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FROM THE EDITOR 
 

Scientific and scientific-production institutions in Azerbaijan have obtained 
rather important information on the South Caspian basin (SCB) for the last decade, 
namely, on geology and oil-gas potential of the region. The information is of a cer-
tain interest while focusing on the problem of oil-gas potential of folded systems. It 
is independent geologic-structural zone of the Caucasus segment of the Mediterra-
nean belt with a weak subcontinental (suboceanic?) crust and thick Meso-Cenozoic 
sedimentary cover (with predominant evolution of Pliocene sedimentary cover). In 
the deepest part it was formed in the uplifted preCambrian base. There have been 
discovered rich oil and gas accumulations there recently. In combination with 
complex geodynamic history of its formation they put it among the world’s unique 
oil-gas. Initial leading factors of the reservoirs formation in the system were hy-
drodynamic environment and sedimentation rate. Avalanche sedimentation started 
in the early Pliocene in the delta environment of Paleovolga resulted in the accu-
mulation of 5-6 km sedimentary complex (Productive Series – PS) and promoted 
creation of architecture of this large oil-gas basin. Just in this zone for the first time 
there was determined direct dependence between a high sedimentation rate and 
nice properties of the reservoirs at big depth. Investigation of sequence stratigraphy 
of the basin allowed to correlate cycles of marine and deltaic sedimentation. This 
plays a very important role while identifying reservoirs in the sections of the com-
plexes and during their transformation on the background of ascending waves of 
consolidation-disconsolation. 

Geologic-geodynamic terms of the basins formation resulted in the compli-
cation of its infrastructure accompanied by differences in the structure of the shelf 
and deep zones in the west Azerbaijan and of relatively shallow shelf zone in the 
east Turkmenian.  

Structures of the Absheron-Pribalakhan silt and of the Pre-Elburs trough 
limit the SCB in the north and in the south respective. Geodynamic regime of these 
zones formation promoted evaluation on of the structures determining oil-gas po-
tential of the system. Complex geotectonic environment of their formation was ac-
companied by manifestations of different thrust, shift and fault stress fields. They 
all evolved in a close interrelation with each other. On the whole the region is char-
acterized by total submeridional contraction as a result of north-east compression. 
This allows to find out the direction of the blocks displacement resulting in the 
manifestation of seismic risk especially within the main oil-gas zone.  

Among the unique peculiarities of the SCB mud volcanoes should be em-
phasized especially. Unlike those existing on the land they are characterized by 
huge sizes (up to 4-10 km in diameter) and by the existence of gas hydrate forma-
tions in their vents. Their wide spread in the basin allows to judge about their 
commercial importance. 

Gas-hydrate formations generating in terms of marine environment are of a 
special interest as well. This is not only in respect of regularities of dependence of 
their composition on depth but in respect of determination of thermobaric terms of 
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their generation and existence as well. And the most important thing is that this is 
in respect of stability of the process of gas-hydrates generation in the SCB. The 
SCB is characterized by a wide time range of oil-gas systems formation – form 
Mesozoic to Pliocene related to different facial complexes - from volcanogenic –
sedimentary to sedimentary. No doubt, that lithologic types of reservoirs in depos-
its undergo changes in terms of unstable tectonics of the region. This makes deter-
mination of stages and zones of formation of oil-gas systems there in difficult. 
However, on the whole, one can determine stages of intensive accumulation of hy-
drocarbons associated with activation of tectonic processes and with arriving of 
deep fluids and with transformation of mineral and organic matter into hydrocar-
bons. Determination of peculiarities of formation of oil-gas systems within differ-
ent lithogeodynamic complexes enables to predict their properties at depth.  

 
 

Academician Akif A. Ali-Zadeh 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

 

6

STRATIGRAPHIC ARCHITECTURE OF QUATERNARY 
SUCCESSION IN THE CASPIAN BASIN 

 
Ali-zadeh Ak.A,  Aliyeva E.G. 

Institute of Geology NASA, H.Javid av., 29A,  Baku, 1143, Azerbaijan 
e-mail: gia@azdata.net; e_aliyeva@gia.ab.az 

 
Summary 

In this paper we analyzed  data on oxygen isotope composition in the 
mollusks shell,s carbonate through the  Pleistocene-Holocene section, which 
proved  climatic control on Caspian sea level fluctuations and correlation 
them with climatic changes in Europe.  As a result of integration of  sedimen-
tological, sesimostartigraphic, biostratigraphic and isotopic studies  we pre-
sent the scheme of regional sequence stratigraphy of the Pleistocene-
Holocene deposits in the Caspian Sea  

This research may promote our understanding the mechanism of for-
mation of depositional systems in the closed basins like Caspian Sea and 
stratigraphic architecture of its sedimentary successions. 

 
Introduction 

 
The Geological history of the Caspian Sea in Pleistocene-Holocene repre-

sent an uninterrupted changes of its transgressive and the regressive episodes. 
Thus, on the background of a general tendency of lowering of the Caspian Sea 
level since the XXth  century repeated  temporary rises (measured by several tens of 
cm to 1-2 m) have taken place. 

Wide range of the sea level fluctuations which many times exceeds the mid-
annual velocities of vertical tectonic movements says in flavor of climatic control 
on the Caspian Sea level changes. 

Studying of climatic conditions in Pleistocene time shows that the Caspian 
Sea level has been increasing under conditions of humid (pluvial) climate in the 
Caspian basin drainage area, i.e. the increase of atmospheric precipitation at the 
decrease of temperature and evaporations accordingly. Conditions like those ex-
isted in cool humid epochs at the end of interglacials-beginning of glaciations. 
Thus, climatic changes which took place in extraglacial region, found themselves 
in a direct correlation with glaciations and interglacials. This conclusion is proved 
by the results of palynologic studies. The transgressive sediments are characterized 
by the pollen of Chenopodiaceae with a considerable amount of the pollen of the 
Gramineae, Cyperaceae, the variety of grasses and the near-shore-aquatic plants 
that says in favour of damp and clement climate (Vronskiy V.A., 1975). 

In this paper we summarized the published data on absolute age of Pleisto-
cene-Holocene deposits of the Caspian and Mediterranean Seas and East European 
plain, which allowed us to correlate the Caspian Sea level fluctuations with cli-
matic events in Europe. 
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Second, we also show the data on mollusks’ shells oxygen isotopic composi-
tion and its correlation with climatic changes influenced Sea level fluctuations. 
And third, we construct the regional sequence stratigraphy scheme of Pleistocene-
Holocene deposits demonstrating a good correlation between chronostratigraphic 
and biostratigraphic units. 

                     
The Caspian Sea level and climatic changes 

 
The conclusion that the Caspian transgressions correspond to the stages of 

global moistening of the climate but not the optima of the interglacials and not the 
phases of tectonic movements is proved by chronometric comparison of Caspian 
Sea transgressions with climatic events of the glacial zone in the Europe. 

We used the results of thermoluminescent absolute dating (TL method), as the 
data of age of mollusks, shells obtained by 14C method often give the fault results be-
cause of  aragonite-calcite transition in the shell’s carbonate (Bradley, 1985). 

The  following datings were obtained for the Lower Baku deposits (Middle 
Pleistocene) : from 480 ±  53 TY up to 400 ±  50 Ka (TL method) (Leontyev  et al., 
1975; Rychagov, 1977) (fig.1). According to paleomagnetic data the Baku deposits 
have a direct magnetization and are related to the Brunes epoch, boundary of which is 
dated 730- 750 Ka (Isayeva, 1990,  Sadikhova, 1995). These data allows to relate the 
time of formation  of the lower Baku deposits to the epoch of the late Dnestrovski 
thermochronous stage (Sicilian) -  Oksian cryochronous stage (Mindel) ( 600 ±  70 Ka  
according to the data  of TL method) (Zubakov, 1973, 1975; Nikiforova et al., 1984).  

Large thickness of the lower Baku deposits in the Kura and West Turkmenia 
depressions (more than 500 m)  indicates to a quite long period of their formation- 
about 250 TY  even on condition of abundant river supply (Fyodorov, 1978). 

The Late Baku transgression according to the data of TL method (378 ±  40 
Ka) (Mamedov, 1988) corresponds to the beginning of the first Intralikhvinski cry-
omer existed during Likhvinski thermochronous stage ((Mindel-Riss) (Zubakov, 
1973, 1975; Nikiforova et al., 1984) (fig.1). 

The age of the Urunjick beds in the Caspian region is very well compared 
with the second Intralikhvinski thermomer (Zubakov, 1975).  

Homogeneity of the lithologic composition, absence of  coarse terrigeneous 
material which was supplied far from  the land and existence of ferruginate inter-
beds prove that Sea level rise in Middle Pleistocene had been caused by humid 
climatic conditions  but  not  by the increase in water flow from the  land  (Fyo-
dorov, 1978). 

Maximum of the Lower Khazar transgression (Middle Pleistocene) that ter-
minates the marine Pleistocene succession in the Caspian sea and  so called  Singil 
beds are dated according to the TL method 254-340 Ka, and the uranium-ionium 
method - 300 Ka (Mamedov, 1988). The upper boundary is marked by 145 Ka 
(Rychagov, 1977). It corresponds to the end of the Likhvinski interglacial- the be-
ginning of the Dneprovski glaciation (Riss I) (Zubakov, 1973, 1975; Nikiforova et 
al., 1984). Thus, the deepest Pleistocene regression of the Caspian Sea - the Vened-
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skaya or the Ushtalskaya, which occurred between the Late Baku and the Lower 
Khazar regressions, took place under conditions of the second Likhvinski thermo-
mer. Another considerable regression separated the Lower Khazar and the Upper 
Khazar (Upper Pleistocene) sea high stands (fig.1) is related to the stage of tem-
perature fall - the Moscow glaciation (Riss II). 

The age of the Upper Khazar transgression is 91 ±  17  - 143 ±  9 Ka  accord-
ing to data of TL method (Leontyev  et al., 1975) and 100-125 Ka (Shakhovets, 
Shlyukov, 1987) and  is compared  with  the Last Pre-Glaciation - the end of the 
Mikulino  thermochronous  stage  (Riss - Vurm) and the beginning of the Kalinin-
ski cryochron (Early Vurm) (Zubakov, 1973, 1975; Nikiforova  et al., 1984) (fig.1).   

On the basis of lithologic composition of the Lower Khazar sediments con-
taining coarse grained clastic material from the distant sources (pebbles of rocks 
from the Greater Caucasus or coarse sands from mountains of the Middle Asia and 
Russian plain) one can say, that during the Lower Khazar a large amount of river 
waters run into the Caspian Sea. It is obviously, that they contain a considerable 
amount of melted glacial waters (Fyodorov, 1978). 

Further development of the Caspian Sea is characterized by the deep sea 
level fall (Atelian beds), that took place in cold and dry climate during the Kalinin-
ski Glaciation. The followed Early Khvalyn transgression (Upper Pleistocene) is 
dated 71 ±  8 - 42 ±  5 Ka (TL method) (Leontyev et al., 1975; Rychagov, 1977), 
which allows to relate it to the end of the Kalininskiy Glaciation (Early Vurm). 

The age of the Upper Khvalyn transgression according to the radiocarbon 
data is 12,8-9,7 Ka.  From the  TL datings nearly the  same figures were obtained : 
18,5-14,6 Ka  (Leontyev et al., 1975).. 

This allows to compare the Upper Khvalyn transgression with the period 
preceding the late Vurm (Ostashkovski) glaciation and  characterized by pluvial 
conditions in the Caspian region (Zubakov, 1973, 1975; Nikiforova et al., 1984).   

Thus, the Pleistocene high stands of the Caspian Sea correspond mainly to the 
episodes  of the end of interglacials-the beginning of glaciations and are caused by plu-
vial climatic conditions leading to a sharply positive water balance in the basin. 

Interpreting intensity of the river discharge during different transgressive 
Pleistocene periods of the Caspian Sea one can say, that it slightly varied and not 
very much differed from that one in the  

Holocene. Thickness of the alluvial series synchronizing to the transgressive 
marine successions slightly differed from the thickness of the Holocene alluvium. 
Moreover, in some regressive stages there occur accumulation of a thick alluvium, 
that say in favour of the increase of rivers water balance. Normally this occurs dur-
ing the interglaciation episodes. Thus, existing of pluvial climatic conditions in the 
Caspian Sea area was the dominant factor in its fluctuating. Continental glaciations 
at the beginning of its arising influenced the climate of Pre-glacial zone, resulting 
in the fall of the midannual temperatures and replacement of the cyclone activity to 
the South towards the Caspian Sea basin. Then with the increasing, the glacial 
shield influenced more and more on the climate of the adjacent areas, which be-
came more dry and cool. Amount of atmospheric precipitation had been sharply 
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reducing and this lead to the sea level fall (Vasilyev, 1975). The Caspian Sea low 
stands in its Pleistocene history could take place both during the maximum of the 
glaciations and the interglaciation periods. 

 

 
Fig.1. Scheme of stratigraphy of Pleistocene-Holocene deposits in the Caspian sea  

(with use of  Fyodorov data (1978) and results of present study) 



 

 

 

10

Oxygen isotopic composition of the Quaternary Caspian mollusks,   
shells carbonate and Caspian sea level fluctuations 

 
To reconstruct paleoclimatic and paleogeographic conditions there were 

conducted determinations of the isotopic composition of the oxygen of the shells 
carbonate of the Caspian Pleistocene- Holocene mollusks of Didacna, Theodoxus, 
Cardium and Monodacna genus. To exclude influence of the seasonal fluctuations 
of temperatures, adult samples have been analyzed. All shells were composed of 
aragonite. Safety of mineral composition was tested by the X-raying-difractometric 
method. The studied shells were selected from different parts of the basin from the 
East Azerbaijan (Absheron peninsula, Kura depression), the West Turkmenistan  
(Cheleken, Mangyshlak peninsulas, Neftedag mount., Yaskhan lake),the North Pre-
Caspian (fig.2). 

In the studied region of the West Turkmenistan in the Pleistocene there ex-
isted the West-Turkmenian Gulf in the eastern part of which near the Maliy  Balk-
han Ridge there located  the mouth of Paleo-Amudarya river. In the opposite west-
ern coast  the vast Kura gulf deeply ingressed into the land covering a huge part of 
the Kura depression. 

 
Fig.2. Scheme of location of mollusks shells sampling points. 

 
The analyzed fossils are corresponded to the transgressive stages of the basin.  
Results of analyses show very strong variations of oxygen isotopic signature 

of the mollusks shells’ carbonate in the Pleistocene from + 8,7o/oo to - 7o/oo. This 
can not be  explained only by changes of water temperature the increase of which 
by 2,5-30  leads to the decrease of   δ 018 only by 0,7 o/oo . 

The isotopic oxygen composition of the Caspian Sea water which was char-
acterized by inconstancy in time and space influenced the isotopic oxygen signa-
ture of shells carbonates greater than the water temperature. 

The isotopic oxygen composition of the Caspian Sea water just like of any 
isolated basin depends upon several factors- humidity of atmosphere, amount and 
genesis of the coming fresh waters, relation in the water balance of the processes of  
evaporation and condensation. 
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On the whole, at the transgressive phases, existed in a humid climate, the 
isotopic composition of the Sea water was impoverished by heavy isotope of oxy-
gen. At the regressive stages the values of oxygen heavy isotope in the Sea water 
were growing both in the periods of interglaciations due to the increase of the 
evaporations and in the maximums of glaciations  of the Russian Plain as a result 
of the decrease of amount of fresh waters coming into the basin. 

The data on values of the oxygen isotopes of shells carbonates are different 
as within one territory and so as much more different between the samples from the 
west and the east shores of the Caspian Sea. 

For the shells from the Cheleken peninsula (the West Turkmenistan)  δ 018  on  
the  whole has negative values and are down  to - 7,3 o/oo (fig.3). And besides, as 
moving to the east of the West-Turkmenia Gulf, values of δ 018  are  still dropping  to 
-9,1 o/oo (A.S. Gorbarenko et al., 1973). It is obvious, that this is explained by fresh-
ening influence of the Palaeo-Amudarya  River, the mouth of which was located to 
the east of the Cheleken peninsula .Very low amounts of 018 (δ 018 is - 12,6 o/oo) are 
observed in the carbonates of shells Didacna  eulachia Fed. from the Duzdagh out-
crop located in the former Kura Gulf, where the influence of Paleo-Kura was great. 
And moreover, for the shells from the Absheron peninsula the situation is quite dif-
ferent. All samples are characterized by positive values of δ 018, alternating  upwards 
the section of  the Pleistocene deposits from +8,7o/oo to +1,02 o/oo. These data show 
quite clear the meaning of the river run-off and freshening of the basin waters in the 
oxygen isotopic balance of the mollusks shells carbonate. 

Comparing the δ 018 curves compiled for the samples from the  Absheron  
and the Cheleken peninsulas one can say that notwithstanding the considerable dif-
ference between values, the tendencies of changes of  oxygen isotopic composition 
of the shells carbonate  in Pleistocene coincide on the whole. 

The highest value  δ 018 are typical for  the shells from the Lower Baku deposits 
(the Lower Pleistocene) both in the Absheron peninsula (on the average +8,7 o/oo) and 
in the Cheleken peninsula (+0,1o/oo) (fig.3). 

Such a high amount of 018 in the shells of the Lower Baku age might be ex-
plained not only by cool climate and low temperatures of the first half  of the Baku 
century. According to data of Ca/Mg ratio determined for  Didacna, Dreissena mol-
lusks shells carbonate from some localities of Pleistocene outcrops in Absheron pen-
insula, Gobustan and Lower Kura depression the midannual temperatures of the 
Lower Baku time is 10,60. The calculation of paleotemperature have been made from 
equation: T= 28A/15B; where T- environment temperature; A-amount of Ca, B-
amount of Mg; 28 and 15-empiric constants (Dorofeeva, Habakov, 1980). Besides, 
for the Lower Baku time it is typical not a considerable development of the alluvial  
processes, as it has been stated above already. It is obviously, that this fact caused 
such a high amount of the heavy isotope of oxygen. More reduced values of  δ 018 are 
typical for the shells of the Upper Baku and Urunjick mollusks sampled from out-
crops in Absheron peninsula - +6,78‰ and +6,05‰  accordingly. In the Cheleken 
peninsula the  Upper Baku fauna have not been found in situ. For the Urunjick shells 
δ 018 is - 0,5‰. Most probably, that this indicates to the warmer and more humid 
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climate. According to Ca/Mg retio the midannual temperatures of the Baku and 
Urunjick time were 17 and 17,10. Up to the section in the Lower Khazar samples 
(Middle Pleistocene) one can observe a very sharp drop of δ 018 up to +4,68‰ for the 
shells from the Absheron peninsula and -7,3‰ for the samples from the Cheleken 
peninsula (fig.3). And besides, for the Cheleken shells it is typical the decrease of 
values of δ 018 - 9,1‰  eastwards as approaching  to the delta of the Paleo-Amudarya 
river. Such a decrease of amount of 018, probably, confirms results of studies of some 
researchers (Fyodorov, 1978) showing a considerable melting of ice in the Lower 
Khazar  time and flowing of melted waters into the Caspian Sea. This conclusion is 
also illustrated by the data of lithologic composition of the Lower Khazar sediments, 
as it has been stated above already. And besides, the Lower Khazar Sea was a semi-
closed basin having connection with Black Sea through the Manych valley. It is also 
could led to the freshening of the basin waters. 

    

 
 

Isotopic composition of the Upper Khazar samples does not differ much. For 
the samples from the west shore it is typical the decrease of δ 018 up to +3,5‰. The 
Upper Khazar transgression had a limited expansion and took place in more warm 
climate. The midannual temperatures according to the results of determination of 
Ca/Mg relation were 22,60 then. It is obvious that this fact may explain the de-
crease of amounts of 018 in spite of increase of evaporation. 
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The Lower Khvalyn stage of development of the Caspian Sea (the Upper 
Pleistocene) was marked by its considerable water freshening to 6-7‰, caused by 
pluvial environment in the Caspian drainage area and increase of river run-off. Dur-
ing the great Lower Khvalyn transgression, when the sea level raised up to 50 m 
(Fyodorov, 1978). All these factors brought changes in the oxygen isotopic composi-
tion of the studied shells. δ 018 on the average reached  +2,24‰ for the Absheron 
fauna and -3,8 ‰ ;-5,5‰ -for shells from the North Precaspian (Didacna delenda 
Bog.,, D. protracta Eichw ,D. subcatillus Andrus.) (Gorbarenco et al., 1973).               

On this background for the fauna from the Cheleken peninsula one can ob-
serve a hardly explained phenomena of a considerable growth of δ 018 as compared 
with the Khazar shells from -7,3 ‰  to -0,7‰. And besides, for the same age shells 
from the inner part of the West-Turkmenian Gulf  (Neftedagh  mount.) δ 018 is  - 
2,5 ; - 4,7‰. Up along the section in the Upper Khvalyn samples δ 018  falls to - 
4‰ (the Cheleken peninsula); - 4,8‰ (Neftedagh  mount.), +1,02‰ (the Absheron 
peninsula). Values of the isotopic composition of the mollusks shells oxygen from 
the west and the east coasts of the Caspian Sea in Holocene for the first time are 
nearly the same - +1,2‰ and +1,7‰  accordingly. At that time in the territory of 
the West Turkmenia the Gulf practically disappeared and only saline lagoons re-
mained. This  resulted in the growth of 018 contents up to the values close to the 
modern ones. Approximated curve of values of δ 018 of the shells carbonate of the 
Caspian Holocene mollusks has two clearly expressed peaks in the beginning and 
above the studied interval (fig.4)  

The figure shows that the range of  δ 018 variations in Holocene is consider-
able lower than in Pleistocene. 

Summarizing the results of this study one can say, that the Caspian Sea in  
Pleistocene suffered considerable fluctuations of  its water oxygen isotopic compo-
sition both in time and in the basin area. This considerably depended upon the de-
gree of dilution of the marine waters by the fresh ones.  

                  
Fig.4.  The approximated curve of  δ 018  values in the Caspian  mollusks shells,  

carbonate in Holocene (compiled from  Nikolayev S.D., 1972). 
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Thus, the isotopic composition of Caspian mollusks shells oxygen is not 
useful for the paleotemperature reconstructions, but gives ideas on the general en-
vironment state.                                   

At the same time analysis of curves of δ 018 values and the fluctuations of the 
Caspian Sea level shows that they quite clear are divided into three large parts coincid-
ing with the existing stratigraphic units – Baku, Khazar and Khvalyn  horizons.  

Summarizing all above mentioned it is possible to notice that there is suffi-
ciently distinct differentiation  in oxygen isotope composition of mollusks, shells 
from different stratigraphic levels, which reflects the general change of climatic 
conditions at the boundaries of main stratigraphic intervals of Pleistocene-
Holocene in the Caspian. Thus, there is a quite good correlation of climatic events 
with biostratigraphic divisions. Endemic fauna of isolated Caspian basin was very 
sensitive to changes of ecological setting, which directly have been reflected in the 
change of paleobiocoenosis composition. It will be shown below, that rapid Cas-
pian Sea level drops led to the formation of sequence boundaries and formation of 
several chronostratigraphic units in the Pleistocene-Holocene of the Caspian Sea.
  
 

Stratigraphic architecture of Pleistocene- Holocene deposits 
in the Caspian basin 

 
As it was shown by S.B.Kroonenberg et al. (1997) for the closed Caspian 

basin high-frequency sea level fluctuations have been reflected in formation of 
high order depositional sequences that makes very important the application of se-
quence stratigraphy principles to Caspian Sea Quaternary sedimentary successions.   

Data of long term studies of Pleistocene outcrops in Azerbaijan and compar-
ing these results with studies of Pleistocene exposures in Dagestan, Turkmenistan 
and the North Pre-Caspian as well as seismic facies analysis have been implicated 
into regional sequence stratigraphic scheme.  

The  boundary of the first sequence is marked on the base of Turkyan Suite 
occurred in the lowers of Middle  Pleistocene and lithologicaly represented in the 
reference sections, located in the west part of the Kura depression (the Karaja 
ridge) by the  pebble conglomerates transiting upward the section to sands. These 
sediments with small unconformity overlap the Absheron (Emilian) deposits and 
boundary between Absheron and Turkyan successions recognizes as erosional sur-
face. From sedimentological data Turkyan deposits are interpreted as the deltaic 
and alluvial deposits and their deposition is related with the progradation of the 
Paleo-Kura river delta during simultaneous regression of the Caspian Sea. In the 
central and the east parts of the Kura depression and the Absheron peninsula they 
are represented by sands and clays. 

In the Povolzhie and the West Turkmenistan the Turkyan deposits are repre-
sented by Paleo-Volga and Paleo-Amu-Darya sediments. The thickness of the 
Turkyan Suite is no more than 25 m in these regions. Towards the center of the 
basin thickness grows up to 150 m in some places.  
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We think, the Turkyan Suite may be considered as lowstand systems tract 
(fig.1). Up along the section it is transgressively overlapped by clays, silts of the 
lower part of the Baku horizon, which we considered as transgressive systems tract. 
The Lower Baku subhorizon is characterized by a big thickness – up to 500m.  

The next stage of the basin evolution (Upper Baku subhorizon) is a maxi-
mum phase of the Baku transgression. Deposits of this sea high stand are character-
ized by a low thickness and abundant fauna. There appeared a number of new mol-
lusks species (Didacna rudis Nal, D.carditoides Andrus., etc.). Unconformity be-
tween Lower and Upper Baku sediments have not been revealed. All these features 
allows us to refer the Upper Baku beds to high stand systems tract (fig.1). 

The Urunjick sediments that conformably overlap the Upper Baku deposits 
have been accumulated during the falling sea level. They are represented by shore-
face sediments (coarse grained sands, coquina) in the Kura depression and West 
Turkmenistan with maximum thickness about 20 m. All this give us the reasons to 
recognize the Urunjick deposits as falling stage system tract (fig.1).  

Between the Urunjick beds and Lower Khazar sediments, which terminate 
the Middle Pleistocene succession, there exist a considerable biostratigraphic break 
caused by a deep sea level fall. In the Volga river down stream this stratigraphic  
interval corresponds to deep incising of Volga river valley  filled by the alluvial 
sediments of the Venedian Suite. Its analogue in Azerbaijan is the continental Ush-
talian Suite deposits of which deeply truncates Urunjinck sediments. All these de-
positional features allow us to consider the Venedian (Ushtalian) suite as low stand 
system tract and the base of these suites represented by erosional surface- the se-
quence boundary. Thus, sedimentary succession from Turkyan Suite to Urunjick 
beds represents entire depositional cycle. 

Up to the section the transgressive Lower Khazar deposits with a specific 
faunal complex form transgressive system tract. 

In the west coast (Azerbaijan, Dagestan) one can observe 3 abrasive- accu-
mulative terraces containing typical Lower Khazar fauna. In Volga down stream 
there also exist 3 successions starting with the alluvial sands and terminated by ma-
rine sediments. The continental sediments were formed during the sea low stands 
occurred between three stages of the Lower Khazar transgression. We recognize 
each of those successions as high frequency sequences, but to determine the strati-
graphic status of them and identify the chronostratigraphic boundaries more accu-
rate it is necessary to conduct further studies. 

Everywhere in the Caspian region the Upper Khazar deposits are separated 
from the Lower Khazar ones by a deep break and overlap the downlying sediments 
with a considerable unconformity. The sea level was relatively low during the Up-
per Khazar transgression. In the base the Upper Khazar beds are represented by 
coarse conglomerates passing upward into limestones and cross bedded sandstones.  

We think that surface in the base of the Upper Khazar succession having all 
features of subaeral exposure should be considered as sequence boundary.  

On the top of the Upper Khazar beds the continental sedimentary series (At-
elian beds) occur in the west, east and north Sea costs. They are represented by al-
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luvial pebbles and sands. Up to the section these beds transgressivly overlaid by the 
Lower Khvalyn marine deposits. The Lower Khvalyn transgression was the biggest 
in the Pleistocene and reached the absolute mark of 47 m. This stratigraphic inter-
val (Atelian beds- the Lower Khvalyn beds) we recognize as high frequency se-
quence.  

Overlying them the continental sediments of Middle Khvalyn age, which are 
overlapped by the Upper Khvalyn marine succession constitute the shortest Pleis-
tocene sequence (about 20 TY) (fig.1). 

So, in Pleistocene of the Caspian region one sequence of forth order and six 
high frequency sequences can be determined. 

The deep Mangyshlak regression which we considered as Caspian sea low 
stand (sea level dropped to -50m) separated the last Pleistocene transgression from 
Holocene one.  

