocks and reservoirs in San Joaquin basin (USA) 
 

East Siberian basins 
For this region, a comparative analysis was per-

formed using ICC for both saturated and aromatic 
fractions of oils. According to the histograms, alt-
hough the differences in ICC in fractions of Miocene 
and Pre-Miocene oils is obvious, the boundary val-
ues between these two age groups are less clear, the 
saturated fraction is situated in the range -29.0/ – -
27.0‰, and in the aromatic fraction it lies in the 
range - 28.0/ – -26.0‰ (Fig. 9). An obvious differ-
ence between the two age groups can also be found 
in the graph of the saturated fraction versus the aro-
matic fraction of the oil (Fig. 10). 
Gulf of Suez province 

According to bibliographic sources (Younes, 
2012) a differentiation between oils of Miocene and 
Pre-Miocene reservoirs was also identified in the 
southern Gulf of Suez province (Fig. 11). 
 

Generalization for all considered basins of 
the world  
Based on the data reported in Table 2, a general 

diagram of the limits of change and average values 
for ICC of OM and crude oils along the stratigraphic 
section was compiled (Fig. 12). 

 
Discussion 
The problem of identifying of the source of oil is one 

of the most current in organic geochemistry. The infor-
mative value of stable carbon isotopes in solving this 
problem was indicated in the earliest works of geoche-
mists (for ex., Silverman, Epstein, 1958), which was con-
firmed by the results of numerous subsequent studies. 

The vast majority of geochemists admit that δ13C 
values of oils are useful for determining oil-oil and oil-
source rock correlation and, in conjunction with other 
geochemical properties, can indicate the possible age 
and depositional environment of source rocks. 

 
 

 
 

Fig. 9. Histograms of distribution of ICC values of the saturated (a) and aromatic (b) fractions of  Pre-Miocene and (1) Miocene (2) 
reservoir oils in the East Siberian basins 
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Fig. 10. ICC of saturated vs. aromatic fractions of oils from 
Miocene (1) and Pre-Miocene (2) resevoirs in the East Siberian 
basins 
 

 
 
Fig. 11. Relation between ICC of the satureted and aromatic 
fractions for crude oils from Miocene and Pre-Miocene reser-
voirs in the southern Gulf of Suez province (Younes, 2012) 
 

The similarities or differences in δ13C values of 
OM and their derivative oils observed on a global 
scale are primarily due to the conditions of their 
formation. During certain geological periods, gen-
eral conditions for oil and gas formation existed in 
many regions of the Earth, such as the widespread 
formation of a heavy carbon isotope composition in 
the Miocene. 

Based on the diagram presented in Figure 12, as 
well as the results of numerous independent studies 
of various basins of the world addressing this prob-
lem, we conclude supporting the global nature of the 
phenomenon of heavier carbon in the Miocene. 

The reasons that led to the isotopic shift in the 
global carbon budget that occurred in the Miocene 
are not completely understood. Numerous hypothe-
ses have been proposed for the cause of such carbon 
isotope shift.  

According to one hypothesis, the nature of this 
phenomenon is glacioeustatic lowering of sea level 
(Loutit, Kennett, 1979; Mercer, Sutter, 1982) in the 
latest Miocene, caused by global regression (Ken-
nett, 1986; Adams et al., 1977; Vail, Hardenbol, 
1979). 

Chung et al. (1992) believe that Miocene  oils 
are isotopically heavier because of decreased atmos-
pheric CO2 concentration, which has resulted in de-
creased isotope fractionation by marine plankton 
during photosynthesis.  However, Mejia et al. (2017) 
suppose that the role of atmospheric CO2 in forcing 
Late Miocene climate remains unclear, with some 
proxy records suggesting a sharp decrease in CO2 
associated with decreasing extra-tropical Sea surface 
temperature. Other authors (Pagani et al. 1999; 
LaRivere et al., 2012) instead suggest a decoupling 
of CO2 and global climate during this time interval. 

 
 

Fig. 12. Generalized diagram showing the limits of change in ICC of kerogen and oils and their average values 
for various stratigraphic complexes for all the considered basins (The diagram was compiled by the author of the 
paper based on bibliographic sources given in Table 2) 
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According to another, most followed model, 
the Miocene was a period of progressive climatic 
change, during which the Earth's climate system 
underwent a remarkable cooling associated with 
the expansion of the East Antarctic Ice Sheet. This 
resulted in  a marked increase in δ18O of benthic 
foraminiferal calcite (Zachos et al., 2001; Miller 
et al., 1987; Shackleton, Kennett, 1975). Such a 
climate change may have reduced the amount of 
water vapor held in the atmosphere, thereby lead-
ing to further restrain of moisture source (Li et al., 
2014). Middle Miocene cooling was clearly a pro-
found period of climatic change worldwide 
(Mitchison, 2019). 

 
Conclusion 
Based on the collection, generalization and 

comparative analysis of data gathered from literary 
sources on the carbon isotope of OM and oils from 
various basins of the world, as well as the results of 
own and co-authors researches on the SCB, the fol-
lowing main conclusions can be made: 

– the occurrence of isotope-heavy carbon in 
Miocene OM and oils revealed in the SCB is also 
characteristic for other basins of the world; 

– the global nature of the identified phenome-
non is substantiated; 

– existing hypotheses about the reasons of this 
natural appearance are considered; 

– the results once again confirm that δ13C values 
are useful for oil-oil and oil-source rock correlation 
in conjunction with other geochemical properties;  

–  in petroleum exploration, the diatom-bearing 
sediments can be used as an indicator of the deposi-
tional setting.  
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ТЯЖЕЛЫЙ ИЗОТОПНЫЙ СОСТАВ УГЛЕРОДА ДИАТОМИТОВ И НЕФТЕЙ МИОЦЕНА  
В ЮЖНО-КАСПИЙСКОМ БАССЕЙНЕ КАК ВОЗМОЖНОЕ ГЛОБАЛЬНОЕ ЯВЛЕНИЕ 

 
Фейзуллаев А.А. 1,2 

1 Министерство науки и образования Азербайджанской Республики, Институт геологии и геофизики, Азербайджан 
 AZ1143, Баку, просп. Г.Джавида, 119: fakper@gmail.com 

2 Министерство науки и образования Азербайджанской Республики, Институт нефти и газа, Азербайджан 
AZ 1000, Баку, ул. Ф.Амирова, 9 

 
Резюме. В статье представлен анализ результатов изотопно-геохимических исследований пород и нефтей кайнозойско-

мезозойского разреза Южно-Каспийского бассейна (ЮКБ) за последние 30 лет. Подтвержден ранее установленный факт 
накопления тяжелого изотопного состава углерода (ИСУ) органического вещества (ОВ) миоценовых пород (Диатомовая 
свита), а также его производных нефтей в главном (нижнеплиоценовом) резервуаре ЮКБ. Для проверки глобального харак-
тера этого явления был проведен сравнительный анализ изотопно-геохимических данных по осадочным бассейнам 18 стран. 
Построена обобщенная диаграмма, показывающая пределы изменения ИСУ керогена и нефтей и их средние значения для 
различных стратиграфических комплексов всех рассмотренных бассейнов. Установлено, что это явление свойственно и 
другим бассейнам мира, на основании чего сделан вывод о его глобальном характере. Причины, которые привели к изотоп-
ному сдвигу в глобальном балансе углерода, произошедшему в миоцене, до конца не выяснены. Рассмотрены существую-
щие представления о его возможной природе. Полученные результаты еще раз подтвердили эффективность использования 
геохимического параметра δ13C для корреляции нефть-порода и нефть-нефть в сочетании с другими геохимическими крите-
риями. 

Ключевые слова: изотопный состав углерода, органическое вещество, нефть, осадочные бассейны, миоцен  
 
 

CӘNUBİ XӘZӘR HÖVZӘSİNDӘ MİOSEN DİATOMİTLӘRİNİN VӘ NEFTİNİN AĞIR KARBON  
İZOTOP TӘRKİBİ MÜMKÜN QLOBAL HADİSӘ KİMİ 
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Xülasә. Mәqalәdә Cәnubi Xәzәr hövzәsinin (CXH) kaynozoy-mezozoy kәsilişinin süxur vә neftlәrinin son 30 ildә izotop-geo-

kimyәvi tәdqiqatlarının nәticәlәrinin tәhlili tәqdim olunur. Miosen süxurlarının (Diatom Formasiyası) üzvi maddәlәrinin (ÜM) vә 
onun törәmәsi olan CXH -nin әsas (Aşağı Pliosen) rezervuarında toplanan neftlәrının әvvәllәr müәyyәn edilmiş karbon izotop 
tәrkibinin (CİT) ağır olduğu faktı tәsdiq edilmişdir. Bu hadisәnin qlobal xarakterini yoxlamaq üçün 18 ölkәnin çöküntü hövzәlәrinin 
izotop-geokimyәvi mәlumatlarının müqayisәli tәhlili aparılmışdır. Bütün baxılan hövzәlәrin müxtәlif stratiqrafik komplekslәrә aid 
kerogen vә neftin CİT-nin dәyişmә hüdudlarını vә onların orta qiymәtlәrini göstәrәn ümumilәşdirilmiş diaqram tәrtib edilmişdir. 
Müәyyәn edilmişdir ki, bu hadisә dünyanın digәr hövzәlәri üçün dә xarakterikdir. Bunun әsasında onun qlobal mahiyyәti haqqında 
nәticә çıxarılmışdır. Miosendә baş verәn qlobal karbon balansında izotop dәyişikliyinә sәbәb hәlә tam müәyyәn edilmәmәşdir. Onun 
mümkün mәnşәyi haqqında mövcud fikirlәr nәzәrdәn keçirilir. Alınan nәticәlәr neft-süxur vә neft-neft korrelyasiyası üçün δ13C par-
ametrin, digәr geokimyәvi meyarlarla birlikdә, istifadә sәmәrәliliyi bir daha sübuta gәtirilmişdir. 

Açar sözlәr: karbonun izotop tәrkibi, üzvi maddә, neft, çöküntü hövzәlәri, Miosen 
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Summary. Several of our previous studies substantiated the discovery of the phenomenon of a 
deep mantle structure rotating counterclockwise, influencing tectonics and various geological-
environmental processes in the South Caucasus and the Eastern Mediterranean. This study made it 
possible to estimate the onset of the influence of the deep structure and characterize the structural-
tectonic changes that occurred in different geological eras. The widespread use of paleontological
data has made it possible to classify the migration of organisms from distant provinces and obtain 
data on the formation of basins based on the study of the geodynamics of terrane belts, island arcs,
shear zones, and deep movements determined by the nature of mantle convection. The role of
paleobiogeography, sedimentation tectonics, and paleogeography in assessing autochthonous and 
allochthonous structures is essential to the deep geodynamics of past and present geological eras.
The geodynamic evolution of the Mesozoic Terrane Belt (MTB) located on the Neotethys southern
side (the Gondwana northern part) was investigated. Our comprehensive studies showed the
MTB’s allochthonous nature and confirmed previous data on the terrane nature and the Mesozoic
age of the displaced tectonic blocks. In the Lesser Caucasus, biogeographical and tectonophysical
studies sharply separated the eastern (Azerbaijanian) part of the Lesser Caucasus from the ophiolite
belt in its southwestern continuation. The structural-geodynamic uniqueness of the mixed Late Cre-
taceous fauna of the Garabakh region (western Azerbaijan) has received a comprehensive justifica-
tion. An assessment was made of the beginning of the influence of the mantle structure on near-
surface tectonic-structural elements. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
1. Introduction 
Hallam (1975) was among the first to point out 

an essential relationship between the Jurassic paleo-
biogeographical indicators and geodynamic process-
es. The distribution of Mesozoic Tethys biocenoses 
in connection with changes in biotic and abiotic en-
vironmental factors is a crucial problem. It is being 
developed as a factor in solving practical problems 
of the geological survey (Dixon and Robertson, 
1984; Khain, 1994; Hall et al., 2005; Krasheninni-
kov et al., 2005; Leonov, 2007; Alizadeh et al., 

2016, 2024), as well as theoretical problems of geo-
sciences and issues for monitoring of natural pro-
cesses (e.g., Gamkrelidze, 1986; Khain, 2000; Ben-
Avraham et al., 2002; Golonka, 2004; Zakariadze et 
al., 2007; Şengör, 2009; Le Pichon and Kreemer, 
2010; Eppelbaum and Khesin, 2012; Kadirov et al., 
2013; Faccenna et al., 2014; Kadirov and Gadirov, 
2014; Alizadeh et al., 2016; Said, 2017; Eppelbaum 
et al., 2018, 2023b). 

In this regard, two crucial regions of practical 
importance are distinguished: (1) the Near and Mid-
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dle East and (2) the Transcaucasus. The first marks 
the processes of geological development on the 
southern (Gondwana) side of the Neotethys, and the 
second marks the northern (Eurasian) frame of this 
Mesozoic Ocean. Both mentioned structural-
biogeographic zones form the most constricted part 
of the collisional Alpine-Himalayan Fold Belt 
(AHFB) (Eppelbaum and Katz, 2023) (Fig. 1). It 
successively articulates three structures of different 
ages: (1) the ancient Precambrian Arabian Platform, 
(2) the folded-metamorphic Neoproterozoic belt, and 
(3) the blocky Mesozoic Terrane Belt (MTB). The 
same map illustrates another significant similarity 
between the two marked regions: they are dissected 
by two deep faults (cutting belts of different ages), 
creating their structural-geodynamic contrast. The 
first case is the Eastern Mediterranean-Nubian Fault 
(EMNF), which is seismically active and marked by 
the Meso-Cenozoic traps with the manifestations of 
the alkali-kimberlite mantle intrusions (Eppelbaum 
and Katz, 2012). The second major fault, Main East-
ern European Fault (MEEF), is also seismically and 
tectonic-thermally active. It is significant that it dis-
cordantly cuts the Caucasus in half – into East and 
West. The generalized paleomagnetic data (Ep-
pelbaum et al., 2021) shown in Fig. 1 indicate their 
geodynamic differences: the structures of the West-
ern Caucasus rotate in a counterclockwise direction, 
and those of the Eastern Caucasus rotate clockwise.  

This map indicates that the zone of the cata-
strophic Turkish earthquakes of 06.02.2023 is at the 
boundary between the MTB and AHFB. Besides this, 
a fold-block arc of the MTB deeply advanced to the 
north into the zone of the AHFB (Eppelbaum and 
Katz, 2023). Its distal part is shown with the corre-
sponding designation (Fig. 1). It is significant that in 
the zone of this joint, the width of the Alpine belt of 
the Pontic-Caucasian zone is reduced to a minimum 
(Tye et al., 2022) – of about 500 km. Furthermore, to 
the west, from the Cyprus arc to Eastern Crimea, the 
width of the Alpine belt exceeds 1,200 km. 
 

2. Brief Tectonic-Geophysical Background 
The Easternmost Mediterranean (EMM) is a re-

gion belonging to the transition zone of the most 
prominent tectonic structures of the Earth – Eurasia 
and Gondwana (McKenzie, 1972; Ben-Avraham et 
al., 2002, 2006; Muttoni et al., 2003; Stern and John-
son, 2010). In the Cenozoic, four lithospheric plates 
were formed here: Nubian, Arabian, Aegean-
Anatolian, and Sinai (Ben-Avraham et al., 2006). The 
area is characterized by unique geodynamics, which 
simultaneously expresses the elements of the geody-
namic collision associated with the Tethys Ocean 
evolution (Le Pichon and Kreemer, 2010; Stampfli et 
al., 2013) and the Red Sea rift system’s initial spread-

ing (Bosworth et al., 2005). However, until now, the 
EMM’s paleogeodynamics has not been entirely un-
derstood. The foreland sediments of Northern Arabia 
and Eastern Nubia are tectonically discordantly con-
nected to the allochthonous Mesozoic Terrane Belt, 
which rotated counterclockwise in the direction of the 
Gondwana paleocontinent (Eppelbaum and Katz, 
2015a, 2015b; Eppelbaum et al., 2021).  
 

 
 
Fig. 1. The tectonic-geodynamic scheme of the region under 
study (modified after (Eppelbaum et al. (2021)). 

(1) Archean cratons, (2-4) folded belts: (2) Paleo-Middle-
proterozoic, (3) Neoproterozoic, (4) Late Paleozoic (Hercynian), 
(5) Mesozoic Terrane Belt (MTB), (6) Alpine-Himalayan oro-
genic belt, (7) Cenozoic traps of the African-Arabian rift belt, 
(8) main fault systems, (9) contour of the Kiama paleomagnetic 
hyperzone of inverse polarity (Eppelbaum et al., 2014; Ep-
pelbaum and Katz, 2015b), (10) high magnitude seismogenic 
zone in Eastern Turkey (February 06, 2023), (11) a: rotational 
geodynamic elements derived from paleomagnetic data, b: distal 
part of the MTB. SF, Sinai Fault, DST, Dead Sea Transform, 
MEEF, Main Eastern European Fault, EMNB, Eastern Mediter-
ranean Nubian Belt, OF, Owen Fault, WC, Western Caucasus, 
EC, Eastern Caucasus, EAF, Eastern Anatolian Fault. 

 
Since the processes of plate geodynamics con-

trolled the facies and structures of the habitat zones 
of ancient biocenoses, one should consider the actu-
alistic model shown in Fig. 2. Here, for example, 
three geophysical fields are summarized (in fact, 
there are many more of them (Eppelbaum et al., 
2024)): (1) smoothly averaged magnetic field ΔZ 
recalculated to one common level of 2.5 km over the 
msl, (2) residual gravity field map obtained from the 
satellite gravimetric observations, (3) GPS vector 
distribution from the satellite triangulation data 
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(Mahmoud, 2003; Reilinger et al., 2006; Khaffou et 
al., 2023; Eppelbaum and Katz, 2023). 
 

 
 
Fig. 2. Smoothly averaged magnetic ΔZ map recalculated to one 
common level of 2.5 km over the msl (initial data from 
https://geomag.colorado.edu/magnetic-field-model-mf7.html) for 
African-Arabian region with the main tectonic elements (Ep-
pelbaum et al., 2024), the behavior of the GPS vectors (after 
Mahmoud, 2003; Reilinger et al., 2006; Khaffou et al., 2023) and 
overlaid residual gravity anomaly (Eppelbaum et al. (2021)).  

(1) intraplate faults, (2) interplate faults, (3) GPS vectors, (4) 
residual satellite-gravity field isolines, (5) distal part of the 
Mesozoic Terrane Belt, (6) epicenters of two main catastrophic 
earthquakes in Eastern Turkey (February 06, 2023). 

 
The geophysical map (Fig. 2) goes well with the 

tectonic map (Fig. 1). For explaining the paleogeog-
raphy and biogeography of the geological past, im-
portant not only the structural-facial features of the 
development of ancient biocenoses but also various 
factors of the geodynamics of their formation since 
they reflect different levels of their intensity and 
significance in the migration and ecosystem bio-
sphere process. In this regard, the geodynamic fac-
tors have long been taken into account, which has 
been well developed in the analysis of the relation-
ships between ophiolitic, island-arc, and terrane as-
sociations in the aspect of correlation with the bio-
cenoses of deep- and shallow-water zones (Dixon 
and Robertson, 1984; Katz, 1986; Ben-Avraham and 
Ginzburg, 1990; Lapkin and Katz, 1990; Kazmer, 
1993; Hall et al., 2005; Alizadeh et al., 2016; Ep-
pelbaum et al., 2021). 

In the case of our research, an important role is 
played by the assessment of innovative geophysical 
studies that complement plate geodynamics, in par-
ticular, geoid, rotational, and mantle-convective fac-

tors that determine changes in the abiotic and biotic 
environment (Katz, 1986; Reilinger et al., 2006; 
Kadirov et al., 2012, 2013; Eppelbaum and Katz, 
2021a, 2021b; Eppelbaum et al., 2024). First, we 
must pay attention to the development of a deep 
mantle sub-oval structure in the Arabian-Caucasian 
region, manifested in no less than fifteen anomalous 
geophysical and geological factors (Eppelbaum et 
al., 2024). Examples of the distribution of three 
anomalous fields: GPS vectors, magnetic field, and 
residual gravity field anomalies both in the Eastern 
Mediterranean and the Ponto-Caspian and Caucasus 
are shown in Fig. 2. This geodynamic factor can un-
doubtedly be very significant in assessing complex 
and inexplicable biogeographical phenomena identi-
fied in the Caucasian Mesozoic (Alizadeh, 1972; 
Alizadeh et al., 1983; Abdulkasumzadeh, 1988), 
which was traced based on geological and geophysi-
cal analysis of the formation of water areas and bio-
cenoses of the Akchagylian stage in the Late Ceno-
zoic basins of the Mediterranean and Ponto-Caspian 
Sea (Eppelbaum and Katz, 2021a, 2022, 2024). 

The methodology for the linking between the 
biosphere and anthroposphere processes in connec-
tion with deep geophysical phenomena was devel-
oped using the example of the Akchagylian phe-
nomenon, which manifested itself both in different 
facies basins of the Crimean-Caucasus region and in 
the Middle East – in the Levant and Nubia (Chu-
makov, 1967; Alizadeh et al., 2016; Eppelbaum and 
Katz, 2021a, 2024). Therefore, it is advisable to con-
sider the features of the Mesozoic biogeography 
manifested in the phenomenon of sharp faunal dif-
ferences between the Lesser Caucasus and the Le-
vant in the same tectonic-geodynamic aspect. 

Based on the above, the present study needs to 
pay attention to the Cenozoic stage when the Neo-
tethys Ocean began to shrink under the influence of 
collision phenomena and was divided into two iso-
lated residual basins: the southern Mediterranean 
and the northern Paratethys. The biogeographical 
and tectonophysical processes were in sharp con-
trast and incompatible with the stage of spreading 
geodynamics between Laurasia and Gondwana in 
the Mesozoic era. 

 
3. Analysis of the Geodynamic Movements 

Combined with the Paleontological and Paleobio-
geographical Data 

Tectonic-geodynamic reconstructions of the 
transitional region between Eurasia and Gondwana 
(Scotese, 1991; Stampfli and Kozur, 2006), supple-
mented by paleobiogeographic and geodynamic data 
(Eppelbaum et al., 2024) show that in the Jurassic 
period, there were the most incredible distances bet-
ween these supercontinents. The northern side of the 



L.Eppelbaum et al. / ANAS Transactions, Earth Sciences 1 / 2024, 57‐76; DOI: 10.33677/ggianas20240100109  

 60 

Neotethys adjoined Laurasia, and the southern side 
adjoined Gondwana. These two boundary zones dif-
fered biogeographically (Makridin et al., 1968; 
Hallam, 1975; Hirsch, 1988). 

With the evolution of the Neotehys Ocean, the 
pelagic facies and nektonic organisms reached their 
maximum dominance. However, the ecosystems of 
the Boreal and Ethiopian provinces were located on 
the continental shelf and bordered the vast expanses 
of land in the northern and southern parts of Pangea 
(Fig. 3). At the present stage of the Mesozoic Ocean 
collision, the northern and southern sides of the Neo-
tethys are geodynamic connected to a single struc-
ture associated with the deep mantle uplift. It is 
manifested in the numerous GPS studies in the Cau-
casus and surrounding regions (e.g., Reilinger et al., 
2006; Kadirov et al., 2012, 2013; Eppelbaum et al., 
2021a, 2023b).  

In the Jurassic period, the southern Arabian-
Levantine and northern Crimean-Caucasian sides of 
the Neotethys were at a considerable distance and 
could not be geodynamically connected. The pre-
sent studies tested this indirect conclusion based on 
a comparative paleobiogeographic analysis of the 
Tethyan faunas of the western and eastern (Cauca-
sian) parts of the Neotethys. In Fig. 3, we show the 
development of a specific fauna of the Late Jurassic 
(Kimmeridgian-Tithonian) Pygope brachiopods, 
indicators of the relatively deep-sea Neotethys zone 
(Kazmer, 1993), and widespread throughout the 
western part of this basin from the Rif Mts. to the 
Alpine-Carpathian Basin and Greece (Barczyk, 
1972; Dibni and Middlemiss, 1981; Sandy, 1988, 
1991; Vörös, 1993; Benzaggargh and Atrops, 1997; 
Énay et al., 2005; Bujtor et al., 2020). The signifi-
cant factor is the discovery of this critical Tethys 
biogeographical indicator in the east – in various 
points of the Lesser Caucasus, carried out by Ask-
erov (1965) (see Abdulkasumzade (1988)). Along 
with the Pygope finds, a typically Mediterranean 
complex of the Upper Jurassic brachiopods was 
identified here: Lacunosella, Cheirothyris, Ismenia, 
Goniothyris, Sphaeroidothyris, Ptyctothyris, Au-
lacothyris and some others (Askerov, 1965; Ab-
dulkasumzade, 1988). 

Examining paleobiogeographic data confirms 
the deep structure rotation and its relationship with 
the near-surface structures (Eppelbaum et al., 2024). 
Like the paleomagnetic ones, they show earlier stag-
es of deep structure rotation and its reflection in sur-
face geology. The region under consideration is es-
sential for analyzing the development spreading 
stage (mainly Mesozoic) of the development of the 
Neotethys Ocean and adjacent parts of Gondwana 
and Laurasia. Special attention is drawn to anoma-
lous biogeographic indicators, particularly shell re-

mains of giant Late Jurassic brachiopods Septirhyn-
chia–Somalirhynchia, Late Cretaceous brachiopods 
Praeneothyris and giant shells of Triassic endemic 
myalinid bivalves Ramonalina, (Katz, 1962; Ma-
kridin et al., 1966, 1968; Feldman, 1987; Cooper, 
1989; Yancey et al., 2009; Feldman et al., 2014; Ep-
pelbaum et al., 2024). 

 

 
 
Fig. 3. The schematic Late Jurassic paleobiogeographical map 
of the transitional region of Eurasia and Gondwana with the 
elements of the subsequent Early Cretaceous geodynamics of 
the Mesozoic Terrane Belt. The blue lines show the modern 
boundaries between the seas and land. 

(1) land, (2) continental shields and arcs, (3) oceanic plat-
eaus and rifts, (4) Boreal paleobiogeographic province, (5) Med-
iterranean paleobiogeographic province, (6) Ethiopian paleobio-
geographic province, (7) location points with the Ethiopian bra-
chiopods Septirhynchia-Somalirhynchia, (8) location points with 
the Mediterranean brachiopods Pygope, (9) tectonic lines of 
discordant paleobiogeographic replacements, (10) block of the 
oceanic crust with the Kiama hyperzone, (11) counterclockwise 
rotated tectonic blocks. 

This map was constructed using paleobiogeographic data 
from Arkell (1956), Askerov (1965), Makridin et al., 1968; Bar-
czyk, 1972; Tchoumatcuenko, 1978; Feldman, 1987; Ab-
dulkasumzade, 1988; Hirsch, 1988; Hirsch and Picard, 1988; 
Cooper, 1989; Golonka and Ford, 2000; Hall et al., 2005; Énay 
et al., 2005; Kazmer, 1993; Bujtor et al., 2020; Eppelbaum and 
Katz, 2023) and tectonic-geodynamic data from Scotese (1991), 
Stampfli and Kozur (2006), Eppelbaum et al. (2021), Ep-
pelbaum and Katz (2023). 
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3.1 Late Jurassic paleobiogeographical map 
The biogeographical mapping was based on the 

works of Scotese (1991), Stampfli and Kozur 
(2006), and previous authors’ investigations (Ep-
pelbaum and Katz, 2015b, 2020). In the region under 
study (Arkell, 1956; Makridin and Katz, 1966; 
Feldman, 1987; Hirsch, 1997; Hirsch and Picard, 
1988; Cooper, 1989; Alizadeh et al., 2016), three 
paleobiogeographical provinces were selected (Fig. 
3): Boreal (Eurasian shelf), (2) Mediterranean (Med-
iterranean Basin), and (3) Ethiopian (Arabia – 
Southeastern Africa). 

At the same time, the ecosystems of the Boreal 
and Ethiopian provinces were located on the conti-
nental shelf and bordered by vast expanses of land in 
the northern and southern parts of Pangea. The con-
structed map (Fig. 3) shows the phenomenon (see 
the red arrow rotating counterclockwise) of the geo-
dynamic transfer of tectonic blocks with the remains 
of the Ethiopian fauna from the present position of 
the Persian Gulf to the Levant (up to the Egyptian 
Western Desert). This fact proves the counterclock-
wise movement of the eastern and central parts of 
near-surface projections of the anomalous deep 
structure in the Jurassic and Early Cretaceous. 

All of those mentioned above enabled us first to 
use geophysical and geodynamic characteristics to ex-
plain the uniqueness of the biogeographically anoma-
lous zone of terrane block attachment to the Gondwana 
paleocontinent in the middle of the Early Cretaceous in 
the Levantine phase of tectogenesis (Eppelbaum and 
Katz, 2015b; Eppelbaum et al., 2024). 

These studies are critical in terms of the separa-
tion of Tethys and Ethiopian Late Jurassic basins. 
Their biogeographical contact in the Levant in the 
context of the existence of an extensive barrier of the 
Western Arabian land (Makridin et al., 1968) was 
inexplicable for many decades until the development 
of tectonic-geodynamic studies in the region using 
deep geophysical studies (Ben Avraham and Ginz-
burg, 1990; Ben Avraham et al., 2002, 2006; Ep-
pelbaum and Katz, 2011, 2015b, 2023), when the 
tectonically allochthonous nature of terrane blocks 
with the Ethiopian fauna was proven displaced in a 
counterclockwise rotation direction over a distance 
of more than 1,500 km from the area adjacent to the 
northwestern part of the modern Persian Gulf posi-
tion. Similarly, the Neotethys terrane block of the 
primary oceanic crust, containing the oldest discov-
ered oceanic crust of the Kiama paleomagnetic zone, 
was moved into the Levant (Eppelbaum et al., 2014). 

In the plate-tectonic reconstruction of the Juras-
sic location of the MTB (Fig. 4), the identified theo-
retical data of a biogeographical and structural-
paleogeographical nature are essential as a second-
ary criterion of a qualitative nature. It is significant 

that they are complemented by precise criteria for 
the primary orientation of the terrane blocks and are 
very important for analyzing the relationship of the 
Mesozoic Terrane Belt with the Gondwana foreland 
and the deep-sea basins of the Neotethys Ocean. 

 
3.2 Geodynamics of the Mesozoic Terrane Belt 

in the Jurassic period 
Biogeographical, deep structural-geophysical, 

and geodynamic data are the most critical regional 
aspects in the plate-tectonic position of the terrane 
belts. However, their direct paleotectonic mapping 
requires a criterion for the local relative position and 
orientation of terrane blocks, as shown in mapping 
the Hercynian belt of Avalonia (Cope et al., 1992). 
No less elegant works were performed in the Middle 
East for localization of the Neoproterozoic belt of 
the Arabian-Nubian region (Stern, 1994; Al-
Husseini, 2000; Stern et al., 2004; Johnson and Kat-
tan, 2008) where, in a complex range of the collision 
belt structures, multi-scale, including striped, terrane 
blocks appear. 

We correct their relative position and orienta-
tion in pre-collision plate-tectonic reconstructions 
using three criteria: (1) the sequence of the final col-
lision junction (Eppelbaum and Katz, 2015b), (2) the 
combination and nature of the relationship between 
the zones of syn-sedimentary uplifts and troughs, 
which we developed earlier (Eppelbaum and Katz, 
2011, 2015b), and (3) data paleomagnetic-geo-
dynamic mapping of terrane blocks indicating their 
rotation based on the orientation data of dike swarms 
of different ages (Eppelbaum et Katz, 2015a) and 
consistent reconstruction of the orientations of the 
terrane blocks themselves over time (Eppelbaum and 
Katz, 2022; Eppelbaum et al., 2023a). 

In this work, we study the Middle East – Cauca-
sus geodynamics problem in more detail, using the 
plate tectonic analysis of the terrane block move-
ment, both MTB and the more ancient Tauride Belt 
(Channell et al., 1996; Golonka, 2004; Zakariadze et 
al., 2007), to explain several Mesozoic biogeograph-
ical paradoxes of the Middle East and the Caucasus 
(Alizadeh, 1972; Alizadeh et al., 2016; Eppelbaum 
and Katz, 2020, 2021b). These data are considered 
below. 

In this work, we study the Middle East –
Caucasus geodynamics problem in more detail, us-
ing the plate tectonic analysis of the terrane block 
movement, both MTB and the more ancient Tauride 
Belt (Channell et al., 1996; Golonka, 2004; Zakari-
adze et al., 2007). This analysis explains several 
Mesozoic biogeographical paradoxes of the Middle 
East and the Caucasus (Alizadeh, 1972; Alizadeh et 
al., 2016; Eppelbaum and Katz, 2020, 2021b). These 
data are considered below. 
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Fig. 4. Geodynamics of the Mesozoic Terrane belt (MTB) in the Jurassic period with elements of the Gondwana-Neotethys paleoge-
ography and biogeography. The following primary sources were used for this map development: Arkell, 1956, Dixon and Robertson, 
1984; Feldman, 1987; Cooper, 1989; Al-Husseini, 2000; Dercourt et al., 2000; Hall et al., 2005; Zakariadze et al., 2007; Feldman et 
al., 2014; Eppelbaum and Katz, 2015b; Said, 2017; Eppelbaum and Katz, 2023.  

(1) Gondwanaland and MTB, (2) boreholes and outcrops with the Jurassic sediment thicknesses, (3) boundary of the Gondwana 
and MTB blocks, (4) syn-sedimentary Jurassic faults, (5) outcrops of the Ethiopian fauna Somalirhynchia-Septirhynchia, (6) counter-
clockwise rotating of the MTB concerning to the Jurassic collision system (the Roman numbers designate an order of the conjunction 
with the west Arabian part of Gondwana), (7) postcollisional faults, (8) modern land-sea boundaries.  

ECB, Eratosthenes continental block. Precambrian massifs in the Tauride belt terranes: A – Alanya, С – Central Tauride, K – 
Kirsehir, M – Menderes. 
 

Classic plate tectonic reconstructions are domi-
nated by planetological methods considering the po-
sition of expansion and rotation poles of major tec-
tonic plates and paleomagnetic measurements aimed 
at reconstruction of paleolatitudes and paleolongi-
tudes (e.g., Van der Voo et al., 1991; McElhinny and 
McFadden, 2000; Tauxe, 2002). In addition to men-
tioned, various data from paleogeography, sedimen-
tology, and palinspastic reconstructions are used 
(Khramov et al., 1974; Cope et al., 1992; Dercourt et 
al., 2000; Golonka and Ford, 2000; Stampfli and 
Borel, 2002; Muttoni et al., 2003; Khramov and Iosi-
fidi, 2012; Stampfli et al., 2013; Uzel et al., 2015; 
Eppelbaum and Katz, 2021a, 2024; Le Pichon et al., 
2023). In our case of the extraordinary structural 
complexity of the region under study, we used com-
bined data for tectonic-geodynamic reconstructions 
with the attracting of paleobiogeography, syn-sedi-
mentary tectonics, regional geodynamics, and de-

tailed paleomagnetic mapping (Eppelbaum and 
Katz, 2015b, 2020, 2024; Eppelbaum et al., 2014, 
2021, 2023a). 

According to these studies, the allochthonous 
nature of most parts of the tectonic structures of the 
continental and oceanic crust of the Eastern Mediter-
ranean was proven. An analysis of the relationship 
between the boundary structures of the Gondwana 
continent and the Neotethys Ocean indicates that in 
the Jurassic, the northwestern part of its Arabian 
segment was uplifted relative to the southeastern 
margin adjacent to the modern Persian Gulf (Fig. 4). 
Therefore, during the reconstruction, blocks of the 
Tauride ophiolite belt were placed in the northwest-
ern part of the region. Blocks of the MTB were 
placed in the southwestern part by their syn-
sedimentary and biogeographical sequence, which is 
depicted on the developed map. Paleobiogeographic 
data also confirm this phenomenon. In the Upper 
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Jurassic, in the sections of the Arabian Plate and the 
Negev, Galilee-Lebanon, Anti-Lebanon, and Pal-
myrides terranes, remains of Somalirhynchia-
Septirhynchia of the Ethiopian province are widely 
developed (Fig. 4). 

The most essential element of the reconstruction 
is the location of the MTB directly on the northern 
shore of the Persian Gulf’s current position. Now, it is 
the boundary between the ancient Precambrian Arabi-
an platform and the Zagros terrane. Consensus data 
(Bordenave, 2008) indicate that the Zagros terrane is 
allochthonous (Eppelbaum and Katz, 2017). While 
thick strata of the Jurassic sediments are developed in 
the Persian Gulf region, Jurassic sediments are practi-
cally absent throughout the vast Zagros terrane (Bor-
denave, 2008). Thus, the primary location of the small 
linear MTB terranes looks tectonically correct. Their 
orientation, which differs from the modern one, was 
revealed earlier during paleomagnetic-geodynamic 
mapping (Eppelbaum et al., 2023a), the results of 
which are discussed in Section 3.3. 

Paleo-structurally, analysis of the MTB demon-
strates its connection with the geodynamics of the 
eastern end of the Arabian Gondwana (Eppelbaum 
and Katz, 2017), adjacent to the sharply subsided 
margin of the Mesozoic Neotethys Ocean. An active 
zone of graben-like structures developed here, which 
appeared in the Late Jurassic as favorable oil and gas 
deposits and seals of the world’s largest fields in 
Saudi Arabia, Qatar, and Kuwait (Al-Husseini, 
2000). These submeridional faults continue in the 
terrane belt outside Gondwana, creating an extraor-
dinary contrast of syn-sedimentary uplifts and 
troughs. Moreover, these unusual structures are 
complicated by the mantle alkali-basalt and alkaline 
intrusions – swarms of the Jurassic dikes and stocks 
of different ages (Eppelbaum and Katz, 2015b; Ep-
pelbaum et al., 2023a). 

The unusual, banded junction of terrane blocks 
adjacent to the ancient Precambrian Arabian Plat-
form is because the belt is allochthonous (Ep-
pelbaum and Katz, 2015b) and is composed of the 
relatively young Late Precambrian crust covered by 
the Paleozoic and younger sedimentary rocks and 
trap complexes. The fact that the most minor and 
narrowest blocks, such as the Heletz terrane and the 
Hameishar, Ramon, and Avdat subterranes of the 
Negev terrane, are adjacent to the sharply lowered 
western flank of the Jurassic trough of the eastern 
margin of Gondwana indicates that at that time, the 
axial part of the deep mantle uplift was located here. 
Judging by the sedimentation data (the age of sedi-
mentary rocks of the Gondwana foreland), it was 
formed at the Carboniferous-Permian boundary, and 
at the end of the Jurassic period, it began to rotate in 
a counterclockwise direction. 

3.3 Geodynamic-paleomagnetic map of the 
Makhtesh Ramon area (southern Israel) 

In the process of innovative geoscience map-
ping using remote sensing techniques and compre-
hensive modeling aspects, we are faced with the 
analysis of complex geological structures with the 
need to use well-developed criteria of a multidisci-
plinary methodology, where the numerical data of 
the exact sciences are well-combined with the versa-
tile qualitative data of basic research in the field of 
evolutionary paleontology and careful ecological 
and taxonomic research. The developed geodynam-
ic-paleomagnetic map of the Makhtesh Ramon Can-
yon (southern Israel) is entirely unexpected and in-
dicative (Fig. 5). 

Our comprehensive analysis indicates that the 
Negev terrane (based on the results of paleomag-
netic-geodynamic analysis of the dike complex in 
the Makhtesh Ramon subterrane (Fig. 5B)) has ro-
tated from the mid-Jurassic period in a counter-
clockwise direction by more than 90 degrees com-
pared to its modern orientation (Eppelbaum et al., 
2023a). This process's global character is con-
firmed by Cyprus's counterclockwise rotation in the 
Eastern Mediterranean (Eppelbaum et al., 2024; 
Hepworth et al., 2024).  

 
3.4 Geodynamics of the Mesozoic Terrane Belt 

on the accretion stage 
The developed tectonic-paleobiogeographic 

maps (Figs. 3-5) allow us to construct a geodynam-
ic map of the Mesozoic Terrane Belt (MTB) during 
the accretion stage (Fig. 6). By the middle of the 
Early Cretaceous (at the boundary of the Early and 
Late Hauterivian), during the Levantine phase of 
tectogenesis, the rotating blocks of the MTB were 
attached along a system of transform arcuate faults 
to the western Arabian-Nubian part of Gondwana 
(Eppelbaum and Katz, 2015b). The sequence of the 
discordant junction of the terranes of the MTB with 
Western Gondwana is indicated in Fig. 6. Here, this 
sequence is illustrated both in the structural-
geodynamic and paleobiogeographic terms in the 
form of paleo-faunistic indicators, indicators (inline 
form) belonging to certain biogeographic provinces 
of the Jurassic Sea basins, developed in the zone of 
development of both continental and oceanic crust. 
In this form, we, for the first time, consider togeth-
er the relationship of tectonic and paleobiogeo-
graphic mapping, indicating the movement of ter-
ranes embedded in both continental and oceanic 
crust. By a complex movement in the counter-
clockwise direction along a system of transform 
faults, these terranes formed the complex collision-
al structure of the Eastern Mediterranean. 
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Fig. 5. Geodynamic-paleomagnetic map of the Makhtesh Ramon Canyon (southern Israel) (modified and supplemented after Ep-
pelbaum and Katz, 2015b). A: Geodynamic-paleomagnetic indicators. B: Geodynamic changes of the Makhtesh Ramon subterrane 
displacement in the Middle Mesozoic.  

(1) precollisional-collisional basalt dikes, (2) postcollisional alkali olivine basalt flows and volcanoclastic rocks, (3) 
precollisional association of alkali olivine gabbro, monzogabbro and syenites, (4) postcollisional association of basanites and 
nefelinites, (5) quartzitic hexagonal prisms, (6) faults, (7) hypsometric isolines within the Makhtesh Ramon plateau (1-7 from 
Garfunkel and A. Katz (1967), Zak (1968), Baer and Reshes (1991), Baer (1993), Sneh et al. (1998), Avni (2001), Zilberman and 
Avni (2004a, 2004b); Vapnik et al. (2007), Yudalevich et al. (2014), Eppelbaum and  Y. Katz (2015b), Avni et al. (2016, 2017), Baer 
et al. (2017), Yudalevich and Vapnik (2018), (8) radiometric age of the magmatic rocks (from Lang and Steinitz (1989), Segev 
(2000), Segev et al. (2005)), (9) counterclockwise (a) and clockwise (b) rotation of the linear structures (faults, dykes and volcanic 
ridges), (10)-(11) magmatic rocks with normal (10), and reversal (11) paleomagnetic  polarity (from Ron and Baer (1988), Gvirtzman 
et al. (1996), Baer et al. (1995), (12)-(15) paleomagnetic zonation within the magmatic complexes: (12) Illawarra, (13) Omolon, (14) 
Gissar, (15) Jalal. 

 
Tectonic-geodynamic mapping of the study area 

was expanded to include other stages of develop-
ment for the region under study. First, the connec-
tion between the deep geodynamics and the devel-
opment of its structures, basins, and ecosystems in 
other periods of geological history is fascinating. 

 
3.5 Geodynamics of the Mesozoic Terrane Belt 

in the Triassic period 
For comparison with the Jurassic period of de-

velopment of the MTB’s structures and sedimentary 
basins of the Gondwana foreland, a Triassic plate-
tectonic reconstruction was carried out using a simi-
lar methodology (Fig. 7). According to the data of 
syn-sedimentary paleotectonic analysis (Eppelbaum 
and Katz, 2011; 2015a, 2015b, 2023; Eppelbaum et 
al., 2021, 2023a) and paleomagnetic-geodynamic 
mapping with associated identification of the tecton-
othermal activity cycles, there is an insignificant 
contrast of tectonic-magmatic phenomena in the 

Permian and the Triassic in the Arabian segment of 
Gondwana. In this regard, the conclusion that the 
deep mantle structure, which determined this re-
gion's rich and very complex geodynamics in the 
Late Mesozoic and Cenozoic, was still in its infancy 
looks understandable. The Permian formations in the 
pericratonic depressions of the described part of 
Gondwana and within the MTB were very shallow 
and thin – up to 600-800 m, and igneous formations 
lie at their base and correspond to the Kiama paleo-
magnetic hyperzone. The Permian strata are broken 
through by younger intrusions (Hall et al., 2005). 
The picture for the Triassic is almost similar; how-
ever, during this period, the intensity of the ampli-
tude of the sedimentation tectonics processes in-
creases more than twice compared to the Permian 
stage. Meanwhile, the contrast of troughs and uplifts 
is not comparable to the Jurassic period's tectonics. 
In addition, the intensity of magmatism development 
was almost not manifested. 
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Fig. 6. Geodynamics of the Mesozoic Terrane Belt (MTB) on the accretion stage with the Gondwana-Mediterranean tectonic-
paleobiogeographical elements. The following main sources were used for this map development: Feldman, 1987; Hall et al., 2005; 
Feldman et al., 2014; Eppelbaum and Katz, 2015b, 2023; Eppelbaum et al., 2024. 

(1) Jurassic land, (2) Jurassic aquatics with the continental crust’ structures, (3) Jurassic aquatics in the structures with oceanic 
crust, (4) Mediterranean province, (5) Ethiopian province, (6) outcrops of the Ethiopian fauna Somalirhynchia-Septirhynchia, (7) 
faults, (8) ophiolites, (9) MTB counterclockwise rotating. ESM, Eratosthenes Seamount. 

 
Therefore, when constructing a tectonic map of 

the Triassic period (Fig. 7), we located terrane 
blocks in almost the same places and with the same 
orientation as in the Jurassic period reconstruction. 
The actual data coincided with the mapping data of 
the syn-sedimentary structures of the MTB and the 
Gondwana foreland. It is new that the maximum of 
the belt subsidence (almost up to 2,600 m) is con-
fined to the Galilee-Lebanon terrane near its border 
in the Neotethys oceanic trough. The second element 
is the reconstruction of the proposed axis of for-
mation of the deep mantle structure, which is con-
firmed by the development of ring alkaline intru-
sions (220 and 229 Ma) in the South Eastern Desert 
of Nubia (Said, 2017) and almost coeval magmatic 

manifestations (231 Ma) in the southernmost part of 
the Negev terrane in the Hameishar borehole in the 
boundary zone between the terrane and the Sinai 
uplift of the Neoproterozoic belt (Eppelbaum and 
Katz, 2015b). 

These points of development of Triassic mag-
matism probably mark the formation of a deep man-
tle structure, the presumed axial line of which is de-
picted as a conditional fault with the supposed ap-
pearance of the first hot spots. In biogeographical 
terms, in the Triassic, there was no significant dif-
ferentiation of data on cephalopods and conodonts of 
different parts of the Neotethys are very similar 
(Hirsch, 1997; Le Nindre et al., 2023). Undoubtedly, 
the marine biocenoses of the Neotethys basin con-
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tain a significant number of endemics, among which 
giant shells of myalinid bivalves, assigned to the 
new genus Ramonalina, were described in the Tri-
assic of the Negev terrane in outcrops of the 
Makhtesh Ramon basin (Yancey et al., 2009). Sig-
nificantly, these authors described these large bi-
valves discovered in reef facies; over the past fifteen 
years, their remains have not been found anywhere 
else. 

3.6 Paleobiogeographical map of the Maas-
trichtian basins of the Neotethys Ocean’s western 
part 

Of significant interest in paleobiogeography and 
geodynamics is the analysis of the marginal Neo-
tethys basins in the Late Cretaceous and especially 
at its end – in the Maastrichtian (Fig. 8). At this 
time, the ocean basin of both the North and South 
Atlantic had already opened widely (Zonenshain and 

Savostin, 1979), the Indian Ocean had expanded 
significantly (Ali and Krause, 2011), and the Hindu-
stan platform with a colossal area of Maastricht bas-
alt traps approached the northern side of the Neo-
tethys. The extensive Maastrichtian Neotethys shelf 
was represented by typically Mediterranean biotas, 
among which the most striking indicators were gob-
let-shaped bivalves (rudists) homeomorphic to cor-
als, which only occasionally formed biocenoses in 
the southern margins of the basins of the European 
province. However, its most crucial paleobiogeo-
graphic indicator was the intrashell cephalopods – 
belemnites (Alizadeh, 1972). Through the Turgai 
Strait, there was an exchange between the biotas of 
the European and Boreal-Pacific provinces, which 
was clearly shown based on the distribution of the 
brachiopod fauna (Katz, 1986). 

 

 
 
Fig. 7. Geodynamics of the Mesozoic Terrane Belt (MTB) in the Triassic period with the elements of Gondwana-Neotethys tectonic 
and paleobiogeographical elements. The following main sources were used for this map development: Al-Husseini, 2000; Hall et al., 
2005; Krasheninnikov et al., 2005; Yancey et al., 2009; Eppelbaum and Katz, 2015b; Said, 2017. 

(1) land of the Gondwana and MTB, (2) boreholes and outcrops with thickness of Triassic sediment thicknesses, (3) boundary of 
the Gondwana and MTB blocks, 4(a, b): a: syn-sedimentary Triassic and Jurassic faults, b: postcollisional faults, (5) boreholes and 
outcrops with radiometric dating of the Triassic magmatic rocks, (6) counterclockwise rotating of the MTB concerning to the Jurassic 
– Early Cretaceous collision system (the Roman numbers designate the conjunction order with the western Arabian part of Gondwa-
na), (7) outcrop of the endemic bivalvia Ramonalina in the MTB, (8) modern land-sea boundaries. 

ECB, Eratosthenes continental block. Precambrian massifs in the Tauride belt terranes: A – Alanya, С – Central Tauride, K – 
Kirsehir, M – Menderes. 
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Fig. 8. Paleobiogeographic map of the Maastrichtian basins of 
the Neotethys Ocean’s western part and the adjacent shelf seas 
of Eurasia and Gondwana with the elements of deep geodynam-
ics. The following main sources were used for this map devel-
opment: Tzankov, 1930; Katz, 1962; Makridin and Katz, 1966; 
Zonenshain and Savostin, 1979; Alizadeh et al., 1983; Gasa-
nov, 1986; Nur et al., 1989; Golonka, 2004; Khalafly, 2006; 
Adamia et al., 2011; Ali and Krause, 2011; Alizadeh et al., 
2016; Eppelbaum et al., 2023a. 

(1) land, (2) areas of shelf seas of continental margins and 
intra-oceanic rises, (3) intra-oceanic troughs and rises with the 
oceanic crust, (4) oceanic rift zones, (5-7) paleobiogeographic 
provinces: (5) Mediterranean, (6) European, (7) Boreal, (8) 
boundaries between provinces, (9) outcrops of the giant Tethyan 
brachiopods Praeneothyris spp., (10) directions of migration of 
Praeneothyris within the Neotethys basins, (11) boundaries of 
the outlines of the suboval deep mantle structure, (12) Mt. Car-
mel (northern Israel) geodynamic block in the apical part of the 
deep mantle structure, (13) identified paleomagnetic counter-
clockwise rotation zones of the Levant (Mt. Carmel) and the 
Lesser Caucasus (Garabakh, Azerbaijan) regions, (14) outline of 
the modern boundaries of land and sea and the intracontinental 
margins of discordant zones of continental platforms. 
 

4. Discussion 
The distant migration of paleontological species 

(see previous section) makes us turn to the interac-
tion of biotas emerging in the Cretaceous period in 
the Indian and Southern Oceans with more northern 
biotas of the Mesozoic Neotethys Ocean. Bulgarian 
paleontologists discovered shells of the giant Maas-
trichtian brachiopods (e.g., Tzankov, 1930) on its 
northern side, like modern inhabitants of the south-
ern (Notal) biogeographical province. In South In-
dia, in the same Maastrichtian deposits, paleontolog-
ical forms very similar to them were identified. Spe-
cial studies in Central Asia at the turn of the 50-60s 
revealed the widespread development in this region 
of the described southern migrants from the opening 

Indian Ocean basin, assigned to the new genus 
Praeneothyris (Katz, 1962). However, findings iden-
tified for these southern migrants are extended in a 
submeridional direction from Hindustan to Central 
Asia. A biogeographic hiatus existed between this 
range and a scattered locality in Bulgaria. It was 
filled more than 20 years later (Alizadeh et al., 1983) 
when an extensive complex of organisms was dis-
covered and studied in the Lesser Caucasus, includ-
ing a unique composition of biotas of the Mediterra-
nean, European type (Alizadeh, 1972), along with 
those migrating from the south migrants Praene-
othyris. 

The biogeographical paradox of mixing various 
biotas in the Lesser Caucasus requires an explana-
tion from the standpoint of paleogeography and plate 
geodynamics. First, the Lesser Caucasus is in the 
narrowest place of the collisional Alpine belt be-
tween the Eurasian and Arabian plates, where the 
processes of collision of the Neotethys Ocean are 
most active. In addition, the zone of the oceanic 
trench at the intersection of the end of the Neotethys 
and the Indian Ocean rift comes closest here. The 
third geodynamic factor is the location of the Lesser 
Caucasus near the most active northern end of the 
deep mantle uplift, which rotated counterclockwise. 
The apical part of this uplift was located near the 
modern horst of Mt. Carmel (Israel). A system of 
ring concentric faults complicates the structure of 
the mentioned horst and, according to paleomagnetic 
data (Ron et al., 1984; Nur et al., 1989), rotates in a 
counterclockwise direction. The modern GPS data 
(Reilinger et al., 2006; Le Pichon and Kreemer, 
2010) show that these movements, developed in the 
Aegean-Anatolian lithospheric plate, are geodynam-
ic most intense in the northern zone. 

Paleomagnetic data for the Upper Cretaceous of 
the Azerbaijani part of the Lesser Caucasus (e.g., 
Khalafly, 2006) indicate that this area experienced 
counterclockwise rotation, which contributed to the 
further migration of ecosystems and biocenoses of 
the Lesser Caucasus to the west. The mixed nature 
of the Maastrichtian biotas of the Lesser Caucasus is 
because to the east of it, like the modern geodynam-
ic situation (based on analysis of GPS data (e.g., 
Reilinger et al., 2006; Kadirov et al., 2013)) in the 
meridional zone between the Pontus and the Caspi-
an, there is a divergence in rotation directions (Ep-
pelbaum et al., 2021, 2024). A similar picture is ob-
served in the Maastrichtian age when the belemnites 
and brachiopod fauna moved from the nearest basins 
of the European province of Transcaucasia to the 
Mediterranean Basin of the Lesser Caucasus. At the 
same time, the Indian Ocean brachiopods Prene-
othyris at the larval stage experience migration di-
verging near the marginal part of the projection of 
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the deep mantle structure slope both counterclock-
wise and clockwise (Fig. 8). 

This study attempts to explain the paleobioge-
ography of the Mesozoic Neotethys Ocean based on 
a combination of methods of structural-geological 
analysis and geophysical surveys using data from 
satellite technologies and advanced modeling. Based 
on the synthesis of paleobiogeography and tectono-
physical studies, we have proposed a new methodol-
ogy for complex dynamic cartography. It significant-
ly expands the boundaries of the previous plate tec-
tonics and allows us to identify new branches of ge-
odynamics. This is primarily: (1) analysis of tec-
tonothermal processes in the zone of development of 
local deep mantle structures, (2) geodynamics of 
surface (crustal and crust-mantle) terrane belts, oph-
iolite plates, mantle diapirs, and trap complexes, (3) 
geodynamics of shear zones, transform rotation 
structures and ring tectonic-magmatic structures. In 
addition, it is planned to develop new methods of 
paleomagnetic mapping using palinspastic recon-
structions, cyclic analysis of trap complexes and fa-
cies heterogeneities determined by deep geodynam-
ics and the completeness of the section of sedimen-
tary strata as elements of hydrosphere disturbances. 

In our work, we showed the relationship be-
tween the biogeographical phenomena of the Neo-
tethys Ocean ecosystems and its geodynamic evolu-
tion – from initial spreading to the widespread de-
velopment of collision processes towards the end of 
the Mesozoic era (Gasanov, 1986; Adamia et al., 
2011). These relationships, along with other factors, 
made it possible to explain the phenomenon of bio-
geographical heterogeneity of the Maastrichtian fau-
nas of the Garabakh region (western Azerbaijan), 
where associations of three paleobiogeographical 
provinces were paradoxically combined: Mediterra-
nean, European, and Indian. Tectono-geodynamic 
mapping made it possible to elucidate the evolution 
of the deep mantle structure for the first time. The 
biogeographical allochthonous nature of the Meso-
zoic Terrane Belt, containing the Somalirhynchia-
Septirhynchia fauna and the Levantine oceanic ter-
rane, including the Kiama and Illawarra-Gissar pale-
omagnetic zones, was finally proven. 

However, the most important conclusion is the 
significant paleobiogeographic differentiation of the 

Jurassic and Cretaceous ecosystems of the northern 
and southern sides of the Neotethys (see Figs. 3, 4, 
and 8), which allows us to draw a meaningful con-
clusion about the time when the influence of the 
deep structure on the near-surface blocks of the 
Earth's crust began. According to our estimates, this 
time can be 160-180 Ma. 

 
Conclusions 
The most significant research results boil down 

to the following conclusions. 
(1) A new methodology for combined dynamic 

cartography is proposed based on synthesizing tec-
tonic-geodynamic characteristics with paleomagnet-
ic mapping, palinspastic reconstructions, and consol-
idated structural analysis. 

(2) The age of activation of the influence of the 
deep mantle structure on the near-surface (surface) 
tectonic-structural elements of the studied region 
was estimated. 

(3) The connection between the biogeographical 
phenomena of the Neotethys Ocean ecosystems and 
its geodynamic evolution is shown, starting from ini-
tial spreading to the widespread development of colli-
sion processes towards the end of the Mesozoic era. 

(4) The biogeographical heterogeneity of the 
Maastrichtian faunas of the Garabakh region of 
Azerbaijan is explained. 
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С ГЛУБИННЫМИ ГЕОДИНАМИЧЕСКИМИ ПРОЦЕССАМИ 
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Резюме. В ряде наших предыдущих исследований (Eppelbaum et al., 2021, 2023b, 2024) было обосновано открытие фе-
номена глубинной мантийной структуры, вращающейся против часовой стрелки, очевидно, влияющей на тектонику и раз-
личные геолого-экологические процессы на Южном Кавказе и в Восточном Средиземноморье. Данное исследование позво-
лило оценить время начала влияния глубинной структуры и охарактеризовать структурно-тектонические изменения, про-
изошедшие в разные геологические эпохи. Широкое использование палеонтологических данных дало возможность класси-
фицировать миграцию организмов из отдалённых провинций и получить данные о формировании бассейнов, основанные на 
изучении геодинамики террейновых поясов, островных дуг, сдвиговых зон и глубинных подвижек, обусловленных характе-
ром мантийной конвекции и топологии глубокой мантии. Показана роль палеобиогеографии и конседиментационной текто-
ники и палеогеографии в оценке автохтонных и аллохтонных структур как необходимого дополнения в тектонике плит 
прошлых геологических эпох и современности. Исследована геодинамическая эволюция Мезозойского террейного пояса 
(МТБ), расположенного в южном регионе Неотетиса (северная часть Гондваны). Наши комплексные исследования показали 
аллохтонную природу МТБ и подтвердили ранее полученные данные о террейновой природе и мезозойском возрасте пере-
мещенных тектонических блоков. На Малом Кавказе биогеографические и тектонофизические исследования резко отделили 
восточную (азербайджанскую) часть Малого Кавказа от офиолитового пояса в его юго-западном продолжении. Структурно-
геодинамическое своеобразие смешанной позднемеловой фауны Гарабахского региона (Западный Азербайджан) получило 
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всестороннее обоснование. Наконец, была произведена оценка начала влияния мантийного структуры на приповерхностные 
тектоно-структурные элементы. 

Ключевые слова: геодинамика, глубинная вращающаяся структура, палеобиогеографические карты, тектонофизиче-
ская интерпретация, океан Неотетис 
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Xülasә. Bir sıra әvvәlki tәdqiqatlarımızda Cәnubi Qafqazda vә Şәrqi Aralıq dәnizindә aydın şәkildә tektonikaya vә müxtәlif geo-

loji vә ekoloji proseslәrә tәsir edәn, saat әqrәbinin әksi istiqamәtindә fırlanan dәrin mantiya strukturu fenomeninin kәşfi әsaslandı-
rılmışdır (Eppelbaum et al., 2021, 2023b, 2024). Bu tәdqiqat dәrin strukturun tәsirinin başlanğıcını qiymәtlәndirmәyә vә müxtәlif 
geoloji dövrlәrdә baş verәn struktur vә tektonik dәyişikliklәri xarakterizә etmәyә imkan verәcәkdir. Paleontoloji mәlumatların geniş 
istifadәsi orqanizmlәrin uzaq әyalәtlәrdәn miqrasiyasını tәsnif etmәyә vә müәyyәn edilmiş әrazi qurşaqlarının, mantiya konvek-
siyasının tәbiәti vә dәrin mantiyanın topologiyasına  әsaslanan ada qövslәrinin, sürüşmә zonalarının vә dәrin qatlarda hәrәkәtlәrin 
geodinamikasının öyrәnilmәsi әsasında hövzәlәrin әmәlә gәlmәsinә dair mәlumatlar әldә etmәyә imkan vermişdir. Avtoxton vә 
alloxton strukturların qiymәtlәndirilmәsindә paleobiocoğrafiya vә konsedimentasiya tektonikasının vә paleocoğrafiyanın rolu keçmiş 
geoloji dövrlәrin vә indiki dövrün plitә tektonikasına zәruri әlavә kimi göstәrilir. Tәdqiqatlarımızdan әvvәl, Şәrqi Aralıq dәnizindә 
Qondvananın kәnarlarının riftoqenezi vә Ölü dәniz qırılması boyunca yeni transform yerdәyişmәlәri ilә әlaqәli avtoxton Kaynozoy 
Suriya Tağı müәyyәn edilmişdi. Bizim hәrtәrәfli tәdqiqatlarımız bu strukturun alloxton xarakterini göstәrmış vә yerdәyişmiş tektonik 
blokların terreyn xarakterini vә mezozoy yaşı haqqında әvvәlki mәlumatları tәsdiqlәmışdır. Eynilә, Kiçik Qafqazda biocoğrafi vә 
tektonogeofiziki tәdqiqatlar  göstәrmişdir ki, Kiçik Qafqazın şәrq (Azәrbaycan) hissәsi onun cәnub-qәrb sәrhәdindәki ofiolit 
qurşağından kәskin şәkildә ayrılmışdır. Azәrbaycanın Qarabağ bölgәsinin qarışıq son tәbaşir faunasının struktur vә geodinamik 
unikallığı hәrtәrәfli әsaslandırılmış vә tәsdiqlәnmişdir. Nәhayәt, ilk dәfә olaraq mantiya strukturunun sәthә yaxın tektono-struktur 
elementlәrә tәsirinin başlanğıcı ilә bağlı qiymәtlәndirmә aparılmışdır. 

Açar sözlәr: geodinamika, dәrin fırlanan struktur, paleobiocoğrafi xәritәlәr, tektonofizik şәrh, Neo-Tetis okeanı 
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Summary. To assess the generation potential of oil and gas source strata of the South Caspian
Basin (SCB) of the Cenozoic age, pyrolytic studies were carried out using the Rock-Eval-6 pyrolysis 
method from VINCI Technologies. In the SCB with a complex geological structure and geodynamic 
development, there are very difficult conditions for the development and distribution of generation-
accumulation hydrocarbon systems. During the evolution of the basin, unique conditions were created
for the formation of hydrocarbon systems that differed significantly from the classical ones. The paper
examines the rates of sedimentation and subsidence, as well as the regional geo-temperature back-
ground influencing the catagenetic evolution of organic matter. In the SCB there is a unique natural
phenomenon – the Miocene-Pliocene generation-migration-accumulation hydrocarbon megasystem
with a reservoir in the productive strata (PS), the oil and gas content of which is formed due to the
migration of hydrocarbons from several oil and gas source strata – mainly from the Oligocene-
Miocene (Maykop) and Miocene (Tarkhan Chokrakian and diatom) age, partly from the Eocene and 
the PS (Productive Series) itself, mainly its lower section, both according to classical migration pat-
terns and according to systems of mud volcanoes, widespread in the SCB. Along with the above
megasystem, shale hydrocarbon systems were formed within the SCB: diatomaceous shale hydrocar-
bon system, Oligocene-Miocene shale hydrocarbon system and Eocene shale hydrocarbon system,
which are combined unconventional oil and gas systems with hydrocarbons, partially emigrated from
oil and gas source strata and partially preserved (not displaced). 
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Введение 
Южно-Каспийский бассейн (ЮКБ) является 

геологическим феноменом, не имеющим аналога 
в мире. Осадочное выполнение бассейна толщи-
ной более 20 км представлено широким страти-
графическим диапазоном отложений от аален-
ского яруса средней юры до голоцена включи-
тельно. Уникальная 7-километровая терригенная 
продуктивная толща (ПТ) содержит более 95% 
всех известных запасов нефти и газа Азербай-
джана. В ЮКБ со сложным геологическим стро-
ением и геодинамическим развитием созданы 
весьма своеобразные условия для развития и 
распространения генерационно-аккумуляцион-
ных углеводородных систем (ГАУС), отличаю-
щихся от классических (Алиева и др., 2015; Ба-
гир-Заде и др., 1988). 