Thus, sedimentological data proved that deposition of small scale sequences 
in the Pleistocene–Holocene of the Caspian Sea had been controlled by the sea level 
fluctuations response to climatic changes in the Caspian region and adjacent areas. 

Our studies are well compared with results of seismostratigraphic analysis 
made by N.Abdullayev (2000). From his interpretation of seismic data several 
Quaternary prograding complexes bounded by regionally traced sequence bounda-
ries are well identified (fig.5). Sequence boundary 6 from this author is related to 
sea level drop at the boundary between Baku and Absheron startigraphic com-
plexes, i.e. Turkyan Suite. It initiated self margin progradation and formation of the 
first Middle Pleistocene sequence- Baku succession consisting, probably, of se-
quences 6 and 7. 
 

         Fig.5. Composite seismic cross –section of NW-SE direction in the Turkmenian shelf 
(Abdullayev, 2000). 
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Evidence of another significant basinward shift of Turkmenian shelf margin 

takes place at the boundary of subsequence 8a, which probably corresponded to the 
Venedian low stand (sequence 2 in our startigraphic scheme, fig.1) characterized 
by the very sharp and deep sea level fall to –55m. Continuous progradation of 
Turkmenian shelf into deepwater led to formation of subsequence 8b related from 
our opinion to Upper Khazar succession (sequence 5 in our scheme, fig.1) and 
Lower Khvalyn sequence (sequence 9 in Abdullayev). The last seismostratigraphic 
complex- sequence 10, consists of 2 subsequences –10a and 10b, which is , proba-
bly, related to the last dramatic sea level fall –Mangyshlak regression, recorded in 
the formation of  the boundary of Holocene sequence. 
 
 

Conclusion 
 

Deposition in the Caspian basin in Quaternary underwent the great influence 
of climatically controlled sea level fluctuations. Changes in sea level and sediment 
supply led to formation sequences of a high order. Application of different strati-
graphic methods to the interpretation of startigraphic architecture of Caspian Sea 
Quaternary complex made it possible to elaborate the chronostratigraphic scheme 
of Pleistocene –Holocene succession in the Caspian sea for the first time. 
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Summary 

From the example of Lower Pliocene Productive Series in the Kura-
South Caspian basin the influence of high-frequency fluctuations of closed 
basins level and changes in sediment supply on facial shifts and reservoirs 
architecture had been determined. 

The 2D and 3D models of reservoirs of key production intervals in the 
South Caspian basin have been elaborated. 

 
 

Introduction 
 

The South Caspian is located within Mediterranean orogenic belt and have a 
lot of similarities in geodynamic evolution in Mesozoic- Early Cenozoic. In the 
Triassic and Lower Jurassic the basins were marginal seas to the extensional 
Tethys ocean between the European Platform and Afro-Arabian plate. Because of 
continental collision of relict fragments of Gondwana and EvroAsian plates in Oli-
gocene the North part of Tethys was separated from Mediterranean in vast in-
tracontinental Paratethys basin. The closure of later in Messinian as a result of the 
collision of the Afro-Arabian and the East-European plates led to the development 
of isolated sedimentary basins like Glacial Black Sea and Pliocene- Recent Caspian 
Sea suffered the dramatic fall of its level from 600 m to 1500. Since Pliocene 
sedimentation in both basins took place with stable subsiding and accumulation of 
thick terrigenous series.  

Due to rapid South Caspian basin subsidence and large sediments input 
sedimentation rates was 2500-3000m/Ma with a resultant sedimentary cover 30- 32 
km. However, the majority of reservoirs and hydrocarbons reserves (about 90%) 
are concentrated in thick  

(7 km) Lower Pliocene Productive Series (PS) consisting of rhythmically 
bedded fluvial-deltaic sediments deposited in the isolated South Caspian basin by 
several large river systems. 

However, exploration for new fields and exploitation of existing ones in the 
Kura-South Caspian basin are hampered by the lack of good models of depositional 
environment in Early Pliocene and reservoirs geometry. Existing models are limited 
due to misunderstanding of very important circumstance- hyper instability of the Cas-
pian Sea level. Amplitude of small-scale Caspian Sea level fluctuations (decades, cen-
turies) can be compared with long time (thousands, tens of thousands of years) World 
Ocean oscillations. For the example, the last  high frequency cycle of the Caspian Sea 
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level fluctuation (1929-1995) led to formation of sedimentary sequence of a high order 
with regressive and transgressive system tracts and sequence boundary  corresponding  
to time of the lowest sea level (Kroonenberg et al., 2000). Thus, the sedimentation in 
the Caspian Sea undergoes the great influence of small scale sea-level changes. More 
over the latter played a key role in depositional environment changes, facial shifts, 
formation of architecture of reservoirs.  

      
Main results 
As it was above mentioned the most hydrocarbon deposits  in the South 

Caspian basin are located in Lower Pliocene Productive Series (PS) consisting of 9 
suites - Kala, PreKirmaki, Kirmaki, Post Kirmaki sand and clay, Pereriva, Balak-
hany, Sabunchi and Surakhany Suites.  Combined outcrops observations (Kirmaki 
and Yasamal valleys located on Apsheron peninsula) and subsurface data interpre-
tation (gamma ray and SP logs) from Bahar,Gum adasi, Shakh-deniz oil fields 
(Baku archipelago) have been used for paleoenvironment reconstructions and 
elaboration of model of reservoirs (fig.1). 

 
 

Fig. 1. Scheme of location of oil-gas fields in the South Caspian 
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Elaborated 3D model of PS sediments in Bahar field clearly shows existence 
of braided fluvial system in Lower Pliocene (Fig. 2). 

 

 
 

Fig. 2. 3D model of Productive Series reservoirs in Bahar field  
(made up by Ibragimov B., Kroonenberg S., Aliyeva E.). 

 
 

The profile trending roughly  NW-SE along Bahar field was chosen for logs 
data acquisition (Fig. 3) 
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Fig. 3.3. Structural map on the top of horizon X of Balakhany Suite, Bahar field 
    
 

Our palaeoenvironment interpretations had been started form Kirmaki suite 
of the lower part of PS. One can observe a facial heterogeneity of Kirmaki Suite’s 
sediments along the NW-SE profile - complete absence of stacked shallow channel 
bodies that is observed in outcrop in Kiramaki valley and development in Bahar 
field sheet-like laterally extending mudstone beds. Coarsening upward series in 
Bahar field transiting in the south-eastern direction into monotonous clayey units 
are mainly distinguished. Small individual channel bodies one can observe ex-
tremely rarely in the north-eastern part of the field (Fig. 4). Interpretation of depo-
sitional environment both in exposure and oil filed assumes the sharp change in 
lateral direction of depositional setting and basinward facial shift from Volga river 
delta plain-delta front  setting with short term accumulation of lacustrine sediments 
in the middle part of suite in Kirmaki valley (central part of Apsheron peninsula) to 
distal delta front –lacustrine environment in Nothern part of Baku archipelago (Ba-
har field). 
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In the vertical section of Kirmaki suite depositional environment in Bahar 
field changes within distal delta front –lacustrine settings with most distal facial 
conditions in the middle part of the suite. One can observe only two cycles of the 
sea level fluctuations not following by any considerable facial shifts.  

Sedimentation of Post Kirmaki Sand Suite (PKS) took place under condi-
tions of the sea level fall and change in sediment supply that led to the gradual pro-
gradation of Volga delta located during accumulation of this suite southward Bahar 
area.  (Fig. 4).  

One can observe extended incised one into another fluvial channels filled by 
sand material. However, as compared to PKS in Kirmaki valley deposits of this 
suite in Bahar had been formed in the more distal depositional setting. Fluvial 
channels are shallow and characterized by a good vertical communication but re-
stricted lateral one during sea level low stand. One can observe two such  periods 
during time of accumulation of PKS sediments. 

The following then sea level rise was accompanied by change of deposi-
tional environment in Bahar field to delta plain setting with formation of shallow 
vertically and laterally isolated distributary channels.  

One can observe one full cycle and one semi-cycle of the sea level fluctua-
tions, low stand of which were followed by formation of erosional surfaces. 

Transition to the most clayey suite in the lower part of PS -  Post Kirmaki 
Clay (PKC)  took place under conditions of the sea level rise (Fig. 4). According to 
interpretation made by Hinds (verbal information) depositional environment of 
PKC represents by periodically desiccated floodplain.  In our opinion such condi-
tions could take place in the middle of suite. 

The observed along profile laterally extended braided shallow scours not 
having lateral and vertical connection can be formed under conditions of poorly 
channelised floodplain. Findings of numerous desiccation cracks in deposits of 
PKC in Kirmaki valley proves the existence of such setting in the middle time of 
PKC accumulation. However, to our view one can not say about existence of such 
conditions during whole time of PKC formation within Bahar field. Up the section 
amount of channels and their dimensions decrease significantly. In the upper part 
of the suite coarsening upward series take place with thick clayey interlayers.  

Such changes in stratigraphic architecture represent to our view transition 
from flood plain setting to delta front - lacustrine. On the whole within PKC one 
can observe a complete cycle of the sea level fluctuations with low stand in the 
middle of suite. Low stand sediments comprise approximately 1/3 of total suite 
thickness that testifies to a long duration of this stage of sea level fluctuations. 

Formation of the next lithostratigraphic complex of PS - Pereriva Suite takes 
place under repeatedly sharp fluctuations of the sea level and facial shifts along the 
section. One can observe 3 stages of sea level low stands following by significant 
delta progradation, formation of braided fluvial system with amalgamated channel 
bodies. (Fig. 5). Sometimes it is possible to observe the intervening of overbank 
sediments into stacked channel sands and repeating coarsening upward series obvi-
ously testify to the presence of crevasse splay deposits. 
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The first cycle of the sea fluctuation during accumulation of Pereriva suite 
had been terminated by sharp sea level rise of and transition to facies of delta front 
with extended clayey beds. Following then rapid sea drop was followed by forma-
tion of highly amalgamated braided fluvial system changing up the section into 
deposits of delta plain with restricted isolated channel fills.  Successive sea level 
fall again led to the significant  basinward facial shift with development of braided 
deep sandy filled channels transiting up the section into sediments of  delta plain –
delta front.  

Thus, at total thickness of Pereiva suite on the Bahar field  135 m here one 
can observe 3 semicycles of very sharp sea level fluctuations.  

Sea level high-stand with formation of delta front depositional environment 
on the Bahar area represents the transition to the next suite of PS - Balakhany suite. 
However, the duration of that phase of basin evolution is characterized by its short-
term and rapidly changed by significant sea level fall  led to the backward facial 
shifts and return to major fluvial system  on Bahar field  in the lowers of X horizon 
(Fig. 5). Fining upward series, probably, represent fluvial channels or bank 
attached point bars and coarsening upward units may be considered as crevasse 
splay or sheet flood deposits. The following series of laterally continuous sand-
stones and mudstones represent transition to facies of delta front. Then one can 
observe return to fluvial environment represented on Bahar by deposits of flood-
plain. Laterally traced thin fining upward series represent channel avulsion onto 
floodplain. Then up to the section of X horizon facies of delta front become domi-
nating within the whole field.  

Thus, it should be pointed out, that the sea level oscillations during accumu-
lation of Pereriva suite and basal part of horizon X of Balakhany suite were of 
dramatic nature with a sharp change of trend of sea level fluctuations and devel-
opment of semicycles. In the middle and upper parts of horizon X depositional en-
vironment did not changed so sharp though amplitude of sea level fluctuations was 
large and facies changed in wide rang. The following 4-th high-frequency deposi-
tional cycle in lowers of horizon IX of Balakhany suite is characterized by low am-
plitude of sea level fluctuations with development of delta front facies  during high 
stand and delta plain during low stand (Fig. 6). Following sharp sea level drop led 
to the delta progradation. The delta this time was located toward SSE of Bahar 
area. On the Bahar field there were deposited highly amalgamated sandstones rep-
resenting fluvial channels with small intervals of mudstones transforming upward 
in sheet-like sands, representing, obviously, crevasse splay or sheetfloods deposits. 

Up to the section one can observe successive change of depositional setting 
and the fifth cycle (semicycle) is terminated by thick mudstone unit deposited in 
delta front environment. The section of IX horizon is terminated by a short 6-th 
cycle characterized by small-amplitude sea level fluctuations. 
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Fig. 5. Sedimentary cycles, depositional environment and reservoir architecture of Pereriva 

Suite and Horizon X of Balakhany Suite 
 

7-th cycle, developed within horizon VIII, represents return to the regime of 
sharp contrast sea level fluctuations and development of incomplete sedimentary 
sequences when transition  from sea high stand to low stand are sharp and deposits 
of sea level falling stage not observed. Three sharp changes of sea level, which led 
to the formation of major braided fluvial system on Bahar field as well as sharp 
basinward facial shifts are observed.  

Up to the section – horizon VII- the amplitude of sea level fluctuations sig-
nificantly becomes smaller environmental changes were not so dramatic. In the 
upper portion of Balakhan suite- horizon V, one can observe floodplain facies that 
testify re-establishment of fluvial environment. Frequent laterally extended fining 
upward series are obviously interpreted as channel avulsion and coarsening upward 
ones and as crevasse splay deposits or prograded sheet flood lobes. Results of study 
Balakhany suite on the Absheron peninsula shows the increase in the section the 
share of reddened  clays, which were formed under aerobic conditions. This fact 
testifies to formation of floodplain facies within V horizon on the Absheron penin-
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sula that was of general character. In the SSE direction displacement by the more 
distal facies of delta plain or delta front that were formed during short-term rising 
of the sea level further changed by phases of its low stand and wide development 
floodplain depositional environment.  

 

 
Fig. 6. Sedimentary cycles, depositional environment and reservoirs architecture  

of Balakhany Suite, Bahar field. 
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Thus, within about 900 m series of Balakhany suite one can observe 13 
small scale sedimentary cycles characterizing by different amplitude and duration. 
At the same time rapid and contrast sea level fluctuations took place in the lower 
portion of Balakhany suite horisons X and VIII.  Up to the section intensity of the 
sea level fluctuations decreases and from 13 cycles, distinguished within Balak-
hany suite, only 4 cycles fall on the upper horizons-VII, VI, V.  

Prevailing type of depositional environment of Sabunchi Suite is to our view 
floodplain facies (Fig. 7). Laterally extended isolated from each other channelised 
sandstones represent avulsion of fluvial system onto flood plain. Such conditions 
repeatedly took place during accumulation Sabunchi Suite sediments. Sometimes 
one can observe lateral replacement of facies, in particular, shifts from flood plain 
depositional environment to delta plain facies. In the middle of 5-th sedimentary 
cycles within Sabunchi Suite one can observe thick, extended through out the 
whole field, fining upward sandstones packages. These sandy beds are deeply in-
cised into underlying intercalating sheet-like layers of mudstones and sandstones. 
Probably, there is occurs a recurrence to major fluvial system. Fluctuations of wa-
ter table led to subsequent change of floodplain facies by delta plain environment 
with small isolated distributary channels separated by coarsening upward interdis-
tributary bay fill series. High stand of each cycle represents deposition in delta 
front environment. However, extension of these phases was small that testifis to 
short-term of sea level rising and prevalence of stages of its low stand.  

Comparison with exposure of Sabunchi suite in Yasamal valley also testifies 
to the sedimentation of the most part of Sabunchi suite in proximal depositional 
environment. Presence of desiccation cracks and reddened clays indicate to it. 

On the whole, within Sabunchi suite one can distinguish 7 full cycles of sea 
level fluctuations. In the low half of suite cycles are shorter and characterized by a 
more high frequency.  

Thus, from 27 sedimentary cycles distinguished within Kirmaki, Post Kir-
maki Sand and Clay, Pereriva, Balakhany and Sabunchi suites only 11 ones corre-
spond to stages of dramatic sea level drop from high-stands to low stands, basin-
ward facial shifts and  establishment of major fluvial system.  

Summarizing all above mentioned one can say that various types of deposi-
tional environment are distinguished within the defined cycles - from typical flu-
vial to the facies of delta plane, delta front and lacustrine. Sea level fall was fol-
lowed by progradation of Paleo Volga delta, formation of braided fluvial system 
with well laterally and vertically communicated sand bodies. These stages of basin 
evolution were characterized by the greatest rate of sedimentation and formation of 
thick sand beds being good reservoirs. 
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The following sea level rise led to retrogradation of delta and change of flu-
vial environment to delta front characterized by accumulation of laterally traced 
mudstones layers and restricted isolated sand bodies or lacustrine setting repre-
sented by continuous mudstone intervals. These fine grained sediments may be 
considered as caps. Sometimes during sea high stand highly sediment loaded flow 
provided the accumulation of sheet like laterally extended, but vertically restricted  
sand bodies in delta front successions (Kirmaki suite). 

Changes in sediment supply also played a decisive role in reservoir architec-
ture causing heterogeneity of sediments formed in the same setting. For the exam-
ple, the thickness, vertical and horizontal connection of sand bodies in PostKirmaki 
Sand Suite and PreKirmaki Suite considerably differ in spite they have been depos-
ited in the same major river system environment. 

Thus, one can observe the great impact of short-term cycles of Caspian Sea 
fluctuations and sediment supply in Lower Pliocene upon the formation of sedi-
mentary series and reservoir heterogenety.   

Comparison with data of study of some trace elements in sediments, which 
are sensitive to environmental changes shows a good correlation of highly-
frequency sedimentary cycles with variations of elements content. So, the amount 
of peaks of maximal values Sr/Ba ratio in separate suites coincides with number of  
cycles: in Sabunchi-7, Balakhan suite-13, Pereiva suite –3, Post Kirmakinian Clay-
1, Post Kirmakinian sand-2 (Huseynov, verbal information) (Fig. 8). It counts in 
favor of climatic control for small scale sea level fluctuations, which play a signifi-
cant role in character and rate of sedimentation, formation of sedimentary series 
and reservoirs architecture. 
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Fig. 8. Sr/Ba ratios in Productive Series sediments, Kirmaki, Yasamal valleys 

 (with use of data of Huseynov D.). 
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Summary 

To investigate relation between tectonic-magmatic activation and en-
dogenic processes we considered correlation of structural zones of the crust 
and the upper mantle on the example of two megazones of the Caucasus sec-
tor of Caspian Basin – the Lesser Caucasus and the Kura-South Caspian ba-
sin (KSCB). Both of them are polycyclically developing intracontinental re-
gions with a clearly expressed late Pliocene-Quaternary period of tectonic-
magmatic activation. In the first megazone it was expressed by magmatizm 
and in the second – by the transgression of the oceanic basin (the Ackchagyl 
transgression). Analysis of geologic, petrologic and geophysical data on the 
megazones allows to determine structural state of the matter in the upper 
mantle in their bases and to correlate tectonic-magmatic activation with dy-
namics of abnormal mantle.  

The work is performed on the base of available results of regional 
geologic, petrologic and geophysical studies in the Lesser Caucasus and in 
the (KSCB) aimed at determination of material model of the earth crust and 
the upper mantle and clarification of character of endogenic processes oc-
curring in the interior of these structural megazones. The gathered data al-
lowed to make correlation of two structural zones in one folded system (on a 
united base) whose tectonic development is different.  

 
Introduction 

 
Determination of correlation between structures of the earth crust and deep 

layers of the mantle is possible on the base of a complex approach taking into ac-
count combination of geologic and geophysical data for the region.  

No doubt that such investigations are more efficient for regions exposed to 
tectonic-magmatic activation during the recent period, i.e. which were not influ-
enced by the further processes. Factors determining level and peculiarities of this 
activation are of a tectonic origin and they result in the formation of orogenic struc-
tures accompanied by transgression of the oceanic basin as well as magmatism. 
Peculiarities of the latter determine their relation to certain types of tectonic struc-
tures. Such prospective region with active volcanic activity at a neotectonic stage is 
a folded region of the Lesser Caucasus whereas region of the sea transgression is 
the KSCB. These two structural megazones like adjacent structures of a united 
folded system in the Caucasus had different ways of geological evolution (fig.1).  
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Fig.1. Scheme localization of the Late Pliocene-Quaternary complexes 

of the Caspian basin (with data by J.P. Malovitskey, 1968) 
1- land; 2- field of production series; 3- field of Akchagil series; 4- fault-napper; 5- suture 
(Ankavan-Zangezur zone); 6- volcanic rocks. 

 
 
The magmatic complexes are indicators of deep processes, i.e. thermodynamic 

parameters of formation of magmatic melts and they are also informators about the 
mantle substance composition. There were found fragments – xenoliths of the earth 
crust rocks and the upper mantle evacuated during eruption. Examination of their com-
position and state will allow to establish the base for construction material model of 
deep zones of the earth crust and the upper mantle. This complex method of investiga-
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tions will allow to determine peculiarities of manifestation of tectonic-magmatic acti-
vation in the region and their relation with deep mantle processes.  

 
Characteristics of geotectonic evolution of the studied regions 

 
The folded system of the Caucasus was formed in the destructive margins of 

the Eurasian and Arabian continents during their interaction with the oceanic crust.  
The Caucasus during the whole Alpine period of formation was area of ac-

tive intracontinental magmatism. According to notions of structural relation of 
magmatism and its linkage with certain geodynamic regime it took place: in the 
Mesozoic – in the island – arc regime; in the early Cenozoic – in the marginal-
continental regime; in the late Cenozoic – in the continental-riftogenic regime. 
Zones of the Mesozoic and Cenozoic magmatism related respectively to the north 
and south margins of the Trans-Caucasian median massif demonstrate migration of 
magmatic activation in  the region in the south-west direction. Zone between the 
Trans-Caucasian and the Araz microcontinent located to the south which was 
magma-controlling system of the island – arc volcanism during the whole period of 
the early Cenozoic (Paleocene-early-Pliocene) in a process of tectonic-magmatic 
activation is characterized by volcanism of a continental-riftogenic type.  

Thus, according to material compositions of Mesozoic and early-Cenozoic 
volcano-plutonic and also late Cenozoic volcanic belts in the late Pliocene-
Quaternary volcanism of continental-riftogenic type existing in the region demon-
strates a new stage in the formation of the region linked with its tectonic – mag-
matic activation. 

The late Cenozoic volcanism recorded in the Caucasus in Iran, Zagross and 
in Turkey is a landmark in geologic history of the Mediterranean folded belt de-
termined by the opening of the Red Sea rift. Transgression of the sea (the Ack-
chagyl) is linked with this time in the Caucasus. It can be fixed rather distinctly in 
the intenmontane KSCB and then in the north in the marginal thrusts and foredeeps  
in the Pri-Caspian zone.  

 
Geological setting 

 
The Lesser Caucasus. The late Cenozoic volcanism was recorded in the 

Caucasus along the submeridional Trans-Caucasian zone on the west crossing 
structures in the Greater and the Lesser Caucasus (volcanic centers Airi-dag in 
Turkey as far as Elbrus in the Greater Caucasus) and sublatitudinal Ankavan-
Zangezur zone (volcanic fields of the Lesser Caucasus), limited by the West Cas-
pian uplift in the east. Volcanism along the Trans-Caucasian uplift was of a crust 
character (andesibasalts, andesites, dacites, rhyolites) whereas the Ankavan-
Zangezur zone it was of mantle and mantle-crust character (on the background of 
bazaltoid volcanism differentiates from Natholeiites to alkaline basanites) (Tolstoy 
et al., 1980; Ismail-Zadeh, 1985).  



 

 

 

35

The investigated region – Ankavan-Zangezur zone is a suture of Mesotethys 
and it is a arc-block uplift with amplitude at a neotectonic stage up to 3,5 km and 
seismicity of intensity 7-8. Magmatism along the zone accompanied by a success-
ful activation (from NW to SE) during the late Pliocene-Quaternary periods. It is 
represented (fig.2): 

         
Fig. 2. Variation of the Rare Earth Elements in the N2

3 – Q complexes Lesser Caucasus 
Volcanic plato: 1- Lori; 2- Gegam; 3- Kelbadjar; 4- Vardenis; 5- Kafan. 

 
 
- in the west (Lori-Kechut) by a high titanium dolerites with a low amount of 

lithofile (Ba, Sr, Li, Rb) and light lantanoids (La, Ce, Nd, Sm) and elements of iron 
group (Ti, Co, Ni, Cr) and high amount of heavy lantanoids (Yb, Lu); 

- in the central part (Gegam and Kelbadjar) by trachyandesibasalts, trachy-
andesites, trachydacites with relatively high amount of light lantanoids and low 
amount of elements of iron group corresponding to mantle-crust formations; 

- in the east part (Kafan) – by high titanium alkaline basanites with increased 
amount of elements of iron group and also light lantanoids with relatively de-
creased amounts of heavy lantanoids and lithofile elements corresponding to rocks 
of continental rifts.  

Thus, late Cenozoic volcanism in the Ankavan-Zangezur zone, according to the 
geochemical composition took place in terms of different tense state of the region: 
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- in the west mainly mantle through-crust Na-tholeiite dolerites in terms of 
stretching tensions corresponding to the upper more depleted levels of magmagen-
eration zone; 

- in the central zone – andesite melts which are formed in terms of contrac-
tions during the interaction of mantle melts with the crust matter; 

- in the east part-olivine and hornblendes bazanites which are formed during 
the extension in deep areas and during the penetration of non-depleted magma from 
deeper levels of the source; partial short-time interaction with the crust matter re-
sulted in the formation of hornblende differences of basanites.  

Non-uniformity of magmatism along the suture zone is associated with a 
successful opening of different depthes of the consolidated crust - process took 
place according to the principle of a deepening fracture along large mantle mag-
matic source. 

Complex of main differentiates of the zone corresponds to rocks of alkaline-
basalt volcanism and the above mentioned facial kinds which are characterized by 
non-uniform distribution of geochemical elements are determined by peculiarities 
of manifestation of endogenic activity. They are derivatives of different levels of a 
united mantle source: Na-tholeiites in the upper levels depleted during frequent 
meltings at early stages of evolution of the region and the alkaline basanites – in 
the lower non-depleted levels.  

As a result of geologic-geophysical and experimental investigations in the 
Lesser Caucasus (Tolstoy et al., 1980) to find out termine correspondance of facial 
differences of rocks to certain levels in the earth crust and in the mantle (Genshaft, 
Saltykovski, 1980) it was determined that: 

1. The late Pliocene-Quaternary volcanism evolved in the crust of a conti-
nental type thinned out in the zones of submeridianal uplifts (Trans-Caucasus and 
West-Caspian) and thickened between them (Ankavan-Zangezur); 

2. The basalt volcanism – tholeiite basalts (in the west) and alkaline 
basanites (in the east) evolved in the uplifts; 

3. In the depression zone composition and metamorphism of deep inclusions 
revealed in volcanites from the zone (Ismail-Zadeh et al., 1982) – pyroxenites and 
amphibolites, demonstrate metamorphic transformation of the crust matter. The 
magmatic sources related to them produced palingenic magmas which derived dif-
ferentiates from trachyandesites to trachy rhyolites; 

4. As a result of experimental studies of deep inclusions in the given zone it 
was determined that at 20-25 % of melting of pyroxenites with 2,5-3,0 % of water 
it is possible to obtain all average differentiates of rocks of the given complex; Py-
roxenites (in association with amphibolites) are restites formed during the melting 
of andesite magmas (Censhaft, Saltykovski, 1984).   

  
The South Caspian Basin. Geologic-geophysical investigations in the Cas-

pian region for the last decade revealed heterogenic construction of the base and 
sedimentary cover accompanied by the rejuvenation in the south direction. The Cas-
pian basin which stretches meridionally evolved on the Baikal base in the north – in 
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the central part – on the Hercyan and in the south water area – as a constituent part of 
the Alpine folded belt. The South Caspian Basin (SCB) is a deep buried plate of the 
belt. It possesses a suboceanic type of the crust and features of intracontinental de-
pression. It is surrounded by mountaneous systems of the Greater Caucasus, Talysh, 
Elburs and Kopet-Dagh. The most active is its north framing, i.e. folded structures in 
the Absheron-Pribalkhan Sill corresponds to the subduction zone (Mark B. Allen et 
al., 2002) with the accretion prism – complex of Pliocene deposits in the Baku Ar-
chipelago. This region is a zone of giant oil-gas accumulations.  

A peculiar feature of the SCB formation in the Pliocene is its evolution dur-
ing the early Pliocene (the Productive series age) in a regime of avalance sedimen-
tation. In the late Pliocene it was changed by tectonic – magmatic activation re-
sulted in the change of sedimentagenesis in the aspect of the break of formation 
terms – sedimentation rate, physical-chemical conditions of environment and 
salinization of the basin. And in the early Pliocene main supply sources of the ba-
sin were north located platform regions through the river-bed of paleo-volga then 
in the late Pliocene the source of removal of terrigenous components became the 
uplifting structural zones of the lesser and the Greater Caucasus. Transgression of 
the oceanic sea spread all over the more north territories of the region – the KSCB 
with tendency of the growth of thickness from 30-50 m in the east, to 300-500 m in 
the west and also zones in the Pri-Caspian lowland (Mamedov et al., 2002). The 
Ackchagyl deposits which were formed during that time overlapped different hori-
zons of the underlaying PS (early Pliocene) often with basal conglomerates in the 
base and they had direct ways to the overlapping deposits of the Absheron stage 
(early Quaternary stage).  

Thus in the late Cenozoic period in the SCB which was a non-compensated 
depression of the Caspian basin there occurred the change of sedimentation environ-
ment: from a leading role of paleo-volga together with alteration of stages of the 
linkage with the open ocean (Solomon) in the early Pliocene (formation of PS) to a 
leading role of the sea basin which was transgressing in the late Pliocene (formation 
of the Ackchagyl series). This transgression but less intensive went on there in the 
Absheron age as well. The deposits were formed in terms of a closed basin of "lake-
sea" type. Existence of ash interlayers indicated volcanism conjugated with it. The 
further Baku transgression demonstrates the decrease of this process intensity.  

The above mentioned allows to ascertain the fact that during the late Ceno-
zoic period of formation of the SCB region the most intensive manifestation of tec-
tonic-magmatic activation is the Ackchagyl stage of activation meant a new stage 
of the region evolution. 

The further manifestations were more moderate and demonstrated complex 
cyclic-rythmic character of process proceeding in time.  

Non-uniform deep structure of the Lesser Caucasus and the KSCB region are 
reflected in peculiarities of their geophysical fields.  
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Geophysical fields 
 
In the geodynamic evolution of the Caucasus at the neotectonic stage a lead-

ing role belongs to the Arabian plate for the model of plate tectonics. The Arabian 
plate moved to north under the passive Eurasian plate. However, we think that a 
significant role in the dislocation of this plate is played by endogenic processes. 
This is justified by data of seismic and gravimetric survey.  

Assessment of seismic activity of the region according to some research 
workers (Sholpo, 1978; Akhmedbeyli, 2001) includes identification of crust earth-
quakes which are disperse-spread and occupy the whole mobile zone as well as 
deeper earthquakes concentrated in certain areas of extended zones (measured by 
hyndreds of kilometers with the width of tens of kilometers).  

In this aspect two main seismoactive zones are interesting: a line along the 
conjugation of the south slope of the Greater Caucasus with the north flank of the 
Kura depression and the above mentioned Ankavan-Zangezur zone in the central 
part of the Lesser Caucasus. The first line – is a large thrust zone. Along this like 
Mesozoic complexes in the south slope of the Greater Caucasus thrusted on Neo-
gene-Quaternary complexes of the Kura depression. As to some scientists 
(Khalilov, Khain, Mekhtiyev, 1990) this line reflects old subduction zone where 
the most seismic is the Shamakha structure (Earthquakes in Shamakha of 1987, 
1902, 1912). The second line is the suture zone Ankavan-Zangezur, a zone of high 
gradients of vertical movements for the whole Cenozoic. The strongest earthquakes 
(Spitak, Erzerum etc.) were recorded there exactly.  

Other tectonically active zones in the given system (large fault zones) are the 
Siazan (thrust) zone, the Major Caucasian (thrust), Adjichai-Alyat, Murovdag, 
Quarabagh, Lachin-Bashlybel. They possess low seismicity or they are almost 
aseismic. 

The Ankavan-Zangezur zone is a high-seismic but main seismogenic zones 
are localized in its west part where one can observe crossings with submeridional 
Trans-Caucasian uplift. High seismicity is correlated there with zones of high gra-
dients of vertical pre-Neogene movements. Central blocks with thick Meso-
Cenozoic complexes are less seismic. Earthquakes sources are located in the lower 
earth crust. All these demonstrates hard distribution of tensions and non-uniformity 
of manifestation of tectonic-magmatic processes in deep terms of the region. Mag-
matism in this zone was controlled by activation of different levels of non-uniform 
mantle source with location of some interstitial sources in the earth crust structure.  

A decisive factor during the activization of fault zones is duration of their lo-
cation and degree of active participation in geodynamic life of the region in historic 
and neotectonic periods. It should be mentioned that notwithstanding different 
geodynamic regime of the formation of the above mentioned structural zones (in 
the south slope of the Greater Caucasus – a subduction regime and in the Lesser 
Caucasus in the Ankavan-Zangezur zone – a riftogenic (suture) regime) both zones 
are characterized by a high seismicity (of intensity 7-8). However at recent neotec-
tonic stage frequency of earthquakes in the first zone is higher than in the second 
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zone. Sources of earthquakes are located within different levels of the earth crust 
there. Orientation of tensions in the source zones according to existing data 
(Priestley et al., 1994) is characterized by prevalence of near-horizontal tensions of 
contraction. Thus, contractions accompanied by the uplifting can be taken for a 
tense state of structural zones.  

Analysis of gravimetric data on the studied zone of the Lesser Caucasus 
(Kadirov, 2000) demonstrates its correspondence to negative anomalies and pre-
dominance in its structure of a matter with abnormally decreased density stretching 
north-westwards parallel to mountainous ridge elongated orographically. Coinci-
dence of distribution of low-velocity zones in the mantle and regional gravitation 
anomalies with geomorphologic expression reflect their natural unity.  

Nearly the whole late Pliocene-Quaternary volcanism along the sublatitudi-
nal Zangezur zone (as well as submeridional Trans-Caucasian) coincides with dis-
consolidated zones in the mantle determined by regional minimum of gravity. Age 
distribution of Pliocene-Quaternary basalts within the studied Ankavan-Zangezur 
zone demonstrates relation of young effusions to the axial line of the Zangezur up-
lift whereas north-wards and southwards the rocks became older – as old as Mio-
cene-Oligocene-Eocene. All these proves the existence in time of a regular dis-
placement of deep and surficial processes towards the axis of the mantle anomaly.  

Thus, existence of a great mass of low-dense and abnormally heatened mate-
rial (the latter in compliance with experimental data on melting out of alkaline ba-
salts out of the upper mantle (Genshaft, Saltykovski, 1980)) within the Ankavan-
Zangezur suture (rift) determines peculiarities of the recent structure of the earth 
crust and distribution of seismicity sources in the investigated zone of Lesser Cau-
casus. Correlation between geodynamic regime of alkaline-basalt volcanism mani-
festation and the above mentioned peculiarities of structure of the mantle levels 
demonstrates energetic excitation of the upper mantle. Its geochemical  peculiari-
ties, namely existence of high-titanium basanites with increased amount of light 
lantanoids and elements of iron group prove activity in deep zones of the magmatic 
source represented by non-exhausted mantle substance.  

For the KSCB according to results of gravimetric and seismic investigations 
there was evaluated thickness of the earth crust and position of Conrad boundary 
was determined (Hajiyev, 1965). Decrease of thickness of the consolidated crust in 
the south-east direction together with decrease of thickness of "the granite" crust 
till their pinching out in the SCB (Baranova et al., 1980) (fig.3) was determined as 
well. Growth of Cenozoic sedimentary cover with the transition of continental re-
gime to marine regime occurred in the same direction. These data demonstrate un-
even thickness of the crust and heterogeneity of structure of the folded base and 
reflect high dynamics of change of deep boundaries together with intensive move-
ments of the crust surface. With account of the above mentioned and value of geo-
thermal field in the depression up to 20-40 mVt/m2 and probably up to 80-100 
mVt/m2 (Mukhtarov, 2000) the result confirms the conclusion about the excited 
energetic state of the mantle.  
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Within the SCB by the magnetic-telluric sensing (MTS) there was determined 
a layer of low specific resistance located in the west of the basin and disappearing in 
its margins in the upper mantle (depth – 40-60 km). In the south-east and south there 
was determined a layer with high density with minimums and maximums of gravity 
expressed respective. At depth 100 km there was determined a zone of attenuation of 
surficial waves (Priestley, Cipar, 1993). With account of data on possible increased 
heat flow in the SCB (up to 80-100 mVt/m2) and data on MTS one can suppose exis-
tence of a partially melted layer below the boundary "M".  

Within the deep zone of the SCB absence (weak manifestations) of earth-
quakes epicenters and their relation to its flanks (with relatively shallow epicentres) 
is due to their bend to the gradient zones of deep faults and lack of this relation to 
zones with distinctly expressed regional anomalies. The surficial structures and 
seismogenic elements of the structures are results of deep processes, i.e. move-
ments of the matter. In the zones above the disconsolidated mantle, thermal energy 
impacts the upper layers of the earth crust, heatens them and prevent fragile defor-
mation of the crust and process of movement, i.e. earthquake. Probably this heaten-
ing is linked with deep intrusion of great masses and relatively light hot material in 
the SCB base. One can also suppose a relatively high position of the wave-guide 
roof in the region. We suppose that one of the protrusions of the abnormal mantle 
exists under the Ankavan-Zangezur zone where the young late-Pliocene-Quater-
nary volcanism takes place.  

The fact is established that neotectonic activation in the late Cenozoic in the 
Lesser Caucasus and in the SCB was determined by dynamics of abnormal mantle 
under these regions. The latter by its geologic-geochemical-geophysical parameters 
corresponds to the matter of the mantle plume.  

Process of transformation of the crust under these two regions – the 
Ankavan-Zangezur and South Caspian is so much non-uniform that we see differ-
ent kinds of relation of seismicity with it. In the first case-existence of a crust of a 
high thickness and sedimentary layer, value of heat flow qav=85mVt/m2, of nega-
tive gravitation anomaly and maximum seismicity was recorded in the north-west 
in the zone of crossing with the near-meridional Trans-Caucasus zone activated 
since Miocene. In this point characterized by a rather high position of pre-
Cambrian base conditioned manifestation of non-differentiated trappean volcanism 
the crust remains relatively cold and is fragile-deformed under the influence of en-
dogenic forces, i.e. it preserves its seismic activity. Later on throughout the central 
part of the sublatitudinal Ankavan-Zangezur zone with a thick Meso-Cenozoic 
cover and volcanism in the form of a central type of eruptions, the crust is heatened 
to a degree when in the process of plastic deformation the tension is removed and 
seismicity weakens.  

In the SCB with thinned consolidated crust absence of granite layer and exis-
tence of a layer of decreased viscosity, the low value of heat flow qav=30-50 
mVt/m2 does not reflect a true picture of a high-thermal state of the mantle. Ac-
cording to the data (Lebedev and Tonara, 1981), certain measurements in the re-
gion are q=480 mVt/m2. The last value allows to suppose strong heateninng of the 
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crust when the tension is removed during the plastic deformation and seismicity 
decays. Just for this reason seismicity surrounds the whole central zone of the SCB 
and is developed on its contour (fig.4).  

 

 
 

Fig.4. Seismicity around of South-Caspian basin 
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Process of transformation in the bases of these two structural zones is non-
uniform and we see transitions from normal multylayer crust of a continental type 
(Ankavan-Zangezur zone) to a relatively single-layer crust of oceanic type with 
acutely decreased thickness (SCB). 

Under the both structural zones one can observe a rise of the mantle surface 
"M". Such data can be interpreted as a reflection of active impact of the mantle 
substance on the earth crust. On the base of data on tectonic-magmatic evolution of 
the region, composition and character of magmatism such excited state of the upper 
mantle remained during the whole Cenozoic. It was the most active in the late-
Pliocene-Quaternary. For this period high energetic activity in the upper mantle as 
related to processes in the earth crust is typical.  

By geologic-geophysical parameters and geodynamic regime this process is 
a new post –collision stage of the Caucasus formation. Associated deep mantle 
processes reflect activation of old mantle plume in the base of the SCB.  

 
 

Conclusion 
 
Comparison of geologic-geophysical data on a deep structure of the earth 

crust and the upper mantle of the Lesser Caucasus and the SCB allow to make a 
conclusion that late-Pliocene-Quternary tectonic-magmatic activation reflects par-
ticipation in the process both of  stretching tensions promoting manifestation of 
mantle alkaline-basalt magmatism and of vertical forces resulted in the rise of 
structural zones and transgression of the oceanic basin northwards and north-
westwards. In both megazones sources of magmatic and tectonic activity are lo-
cated in the upper mantle. Synchronous character of these processes demonstrates 
linkage with a unite endogenic process associated with movement of the Arabian 
lithosphere plate determined by the opening of the Red Sea rift. The activation re-
sults in juxtaposition of new-formed tectonic structures on older ones and their 
thransformation. The change of geodynamic regime of evolution accompanied by 
the change of volcanism composition from calc-alkaline and subalkaline during the 
Paleogene-Neogene to alkaline-basaltoid during the Pliocene-Quaternary as well as 
different structural plan and transgressive character of late Pliocene sedimentary 
complexes prove existence of a new stage of neotectonic period of the Caucasus 
formation corresponding to the post-collision period of its evolution. By complex 
of these parameters this activation is, no doubt, reflection of endogenic processes in 
the interior of the folded zone. Existence of a great mass of low-dense and abnor-
mally heatened material under the SCB spreading towards the Ankavan-Zangezur 
paleorift demonstrates, in our vision, existence of a large mantle plume. The latter 
activated in the early Alpine cycle of formation of the folded system in the Cauca-
sus and repeatedly renewed very often during its evolution. 

Perhaps, formation of the hydrocarbon systems of the SKB is related with 
this period activation of mantle plume accompanied by intensive degassing. 

 



 

 

 

44

References 
 

1. Akhmedbeyli F.S., 2001. Regional seismicity of the territory of Azerbaijan in 
connection with  tectonic activation of the Central segment of  Alpine-Himalay 
belt. Baku, Nafta-press, p.40-47 

2. Baranova Y.N., Krasnopevsteva Q.V., Pavlenkova N.I., Rajabov M.M., 1980. 
Alpine geosyncline of Caucasus // Seismic models of lithosphere of the main 
geosyncline territory of SSSR. M. Nauka. 

3. Hajiyev R.M., 1965. Deep geological construction of Azerbaijan. Baku, p.200. 
4. Genshaft Y.S., Saltykovski A.Y., 1980. Evolution of the deep real composition 

of the earth in process of geotectonic development (according to data deep 
xenolith) // Actual problems of geology and ore-content of folded belt. Tash-
cent, p.3-14. 

5. Genshaft Y.S., Saltykovski A.Y., 1984. Peculiarity of basaltic volcanism mani-
festation in the intercontinental tectonic structures // DAN SSSR, v.275, N3, 
p.688-691. 

6. Ismail-Zadeh A.J., Genshaft Y.S., Emelyanova Y.E., Mamedov M.M., 1982. 
Facial composition  and peculiarity of distribution of deep inclusions in the Pa-
leogene volcanites of Talysh // Physicochemical investigations of the material 
of deep magmatism. Moscow, V.IFZ, p.85-107. 

7. Ismail-Zadeh A.J., 1985. Petrogeochemical  peculiarity and geodynamics of 
the late Pliocene-quaternary volcanism of Lesser Caucasus // Proceedings of 
AS Az.SSR, N4, p.50-57. 

8. Kadirov F.A., 2000. Gravitational field and models of deep structure of Azer-
baijan. Baku, Nafta-press, p.112. 

9. Lebedev L.I., Tonara Q.I., 1981. On some peculiarity of heat flow distribution 
in the South Caspian // Geothermometers and paleotemperaturical gradients. 
M. Nauka, p.156-161. 

10. Mamedov A.V., Aliyeva L.I., 2002. Paleogeographical conditions on the terri-
tory of Azerbaijan in Ackchagyl age // Proceedings of Geology Institute 
ANAS. Baku, Nafta-press, N30, p.101-112. 

11. Malovitskey Y.P., 1968. History of the tectonic evolution of the depression of 
Caspian See // Proceedings of AS SSSR, N10, p. 103-111. 

12. Mamedov P.Z., 1998. Seismostratigraphic sedimentary model of South-
Caspian megatrough // Abstracts 60-th EAGE Conference. Leipzig, Germany. 

13. Mark B. Allen, St.Jones, A.Ismail-Zadeh, M.Simmons, L.Andersen, 2002. On-
set of subduction as the cause of rapid Pliocene-Quaternary subsidence in the 
South Caspian basin // Geology, Geological Society of America, v.30, N9, 
p.775-778. 

14. Mukhtarov A.Sh., Imamverdiyev R.A., 2000. Geothermal conditions of the oil-
marking in the sediment of Baku Archipelago // Tectonics and oil-and gas con-
tent of the Azov-Black Sea region. Simferopol, p.157-159. 



 

 

 

45

15. Priestley K., Baker C., Jackson J., 1994. Implication of earthquake focal 
mechanism data for the active tectonics of the South Caspian Basin and sur-
rounding regions // Geophys. J. Int., p.111-141. 

16. Solomon K. et al., 2002. The modern Volga delta as an analogue to the produc-
tion series in the South-Caspian basin // Petroleum Geology of the Caspian ba-
sin, London, UK. 

17. Tolstoy M.I., Shirinyan K.Q., Ostafiychuk I.M. et al., 1980. The composition, 
physical property and questions of the pertogenesis of the Armenian modern 
volcanic formations. Yerevan, p.206-222. 

18. Khalilov E.N., Khain V.E., Mehdiyev Sh.F., 1990. On some geophysical data 
confirmatory the collisional origin of the Greater Caucasus // Tectonics, N2, 
p.54-61. 

19. Sholpo V.N., 1978. Alpine geodynamics of the Greater Caucasus. M. Nedra. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

46

SOUTH - CASPIAN BASIN – GEODYNAMIC 
EVENTS AND PROCESSES 

 
Rustamov M.I 

 
Geology Institute of AzNAS, H. Javid  av., 29A,  Baku, Az1143,  Azerbaijan, 

e-mail:gia@azdata.net 
 

Summary 
There are some questions related to the Caspian region and problems 

of its study in paper. Reconstructions of Vend-Cenozoic period of geody-
namic evolution of region and analysis of events and processes have been 
done on the base of complex material generalization with using method of 
correlation and actualism both on environment and on all tectonic zones be-
tween Arabia and East Europe. Paleotectonics and geodynamic setting of 
reftogenesis, formation and separation of now disappeared oceanic basins of 
Paleotethys, neo-Paleotethys and Mesotethys in Caspian region have been 
restored including extension of their suture zones and types of platetectonic 
zones. Gravitational stage of Talysh-Vandam maximum is interpreted as 
knee-shaped bend of Paleotethys suture. For the first time deepwater oceanic 
basin of neo-Paleotethys (Pz3-T) is determined which crosses the Middle 
Caspian, in the centre of Eurasia and Gondwana divergence. There are evi-
dence for lack of relicts of Tethys oceanic crust in the South Caspian. The 
main stage of this area development is formation of oversubduction South-
Caspian trough in riftogenesis setting which consists of thick volcanogenic-
sedimentary series of Aptian-Cenonian. The final stage starts after deposition 
of calcic series of Senonian-Maastricht in regional collision geodynamics, 
but in trough it continues in sincompression regime and can be marked by re-
surgence of crust conjugated by permanent subsidence of basin bottom and 
deposition of thick terrigenous cover. Deep processes in formation of resur-
gence crust of basin and reasons of significant thinning and disappearance of 
granite layer in SouthCaspian basin are observed. Related processes and 
events are connected with hydrocarbons generation due to organic matter of 
crust and sedimentary cover by catalyst role of high temperature water-fluid 
flows and this, as a whole, is represented by oil and gas bearing system of 
South Caspian basin. For the first time there is a definition of this idea. 

 
Mysterious powerful and stretching mountain ranges that embrace conti-

nents on the Earth are, in essence, just subordinate elements in a tectonic plan of 
geodynamics of folded regions. It is possible, of course, to study and describe in 
detail geology of a mountain region or inner sea basin, etc., but it is impossible to 
provide a scientific proof in general, without evaluating their interrelations with 
adjacent regions and relative positioning of oceanic and continental plates in geo-
logical past. Geodynamic ellolution of the Caspian region as part of Caucasian -
Trans-Caucasian - Iranian segment of Mediterranean belt and the origin of Central 
South Caspian province (CSCP) is discussed from this point of view in order to 
evaluate its oil and gas bearing potential. 
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Some Problems and Set-up of Issue 
 
There are numerous publications dedicated to specific issues ofoil geology 

of the South Caspian basin and its depth structure. Comprehensive geological and 
geophysical research has a significant importance in learning about many aspects 
of structure and location of oil deposits, including knowledge about two-tier struc-
ture of earth crust of mega-depression and absence of a "granite" layer in the sec-
tion of crust of the South Caspian and superposition of a powerful sedimentary 
mantle immediately oIler the "basalt" layer or the crust of oceanic type (Tsimelson, 
1959; Balavadze et al, 1960; Alizade et al, 1968; Rezanov et al, 1970; Rajabov, 
1975 et al). Opinion of researches as to the extension of the so-called "oceanic 
crust" significantly varies, some relate it either to deepwater sections of the basin, 
or stretch to almost all water areas of the South Caspian. Based on long standing 
notions, the crust underneath the Kura depression has a similar two-tier structure 
htat has not been confirmed by super-deep Saatly well and does not correspond 
with various geological data, including with geotectonic and geodynamic develop-
ment of the region (Rustamov, 1995, 2001). 

Up to present, CSCP with large capacity of sedimentary mantle in axle zone 
(20-25 km) in the South Caspian as a tectonic unit of the basin does not have a 
definite name in geological literature and two tectonic units of different age are 
named the South Caspian depression that not only fail to represellt geological and 
tectonic structure of CSCP, but also interlinks with the name of bearing the same 
name young superimposed depression in the sole of Pliocene-Anthropogenic level. 
In this case, one fails to distinguish rifting beyond-the-arc CSCP that has a com-
pletely different boundary, age of formation, geodynamic nature and depth struc-
ture. In our opirlion, it is also inadmissible to unite and corlsider as structures of 
the lowest order structures that differ in terms of territory and tectonics ( Gasanov , 
1990) .It is obvious that modern South Caspian basin or depression represent a part 
of superimposed, starting from Oligocene, intermontane mega-depression and, 
based on plate and tectonic terminology, is a collision syncompression mega-
depression. The latter has heterogeneous and polychronic base and stretches with-
out interruptions from Surami to Kopetdag for more than 1,100 km. In tectonic 
plan the bed of tile Caspian CSCP, based on folded plan of Albors, has a shape of 
crescent observed in latitudinal (south-eastern segment) and near meridian (north-
ern segment) course. Its axle zone occupies an area of intensive and uninterrupted 
subsidence with absolute minimum of gravitational field between continental sio-
pes of edge or terraced side structures that have absolute maxirnum of gravitational 
field. Such structures are: from east and north -South Caspian block (Godin Mas-
sive}, from south -sea slope and foot of Albors limited by sub montane Hazar 
depth fault, and from west -frontal side zone of Baku archipelago and rear side 
zone, the so-called Lower Kura depression but up to West Caspian depth fault. 
This fault that was first distinguished by V.E. Hain has a significant tectonic im-
portance in Meso-Cenozoic history of geological development of the region and, 
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based on our geological reconstructions, inherits sutural zones along transformed 
faults of elbow bend of the Paleotethys (Rustamov, 1995,2001). 

From north, CSCP is limited from Apsheron threshold by Sanchagal -
Ogurchinsk gravitational step. If axle zone of CSCP in the northern wide end joins 
Apsheron threshold at various levels of depth of sedimentary mantle and substra-
tum, central centroclinal edge of its pre-Albors segment to the east is deteriorates in 
Messerian meridian zone of fault. Latitudinal extent of pre-Albors segment coin-
cides with direction of ophiolite suture of Paleotethys, which subsided eastern ex-
tension serves as a boundary between folded systems of Albors and Kopetdag, 
where it controls formation of Kuchan -Meshed molassic province in Pliocene. 
Undoubtedly, sutural zone of ophiolites crosses north-western Chikishlyar and me-
ridian Messerian depth faults on the Turkmen coast, and high-speed ophiolites 
(6.6-6.7 km/s) below the sedimentary mantle (3.5-5.0 km/s) are mistakenly consid-
ered as oceanic crust, as well as in Kura depression. 

Underlining the indisputable importance a large volume of completed com-
prehensive works, the author, as well as many researches, believes that depth struc-
ture, including nature of consolidated crust and history of geotectonic development 
of the South Caspian in correlation with adjacent tectonic types of Kopetdag, Al-
bors, 5mall and Big Caucasus, etc.have been studied Insufficiently. 

Research of geodynamic evolution together with adjacent tectonic types of 
the region and reconstruction (starting from Paleozoic period) of the crucial stages 
of development of CSCP with a peculiar, submerged or, as rlamed by us, resurgent 
type of crust has started only in a recent past (Rustamov, 1997,2001; Rustamov et 
al., 1998, 2000) Interrelations between events and processes in formation of CSCP 
and resurgent crust with formation of oil in sedirnerltary mantle still remain a white 
spot Therefore, in earlier papers the author underlined the importance of interre-
lated processes of heat and mass transfer or fluid low from upper mantle, especially 
as a reslJlt of process of formation of resurgent crust. Capacity of resurgent, the so-
called "primary oceanic" crust has not been specified accurately, many researches 
estimate it ir1 the range of 15-20 km, with speeds of R-waves in the range of 6.6-
7.0 km/s. In order to reveal the reasons of this fact and restore the sequence of geo-
logical events and processes, based on analysis and gelleralisation of comprehen-
sive data of the Caucasus, Trans-Caspian and Iran, a series of geodynamic maps of 
crucial stages, as well as models of evolution of Paleotethys, rleo-Paleotethys and 
Mesotethys were prepared for several geological traverses, including across the 
Caspian region, that cross the Arabian part of Gondwana land in the south, and 
platform of East Europe -in the north. Processes and events in evollJtion of tectonic 
urlits in the water areas of the Caspian were reconstructed with the use of method 
of correlation analysis and actuality with respect not only to the surrounding land 
but also to all tectonic units of Tethys in this sector of the Mediterranean belt. 
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Fig. 1. Platetectonic map of Caspian basin (composed  by M.I. Rustamov) 
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Geodynamic elements: 1- direction of suture of PaleoTethys ophiolites – collision zones of con-
tinent of the East Europe with Transcaucasian microcontinent and the last with Gondwana as well; 2 – 
border zone of Late Hercynian subduction and continents collision of Eurasia and Gondwana; 3 – 
ophiolitic sutures of MesoTethys  - collision zones of Iranian microcontinent with Albors, Talysh and 
Central-Lesser Caucasus blocks of the Anatolian-LesserCaucasian-Albors plate and the last two mi-
croplates with Transcaucasian microcontinent; 4 – overthrust zone of the Glavny ridge of the Greater 
Caucasus and east subsided continuation of fault. Structures and plication of plates: 5 – transre-
gional border fault of the PreBaikal basement of continent; 6 – lineament of the Baikal basement, the 
borders of Gondwana shelf and margin of continental trough of PaleoTethys; 7 – significant deep 
faults and marginal sutures of hercynides, penetrating in platform cover; 8 – some border deep faults 
of plate-tectonic zones of the oceanic-geosynclinal systems of MesoTethys; 9 – some     faults of con-
tinental slope of the Central SouthCaspian riftogenic trough; 10 – deep faults penetrating in sedimen-
tary cover as flexure; 11 – the other faults; 12 – uplifts and troughs in platform cover and basement; 
13 – depression  and bars of subsided Karpin range; 14 – axis of the backarc and intraplate riftogenic 
Central SouthCaspian trough; 15 – intermontane and piedmont terrigenous-molasse depressions on 
land; 16 – isogypsums of basement surface depth. Plate-tectonic units: A. Eastern-European plat-
form: 1. Pre-Caspian syneclise with thinned resurgent crust of Middle Paleozoic and salt tectonics of 
cover; 2. Karpin range of SE continuation of the Dnepr-Donetsk aulacogen, which was synchronously 
originated due to entering of PaleoTethys in geodynamic setting of compression. 

B. Scythian and Turan plates of epiHercynian consolidation on the active margin of Eurasia with 
PaleoTethys and neo-PaleoTethys, by superimposed molasse structures of the Permian-Triassic, 
taphrogenesis, riftogenic volcanism and sedimentary troughs of foreland of the Early Kimmeridgian 
deformation under the MesoCenozoic cover: 3 – Ustyurt trough, 4 – Buzachin arc, 5 – SouthEnben 
uplift, 6 – suture Manych trough, 7 – Mangyshlak system of uplifts, 8 – South-Mangyshlak trough, 9 
– Assake-Audan trough, 10 – Tuarkyr dislocation system with PaleoTethys ophiolites fragments, 11 – 
trough of the Kazakh bay, 12 – Caspian monocline, 13 – Nogai monocline, 14 – PreKum uplift, 15 – 
Peschanomyssk uplift, 16 – Kara-Bogaz arc, 17 – uplift of the Paleozoic-Triassic margin-continental 
complex of neo-PaleoTethys in Neogene.   