В последнее время нефтегазоматеринские 
породы все чаще рассматриваются в качестве 
объекта непосредственной добычи углеводоро-
дов. На основании исследований последних лет 
можно сделать вывод, что нефтегазоматеринские 
толщи (НГМТ) являются не только источником 
генерации, но также и местом их скоплений 
(Глумов и др., 2004; Джафаров и др., 2005; Мех-
тиев, 1985; Керимов и др., 1990, 2014). 

В статье приведена характеристика НГМТ и 
рассмотрены особенности углеводородных си-

стем ЮКБ на основе результатов геохимических 
исследований преимущественно образцов пород 
из обнажений и кернового материала из скважин, 
выбросов грязевых вулканов (рис. 1) и нефти из 
месторождений ЮКБ, а также ранее проведен-
ных исследований, изложенных в ряде публика-
ций (Дахнова и др., 2015;Лебедев и др., 2016; 
Inan et al, 1997; Katz et al., 2005; Керимов и др., 
2017; Guliev et al., 2018; Dolson, 2016; Mustaev et 
al., 2023). 

 
Методика исследований 
Для оценки генерационного потенциала 

НГМТ кайнозойского возраста ЮКБ были про-
ведены пиролитические исследования методом 
пиролиза Rock-Eval-6 компании VINCI Techno-
logies. Данный метод прямого определения угле-
водородного потенциала пород и органического 
вещества (ОВ) позволяет выявить спектр пара-
метров, отражающих качественные и количе-
ственные характеристики ОВ пород, в том числе: 
содержание органического углерода (ТОС), реа-
лизованный S1 и остаточный S2 генерационный 
потенциал породы, кислородный (OI) и водород-
ный (HI) индексы, температуру максимального 
выхода углеводородов при пиролизе керогена 
Тmax, индекс продуктивности (PI) и др. 

 

 
 

Рис. 1. Карта местоположения исследуемых грязевых вулканов и обнажений 
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Результаты исследований 
Результаты пиролитических исследований 

интерпретировались по пяти комплексам отложе-
ний: продуктивной толще, диатомовой свите, тар-
хан-чокракским отложениям, майкопской серии и 
палеоцен-эоценовому комплексу (рис. 2-4). Ре-
зультаты проведенных исследований позволили 
дать характеристику нефтегазоматеринских оса-
дочных комплексов кайнозойского возраста (таб-
лица) и выявить их генерационные особенности. 

Нижнеплиоценовые отложения (ПТ). В 
образцах пород из обнажений преобладает керо-
ген II и III типов, а в образцах пород из скважин 
преобладает кероген III типа, которые обладают 
диапазоном значений по углеводородно-генера-
ционному потенциалу от низкого до высокого. 
Отличительной чертой геотемпературного ре-
жима ЮКБ является весьма низкая прогре-тость 
плиоценовых и четвертичных отложений, в связи 
с чем степень катагенетической преобразованно-
сти ОВ в них достаточно низкая. Однако часть 
полученных значений Tmax из подошвенных свит 
находится в пределах 420-437°C. По всему бас-
сейну температура на срезе (–5 км) не превышает 
110С, что можно соотнести к началу углеводо-
родообразования – градации катагенеза ПК3 (75-
90С) – МК1 (95-120С). В целом на стадии ПК3 

кероген II типа еще не созрел для интенсивной 
генерации углеводородов, однако это еще не 
означает, что в зоне позднего протокатагенеза 
(ПК3) не возникают условия для генерации так 
называемой незрелой нефти. На этой стадии 
начинается перестройка керогена, происходят 
процессы, такие как сокращение доли кислорода в 
керогене, удаление из него групп С=С, разрыв 
гетероатомных связей наиболее неустойчивых 
карбонильных и карбоксильных групп. Пере-
стройка структуры керогена сопровождается об-
разованием в небольших объемах низкотемпера-
турного сухого биогенного метана (СН4), СО2, N2. 

Миоценовые отложения. Нефтематерин-
скими свойствами в этом интервале обладают ди-
атомовая свита и тархан-чокракские отложения. 
Согласно модифицированной диаграмме Ван 
Кревелена, кероген в миоценовом комплексе – III 
типа и в меньшей степени – II типа. Как водород-
ный, так и кислородный индексы демонстрируют 
широкую вариабельность. Рассматриваемые об-
разцы обладают широким диапазоном значений 
по углеводородно-генерационному потенциалу от 
удовлетворительного до превосходного. 

Диатомовая свита. Часть образцов попадает в 
раннюю стадию углеводородообразования – гра-
дации катагенеза ПК3– МК1. В свою очередь, Tmax 
для некоторых образцов достигает 440-458°C и 
более. По расчетам авторов, в миоценовых отло-

жениях наиболее глубокой центральной части бас-
сейна рассчитанные значения температуры дости-
гают 170С, что соответствует градации МК1– 
МК3, в зоне которой интенсивно протекают терми-
ческие и термокаталитические процессы преобра-
зования и происходит принципиальная перестрой-
ка молекулярной структуры керогена, а также с 
максимальной активностью происходит генерация 
углеводородов, в том числе и легких (до 4%). В 
целом в диатомовых отложениях процесс генера-
ции углеводородов продолжается и в настоящее 
время, однако в очагах нефтегазообразования сте-
пень генерации может достигать критического мо-
мента, о чем свидетельствуют повышенные содер-
жания S1 в определенной части образцов. Это так-
же подтверждается результатами моделирования 
процесса генерации углеводородов (рис.5). В связи 
с этим диатомовая свита может рассматриваться в 
качестве одного из основных нефтегазогенериру-
ющих комплексов в ЮКБ. 

Тархан-чокракские отложения. В образцах по-
род преобладает кероген II и III типов. Кислород-
ный индекс имеет широкую вариативность (от 20 
до 200 мг CO2/ г TOC). Часть значений Tmax нахо-
дится в пределах 420-437°C, что традиционно со-
относят с началом углеводородообразования – гра-
дации катагенеза ПК3– МК1, а низкие значения Тmax 
подчеркивают миграционную природу битумоида.  

Олигоцен – нижний миоцен (майкопская 
серия) характеризуется широким диапазоном зна-
чений по углеводородно-генерационному потен-
циалу от удовлетворительного до превосходного. 
В образцах выделяется равное количество значе-
ний керогена III и II типа. Часть полученных зна-
чений Tmax лежит в пределах от 420-445°C, а рас-
считанные значения температуры составляют 171-
200С и соответствуют градации катагенеза МК3-
МК4. Следовательно, отложения майкопского 
возраста находятся в интервалах глубин, находя-
щихся в зоне нефтяного окна (oil window), в кото-
рой происходит генерация углеводородов с мак-
симальной активностью, в том числе и легких (до 
4%). В групповом составе преобладают метано-
вые углеводороды (приблизительно до 54%), сре-
ди которых порядка 30% нормального строения и 
около 24% – изостроения. Результаты исследова-
ний свидетельствуют о повышенном содержании 
S1 (появление паравтохтонных битумоидов) в ря-
де образцов. С переходом в зону МК4 майкопские 
отложения в главной зоне газообразования начи-
нают генерировать газообразные углеводороды. 
Результаты моделирования процесса генерации 
углеводородов в отложениях майкопской серии 
показывают, что в большей части бассейна сте-
пень генерации может достигать пика и стадии 
завершения углеводородообразования (см. рис. 5).  
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Отложения майкопской серии отличаются вы-
соким содержанием Сорг, достигающим 15.1% при 
среднем содержании 1.86%. Качество и содержа-
ние ОВ майкопских отложений улучшаются в во-
сточном направлении в сторону Каспийского моря.  

Палеоцен-эоценовый комплекс отложений. 
Эоценовые отложения характеризуются широким 
диапазоном значений по углеводородно-генера-
ционному потенциалу от низкого до превосходно-
го. В образцах преобладает кероген III типа. Ре-
зультаты исследований показывают, что рассчи-
танные значения температуры составляют 210С 
и более, а образцы эоценовых отложений соответ-

ствуют градации катагенеза МК4 – МК5 – АК1 и 
входят в главную зону газообразования. Содер-
жание углерода в керогене достигает 85-86%, что 
свидетельствует об «уплотнении» углеродной 
структуры, связанной с потерей гетероэлементов 
и в особенности – водорода, содержание которого 
менее 2%. Удаление водорода происходит за счет 
интенсивной генерации газообразных углеводо-
родов. На этом этапе происходит резкое снижение 
объемов генерации углеводородов, в том числе и 
метана, что подтверждается также результатами 
моделирования процесса генерации углеводоро-
дов в эоценовых отложениях (см. рис. 5). 

 

а б 

в г 

д е 

 
ж з 

Рис. 2. Модифицированные диаграммы Ван Кревелена, отражающие зависимость водородного индекса HI от максимальной 
температуры пиролиза Tmax: а – для образцов продуктивной толщи из обнажений; б – образцов диатомовой свиты; в –
тархан-чокракских отложений; г – майкопских отложений; д – палеоцен-эоценовых отложений; е – образцов продуктивной 
толщи из скважин; ж – образцов миоценового комплекса из скважин; з – юрских и меловых образцов 

а б 
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Рис. 3. Диаграммы соотношения максимальной температуры пиролиза Tmax и индекса продуктивности PI: а – для образцов 
продуктивной толщи из обнажений; б – образцов диатомовой свиты; в – тархан-чокракских отложений; г – майкопских 
отложений; д – палеоцен-эоценовых отложений; е – образцов продуктивной толщи из скважин; ж – образцов миоценового 
комплекса из скважин; з – юрских и меловых образцов 

 
а б 
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Рис. 4. Диаграммы соотношения генерационного потенциала материнской породы и общего содержания органического 
углерода Сорг: а – для образцов продуктивной толщи из обнажений; б – образцов диатомовой свиты; в – тархан-чокракских 
отложений; г – майкопских отложений; д – палеоцен-эоценовых отложений; е – образцов продуктивной толщи из скважин; 
ж – образцов миоценового комплекса из скважин; з – юрских и меловых образцов 
 

К настоящему времени 
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К концу апшеронского времени  

 
К концу формирования ПТ 

 
К концу миоцена 

 
К концу майкопа 

 

 
 
Рис. 5. Трехмерные модели генерации УВ (катагенетической эволюции) основных нефтегазоматеринских толщ кайнозой-
ского комплекса - эоцена, майкопа и диатома ЮК 

 Таблица 1 
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Характеристика нефтегазоматеринских свойств осадочных комплексов кайнозойского возраста 

 

Возраст пород 
Углеводородно-генерационный 

потенциал 
Градация  
катагенеза 

Температура 
(расчетная), С 

Нижнеплиоценовые От низкого до высокого ПК3 

МК1 
75-90 
95-120 

Миоценовые 
Диатомовые 
 
 
Тархан-чокракские 

От удовлетворительного  
до превосходного 
 
 
От удовлетворительного  
до превосходного 

ПК3 

МК1 

МК2 

МК3 

ПК3 

МК1 
МК2 

МК3 

75-90 
95-120 
120-160 
160-170 
75-90 
95-120 
120-160 
160-170 

Олигоцен-миоценовые (май-
копская серия) 

От удовлетворительного  
до превосходного 

МК3 
МК4 

171-190 
190-200 

Эоценовые От низкого до превосходного МК4 

МК5 

АК1 

190-200 
200-215 
Более 220 

 
Обсуждение результатов 
В ЮКБ со сложным геологическим строени-

ем и геодинамическим развитием создавались 
весьма сложные и уникальные условия для раз-
вития и распространения ГАУС. История геоди-
намического развития Каспийского региона ха-
рактеризуется чередованием периодов преиму-
щественного растяжения, сжатия и относитель-
ной тектонической стабилизации, которые 
нашли отражение в геофлюидодинамической 
эволюции ЮКБ и сопредельных осадочных бас-
сейнов. В регионе широко развиты региональные 
и локальные линеаменты, хиатусы и размывы. 
Регион характеризуется доминированием мощ-
ных субвертикальных межформационных и меж-
резервуарных пульсационно-инъекционных 
флюидомассоперетоков, высокой сейсмично-
стью, активным грязевым вулканизмом и други-
ми геофизическими аномалиями. В этих услови-
ях в кайнозойском комплексе ЮКБ выделяются 
четыре углеводородные системы: миоцен-плио-
ценовая генерационно-миграционно-аккумуля-
ционная углеводородная мегасистема, диатомо-
вая сланцевая углеводородная система, олиго-
цен-миоценовая сланцевая углеводородная сис-
тема и эоценовая сланцевая углеводородная сис-
тема, которые подтверждаются геохимически-
ми, геотермическими исследованиями и резуль-
татами моделирования углеводородных систем. 

Важным фактором формирования углеводо-
родных систем является скорость осадконакоп-
ления и прогибания в ЮКБ. Величина скорости 
седиментации, составляющая 1 мм/1000 лет, 

называется единицей Бубнова или Б – в честь 
известного немецкого геолога русского проис-
хождения С.Н. Бубнова. Скорость осадконакоп-
ления изменяется от нулевой или минимальной 
до высокой или сверхвысокой. Высокие и сверх-
высокие скорости осадконакопления, превыша-
ющие 100мм/1000 лет (100 Б) и 1000мм/1000 лет 
(1000 Б), соответственно, характеризуют лавин-
ную седиментацию. Это понятие введено в науч-
ный обиход исследованиями А.П. Лисицына 
(Лисицын, 1988; 2009). Максимальные скорости 
осадконакопления, характерные для верхнего и 
среднего уровней лавинной седиментации, то 
есть для устьевых частей рек и прилегающих зон 
морей, согласно оценкам А.П. Лисицына (Лиси-
цын, 2009), превышают 5000-6000 Б (устья рек 
Миссисипи, Ориноко, Нил, Рона и др.) и в ряде 
случаев могут достигать 18000–30000 Б и более 
(реки Потомак, Менам, Хуанхэ и др.).  

Среди осадочных комплексов в ЮКБ 
наибольшей толщиной и ритмичным чередова-
нием песчанистых и глинистых отложений вы-
деляется нижнеплиоценовый. Он отделяется не-
согласием от нижележащего понтического яруса. 
Время формирования продуктивно-красноцвет-
ной толщи – около 2.2-2.5 млн. лет, что состав-
ляет 1.5% геологического времени от альпийско-
го мегацикла. За это время накопилась огромная 
масса грубообломочного материала с макси-
мальной толщиной 7.0-8.5 км, то есть около 25-
30% от общей толщины осадочного чехла ЮКБ. 
Вычисление скорости осадконакопления даже 
без учета уплотнения пород и частых перерывов, 
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на которые приходится 40-60% геологического 
времени, дает 25-3.0 км/млн. лет, что само по 
себе на порядок выше лавинной скорости седи-
ментации. В этом отношении раннеплиоценовый 
палеобассейн не имеет аналогов среди палео- и 
современных бассейнов Мирового океана. Такая 
высокая сверхлавинная скорость седиментации 
обусловлена транспортировкой грубообломочно-
го материала в замкнутый плиоценовый бассейн 
многочисленными мелкими и крупными реками 
(Палео-Волгой, Палео-Курой и Палео-Узбоем). 
Однако такая лавинная скорость накопления 
осадков характерна для плиоценового периода, 
до которого скорости осадконакопления и про-
гибания в бассейне были низкими. Общее опус-
кание бассейна за альпийский цикл (–180 млн. 
лет) составляет 25-30 км. Согласно проведенным 
расчетам (рис. 6), выявлено следующее: 

– в средне-позднеюрскую эпоху на этапе 
расширения моря за счет термального погруже-
ния континентальная кора (КК) оседала на 1.2 км 
со скоростью 50-60 м/млн. лет; 

– к началу мелового периода с учетом 
нагрузки осадочных вулканогенных толщ и вод-
ного слоя (высотой 2.5-3.5 км) общее тектониче-
ское погружение КК доходило до 5-6 км. В ме-
ловом периоде КК погружалась с меньшей ско-
ростью – 10-20 м/млн. лет – всего на 3 км (в об-
щем 9 км); 

– в палеоцен-эоцене бассейн оставался глу-
боководным. К началу олигоцена расширение 
моря практически приостановилось, резко за-
медлилось тектоническое погружение (5-8 
м/млн. лет). К концу эоцена КК погружалась на 1 
км за счет только нагрузки осадков. Общая ам-
плитуда погружения достигала 10-5 км; 

– в олигоцен – раннем миоцене кора ЮКБ 
тектонически погружалась очень медленно, в 
основном за счет увеличения нагрузки осадочной 
толщи, толщина которой достигала 14-16 км. Да-
лее в среднем и позднем миоцене глубина бас-
сейна постепенно уменьшилась от 4.5-4.0 км до 
2.0 км из-за интенсивного заполнения осадками; 

– в плиоцене скорость тектонического проги-
бания достигла 1000-2000 м/млн. лет. Расчет ам-
плитуды погружения в районе Абшеронского 
порога в плиоцен-квартере с учетом поправок на 
нагрузку осадочной толщи и батиметрию дает 
величину 10-12 км. Скорость прогибания в плио-
цене в северной части ЮКБ в 20-30 раз выше, 
чем на рифтогенном этапе раскрытия и на 2 по-
рядка (100-200 раз) больше, чем в меловом и па-
леогеновом периодах. В этот период (и только в 
этот период) ЮКБ может быть отнесен к моло-
дым активным («живым») бассейнам с лавинным 
седиментогенезом, для которых характерны 

устойчивое погружение, высокий темп и скоро-
сти седиментации. 

Скорости прогибания до плиоценового вре-
мени были весьма умеренными, что благоприят-
но влияло на катагенетическую эволюцию ОВ. 
Такая ситуация не могла не повлиять на форми-
рование углеводородных систем и ее элементов, 
а также на распределение палео- и современных 
температур, игравших важную роль в катагене-
тической зональности в ЮКБ. Согласно В.Ю. 
Керимову и М.З. Рачинскому (2011), в ЮКБ рас-
пределение по глубине фактических значений 
пластовых температур в интервале гипсометри-
ческих отметок (0)-(–6000) м аппроксимируется 
выражением t = 13.7 + 0.196Н0.725, удовлетворя-
ющим функцию t = а + bНn, где t – температура, 
С, на глубине H, м; а – среднегодовая темпера-
тура местности; b и n – коэффициенты, опреде-
ляющие особенности по отдельным районам в 
связи со спецификой их геологического разви-
тия, тектоники, литологии и другими влияющи-
ми факторами. 

Региональный геотемпературный фон ЮКБ 
в общем виде характеризуется следующими ос-
новными чертами (Гулиев и др., 1992; Дахнова и 
др., 2015; Калмыков и др., 2019; Левин, Сенин, 
2003; Левин, Федоров, 2001; Мехтиев, 1957, 
1985; Lapidus et al., 2018): 

– в мезозойских отложениях наиболее про-
гнутой части бассейна температура (tmz) на по-
дошве комплекса – поверхности фундамента – на 
гипсометрических срезах (–26) и (–28) км состав-
ляет соответственно 458–484 и 489–514С при 
геотемпературных градиентах (Gt=dt/dH) –1.53–
1.58 и 1.50–1.57С/100 м; приведенная к тем же 
глубинам температура (tпр.

mz.) составляет 17.6-18.6 
и 17.5-18.4С/км. На западном борту бассейна за-
висимость температура – глубина для мезозойско-
го комплекса в интервале глубин 0.5-28 км имеет 
вид tmz=13.9+0.0635H0.871 при геотемпературных 
градиентах Gt

mz= 2.48-1.48C/100 м; 
– в палеоген-миоценовых отложениях наибо-

лее глубокой центральной части бассейна на по-
дошве комплекса – поверхности мезозоя – в ин-
тервале глубин 8.7-10.5 км рассчитанные значе-
ния tpg-mi составляют 171-231С, величины Gt

pg-mi 
соответственно – 2.17–2.27С/100 м, tпр.

pg-mi – 19.7-
22.0С/км. На западном борту бассейна в интер-
вале глубин 0.5-12.0 км tpg-mi=13.9+0.0544H0.898 и 
Gt

pg-mi= 2.59-1.87C/100 м; 
– в плиоценовых отложениях на гипсомет-

рическом срезе (–1000 м) t-1000
PS(RS) варьирует в 

пределах 27-59.5С; геотемпературные градиен-
ты GPS(RS) в интервале 1-5 км составляют 1.19-
2.30С/100 м; в районах наиболее глубокого за-
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легания комплекса на его подошве (поверхности 
подстилающего миоцен-палеогена) tPS(RS) в пре-
делах глубин 6.25-8.30 км составляет 127-178С; 
температура, приведенная к подошве ПТ-КТ 
(tпрPS(RS)), – 18.1-23.5С/км; для ПТ западного 
борта бассейна зависимость температура – глу-
бина в интервале глубин 0.05-8.50 км имеет вид 
tPS=13.7+0.149H0.716 и Gt

PS= 3.51-0.82C/100 м. 
Низкая прогретость плиоценовых и четвертич-

ных отложений является особенностью геотем-
пературного режима ЮКБ. Во всех районах бас-
сейна температура на срезе (–5 км) не превышает 
110С, а величины геотермического градиента 
составляют 0.80-1.05С/100 м. Поэтому при вы-
шеуказанных температурах весь мезо-кайно-
зойский осадочный комплекс ЮКБ относить к 
холодным бассейнам некорректно (Rachinsky, 
Kerimov, 2015). 

 

а 

 

б 

 
 

в 

 
Рис. 6. Модель скоростей седиментации ЮКБ (а), трехмерная модель скоростей седиментации плиоценового комплекса 
ЮКБ (б) и графики тектонического погружения ЮКБ (в) 
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Региональное геотемпературное поле бас-
сейна имеет явно выраженный мозаичный харак-
тер, соответствующий его ступенчато-блоковому 
строению и различиям литофациальной компо-
зиции разрезов отдельных районов. Этот фактор 
влияет на мозаичный характер пространственно-
го распространения очагов генерации углеводо-
родов в пределах углеводородных систем (Сенин 
и др., 2022; Kerimov et al., 2016, 2023). 

В процессе формирования ЮКБ создавались 
уникальные ситуации, отличающиеся от класси-
ческих условий формирования углеводородных 
систем. Так, НГМТ могли обеспечивать углево-
дородами несколько резервуаров, в том числе 
стратиграфически более молодые. Резервуары 
более молодых углеводородных систем могли 
насыщаться за счет эмиграции углеводородов из 
нескольких НГМТ. Таким образом, уникальный 
резервуар ПТ насыщается за счет миграции угле-
водородов из нескольких НГМТ – в основном 
миоценового (тархан-чокракского и диатомово-
го) и майкопского возраста. Такого мнения при-
держиваются, наряду с авторами статьи, и пре-
дыдущие исследователи (Мехтиев, 1956, 1985; 
Гулиев, Фейзуллаев, 1996; Abrams, Narimanov, 
1997; Feyzullayev и др., 2022; Керимов, Серико-
ва, 2023). 

Это подтверждается результатами исследо-
ваний экстрактов битумоидов из кайнозойских 
отложений, которые выявили различие отдель-
ных стратиграфических комплексов по изотоп-
ному составу углерода (ИСУ) (Ализаде и др., 
2018; Фейзуллаев и др., 2022). В свою очередь, 
ИСУ был использован как важнейший диагно-
стический признак для стратиграфической и ге-
нетической типизации нефти ЮКБ, с одной сто-
роны, и корреляции порода – нефть и нефть – 
нефть, с другой. По характеру распределения 
δ13C в керогене весь осадочный разрез кайнозоя 
четко разграничивается на палеоген-нижнемио-
ценовые и диатомовые отложения. 

В керогене палеоген-нижнемиоценовых от-
ложений содержания δ13C изменяются от -28.24 до 
-24.15‰ (здесь и далее первая цифра соответствует 
δ13С в алкановой фракции, а вторая – суммарному 
углероду нефти), а среднее равно -26.48‰. 

В диатомовых отложениях наблюдается 
резкое утяжеление изотопного состава углерода, 
где среднее значение δ13C составляет -23.33‰ 
при его вариациях от -25.25 до -21.53‰. 

Значения изотопных отношений углерода 
δ13С в нефти ЮКБ варьируют в широких преде-
лах – от -28.00 до -24.34‰ для суммарного угле-
рода и от -29.1 до -24.8‰ для алкановой фракции 
нефти. 

Согласно значениям изотопных соотноше-
ний, нефти ЮКБ группируются в два класса:  

1) изотопно-легкие со значениями δ13С от -
28.0 до -27.0‰ по суммарному углероду и от -
29.1 до -27.0‰ по углероду алкановой фракции. 
Наиболее изотопно-легкие нефти в кайнозойском 
комплексе характерны для эоценовых отложений 
(-28.32‰; -27.86‰), далее для майкопского (-
28.05‰; -27.64‰) и чокракского комплексов (-
27.95‰; -27.5‰) (рис.7). 

2) изотопно-утяжеленные со значениями 
δ13С от -26.5 до -24.0‰ и от -26.5 до -24.5‰, со-
ответственно. 

Резкое изотопное утяжеление нефти проис-
ходит при переходе к нефти из диатомовой сви-
ты (-26.45‰; -26.13‰). Наиболее тяжелые нефти 
приурочены к резервуарам нижне- и верхне-
плиоценового возраста (-26.35‰; -25.75‰) (см. 
рис. 7). 

Основную массу нефти ЮКБ составляет 
нефть второй группы, на долю которой прихо-
дится от 57.64 до 68.66% проанализированных 
проб, тогда как изотопно-легкие нефти состав-
ляют 31.35 – 42.35%. 

При этом наблюдается отчетливая диффе-
ренциация нефтегазоносных районов по величи-
нам δ13С алкановой фракции нефти плиоценовых 
резервуаров. По средним значениям этого пара-
метра нефтегазоносные районы располагаются в 
следующей последовательности: Нижнекурин-
ский (-26.8‰)  Абшеронский (-26.29‰)  
Шамаха-Гобустанский (26.1‰)  Бакинский 
архипелаг (-26.04‰)  Абшеронский архипелаг 
(-25.87‰) (рис.8). Как видно из приведенного 
графика, нефти плиоценового резервуара аквато-
риальной части ЮКБ выделяются некоторым 
утяжелением изотопного состава. 

Проведенные исследования показывают: 
 Морские месторождения содержат в ос-

новном смесь палеоген-нижнемиоценовой и диа-
томовой нефти, с преимуществом диатомовых. 

 На Абшеронском полуострове объем сме-
шанной нефти уменьшается за счет обособления 
преимущественно палеоген-нижнемиоценовой, а 
объем нефти с диатомовой изотопной меткой 
остается примерно тем же.  

 Общим для морской части ЮКБ и Абше-
ронского полуострова является примерно одина-
ковый объем модальных значений (от -26.5 до -
26.0‰), составляющий 47.36 и 42.85%, соответ-
ственно.  

 Плиоценовый резервуар Нижне-Курин-
ского нефтегазоносного района по содержанию 
палеоген-нижнемиоценовой и диатомовой нефти 
кардинально отличается от вышеописанного зна-
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чительного уменьшения диатомовой нефти, уве-
личением объема палеоген-нижнемиоценовой и 
резким смещением модальных значений δ13С в 
области от -27.5 до -27.0‰ (изотопно-легких) 
объемом 30.77% и от -27.0 до -26.5‰ в объеме 
26.92%, которые в сумме составляют 57.69%. 
Таким образом, в составе нефти плиоценового 
резервуара Нижне-Куринского нефтегазоносного 
района доля палеоген-нижнемиоценовой нефти 
заметно выше. 

Как следует из вышеизложенного, нефть 
плиоценового резервуара представляет собой 
смесь нефти из различных нефтематеринских 

толщ эоценового, олигоцен-миоценового (май-
копского), миоценового (тархан-чокракского и 
диатомового) возраста, роль которых в каждой 
конкретной геологической ситуации (как в мас-
штабе региона в целом, так и в пределах отдель-
ных нефтегазоносных районов) различна. Не ис-
ключено участие в нефтегенерации и самой ПТ, 
в частности, ее нижнего отдела. 

В процессе формирования углеводородных 
систем, наряду с классическими схемами мигра-
ции углеводородов, большую роль играет систе-
ма грязевых вулканов, широко распространенная 
в ЮКБ. 

 
а б 

Рис. 7. Диаграммы вариаций величин изотопных отношений суммарного углерода (а) и углерода алкановой фракции (б) 
нефти разновозрастных резервуаров ЮКБ (Ализаде и др., 2018) 
 
 

 
 
Рис. 8. Диаграммы вариаций величин изотопных отношений углерода алка-
новой фракции нефти плиоценового резервуара ЮКБ (Ализаде и др., 2018) 
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Заключение 
В ЮКБ выделяется уникальный природный 

феномен – миоцен-плиоценовая генерационно-
миграционно-аккумуляционная углеводородная 
мегасистема с резервуаром ПТ, нефтегазонос-
ность которой формируется за счет миграции 
углеводородов из нескольких нефтегазоматерин-
ских толщ – в основном из олигоцен-миоце-
нового (майкопского) и миоценового (тархан-
чокракского и диатомового) возраста, частично 
из эоценового и самой ПТ, главным образом ее 
нижнего отдела, как по классическим схемам 
миграции, так и по системам грязевых вулканов, 
широко распространенных в ЮКБ. 

Наряду с вышеуказанной мегасистемой в 
пределах ЮКБ сформировались сланцевые угле-
водородные системы: диатомовая сланцевая 
углеводородная система, олигоцен-миоценовая 
сланцевая углеводородная система и эоценовая 
сланцевая углеводородная система, которые 
являются комбинированными нетрадиционными 
нефтегазовыми системами с углеводородами, 
частично эмигрировавшими из НГМТ и частично 
сохраненными (не вытесненными). 

Информация о сланцевых углеводородных 
системах будет полностью опубликована в сле-
дующей публикации. 

This work was supported by the SOCAR Sci-
ence  Foundation  (grant  no.  20LR-EF/2024). 
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Резюме. В статье приведена характеристика нефтегазоматеринских толщ (НГМТ) Южно-Каспийского бассейна (ЮКБ) 
на основе результатов геохимических исследований и моделирования углеводородных систем. Для оценки генерационного 
потенциала НГМТ кайнозойского возраста ЮКБ были проведены пиролитические исследования методом пиролиза Rock-
Eval-6 компании VINCI Technologies. В ЮКБ со сложным геологическим строением и геодинамическим развитием суще-
ствуют весьма сложные условия для развития и распространения генерационно-аккумуляционных углеводородных систем. 
В процессе эволюции бассейна создавались уникальные условия для формирования углеводородных систем, существенно 
отличающихся от классических. В статье рассмотрены скорости осадконакопления и прогибания, а также региональный 
геотемпературный фон, влияющий на катагенетическую эволюцию органического вещества. Процессы генерации углеводо-
родов в нефтегазоматеринских толщах кайнозойского возраста были исследованы на основе результатов моделирования 
углеводородных систем. В ЮКБ выделяется уникальный природный феномен – миоцен-плиоценовая генерационно-
миграционно-аккумуляционная углеводородная мегасистема с резервуаром в продуктивной толще (ПТ), нефтегазоносность 
которой формируется за счет миграции углеводородов из нескольких нефтегазоматеринских толщ – в основном из олиго-
цен-миоценового (майкопского) и миоценового (тархан-чокракского и диатомового) возраста, частично из эоценового и 
самой ПТ, главным образом ее нижнего отдела, как по классическим схемам миграции, так и по системам грязевых вулка-
нов, широко распространенных в ЮКБ. Наряду с вышеуказанной мегасистемой в пределах ЮКБ сформировались сланце-
вые углеводородные системы: диатомовая сланцевая углеводородная система, олигоцен-миоценовая сланцевая углеводо-
родная система и эоценовая сланцевая углеводородная система, которые являются комбинированными нетрадиционными 
нефтегазовыми системами с углеводородами, частично эмигрировавшими из НГМТ и частично сохраненными (не вытес-
ненными). 

Ключевые слова: Южно-Каспийский бассейн, углеводородная система, сланцевая углеводородная система, нефтегазо-
материнская толща, органическое вещество, пиролиз 
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Xülasә. Mәqalәdә geokimyәvi tәdqiqatların nәticәlәrinә vә karbohidrogen sistemlәrinin modellәşdirilmәsinә әsasәn Cәnubi 

Xәzәr hövzәsinin (CXH) neft-qaz ana süxurlarının (NQAS) xüsusiyyәtlәri tәqdim olunur. CXH-nin Kaynozoy yaşlı NQAS-nın 
generasiya potensialını qiymәtlәndirmәk üçün VINCI Technologies şirkәtinin Rock-Eval-6 piroliz metodundan istifadә etmәklә 
pirolitik tәdqiqatlar aparılmışdır. Mürәkkәb geoloji quruluşa vә geodinamik inkişafa malik CXH-dә generasiya-akkumulyasiya 
karbohidrogen sistemlәrinin inkişafı vә yayılması üçün olduqca mürәkkәb şәrait mövcuddur. Hövzәnin tәkamülü zamanı klassik 
sistemlәrdәn әhәmiyyәtli dәrәcәdә fәrqlәnәn karbohidrogen sistemlәrinin formalaşması üçün unikal şәrait yaranmışdır. Hövzәnin 
çöküntütoplanma vә çökmә sürәtlәri, hәmçinin üzvi maddәlәrin katagenetik çevrilmәsinә tәsir edәn regional geotemperatur fonu 
araşdırılır. Karbohidrogen sistemlәrinin modellәşdirilmәsinin nәticәlәri әsasında Kaynozoy yaşlı neft-qaz ana süxurları laylarında 
karbohidrogenlәrin әmәlә gәlmәsi proseslәri tәdqiq edilmişdir. Cәnubi Xәzәr hövzәsindә unikal tәbiәt fenomeni olan Oliqosen-
Miosen-Pliosen generasiya-miqrasiya-akkumulyasiya karbohidrogen meqasistemi müәyyәn edilmişdir ki, hәmin meqasistemin 
rezervuarı olan Alt Pliosen yaşlı Mәhsuldar Qatın neft-qazlılığı bir neçә mәnbәdәn, әsasәn Oliqosen-Miosen (Maykop) vә Miosen 
(Tarxan-Çokrak vә Diatom) yaşlı neft-qaz ana süxurlarından, qismәn Eosen vә Mәhsuldar qatın aşağı hissәsindәn, hәm klassik 
sxemlәr üzrә hәm dә geniş yayılmış palçıq vulkanları sismelәri ilә miqrasiya edәn karbohidrogenlәrin hesabına formalaşır. Yuxarıda 
qeyd edilәn meqasistemlә yanaşı, CXH daxilindә şist karbohidrogen sistemlәri dә formalaşmışdır: Diatom şist karbohidrogen 
sistemi, Oliqosen-Miosen şist karbohidrogen sistemi vә Eosen şist karbohidrogen sistemi. Hәmin kombinә olunmuş qeyri-әnәnәvi 
neft-qaz sistemlәrindәki karbohidrogenlәr qismәn neft-qaz ana süxurlarından qismәn emmiqrasiya etmiş vә qismәn saxlanılmışdır 
(emmiqrasiya etmәmişdir). 

Açar sözlәr: Cәnubi Xәzәr hövzәsi, karbohidrogen sistemi, şist karbohidrogen sistemi, neft-qaz ana süxurları, üzvi maddә, piroliz 
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Summary. The paper is devoted to tectonics, as well as formation and distribution regulari-
ties of various types of minerals within the Garabagh and East Zangazur economic regions
(components of the Garabagh historical-geographical region of Azerbaijan), territorially con-
fined to the southeastern margin of the Lesser Caucasus mountain-fold system. It is shown that 
tectonically the region belongs to the southeastern segment of the Artvin-Garabagh uplift 
(megazone), consisting of Lok-Garabagh, Goycha-Hakari and Gafan secondary structural zones 
and plunging northeast and southeastwards under recent continental molasses of the Middle Kur
and Lower Araz superimposed depressions. It is noted that various types of metallic (ore) and
non-metallic minerals are developed in the region. Minerageny of the metallic minerals charac-
terizes geological regularities of the formation and distribution of various types of the ore min-
erals within the structure of metallogenic zones (corresponding to the same-named tectonic 
zones of the Artvin-Garabagh megazone) and ore districts of the region. Metallogenic zones 
were distinguished on the basis of tectonic-geodynamic zoning, geological evolution history and 
genetic types of the known ore deposits, and the ore bearing potential of separate geological
formations within the Lesser Caucasus system. Minerageny of the non-metallic mineral deposits 
reflects the revealed placement and occurrence regularities of various non-metallic raw materials 
during the certain periods of geological evolution. The potential for increasing the list of indus-
trially significant deposits is determined by numerous manifestations of ore and non-metallic 
mineral raw materials. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
The Garabagh and East Zangazur economic re-

gions territorially related to the Garabagh historical-
geographical region (Garabagh HGR) – one of the 
most resource-rich territories of Azerbaijan. The re-
gion covers the southeastern part of the Lesser Cau-
casus and the adjacent sloping plains of the Kura-
Araz lowland south of the Tartar River. Territory of 
the region is part of the Pyrenean-Lesser Caucasus 
branch of the Alpine-Himalayan mobile-fold belt. 
Region covers the southeastern segment of the 
Artvin-Garabagh megazone of the Lesser Caucasus 
mountain-fold system, and the adjoining part of the 
Middle Kur depression (Геология Азербайджана. 
Том IV …, 2005; Azerbaycanın geologiyası. Cild I, 
2015; Хаин, 1984, 2001).  The border between these 
two systems is formed by the Pre-Lesser Caucasus 
deep fault which is buried under recent formations. 
The region is characterized by tectonic heterogeneity 
pronounced in complex correlation between its' 
structural units with different lithology-stratigraphic 

sections, diverse type of deformations and geologi-
cal evolution background (Fig. 1). 

Modern structure of the Lesser Caucasus was 
formed at the Alpine stage of tectogenesis within the 
spatial limits covering the northern edge of the 
South Azerbaijan segment of the Central Iranian mi-
crocontinent and the southern edge of the South 
Caucasus continental microplate (Геология Азер-
байджана. Том IV …, 2005; Azerbaycanın ge-
ologiyası. Cild I, 2015). The latter is a fragment of 
the Gondvana passive margin that was torn from the 
mainland during the Paleotethys opening and at-
tached to Eurasia during movements of the tectogen-
esis of Hercynian cycle. In the tectogenesis of Al-
pine cycle the South Caucasus microplate looked 
like an island arc system (with a corresponding set 
of formations and mineragenic specialization), that 
separated the Greater Caucasus marginal sea from 
the Lesser Caucasus arm of the Mesotethys. In the 
contemporary structure, the plate central section cor-
responds to the Kur megadepression (intermountain 
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trough), where as its lateral sections, composed of 
volcanogenic and sedimentary complexes of the Ju-
rassic, Cretaceous and Cenozoic rocks, participate in 
the generation of fold-mountain structures of the 
Greater (Kakheti-Vandam-Gobustan megazone) and 
the Lesser (Artvin-Garabagh megazone) Caucasus 
(Геология Азербайджана. Том IV, 2005; Azer-
baycanın geologiyası. Cild I, 2015). 

The main structural elements of the Artvin-Gara-
bagh megazone are Lok-Qarabagh, Goycha-Hakari 
and Gafan secondary structural zones, built by the 
Mesozoic and partly Paleogene volcano-sedimentary 
and sedimentary rocks, and complicated by folding 
and rupture dislocations of the different shapes and 
genesis (Геология Азербайджана. Том IV, 2005; 
Azerbaycanın geologiyası. Cild I, 2015; Shikhalibey-
li, 1966, 1994). On the southeastern immersion of the 
megazone, the Mesozoic structures plunge under the 
Eopleistocene-Holocene molasses of the Lower Araz 
superimposed depression. On the southwestern wing 
these structures are overlapped by the Eocene-
Holocene volcanics of Kalbajar superimposed trough. 

Complex and diverse geology-tectonic structure 
of the Earth's crust in the region preconditioned the 
formation of a wide range of both endogenous and 
exogenous mineral deposits (Геология Азербай-
джана. Том VI, 2005; Azerbaycanın geologiyası. 
Cild III, 2015; Минерально-сырьевые ресурсы 
Азербайджана, 2005; Мустафаев, 2002). 

The study of the petrographic, mineralogical 
and geochemical features of the ore-bearing strata 
and the carried out tectonic-geodynamic reconstruc-
tions made it possible to carry out a structural-
mineragenic zoning of the region with the identifica-
tion of mineragenic taxa corresponding to the tecton-
ic zones of the same name of various orders. 

 
Tectonics 
As stated above, the tectonic structure of the 

Garabagh HGR involves the Artvin-Garabagh and Mid-
dle Kur megazones (Геология Азербайджана. Том IV, 
2005; Azerbaycanın geologiyası. Cild I, 2015). 

The Artvin-Garabagh megazone represents a 
structural uplift on the natural eastern extension of the 
East Pontian (Artvin) uplift in Turkey. Within the 
boundaries of the region, the megazone is represented 
by its' southeastern termination covering the axial 
line, as well as the northeastern, southeastern and 
southwestern slopes of the Lesser Caucasus moun-
tains.  The northeastern wing of the megazone is sep-
arated from the Middle Kur megazone by the Pre-
Lesser Caucasus deep fault buried under the Pliocene-
Pleistocene molasses. The southwestern border is 
formed by the Girratagh deep fault, along which the 
Paleozoic complex of the Araz block within the Di-
nar-Zond branch of the Alpine-Himalayan belt is 
thrusted over the Upper Jurassic-Neocomian complex 
of the Artvin-Garabagh megazone. 

 

 
 

Fig. 1. Tectonic zoning of the Garabagh HGR 
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The main structural elements of the megazone 
are the Lok-Garabagh, Goycha-Hakari and Gafan 
secondary structural zones, built by the Mesozoic 
and partly Paleogene volcano-sedimentary and sed-
imentary rocks, and complicated by folding and rup-
ture dislocations of the different shapes and genesis. 
On the southeastern immersion of the megazone, the 
Mesozoic structures plunge under the Eopleistocene-
Holocene molasses of the Lower Araz superimposed 
depression. On the southeastern wing these struc-
tures are overlapped by the Eocene-Holocene volca-
nics of the Kalbajar superimposed trough (Геология 
Азербайджана. Том IV, 2005; Azerbaycanın ge-
ologiyası. Cild I, 2015; Шихалибейли, 1966, 1994). 

Therefore, modern geological structure of the 
megazone is represented by the following secondary 
structural zones, from the northeast to the southeast: 

1. The Lok-Garabagh zone represents a com-
plexly structured folded block system, composed of 
an echelon of anticlinal and synclinal structures. The 
composition of the zone includes the Mesozoic and 
partly Paleogene volcanic, volcano-sedimentary and 
sedimentary material complexes, as well as differ-
ently composed intrusive formations. The northeast-
ern flank of the zone is concealed under the Plio-
cene-Holocene molasses of the Middle Kur depres-
sion. The southwestern flank is bordered by the 
Goycha-Hakari zone along the system of large up-
thrusts and overthrusts. 

2. The Goycha-Hakari zone is built by the Ju-
rassic, Cretaceous and Paleocene-Eocene sedimen-
tary-volcanic series gathered in compressed folds. 
The structure of the zone covers the Toraghaychay 
and Saribaba troughs located en echelon and conju-
gated along a tectonic contact. The southwestern 
border of the zone is determined by the Lachin-
Bashlibel deep fault. The zone includes the south-
eastern segment of Amasya-Goycha-Hakari alloch-
thonous ophiolite belt represented by a pack of tec-
tonic nappes and olistostromes. The nappes had been 
formed between the Late Cenomanian and the Eo-
cene. Joint structural plan of autochthonous and al-
lochthonous complexes is leveled by a neoautoch-
thonous cover formed by the Upper Santonian-
Eocene sedimentary-volcanogenic strata (Геология 
Азербайджана. Том IV, 2005; Azerbaycanın ge-
ologiyası. Cild I, 2015; Hasanov, 1985). 

3. The Gafan zone is built by sedimentary-
volcanic and volcanic complexes of the Jurassic, 
Cretaceous and Paleogene. The northeastern flank of 
the zone is complicated by the anticlinal highs of 
Lachin and Kohna Taghlar, separated from each 
other by Chaylaggala synclinal stripe. The central 
place in the zone is occupied by the Hochaz trough 
overlapped by the Eocene-Holocene complex of the 
Kalbajar superimposed trough in the northwest, and 

plunging under the Pleistocene continental molasses 
of the Lower Araz trough in the southeast. The 
southwestern flank of the zone is represented by 
Gafan-Basitchay dome elevation. 

4. The Kalbajar zone covers the upper course 
basins of Tartar and Hakari rivers. It corresponds to 
the eastern segment of Goycha-Ordubad rift graben 
built by the Paleocene-Holocene volcano-sedimen-
tary and volcanic complexes. The zone forms an Eo-
cene-Pliocene superimposed depression that gently 
levels the structural plan of the western extension of 
the Gafan and Goycha-Hakari structural zones. 

5. The Lower Araz zone represents a transverse 
superimposed trough extending along the riverbed of 
Araz, starting from the Mighri canyon till joining 
with the Pre-Lesser Caucasus trough. The sedimen-
tary rocks of the zone are represented by the Eo-
pleistocene-Quaternary molasses. The molasses 
overlap the Jurassic, Cretaceous and Paleogene-
Eocene stratas of the first three structural zones, all 
plunging under the Lower Araz zone with azimuthal 
unconformity from the northwest. 

The Middle Kur meqazone corresponds to an 
intermountain depression, occupies the central place 
in the structure of the Kur superimposed depression, 
being its' largest and the most complexly structured 
component. The megazone consists of secondary 
structural zones that are buried under gentle Plio-
cene-Holocene molasses, built by dislocated volcan-
ic and sedimentary series of the Meso-Cenozoic 
(Геология Азербайджана. Том IV, 2005; Azer-
baycanın geologiyası. Cild I, 2015). 

1. The Pre-Lesser Caucasus zone corresponds to 
the northeastern flank of the Artvin-Garabagh mega-
zone, downcast along the Pre-Lesser Caucasus fault 
that is buried under recent deposits, and built by the 
Mesozoic volcano-sedimentary and Paleogene-
Quaternary mainly molasses formations. With gentle 
and smooth bedding of the Pliocene-Quaternary de-
posits observed, the underlying Paleogene-Mesozoic 
stratas are gathered in a system of brachiform folds. 

2. The Yevlakh-Aghjabadi zone represents a 
deep trough formed over the formations of the Mes-
ozoic, Paleogene and partly Miocene rocks compli-
cated by local uplifts and gently overlapped by the 
Pliocene-Quaternary molasses. The Alpine cover 
thickness in the most immersed part of the zone 
reaches and sometimes even exceeds 16 km. The 
trough is bordered by the Imishli-Goychay buried 
deep fault from the northeast, and by the Southern 
Kur buried deep fault from the southwest. İn  the  
northeast (outside Garabagh)  the  zone  along  the 
İmishli-Göychay  deep  fault  is  separated from  the  
Kurdamir-Saatli zone  (buried  Mesozoic  uplift), 
which  an  eroded  cover of  the Cretaceous   series   
plunges   under   the   series  of  the Upper  Miocene 
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– Holocene  (depth  -3.0-3.5 km) and pre-Jurassic 
basement (depth  -9-10 km). 

 
Minerageny of metallic minerals 
Metallic minerals of the zone are represented by 

deposits of chrome, copper, polymetals, gold, mer-
cury and antimony. Along with basic metals, ore 
bodies of these deposits contain silver, molybdenum, 
nickel, bismuth, tellurium, and other valuable metals 
(Геология Азербайджана. Том VI, 2005; Azer-
baycanın geologiyası. Cild III; Ismail-Zadeh, Kan-
garli, 2012; Минерально-сырьевые ресурсы Азер-
байджана, 2005; Мустафаев, 2002; Шихалибейли, 
1994). The most significant reserves of the region 
are the gold bearing deposits. 

Minerageny of metallic minerals characterizes 
geological regularities of the formation and distribu-
tion of various types of the ore minerals within the 
structure of metallogenic zones (corresponding to the 
same-named tectonic zones of the Artvin-Garabagh 
megazone) and ore districts of the region. Metallo-
genic zones were distinguished on the basis of tecton-
ic-geodynamic zoning, geological evolution history 
and genetic types of the known ore deposits, and the 
ore bearing potential of separate geological for-
mations within the Lesser Caucasus system (Fig. 2). 

The Lok-Garabagh metallogenic zone is 
characterized by a mineralization associated with the 
Middle Jurassic quartz plagioporphyres, plagiogran-

ites and andesites, as well as with the Upper Juras-
sic-Lower Cretaceous granitoids. The main mineral-
ization types are distributed as follows: 1) plagio-
porphyres – pyrite, copper-pyrite and gold-copper-
pyrite; 2) plagiogranite massifs – copper-porphyry, 
complicated by tectonic faults; 3) andesites – cop-
per-pyrite; and 4) granitoids – magnetite, cobalt, al-
unite, vein-polymetallic, copper-porphyry. Minerali-
zation is represented by the deposits and occurrences 
spread within the ore districts of Mehmana and part-
ly South Garabagh. 

The Mehmana ore district is located on the 
southeastern wing of the Tartar-Injachay faulting 
zone. It covers the interfluve of Tartar and Kha-
chinchay rivers, where a number of deposits and 
occurrences of copper-porphyry, copper-pyrite, 
gold-copper-pyrite and polymetallic (lead-zinc) 
ore formations had been developed. Derivatives of 
the copper-porphyry ore formation are grouped 
within the Demirli and Khachinchay ore fields. 
The Demirli ore field consists of the Demirli de-
posit and the occurrences of Aghdara, Yukhari 
Janyatag, Ashagi Gulyatag, Boyahmadli, Khat-
inbeyli, etc. The Khachinchay ore field includes 
the Khachinchay, Galaychilar, Yeddigyrkhman 
and several other different-size occurrences. Both 
ore fields are located on the western endo- and 
exocontact strip of the Mehmana granitoid intru-
sive of the Upper Jurassic-Lower Cretaceous age. 

 

 
 

Fig. 2. Minerageny of metallic minerals of the Garabagh HGR 
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Additionally, there are several bodies of copper-
pyrite ore formation observed at the same endo- and 
exocontact and at some distance from the intrusive 
among the Bathonian volcanics. Pyrite-chalcopyrite 
mineralization of the impregnated-veinlet type is 
represented by several occurrences, including Yu-
khari Gulyatag, Khazinadagh, Chullu, Demirli, 
Ashaghi Janyatag, Gazanchi and Vankli. The gold-
copper-pyrite ore formation is represented by the 
Gizilbulag ore field corresponding to an ancient vol-
canic center located on the right shore of the Sarsang 
water reservoir. The ore field consists of Gizilbulag 
copper-gold deposit and a number of occurrences, 
including Heyvali, Almali, Anbarchay, Girmizitepe, 
Garbi Gizilbulag, etc. The polymetallic (lead-zinc) 
ore formation consists of Mehmana deposit and Chi-
ragli occurrence localized within the structure of the 
Mehmana ore field in the interfluve of Tartar and 
Gabartichay. 

The South Garabagh ore district is confined 
to the southeastern termination of the Lok-Garabagh 
metallogenic zone. Structurally it corresponds to the 
Garabagh uplift. In the district, there are several mi-
nor copper-pyrite deposits (Boyuk Taghlar, Ar-
gunesh, Bina, etc.) having no commercial value but 
important as ore prospecting criteria. The ore miner-
alization is usually confined to the zone of tectonic 
dislocations and dyke complexes and represented by 
native copper, chalcopyrite, chalcosine, cuprite, py-
rite, sphalerite and galenite. 

Mineralization of the Goycha-Hakari metallo-
genic zone is associated with ophiolite association, 
Upper Cretaceous limestones, Eocene granitoid in-
trusives and Miocene-Pliocene acidic volcanics. The 
ophiolite association is represented by chromite and 
scheelite mineralization, while the other complexes 
– by the occurrences of mercury, antimony, gold and 
arsenic. The part of the province that covers the ter-
ritory of the Garabagh nature zone, is divided into 
Goydara, Girkhgiz and Tutgun ore districts. 

The Goydara ore district is located in the mid-
dle course of Tartar, covering an area between 
Shargi Goycha range and the river valley of Tut-
gunchay. The district is represented by the deposits 
and occurrences of chromite, mercury (arsenic-
antimony-mercury), gold (gold-polysulphide-quartz) 
and molybdenum-tungsten) ore formations. Genet-
ically related to widely developed ultrabasites, the 
chromite ore formation forms Goydara and Kazim-
bina group of chromite deposits and occurrences. 
The mercury (arsenic-antimony-mercury) formation 
is represented by more than 40 mercury and some-
times complex mercury-antimony deposits, occur-
rences and mineralization fields. The ore manifesta-
tions are either grouped within the structure of 
Levchay, Guneypaya, Gamishli, Soyudlu, Gilinjli, 

Agyatag ore fields, or represented as separate ob-
jects. Commercially valuable manifestations identi-
fied by geological exploration reconnaissance activi-
ties are Agyatag, Eyvan, Levchay, Shorbulag, Ag-
gaya, Arkhajdere, Gamishli and Zulfugarli mercury 
deposits, as well as multiple occurrences, including 
Garbi and Yeni Lev, Garagaya, Shirran, Yelizgol, 
Seyidler, Atdashi, Yalkend, Garbi Gamishli, Tal, 
Bashkend, Milli, Saridash, Arkhajdere, Goyukgu-
ney, Sarigilinj, Abdullaushaghi, Hajidere, Duzyurd, 
Gayali, Gushyuvasi, Kiliseli, Otaglar, Chapar, Bash-
libel, etc. Gold (gold-polysulphide-quartz) ore for-
mation is concentrated in the Soyudlu ore cluster 
detected on the northwestern flank of the ore district. 
The formation is represented by the Zod deposit and 
more than 20 occurrences, including Gonur, Goyda-
ra, Damirchidam, Istibulag, Alagollar, Nariman, 
Garbi Palidli, Soyudlu, etc. Quartz-scheelite sub-
formation is observed in the quartzy veinlets of the 
listvenite zones, where it is detected together with 
pyrite, stibnite, bismuthinite and cinnabar. In the ore 
district there are several scheelite occurrences, in-
cluding Goydara, Gonur, Saridash, etc. 

The Girkhgiz ore district covers part of the 
Garabagh range between watershed peaks of Chilgaz 
and Saribaba. The district is characterized by chro-
mite, mercury and partly arsenic mineralization. The 
chromite ore formation is represented by Ipak group 
of occurrences (Ashaghi Ipak, Orta Ipak I and II, 
Khalifali, Gozlu, etc.) confined to serpentized peri-
dotites that are exposed in the southeastern part of 
the district in the upper courses of Khalifalichay and 
Ipakchay rivers. The mercury (arsenic-antimony-
mercury) ore formation is represented by Chil-
gazchay and Narzanli deposits, as well as several 
occurrences (Nagdalichay, Shamkend, Erikli, Gara-
boylu, Garibli, Dumanli, Ipak, Bozguney, Shimshak, 
Elyeri, Gorchu, etc.) and mineralization fields. 
Forming part of the formation and confined to the 
rupture dislocation zones, arsenic mineralization is 
represented by Deveboynu and Goshasu occurrences 
detected in the upper course basin of Hakari River. 

The Tutgun ore district is located on the 
southwestern wing of the Goycha-Hakari metallo-
genic province. Characterized by the gold-quartz 
mineralization, it covers the upper course basin of 
Tutgunchay River. Within the ore district bounda-
ries, there are more than 100 hydrothermally altered 
zones with different gold content, all distributed 
over several gold-bearing areas in the following ra-
tio: Giziliten – 40, Agzibir – 20, Gazikhanli – 30, 
Galaboynu – 11, etc. 

The Gafan metallogenic zone is characterized 
by copper-molybdenum, copper-pyrite, gold-quartz 
and partly tungsten and alunite mineralization. In the 
territory of the Garabagh nature zone, the province is 
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divided into Dalidagh, Aghduzdagh and Vejnali ore 
districts, as well as Lachin perspective ore bearing 
zone. 

The Dalidagh ore district covers the upper 
courses of the rivers of Tartar and partly Hochazsu 
(right-bank tributary of Hakari). The district is char-
acterized by the development of secondary copper-
molybdenum and polymetallic, and partly molyb-
denum-tungsten ore formations. Copper-molyb-
denum formation is represented by the ore contain-
ing quartz veins and hydrothermally altered rock 
zones located within an endocontact of the Dalidagh 
granitoid intrusive in the northwestern and partly 
southeastern parts of the district. There are Teymur-
uchandagh deposit and Baghirsag, Sultanheydar, 
Gatardash, Dalidagh-Aghchay occurrences of mo-
lybdenum-tungsten ores in this territory. The poly-
metallic ore formations are in most cases confined 
to the exocontact and apical parts of the Dalidagh 
interusive, where they are represented by Baghir-
sag, Dalidagh, Garanlig and several other occur-
rences localized among skarnified carbonate and 
volcano-sedimentary series. The molybdenum-
tungsten ore formation is represented by scheelite-
tungsten mineralization. In total within the ore dis-
trict boundaries, there are 81 tungsten containing 
quartz veins, 37 of which have been thoroughly 
studied and assessed. 

The Aghduzdagh ore district is situated in the 
northwestern limb of the Kalbajar superimposed 
trough, covering the slopes of Shargi Goycha range 
on the left riverbank of Tartar and represented by 
secondary gold-quartz and alunite ore formations. 
The gold-quartz formation is developed relative to 
Keytidagh caldera and a controlling submeridional 
fault zone. The structure of the formation contains 
the Aghduzdagh deposit as well as Shirvan, Key-
tidagh, Zaylik, Vagif, Sabir, Fuzuli and several other 
occurrences of gold bearing ores. Alunite ore for-
mation is represented by non-commercial Zar-Zaylik 
occurrence situated in the northeastern vicinity of 
Keytidagh caldera. 

The Vejnali ore district corresponds to the 
southern segment of the Gafan-Basitchay uplift 
which covers the interfluve of Bargushad and Araz 
rivers. The geological structure of the district is con-
stituted by the Middle-Upper Jurassic and Lower 
Cretaceous volcanic and volcano-sedimentary rocks 
protruded by hypabyssal intrusive of granodiorites, 
gabbros, diorites and quartz diorites. Presence of the 
latter formations had preconditioned development of 
the gold-polysulphide-quartz and copper-pyrite ore 
formations. The gold-polysulphide-quartz formation 
is represented by the Vejnali deposit and several oc-
currences located on the southwestern wing of the 
district. The copper-pyrite formation includes Agh-

kend occurrence located in the north on the right 
riverbank of Bargushadchay, as well as Garadere-
Aghband group of copper ore occurrences detected 
in the district’s central segment. 

The Lachin perspective ore district corre-
sponds to the same-named structural high built by 
the Middle-Upper Jurassic and Lower Creetaceous 
volcanic and volcano-sedimentary rocks and pro-
truded by granitoid intrusives. There are several 
mineralization spots and minor occurrences of sul-
phur-copper-pyrite, arsenic, gold and mercury min-
eralization within the district boundaries. 

 
Minerageny of non-metallic minerals 
Non-metallic mineral deposits of the Garabagh 

nature zone are represented by mining, chemical and 
refractory raw materials, semiprecious and ornamen-
tal stones, as well as construction materials, includ-
ing saw, facing and rubble stones, lime and cement, 
binding brick production materials, as well as fillers 
for concrete and the road construction materials. To-
tal reserves of these minerals amount to tens of mil-
lions of cubic meters (Геология Азербайджана. 
Том VI, 2005; Azerbaycanın geologiyası. Cild III, 
2015; Минерально-сырьевые ресурсы Азербай-
джана, 2005; Shikhalibeyli, 1994). 

Minerageny of the non-metallic mineral depos-
its reflects the revealed placement and occurrence 
regularities of various non-metallic raw materials 
during the certain periods of geological evolution 
(Figs. 3, 4). Within the region boundaries, there are 
two minerogenic taxons corresponding to the same-
named tectonic zones in the mountainous (the 
Artvin-Garabagh tectonic megazone) and lowland 
(the Middle Kur tectonic megazone and the Lower 
Araz tectonic zone in the southeastern subsidence of 
the Lesser Caucasus system) parts of the area. The 
first taxon is placed in the structure of Lok-
Garabagh, Goycha-Hakari, Gafan and Kalbajar 
zones, where it is built by the Jurassic, Cretaceous 
and Paleogene-Eocene rocks in magmatic, terri-
genous and carbonate facies, as well as the Miocene-
Pliocene-Holocene volcanics of Garabagh plateau. 
The second taxon is represented by the Oligocene-
Holocene marine and continental deposits of the 
Middle Kur and Lower Araz zones. 

The cited formations are connected to multiple 
deposits and occurrences of various nonmetallic 
minerals used in the following industry sectors: 1) 
mining and chemical (barite, pyrite, soda, Icelandic 
spar (optical calcite), piezoquartz, zeolites, litho-
graphic stone); 2) mining and metallurgical (flux 
limestones, kaolinite, bentonite clays, serpentinites); 
3) precious, semi-precious and ornamental stone 
production; and 4) construction (e.g. sawing, facing 
and building stones, cement raw materials (lime-
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stone, loam, marl, volcanic ash, pumice), binders 
(gypsum, drywall), mineral paints, raw materials for 
brick production (clay and loam), fillers for concrete 
and road-building materials (sand-gravel and sand-
boulder-gravel mixture, construction sand, perlite, 
vermiculite). 

According to formation conditions, industrial 
mineral deposits may be of the endogenous (actually 
magmatic, hydrothermal and skarn deposits, pegma-
tites), exogenous (weathering (clastic, residual, infil-
tration and hypergene) and sedimentary (mechanical 
and chemogenic) deposits) or metamorphogenic 
(metasomatic) origin. In terms of tectonic and for-
mational confinement, industrial mineral deposits of 
the Garabagh nature zone are distinguished within 
the structure of the following formations: 

The Lok-Garabagh zone is represented by the 
Bajocian-Bathonian volcanic-terrigenous, Late Ju-
rassic terrigenous-volcanic-carbonate, Early, Middle 
and Late Cretaceous volcanic-terrigenous-carbonate 
formations, as well as Paleogene terrigenous for-
mation exposed in the zone's northeastern periphery. 
The first two formations of the zone are rich in vari-
ous types of industrial mineral deposits. 

The Middle Jurassic volcanic-terrigenous for-
mation is represented by effusive and partly sedi-
mentary rocks, and characterized by widely devel-

oped zones of hydrothermally altered series scat-
tered along differently oriented fault dislocations. 
The structure of the formation is broken by multiple 
different-size Middle and Upper Jurassic acidic in-
trusives. The formation contains resources of hydro-
thermal barite, pyrite, mineral paints, secondary 
quartzites, pegmatite jewelry (agate, chalcedony) 
and ornamental (jasper) stones, magmatogenic or-
namental (felsitic tuff) and facing (basalt, porphyri-
tes) stones, metamorphogenic andalusite and hyper-
gene malachite (a product of copper ores weather-
ing), as well as fossilized remains of trees as orna-
mental stone. 

Being in paragenesis with predominantly acidic 
(gabbro-tonalite formation) intrusions, the Late Ju-
rassic terrigenous-volcanic-carbonate formation 
contains manifestations of hydrothermal Icelandic 
spar, mineral paints, jewelery stones (opal), pegma-
tite jewelry and ornamental stones (agate, carnelian), 
biogenic and chemogenic limestones and corals, 
magmatogenic facing and building stones (volcanic 
tuffs, gabbros, gabbroids, gabbro-diabases, diorites, 
granodiorites), metamorphogenic andalusite and 
marbled limestones, as well as chemogenic and hy-
drothermal gypsum. Additionally, there are the de-
posits and occurrences of coal used as fuel and ener-
gy raw material. 