C. Frontal and back zones of the continental slope of GreaterCaucasus-Kopetdag basin on the 
Scythian-Turan margin: 18 – uplift of the Jurassic complex of Greater Balkhan, 19 – zone of lime-
stone Dagestan with proximal-coaly deposits of Lias-Aalenian. 

D. Continental slopes of the oceanic-geosynclinal systems of MesoTethys, transformed (J2b, K1-
K2) on the active margins of the Pacific and Andian type: 20 – anticlinorium of the Glavny and Boko-
voy ridges and subsided Absheron sill with accretionary complexes of axis zone of schist trough, 
broken by Jurassic intrusions and etc., 21 – active margin of the Andian type on the passive slope of 
the TransCaucasian plate and axis flysch accretionary zone of the South slope with subsided continua-
tion in Absheron sill. 28, 29, 30 – island arc zones of MesoTethys of the Central and West Albors and 
Talysh with reduced volcanism, distal-siliceous and proximal-coaly  subgreywacke-shale deposits and 
thickness of Jurassic limestones, backarc riftogenic volcanism of Cretaeceous and superimposed col-
lision-riftogenic magmatism of Paleogene, 31 – island zone with intensive subduction magmatism of 
the Jurassic-Neocomian and intraarc volcanism of Cretaceous, 32 –  in LaterKimmeridgian tectogene-
sis the joined segments of primitive (Garabagh) and sialic (Gyanja) island arcs of the Pontian-
Lessercaucasian belt with different extensiveness of the Jurassic-Neocomian magmatism and volcan-
ism of riftogenic intraarc and backarc troughs of the Cretaceous, 26 – backarc and intraplate rifto-
genic Central SouthCaspian trough (CSCT) with intensive Cretaceous volcanism and thick sedimen-
tary cover of Cenozoic, 27 – west continental slope of CSCT, covering the Baku archipelago and 
South-Kura depression, 33 – chains of the collision-riftogenic volcanic-plutonic belts of Paleogene, 
their shelves on the passive slope of the Iranian plate. 

E. Median massives: 25 – SouthCaspian subsided block (Godin massive), 34 – Median massive 
of the Central Iran in MesoTethys. 

F. Latercollision syncompression molasse depressions with heterochronous substratum, 22 – 
Tersk-Caspian, 23 – Absheron-Gobustan, 24 – Kura-SouthCaspian-TransCaspian megadepression.        
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Pre-Palaeozoic Platform of the Caspian Region 
 

After Baikal tectonic cycle up to Cambrian period, inclusive, the Caspian 
region together with the Caucasus, the Crimea, Trans-Caspian and Northern Iran 
comprise a peneplain elevation in the form of a shield within the limits of Pangea 
supercontinent (Fig.1). In western extension it is connected with Messian and also 
occupies the territory of the Black Sea and the Pontian. A detailed analysis of entry 
of platform regime of development of supercontinent together with first distin-
guished by us Trans-Caspian-Caucasian shield (TCM) that divides various paleo-
graphic  environments is given by the  author in another article (Rustamov, 2001). 
It is important that in the middle of Cambrian period a stable regime of develop-
ment was sharply replaced with tectonic and geodynamic acceieration of this re-
gion that was demonstrated by intensive uplift and erosion of TCS and replacement 
of carbonate facies with arkose, quartzite, gritstone and conglomerates at the Ira-
nian edge of Gondwana land (Lalun formation, up to 1,000 m) and North Caucasus 
edge of Eurasia (Urlesh formation, up to 1,500 m). These formations with exclu-
sively shallow-water sea facies were consequentially replaced with shaly-
calcareous (Mil formation) and calcareous-sandy-shaly (Lahran formation) facies, 
which means that the region of wash-down, at least on the verge of Cambrian -
Ordovician period, was flooded by sea and lost its paleographic significance. All of 
the above, probably, is an indication of more significant events and processes that 
were characterised by division and plate separation of uplifting TCS as a result of 
continental rifting prior to isolation of oceanic throughs. 

So, the Caspian region after Baikal orogenesis involves in relatively stable 
geodynamic setting during continental stage of development. It means during 
rather long period after consolidation of Baikal basement (Vendian - the Middle 
Cambrian) TransCaspian Caucasian vast are of uplift with peneplanated rises and 
wide lowlands in stable tectonic regime divided the area of platform facies sedi-
mentation  into two belts (in South and North). 
 

Paleotethys of the Caspian Region 
 

On the verge of the Cambrian and Ordovician period there was a large tec-
tonic restructuring on a global scale in geodynamic environment of tension, which 
led to commencement of rifting and consequential opening of deepwater basins 
with oceanic crust not only in the Caspian-Caucasian region but also commence-
ment of opening of Turkestan Ural paleo-oceans. 

As a result of transformation of rifting into spreading of oceanic crust, Trans-
Caucasian-South Caspian (TCSC) and Pre-Caucasian-North Caspian (PCNC) double 
belts of deepwater basins of Paleotethys were isolated (fig.2). Spreading of oceanic 
crust and expansion of basins reached maximum in Silurian period and continued up to 
lower layers of earlier Devonian period. In this period of plate tectonics of the region 
for the first time isolated Trans-Caucasian microcontinent  (TCM) between oceanic 
plates. Absence of sedimentations of Lower Paleozoic period up to middle Devonian 
period along all edges of Gondwana land and on TCM was reconstructed as relics of 
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"shoulder" of continental rift or continental edge elevation. Absolute elevation of TCM 
covered a significant area and its width exceeded 400 km in terms of geological trav-
erse of the Caspian. On continental slopes or in transition continent -ocean zones one 
can observe sedimentations of and para-autochthonous complexes (Front ridge, 
Dzirulia, Reshta and Binaluda) of geosynclinal facies from Ordovician to Lower Car-
boniferous periods, inclusive, that contain large phyllites, slates, greywacke, limestone 
with a cap of basalts and their clastic tuffs, which often have turbidite interstratifica-
tions and are in some places perforated with diabases. Their age can be reliable deter-
mined by conodonts, nautiloids, graptolites, etc. (Chegodayev and Savienko, 1975; 
Bozorgnia, 1973; Huber, 1977). 

Analysis of geophysical data deqlonstrates that suture of TCSC of Paleotethys 
lies to the west from outcrop of Reshta ophiolites across Talysh -Vandamm maximum 
and further stretches along zones of deep faults on the border of Ajinour folded zone to 
junction with ophiolites suture in axle belt of East Ajaria -Trialetia. Ophiolites of 
Dzirulia are a cap for TCSC. It is obvious that submerged eastern extension of suture 
of TCSC of Paleotethys via southern water area of the Caspian and on the border of 
Albors and Kopetdag system connects with Meshed suture of ophiolites. 

New critical stage in evolution of Palec,tethys started on the verge of Lower 
and Middle Devonian period, continued up to the upper layers of Wisean age of the 
Carboniferous period and is characterised by sharp change inn kinematics of conti-
nents an replacement of spreading by subduction of oceanic crust. There was a dif-
ferentiation of paleotectonic environment directed at formation of the entire range 
of structural and geomorphological plate and tectonic zones that characterised-
cdouble geosyncline systems of Paleotethysc Subductional processes during earlier 
stages are directed towards south, and, prior to arc-plate collision, bi-directional 
trend was observed. As a result, volcanic isiand arcs and supersubductional sedi-
mentary basins of edge sea type appeared on the northern edges of TCM and peri-
Gondwana land in the Devonian period. 

Chains of beyond-the-arc provinces of Diz -Ahdarband edge basin formed in the 
Devonian period at TCM are traced from the South slope of the Big Caucasus through 
the Middle Caspian to south-eastern edge of Kopetdag and are further fixed in North-
ern Afghanistan. At earlier stage of formation of basin, uniform complexes of Devo-
nian - Lower Carboniferous periods are represented primarily by terrigenous facies 
with a share of limestone and clastic volcanic rocks. Based on southern source of wash-
down of terrigenous materials of Diz basin (Somin, 1971) one can assume block and 
plicated location and, possibly, terrestrial volcanism prior to intensive collision grani-
toid magmatism in southern areas of TCM not covered by edge sea. 

Other uniform continental edge Daralagez sedimentary basin occupies vast terri-
tory of Eastern Anatolia, south of the Small Caucasus and Northern Iran. Here Tabriz -
Zanjan and Albors Paleozoic lineaments limit Daralagez basin from south and epicon-
tinental shelf of Gondwana land. Powerful strata of terrigenous and carbonate facies of 
sediments of earlier stage of  formation of the basin, transgressively covering baikalids, 
started from Emian age of the Devonian period and finished on the  verge of Lower - 
Middle Carboniferous period. Diz-Ahdarband and Daralagez basins during the second 
stage completed their evolution in the end of Norian age. 
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Fig.2 Geodynamic reconstruction of Paleotethys along the Caspian geological traverse. 

 
Types of Earth crusts: 1 -East European; 2 -Gondwanian; 3 -oceanic; 4 -sub-oceanic. Formation 
types of sediments: 5 -calcareous -terrigenous; 6 -arkose; 7- carbonate; 8 -tuff -terrigenous; 9- clay; 
10- flysch; 11- carbonates and turbidites; 12 -volcanic -molassic; 13 -carbonate -molassic; 14 -
dolomite. Magmatism: 15 -spreading volcanism; 16 -with prevalence of dikes and sills; 17- basalt of 
transition zone; 18- sharp arc (a) and continental edge (8); 19- plagiogranite; 20- granitoid. Geody-
namical environment: 21- regional compression environment (a) and tension (8); 22- diapirism of 
submerged mantle; 23-early and late subduction of oceanic crust; 24- near fault tension; 25- beyond-
the-arc tensiorl; 26 -local tension and compression environment; 27- direction of movement of conti-
nents. Marked with letters: TCM -Trans-Caucasian microcontinent; TCSCB -Trans-Caucasian -
South Caspian basin; PCNCB - Pre-Caucasian -North Caspian basin; ACE -active continental edge; 
CI -Central Iran; SAL -South Albors; SC -South Caspian; MC - Middle Caspian; Us -Ust Yurd; Mn -
Mangyshlak; KB -Karabogaz; Tu -Tuarkyr; ZR -Zagros rift. 
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Regiorlal geodynamic compression environment that started even in the De-
vonian period is completed by Hercynian diastrophism and entry, after middle of 
Wisean age, of oceanic geosyncline systems of Paleotethys into collision geody-
namic development in Middle-Late Carboniferous period. As a result of compres-
sion and folding similar to northern vergence style, large caps of Lower-Paleozoic 
complexes together with plates of ophiolite blend were broken off  overthrusted. 
Deepwater basins of TCSC and PCNC of Paleotethys were fully closed and sealed 
up with neo-autochthonous sediments of coaly, tuff and carbonate molassa of the 
middle and late Carboniferous period in sedimentary intermontane provinces, in-
cluding those in the southern edge of the Caspian and northern slope of Albors 
(fig.2). Metamorphism, grarnitisation and introduction of granite intrusions almost 
everywhere during several generations of late Paleozoic period and terrestrial acid 
volcanism sometimes occurred simultaneously with complex deformations of Pa-
leozoic strata and their substratac As far as process of formation of  granite is con-
cerned, Diz-Ahdarband and Daralagez sedimentary edge basins are exceptions. The 
latter demonstrated pre-Permian intraplate tension magmatism that was represented 
by sills, stocks of gabbro-dolerite forrnation (Rustamov, 1989). The second stage 
of development of Daralagez basin as a system of provinces of foreland of neo-
Paleotethys, large accumulation of carbonate sedimentation (bituminous and reef 
limestone, dolomites) is completed by sand-shale coal bearing  facies (415-600 m) 
of Norian age. 

Completely opposite geodynamic and geological events occurred in Diz-
Ahdarband basin. Process of closure of oceanic basins of Paleotethys and collision 
and orogenic geodynamics was accompanied by transformation of sub-subdudional 
Diz-Ahdarband basin to the centre of divergent system of protocontinents of Eurasia  
and  Gondwana land.Therefore, sedimentations of specified basin did not experience 
folding in the middle of the Carboniferous period and it expanded, deepened and 
transformed into a small ocean of neo-Paleotethys. It is important to note that in plate 
tectonics of the region TCM lost its independence, joined Eurasia and Gondwana 
land, building them up from sides. These reglons that surround from north and south 
expanding neo-Paleotethys became completely transformed into mountainous fold-
ing elevations with block structure in the late Carboniferous period. 

Permian transgression caused by commencement of late Hercynian tecto-
genesis and subduction processes in neo-Paleotethys that covers vast territories of 
continents of Eurasia and Gondwana land to Arabia in the south, did not cover the 
aforementioned mountainous and folding regions that characterises them as conti-
nental edge elevations of Gondwana land and Eurasia. 

In regional perspective neo-Paleotethys was composed of Big Caucasian, 
Middle Caucasian and Turkmen throughs that were partially divided by underwater 
elevations of Hercynides (similar to Samur) along zorles of meridian left-handed 
transformation faults. Presence of a block of olistolites of shallow water limestone 
among turbidites of late Paleozoic period - Triassic period confirms active tectonic 
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regime of accumulation of sediments. Terrigenous sediments with reef limestone 
and relatively large (more than 3, 100 m) strata of accretion thin- and micro-
Iaminated turbidites and tephroturbidites during the Permian  - Triassic period, as 
well as silicites and phyllites with conodonts of the Permian period in ophiolites, 
correspondingly, characterises sedimentation in shelf, continental slopes and eleva-
tions on narrow  oceanic bed of neo-Paleotethys. In Ahdarband a small manifesta-
tion of Dareh -Anjir ophiolites with conodonts of the Permian age (Ruttner, 1991) 
unambiguously confirms that bed of Turkmen through of neo-Paleotethys was 
formed by oceanic crust. Bed of Middle Caspian through had a similar composi-
tion. Here selected Mahachkala -Krasnovlodsk depth fault is characterised by unin-
terrupted band of gravitational steps with intensive magnetic maximums in struc-
ture of bed of the Middie Caspian at the border with Turan plate ( Gajiyev , 1965) , 
that we for the first time interpret as ophiolite suture of neo-Paleotethys, which is 
also significantly embedded to the west and overlapped by Main excrescence of the 
Big Caucasus. Direct and indirect geological data is used to characterise evolution 
of neo-Paleotethys, completiorl of inversion of trle entire region irl Noriall age, as 
well as collision and joint of northern passive edge of Gondwana land with Eurasia. 
Starting from later Triassic period, centre of divergence of continents shifted to the 
south of Zagros newly created oceanic belt (Rustamov, 2001). In late Hercynian 
tectogenesis final closure and inversion, accompanied by intensive dislocations of 
accretion complexes of Devonian -Triassic period of neo-Paleotethys similar to 
northern vergence style occurred in synchronism with completion of development 
of sedimentation provinces of foreland (Manych, Mangyshlak, etc.) and taphogene-
sis at the active edge of Eurasia. Destructive boundary of Scythian- Turan edge of 
Eurasia of the Andes type and complex geodynamic environment of development 
can be determined by manifestation of sharp arc volcanism of the Permian -Triassic 
period and taphrogenic Volcanic and plutonic magmatism of the Permian period in 
frontal structures and Triassic period in rear riftogenic structures. Also, within the 
boundaries of this area of the continent sedimentation basins of foreland, which in 
modern structure of the bed of the North Caspian are covered with Meso-Cenozoic 
platform mantle and are the most promising regions for accumulation of hydrocar-
bons, were significantly developed. In this respect, evaluation of the role of large 
terrigenous complexes of the Devonian -Triassic period at south continental slope 
of neo-Paleotethys that are saturated with bitumen at various levels is an issue for 
oil geology in the Middle Caspian and in the entire region as a whole.  

Considering the correlation of data on adjacent megastructures and on the 
base of some geophysical and biogeographical data the area of South Caspian can 
be characterized by the following important events and processes in suggested gen-
eral scheme of geodynamic evolution of Paleotethys.  

- Before the Middle Cambrian. After Baikal diastrophism in platform regime 
of Gondwana development the South Caspian is the part of vast peneplanated Cau-
casian-TransCaspian shield with stable geodynamic setting.  

- Late Cambrian-Ordovician. Regional geodynamic setting of compression, 
intensive rise, splitting, in some areas possible penetration of platform sea. Washed 
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out granite-metamorphic terrigens are deposited in moving marine basin of epicon-
tinental shelf of Gondwana (Lalun suite in Iran) and East Europe (suite Urlesh in 
PreCaucasus). One can suppose the manifestation of basaltoids of innerplate type 
on more noticeable faults of splitting but it can't be supported by geological data. 

- Ordovician. Deposition of continental rift on south aquatorium of Caspian 
conformably to extension of above mentioned suture zone of ophiolites. Probably, 
it enters a redmarine stage of development. The South of Albors is represented by 
rise of rift shoulder on "rift pillow" of system. Continental regime with low relief 
and relative uplifts on southern and northern margins continues on large territory of 
South Caspian together with the Middle Caspian which is similar with Albors. 

- Ordovician-Silurian-the Lower Devonian. The processes increase in geo-
dynamic setting of extension. Separation and widening of oceanic basin of South 
Caspian. Spreading of oceanic crust reaches maximum during Silurian and contin-
ues on the border of Lower and Middle Devonian. In this case it is noteworthy that 
activizaton of fragment of rather deep meridional Volga-Caspian fault along of 
which spreading ridge of basin has knee bend on right side transform faults in 
plumtectonics aspect. In platetectonic division of region for the first time Tran-
sCaucasian microcontinent is separated and area of South Caspian is in its compo-
sition. On continental slope and foot of latter and Gondwana (towards north of 
Khazar fault of Albors) deposits of geosynclinal facies occurred with nondifferen-
tiated basalt volcanism. 

- Middle Devonian. The beginning of critical geodynamic setting of com-
pression caused by sharp change of kinematics of continents' transition in the Earth 
sphere. It provided the narrowing of oceanic bottom of basin and formation of two-
way subduction process. South Caspian part of TransCaucasian microcontinent 
framing oceanic basin from north starts developing of active margin of Andian 
type, fault splitting of relative uplifts and troughs, ground and subaerial volcanism. 
North margin of Gondwana (Albors) has west-Pasific ocean development type, 
local underwater volcanic arcs are formed on margin of supersubduction, superim-
posed newformed trough of marginal sea type. The same supersubduction trough of 
marginal sea of northern branch of Paleotethys covers the Middle Caspian. 

- Middle and the Upper Carbonaceous. Stage of collision geodynamics and 
compression tectonics. Finally deepwater basin is closed with oceanic crust, sealed 
carbonaceous-terrigenous molasses with coaly and volcanic formations of remnant 
troughs along suture zone of ophiolites including south aquatorium of Caspian and 
north piedmont of Albors. With the exception of remnant troughs and troughs of 
margimnal seas located in the Middle Caspian and Albors the intensive collision-
orogenic granitoid magmatism, metamorphism and consolidation of Hercynides 
crust manifest. SouthCaspian part of TransCaucasian microcontinent and the latter 
lose their independence as platetectonic unit of region and join Gondwana, increas-
ing it in frontal aspect. Centre of divergence of Eurasia and Gondwana here trans-
fers to the Middle Caspian. 

For the first time oceanic basin of neo-Paleotethys has been determined in 
geodynamics of Caucasian-Caspian region, which is a single zone of divergence of 
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protocontinents Eurasia and Gondwana during Late Paleozoic and Triassic. Its 
separation during Paleotectonics of Paleotethys occurred in area of Dizsko-
Akhdarband chain of supersubduction marginal seas, on the northern border (con-
tinent-ocean) of inner Transcaucasian microcontinent as a result of collision-
orogenic development of oceanic-geosynclinal double systems of Paleotethys and 
final closure in Middle Carbonaceous of deepwater basins with oceanic crust. 

- Middle-Upper Carbonaceous and Early Permian. Simaltaneously with clo-
sure of northern (GreaterCaucasus - NorthCaspian) and southern (TransCaucasian-
SouthCaspian) branches of Paleotethys deepening and dispersed spreading of basin 
bottom of Dizsk-Akhdarband marginal sea occur. Constant subsidence and maxi-
mal widening lead to formation of oceanic crust without spreading ridge and big 
rate of sedimentation, on continental slope and piedmont with thinned crust, thick 
terrigenous deposits. The width of troughs chain (Turkmenistan, the Middle Cas-
pian and South slope) reached its maximum in the Lower Permian. Only coastal-
marine and shelf facial zones of the Middle Caspian trough of neo-Paleotethys 
covered the far North of SouthCaspian area through Absheron Sill in recent tecton-
ics. The latter was involved into composition of mountain folded northern margin 
of Gondwana continent, which was frontally increased by joining of TransCauca-
sian microcontinent and had boulder-block structure with intermontane depression 
along suture of SouthCaspian segment of Paleotethys. During this period granite 
metamorphic crust of Hercynides was formed and development of South Caspian 
area occurred in continental regime with dying down collision-orogenic granitoid 
magmatism, sometimes with ground volcanism. 

- The Upper Permian and the Middle Triassic. Permian transgression of sea 
shows the start of regional geodynamic setting of compression and northward sub-
duction of oceanic crust of neoPaleotethys. The margin of Gondwana can be char-
acterized by relatively wide and passive continental slope on background of ab-
sorbtion and deformation of basin crust, and Scythian-Turan plate of Eurasia enters 
tafrogenic active marginal-continental development of Andian type. 

So, constant subsidence of basin bottom is displaced towards north in each 
trough, then gets the morphology of gutter and accretionary terrigenous complexes 
of Permian and Triassic are deposited on steep slope of Scythian-Turan plate. The 
border of basins here is perfectly registered by reef limestones of Permian. Permian 
transgression of sea doesn't cover the South Caspian as a part of stretched moun-
tain-folded area of marginal-continental uplift between neo-Paleotethys and Da-
ralagez-Albors chain of foreland troughs. Sea strain only during Permian enters the 
piedmont depression in south aquatorium of Caspian and this shows the mobility of 
Paleotethys suture. Peneplanation of mountain-folded area starts and terrigenous 
material is accumulated in basin of neo-Paleotethys but not in Albors and Da-
ralagez carbonaceous troughs of foreland on margin of epicontinental shelf of 
Gondwana. 

- The Upper Triassic, PreNorian age. The Late Hercynian tectogenesis fin-
ishes by closure of deepwater chains of neo-Paleotethys troughs in geodynamic 
setting of compression before Norian age or in its lower parts. Thick constant terri-
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genous deposits of Devonian-Triassic frequently of turbidite and flysch succession, 
of continental slope and piedmont for the first time undergo intensive folding up to 
formation of isoclinal folds and they are split by overfaults, overthrusts of south 
vergence and this shows the movement of blocks in north-east direction. Accre-
tionary complexes of rocks of ophiolitic association besides subduction plane of 
precipice fill gutterlike axis zone of each trough which usually gravitates to north-
ern, borders of continental base of basin of neo-Paleotethys. Consequently, there 
are lack of ophiolitic covers on autochthone of Scuthian-Turan plate with Andian 
type of margin. 

Simultaneously closure, folding and inversion of terrigenous troughs of fore-
land occur and subaerial volcanism continues in supersubduction riftogenic struc-
tures on active Scythian-Turan margin of Eurasia. On passive margins of Gond-
wana carbonaceous troughs of foreland undergo gentle wide folding and block 
breaking with south vergence. Albors trough completely closes and troughs Da-
ralagez in the Lesser Caucasus and in North Iran transform into lakes and lagoons. 
Peneplanation of uplifts goes on in South Caspian and also in Kopetdag wedge, 
TransCaucasian continuation of former marginal-continental uplift with Hercynian 
granite-metamorphic crust. 

During PreNorian period TransCaucasian-Caspian region and Iran join to 
Eurasia mainly with setting of land as by this period oceanic basin of southern 
branch of Mesotethys simultaneously was formed. 

- Norian age. It corresponds to period of non-hard collision geodynamics in 
zone of conjugation of peri-Gondwana and south margin of Eurasia and even be-
tween to different extent consolidated boulders and blocks of latters. Probably, on 
border of blocks with Baikal and Hercynian consolidation of crust the sedimenta-
tion doesn't finish in remaining troughs of lake conditions or shallow basins but in 
new tectonic aspect the deposition of carboniferous terrigenous molasses continues. 
Probably the deposition of carboniferous molasses of Norian age occurs in narrow 
synform structure on the most South Caspian aquatorium corresponded to mobile 
zone of conjugation of Hercynides and baikalids. Volcanism stops its activity on 
Scythian-Turan plate and peneplanation of close marginal-continental uplifts cov-
ering in the south the territories of TransCaucasian, South Caspian, Kopetdag-
Binaluda, in the north -  Glavny, Peredovoy and Bokovoy ridges of the Greater 
Caucasus, Samur subsided uplift and Karabugaz arc. During this period though 
there was joining between Laurasia and Gondwana however a vast continent 
Pangeya-II wasn't formed inspite of existing idea as simultaneously with starting of 
subduction of events and processes in neo-Paleotethys the splitting of Gondwana 
begins and also the deposition of southern Zagross branch of Mesotethys in ob-
served segment of the Mediterranean belt. Generally the Late Triassic corresponds 
to period of Gondwana collapse by formation of initial basins of Atlantic and In-
dian oceans.             
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Mesotethys in the Caspian Region 
Continental regime in geodynamic environment of compression within the 

active edge of Eurasia commenced everywhere in the end of the Norian age, in-
cluding the Caspian region. Replacement of riftogenesis with spreading of oceanic 
crust andexpansion of southern belt of Mesotethys occurred in Zagros ( fig. 3) .The 
active edge of Eurasia, together with joint peri - Gondwana land to Zagros, on the 
verge of Triassic - Jurassic period experienced division into horst-graben like struc-
tures with high amplitude shifting movements which caused emergence, starting 
from Rethian age, intra-plate high titanium basalts. The aforementioned events and 
processes are the forerunners of rifting that led to isolation of oceanic basins of the 
Small Caucasus - Albors and the Big Caucasus - Kopetdag (with submerged crust) 
geosynclinal systems (fig.3). Geological and magmatic factors of riftogenesis and 
formation of northern belts of deepwater basins in early. 

Lias in new tectonic plan were determined on the basis of materials sur-
rounding their continental plate and tectonic zones.  

Geodynamic evolution of oceanic and sub-oceanic basins in terms of time 
and extent, as well as their. segmentation based on transformed faults in each sys-
tem, is expressed more clearly in their northern sides, i.e. in the southern active 
edges of plates. Separate segments of the latter are characterised by peculiar facies 
of Jurassic, Cretaceous sediments and manifestation of  volcanism and intrusive 
magmatism. Some transformed faults (Arazchay, Bogrovdag, Caspian, Messerian, 
etc.) demonstrate a regional character, even in modern tectonics, without shading 
their activity (Rustamov, 1995). 

In geodynamic environment of tension and extension of the bed of deepwater 
basin5; of Mesotethys, common immersion of the region reached its maximum in 
Aalen J2. By that period Trans-Caucasian middle massif (TMM) of epi-Hercynian con-
solidation occupied in plate B tectonics of the Caspian region the entire region of the 
South Caspian, Kopetdag elevation and partially Albors and served as a source of 
wash-down (similarly to Scythian- Turan plate) terrigenous sedimentation at the conti-
nental slope of deepwater basins of the Big Caucasus - Kopetdag in the north and pre-
Albors in the south (fig.3). The Latter stretches by the solJthern side of the active edge 
of Albors Binalud and is connected with Zangezur branch of oceanic  basin of the 
Small Caucasus in the west. The northern branch of the latter to the east, in submerged 
Kura depression with rather complicated paleotectonics of the young island arcs of 
middle Jurassic period between short throughs, disappears in meridian zone of Western 
Caspian depth fault, running irlto the South Caspian region of TMM, and thus confirm-
ing earlier opinion of V.E. Hain (1964). It is obvious that sutural zone of Paleotethys 
also served as a southern boundary of TMM, with continental slope Albors - Binalud 
mega-block in the southern edge of water area of the Caspian and further to the east. In 
coaly-terrigenous formation of Shimshak, in zor,e of paroximal facies, coarse-terri-
genous layers contain fragments of ophiolites of Paleotethys TMM in the area of the 
South Caspian and Kopetdag was covered with shallow water and shelf sea only in 
Toarcian -Callovian periop, that led to joining of two aforementioned deepwater (shale 
and oceanic) basins. 