 

 
 

Fig. 3. Minerageny of non-metallic minerals of the Garabagh HGR   
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Fig. 4. Legend to the map of minerageny of non-metallic minerals 

 
The volcanic-terrigenous-carbonate formation 

of the Early-Middle Cretaceous deposits is in para-
genesis with mainly acidic (gabbro-tonalite for-
mation) intrusives. There are the deposits and occur-
rences of such nonmetallic minerals as biogenic and 
chemogenic limestones (fluxing, building) and bio-
genic precious stones (copal), pegmatite precious 
(agate) and ornamental (jasper) stones, magmato-
genic facing (gabbro-diabases, gabbro-porphyrites) 
and building (porphyrites, tuffs) stones, metamor-
phic marbled limestones, etc. in the formation. 

Being similar to the previous complex in terms 
of formation, the Late Cretaceous complex is in par-
agenetical relation with intrusions of basic composi-
tion (formation of subalkaline gabbroids). The for-
mation is characterized by the presence of deposits 
and occurrences of hydrothermal Icelandic spar, zeo-
lites, kaolinite and mineral paints, residual benton-
ites, chemogene lithographic stone, pegmatite pre-
cious (agate, chalcedony) and ornamental (jasper) 
stones, magmatogenic building (tuff) and facing 
(gabbro-diabase) stones, biogenic and chemogenic 
saw and building limestones, chemogenic marls 
(cement raw material), mechanical sludge (clays), 
metamorphic marbled limestones and volcanic pum-
ice (cement raw material). 

In addition to the listed mineral raw material 
types, there are young occurrences of chemogenic 
travertine, as well as deposits of different building 
materials, including sandstone, gaja, clay, loam, ma-
son's sand, gravel and sand-gravel deposits. These 
manifestations are detected in the formation of the 
Pleistocene-Holocene continental molasses. This 
formation is superposed on the more ancient com-
plexes of the northeastern wing of the zone. 

The Goycha-Hakari zone is mainly represent-
ed by the Upper Cretaceous ophiolite formation 
which overlies the Lower Cretaceous volcanic-
terrigenous-carbonate series and partly underlies the 
terrigenous-volcanic rocks of Eocene. The formation 
is associated with manifestations of hydrothermal 
zeolites, Icelandic spar, secondary quartzites, pyri-
tes, mineral paints, hydrothermal-metamorphic ser-
pentinites, listvenites, asbestos, marbles, pegmatite 
precious (carnelian, sarder, cream) and ornamental 
(jasper) stones, biogenic precious stones (copal), 
hydrothermal precious (nephrites, jadeite, garnets) 
and ornamental (listvenite, serpentine) stones, mag-
matogenic facing (gabbros, gabbroids, gabbro-
diabases, gabbro-diorites, diorites, basalts, basaltic 
andesites), facade (tuffs) and construction (granodio-
rites, gabbroids, tuffs) stones, as well as hypergene 
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vermiculite, volcanic pumice, residual bentonite 
clays, biogenic and chemogenic limestones as ce-
ment raw materials, wall stones, rubble stones, and 
marbled limestones. 

Within the zone's boundaries, there are also orna-
mental (marble onyx) and facing (travertine) stone oc-
currences confined to the chemogenic formation of the 
Late Pliocene-Holocene – products of chemical precip-
itation of a calc-spar from hot mineral springs. In addi-
tion, one deposit of the Lower Pleistocene clays and 
several gravel and sand-gravel deposits were estab-
lished in the alluvium of the mountain rivers. 

The Gafan zone has its' northeastern wing built 
by the Bajocian-Bathonian volcanic-terrigenous for-
mation. In its' southeastern plunge, the formation is 
superstructed by the Late Jurassic terrigenous-vol-
canic-carbonate formation. The southeastern wing of 
the zone is represented by volcanic-terrigenous-
carbonate formation of the Early and Middle Creta-
ceous series, and the central segment – by the simi-
larly composed Late Cretaceous formation, south-
western segment of which is overlapped by the Late 
Pliocene-Holocene formation of secondary trachy-
basalts and trachyandesites. 

The Middle Jurassic formation is composed 
similarly to the same-age complex of the Lok-
Garabagh zone. The formation is breached by differ-
ent-age acidic intrusives, and characterized by the 
occurrences of hydrothermal mineral paints, pyrite 
and listvenite, magmatic building (tuff) and facing 
(gabbro) stones, pegmatite ornamental stones (jas-
per) and residual bentonite clays. 

Composition of the Upper Jurassic terrigenous-
volcanic-carbonate formation includes marbled lime-
stones and limestones that are used as the wall stones. 

The Early-Middle Jurassic formation is in para-
genetic relations with acidic (gabbro-tonalite for-
mation) intrusives. The composition of the formation 
includes biogenic and chemogenic limestones (flux-
ing, wall and soda raw materials), metamorphic 
marbled limestones, hydrothermal zeolites, biogenic 
precious stones (copal), pegmatite precious (agate) 
and ornamental (jasper) stones, magmatogenic fac-
ing  (gabbro-diabase), walling (tuff) and building 
(porphyrites, tuff) stones. 

The Late Cretaceous volcanic-terrigenous for-
mation contains deposits and occurrences of hydro-
thermal Icelandic spar, piezoquartz, zeolites, mineral 
paints, sulfur pyrite, pegmatite precious (agate, chal-
cedony, sardius, flintstone) and ornamental (jasper) 
stones, biogenic, chemogenic (walling stones and 
raw materials for the production lime) and marbled 
limestones, magmatic facing (basalts, gabbro), wall-
ing (tuffs) and building (granodiorites, tuffs) stones, 
volcanic ash and pumice, as well as volcano-sedi-
mentary tuffaceous sandstones. 

The Late Pliocene-Holocene chemogenic for-
mation is represented by travertines, suitable for 
walling and facing works. In the section of the same-
aged trachybasalt-trachyandesite formation, there are 
deposits of magmatic volcanic ashes and pumice 
(raw materials for the production of cement). The 
deluvial deposits of the same age include manifesta-
tions of clays and loams, and the river alluvium con-
tains occurrences of sand-gravel and sand-boulder-
gravel mixtures. Finally, there are deposits of 
chemogenic gypsum and drywall detected in the sec-
tion of continental molasses, confined to the south-
eastern immersion of the Gafan zone. 

The Kalbajar zone (Garabagh plateau). The 
surface structure of the zone is constituted by 
magmatic formations of the Eocene-Holocene. The 
Eocene terrigenous-volcanic formation is in para-
genesis with mainly acidic intrusives (granosye-
nite-granite formation). Within the formation struc-
ture, there are deposits of magmatic facing (basalts, 
porphyrites, andesibasalts, gabbro-diorites) and 
construction (liparites) stones. Also being in para-
genesis with mainly acidic intrusives (granosye-
nite-granite formation), the Miocene andesite-
dacite-rhyolite formation is represented by the 
building stone deposits of hydrothermal-vein pie-
zoquarts and granodiorites. The Late Pliocene 
rhyolite formation contains deposits of iridescent 
obsidian. In the trachybasalt-trachyandesite for-
mation of the Late Pliocene-Holocene, there are the 
deposits of cast stone materials (basaltic andesites), 
volcanic tuffs and ash, as well as pumice and per-
lite used for the production of cement and other 
building materials. In turn, the same-aged chemo-
genic formation is represented by the deposits of 
ornamental (marble onyx) and facing (travertine) 
stones, both products of chemical precipitation of 
calc-spar from the thermal mineral springs. 

The Middle Kur zone. On the erosional trunca-
tion, the zone is built by Late Pliocene marine terri-
genous formation containing sedimentary sand-
stones, and Pleistocene-Holocene continental molas-
se formation, containing chemogenic gaja and me-
chanical sediments (clay, loam, sandy loam, mason-
ry sand, gravel, sand-gravel and sand-boulder-gravel 
mixtures) used as construction materials. 

The Lower Araz zone is represented by two 
continental formations. Late Pliocene-Early Pleisto-
cene terrigenous-volcanic formation contains the 
horizons of volcanic ash, vitric tuff and pumice (raw 
material for the production of cement and other con-
struction materials) enclosed in the alluvial-proluvial 
continental molasses. Pleistocene-Holocene conti-
nental molasse formation has a nonmetallic mineral 
content similar to its' analogue within the structure 
of the Middle Kur zone. 
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Conclusions 
The minerageny of the southeastern end of the 

Lesser Caucasus is determined by the geodynamic 
setting of the formation of structural zones, the geo-
chemical characteristics of structural-material com-
plexes, and their age evolution. The established geo-
logical patterns of the formation and spatial distribu-

tion of various types of mineral raw materials make 
it possible to predict the discovery of new industrial-
ly significant deposits, both due to the known nu-
merous manifestations, and new promising areas. 
Provision with mineral resources is a factor of eco-
nomic security and a guarantor of the social stability 
of the region in the medium and long term. 
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ТЕКТОНИКА И МИНЕРАГЕНИЯ ГАРАБАГА И ВОСТОЧНОГО ЗАНГЕЗУРА  
(ЮГО-ВОСТОЧНОЕ ОКОНЧАНИЕ МАЛОГО КАВКАЗА, АЗЕРБАЙДЖАН) 

 
Кенгерли Т.Н. 

Министерство науки и образования Азербайджанской Республики, Институт геологии и геофизики  
AZ1143, г.Баку, просп. Г.Джавида, 119: tkangarli@gmail.com 

 
Резюме. Статья посвящена тектонике и закономерностям формирования и распространения различных видов полезных 

ископаемых в пределах Гарабагского и Восточно-Зангезурского экономических районов Азербайджанской Республики, 
территориально связанных с юго-восточным окончанием горно-складчатой системы Малого Кавказа. В ней показано, что 
регион тектонически относится к юго-восточному сегменту Артвин-Гарабагского поднятия (мегазоны), состоящего из 
структурных зон второго порядка (Лок-Гарабагской, Гейча-Хакаринской и Гафанской) и погружающегося на северо-
востоке и юго-востоке под современные континентальные молассы Средне-Куринской и Нижне-Аразской наложенных 
впадин. Отмечается, что в регионе распространены различные виды металлических (рудных) и неметаллических полезных 
ископаемых. Приведены сведения об их минерагении и промышленно значимых залежах. Минерагения металлических 
полезных ископаемых характеризует геологические закономерности формирования и размещения различных видов рудно-
го минерального сырья в металлогенических зонах (отвечают одноименным тектоническим зонам Артвин-Гарабагской 
мегазоны) и рудных районах, которые выделяются исходя из тектоно-геодинамического районирования, истории геологи-
ческого развития, генетических типов известных рудных месторождений и потенциальной рудоносности геологических 
формаций Малого Кавказа. Минерагения неметаллических полезных ископаемых отражает выявленные закономерности 
размещения объектов различного нерудного сырья в пространстве и их возникновения в определенные периоды геологи-
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ческого развития. Потенциал увеличения перечня промышленно значимых месторождений определяется многочисленны-
ми проявлениями рудного и нерудного минерального сырья. 

Ключевые слова: Малый Кавказ, Гарабагский и Восточно-Зангезурский экономические районы, тектоническое райо-
нирование, минерагения, металлогеническая зона, рудный район, металлические (рудные) и неметаллические (нерудные) 
полезные ископаемые 

 
 

QARABAĞ VӘ ŞӘRQİ ZӘNGӘZURUN TEKTONİKASI VӘ MİNERAGENİYASI  
(KİÇİK QAFQAZIN CӘNUB-ŞӘRQ QURTARACAĞI, AZӘRBAYCAN)   

 
Kәngәrli T.N. 

Azәrbaycan Respublikasının Elm vә Tәhsil Nazirliyi, Geologiya vә Geofizika İnstitutu 
AZ1143, Bakı şәh., H.Cavid prosp., 119: tkangarli@gmail.com 

 
Xülasә: Mәqalә әrazi baxımından Kiçik Qafqaz dağ-qırışıqlıq sisteminin cәnub-şәrq qurtaracağı ilә bağlı Azәrbaycan Respub-

likası Qarabağ vә Şәrqi Zәngәzur iqtisadi rayonlarının tektonikası vә müxtәlif faydalı qazıntıların formalaşma vә yayılma qanuna-
uyğunluqlarına hәsr edilmişdir.  Göstәrilmişdir ki, region tektonik cәhәtdәn ikincidәrәcәli struktur zonalardan (Lök-Qarabağ, Göyçә-
Xәkara vә Qafan) ibarәt olan vә şimal-şәrq vә cәnub-şәrqdә Orta Kür vә Aşağı Araz qoyulma çökәkliklәrinin müasir qitә molassları 
altına gömülәn Artvin-Qarabağ qalxmasının (meqazonanın) cәnub-şәrq seqmentinә aiddir. Qeyd olunur ki, regionda müxtәlif növ 
metal (filiz) vә qeyri-metal faydalı qazıntılar yayılmışdır. Onların minerageniyası vә sәnaye әhәmiyyәtli yataqları haqqında mәlumat 
verilmişdir. Metal faydalı qazıntıların minerageniyası Artvin-Qarabağ meqazonunun eyniadlı tektonik zonalarına uyğun gәlәn 
metallogenik zonalarda vә filiz sahәlәrindә müxtәlif növ filiz mineral xammalının әmәlә gәlmәsinin vә yerlәşdirilmәsinin geoloji 
qanunauyğunluqlarını xarakterizә edir. Bu zona vә sahәlәr Kiçik Qafqazın tektono-geodinamik rayonlaşdırma, geoloji inkişaf tarixi, 
mәlum filiz yataqlarının genetik tiplәri vә geoloji formasiyalarının potensial filizliliyi nәzәrә alınmaqla ayrılır. Qeyri-metal faydalı 
qazıntıların minerageniyası müxtәlif qeyri-metal xammal obyektlәrinin mәkan  yerlәşdirilmәsinin  vә geoloji inkişafın müәyyәn 
dövrlәrindә onların yaranmasının aşkar edilmiş  qanunauyğunluqlarını әks etdirir. Sәnaye әhәmiyyәtli yataqların siyahısını artırmaq 
potensialı çöxsaylı filiz vә qeyri-filiz mineral xammal tәzahürlәrinın mövcudluğu ilә  müәyyәn edilir. 

Açar sözlәr: Kiçik Qafqaz, Qarabağ vә Şәrqi Zәngәzur iqtisadi rayonları, tektonik rayonlaşdırma, minerageniya, metallogenik 
zona, filiz rayonu, metal (filiz) vә qeyri-metal (qeyri-filiz) faydalı qazıntılar 
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Summary. The gold-bearing areas of the ore field, the similarities and differences of the struc-
tural conditions of their formation, the elemental and mineral composition of the ores, various met-
asomatictes-propylites, beresites and, especially, secondary quartzites were studied.  

Gold ore mineralization can be considered in terms of some regional features of the geological 
development of the Lesser Caucasus. The Upper Eocene intrusive and subvolcanic rocks represent a
single complex that forms the Gazikhanli-Zargulu massif in the region, approaching the subvolcanic
facies of magmatic rocks. The field of development of gold ore formations mainly covers outcrops of
granitoid rocks of the massif and its exocontact aureoles, into which abundant dikes, the latest mem-
bers of the Upper Eocene complex of intrusive formations, penetrate. The particularly close positional 
connection of gold ore mineralization with vein rocks cutting through all the massive and porphyry
rocks of the massif indicates the control of this mineralization by the latest structural elements of the
area, which occurred in the final period of the evolution of the Gazikhanli-Zargulu complex. 

As can be seen, gold-bearing zones are paragenetically associated with dikes that complete the
development of granitoid intrusive complexes. Both of them, which are closest in time to the de-
velopment of magmatic and post-magmatic processes, use uniform structures of an earlier period of 
development in their localization. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
The epithermal Tutkhun ore field is located in 

the Kalbajar region and occupies part of the northern 
slope of the Mykhtokyan ridge in the upper reaches 
of the Tutkhun River (right large tributary of the 
Terter River). The tectonic structure of the ore field 
is determined by its location in the southwestern 
wing of the Saribaba trough within the Goycha-
Akera structural-formational zone, which is associ-
ated with the development of the northeastern 
branch of the transregional Mesozoic Anatolian 
fault. Geological prospecting and exploration work 
in this area was carried out in the 60-70s of the last 
century and was accompanied by scientific research 
by researchers of the Institute of Geology and Geo-
physics of the National Academy of Sciences of 
Azerbaijan, Baku State University, CRGPI (Mos-
cow), etc. A scientific database was formed in the 
course of the work, including numerous published 
works and production reports, the generalization and 
analysis of which made it possible to identify the 
main geological and genetic features of the ore field 

(Кашкай и др., 1967; Сулейманов, 1982 and etc.). 
This paper continues a series of publications con-
cerning the structural features of ore localization and 
the structure of the ore field, ranging from the re-
gional position to the characteristics of ore-bearing 
areas with different gold mineralization and resource 
potential (Баба-заде и др., 2003, 2023).  The rele-
vance of this paper is quite obvious, as since the 
publication of the monograph “Gold of Azerbaijan” 
in 2023 (Baba-zadeh V.M. and others), which col-
lected materials of Azerbaijan researchers, a series 
of precision analytical studies that were previously 
inaccessible have been carried out. Despite the wide 
coverage of geological material and the novelty of 
the obtained data, while interpreting them, the 
abovementioned researchers did not take into ac-
count a number of works that could have resolved 
some controversial issues of the geological and ge-
netic order.  We will try to clarify these and other 
questions in this work that led to the formation of 
the Tutkhun field, and a large group of orogenic 
gold fields in the central part of the Lesser Caucasus. 
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Geological structure 
The ore field, with an area of about 20 km2, is 

composed of sedimentary and volcanogenic-sedimen-
tary formations from the lower (Albian) and the upper 
structural stages (Cenomanian, Santonian, Campanian-
Maastrichtian) of the Cretaceous to modern ones with 
numerous breaks, distinguished by the facies variation 
of the lithological composition of the rocks and the 
scale of effusive and intrusive magmatism (Fig.1). 
These rock complexes are accumulated in the linearly 
elongated Gazikhanli anticline in the northwestern di-
rection, which is complicated by smaller faults that 
feather them and is accompanied by differently orient-
ed zones of fracture intensity. Volcanogenic and sedi-
mentary deposits of the Upper Cretaceous and individ-
ual bodies of syncollisional granitoids of the Tertiary 
intrusive complex breaking through them are exposed 
in the central part of the structure, beyond which the 
gold mineralization does not extend practically. 

The duration of the geotectonic development of 
the Gazikhanli structure is evidenced by the occur-
rence of a thick series of intraformational conglom-
erates of the Cenomanian Age, which developed 
near this structure and extended along it.  The 
abovementioned conglomerates contain gabbroids, 
granitoids, quartzites, jaspers, etc. 

 

 
 

Fig. 1.  Schematic geological map of the Tutkhun river basin 
(Compiled by A.I. Mammadov). 1 – The Upper Eocene-hydro-
thermally altered andesites and tuff breccias; 2 – the Middle 
Eocene tuffs and tuff sandstones; 3 – nummulitic limestones of 
the Middle Eocene; 4 – the Campanian-Maastrichtian stage-
marly limestones; 5 – the Post-Santonian gabbroids; 6 – the 
Post-Santonian amphibolites; 7 – the Cenomanian stage-horn-
fels; 8 –  epidosites; 9 – the Cenomanian stage-conglomerates, 
argillites, sandstones, lenses of limestones, tuff sandstones and 
gravelites; 10 – quartz diorite porphyry, adamellite porphyry and 
granodiorite porphyry (phase III); 11 – quartz and quartz-free 
diorites, tonalites, granodiorites (phase II); 12 – skarn areas: I –
South Turkuchevan; II – North Turkuchevan; III – Gizilitan; IV 
– along the path from Turkuchevan village to Gazikhanli village 

The Gazikhanli zone is limited by the Gala-
boynu from the southwest, and by the Boyukboz 
synclinal folds from the northeast, which also played 
a fairly active role in the formation of the Tutkhun 
gold ore field. 

There are intrusive analogues of younger terres-
trial formations within the anticline that are similar 
in age and petrographic composition, represented by 
a diverse series of igneous rocks. All of them are the 
Post-Cenomanian and, mainly the Post-Campanian 
(Кашкай и др., 1967). 

The most ancient intrusive rocks are serpentin-
ized and talcose ultrabasic rocks, confined to local 
anticlinal structures and intruded by small intrusive 
bodies of basic, intermediate and felsic composition. 

The main mass of intrusive formations within 
the Tutkhun ore field consists of the Post-Upper Eo-
cene subvolcanic and hypabyssal granitoid bodies of 
the Gazikhanli-Zargulu intrusive complex 
(Геология Азербайджана, 2005). Rocks of two in-
trusion phases take part in its structure (Баба-заде и 
др., 2003; Волков и др., 2021). Earlier gabbroids, 
gabbro-diorites, diorites and quartz diorites are de-
veloped along the periphery of the complex. There 
are several stocks of granodiorites and granites in 
the central part of the complex. All these formations 
break through the Albian-Cenomanian and Middle 
Eocene deposits, having a contact impact on them, 
transforming them metasomatically into sericite-
hydromicaceous-quartz rocks.  According to its 
shape, the intrusion refers to a large fractured pluton, 
elongated in the northwest direction (300-310º), 
along the Tutkhun River valley for 10 km with a 
width of 0.2-2 km. The massif has a laccolith-like 
shape and a thickness of 300-500 m in cross section 
(Баба-заде и др., 2003; Волков и др., 2021). 

The latter is represented by bodies of different 
morphology and size. Different parts of the intrusive 
were formed at different stratigraphic levels.  The 
largest Gazikhanli massif of granitoids breaks 
through terrigenous deposits of the Cenomanian and 
Early Senonian (the main part of the intrusion), the 
marginal parts – the Upper Senonian-Lower Paleo-
gene carbonate-tuffaceous rocks. The central, most 
deeply eroded part of the Gazikhanli intrusion, was 
formed at a depth of about 750-800 m, and the pe-
ripheral parts, breaking through the deposits of the 
Upper Senonian and Lower Paleogene were formed 
at a depth of 350-400 m. The same formation depth 
is observed on the Zargulu intrusion.  In addition to 
paleogological data (Баба-заде и др., 2003), the 
near-surface conditions for the formation of the 
marginal parts of the considered intrusion are con-
firmed by the presence of low-temperature contact 
minerals (epidote, zoisite, albite, actinolite, chlorite, 
etc.) and the predominant porphyry structure of the 
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intrusive rocks. The second intrusive massif is locat-
ed in the northwest of the previous one in Aghzibir. 
It breaks through the Cenomanian deposits and gab-
broids of the first phase. Numerous apophyses in the 
form of dikes extend from the intrusion into the host 
rocks, as in the Gazikhanli massif. The main occur-
rences of gold mineralization (the Agzibir and Mali-
novaya Balka areas) are associated with the rocks of 
the intrusive massif. 

The next outcrop of the granitoid intrusion in 
the Turkuchevan area in the lower course of the 
Gazikhanli River is hypsometrically located slightly 
below, due to which the erosion cutting into the 
granitoid body turned out to be deeper.  Naturally, 
the occurrence of deep facies in the intrusive massif 
is holocrystalline syenite-diorites, quartz diorites, 
etc. Porphyritic varieties occur in the elevated areas 
of the relief, and the marginal facies of the massif 
are characterized by effusive rocks. 

There is a thick zone of clarified, silicified and 
kaolinized rocks in the contact zone of the intrusion 
with the host rocks. According to E.S.Suleymanov 
(Сулейманов, 1982), the content of combined water 
is 0.7-1.0% in 53 analyzes taken from quartz diorites 
and granodiorites, the Gazikhanli-Zargulu igneous 
complex, which  is characteristic of intrusive massifs 
that crystallized at a depth of about 1 km (Баба-заде 
и др., 2003). Most likely, the massif records one of 
the large early Tertiary faults, accompanied by re-
gional structures of the area, in particular, with the 
axis of the abovementioned anticlinal fold, com-
posed of chalk volcanic-sedimentary formations. 
Holocrystalline rocks, which are structurally homo-
geneous, mainly hornblende-biotite quartz diorites 
are found along the tectonic faults. Plutonic rocks of 
the intrusion are accompanied by their subvolcanic 
analogues (stocks of quartz-diorite porphyrites and 
quartz-monzonite porphyrites predominate) along 
the contacts with the host rocks and, probably, in the 
roof. 

Later, steeply dipping dikes were formed, con-
centrated in the apical and marginal parts of the in-
trusive massifs, often in the host rocks, as well as 
subvolcanic rocks of the same complex, at the final 
stage of which gold-bearing areas of the Tutkhun ore 
field were formed. The dikes are close to plutonic 
and subvolcanic rocks in terms of mineral composi-
tion, emphasizing the comagmatic nature of all ig-
neous formations of the complex, but they are close 
to rocks of the effusive facies in formation and struc-
ture. Most of them can be called intrusive andesites 
and trachyandesites.  A structural connection has 
been shown between dikes that complete the devel-
opment of granitoid intrusive complexes and gold 
veins (Абдуллаева, 2023; Абдуллаева, Новрузова, 
2023; Баба-заде, Новрузова, 2023).  Both use the 

same structures from an earlier period of develop-
ment in their location. 

Most of the dikes are pre-ore, oriented to north-
west and host ore bodies or are intersected by them. 
Dikes become denser and structurally isolated dike 
fields occur near granitoid massifs or in the contours 
of the latter. The largest and longest dikes represent a 
system of predominant northeastern swarms (for-
mations), traced at a distance of 1-2 km or more. 

All intrusive rocks of the Tertiary age represent 
a single complex of comagmatic formations, also 
related apparently to the strata of the Eocene ande-
sites and their tuffs, developed within adjacent syn-
clinal structures. 

The boundaries of the Tutkhun ore field are lim-
ited by the contours of a tectonic block, within 
which a system of intersecting sublatitudinal 
(northwestern), near-meridional and diagonal faults 
of a lower order is developed (Минерально-
сырьевые ресурсы Азербайджана, 2005). The lat-
ter led to the occurrence of a series of elevated and 
downthrown blocks, causing the stepped-block 
structure of the considered area.  Gold-bearing 
stockworks and compound veins are controlled by 
this fault system and consist of en echelon zones of 
veinlet-impregnated ores (Баба-заде и др., 2003). 
The largest is the regional ore-controlling Gazikhan-
li fault of the northwestern orientation, which repre-
sents a system of steeply dipping faults within which 
ore-bearing zones are located (Fig. 2). 

The tectonic zone is accompanied by numerous 
intersecting faults of a lower order, bearing traces of 
active hydrothermal alteration in the body of the in-
trusion and in the host volcanic-sedimentary rocks 
(including ultrabasites and gabbroids). 

According to geophysical data, the Tutkhun ore 
field is localized in the superintrusive zone of the 
Gazikhanli-Zargulu intrusive complex, which cre-
ates a dome structure and is characterized by an al-
ternating, rugged magnetic field (Баба-заде и др., 
2003; Волков и др., 2021). 

 
Metasomatic alteration in host rocks 
Hydrothermal and metasomatic alterations in 

the host rocks were widely occurred with the de-
velopment of albite, epidote, biotite, actinolite, se-
ricite, chlorite, carbonates, kaolinite, argillite, sul-
fides, etc. in the Tutkhun ore field. More intense 
hydrothermal and metasomatic alterations occurred 
in the footwall of gold-bearing zones, where the 
host rocks were completely replaced by the second-
ary minerals, i.e. converted into metasomatic rocks 
(Баба-заде и др., 2003; Абдуллаева, Новрузова, 
2023; Баба-заде и др., 2020; Баба-заде и др., 2023; 
Кашкай и др., 1967; Минерально-сырьевые 
ресурсы Азербайджана, 2005; Li, Yang, 2022). 
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Fig. 2. Structural scheme of the Tutkhun ore field 
 
Metasomatites in the direction from bottom to top 
and from the center of the field to its periphery are 
replaced by partially altered rocks. The outer zones 
correspond to higher temperature facies of propylites 
– albite-actinolite, albite-epidote-actinolite and bio-
tite (weakly developed) developed mainly in the 
body of granitoids; the area of medium-temperature 
propylitization, reminiscent of listvenites (zones 
closest to the fracture cavity) with abundant pyrite, 
often with late quartz segregations, including hy-
dromicas and adularia, is composed of mica-
carbonate metasomatites – epidote-chlorite, kaolin-
ite-sericite-quartz and sericite-chlorite-quartz varie-
ties; the area of low-temperature propylitization fa-
cies consists of quartz-hydromica-kaolinite-
carbonate formations with ferruginous carbonates, 
sulfides and subordinate alunite-group minerals, 
usually with veinlets and lenses of chalcedonic 
quartz and kaolinite. These new formations are ob-
served at significantly lower hypsometric levels 
along fractures and zones of increased porosity and 
fracturing associated with faults, dike contacts, etc. 

So, the structure of the altered rocks shows 
clearly vertical zoning, which allows them being 
considered in many ways similar to epithermal gold 
ore fields of the Tertiary formation. 

Gold-bearing vein bodies occupy a definite po-
sition in this zonation, located on the border between 
metasomatites and partially altered rocks, i.e. zones, 
which are composed of sulfides, are mineral facies 
of the general aureole of hydrothermal and metaso-

matic alterations (Баба-заде и др., 2023; Абдул-
лаева, Новрузова, 2023; Баба-заде и др., 2003). 
The structure and composition of such zones corre-
spond to areas of the ore field determined by the 
depth of development and does not occur together in 
all cases.  The lowest temperature associations are 
better expressed at lower section levels and penetrate 
to a significant depth only along well-developed 
fracture zones. According to their composition, they 
show a noticeable difference in rocks of different 
initial compositions, approaching listvenites in rocks 
of a more basic composition, or kaolinite-hydromica 
beresites in rocks of a more acidic composition. 

The formation of these halos covers predomi-
nantly the pre-ore (pre-productive) period of the 
formation of ore zones, but they are closely associat-
ed with the latest minerals of the early ore stage in 
their composition – nest-like and veinlet accumula-
tions of coarse-grained quartz and scattered impreg-
nations of coarse-crystalline pyrite, which experi-
ence distinct breaking and recrystallization in subse-
quent late stages. 

Secondary quartzites occupy higher hypsomet-
ric elevations, developing due to granitoid intrusions 
(partially located in the endocontact zone) and effu-
sive-pyroclastic rocks far from the intrusive outcrops 
(Баба-заде и др., 2023; Кашкай и др., 1967). Areal 
secondary quartzites are widely developed with nu-
merous quartz, less quartz-carbonate vein-veinlet 
zones of northwestern strike, coinciding with the 
deep fault of the Gazikhanlichay tectonic zone.  
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Peculiarities of the Tutkhun ore field are the oc-
currence of pre-ore argillizated rocks, the presence 
of which allows us considering the field to be slight-
ly eroded.  Argillicites replace completely low-
temperature propylites and hydromica alterations in 
the supra-ore gold-bearing zone, which are of a near-
fracture nature. 

 
Mineral composition of ores 
According to the mineral composition, the fields 

of the ore field belong to the class of sulfide epi-
thermal gold ores (Волков и др., 2018; 2021; 
Гордиенко и др., 2019; Кашкай и др., 1967; 
Некрасов, Дорожкина, 2020; Cong et al., 2023; 
Hlaing et al., 2021; Groves et al., 2020; Sillitoe et 
al., 2020).  More than 50 minerals have been ob-
served in the ores. At the same time, they are rela-
tively simple in terms of the set of main minerals. 
The main ore minerals are pyrite (dominates sharp-
ly), chalcopyrite, sphalerite, galena, native gold, 
fahlores, and non-metallic are quartz, calcite, anker-
ite (Figs. 3-5). The ores contain small quantities of 
magnetite, molybdenite, tetrahedrite, boulangerite, 
jamesonite, bournonite, antimonite, orpiment, etc. 
The quantitative relationships between the main sul-
fide minerals remain quite stable, pyrite (more than 
90%), chalcopyrite (5-8%) always predominant, and 
only in some cases chalcopyrite is inferior to sphal-
erite (2-5%). Galena (1-2%) is found in subordinate 
quantities in relation to sphalerite and pyrite, but 
almost always predominates over fahlores.  Pyrite 
ores are characterized by an inequigranular texture, 
massive and brecciated textures. 

Pyrites of gold ores in general, depending on the 
predominant development of faces in combinations, 
are classified into more than ten habitus. The highest 
frequency of occurrence is characterized by crystals 
of cubic, pentagonal dodecahedral and cube-
pentagonal dodecahedral habitus (Коробейников и 

др., 1993).  Research has shown (Кашкай и др., 
1967) that the pyrites of the Tutkhun field have a 
zonal structure and emphasize the variability of crys-
tal habitus during the growth process: early – penta-
gon-dodecahedral, late – cubic.  Similar cases are 
observed in the Burgali epithermal gold field in 
Northeast Russia (Волков и др., 2021). Accumula-
tion of aggregates of pyrite grains often have a round 
or oval shape with a concentrically zonal internal 
structure. Microthermometric studies of fluid inclu-
sions in samples show that primary, primary-
secondary and secondary inclusions are distin-
guished among them. A wide range of ore formation 
temperatures from 190°C to 240°C has been estab-
lished (Баба-заде и др., 2003; Сулейманов, 1982). 
The highest temperature regime is characteristic of 
the initial (230ºС-240ºС), and the lowest (180ºС-
200ºС) final stages of ore formation. These tempera-
tures are close to the conditions for the formation of 
epithermal fields. 

The available factual material allows assuming 
the occurrence of hydrothermal and metasomatic ore 
deposition, which is confirmed by clearly defined 
supra-ore hydrothermal halos, synchronous with ore 
formation. 

The field has two productive stages of minerali-
zation and mineral associations typical for them, 
separated by tectonic movements: I. Quartz-pyrite 
with a small amount of magnetite and molybdenite 
and milky white quartz. II. Main ore stage. The main 
ore stage is divided into 2 substages: 1) quartz-
carbonate sulfide – quartz, carbonates (insignificant-
ly), late pyrite, sulfides of lead, copper and zinc, tet-
rahedrite, silver, native gold were released in this 
substage; 2) quartz-carbonate-sulfoantimony sub-
stage, consisting mainly of fine-grained chalcedonic 
quartz and sulfides, sulfoantimonites, native gold, 
silver, which intersect the early generation quartz of 
the first stage in the form of small veinlets. 

 

 

Fig. 3. Pyrite grains showing zonal structure after etching 
HCl+Zn dust. Etching revealed a small cataclasis in the py-
rite grains. Gizilitan area 

 

Fig. 4. Large zoned pyrite crystal. The pyrite grain (Py) of 
late generation grown on it. Etched with HCl+Zn dust. 
Gizilitan area 
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Fig. 5. Structural relationships of galena (Ga), pyrite (Py), white 
relief, sphalerite (Sf), dark gray and fahlore (Td). You can see 
how fahlore cements pyrite segregations in the lower left part of 
the figure. Ore vein on the Galaboynusu river 

 
Most of the gold of the first substage is dis-

persed in quartz, developing along the boundaries of 
euhedral crystals of the latter. Native gold of various 
gold fineness is found mainly in samples of quartz 
veins and zones, where sulfides and sulfosalts of 
copper and lead are visually observed, and micros-
copy also shows the occurrence of realgar and orpi-
ment (Кашкай и др., 1967). 

Besides native and finely dispersed gold, there is 
coarse dust-like gold, the occurrence of which is con-
firmed by spectral and chemical analysis data. Au is 
observed intergrown with antimonite, realgar and or-
piment, and the largest number of grains of this metal 
is confined to areas of the zone where antimonite is in 
association with orpiment and realgar (Кашкай и др., 
1967) (Figs. 6, 7).  Sometimes, there are tiny inclu-
sions of low-grade gold (300-350‰) with the addi-
tion of a small amount of Ag from fahlores, hessite in 
quartz (Баба-заде и др., 2003; Волков и др., 2018; 
2021) which is rare (fine to dust-like 5-50 µm). Au 
grain sizes vary between 0.018-0.08 mm. 

The relationship between Au and accompanying 
minerals shows the proximity in time of their precip-
itation from solutions, with some delay of gold, 
which allows placing them in the following series: 
antimonite → realgar → orpiment → gold (Кашкай 
и др., 1967). Silver, like gold, is characterized by 
uneven distribution.  It is found in the form of its 
own minerals (native silver, hessite) and in the form 
of impurities.  It was observed (V.Ramazanov, 
E.Suleymanov) in three minerals out of five subject-
ed to local X-ray spectral analysis in the composi-
tion of freibergite, tetrahedrite and galena. The high-
est concentration corresponds to freibergite (16.18 
wt.%). Silver follows generally gold in a multistage 
hydrothermal process, and forms higher concentra-
tions in the middle and late stages of mineralization. 

 
 

Fig. 6. Overgrowths and curved segregations of gold (Au) in 
association with orpiment (Ap) and antimonite (An) and quartz 
(Q). Aghzibir area 

 

 
 

Fig. 7. Chain segregations of gold (Au) at the junctions of orpi-
ment (Ap) and antimonite (An). The inclusion of quartz on the 
right (<3). Aghzibir area 

 
The quartz-carbonate ore-free third stage of 

mineralization is represented by quartz, calcite, and 
ankerite. Mineral associations of the third stage of 
the ore process in most cases are also clearly tele-
scoped, forming independent systems of thin, almost 
irregular quartz-carbonate veinlets and veins, which 
cut the veinlets of ores of early stages clearly in all 
possible directions. 

This alteration in mineral parageneses is also re-
flected in other epithermal gold ore fields of the Ter-
tiary formation. At the same time, autonomous fea-
tures are observed in the Tutkhun field that distin-
guish it from other epithermal gold ore fields of the 
Tertiary formation, in particular the Zod field, with 
which it is located in a single tectonic zone and, ap-
parently, coincides in the time of formation.  The 
most significant difference of the Zod field is the 
much clearer isolation of mineral associations of 
different stages.  According to S.O.Amiryan (Ами-
рян, 1984), mineral associations of different stages 
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of the ore process of the Zod field form clearly inde-
pendent veinlets, deposited in different conditions 
and differing in the textures and structures of the 
ores, which indicates very active intra-minerali-
zation tectonic movements and heterogeneous 
changes in the regimes of the hydrothermal process 
(for example, the formation of independent stages of 
productive mineral associations – carbonate veinlets 
with native gold and cobalt and nickel diarsenides, 
or later native gold with silver and gold tellurides in 
the environment of little altered rocks, which are 
rich in bases – gabbro-peridotites). At the same time, 
mineral associations of different stages of the ore 
process are weakly telescoped and spatially closely 
combined in the gold ore zones of the Tutkhun field. 
Here, minerals such as pyrite, magnetite, chalcopy-
rite and sphalerite are observed in the parageneses of 
the early stages, which are also characteristic of the 
composition of the ores of the early stages of the 
Zod field.  Typical minerals are sulfoantimonites 
(boulangerite, jamesonite, bournonite and antimonite 
in association with calcite and ankerite) in both 
fields in the associations of the latest stages. Besides 
low-grade native gold, there are chalcopyrite, 
fahlores-tetrahedrite in productive gold ore stages, 
however, they are accompanied by diarsenides of 
nickel, cobalt and tellurides of gold and silver at the 
Zod field, while these elements (Ag, Ni, Co, Te) 
have so far been observed only in a dispersed state 
in the ores of the Tutkhun field. 

All mineral associations in the ores of the 
Tutkhun field, although with variable gold concen-
trations, are located in highly altered rocks of the 
most recent stages of acidic near-fracture metasoma-
tism.  Highly productive mineral associations with 
native gold and tellurides are usually localized in 
slightly altered bedrocks at the Zod field. 

The field includes more than ten gold-bearing 
areas, 5 of which are of practical interest: Gazikhan-
li, Aghzibir, Gizil-Itan, Zargulu and Galaboynu. All 
of them are characterized by similar features of the 
geological structure, so below we will limit our-
selves to a very brief description of the Gazikhanli 
area.  The latter is located between the third and 
fourth tributaries of the Gazikhanli River on the 
northwestern flank of the eastern outlet of the 
Gazikhanli-Zargulu massif, which adjoins a steeply 
dipping ore-control fault here.  There are frequent 
cases of alterations of its direction along strike and 
dip (Баба-заде и др., 2003; Геология Азербайджа-
на, 2005; Минерально-сырьевые ресурсы Азер-
байджана, 2005; Сулейманов, 1984).  The long-
term development of the fault is determined by the 
position of the rocks of the main facies of the intru-
sion. It is also recorded by later dikes of several age 
series and even later gold-bearing zones of hydro-

thermally altered rocks, studied mainly from the sur-
face and from drill-hole cores to depth. All these 
elements of the structure of the Gazikhanli area, in-
cluding propylitized gold-bearing zones (more than 
15), are dissected by quartz veinlets and veins of 
varying thickness (from 3-10 to 25-30 cm in places 
of swelling) and are developed along the pleural su-
tures of the fault with a predominant northwestern 
orientation and steep dip angles (Figs. 8-10). They 
are subparallel to the fault and the contacts (exten-
sions) of the intrusive outcrop. 

Hydrothematically altered gold-bearing zones 
are the main morphological type.  Many of them 
have a sharply varying thickness from 10-20 cm to 
1.5-2 m (average 0.4-0.5 m) along their strike and 
therefore have winding outlines. The length of zones 
is up to 500 m and more.  The distance between 
zones is 10-50 m. Gold-bearing quartz veins are less 
common and are confined to shear fractures in the 
bodies of granitoid massifs. Their length is 100-200 
m, only in some cases their length reaches 400-500 
m. Veins with a thickness of 15-20 cm predominate. 
Most of them have a simple structure, but there are 
complex bodies of filling, caused by the extension of 
veins in their thickness, extent and dip, due to re-
peated reopening of fractures and filling them with 
new portions of hydrothermal vents. 

Stockworks of variable thickness, which are 
represented by veins and veinlets, are associated 
with fracture zones and are being developed in the 
Gazikhanli and Aghzibir areas.  The fractures are 
conducted with quartz-carbonate material and are 
accompanied by pyrite, chalcopyrite, galena, sphal-
erite, antimonite, realgar, fahlores, molybdenite and 
native gold. There are rich accumulations of pyrite, 
molybdenite, fahlores, etc. in individual quartz veins 
(Gizil-Itan area). Veins with a quartz-carbonate ag-
gregate are occasionally found in the gold-bearing 
belt, where there is approximately the same amount 
of carbonates (calcite, dolomite) as quartz. Minerali-
zation is characterized by a rich content of sulfides 
(10-15 %), oxides, hydroxides, etc. 

The distribution of gold and silver in gold-
bearing zones and veins is extremely uneven. 

Genetically, the zones are younger than the 
dikes and cut them. Their thickness often decreases 
to 0.1 m and the quartz disappears in dikes. Accord-
ing to exploration data, the length of the zones is up 
to 800 m, their thickness varies from several tens of 
cm to 3 m or more in the central part. The vertical 
range of mineralization is up to 300 m. The gold-
bearing zones of the Gazikhanli area, like other are-
as, are characterized by branching along strike. Au 
content from “mark” up to 5.2 g/t, with the maxi-
mum gold content concentrated in selvages. 
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Fig. 8. Relationship between porphyrites (1), granitoids (2), 
hornblende diorite porphyrite dike (3) and the gold-bearing zone 
in the northwestern direction (4). The left slope of the fourth 
right tributary of the Gazikhanli river 
 

 
 
Fig. 9. Age relationship between a diorite porphyrite dike and 
two mineralized fractures of different directions. Gazikhanli 
area. 1 – porphyrites; 2 – dike; 3 – gold-bearing zone in NW 
direction; 4 – galenite-bearing zone in NE direction 
 

 
 

Fig. 10. Displacement by a dike of intrusive andesites of a vein 
apophyses of pyroxene-hornblende-diorite of porphyritic com-
position (sketch of an outcrop at the junction of the Gazikhanli 
and Tutkhun rivers) 

 
Sulfides form abundant impregnation in quartz. 

They are represented by pyrite, less chalcopyrite, 
sphalerite and galena. Sulfoantimonites, fahlores and 

other minerals are observed in a number of zones. 
Magnetite, molybdenite, hematite, arsenopyrite, 
scheelite, chalcopyrite and malachite were observed 
in the crushed sample. 

 
Physical and mechanical properties of rocks 
The study of the physical and mechanical prop-

erties of rocks shows that the intensity of defor-
mation of rocks, besides their chemical composition, 
was of decisive importance for the course of hydro-
thermal processes and the spatial distribution of their 
occurrences, including occurrences of gold minerali-
zation, causing its predominant concentration in in-
dividual rocks. In this aspect, the interaction zone of 
the Gazikhanli-Zargulu intrusive complex, which is 
saturated with the latest dikes and sills, was a partic-
ularly permeable and favorable environment for ore 
deposition.  Earlier generations of pyroxene-
hornblende porphyrite dikes in each area, as well as 
massive granitoid rocks and host porphyrites are in-
tersected by ore zones in the same direction in which 
later generations of dikes intersect them. 

So, the later generations of dikes (intrusive an-
desites, intrusive dacites, granodiorite porphyries) 
created the mechanical heterogeneity (anisotropy) of 
the environment, thereby predetermining the main 
direction of the ore zones.  The influence of such 
dikes on the formation of ore zones was associated 
not only with their position in the structure, but also 
with their physical and mechanical properties. As the 
most recent formations, they experienced the least 
deformation relative to all host rocks, including 
dikes of earlier generations. 

Thus representing a rigid framework in the 
structures of gold-bearing areas, late dikes deter-
mined the greatest possibility of fracture opening, 
which are parallel to them along the strike. Ore solu-
tions were used by these fractures at all subsequent 
stages of the ore process. The movement of solutions 
along such fractures and the widespread metasoma-
tism of rocks along them were facilitated by the 
higher porosity (and correspondingly less volume 
and weight) of all rocks of the host dyke of the latest 
generation. 

The results presented in Table 1 and Fig. 11 do 
not take into account or take into account very insuf-
ficiently the dependence of the strength properties of 
various types of rocks on confining pressure, tem-
perature, the degree of previous deformation, on the 
duration of stress and other factors that determine 
one or another deformation mechanism.  However, 
even in approximate form, these data illustrate the 
conclusions on the predominant localization of gold 
mineralization in certain zones and the dependence 
of the nature of deformation and its intensity on the 
primary petrographic features of certain formations. 
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The mineralized zones develop well in tuffaceous 
rocks, which are characterized by intense disloca-
tion, fragility and significant porosity. The thickness 
of the zones decreases sharply with the transition to 
denser rocks (granitoids), and they branch into a 
number of small, rapidly cropping out veins and 
veinlets. 

The presence of tectonic structures, hypabyssal 
and subvolcanic bodies and contacts between litho-
logically contrasting formations is also of great im-
portance for increasing the deformation of certain 
parts of the ore field. 

All these features determined the physical and 
mechanical heterogeneity of the environment sub-
jected to deformation and the maximum concentra-
tion of tectonic fractures in certain areas and rocks. 
The intensity of rock deformation, besides their 
chemical composition, was of decisive importance 
for the course of hydrothermal processes and the 
spatial distribution of their occurrence, including 
occurrences of gold mineralization, determining its 
predominant concentration in certain zones occupy-
ing a certain stratigraphic position in the section of 
the ore field (Groves et al., 2020, Li, Yang, 2022).

 
Table 1 

Table to determine the effective porosity of rock samples taken from the Tutkhun ore field  
(laboratory of IGEM RAS, analyst B.P.Belikov) 

 

Rock names Volume weight Effective porosity, % 

Hornfelsed rock 2.95 0.35 

Dyke of intrusive dacite  2.95 0.68 

Dyke of intrusive dacite  2.64 1.21 

Dyke of plagioclase-quartz porphyrite  2.65 1.27 

Dyke of intrusive dacite  2.67 1.34 

Dyke of plagioclase-quartz porphyrite  2.69 1.40 

Dyke of intrusive andesite  2.61 1.59 

Hornblende quartz diorite-banatite (massif) 2.68 2.17 

Altered porphyrite (host rock) 2.69 2.58 

Quartz diorite-banatite 2.66 2.95 

Andesite-dacite lavas 2.61 3.00 

Quartz monzonite porphyry 2.56 3.53 

Quartz monzonite porphyry 2.63 4.08 

 

 
 

Fig. 11. Petrographic composition of the studied rock samples taken from the Tutkhun ore field 



V.M.Baba‐zadeh et al. / ANAS Transactions, Earth Sciences  1 / 2024, 104‐118; DOI: 10.33677/ggianas20240100112  

 113

Petrochemical characteristics of rocks of the 
Tertiary intrusive complex 

Analysis of the petrographic features, which are 
developed in the Tutkhun ore field of igneous com-
plexes and the conditions of their spatial distribution 
allow drawing a number of conclusions on the evo-
lution of magmatism in Tertiary times, on the rela-
tionships between the types of igneous rocks, which 
is important for elucidating the patterns of distribu-
tion of gold mineralization in space.  Igneous rocks 
are distinguished by certain petrochemical character-
istics. Tables 2, 3 and Figure 12 give every reason to 
consider all the characterized rocks of the Tertiary 
intrusive complex as a single family of rocks associ-
ated with the differentiation of the original diorite 
(andesite) magma. According to the data in the dia-
gram, some phases of this intrusive complex differ 
little in their petrochemical features.  At the same 
time, the rocks of the complex with a similar bulk 
composition differ significantly due to the different 
facial position of the rocks.  

So, the above-mentioned rocks, although they rep-
resent independent intrusive facies, belong undoubted-
ly to a single comagmatic series with similar typo-
morphic features of the rock-forming minerals and are 
associated with general chemical features.  The com-
piled diagram allows combining them into a single 
complex corresponding to a series of calc-sodium 
rocks, which are saturated moderately with silica. 

The following facts, which have obviously im-
portant petrological significance, attract attention 
with all the diversity of igneous rocks of the Tertiary 
intrusive complex. 

1. The intrusive rocks of the massif are distin-
guished by a slight excess of alumina, of which the 
early phase of subvolcanic rocks such as quartz dio-
rites and monzonite porphyrites are characterized by 
slightly increased alkalinity.  Subsequent phases of 
vein rocks are distinguished by an excess of lime, 
not counting extremely propylitized rock varieties, 
in which a relative excess of alumina is associated 
with superimposed processes. 

2. The earlier series of porphyrite dikes are 
enriched in bases, and the latest series of quartz 
plagioporphyrite dikes (porphyry granodiorite) is 
significantly more acidic than all the preceding rocks 
of the intrusive complex. This course of melt 
differentiation explains easily the accumulation in 
residual melts, together with volatile bases, which 
are associated with subsequent magmatic carbona-
tization, chloritization and epidotization of all 
members of the intrusive series, as well as the host 
strata of Cretaceous porphyrites where these rocks 
were subjected to tectonic disturbances. 

3. Rocks of the subvolcanic facies and the earli-
est dykes of pyroxene-hornblende diorite porphyri-

tes, which are closely related to them, belong to the 
group of moderately saturated silica and alkalis, with 
a significant predominance of sodium, as well as 
mesocratic types.  They are closest to the average 
type of quartz monzonite. Data from recalculation of 
chemical analyzes of rocks of the plutonic facies of 
the intrusion, as well as their structures and mineral 
composition, indicate that they belong to the soda-
calcareous series of rocks of the diorite family, 
which somewhat oversaturated with silica and rela-
tively poor in alkalis, very close to the average com-
position of quartz diorites. 

4. The alkali content is relatively low and mod-
erate with a sharp predominance of sodium. Unlike 
plutonic analogues (quartz diorites), the vein series 
of the first three generations show some deficiency 
of alumina, despite clear signs of secondary altera-
tion, usually leading to a relative accumulation of 
alumina.  Such accumulation is observed only for 
extremely propylitized varieties. 

5. Finally, the most significant feature of the 
chemistry of the latest series of vein rocks is the 
sharply increased amount of silica and alkalis, with a 
simultaneous increase in the role of potassium, alt-
hough still with a relative predominance of sodium. 
The numerical characteristics of rocks of this type 
are closest to the average type of dacite. 

 
Conclusion 
The Tutkhun gold epithermal ore field is a fair-

ly large object in the central part of the Lesser Cau-
casus (Баба-заде и др., 2020; Минерально-
сырьевые ресурсы Азербайджана, 2005). Analy-
sis of the geological and structural features of the 
ore field showed that the presence of a regional 
steeply dipping fault of the northwestern strike, 
which are accompanied by numerous parallel and 
feathering fractures, can serve as an important pre-
dictive and prospecting criterion, indicating the 
possibility of discovering a similar type of epither-
mal gold ore fields, including those not exposed to 
the surface. It has been established that the Tutkhun 
field is very similar to other epithermal gold fields 
in the region, in particular Zod (Амирян, 1984). 
Two successively formed gold-bearing mineral 
associations have been observed: quartz-carbonate 
sulfide and quartz-carbonate-sulfoantimonite, sep-
arated by tectonic movements.  It should be noted 
that the ores of the Tutkhun and Zod fields are 
similar in the occurrence in productive associa-
tions of late stages of sulfoantimonites (boulan-
gerite, jamesonite, bournonite and antimonite), the 
occurrence of chalcopyrite, fahlores, similar tem-
perature conditions of ore formation, etc. The studies 
made it possible to establish that dikes and ore-
bearing zones often fill the same tectonic fractures. 



V.M.Baba‐zadeh et al. / ANAS Transactions, Earth Sciences  1 / 2024, 104‐118; DOI: 10.33677/ggianas20240100112  

 114 

Table 2 
Chemical composition of igneous rocks of the Tertiary intrusive complex of the Tutkhun ore field 

 

№ 1 8 26 39 2 506 558 227 552 557 6 7 13 14 32 

SiO2 60.01 57.29 59.28 63.84 61.11 64.01 62.27 53.89 51.86 57.15 55.67 56.78 53.78 59.23 66.03 

TiO2 0.02 0.04 0.05 0.05 0.01 0.07 0.05 0.60 0.12 0.07 0.01 0.01 0.02 0.02 0.03 

Fe2O3 6.14 5.63 5.22 4.48 4.60 6.32 5.18 6.16 5.84 6.12 5.79 5.36 5.80 7.10 4.02 

Al2O3 19.84 20.76 18.13 18.39 16.99 16.11 17.17 19.36 20.90 18.75 18.77 18.17 20.26 17.28 17.03 

Na2O 5.28 5.46 4.14 3.28 5.56 5.13 4.62 4.39 6.59 4.74 4.64 4.74 3.74 4.57 3.77 

K2O 0.45 0.44 0.36 0.17 0.57 1.32 0.13 1.04 1.33 1.33   0.30 0.21 1.96 

MnO  0.03 0.16 0.04        0.17 0.17 0.01  

CaO 7.06 5.04 6.08 6.14 2.0 3.02 2.86 6.06 4.86 5.74 6.70 7.00 6.82 5.63 5.10 

MgO 0.20 3.28 2.10 2.12 3.06 2.50 0.62 4.58 3.02 3.38 4.10 3.06 3.16 1.82 0.39 

SO3    0.20 2.06 0.58 3.92 0.36  1.30  0.78    

H2O 0.19 0.29 0.36 0.30 0.35  0.39 0.39 0.39 0.46 0.59 0.10 0.88 0.38 0.49 

LOI 1.35 1.67 3.28 1.00 3.94 1.28 3.27 4.01 5.40 1.47 3.65 3.76 5.28 4.65 1.54 

∑ 100.54 99.98 94.75 99.36 100.2 100.34 100.48 100.34 100.31 100.39 99.91 100.48 100.17 100.43 100.36 

 

Hornblende-
biotite quartz 

diorites, 
banatites (plu-
tonic facies of 

the massif) 

Dikes of 
pyroxene-

hornblende-
diorite por-

phyrite 

Quartz-diorite 
(monzonite) 
porphyrites, 
subvolcanic 
facies of the 

massif 

Dikes of py-
roxene horn-
blende (dia-

base) porphy-
rite 

Plagioclase horn-
blende porphyrites 

(intrusive ande-
sites and 

trachyandesites) 

Plagioclase 
quartz 

porphyrites 

Quartz plagiopor-
phyries (intrusive 
dacites and gran-
odiorite porphy-

ries) 

 
Table 3 

Numerical characteristics of rocks of the Tertiary intrusive complex of the Tutkhun ore field 
 

№ 1 8 26 39 2 506 558 227 552 557 6 7 13 14 32 

a 15.1 13.6 10.4 7.6 13.6 13.1 10.6 12 18.6 12.8 10.9 10.9 9.7 9.3 11.6 

c 8.9 2.4 7.9 7.7 2.4 3.6 3.7 7.9 6.3 6.3 7.9 7.3 9.1 6.9 6 

b 8.9 12.7 9.8 9.9 12.7 10.6 11.7 14.1 11.1 12.1 13.4 14.2 13.6 16.1 4.7 

s 67.1 71.3 71.9 74.8 71.3 78.7 74 66 64 68.8 67.8 67.6 67.4 67.4 77.7 

c' 22.1 – 1.6 – – – – 0 1.4 4.3 6 11.2 – – 9.1 

d' – 26.4 – 22.7 26.4 10.3 50.9 – – – – – 15.9 0.9 – 

f' 73.1 31.8 55 39.7 31.8 50 40 40.6 48.5 45.2 39.6 34.7 39.8 18.4 74.8 

m' 4.8 41.8 43.4 37.6 41.8 39.7 9.1 59.4 50.1 50.5 54.4 53.6 44.8 80.7 16.1 

n' 94.4 92.5 94.5 96.6 92.5 85.5 96.9 86.5 88.3 84.4 100 100 95.3 96 74.4 

afc 1.7 5.8 1.3 1 5.8 3.6 2.9 1.6 3 8.1 1.4 1.4 1.1 1.3 2 

Q 4.9 1.3 15.1 26.7 13 15.6 23.1 0.4 15.5 55 4.1 6.1 6.5 9.6 26.2 

 

Hornblende-biotite  
quartz diorites, 

banatites  
(plutonic facies of  

the massif) 

Dikes of  
pyroxene- 
hornblende 

diorite  
porphyrite 

Quartz-diorite  
(monzonite)  

porphyrites, sub-
volcanic  

facies of the  
massif 

Dikes of 
pyroxene 

hornblende 
(diabase) 
porphyrite

Plagioclase  
hornblende  
porphyrites  

(intrusive andesites 
and trachyandesites)

Plagioclase  
quartz  

porphyrites 

Quartz  
plagioporphyries 

(intrusive  
dacites and  
granodiorite  
porphyries) 
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At the same time, the mineralized zones clearly in-
tersect and often displace the most ancient, and in 
some places, young dikes. So, late dikes created the 
mechanical heterogeneity of the environment, which 
predetermined the main directions of ore-bearing 
zones. At the same time, the dikes experienced the 
greatest hydrothermal alteration and contain a large 
amount of epigenetic minerals (carbonate, sericite, 
sulfides, kaolinite, chlorite, dispersed gold), similar 
to minerals of ore-bearing zones. 

Elements of the internal structure of the miner-
alized zones, their morphology, thickness and ulti-
mately, their gold mineralization are determined by 
the following structural and lithological features: 
impermeable barriers, boundaries of lithological 

strata, bends of ore-bearing zones, intense fracturing 
of ore-bearing rocks, especially between adjacent 
and parallel dikes, and others. 

Ore-bearing zones of hydrothermally altered 
rocks are placed on all members of the intrusive 
complex, including the latest dykes.  At the same 
time, comparative data on the content of dispersed 
gold in rocks of the Gazikhanli-Zargulu granitoid 
massif and its vein rocks that differ in the time of 
formation show that gold accumulates in the rocks 
of more and more recent intrusive members along 
with an increase in the content of volatile compo-
nents in the same rocks (sulfuric anhydride, carbon 
dioxide and water). 
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СТРУКТУРНЫЕ УСЛОВИЯ ЛОКАЛИЗАЦИИ ЗОЛОТОГО ОРУДЕНЕНИЯ В ПРЕДЕЛАХ ТУТХУНСКОГО  
РУДНОГО ПОЛЯ (ЦЕНТРАЛЬНАЯ ЧАСТЬ МАЛОГО КАВКАЗА) 

 
Баба-заде В.М., Абдуллаева Ш.Ф., Новрузова С.Р. 

Бакинский государственный университет, Азербайджан 
г. Баку, ул. академика Захид Халилова, 33, AZ 1148: vasifbabazadeh1938@bsu.edu.az;  

shakhla.a@gmail.com; samiranovruzova001@gmail.com 
 

Резюме. Исследованы золотоносные участки рудного поля, сходства и различия структурных условий их образования, 
элементный и минеральный состав руд, различные метасоматиты-пропилиты, березиты и особенно вторичные кварциты. 
Определены основные закономерности размещения оруденения в плане, на флангах и на глубину. 

Золоторудная минерализация может быть рассмотрена в плане некоторых региональных особенностей геологического 
развития Малого Кавказа, определивших благоприятное сочетание в этом районе геологических условий и тем самым наме-
чающих естественные границы рудного поля, а также в плане частных элементов структуры, определяющих структурное 
положение и строение золоторудных образований. Интрузивные и субвулканические породы верхнеэоценового возраста 
представляют единый комплекс, формируют в районе Казыханлы-Заргулинский массив, приближающийся к субвулканиче-
ской фации магматических образований. Поле развития золоторудных образований охватывает преимущественно выходы 
гранитоидных пород массива и его экзоконтактовые ореолы, куда проникают обильные дайки, наиболее поздние члены 
верхнеэоценового комплекса интрузивных образований. На этой площади золоторудная минерализация локализуется в уз-
ких и протяженных зонах сильно измененных пропилитизированных пород массива и его ближних ореолов. Распределение 
их в пределах рудного поля весьма неравномерное. Местами такие зоны образуют сближенные свиты, в большинстве случа-
ев совпадающие с полями наиболее обильного развития дайковых пород.  

Как видно, золотоносные зоны парагенетически связаны с дайками, завершающими развитие гранитоидных интрузив-
ных комплексов. Те и другие, наиболее близкие по времени развития магматического и послемагматических процессов, 
используют в своем размещении единые структуры более раннего периода развития.  

Ключевые слова: центральная часть Малого Кавказа, месторождение, участок, структура, эпитермальное, золото, 
серебро, вторичные кварциты, генетические особенности, рудообразование, золото-кварцевые рудные зоны 
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TUTQUN FİLİZ SAHӘSİ DAXİLİNDӘ QIZIL FİLİZLӘŞMӘSİ LOKALLAŞMASININ STRUKTUR ŞӘRAİTİ  
(KİÇİK QAFQAZIN MӘRKӘZİ HİSSӘSİ) 
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Bakı Dövlәt Universiteti, Azәrbaycan 
Bakı şәh., akademik Zahid Xәlilov küç., 33, AZ 1148: vasifbabazadeh1938@bsu.edu.az;  
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Xülasә. Filiz sahәsinin qızıl daşıyan sahәlәrinin әmәlәgәlmәlәrinin oxşar vә fәrqli struktur şәraitlәri, filizlәrin element vә mineral 
tәrkibi, müxtәlif metasomatitlәr-propillitlәr berizitlәr vә xüsusәn törәmә kvarsitlәr tәtqiq edilmişdir. Filizlәşmәnin planda, cinahlarda 
vә dәrinlikdә әsas yerlәşmә qanunauyğunluğu müәyyәn edilmişdir. Planda qızıl minerallaşmasına Kiçik Qafqazın geoloji inkişafının, 
o cümlәdәn rayonda әlverişli geoloji şәraitin birlәşmәlәrini, filiz sahәsinin sәrhәdlәrini, hәmçinin planda qızıl filizi әmәlәgәlmәsinin 
quruluşunu vә struktur vәziyyәtini müәyyәn edәn bir sıra regional xüsusiyyәtlәri kimi baxmaq olar. Gec eosen yaşlı intruziv vә 
subvulkanik süxurları rayonda Qazıxanlı-Zәrqulu massivi әmәlә gәtirәrәk vahid massivi әks etdirir. Qızıl filizi әmәlәgәlmәlәrinin 
inkişaf sahәsinin çıxışını vә onun ekzotәmas oreolunu әhatә edir. Burada gec eosen intruziv kompleksinin daha gec üzvlәri vә day-
kalar tәzahür edir.  

Bu sahәdә qızıl filizi minerallaşması massivin güclü dәyişilmiş propillitlәşmiş süxurların ensiz vә uzanmış zonalarında vә onun 
yaxın oreollarında lokallaşırlar. Bәzi yerlәrdә belә zonalar, әksәr hallarda dayka süxurlarının daha geniş inkişaf tapdığı sahәlәrdә 
yaxınlaşmış yaruslar әmәlә gәtirir. Әn çox rast gәlinәn sahә vә yaxınlaşmış filiz zonası filiz sahәsi kimi ayrılır. 

Göründüyü kimi, qızıl filizi daşıyan zonalar qranitoid intruziv kompleksinin yekun inkişafının daykaları ilә әlaqәdardır. Zamanca 
inkişafı üzrә daha yaxın maqmatik vә postmaqmatik proseslәr onların yerlәşmәsindә әvvәlki inkişaf dövrünün vahid strukturlarından 
istifadә edir. Bu zaman filiz damarları ilә tamamlanmış çat strukturlarının vәziyyәti tamamilә әtraf süxurların mexaniki xüsusiy-
yәtlәrini tәyin edir.  

Açar sözlәr: Kiçik Qafqazın mәrkәzi hissәsi, yataq, sahә, struktur, epitermal, qızıl, gümüş, törәmә kvarsitlәr, genetik xüsusiy-
yәtlәr, filiz әmәlәgәlmә, qızıl-kvarslı filiz zonaları 
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Summary. The results of a study using chromatography-mass spectrometry of Naftalan oil: 
medicinal (I-II horizon), fuel (III-IV horizon) and used for medicinal purposes during a year in the 
Naftalan health center in order to determine hydrocarbon and biomarker compositions are present-
ed. Terpanes (191), steranes (m/z 217), hopanes (m/z 191) and adamantanoids (m/z 135, 136, 149, 
163) were identified for the first time in Naftalan oil. It was noted that medicinal oil contains ap-
proximately 4 times more biomarkers than fuel oil (7.6%; 1.6%, respectively). As a result of a
comparative analysis of biomarker indicators of medicinal and fuel Naftalan oil, carried out on a 
biodegradation scale, it was shown that medicinal Naftalan oil belongs to the biodegraded oil type
B-1, stage I-II, with a moderate degree of biodegradation, and fuel Naftalan oil belongs to the 
chemical type A2, which is typical for oils with a low degree of biodegradation – stage I. Based on 
the decrease of biomarkers in the composition of Naftalan oil, used throughout the year for treat-
ment, a conclusion was made about their possible participation in the balneological process. Judg-
ing by the geochemical parameters, medicinal and fuel oil has the same genesis. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
Studying biomarkers in oils is very important 

for understanding their genesis and geochemical his-
tory, for increasing reliability of prognosis of oil-
and-gas bearing capacity because the complex struc-
tures of biomarkers give the detailed information 
concerning their origin. There is practically no in-
formation about biomarkers in Naftalan oil.  

Individuality and uniqueness of the Naftalan oil 
field are explained (Мехтиев и Ахмедбейли, 1969; 
Шихмамедова и др., 2014) by its confinement to 
the deep fracture zone. The Naftalan structure is sit-
uated within the Arpa-Samur fracture zone, which at 
all times from Paleozoic till now, was the zone of 
active display of tectonic movements, conductor of 
magmatic melts, ore bearing solutions and seismici-
ty.  In the formation of the specific shape of oil the 
participation of the underlying fluids is possible, 
both as a result of interaction with the organic matter 
during its fossilization or at the stage of its transfor-
mation into the oil, and at the interaction of the man-
tle emanations with the already formed oil. At the 
same time, emanation of fluids into the paleobasin 
and formation of specific conditions of fermentation 

of initial organic matter at certain stages of sedi-
mentogenesis, which in principle can explain the 
presence of different-type oils within the same field, 
seem to be quite probable.  

Numerous studies of Naftalan oil have been 
conducted for many years, but there are still no clear 
understandings about the difference in composition 
and properties of naphthenic oil and medicinal 
Naftalan oil, and moreover, there is no difference in 
composition and properties of Naftalan oil from dif-
ferent horizons: medicinal heavy oil – in upper hori-
zons of the Upper Maykop and fuel light oil – in 
lower horizons of the Upper and Lower Maykop. 

 
Objects and methods of research 
The aim of this work was to study the bi-

omarker composition of Naftalan oil:  
1. Medicinal Naftalan oil from oil base I-II 

horizon, filter 151-586 m; 
2. Fuel Naftalan oil from petroleum base III-IV 

horizon 1 well; 
3. A year used medicinal oil from petroleum 

base of Naftalan city; 
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HC composition and biomarkers investigations 
were made by chromatography-mass spectrometry 
(GC-MS) on Perkin-Elmer Clarus 680 instrument 
having interface with high-efficiency mass-selective 
detector Сlarus SQ8T. Hydrocarbon chromatograms 
were obtained using total ion current (TIC). The 
chromatograph was equipped with a quartz capillary 
column of 100 m length, 0.25 mm diameter and im-
pregnated with ZB-1 phase. The carrier gas is heli-
um, with a flow rate of 1ml/min. Evaporator temper-
ature 300°C; programmed temperature ramp from 80 
to 290°C at a rate of 4°C/min followed by an iso-
therm for 70 min. Ionizing source voltage – 70 eV, 
source temperature – 250°C. Methylene chloride 
was used as a solvent. 

 
Discussion of results 
Hydrocarbon composition of samples of Nafta-

lan oil was determined by the method of chromatog-
raphy-mass spectrometry (Бабаев и др., 2017; 
Бабаев и др., 2015; Бабаев и др., 2018а). As we 

can see (Fig.1, Table 1), medical and fuel naphtha-
lene have essential differences in hydrocarbon com-
position, namely ∑amount of alkane HC in fuel oil 
is 23%, whereas in medicinalutic oil their amount is 
only 3.5%; amount of naphthenic HC in fuel oil is 
~59.4%, whereas in medicinal oil it is 83.69%. 

Values of Pr=4.94; Ph=2.11; Pr/Ph=2.34 have 
been calculated for the sample of Naftalan fuel oil 
(2). According to the literature data, if Pr/Ph = 1.08 -
2.3, it corresponds to sapropel-humus genesis, i.e. 
mixed genesis. 

As for Naftalan oil used for medicinal purposes, 
its content of alkane HC according to GC-MS data is 
~9.1%, naphthenic HC – ~76.79% and aromatic HC 
– ~14.11 %. 

Terpanes, steranes, hopanes and adamantanes 
were identified in all oil samples. Here are given 
mass spectra plots for calculation of terpanes, ho-
panes (m/z 191), steranes (m/z 217) and adaman-
toids (m/z 135, 136, 149, 163) in the samples of 
Naftalan oil (Fig. 2-4). 

 

 
 

Fig. 1. Mass chromatogram of medicinal (a), fuel (b) and Naftalan oil used during the year for medical purposes (c) 
 

Table 1 
Hydrocarbon composition of medicinal and fuel Naftalan oil 

 

Naftalan 
n-alk 

% 
i-alk 

% 

isopr
enoid

% 

∑  
alka-
nes 

Naphtenes 
∑ 

naphten

Arenes 
∑ 

aren mono bi tri tetra pentа mono bi tri 

1) medi-
cinal * 

- 3.53 - 3.53 44.08 35.3 4.31 - - 83.69 2.33 4.67 5.11 12.11 

2) fuel ** 6,81 16,12 7.05 22.93 41.7 17.14 - 0.53 - 59.37 3.7 1.76 12.02 17.48 

3) used 1 
year 

- 9.1 - 9.1 49.91 26.57 0.12 0.19 - 76.79 4.13 3.45 6.53 14.11 

*Dif – 0.67; **Dif- 0.22 
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Fig. 2. Chromatography-mass spectrum section of hopanes (m/z 191) in Naftalan medicinal (a), fuel (b) and 1 year used (c) oil 
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Table 2 
Hopane content (m/z 191) in Naftalan oil   

           
                Sample 

Hopanes 
1 - medicinal, % 2 - fuel, % 3- used,% 

Ts 4.09 4.21 5.00 

Tm 4.02 3.46 3.92 
H2817αH, 18αH,21βH 
bisnorhopane 

0.77 1.02 0.67 

H29 Nor- 25- hopane 1.96  1.83  1.33 

Adiantane 14.84  10.85  14.69 

Diahopane H30 2.2  2.04  1.76 

Moretane H29 0.92  1.11  0.68 

Oleanane  7.47 5.64  7.44 

Hopane H30 19.19  24.52 19.89 

Moretane H30 3.06  3.03  2.78 

Homohopane Hh31  15.63  15.78  14.93 
Bis homohopane H32 10.14  10.34  9.96 

Tris homohopane Hh33  9.45 7.79  7.67 

Tetrakis homohopane Hh34  4.8  5.67  6.00 
Pentakis 
homohopane Hh35 

3.35  2.73  3.29 

 
Geochemical indicators 

Ts / Tm   1.01 1.22 1.28
Hh35/(Hh31-Hh35)  

Homohopane index 
0.08  0.06 

 
0.08

Hh34/Hh35  1.43 2.08 1.82
H29/H30  0.77 0.44 0.74
17β,21α-moretanes 
С29 +С30 /17α,21β-hopanes 
С29 +С30 

0.12  0.12  0.1 

 
To estimate the degree of catagenetic transfor-

mation of oils a number of ratios is used: Ts/Tm; 
17β, 21α-moretanes H29 +H30 /17α,21β-hopanes H29 
+H30. The Ts/Tm ratio increases with increasing ma-
turity and is 1 in the main oil formation zone and ~ 
5-10 – in the later stages of catagenesis. It is advisa-
ble to use this indicator to assess the degree of ma-
turity of oils for oils with approximately the same 
level of biodegradation. So, for 1 – Ts/Tm = 1.01, 
for 2 – Ts/Tm = 1.22. 

The hopanes consist of three stereoisomeric se-
ries, viz: 17α (H),21β(H), 17β(H),21α(H), 17β(H), 
21β(H)-hopanes. The compounds in the βα series are 
called moretanes. The designations alpha (α) and 
beta (β) indicate that the hydrogen atoms are below 
or above the ring plane. The ratio of 17β,21α-
moretanes C29 +C30 / 17α,21β-hopanes H29 +H30 
decreases with increasing thermal maturity and 
reaches 0,05 (equilibrium level) in heavily trans-
formed oils. For Naftalan oil sample 1 this coeffi-
cient is 0.16 whereas for sample 2 – 0.09 (Table 2) 
(Ten Haven et al., 1992).   

It should be noted that due to the high degree of 
biodegradation of the studied oils, the calculated 
maturity parameters probably do not correspond to 
real values. 

To determine the genotype of OM it is neces-
sary to use the obtained indices and relations in 
combination with other geological indices and geol-
ogy of the region. The relative distribution of Hh31-
Hh35 homohopanes is used as an indicator of the ox-
idation-reduction environment in sedimentogenesis 
and diagenesis. The ratio of Hh35 / (Hh31 - Hh35) 
homohopanes is called the homohopane index. The 
index describes the aeration of the sedimentation 
basin, like Pr/Ph, but of a different chemical nature.   

Relatively high concentrations of homohopane 
Hh35 indicate marine conditions of sedimentogenesis 
and reductive conditions of diagenesis (Nazir, Faz-
eelat, 2014). Relatively low concentrations of Hh35 
indicate suboxidative or weakly reducing conditions. 
In our case, homohopane index for Naftalan medici-
nal oil is 0.08 and 0.06 – for fuel oil. As a result of 
secondary alteration (oxidation-biodegradation) the 



I.S.Guliyev et al. / ANAS Transactions, Earth Sciences  1 / 2024, 119‐128; DOI: 10.33677/ggianas20240100113  

 123

a 

b 

c 

homohopane index of Naftalan oils should differ 
from actual values and probably increase. 

The ratio of C29 normethylhopane (adianthane) 
to hopane is used to establish the facial-geochemical 
conditions for the accumulation of organic matter. It 
is believed that in oils formed in terrigenous-
carbonate deposits the adiantane/hopane ratio is 
lower than in oils from halogen-carbonate deposits. 
In marine anaerobic environments, the ratio of the 
concentrations of hopanes H29 and H30 is, as a rule, 
below 0.5, and in non-marine organic matter last 
ones are greater than 0.8. In oil from OM-rich car-
bonate-evaporite rocks H29/H30 is close to 1 (Clark, 
Philip, 1989).  In medicinal oil from the Naftalan 
field (sample 1), H29/H30 is 0.77, and in fuel oil 
(sample 2) it is 0.44 (Table 2), which at first glance 
indicates a non-marine source of OM for oil sample 
1 and marine anaerobic conditions for the accumula-

tion of OM for sample 2. However, the secondary 
processes that altered the primary composition of 
Naftalan oils do not allow us to come to 
an unambiguous conclusion about the sources of 
their OM. 

The distribution of C27, C28, and C29 sterane hy-
drocarbons is considered as an indicator of the type of 
organic matter (OM). The predominance of the C29 
homologue indicates a large contribution of terrestrial 
vegetation to the original organic matter, whereas the 
dominance of C27 steranes indicates a significant con-
tribution of zooplankton and algal (Clark, Philip, 
1989). In the studied samples of Naftalan oils slightly 
prevail of C27 steranes (Fig. 3, Table 3). This is not 
consistent with the H29/H30 hopane and Hh35 / (Hh31 - 
Hh35) neohopane indices due to an imbalance in the 
biomarkers of biodegraded oils. 
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Fig  3. Plot of the chromatography-mass spectrum of steranes (m/z 217) in Naftalan medicinal (a), fuel (b) and a year used (c) oil 
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Table 3 
 

Stearanes content (m/z 217) in Naftalan oil 
 

       Sample 
Steranes % 1. Medicinal 2. Fuel 

Diasterane 19.41  15.47 

Sterane 27 22.31  22.79 

Sterane 28 17.14  16.63 

Sterane 29 21.6  20.55 

Sterane 21+22 5.37 5.94 

St27 : St28 : St29 22:17:22 23:17:21 

 
Comparison of the steranes distribution in 

original medicinal oil and in a year used for treat-
ment medicinal oil shows that after medical treat-
ment content of steranes in the oil almost un-
changed (Tables 3 and 4). 

Terpanes in Naftalan oils are represented mainly 
by tricyclic C19-C20 (from 20.81 to 28.52) and penta-
cyclic triternenoids (18α (H) oleanane (5-7% RH). 
This indicates the presence of continental and higher 
vegetation in the initial OM. The 18α (H) oleanane 
in the oil clearly indicates the Cenozoic age of the 
source rocks. 

 

Table 4 
 

Sterols in sample 3 of Naftalan oil used during the year 
 

                      Sample 
Steranes % Naftalan oil 3 

Diasterane 18.64 

Sterane 27 21.92 

Sterane 28 18.16 

Sterane 29 22.36 

Diasterane/reg.sterane 29 0.83 

 
Judging by the comparative star diagrams of the 

geochemical parameters of medicinal and fuel 
Naftalan (Fig.4), both samples generally have the 
same biomarker-geochemical features. 

When considering the ratio of steranes 
C27:C28:C29 for medicinal and fuel Naftalan oil 
(Table 3), almost equal values of steranes C27 and 
C29 (phytoplankton and terrestrial plants) were 
noted with a lower value of sterane C28 (zooplank-
ton), which allows us to judge that we are dealing 
with genetically similar oils generated by OM of 
identical rocks. 

 
 

          
 

Fig. 4. Comparative diagram of medicinal and fuel Naftalan according to biomarker-geochemical parameters 

 

 
 

Fig. 5. Comparative diagram of different wells of the Guneshli field according to biomarker-geochemical parameters 
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a 

b 

c 

For samples from the Guneshli deposit, all sterane 
ratios decrease sequentially from horizon samples: IX 
→ X → hiatus suite. As can be seen (Fig. 5), the great-
est difference in the diagram is observed in the ratios of 
C27/C29 steranes. When considering the ratio of steranes 
C27:C28:C29, it was noted that the IX horizon is charac-
terized by a predominance of C27, C28 steranes, and the 
X horizon and hiatus formation are characterized by a 
predominance of C29. The presence of C27 sterane indi-
cates the predominance of: phytoplankton, C28 – zoo-
plankton, C29 – terrestrial plants – in the genesis of oil. 
It can be assumed that all oil samples from the Gun-

ashli field are genetically of the same type, formed 
mainly in marine-type sediments, in which sedimenta-
tion and diagenesis occurred in a reducing environment 
(Бабаев и др., 2018b). 

Identification of adamantoids in samples of 
Naftalan oil was carried out by chromatography-
mass spectrometry by m/z 135 – alkyladamantanes, 
m/z 149 – dialkyladamantanes and m/z 163 – trime-
thyladamantanes according to NIST. 

Fig. 6 (a,b,c) shows sections of chromatog-
raphy-mass spectrum of alkyladamantanes for me-
dicinal, fuel and used during the year Naftalan oil. 
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Fig. 6. Chromato-mass spectrum section of alkyladamantanes (m/z 135) in Naftalan medicinal (a), fuel (b) and a year used (c) oil 
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Table 5 shows the total adamantoid content in 
% in samples of Naftalan oil. GC/MS data show that 
dimethyl-substituted homologues (С12 dialkylada-
mantane) have the highest content among alkylada-
mantanes, and the relative concentration of unsubsti-
tuted adamantane is the lowest. 

Based on the data in Tables 4-5 for the content 
of adamantantoids in medicinal oil and oil used dur-
ing a year, it is shown that the content of dialkyl ad-
amantane decreases by 7% during treatment. This 
suggests that the effect of medicinal Naftalan oil, 
along with hopanes and tricyclic terpanes, is also 
associated with dialkyladamantane. 

In Table 6 total quantitative content of bi-
omarkers (%) in samples of   medicinal (sample 1), 
fuel (sample 2) and used (sample 3) Naftalan oil is 
presented. As it can be seen, the content of  hopanes 
has changed to the greater extent after treatment 
procedures, namely in sample 3 there are no olean-
anе, diahopane H31, moretane H30, and the quantity 
of  hopane H30 has decreased in 3 times (Table 2). At 
the same time, the amount of adiantane, diahopane 
H30 and moretane H29 increased in sample 3. 

In our earlier work, we established that one of 
the distinctive features of medicinal Naftalan oil is 
the presence of a significant amount of hydrosaturat-
ed cyclic hydrocarbons with decahydronaphthalenes 
in their composition (m/z–95) ~59.68...60.12%, in 
contrast to fuel oil, where the amount of hydrosatu-
rated cyclic hydrocarbons is ~ 5.82...11.21% 
(Бабаев и др., 2017; Бабаев и др., 2015). 

ICP / MS method for trace metals and noble met-
als content in Naftalan have shown that, in quantitative 
terms, their content exceeds their amount in naphtenic 
oils of Absheron (Нанаджанова и др., 2016). The nat-
ural nanodispersed Naftalan oil was studied (Гулиев и 
др., 2017). According to dynamic light scattering data, 
the intensity of particles with a diameter in the range 
from 100 to 1000 nm was revealed in medicinal Nafta-
lan oil. The fuel oil sample contained particles with a 
diameter of 50 nm and below. The diffusion coeffi-
cients for medicinal oil samples were calculated to be 
greater than for fuel oil, which obviously also contrib-
utes to the balneological effect. As for the used Nafta-
lan oil, its tendency to aggregate particles with a diam-
eter from 100 to 8000 nm was noted, and particles 
above 1000 nm are stable up to 500C (Martynova et al., 
2022). Comparative studies of Naftalan oil samples 
have shown that dynamic light scattering data can pro-
vide a distinctive fingerprint of the used medicinal oil. 

By serial dilutions of Naftalan followed by in-
oculation onto a culture of buccal epithelial cells 
using a micronucleus test, the toxicity dose of native 
Naftalan was established and its non-toxicity was 
shown in decimal dilutions (10-2, 10-5, 10-8) of phys-
iological solution (Гулиев и др., 2022). 

Judging by the data obtained, we can conclude 
that in the process of Naftalan treatment the amount 
of all biomarkers is significantly reduced, but to a 
greater extent – triterpanes, hopanes and adaman-
tanes, which makes it possible to assume their par-
ticipation in the healing process. 

 
Table 5 

Content of adamantoids in Naftalan oil 
                                                                        

                                           Sample 
                                      Naftalan oil 

Adamantanes, % 
1. Medicinal oil, % 2. Fuel oil, % 3.Used a year oil, % 

C11 (alkyladamantanes) 12.9  15.01  16.41 

С12 (dialkyladamantane) 65.29  72.04  58.23 

С13 (trialkyladamantane) 10.82  11.8  17.95 

  
 

Table 6 
The comparative content of biomarkers in Naftalan oil 

                                                                                                     

Naftalan oils Triterpanes Hopanes Steranes Adamantanes Σ% in oil 

sample 1 1.280 0.470 0.160 5.70 7.60 

sample 2 0.250 0.040 1.07 0.020 1.60 

sample 3 0.057 0.026 0.200 0.140 0.423 
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Judging by the data obtained, we can conclude 
that in the process of Naftalan treatment the amount 
of all biomarkers is significantly reduced, but to a 
greater extent – triterpanes, hopanes and adaman-
tanes, which makes it possible to assume their par-
ticipation in the healing process. 

 
Conclusion 
For the first time identification of terpanes 

(191), steranes (m/z 217), hopanes (m/z 191) and 
adamantanoids (m/z 135, 136, 149, 163) in Naftalan 
oil was carried out. 

Medicinal and fuel oils from the Naftalan field are 
biodegraded to varying degrees. This greatly compli-
cates their reliable facial-geochemical conditions of 
OM accumulation, correlation, genetic typing and as-
sessment of oils maturity based on the content and ratio 
of terpanes, steranes, and hopanes. At the same time, it 
can be confidently stated that, along with marine zoo- 
and phytoplankton, a significant amount of terrestrial 
plants accumulated in the paleobasin. This is con-

firmed by the high contents of oleanane in oils. In both 
fuel and medicinal oils, oleanane is detected in high 
concentration (5% and 7% respectively). At the same 
time, this biomarker proves the Paleogene–Lower Mi-
ocene age of the studied oils. 

Steranes C27 dominate among steranes both in 
fuel and in medicinal oil. The content of adaman-
toids in both oils (medicinal and fuel oils) is approx-
imately the same, the prevailing content of dial-
kyladamantanes – C12 is the same as in the naph-
thenic oils of Absheron. 

Consideration of the ratio of steranes in medici-
nal and fuel oil allows us to judge that we are deal-
ing with genetically related oils formed by the or-
ganic matter of identical rocks. 

Judging by the data obtained, we can conclude 
that during the treatment process the amount of all 
biomarkers, but to a greater extent – triterpanes, ho-
panes and adamantanes, significantly decreases in 
Naftalan oil, which makes it possible to assume their 
healing effect. 
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БИОМАРКЕРЫ  НАФТАЛАНСКОЙ НЕФТИ 

 
Гулиев И.С.1, Гусейнов Д.А.2, Мартынова Г.С.2, Максакова О.П.2, Зейналов С.Г.2 

1Президиум национальной академии наук Азербайджана 
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Резюме. Представлены результаты исследования нафталанской нефти: лечебной (I-II горизонт), топливной  (III-IV горизонт) и 
использованной в лечебных целях в течение года в оздоровительном центре Нафталана методом хромато-масс-спектрометрии с 
целью определения углеводородного и биомаркерного составов. Впервые в нафталанской нефти была проведена идентификация 
терпанов (191), стеранов (m/z 217), гопанов (m/z 191) и адамантаноидов (m/z 135, 136, 149, 163).  Отмечено, что в лечебной нефти 
примерно в 4 раза больше биомаркеров, чем в топливной нефти (7.6%; 1.6% соответственно). В результате сравнительного анализа 
биомаркерных показателей лечебной и топливной нафталанской нефти, проведенного по шкале биодеградации, было показано, 
что лечебная нефть Нафталана относится к  биодеградированной нефти типа Б-1, стадия I-II, с умеренной степенью биодеграда-
ции, а топливная нафталанская нефть относится к химическому типу А-2, который характерен для нефтей слабой степени биоде-
градации  – стадии I. На это указывает отсутствие н-алканов и изопреноидов, пристана, фитана, а также завышенные значения 
многих геохимических параметров. Согласно проведенным расчетам, соотношение Олеанан/Гопан(30) и Моретан/Гопан(30) для 
лечебной нафталанской нефти, соответствует биодеградированной нефти типа Б-1. В нефтях, находящихся на этой стадии, стера-
ны не изменены. Что касается топливной нефти, то на ее биодеградацию указывает отсутствие в  составе н-алканов С17, С18. Со-
держание изопреноидов (Pr, Ph) превосходит значение н-алканов, что свойственно для нефтей типа А-2. Соотношения Олеа-
нан/Гопан(30) и Моретан/Гопан(30) для топливной нефти также имеют такие же значения, как и для биодеградированной  нефти 
типа А-2. Показано, что в процессе лечения углеводородный состав нефти не претерпел существенных изменений, зато уменьши-
лось суммарное количество биомаркеров, что дает возможность предположить их участие в бальнеологическом процессе. Судя по 
геохимическим параметрам, лечебная и топливная нефть имеют единый генезис.  

Ключевые слова: нафталанская нефть, геохимия, углеводородный состав, биомаркеры, хромато-масс-спектрометрия 
 

NAFTALAN NEFTİNDӘ BİOMARKERLӘR 
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Xülasә. Karbohidrogen vә biomarker tәrkibinin müәyyәn edilmәsi üçün xromatoqrafiya-mass spektrometriyasından istifadә 
etmәklә müalicәvi (I-II horizont), yanacaq (III-IV horizont) vә Naftalan sağlamlıq mәrkәzindә 1 il әrzindә müalicәvi mәqsәdlәr üçün 
istifadә olunan Naftalan neftinin tәdqiqatının nәticәlәri tәqdim olunur. Naftalan neftindә ilk dәfә olaraq terpanlar (191), steranlar 
(m/z 217), hopanlar (m/z 191) vә adamantanoidlәr (m/z 135, 136, 149, 163) müәyyәn edilmişdir. Qeyd edilib ki, dәrman neftinin 
tәrkibindә yanacaqdan tәxminәn 4 dәfә çox biomarker var (müvafiq olaraq 7.6%; 1.6%). Biodeqradasiya miqyasında aparılan 
müalicәvi vә yanacaq Naftalan neftinin biomarker göstәricilәrinin müqayisәli tәhlili nәticәsindә mәlum olmuşdur ki, müalicәvi 
Naftalan nefti B-1 tipli, I-II mәrhәlәli biodeqradasiyaya uğramış neftә aiddir. Yanacaq Naftalan nefti isә biodeqradasiya dәrәcәsinә 
әsasәn A-2 kimyәvi növünә aiddir ki, bu da zәif biodeqradasiyaya mәruz qalmış olan neftlәr üçün xarakterikdir - I mәrhәlә. Bu, n-
alkanların vә izoprenoidlәrin, pristan, fitanın olmaması, hәmçinin bir çox geokimyәvi parametrlәrin hәddindәn artıq yüksәk 
qiymәtlәri ilә göstәrilir. Hesablamalara görә, müalicәvi Naftalan nefti üçün oleanane/hopane(30) vә moretane/hopane(30) nisbәti B-1 
tipli biodeqradasiya olunmuş neftә uyğundur. Bu mәrhәlәdә neftlәrdә steranlar dәyişmir. Yanacaq neftinin biodeqradasiyası onun 
tәrkibindә C17 vә C18 n-alkanların olmaması ilә göstәrilir. İzoprenoidlәrin (Pr, Ph) tәrkibi A2 tipli neftlәr üçün xarakterik olan n-
alkanların dәyәrini üstәlәyir. Yanacaq neftinin oleanane/hopane(30) vә moretane/hopane(30) nisbәtlәri dә A-2 tipli biodeqradasiyaya 
uğramış neftlәrә uyğundur. Göstәrilmişdir ki, interpretasiya zamanı neftin karbohidrogen tәrkibi әhәmiyyәtli dәyişikliklәrә mәruz 
qalmamış, lakin biomarkerlәrin ümumi sayı azalmışdır ki, bu da onların balneoloji prosesdә iştirakını güman etmәyә imkan verir. 
Geokimyәvi parametrlәrә görә müalicәvi vә yanacaq neftlәri eyni mәnşәyә malikdir.  

Açar sözlәr: Naftalan nefti, geokimya, karbohidrogen tәrkibi, biomarkerlәr, xromato-mass spektrometriya 
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Summary. An earthquake hazard model based on the variations of magnetic susceptibility of
rocks integrating with macroseismic parameters of a credible earthquake, considering dynamics of
the site effects was developed and applied to the Absheron peninsula (Azerbaijan). Magnetic well 
logging data, lithological and geological maps of the Absheron peninsula, seismic catalogues were
also utilized. The maximum expected ground motion for Absheron is estimated for shallow Baku-
Caspian 25.11.2000 earthquake near the site, which is noted as a scenario “near-event earthquake” 
and considered as credible earthquake with moment magnitudes Mw=6.18 and Mw=6.08. The
moment magnitude is accepted as Mw=6.8.  Local site effect assessment was carried out by de-
tailed geotechnical investigation of soil from bedrock to surface using one-dimensional (1-D) 
ground response analysis with SHAKE2000. We estimated the response of soil layers under earth-
quake effect by computing soil amplification and the variation of ground motion characteristics on
the surface.  Based on the scenario earthquake parameters, the surface peak ground acceleration is
computed, correlated with the MSK-64 intensity, and mapped. We simulated ground acceleration, 
seismic intensity and magnetic susceptibility. The northeast and southeast parts of the peninsula are 
characterized by surface peak ground acceleration of 165-250 gal and intensity VIII-IX, which is 
31% and 49% higher than the seismic hazard in the same values compared to other parts. For the
eastern part, magnetic susceptibility varies between 0.5-1.0. The values indicate the distinct rela-
tionship of variations in the magnetic field with the seismic effect of earthquakes. Our approach
makes a significant contribution to improving existing methods for seismic hazard assessment. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
Magnetic properties of rocks in the fault zones 

are natural archives of the fault associated processes 
in tectonically active regions. It generates rock mag-
netism, which is the study of the magnetic properties 
of rocks, sediments, soils, and even fossils, a prom-
ising tool to unravel faulting processes (Yang et al., 
2020). The rock's magnetic features are sensitive to 
both chemical and physical changes occurring in 
rocks during the faulting. For example, variations in 
physical grain size are often reflected in magnetic 
granulometry, which is the (inferred) grain-size dis-
tribution of magnetic particles in a sample, usually 
expressed through the magnetic domain structure 
(Yang et al., 2020). 

The magnetic properties of fault rocks can be 
used as tracers for physical and chemical alterations 
caused by frictional heating during earthquakes (Pei 

et al., 2014). Magnetic susceptibility and rock mag-
netism have commonly been used to understand 
fault slip zones' physical characteristics and chemi-
cal processes (Enomoto and Zheng, 1998; Nakamura 
and Nagahama, 2001; Ferré et al., 2005, 2012). 
         Recently, a few studies (Wenchuan Earthquake 
with Mw=7.9, 2008) of high magnetic susceptibility 
within fault gouges have been described from seve-
ral faults related to large earthquakes (Enomoto and 
Zheng, 1998; Nakamura and Nagahama, 2001; Fu-
kuchi et al., 2005; Hirono et al., 2006; Mishima et 
al., 2006, 2009). It permits the utilization of magnet-
ic properties of rocks in terms of magnetic suscepti-
bility to integrate with seismic effect parameters of 
credible earthquakes to assess seismic hazard for the 
area of the study. 

In this paper we model earthquake hazard as-
sessment with consideration of the rocks’ magnetic 
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susceptibility variations integrating with a credible 
earthquake's macroseismic parameters (magnitude, 
depth, location, epicentral distance) and site effects 
applied to the Absheron peninsula in Azerbaijan.  

The Absheron peninsula is situated in the central 
part of the Alpine-Himalayan seismic belt and is in-
volved in the dynamics of lithospheric structural units 
of the Arabian and Eurasian plates (Jackson et al., 
2002). This lithosphere dynamics results in stress-
strain localization and release in earthquakes, magmat-
ic and mud volcanism, landslides, and other active geo-
logical and geophysical processes (Panahi, 2003). Ab-
sheron peninsula, together with the part of the adjacent 
basin of the Caspian Sea (Azerbaijan), is located on the 
south-eastern border of the Greater Caucasus.  

Earthquakes in the region migrate along the Al-
pine-Himalayan seismic belt (Ismail-Zadeh et al., 
1996) and are associated with the fault zones located 
either in the peninsula itself, in the Azerbaijan sector 
of the Caspian Sea, or in the adjacent folding struc-
tures of the Greater Caucasus and Kopet-Dag (Jack-
son et al., 2002). 

Seismically, there are two main active zones af-
fecting the Absheron peninsula. The northern zone is 
a part of the North Caucasus thrust belt that conti-
nues to the east along the Absheron Sill, which is 
interpreted to be a zone of active subduction (Jack-
son et al., 2002). Earthquakes occurring in the north-
ern zone are mainly deep reverse or shallow normal 
focal mechanisms (Jackson et al., 2002). The south-
ern zone is interpreted to be a continuation of the 
Greater Caucasus thrust. Earthquakes in this area are 
mainly reverse or right-lateral strike-slip focal 
mechanisms (Babayev et al., 2010). The peninsula 
was shaken because of earthquakes from adjacent 
focal zones (Shamakhi-Ismayilli and the Caspian 
Sea), including several large and destructive events 
(Babayev et al., 2010). More recently, in 2000, two 
consequent earthquakes with moment magnitudes 
Mw=6.18 and Mw=6.08 struck the peninsula with 
some human losses and slight damages to buildings, 
felt by citizens of an area with a large radius (Baba-
yev et al., 2020). The mentioned earthquake occurred 
in the southern zone of the Absheron peninsula.  

Geologically, the Absheron peninsula is repre-
sented by a Quaternary system (Holocene and Pleis-
tocene period) in the northeastern and southeastern 
parts of the peninsula, a Neocene and Quaternary 
system (Upper Pliocene and Pleistocene period) in 
the middle part of the peninsula, and a Neogene 
(Upper Miocene and Lower Pliocene period) in the 
southwestern part of the peninsula (Alizadeh, 2008).  

Lithologically, the study area is composed 
mainly of clay, sand, sandstone, and limestone of 
solid and semi-solid configuration. Clay and sand 
layers are observed more than solid and semi-solid 

rocks, such as limestone and sandstone, in the dif-
ferent parts of the peninsula (Table 1). Consideration 
of the lithological factor is one of the important steps 
in seismic hazard assessment research and is an es-
sential parameter in seismic hazard analysis (Baba-
yev et al., 2010; Babayev and Telesca, 2016; Mur-
phy and O’brien, 1977; Panza et al., 2011). 

In this study, the maximum expected ground mo-
tion for the Absheron peninsula is estimated based on 
the shallow Baku-Caspian earthquake that occurred on 
November 25, 2000, with moment magnitudes 
Mw=6.18 and Mw=6.08, which is accepted as scenario 
“near-event earthquake” and considered as a credible 
one. Consequently, the relationship between seismic 
effect parameters and magnetic susceptibility values 
was analyzed to advance earthquake hazard assessment 
with application for the Absheron peninsula.  

In this study, we applied the macroseismic pa-
rameters (magnitude, depth, hypocentral and epicen-
tral distance) of the near-event earthquake and re-
searched the magnetic susceptibility of grounds and 
soils. Our main objective was to identify a potential 
relation between the seismic effect and the magnetic 
properties of rocks in terms of peak ground accelera-
tion (PGA), intensity of shaking, and magnetic sus-
ceptibility distributions.  

 
Methodological approach  
Choosing the right method (or number of meth-

ods) can be based on a qualitative-quantitative esti-
mate. For this purpose, reliable informational and sta-
tistical criteria are needed to apply firstly these crite-
ria to geology and geophysics (Eppelbaum, 2014). 

For this current research, first and foremost, it 
was necessary to select scenario earthquakes in order 
to conduct a correlation between seismic effect pa-
rameters of earthquakes and the magnetic suscepti-
bility of rocks. Thus, the 25.11.2000 Baku-Caspian 
“near-event earthquake” was employed as a scenario 
earthquake. Magnitude, location of the earthquake 
epicenter to the investigated site, location on the 
fault zones, effects on the area, and depth of earth-
quake (h=35 km) are important criteria in choosing 
this seismic event as a scenario. Macroseismic pa-
rameters (magnitude, depth, hypocentral and epicen-
tral distance) of the scenario earthquake were taken 
from local and international catalogues. Based on 
the method of seismic hazard assessment (Babayev 
et al., 2024), it was considered effective to take the 
magnitude of the near-event earthquake for this 
study at 6.8. Thus, the seismic effect from the near-
event earthquake parameters with hypothetic mo-
ment magnitude Mw=6.8 and 35 km focal depth (h) 
was assessed.  

We integrated analysis of geology in terms of the 
ages of the rocks, lithology of rock layers, macro-
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seismic values of scenario earthquake (Mw=6.8), and 
magnetic properties of rocks with each other. Identifi-
cation of the sediment types, thickness of layers, and 
magnetic susceptibility of rocks were determined by 
using the respective published papers (Исрафил-
беков и др., 1983; Babayev et al., 2020; Hrouda et 
al., 2009). We attempted to find any relation between 
parameters of seismic effects and magnetic properties 
of rocks through analysis of surface peak ground ac-
celeration (PGA), intensity of shaking, soil amplifica-
tion factor, and rocks' magnetic susceptibility. 

Google Earth system was utilized to define the 
basemap for this research which consequently was 
meshed into 39 cells with a step 5km×5km grid  
(Fig. 1) (Google maps, 2024). 

 

 
 
Fig. 1. The map of Azerbaijan with the rectangle showing the 
study area 

  
Macroseismic parameters (magnitude, focal 

depth) of the Caspian earthquake 25.11.2000, which 
is accepted in this study as a scenario, near-event 
earthquake, were used to calculate epicentral/hypo-
central distances to each cell of the study area from 
epicenter of the scenario earthquake (Fig. 2) and 
consequently to compute bedrock peak ground ac-
celeration (PGA) under each cell and consequently, 
at the surface of those cells.  

Table 1 demonstrates rocks' magnetic suscepti-
bility values. Those values were analyzed and esti-
mated from magnetic well logging data, the well-
bores of which are illustrated in Fig. 3. 

Consequently, magnetic susceptibility values of 
rocks were utilized to map the study area in terms of 
their distribution (Fig. 4). 

Peak ground acceleration (PGA) was computed 
to evaluate the anticipated ground motion at both 
bedrock and surface level with 1D site effects of 
lithological layers. The expected bedrock PGA was 
estimated considering near-event earthquake param-
eters (magnitude, focal depth) by ground motion 
prediction equation (GMPE) (1). 

 
 

Fig. 2. Meshing of the study area. 
Near-event scenario earthquake (accepted as Mw=6.8, focal 
depth h=35 km) is demonstrated by a circle. Numbers beyond 
the meshing area were used to enumerate cells 

 
Table 1 

Magnetic susceptibility values  
in Absheron peninsula for each layer 

 

Cell 
number 

Area 
Magnetic 

susceptibility 
Rock type 

4.4 Zigh 

0.5-1.0 shale 

0.3-0.5 sandstone 

0.1-0.3 limestone 

0.01-0.1 marl 

4.7 Zire 

0.5-1.0 shale 
0.3-0.5 sandstone 
0.1-0.3 limestone 
0.01-0.1 marl 

3.5 Surakhani 

0.01 - 0.1 shale 
0.01 - 0.1 marl 
0.01 - 0.1 sandstone 

0.001 - 0.01 limestone 
0.001 - 0.01 granite 

2.4 Ramani 

0.01 - 0.1 sandstone 
0.01 - 0.1 shale 
0.01 - 0.1 marl 

0.001 - 0.01 limestone 

5.2 Bibiheybat 

0.01 - 0.1 sandstone 
0.01 - 0.1 shale 
0.01 - 0.1 marl 

0.001 - 0.01 limestone 

3.4 Ahmadli 

0.01 - 0.1 shale 
0.01 - 0.1 marl 
0.01 - 0.1 sandstone 

0.001 - 0.01 limestone 

4.2 Lokbatan 

0.5 - 1.0 marl 
0.07 - 0.5 shale 
0.03 - 0.1 sandstone 
0.02 - 0.05 limestone 

4.5 Hovsan 

0.02 - 0.05 limestone 
0.03 - 0.1 sandstone 
0.07 - 0.5 shale 
0.5 - 1.0 marl 
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Fig. 3. Dots of magnetic well logging data across Absheron 
peninsula 

 

 
 
Fig. 4. Distribution of magnetic susceptibility of rocks in 
Absheron peninsula. 
Note: MS indicates magnetic susceptibility 

 
In (1) A is peak ground acceleration (in Gal = 

10  m/𝑠 ), M is the magnitude and R is the hypo-
central distance (in km):  

 
𝑙𝑔 𝐴 0.28𝑀 0.8 𝑙𝑔 𝑅 1.7              (1) 

 
The Equation (1), an empirical function to com-

pute PGA (Аптикаев и Копничев, 1979), the am-
plitude of ground motion, is the best-fitting empiri-
cally-derived equated function for predicting ground 
motion for Azerbaijan and, therefore, for the study 
region (Babayev et al., 2020). 

Several studies concluded that shear wave ve-
locity was an important parameter for evaluating 
the dynamic behavior of soil in the subsurface 
depth (Kanli et. al., 2006, 2008; Panza et al., 
2011). Subsurface shear wave velocity values are 
significant in calculating seismic hazards (Kanlı et 
al., 2010; Panza et al., 2011).  

The estimation of shear wave velocity (𝑉 ) 
was derived from an empirical relation (2) with 
the P-wave velocity (𝑉  value). 𝑉  value was 

measured for the specific soils by experimental 
method (Seed et al., 1969). 

 
𝑉 𝑉 / 4.34 0.49𝑉                  (2) 

 
Furthermore, the amplification factor of soil for 

soft rocks in a subsurface layer was estimated from 
shear-wave velocities, density, and thickness of the 
layer using the SHAKE software (Ordonez, 2000) 
and for hard sedimentary rocks, the amplification 
factor within a layer has been calculated by using the 
Eq. (3) using shear-wave velocity (Midorikawa et 
al., 1992):  

 
𝑙𝑔 𝐴 1.11 0.42 𝑙𝑔 𝑉              (3) 

 
The geological analysis in terms of rock ages 

and lithology of rock layers was generalized in the 
subsurface models used in our study in the calcula-
tion of the amplification factor of each layer (Table 
2). We have calculated time domain peak ground 
acceleration based on the synthetic accelerograms 
obtained from the hypothetic earthquake data and 
respective parameters for all subsurface models. Fig. 
5 shows the time domain parameters for eight differ-
ent subsurface models. 

Knowing amplification factor of layers from 
bedrock up to the surface soil of the Absheron 
peninsula through subsurface ground thus, the 
amplification factor for the whole cross-section, 
the peak ground acceleration (PGA) at surface and 
the intensity of shaking were computed, providing 
a comprehensive assessment of seismic effect of 
the earthquake. The peak ground acceleration 
(PGA) at the surface was computed through the 
following equation: 

 
𝐴 𝐴 ∗ 𝐴                         (4) 

 
where, 𝐴  is the surface PGA (in gal =10  
m/𝑠 ), 𝐴  is the peak ground acceleration at bed-
rock (in Gal = 10  m/𝑠 ), 𝐴  is the amplifica-
tion factor.  

The surface peak ground acceleration was com-
pared with the intensity values using the correlation 
scale (Table 3) (Murphy and O’brien, 1977; Tri-
funac and Brady, 1975). 

Table 4 demonstrates the seismic effect values 
computed from the near-event scenario earthquake 
parameters. The computation utilized the surface 
peak ground acceleration (PGA) (Table 4, (10)) and 
the predicted earthquake intensity (Table 4, (11)) as 
finals to simulate the peninsula. 
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Fig. 5. Simulated time domain PGA based on best-fitted scenario for subsurface models (from above left to the 
left below: B5, C1, C3, C4, C6, E2, E5, E6) 
Note: see Table 2 for the subsurface model description 
 

Table 2 
 Subsurface lithological-geological models for the Absheron peninsula 

 

Model 
Thickness of sediments 

(m) 
Age Lithology 

B5 20 
110 

1960 

Q 
Q 
N 

sands, clay, limestone 
clays 

sands, sandstone, carbonated clays 
C1 4 

5 
20 

3800 

Q 
Q 
Q 
N 

sand, gravel-pebble  
 clay, argillaceous sand  

clay  
clay, sand, argillaceous sandstone and limestone 

C3 12 
20 

1500 

Q 
Q 
N 

limestone  
clay, sand, limestone  

argillaceous limestone and sandstone 
C4 5 

5 
20 

1910 

Q 
Q 
Q 
N 

sand with sandstone 
sand, clay, sandstone 
sand, clay, sandstone 

sand, sandstone, organic clay 
C6 160 

120 
1960 

Q 
Q 
N 

sands, clay, limestone 
clays  

sands, sandstone, carbonated clays 
E2 60 

290 
1960 

Q 
Q 
N 

sands, sandstone 
sands, clay, limestone 

sands, sandstone, carbonated clays 
E5 5 

150 
120 

1960 

Q 
Q 
Q 
N 

sands  
sands, clay, limestone 

clays  
sands, sandstone, carbonated clays 

E6 5 
10 
270 

1960 

Q 
Q 
Q 
N 

limestone  
sands  

sands, clays, limestone 
sands, sandstone, carbonated clays 

Note: Q – Quaternary; and N – Neogene 
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Table 3 
 

 Conversion between PGA (gal) and intensity (MSK-64) (Murphy and O’brien, 1977; Trifunac and Brady, 1975) 
 

PGA gal 5–12 12–25 25–50 50–100 100–200 200–400 
MSK-64 4 5 6 7 8 9 

 
Table 4 

 Parameters of seismic effect for the near-event earthquake with macroseismic values  
of the event used for simulation of the surface peak ground acceleration and intensity 

 

 

N 
(1) 

Cell 
(2) 

M (3) 
H(km) 

(4) 

The epicentral 
distance (km) 

(5) 

R(km) 
(6) 

PGA  
bedrock 

(Gal) 
(7) 

Average  
ground type 

(8) 

Amplification 
Factor 

(9) 

PGA 
surface 
(Gal) 
(10) 

MSK-
64 (11)

1 1.1 6.8 35 43 55.44 161.78 clay 1.10 177.96 8 

2 1.2 6.8 35 36 50.20 175.13 sand 1.10 192.65 8 
3 1.3 6.8 35 34 48.79 179.18 sand 1.10 197.10 8 
4 1.4 6.8 35 35 49.49 177.15 sand 1.10 194.86 8 
5 1.5 6.8 35 37 50.93 173.15 solid and semi-

solid rocks 
0.57 98.69 7 

6 2.1 6.8 35 39 52.40 169.25 clay 1.10 186.17 8 

7 2.2 6.8 35 31 46.75 185.41 clay 0.76 140.91 8 

8 2.3 6.8 35 27 44.20 193.92 clay 0.76 147.38 8 

9 2.4 6.8 35 26 43.60 196.07 clay 0.95 186.26 8 
10 2.5 6.8 35 28 44.82 191.78 solid and semi-

solid rocks 
0.53 101.64 8 

11 2.6 6.8 35 32 47.42 183.32 solid and semi-
solid rocks 

0.53 97.16 7 

12 2.7 6.8 35 37 50.93 173.15 sand 0.53 91.77 7 
13 3.1 6.8 35 36 50.20 175.13 clay 1.10 192.65 8 
14 3.2 6.8 35 25 43.01 198.21 clay 0.76 150.64 8 
15 3.3 6.8 35 19 39.82 210.80 clay 0.53 111.73 8 

16 3.4 6.8 35 18 39.35 212.80 clay 0.53 112.79 8 
17 3.5 6.8 35 23 41.88 202.48 clay 0.53 107.32 8 
18 3.6 6.8 35 28 44.82 191.78 solid and semi-

solid rocks 
0.53 101.64 8 

19 3.7 6.8 35 32 47.42 183.32 solid and semi-
solid rocks 

0.53 97.16 7 

20 3.8 6.8 35 38 51.66 171.18 sand 0.57 97.57 7 

21 4.1 6.8 35 31 46.75 185.41 clay 1.10 203.95 9 

22 4.2 6.8 35 22 41.34 204.60 clay 1.10 225.06 9 
23 4.3 6.8 35 13 37.33 221.97 solid and semi-

solid rocks 
0.57 126.52 8 

24 4.4 6.8 35 14 37.69 220.27 clay 1.10 242.30 9 

25 4.5 6.8 35 15 38.07 218.50 sand 0.53 115.81 8 
26 4.6 6.8 35 23 41.88 202.48 sand 1.10 222.73 9 

27 4.7 6.8 35 30 46.09 187.52 clay 1.10 206.28 9 
28 4.8 6.8 35 38 51.66 171.18 sand 1.10 188.30 8 

29 5.1 6.8 35 21 40.81 206.70 clay 1.10 227.36 9 

30 5.2 6.8 35 31 46.75 185.41 sand 1.10 203.95 9 
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The investigated parameters (Table 4, (10), 
(11)) were plotted for the study area, and their dis-
tribution patterns are illustrated in Fig. 6 and 7, re-
spectively. 

As a part of the comprehensive analysis, mag-
netic susceptibility, surface peak ground acceleration 
(PGA), and intensity maps were simulated (Fig. 8, 
9). These models allowed us to correlate magnetic 
susceptibility, surface peak ground acceleration 
(PGA), and intensity values. 

 
Results and discussions 
The simulation of magnetic susceptibility distri-

bution across the study area and the predicted inten-
sity map of the scenario earthquake with hypothetic 
magnitude 6.8 allowed conducting a correlation be-
tween high-intensity zones of VIII-IX and high 
magnetic susceptibility values of 0.5-1.0 observed in 
the eastern part, extensively in the northeastern, 
southeastern parts of the Absheron peninsula, espe-
cially in the populated areas of Mardakan, Bulbule, 
and Dubandi. 

Furthermore, the simulation of magnetic suscepti-
bility and surface peak ground acceleration (PGA) dis-
tribution maps allowed conducting a correlation be-
tween high surface PGA and high magnetic suscepti-
bility of rocks observed specifically in the populated 
settlements of Turkan, Bulbule, Hovsan, Dubandi in 
the eastern, southeastern, northeastern parts of the Ab-
sheron peninsula where 200-250 Gal surface PGA co-
incided with 0.5-1.0 magnetic susceptibility values. 

Based on this current study, the eastern, south-
eastern, and northeastern parts of the Absheron pen-
insula are prone to high intensity of shaking (VIII-
IX) and extensively surface peak ground accelera-
tion (200-250 Gal). The magnetic susceptibility of 
rocks exhibits high values of 0.5-1.0. 

The magnetic susceptibility of a rock depends 
on the type and abundance of magnetic minerals it 
contains (Awad et al., 2023). The high value of 
magnetic susceptibility indicates a high abundance 
of magnetic minerals, while a low magnetic suscep-
tibility value indicates a low abundance of magnetic 
minerals in rock samples (Siregar et al., 2022). 

 

 
 
Fig. 6. Distribution of the surface peak ground acceleration 
(PGA) for a near-event earthquake scenario 
 

 
 
Fig. 7. Intensity (I) distribution for a near-event earthquake 
scenario 

 

 
 
Fig. 8. Simulation of surface peak ground acceleration (PGA) 
and magnetic susceptibility of the study area (upper one is the 
distribution of surface peak ground acceleration (PGA) for the 
near-event earthquake scenario, lower one is the distribution of 
magnetic susceptibility of rocks) 

 
 

Fig. 9. Simulation of intensity and magnetic susceptibility of the 
study area (the upper one is intensity distribution for the near-
event earthquake scenarios, lower one is a distribution of mag-
netic susceptibility of rocks) 
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Theoretically, the high magnetic susceptibility values 
in the eastern, southeastern, and northeastern parts of 
the peninsula might indicate the abundance of the 
sporadic existence of magnetic minerals in the sand-
stone, limestone, marl, and shale rock formations. 

Rocks can also be categorized on their magnetic 
susceptibility values: any mineral with a positive 
magnetic susceptibility value is paramagnetic, while 
a negative magnetic susceptibility value corresponds 
to a diamagnetic mineral (Elsayed et al., 2021). 
Among the most common minerals that pose para-
magnetism in rocks are illite, pyrite, chamosite, 
chlorite, and celadonite, which are usually found in 
sandstone and shale formations (Elsayed et al., 
2021). Shales, a mixture of clay and carbonate min-
erals, represent 2/3 of the sedimentary rocks on 
Earth with a magnetic mineral group which, at first 
order, appears simple with ferrimagnetic iron oxides 
as the main magnetic mineral group present (Kars et 
al., 2023). Based on the findings they presented, we 
assume that these mineral compositions of the rock 
layers might amplify shear wave velocity in the 
eastern part, extensively in the northeastern and 
southeastern parts of the Absheron peninsula.  

For this study, the amplification factor of soil for 
soft rocks in a subsurface layer was computed 
through shear-wave velocities, density, and thickness 
of the layers. It is assumed that this rock formation 
with high magnetic susceptibility values affect the 
amplification factor of soil, specifically in the eastern 
part, southeastern, and northeastern parts of the Ab-
sheron peninsula. Thus, it causes high surface peak 
ground acceleration values, consequently, compared 
intensity of shaking. 

As a consequence, this current study permits to 
claim that there is an existing direct, physical relation 
between surface peak ground acceleration, the intensity 
of shaking of the earthquake, and magnetic susceptibi-
lity of rocks. High surface peak ground acceleration 
(PGA) and magnetic susceptibility values coincided 
and demonstrated convergence in the eastern, south-
eastern, and northeastern parts of the peninsula inclu-
ding areas of Hovsan, Turkan, Bulbule, Mardakan, and 
Dubandi. The same convergence was demonstrated in 
the eastern, southeastern, and northeastern parts of the 
peninsula between the magnetic susceptibility values 
and predicted seismic intensity of shaking. 

As a result, rocks with high magnetic suscepti-
bility values will be characterized by a high trend of 
earthquakes’ seismic effect parameters in terms of 
peak ground acceleration and intensity of shaking. 

 
Conclusions 
This research aimed to model earthquake hazard 

assessment for the Absheron peninsula by integrat-
ing magnetic properties of rocks regarding magnetic 
susceptibility with seismic effect parameters: com-
puted surface peak ground acceleration (PGA) and 
intensity of shaking from a credible earthquake. The 
Baku-Caspian earthquake of 25.11.2000 with ac-
cepted moment magnitude Mw=6.8 was taken as a 
scenario earthquake near the investigated site and 
considered as a “near-event earthquake.” The study 
analyzed the local site effects and computed soil 
amplification factors, revealing the variation of 
ground motion characteristics on the surface. The 
simulated models allowed revealing convergent cor-
relations between values of magnetic susceptibility 
and seismic intensity of shaking in the eastern, 
southeastern, and northeastern parts of the peninsula. 
Specifically, areas with high seismic intensity of 
shaking (VIII-IX) coincided with high magnetic sus-
ceptibility values (0.5-1.0) in the eastern, southeast-
ern, and northeastern areas. This technique permits 
disclosing convergence of investigated parameters in 
terms of magnetic susceptibility of rocks, surface 
peak ground acceleration (PGA), and seismic inten-
sity of shaking computed by the scenario earth-
quake.  

Consequently, we can conclude that rocks with 
high magnetic susceptibility values are interlinked 
with the seismic effect that an earthquake can pro-
duce depending on the shallow depth and high mag-
nitude. We interpret this approach as an additional 
input towards improving seismic hazard assessment 
methods. This successful integration between seis-
mic hazard and magnetic properties of rocks demon-
strates productivity of interdisciplinary researches 
and indicates the need for integration of geophysical 
methods for future studies. The results can be served 
as an additional input in the studies of magnetic in-
fluence on the earthquakes and the researches of the 
relationship between the magnetic perturbations and 
seismic responses.  
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МОДЕЛИ СЕЙСМИЧЕСКОЙ ОПАСНОСТИ АБШЕРОНСКОГО ПОЛУОСТРОВА  
С УЧЁТОМ МАГНИТНЫХ СВОЙСТВ ГОРНЫХ ПОРОД  
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Резюме. Разработана модель опасности землетрясений по вариациям магнитной восприимчивости горных пород, инте-

грирующим с макросейсмическими параметрами достоверного землетрясения, с учетом динамики площадных эффектов, 
примененная для Абшеронского полуострова (Азербайджан). Также были использованы данные магнитного каротажа, ли-
тологические и геологические карты Абшеронского полуострова, сейсмические каталоги. Максимально ожидаемое движе-
ние грунта на Абшероне рассчитано для неглубокого Баку-Каспийского землетрясения 25.11.2000 г. вблизи зоны исследо-
вания, которое отмечено как сценарий «близкого землетрясения» и рассматривается как достоверное землетрясение с мо-
ментными магнитудами Mw=6.18 и Mw=6.08. В данном исследовании моментная магнитуда принята равной Mw=6.8. Оцен-
ка воздействия на территорию проводилась путем детальной геотехнической обработки грунтовых условий от нижележа-
щих слоев до земной поверхности с использованием одномерного (1-D) анализа отклика грунта с помощью SHAKE2000. 
Мы оценили реакцию слоев грунта на землетрясение, рассчитав усиление амплитуды сейсмической волны и изменение ха-
рактеристик колебания земной поверхности.  На основе параметров сценария землетрясения рассчитано пиковое ускорение 
земной поверхности, скоррелировано с интенсивностью MSK-64. Проведено моделирование параметров ускорения грунта, 
сейсмической интенсивности и магнитной восприимчивости. Северо-восточная и юго-восточная части полуострова харак-
теризуются пиковым ускорением грунта 165-250 гал и интенсивностью VIII-IX, что на 31% и 49% выше сейсмической 
опасности в тех же значениях по сравнению с другими частями. Для восточной части магнитная восприимчивость изменя-
ется в пределах 0.5-1.0. Эти значения указывают на отчетливую связь вариаций магнитного поля с сейсмическим эффектом 
землетрясений. Наш подход вносит существенный вклад в совершенствование существующих методов оценки сейсмиче-
ской опасности. 

Ключевые слова: Азербайджан, Абшеронский полуостров, сейсмическая опасность, пиковое ускорение грунта, интен-
сивность, магнитная восприимчивость, моделирование 

 
 

ABŞERON YARIMADASI ÜÇÜN SÜXURLARIN MAQNİT XASSӘLӘR İLӘ ӘLAQӘDAR OLAN  
ZӘLZӘLӘ TӘHLÜKӘSİ MODELLӘRİ  
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2Azәrbaycan Dövlәt Neft vә Sәnaye Universiteti, Azәrbaycan 
AZ1010,  Bakı, Azadlıq prosp., 20  

 
Xülasә. Abşeron yarımadası timsalında (Azәrbaycan) qrunt tәsirinin dinamikası nәzәrә alınmaqla, baş vermiş zәlzәlәnin makro-

seysmik parametrlәri (maqnituda, dәrinlik, coğrafi  yerlәşmә, episentral mәsafә) ilә süxurların maqnit hәssaslığının qiymәtlәrini 
inteqrasiya edilәrәk zәlzәlә tәhlükәsinin qiymәtlәndirilmәsi üçün modellәr qurulmuşdur. Quyuların maqnit karotaj mәlumatlarından, 
әrazinin litoloji vә geoloji xәritәlәrindәn, yerli vә beynәlxalq seysmik kataloqlardan istifadә edilmişdir. Abşeron üçün qruntun 
gözlәnilәn maksimal hәrәkәti, 25.11.2000-ci ildә baş vermiş әrazinin yaxınlığındakı dayaz Bakı-Xәzәr zәlzәlәsi üçün hesablanmışdır 
ki, bu da tәdqiqatda ssenar “yaxın zәlzәlә” kimi qәbul olunur vә Mw=6.18 vә 6.08 maqnitudalı mümkün olan zәlzәlә kimi sayılır. 
Tәdqiqatda moment maqnitudası Mw=6.8 qiymәtindә istifadә olunub. Qrunt tәsirinin qiymәtlәndirilmәsi SHAKE 2000 proqram 
tәminatı ilә birölçülü (1-D) qruntun effekt analizindәn istifadә etmәklә ana süxurdan sәthә qәdәr әtraflı geotexniki cәhәtdәn 
xarakterizә olunaraq hәyata keçirilmişdir. Belәliklә, seçilmiş zәlzәlәlәrin süxur laylarına tәsiri tәyin edilmiş, qruntun seysmik dalğa 
amplitudasının güclәnmә әmsalı hesablanmış vә sәthdә yerin hәrәkәt xüsusiyyәtlәrinin dәyişmәsi müәyyәnlәşdirilmişdir. Ssenar 
zәlzәlәnin parametrlәrinә әsasәn, yer sәthindә qruntun maksimal tәcili (QMT) vahidlәri hesablanmış, MSK-64 intensivlik şkalası  
üzrә korrelyasiya olunmuşdur vә nәticә olaraq, tәdqiqat әrazisi üçün  qruntun tәsiri ilә sәthdә qruntun maksimal tәcili (QMT), 
intensivlik vә maqnit hәssaslığının qiymәtlәri modellәşdirilmişdir.  

Nәticәlәr göstәrir ki, Abşeronun şimal-şәrq vә cәnub-şәrq hissәlәrindә qruntun maksimal tәcili 165-250 qal vә VIII-IX inten-
sivlikdә tәyin edilmişdir ki, bu da yarımadanın qәrb hissәlәri ilә müqayisәdә hәmin qiymәtlәrdәki seysmik tәhlükәdәn 31% vә 49% 
yüksәkdir. Yarımadanın şәrq hissәsi üçün maqnit hәssaslığı 0.5-1.0 arasında dәyişir. Bu qiymәtlәr, maqnit sahәsindәki dәyişikliklәrin 
zәlzәlәlәrin seysmik tәsiri ilә mövcud fәrqli әlaqәsini göstәrmәyә imkan verir. Tәklif etdiyimiz yanaşma seysmik tәhlükәnin 
qiymәtlәndirilmәsindә mövcud metodların tәkmillәşdirilmәsinә mühüm töhfә verir. 

Açar sözlәr: Azәrbaycan, Abşeron yarımadası, zәlzәlә tәhlükәsi, qruntun maksimal tәcili, intensivlik, maqnit hәssaslığı, simulyasiya  
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Summary. Radiation hormesis is the hypothesis that low doses of ionizing radiation (within the
region of and just above natural background levels) are beneficial, stimulating the activation of re-
pairing mechanisms that protect against disease, that are not activated in absence of ionizing radia-
tion. The paper describes research results supporting hormesis through exposure to low-dose ioniz-
ing radiation conducted in the Talysh region of Azerbaijan. According to the International Commit-
tee on Radiation Protection, 40-75% of total human exposure to natural radioactive sources comes 
from radon and its decay products. Radiometric studies covered five districts of the Talysh region:
Masalli, Lankaran, Astara, Yardimli and Lerik. The volume activity of radon in residential areas 
was measured with radon Scout and radon Scout Plus radiometers from SARAD. Based on the ob-
tained results, maps of the distribution of radon volume activity are constructed separately for each 
region. According to this map, the Lerik district, known for its long-lived inhabitants, is character-
ized by a relatively high level of radon. The ECG (electrocardiograph) of cardiac activity is written 
in the modern cardiograph Cardi Max Fx 8222 produced by the Japanese company Denshi Fukuda. 
The results of the research showed that there is a certain correlation between the level of radon in
homes and life expectancy. According to the current regulatory document, the indoor radon volume
activity should not exceed 200 Bq/m³. Based on research results, in villages where centenarians are
living, the level of indoor radon varies between 100-200 Bq/m3, averaging 150 Bq/m3. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
The exposure of humans to radiation from natu-

ral sources is unavoidable. Radiation exposure from 
natural sources varies globally and within a country 
depending on the geology and altitude where people 
live. Studies of the health of populations living in 
areas with high levels of background radiation con-
ducted during the past 25 years are a potential source 
of information on the effects of low-dose protracted 
exposures. Radiation hormesis is the hypothesis that 
low doses of ionizing radiation (within the region of 
and just above natural background levels) are bene-
ficial, stimulating the activation of repair mecha-
nisms that protect against disease, that are not acti-
vated in absence of ionizing radiation. The reserve 
repair mechanisms are hypothesized to be sufficient-
ly effective when stimulated as to not only cancel 
the detrimental effects of ionizing radiation but also 
inhibit disease not related to radiation exposure. The 
International Commission on Radiological Protec-

tion (ICRP 2007), National Academy of Sciences 
Biologic Effects of Ionizing Radiation (National Re-
search…, 2006), the United Nations Scientific 
Committee on the Effects of Atomic Radiation and 
the National Council on Radiation Protection and 
Measurement (NCRP) have adopted 100 mSv or less 
as low dose (UNSCEAR, 2010; Boice, 2017). Previ-
ously, the UNSCEAR Scientific Report (UN-
SCEAR, 2011) had defined low doses as those of 
≤200 mGy, and low-dose-rate 0.1 mGy per minute 
(averaged over one hour or less) for external X-and 
γ-rays. Recently, Multidisciplinary European Low 
Dose Initiative (MELODI), a European radiation 
protection research platform, have defined low doses 
as those between 10 and ˂100 mGy and moderate 
doses from 100 mGy to 1 Gy and ˃1 Gy as high 
doses (Seibold, 2020; Kreuzer, 2018). 