 

 

 

60

 

 
Fig. 3 Geodynamic reconstruction of Mesotethys along the Caspian geological traverse 

 
Additional signs: 3 -crust of Hercynian consolidation; 4 -oceanic crust; 5 -Mesotethys ophiolite su-
ture; 6 -ophiolite suture of Paleotethys and neo-Paleotethys; 7- submerged crust of dispersed spread-
ing; 12- bituminiferous sandy-clay-shaly and caastal-coaly; 19 -evaporite; 22 -sub-alkaline series. 
Marked with letters: IMC -Iranian microcontinent; TCM - Trans-Caucasian microcontinent; ZAL -
Zangezur -Albors basin; LCKB-Big Caucasus -Kopetdag basin; CSCP -Central and South Caspian 
province; AB -Albors block; SCSP - South Caspian block; Gd - Godina massive; Tu -Tuakyr; Mn -
Manych -Mangyshlak; UH -Urmia -Hamadan, Z -Zagros basin. 
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Transgressive ciay-sand Toarcian -Aalen strata with interstratifications of 
limestone in the base of Jurassic -Cretaceous  sequence in the Kopetdag section of 
TMM with unnoticeable facies' change transits into the upper section of Shinshak 
formation, where, thougr1 rarely, several intervals contailled inter stratifications of 
volcanic tuff ( Huber , 1977) .Allochthonous plate of ophiolites of Paleotethys at 
the Caspian coast in Iran (Resht) is transaggressively overlapped by this formation. 
Based on other data, Toarcian -Aalen strata at the south -eastern edge of Kopetdag 
blocks exit to Permian ophiolites of neo-Paleotethys (Ruttner, 1991). 

Facies importance of Rethian -Aalen terrigenous strata of Albors appeared 
from north to south and presence of distal flyschoids and rarely of volcarlites in its 
sections demonstrates in certain parts corylplex structure of continental slope of 
Pre-Albors oceanic through complicated by listrial faults. It seems that rare volcan-
ism crtaracterises interrupted spreading of crust and extension of riftogenic through 
with limited spreading arld subduction. Sharp change of facies in Bios and sedi-
ments of siliceous massive and stratified bituminous limestone (1,000 m) until 
culmirlation of late Cimmerian tectogenesis evidence not only the loss of pa-
logeographical significance of the South Caspian segment of TMM as a source of 
terrigenous wash-down, but also a completely differerlt kinematics of plates in 
comparison with the Small Caucasian segment, where the most intensive subduc-
tional multi-stage magmatism of Jurassic period of Mesotethys was revealed. The 
authors accepts that maximum spreading in Pre-Albors through corresponded to the 
stage of accelerated subduction in oceanic basin of the Small Caucasus, wherebya 
material process of spreading in the latter occurred in synchronism with sedimenta-
tion of limestone strata of Bios - Callovian period at the active edge of Albors and 
Binalud segments and TMM. Therefore, convergence of Iranian and Trans-
Caucasian microcontinents in the Small Caucasian segment corresponds to their 
divergence in eastern segment of unified system of Mesotethys that is a usual 
kinematics during an opposite rotational movement of plates. For the same reason, 
Jurassic magmatism of central segment of the Big Caucasus to the east diminishes 
in axle zone and at the active edge of Eurasia. In a global compression environment 
that commenced in Bios slate basin slightly shifted southwards transforming into 
flysch through in late Jurassic period and until Eocene period. Culmination of late 
Cimmerian tectogenesis is characterised by elevation and release of sea regime of 
Albors - Binalud active edge together with TMM up to south-western side of Ko-
petdag and introduction of granitoids in Binalud segment. Deeply eroded surface of 
limestone strata in near B fault provinces was covered dichronously by red col-
oured molassa (250-500 m), which transform into sea linlestone facies of Neoco-
mian stage towards Kopetdag basin. Structural restructuring without collision oc-
curred in deepwater basins, with shift of spreading and maximum submergence 
southwards. 

Presence (Assereto, 1966) of single flows of olivine basalts on the Caspian 
slope of Albors in molassa and rudistide-orbitoids- new limestone strata that trans-
gressively covered them was important irl geodynamics of the area of the South 
Caspian. They represent analogues of extensive fracture effusion of sub-alkaline 
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basalts (K1) in beyond-the-arc provinces of the Small Caucasus. Therefore, the 
first impulses of tension at the active edge of Albors started even in early compres-
siorl regime and occurred at accelerating speed in Aptian -Senoman tension period 
and formation of a chain of undersubductional beyond-the-arc provinces of the 
Small Caucasus - Albors geosyncline system. It is obvious that, unlike in pervious 
period, subduction of oceanic crust in Pre-Albors through occurred at accelerated 
speed in synchronism with spreading and, therefore, was formed the South Caspian 
beyond-the-arc province with basaltoid volcanism in the southeastern extension of 
the chain of similar Pre-small Caucasian structures (Bard, Agjakend, Kazakh and 
Bolni) on the continental crust of the Trans-Caucasian plate. According to data 
(Clark et al. 1975; Sussli, 1976) and crossing of sections of volcanogenic and 
sedimentation strata by the author, one argue notice that volcanism of sub-alkaiine 
and toleite basalts of fractural and fractural-central types occurred in many stages 
from Aptian to Senoman period. Detrital facies of volcanites among Maastricht 
limestone in the foot of the West Caspian evidences that beyond-the-arc volcanism, 
similar to the one in the Small Caucasus, was completed. Tectonic position of be-
yond-the-arc provinces with intensive volcanism usually are determined by con-
finement to the boundaries of sharp arc belt with TMM. At the same time, analysis 
of events and processes in the Big Caucasus flysch through demonstrated that pas-
sive northern slope of TCM in the East Caspian and Apsheron edge after Barrem 
transgression assumes the Andes type of edge with manifestations in Kahetia-
Vandamm zone of riftogenic volcanism of sub-Alkaline basaltoids Albian-
Senoman and Senonian periods. Lateral eastward zoning and confinement of inten-
sive volcanism to crossing points of zone and meridian fractures, as well geophysi-
cal materials (Gajiyev, 1965; Gasanov, 1990) demonstrate stretching of Cretaceous 
volcanism to the depth of the Caspian through the northern edge of Baku archipel-
ago towards the Caspian zone of meridian fractures. Riftogenic volcanism and 
emergence of graben-Iike structure in central part of the South Caspian, which is 
connected southwards with beyond-the-arc province, forming a single CSCP, is 
linked with activation of the Caspian zone of meridian fracture. As a result of rlfto-
genesis, TMM was fractured, and AzerbaiJan and the South Caspian, blocks were 
separated without stripping of continental crust. It is logical that evolution of 
CSCP, etc. in Cretaceous period was slightly delayed after closure of oceanic 
throughs of the Small Caucasus - Albors system; and carbonate strata of later seno-
nian and Maastricht periods, as an indicator of stabilisation of geodynamic regime, 
also superimposed volcarlic and sediment3tion strata of CSCP. In a latter case, a 
new sedimentation cycle started with argillic strata of Paleocene period, which 
takes turns with coarse fragmental layers in the base. 

So, during the period of formation and isolation of LesserCaucasus-Albors 
and GreaterCaucasus-Kopetdag deepwater basins with oceanic and suboceanic 
crust, correspondingly, in the region of South Caspian, probably there were the fol-
lowing events. 

- Late Triassic, Rhaetian. There is an extensive elevation of South Caspian 
region and adjacent territories of Transcaucasus, TransCaspian and Iran in the 



 

 

 

63

composition of frontal accumulated margin of Eurasia. The deposition of coaly 
molasses is stopped. As a result of compensated geodynamic setting of collision, as 
well the thrust movement of big amplitude, there is the end of dissection of region 
on horst and graben-like blocks and megablocks. It was a base of riftogenesis for-
mation and sea transgression in Early Cimmerian tectogenesis. On the border of 
grabens and horsts the volcanism manifestation of high-titanous basalts is probably 
occurred.  

The border of Triassic and Jurassic - is Pliensbach. There are the continental 
riftogenesis, formation and extension (development) of marine sedimentary basins 
in South Alborsian during Rhaetian and Absheron sill in PreSinemurian. In new 
tectonical plan the plate dissection of MesoTethys and formation of axis zone of 
troughs, continental slopes and middle massives occur. In the composition of Tras-
caucasian plate South Caspian middle massif is distinguished, representing the 
south-east continuation of Transcaucasian-PreCaspian middle massif. Moreover in 
the East its narrow wedge is situated on the central uplift of Kopetdag, in the west 
it is strongly limited by gravitational level of the WestCaspian deep fault, continues 
the elbow bend of paleotectonics and spreads in Transcaucasus.     

Continental slope of terrigenous facies deposits in the north is limited by 
Sangachal-Ogurchi fault, and in the south Albors slope - by mobile suture zone of 
Paleotethys. The significant geodynamic and paleotectonic importance has the 
presence of basaltic volcanism among coaly-terrigenous Shimshek formation of 
Albors continental slope during Rhaetian in distal facies. And in the coarse frag-
mental paroxymal facies there are the rock fractures of Paleotethys ophiolites or 
granites and slates of hercynides. 

- Lower and Middle Jurassic, Toarsian and Aalenian. This stage corresponds 
to the maximum of expansion and deepening of basins and their isolation by axis 
zone: Jogotai-Sabzevar trough with oceanic crust in the south of Albors and east 
continuation of Goitkh-Tfan trough in subsided structure of Absheron sill on Mid-
dle Caspian. These events and processes occur in geodynamic setting of expansion 
and subsidence in the regional scale, which are accompanied by terrigenous sedi-
mentation of considerable thickness on the continental slopes and encroachment of 
sea on the middle massif of the South Caspian, Scythian-Turan and Iranian plates. 
Within the last in coastal-marine and shelf conditions there are the deposits of ter-
rigenous and further carbonate-terrigenous facies of platform cover. 

By starting of the Late Kimmerian tectogenesis and since PreBajocian and 
further PreBathonian tectonic phase of folding reaching culmination phase of its 
manifestation on border of the Late Jurassic and the Early Cretaceous. Change of 
geodynamic setting of extension and spreading of oceanic crust with processes of 
compression and subduction of latter occurs in regional scope, though contrast of 
geodynamic settings can be observed in definite oceanic-geosynclinal systems due 
to simultaneous manifestation till a definite period of time of processes of spread-
ing and subduction of oceanic and thinned crust. So, formation of structural-
geomorphological zones of oceanic-geosynclinal systems occurs which are repre-
sented by active and passive margins of continental plates and at the end of this 
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stage Kopetdag segment has a nature of development as marginal sea in back part 
of Aladag-Binalud island arc. 

- Middle Jurassic, Bajocian. On the starting phase of diastrophism bed of 
deepwater basins (in the south of Jogotai-Sabzevar and in the north - Greater Cau-
casus-Kopetdag) undergoes deformation, accompanying by formation of accretion-
ary prizm of thick terrigenous series of continental foot with scales of thrust and 
covers over north-oriented subductions due to simultaneous manifestation of 
spreading and subduction. Frontal south area of Scythian and Transcaucasian plates 
can be characterized by active continental margin and northern margin of Iranian 
and Transcaucasian plates is characterized by passive continental margin. Though 
reduction of geodynamic and magmatic events and processes towards east is a sys-
tematical process but in Kopetdag basin since Bajocian displacement of axis zone 
towards south and also relative rising of Scythian-Turan plate margin is registered. 
Mentioned events are caused by intensive deformation of thick series of axis zone 
and join of accretionary complex to margin of Eurasia. Bajocian sedimentation has 
clayey and aleurolite-shale facies with marl layers which widens towards south in 
direction of wedge of South Caspian median massif existing before Toarcian age in 
Kopetdag basin. This series (950-800 m) on extension of terrigenous-carbonaceous 
facies covers platform cover of Toarcian-Aalenian South Caspian median massif. 
Subduction of south direction and correspondingly island arc volcanism just as in 
Gagry-Javian and Kakhetin-Vandam zones of Uzhny slope are not manifested in 
segments of Absheron Sill and Kopetdag during Bajocian. A sharp change of facies 
and deposits of massive limestones with marl layers till the Late Callovian (600-
800 m) can be observed on Albors-Binalud island arc block covering also the most 
southern Caspian aquatorium since the Lower Bajocian, they merge with simulta-
neous carbonaceous series of South Caspian median massif on northern extension. 
So, median massif of South Caspian is not yet the source of terrigenous material 
demolition and islands of mountain chain of Hercynides existing during Aalenian 
were covered by shelf marine basin. 

-  Middle-Late Jurassic, Bathonian-Early Kimmeridgian. Carbonaceous 
sedimentation continues during this period including South Caspian median massif, 
and in Albors - Binaludi island arc belt the lower border is diachronous and this 
shows the manifestation of Bathonian folding and formation of relative uplifts and 
saggings just as in island arc belts of the Lesser Caucasus. So, here carbonaceous 
series from Bajocian to Lower Kimmeridgian form synclinal structures and sharp 
ledges of 300-500 m height. Dark bituminous limestones are prevailed in composi-
tion of carbonaceous series of Jurassic, and silic concretions and interlayers are in 
zone conjugated with Kopetdag.  

Separation of carbonaceous-terrigenous flysch trough with corresponding 
coastal-marine and shelf facial flank zones occurred during Late Jurassic on 
Absheron peninsula as eastern continuation of south-eastern Greater Caucasus in 
the same setting of cinematics of plates and displacement of axis zone of most ba-
sin subsidence towards TransCaucasian plate. In this case events and processes 
have tendency to preparation of start of new stage of southdirected subduction.     
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- Late Jurassic-Neocomian, Late Kimmeridgian-Hauterivian. This stage cor-
responds to the culmination of the LateKimmeridgian tectogenesis, penetration of 
granitoid intrusives into the island arc belt and gradual stabilization of geodynamic 
setting of compression. First of all it is fixed by elevation and releasing of Albors 
island arc belt from marine basin, the area of its conjugation with Kopetdag basin 
and SouthCaspian Middle massif and also the facial change of sedimentation with 
deposition of red argillites, sandstones, evaporates and oolitic limestones (up to 
500 m). Though unlike Aladag-Binalud segment the Mesozoic granitoid magma-
tism does not manifest in the Central Albors, at the same time this part of island arc 
belt is also subjected to the folding, elevation and drainage, leaving the synfom 
structural zone on the border with middle massif of South Caspian, where red-
evaporitic-limestone series of Upper Kimmeridgian-Neocomian was accumulate. 
Indicated zone has the Paleotethys suture and at the same time it is the plate trust 
boundary between Transcaucasian microcontinent and Albors plate, split from Ira-
nian microcontinent during Rhaetian-Lias. On the other hand on the Caspian slope 
of Albors in the molasses series and among Barremian-Aptian limestones the dis-
covery of subalkaline basalts is uniquely indicated on the extensive crack effusion, 
showing the early stage of beginning of the riftogenic backarc sagging on the south 
aquatorium of Caspian. 

- Formation of oversubduction backarc trough is studied on the phases of 
tectogenesis culmination - by drainage, elevation and perecontinentalization crust 
of active margin of Albors plate, accompanied by intensive deformation and nar-
rowing of Jogotai-Sabzaver basin in the speeded up interconnection of subduction 
of oceanic crust.  As for wide age and lateral distribution of carbonaceous series 
this event is caused by tectonical factor, shoaling of basins and also by displace-
ment of Eurasia and Gondwana continents in earth sphere during LaterKim-
meridgian tectogenesis. Arabia moved from arid tropic zone to the equatorial, the 
Scythian-Turan margin of Eurasia was transferred from moderate humid zone to 
the tropical arid.  

- After ending of LateKimmeridgian tectogenesis the existing stable setting of 
the second half of Neocomian transfers to the development of Caspian-Caucasian 
region in prevailing geodynamic settings of tension and increase of continental 
masses movement. It is caused by spreading of regeneration in deepwater basins and 
expressed by plate subsidence, formation of backarc and introplate riftogenesis, ac-
companied by manifestation of new volcanism cycle. At the same time the intercon-
nection of continents and inner plates determined the essential geological-tectonic 
events and processes within Mesotethys and evolution of Lessercaucasus-Albors 
with Greatercaucasus-Kopetdag oceanic-geosynclinal systems. During deepening 
and expansion of their deepwater basins the new axis of spreading, displaces to the 
south and forms gutterlike trough like Sarybabin and Vedin troughs at the Lesser 
Caucasus, Sabzevar trough of PreAlbors and flyschoid trough on the south slope of 
Greater Caucasus. Newformed troughs in following geodynamic stage were the con-
tainer of olistostromic series, covers and overthrusts of ophiolite melange. Toura-
gachai-Khojavend trough and analogous structures on the eastern subsidence of 
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Lesser Caucasus had introarc character of development due to ending of their oceanic 
stage of evolution in LatterKimmeridgian tectogenesis. 

- Lower Cretaceous, Aptian. On the south aquatorium of Caspian and north 
slope of Albors the transgressive deposits of orbitoline limestones, subsidence and 
expansion of existing shallow marine basin along displacement margin of Albors 
island arc plate with area of Middle massif of TransCaucasian microcontinent is 
observed. The indicated processes reach maximum on the border of Aptian-Albian, 
the sea covers a significant area of land of the TransCaucasian-Southcaspian mid-
dle massif together with south-west Kopetdag and covers all uplifts of island arc of 
Albors-Aladag-Binaluda and joins with deepwater basin of Jogotai-Sabzevar 
trough of PreAlbors. In the Caspian piedmont of Central Albors the orbitolinic car-
bonates higher on the section contain the cover of olivinic basalts (40 m) and fur-
ther take part in the interbedding of thick (more than 2500 m) volcanogenic series 
of Chalus formation. If subalkalic basalts in red series and among limestones are 
the of precursors of backarc riftogenesis, the period of intensive volcanism mani-
festation corresponds to the formation o riftogenesis, oversubducted, backarc 
Southcaspian trough. That's why this segment of Central Southcasian riftogenic 
trough has a concave configuration accordingly strike of Albors island arc eleva-
tion. Meridional continuation of trough is represented by synchronous introplate 
rift in the body of SouthCaspian-Transcaucasian Middle massif in direction of Vol-
jsko-Caspian fault zone. Cretaceous subalcalic volcanism of Kakhetino-Vandam 
zone of the marginal-continental andian geodynamic type in south-east direction  
not only increase accelerates, but its belt also is expanded, joining with same-aged 
volcanism of meridional segment of the CentralSouthCaspian riftogenesis trough. 

On the South slope and Absheron sill, starting with transgressive sea expan-
sion in Barremian, the important event is still more high intensification of non-
compensated subsidence with constant displacement to south and localization of 
typical flyschoid deposits in narrow zone along the south margin of Dibrar trough, 
represented by a gutter of southdirected subductional processes.       

- Lower and Upper Cretaceous, Albian-Senomanian. Geodynamic setting of 
extension and regional expansion and deepening of basins of oceanic-geosynclinal 
system are still existing, the sea covers the Middle massives and Scythian-Turan 
margin of Eurasia in a larger scale. Riftogenic weak-differentiated basalt volcanism 
and separation of the Central SouthCaspian trough of falcate configuration and its 
flank structural elements occur with increased speed. The lasts, like Baku archipel-
ago and the others, are the continental slopes of sagging in the new sedimentary 
cycle of MesoCenozoic.      

The increased speed of volcanism indicates the accelerated speed of syn-
chronous spreading and subduction of northdirected oceanic crust of Jogotai seg-
ment of PreAlbors deepwater basin. This is not typical for Sabzevar segment as for 
Aladag-Binalud, differing by rather low speed of indicated processes. Jointy frac-
tured and fracture-central type of volcanism in the Central Southcaspian trough is 
manifested at the Aptian-Senomanian, Senomanian-Turonian, Turonian and Seno-
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nian stages in the complex geodynamic setting of riftogenesis and active continen-
tal margin.    

The important geodynamic events of this isolation period of the Central 
Southcaspian trough are the crack by riftogenesis of SouthCaspian-Transcaucasian 
middle massif, the formation of zone with heavy crust without separation off of 
continental crust and separation of Azerbaijan and SouthCaspian (Godina massif) 
blocks, which in further had independent geodynamic development and were cov-
ered by shelf sea.      
                         

Oil and Gas Bearing System of the South Caspian Basin 
In the latest post-Cretaceous period of evolution of CSCP and the entire re-

gion, of absolutely different direction, permanent submersion (up to 25 km) and 
resurgence of consolidated crust In each of tectonic phases of Cenozoic period oc-
curred in regional collision geodynamics. Particularly intensive processes occurred, 
startir,g from Oligocene arld Pliocene, which correspond with the highest speed of 
accumulation of sediments in the basin. Interrelated process and, most importantly, 
resurgence of crust, determined the large capacity of sediments of terrigenous cap 
of Cenozoic period and conditions for formation of bvdrocarbons in a new sedi-
mentation cucle of the basin. Resurgent crust of the basin corresponds to the basalt 
layer only in terms of geophysical parameters. Geodynarnic evolution leaves no 
doubt that CSCP was formed on the continental crust of Hercynides; structure of its 
sedimentary cap, below volcanogenic strata of Cretaceous period, participate vari-
ous layers (including bituminous) of sedimentary basins of later Paleozoic -Triassic 
and Jurassic periods. Presence of ophiolite suture and multiple sub-volcanic bodies 
of Cretaceous tension volcanism facilitated weighting, and riftogenesis, to a certain 
extent, -  submergence of continental crust on the axle zone of CSCP. As for a sig-
nificant submergence (up to 4-5 km) on continental slopes or disappearance of 
granite layer in the axle zone of CSCP, as well as variations in capacity of the "ba-
salt layer" (10-20 km ), this is a result of consequential processes caused by a scale 
of depth processes and tectonics. 

According to data (Ashirov et al, 1976), the South Caspian depression is 
characterised by a high temperatlJre of upper mantle l and higher (depth 60-80 km) 
position of asthenosprlere, tharl in its periphery (depth 100-120 km). In all profiles 
of KMPV - GCZ of deepwater basin, M boundary is tJnclear, and sudden changes 
in the speed of seismic waves are observed in transition  zone of consolidated crust. 
Geothermal stage (12 m/oC) and gradlerlt (8,3oC/100 m) in Cretaceous - Paleocene 
clay strata (T=126-150oC) B in the range of depth frorn 5, 150 to 5,570 m at Enzeli 
well drilled in Iranian part of CSCP (Yusufzade et al, 1992) indirectly provides for 
an estimated high temperature of (To1000oC) of anomalous mantle on the border 
with crust. If gradient is lowered (1,4oC/100 m), the largest meaning of geothermal 
stage (74.4 m/oC) Vllas recorded in Paleocene -Apsheron interval at the depth of 
1,000-4,350 m. Based on the above, one may conclude that depth thermal flow in 
the South Caspian basin is absorbed in lower, predominantly clay strata, and, there-
fore, this basin cannot be referred to as one of the "coldest" in the world. It seems 
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that in a range of inherited depth fractures in substrata of CSCP, in particular, in 
wide zone of the Caspian there exists an absolutely unpredictable situation as to the 
variation of water and fluid thermal flow and depth. 

It is likely that submergence and resurgence of crust, accompanied by sub-
mersion of the bed of the basin, continue with or without interruptions after rifting 
as a result of periodic intensification of thermal and mass flows from astheno-
spheric "diapir fold" in heated anomalous mantle. At high temperature  and pres-
sure, with participation of fluids, the  process develops on the border of mantle and 
crust through eclogitation of lower layers of crust with its absorption by anomalous 
mantle and shift in boundaryof M section. Simultaneously, this leads to a change in 
boundary of granulitic and amphibolite stages of facies of metamorphic processing 
of the crust and incorporates even "granite" layer of previously weighted crust of 
CSCP with enhancement of its elastic qualities. Weighting of lower parts of crust at 
the expense of phased transition and thermal elastic compression of lithosphere in 
regional collision geodynamics, which led to squeezing out of substance of hot 
mantle in the area of lowest pressure, facilitated isostatic submersion of bed of the 
basin and sedimentation of a large sedimentation cap. Therefore, depth seismic 
boundaries in resurgent crust shifted upwards and speed sections demonstrate sub-
mersion and disappearance of "granite" layer within the boundaries of the basin 
Another important fact is that in aforementioned  interrelated processes and event 
thermal and mass flows from asthenosphere on the border of mantle and crust 
transform into a high temperature water fluid flow. The latter on the way upvllards 
enriches with gas components of hydrocarbons at the expense of organic substance 
of sedimentary layers of crust and lower layers of cap and, simultaneously, using 
catalytic capacity creates peak of generation of hydrocarbons in the are of "oil win-
dows". Process is inseparably connected with formation of resurgent crust, i.e. each 
tectonic phase has its own activation and, in general, represents an oil and gas bear-
ing  system of the South Caspian basin. The author assumes that oil and gas bear-
ing system means certain structures, in this case - CSCP, where various depth 
processes and generation of hydrocarbons are in a common genetic and space and 
structure relation . 
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Summary 
The results of initial temperatures measurements in wells have been generalized 

and the thermobaric regime of the productive series (PS) section of the SCB has been 
studied. Graphic and empirical models of temperature changes with depth have been 
obtained, and maps of distribution of average values of temperature gradients showing 
their regular decrease towards the central part of the SCB have been built up. A connec-
tion between the intensity of pore pressure development and the lithology of the PS sec-
tion; a considerable difference in initial reservoir pressures in reservoir rocks and pore 
pressures in clays, as well as a regular increase in the intensity of pore pressures devel-
opment both with depth and in the whole region have been revealed.  

 
One of the important characteristics of a sedimentary basin is the thermo-

baric situation at depths, because pressure and temperature make a strong impact 
on physical properties of fluids and rocks. The study of this question allows to 
solve the problems connected both with hydrocarbons genesis, their condition at 
different depths, and the mechanism of hydrocarbon migration, the preservation of 
reservoir potential of natural collectors etc. That’s why the study of regularities of 
pressure and temperature changes down the section and over the area of the sedi-
mentary basin, is of undoubtful interest. 
 

1. TEMPERATURE REGIME 
 

Regularities of heat distribution in the earth interior of oil and gas bearing 
regions of the SCB are conditioned by the geological structure and the history of 
geological evolution of this territory. Separate geostructural elements of SCB are 
characterized by various intensity of a thermal regime. Conditions of manifestation 
and distribution of heat in the earth interior of this region are determined by the 
presence of oil, gas-and-oil and gas-condensate fields, abundance of thermal 
springs and mud volcanoes and by a number of other factors as well. 

The actual material gained by the present time allows to determine the con-
ditions of temperature distribution in the earth interior of oil and gas bearing re-
gions of the SCB and to have a full enough notion about the regularities of tem-
perature changes over the area and down the section. 

These studies are based on the facts of temperature measurements in shut-in 
wells in the fields of the Absheron peninsula and the Absheron archipelago, Baku 
archipelago and Lower Kura depression. During this study the data on temperature 
measurements in the wells has been used. 
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To study the temperature regime of the productive series deposits graphs of 
temperature changes with the depth in oil and gas bearing regions and throughout 
the SCB has been built up. 

The average temperature on the surface was taken 14.50C. 
The dependence of temperature change on the depth are approximated by the 

following grade  function: 
                                                         T = a Hb + c 
 
 

1.1 The Absheron peninsula 
 
To study the temperature regime in the Absheron peninsula fields more 

than 160 temperature measurements  carried out in 27 wells in Surakhany, Kara-
chukhur, Bibieibat and Lokbatan fields have been generalized. 

Fig 1.1 shows a graph of temperature dependence on depth. 
An empirical equation describing the temperature change with depth has 

been obtained: 
                                             T = 0,368423 * H0,644874 + 14,5 
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Fig.1.1 Graph of temperature change with depth in the Absheron peninsula fields. 

 
 

1.2 The South-Absheron aquatic area 
 

To study the character of temperature change in the fields of the South-
Absheron aquatic area the results of temperature measurements in the wells in 
Bakhar field have been summarized. 47 temperature measurements in 6 wells have 
been used, and a graph of temperature change with depth (Fig. 1.2), as well as an  
empirical equation, describing this relation have been built up: 
                                                 
                                                 T = 0,522134 * H0,600517 + 14,5 
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Fig.1.2 Graph of temperature change with depth in the fields of the  

South-Absheron aquatic  area 
 
 The Absheron archipelago 

 
The study of the temperature regime of the production series (PS) section 

in the Absheron archipelago was carried out on the basis of the results of 161 tem-
perature measurements in 76 wells in Chilov, Janub, Palchyg Pilpilyasi, Neft Dash-
lary, Gyurgyan and Pirallakhi fields. Most of the studied fields of this region (ex-
cept the Janub field) are characterized by a great dislocation and washout of arced 
parts of folds. 