According to the International Committee on 
Radiation Protection, 40-75% of total human expo-
sure to natural radioactive sources comes from radon 
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and its decay products. In 1987 radon and its decay 
products were classified by the International Agency 
for Research on Cancer as being carcinogenic to 
humans. Investigations conducted in Europe and 
USA showed that radon is the second cause after 
smoking providing lung cancer diseases (Cohen, 
1993). Radon is the main factor of lung cancer 
among non-smokers. A study of the radon problem 
in Azerbaijan shows that its distribution in space is 
uneven and mosaic in nature. The regions with the 
highest concentrations are confined to the mountain-
ous folded massifs of the G.Caucasus and Talysh, 
while those with the lowest concentrations are con-
fined to the lowlands (Aliyev et al., 2017). In this 
regard, it is interesting to note that the longest dura-
tion of life in Azerbaijan is also noted among the 
people living in mountainous regions (in the Cauca-
sus, especially in Talysh). According to the official 
statistics, the duration of life of women in Azerbaijan 
is higher than men. So, currently there are 838 people 
(814 women and 24 men) in Azerbaijan who have 
reached a hundred and more years. In this connection, 
it is very interesting that statistical analysis and expe-
rimental studies on the effect of radon exposure on 
human health have established that men are more sus-
ceptible to irradiation as compared with women. 

The main objective of the study was to assess 
the results of the current monitoring of the radiation 
situation in the Talysh region and the correlation 
analysis between the life expectancy and quality of 
the population and radon levels in their places of 
residence. 

 
Materials and methods  
Radiometric works of the studied region includ-

ed measurements of the radon volume activity in 
residential premises and in water of mineral springs, 
the water of which is used by local residents, and 
measurements of radiation levels in the environment. 
Radon volume activity in residential premises was 
measured with Radon Scout and Radon Scout Plus 
radiometers from SARAD. They were installed in 
residential premises for several days. Radon volu-
metric activity in soil and water was measured by 
using RAD7 radiometers (DURRIDGE). The radia-
tion level was measured by using dosimeter radiom-
eter МКС-АТ1125. Based on the averaged values of 
the obtained data, the maps of the distribution of the 
radon volume activity in areas of the studied region 
have been constructed. Maps were constructed by 
using the Surfer program (production of Golden 
Software). 

For medical studies 3 types of questionnaires 
were developed, differing from each other in ques-
tions. This was due to the fact that the studies were 
conducted with different age groups. Also among 

the surveyed citizens, psychophysical tests adapted 
to local conditions were conducted. The ECG of 
cardiac activity is written in the modern cardiograph 
Cardi Max Fx 8222 produced by the Japanese com-
pany Denshi Fukuda. Participation in the studies was 
voluntary. The study participants were fully ac-
quainted with the aspects of participation in the 
study, which fully complied with the requirements 
of the Helsinki Declaration. 

 
Results and discussion 
Radiometric studies had covered five districts of 

the Talysh region: Masalli, Lankaran, Astara, 
Yardimli and Lerik. As mentioned above, measure-
ments of volumetric radon activity in residential 
buildings were carried out in the populated areas of 
the studied region. Indoor radon concentrations are 
measured in the living rooms of houses at ground 
level. Regarding the recruited of participants, the 
priority was given to the older houses by selecting 3-
5 dwellings from each district randomly. The ma-
jority of the houses examined were built 30 to 50 
years ago using bricks composed of sand and cement 
along with cemented floors. In the Masalli district, 
studies were carried out in 17 settlements. The radon 
concentration here varied within 20-170 Bq/m3. In 
38 surveyed settlements of the Lankaran region ra-
don concentration varied within 20-600 Bq/m3. In 
the Astara region, studies were conducted in 23 lo-
calities. The radon concentration here varied within 
50-190 Bq/m3. In Yardimli region 19 settlements 
were surveyed. The radon volume activity here var-
ied within 50-730 Bq/m3. In Lerik region, studies 
were conducted in 32 localities. The radon concen-
tration here varied within 89-215 Bq/m3. On the ba-
sis of the obtained data the map of distribution of 
radon volume activity for the Talysh region has been 
constructed. According to this map, the Lerik region, 
known for its long-livers, is characterized by a rela-
tively high level of radon (Feyzullayev et al., 2021). 
According to the current regulatory document, the 
indoor radon volume activity should not exceed 200 
Bq/m³. In villages where centenarians are living, the 
level of indoor radon varies between 100-200 Bq/m3, 
averaging about 150 Bq/m3.  

During the study, 24 long-livers, 30 their close 
relatives and 30 members of the control group have 
been investigated. Among the studied centenarians, 
the number of women (14 people) exceeds men. It 
should be noted that the genetic factors are an im-
portant component of longevity.  

Analysis of electrocardiographic indicators of 
centenarians showed that the pathological changes 
noted in cardiac activity do not exceed the age-related 
changes (Fig.). Thus, in 35% of the studied centena-
rians, deep hypoxia in the heart muscle, T-negative 



Ch.S.Aliyev et al. / ANAS Transactions, Earth Sciences  1 / 2024, 140‐144; DOI: 10.33677/ggianas20240100115  

 142 

(disorders of blood circulation in the heart), ecstrocys-
tolias, ischemic changes, bundle branch block, rupture 
of the heart vessels (acute disorders of nutrition of the 
heart muscle, T - negative), cardiosclerosis changes 
were recorded. In 25% of studied centenarians a nor-
mal ECG was observed. Also in ECG of 45% of the 
studied centenarians age-related changes were ob-
served. At this time, all teeth and complexes of the 
ECG had a small amplitude. Despite severe patholo-
gical changes on the ECG (damage of the myocardi-
um, hypertrophy of the left ventricle, complete or par-
tial blockade of the bundle branch block), the average 
indicator of arterial pressure among centenarians is 
145-85 mmHg, the average indicator of heart rate was 
75-78 beats per minute. In only one of the studied 
centenarians, the amount of sugar in the blood was 
slightly higher than the norm. 

The analysis of the ECG of close relatives of 
centenarians showed that deep pathological changes 
in this group are much less common than the control 
group. From the 24 studied relatives, the ECG was 
normal only in 14 people. Pathological changes were 
noted in 4 people (T-negative, blockade of the bundle 
branch block).  In 6 people were observed age-related 
changes (hypoxia, disorders of the nutrition of the 
heart muscle). In this group, hypoxic and neurotic 
(T- vagus) changes in ECG were most common. 

Among the group at age 100, there were not not-
ed cardiovascular pathologies. Heart rate and blood 
pressure were in full compliance with the norm. 

In the process of aging, the cardiovascular 
system undergoes involution changes which lead 
to the development of cardiac dysfunctions. The 
hormetic effect of low-dose ionizing radiation has 
been reported to promote growth and develop-
ment, also to suppress the ageing process, enhanc-
ing immune functions, and delaying cancer pro-
gression (Cui, 2017). The obtained results showed 
that due to the strong adaptive compensatory and 
genetic factors pathological changes among cente-
narians do not lead to lethal outcome. This fact 
shows the presence of strong mechanisms and a 
strong vitauct system of the organism against var-
ious external stress factors. 

 
Conclusion 
The results of the conducted studies have shown 

that radon volume activity between 100-200 Bq/m3 
can have a beneficial effect on people's health and 
their life expectancy. However, this does not mean 
that radon can definitely be considered the main fac-
tor of longevity. Thus, further studies are required to 
rigorously determine the circumstances of how the 
chronic low-dose ionizing radiation can affect cellu-
lar senescence and aging. To demonstrate the effect 
of chronic low-dose ionizing radiation on human 
health more robust evidence is required and there are 
several unanswered questions that require further 
investigation.

 

 
 

Percent changes in ECG of long-livers, close relatives and control group  
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ВОЗМОЖНОЕ ПОЛОЖИТЕЛЬНОЕ ВЛИЯНИЕ ХРОНИЧЕСКОГО ИОНИЗИРУЮЩЕГО ИЗЛУЧЕНИЯ  
В МАЛЫХ ДОЗАХ НА ПРОДОЛЖИТЕЛЬНОСТЬ ЖИЗНИ НАСЕЛЕНИЯ В ТАЛЫШЕ, АЗЕРБАЙДЖАН 
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Резюме. Понятие «радиационный гормезис» предполагает, что ионизирующее облучение, являясь при больших дозах 
губительным для живых организмов, в малых дозах может индуцировать положительные биологические процессы и оказы-
вать стимулирующее благоприятное действие на организм, которое регистрируется как повышение плодовитости, роста, 
деления клеток и увеличение продолжительности жизни различных биологических объектов. В статье описаны результаты 
исследований, подтверждающих радиационный гормезис от воздействия низких доз ионизирующего излучения, проведен-
ных в Талышском районе Азербайджана. По данным Международного Комитета по Радиационной защите на радон и до-
черние продукты его распада приходится 40-75% от суммарной дозы облучения, получаемого от природных источников. 
Радиометрические исследования охватили пять районов Талышской области: Масаллинский, Лянкяранский, Астаринский, 
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Ярдымлинский и Лерикский. При радиометрических исследованиях проведены мониторинги уровня концентрации радона в 
жилых помещениях. Измерения объемной активности радона в жилых домах проводились в населенных пунктах исследуе-
мого региона. Объемную активность радона в жилых помещениях измеряли радиометрами Radon Scout и Radon Scout Plus 
от SARAD. На основе полученных данных построена карта распределения объемной активности радона для Талышского 
региона. Согласно этой карте Лерикский район, известный своими долгожителями, характеризуется относительно высоким 
уровнем радона. Функциональное состояние сердечной деятельности регистрировалось с помощью современного кардио-
графа Cardi Max FX 8222 производства японской компании Denshi Fukuda. Результаты исследования показали, что суще-
ствует определенная корреляция между уровнем радона в домах и продолжительностью жизни. Согласно действующим 
нормативным документам объемная активность радона в жилых помещениях не должна превышать 200 Бк/м³. По результа-
там исследования установлено, что категория населения старше 90 лет проживает в основном в районах с умеренным ради-
ационным фоном. 

Ключевые слова: радиационный гормезис, Талыш, объемная активность радона, продолжительность жизни, здоровье 
населения 

 
 

AZӘRBAYCANIN TALIŞ BÖLGӘSİNDӘ XRONİKİ KİÇİK DOZADA İONLAŞDIRICI ŞÜALANMANIN 
UZUNMÜDDӘTLİ TӘSİRİNӘ MӘRUZ QALMANIN ӘHALİNİN UZUNÖMÜRLÜLÜYÜNӘ  

MÜMKÜN MÜSBӘT TӘSİRLӘRİ 
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Xülasә. Radiasion hormezis fenomeni radiasiyanın zәif vә orta dozalarının hüceyrә, toxumaların vә ümumilikdә insan orqaniz-
minin hәyat fәaliyyәtinә stimullaşdırıcı, bәrpaedici vә dәstәklәyici tәsir etmәsidir. Aparılmış tәdqiqatlar zamanı radiasiyanın kiçik 
dozalarının mezenximal sütun hüceyrәlәrindә orqanizmdә gedәn apoptoz prosesinin yavaşıdılmasına yönәlmiş siqnal mexanizmini 
aktivlәşdirdiyi tәsdiq edilmişdir. Beynәlxalq Radiasiyadan Müdafiә Tәşkilatının mәlumatlarına әsasәn әhalinin tәbii mәnbәlәrdәn 
şüalanmasının ümumi miqdarının 40-75 %-i radon vә onun parçalanma mәhsullarının payına düşür. Bütün bunlar nәzәrә alınaraq 
mәqalәdә uzunömürlülәrin daha çox mәskunlaşdığı Talış regionunda aparılmış әtraflı radiometrik, tibbi-bioloji vә tibbi-sosioloji 
tәdqiqatların, hәmçinin region üçün xarakterik olan yaş xüsusiyyәtlәri analiz edilmiş, uzunömürlülәrin qan-damar sisteminin 
funksional vәziyyәtinin qiymәtlәndirilmәsinin nәticәlәri tәsvir edilmişdir. Talış vilayәtinin beş rayonunda radiometrik tәdqiqatlar 
aparılmışdır: Masallı, Lәnkәran, Astara, Yardımlı vә Lerik. Yaşayış yerlәrindә radonun hәcmli aktivliyi Radon Scout vә Radon Scout 
Plus radiometrlәri vasitәsilә ölçülmüşdür. Ürәk fәaliyyәtinin funksional vәziyyәti Yaponiyanın Denshi Fukuda şirkәti tәrәfindәn 
istehsal olunan Cardi Max Fx 8222 müasir kardioqrafı vasitәsilә qeydә alınmışdır. Aparılmış tәdqiqatlar nәticәsindә yaşayış 
yerlәrindә radon qazının hәcmi aktivliyi vә әhalinin ömür uzunömürlulüyü arasında müsbәt korrelyasiya aşkar edilmişdir. Mövcud 
normativ sәnәdlәrә әsasәn yaşayış yerlәrindә radonun hәcmi aktivliyi 200 Bq/m3-dәn çox olmamalıdır. Tәdqiqat nәticәlәrinә әsasәn, 
uzunömürlülәrin mәskunlaşdığı kәndlәrdә radonun hәcmi aktivliyii 100-200 Bq/m3 arasında dәyişir vә orta hesabla 150 Bq/m3 tәşkil 
edir. Tәdqiqatın nәticәlәrinә әsasәn 90 yaşdan yuxarı әhali kateqoriyasının әsasәn zәif vә orta radiasiya fonlu әrazilәrdә yaşadığı 
müәyyәn edilmişdir. 

Açar sözlәr: radonun hәcmi aktivliyi, Talış, uzunömürlülük, radiasion hormezis, insan sağlamlığı 
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NEW RECORDS OF ARTHROPOD FRAGMENTS (ARACHNIDA, INSECTA) 
FROM LATE PLEISTOCENE BITUMEN DEPOSITS OF THE ABSHERON (AZERBAIJAN) 
 
Novruzov N.E.1, Taptygova K.A.1, Eybatov T.M.2 
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Summary. During planned paleontological excavations in the Binagadi bitumen deposit (Ab-
sheron Peninsula), famous as one of the large burials of samples of fauna and flora of the Quater-
nary period, a large number of remains of fossil fauna and flora were recovered from a depth of
about 1.8 m. Among them, well-preserved fragments of arthropods were identified: insects of four 
orders (Lepidoptera, Mantodea, Coleoptera, Odonata) and arachnids of two orders (Scorpiones,
Solifugae). In the scope of the work done to identify the material, the taxonomic affiliation of the 
discovered chitinous fragments of arthropods was established with certainty to the genus. In total, 3 
genera from the order Lepidoptera (Aporia, Vanessa, Thiotricha), 8 genera from the order Coleop-
tera (Hydrophilus, Cybister, Blaps, Tenebrio, Scarabaeus, Carabus, Zabrus, Nebria), one genus 
each from the order Mantodea (Mantis), the order Odonata (Anax), the order Scorpiones (Mesobu-
thus) and the order Solifugae (Galeodes) were identified. Fragments of the pedipalp (thigh, claw), 
segments of the metasoma and telson of scorpions (Scorpiones), chelicerae of solpugids (Solifu-
gae), wings of butterflies (Lepidoptera) and dragonflies (Odonata), elytrae, thoracic and abdominal
parts, legs of beetles (Coleoptera), anterior grasping legs (femur, tibia, tarsus) of a praying mantis 
(Mantodea). During the entire period of study of the world's bituminous burial flora and fauna (in-
cluding Binagadi deposit), fragments of Lepidoptera, Mantodea, Odonata, Socriones and Solifugae
were recorded for the first time. The collected material is stored in the Natural History Museum of
Baku and in the paleozoology laboratory of the Institute of Zoology of Azerbaijan. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Введение 
Битумные месторождения с древними остат-

ками флоры и фауны отмечаются в тех участках 
нефтеносной местности, где наблюдаются есте-
ственные выходы нефти на земную поверхность. 
В подобных месторождениях органические остат-
ки, как правило, накапливаются на протяжении 
длительного периода времени, образуя достаточ-
но разнообразный видовой состав, сохранность 
таких остатков для дальнейших морфологических 
исследований чаще бывает вполне удовлетвори-

тельна. Месторождения природных битумов в 
Азербайджане сосредоточены в основном в Аб-
шеронском, Шамаха-Гобустанском, Нижне-
Куринском, Габалинском и Губинском районах 
(Эфендиева, 2021). На Абшеронском полуострове 
известны 5 битумных месторождений с присут-
ствием остатков фауны: Гырмакинское, Бинага-
динское, Хырдаланское, Бабазананское и Пирал-
лахинское (на одноименном острове Абшерон-
ского архипелага) в Каспийском море. Но удовле-
творительно исследованы на предмет обнаруже-
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ния палеофауны только два из них – Гырмакин-
ское и Бинагадинское (Халилов, 2003). Бинага-
динское битумное месторождение, открытое в 
феврале 1938 г., является уникальным и крупней-
шим верхнеплейстоценовым кладбищем фауны и 
флоры. С тех пор до настоящего времени там 
проводятся раскопки и изучение ископаемых 
остатков фауны и флоры. Большой вклад в изуче-
ние фауны Бинагадинского битумного месторож-
дения внесли А.В.Богачев, В.В.Богачев, П.В.Се-
ребровский, Н.И.Бурчак-Абрамович, Р.Д.Джафа-
ров, Д.В.Гаджиев, Т.М.Эйбатов и др. За весь пе-
риод сбора и изучения ископаемых остатков Би-
нагадинской фауны здесь было выделено более 
400 видов животных и растений. Из них около 140 
видов составляют беспозвоночные. В настоящее 
время весь собранный ископаемый материал хра-
нится в музее Естественной истории Азербайджа-
на (г. Баку). В настоящей статье приводятся дан-
ные последних находок фрагментов артроподо-
фауны, обнаруженных во время раскопок в Би-
нагадинском битумном месторождении за период 
с 2019 по 2023 гг.  

 
Материал и методы 
Сбор ископаемого материала осуществлялся 

в центральной части Абшеронского полуострова 
в юго-восточной части поселка Бинагады 
(40.06°с.ш.; 47.45°в.д.), где расположено Бинага-
динское захоронение четвертичной фауны и 
флоры. Битумный материал, добытый с глубины 
разреза 1.60-1.80 м, при первичной обработке 
был разложен по лоткам и маркирован в соответ-
ствии со стратиграфическим горизонтом. При 
вторичной обработке, которая заключалась в 
препарировании органического материала, меха-
ническом и химическом очищении его от битума 
и доведения до состояния пригодности для даль-
нейшей таксономической идентификации, было 
выявлено большое количество хитиновых фраг-
ментов членистоногих. Из них наиболее пригод-
ными для идентификации были фрагменты насе-
комых (жуков, бабочек, стрекоз и богомола) и 
фрагменты паукообразных (скорпионов и соль-
пуг). Окраска фрагментов была незначительно 
изменена битумом, поэтому при их очистке 
ограничились применением этилового спирта. 
Найденные хитиновые фрагменты после очистки 
от битума фотографировали с наложением мас-
штабной линейки. Морфометрические измерения 
проведены с помощью цифрового штангенцир-
куля и окуляр-микрометра микроскопа МБС-1 с 
точностью до 0.01 мм. При определении матери-
ала в качестве сравнительных (эталонных) об-
разцов были использованы арахнологические и 
энтомологические коллекции Института зооло-

гии Азербайджана. Дополнительно использова-
лась справочная литература (Богачев, 1934; 
Яхонтов, 1935; Бялыницкий-Бируля, 1938; Бога-
чев, 1939a; 1939b; Богачев, Аргиропуло, 1939; 
Рихтер, 1947; Богачев, 1948; Бурчак-Абрамович, 
Джафаров, 1955; Кириченко,1956; Мамаев и др., 
1976; Белышов, Харитонов, 1977; Алиев, 1984; 
Miller, Brown, 1989; Brezina, 1999; Иванов, 2006; 
Абдурахманов, Набоженко, 2011; Bird et al., 
2015; Zinovyev et al., 2016; Артохин и др., 2016; 
Aliev et al., 2018; Kovařík et al., 2022; Novruzov et 
al., 2022) и интернет ресурсы (ICS, 2017; WSC, 
2023; Иллюстрированный атлас жуков).  

Фрагменты хелицер сольпуг измеряли по 10 
размерным особенностям зубных рядов хелицер: 
(дорсальный палец) FT-FD – длина между кон-
цевыми и дистальными зубами; FT-FM – длина 
между концевыми и медиальными зубами; FT-FP 
– длина между концевыми и проксимальными 
зубами; FD-FM – длина между дистальными и 
медиальными зубами; FM-FP – длина между ме-
диальными и проксимальными зубами; RFM-
RFSP – длина между ретрофондально-медиаль-
ными и ретрофондально-супрапроксимальными 
зубами; (подвижный палец) МТ-ММ – длина 
между концевыми и медиальными зубами; МТ-
МP – длина между маргинальными и прокси-
мальными зубами; ММ-МSМ – длина между ме-
диальными и субмедиальными зубами; ММ-МP 
– длина между медиальными и проксимальными 
зубами (Bird et al., 2015). 

Геологический возраст Бинагадинского би-
тумного месторождения определен как широкий 
временной интервал от позднего плейстоцена до 
голоцена (Геология Азербайджана, 1997). По об-
новленной международной стратиграфической 
шкале исследуемые горизонты соответствовали 
верхнему плейстоцену (0.126-0.0117 млн. лет) 
(Гиббард, 2015; ICS, 2017).  

 
Результаты  
В битумном материале, извлеченном с глу-

бины разреза около 1.8 м, были выявлены хити-
новые фрагменты членистоногих: насекомых 
(жуков, бабочек, стрекоз и богомола) и паукооб-
разных (скорпионов и сольпуг) (рис. 1). 

Аннотированный таксономический список 
членистоногих, фрагменты которых были обна-
ружены в бинагадинских битумных отложениях 
Абшеронского полуострова. 
 

Тип: Artropoda Gravenhorst, 1843 
Подтип: Hexapoda Latreille, 1825 
Класс: Insecta Linnaeus, 1758 
Отряд: Lepidoptera Linnaeus, 1758 
Надсемейство: Papilionoidea Latreille, 1802 



N.E.Novruzov et al. / ANAS Transactions, Earth Sciences  1 / 2024, 145‐157; DOI: 10.33677/ggianas20240100116  

 147

Семейство: Pieridae Duponchel, 1835 
Подсемейство: Pierinae Swainson, 1820 
Род: Aporia Hübner, 1819 
Aporia sp. 
(Рис. 2) 
 

 
 
Рис. 1. Фрагменты членистоногих, обнаруженных в бинага-
динских битумных отложениях: (1-4) – Lepidoptera; (5,6) – 
Odonata; (7-12) – Coleoptera; (13) – Mantodea; (14) – Scorpi-
ones; (15) – Solifugae  
 
Материал. Правая и левая (передние и задние) 
пары крыльев. 

 

Описание. Крылья белые, почти прозрачные. 
Жилкование темное. Переднее крыло имеет 
форму прямоугольного треугольника с округлы-
ми краями. Заднее крыло округло-овальное, с 
двумя анальными жилками. Центральная ячейка 
на обоих крыльях замкнута и занимает чуть 
больше половины длины крыла. Жилкование как 
у большинства современных представителей ро-
да  Aporia. 
Размеры. Длина переднего крыла 34.5 мм, зад-
него крыла 22.5 мм.  
Замечания. Материал морфологически сравнивал-
ся с 8 современными видами рода Aporia коллек-
ции Института зоологии Азербайджана. Морфоло-
гически присутствующие в материале фрагменты 
были идентифицированы как Aporia sp. 

 

Семейство: Nymphalidae Rafinesque, 1815 
Подсемейство: Nymphalinae Swainson, 1827 
Триба: Nymphalini Rafinesque, 1815 
Род: Vanessa Fabricius, 1807 
Vanessa sp.  
(Рис. 3) 
 

Материал. Целое левое переднее крыло, повре-
жденное правое переднее крыло. 
Описание. Общая окраска бледная буро-
кирпичная. Цвет изменен от пребывания в биту-
ме. Темные пятна и глазки сохранены.  
Размеры. Длина цельного левого переднего 
крыла 29.3 мм. 
Замечания. Материал морфологически срав-
нивался с современными видами рода Vanessa кол-
лекций Естественно-исторического музея и Инсти-
тута зоологии Азербайджана. Морфологически 
присутствующие в материале фрагменты предпо-
ложительно можно отнести к виду Vanessa cardui. 

 

 
 

Рис. 2. Фрагменты Lepidoptera рода Aporia (Pieridae) (передние, задние крылья и брюшко). Справа: изображение бабочки, 
реконструированное в графическом редакторе 
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Рис. 3. Фрагменты Lepidoptera (Vanessa sp.), обнаруженные 
в бинагадинских битумных отложениях 
 

Надсемейство: Gelechioidea Fracker, 1915 
Семейство: Gelechiidae Stainton, 1854 
Подсемейство: Thriotrichinae Karsholt, Mu-

tanen, Lee & Kaila, 2013  
Род Thiotricha Meyrick, 1886 (?) 
(Рис. 4) 
 

Материал. Два экземпляра бабочек молей рода 
Thiotricha (?). 
Описание. Цвет коричневато-бурый с 3 темно-
бурыми пятнами на каждом из передних кры-
льев. 
Измерения. Общая длина тела – 8.5-8.7 мм. 
 
Примечание. Оба экземпляра бабочек были об-
наружены в битуме среди растительных остатков 
(между волокнами древесины). Определение до ро-
да и вида затруднительно ввиду разноречивых дан-
ных по систематике этой группы чешуекрылых. 

 

Отряд: Odonata Fabricius, 1793 
Подотряд: Anisoptera Selys, 1854 
Надсемейство: Aeshnoidea Leach, 1815 
Семейство: Aeshnidae Rambur, 1842 
Род: Anax Leach, 1815 
Anax sp. 
(Рис. 5-8) 
 

Материал. Три передних и два задних крыльев 
стрекоз.  
Описание. На крыльях стрекоз (использовали 
упрощенную схему обозначения) жилкование 
состояло из основных продольных жилок (ко-
стальная, субкостальная, радиальная, медиаль-
ная, кубитальная, анальная с ветвями и интер-
калярными секторами), основных поперечных 
жилок (антенодальная, постнодальная, супрано-
дальная), отдельных полей и ячеек (рис. 7, 8). 
Жилкование передних и задних крыльев стрекоз 
густое, но общий облик крыльев и тип их жил-
кования довольно однообразные. Обращает на 
себя внимание некоторая вытянутость и узкость 
основного и внутреннего треугольников (t) 
вдоль крыловой пластинки. Жилки R4 и М идут 
почти параллельно друг другу до заднего края 
крыла, затем немного расходятся; жилка R3 не 
делает изгиба в направлении птеростигмы (Pt); 
область самой птеростигмы достаточно длин-
ная, соответствующая на передних крыльях 2.5-
3.5 ячейкам.  
Размеры (мм). Промеры крыльев стрекоз вы-
полнены ограниченно (так как для идентифика-
ции материала они значения не имели): общая 
длина (L) (от основания до вершины); макси-
мальная ширина (S) (самое широкое место кры-
ловой пластинки); индекс ширины (S/L) (отно-
шение ширины к длине) (табл. 1). 

 

   
 

Рис. 4. Почти идеально сохранившиеся бабочки-моли рода Thiotricha (Gelechiidae) 
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Таблица 1 
 

 Метрические данные крыльев стрекоз (мм) 
 

№ 
Общая 
длина  

(L) 

Наибольшая ши-
рина  
(S) 

Индекс ши-
рины 
(S/L) 

1 45.0 9.0 0.200 

2 42.0 8.5 0.202 

3 43.0 8.0 0.186 

4 18.0 7.0 0.388 

5 30.0 7.5 0.250 

 
Замечания. Материал морфологически срав-
нивался с современными видами рода Anax кол-
лекции Института зоологии Азербайджана. Мор-
фологически присутствующие в материале фраг-
менты отличались от всех имеющихся в наличии 
видов. 
 

 
5 
 

 
6 

 
Рис. 5, 6. Крылья стрекоз рода Anax из битумных отложе-
ний (n=5) 

 
Отряд: Coleoptera Linnaeus, 1758 
Надсемейство: Hydrophiloidea Latreille, 1802 
Семейство: Hydrophilidae Latreille, 1802 
Подсемейство: Hydrophilinae Latreille, 1802 
Триба: Hydrophilini Bertrand, 1954 
Род: Hydrophilus Geoffroy, 1762 
Hydrophilus sp. 
(Рис. 9, 10) 

Материал. Правые и левые надкрылья (элитры) 
(n=12). 
Описание. Элитры интенсивно черного цвета, 
умеренно узкие и длинные по конфигурации. 
Хорошо различимы все морфологические струк-
туры: 1) сочленовный участок (место крепления 
надкрыльев к среднеспинке насекомого); 2) ос-
нование (базальный край); 3) боковой (наруж-
ный) край; 4) плечо (плечевой угол на границе 
основания и бокового края); 5) вершина (задний 
конец); 6) эпиплевра (подогнутый вниз наруж-
ный край надкрылья); 7) шовный выступ (слева); 
8) шовный паз (справа).  
Размеры (мм). Длина элитры 43-47 мм, 
наибольшая ширина 16-19 мм.  
Замечания. Материал сравнивался с современ-
ными представителями рода Hydrophilus коллек-
ций Естественно-исторического музея и Инсти-
тута зоологии Азербайджана. Морфологически 
присутствующие в материале фрагменты отли-
чались от всех имеющихся в наличии видов. 
 

 
7 
 

 
8 
 

Рис. 7, 8. Жилкование крыльев стрекоз, использованное для 
идентификации: C – costale; Sc – subcostale; R – radiale; M – 
mediale; M1-M4 – rami mediale; Cu – cubitale; A – anale; t – 
trigonum; Pt – pterostigmate; Pst – postnodale 
 

Подотряд: Adephaga Schellenberg, 1806 
Семейство: Dytiscidae Latreille, 1802  
Подсемейство: Dytiscinae Leach, 1815 
Род: Cybister Curtis, 1827  
Подрод: Cybister Curtis, 1827 (?) 
(рис. 11, 12)  
 

Материал. Надкрылья, брюшко и переднеспинка 
2 экз. жуков плавунцов. 
Описание. Надкрылья гладкие, темно-бурого 
цвета, при естественном освещении с легким 
темно-охровым отливом, по наружному краю 
проходит едва заметная светлая кайма. 
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Дифференциальный диагноз. Проводился на 
уровне родов: Cybister Curtis, 1827; Dytiscus Lin-
naeus, 1758; Megadytes Sharp, 1882; Rhantus 
Dejean, 1833. 
Измерения. Длина – 25.3-25.7 мм, наибольшая 
ширина – 16.7-17.3 мм, высота – 10.1 мм. 
 

 
9 
 

 
10 

 
Рис. 9, 10. Фрагменты жесткокрылых рода Hydrophilus (элитры) 
 

  
 

Рис. 11, 12. Экземпляры жесткокрылых рода Cybister 
 

Семейство: Tenebrionidae Latreille, 1802 
Подсемейство: Blaptinae Leach, 1815 
Триба: Blaptini Leach, 1815 
Подтриба: Blaptina Latreille, 1802   
Род: Blaps Fabricius 1775 
Blaps sp. 
(Рис. 13) 

Материал. Элитры и брюшко 6 экз. жуков. 
Описание. Переднеспинка поперечная (ширина 
больше длины), трапециевидная, с наибольшей 
шириной посередине. Отношение ширины пе-
реднеспинки у переднего края к наибольшей ши-
рине и ширине в основании соответственно рав-
но 5:7:6. 

Боковые стороны переднеспинки умеренно 
закругленные, широко слабовыемчатые в ба-
зальной четверти. Передний край переднеспинки 
широко выемчатый. Основание переднеспинки 
двухвыемчатое. Передние углы переднеспинки 
острые, задние слабо тупоугольные, почти пря-
мые, на вершине закругленные. Плечевой зубец 
выше основания элитр; диск умеренно выпук-
лый; шовный край прямой, пришовный проме-
жуток слегка закруглен; бороздки отчетливые на 
всем протяжении; вершины не выступают за 
край брюшка. Надкрылья слабо выпуклые, вдоль 
шва широко вдавленные, со сглаженными спин-
ными и боковыми ребрами. Надкрылья с грубой 
умеренно частой пунктировкой вдоль основания 
переднеспинки, остальная поверхность надкры-
лий с едва заметной поперечной морщинисто-
стью. Надкрылья умеренно удлиненные (длина 
надкрылий больше ширины), с наибольшей ши-
риной в средней части. 
Дифференциальный диагноз. Материал срав-
нивался с 5 современными представителями рода 
Blaps: Blaps brachyura Kuester, 1848; 2 – Blaps 
pterotapha Menetries, 1832; 3 – Blaps lethifera 
(Marsham, 1802); 4 – Blaps lustanica Herbst, 1799; 
5 – Blaps alternans Brulle, 1838). 
Измерения. Длина элитры – 12.9-13.0 мм и 16.6-
22.5 мм, наибольшая ширина – 7.0-12.3 мм, вы-
сота – 4.8-7.7 мм. 
 

 
 

Рис. 13. Фрагменты жесткокрылых рода Blaps  (элитры и 
брюшные части)  
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Подсемейство: Tenebrioninae Latreille, 1802 
Триба: Tenebrionini Latreille, 1802 
Род: Tenebrio Linnaeus, 1758 
Tenebrio sp. 
(Рис. 14) 
 

Материал. Переднеспинка, элитры, дорсальная 
и вентральная брюшная часть тела. 
Описание. Цвет коричневый, черно-бурый, 
красновато-коричневый, матово черный. Перед-
неспинка пунктированная. Элитры продольно 
пунктированы, образуя 8-9 промежутков между 
пунктирными линиями. Длина каждой элитры 8-
10 мм, ширина  3-4 мм. Общая длина жука пред-
положительно 12-14 мм. 
 

 
 

Рис. 14. Фрагменты жесткокрылых рода Tenebrio (передне-
спинка, элитры и брюшко) 
 

Семейство: Scarabeidae Latreille, 1802 
Подсемейство: Scarabaeinae, Latreille, 1802 
Триба: Scarabaeini Latreille, 1802 
Род Scarabaeus Linnaeus, 1758 
Scarabaeus sp. 
(рис. 15)  
 

Материал. Голова, переднеспинка, надкрылья, 
брюшная часть тела и две передние лапки. 
Описание. Окрас матово-черный. Голова спе-
реди имеет наличник в виде гребешка с 5-6 
зубцами. Голени передних ног снаружи с 4-5 
зубцами. Тело широкое, овально-субквадрат-
ное, слабо выпуклое. Переднеспинка эллипти-
ческой формы, сильно поперечно вытянутая, с 
боков и на основании обычно мелко зазубрена. 
Надкрылья длиннее переднеспинки в 1.5 раза, 
их основание не окаймлено, дорсальная по-
верхность с 5-6 продольными сплошными бо-
роздками и дырчатыми бороздками, 7-я и 8-я 
бороздки заменены сближенными боковыми 
килями. Брюшко из 6 стернитов. 
Измерения. Длина – 19.4-21.7 мм, ширина – 
19.2-19.4 мм. 

 
 

 
 

Рис. 15. Фрагменты жесткокрылых рода Scarabaeus 
 

Семейство: Carabidae Latreille, 1802 
Подсемейство: Carabinae Latreille, 1802 
Триба: Carabini Linnaeus, 1802 
Род: Carabus Linnaeus, 1758 
Carabus sp. 
(рис. 16)  
 

Материал. Переднеспинка, надкрылья, брюшная 
часть и передние ноги. 
Описание. Окраска черноватая с металлическим 
оттенком. Переднеспинка четырехугольной формы, 
у основания она чуть сужена. Щиток хорошо раз-
вит. Надкрылья из плотного хитина, твёрдые, почти 
целиком покрывают брюшко, лишь на вершине сре-
заны. Скульптура надкрылий сложная. Поверхность 
с продольными бороздками и слабо пунктирована. 
Количество бороздок – 6-9, некоторые бороздки 
раздвоенные или частично редуцированные.  
Измерения. Длина элитр – 12.9 мм, ширина – 7.0 
мм, высота – 4.8 мм. 
 

 
 

Рис. 16. Фрагменты жесткокрылых рода Carabus (Carabidae) 
(брюшная часть и элитры) 
 

Подсемейство: Pterostichinae Bonelli, 1810 
Триба: Zabrini Bonelli, 1810  
Подтриба: Zabrina Bonelli, 1810 
Род: Zabrus Clairville, 1806 
Подрод: Zabrus (Zabrus) Clairville, 1806  
Zabrus sp. 
(Рис. 17) 
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Рис. 17. Фрагменты жесткокрылых рода Zabrus (Carabidae) 
(брюшная часть, задние ноги и элитры) 

 
Материал. Брюшная часть и надкрылья (элит-
ры). 
Описание. Окраска смолисто-черная с металли-
ческим блеском и едва заметным при естествен-
ном освещении коричневатым отливом. Элитры 
с глубокими бороздками. 
Измерения. Длина элитр – 8.6-8.9 мм, ширина – 
4-5 мм.  

 
Подсемейство: Nebriinae Laporte, 1834 
Триба: Nebriini Laporte, 1834 
Род: Nebria Latreille, 1802 
Подрод: Nebria (Nebria) Fabricius, 1892 
Nebria sp. 
(Рис. 18) 
 

Материал. Переднеспинка и брюшная часть. 
Описание. Окраска переднеспинки и элитр тем-
но-коричневая, вентральная поверхность брюшка 
почти черная. Элитры с продольными бороздка-
ми в количестве 7 или 8. Бороздки элитр неодно-
родно пунктированы.  
Размеры. Общая длина сохранившегося тела 14 мм, 
переднеспинка – 3.7 мм, брюшная часть – 10.3 мм.  
 

 
 

Рис. 18. Переднеспинка и брюшная часть жужелицы Nebria sp. 
 

Отряд: Mantodea Burmeister, 1838 
Семейство: Mantidae Burmeister, 1838 
Подсемейство: Mantinae Burmeister, 1838 
Триба: Mantini Burmeister, 1838 
Род: Mantis sp. (?) 
(Рис. 19) 
 

Материал. Фрагменты правой и левой передних 
хватательных конечностей (вертел, бедро, го-
лень, плюсна и лапка).  
Описание. Бедро по нижнему краю усажено 3 
рядами сильных шипов. Голень по нижнему 
краю тоже усажена острыми шипами; плюсна 
одночлениковая, лапка тонкая, 4х-члениковая. 
Окраска фрагментов изменена битумом. Исполь-
зована классическая схема морфологических 
признаков (Brannoch et al., 2017).  
 

 
 

Рис. 19. Передние хватательные конечности богомола рода 
Mantis (Mantidae)  
 
Дифференциальный диагноз. Материал мор-
фологически сравнивался с современными вида-
ми коллекции Института зоологии Азербайджана 
рода Mantis Linnaeus, 1758 – Mantis religiosa 
(Linnaeus, 1758), Mantis religiosa caucasica (Lindt, 
1974), рода Hierodula Burmeister, 1838 – Hierodu-
la transcaucasica Brunner von Wattenwyl, 1878, 
рода Iris Saussure, 1869 – Iris polystictica (Fischer-
Waldheim, 1846). 
Измерения. Coxa – 15.1 мм, trochanter – 3.2 мм, 
femur – 21.0 мм, tibia – 10.9 мм, tarsus – 11.4 мм. 
Примечание. Морфологически присутствующие 
в материале фрагменты не были близки ни к од-
ному из сравниваемых видов. Установленная 
принадлежность фрагментов к роду Mantis – все-
го лишь предположение, требующее уточнения. 
Не исключено что найденные фрагменты при-
надлежат к вымершему виду. 
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Класс: Arachnida Lamarck, 1801 
Отряд: Scorpiones C. L. Koch, 1837 
Семейство: Buthidae C.L. Koch, 1837  
Род: Mesobuthus Vachon, 1950 
Mesobuthus sp.  
(Рис. 20) 

 
Материал. Правая педипальпа: бедро, пателла, 
клешня (рис. 1a). Левая педипальпа (пателла и 
клешня) (рис. 1b). Сегменты метасомы (I-V), 
тельсон (рис. 1c). Вся метасома (сегменты I-V) и 
тельсон (рис. 1d). 
Описание. Правая педипальпа. Бедро педи-
пальпы с 4 гранулированными килями. Пателла 
имеет 8 слабо гранулированных килей. Клешня 
килей не имеет. Острый край подвижного 
пальца клешни с отчетливыми зубцами, разде-
ленными на 12 линейных рядов. Левая педи-
пальпа. Пателла имет 8 слабо гранулированных 
килей. Клешня килей не имеет. Острый край 
подвижного пальца клешни с отчетливыми 
зубцами, разделенными на 12 линейных рядов. 
Сегменты метасомы. I сегмент метасомы – с 10 
килями; сегменты II, III, IV – с 8 килями; V 
сегмент – с 5 килями. Тельсон слегка вытяну-
той формы. Анальная лопасть разделена на три 
части. Вся метасома. Сегмент I метасомы – с 
10 килями; сегменты со II по IV – с 8 килями, 
два киля на II и III сегментах метасомы с не-
полным рядом зубцов; сегмент V – с 5 килями. 
Все кили метасомы гранулированные. Интер-
каринальные поверхности на I сегменте мета-
сомы латерально гладкие. 
Размеры (мм). Правая педипальпа: бедро (дли-
на 4.35; ширина 1.72; высота 1.33); пателла 
(длина 6.01; ширина 2.46; высота 2.05); клешня 
(длина 10.83, ширина 3.09); неподвижный палец 
(длина 5.76); подвижный палец (длина 6.48); 
соотношение длины клешни к ширине – 3.50. 
Левая педипальпа: пателла (длина 5.03; ширина 
2.09; высота 1.64); клешня (длина 8.59, ширина 
2.34); неподвижный палец (длина 4.67); по-
движный палец (длина 5.88); соотношение дли-
ны клешни к ширине – 3.67. Метасомальные 
сегменты: I (длина 4.82, ширина 3.22, глубина 
3.07); сегмент II (длина 4.30, ширина 3.26, глу-
бина 3.0); сегмент III (длина 3.87, ширина 3.42, 
глубина 2.33); сегмент IV (длина 4.21, ширина 
3.18, глубина 2.32); сегмент V (длина 5.56, ши-
рина 2.83, глубина 2.31); тельсон (длина без 
акулюса 3.20, с акулюсом 5.60); соотношение 
длины III сегмента метасомы к глубине – 1.66; 
соотношение длины IV сегмента метасомы к 
глубине – 1.81. Цельная метасома. Длина мета-
сомы без тельсона 21.31; сегмент I (длина 2.99, 
ширина 3.24, глубина 2.55); сегмент II (длина 

4.03, ширина 2.87, глубина 2.94); сегмент III 
(длина 4.12, ширина 3.15, глубина 3.0); сегмент 
IV (длина 4.81, ширина 3.14, глубина 2.73); сег-
мент V (длина 5.36, ширина 2.63, глубина 1.96); 
тельсон (длина без акулюса 3.01, с акулюсом 
5.16). 
Замечания. Видовая идентификация не прово-
дилась ввиду отсутствия многих диагностически 
важных фрагментов тела.  
 

 
 

Рис. 20. Фрагменты скорпионов рода Mesobuthus (Buthidae) 
(педипальпы и метасома) 
 

Отряд: Solifugae Sundevall, 1833 
Семейство: Galeodidae Sundevall, 1833 
Род: Galeodes Olivier, 1791 
Galeodes sp. 
(Рис. 21) 

 
Материал. Фрагменты правой и левой хелицер: 
челюсти дорсальных (неподвижных) и вентраль-
ных (подвижных)  пальцев.  
Описание. Правая хелицера. На челюсти дор-
сального (неподвижного) пальца 9 зубцов, из 
которых 2 крупные; во втором ряду 4 зубца. На 
вентральном (подвижном) пальце 3 зубца, из 
которых один крупный и один среднего разме-
ра. Левая хелицера. На дорсальном (неподвиж-
ном) пальце 8 зубцов, из которых 2 крупные; 
во втором ряду 3 зубца. На вентральном (по-
движном) пальце 3 зубца, из которых один 
крупный и один среднего размера. Форма 
верхних челюстей – овальная, нижних – эллип-
совидная.  
Размеры. FT-FD – 1.15; FT-FM – 1.82; FT-FP – 
3.54; FD-FM – 0.70; FM-FP – 1.39; RFM-RFSP – 
0.83; MT-MM – 1.60; MT-MP – 3.25; MM-MSM – 
0.51; MM-MP – 1.06. 
Замечания. Материал морфологически сравни-
вался с современными видами рода Galeodes 
Olivier 1791 и Paragaleodes Kraepelin 1899 фауны 
Азербайджана (Aliev et al., 2018). Ввиду отсут-
ствия среди фрагментов некоторых диагностиче-
ски важных частей тела и конечностей видовую 
идентификацию провести не удалось.  
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Рис. 21. Фрагменты хелицер сольпуг рода Galeodes (Galeodidae) (жвалы дорсальных и вентральных пальцев хелицер) 
(масштабная линейка 5 мм) 
 

Сводный таксономический список члени-
стоногих, обнаруженных в бинагадинском би-

тумном материале, представлен в таблице 
(табл. 2). 

 
Таблица 2 

Сводный таксономический список членистоногих, обнаруженных  
в бинагадинских битумных отложениях 

 
Класс / Отряд / Семейство / Род  

Класс: Arachnida Триба: Blaptini Leach, 1815 

Отряд: Scorpiones Подтриба Blaptina Latreille, 1802   

Семейство: Buthidae C.L. Koch, 1837 Род: Blaps Fabricius 1775 
Род: Mesobuthus Vachon, 1950 Подсемейство: Tenebrioninae Latreille, 1802 
Отряд: Solifugae Триба Tenebrionini Latreille, 1802 

Семейство: Galeodidae Sundevall, 1833 Род Tenebrio Linnaeus, 1758 
Род: Galeodes Olivier 1791 Семейство: Scarabeidae Latreille, 1802 

Класс: Insecta Подсемейство: Scarabaeinae Latreille, 1802 

Семейство: Pieridae Duponchel, 1835 Триба Scarabaeini Latreille, 1802 
Подсемейство: Pierinae Swainson, 1820 Род: Scarabaeus Linnaeus, 1758 
Род: Aporia Hübner, 1819 Семейство: Carabidae Latreille, 1802 
Семейство: Nymphalidae Rafinesque, 1815 Подсемейство: Carabinae Latreille, 1802 
Подсемейство: Nymphalinae Swainson, 1827 Триба Carabini Linnaeus, 1802 
Триба: Nymphalini Rafinesque, 1815 Род: Carabus Linnaeus, 1758 
Род: Vanessa Fabricius, 1807  Подсемейство: Pterostichinae Bonelli, 1810 
Надсемейство: Gelechioidea Fracker, 1915 Триба: Zabrini Bonelli, 1810 
Семейство: Gelechiidae Stainton, 1854 Подтриба: Zabrina Bonelli, 1810 
Подсемейство: Thriotrichinae Karsholt,  
Mutanen, Lee & Kaila, 2013 

Род: Zabrus Clairville, 1806 

Род: Thiotricha Meyrick, 1886 (?) Подсемейство: Nebriinae Laporte, 1834 
Отряд: Coleoptera Триба: Nebriini Laporte, 1834 
Надсемейство: Hydrophiloidea Latreille, 1802 Род: Nebria Latreille, 1802 
Семейство: Hydrophilidae Latreille, 1802 Подрод: Nebria (Nebria) Fabricius, 1892 
Подсемейство: Hydrophilinae Latreille, 1802 Отряд: Mantodea 
Триба Hydrophilini Bertrand, 1954 Семейство: Mantidae Burmeister, 1838 
Род: Hydrophilus Geoffroy, 1762 Подсемейство: Mantinae Burmeister, 1838  

Подотряд: Adephaga Schellenberg, 1806 Триба Mantini Burmeister, 1838 
Семейство: Dytiscidae Latreille, 1802 Род: Mantis Linnaeus, 1758 
Подсемейство: Dytiscinae Latreille, 1802 Отряд: Odonata 
Род: Cybister Curtis, 1827 Подотряд: Anisoptera Selys, 1854 

Подрод: Cybister Curtis, 1827 (?) Надсемейство: Aeshnoidea Leach, 1815 
Семейство: Tenebrionidae Latreille, 1802 Семейство: Aeshnidae Rambur, 1842 
Подсемейство: Blaptinae Leach, 1815 Род: Anax Leach, 1815 
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Заключение 
В материале, извлеченном из разрезов почвы 

в местах раскопок бинагадинского битумного 
захоронения четвертичной фауны и флоры, рас-
положенного в поселке Бинагады в центральной 
части Абшеронского полуострова, было выявле-
но большое количество хитиновых фрагментов 

членистоногих (насекомых и паукообразных), 
среди которых впервые выделены фрагменты 
бабочек и стрекоз (крылья), богомола (передние 
хватательные лапки), скорпионов (педипальпа и 
метасома) и сольпуги (жвалы дорсальных и вен-
тральных пальцев хелицер). Идентификация 
членистоногих достоверно проведена до рода. 
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НОВЫЕ НАХОДКИ ФРАГМЕНТОВ АРТРОПОД (ARACHNIDA, INSECTA) 
ИЗ ПОЗДНЕПЛЕЙСТОЦЕНОВЫХ БИТУМНЫХ ОТЛОЖЕНИЙ АБШЕРОНА (АЗЕРБАЙДЖАН) 

 
Новрузов Н.Э.1, Таптыгова К.А.1, Эйбатов Т.М.2  
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Резюме. При проведении плановых палеонтологических раскопок на Бинагадинском битумном месторождении (Абше-

ронский полуостров), знаменитом как одно из крупных захоронений образцов фауны и флоры четвертичного периода, с 
глубины около 1.8 м извлечено большое количество останков ископаемой фауны и флоры. Среди них были выявлены хо-
рошо сохранившиеся фрагменты членистоногих: насекомых 4 отрядов (Lepidoptera, Mantodea, Coleoptera, Odonata) и пауко-
образных 2 отрядов (Sсorpiones, Solifugae). При определении материала в качестве сравнительных (эталонных) образцов 
были использованы арахнологические и энтомологические коллекции Института зоологии Азербайджана, справочная лите-
ратура и онлайн каталоги. В объеме проделанной работы по идентификации материала установлена таксономическая 
принадлежность обнаруженных хитиновых фрагментов членистоногих с достоверностью до рода. Всего выявлено 3 рода из 
отряда Lepidoptera (Aporia, Vanessa, Thiotricha), 8 родов из отряда Coleoptera (Hydrophilus, Cybister, Blaps, Tenebrio, 
Scarabaeus, Carabus, Zabrus, Nebria), по одному роду из отряда Mantodea (Mantis), отряда Odonata (Anax), отряда Scorpiones 
(Mesobuthus) и отряда Solifugae (Galeodes). Выявлены фрагменты педипальпы (бедро, клешня), сегменты метасомы и тель-
сон скорпионов (Scorpiones), хелицеры сольпуги (Solifugae), крылья бабочек (Lepidoptera) и стрекоз (Odonata), элитры, 
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грудные и брюшные части, конечности жуков (Coleoptera), передние хватательные конечности (бедро, голень, лапка) бого-
мола (Mantodea). За весь период изучения мировых битумных захоронений флоры и фауны (в том числе бинагадинского) 
фрагменты Lepidoptera, Mantodea, Odonata, Sсorpiones и Solifugae были обнаружены впервые. Собранный материал хранится 
в музее Естественной истории города Баку и в лаборатории палеозоологии Института зоологии. 

Ключевые слова: битумное месторождение, хитиновые фрагменты, насекомые, паукообразные  
 

 
ABŞERONUN (AZӘRBAYCAN) SON PLEİSTOSEN BİTUM YATAQLARINDAN  
ARTROPOD (ARACHNİDA, INSECTA) PARÇALARININ YENİ TAPINTILARI  

 
Novruzov N.Ә.1, Taptıqova K.A.1, Eybatov T.M.2 

1Azәrbaycan Respublikasının Elm vә Tәhsil Nazirliyi, Zoologiya İnstitutu, Azәrbaycan 
AZ1073, Bakı şәhәri, 1128, mәhәllә 504: niznovzoo@mail.ru 

2Azәrbaycan Tәbiәt Tarixi Muzeyi, Azәrbaycan  
E-AZ1006, Bakı, Lermontov küç., 3: t_eybatov@mail.ru 

 
Xülasә. Binәqәdi dördüncü dövr flora vә fauna tapıntı yerindә, binәqәdi qәbiristanlığı kimi tanınan  bitum yatağında (Abşeron 

yarımadası) planlı paleontoloji qazıntılar zamanı tәxminәn 1.8 m dәrinlikdәn çoxlu sayda fosil Fauna vә Flora qalıqları çıxarılıb. 
Bunların arasında artropodların yaxşı vәziyyәtdә saxlanılmış çoxsaylı fraqmentlәri aşkar edilmişdir: hәşәratlardan 4 dәstә 
(Lepidoptera, Mantodea, Coleoptera, Odonata) vә hörümcәkkimilәrdәn 2 dәstә (Scorpiones, Solifugae). Material müәyyәn edilәrkәn 
Azәrbaycan Zoologiya İnstitutunun araxnoloji vә entomoloji kolleksiyaları, istinad әdәbiyyatı vә onlayn kataloqlar müqayisәli 
(istinad) nümunәlәri kimi istifadә edilmişdir.  Materialın identifikasiyası üzrә görülәn işlәrin hәcmindә, cinsә etibarlılığı olan 
artropodların aşkar edilmiş xitin fraqmentlәrinin taksonomik mәnsubiyyәti müәyyәn edilmişdir. Tәхminәn Lepidoptera dәstәsindәn 3 
cins (Aporia, Vanessa, Thiotricha), Coleoptera dәstәsindәn 8 cins (Hydrophilus, Cybister, Blaps, Tenebrio, Scarabaeus, Carabus, 
Zabrus, Nebria), Mantodea dәstәsindәn (Mantis), Odonata dәstәsindәn (Anax), Scorpiones dәstәsindәn (Mesobuthus), Solifugae 
dәstәsindәn (Galeodes) müәyyәn edilmişdir. Әqrәblәrin (Scorpiones) pedipalp parçaları (bud, qısqac), metasoma seqmentlәri vә 
telson (әqrәblәr), bövlәrin (Solifugae) xeliserlәrı, kәpәnәklәrin (Lepidoptera) vә iynәcәlәrin (Odonata) qanadları, böcәklәrin 
(Coleoptera) üst qanadları (elitalar), torakal vә qarın hissәlәri, dәvәdәllәyinin (Mantodea) ön tutucu әtrafları (bud, baldır, pәncә) 
aşkar edilmişdir. Qeyd etmәk istәyirik ki dünyada aşkar edilmiş çox saylı bitumlu  faunaların tәrkibindә Lepidoptera, Mantodea, 
Odonata, әqrәblәr vә bövlәr fraqmentlәri ilk dәfә aşkar edilmişdir. Toplanılmış material Bakı şәhәrinin Tәbiәt Tarixi Muzeyindә vә 
Zoologiya İnstitutunun paleozoologiya laboratoriyasında saxlanılır. 

 Açar sözlәr: bitum yatağı, xitin fraqmentlәri, hәşәratlar, araxnidlәr 
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ARTIFICIAL INTELLIGENCE (AI) EVALUATION OF CURRENT RESERVOIR  

PRESSURE DISTRIBUTION BASED ON OIL PRODUCTION DATA 
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Summary. The paper investigates a quick-look approach for the assessment of the distribution 
of current reservoir pressure based on production data. The method is based on an algorithm that
includes calculation of the current distribution of values of stream functions, potentials and flow
velocity in a selected area. The method allows monitoring the factual distribution of the current res-
ervoir pressure of the producing horizon in the area under consideration, as well as evaluating the
effectiveness of the impact on the reservoir in order to maintain reservoir pressure.  

Based on the proposed method, it is possible to create Artificial Intelligence (AI) technologies
for analyzing operational data, machine learning to predict changes in reservoir pressure. The use of
neural networks in the integration of geological, geophysical and operational data, operational risk 
management allows to create automatic expert systems to optimize the process of development and
operation of oil and gas fields in conditions of insufficient information. 

The accomplishment of the investigated approach carried out applying data samples from Oil 
Rocks field (Horizon X, Block V) provided high accuracy for values obtained by calculations. The
average relative error rate of the calculated values of reservoir pressure to the actual values of bot-
tomhole pressure measurements in wells is no more than 1%, and the average calculated value of
reservoir pressure in the productive strata in the study area is in conformity with its actual reduced
value. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
At any stage of field development, the distribu-

tion of reservoir pressure in productive formations is 
an important energy characteristic of the reservoir, 
both as a whole and in its individual sections. Reser-
voir pressure in the productive horizon for a certain 
period of time, taking into account the well interven-
tions, is called current or dynamic formation pressure. 
Typically, the distribution of current reservoir pres-
sure is determined by constructing isobar maps at the 
current time based on data from almost simultaneous 
(as soon as possible) systematic selective pressure 
measurements on the maximum possible number of 
idled (nonoperating) or specially shut-in wells for 
measurements using deep pressure gauges, which re-
quires significant amount of money and time. If it is 
impossible to use deep pressure gauges (compressor 
or flowing wells operation), the pressure at the wells 
is estimated by calculation. The choice of the most 
correct calculation method depends on many factors 
– the well design, the distribution of flow properties 
of the formation and the geological and field condi-
tions of reservoir development (Сулейманов, Гу-
сейнова, 2023а; Suleimanov  et al., 2022;  Rasulov, 

Jalalov, 2023;  Ибрагимов и др., 2021; Jamalbayov, 
Ibrahimov, 2023;  Choubey, Karmakar, 2021; Khan 
et al., 2020; Li et al., 2021; Gupta, Shah, 2022; Ko-
roteeva, Tekic, 2021; Weiss et al., 2002; Дмитриев-
ский и др., 2020; Сулейманов, Гусейнова, 2023б; 
Hung et al., 2023; Шиланбаев и др., 2023; Велиев и 
др., 2022; Дмитриевский и др., 2022; Велиев и др., 
2021; Велиев, 2021;  Джамалбеков и др., 2023). 

This paper sets forth an AI approach which pro-
vides a means for the calculation and visualization of 
the current distribution of reservoir pressure in a se-
lected section of a productive formation based on the 
results of calculating the distribution of such hydro-
dynamic parameters as flow functions, potentials, and 
the modulus of the formation fluid velocity at a cer-
tain point in time, which, in turn, are determined from 
conventionally measured current well productivity 
data. At the same time, systematic automated control 
over the distribution of current reservoir pressure in 
the field offers the prospect of rational use of reser-
voir energy during the development and operation of 
the field. 
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Statement of the Problem 
In order to determine the pressure distribution in 

the porous medium of a productive formation con-
taining a moving fluid, it is proposed to consider the 
formation as a set of small elements (cells), for each 
of which the corresponding values of mass, pore vol-
ume, force, pressure and other indicators that deter-
mine the movement of the fluid are recorded, which, 
due to the comparative smallness of the volumes and 
edges of the elements, within the framework of the 
element under consideration can be considered uni-
formly and equally distributed at the moment within 
the period of review. In an effort to determine the 
above fixed values, it is put forward to use the results 
of calculating the distribution of hydrodynamic indi-
cators by solving a plane filtration problem applying 
the methods of functions of complex variable theory 
(Suleimanov et al., 2022). It should also be noted that 
during the development of oil and gas fields, the fluid 
filtration communications in the horizon occurs due 
to the pressure difference that exists between the for-
mation elements interacting with each other in the 
course of flow of the fluid and having different poten-
tials. In those formation elements in which wells are 
located, the pressure drop between the formation and 
the well arises due to the difference between the pres-
sures in a given cell and the neighboring ones that 
make up the external boundary of the well. 

Assuming that a certain number of production 
and injection wells were operated in the area of the 
reservoir under consideration. As is known, the dis-
tribution of such hydrodynamic parameters as flow 
functions, potentials, complex potential, and the mod-
ulus of the velocity of formation fluid at a certain 
point in time characterizes the corresponding filtra-
tion state of the formation system (Сулейманов, 
Гусейнова, 2023а). Supposing that the distribution of 
the corresponding hydrodynamic parameters over the 
area be calculated for two certain successive periods 
of time 𝛥𝑡  and 𝛥𝑡 , (respectively, for oil 
𝐹 ,   𝐹 , 𝐹 ,  𝐹 ,  𝐹 , 𝐹 , 𝑊 ,  𝑊 , 

𝑔𝑟𝑎𝑑 𝐹 , 𝑔𝑟𝑎𝑑 𝐹  for water 𝐹 ,  𝐹 , 

𝐹 , 𝐹 ,𝐹 , 𝐹 ,𝑊 , 𝑊 ,𝑔𝑟𝑎𝑑 𝐹 ,
𝑔𝑟𝑎𝑑 𝐹  and for the reservoir fluid as a whole 
𝐹 ,  𝐹 , 𝐹 , 𝐹 ,  𝐹 , 𝐹 , 𝑊 ,  𝑊 ,

 𝑔𝑟𝑎𝑑 𝐹 , 𝑔𝑟𝑎𝑑 𝐹  with subsequent represen-
tation in the form tensors of dimension n×m, where 
n×m is the number of grid cells, n is the number of 
partition nodes in the grid along the ОХ axis, m is the 
number of partition nodes along the ОУ, axis j=1, …, 
n×m is the serial number of the cell. The elements of 
each of the tensors are the total for all wells corre-
sponding values of the stream function and potentials 
in each j -th grid cell theory (Suleimanov et al,, 2022), 

depending on the flow rate of each i -th well, the dis-
tance rij from the i -th well to an arbitrary point of the 
reservoir with coordinates (xj,yj), where i=1,…к is the 
number of operating wells in the field area allocated 
for research: 

 As per oil, in the period of time 𝛥𝑡 : 
 

𝐹
𝐹 , … 𝐹 ,

… . . . . . . .
𝐹 , … 𝐹 ,

; 

 

𝐹
𝐹 , … 𝐹 ,

… . . . . . . .
𝐹 , … 𝐹 ,

; 

 

𝐹
𝐹 , … 𝐹 ,

… . . . . . . .
𝐹 , … 𝐹 ,

; 

 

𝑊
𝑊 , … 𝑊 ,

… . . . . . . .
𝑊 , … 𝑊 ,

; 

 

𝑔𝑟𝑎𝑑 𝐹
𝑔𝑟𝑎𝑑 𝐹 , … 𝑔𝑟𝑎𝑑 𝐹 ,

… . . . . . . .
𝑔𝑟𝑎𝑑 𝐹 , … 𝑔𝑟𝑎𝑑 𝐹 ,

  (1) 

 
As per water, in the period of time 𝛥𝑡 : 
 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝑊
𝑊 , . . . 𝑊 ,

. . . . . . . . . .
𝑊 , . . . 𝑊 ,

; 

 

𝑔𝑟𝑎𝑑 𝐹
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

. . . . . . . . . .
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

 (2) 

 
As per fluid, in the period of time 𝛥𝑡 : 
 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 
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𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝑊
𝑊 , . . . 𝑊 ,

. . . . . . . . . .
𝑊 , . . . 𝑊 ,

; 

 

𝑔𝑟𝑎𝑑 𝐹
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

. . . . . . . . . .
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

  (3) 

 
And 
As per oil, in the period of time 𝛥𝑡 : 
 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝑊
𝑊 , . . . 𝑊 ,

. . . . . . . . . .
𝑊 , . . . 𝑊 ,

; 

 

𝑔𝑟𝑎𝑑 𝐹
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

. . . . . . . . . .
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

  (4) 

 
As per water, in the period of time 𝛥𝑡 : 
 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝑊
𝑊 , . . . 𝑊 ,

. . . . . . . . . .
𝑊 , . . . 𝑊 ,

; 

 

𝑔𝑟𝑎𝑑 𝐹
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

. . . . . . . . . .
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

 (5) 

 
As per fluid, in the period of time 𝛥𝑡 : 
 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

 

 

𝐹
𝐹 , . . . 𝐹 ,

. . . . . . . . . .
𝐹 , . . . 𝐹 ,

; 

 

𝑊
𝑊 , . . . 𝑊 ,

. . . . . . . . . .
𝑊 , . . . 𝑊 ,

; 

 

𝑔𝑟𝑎𝑑 𝐹
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

. . . . . . . . . .
𝑔𝑟𝑎𝑑 𝐹 , . . . 𝑔𝑟𝑎𝑑 𝐹 ,

  (6) 

 
Applying the algorithm provided in (Сулей-

манов, Гусейнова, 2023а,), tensors (1) - (6) are cal-
culated, characterizing the distribution of the above 
filtration characteristics in the field area allocated for 
study within the period of time under study. As initial 
data, the results of measurements at wells operating 
from the studied productive horizon on the current 
date are used, namely: the flow rate of production 
wells (the volume of oil and water produced per unit 
of time), the injectivity of injection wells (the volume 
of injection per layer of working agent per unit time), 
filter length values, conditional coordinates of the lo-
cation of the corresponding wells in the studied area 
of the productive formation. 

As is known, the distribution of acceleration val-
ues of a fluid flow �⃑� over a certain period of time 
Δt=t1-t2 in a selected area is defined as the ratio of the 
change in the true speed of the flow to the time inter-
val: 

�⃑�                              (7) 

 
The rate of percolation is expressed through the 

actual flow velocity and rock porosity К as follows 
(Rasulov, Jalalov, 2023): 
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𝑊 𝑣 ⋅ 𝐾                            (8) 
 

The volume of fluid located at this moment in 
time in the porous medium of the formation, limited 
by each of the grid cells superimposed on the area un-
der consideration, is determined by the value of the 
stream function in each grid cell, that is, the volumet-
ric distribution of fluid in the area at the current time 
is determined by the tensor 𝐹 . Knowing that the 

volume of the cell under consideration consists of 
rock and the liquid saturating it, we can determine the 
volume occupied by the rock as the difference be-
tween the volume of a parallelepiped 1m high and a 
rectangular surface, the dimensions of which are de-
termined by the choice of grid scale. 

Using these data, it is also possible to estimate 
the distribution of effective porosity during the period 
of time under consideration in the studied area of the 
productive formation. As is known, the current effec-
tive porosity К means the ratio of the volume of inter-
connected voids V1 filled with fluid to the total vol-
ume V. The total volume of the cell in which the ef-
fective porosity Vя is determined is known, since it is 
determined by the scale of the grid superimposed on 
the area. The change in the volume of pore space 
filled with formation fluid over a period of time Δt is 
determined by the difference in the tensor elements 
𝐹  and 𝐹  in the time period under considera-

tion: 
 
𝑑𝑉 𝐹 𝐹 ⋅ 𝑑𝑡 𝐾 ⋅ 𝑎 ⋅ 𝑏 ⋅ ℎ 

 
From here the value of the current effective po-

rosity 𝐾  is determined: 
 

𝐾
𝐹 𝐹 𝑑𝑡

𝑎 𝑏 ℎ
 

 

                  (9) 

 
Where: 
h =1м – height of the cell, presented in the form of a 
rectangular parallelepiped, a and b- sides, depending 
on the choice of the scale of the grid superimposed on 
the area under study. 

Then formula (7) can be rewritten as: 
 

�⃑� / /
                    (10) 

 
It is impossible to determine the mass of liquid 

distributed over the area based on the values 𝐹 , 

since the liquid is two-phase and consists of oil and 

water distributed in the pore space of the formation, 
conventionally divided into cells. Knowing that m = 
ρ ꞏ V, where m is mass, ρ is density, V is volume, to 
determine the mass of liquid contained in each fixed 
cell, based on the values of 𝐹 ,𝐹  and 
𝐹 ,𝐹 , we separately determine the volume of 
oil and the volume of water contained in each of these 
moments in time in each of the grid cells superim-
posed on the site. Next, based on the data obtained for 
each of the considered moments of time, we deter-
mine the tensor characterizing the distribution of liq-
uid mass in the area: 

 
𝑚 = m +m  𝜌   V 𝜌    

V  𝜌   F o1 𝜌   F 1w ⋅ 𝑑𝑡      (11) 
 

𝑚 = m +m  𝜌 𝑉 𝜌 𝑉  
𝜌  F o1 𝜌  F 1w ⋅ 𝑑𝑡 
 

With a knowledge of the density of oil and water, 
as well as the volume of each phase located at this 
moment in time in each of the grid cells superimposed 
on the area, it is possible to determine the distribution 
of the mass of liquid saturating the pore space of the 
productive formation in this area. 

Next, in accordance with Newton’s law, the dis-
tribution of the force exerted on the surface of the 
pore space is determined: 

 
F=𝑚 ⋅ �⃑�                            (12) 

 
Knowing the area of the gaps whereby the liquid 

to which the force is applied enters the cell, we can 
determine the pressure that the liquid exerts on the 
cell during its movement: 

 
P= F/ Sп                                             (13) 

 
The area of the gaps Sп on the lateral surface of a 

cell with area S at time t is determined as follows 
(Rasulov, Jalalov, 2023): 

 
Sп=SꞏКt                             (14) 

 
Determining the lateral surface area of a cell S is 

not difficult: 
S=2ꞏhꞏ(a+b)                        (15) 

 
Taking into account correlations (10)-(12) in 

(13), we obtain: 
 

𝑃
𝐹
𝑆п

𝑚 ⋅ �⃑� ⋅
1

𝑆 ⋅ К
 

 



B.А.Suleimanov, N.I.Huseynova / ANAS Transactions, Earth Sciences  1 / 2024, 158‐170; DOI: 10.33677/ggianas20240100117  

 162 

𝜌  𝐹 o1 𝜌  𝐹 1w ⋅ 𝑡 𝑡 ⋅
1

𝑡 𝑡
⋅

𝑊
𝐾

𝑊
𝐾

⋅
1

𝑆 ⋅ К
 

 

𝜌 𝐹 o1 𝜌 𝐹 1w ⋅
1

𝐾 ⋅ 𝐾
⋅ 𝑊𝑡2 ⋅ 𝐾𝑡1 𝑊𝑡1 ⋅ 𝐾𝑡2 ⋅

1

2 ⋅ ℎ ⋅ 𝑎 𝑏 ⋅ К𝑡2
 

 

𝜌 𝐹 o1 𝜌 𝐹 1w ⋅
ℎ ⋅ 𝑎 ⋅ 𝑏

𝐹 𝐹 ⋅ 𝑡 𝑡 ⋅ 𝐹 𝐹 ⋅ 𝑡 𝑡
 

 

⋅
𝑊 ⋅ 𝐹 𝐹 ⋅ 𝑡 𝑡 𝑊 ⋅ 𝐹 𝐹 ⋅ 𝑡 𝑡

ℎ ⋅ 𝑎 ⋅ 𝑏
 

 

    ⋅
ℎ ⋅ 𝑎 ⋅ 𝑏

2 ⋅ ℎ ⋅ 𝑎 𝑏 ⋅ 𝐹 𝐹 ⋅ 𝑡 𝑡
 

 
o1 1w ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅

⋅ ⋅ ⋅ ⋅ ⋅
                   (16) 

 
where: 

𝐾
𝐹 𝐹 ⋅ 𝑡 𝑡

𝑎 ⋅ 𝑏 ⋅ ℎ
 

𝐾
⋅

⋅ ⋅
. 

 
𝐹 o1, F 1w – distribution of current function 

over oil and water, m3/day; 
𝑊 , 𝑊  – distribution of flow velocity by liq-

uid, m3/day; 
𝐹 , 𝐹 𝐹  – distribution of current func-

tion over liquid, m3/day; 
𝜌 , 𝜌  – density of oil and water, kg/m3 

  
∆𝑡 𝑡 𝑡 , day 
 
Δ𝑡 𝑡 𝑡 , day 
 

ℎ, 𝑎, 𝑏 – respectively, the height and length of the 
sides of a scale grid cell superimposed on the study 
area, m. 

 
Field Application  
In order to automate the calculations and visual-

ize the results obtained, a special software module has 
been developed on the basis of the “Matlab” engi-
neering and scientific calculation system package, 
which makes it possible to calculate and visualize the 
pressure distribution in the area under study at the 
current time in accordance with the algorithm pro-
posed above. In an effort to demonstrate the calcula-
tion results, data from the “Oil Rocks” field (horizon 
X, block V), which has been under development from 
1957 to the present, were used (Fig. 1). The initial 

reservoir pressure at the horizon X was 21 MPa. Dur-
ing the period of formation stimulation, the average 
reduced pressure in block V was about 12 MPa. In 
individual wells of the experimental area, the bottom-
hole pressure varied in the range of 2.7-8.5 MPa, re-
spectively, the reduced reservoir pressure had values 
in the range of 2.9 - 8.9 MPa (Table). The average 
actual reduced pressure at the study site was 4.5 MPa. 
For many wells in the stimulation area, bottomhole 
pressure measurements have not been made at the 
current date. However, the proposed method offers 
the prospect of estimating both bottomhole and re-
duced reservoir pressure in the vicinity of these wells, 
knowing the productivity of the wells. The following 
information was used as initial data for carrying out 
calculations for the current date: 

1. Consumption of production wells (volume of 
production recovered from the reservoir per unit of 
time); 

2. Injectivity of injection wells (volume of injec-
tion of working agent into the formation); 

3. Values of the length of well filters; 
4. Conditional coordinates of the corresponding 

wells. 
The collection of necessary data was carried out 

during the planning period for reservoir stimulation in 
order to ramp up oil recovery (August 2015). The cal-
culation used field data for the periods before and af-
ter the stimulation (08.2015-10.2015). The obtained 
calculated values were compared with the values of 
measurements of bottomhole and reduced reservoir 
pressure in the wells of the experimental area for the 
period after the stimulation of the reservoir (11.2015-
02.2016). 
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Fig. 1. Dynamics of the values of the reduced reservoir pressure and the volume of water injected into the 
reservoir along the horizon X on block V of “Oil Rocks” field. 

 
Initial data and results of comparative analysis of calculated and actual values of reservoir pressure at the test site 

 

№ 
Production for the period 

under review 
Provisional coordinates Filter Pрасч Рзаб Рпл 

 Oil 
Qн, т 

Water 
Qв, м3 

X, м Y, м F, м atm  

2361 5.0 0 156.19 107.12 8 48.3 40.5 42.7 
2429 18.8 0 189.00 65.07 5 50.8 53.98 63.1 
2423 22.0 0 191.86 78.52 10 70.4 70.14 76.2 
2422 18.0 0 200.94 88.78 36 53.1 54.75 58.1 
2444 23.0 0 194.55 97.53 14 58.4 56.67 61.7 
2421 23.0 0 196.90 113.17 20 51.7 58.74 67.6 
2414 2.0 0 152.82 86.77 8 27.0 27.12 29.5 
2383 7.1 0 140.54 93.83 10 34.6 36.21 39.7 

 
In line with the method of calculation and 

visualization of the distribution of filtration char-
acteristics of formation fluid (Сулейманов и др., 
2017; Лятифов 2021), the matrixes of distribu-
tion of hydrodynamic parameters were calculated 
and visualized at the time points of August-Octo-
ber 2015 (Fig. 2-8). Next, using the data ob-
tained, the distribution of current reservoir pres-
sure for December 2015 was calculated and vis-
ualized (Fig. 9). Digital visualization of isobar 
lines characterizing the current pressure distribu-
tion was obtained in the following way. The max-
imum and minimum values of the elements that 
make up the tensor of pressure values are high-
lighted. The resulting range of values is divided 
into equal intervals, each of which is assigned a 

specific color. Each color of the scale is associ-
ated with a specific pressure value. Cells with 
equal values are connected by a line. In accord-
ance with the results obtained, a pressure distri-
bution map is constructed in the area allocated 
for research (Fig. 9). 

The results of a comparative analysis of 
calculated data with actual data from bottom-
hole pressure measurements at wells are given 
in the table. At the same time, the average value 
of the relative error of the calculated values to 
the actual values is no more than 1%. The ave-
rage calculated reservoir pressure for the area 
was 4.5 MPa, that is, the average calculated 
value of the reservoir pressure coincides with 
its actual reduced value.  
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Fig. 2. Distribution of streamlines in the liquid F1n
t
0 at time t0 

 

 
 

Fig. 3. Distribution of streamlines in oil F1n
t
2  at time t2. 
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Fig. 4. Distribution of streamlines in water F1v
t
2  at time t2 

 

 
 

Fig. 5. Distribution of flow velocity Wf
t
1 of formation fluid at time t1 
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Fig. 6. Distribution of formation fluid flow velocity Wt
2 at time t2 

 

 
 

Fig. 7. Distribution of water flow velocity Wt
2 at time t2 
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Fig. 8. Distribution of acceleration а in the reservoir fluid at time t1 

 

 
 

Fig. 9. Distribution of current reservoir pressure Р at time t2 

 
Conclusion 
1. An AI approach for rapid assessment of the 

distribution of current reservoir pressure based on oil 
production data is presented. The method is based on 
an algorithm that includes calculation of the current 
distribution of values of current functions, potentials, 
and flow velocity in a selected area; 

2. In order to automate the calculations and visu-
alize the obtained results, a special software module 
has been created on the basis of the “Matlab” engineer-
ing and scientific computing system package, which 
provides the facilities to calculate and visualize the 
pressure distribution in the area under study at the cur-
rent time in accordance with the proposed algorithm; 
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3. The approach allows to monitor the current 
distribution of the current reservoir pressure of the 
productive reservoir in the area under consideration, 
as well as to evaluate the effectiveness of the impact 
on the reservoir to maintain the reservoir pressure; 

4. The application of the proposed method to the 
data of the "Oil Rocks" field (horizon X, block V) as 

an example showed the high accuracy of the calcula-
tions. The average relative error of the calculated val-
ues of the reservoir pressure to the actual values of the 
bottomhole pressure measurements in the wells is not 
more than 1%, and the average calculated value of the 
reservoir pressure in the productive formation in the 
study area coincides with its actual reduced value. 

 
REFERENCES  

 
Choubey S., Karmakar G.P. Artifcial intelligence techniques 

and their application in oil and gas industry. Artifcial Intelli-
gence Review, No. 54, 2021, pp. 3665-3683, https://link. 
springer.com/article/10.1007/s10462-020-09935-1. 

Dmitrievsky A.N., Eremin N.A., Safarova E.A., Filippova D.S., 
Borozdin S.O. Qualitative analysis of time series GeoData to 
prevent complications and emergencies during drilling of oil 
and gas wells. SOCAR Proceedings, No. 3, 2020, pp. 31-37, 
http: //dx.doi.org/10.5510/OGP20200300442 (in Russian). 

Dmitrievsky A.N., Eremin N.A., Safarova E.A., Stolyarov V.E. 
Implementation of complex scientific and technical pro-
grams at the late stages of operation of oil and gas fields. 
SOCAR Proceedings, SI2, 2022, pp. 1-8, DOI: 10.5510/ 
OGP2022SI200728 (in Russian). 

Gupta D., Shah M. A comprehensive study on artificial intelligence 
in oil and gas sector. Environ. Sci. Pollut. Res., Vol. 29(34), 
2022, pp. 50984-50997, DOI: 10.1007/s11356-021-15379-z. 

Hung N.T., Hoa N.M., Duong V.H. Predicting production flow rates 
using artificial neural network – HST field case. SOCAR Pro-
ceedings, No. 4, 2023, pp. 65-71, https://proceedings. socar.az/ru/ 
journal/98#:~:text=DOI%3A%2010.5510/OGP20230400916. 

Ibrahimov Kh.M., Huseynova N.I., Hajiyev A.A. Development of 
new controlling methods for the impact on the productive for-
mation for «Neft Dashlary» oilfield. Scientific Petroleum, No. 
1, 2021, pp. 37-42, DOI:10.53404/Sci.Petro.20210100005 (in 
Russian).   

Jamalbayov M.A., Ibrahimov Kh. M. New waterflooding effi-
ciency evaluation method (on the example of 9th horizon of 
the Guneshli field). Scientific Petroleum, No. 1, 2023, pp. 43-
47, DOI:10.53404/Sci. Petro.20230100039.  

Jamalbayov M.A., Ibrahimov Kh.M., Alizadeh N.A. Mathemati-
cal model of the hydrocarbon displacement process by water 
in zonally heterogeneous deformable reservoirs. Scientific 
Petroleum, No. 2, 2023, pp. 48-56. 

Khan M.R., Tariq Z., Abdulraheem A. Application of artificial 
intelligence to estimate oil flow rate in gas-lift wells. Nat .Re-
sour. Res., 29, 2020, pp. 4017-4029, DOI:10.1007/s11053-
020-09675-7. 

Koroteeva D., Tekic Z. Artificial intelligence in oil and gas up-
stream: Trends, challenges, and scenarios for the future. En-
ergy and AI, Vol. 3, 2021, p. 100041, DOI:10.1016/j.egyai. 
2020.100041. 

Latifov Y.A. Non-stationary effect of thermoactive polymer com-
position for deep leveling of filtration profile. Scientific Pe-
troleum, No. 1, 2021, pp. 25-30, https://doi.org/10.53404/Sci. 
Petro.20210100003 (in Russian). 

Li H., Yu H., Cao N. et al. Applications of artificial intelligence 
in oil and gas development. Arch. Computat. Methods Eng., 
Vol. 28(1), 2021, pp. 937-949, https://doi.org/10.1007/s11831- 
020-09402-8. 

Rasulov M.A., Jalalov G.I. Numerical method for studying the 
process of mass - heat transfer in deformable layers in a class 
of discontinuous functions. SOCAR Proceedings, No. 4, 
2023, pp. 72-75. 

Shilanbayev B.A., Ishangaliyev S.V., Zhetruov Zh.T., Shayakh-
met K.N., Koldei M.  Development of intelligent system 

ЛИТЕРАТУРА 
 
Choubey S., Karmakar G.P. Artifcial intelligence techniques

and their application in oil and gas industry. Artifcial Intelli-
gence Review, No. 54, 2021, pp. 3665-3683, https://link.
springer.com/article/10.1007/s10462-020-09935-1. 

Gupta D., Shah M. A comprehensive study on artificial intelli-
gence in oil and gas sector. Environ. Sci. Pollut. Res., Vol.
29(34), 2022, pp. 50984-50997, DOI: 10.1007/s11356-021-
15379-z. 

Hung N.T., Hoa N.M., Duong V.H. Predicting production flow rates
using artificial neural network – HST field case. SOCAR Pro-
ceedings, No. 4, 2023, pp. 65-71, https://proceedings. socar.az/ru/
journal/98#:~:text=DOI%3A%2010.5510/OGP20230400916. 

Jamalbayov M.A., Ibrahimov Kh. M. New waterflooding effi-
ciency evaluation method (on the example of 9th horizon of
the Guneshli field). Scientific Petroleum, No. 1, 2023, pp. 43-
47, DOI:10.53404/Sci. Petro.20230100039. 

Khan M.R., Tariq Z., Abdulraheem A. Application of artificial
intelligence to estimate oil flow rate in gas-lift wells. Nat .Re-
sour. Res., 29, 2020, pp. 4017-4029, DOI:10.1007/s11053-
020-09675-7. 

Koroteeva D., Tekic Z. Artificial intelligence in oil and gas up-
stream: Trends, challenges, and scenarios for the future. En-
ergy and AI, Vol. 3, 2021, p. 100041, DOI:10.1016/j.egyai.
2020.100041. 

Li H., Yu H., Cao N. et al. Applications of artificial intelligence
in oil and gas development. Arch. Computat. Methods Eng.,
Vol. 28(1), 2021, pp. 937-949, https://doi.org/10.1007/s11831-
020-09402-8. 

Rasulov M.A., Jalalov G.I. Numerical method for studying the process
of mass - heat transfer in deformable layers in a class of discontin-
uous functions. SOCAR Proceedings, No. 4, 2023, pp. 72-75.  

Suleimanov B.A., Veliyev E., Vishnyakov V.  Nanocolloids for
petroleum engineering: Fundamentals and practices. John
Wiley & Sons.  2022, 288 p., DOI:10.1002/9781119889762.

Weiss W.W., Balch R.S., Stubbs B.A. How artificial intelligence
methods can forecast oil production. Paper presented at the
SPE/DOE Improved Oil Recovery Symposium, Tulsa, Okla-
homa, April 2002,  https:|//doi.org/10.2118/75143-MS. 

Велиев Э.Ф. Применение смягченной воды для улучшения эф-
фективности мицеллярного заводнения. Scientific Petroleum,
No. 2, 2021, c. 52-56, DOI:10.53404/Sci.Petro.0210200016. 

Велиев Э.Ф., Алиев А.А., Маммедбейли Т.Е. Применение ма-
шинного обучения для прогнозирования эффективности
внедрения технологий борьбы с конусообразованием.
SOCAR Proceedings, No. 1, 2021, c. 104-113, DOI: 10.5510/
OGP20210100487. 

Велиев Э.Ф., Ширинов Ш.В., Маммедбейли Т.М. Интеллек-
туальное нефтегазовое месторождение на основе техно-
логий искусственного интеллекта.  SOCAR Proceedings,
No. 4, 2022, c. 70-75, DOI: 10.5510/OGP20220400785. 

Джамалбеков М.А., Ибрагимов X.M., Ализаде Н.А. Матема-
тическая модель процесса вытеснения углеводородных
смесей водой в зонально-неоднородных деформируемых
пластах.  Scientific Petroleum, No. 2, 2023, pp. 48-56,
https://doi.org/10.53404/Sci.Petro.20230200048.  



B.А.Suleimanov, N.I.Huseynova / ANAS Transactions, Earth Sciences  1 / 2024, 158‐170; DOI: 10.33677/ggianas20240100117  

 169

operational maintenance of the level of oil and gas production and 
waterflooding management. SOCAR Proceedings, SI1, 2023, pp. 
6-18, DOI: 10.5510/OGP2023SI100824 (in Russian). 

Suleimanov B.A., Guseinova N.I. Visualization of reservoir fluid 
filtration characteristics distribution, as a method of oil field 
development management. SOCAR Proceedings, SI1, 2023а, 
pp. 35-45, http://dx.doi.org/10.5510/OGP2023SI100821 (in 
Russian).  

Suleimanov B.A., Huseynova N.I. Method for operative estimation 
of current reservoir pressure distribution based on the wells nor-
mal production data. SOCAR Proceedings, SI2, 2023б, pp. 
12-19, 12-19, http://dx.doi.org/10.5510/OGP2023SI200876 (in 
Russian). 

Suleimanov B.A., Latifov Ya.A., Ibrahimov Kh.M., Guseinova N.I. 
Field testing results of enhanced oil recovery technologies using 
thermoactive polymer compositions. SOCAR Proceedings, No. 
3, 2017, pp. 17-31, DOI: 10.5510/OGP20170300320 (in 
Russian). 

Suleimanov B.A., Veliyev E., Vishnyakov V.  Nanocolloids for 
petroleum engineering: Fundamentals and practices. John 
Wiley & Sons. 2022, 288 p. DOI:10.1002/9781119889762. 

Veliyev E.F. Softened water application to improve micellar 
flooding performance. Scientific Petroleum, No. 2, 2021, pp. 
52-56, DOI:10.53404/Sci.Petro.0210200016 (in Russian). 

Veliyev E.F., Aliyev A.A., Mammadbayli T.E. Machine learn-
ing application to predict the efficiency of water coning pre-
vention techniques implementation. SOCAR Proceedings, 
No. 1, 2021, pp. 104-113, DOI: 10.5510/OGP20210100487 
(in Russian). 

Veliyev E.F., Shirinov S.V., Mammedbeyli T.E. Intelligent oil 
and gas field based on artificial intelligence technology. 
SOCAR Proceedings, No. 4, 2022, pp. 70-75, DOI: 10.5510/ 
OGP20220400785 (in Russian). 

Weiss W.W., Balch R.S., Stubbs B.A. How artificial intelligence 
methods can forecast oil production. Paper presented at the 
SPE/DOE Improved Oil Recovery Symposium, Tulsa, Okla-
homa, April 2002, https:|//doi.org/10.2118/75143-MS. 

Дмитриевский А.Н., Еремин Н.А., Сафарова Е.А., Столяров
В. Е. Внедрение комплексных научно-технических про-
грамм на поздних стадиях эксплуатации нефтегазовых
месторождений. SOCAR Proceedings, Спец. вып. 2, 2022,
с. 1-8, DOI: 10.5510/OGP2022SI200728.  

Дмитриевский А.Н., Еремин Н.А., Сафарова Е.А., Филиппова
Д.С., Бороздин С.О. Качественный анализ геоданных вре-
менного ряда для предупреждения осложнений и аварий-
ных ситуаций при бурении нефтяных и газовых скважин.
SOCAR Proceedings, No. 3, 2020, c. 31-37 http: //dx.doi.org/
10.5510/OGP20200300442. 

Ибрагимов Х.М., Гусейнова Н.И., Гаджиев А.А. Разработка
новых методов контроля над воздействием на продуктив-
ные пласты на примере месторождения "Нефт Дашлары."
Scientific Petroleum, No. 1, 2021, с. 37-42, DOI:10.53404/
Sci.Petro.20210100005. 

Лятифов Я.А. Нестационарное воздействие термоактивной
полимерной композицией для глубинного выравнивания
профиля фильтрации. Scientific Petroleum, No. 1, 2021, c.
25-30, https://doi.org/10.53404/Sci.Petro.20210100003. 

Сулейманов Б.А., Гусейнова Н.И. Визуализация распределе-
ния фильтрационных характеристик пластовой жидкости
как способ контроля разработки нефтяных залежей.
SOCAR Proceedings, спец. выпуск 1, 2023a, c. 27-37,
http://dx.doi.org/10.5510/OGP2023SI100821. 

Сулейманов Б.А., Лятифов Я.А., Ибрагимов Х.М., Гусейнова
Н.И. О результатах промысловых испытаний технологии
повышения нефтеотдачи пласта на основе применения тер-
моактивной полимерной композиции. SOCAR Proceedings,
No. 3, 2017, c. 17-31, DOI: 10.5510/OGP20170300320. 

Сулейманов Б.А.,. Гусейнова Н.И. Метод оперативной оценки
распределения текущего пластового давления по данным нор-
мальной эксплуатации. SOCAR Proceedings, спец. вып. No. 2,
2023б, c. 12-19, http://dx.doi.org/10.5510/OGP2023SI200876.  

Шиланбаев Б.А., Ишангалиев С.В., Жетруов Ж.Т., Шаяхмет
K.Н., Колдей М. Разработка интеллектуальной системы
оперативного поддержания уровня добычи нефти и газа и
управление заводнением. SOCAR Proceedings, спец. но-
мер 1, 2023, с. 6-18. DOI: 10.5510/OGP2023SI100824. 

 
ОЦЕНКА РАСПРЕДЕЛЕНИЯ ТЕКУЩЕГО ПЛАСТОВОГО ДАВЛЕНИЯ ПО ДАННЫМ ДОБЫЧИ НЕФТИ  

С ПОМОЩЬЮ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА (ИИ) 
 

Сулейманов Б.А., Гусейнова Н.И. 
Научно-исследовательский проектный институт ГНКАР НИПИ "Нефтегаз", Азербайджан 

AZ1012, г. Баку, просп. Зардаби, 88А 
 

Резюме. На любом этапе разработки месторождений нефти и газа распределение пластового давления в продуктивных 
пластах является важной энергетической характеристикой пласта как в целом, так и на отдельных его участках. В данной 
статье рассматривается экспресс-метод оценки распределения текущего пластового давления на основе данных, полученных 
при разработке и эксплуатации нефтяных месторождений. Предлагаемая методика основана на алгоритме, включающем по-
следовательный расчет и визуализацию текущего распределения значений таких гидродинамических показателей как функ-
ции тока, потенциалов, скорость потока, а также их градиентов на выделенном участке месторождения. Метод позволяет 
отслеживать фактическое распределение текущего пластового давления в продуктивном горизонте на рассматриваемой тер-
ритории и оценивать эффективность воздействия на пласт, направленное на поддержание давления. 

Разработанный подход также открывает широкие возможности для создания технологий искусственного интеллекта, для 
использования при анализе данных добычи нефти и газа, а также для машинного обучения при прогнозировании изменения 
пластового давления. Использование нейронных сетей при интеграции различных данных геологического, геофизического 
эксплуатационного характера и управлении операционными рисками позволяет создавать автоматические экспертные си-
стемы для оптимизации процессов разработки и эксплуатации месторождений нефти и газа.  

Реализация предлагаемого подхода, проведенная на примере данных месторождения «Нефтяные Камни» (Горизонт X, 
Блок V), показала высокую точность расчетных значений пластового давления. Сравнительный анализ средней относитель-
ной погрешности расчетных значений пластового давления с фактическими значениями замеров забойного давления в сква-
жинах составляет не более 1%, а среднее расчетное значение пластового давления в продуктивных пластах на исследуемой 
площади соответствует его фактическому значению. 

Ключевые слова: месторождение, пластовое давление, повышение нефтеотдачи пластов, зональное воздействие, про-
дуктивный горизонт, продуктивность скважины, диагностика, фильтрация, мониторинг, линии тока 
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SÜNİ İNTELLEKT VASİTӘSİLӘ NEFTİN ÇIXARILMASI MӘLUMATLARI ӘSASINDA  
CARİ LAY TӘZYİQİNİN PAYLANMASININ QİYMӘTLӘNDİRİLMӘSİ 

 
Süleymanov B.A., Hüseynova N.İ. 

Neft Qaz Elmi-Tәdqiqat Layihә İnstitutu, SOCAR, Azәrbaycan 
AZ1012, Bakı, Hәsәn Bәy Zәrdabi prosp., 88A 

 
Xülasә. Neft vә qaz yataqlarının işlәnmәsinin istismar mәrhәlәsindә mәhsuldar layda vә onun müәyyәn hissәsindә lay tәzyiqinin 

paylanması neftvermәnin artırılması mәsәlәlәrin hәllindә mühüm xarakteristikaların biridir. Bu mәqalәdә neft yataqlarının işlәnmәsi 
vә istismarı zamanı әldә edilmiş mәlumatlar әsasında layda cari tәzyiqin paylanmasının qiymәtlәndirilmәsinin ekspress metodu tәklif 
edilir. İşlәnmiş metodologiya, mәhsuldar layın seçilmiş sahәsindә axın vә potensial funksiyaları, axın sürәti vә onların qradiyentlәri 
kimi hidrodinamik göstәricilәrin lay üzrә cari paylanmasının hesablanması vә vizuallaşdırılmasını aparmaq üçün işlәnmiş alqoritmә 
әsaslanır. Metod cari lay tәzyiqinin faktiki paylanmasını izlәmәyә vә lay tәzyiqin müәyyәn sәviyyәdә saxlamaq üçün lazımı tәsir 
tәtbirlәrin seçilmәsi vә bu tәsirin  effektivliyini qiymәtlәndirmәyә imkan verir.  

Tәklif edilmiş yanaşma hәmçinin neft vә qaz hasilatı mәlumatlarının tәhlilindә istifadә üçün, elәcә dә lay tәzyiqindә dәyişikliklәrin 
proqnozlaşdırılmasında, süni intellekt texnologiyalarının yaradılması üçün geniş imkanlar açır. Müxtәlif geoloji vә geofiziki әmәliyyat 
mәlumatlarının inteqrasiyasında vә әmәliyyat risklәrinin idarә edilmәsindә neyroşәbәkәlәrdәn istifadә, neft vә qaz yataqlarının 
işlәnmәsi vә istismarı proseslәrinin optimallaşdırılması üçün avtomatik ekspert sistemlәrinin yaradılmasına imkan verir. Nümunә kimi, 
“Neft Daşları” yatağından (horizon X, blok V) mәlumatlardan istifadә etmәklә tәklif olunan yanaşmanın hәyata keçirilmәsi lay 
tәzyiqinin hesablanmış qiymәtlәrinin yüksәk dәqiqliyini göstәrdi. Quyularda lay tәzyiqinin hesablanmış qiymәtlәrinin orta nisbi 
sәhvinin quyudibi tәzyiqinin ölçülmәlәrinin faktiki qiymәtlәri ilә müqayisәli tәhlili 1%-dәn çox deyil. Mәhsuldar laylarda lay 
tәzyiqinin orta hesablanmış qiymәti onun faktiki qiymәti ilә üst-üstә düşür. 

Açar sözlәr: yataq, lay tәzyiqi, neft veriminin artırılması, zonal tәsir, mәhsuldar lay, quyu mәhsuldarlığı, diaqnostika, süzülmә, 
monitorinq, axin xәtlәri  
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РАЗРАБОТКА ПЕТРОФИЗИЧЕСКОГО МОДЕЛИРОВАНИЯ НА ОСНОВЕ  

ЭФФЕКТИВНОЙ ПОРИСТОСТИ И ФАЗОВЫХ ПРОНИЦАЕМОСТЕЙ  

КОЛЛЕКТОРОВ (НА ПРИМЕРЕ БИНАГАДИНСКОГО МЕСТОРОЖДЕНИЯ) 

 

Пашаев Н.В.  

Азербайджанский Государственный Университет Нефти и  

Промышленности, Азербайджан 
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DEVELOPMENT OF PETROPHYSICAL MODELING BASED ON EFFECTIVE POROSITY AND  
PHASE PERMEABILITIES OF RESERVOIRS ( BINAGADI OIL FIELD AS A CASE STUDY) 
 
Pashayev N.V. 
Azerbaijan State Oil and Industry University, Azerbaijan 
34, Azadlig ave., Baku, AZ1010: namat.pashayev@mail.ru 

Keywords: logging, well, 
porosity, permeability,  
electrical resistivity 

Summary. The paper presents the results of studying the change in the oil saturation and po-
rosity coefficients of the productive strata of the Underkirmaki suite (UKS) of the Binagadi field
one hundred and ten years after the start of its development. Considering that practical methods for
quantifying the current oil saturation factor in cased wells have not yet been developed, in the de-
terminations, logging data and core data were mainly used for wells during their operation. Based
on new data from correlated well sections the dependence of Kper on Kp was plotted for all reser-
voir intervals identified in the well sections. It has been established that there are no initial contours
of oil content in the study area. To assess the influence of lithological features on the porosity and
permeability properties of reservoirs, paired dependencies between Kper and Kp for the studied 
horizon were established. The resulting dependence is characterized by a high closeness of the rela-
tionship (R=0.85). In order to study the spatial distribution of reservoirs over the area (wells), as
well as porosity, permeability and oil saturation, three-dimensional grids of the geomodel were 
created. As a result, a practical use of a petrophysical model is shown, the effectiveness of which
lies in the fact that it is comparable with well log data, which makes it possible to dissect intervals 
where there are no well logs with great certainty. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Введение 
Актуальность проблемы. Перспективы 

увеличения нефтедобычи в Республике связаны с 
разработкой залежей в море и суше, а также с 
повышением эффективности доразработки экс-
плуатируемых в настоящее время месторожде-
ний нефти и газа, находящихся в различной ста-
дии их освоения. Характерный особенностью 
разработки нефтяных месторождений является 
то, что этот процесс происходит в большинстве 
случаев в условиях некомпенсированного отбора 
углеводородов. Важно учитывать указанный 
процесс при оценке начальных и текущих запа-
сов нефти и газа, геомоделировании разрабаты-
ваемого объекта и анализа разработки на различ-
ных ее этапах. 

Изучению этого вопроса посвящены много-
численные исследования, из которых можно от-

метить работы М.Т.Абасова (2007), Л.А.Буряков-
ского (1990), Р.Ю.Алиярова (2010), Р.А.Рамаза-
нова (2011) и др. 

Это задача имеет особое значение для отло-
жений продуктивный толщи (ПТ) месторожде-
ния Бинагади. Месторождение Бинагади как 
уникальная нефтеносная залежь расположено на 
Абшеронском полуострове и более 110 лет нахо-
дится в эксплуатации. Углеводороды (УВ) добы-
вают из отложений ПТ. Основным объектом раз-
работки в разрезе ПТ является подкирмакинская 
свита (ПК), содержащая более 34% геологиче-
ского балансового запаса УВ. 

Литологическая характеристика месторож-
дения довольно разнообразна. Пласты песчани-
ков средних, мелко и тонкозернистых, иногда 
слабоцементированных, мощностью в основном 
5-8 м переслаиваются с глинами темно-серыми, 
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плотными, а также песчанистыми, карбонатны-
ми. Пачки часто чередующихся пластов песча-
ников и глин расчленены мощными глинистыми 
разделами (Пашаев и др., 2017). 

 
Методика и результаты 
С целью уточнения процесса разработки в 

свете новых геолого-промысловых  и геофизиче-
ских данных для определения характера насы-
щения коллекторов и остаточной нефтенасы-
щенности в стволе действующих и нагнетатель-
ных скважин проводился определенный объем 
исследований петрофизическими, промыслово-
геофизическими и гидродинамическими метода-
ми. Во время изучения данного вопроса были 
использованы материалы геофизических иссле-
дований скважин (ГИС), геолого-промысловая 
информация по скважинам, накопленная в пери-
од эксплуатации, а также керновые данные, 
охватывающие все отложения свиты ПК. 

 
Корреляция разрезов скважин по данным 
ГИС 
Изучение геологического строения залежей 

начинается с корреляции разрезов скважин. 
Детальная корреляция необходима для выде-

ления одноименных пластов или пачек внутри 
зоны или свиты, что имеет первостепенное значе-
ние при рациональной разработке месторожде-
ний. Продуктивные зоны месторождения Бинага-
ди сложены пропластками, весьма изменчивыми 
по разрезу и площади месторождения. Это доста-
точно наглядно подтверждается керновыми, гео-
физическими и гидродинамическими данными. 

Такая сложная картина строения продуктивных 
пластов сильно затрудняет корреляцию разрезов 
скважин. Фациальная неоднородность зон по раз-
резу и площади, являющаяся, вероятно, следстви-
ем локальных геологических причин, настолько 
сильна, что в значительной мере затушевывает 
существенные черты геологического строения, 
обусловленные явлениями региональными, более 
высокого порядка и, в первую очередь, ритмично-
стью процесса осадконакопления. 

Таким образом, продуктивные отложения 
подкирмакинской свиты обычно четких и вы-
держанных реперов по площади не имеют.  В 
разрезе продуктивных отложений на каротажных 
диаграммах можно выделить так называемые 
реперы местного значения, которые прослежи-
ваются лишь по группам скважин (рис. 1). 

На рис. 1а,б,с показаны схемы корреляции 
разрезов скважин по линии скв. 2812-2727-2841-
2843-2840-2772-2854-2852. Корреляция проведе-
на с использованием методов Гамма каротажа 
(ГК) и Индукционного каротажа (ИК). Линией 
выравнивания при корреляции разрезов скважин 
являлась кровля отложений свиты ПК (макси-
мальное значение ГК). Представлены результаты 
интерпретации геофизических исследований 
этих скважин (коллектор-неколлектор). 

Зеленым цветом отмечены интервалы разре-
за с коллекторами, серым – неколлекторами.  

При этом предполагается, что один и тот же 
интервал в разрезах разных скважин примерно 
одинаково отражается на каротажных диаграм-
мах, поскольку его состав и мощность остаются 
мало измененными. 

 

 
 

Рис. 1а. Схема корреляции скв. 2812-2727-2841-2843 
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Рис. 1б. Схема корреляции скв. 2843-2840-2772 

 

 
 

Рис. 1с. Схема корреляции скв. 2843-2840-2772 
 

Рассматриваемые скважины пробурены в 
период 2008-2019 гг. К этому времени в отложе-
ния свиты ПК был закачен большой объем воды 
для поддержания пластового давления, что при-
вело к значительному обводнению продукции. 

Используя данные рис. 2, вычислены теку-
щие нефтенасыщенности всех интервалов кол-
лекторов, выделенных в разрезах исследуемых 
скважин. 

Для определения текущих запасов нефти в 
отложениях свиты ПК в зоне исследований для 

необводненных интервалов разреза выявлена 
петрофизическая зависимость между пористо-
стью и текущей нефтенасыщенностью (рис. 2). 

Для оценки влияния литологических осо-
бенностей на основные параметры коллекторов – 
проницаемость и пористость установлены пар-
ные зависимости между коллекторскими свой-
ствами пород свиты ПК Бинагадинского место-
рождения (рис. 3). 

Корреляционные зависимости между про-
ницаемостью (Кпр) и пористостью (Кп) были вве-
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дены на основе комплексного исследования керна 
скважин данного месторождения. 

Сопоставление величин Кпр и Кп, приведен-
ное на рис.3, показывает, что систематические 
расхождения в сопоставляемых параметрах от-
сутствуют, случайные же расхождения можно 
объяснить изменчивостью свойств пород по раз-
резу и залежи, а также различными выборками 
образцов. Распределение точек на корреляцион-
ном поле свидетельствует о том, что в пределах 
Бинагадинского нефтеносного района имеется 
единая закономерность в изменении фильтраци-
онно-емкостных свойств пород.    

Данные зависимости были использованы для 
изучения фильтрационно-емкостных свойств от-
ложений свиты ПК (Зинченко, 2005; Mohammad, 
2019).  

 
Обоснование положения водонефтяного 
контакта (ВНК) 
Зона исследований находится на площади 

блока 5b. Этот блок на месторождении Бинагади 
является изолированным и не имеет первона-
чального водонефтяного контакта. Поэтому все 
коллекторы, вскрытые пробуренными скважина-
ми, первоначально были нефтенасыщенными. 

На исследуемой площади нет начальных 
контуров нефтеносности. 

 

Построение трехмерной сетки модели и 
контроль качества 
После выполнения структурного моделиро-

вания создается трехмерная сетка модели, на ко-
торую переносятся данные каротажа скважин и 
построенные поверхности. 

Эта сетка необходима для пространственно-
го распределения коллекторов, а также таких па-
раметров, как пористость и нефтенасыщенность. 

Исходя из размеров изучаемой структуры, 
размер ячеек сетки (по горизонтали) составляет 
50х50 м. 

Вся мощность пласта разбивается на 3 зоны: 
- зона 1 – кровля пласта - кровля коллекторов; 
- зона 2 – кровля коллекторов - подошва 

коллекторов; 
- зона 3 – подошва коллекторов - подошва 

пласта. 
В зонах 1 и 3 выделен 1 слой (в каждой 

зоне), так как в этих зонах отсутствует коллекто-
ры, и модель в этих зонах будет состоять из не-
коллекторов. 

Разрез зоны 2 разделен на несколько слоев. Ко-
личество слоев выбиралось, исходя из минимальной 
толщины пропластка коллектора. В нашем случае 
это составляет 0.3 м. На основании схем корреляции 
разрезов скважин (рис. 1а,б,с) нарезка слоев произ-
водилась параллельно поверхности кровли свиты 
ПК с толщиной слоя, равной 0.2 м. 

 

 
 

Рис. 2. Зависимость текущей нефтенасыщенности (Кн) от пористости (Кп) 
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Рис. 3. Зависимость проницаемости (Кпр) от пористости (Кп) 

 
Такой подход гарантирует, что вся инфор-

мация по данным ГИС будет учтена в трехмер-
ной модели. 

На рис. 4 показано сопоставление данных 
ГИС и перемасштабированного каротажа на сет-
ке модели. Видно, что каждый пропласток, вы-

деленный по каротажу в разрезе скважин (левый 
столбец), отражен на перемасштабированном 
каротаже на сетке модели (правый столбец). 

Параметры трехмерной сетки представлены 
в таблице. 

 

 
 

Рис. 4. Сопоставление данных ГИС и модели 
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Параметры трехмерной сетки 
 

Количество зон 3 

Количество ячеек 11568840 

Количество слоев (Z) 255 

Параметры 3D сетки (ячейки сетки) 214х212х255 (nIxnJxnGridLaers) 

Размер ячейки (мм) 2х2 

 
Петрофизическое моделирование 
При использовании стохастического метода 

можно добиться, чтобы распространяемый па-
раметр (в нашем случае "Литология") имел в 
объеме модели такое же распределение, как и в 
скважине. В связи с этим на рис. 5 представлен 
геологический профиль, построенный с исполь-
зованием стохастического распределения (SIS - 
Sequential Indicator Simulation), а на рис. 6 – ги-
стограмма сопоставления свойства "Литология" 
для данных ГИС в скважине, перемасштабиро-
ванного каротажа и для модели (Гасанов и др., 
2008). 
 

Из рис. 6 видно, что у модели доли коллек-
торов (66.8%) и неколлекторов (33.2%) примерно 
соответствуют соотношениям по данным ГИС 
(67.0% и 33.0%). 

Петрофизическое моделирование происхо-
дит посредством переноса данных ГИС, таких 
как пористость и нефтенасыщенность, с разрезов 
скважин на сетку модели и распространение этих 
данных по площади и по объему (Абасов и др., 
2007; Гутман, 2017; Коваленко, 2015). 

Петрофизическое моделирование проводи-
лось стохастическим методом Sequential Gaussian 
Simulation (SGS) с учетом свойства "Литология". 

Распределение свойства "Пористость" пред-
ставлено на рис. 7. 

 

 
 

Рис. 5. Геологический профиль по линии скважин 2812-2843-2852 (литология) 
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Рис. 6. Гистограмма сопоставления данных ГИС (Well logs), перемасштабированного 
каротажа (Upscaled cells) и модели (Litho_vol) 

 

 
 

Рис. 7. Геологический профиль по линии скважин 2812-2843-2852 (пористость) 
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Выводы 
Выполненные оценки и множество практи-

ческих примеров интерпретации позволяют сде-
лать следующие выводы и рекомендации: 

– впервые по горизонту ПК построена трех-
мерная геомодель для пространственного рас-
пределения коллекторов подкирмакинской свиты 
ПТ нефтеносного месторождения Бинагади; 

– эта модель также позволяет более пра-
вильно подбирать методы по доизвлечению 
остаточных запасов. В перспективе эти сведе-
ния могут быть использованы при прогнозиро-
вании нефтеотдачи и при составлении рекомен-
даций по управлению технологическими про-
цессами разработки месторождений; 

– распределение точек на корреляционном 
поле свидетельствует о том, что в пределах Би-
нагадинского нефтеносного района имеется еди-
ная закономерность изменения фильтрационно-
емкостных свойств пород; 

– несмотря на более чем сто десятилетнюю 
разработку объекта, еще не достигнуто значение 
конечного коэффициента нефтеотдачи. На сего-
дняшний день по ПК она составляет ≈0.7. 

– построенная петрофизическая модель 
позволяет с большой достоверностью расчле-
нить интервалы, где отсутствуют каротажные 
материалы.
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AZ1010, Баку, просп. Азадлыг, 34: namat.pashayev@mail.ru 

 
Резюме. В статье приводятся результаты изучения изменения коэффициентов нефтенасыщенности и пористости про-

дуктивных пластов подкирмакинской свиты (ПК) Бинагадинского месторождения спустя сто десять лет после начала его 
разработки. 

Учитывая что, в настоящее время еще не разработаны практические методы количественной оценки текущего коэффи-
циента нефтенасыщенности в обсаженных скважинах, при определениях были использованы в основном материалы ГИС и 
керновые данные – по скважинам в период их эксплуатации. В результате лучшего разделения коллекторов на продуктив-
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ные и водоносные пласты, на основании корреляции разрезов скважин выделены одноименные продуктивные пласты внут-
ри ПК, имеющие первостепенное значение при рациональной разработке месторождений. На основе новых данных постро-
ена зависимость Кпр от Кп для всех интервалов коллекторов, выделенных в разрезах скважин. Установлено, что на исследу-
емой площади нет начальных контуров нефтеносности. Кроме того, в целях оценки влияния литологических особенностей 
на фильтрационно-емкостные свойства коллекторов, установлены парные зависимости между Кпр и Кп по исследуемому 
горизонту. Полученная зависимость характеризуется высокой теснотой связи (R=0.85). В перспективе эти сведения могут 
быть использованы при прогнозировании нефтеотдачи и при составлении рекомендаций по управлению технологическими 
процессами разработки месторождений. С целью изучения пространственного распределения коллекторов по площади 
(скважинам), а также пористости, проницаемости и нефтенасыщенности созданы трехмерные сетки геомодели. В результа-
те, показана практическая возможность использования петрофизической модели, построенной с помощью стохастического 
метода, для изучения литологии разреза. Эффективность модели заключается в том, что она сравнима с каротажными дан-
ными, позволяющими с большой достоверностью расчленить интервалы, где отсутствуют каротажные материалы.  

 Ключевые слова: каротаж, скважина, пористость, проницаемость, электрическое сопротивление  
 
 

KOLLEKTORLARIN EFFEKTİV MӘSAMӘLİLİYİ VӘ FAZA KEÇİRİCİLİYİ ӘSASINDA  
PETROFİZİKİ MODELLӘŞDİRMӘNİN İŞLӘNİLMӘSİ (BİNӘQӘDİ YATAĞININ TİMSALINDA) 

 
Paşayev N.V. 

Azәrbaycan Dövlәt Neft vә Sәnaye Universiteti 
AZ1010, Bakı, Azadlıq prosp., 34: namat.pashayev@mail.ru 

 
Xülasә. Mәqalәdә yüz on ildәn çox müddәtdә işlәnmәdә olan Binәqәdi yatağının Mәhsuldar Qatın (MQ) Qırmәkialtı lay dәstә-

sinin (QAD) mәhsuldar kollektorlarının vә neftdoyumluluğunun dәyişmәsinin tәdqiqi nәticәlәri verilir.  
Hazırda istismar quyularında qalıq neftdoyumluluğunun praktik cәhәtdәn kәmiyyәtcә qiymәtlәndirilmә metodikası işlәnilmә-

diyindәn tәyinetmәdә әsasәn quyuların istismar müddәtindә әldә edilmiş QGT materiallarından vә kern mәlumatlarından istifadә 
edilmişdir. 

Kollektorların mәhsuldar vә sulu kimi siniflәşdirilmәsindә daha önәmli yanaşmalardan sayılan quyu kәsilişlәrinin korrelyasiyası 
әsasında yatağın rasional işlәnmәsindә son dәrәcә әhәmiyyәt kәsb edәn QAD-ın eyniadlı mәhsuldar layları seçilmişdir.  

Korrelyasiya ilә seçilmiş bütün kollektorlar üçün yeni mәlumatlar bazasında kollektorların cari neftdoyumluluğu ilә mәsamәliliyi 
arasında asılılıq qurulmuşdur. Tәdqiqat obyektindә olan neft konturunun mövcudluğu tәsdiq edilmәmişdir.  

Әlavә olaraq, kәsilişin litoloji xüsusiyyәtlәrinin mәhsuldar kollektorların filtrasiya-tutma xassәlәrinә tәsirinin qiymәtlәndirilmәsi 
üçün tәdqiqat horizontu üzrә qurulmuş Kkeç=f(Km) asılılığı yüksәk әlaqәliliklә sәciyyәlәnir (R=0.85). 

Bu mәlumatlar gәlәcәk perspektivlikdә neftvermәnin proqnozlaşdırılmasında, elәcә dә yatağın işlәnmә prosesinin texnoloji 
idarәedilmәsinә tәkliflәrin verilmәsindә istifadә edilә bilәr.  

Kollektorların sahә üzrә paylanma mәkanının öyrәnilmәsi üçün elәcә dә mәsamәliliyin, keçiriciliyin, neftdoyumluluğun dәyişmә 
xüsusiyyәtlәrini özündә ehtiva edәn üçölçülü geomodel şәbәkәsi qurulmuşdur. 

Nәhayәt, kәsilişin litologiyasını öyrәnmәk mәqsәdi ilә stoxаstik üsuldan istifadә etmәklә petrofiziki model qurulmuşdur. Modelin 
әhәmiyyәti karotaj aparılmayan intervallarda litologiyanın sәhih tәyinindәn ibarәtdir.  

Açar sözlәr: karotaj, quyu, qışqırıq, keçiricilik, elektrik müqavimәti 
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Summary. This is a detailed geophysical research into the anomalous zones identified by pre-
vious aeromagnetic studies in the area. Integrated 2D geoelectric prospecting methods involving
ERT, IP and SP techniques were used to delineate subsurface structure suitable for gold minerali-
zation potential in parts of the Yauri, Shanga, and Magama areas of the states of Kebbi and Niger
in the northwest Nigeria. The ERT, IP and SP measurements were carried out with a dipole-dipole 
configuration and the SuperSting resistivity meter. The research results revealed regions with 
low/high resistivity, high chargeability, and high SP values, which were identified as mineral po-
tential zones. The ERT technique has helped to delineate regions with low resistivity anomalous
which correspond to oxidized rocks associated with granite/quartzite veins. High resistivity range
could exist over dyke structures associated with partially decomposed granite and quartzite, as in-
dicated by the geological setting and borehole log of the area. The IP technique revealed a high 
chargeability (≥ 20 milliseconds) in the study area, possibly due to the accumulation of metallic
minerals in host rocks, such as gold. The SP technique has also helped to identify regions with high
SP anomalies (≥20 mV), which are characterized by vein-bearing ore minerals. The integration of 
ERT, IP, and SP results revealed oxidized rock zones, dyke subsurface structures of decomposed
quartzite, granite, gneiss, and ore mineral veins. These zones are located in the northwest Mararra-
ba, the southwest Jinsani, and the southern Sabon Gari in Niger and Kebbi states. The areas could 
be considered a potential pathway for gold exploration and exploitation. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
1. Introduction 
There are many areas of gold occurrence in Nige-

ria mainly associated with the schist belts which are 
composed of rocks like gneisses, schists, quartzites, 
amphibolites and granitoids (Olalekan et al., 2016; 
Ejepu et al., 2018). Gold mines are very important 
economic assets for many countries in the world in-
cluding Nigeria in particular, therefore these activities 
require a geophysical approach that will delineate 
possible pathways for gold exploration and exploita-
tion (Augie and Ridwan, 2021; Augie et al., 2021a). 
Two-dimensional electrical resistivity tomography 
(ERT), induced polarization (IP) and self-potential 
(SP) are some of the geophysical methods used for 
mapping the potential zones, especially those of gold 
(Bagare et al., 2018). Oduduru and Mamah (2014) 
revealed that the integration of electrical resistivity 
tomography and IP methods can be powerful and ef-
fective diagnostic tools to delineate geologic struc-
tures and for the identification of strata. The IP tech-

nique has been used over the past 30 years with pro-
ven potential in providing in-situ information about 
rock mineralogy, particularly in the search for dis-
seminated minerals with electronic conductivity 
(Unuevho et al., 2016; Amoah et al., 2018). 

Various field mapping exercises were conducted 
in the southern part of Kebbi NW Nigeria with the 
view of assessing the mineralization potential using 
aeromagnetic data alone. Consequently, mineraliza-
tion potentials have been reported in the area by these 
studies (e.g. Ramadan and Abdel-Fattah, 2010; Bonde 
et al., 2019; Lawali et al., 2020; Lawal et al., 2021; 
Augie et al., 2021a, 2022b and 2022c).  Results from 
these studies reveal major structural trends in the area 
oriented along ENE-WSW, NE-SW and E-W direc-
tions while minor trends were along NW-SE, NNE-
SSW, NNW-SSE and N-S directions of the area. 
These results are generally concordant with the main 
regional structural trend dipping to the NW. The re-
sults also revealed that the southern part of the Kebbi, 
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NW Nigeria is dominantly a basement complex, 
which may play host to economic minerals. Augie et 
al. (2021b, 2022b, 2022c) further revealed that the 
structures delineated within the area when compared 
with the geological setting, correspond to quartz-mica 
schist, granite, biotite, gneiss, diorite, medium coarse-
grained and biotite hornblende granite. The regions 
correspond to SE parts of Yauri and Shanga, Fakai, 
Ngaski, Zuru, Magama, Rijau, and the eastern part of 
Wasagu/Danko and Bukkuyum. 

However, previous studies have only used aero-
magnetic data and the anomalous zones detected from 
the aeromagnetic studies were not followed up by 
detailed work. A combined 2D ERT, IP and SP geo-
physical methods for gold prospects and their associa-
ted mineralization have not been conducted in the 
area. The 2D ERT would be used to unveil lithologi-
cal boundaries and geologic structures such as faults, 
dykes, veins and other mineral trapping structures 
associated with gold-bearing alteration zones (Loke 
and Barker, 1996; Loke, 2004). Likewise, IP and SP 
methods are particularly useful for detecting dissemi-
nated minerals that are difficult to detect using resis-
tivity alone (Unuevho et al., 2016). This integrated 
method would be employed to delineate gold mineral-
bearing zones and lithological boundaries.  The IP, SP 
and Resistivity are some of the geophysical methods 
used for mapping the gold minerals as they contribute 
to better-fined targets. The inversion of resistivity, IP 
and SP data could throw light into the subsurface by 
tomographic and other pattern analyses associated 
with gold mineralization (Shao et al., 2021). 

This paper used data from 2D electrical resistiv-
ity tomography, induced polarization and self-
potential data with the view to delineate the gold-
bearing alteration zones and other subsurface stria-
tions as a potential host for other mineralization. The 
results from these techniques were used to map 
probable gold anomalous zones within the study area 
where detailed exploration for the gold can be con-
centrated. The dipole-dipole array was adopted be-
cause of its low EM (electromagnetic) coupling be-
tween the current and potential circuits, very sensi-
tive to horizontal and vertical changes in resistivity. 
It is good for mapping vertical structures, such as 
dykes and cavities. It has a better resolution than 
both Wenner and Schlumberger configurations 
(Loke and Barker, 1996; Loke, 2004). 

 
2. Theoretical Framework and Field 
 Procedures 
In geoelectrical methods, the current is driven 

through one pair of current-electrodes (A and B) and 
the potential differences are measured with the aid 
of pair of potential-electrodes (M and N) connected 
to a sensitive voltmeter called a Resistivity meter 

(Telford et al., 1990; Augie et al., 2022a). This will 
possibly determine an effective or apparent resistivi-
ty of the subsurface as shown in Fig. 1: 

 

 
 
Fig. 1. Diagram used to determine the potential difference be-
tween two points 

 
Ohm’s law described that resistance (R) which 

is usually measured in ohm of a rock or particular 
sample is directly proportional to the length (L) of 
the resistive material (i.e., earth materials) and in-
versely proportional to its cross-sectional area (A) as 
given in equation (1): 

 

R 𝛼      (1) 

 

R 𝜌          (2) 

where  
ρ, the constant of proportionality called electrical 
resistivity. Electrical Resistivity is independent of 
the shape or size of the material but there are factors 
which affect the electrical resistivity such as mois-
ture content, composition of strata, temperature and 
electrolytes. It is the true resistivity, and the resis-
tivity values of rocks and minerals can be classified 
as good conductors, bad conductors, or isolators 
(Dahlin and Zhou, 2004). 

According to Ohm's law: 
 

R       (3) 

and 
𝛥𝑉 𝑉 𝑉           (4) 

 
where; 𝛥𝑉 is the potential difference between the 
earth materials, I is the electric current through it 
and R is the resistance of the earth materials. 

Substituting equation (3) into (2): 
 

𝜌      (5) 

 
This implies: 

𝜌        (6) 
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where 
𝐴 2𝜋𝑟  (hemispherical area under the earth) and 
𝑟 𝐿 (distance away from the source). 

The potential difference (𝛥𝑉):  
 

𝛥𝑉       (7) 
 

𝛥𝑉       (8) 
 

r is the distance between the current electrode point 
and the point where potential is measured. 

Total potential at M due to current electrodes A 
and B (see Fig. 1);  

 

𝑉  ,      (9) 
 

Total potential at N due to current electrodes A 
and B;  

𝑉  ,   (10) 
 

The net potential difference is: 
 

∆𝑉  , 𝑉  , 𝑉  ,       (11) 
 

∆𝑉  ,       (12) 

 

𝜌 ∆ 2𝜋        (13) 

and 

𝐾 2𝜋 ,  𝑅 ∆
    (14) 

 
Therefore 

𝜌 KR        (15) 
 

where; K is the geometrical factor of the electrode 
arrangement. 

Time-domain IP estimations include observing 
the decaying voltage after the current is turned off. 
The most ordinarily measured parameter is the 
chargeability M, defined as the area A beneath the 
decay curve over a certain time interval standardized 
by the consistent state potential difference ∆Vc 
(Bagare et al., 2018). 

 

M
∆ ∆

v t dt    (16) 
 

Chargeability is measured over a specific time 
stretch not long after the polarizing current is cut off. 
Area A is determined within the measuring appa-
ratus by analogue integration. Different minerals are 
distinguished by characteristic chargeabilities, for 
example, pyrite has M = 13.4 ms over an interval of 
1 s, and magnetite 2.2 ms over the same interval 
(Bagare et al., 2018). 

The total SP anomaly can be defined as (Fedi 
and Abbas, 2013) 

𝑆 𝑃 ∇ ∙ 𝑲 𝑑𝑟       (17) 
 

where, K is the electric dipole moment due to charge 
accumulation, either primary or induced, and r is the 
distance from the observation point P. 

The streaming potential Ek which η is observed 
when a solution of electrical resistivity ρ and viscos-
ity ρ is forced through the capillary of the porous 
medium. The resultant potential difference between 
the ends of the passage is: (Telford et al., 1990; 
Jamaluddeen et al., 2014; Augie et al., 2022a) 

 

𝐸
∆

         (18) 
 

where ξ is the adsorption potential, ΔP is the pressure 
difference and Kp is the solution dielectric constant. 
 

2.1 Location and Geological Setting of the 
Study Area 
The fieldwork was conducted in some selected 

areas of the Kebbi and Niger States. These areas are 
Shanga (Sabon Gari) and Yauri/Ngaski boundaries 
(Mararraba) of Kebbi state, and also Magama (Irana) 
of Niger State NW Nigeria (see Fig. 3). The study 
areas lie between latitudes 11°5′10″N to 11°5′40″N 
and longitudes 4°43′0″E to 4°43′25″E (Sabon Gari), 
latitudes 10°47′55″N to 10°48′20″N and longitudes 
4°42′0″E to 4°54′0″E (Mararraba), and latitudes 
10°31′40″N to 10°32′20″N and longitudes 4°55′59″E 
to 4°56′15″E (Irana). 

Geologically, the study area falls under the base-
ment complex rocks associated with: granite, rhyolite, 
biotite-granite, meta-conglomerate, quartz-mica schist, 
migmatite, undifferentiated schist including gneiss, 
biotite gneiss, medium coarse-grained and biotite-
hornblende granite (Fig. 2). The southern part of Kebbi 
of the basement complex/schist belt is called Zuru-
Yauri Schist Belts (Danjumma et al., 2019; Olugbenga 
and Augie, 2020), consist of an assemblage of musco-
vite-biotite banded gneisses, porphyroblastic gneisses, 
migmatites, schists, quartzites, metavolcanics (am-
phibolites), quartzites, mica schists, granulites, calc-
silicates older granites and minor rocks such as gabbro, 
andesite, granulites and calc-silicates.  

The structural elements in Zuru Schist Belt are 
the major NNE-SSW to NE-SW trending B/Yauri, 
Yauri and Ribah dextral faults, an NW-SE trending 
Gunu sinistral fault and a major N-S trending anticli-
norium called the Zuru anticlinorium (Sani et al., 
2019; Danbatta, 2005). These schists are litholo-
gically different from the other schists belt in north-
western Nigeria and it is predominantly composed of 
quartzites with very subordinate schists and amphibo-
lites (Danjumma et al., 2019; Danbatta, 2008). 
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Fig. 2. Location and geological map of the study area 

 
3. Methodology 
In this study, a 2D geoelectrical survey was car-

ried out at Yauri/Ngaski boundaries (Mararraba), 
Shanga (Sabon Gari) of Kebbi state, and also Maga-
ma (Irana) of Niger State NW Nigeria. An area of 490 
m2, 640 m2, and 490 m2 fields were investigated using 
a dipole-dipole configuration with minimum elec-
trode spacing (a) of 10.00 m. A total of 7 profiles 
were designed for each 300 m distance along the pro-
file, oriented NW-SE (Fig. 3). Profiles 1 and 2 were 
conducted at Magama (Irana), profiles 3 and 4 – at 
Shanga (Sabon Gari), and profiles 5, 6, and 7 – at 
Yauri/Ngaski boundaries (Jinsani and Mararraba). 

The data was taken with the aid of Super Sting 
(resistivity meter) coupled with an electrode selector 
and powered by a 12 V battery. This instrument has the 
capability of measuring apparent resistivity, IP, and SP 
data. It has a transmitter with automatic/or user se-
lectable currents in milliamps as; 1, 2, 5, 10, 20, 50, 
100, 200, 500 and 1000 mA. The distance, between the 
two current electrodes (C1 and C2), is the same as that 
between the potential electrodes (P1 and P2). Distance 
between the current electrode C1 and the potential 
electrode P1 (dipole separation factor) was made in 

multiple of an integer n of the distance between the 
current and potential electrode pair (Fig. 4). 

Initially, the dipole separation factor n was set 
to be 1, then it is increased to 2, 3, and so on until a 
maximum value of 8. Thus, both the dipole separa-
tion factor (n) and the spacing between the current 
electrode pair (a) were recorded. Measurements 
were done at an electrode spacing of 10 m and n was 
set at 1, 2, 3, up to 8 (Fig. 4). The more the increase 
in n which would equally increase the electrode 
spacing, the more the injected current flows to great-
er depths (Loke and Barker, 1996).   