Fig.1.3 demonstrates a graph of temperature change with depth. One can 
see rather a strong data dispersion within the depths from 0 to 2000 m. First of all 
this, is due to the complex tectonic structure of these fields. 
                                                  
                                                  T = 0,190596 * H0,735849 + 14,5 
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Fig. 1.3  Graph of temperature change with depth in the Absheron peninsula fields 

 
1.4 Absheron sill 
 
The data from 26 measurements in 5 wells in the Guneshli field has been 

used to study the temperature regime in this region. Fig. 1.4 represents a graph of 
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temperature change with depth. The equation, describing this connection, is as fol-
lows: 
                                             T = 0,438691 * H 0,581288 + 14,5 
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Fig. 1.4 Dependence of temperature change on depth in the field  
in the Absheron peninsula 

 
 

1.5 The Baku archipelago 
 

To study the regularities of temperature changes down the PS section in the 
Baku archipelago data from 113 measurements was used. The measurements were 
carried out in 14 wells of Sangachaly-deniz-Duvanny-deniz-Khara-Zirya, Bulla-
deniz and named after  March 8 th fields. 

Fig. 1.5 gives the dependence of temperature change with depth, which is 
approximated by the following equation: 
 
                                                     T = 0,182924 * H0,716089 + 14,5 
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Fig. 1.5. Dependence of temperature change with depth in the Baku archipelago fields 
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1.6 The Lower Kura depression 
 
In this region the temperature regime of the section was studied according to the 

results of 49 temperatures measurements in 10 wells of Kyurovdag and Mishovdag 
fields. According to these data constructed a graph of temperature changes with depth 
shown in Fig. 1.6 was constructed approximated by the following equation: 
 
                                                T = 0,127262 * H0,751688 + 14,5 
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Fig. 1.6 Dependence of temperatures change on depth in the fields  

of the Lower Kura depression 
 

Fig. 1.7 represents a summary graph of the temperature dependence on 
depth for the South-Caspian depression fields. The analysis of the graph obtained 
shows that on the whole, the section of the South-Caspian fields is characterized by 
a relatively low temperature regime, and temperature values at depths of 5000-
5500 m do not exceed 1000-1110 C. 
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Fig. 1.7 Dependence of temperature change on depth in the South-Caspian basin fields 
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1.7 Regularities of temperature change 
 

To study the temperature regime of the productive series depositions, maps 
of changes of average temperature gradients in the SCB (Fig. 1.8), and also in the 
intervals of depths 0-2000 m; 2000-4000 m; and more than 4000 m (Figs. 1.9 – 
1.11) were built up. 

As it is seen, the open structures of the fields in the Absheron peninsula-
Balakhany-Sabunchi-Ramany, Surakhany, Bibi-Eybat, Lokbatan, Atashkya-Shaban-
dag, Chakhnaglyar-Sulutepe, and in the Absheron archipelago – Chilov, Palchyg Pil-
pilyasi, Neft Dashlari are characterized by the largest value of temperature gradients. 
The values of average temperature gradients reach 20.8-34.6 0C/km in the Absheron 
peninsula fields and 27.6 – 39,2 0C/km in the fields of central part of the Absheron 
archipelago. Between these two regions there is a zone of relatively low temperature 
gradients (average values of temperature gradients do not exceed 21.4 0C/km). 

Towards the regional submersion of the productive series depositions the 
values of temperature gradients decrease and reach 16.4 (Bulla-deniz) and 14.0–
14.8 0C/km in Guneshli-Chirag-Azeri and Kyapaz fields. 

For the interval of depths 0-2000 m (Fig. 1.9) the change in temperature gra-
dient values is on the whole, the same as for the average temperature gradients. 
However, the distinguished zones are more clearly differentiated within this inter-
val of depths. 

The same situation in the distribution of temperature gradients but with less 
values occurs in the depths intervals of 2000-4000 m and more than 4000 meters 
(Figs. 1.10 and 1.11). 

Thus, the analysis of the constructed maps of temperature gradients distribu-
tion allows to make a conclusion that towards the central part of the SCB one can 
observe a regular decrease in temperature gradients. We think that this is connected 
with a general increase in the productive series thickness in this direction and with 
sinking of the most heated depositions underlying the productive series. Another 
factor which could influence the distribution of a temperature field in the SCB in 
this direction is the increase in clayiness of the productive series and abnormal pore 
pressures  in clays.  
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2. THE THERMOBARIC REGIME 
 

2.1 Dependence of pore pressures on the depth of occurrence of reservoirs 
 

One of the most important problems on technology of determination of pore 
and reservoir pressures is to study the dependence of these pressures on depth. 
These dependences are necessary to predict pressures at intervals of depth, which 
are not penetrated as yet. 

With this in aim, the results of pore pressures estimation according to the 
data on the well electrometry were summarized, and graphs of dependence of pore 
pressures on depth in the fields of Janub, Lanub-2, Bakhar, Sangachaly-deniz-
Duvanny-deniz-Khara-Zirya, Bulla-deniz, Khamamdag-deniz, Sangi-Mugan-Gara-
su-Aran-deniz were built up. 

In the fields of Janub and Janub-2 (Fig. 2.1) the abnormal pressure zone be-
gins at depths of  700-1100 m. In the interval of 1200-2600 m pore pressures val-
ues become a little greater and pore pressure gradients grow up to 0.018 MPa/m. 

 

 
 

Fig. 2.1 Change in pore pressures with depth in the fields of Janub, Janub-2  
(code of curves-gradient of pressure, MPa/m). 
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In the field of Bakhar (Fig. 2.2) the beginning of the abnormal pressure zone 
is observed at depths of 1000-1100 m. In the interval of 1200-2000 m one can ob-
serve the growth of pore pressures; here the values of gradients reach 0.020 
MPa/m. 

At the depth less than 2000 m the intensity of development of pore pressures 
declines a little, and the gradients values decrease to 0.017 MPa/m and remain the 
same to the depth of 4400 m. Below this depth the intensity of pore pressures be-
comes still lower and then grows to 0.018-0.019 MPa/m. 

 

 
 

Fig. 2.2 Change in  pore pressures with depth in the Bakhar field  
(code of curves-gradient of pressure, MPa/m) 

 
 

In the fields of the Baku archipelago one can observe the increase in pore 
pressures with  depth (Fig. 2.3) as well. The beginning of abnormal pressure zones 
is observed at depths of 800-900m. At depths of 1400-1600 m the values of pore 
pressures gradients are 0.017-0.018 MPa/m. These values remain the same up to 
the  depth of about 3600m. Lower, in the interval 3600-4800m one can observe the 
growth of intensity of pore pressures development. Here, the values of gradients 
reach 0.018-0.020 MPa/m. 
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In the Bulla-deniz field (Fig. 2.4) with the growth of depth one can observe a 
noticeable increase in intensity of abnormal pressures. Thus, if at depths 1600-1800 
the value of pore pressures gradients is 0.014-0.016 MPa/m, then at depths of 
4400-4900 m the values of gradients are 0.019-0.020 MPa/m. Below, one can ob-
serve a decrease in gradients of pore pressures to 0.018-0.019 MPa/m. This is due 
to the presence of reservoir rocks of horizons V and VII at these depths, that re-
sulted in draining clayey thickness. 

In the area of the anticlinal zone Khamamdag-deniz-Sangi-Mugan-Garasu-
Aran-deniz (Fig. 2.5) abnormal pressures start at depths of 800-900 m. Up to the 
depth of an order of 2000-2400 m the intensity of abnormal pressure development 
is a little bit lower than at the appropriate depths of the fields Bulla-deniz and San-
gachaly-deniz-Duvanny-deniz-Khara-Zirya. Lower, one can observe a rapid 
growth of pressures, and at depths of 4000-4400 m the values of gradients averaged 
0.019 MPa/m. 

 

 
 

Fig. 2.3 Change of pore pressures on depth in the field of Sangachaly-deniz-Duvanny-
deniz-Khara-Zirya (code of curves-gradient of pressure, MPa/m) 
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Fig. 2.4. Change of pore pressures with depth in the field of Bulla-deniz  

(code of curves-gradient of pressure, MPa/m) 
 

The increase of gradients is preserved further down the section due to a 
greater clayiness of the PS section at these depths. The same graph gives the esti-
mation of reservoir pressures of  horizon VIII in wells which produced water dur-
ing the test.  

 
Fig. 2.5. Change of pore pressures with depth in areas of the anticlinal line Khamamdag-
deniz-Garasu-Sangi-Mugan-Aran-deniz (code of curves-gradient of pressures, MPa/m) 

                 . - pore pressures 
                         0 - reservoir pressures 
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As it is seen, the values of reservoir pressures are considerably lower than 
those of pore pressures in clays. The values of reservoir pressure gradients do not 
exceed 0,014 MPa/m. 
 
 

2.2. Initial reservoir pressures 
 

The study of initial reservoir pressures in this work has been carried out on 
the basis of measurements from the wells in 18 fields using deep monometers. 

All measurements are brought to real depths considering the altitude and 
curvature of the wells. Pressures in the aquiferous zone of the deposits have been 
defined and pressure gradients have been calculated on the basis of the above-
mentioned. 

Fig. 2.6 shows a graph of change in reservoir pressures with depth, built up 
for the fields of the South-Caspian depression. As it is seen, the dependence ob-
tained is approximated, surely enough, by a linear function with a correlation ratio 
equal to 0.9039. Such behavior of this dependence built on the fields located in 
different oil and gas bearing regions can be explained, as we think, by a good hy-
drodynamic correlation between the aquiferous areas of different oil and gas bear-
ing regions in the SCD. 
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Fig.2.6. Change of reservoir pressures with depth in the fields of SCD. 
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2.3. Regional regularities of change in reservoir pressures gradients  

of the PS section 
 

Regularities of reservoir pressures distribution in the area beyond the outline 
have been studied giving a notion about the piezometric head of reservoir waters in 
the sedimentary basin. 

 

 
 

Fig. 2.7. Map of distribution of PS reservoir pressure gradients in SCD fields 
 
 

Figs 2.7 and 2.8 show the maps of distribution of reservoir pressure gradi-
ents in the area beyond the outline for the whole productive series and for the “per-
eryva” suite separately. 

An increase in reservoir pressure gradients is observed for the productive se-
ries (Fig. 2.7) from the Absheron oil and gas bearing region towards the central 
part of the SCD, Baku archipelago and Lower Kura depression. 
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Fig. 2.8. Map of distribution of reservoir pressure gradients in the “pereryva” suite 
 
 

The character of distribution of reservoir pressure gradients in the “per-
eryva” suite (VII horizon) (Fig. 2.8) is the same as for the productive series on the 
whole, i.e. an increase in  reservoir pressure gradients can be observed towards the 
central part of the SCB from the Absheron oil and gas bearing region. A sapid in-
terpretation of these figures allows to conclude about the main direction of fluids 
movement in the SCD. 
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Conclusion 
 
1. Generalization of the results of initial temperatures measurements have been 

conducted; graphic and empiric models of temperature change with depth have 
been obtained both for some oil and gas bearing regions, and for the whole 
South-Caspian sedimentary basin. 

2. Maps of distribution of average values of temperature gradients have been 
compiled, the analysis of which demonstrates a regular decrease in temperature 
gradients values towards the central part of the SCB, i.e. towards an increase in 
general thickness and clayiness of  the productive series section. 

3. Study of the thermobaric regime of the productive series section of the SCD 
shows practically a universal development of abnormal pressures within the 
limits of the region under study. Connection between the intensity of pore pres-
sures development and the lithology of the PS section, and a significant differ-
ence in initial reservoir pressures in reservoir rocks and pore pressures in clays 
can be observed. One can observe a systematical increase in the intensity of 
pore pressures development both with depth and in the whole region towards 
the subsidence of the productive series depositions. 

4. The analysis of initial reservoir pressures in “pereryva” suite and its analog in 
the Baku archipelago (VII horizon) allows to make a conclusion about the exis-
tence of a single hydrodynamic system within the South-Caspian sedimentary 
basin and the presence of a hydrodynamic head from the central part of the de-
pression towards its peripheral zones.  
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Summary 
There is a brief geological-geophysical characteristic of the South-

Caspian depression (SCD) which is in the composition of the Mediterranean-
Alpine geosynclinal belt in this paper. Migration of Tethys axis zone occurs 
from Paleozoic till Neogene-Quaternary. 

Availability of ophiolites of the Lesser Caucasus and Elburs folded 
zone which  frames the Caspian Sea in the South as relicts of oceanic litho-
sphere and also the Mesozoic volcanites of basalt-andesite-ryolite series in 
the Kura depression led to transformation of existing ideas for tectonic proc-
esses of formation of structures and large geostructural elements of Cauca-
sus and the Caspian region. 

Within the Caspian region one can observe conformity of negative isostatic 
gravitation anomalies to areas of sagging, and positive – to areas of uplifts. 

Earth Crust of the South-Caspian depression is two-layer and consists 
of thick (up to 25 km) series of sedimentary cover and granite-basaltic layers 
(Vg = 6,3-6,8 km/c) with thickness up to 5-10 km. TransCaspian zone of 
transverse uplifts unknown before has been defined. 

The basement surface of granite-basalt series is morphologically ex-
pressed on seismic sections of SCD. Inclined blocks of basement as stages 
are subsided on faults towards deepwater basin. 

High informative materials of CDP method with big time development 
(more than 12-15 sec.) provide direct and objective information of structure 
and depth of consolidated Crust under SCD. On time sections with 20 sec. 
development studied on program “Caspianseis” of South-Caspian depression 
the section has been researched up to depth of 33-35 km. 

Highamplitude section of subparallel reflections which correspond to 
two-layer granite-basaltic series can be determined on seismic sections. 

Hajiyev’s “massif” is defined in PreElburs trough which is probably 
connected with Sefidrud maximum of gravity of Paleozoic age. 

Base where vast sedimentary series of plateau is located can be neither 
typically oceanic nor continental one.  

 
The Mediterranean-Alpine geosynclinal belt is located between East-Euro-

pean and African-Arabian platforms and covers South-Caspian megadepression 
characterizing by original consolidated crust and thickened (20-25 km) sedimen-
tary cover. 

To V.Ye.Khain’s opinion volcanism of Caucasus can hypothetically be con-
nected with current activity of Beniof zone which probably stretches along South 
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slope of the Lesser Caucasus. It can be supported by that fact the earthquake was 
registered with focus at depth of 100 km in the Middle Caspian depression. 

Recent ideas of bedding of eugeosynclinal troughs on the oceanic crust, and 
about their development with activity of ultradeep thrust faults and Beniof zones 
allow better to understand and to interpret tectonic-magmatic evolution of Cauca-
sus and adjacent Caspian aquatorium. Taking into consideration the Caucasus ex-
ample one can exactly define troughs’ new formation with oceanic type crust re-
sulting from splitting and separation of early existing continental crust. 

Continental rocks are separated from heavy magnetic oceanic crust by non-
magnetic zone which can correspond to intrusive magmatic rocks formed during first 
split. Calm magnetic zone behind anomaly of slope develops in the area where oce-
anic crust was formed during period characterizing by not many inversions, however 
weak anomalies recognizing in it are as linear as relief of oceanic crust surface. 

It is considered during the Middle Paleozoic axis zone of Tethys passed 
throughout  the today’s northern slope of the Lesser Caucasus and the Middle Cas-
pian, during the Late Paleozoic it replaced towards southern slope, and in Jurassic 
– to the central zone of the Lesser Caucasus and South-Caspian depression. 

Such are Triassic troughs of PreCaucasus, Late Jurassic-Cretaceous Pre-
LesserCaucasian trough, Neogene-Quaternary PreCaucasian troughs including the 
Middle Caspian basin and South-Caspian depression. 

At the end of orogenic period the Beniof zones had again nearly vertical po-
sition as it had been at the beginning of their development which is registered now 
on recent deep seismic profiles and conditions of compression along some of them 
were changed by conditions of extension. 

Ophiolitic belt of Peredovoy ridge and south part of PreCaucasian platform in 
the east spreads out of Gorny construction of the Greater Caucasus and buries under 
thick cover of Mesozoic and Cenozoic of front trough. According to Smirnova’s 
M.N. data it can be observed on intensive magnetic anomalies towards east till the 
Caspian Sea, it was presented by large North Caspian ophiolitic belt. Moreover, new 
data of gravimagnitometric research (conducted by trust “Caspmorneftegeofizraz-
vedka” along all aquatorium of the Caspian Sea) allow to observe this belt far to the 
east across the Caspian Sea to peripherals of Karabogaz massif. 

In the sea magneticactive bodies are at different depths 5-6 km and 7-9 km 
within this belt.  

Studying magnetic anomalies of the South Caspian one can note that they 
are concentrated mainly in western part of the basin. This area partially coincides 
with gravitation minimum where consolidated crust is characterized by small 
thickness (3-5 km) and maximum sagging. Magnetic field here is characterized by 
strange and isomorphic form of isoline with several branches. In south of SCD in 
area of Kura river mouth there is a magnetic anomaly probably caused by intrusion 
of magneticactive formations. Bedding depth of these bodies is 7-9 km. Probably, 
splitting occurred in this area, isostatic subsidence of Crust blocks and formation 
one of the further riftogenic embryo. 

One can suppose there was separate zone Ben along border of South-Caucasian 
geosynclinal trough and Transcaucasian massif, this zone was more sharply bended 
under the massif.  
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Conducted research and analyses show that paleogeographical and paleotec-
tonic conditions of sedimentary basins of the Caspian sea and adjacent land were 
constantly changing in time and in space. Sedimentation processes, change of 
petrophysical and lithological characteristics of rocks on region were analysed 
from point of view of vertical and further complex tectonic movements. 

Conditions of formation of lithofacial peculiarities were investigated in ac-
cordance with mechanism of Paleobasins formation, location of paleosource of ba-
sins supply by sediments and period of sediments accumulation.  

Unfortunately, over the recent period of time the patterns of these processes 
haven’t been taken into consideration and also their influence on the change of 
geological section and study of deep structure in recent geodynamic aspect. 

However, to substantiate the results of complex interpretation of geophysical 
materials the main role was played by data of ultradeep well in Saatly field. 

The more interesting was definition of petrophysical properties and rocks 
age in interval of depths 6554-6556 m. Revealing of volcanogenic rocks of the 
Middle Jurassic (according to microfauna) arised a number of debatable questions. 
As a result of radiological studies it was determined that in interval 7000-8200 m 
rocks of the Middle Jurassic age consist of dykelike intrusions (Ismet A.R. and 
others, 1989). Moreover, MesoCenozoic rocks of sedimentary and volcanogenic 
origin were revealed. 

Availability of ophiolites of the Lesser Caucasus and Elburs folded zone 
framing the Caspian Sea in the south as relicts of oceanic lithosphere and also 
Mesozoic volcanites of basalt-andesite-ryolite series in Kura depression led to 
transformation of existing ideas of tectonic processes of formation of structures and 
large geostructural elements of Caucasus and Caspian region. 

Garaboghaz geoblock is represented by anticlinal part of Paleozoic geosyn-
cline of south of Kazakhstan in the east of the Caspian Sea. Available definitions of 
absolute age of metamorphic rocks (end of Carboniferous-Early Permian) refer to 
final phase of tectonic-magmatic processes brought to dislocation of the Lower 
Molasse. Time of intensive mountain formation can be supposed by coarse-
fragmental redcoloured the Upper Permian mollasse, the development of which 
was defined in several regions of south-west Turan plate. 

Schematic structural maps on the main borders of section of Caspian Earth 
Crust and adjacent regions are mainly compiled according to DSS data. On these 
sections there different variants of three main borders of section appropriating to 
surfaces of crystallic (Pre-Jurassic) basement (dII), basaltic layer (dIII) and Moho 
(dIV). Due to strong change of rate characteristics of Earth Crust sections of epi-
Hercynian platform and Alpine geosyncline in some cases DSS data of the Caspian 
sea is interpreted in different way. 

DSS data can exactly be interpreted in zone of epi-Hercynian platform where 
on profiles borders dII, dIII, dIV can be observed with rates appropriately 3,5-5,2 
km/s, 6,3-6,8 km/s and 8,0-8,1 km/s. 

However, towards to Absheron and Mangyshlak sills there is an increase of 
bedding depth “Moho” and relative increase of bedding depth of basalt and granite 
layers surfaces.  
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Within the Caspian region there is a good conformity of negative isostatic 
gravitational anomalies to area of sagging, and positive – to area of uplifts. 

Availability of intensive gravitational isostatic anomalies in the Middle and 
South Caspian and on framing land show the high tectonic activity of region in 
newest time.  

Earth Crust of South-Caspian depression is two-layer and consists of thick 
(up to 25 km) thickness of sedimentary cover and granite-basaltic layer (Vr=6,3-
6,8 km/s) with thickness 5-10 km. Refracting border with rate 4,8 km/s has been 
revealed in sedimentary thickness at depths 8-12 km. 

Data of gravimetry were also used in study of deep structure of South-
Caspian megadepression (SCD) and adjacent territory. 

Interpretation of gravitational anomalies mainly has been done by method of 
selection – by way of estimation of theoretical effects ∆d from young geological-
geophysical profiles till use of pairs’ correlation connections between the main 
borders of Earth Crust section. 

Analysis of CDPM seismoprospecting materials allowed to clarify the recent 
structural plan of South Caspian depression and also to define relationship of the 
main tectonic elements of PreCaucasus and TransCaspian. TransCaspian zone of 
cross uplifts earlier unknown has been revealed. Two principally different stages 
can be determined in the history of formation of sedimentary cover of this territory: 
the first – PreOligocene, when in tectonically calm setting accumulation of plat-
form formations occurred and the second one (starting with Oligocene and up to 
now) which can be characterized by very complex geological development. At the 
second stage a non-compensated sagging was widely developed as a result deepwa-
ter “depressions” filled by some products from distributions of mountain-folded 
constructions of the Greater Caucasus. 

Large geostructures and their specific morphoelements of South Caspian SB are 
studied by conduction of consecutive seismostratigraphical and geodynamic analysis 
on materials of seismoprospecting by method of common depth point (CDPM) over 
last years. Seismic time sections of CDPM provide information about structure of 
sedimentary basins. Elements of “paleobasins” in buried form or some their “traces” 
are perfectly reflected in them. According to them type of sedimentary basins existed 
on different stages of lithosphere evolution can be determined. South-Caspian SB (oro-
genic-intermontane and piedmont troughs) can be characterized by its structure, set of 
formations and typical combination of sedimentary complexes, specific types of oil-
source rocks (Y.V. Kucheruk, 1985). 

All Caspian aquatorium and adjacent territories of land at present are 
densely-covered by prospecting seismic profiles in Azerbaijan. Regional profiles 
provide enough space for interpretation and reconstruction of the main properties 
of region sedimentary basins development. Constant seismic information is espe-
cially valuable in study of large depths in the Caspian aquatorium, where data of 
drilling either is few or there is a lack of data. 

For scientific substantiation of geodynamic processes at early stages of SCD 
development besides indirect geological-geophysical data is necessarily the more 
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probable data of basement surface structure and granite-basalt thickness of sedi-
mentary cover. 

On seismic sections of SCD the basement surface of granite-basalt series has 
a good morphological expression.          

Slope blocks of basement as stages get down on faults towards deepwater 
basin. As a result of it a unique material has been obtained, the analysis of which in 
combination with information on land of adjacent regions allowed to decipher 
structure of sedimentary cover and to restore the history of this of its development 
perfectly well. 

Seismic profiles allow to use a wide space for interpretation and to study pa-
leotectonic setting of the main types of sedimentary basins of the Caspian region. 

As a result of analysis of geological geophysical materials with using seis-
mostratigraphic methods stage by stage for each area paleotectonic maps are com-
piled and confined to the Caspian areal of sagging which is one of the global tec-
tonic-sedimentary structures of Earth Crust. 

At present the perspectives of construction of models for East Crust structure 
are connected with modifications of seismometry with nearvertical fall and return 
of the waves. 

Highly informative materials of CDPM with big time magnitude (more than 
12-15 sec.) provide direct and object information of structure and depth of consoli-
dated crust under SCD. Section with depth of 33-35 km (fig. 1) is shown on time 
sections with 20 sec. magnitude according to the program “Caspianseis” on 
Absheron archipelago. 

Subparallel break reflections interpreted as border of crystallic basement, the 
surface of Permian-Triassic deposits can be determined on seismosections at depths 
24-20 km. There is a large trough (24-20 km) located towards south of Absheron-
PreBalkhan zone of uplift at the structural map. Here is a south-east continuation of 
Dibrar maximum protrusion complicated the western flank of North-Absheron 
trough. Absheron peninsula is fully in the composition of South-Caspian depres-
sion. Further Gobustan trough relatively not large is isolated in the south-west at 
gypsometric level 16 km. Depth of consolidated crust bedding is 17-19 km here. 
This trough is gradually passes into South-Caspian depression. Then rising of this 
border occurs up to 12 km in the southern direction. A.N. Hajiyev’s “massifs” can 
be recognized in the south in PreElburs trough.  

Towards massif reduction of thickness of Middle Pliocene deposits occur. Cha-
otic seismic record can be observed lower this surface. Probably, massif recognized by 
Hajiyev was rised over sea level and underwent wash-out and denudation during early 
Middle Pliocene. Latitudinal extension of isoline on the surface of consolidated crust 
can be observed in south aquatorium of Caspian due to availability of massif, con-
nected with Sefidrud maximum of gravitation. Availability of faults complicated con-
solidated crust is perfectly seen here. For example, Atatyurk-Alov-Sefidrud fault 
crosses South-Caspian depression in diagonal section. In opposite direction fault 
stretches along Baku maximum of gravitation. Highamplitude section of subparallel 
reflections appropriating to two-layer granite-basaltic crust (fig. 2, 3). 
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Fig. 1. 
• Isohypses of basement surface 
• Faults in MesoCenozoic deposits 
• Faults on basement 
• Borders of massif 

 

 
 
Fig. 2. 
Fragment of time section. Profile №B 
dтр – surface of Triassic consolidatred crust, 
dгр - surface of granite layer, 
dБ3 - surface of basalt layer. 
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Fig. 3. 
Fragment of time section. Profile №Г 
dтр - surface of Triassic consolidated crust, 
dгр - surface of granite layer, 
dБ3 - surface of basalt layer. 
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On structural map of granite layer submeridional-oriented trough is allo-
cated on Absheron and Baku archipelagos which is framed by isolines 33-23 km. 
Then in south rising of granite layer 14 km occurs (fig. 4). 

 

 
Fig. 4. 
• Isohypses of granite layer surface 
•  Tectonic faults 
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As a whole thickness of granite layer varies 5-6 km in north and in south of 
the Caspian Sea up to 1 km.    

At the end of 70-es there was a point of view of availability of oceanic type 
crust under SCD. However, to several researchers’ (Shikhalibeili, 1984 and others) 
opinion the depression is superposed on structure “midian massif”, naturally with 
granite-basaltic crust. 

To I. Shteklin’s opinion ophiolites of Alpine folded construction of Iran 
characterize old oceanic areas, framing by old continental margins. During Paleo-
zoic period Iran was the continuation of Arabian platform, i.e. part of Gondwana 
and it bordered on Paleo-Tethys in the north along recent piedmont of Elburs ridge. 
Closure of Paleo-Tethys (possible recent relict of which is South Caspian depres-
sion) probably was connected with Hercynian orogenic processes within Scythian-
Turanian plate. 

To E. Sh. Shikhalibeili’s opinion hard base of the South Caspian depression 
is represented by subsided block of old MesoCenozoic period; continental crust 
due to intrusion of mantle diapir underwent splitting and riftogenesis under SCD 
and as a result of it crust was recycled and metamorphosed till partial disappear-
ance of “granite” layer.  

There is an idea of recycling of “granite” and eclogitization of “basalt” lay-
ers dealing with destruction, splitting and deep subsidence of crust (Yanshim and 
others, 1977; Artyushkov, 1979). 

The base where vast sedimentary thickness as a plato is located can be nei-
ther typical oceanic nor continental but it must be referred to type which is typical 
for region of continental margin, other – wise there would be intensive gravita-
tional anomalies. 

Position of straits can be defined by structure of basement and linear nature 
of these anomalies shows a possible origin of straits as a result of differentiated 
block movements. 

In the eastern aquatorium of SCD on Turkmenian shelf (1995-1996) a num-
ber of prospecting seismic MCDP profiles are worked out with expansion 10 sec. 
Here key seismic horizons confined to Cretaceous and Jurassic deposits can be per-
fectly determined. 