For the first measurement, electrodes number 1, 
2, 3, and 4 were used. Electrode 1 was used as the 
second current electrode (C2) at 0 m, electrode 2 as 
the first current electrode (C1) at 10 m, electrode 3 as 
the first potential electrode (P1) at 20 m, and elec-
trode 4 as the second potential electrode (C2) at 30 m. 

Likewise, in the second measurement, elec-
trodes number 1, 2, 3, and 4 were used for C2 at 
10 m, C1 at 20 m, P1 at 30 m, and P2 at 40 m 
respectively. These procedures were repeated down 
the profile line using 1a 2a, 3a, 4a, 5a, 6a, 7a, 
and 8a spacing between C1 and P1 where a  is 10 m.
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Fig. 3. Field survey layout using the dipole-dipole electrode configuration 

 
At each measurement, the measured ground apparent 
resistivity, IP, and SP data were obtained. The ac-
quired data were processed with the RES2DINV 
program developed by Loke (2004), which automat-
ically determines a 2D resistivity and IP models for 
the subsurface. SP data were also analyzed and pro-
cessed using surfer software version 13. 
 

 
 

Fig. 4. Illustration of dipole-dipole array and pseudosection for 
putting the measured apparent resistivity and IP (Wahyu et al., 
2016) 

4. Result 
In this study, the interpretation of the 2D 

geoelectric modeled sections is associated with 
the geological setting of the area. These include 
the borehole lithology of the southern part of 
Kebbi obtained from RUWASA (Rural Water 
Supply and Sanitation Agency) as shown in Ta-
ble 1 and resistivity values obtained from previ-
ous works in the same basement complex which 
were used to correlate the results of the present 
survey (Osazuwa and Chii, 2010).   

The sections have a vertical axis (y-axis) 
corresponding to the depth of investigation 
and a horizontal distance axis (x-axis) repre-
senting distance along the profile. The inverse 
section of each profile was interpreted in 
terms of geology (Fig. 2) and related infor-
mation. The summary of results obtained from 
the integrated methods is given in Table 2. 
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Table 1 
A borehole/lithology log of southern part of Kebbi areas (SARDA, 1988; Osazuwa and Chii, 2010) 

 

Lithology Depth(m) Thickness(m) Resistivity range (Ωm) 

Lateritic Sand 0-2 2 60-1000 

Highly Decomposed Schist 2-10 8 10-500 

Partially Decomposed Granite  10-15 12 100-1000 

Quartzite’s and Gneiss 15-21 16 200-100000 

 
4.1 Resistivity Model Section for Profile 1 (P1) 
Profile 1 covers a lateral extent of 300 m (Fig. 

5a). It is oriented in the NW-SE direction and lies 
between latitudes 10°32′13.2″N to 10°32′6″N and 
longitudes 4°56′6″E to 4°55′58″E (Fig. 3). The sub-
surface features from Fig. 5(a) could be sectional-
ized into four: A, B, C, and D zones. Zone A is 
characterized by low resistivity values ranging from 
117 Ωm to 944 Ωm. It has a lateral length of 5-45 m, 
55-102 m, 145-165 m, and 241-285 m at a 
depth/thickness of 19 m, 19-24.9 m, 19 m, and 17-
24.9 m. Zone B has resistivity values of 945 Ωm to 
7638 Ωm. This zone occupied a length of 50-90 m 
and 60-105 m, at a depth/thickness of 13 m and 
18.5-20 m respectively. C is characterized by resis-
tivity values ranging from 7639 Ωm to 21728 Ωm 
and it occupied the distance along the profile from 
90-165 m at a depth/thickness of 18.5 m. However, 
zone D is characterized by the resistivity of 61815 
Ωm to 175857 Ωm, it has a length of 90-140 m and 
160-250 m with a corresponding depth/thickness of 
7.5-24.9 m and 24.9 m. 

The suggested subsurface lithology for features 
A, B, C, and D from Table 1, could be lateritic soil, 
highly decomposed schist, partially decomposed 
granite and quartzite, and quartzite/gneiss. However, 
low resistivity regions of A could be a result of wa-
ter content and weathering in the oxidized rock. 
Some minerals, particularly gold, could be hosted 
mostly in a rock corroded by water called oxidized 
rocks, mainly of granite or rhyolite origin. Zone C of 
partially decomposed granite and quartzite has 
formed the dyke structures. Dyke subsurface struc-
tures of decomposed granite and quartzite usually 
play a pivotal role in determining the gold mineral. 
Zone D is the region with the highest resistivity. 
When compared to the borehole log and geological 
setting of the area, the region is underlain by quartz-
ite and gneiss. These highest resistivity regions 
could be caused by the inclusion of impurity ions 
into particular minerals, which has a significant ef-
fect on resistivity of the zone. The results of the in-
verse model section (Fig. 5a) were indicated in the 
geologic section as given in Fig. 5(b). 

 

 
 

Fig. 5. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset Along Profile One (P1) 
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4.2 IP Model Section for Profile 1 (IP1) 
Fig. 6 shows the inverse model chargeability 

section of profile one (IP1) which revealed the sig-
natures of minerals. The model shows zones (A1) 
with the highest chargeability values ranging from 
38.4 to 290 msec along the profile. It occupied the x-
position of 120-140 m and 170-190 m and appeared 
at a depth/thickness of 18.5-24 m and 12.8 m. These 
regions with higher chargeability were further ex-
tended to 230-260 m and 205-290 m along the pro-
file at a depth of 18.5 m and 24.9 m respectively. 
Higher chargeability usually occurs as a result of an 
accumulation of metallic minerals in host rocks such 
as gold minerals. These regions could be considered 
as a potential target for exploration particularly me-
tallic minerals, particularly gold mineralization. 

 
4.3 SP Section for Profile 1 (S1) 
Fig. 7 gives the results of the SP section along 

profile one (S1). The sections revealed the high 
SP values ranged from 20 mV and above. They 
occupied the x-positions of 0-10 m, 55-75 m, and 
120-140 m at a depth/thickness of 50 m, 80 m, and 
40 m. These regions were labeled as zone A2. 
High SP values could occur as a result of either 
the reduction-oxidation effect associated with ore 
bodies and organic matter-rich-contaminants, or 
the streaming potential which is related to water 
flow (Lobo-Guerrero, 2004). For this, the regions 
with high SP values were characterized by vein 
(i.e quartz vein as compared with Fig. 2) bearing 

ore minerals. The veins could be associated with 
gold mineralization as compared with the geologi-
cal setting coupled with the borehole log of the 
area (Table 1). 

 
4.4 Resistivity Model Section for Profile 2 (P2) 
The 2D inverse section for P2 situated in the 

NW-SE direction was given in Fig. 8(a). It covers a 
length of 300 m and lies between latitudes 
10°32′2.4″N to 10°31′55.2″N and longitudes 
4°55′56.6″E to 4°58′8″E (see Fig. 3). The subsurface 
section in Fig. 8(a) was categorized into four zones: 
A, B, C, and D. Zone A is described by low resis-
tivity values ranging from 113 Ωm to 594 Ωm, it has 
a sidelong length of 10-30 m, 160-165 m, and 202-
222 m at a depth/thickness of 12 m, 24.9, and 2.5 m 
respectively. Zone B has resistivity values of 1359 
Ωm to 3112 Ωm, it has occupied a lateral distance of 
12-41 m, 50-80 m, 110-160 m, 169-230 m, 231-249 
m, and 270-285 m, and a corresponding 
depth/thickness of 24.9 m, 24.9 m, 12.8, 18.5 m, 
24.9 m, and 18.5 m, respectively. C is portrayed by 
resistivity values going from 3113 Ωm to 7123 Ωm, 
it covers the distance along the profile from 41-50 m 
and 81-120 m and a depth/thickness of each 18.5 m. 
Nonetheless, zone D is portrayed by the resistivity of 
7124 Ωm to 37331 Ωm, it has occupied a length of 
41-70 m, 50-80 m, 110-160 m, 169-230 m, 170-220 
m, 231-249 m, and 270-285 m at a corresponding 
depth/thickness of 12-24.9 m, 7.5-12 m, 12-24.9 m, 
13.0-24.9 m and 250-270 m respectively.

 

 
 

Fig. 6. Inverse Model Chargeability Section for Profile One (IP1) 
 

 
 

Fig.7. SP 2D Section for Profile One (S1) 
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The subsurface lithology for highlights A, B, C, 
and D from Table 1 could be lateritic soil, highly 
decomposed schist, partially decomposed granite 
and quartzite, and quartzite/gneiss. However, the 
low resistivity signature (zone A) in these regions 
could be a result of water content and weathering in 
the oxidized rock. This type of rock is mainly of 
granite or rhyolite origin. It could host some metallic 
minerals, particularly gold. Zone C has formed the 
dyke subsurface structures of decomposed granite and 
quartzite. These structures could play a pivotal role in 
determining the gold minerals. The results of the in-
verse model section given in Fig. 8(a), were trans-
formed into a geologic section as shown in Fig. 8(b). 

 
4.5 IP Model Section for Profile 2 (IP2) 
The 2D inverse model chargeability section for 

profile two (IP2) was given in Fig. 9. The section 
has revealed the signature of minerals namely 
zones A1. These zones have the highest chargeabil-
ity values ranging from 35 msec and above, which 
are located on along the x-positions of 35-60 m, 50-
85 m, 140-175 m, 110-195 m, 198-220 m and 230-
250 m at a depth/thickness of 12.8-24.9 m, 12.8 m, 

12.8-24.9 m 12.8 m, 7.5 m and 18.5 m respectively. 
Higher chargeability of zones A1 could occur as a 
result of an accumulation of metallic minerals in host 
rocks. These regions with high chargeability could be 
considered as a potential target for the exploration of 
metallic minerals such as gold mineralization. 

 
4.6 SP Section for Profile 2 (S2) 
The results of the SP section along with profile 

one (S1) were given in Fig. 10. The sections under 
the x-position of 0-54 m, 50-60 m, 61-100 m, 145-
155 m, 160-210 m and 115-140 m at corresponding 
depth/thicknesses of 80 m, 80 m, 20-65 m, 40 m, 60 
m, and 80 m have high SP values ranging from 20 
mV and above. These areas were named zone A2. 
High SP values could happen because of either re-
duction-oxidation impact related to mineral bodies 
and natural matter-rich-pollutants, or the streaming 
potential which is connected with fluid flow. The 
zones with high SP signatures were described by 
vein-bearing metallic minerals. These veins could be 
related to gold mineralization as compared with the 
geological setting combined with the borehole log of 
the area. 

 

 
 

Fig. 8. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Two (P2) 
 

 
 

Fig. 9. Inverse Model Chargeability Section for Profile Two (IP2) 
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Fig. 10. SP 2D Section for Profile Two (S2) 

 
4.2.7 Resistivity Model Section for Profile 3 (P3) 
Fig. 11(a) is the 2D inverse model section for 

profile 3. It is oriented in the NW-SE direction and 
has a lateral distance of 300 m. The profile lies be-
tween latitudes 10°47′56.4″N to 10°48′3.6″N and 
longitudes 4°45′7.2″E to 4°45′18″E (see Fig. 3.). 
The subsurface feature was sectionalized into four 
different zones namely: A, B, C, and D. Zone A is 
characterized by resistivity values ranging from 1.6 
Ωm to 459 Ωm, and are located on 10-80 m, 190-
200 m, 250-265 m along the profile and a 
depth/thickness of 12.0 m, 18.5-24.9 m and 7.5-18.5 
m respectively. B has resistivity values of 460 Ωm 
to 1888 Ωm, it covers a length of 30-110 m, 130-149 
m, 190-200 m and 245-265 m at a corresponding 
depth/thickness of 2.5-18.5 m, 24.9 m, 18.5 m and 
2.5-18.5 m. C is characterized by resistivity values 
going from 1889 Ωm to 7773 Ωm, it covers the dis-
tance along the profile of 35-55 m, 70-92 m, 105-
130 m, 145-180 m, 200-210 m and 220-270 m and a 
depth/thickness of 8-24.9 m, 3-24.9 m, 24.9 m, 24.8 
m, 24.9 m and 7.5 m. Likewise, zone D is portrayed 

by the resistivity of 7774 Ωm to 32002 Ωm, it has 
occupied a length of 100-125 m, 175-190 m, 200-
250 m and 265-290 m at a corresponding 
depth/thickness of 7.5-24.9 m, 12-24.9 m, 2.5-24.9 
m and 18.5 m respectively.  

The subsurface lithology for features A, B, C, 
and D as compared with Table 1 could be lateritic 
soil, highly decomposed schist, partially decom-
posed granite and quartzite, and quartzite/gneiss. 
However, zone A of low resistivity areas could re-
sult from water content and enduring in the oxidized 
rock. Some minerals, especially gold, could be facil-
itated by this kind of oxidized rock that originates 
from granite or rhyolite. Zone C is associated with 
partially decomposed granite and quartzite which 
form dykes. Dyke subsurface structures of the 
aforementioned rock formation could play a pivotal 
role in determining the gold mineral. The results of 
the inverse model section given in Fig. 11(a) were 
further transformed into a geologic section as shown 
in Fig. 11(b). 

 

 
 

Fig. 11. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Three (P3) 
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4.8 IP Model Section for Profile 3 (IP3) 
The results of 2D inverse model chargeability 

sections along profile three (IP3) were given in Fig. 
12. The sections revealed clearly the regions where 
exhibit metallic minerals, namely zone A1. These 
regions have the most noteworthy chargeability val-
ues ≥ 20 msec. The zone covers an x-position of 45-
60 m, 190-202 m and 202-255 m at a corresponding 
depth/thickness of 7.5-18.5 m, 7.5 m and 12.8-24.9 
m. The higher chargeability of zone A1 generally 
happens because of the collection of metallic minerals 
in host rocks. These locales could be considered as a 
possible objective for the investigation of specific 
metallic minerals, particularly gold mineralization. 

 
4.9 SP Section for Profile 3 (S3) 
The results of the 2D SP section along profile 

one (S1) were given in Fig. 13. The regions with 
high SP (≥ 40 mV) signatures were labeled as 
zone A2. It has a lateral distance of 0-40 m, 50-60 
m, 70-100 m, 120-200 m, 140-135, 190-240 m and a 
depth/thickness of 70 m, 21 m, 21-41 m, 15 m, 80 m 
and 21-80 m respectively. These regions with high 
SP signatures were depicted by veins, bearing metal-
lic minerals. And these veins could be connected with 
gold mineralization as compared with the geological 
setting coupled with the borehole log of the area. 

 
4.10 Resistivity Model Section for Profile 4 (P4) 
Profile 4 covers a lateral extent of 300 m (Fig. 

14a). It is oriented in the NW-SE direction and lies 
between latitudes 10°48′0″N to 10°48′7.2″N and 
longitudes 4°44′52.8″E to 4°45′0″E (see Fig. 3). The 
subsurface variations of resistivity were categorized 

into zone A, B, C and D. A is characterized by resis-
tivity values ranging from 4.6 Ωm to 601 Ωm, it co-
vers a lateral distance of 5-40 m, 165-185 m, 245-
260 m, and a depth/thickness of 7.5 m, 18.5-24.9 m 
and 18.5-24.9 m respectively. B has resistivity val-
ues of 602 Ωm to 2033 Ωm, it covers a length of 40-
90 m, 120-150 m, and 155-190 m at a corresponding 
depth/thickness of 12 m, 7.5 m and 18.5-24.9 
m. C is characterized by resistivity values going 
from 2034 Ωm to 6873 Ωm, it covers the distance 
along the profile of 10-90 m, 95-120 m, 140-170 m, 
180-205 m, 240-270 m, and a depth/thickness of 2.5-
12.8 m, 24.9 m, 12.8 m, 12.8 m and 18.5 m. Howev-
er, zone D is portrayed by the resistivity of 6874 Ωm 
to 23241 Ωm, it located on 10-105 m, 115-155 m, 
170-180 m, 200-245 m, and 270-290 m along the 
profile at a corresponding depth/thickness of 7.5-
24.9 m, 7.5-24.9 m, 12.8 m, 24.9 m and 18.5 m re-
spectively. 

The subsurface variations for zones A, B, C and 
D in relation to Table 1, could be lateritic soil, high-
ly decomposed schist, partially decomposed granite 
and quartzite, and quartzite/gneiss. However, low 
resistivity (zone A) in these regions could be be-
cause of water content as well as weathering in an 
oxidized rock. These rock types are basically of 
granite or rhyolite origin. As such, it could be asso-
ciated with some minerals, especially gold. Zone C 
formed the dyke structures associated with partially 
decomposed granite and quartzite. These structures 
could play a pivotal role in determining the minerals, 
particularly gold mineralization. These results led to 
the development of the geologic section as given in 
Fig. 14(b). 

 

 
 

Fig 12. Inverse Model Chargeability Section for Profile Three (IP3) 
 

 
 

Fig. 13. SP 2D Section for Profile Three (S3) 
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Fig. 14. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Four (P4) 
 

4.11 IP Model Section for Profile 4 (IP4) 
Fig. 15 gives the results of the 2D inverse model 

chargeability section for profile four (IP4). The section 
uncovered some attributes of minerals, particularly with-
in zone A1. The zones of A1’s have the most imperative 
chargeability values ranging from 20 msec and above. It 
covers the lateral distance of 35-65 m, 55-80 m, 145-160 
m, 200-220 m and 221-250 m at the corresponding 
depths of 12.8-24.9 m, 12.8 m, 18.5 m, 7.5 m and 7.5-
24.9 m. Higher chargeability in zone A1 is for the most 
part happening given an assortment of metallic minerals 
in host rocks. These areas could be considered as a po-
tential target for the examination of explicit metallic 
minerals, particularly gold mineralization. 

4.12 SP Section for Profile 4 (S4) 
Fig. 16 gives the results of 2D SP sections 

along profile four (S4). The layer with high SP 
values (≥ 50 mV) was labeled as zone A2. It covers 
the lateral length of 1-40 m, 85-100 m, 145-200 m 
and 190-250 m, and a depth/thickness of 80 m, 22-
60 m, 40 m and 80 m respectively. These regions 
with high SP values could occur due to either re-
duction-oxidation influence related to mineral bod-
ies. These areas with high SP values were por-
trayed by vein-bearing metallic minerals. As such, 
the veins could be associated with gold mineraliza-
tion in relation to the geological setting together 
with the borehole log of the area. 

 

 
 

Fig. 15. Inverse Model Chargeability Section for Profile Four (IP4) 
 

 
 

Fig. 16. SP 2D Section for Profile Four (S4) 



A.I.Augie et al. / ANAS Transactions, Earth Sciences  1 / 2024, 180‐202; DOI: 10.33677/ggianas20240100119  

 191

4.13 Resistivity Model Section for Profile 5 (P5) 
The 2D resistivity model section along profile five 

was given in Fig. 17(a). It covers a lateral distance of 
300 m and lies between latitudes 10°47′42″N to 
10°47′49.2″N and longitudes 4°44′56.4″E to 
4°45′7.2″E (see Fig. 3). The subsurface resistivity 
signature was categorized as zones A, B, C and D. A 
is characterized by resistivity values ranging from 
2.99 Ωm to 966 Ωm, it has occupied a length of 5-80 
m, 90-105 m, 135-160 m, 170-190 m, 235-50 m and 
270-290 m, and a depth/thickness of 7.5 m, 18.5-24.9 m, 
7.5-18.5 m, 24.9 m, 18.5-24.9 m and 7.5 m respec-
tively. B has resistivity values of 967 Ωm to 4095 
Ωm, it covers a length of 10-90 m, 91-120 m, 145-
180 m, 190-220 m and 240-270 m at a corresponding 
depth/thickness of 3-7.5 m, 18.5 m, 12.8 m, 24.9. m, 
and 18.5 m. C is characterized by resistivity values 
going from 4096 Ωm to 17353 Ωm, it covers the dis-
tance along the profile of 120-150 m, 160-175 m, 
195-210 m, 220-240 m and 250-270 m, and a 
depth/thickness of 12.8 m, 18.5-24.9 m, 12.8-18.5 m, 
19 m and 7.5-24.9 m respectively. However, zone D 
is portrayed by the resistivity of 17354 Ωm to 
73547 Ωm, it has a length of 10-90 m, 110-170 m 
and 220-235 m at a corresponding depth/thickness of 
7.5-24.9 m, 12.8-24.9 m and 12.8-18.5 m, respectively.  

The suggested subsurface lithology for features A, 
B, C, and D from Table 1 could be lateritic soil, high-
ly decomposed schist, partially decomposed granite 
and quartzite, and quartzite/gneiss. Zone A is associa-
ted with oxidized granite/quartzite and gneiss, and it 
could ordinarily be related to certain minerals, partic-
ularly gold. Zone C is also a potential zone for metal-
lic minerals as it formed the dyke structures associat-
ed with partially decomposed granite and quartz-
ite. These structures could play a pivotal role in de-
termining the minerals, particularly gold mineraliza-
tion. These results led to the development of the geo-
logic section as given in Fig. 17(b). 

 
4.14 IP Model Section for Profile 5 (IP5) 
Fig. 18 revealed chargeability sections along 

profile five (IP5). The sections with high chargea-
bility were labeled as zone A1. The zones cover a 
length of 30-45 m, 135-150 m, 140-170 m and 
210-240 m and a depth/thickness of 7.5-18.5 m, 
18.5-24.9 m, 2.5-18.5 m and 18.5 m respectively. 
Higher chargeability regions, A1 (70 msec and 
above) could occur as a result of the existence of 
metallic minerals. These regions could be consid-
ered as an expected objective for the assessment 
unequivocal of gold mineralization. 

 

 
 

Fig. 17. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Five (P5) 
 

 
 

Fig. 18. Inverse Model Chargeability Section for Profile Five (IP5) 
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4.15 SP Section for Profile 5 (S5) 
The results of 2D SP sections along profile five 

(S5) were given in Fig. 19. The section with high SP 
values (20 mV and above) was labeled as zone A2. 
These regions occupied a length of 60-80 m, 81-100 
m and 140-180 m and a depth of 20-30 m, 45-64 m 
and 80 m respectively. These areas with high SP 
values were portrayed by vein-bearing metallic min-
erals. For that, the veins could be associated with 
gold mineralization related to the geological setting 
together with the borehole log of the area. 

 
4.16 Resistivity Model Section for Profile 6 (P6) 
Fig. 20(a) shows the 2D resistivity model sec-

tion along profile six (P6). It is oriented in the NW-
SE direction and covers a lateral extent of 300 m. 
The profile lies between latitudes 11°5′24″N to 
11°5′34.8″N and longitudes 4°43′8.4″E to 
4°43′19.2″E (see Fig. 3). The subsurface feature was 
sectionalized into zones A, B, C and D. Zone A is 
characterized by resistivity values ranging from 3.86 
Ωm to 373 Ωm, it located on 5-45 m and 130-165 m, 
along the profile and a depth/thickness of 24.9 m 
and 18.5-24.9 m respectively. B has resistivity val-
ues of 374 Ωm to 1168 Ωm, it covers a length of 40-

45 m, 130-165 m and 240-250 m at a corresponding 
depth/thickness of 24.9 m, 7.5-18.5 m and 12.8-18.5 
m. C is characterized by resistivity values going 
from 41169 Ωm to 3664 Ωm, it covers the distance 
along the profile of 50-80 m, 120-150 m, 190-210 m 
and 230-270 m, and a depth/thickness of 24.9 m, 12.8 
m, 18.5-24.9 m and 2.5-18.5 m. However, zone D is 
portrayed by the resistivity of 3665 Ωm to 11488 Ωm, 
it has a length of 50-60 m, 61-72 m, 80-130 m and 
132-290 m at a corresponding depth/thickness of 
12.8-24.9 m, 2.5-12.8 m, 24.9 m and 24.9 m. 

The recommended subsurface lithology for high-
lights A, B, C, and D from Table 1 could be lateritic 
soil, highly decomposed schist, partially decomposed 
granite and quartzite, and quartzite/gneiss. Zone A is 
associated with oxidized granite/quartzite and gneiss, 
and it could ordinarily be related to certain minerals, 
particularly gold. C is also an expected zone for me-
tallic minerals as it formed the dyke structures associ-
ated with partially decomposed granite and quartzite. 
These structures could play a pivotal role in determin-
ing the minerals, particularly gold mineralization. The 
result of the inverse model section given in Fig. 20(a) 
was further transformed into a geologic section as 
shown in Fig. 20(b). 

 

 
 

Fig. 19. SP 2D Section for Profile Five (S5) 
 

 
 

Fig. 20. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Six (P6) 
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4.17 IP Model Section for Profile 6 (IP6) 
2D chargeability section along profile six (IP6) 

was given in Fig. 21. The sections with high charge-
ability (≥ 20 msec) were labeled as zone A1. The 
zones occupied a length of 40-60 m, 75.5-120 m, 
155-180 m and 200-220 m, and a depth/thickness 
of 12.8 m, 24.9 m, 24.9 m and 12.8 m respectively. 
Higher chargeability (zones A1) could occur as a 
result of the existence of metallic minerals. These 
regions could be considered as some of the expected 
areas for the exploration of gold mineralization. 

 
4.18 SP Section for Profile 6 (S6) 
The results of the 2D SP section along profile 

six (S6) were given in Fig. 22. The section with high 
SP values (≥20 mV) was labeled as zone A2. The 
zones A2’s have a length of 0-50 m, 60-95 m, 110-
140 m, 100-134 m, 150-190 m and 191-145 m and a 
depth/thickness of 80 m, 80 m, 44 m, 60-80 m, 80 m 
and 20-80 m respectively. The regions of high SP 
values were portrayed by vein-bearing metallic min-
erals. These veins could be associated with gold 
mineralization as compared with the geological set-
ting coupled with the borehole log of the area. 

 
4.2.19 Resistivity Model Section for Profile 7 (P7) 
Profile 7 covers a lateral extent of 300 m (Fig. 

23a). It is oriented in the NW-SE direction and lies 
between latitudes 11°5′16.8″N to 11°5′24″N and longi-
tudes 4°43′15.6″E to 4°43′4.8″E (see Figure 3). The 
subsurface features from Fig. 23(a) could be sectionali-
zed into four: A, B, C, and D. Zone A is characterized 

by low resistivity values ranging from 17.5 Ωm to 
376 Ωm, it is located on 10-30 m, 45-70 m, 90-120 m, 
160-200 m and 250-270 m distance along the profile at 
a corresponding depth/thickness of 2.5-18.5 m, 7.5-
18.5 m, 7.5-18.5 m, 12.8-24.9 m and 7.5-18.5 m re-
spectively. Zone B has resistivity features of 377 Ωm 
to 2912 Ωm, it has a length of 50-90 m and 60-105 m, 
and a depth/thickness of 12.8 m, 18.5 m and 12.8 m 
respectively. C is characterized by resistivity values 
ranging from 2913 Ωm to 8099 Ωm, it covers the dis-
tance along the profile from 10-40 m, 150-160 m, 190-
235 m and 250-290 m and a depth/thickness of 12.8 m, 
2.5 m, 12.8 m and 7.5 m respectively. However, zone D 
is characterized by the resistivity of 8100 Ωm to 22527 
Ωm, it has a length of 45-90 m, 80-125 m, 00-150 m, 
and 200-240 m and a depth/thickness of 12.8-24.9 m, 
7.5 m, 12.8-24.9 m, and 12.8-24.9 m respectively. 

The suggested subsurface lithology for features 
A, B, C, and D from Table 1 could be lateritic soil, 
highly decomposed schist, partially decomposed gran-
ite and quartzite, and quartzite/gneiss. However, low 
resistivity regions of zone A could be a result of water 
content and weathering in the oxidized rock. Some 
minerals, particularly gold, could be hosted mostly in a 
rock corroded by water called oxidized rocks, mainly 
of granite or rhyolite origin. Zone C of partially de-
composed granite and quartzite has formed the dyke 
structures. Dyke subsurface structures of decomposed 
granite and quartzite usually play a pivotal role in de-
termining the gold mineral. The results of the inverse 
model section (Fig. 23a) were indicated in the geologic 
section as given in Fig. 23(b). 

 

 
 

Fig. 21. Inverse Model Chargeability Section for Profile Six (IP6) 

 

 
 

Fig. 22. SP 2D Section for Profile Six (S6) 
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Fig. 23. (a) Inverse Model Resistivity Section and (b) Geologic Section for the Dataset along Profile Seven (P7) 

 
4.2.20 IP Model Section for Profile 7 (IP7) 
The 2D chargeability section along profile sev-

en (IP7) was given in Fig. 24. It revealed the zone of 
high SP values (≥ 61 msec), was labeled as zone A1. 
The zones A1 cover the lateral extent of 1-60 m, 62-
80 m, 70-130 m, 150-190 m, 192-260 m and 265-
300 m and a depth/thickness of 24.9 m, 18.5-24.9 m, 
24.9 m, 24.9 m,18.5 m and 18.5 m respectively. 
Higher chargeability regions (zones A1) could be 
considered as an assortment of metallic minerals that 
could usually occur in a host rock. These areas could 

be considered potential zones of metallic minerals, 
particularly gold mineralization. 

 
4.2.21 SP Section for Profile 7 (S7) 
Fig. 25 gives the results of 2D SP segments along 

profile seven (S7). The section with high SP values (≥ 20 
mV) was labeled as zone A2. It has a length of 1-48 m, 
60-125 m, 130-175 m and 200-300 m, and a depth/thick-
ness of 60 m, 80 m, 80 m and 60 m respectively. These 
regions could be considered as the areas depicted by vein-
bearing metallic minerals, such as gold minerals. 

 

 
 

Fig. 24. Inverse Model Chargeability Section for Profile Seven (IP7) 

 

 
 

Fig. 25. SP 2D Section for Profile Seven (S7) 
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Fig. 26. Potential mineralization zones of the study areas 

 
5. Discussion 
5.1 Integrated results for profile one 
The zones of potential mineralization were reve-

aled within the regions of low (117 Ωm to 944 Ωm) 
and high (61815 Ωm to 175857 Ωm) resistivity in the 
resistivity cross sections along profile one (Fig. 5). 
Low resistivity anomalous areas (zones A) were corre-
sponding to oxidized rock. These rock types are cor-
roded by water and were mainly of granite or rhyolite 
origin. These regions could generally be associated with 
explicit minerals, particularly gold, while the regions 
with high resistivity signatures (zone C) formed dyke 
structures. These structures were associated with partial-
ly decomposed granite and quartzite as compared with 
the geological setting/borehole log of the area.  

However, these zones for potential mineraliza-
tion occurred within the zones of high chargeability 
of ≥ 20 msec in the IP cross sections (see Fig. 6), as 
well as occurred in the regions of high SP anoma-
lies of 20 mV and above (Fig. 7). These areas re-
vealed the presence of sulphide-containing gold. 

The major zones of mineral potentials are locat-
ed between 120-140 m and 230-290 m with a corres-
ponding depth of 24.9 m each. These regions are A 

and C (Fig. 5), A1 (Fig. 6) and A2 (Fig. 7) of the 
low/or high resistivity, high chargeability and high 
SP values. The zones could be inferred to contain 
traces of minerals in their respective host rocks. 
These regions could be considered as a potential tar-
get for the exploration of metallic minerals such as 
gold mineralization. These areas corresponded to the 
northern part of Irana of Niger state (see Fig. 26). 

 
5.2 Integrated results for profile two 
Profile two shows the suggested zones of miner-

alization potential to occur at zones A and C, A1 and 
A2.  These zones were the areas of low/or high resis-
tivity (zones A and C), high chargeability A1), and 
high SP (A2) anomalous as shown in Fig’s 8, 9 and 
10. The major zones of mineral potentials are sug-
gested to be between 35-62 m, 41-120 m, 145-165 m 
and 202-240 m with a corresponding depth of 24.9 m, 
18.5 m, 24.9 m and 18.5 m.  The zones could be in-
ferred to contain traces of minerals in their respective 
host rocks. These areas could be considered as a pos-
sible target for the exploration of metallic minerals, 
particularly, gold minerals. These regions correspon-
ded to the SW part of Irana of Niger state (Fig. 26). 
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5.3 Integrated results for profile three 
The suggested zones of mineralization potential 

along profile three are zone A and C, A1 and A2. 
These regions are characterized by low/high resistivi-
ty, high chargeability and high SP anomalous (Fig’s 
11, 12 and 14). The major zones of mineral potentials 
are suggested to be between 10-80 m, 190-200 m and 
202-255 m with a corresponding depth of 18.5 m, 
24.9 m and 24.9 m.  The zones could be inferred as a 
potential target for the exploration of metallic miner-
als, particularly gold mineralization. These areas cor-
responded to the northern part of Mararraba and SW 
of Jinsani areas of Kebbi state (Fig. 26). 

 
5.4 Integrated results for profile four 
Profile four shows the suggested zones of min-

eralization potential to occur at zone A and C, A1 
and A2. These zones were the areas of low/or high 
resistivity (zones A and C), high chargeability A1), 
and high SP (A2) anomalous as shown in Fig’s 14, 
15 and 16. The major zones of mineral potentials are 
suggested to be between 35-100 m, 145-200 m and 
220-250 m with a corresponding depth of 12.8 m, 
18.5 m and 24.9 m.  The zones could be inferred to 
contain traces of minerals in their respective host 
rocks. These areas could be considered as a possible 
target for the exploration of metallic minerals, par-
ticularly gold minerals. These regions corresponded 
to the NW part of Mararraba and SW of Jinsani are-
as of Kebbi state (Fig. 26). 

 
5.5 Integrated results for profile five 
The suggested zones of mineral potential occurred 

at zones A and C (Fig. 17), A1 (Fig. 18) and A2 (Fig. 
19). The zones were characterized by low/high resisti-
vity, high chargeability and high SP anomalous. The 
integrated zones of mineral potentials are suggested to 
be between 0-45 m and 140-180 m with a correspond-
ing depth of 18.5 m and 28.5 m.  The zones could be 
inferred as a potential target for the exploration of me-
tallic minerals, particularly gold mineralization. These 
regions corresponded to the NW part of the Mararraba 
area of Kebbi state (Fig. 26). 

 
5.6 Integrated results for profile six 
For profile six, the suggested zone for mineral 

trapping structure/ or mineralization potential was 
named zone A&C, A1 and A2 (Fig’s 20, 21&22). 
The critical zones for mineralization prospects were 
found to be between 60-95 m, 110-140 m and 150-
190 m at a corresponding depth of 7.5-60 m, 18.5-40 
m and 2.5-80 m. These regions could be considered 
a potential target area for assessing metallic miner-
als, particularly gold mineralization. These zones 
corresponded to the northern part of the Sabon Gari 
area of Kebbi state (Fig. 26). 

5.7 Integrated results for profile seven 
The suggested zones of mineral potential oc-

curred at zones A&C (Fig. 23), A1 (Fig. 24) and A2 
(Fig. 25). The zones were characterized by low/high 
resistivity, high chargeability and high SP anoma-
lous. The integrated zones of mineral potentials are 
suggested to be between 1-60 m, 130-170 m and 
200-300 m with a corresponding depth of 45 m, 2.5-
7.5 m and 18.5 m.  The zones could be inferred as a 
potential target for the exploration of metallic min-
erals, particularly gold mineralization. These regions 
corresponded to the southern part of the Sabon Gari 
area of Kebbi state (Fig. 26). 

 
6. Conclusions 
Integrated 2D geoelectric prospecting methods 

involves of ERT, IP and SP techniques were em-
ployed as a follow-up details geophysical survey tools 
on the anomalous zones detected from the aeromag-
netic studied by Authors: Augie et al. (2021b), 
(2022b) and (2022c). The anomalous detected by ear-
lier studies conducted by the aforementioned Author 
revealed the major structures (lineament) associated 
with mineralization potential which could play an 
important role in gold exploration and exploitation in 
the area. These areas were found to be SE parts of 
Yauri and Shanga, Fakai, Ngaski, Zuru, Magama, 
Rijau, Eastern part of Wasagu/Danko and Bukkuyum. 
However, this study details a geophysical survey con-
ducted at Yauri (Jinsani and Mararraba), Shanga 
(Sabon Gari) and Magama (Irana). A total of 7 pro-
files were designed using a dipole-pole configuration 
with each 300 m distance along the profile. Profiles 1 
and 2 were conducted at Magama (Irana), profiles 3 
and 4 at Shanga (Sabon Gari) and profiles 5, 6 and 7 
at Yauri (Jinsani and Mararraba). 

The results of profiles 1, 2, 3, 4, 5, 6 and 7 re-
vealed the region’s low/or high resistivity, high 
chargeability and high SP values that were inferred 
as zones for mineral potential. Low resistivity 
anomalous (zones A) corresponds to oxidised rocks 
associated with granite/quartzite veins. The regions 
with high resistivity signatures (zones C) formed 
dyke structures associated with partially decom-
posed granite and quartzite as compared with the 
geological setting and the borehole log of the area. 
These zones for potential mineralization coincided 
with the zones of high chargeability (≥ 20 msec) in 
the IP cross sections as well as the regions of high 
SP anomalies (20 mV and above). 

The major zones of mineral potentials found in 
this study along the integrated profile one P1 are to 
be 35-62 m, 41-120 m, 145-165 m and 202-240 m at 
a corresponding depth/thickness of 24.9 m, 18.5 m, 
24.9 m and 18.5 m. Potential mineralized zone for 
profile two P2 lies between 35-62 m, 41-120 m, 145-
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165 m and 202-240 m at a corresponding depth of 
24.9 m, 18.5 m, 24.9 m and 18.5 m. Likewise, P3 
has a length of 10-80 m, 190-200 m and 202-255 m, 
and a depth/thickness of 18.5 m, 24.9 m and 24.9 m. 
Integrated profile four also revealed the lateral ex-
tent of 35-100 m, 145-200 m and 220-250 m at a 
corresponding depth/thickness of 12.8 m, 18.5 m and 
24.9 m. P5 also is between 0-45 m and 140-180 m at a 
corresponding depth/thickness of 18.5 m and 28.5 m.  
P6 has a length of 60-95 m, 110-140 m and 150-190 m 
and it has a depth/thickness of 7.5-60 m, 18.5-40 m 
and 2.5-80 m respectively. And P4 reveals the lateral 
extent of 1-60 m, 130-170 m and 200-300 m with a 
corresponding depth of 45 m, 2.5-7.5 m and 18.5 m. 
These regions could be considered as a possible 
pathway for gold exploration and exploitation. These 

areas corresponded to the northern part of Irana, the 
SW part of Irana, the northern part of Mararraba, the 
NW part of Marrarba, the SW part of Jinsani, and 
the northern part of Sabon Gari and the southern part 
of Sabon Gari areas of Niger and Kebbi state. 
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Резюме. В статье дается детальное геофизическое исследование аномальных зон, выявленных предыдущими аэромаг-
нитными исследованиями в южной части Кебби, северо-запад Нигерии. Комплексные 2D геоэлектроразведочные методы, 
включающие томографию электрического удельного сопротивления, индукционную поляризацию и собственный электри-
ческий потенциал, были использованы для оконтуривания подповерхностной структуры, пригодной для потенциально золо-
тоносной минерализации в частях районов Yauri, Shanga и Magama в штатах Kebbi и Niger на северо-западе Нигерии. 

Эти измерения проводились с помощью диполь-дипольной конфигурации и измерителя удельного сопротивления Su-
perSting. Результаты исследований выявили регионы с низким/высоким удельным сопротивлением, высокой поляризуемо-
стью и высокими значениями собственного электрического потенциала, которые были определены как зоны минерального 
потенциала. Томография электрического удельного сопротивления помогла очертить области с аномально-низким удель-
ным сопротивлением, которые соответствуют окисленным породам, связанным с прожилками гранита/кварцита. Высокий 
диапазон удельного сопротивления может существовать на дайковых структурах, связанных с частично разложившимся 
гранитом и кварцитом, о чем свидетельствуют геологические условия и каротажная диаграмма участка. Метод наведенной 
поляризации выявил высокую поляризуемость (≥ 20 миллисекунд) в исследуемом районе, возможно, из-за накопления во 
вмещающих породах рудных минералов, таких как золото.  Этот метод также помог выявить регионы с высокими аномали-
ями индукционной поляризации (≥20 мВ), которые характеризуются жильными минералами руд. Интеграция результатов 
всех этих методов выявила зоны окисленных пород, дайковые подповерхностные структуры из распавшихся кварцитов, 
гранитов, гнейсов и жилы рудных минералов. Эти зоны расположены на северо-западе Марарабы, юго-западе Джинсани и 
юге Сабон Гари в штатах Нигер и Кебби и их можно рассматривать как потенциал для разведки и добычи золота.  

Ключевые слова: 2D-моделирование, томография электрического удельного сопротивления, индукционная поляризация, 
собственный электрический потенциал, золотое оруденение  
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ŞİMALI-QӘRBİ NİGERİYA,  KEBBİNİN CӘNUB HİSSӘSİNDӘ POTENSİAL QIZILDAŞIYAN  
MİNERALİZASİYANIN AXTARIŞI ÜÇÜN KOMPLEKS 2D GEOELEKTRİK KӘŞFİYYATI 

 
Augie A.I.1,2, Salako K.A.2, Rafiu A.A.2, Jimoh M.O.3 

1Tәtbiqi geofizika fakültәsi, Birnin Kebbi federal universiteti,Nigeriya: ai.augie@fubk.edu.ng 
2Geofizika fakültәsi, Minnı Federal texnoloji universiteti, Nigeriya  
3Geologiya fakültәsi, Minnı Federal texnoloji universiteti, Nigeriya 

 
Xülasә. Әvvәllәr bu rayonda aeromagnit tәdqiqatlarla aşkar edilmiş anomal zonaların dәqiq geofiziki tәdqiqatları aparılmışdır. 

Tomoqrafik elektrik xüsusi müqavimәt, induksiya polyarizasiyası vә mәxsusi elektrik potensialı ehtiva edәn, kompleks 2D geo-
elektrokәşfiyyat metodları Şimali-Qәrbi Nigeriyanın Kebbi vә Niger ştatlarının Yauri, Shanga hәmçinin Magama rayonlarında 
potensial qızıldaşıyan mineralizasiyanın sәthaltı strukturun konturlaşdırılması üçün istifadә edilmişdir. 

Bu ölçülmәlәr dipol-dipol konfigurasiyası vә SuperSting xüsusi müqavimәtin ölçülmәsi üsulu ilә aparılmışdır. Tәdqiqatların 
nәticәlәri әsasında aşağı/yüksәk xüsusi müqavimәt, yüksәk polyarlaşma, mәxsusi elektrik potensiallı regionlar aşkar edilmişdir ki, 
onlar mineral potensiallı obyektlәr kimi tәyin edilmişdir. Xüsusi müqavimәtin elektrik tomoqrafiyası, qranat/kvarsit damarcıqları ilә 
әlaqәdar oksidlәşmiş süxürlara müvafiq  anomal aşağı xüsusi müqavimәtә malik, sahәlәri cizgilәmәyә imkan verdi. 

Xüsusi müqavimәtin yüksәk diapazonu qismәn dağılmış qranit vә kvarsla әlaqәdar dayka strukturlarında mövcud ola bilәr ki, 
bunu geoloji şәraitlәr vә sahәnin karotaj diaqramı әks etdirir. Yönәldilmiş polyarizasiya metodu tәdqiq olunan rayonda yüksәk 
polyarlaşma (≥ 20 millisaniyә) fiksasiya etmişdir. Bu çox güman ki, filiz minerallarının (qızıl) yerlәşdirici süxürlarında toplanması 
ilә әlaqәdardır.  Bu metod hәmçinin filizlәrin damar mineralları ilә sәciyyәlәnәn yüksәk anomal induksiyon polyarizasiyasına malik  
(≥20 мВ) regionları aşkar etmәyә imkan yaratmışdır. Bütün bu metodların nәticәlәrinin inteqrasiyası oksidlәşmiş süxurların 
zonalarını, dağılmış kvarsitlәrin, qranitlәrin, qneyslәrin vә filiz minerallarının nüvәlәrinin dayk yeraltı quruluşlarını aşkar etmişdir. 

Bu zonalar şimal-qәrbi Mararabı, cәnub-qәrbi Cinsani vә Sabon Garinin cәnubunda, Niger, Kabbi ştatlarında yerlәşir. Onlar qızıl 
kәşfiyyatı vә hasilatı üçün potensial kimi qәbul edilә bilәr. 

Açar sözlәr: 2D-modellәşdirmә, elektrik xüsusi müqavimәt tomoqrafiyası, induksiya polyarlaşması, mәxsusi elektrik potensialı, 
qızıl filizlәşmәsi 
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Summary. Image processing became necessary in various scientific applications and different 
research fields, especially satellite imaging. In the field of remote sensing, which is our area of in-
terest, several researchers have developed classification and segmentation methods that are very
useful. However, those applications are limited regarding the complexity and diversity of satellite
images. 

In this paper, we propose an original method for detecting buildings in RGB satellite images.
The idea is to treat the three RGB matrices separately to accurately detect the pixel intensity varia-
tions, which provides better detection of building contours. Our method is mainly based on mathe-
matical morphology operators. The method is a hybridization of two methods based on mathemati-
cal morphology which are the Hit or Miss Transform and the Top Hat, the Hit or Miss Transform 
detects all buildings because of its robust precision in detecting segments, after applying the HMT
we apply the Top Hat to refine the segmentation result and finally detect clearly all building in the
satellite image. We applied our method on several images from many datasets mainly Ikonos
images, and Sentinel-2, the results of our method application gave great results with a Precision
that exceeds 95%, Recall across 89%. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
I. Introduction 
Computer vision is used in various domains as it 

facilitates the digital data acquisition and classifica-
tion. The challenge for researchers in this field lies 
in choosing suitable segmentation and classification 
methods, particularly the thresholding method. The 
thresholding phase is crucial in all research domains 
using image processing. 

In their study, Praveena and Kasmewara (2022) 
used image processing techniques to detect brain 
tumors. One of the challenges they faced was the 
unstructured shape of tumors. The authors employed 
integrated learning-based training for shape detec-
tion. 

Khan et al. (2023) used image processing tech-
niques for person identification through iris recogni-
tion. Despite the difficulty in achieving accurate 
contour detection, the authors employed three con-
tour detection methods in their study. 

Hedhli et al. (2018) used image processing for 
multi-resolution, multi-date, and potentially multi-
sensor classification. The proposed method inte-
grates pixel-level information at the same resolution 
to achieve their classification goals. 

Babaali et al. (2022) used image processing 
techniques to extract roads. However, the accuracy 
of road extraction remains limited. To address this, 
the authors proposed an approach based on semantic 
segmentation and neural networks to improve the 
accuracy of road extraction. 

Dal Poz (2014) combined LIDAR and photo-
grammetric images to effectively detect building 
roofs. However, the challenge of complex building 
shapes still persists in their study. 

Dikmen and Halici (2014) usedshadows proper-
ties. They first detected shadow areas and then at-
tempted to merge shadow parts belonging to the 
same building that were affected by over-
segmentation. Based on the detected shadow zone, 
they reconstructed the building. This approach al-
lowed them to effectively utilize shadow infor-
mation for building reconstruction. 

In their study, Liu et al. (2005) performed roof 
extraction of buildings using a multi-scale object-
oriented classification approach. They then proceed-
ed with shape reconstruction using probabilistic 
Hough transform. 

On the other hand, Sellaouti et al. (2013) adopt-
ed an object-oriented approach for building extrac-
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tion. They applied a watershed algorithm to divide 
the image into regions, which caused over-
segmentation. In the second step, they applied fusion 
techniques to reconstruct the over-segmented build-
ings. 

Other researchers have also focursed on mathe-
matical morphology, such as (Sheeren et al., 2007;  
Benediktsson et al., 2001;  Peraresi and Benedikts-
son, 2001;  Weber et al., 2006;  Benblidia et al., 
2006;  Bres et al., 2003). 

Previously, in our works (Benali et al., 2014a; 
2014b; 2017), we used mathematical morphology to 
extract buildings from very high-resolution satellite 
images. We achieved satisfactory results; however, 
there is still room for improvement in these out-
comes. 

In this study, we once again employed mathemati-
cal morphology because this tool is well-suited for ex-
tracting geometric and spatial information from imag-
es. Additionally, its application is simple and fruitful. 

 
II. Principle of developed method for the  
urban area detection RGB-split 
The originality of our work lies in the separation 

of the three spectral components of the satellite im-
age and the individual processing of each R, G, B 
component. Subsequently, we merge the final results 
from the three components to reconstruct a multi-
spectral image that contains the extracted building 
information. 

Our proposed method consists on the applica-
tion of 8 steps as mentioned in the Fig. 1.  

1. To begin, we apply a Top-Hat transform (TH) 
as follows: 

a. Morphological closing on the original image. 
b. Subtraction between the initial image and the 

result of the first phase.  
 

I I •  E I ⊕ E ⊝ E                    1  
 

I I I                                   2  
With: 
If : Resulting image from the morphological 

closing applied to the initial image (I). 
 : The dilation operator. 
 : Erosion operator. 

I: The initial image. 
E : The structuring element. 
 
2. To eliminate non-important structures, we 

apply hysteresis thresholding.  
 

I
1   pour I Slow
0 pour I 𝑆𝑙𝑜𝑤                   3  

I
1   pour I Shigh
0 pour I 𝑆ℎ𝑖𝑔ℎ                 4  

 
It Ilow ∗ Ihigh                             5  

With: 
I_low: The resulting image from the low thresh-

old. 
I_high: The resulting image from the high thresh-

old. 
It: The resulting image from the hysteresis 

thresholding. 
 
3. For denoising and road removal, we used a 

sequential alternating filter. 
Alternating filters are obtained by combinations 

of closing (•) and openings (∘): 
 

𝜑 It It • B ∘ B                           6  
 

𝐼 𝐼𝑡  𝜑 𝜑 … 𝜑 𝐼𝑡                   7  

 
With: 
B: Structuring element. 
K: Filter size. 
If: The resulting image of the sequential alter-

nating median  filtering. 
 
4. The hole filling process consists of four steps 
 Complementing the initial binary image. 
 Labeling connected components to distinguish 

the objects of interest. 
 Setting the pixel values of these regions to zero. 
 Complementing to retrieve the refined result. 
 
5. To finish the pre-processing we applied dila-

tion, this step is applied to correct the gaps generated 
by the differents morphological operators that can 
distort the buildings or cause the loss of some useful 
information. 

I  I ⊕ E                                     8  
 
With: 
Id: The resulting image from the dilation. 
⊕: The dilation operator. 
 
6. The extraction was carried out by the Hit or 

Miss Transform (HMT): 
 

A ⊗ E, F A ⊖ E ∩ A ⊖ F               9  
 
With: 
⊗: The Hit or Miss transform operator. 
⊖: The erosion operator. 
E, F: Structuring element. 
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Fig. 1. Flowchart of the proposed RGB-SPLIT method 
 

The transform consists in extracting all the ob-
jects with a size which is between the size of the 
structuring element E and that of F. 

 
7. Restoration of the buildings shape by a geo-

desic reconstruction: 

The buildings shapes deformation is clear after 
the application of HMT, which obliges us to apply a 
reconstruction step to restore the original buildings 
shapes. 

The method requires a marker image which cor-
responds to the obtained HMT result, we apply a 
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succession of dilation to this latter, the obtained re-
sult will be conditioned by a mask image resulting 
from the 4th phases because this one contains all the 
non-deformed objects of interest. 

 
I  I ⊕ C               10  

 
With an application of the conditional dilation 

until invariance of the transformation defined by: 
 

I ⊕ C I ⊕ C ∩ I      11  
 
With : 
I_rec ∶ The reconstructed image. 
I_hmt ∶ The resulting image of the hit or miss 

transforms. 
C_i: The structuring elements (1≤i≤3) 
I_smo : The smoothed image. 
 
8. False detection suppression block. 
  
 Since we are using an unsupervised approach, 

we need to construct a reference image using global 
thresholding. Sheeren et al. (2007) The result of our 
approach will be conditioned by the reference image 
in order to reduce false detections. 

After the conditioning phase, we apply morpho-
logical smoothing to remove any remaining false 
detections. 

I  I ∩ I                         12  
With: 
I_fus:   Resulting image from fusion. 
I_seg: Resulting image from global threshold-

ing. 
 
 Morphological smoothing 
 

I_smo I_fus  ° N I_fus ⊝ N ⊕ N   13  
 
With : 
Ismo: The result of applying smoothing to the 

conditioned image. 
N: The structuring element . 
 
III. Experimental results 
To validate our method, we tested it on a dataset 

of images with varying complexity and variability in 
terms of color, size, and shapes 

We will illustrate the results for three different 
images to demonstrate the advantages and limita-
tions of our approach . 

We present the results of applying our methods 
to the images we have chosen. Images A and I con-
tain homogeneous rectangular buildings with areas 
of vegetation and shaded regions. Image E contains 

buildings with more complex structures, more roof 
details, vegetation, some areas affected by shadows, 
and relatively similar colors. 

Since our method is unsupervised, it is important 
to visually inspect the images used in order to choose 
structuring elements of appropriate size, especially 
relative to the smallest building in the scene. 

 
IV. Results evaluation  
In Figures 2, 3 and 4 we can clearly observe 

an improvement in the results obtained with our 
method (RGB-SPLIT) compared to the other 
methods studied . 

1. The first evaluation criterion is the Quanti-
tative evaluation. It involves to calculating the 
number of buildings detected. To consider a build-
ing as correctly detected, at least 60% of its size 
must be detected. 

Table 1 
 Quantitative evaluation 

 
 Image 1 Image 2 Image 3 

Original Image 5 16 7 

HMT 5 13 8 

TH 6 11 9 

Hybridation meth-
od of Benali et al. 

(2017) 
5 13 8 

RGB SPLIT 5 14 8 

 
The first image (1) (Table 1) contains 5 built-up 

areas with trees. The application of the TTR (Thresh-
olding and Region Growing) algorithm allowed the 
extraction of all the buildings with some deformations 
caused by the morphological operators. 

The application of the second method, CHF 
(High Hat Filtering), also resulted in the same num-
ber of buildings with an additional area. This is be-
cause the pixel intensities in this area are quite simi-
lar to those of the buildings. 

The third method Hybridation of Benali et al. 
(2017) has helped correct some deformations com-
pared to the first two methods. 

Our approach has allowed for well-defined 
building boundaries and improved detection quality. 

The image (2) contains more complex structures 
and heterogeneous building shapes, as well as more 
information compared to the previous image. This 
has resulted in the loss of several buildings after ap-
plying the TTR method. 

The application of the CHF method also result-
ed in the loss of several buildings due to the com-
plexity of the image and the operators used in the 
method, which are not well-suited to the shapes of 
the building areas in the image. 
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(A)                                                                              (B) 

 

                   
(C)                                                                                   (D) 

 
Fig. 2. (A). Resulting image of HMT, (B). Resulting image of TH, (C). Resulting image 
from hybridation method of Benali et al. (2017), (D). Proposed RGB-SPLIT 

 

                 
(E)                                                                                       (F) 

 

                 
(G)                                                                             (H) 

 
Fig. 3. (E). Resulting image of HMT, (F). Resulting image of TH, (G). Resulting image 
from hybridation method of Benali et al. (2017), (H). Proposed RGB-SPLIT 
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(I)                                                                               (J) 

 

                   
(K)                                                                            (L) 

 
Fig. 4. (I). Resulting image of HMT, (J). Resulting image of TH, (K). Resulting image 
from the hybridation method of Benali et al. (2017), (L). Proposed RGB-SPLIT 

 
The application of the Hybridation method of 

Benali et al. (2017) allowed us to reduce the number 
of false detections. 

Our approach further allowed for a successful 
reconstruction of buildings and improved the detec-
tion quality. 

The image (3) contains more buildings com-
pared to the first image, along with a parking area 
with multiple cars of different shapes and colors. 
The high brightness of this image led to the detec-
tion of two additional areas, in addition to the exist-
ing buildings, after applying the TTR method. 

An over-segmentation occurred after applying the 
CHF method, leading to an increase in false detections. 

The application of the Hybridation method of 
Benali et al. (2017) did not allow for the suppres-
sion of false detections. 

Our method allowed for the suppression of false de-
tections, but it caused the detection of small vehicles as 
our method is sensitive to variations in pixel intensity. 

To demonstrate the effectiveness of our approach, 
we applied our method to a carefully selected satellite 
image dataset, considering the complexity of structures 
and different shapes to distinguish the advantages and 
disadvantages of our approach. In the following, we 
present comparison graphs with multiple criteria for the 
four methods applied to our image dataset. 

We observe (Fig. 5) that the result of applying 
our method is consistently closest to the number of 
buildings present in the original image. 

2. The second evaluation criterion is the false 
rejection rate and the false acceptance rate. 

The first image (1) (Table 2) contains very 
simple structures, which resulted in a similar false 
acceptance rate of around 2% after applying the 
four extraction methods. 

The application of TTR resulted a false rejec-
tion rate of 1.7%, which is considered to be a very 
good detection rate. This rate increased to 2.42% 
after the application of CHF due to its complexity, 
causing deformation of the structures. The applica-
tion of the third method reduced this rate to 0.5%, 
and finally, our contribution further reduced it to 
0.28%, which is considered to be very good . 

Image (E) contains more complex structures and 
condensed information, which increases the com-
plexity and difficulty of extracting building zones. 

The application of TTR resulted in a false ac-
ceptance rate of 13.18%, which is normal and ac-
ceptable for a complex image. This rate increased to 
16.3% for CHF. The third method reduced this fac-
tor to 8.53%, and the RGB-SPLIT further reduced it 
to 5.8% because our method allows us distinguish-
ing variations in each color spectrum separately. 
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Fig. 5. Number of detected buildings 
 

Table 2 
Qualitative Evaluation TFA&TFR 

 

 Image 1 Image 2 Image 3

HMT 
TFA 2.47% 13.18% 2.62% 
TFR 1.7% 2.3% 11.23%

TH 
TFA 2.6% 16.3% 3% 
TFR 2.42% 3.2% 9.93% 

Hybridation of 
Benali et al. (2017) 

TFA 2.7% 8.53% 2.87% 
TFR 0.5% 7.92% 9.65% 

RGB SPLIT 
TFA 1.64% 5.8% 3.41% 
TFR 0.28% 0.46% 0.32% 

 
The false rejection rate obtained with TTR on im-

age (2) is 2.3%, which is considered good. CHF still 
causes more deformations, resulting in an increase in 
this rate to 3.2%. The third method increased this rate 
to 7.92%, which is considered the detection limit for 
complex building areas. Our method was able to cor-
rect these deformations and reduce the rate to 0.46%, 
which demonstrates the robustness of our approach and 
its effectiveness in extracting the most complex zones. 

For image (3), we have a nearly similar false 
acceptance rate after applying all four methods. 

The false rejection rate is also nearly similar for 
the first three methods. However, the application of our 
proposed approach has significantly reduced this rate 
to 0.32%, demonstrating the effectiveness of our meth-
od. 

3. To effectively demonstrate the efficiency of 
our approach, we have used a third evaluation crite-
rion, which is the detection accuracy rate: 

 

GDR 1
FRA FRR

2
                    14  

 
We can clearly state (Table 3) that our method 

allows for the correction of detection errors and im-
proves the detection accuracy rate. 

 
Table 3 

 Good detection rate  
 

 HMT TH 
Hybridation 
of Benali et 
al. (2017) 

RGB-
SPLIT 

Image (1) 96.84% 97.11% 97.34% 99.04% 

Image (2) 91.27% 95.36% 95.36% 96.87% 

Image (3) 91.12% 94.09% 94.32% 98.14% 

 
In the following, we present the results of ap-

plying the four methods to a dataset of 20 different 
images carefully chosen to study the advantages and 
disadvantages of our approach. 

Regarding the false acceptance rate (Fig. 6), we 
can clearly see that the two methods that yield the 
best results are CHF and our method. Therefore, we 
can conclude that our approach effectively distin-
guishes non-relevant areas. 

Regarding the false rejection rate (Fig. 7), we 
observe that the two methods that yield the best re-
sults are the third method and our method (RGB-
SPLIT). Therefore, our method preserves the differ-
ent shapes of building areas and effectively elimi-
nates non-building structures. 

In Fig. 8, we can observe that the rate of good 
detection obtained with our method is significantly 
better than that obtained with the other methods. 

4.  We will present a comparison of our results 
with previous works using the evaluation criterion 
called Precision and Recall. 

 

P=                   R=           (15) 

 
TP: True Positive 
FP: False Positive 
FN: False Negative 
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Fig. 6. False acceptation rate for database satellite images 
 

 
 

Fig. 7. False rejection rate for datasetsatellite images 
 

 
 

Fig. 8. The good detection rate for dataSET satellite images 
 

Table 4  
Comparative table illustrating Precision for different methods of detecting buildings 
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et al., 2014)
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Fig. 9. Qualitative evaluation with: Précision 
 

Table 5 
 Comparative table illustrating Recall for differents methods of detecting buildings 

 

R 

HMT 
(Sheeren et 
al., 2007)  

HMT 
(Benali et 
al., 2014) 

HMT (Chan-
dana et al., 

2015) 

TH    
(Benblidia 

et al., 2006)

TH 
(Benali et 
al., 2014)

(Hao et 
al., 

2015) 

(Qian et 
al.,, 

2016) 

(Dikmen 
and Hali-
ci., 2014)  

 (Benali 
et al., 
2017) 

RGB-SPLIT

71.50 74.33 81.22 89.00 86.56 92.79 85.00 79.15 84.46187 89.18883678

 

 
 

Fig. 10. Qualitative evaluation with: Recall 
 

From (Table 4) we can confidently affirm the 
effectiveness of our approach, which has provided 
us with superior precision compared to other meth-
ods. 

The two methods from (Table 5) that show a higher 
recall are the method of Hao et al. (2015) and our pro-
posed method, which further demonstrates the effective-
ness of our contribution. 
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VI. Conclusion 
In this paper we have adopted a different ap-

proach which consists in separating the spectral 
components of an image then applying the hybrida-
tion method proposed in our previous paper (Benali 
et al., 2017) that we already developed to improve 
the efficiency of buildings detection. 

The separation of the three spectral components 
allowed us clearly distinguishing the intensity varia-
tions of the pixels for each of the three components, 
which allowed us clearly delimiting the contours of 

the structures to be detected and to preserve the dif-
ferent shapes. 

Our approach allowed reducing the defor-
mations caused by the morphology operators, and 
the rejection rate. 

The detection accuracy is well over 90%, which 
is very promising to our field which is the built-up 
areas extraction. 

As perspectives, we can apply our method to 
other types of image to take advantage of it, such as 
medical or other images. 
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РАЗРАБОТКА НОВОГО RGB-СПЛИТ МЕТОДА ДЛЯ УЛУЧШЕНИЯ ВЫДЕЛЕНИЯ ЗДАНИЙ  

НА СПУТНИКОВЫХ СНИМКАХ 
 

Бенали А. 
Факультет автоматики, Университет  наук и технологий  Мохамеда Будиафа в Оране, Алжир 

UstombBp 1505 El M 'naouer Oran  
 

Резюме. Обработка изображений необходима в различных научных приложениях и областях исследований, особенно в 
спутниковой съемке. В области дистанционного зондирования, которая является сферой наших интересов, несколько иссле-
дователей разработали очень полезные методы классификации и сегментации. Однако их применение ограничено сложно-
стью и разнообразием спутниковых изображений. 

В этой статье мы предлагаем оригинальный метод обнаружения зданий на RGB спутниковых снимках. Идея заключает-
ся в раздельной обработке трех матриц RGB для точного определения изменений интенсивности пикселей, что обеспечива-
ет лучшее обнаружение контуров зданий. Наш метод в основном основан на применении операторов математической мор-
фологии. Метод представляет собой гибридизацию двух методов, основанных на математической морфологии, а именно:  
преобразования Hit or Miss и Top Hat. Преобразование Hit or Miss обнаруживает все здания благодаря своей надежной точ-
ности в обнаружении сегментов, после применения этого метода мы применяем Top Hat для уточнения результата сегмен-
тации и, наконец, четко обнаруживаем все здания на спутниковом изображении. 

Мы применили наш метод на нескольких изображениях из многих наборов данных, в основном на изображениях Ikonos 
и Sentinel-2. Результаты применения нашего метода дали отличные результаты: точность превысила 95 %, отзывы – 89 %. В 
качестве перспективы, чтобы воспользоваться преимуществами метода, мы можем применить его к медицинским или дру-
гим типам изображений.  

Ключевые слова: обработка изображений, математическая морфология, RGB-изображение, классификация 
 
 

PEYK ӘKSLӘRİNDӘ  BİNALARIN  AYRILMASI KEYFİYYӘTİNİN YÜKSӘLDİLMӘSİ ÜÇÜN YENİ   
RGB-SPLİT METODUNUN İŞLӘNİLMӘSİ 

 
Benali A. 