Break of above-mentioned key seismic horizons by volcanogenic formations 
within Turkmenian shelf. Besides interlayer volcanogenic formations bedded be-
tween Cretaceous and Jurassic and upper bedded deposits can be observed here.  

Transition from continental crust to oceanic one occurs under ocean and in 
same places is represented by protrusion of oceanic basement which creates mag-
netic anomaly of the eastern coast. M.Y. Artemyev’s data (1975) can be interesting 
in study of regional tectonics of Caucasus and Mediterranean sea, it shows big re-
gional minimums within the western coast of Caspian including Absheron penin-
sula, Baku archipelago and the eastern part of the Mediterranean sea. These mini-
mums are separated by Pannonian and TransCaucasian intensive minimums. 

So, all above-mentioned allows to suppose the availability of consolidated 
crust within South-Caspian depression. 
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Summary 

It is indicated that seismic data concerning SCB owns seismic ani-
sotropy. Given article is dedicated to the investigation of anisotropy of the 
upper part of the geological cut having the anticlinal structure in the SCB. 
The investigation is held on the base of analyses of non-hyperbolic hodo-
graph of the reflected waves. Applying modernized speed analyses taking 
into consideration non-hyperbolic hodograph created speed model and ac-
cepted total seismic cut. Obtained as well as cuts for the effective value of 
parameters of anisotropy. Taking into account anisotropy conducted also 
kinematic correction of concrete seismic data from SCB, crossplotting of in-
vestigation AVO anomaly. 

 
Introduction 

 
Along with the structure heterogeneity anisotropy is one of the complicated 

factors of research of geological-geophysical characteristics of sedimentary thick-
ness in SCB. The reason of seismic anisotropy appearing in variability of speed of 
longitudinal wave in different directions, as well as in differences of speeds of 
transverse waves of different polarization may be.  

The investigation of the seismic anisotropy is one of the possible ways of 
improvement of results and interpretation seismic-information.    

Along with having structural non-homogeneity anisotropy is one of the com-
plicating factors in the process of studying geological-geophysical parameters of 
sedimentary deposits in SCB.   

The reasons of seismic anisotropy, showed in compressed and shear wave 
value inconstancy from the direction of propagation, can vary. In the thin-layer 
medium formed by alternate thin isotropic rock layers, velocity of compressional 
and shear wave propagation is different along and across stratification. Depending 
on the orientation of polarization plane shear wave velocities differ in one and the 
same direction of propagation. 

The reason of the seismic anisotropy in sedimentary rocks may be of com-
plex character. This may be directed orientation anisotropic micro crystals caused 
by protracted tectonic tensions, effective in certain directions. As well as porosity 
may be the reason of orientation. Great tectonic tension effective in different direc-
tions may cause secondary anisotropy in preliminary light-like environment. The 
reasons of seismic anisotropy in sedimentary rocks can have more complicated and 
unpredictable character. Among these reasons can be stated directional orientation 
of anisotropic microcrystal under the impact of long tectonic and other processes 
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and directional orientation of rock fissuring and porosity. The true reason of seis-
mic anisotropy can also be big tectonic stress acting in various directions.   

In all aforementioned cases stacked long-wave seismic anisotropy is found 
in the form of peculiar changes in travel time and dynamic attributes of received 
events. In fact, the most common case in such situations is when average values of 
anisotropy become small because the layered medium by its physical-mechanical 
and seismic features is more similar to isotropic medium. In literature such cases 
are called weak elastic anisotropy. Weak seismic anisotropy in seismic exploration 
was investigated by L. Thomsen and there were obtained simple analytical expres-
sions for travel time (seismic velocity) and dynamic (reflectivity on the interface of 
two elastic anisotropic medium) parameters. (Thomsen 1986,1993) . 

In the practice we may observe the cases when due to the anisotropy the re-
flected wave coherent lineups are not hyperbolic. Such cases are called in the lit-
erature non-hyperbolity in NMO correction. For transverse-isotropic medium, 
when the direction of stratification coincides with vertical seismic event, Alkhlifah 
T. and Tsvankin I. have obtained analytical expression for reflected wave curve 
(Alkhalifah and others 1995). It was shown that in order to straighten the reflected 
wave seismic event in the procedure of travel time correction must be used  
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     t – two-way traveltime of quazicompressional wave between the source and re-
ceiver, 0t - two-way traveltime of compressional wave in vertical direction, x –
distance between the source and receiver. 
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Parameters ε, δ - are known constants of L.Thomsen, defining anisotropic 
physical-mechanical behavior of the medium. (Thomsen, 1986); )0(nmoV  - velocity 
of travel time correction for near offsets.  

 
Case studies 
 We have created the computer program which allows carrying out velocity 

analysis with the consideration of anisotropy and reflected wave curve non-
hyperbolity in the form (1). The program is approved by using seismic data ob-
tained by applying modern means of information gathering and corresponds to the 
offshore fields in the SCB.   

To define the Р wave velocity and estimate η parameter of anisotropy there 
was used seismic data of reflected waves on the basis of 5km. 

The full processing consists of two stages. On the first stage is carried out 
the procedure of standard velocity analysis where the maximally “source-receiver” 
offsets corresponds to “depth=offset”. On the second stage after defining average 
velocity summing, seismograms corresponding to the far offsets are used for the 
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further curve correction where parameter η is chosen interactively. Seismic 2D  
profiles corresponding to  structures of SCB were used to investigate anisotropy 
and theirs further impact on other procedures of processing and interpretation. For 
CDP seismograms  with 90 fold, maximum source-receiver offset were more  than 
5000 м. Preliminary velocity analysis was carried out by using processing complex 
PROMAX. In this case to compensate undesirable impacts of reflected wave curve 
non-hyperbolity on the effective velocity in the upper part of the section for the 
velocity analysis procedure were used seismograms with maximum offsets are 
equal to depth.  

 

 
 
Picture 1.  Was given some graphical results effective value of parameters of anisotropy  
appropriate to the different CDR on the investigated profile. In accordance with given result 
value η monotonically increases to the limiting value and further it becomes stabilized.  
 

 
As an example the fig 2 ,3 show the results of anisotropy analysis for differ-

ent profiles from SCB. 
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Picture 2.  Value of the speed of the longitudinal wave appropriate to the horizontal direc-
tion is 6-7 % greater than effective speed longitudinal waves appropriate to the vertical di-
rection. Cut is appropriate to the temporary interval 0-4 sec. 
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Picture 3. Distribution of effective value of anisotropic parameter along the seismic profile. 
The blue color corresponds to the maximum value of η. This result corresponds to the con-
crete profile with the number of 1219P-035, which is schematically indicated with the red 
line in the lower left corner. For the other profiles indicated in the scheme as well as ob-
tained the results of parameter distribution ђ. The results appropriate to the other profiles is 
analogical. 

 
 
 

The results of the analyses anisotropy were used in the following procedures 
of treatment and interpretation. The found effective values of parameters of anisot-
ropy were applied in the procedures cinematic correction. Considering anisotropy 
of the total seismic cut, as well as its comparison with the results of standard treat-
ment was given in the picture 4.  
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Picture 4. On the left board was given total seismic cut obtained in the result of standard 
treatment without taking anisotropy into consideration. In obtaining total cut were used 
seismograms from the near removal. In the right board given total seismic cut obtained with 
the application of cinematic correction considering anisotropy. In the middle board is de-
scribed the difference of these total cut.  
 
 
 

The results of the investigations held for two profiles from South Casp0ian 
Basin indicates that the change of the parameter of the anisotropy ηin the upper 
part of the cut in the interval 0-3 sec. have the monotonous increasing character, 
limiting value of which doesn’t exceed 0.1 

For the inversion of η  parameter there was used Dix type equation. It was 
determined that the difference of interval velocity value in vertical and horizontal 
directions reaches up to  10%-15% , which is high enough index of anisotropy in 
SCB. Consideration of anisotropy was taken into account for the further AVO 
analysis.  

Normal cinematic correction considering anisotropy allows correct straighten-
ing of axis synchronism of reflected waves as for neighboring, also for distant re-
movals. This allows to raise effectiveness of AVO analyses. For the oil field from 
South Caspian Basin was held AVO analyses taking into consideration theses pe-
culiarities. For the reflecting boundaries covering flat spot anomalies given in the 
picture 5 with the application of crossplotting was held AVO analyses.  
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Picture. 5  Flat spot anomalies have in the temporary intervals 1.45, 1.7, 2.25, 2.45 

 
Was held the crossplotting AVO attributes with the application of interrela-

tion between speeds longitudinal waves and transverse waves in the form of         
Vs=0.868Vp – 1294  

Some of the obtained results appropriate to the data of picture 5 is given in 
the picture 6  
 

 

 
 

Picture 6. Results of the crossplotting of AVO anomalies. 
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According to the deviation from the background trend the results of cross-
plotting indicated that these anomalies correspond to the classification. J. Castagna 
is connected with the gas accumulation.  

The authors express their gratitude to Mr. J. Connor, Mrs. R. Kulieva (Chev-
ron-Texaco and Mr. R. Thomas, A. Mitchell and E.Azimov (BP) for supporting in 
the carrying out this work.  
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Summary 
This paper contains the results of investigations of the upward con-

tinuation of the gravity field in the Caucasus-Caspian region and analysis of 
subvertical boundaries. The results are interpreted together with data on re-
cent movements of the earth crust and seismicity in Azerbaijan. 

It was determined that at the altitude of 100 km maxima of the gravity 
field in Talysh, Safidrud and southeast Caspian sea (Godin) were united  in 
one anomaly. The Pre-Lesser Caucasian (Kura) and Dilidjan-Lachin-Ardabil 
faults are reflected at depth of 100 км.  

It was also determined that recent movements of the earth crust in the 
Lesser Caucasus and in Talysh take place independently on the gravity 
anomalies. 

On the base of the data there were clarified some parameters of the 
collision process in the South-east Caucasus. 

 
 

INTRODUCTION 
 

Upward continuation of gravity data is widely used in geophysics. It can be 
used, for example, to enhance the signal of deeper sources when shallower ones are 
present. 

Mantle anomalies of the gravity field ("geodynamic reduction") obtained 
through the elimination of impact of the upper layers is determined by analytical 
continuation into the upper half- space – to the altitude of more than 50 km [Kaban, 
2000; Kadirov, 2000]. Values of depth of occurrence of abnormal bodies calculated 
with logarithm of the power spectrum determined by analytical continuation of re-
gional gravity field allow to make a conclusion about the necessity of application 
of these anomalies as reflectors of mantle gravitation effect [Kadirov, 2000]. 
Gravitation model of the region may be considered as one of the main factors of 
geodynamic constructions.  

The objectives of the paper are: 
-application of the Hartley transform (Hartley, 1942) for upward continuation of 
the gravity data on the Caucasus-Caspian regions and re-calculation of gravity 
anomalies for different heights; 
-calculate the horizontal gradient of a gravity field the Caucasus-Caspian regions  
and carry out boundary analysis. 
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GRAVITY FIELD IN THE CAUCASUS-CASPIAN REGION 
 

Gravity field in the studied area in the Bouguer reduction (fig. 1) include the 
territory of the Middle and the South Caspian and territories of Azerbaijan, Geor-
gia, Armenia, south of Russia, west of Turkmenistan and Kazakhstan as well as 
east Anatolian and north of Iran. The gravity map in the Bouguer reduction is con-
structed with the value of the interstitial layer density of 2,67 gr/cm3. Normal value 
of the gravity was calculated by the Helmert equation 1909 with account of 
amendment – 14 mGal. While calculating the Bouguer anomalies relief of the lo-
cality was taken into account (R=200 km). For the offshore areas the gravity map is 
constructed with account of amendments for the surrounding relief and for the sea 
floor topography [Gravity map of the USSR, 1990]. In the summary map of the 
Bouguer anomalies in the investigated region one can identify a pan-Caucasian 
background of negative anomalies. A vast positive regional anomaly occupies a 
part of the Middle Caspian and a part of territories of Turkmenistan and Kazakh-
stan (Aktau-Bekdash-Turkmenbashy). This maximum is adjacent to Dagestan, 
East-Azerbaijan and Tcheleken minimums linked with each other by a narrow line. 
From the west the East-Azerbaijan minimum is limited by the Azerbaijan maxi-
mum. The latter with values of the gravity varying from 0 to 100 mGal is mainly 
associated with the Lower Kura lowland and partially spreads over the Talysh 
mountains. This maximum has two "fingers" in the form of narrower relative 
maximums (anomalies from 0 to 50 m Gal). One of them stretches northwards and 
connects with the Alazan zone. Another one goes north-westwards through the city 
of Ganja as far as Tbilisi and spreads over a narrow line of uplifts along the north-
west margin of the Lesser Caucasus.  
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Fig. 1. Gravity map of the Caucasian-Caspian region in Bouguer reduction 
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REGIONAL GRAVITY ANOMALIES IN THE  
CAUCASUS-CASPIAN REGION 

 
Regional anomalies of the gravity field in the Caucasus-Caspian region are 

investigated by re-calculation of data of the gravity field for different altitudes.  
In the zone of frequency the gravity field at a height of z is calculated by the 

product of 2D spectra of the input function and weight function: 
 

( ) ( ) ( ) 0,exp,,, 22 >+−=− zvuzvuAzvuFu                       (1) 
 

where, Fu (u,v,-z) is a result of analytical continuation to the height in the frequency 
zone, A (u,v) – spectrum of the input function, u and v – spatial frequencies in x and 
y directions respective [Blakely R.J.;1995]. The spectrum of the input function is 
calculated with the application of Hartley transform [Hartley, 1942; Sundararajan, 
1995; Kadirov, 2000]. And further with the help of reverse Hartley transform we re-
turn to the spatial zone. Re-calculation of gravity anomalies was carried out for alti-
tudes 20; 50 and 100 km. In compliance with geologic-geophysical investigation one 
may suppose that the first altitude corresponds approximately to the average depth of 
the surface "of a basalt" layer. The second altitude corresponds to Mohorovicic dis-
continuity. Other altitude corresponds to depth in the upper mantle. For this reason 
they are taken by us for "geodynamic reduction".  

Fig. 2 demonstrates gravity anomalies of the region re-calculated for the alti-
tude of 20 km. Negative and positive anomalies are marked by continuous and dot-
ted lines. The south-east of the Caspian Sea, Kara-Bogaz bay and districts Aktau 
and Bek Dash are overlapped by a positive anomaly (+40 mGal). The central part 
of this isometric anomaly is situated in Bekdash where values of amplitude are up 
to 60 mGal. Other positive anomalies are observed in Talysh (20 mGal), Safidrud 
(5 mGal) and 30 km to the west of Okerem (5 mGal).  

Fig. 3 demonstrates gravity anomalies of the region re-calculated for the alti-
tude of 50 km. One can see that the Bekdash positive anomaly is preserved with the 
amplitude of 25 mGal. Relative maximum manifests itself in Talysh and in the 
south of the Caspian Sea. In the Lesser Caucasus and in the Absheron peninsula 
one can observe minimums. Most of the regional anomalies is linked with the 
change of depth of occurrence of the Mohorovicic discontinuity.  

Distribution of gravity anomalies at the altitude of 100 km is shown in fig. 4. At 
the altitude of 100 km minimum of the gravity field is – 105 mGal and maximum is +8 
mGal. Gravity anomalies of the region re-calculated for the height of 100 km demon-
strates that the gravity field became much more simple and is displaced in the south 
direction of the center of the above mentioned large negative anomalies. Regional 
anomalies for these cases are linked with depth of occurrence of the layers surface in 
the upper mantle. Isolines of the regional anomaly in the Lesser Caucasus are bended 
in Khankendi in the north-east direction. In the Absheron peninsula negative anomaly 
is preserved. Maximums of the gravity field in Talysh and Safidrud and the south-east 
Caspian are united into one relatively positive anomaly. The anomaly in the Absheron 
peninsula preserves its Caucasian orientation.  
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Fig 2. Distribution of gravity field in the Caucasian-Сaspian region calculated for altitude 

of 20 km. Section of isolines through 5 mGal. 
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Fig 3. Distribution of gravity field in the Caucasian-Сaspian region calculated for altitude 

of 50 km. Section of isolines through 5 mGal. 
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Fig. 4. Distribution of gravity field in the Caucasian-Caspian region calculated for altitude 
of 100 km. Section of isolines through 5 mGal. 

 
 

Fig. 3 Distribution of the gravity field in the Caucasus-Caspian region re-
calculated for the height of 50 km. Section of isolines through 5 mGal. 

Preservation of the north Absheron minimum re-calculated for the height of 
100 km in the maps of gravity anomalies demonstrate that this regional minimum 
is linked partially with density boundaries located below the Mohorovicic disconti-
nuity [Kadirov, 2000a]. 

Comparison of gravity anomalies determined by possible density boundaries 
in the upper mantle with results of the investigation by other methods of the mantle 
structure is of a certain interest.  

On the base of analysis of data of the gravity field re-calculated for the height 
of 100 km as well as anomaly of velocity of the propagation of seismic waves in the 
astenosphere, heat field in the surface of the mantle under the eastern part of the 
Absheron peninsula one should anticipate intensive disconsolidation of the matter in 
the astenosphere [Vinnik, 1976; Shengelaya, 1984; Kadirov, 2000a]. In other words 
these results allow to suppose that regional anomalies of the gravity field (re-
calculated for the height of 100 km and corresponding to the depth of astenosphere) 
in the Absheron peninsula are determined by properties of the upper mantle. 
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MODELING OF SUBVERTICAL BOUNDARIES BY THE METHOD  
OF HORIZONTAL GRADIENT 

 
A complete horizontal gradient of the gravity field G (x, y) is given by: 
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where g(x,y) – values of the gravity field. 
Calculated the horizontal gradient for rectangular parallelepipeds demon-

strates the maximums located over edges of gravity sources. These properties are 
successfully applied by many authors to determine contacts of two geologic envi-
ronments (subvertical border) according to the gravimetric data [Kadirov, 1998; 
Blakely и Simpson, 1986; Edwards et al., 1996; Thurston and Brown, 1994].  
 

FULL HORIZONTAL GRADIENTS OF THE GRAVITY FIELD  
IN THE CAUCASUS-CASPIAN REGION 

 
Value of a full horizontal gradient of the gravity field in Azerbaijan varies 0-

5,63 mGal/km. Maximum values of the horizontal gradients for Azerbaijan are 
gmax>1,5Gal/km. 

Fig. 5 demonstrates Shaded Relief Map of full horizontal gradients of the 
gravity field in the Caucasus-Caspian region (Horizontal and Vertical Light Posi-
tion angles were 1350 and 450). Field of the gradients is a rather complex picture. 
One can clearly see superposition of gradient zones of different intensity and 
width. To identify interblock boundaries there were determined horizontal gradi-
ents of gravity anomalies which are maximums. The identified values are united 
nearly everywhere into extended zones corresponding to the boundaries of the 
blocks. In the Shaded Relief Map of full horizontal gradients of the gravity field 
one can clearly see the plan of location of subvertical contacts of rocks of a differ-
ent abnormal density. To determine the subvertical boundaries of deep structures 
full gradients of regional gravity anomalies are calculated.  

Fig. 6 demonstrates a map of full horizontal gradients of a regional field, re-
calculated for the altitude of 20 km and its Shaded Relief Map (Horizontal and Vertical 
Light Position angles were 450 and 450). In the Shaded Relief Map of the horizontal 
gradients of the regional field there were shown lines corresponding to vertical bounda-
ries. Fig. 6 demonstrates that the Pre-Caucasian (Makhachkala-Turkmenbashy), Si-
azan, Major-Caucasian, Pre-Lesser Caucasian (Kura), Lagich-Kyzylagach, Dilidjan-
Lachin-Ardabil, North-Adjinowr faults find their reflexion in the regional anomaly of 
the gravity field, recalculated for the altitude of 20 km [Borisov, 1967; Gadjiyev, 1965; 
Shikhalibeili, 1996]. The zone of the crushing by this faults may be related to depth of 
occurrence of "the basalt" layer. A number of longitudinal and cross linear elements in 
the distribution of maximums of the horizontal gradient of the gravity field manifest 
themselves as well. A linear trend in the distribution of maximums of horizontal gradi-
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ents of the gravity field – the Agdash linear element stretching from the north to the 
south as far as 150 km is of a certain interest. In the north deep faults cut into this linear 
element in the south slope of the Greater Caucasus.  
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Fig. 5. Shaded Relief Map of full horizontal gradients of gravity field in the Caucasus-
Caspian region (Horizontal and Vertical Light Position angles were taken for 1350 and 450). 
 
 

Map of full horizontal gradients of the regional field re-calculated for the height 
of 50 km and its Shaded Relief Map (Horizontal and Vertical Light Position angles 
were 450 and 500) is given in Fig. 7. The Shaded Relief Map of the horizontal gradients 
of the regional field shows lines corresponding to vertical boundaries of geologic bod-
ies. The figures demonstrates that the Precaucasian (Makhachkala - Turkmenbashy), 
Lagich-Kyzylagach, Dilidjan-Lachin-Ardabil faults find their reflection in the regional 
anomaly of the gravity field re-calculated for the height of 50 km. In other words, the 
zone of the crushing by these faults is reflected at the depth of Mohorovicic discontinu-
ity. In the south slope of the Greater Caucasus in the map of horizontal gradients con-
structed according to gravity anomalies re-calculated for the height of 50 km one can 
see linearity starting from Belakan in the NW and finishing near Sheki city in the SE. 
Then the maximums demonstrate the arc-like distribution. From the south of Sheki city 
this arc goes to the north of Gabala city and is traced as far as Dibrardag. One can also 
trace cross Agdash linear element in the distribution of maximums of the horizontal 
gradient of the gravity field. The linear distribution of extent of about 200 km is ob-
served in the direction of Beyuk-Kesik-Evlakh. 
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Fig. 6. Shaded Relief Map of full horizontal gradients of gravity field in the Caucasian-
Caspian region calculated for altitude of 20 km (Horizontal and Vertical Light Position 
angles were taken for 450 and 450). 
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Fig. 7. Shaded Relief Map of full horizontal gradients of gravity field in the Caucasian-
Caspian region calculated for altitude of 50 km (Horizontal and Vertical Light Position 
angles were taken for 450 and 500). 
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Map of full horizontal gradients of the regional field re-calculated for the 
height of 100 km and its Shaded Relief Map (Horizontal and Vertical Light Posi-
tion angles were 450 and 500) is given in fig. 8. The Shaded Relief Map of the hori-
zontal gradients of the regional field shows lines corresponding to vertical bounda-
ries. One can see in the pictures that Pre-Caucasian (Makhachkala-Turkmenbashy) 
and Dilidjan-Lachin-Ardabil faults find their reflection in the region anomaly of 
the gravity field re-calculated for the height of 100 km. In other words zone of the 
occurrence of these faults appeared at the depth corresponding to the lower litho-
sphere. In the map of horizontal gradients constructed in accordance with gravity 
anomalies re-calculated for the height of 100 km one can also see linearity in the 
distribution of maximums starting from the north-west (Shamakhy) and stretching 
towards cape Bandovan and then tracing in the Caspian Sea.  
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Fig. 8. Shaded Relief Map of full horizontal gradients of gravity field in the Caucasian-
Caspian region calculated for altitude of 100 km (Horizontal and Vertical Light Position 
angles were taken for 450 and 450). 
 
 

RECENT HORIZONTAL MOVEMENTS ACCORDING TO GPS  
MEASUREMENTS AND GRAVITY ANOMALIES 

 
In 1998 Geology Institute of Azerbaijan National Academy of Sciences and 

Massachusetts Technological Institute founded Azerbaijan testing area for GPS 
measurements consisting of 15 stations. They are as follows: KATE (Kateh), 
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SHEK (Sheki), KEBE (Gabala), SAMU (Samur), SIYE (Siazan), MEDR (Medra-
sa), SHIK (Shikhlar), GOSM (Gosmalyon-Lerik), YARD (Yardymly), BILE 
(Bilyasuvar), KURD (Kyurdamir), YEVL (EVLAKH), KASP (Agdere), SHOU 
(Shusha), KHIZ (Alty-Agach). GPS measurements were conducted there in 1998 
and 2000 [ Guliev et al., 2002; Shevchenko et al., 1999; McClusky et al., 2000; 
Robert Reilinger et al., 2003]. 

Fig. 9 demonstrates a distribution scheme of GPS horizontal velocities and 
their 95 % confidence ellipses for the period 1998-2000 of the Caucasus region. 
The vectors of velocities of horizontal movements allow to make a relatively full 
picture of recent horizontal displacements of a number of structural elements in 
Azerbaijan on the base of instrumental data.  

 
Fig. 9. GPS horizontal velocities and their 95 % confidence ellipses for 

the period 1998-2000 (McClusky S.). 
 
 

Velocities are very high 9-12 mm /yr and oriented north-east and observed 
in the south-east of the Lesser Caucasus. In GOSM and YARD stations in Talysh 
one can observe the analogous vectors of velocities too. The same velocity is typi-
cal for BILE station. In the Greater Caucasus the mobile area is where KUDI, 
KATE and SHEK stations are located. In KATE station the velocity is high as well 
(12 mm/yr) but the vector is more likely turned north-eastwards. In SHEK station 
the velocity is about 8 mm/yr and the direction is as well oriented parallel to the 
vectors in the stations located in the south-east of the Lesser Caucasus. Position of 
transversal faults limiting this part from west and east, and it is possible on which 
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one there are displacement, are well tracing also in a fig. 6. It can explain recently 
observed seismic activity on this unit and on its borders. In KEBE, SAMU, SIYE, 
MEDR and SHIK stations one can observe almost zero vectors of velocities. 
Analysis of distribution of horizontal velocities along the Lesser Caucasus and Ta-
lysh mountain demonstrates that from the east to the west the velocity becomes 
lower and near the Black Sea turns into a zero value. This fact demonstrates in the 
zone of KEBE, SAMU, SIYE, MEDR and SHIK stations a huge energy of defor-
mation is accumulated. The decrease of velocity and high accumulation of elastic 
energy is observed in the south of the Absheron peninsula. Strong earthquake in the 
Caspian Sea of November 25, 2000 and its after-shocks are processes which has 
been going on recently and are associated with accumulation of tension in foothills 
of the Greater Caucasus, Absheron peninsula and Middle Caspian. Tendency of 
horizontal movements taking place in the territory of Azerbaijan predetermines 
activation of seismic processes in zones of accumulation of elastic tension and in 
the adjacent areas. 
 
 

VERTICAL MOTIONS 
 

Fig. 10 demonstrates a map of recent vertical movements (in this map isoli-
nes of velocities in the Lesser Caucasus and Talysh are constructed without the 
account of data on the south Iran. Probably a part of isolines near Araz river should 
be traced without bending towards Talysh). In the Greater and in the Lesser Cauca-
sus and in the Talysh mountains one can observe process of the uplifting. Maxi-
mum velocity of the uplifting in the Greater and in the Lesser Caucasus is up to 10 
mm/yr and in Talysh it is 6 mm/yr. At the same time one can observe intensive 
subsiding of the Kura Valley – 5 mm/yr [Gadjiyev et.al., 1987; Philip et al.,1989]. 
In other words as a result of horizontal movements of lithosphere there occurs de-
formation of the crust and folding of a large scale: the Kura Valley forms a divide 
between the uplifting of the Greater Caucasus in the NE from the uplifting of the 
Lesser Caucasus - Talysh in the SW. 

It is interesting that the velocity of recent vertical movements in a line of 30 
km wide which covers populated areas Gabala-Belokan (Kateh) in the south slope 
of the Greater Caucasus lags behind the velocity of general uplifting.  

Recent movements along line from the Lesser Caucasus as far as the Greater 
Caucasus (from the south to the north) possess a wave nature which is a result of 
interference of different tectonic waves, i.e. a result of a complex combination of 
horizontal and vertical movements of the earth crust (i.e. asymmetry of its move-
ments may be determined by simultaneous manifestation of waves of different 
length and amplitudes). In other words, this fact determined all main peculiarities 
of the region of neotectonics.  
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Fig. 10. Recent vertical movements of the Earth surface. 
 
 

INTERPRETATION AND DISCUSSION 
 

Comparison of the Bouguer gravity and topography data shows that on Ta-
lysh (2000м) the positive gravitational field 40 mGal is observed. Comparison of 
gravity anomalies with vertical motions demonstrate that the areal limit of the 
Azerbaijan gravity maximum in region Talysh intensive uplifting, and on Kura 
Valley intensive subsiding. One can suppose that these vertical motions’ origina-
tion does not depend upon gravitational source. 