Avtomatika fakültәsi, Oranda Moxamed Budiaf  Elm vә Texnologiyalar Universiteti, Әlcәzair 
UstombBp 1505 El M 'naouer Oran  

 
Xülasә. Tәsvirlәrin işlәnilmәsi müxtәlif elmi tәdqiqatlarda, xüsusәn peyk әkslәrindә istifadәsi mütlәqdir. Bizim maraq sfera-

mızda olan distansiyon zondlama sahәsindә bir sıra tәdqiqatçılar olduqca faydalı tәsnifatlar vә seqmentasiya metodları işlәmişlәr. 
Lakin onların tәtbiqi peyk әkslәrinin müxtәlifliyi vә mürәkkәbliyi ilә mәhdudlaşmışdır.  

Bu mәqalәdә RGB peyk әkslәrindә (şәkillәrindә) binaların aşkar edilmәsinin orijinal metodunu tәklif edirik. İdeyanın mәğzi pik-
sellәrin dәyişmә intensivliyinin dәqiq tәyini üçün üç RGB matrislәrinin ayrıca işlәnilmәsindәn ibarәtdir ki, bu binaların konturlarının 
daha yaxşı aşkar edimәsini tәmin edir. Bizim metod riyazi morfologiya operatorlarının tәtbiqinә әsaslanır. Metod riyazi morfolo-
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giyaya әsaslanan, daha doğrusu Hit or Miss vә Top Hat operatorlarının dәyişilmәsi – 2 metodun hibridlәşmәsindәn ibarәtdir. Hit or 
Miss çevrilmәsi seqmentlәrin aşkar edilmәsindә öz etibarlı dәqiqliyinә görә bütün binaları fiksasiya edir, bundan sonra seqmentasiya 
nәticәlәrinin dәqiqlәşdirilmәsi üçün Top Hat metodundan istifadә edilmişdir vә nәhayәt peyk әkslәrindә bütün binaları aydın aşkar 
edirik.  

Bizim metod çoxlu çeşidli mәlumatlar içәrisindә, әsasәn, Ikonos vә Sentinel-2 tәsvirlәrindә tәtbiq etdilmişdir. Metodumuzun 
tәtbiqi qiymәtlәri 95% - dәn, daha doğrusu 89% - dәn çox dәqiqliklә әla nәticәlәr verdi. Perspektivdә bu metod tibbi vә digәr prob-
lemlәrin hәlli üçün istifadә oluna bilәr. 

Açar sözlәr: tәsvirlәrin işlәnilmәsi, riyazi morfologiya, RGB-tәsvir, tәsnifat  
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Summary. The basis of idea of the gold content of the South Caspian oil-and-gas bearing basin 
is the notion regarding the forming of gold-bearing catagenic solutions by the oil-gas generating 
Paleogene – Lower Miocene sediments which within the zone Volga-Don-Pre-Caucasus–Trans 
Caspian enclose the complex sulphide-phosphatic-rare metal-uranium deposits. In iron sulphides 
there are constant gold, cobalt, nickel, molybdenum, rhenium, rare copper, zinc, plumbum and ar-
senic, but in pyritiferous horizons of some regions there are often inclusions of native minerals –
gold, bismuth, tin and copper. 

The detail geologic-geophysical and isotopic-geohemical studies have showed that in the South-
Caspian sedimentary basin in “oil-gas window” the catagenic aqueous solutions enriched with ore 
components were intensively generated along with formation of liquid and gaseous hydrocarbons. It is
proved by high content and constant presence of gold, silver, copper, molybdenum, zinc, arsenic and
other metals in oils, bitumens and formation waters. This stimulated the study of possibility of ore ac-
cumulations forming in the paleo-sources of the fluids’ catagenic discharge and confirmed our predic-
tions regarding the noble metal and oil paragenesis in the South Caspian sedimentary basin.  

The top-cut concentrations of gold and palladium as well as the indicators of the epithermal
mineralization of gold of the Carlin-type – arsenic and barium – were revealed within the zone.  

Such study for gold exploration within the South Caspian basin was performed for the first 
time. The obtained results open the basin’s prospects as the gold-oil-bearing one. The revealed 
gold-ore mineralization represents a discovery of a new genetic type of gold-ore mineralization in 
Azerbaijan also known worldwide as stratiform Carlin-type with microdissiminated, low content 
and significant reserves of gold. 
 
© 2024 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.  

 
Introduction 
Our interest to gold mineralization in hydrocar-

bon-bearing sedimentary basins is stipulated by the 
following circumstances: 

1. Oil-bearing Carline-type gold deposits of west-
central Nevada, US (Gold Point electrum deposits and 
the Carlin-type gold ore bodies of Yankee basin in the 
Alligator Ridge mining district) appear as the best ex-
ample of low temperature gold mineralization. 

2. The recently discovery of micro-disseminated 
gold and gold-base metal alloys in sedimentary 
rocks of the Western Canada Sedimentary Basin 
(WCSB) (nearby Athabasca tar mining) has led to 
the recognition of a new and potentially important 
occurrence of low temperature sedimentary-hosted 
gold mineralization named as Prairie-type. 

The primary objective of our study was to under-
stand: are these gold deposits types unique or can we 
find them in other localities in the world including the 

 
 Discussion paper 

South Caspian basin and if so, are they similar to Prai-
rie-type sedimentary Au, Carlin-type Au or in a 
class of their own? We need to understand them so that 
we can be more effective in our exploration for them. 

Preliminary integrated investigations carried out 
in South Caspian basin manifested the intensive 
mineralization and Au-Pd anomaly that caused the 
selection of some fields as the object for this study. 

We expect that this paper considerably improves 
our understanding of the industrial gold deposits for-
mation in paragenesis with hydrocarbons in the South 
Caspian sedimentary basin, which is a new direction 
for mineral deposits discovering in this oil reach prov-
ince. This will contribute much to the strategy of noble 
metals exploration in the South Caspian region as well 
as other similar hydrocarbon basins all over the world. 

 
Idea justification 
Gold mineralization in the Western Canada Sed-

imentary Basin (WCSB) at Fort MacKay, northeast-
ern Alberta, nearby Athabasca tar sands mining 
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(Prairie formation) occurs as <5 micron-sized grains 
associated with bitumen in silicified limestone and 
calcareous sediments within pipe-shaped solution 
chimneys interpreted to represent focused, paleo-
brine discharge sites. Micro-disseminated minerali-
zation is proposed to have occurred by mobilization 
(scavenge) and transport of gold and other metals in 
oxidizing, halide-rich brines derived from the halite-
bearing Prairie formation at a maximum paleotem-
perature of about 90°C. Metal deposition was related 
to changes in redox potential along the flow path 
and, in part, to the presence of hydrocarbons. 

The oil-gold paragenesis is in the best way repre-
sented in the Carlin-type gold deposits. Because of 
abundant oil-saturation some of them have been 
named oil-bearing Carline-type gold deposits as for 
instance the Gold Point electrum deposits near Rail-
road Valley and the Carlin-type gold ore bodies of 
Yankee basin in the Alligator Ridge mining district, 
west-central Nevada, US. (Hulen and Collister, 1999). 

Carbon and oxygen isotopic systematics of the 
gold-oil-bearing calcite of the Yankee group depos-
its show that it is of hydrothermal rather than diage-
netic origin; it is quite similar to ore-stage calcite at 
the Carlin deposit itself located about 100 km to the 
north. The Yankee fluid-inclusion and fracture-
filling "free" oils were clearly involved in the gold-
mineralizing hydrothermal system but were not 
thermally degraded to pyrobitumen, the analogous 
solid hydrocarbon characteristic of Carlin-type gold 
deposits. The oil-bearing fluid inclusions all have 
homogenization temperatures less than 120°C. Tem-
perature-sensitive biomarker transformation ratios 
both in the fluid-inclusion oils and in the "free" oils, 
expressed as equivalent vitrinite reflectance (Ro; 
0.75–0.95%), suggest peak paleotemperatures no 
higher than about 145°C (Hulen and Collister, 
1999). Thus the Yankee system was cooler than the 
175° to 250°C widely cited as typical for Carline-
type mineralization. It is very important to note that 
stable isotopic systematics coupled with fluid-
inclusion microthermometry reveal that the Gold 
Point and the region's premier Grant Canyon oil 
field thermal waters were otherwise identical in 
composition and temperature (Hulen et al., 1998). 
Origin of Carlin-type deposits is enigmatic. Basical-
ly recent studies indicate the formation of Carlin-
type deposits from relatively low pH, and low-to 
moderately-saline convective circulated fluids of 
mixed meteoric and magmatic or metamorphic 
origin, which leached gold from deep metamorphic 
or sedimentary rocks (Kuehn and Rose, 1995; 
Seedorff and Barton, 2004; Ilchik and Barton, 1997). 

Carlin-type deposits are large, disseminated, 
carbonate (calcareous) sediment-hosted gold ore 
bodies characterized by relatively high Au/Ag, en-

richment in As, Sb, Hg, and Tl, and by the domi-
nance of "invisible gold" as ions or submicron-sized 
particles in iron sulfide. The deposits are under 
strong structural control of faults and folds (Radtke, 
1985; Hofstra and Cline, 2000). In the Carlin sys-
tems the physical properties of the host environment 
place major constraints on ore formation. High po-
rosity host rocks are capped by structural or strati-
graphic closures which trap the ore fluid similar to 
oil accumulation process (Burton et al., 1985). 

In addition, Ge X. and colleagues studied the 
spatial association of hydrocarbons with a Carlin-
type gold deposit in detail in Nanpanjiang Basin, 
South China (Ge X. et al., 2022). Based on com-
plex studies using high-resolution transmission 
electron microscopy, electron probe microanalysis, 
and in-situ sulfur isotope analysis of both pyrobi-
tumen and gold-bearing pyrite, they established 
that liquid hydrocarbons are responsible for the 
precipitation of metallic gold and could have acted 
as gold carrier before metal precipitation. 

Carlin-type gold deposits are of major economic 
interest to mining companies because they represent 
low-cost, bulk-mineable targets. Low grade of gold in 
the ore is compensated by large size of deposits. For 
example, Newmont's Gold Quarry deposit is the larg-
est currently known deposit along the Carlin Trend in 
Nevada, containing 198 million tons grading 1.19 
gram/gold per ton, or 259.375 contained tons of gold. 

The South Caspian sedimentary basin (SCSB) is 
generally accepted as one of the richest petroleum 
province in the world. High-productive oil and gas 
deposits in the SCSB are concentrated in the Lower 
Pliocene deposits so called Productive Series (PS) 
accumulated in the Absheron peninsula, South-East 
Gobustan, Lower Kura depression, Baku and Ab-
sheron archipelagos (Fig. 1). Isotopic-geochemical 
(biomarker) investigations of oils and organic matter 
(OM) as well as correlation “oil-oil”, “rock-oil” 
demonstrate that oils in the PS are derivatives of the 
Paleogene-Lower Miocene (Maykopian) and Mid-
dle-Upper Miocene (Diatomic) oil-generating com-
plexes (Guliyev et al., 2000, 2001; Гулиев и др., 
1999; Feyzullayev et al., 2001). In Volga-Don–Pre-
Caucasus–Trans-Caspian region the Paleogene-
Lower Miocene sedimentary complex is character-
ized by exclusively high ore-content which is ex-
pressed by sheet-like deposits of metalliferous bone 
detritus of fish and sulfides extending for many kil-
ometers. These sheet deposits are complex sulfide-
phosphate-rare metal-uranium deposits of a sedi-
mentary type. In iron sulphides there constantly oc-
cur gold, cobalt, nickel, molybdenum, rhenium and 
rarely, copper, zinc, lead and arsenic. There often 
occur inclusions of native metals – gold, bismuth, tin 
and copper in pyritaceous horizons in some regions. 
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Fig. 1. Location map of oil-gas bearing regions and structures in the South Caspian sedimentary basin 
 

This circumstance initiated investigations of gen-
eration of metalliferous catagenic solutions by the 
Paleogene-Lower Miocene oil-generating series in the 
SCB and possible formation of the ore-accumulations 
in zones of fluids’ catagenic discharge. 
 

Which data or criteria stipulate successful 
result? 
Isotopic-geochemical (genetic) criteria 
A peculiar feature of the oil-generating Paleo-

gene-Miocene deposits in the SCSB is abundance of 
jarosite in the bedding surfaces of pyrobituminiferous 
shales with fish remnants. Formation of jarosite 
(natrojarosite) is, no doubt, associated with the de-
struction of primary accumulations of iron sulfides 
during the migration of catagenic heated carbon-
dioxide–sodium-chloride solutions through the inter-
laminar spaces of shales. Process of jarotization is a 
quite favorable factor for the saturation of water solu-
tions by metals of the decomposing sulfides. For this 
reason, of a great importance are paleo- and recent 
centers of gas-water-oil fluids catagenic discharge. In 
favorable structural-lithological and geochemical en-
vironments, accumulations of the ore matter are con-
fined to them. From this point of view of a special 
interest are zones of tectonic dislocations which con-
trol formation of oil-gas anticlinal structures.  

The above-mentioned is regularly reflected in the 
concentration of metals in formation waters of oil-gas 
bearing fields of the studied region. Investigation of 

distribution of ore-forming elements (Ag, Cu, Mn, Fe, 
As, Cd, Mo, Sr, Ba, U, Ra, Th, Ga, Tl, Ge, Zn, Pb, 
Bi) in formation and pore waters of the Tertiary com-
plex of the South Caspian basin, as well as the com-
parison of formation waters with the mineral-forming 
solutions of areas of the recent ore-deposition such as 
the depressions Discovery and Atlantic II (Red Sea 
rift), Cheleken peninsula (Turkmenia), active volcanic 
zone Taupou (New Zealand) show that formation wa-
ters of the west flank of the South Caspian basin in-
dependently on low mineralization (14-147 g/l) ac-
cording to metal content are comparable with ore-
forming solutions (250-320 g/l) of the above-
mentioned areas of the recent ore-formation (Багир-
заде  и др., 1988; Ахундов и Саппо, 1960; 
Агаларов и др., 1980; Богашова, 2007; Лебедев  и 
Никитина, 1983; Пушкина, 1965; Эмери  и др., 
1974; Юшко-Захарова и др., 1986). Comparative 
analysis is given in Table 1. 

The permanent presence and highly concentra-
tions of gold, silver, copper, molybdenum, zinc, ar-
senic and other metals in the different-facial deposits 
as well as in oils and bitumens of the South Caspian 
oil-gas bearing basin (Мирзоев и Харитонов, 1982; 
Раковский и др., 1985; Бабаев, 1984; Мехтиев и 
др., 1986; Исраэлян, 1959, 1964; Исраэлян и др., 
1975; Багир-заде и др., 1988; Huseynov, 2002) also 
reflect the metallogenic specialization of the East-
Caucasian area of the Paratethys paleobasin in the 
Paleogene-Miocene time (Table 2). 
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Fig. 2. 12th sec. regional seismic profile cross South Caspian basin (Ализаде и др., 2018). 1 – basaltic layer; 2 – 
granitic layer; 3 – Mesozoic igneous rock; 4 – crustal faults; 5 – faults; 6 – zone of no seismic information, pre-
sumably mud diapir 

 
Results of the conducted studies allow confirm-

ing that the southern water area of the Paratethys 
(within the recent borders of the South Caspian ba-
sin) in the Paleogene-Miocene time is also charac-
terized by high metallogenic specialization for some 
precious, rare and non-ferrous metals and intensive 
forming of gold-sulphide-rare metal formations in 
oil-generating complexes.  

While choosing the object of investigations, we 
adhered to the main term that the hydrocarbona-
ceous fluids have been generated by the Paleogene-
Lower Miocene (Maykopian) regional gold-
hydrocarbon producing complex.  

Isotopic-geochemical investigations of oils in 
the SCSB and correlation “oil-source rock” and 
“oil-oil” demonstrate that a share of fluid-
generating complexes of different ages in the reser-
voirs infill is not equal in different oil-gas regions 
and even in the fields (Гулиев и др., 1999; Guliyev  
et al., 2001; Huseynov, 2000; Feyzullayev et al., 
2004; Фейзуллаев и др., 2022). The highest contri-
bution of the Maykopian complex to the generation 
of isotopic-light oils was recorded in some regions, 
and the reservoirs of the individual oil field are in-
filled with Maykopian fluids in a maximal degree. 

 
Isotopic biomarker criteria  
(thermal maturity of fluids) 
Oils in the selected oil field according to bi-

omarker features (isomerization of normal sterane 
C29, correlation of monoaromatic and triaromatic 
steranes etc.) are the most matured (Ro% – up to 
0.75) (Guliyev et al., 2000;  Guliyev et al., 2001) 
which corresponds to paleotemperature of trans-

formation of the OM in the Maykopian complex in 
the interval (T0C) 125-1350C. Thermal maturity of 
hydrocarbonaceous gases calculated on the base of 
isotopic composition of ethane according to the cor-
relation δ13C(C2H6)(%0)=22.6lgRo(%)-32.2 (Fa-
ber, 1987) varies in the interval Ro% 0.95-1.1. This 
corresponds to paleotemperature transformation of 
the OM 1450-1500C. These temperatures are quite 
favorable for the transformation of montmorillonite 
into hydromica and release of the interlayer water as 
well as for the dissolution of the ore minerals there 
and for their saturation with the ore elements, i.e. 
for the formation of typical ore hydrotherms.  

 
Structural criteria  
Most of the oil-gas structures in the South 

Caspian basin are controlled by zones of deep 
regional faults and some oil deposits are tectoni-
cally-shielded. Zones of tectonic dislocations are 
characterized by high fluid activity, mud volca-
noes development, gas-oil manifestations and dis-
charge of dehydrated and mineralized elision wa-
ters (Guliyev and Huseynov, 2015; Aliyev et al., 
2024). Thickness of the Paleogene-Lower Mio-
cene fluid-generating deposits is up to 1500-3000 
m from deep seismic data (Fig. 2). Scale of oil-
gas content demonstrates the focused fluid flow 
and high fluid-generating potential of the Paleo-
gene-Lower Miocene complex of the basin. It 
should be emphasized that the SCB is character-
ized by a very high elision regime and abnormally 
high formation pressures in the Paleogene-
Pliocene hydrodynamic system. 
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Table 2 
Distribution of oreforming elements in the South Caspian oils 

 
Element Clarke Maykop oils PS oils 

   

Cu 5.7x10-3 1.55x10-4 – 2.2x10-4 1.3x10-5 – 4x10-5 

U 3.2x10-4 2.2x10-6 1.7x10-6 PS2 
  2.2x10-7 PS1 

Ra  1.1x10-13 1.16x10-13 – 1.9x10-13 

Ga 3.0x10-3 Undeterminated 12.85x10-7 PS2 
  5.85x107 PS1 

Tl 1.0x10-4 Undeterminated 9.4x10-7 PS2 
  3.7x10-7 PS1 

Ge 2.0x10-4 Undeterminated 8.82x10-7 PS2 
  4.23x10-7 PS1 

Pb 2.0x10-3 9x10-6 6.72x10-6 

Zn 8.0x10-3 0.0 – 5.3x10-5 9.3x10-5 

Mo 2.0x10-4 6x10-6 3.0x10-7 – 5.1x10-6 

Cr 1.0x102 1.8x10-5 – 1.1x10-4 7,8x10-6 

Ag 1.0x10-5 4.0x10-6 4.7x10-7 – 2.0x10-6 

Au 1.1x10-7 4.3x10-7 4.4x10-7 

    

 
Lithological criteria  
The Lower Pliocene deltaic and fluvial oil depos-

its are successively overlapped by deposits of all strat-
igraphic units of the Lower, Middle and the Upper 
Pleistocene (Absheron – 1700-800 Ka, Tyurkyan – 
800-700 Ka, Baku – 700-350 Ka, Khazar – 350-75 Ka 
and Khvalyn – 75-10 Ka horizons). The Pleistocene 
deposits have been accumulated in isolated basin en-
vironment, which was temporarily connected with 
Evksin (Black Sea). Lithologically the Pleistocene 
succession is represented by alternative carbonaceous 
sandy-silty–clayey deposits, marls, detritus lime-
stones, coquina. The thickness of Pleistocene deposits 
in some place (especially in the near-crust area along 
the deep faults) is up to 1000 m. Lithologically these 
deposits are quite favorable for the accumulation of 
gold (they are carbonaceous geochemical and sorp-
tion-mechanical barrier) and are the same type as 
some oil and gold fields – the Gold Point electrum 
deposits near Railroad Valley, the Carlin-type gold 
deposits of the Yankee basin in the southern Alligator 
Ridge mining district (Nevada, USA) and the “Prai-
rie” type micro-disseminated gold mineralization of 
the Western Canada Sedimentary Basin at Fort Mac-
Kay (northeastern Alberta) in Canada (Hulen and 
Collister, 1999; Abercrombie, 1997: Fedikow et al., 
1996; Fedikow et al., 1997). 

Detailed geological-geophysical and isotopic-
geochemical investigations demonstrated that there 

occurred intensive generation of catagenic water 
solutions saturated by ore components in the SCSB 
in “oil-gas window” alongside with formation of 
liquid and gaseous hydrocarbons (Huseynov, 2002; 
Guliyev et al., 2004). 

 
Idea approbation and Results 
The necessity of the investigation of gold-oil par-

agenesis in South Caspian basin has been proved by 
the preliminary data. We conducted reconnaissance 
field studies and geochemical testing of the fault 
zones within one oil field the thickness of which is 
more than 100 m. Preliminary testing of one of such 
zones within distance of 80 m across the strike of the 
fault showed hurricane concentrations of gold (0.3 to 
0.9 g/t), palladium (0.2-0.7 g/t), corresponding to the 
lower boundary of commercial (cutoff grade) amounts, 
as well as indicators of the Carlin type epithermal gold 
mineralization:  arsenic on average 1665 g/t, antimony 
– 30g/t and barium – 1794 g/t, which exceed the 
Clarke values by 1700, 250-1000 and 170 times re-
spectively (Table 3). There have been also determined 
abnormally high, relative to the Clarke values, content 
of the following elements: iron – 10-15 times; man-
ganese and nickel – up to 100 times, copper – 10 
times. Zink and lead exceed the Clarke values up to 2 
times. Contrary to the above mentioned metals, silver 
and uranium contents in the investigated zone are tens 
times below the Clarke value. 
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Table 3  
Distribution of ore elements in the mineralized zone of the fault 

 

№ Fe Mn Ti P Sb Cr Ni Cu Zn As Zr Ba Pb Au Pd Ag U 

 wt. % g/t 

min 4.28 0.18 0.22 0.05 12 22 144 45 27 161 24 84 11 0,3 0,2 <1*10-4 <0.1

max 14.4 0.34 0.3 0.07 48 149 223 64 35 3230 62 3580 15 0,96 0,7 <1*10-4 <0.1

mean 9.39 0.29 0.26 0.06 25.7 29.4 188 53.2 31.3 1665 38.2 1794 12.7 0.57 0.35   

Clarkes by Turekian and Wedepohl, 1961 

sand 0.98 0.00n 0.15 0.02 0.0n 35 2 n 16 1 220 n*10 7 0.00n n.d. 0.0n 0.45 
carbonate 
sediments 

0.38 0.11 0.04 0.04 0.2 11 20 4 20 1 19 10 9 0.00n n.d. 0.0n 2.2 

* - Fe,Mn,Ti,P,V,Cr,Ni,Cu,Zn,As,Zr,Ba,Mn,Au,Pd,Pb,Ag – were determined by the atomic-absorbtion analysis in the 
device Analyst –300 (Perki-n Elmer, USA).  
** - U was determined in the device SARI-2 (limit of sensitivity 1* 10-3 %) 
 

As a result of correlation analysis, in the mineral-
ized zone there have been determined three associa-
tions of elements: I – Fe-Cu-As-Ba-(Mn); II – Cr-Ti-
Zr; III – Au-Pd-Pb. Elements from associations I and 
III negatively correlate with elements from associa-
tion II and do not correlate absolutely or weakly with 
each other. This indicates that Fe, Cu, As, Ba, Mn, 
Au, Pd and Pb have been delivered to the fault zone 
and control the balance of Cr, Ti and Zr, which are 
components of stable in situ accessory minerals of the 
enclosing sandstones. Superimposed character of the 
mineralization is confirmed by microscopic investiga-
tions of samples from the fault zone. 

It should be emphasized that we investigated and 
tested only the uppermost part of the fault zone which 
is an area of active circulation of oxygen-rich surficial-
atmospheric waters. It is known well enough, that gold, 
palladium, lead and especially uranium and silver are 
active migrants in the waters of hypergenesis. For ex-
ample, palladium is the only member of the PGE that 
is significantly mobile and dilute surface waters. It 
forms hydroxyl complexes Pd(OH)2, Pd(OH)3- and 

Pd(OH) 2
4 . The results of the field and laboratory stu-

dies show that Pd is mobilized from the ore and is car-

ried in solution to be fixed with organic material in 
sediments, clay minerals and other sorbents (Cameron 
and Hattori, 2003; Olivo et al., 2001). One can suppose 
that absence of uranium and silver in the upper near-
surface area of the fault zone is a result of their com-
plete leaching whereas the observed amounts of gold 
(0.3-0.96 g/t) and palladium (0.2-0.7 g/t) although are 
high but still much more lower than their initial con-
centrations. Optical microscopic investigations demon-
strate that the main bulk of the ore mass mostly com-
posed of aggregates of iron hydroxides formed on py-
rite disseminations and phromboides. Pyritization is of 
a superimposed character (Fig. 3). 

Fragmental grains of non-ore minerals are den-
sely impregnated by dotted inclusions and veins of 
pyrite and in some places they are corroded by it. A 
visible gold has not been determined (Fig. 3). Ab-
sence of correlation of gold, palladium and lead (as-
sociation III of elements remobilized from oxidation 
zone) with iron excludes their accumulation in iron 
hydroxides. At the same time, the strong correlation 
and high contents of elements association Fe-Cu-As-
Ba-Mn are caused by their accumulation in the zone 
of hypergenesis and iron hydroxides (Fig. 4). 

 

   
 

Fig. 3. Photo optical microscopic study of polished sections illustrate a superimposed character of pyritization. Pyrite 
aggregates: Py vein – vein, Gl Py – globular, Sc Py – secondary, Alt gl Py – alterated globular 
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Fig. 4. Distribution and correlation of class I and III element’s association 
within gold-bearing zone 

 
It is very important, that abnormally high 

amounts of gold and palladium were recorded in cal-
careous highly-porous sandstones with extremely low 
amounts of clayey minerals, OM and bitumen, which 
are the main sorbents, and concentrators of noble 
metals in stratiform deposits of the Carlin type. This 
enables to make a conclusion about the existence of 
commercial concentrations of gold and palladium in 
the deposits with a high amount of pelitic material 
and OM, such like clays, silts, silty sandstones, clayey 
sandstones which constitutes most of the Quaternary 
section in the studied oil field. At the same time by 
the analogy with gold epithermal deposits in Nevada 
and Alberta, one can make a conclusion about the 
initial concentration of gold in pyrite as well in the 
studied oil field in SCB. For example, pyrites in the 
Getchell field contain gold in amount of 2,400 ppm; 
in the Carlin field – 500 ppm (Cline, 2001; Togashi, 
1992; Hausen, 1981; Radtke, 1985; Hausen et al., 
1986; Cabri et al., 1989). 

SEM analyses of rock samples (Fig. 5) from the 
mineralization zone of studied oil field show that 
gold in epigenetic impregnated (ingrained) and vein 
pyrite aggregates reaches hurricane concentration – 
from 17,500 ppm (1.75 wt.%) to 21,300 ppm (2.13 
wt.%). It is 35-100 times higher than gold concentra-
tion in the Getchell’s and Carline’s pyrites. At mag-
nifying for 10,000-12,000 times by SEM analyses 

the mineral phase of gold in pyrite aggregates has 
not been detected (Fig. 6). Thus, one can come to 
conclusion that gold in pyrite aggregates is in the 
form of emulsion impregnation. 

Chemical re-calculations demonstrate, that ac-
cumulation of such amount of iron hydroxides in the 
zone of oxidation in the investigated fault requires 
the decomposition of pyrite in amount from 8% to 
29% in sediments (without the account of losses for 
the iron removed from the oxidation zone). This 
demonstrates intensive initial pyritization of this 
fragment of the fault and enables to make a supposi-
tion, that decomposing pyrites in the hypergenesis 
zone released significant amount of gold and other 
metals saturating by these metals the descending 
oxygen– and SO  containing sulphate waters. Thus, 
more high gold concentration in the lower horizons 
of the fault zones in the studied field is beyond all 
manner of doubt for the following reasons: 1) exist-
ence of thick horizons of high-permeable carbonates 
with high amount of clayey minerals and OM, i.e. 
favorable combination of carbonate and precipitating 
barriers; 2) abundance of gold-bearing sulfide dis-
seminations; 3) redeposition in the reduction paleo-
barrier of gold and palladium, leached out of the up-
per parts of the mineralized fault zone. Existence of 
such barrier is proved by the ascending hydrocarbon 
and hydrogen sulphide fluids. 
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Ele-
ment 

Weight 
% 

Atomic 
% 

   

P K 0.77 1.00 

S K 54.05 67.35 

Ca K 1.24 1.24 

Ti K 0.56 0.46 

Fe K 41.26 29.52 

As L 0.00 0.00 

Ag L 0.00 0.00 

Au M 2.13 0.43 

   

Total 100.00  

 
 
 
 
 
 
 

Ele-
ment 

Weight 
% 

Atomic 
% 

   

P K 0.88 1.14 

S K 53.83 66.95 

Ca K 1.68 1.67 

Fe K 41.86 29.89 

Co K 0.00 0.00 

Ni K 0.00 0.00 

As L 0.00 0.00 

Ag L 0.00 0.00 

Au M 1.75 0.35 

   

Total 100.00  

 
 
 
 
 
 
 

 
Fig. 5. SEM analyses of pyrite aggregates from gold bearing zone in the SCB and spectrograms of distribution gold and other ele-
ments (instrument: JEOL 6610-LV) 

 
Existence of a thick (up to 80 m) mineralized 

fragment composed of gold-paladium-bearing calca-
reous sandstones and characterized by the intensive 
hydrothermal activity within regional fault zone in 
studied oil field enables by analogy with the north 
Nevada to highly evaluate the potential epithermal 
gold content of the Carlin type in the great part of 
area under study. 

As a result of this study we expect to estimate 
the gold and other noble metals potential in studied 
oil field. It will enable us to assess the gold potential 
of other hydrocarbon fields in the South Caspian 
basin, which will give us an unique chance to begin 
a new era in exploration of mineral resources in the 
basin which has more than 150 years history as an 
oil basin.  



D.A.Huseynov / ANAS Transactions, Earth Sciences  1 / 2024, 215‐228; DOI: 10.33677/ggianas20240100121  

 224 

 

 
 

Fig. 6. SEM images of distribution   mineral phase in the pyrite aggregate from gold bearing zone in the SCB 
(instrument: JEOL 6610-LV) 

 
We also expect that this research will give us an op-
portunity to contribute much in ore industry of Azer-
baijan, which is an important step in economic devel-
opment of our country. The results that we are plan-
ning to receive and methodology, which we’ll use, 
might be also applied to other analogous basins in the 
world. 

As a next step, the following studies should be 
carried out in the study area: 

 Determination of linear parameters, occur-
rence and morphology of mineralized fault zone and 
its geochemical halo. This should be performed by 
integration of different geophysical methods  – grav-
imetric, magnetic and radiometric survey. 

 Sedimentological investigations based on the 
integration of field works and data of log diagrams 
interpretation and aimed to determine facial types of 
rocks favorable for the ore- mineralization and to 
trace them in the area and in the vertical section. 

 Geochemical testing and mapping aimed to 
determine Au, Pd contents and accompanying ele-
ments and intensity of geochemical anomaly. 

 Petrographic investigations of ore-enclosing 
deposits to determine character of hydrothermal 
change and degree of mineralization of rocks. 

 Mineralogic investigations including microprobe, 
X-ray spectral, X-ray diffractometric and SEM analyses. 
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 Isotopic and biomarker analyses to determine 
the gold-bearing fluid sources. 

 3D modeling of geometry of gold-bearing 
complexes and estimation of mineralization volume. 

 
Conclusion 
The Paleogene-Miocene complex of deposits of the 

South Caspian basin together with oil-generating poten-
tial has high ore (gold)-generating potential. In this con-
nection paleo- and recent centers of katagenic discharg-
ing of gas-water-oil fluids have an important meaning. 
In favorable structural-lithological and geochemical 
conditions accumulations of ore matter are confined to 
them. From this viewpoint the mud volcanoes and zones 
of tectonic faults controlling their location have a special 
interest. According to geophysical and geochemical data 
on isotopic composition of oxygen, carbon and hydro-
gen of mud volcanoes waters and gases, the hearths of 
mud volcanoes are located on great depths – 10-12 km 
and their canals serve as the fluids’ transportation ways 
(Fig. 2). Due to such great depth of fluid generation they 
are heated and saturated with metals. 

Preliminary investigations of one of regional 
zones of tectonic dislocations within one of oil field 
confirmed our prediction about the possible for-
mation of noble-metal (Au-Pd) and oil paragenesis 
in the SCB and the discovery of huge gold minerali-

zation within the oil fields. Gold is invisible and mi-
cro-disseminated in sulfides (mainly pyrite) and as-
sociates with carbonate and clay minerals. 

Assessment of the gold potential of other hydro-
carbon fields in the South Caspian basin will give us an 
unique chance to begin a new era in exploration of 
mineral resources in the basin which has more than 
150 years history as an oil basin. We also expect that 
this research will give us an opportunity to contribute 
much in ore industry in Azerbaijan, which is an im-
portant step economic development of our country. 

Investigation like this dealing the search for gold 
mineralization in the SCB conducted for the first time 
and result that we got allows us to transform oil-gas 
bearing basin to “gold-oil-gas bearing basin”. 

 
Acknowledgments  
The author is deeply grateful to the management 

of the Institute of Geology and Geophysics repre-
sented by academician Akif A.Alizadeh for support 
and inspiration of the scientific researches as well as 
his friend and colleague, head of department “Ore-
magmatic systems” Dr. Rauf Kerimov and the de-
partment staff S.Velizadeh, Т.Gadirova and 
А.Agayev for mineralogic-technologic tests. The 
author is indebted to N.Sadigov and M.Abdullayev 
for arrangement of the laboratory and SEM studies. 

 
REFERENCES  

 
Abercrombie H.J.  and Feng R. Geological setting and origin of 

microdisseminated Au-Ag-Cu minerals, Fort Mackay region, 
northeastern Alberta.  Geological Survey of Canada Bulletin, 
500, 1997, pp. 247-277. 

Agalarov M.S., Israelyan A.D., Sappo P.V., Akhmedova R.A. 
Content and type of distribution of some chemical elements 
in the system oil-rock-water within Muradkhanli field. Azer-
baijan Oil Economy, 1980, No. 7, pp. 15-18 (in Russian). 

Akhundov A.R., Sappo P.V. 1960. On issue of some microele-
ments distribution in the formation waters of Productive Se-
ries of Balakhani-Sabunchi-Ramana field. Azerbaijan Oil 
Economy, No. 8, 1960, pp. 9-11 (in Russian). 

Aliyev A.A., Huseynov D.A, Abbasov O., Rashidov T., Kan-
garli I. Mud volcanoes of Azerbaijan: The unique natural ob-
jects of the geoheritage. Geoheritage, Vol. 16(1), article id. 
20, 2024, https://doi.org/10.1007/s12371-024-00931-3. 

Alizade А.А., Guliyev I.S., Mamedov P.Z., Aliyeva E.G., 
Feyzullayev А.А., Huseynov D.A. Productive Series of 
Azerbaijan. In 2 volumes. Publishing House «Nedra», 2018, 
Vol. 1, 305 p. (in Russian).   

Babayev F.R. On geochemistry of oils in Azerbaijan marine 
deposits. Reports of Academy of Sciences of AzSSR, Vol. 
XL, No. 8, 1984, pp. 55-57 (in Russian). 

Bagir-zade F.M., Narimanov A.A., Babayev F.R. Geologic-
geochemical peculiarities of the fields of the Caspian Sea. 
Nedra. Moscow, 1988 (in Russian).  

Bogashova L.G. Role of the halogen waters in forming of the 
mineral deposits. GEOS. Moscow, 2007, 168 p. (in Russian). 

Burton J.C., Lawler J.P., Ayres D.E. Genesis of Carlin-type gold 
deposits. Geol. Soc. Am., Abstr. Programs; Vol/Issue: 
17;/98. Annual meeting of the Geological Society of Ameri-
ca; 28 Oct 1985; Orlando, FL, USA. 

ЛИТЕРАТУРА 
 
Агаларов М.С., Исраэлян А.Д., Саппо П.В., Ахмедова Р.А. 

Содержание и характер распределения некоторых хими-
ческих элементов в системе нефть-порода-вода площади 
Мурадханлы. АНХ, 1980, No. 7, с. 15-18. 

Ализаде А.А., Гулиев И.С., Мамедов П.З., Алиева Э.Г., Фей-
зуллаев А.А., Гусейнов Д.А. Продуктивная толща Азер-
байджана. В 2-х т. Издательский Дом «Недра». Москва, 
2018, Т. 1, 305 с.  

Ахундов А.Р., Саппо П.В. К вопросу распределения ряда мик-
роэлементов в пластовых водах ПТ Балаханы-Сабунчи-
Раманинского месторождения. АЗНХ, No. 8, 1960, с. 9-11.  

Бабаев Ф.Р. К геохимии нефтей морских месторождений
Азербайджана. Докл. Акад. Наук. АзССР, Том XL, No.8,
1984, с. 55-57.  

Багир-заде Ф.М., Нариманов А.А., Бабаев Ф.Р. Геолого-
геохимические особенности месторождений Каспийско-
го моря. Недра. Москва, 1988. 

Богашова Л.Г. Роль галогенных вод в формировании место-
рождений полезных ископаемых. ГЕОС. Москва, 2007,
168 с.  

Гулиев И.С., Фейзуллаев А.А., Гусейнов Д.А. Изотопный со-
став углерода нефтей Южно-Каспийской мегавпадины.
Азербайджанское нефтяное хозяйство, No. 6, 1999, с. 3-13. 

Исраэлян А.Д. Микроэлементы в золе нефтей майкопской
свиты Азербайджана. Труды АзНИИ (АзНИПИНефть),
1959, с. 274-281.   

Исраэлян А.Д. Малые элементы в третичных отложениях
нефтеносных областей Азербайджана (по данным спек-
трального анализа). Автореф. канд. дис., Баку, 1964. 

Исраэлян А.Д., Ахмедова Р.А., Алиев Г.-М.А. Микроэле-
менты в золах нефтей ПТ Азербайджана. АНХ, No.10,
1975, с. 6-10. 



D.A.Huseynov / ANAS Transactions, Earth Sciences  1 / 2024, 215‐228; DOI: 10.33677/ggianas20240100121  

 226 

Cabri L.J., Chryssoulis S.L., DE Villiers J. P.R., Laflamme 
J.H.G., Buseck R. The nature of “invisible” gold in arseno-
pyrite. Can. Mineral., Vol. 27, 1989, pp. 353-362. 

Cameron E.M. and Hattori K.H. Mobility of palladium in the 
surface environment: data from a regional lake sediment 
survey in northwestern Ontario. Geochemistry: Exploration, 
Environment, Analysis, Vol. 3, 2003, pp. 299-311. 

Cline J. Timing of gold and arsenic sulfide mineral deposition at 
the Getchell Carlin-type gold deposit, North-Central Nevada. 
Economic Geology, Vol. 96, 2001, pp. 75-89. 

Emeri K., Hunt D., Heys E. General review of problem of the 
thermal solutions and ore sediments of the Red Sea. The 
modern hydrothermal ore-forming. Mir. Moscow, pp. 7-25 
(in Russian).  

Faber E.Z. Isotope geochemistry of gaseous hydrocarbons: pe-
troleum, natural gas and coal. Vol. 103, 1987, pp. 210-218 
(in German). 

Fedikow M.A.F., Bezys R.K., Bamburak J.D., Abercrombie H.J. 
The geological setting of prairie-type micro-disseminated 
gold mineralization in Manitoba. Abstracts book of Confer-
ence CIM, Vancouver 97, April 27-30, 1997, Vancouver, 
BC.  

Fedikow M.A.F., Bezys R.K., Bamburak J.D., Abercrombie H.J. 
Prairie-type microdisseminated Au mineralization – a new 
deposit type in Manitoba's Phanerozoic rocks (NTS 63C/14). 
In: Manitoba Energy and Mines, Minerals Division, Report 
of Activities 1996, pp.108-121. 

Feyzullayev A.A., Guliyev I.S., Tagiyev M.F. Source potential 
of the Mesozoic-Cenozoic rocks in the South Caspian Basin 
and their role in forming the oil accumulations in the Lower 
Pliocene reservoirs. Petroleum Geoscience, Vol. 7, No. 4, 
2001, pp. 409-417. 

Feyzullayev A.A., Huseynov D.A., Tagiyev M. Oil source rocks 
and geochemistry of   hydrocarbons in South Caspian basin. 
In: South Caspian basin: geology, geophysics and gas con-
tent. Nafta-Press. Baku, 2004, pp. 286-321.  

Feyzullayev А.А. Huseynov D.A., Rashidov T.M. Isotopic 
composition of the products of the mud volcanoes activity 
in the South-Caspian basin in connection with petroleum 
potential of the deeply burried sediments. ANAS Transac-
tions, Earth Sciences No. 1, 2022, pp. 68-80, DOI: 
10.33677/ ggianas20220100073 (in Russian). 

Ge X., Shen Ch., He P., Jin Y., Li S., Chen Y. The roles of hy-
drocarbons on the mineralization of Carlin-type gold depos-
its, Nanpanjiang Basin, South China. Ore Geology Reviews, 
Vol. 149, 105107, 2022, pp. 1-15. 

Guliyev I.S., Feyzullayev A.A., Huseynov D.A. Maturity level 
of oils contained in different age reservoirs in the South 
Caspian mega-Basin. Oil and gas geology, Moscow, No. 3, 
2000, pp. 41-50. 

Guliyev I.S., Feyzullayev A.A., Huseynov D.A. Isotope geo-
chemistry of oils from fields and mud volcanoes in the South 
Caspian Basin, Azerbaijan. Petroleum Geoscience, Vol. 7, 
No. 4, 2001, pp. 409-417. 

Guliyev I.S., Huseynov D.A., Feyzullayev A.A. Fluids of mud 
volcanoes in the Southern Caspian sedimentary basin: geo-
chemistry and sources in light of new data on the carbon, hy-
drogen, and oxygen isotopic compositions. J. Geochemistry 
International, Moscow, Vol. 42, No. 7, 2004, pp. 688-695. 

Guliyev I.S, Feyzullayev A.A., Huseynov D.A. Isotopic composi-
tion of carbon of oils of the South-Caspian megadepression. 
Azerb.Neft.Khozyavstvo, No. 6, 1999, p. 3-13 (in Russian). 

Guliyev I.S.and Huseynov D.A. Relics of mud volcanoes in the 
sedimentary cover of the South Caspian Basin. Lithology 
and Mineral Resources, Vol. 50, No. 4, 2015, pp. 311-321. 

Hausen D.M. Process mineralogy of auriferous pyritic ores at 
Carlin, Nevada. In: Process Mineralogy (Hausen D.M. and 
Park W.C., eds.), TMS, Warrendale, PA, 1981, pp. 271-289. 

Лебедев Л.М., Никитина И.Б. Челекенская рудообразующая
система. Наука. Москва, 1983, 240 с. 

Мехтиев Ш.Ф., Раковский Э.Е., Мирзоев Р.Х., Харитонов
В.М., Садигов А.М. Металлоносность битуминозных
пород Азербайджана. Изв. АН СССР, Серия геологиче-
ская, No. 4, 1986, с. 117-123. 

Мирзоев Р.Х. и Харитонов В.М. К вопросу изучения следо-
вых содержаний золота в нефтях Азербайджана. АНХ,
No. 11, 1982, с. 15-18. 

Пушкина З.В. Поровые воды глинистых пород и их измене-
ния по разрезу. Постседиментационные изменения чет-
вертичных и плиоценовых глинистых отложений Бакин-
ского архипелага. Академия Наук СССР, Труды, выпуск
115, Наука. Москва, 1965, c. 160-203. 

Раковский Э.Е., Мирзоев Р.Х., Харитонов В.М. К изучению
распределения золота в нефтях месторождения Локба-
тан. АНХ, No. 8, 1985, с. 8-13. 

Фейзуллаев А.А., Гусейнов Д.А., Рашидов Т.М. Изотопный
состав продуктов деятельности грязевых вулканов Юж-
но-Каспийского бассейна в связи с нефтегазоносностью
глубокопогруженных отложений. ANAS Transactions,
Earth Sciences, No. 1, 2022, c. 68-80, DOI: 10.33677/
ggianas20220100073. 

Эмери К., Хант Д., Хейс Э. Общий обзор проблемы тер-
мальных рассолов и рудных осадков Красного моря. Со-
временное гидротермальное рудообразование. Мир.
Москва, 1974, с. 7-25.  

Юшко-Захарова О.Е., Иванов В.В., Соболева Л.Н. и др. Мине-
ралы благородных металлов. Недра. Москва, 1986, 272 с.  

Abercrombie H.J. and Feng R. Geological setting and origin of
microdisseminated Au-Ag-Cu minerals, Fort Mackay region,
northeastern Alberta.  Geological Survey of Canada Bulletin,
500, 1997, pp. 247-277. 

Aliyev A.A., Huseynov D.A, Abbasov O., Rashidov T., Kan-
garli I. Mud volcanoes of Azerbaijan: The unique natural
objects of the geoheritage. Geoheritage, Vol. 16(1), 20
2024, https://doi.org/10.1007/s12371-024-00931-3. 

Burton J.C., Lawler J.P., Ayres D.E. Genesis of Carlin-type gold
deposits. Geol. Soc. Am., Abstr. Programs; Vol/Issue:
17;/98. Annual meeting of the Geological Society of Ameri-
ca; 28 Oct 1985; Orlando, FL, USA. 

Cabri L.J., Chryssoulis S.L., DE Villiers J. P.R., Laflamme
J.H.G., Buseck R. The nature of “invisible” gold in arseno-
pyrite. Can. Mineral., Vol. 27, 1989, pp. 353-362. 

Cameron E.M. and Hattori K.H. Mobility of palladium in the
surface environment: data from a regional lake sediment
survey in northwestern Ontario. Geochemistry: Exploration,
Environment, Analysis, Vol. 3, 2003, pp. 299-311. 

Cline J. Timing of gold and arsenic sulfide mineral deposition at
the Getchell Carlin-type gold deposit, North-Central Nevada.
Economic Geology, Vol. 96, 2001, pp. 75-89. 

Faber E.Z. Isotopengeochemie gasformiger Kohlenwasserstoffe:
Erdole, Erdgas und Kohle. Vol. 103, 1987, pp. 210-218. 

Fedikow M.A.F., Bezys R.K., Bamburak J.D., Abercrombie H.J.
Prairie-type microdisseminated Au mineralization – a new
deposit type in Manitoba's Phanerozoic rocks (NTS 63C/14).
In: Manitoba Energy and Mines, Minerals Division, Report
of Activities 1996, pp.108-121. 

Fedikow M.A.F., Bezys R.K., Bamburak J.D., Abercrombie H.J.
The geological setting of prairie-type micro-disseminated
gold mineralization in Manitoba. Abstracts book of Confer-
ence CIM, Vancouver 97, April 27-30, 1997, Vancouver,
BC.  

Feyzullayev A.A., Guliyev I.S., Tagiyev M.F. Source potential
of the Mesozoic-Cenozoic rocks in the South Caspian Basin
and their role in forming the oil accumulations in the Lower
Pliocene reservoirs. Petroleum Geoscience, Vol. 7, No. 4,
2001, pp. 409-417. 



D.A.Huseynov / ANAS Transactions, Earth Sciences  1 / 2024, 215‐228; DOI: 10.33677/ggianas20240100121  

 227

Hausen D.M., Ahlrichs J.W., Mueller W., Park W.C. Particulate 
gold occurrences in three Carlin carbonaceous ores. In: Pro-
cess Mineralogy VI, (Hagni D., ed.), TMS, Warrendale, PA, 
1986, pp. 193-214. 

Hofstra A.H. and Cline J.S. Characteristics and models for Car-
lin-type gold deposits. Reviews in Economic Geology, Vol. 
13, 2000, pp. 163-220. 

Hulen J.B. and Collister J.W. The oil-bearing, Carlin-type gold 
deposits of Yankee Basin, Alligator Ridge District, Nevada. 
Economic Geology, Vol. 94, 1999, pp. 1029-1050. 

Hulen J.B., Collister J.W., Curtiss D.K. The role of active and 
ancient geothermal processes in the generation, migration, 
and entrapment of oil in the Basin and Range Province, 
Western USA. Grant project DE-FG02-90ER14133 of Uni-
versity Utah. Salt Lake City, Utah, US, 1998. 

Huseynov D.A. Origin of oils in the western part of the Kura 
South Caspian oil-gas bearing basins. Proceedings of 62d 
EAGE Conference, UK, Glasgow, 2000, P-20, http://dx.doi.org/ 
10.3997/2214-4609-pdb.28.A55. 

Huseynov D.A. Paragenesis of metals and oil-generating series 
in the South Caspian sedimentary basin. Proceedings of 
16th Sedimentological Congress, South Africa, 8-12 July 
2002, pp. 23-27. 

Ilchik R.P. and Barton M.D. An amagmatic origin of Carlin-type 
gold deposits. Economic Geology and the Bulletin of the Socie-
ty of Economic Geolocists, Vol. 92, No. 3, 1997, pp. 269-288.  

 Israelyan A.D. Microelements in ash of oils of the Maykopian 
formation of Azerbaijan. Proceedings of AzNII (AzNI-
PINeft), 1959, pp. 274-281 (in Russian). 

Israelyan A.D. Trace elements in the Tertiary sediments of oil-
bearing provinces of Azerbaijan (by spectral analysis data). 
Abstract of thesis, Baku, 1964 (in Russian). 

Israelyan A.D., Akhmedova R.A., Aliyev G.-M.A. Microelements 
in ashes of oils of the Productive Series of Azerbaijan. 
Azerb.Neft.Khozyavstvo, No. 10, 1975, pp. 6-10 (in Russian). 

Kuehn C.A. and Rose A.W. Carlin gold deposits, Nevada: 
Origin in deep zone of mixing between normally pressured 
and overpressured fluids. Economic Geology, Vol. 90, 1995, 
pp. 12-36. 

Lebedev L.M., Nikitina I.B. Cheleken ore-forming system. Nau-
ka. Moscow, 1983, 240 p. (in Russian). 

Mekhtiyev Sh.F., Rakovski E.E., Mirzoyev R.Kh., Kharitonov 
V.M., Sadigov A.M. Metal content of the bituminous rocks of 
Azerbaijan. Proceedings of Academy of Sciences of the USSR. 
Geological series, No. 4, 1986, pp. 117-123 (in Russian).  

Mirzoyev R.Kh. and Kharitonov V.M. On issue of study of the 
gold trace content in Azerbaijan oils. Azerbaijan Oil Econ-
omy, No. 11, 1982, pp. 15-18 (in Russian). 

Olivo G.R., Gauthier M., Williams-Jones A.E., Levesque M. The Au-
Pd mineralization at the Conceição Iron Mine, Itabira District, 
Southern Sгo Francisco Craton, Brazil: an example of a Jacutinga-
type deposit. Economic Geology, Vol. 96, 2001, pp. 61-74. 

Pushkina Z.V. Porous waters of the clayey rocks and their altera-
tions along the section. Post-sedimentation alterations of 
quaternary and Pliocene clay deposits of Baku archipelago. 
Academy of Sciences of the USSR, Transactions, Vol. 115, 
Nauka. Moscow, 1965, pp. 160-203 (in Russian).  

Radtke A.S. Geology of the Carlin gold deposit, Nevada. U.S. 
Geological Survey Professional Paper 1267, 1985, 124 p. 

Rakovski E.E., Mirzoyev R.Kh., Kharitonov V.M. On study of 
gold distribution in oils of Lokbatan field. Azerb. Neft. Kho-
zyavstvo, No. 8, 1985, pp. 8-13 (in Russian). 

Seedorff E. and Barton M.D. Enigmatic origin of Carlin-type 
deposits: An amagmatic solution? SEG Newsletter, No. 59, 
2004, pp. 14-18. 

Togashi Y. Geological characteristics of the sediment hosted, 
disseminated gold deposits in the Western United States of 
America. In: The series of mineral concentrations and hy-

Feyzullayev A.A., Huseynov D.A., Tagiyev M. Oil source rocks
and geochemistry of hydrocarbons in South Caspian basin.
In: South Caspian basin: geology, geophysics and gas con-
tent. Nafta-Press. Baku, 2004, pp. 286-321.  

 Ge X., Shen Ch., He P., Jin Y., Li S., Chen Y. The roles of hy-
drocarbons on the mineralization of Carlin-type gold depos-
its, Nanpanjiang Basin, South China. Ore Geology Reviews,
Vol. 149, 105107, 2022, pp. 1-15. 

Guliyev I.S., Feyzullayev A.A., Huseynov D.A. Isotope geo-
chemistry of oils from fields and mud volcanoes in the South
Caspian Basin, Azerbaijan. Petroleum Geoscience, Vol. 7,
No. 4, 2001, pp. 409-417. 

Guliyev I.S., Feyzullayev A.A., Huseynov D.A. Maturity level
of oils contained in different age reservoirs in the South
Caspian mega-Basin. Oil and gas geology, Moscow, No. 3,
2000, pp. 41-50. 

Guliyev I.S.and Huseynov D.A. Relics of mud volcanoes in the
sedimentary cover of the South Caspian Basin. Lithology
and Mineral Resources, Vol. 50, No. 4, 2015, pp. 311-321. 

Guliyev I.S., Huseynov D.A., Feyzullayev A.A. Fluids of mud
volcanoes in the Southern Caspian sedimentary basin: geo-
chemistry and sources in light of new data on the carbon, hy-
drogen, and oxygen isotopic compositions. J. Geochemistry
International, Moscow, Vol. 42, No. 7, 2004, pp. 688-695. 

Hausen D.M. Process mineralogy of auriferous pyritic ores at
Carlin, Nevada. In: Process Mineralogy  (Hausen D.M. and
Park W.C., eds.), TMS, Warrendale, PA, 1981, pp. 271-289.

Hausen D.M., Ahlrichs J.W., Mueller W., Park W.C. Particulate
gold occurrences in three Carlin carbonaceous ores. In: Pro-
cess Mineralogy VI, (Hagni D., ed.), TMS, Warrendale, PA,
1986, pp. 193-214. 

Hofstra A.H. and Cline J.S. Characteristics and models for Car-
lin-type gold deposits. Reviews in Economic Geology, Vol.
13, 2000, pp. 163-220. 

Hulen J.B. and Collister J.W. The oil-bearing, Carlin-type gold
deposits of Yankee Basin, Alligator Ridge District, Nevada.
Economic Geology, Vol. 94, 1999, pp. 1029-1050. 

Hulen J.B., Collister J.W., Curtiss D.K. The role of active and
ancient geothermal processes in the generation, migration,
and entrapment of oil in the Basin and Range Province,
Western USA. Grant project DE-FG02-90ER14133 of Uni-
versity Utah. Salt Lake City, Utah, US, 1998. 

Huseynov D.A. Origin of oils in the western part of the Kura
South Caspian oil-gas bearing basins. Proceedings of 62d
EAGE Conference, UK, Glasgow, 2000, P-20,
http://dx.doi.org/10.3997/2214-4609-pdb.28.A55. 

Huseynov D.A. Paragenesis of metals and oil-generating se-
ries in the South Caspian sedimentary basin. Proceedings
of 16th Sedimentological Congress, South Africa, 8-12
July 2002, pp. 23-27. 

Ilchik R.P. and Barton M.D. An amagmatic origin of Carlin-
type gold deposits. Economic Geology and the Bulletin of
the Society of Economic Geolocists. Vol. 92, No. 3,
1997, pp. 269-288.  

 Kuehn C.A. and Rose A.W. Carlin gold deposits, Nevada:
Origin in deep zone of mixing between normally pres-
sured and overpressured fluids. Economic Geology, Vol.
90, 1995, pp. 12-36. 

Olivo G.R., Gauthier M., Williams-Jones A.E., Levesque M.
The Au-Pd mineralization at the Conceição Iron Mine, Itabi-
ra District, Southern Sгo Francisco Craton, Brazil: an exam-
ple of a Jacutinga-type deposit. Economic Geology, Vol. 96,
2001, pp. 61-74. 

Radtke A.S. Geology of the Carlin gold deposit, Nevada. U.S.
Geological Survey Professional Paper 1267, 1985, 124 p. 

Seedorff E. and Barton M.D. Enigmatic origin of Carlin-type
deposits: An amagmatic solution? SEG Newsletter, Vol. 59,
2004, pp. 14-18. 



D.A.Huseynov / ANAS Transactions, Earth Sciences  1 / 2024, 215‐228; DOI: 10.33677/ggianas20240100121  

 228 

drocarbon accumulations in the ESCAP region. Volume 6 – 
Epithermal gold in Asia and the Pacific (ST/ESCAP/1023). 
United Nations publication. 1992, 224 p. 

Turekian K.K. and Wedepohl K.H. Distribution of the elements 
in some major units of the Earth’s crust. Geological Society 
of America Bulletin, Vol. 72, 1961, pp. 175-192. 

 Yushko-Zakharova O.E., Ivanov V.V., Soboleva L.N. et al. 
Minerals of the noble metals. Nedra. Moscow, 1986, 272 p. 
(in Russian). 

Togashi Y. Geological characteristics of the sediment hosted,
disseminated gold deposits in the Western United States of
America. In: The series of mineral concentrations and hy-
drocarbon accumulations in the ESCAP region. Volume 6 –
Epithermal gold in Asia and the Pacific (ST/ESCAP/1023).
United Nations publication. 1992, 224 p. 

Turekian K.K. and Wedepohl K.H. Distribution of the elements
in some major units of the Earth’s crust. Geological Society
of America Bulletin, Vol. 72, 1961, pp. 175-192. 

 
ЗОЛОТОРУДНЫЕ ПРОЯВЛЕНИЯ НА НЕФТЕНОСНЫХ ПЛОЩАДЯХ ЮЖНО-КАСПИЙСКОГО БАССЕЙНА  

 
Гусейнов Д.А. 

Министерство науки и образования Азербайджанской Республики, Институт геологии и геофизики, Азербайджан  
AZ1143, Баку, просп. Г.Джавида, 119: d_huseynov@yahoo.com 

 
Резюме. В основу идеи золотоносности Южно-Каспийского нефтегазоносного бассейна положено представление о фор-

мировании золотоносных катагенных растворов нефтегазопроизводящими палеоген-нижнемиоценовыми отложениями, ко-
торые в полосе развития Волга-Дон–Предкавказье–Закаспий характеризуются исключительно высокой рудоносностью и 
вмещают комплексные сульфидно-фосфатно-редкометально-урановые месторождения осадочного типа. В сульфидах железа 
постоянно присутствуют золото, кобальт, никель, молибден, рений, реже медь, цинк, свинец и мышьяк, а в пиритоносных 
горизонтах некоторых регионов часто обнаруживаются включения самородных металлов – золота, висмута, олова и меди. 

Детальные геолого-геофизические и изотопно-геохимические исследования показали, что в Южно-Каспийском ОБ в 
“oil-gas window” наряду с формированием жидких и газообразных углеводородов интенсивно генерировались катагенные 
водные растворы, насыщенные рудными компонентами, что подтверждено высокими содержаниями и постоянным присут-
ствием в нефтях, битумах и пластовых водах золота, серебра, меди, молибдена, цинка, мышьяка и других металлов. Это об-
стоятельство стимулировало изучение возможности формирования рудных скоплений в палеоочагах катагенной разгрузки 
флюидов. Изучение последних на одном из месторождений углеводородов подтвердило наши прогнозы о благородно-
метальном и нефтяном парагенезисе в Южно-Каспийском осадочном бассейне.  

В пределах зоны выявлены ураганные концентрации золота и палладия, а также индикаторов эпитермального орудене-
ния золота карлинского типа – мышьяка и бария. Выделений золота не обнаружено, оно невидимое, микродисперсное, ассо-
циирует с сульфидными минералами и рассеяно в породе.  

Подобное исследование на предмет поиска золотого оруденения в Южно-Каспийском бассейне проведено впервые и по-
лученные результаты открывают его новые перспективы как золото-нефтегазоносного. Выявленная золоторудная минерали-
зация знаменует открытие нового генетического типа золотого оруденения в Азербайджане, известного в мире как страти-
формный карлинский тип с дисперсным и низким содержанием золота, которое компенсируется большой протяженностью 
минерализованных зон и крупными запасами. 

Ключевые слова: золото, нефтяное месторождение, минерализация, благородно-метальный и нефтяной парагенезис, 
центры разгрузки флюидов, геохимическая аномалия, стратиформные залежи 

 
CƏNUBİ XƏZƏR HÖVZƏSİNİN NEFTDAŞIYAN SAHƏLƏRİNDƏ QIZIL FİLİZİ TƏZAHÜRLƏRİ  

 
Hüseynov D.A. 

Azәrbaycan Respublikasının Elm vә Tәhsil Nazirliyi, Geologiya vә Geofizika Institutu  
AZ1143, Bakı, H.Cavid prosp., 119: d_huseynov@yahoo.com 

 
Xülasә. Cənubi Xəzər neft-qaz hövzəsinin qızıllı olma ideyasının əsasını neft-qaz istehsal edən Paleogen-Aşağı Miosen çökün-

tüləri ilə tərkibində qızıl olan katagen məhlullarının formalaşması təşkil edir. Volqa-Don-Zaqafqaziya-Xəzəryanı regionunun inkişaf 
zonasında Paleogen-Aşağı Miosen çöküntüləri kompleksi yüksək filiz tərkibi ilə səciyyələnir və mürəkkəb çöküntü tipli sulfid-fosfat-
nadirmetal-uran yataqlarının olması ilə ifadə edilir. Dəmir sulfidlərin tərkibində qızıl, kobalt, nikel, molibden, renium, daha az mis, 
sink, qurğuşun və arsen bəzi regionların piritli horizontlarında isə çox vaxt xalis metallar – qızıl, vismut, qalay və mis aşkar olunur.  

Geoloji-geofiziki və izotop-geokimyəvi tədqiqatlar göstərdi ki, Cənubi Xəzər hövzəsində neft-qaz pəncərəsində maye və qaz 
halında karbohidrogenlərin əmələ gəlməsi ilə yanaşı, filiz komponentləri ilə doymuş katagen sulu məhlulları da intensiv şəkildə 
əmələ gəlir və bu da neftlərdə, bitumda və lay sularında qızıl, gümüş, mis, molibden, sink, arsen və digər metalların yüksək tərkibi və 
daimi olması ilə təsdiq edilir. Bu hal flüidlərin katagen boşalmasının paleo-ocaqlarında filiz yığılmalarının əmələ gəlməsinin 
mümkünlüyünün öyrənilməsinə təkan verdi. Karbohidrogen yataqlarından birində sonuncunun tədqiqi Cənubi Xəzər çöküntü 
hövzəsində nəcib metal və neft paragenezi ilə bağlı proqnozlarımızı təsdiqlədi. 

Zona daxilində qızıl və palladiumun qasırğa konsentrasiyası, karlin tipli epitermal qızıl minerallaşmasının göstəriciləri – arsen və 
barium aşkar edilmişdir. Qızıl dənələri aşkar edilməmişdir, o, görünməzdir, mikrodispersdir, sulfid mineralları ilə assosiasiya olunur 
və süxurda səpələnmişdir.  

İlk dəfədir ki, Cənubi Xəzər hövzəsində qızıl minerallaşmasının axtarışı üçün belə bir tədqiqat aparılır və əldə edilən nəticələr 
onun qızıl-neft-qazlı ərazi kimi yeni perspektivlər açır. Müəyyən edilmiş qızıl minerallaşması Azərbaycanda qızıl minerallaşmasının 
yeni genetik növünün aşkar edilməsini göstərir, dünyada dispers və aşağı qızıl tərkibinə malik stratiform karlin tipi kimi tanınan 
minerallaşmış zonaların genişliyi və böyük ehtiyatlarla kompensasiya olunur. 

Açar sözlәr: qızıl, neft yatağı, minerallaşma, nәcib metal vә neft paragenizi, flüid axını mәrkәzlәri, geokimyәvi anomaliya, qatlı yataqlar 

 
 Дискуссионная статья 
 Müzakirə məqaləsi 
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