Comparison of the GPS measurements data with regional gravity anoma-
lies demonstrates that stations located in the zone of intensive negative gravity 
anomaly in the south of the Lesser Caucasus (-160mGal) and in the Talysh moun-
tains (50 mGal) are displaced in the north-east direction nearly equally [Gravity 
map of the USSR, 1990; Kadirov, 2000; Ruppel and McNutt, 1990]. This allows to 
make a conclusion that the Lesser Caucasus and Talysh participate in the horizontal 
movement as a unite plate. The plate (containing Lesser Caucasus and Talysh re-
gions) horizontally moved in a north-east direction and does not include sources of 
a gravitational field, which form positive Azerbaijan anomalies.  

Fig. 11 demonstrates depth distributions for 48-490 longitude stripes be-
tween latitudes 36oN and 43oN. The earthquake depth distribution made for those 
with magnitudes larger than 3 shows an interesting pattern. Earthquake data used in 
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the paper were taken from the earthquake catalogue of the Seismologic Survey of 
Azerbaijan, made for the time period of 1973-2002. Earthquake depth distributions 
indicate that the thickness of the seismoactive zone progressively increases in SN 
direction. The deepest earthquakes along each of these stripes roughly coincide 
with the surface location of the Kura Valley. 
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Fig. 11. Depth distribution of earthquake hypocenters. Records are from 1973-2002. 
 
 

In Talysh the earthquake hypocenters basically are grouped on depth of 8-15 
kms. In the Great Caucasus on a segment of a latitude 400-410 two groups of the 
centers are observed: first on depth of 0-7 kms, second 10-25 kms. Some earth-
quake hypocenters reach depth up to 53 kms.  

All these data allow to present modern dynamic model of southeast Cauca-
sus as follows. As it is known, as a result of motion of the Arabian plate there is a 
contraction of Trans-Caucasus. The lithosphere plate bases on territory of Azerbai-
jan which perform horizontally movement at the Caucasian mountain system ex-
tended along a line where the zero velocities of horizontal motions (SHIK-MEDR-
KABE) are observed. As a result of this collision the advance in this part is 
stopped. There was a delamination of layers of rock sphere and the high layers (up 
to depths of 15 km) subjected more to deformations, as a result of which raisings 
and horizontal motions on Talysh, subsiding and horizontal motions of a Kura Val-
ley and raising of Greater Caucasus now are observed. On a segment SHEK-
KATE-KUDI of the Greater Caucasus the horizontal motions continue and the ve-
locity decreases up to zero point in the northern Caucasus. 
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Conclusions 
 

-At the altitude of 100 km maximums of the gravity field in Talysh, Safidrud 
and the south-east Caspian are united into one relatively positive anomaly; 

-Pre-Caucasian (Makhachkala-Turkmenbashy), Siazan, Major-Caucasian, 
Pre-Lesser Caucasian (Kura), Lagich-Kyzylagach, Dilidjan-Lachin-Ardabil, North-
Adjinowr faults find their reflexion in the regional anomaly of the gravity field, 
recalculated for the height of 20 km; 

-Pre-Caucasian (Makhachkala- Turkmenbashy), Lagich-Kyzylagach, Dilid-
jan-Lachin-Ardabil faults find their reflection in the regional anomaly of the grav-
ity field re-calculated for the height of 50 km; 

-Pre-Caucasian (Makhachkala-Turkmenbashy) and Dilidjan-Lachin-Ardabil 
faults find their reflection in the region anomaly of the gravity field re-calculated 
for the height of 100 km; 

-Azerbaijan gravity maximum in the region of Talysh intensive uplifting, 
and on Kura Valley intensive subsiding; 

-In the Talysh region the vertical motions’ origination does not depend upon 
gravitational source; 

-The microplate (containing Lesser Caucasus and Talysh Mt.) horizontally 
moved in a north-east direction and does not include sources of a gravitational 
field, which form positive Azerbaijan anomalies.  
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Summary 
In this work, prediction of seismicity elaborated in four interrelated 

directions: a determination of space position of seismic hazard zones; a de-
termination of position of high seismic potential sites for the period of subse-
quent 3-5 years; quantitative estimation of regional faults by a level of seis-
mic activity; an evaluation of time and intensity of future earthquakes in 
separate blocks by a method  of mathematic statistic. 

During an elaboration of prediction, it is taken into account that general 
world features of seismicity are due to an interrelation of up to 90% of earth-
quakes hypocentres and released energy of seismic waves with the elastic-brittle 
layer of the lithosphere. All this has contributed a necessity of generalization of 
data on a position of epicenters and earthquakes magnitudes, a space position of 
regional faults, a distribution of heat flow with a calculation of thermal regime of 
the lithosphere. The latter has been necessary for a calculation of a thickness 
both of the lithosphere and the elastic-brittle layer separately. A general analysis 
includes also a calculation of released energy of seismic waves and its change 
over the region and a study of directions of earthquake hypocentres migration in 
the plastic-viscous layer of the lithosphere. 

 
1. Introduction 

  
A specific feature of recent geodynamic setting in the region is due to a rela-

tionship between a higher density of resources and a higher seismicity. Just this cir-
cumstance is responsible for a necessity of analysis of seismic hazard for prevention 
of natural disasters risk caused by earthquakes. Now, it is particularly important in 
connection with an intense search and settling of resources in the active seismic re-
gions of the Caspian Sea because the constructions of oil-gas industry as drilling plat-
forms, oil and gas pipelines, oil-pouring terminals are used in these works. 

The analysis of seismic hazard is performed in the present expert review on 
a base of regional studies for the entire area of the Caspian region that includes 8 
sections in which main elements of long- and middle-term evaluation of seismic 
hazard are considered successively: a procedure of the analysis; a structure and dy-
namics of seismicity in the central part of the Alpine belt of Eurasia; a structure of 
the lithosphere and seismicity of the Caspian region; a distribution of released en-
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ergy of seismic waves and differentiation of faults by a level of seismic activity; 
high seismic potential sites and seismic hazard zones; seismicity of mud volcanism 
regions; a statistic prediction of seismic hazard; a division of the Caspian Sea re-
gion by the relationship between a density of potential hydrocarbon resources and 
seismic hazard. 

 
2. Procedure of analysis and methods 

 
A complex technology of seismic hazard requires a number of operations 

with data on geophysics and parameters of earthquakes, namely: a calculation of 
released energy of seismic waves in space; determination of the lithosphere thick-
ness by a level of a sharp drop of energy of seismic waves and a calculation of 
depths of temperature 12000C; a further differentiation into the plastic-viscous and 
elastic-brittle layers with a use of different types of seismic waves and a calculation 
of temperature 6000C. The mentioned parameters of the lithosphere structure are 
defined by special algorithms of two equations: a quadratic equation of relation 
between logarithm of seismic energy and magnitude (Tuliani 1983, 1999); the stan-
dard equation of relation between heat flow and temperature at any depth of the 
lithosphere. 

A solution of equations is carried out by squares of 50 x 50 km providing a 
space reliability of results. 

A map of heat flow has been compiled for a calculation of temperatures us-
ing also values obtained directly in sites of its measurements. A generation of data 
on heat flow has been made on a base of published data (Buachidze et al., 1974; 
Kutas, Smirnov, 1974; Kutas et al., 1976; Makarenko et al., 1968; Polyak et al., 
1991; Sukharev et al., 1974). A distribution of heat flow is especially individual in 
each oil-gas-bearing basin at the background of its change from 25 to more than 
150 - 200 mW.m-2. 

Seismicity is analyzed in two aspects - the regional and detailed. A study at 
regional scale consists in clarification of its dynamics for long time intervals in the 
central part of the Alpine belt. This study is necessary for recognition of regulari-
ties of seismicity change also in the region of the Caspian Sea. A periodicity of 
earthquakes with magnitude of more or equal to 5-5.5 ranges here from 5 to 10 
years (Levin, Kondorskaya, 2000; Solodilov et al., 2000, fig. 1) 

The detailed analysis of seismicity in the Caspian region proper, correspond-
ing to the requirements of the long-middle term prediction of earthquakes is based 
on the procedure of determination of a space position of seismic hazard zones and 
coordinates of high seismic potential sites (Tuliani, 1987, 1993, 1999).  

According to the mentioned procedure, space distribution of future earth-
quakes is controlled by a change of the lithosphere thickness and interaction of two 
its main rheological layers: the elastic-brittle and plastic-viscous. Then it is neces-
sary to define the directions of space migration of earthquakes hypocentres in the 
plastic-viscous layer for the long period of time which correspond to seismic haz-
ard zones. Intersections of these zones are considered as high seismic potential 
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sites with hypocentres in the elastic-brittle layer and increased magnitude of prob-
able event. A prediction is carried out for the period of 3-5 years and then it is 
needed in reinterpretation caused by a change of strained state in the elastic-brittle 
layer after each earthquake. 

 
 

 
 
 

A differentiation of faults by a level of seismic activity is based on a distri-
bution of released energy of seismic waves and location of earthquakes epicenters 
with their magnitude for the pre-instrumental and instrumental periods. All faults 
are subdivided by a level of seismic activity into four groups. 

A detailing of nature disasters risk, statistic processing of data on earth-
quakes in the instrumental period is carried out (A.P. Grishin, 2001). Statistic pre-
diction on a base of single catalog of earthquakes with a use of special algorithm 
PROGNOS is carried out in units of regular net with a distance of 10 for the entire 
area of the Caspian region. A method of mathematical statistics uses dates and 
magnitudes in the whole period of time and accepts the last earthquake as the refer-
ence for a calculation of probable event. 
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3. Structure of the lithosphere and dynamics of seismicity  
of the central part of the Alpine belt 

 
Analysis of relations between dynamics of the lithosphere and regional 

seismicity has been published earlier (Levin, Kondorskaya, 1997; Levin, Solodilov, 
Kondorskaya, 2000). 

For the central part of the Alpine belt of Eurasia this analysis is based on a 
search of interrelations between the thermal regime of the lithosphere and data on 
earthquakes for the long time interval of pre-instrumental (from –2000 to 1900) 
and instrumental periods (from 1901 to 1993). These data were obtained from spe-
cialized catalogs of earthquakes: “Seismicity and Seismic Division of North Eura-
sia” (Kondorskaya, Ulomov, 1995); International project “Global Estimate of 
Seismic Disaster” (Kondorskaya et al., 1994). 

The region, considered in this work, is located between the African and 
Arabian plates in the south and Eurasia plate in the north (fig. 2). A number of mi-
croplates is distinguished within it: Anatolian, West- and East Black sea, South 
Caspian, Iranian and Lut-Sistan (Zonenshain et al., 1979;  McCall, Kidd, 1982). 
Plates and microplates are separated from each other by boundaries of two types: 
collisional boundary with subduction and boundaries with horizontal displacement. 
Geodynamic setting of a complex of plates and microplates is controlled by flows 
of melted part of the asthenosphere material in direction from blocks of great pres-
sure to blocks with lesser pressure (Volokhonsky, 1997). As a result of transforma-
tion of these flows, like the situation within back-arc seas in the west of the Pacific 
Ocean, individual microplates (Anatolian, Black sea, South Caspian, Iranian, Lut-
Sistan) are complicated by local zones of intensive asthenosphere upwelling. 

The upwelling controls a thickness and thermal regime of the lithosphere. 
The latter is a function of heat and mass transfer in the mantle of the Earth reflected 
in distribution of surface heat flow. These functions have rather long been dis-
cussed in literature (Levin, 1985; Lubimova et al., 1973; Cermak, 1982; Cermak, 
1979; Kondorskaya, Levin, 1995; Levin, Kondorskaya, 1997). The thickness of the 
lithosphere is controlled by the isotherm 12000C which coincides with a depth of 
the pyrolite solidus in the mantle. The thickness decreases with the heat flow 
growth. Simultaneously, the geodynamic state becomes extremely unstable, being 
accompanied by a higher seismic energy release (Levin, 1985; Shaffer, 1979). 

An important parameter in the study of relationships between the geody-
namic setting, thermal regime and seismicity is a depth of the isotherm 6000C 
which is a boundary between the brittle layer (T<6000C) and the viscous layer 
(T>6000C) of the lithosphere. It is in the brittle layer as much as 80% of the total 
seismic released energy is concentrated. It has been confirmed by examples from 
the central part of the Alpine belt and other regions of Eurasia (Levin, Kondor-
skaya, 1997; Kireev, Kondorskaya, 1982; Kondorskaya, Kireev, 1985). 

Heat flow distribution in different structural elements of the central part of 
the Alpine belt was considered earlier (Lubimova et al., 1973; Cermak, 1982; 
Buachidze, 1977; Lubimova, 1966). Four regions have a high heat flow (>80 
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mw⋅m-2). The longest sublatitudinal region is restricted to the Alpine orogens. It 
comprises isolated local areas with heat flow values of 90-110 mw m-2. The NW-
oriented Aral-Caspian region of high heat flow is located within the Scythian-
Turanian epi-Paleozoic platform. This region also includes Mid-Caspian relatively 
deep basin (with sea depth of up to 500 m). Two submeridional regions of in-
creased heat flow are associated with shear boundaries between the African and 
Arabian plates and between the microplates of the West and East Black Sea. The 
extensive plate areas bordering the Alpine belt are marked by low and ultra low 
(East Mediterranean) heat flow values. 

 
A lithosphere thickness variation range calculated for the central part of the 

Alpine belt and its surroundings was found to be at least 300 km indicating a pres-
ence of additional stresses operated in the lithosphere. These stresses predomi-
nantly effect seismicity as the horizontal displacements do along the subduction 
zones and shear boundaries. The lowest lithosphere thickness (<50 km) character-



 

 

 

128

ize the regions of higher heat flow. Isolated blocks with asthenosphere lenses with 
the lithosphere a thickness of 10-15 km were found within the orogenic belts of the 
East Black sea, Anatolian, South Caspian sea, and Iranian microplates. These are 
the regions of the highest upwelling of the asthenosphere. A presence of these as-
thenosphere lenses in the crust, also characterized by a viscosity inversion (<1021 
poises) was confirmed by an analysis of seismic energy distribution in depth and 
by magnetotelluric sounding (Balavadze, Tuliani, 1974; Gugunava, 1988; Tuliani, 
1966). The greatest thickness of the lithosphere, 75 to 350 km, was found for the 
African, Arabian, and Eurasian plates (fig. 2). 

The internal structure of the lithosphere is controlled by a thickness of its 
brittle layer (with temperature as much as 6000C). The thinnest lithosphere (25 to 
45-10 km) was established in the above mentioned regions with heat flow of more 
than 80 mw⋅m-2. The thicknesses ranging between 50 and 100-150 km occurs in the 
regions with low and ultra low heat flow (fig. 3).  

 

 
 
The statistic analysis of seismicity based on the catalogs for the instrumental 

period reveals a irregular distribution of hypocentres and released seismic energy 
in depth (Table 1). The lithosphere is characterized by a considerable delamination 
and consists of 9 layers differing in a number of hypocentres and seismic energy 
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release. However as much as 80% of hypocentres and seismic energy release is 
confined to the brittle layer of the lithosphere to a depth of up to 50 km. At this 
background some intervals of higher and lower seismic energy values are found. 
The greatest number of earthquakes occurred in the depth intervals of 0-10 and 11-
20 km characterizing an inverse relationship between a number of earthquakes and 
energy of seismic waves.  

 
Table 1 

Distribution of hypocentres of earthquakes and released 
seismic energy in depth (km) 

Depths of hypocentres Number of events Energy, erg 
0 - 10 1968 5.41 x 1020 

11 - 20 916 6.60 x 1021 
21 - 30 409 5.75 x 1022 
31 - 40 504 14.79 x 1021 
41 - 50 209 4.06 x 1019 
51 - 60 66 9.15 x 1019 
61 - 70 28 5.40 x 1019 
71 - 80 14 7.08 x 1020 
81 - 90 2 9.00 x 1018 
91 - 100 7 2.00 x 1020 
101 - 110 2 6.30 x 1021 
111 - 120 0 - 
121 - 130 1 7.80 x 1018 
131 - 140 1 1.40 x 1017 

 
 
Thus, if a number of events was 1968 in a depth interval of 0-10 km and 

merely 916 in the interval of 11-20 km then the energy values appeared to be 
5.41x1020 and 6.60x1021 erg, respectively. A number of events and an amount of 
energy released decreases substantially at a depth of more than 50 km that is in the 
viscous layer of the lithosphere (temperatures range from 600 to 12000C). A small 
number of earthquakes in the depth interval of 90-110 km showed that the energy 
values increase again by two or three orders of magnitude. This was caused by high 
earthquake magnitudes during a destruction of the brittle layer in subduction zones. 

For the pre-instrumental period i.e. from 2000 B. C. to 1990, five types of 
seismoactive zones were established. These are: (1) zones of earthquakes with 
magnitude 5.8 to 8.1 along the collision boundaries of the plates; (2) zones along 
the boundary between the East Black sea and South Caspian microplates with hori-
zontal displacements; (3) zones of intraplate seismicity around asthenolenses with a 
sharp gradient of the lithosphere thickness; (4) zones located immediately above 
asthenolenses; and (5) zones of intraplate seismicity associated with faults in the 
south of the Eurasian plate (fig. 3). An example of seismicity along a collision 
boundary between the South Caspian microplate and Eurasian plate is a catastro-
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phic earthquake that occurred near Krasnovodsk city (now Turkmenbashi) at the 
boundary between the pre-instrumental and instrumental periods in 1895 and was 
recorded by a number of stations. As follows from the interpretation of historical 
records its magnitude was 7.7 (Kondorskaya, 1997). In the period of 1998-2000, 4 
destructive earthquakes occurred along this boundary in Dagestan and in the Cas-
pian Sea near Baku (see below). 

The results of observations during the instrumental period of 1900-1963 re-
vealed some changes in the distribution of seismicity with magnitudes equal to or 
more than 5.0 relative to the preceding pre-instrumental period (fig. 4). These are 
due to a displacement of the zones of intensive seismicity northward in the direc-
tions of subduction and flow of melted asthenosphere material and also concentra-
tion of earthquakes with magnitudes ≥7.1 above asthenolenses. The latter is proba-
bly an indication of a process of the asthenosphere upwelling. 

 

 
 
The high seismicity of this collision boundary during the whole instrumental 

period is confirmed by a number of strong earthquakes: Nebit-Dagh (1978), Kum-
Dagh (1983), Burun (1984) and a number of other earthquakes in 1998-2000. 
These earthquakes provide a basis for distinguishing an independent seismoactive 
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zone, Absheron-Cheleken-Kum-Dagh within the structure of collision boundary. A 
zone of the Transcaucasus transverse range demonstrates also an increased seismic-
ity. Here a distinct migration of seismicity northward is reported since 1976 
(Rogozhin et al., 1925). This follows from the location of several large earth-
quakes: the Paravan in Turkey, the Spitak in Armenia and the Racha-Java in Geor-
gia. This is a basis for substitution of conclusion about a future strong earthquake 
on the northern slope of the Greater Caucasus or in the Cis-Caucasus. It follows 
that some results of the regional analysis performed in this work are consistent with 
those of more detailed studies. 

Geodynamic setting in the central part of the Alpine belt is controlled by the 
following factors (fig. 3-5): a distribution of plates and microplates with two types 
of boundaries between them: the collision type with subduction and the strike-slip 
type; a structure of the lithosphere and its thermal regime, in particular, a depth of 
the isotherm 6000C; horizontal and vertical (upwelling) flows of melted part of the 
asthenosphere. 
 

 
 
As it can be assumed from differences in pressure under individual plates 

and microplates, the asthenosphere flows occur in two depth intervals. In the upper 
interval (at depths of 150 to 50 km) the asthenosphere matter flows across the 
strike of the subduction plane between the African and Arabian plates. In the next 
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interval (at depths of 350 to 150 km) the flow is directed southward from the inter-
nal regions of the Eurasian plate to the Mediterranean belt. It is not unlikely that in 
a depth interval of 75 to 150 km there is another level of the asthenosphere flow 
directed from the deep-sea basins of the Black Sea and the South Caspian to the 
microplates of the Mediterranean belt. Because of the postulated flows, these mi-
croplates (Anatolian, East Black sea, South Caspian, Iranian and Lut-Sistan) are 
complicated by the local zones of active upwelling (fig. 2). 

Based on the whole data set, the following three types of the geodynamic 
state can be distinguished in the lithosphere of the considerable region (Levin, 
1985, 1998 1999; Levin, 1987, 1989): an extremely unstable state with high seis-
micity, high heat flow and a thickness of the lithosphere of less than 40-50 km; an 
intermediate state with a local seismicity and predominantly in the period from 
2000 B. C. to 1993, a heat flow of 26 to 52 mw⋅m-2, a thickness ranging between 
50 and 150 km; relatively stable, predominantly aseismic state with low heat flow , 
and a thickness of the lithosphere ranging between 150 and >350 km. 

In regions of extremely unstable and intermediate state of the lithosphere, 
seismicity, in its turn, can be tectonically subdivided in two groups: intraplate 
seismicity and interplate seismicity operating along plate boundaries. In the above-
mentioned regions of different geodynamic state, the interplate seismicity is con-
trolled by the following processes: A-subduction in the north of the African plate 
(East Mediterranean) changing to B-subduction∗ in the northeast along the bound-
ary between the South Caspian and Iranian plates; B- and C-subductions along the 
convergence boundary between the Arabian plate and the Iranian plate; C-
subduction along the convergence boundary between the Eurasian plate and the 
microplates of the Mediterranean belt; shear movements along the transverse (Cen-
tral Black sea and Central Caucasus – Red Sea) and longitudinal (North Anatolian) 
boundaries of the plates; upwelling of the asthenosphere with development of great 
changes in thickness of the lithosphere, the latter being related to one of the types 
of intraplate seismicity. 

The hypocentres of earthquakes with magnitudes equal to or more than 6.0 
and more than 90% of seismic energy are released in a temperature range of up to 
6000C which corresponds to the brittle layer of the lithosphere. Three other inter-
vals of an abrupt seismic energy decline coincide with temperature ranges of 300-
3500, 900-10000, and 12000C. Two of temperature values (600 and 9000) corre-
spond to the local zones of partial melting in the crust and upper mantle, or to the 
asthenolenses and the third coincides, as known, with a boundary between the 
lithosphere - asthenosphere interface. 

Therefore, the geodynamic setting of seismicity in the region considered is 
largely controlled by the thickness variations of the brittle layer which is distin-
guished in temperature interval of up to 6000. 
                                           
 s  B and C subductions according to the accepted in literature classification are respectively: the al-
pine-type subduction at a collision of continental plates; the usual subduction of the oceanic litho-
sphere; the subduction of the mantle part of the lithosphere at a stage of a collision of large continen-
tal blocks. 
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Comparison of the data available on the earthquakes that occurred during 
different periods of time (fig. 3-5) with the structure of the lithosphere reveals pe-
culiarities in the dynamics of seismicity: a displacement of seismicity zones north-
ward along the directions of subduction and flows of melted asthenosphere; a con-
centration of earthquakes with magnitudes equal or more than 6.0 – 7.8 above as-
thenolenses which is apparently indicative of continuing asthenosphere upwelling; 
a development of new zones of seismicity during the last 500-700 years, primarily, 
in the Middle Caspian region. 

Most of earthquakes with magnitudes ranging between 3.5 and 5.4 are con-
fined to the viscous layer of the lithosphere. They are concentrated largely along 
the collision boundaries of the plates with great variations in a thickness of the vis-
cous layer and of the entire lithosphere. Earthquakes with magnitudes ranging be-
tween 5.5 and 7.5 tend to occur at displacement boundaries and surroundings of 
asthenolenses. 

Of particular interest is the interpretation of the origin of earthquakes that 
occur at depths of   more than 40 km and have magnitudes of 5.5 to 7.5 because 
formally they are confined to the viscous layer in a temperature range of 600 to 
12000C. As regard to the central part of the Mediterranean belt of Eurasia, this type 
of seismicity is known in four regions: the North Caucasus and the Middle Caspian 
with hypocentres at depths of 100-110 km, the Vranch zone in the Carpathians and 
a zone in South Crimea with hypocentres at depths of 40-60 km, and a zone along a 
collision boundary between the Arabian and Iranian plates, known as Zagros, at 
depths of 100-150 km. 

This situation was used as a basis for distinguishing a new type as C-
subduction which develops at the stage of collision between large continental 
blocks (Khain, Lobkovsky, 1994.). This type of subduction reflects the intrusion of 
the cold mantle portion of the continental lithosphere into the relatively hot viscous 
layer of the mantle and sometimes  into the asthenosphere. A destruction of cold 
slabs of the above-asthenospheric mantle and serves as the source of earthquakes 
with large magnitudes. This thesis is supported by the physical parameters of the 
tectonosphere being reflected in seismicity (Tuliani, 1980). Seismicity, associated 
with C-subduction is most intensive at the intersection of the plane of subducting 
plate and regional lineaments as, for example, in the Caucasus (Racha-Java, 
Grozny etc.). 

Historically, the established and predicted zones of seismicity can be subdi-
vided into three groups (fig. 6): 
1. Zones active, primarily in the pre-instrumental period in the region of intermedi-

ate state of the lithosphere along the margins of the African and Arabian plates 
near the regions of their convergence with microplates of the Alpine belt. 

2. Zones active during the early instrumental period (1900 – 1963) and confined 
primarily to the regions of extremely unstable lithosphere. 

3. Zones potentially active in the nearest future being represented by inter- and in-
traplate seismicity in the regions with extremely unstable state of the litho-
sphere. Principally new among them are the following zones of (fig. 6): a con-
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vergence boundary between the Eurasian plate and the microplates of the Medi-
terranean belt; displacement boundary between the West and East Black sea 
plates; the Central Karakum fault zone. 

 
 

Main conclusions of the regional analysis are as follows: 
1. Seismicity of the central part of the Alpine belt is controlled by the present-day 

geodynamic state of the lithosphere including a position of the boundaries be-
tween microplates and plates, process of C-subduction and rheological proper-
ties of the lithosphere. 

2. An area of unstable state of the lithosphere is characterized by seismicity over 
its entire area and the region with intermediate state of the lithosphere exhibit a 
seismicity only along boundaries between plates and transverse faults. 

3. As much as 90% of earthquakes hypocentres and released seismic energy are 
concentrated in a depth interval of up to 50 km and that is in the brittle layer of 
the lithosphere. 

4. The localization of earthquakes hypocentres with magnitudes equal to or more 
than 5.0 in a depth interval of more than 40-70 km, i.e. in the plastic layer of 
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the asthenosphere is caused by the destruction of the brittle lithosphere blocks 
during C-subduction. 

5. Historically, seismicity migrates northward along the main direction of subduc-
tion and lateral flow of melted asthenosphere. 

6. Geodynamically, earthquakes with magnitudes of 5.0 to 5.8 and those with 
magnitudes equal to or more than 5.8 show the following differences: destruc-
tive earthquakes with magnitudes of equal to or more than 5.8 at a depth of hy-
pocentres of 40 km are confined either to the surroundings of the intensive up-
welling zones or the boundaries between plates with horizontal displacements; 
weaker earthquakes with magnitudes of 3.5 – 5.8 occur mostly along the colli-
sion boundaries with great variations in thickness of the lithosphere and di-
rectly in zones of the asthenolenses. 

7. According to seismological data, changes in strained state of the lithosphere 
are envisaged in fairly short periods of times (102 – 104 years and less). These 
changes occur not only in time but also in space. It should be taken into con-
sideration in seismological division and prediction of coordinates of high seis-
mic potential sites. 

8. All zones can be subdivided into three groups by time of manifestation: zones 
that were active in the historical past; zones that were active after 1900; zones 
that are potentially active at the present time and in future. 

9. The movements of the African and Arabian plates relatively each other may 
cause a renewal of strong earthquakes along the displacement boundary be-
tween them. 

10. The most seismically dangerous in the Caspian region are the Absheron-
Cheleken-Kum-Dagh seismoactive zone and the Middle Caspian area with 
earthquakes scattered in the subducting plate. These seismicity patterns need to 
be taken into consideration when planning the development of oil and gas in-
dustry and marine drilling. 

 
4. Structure of the lithosphere and seismicity of the Caspian Sea region 

 
A variation of a thickness of the thickness of the lithosphere is nonlinear. A 

thickness varies from 25 to 250 km. In the South Caspian, a thickness varies most 
sharply being also characteristic of other marginal seas formed above subduction 
zones (Levin, 1999). In the west of this deep-sea basin, an alternation of blocks 
with submeridional orientation and a thickness varying from 25-50 to 250 km.  

A comparison with data on magnetotelluric sounding (Gugunava, 1981) and 
distribution of energy of seismic waves in a depth (Tuliani, 1975) reveals that a 
thickness of the layer of increased conductivity at a depth of more than 150-250 km 
corresponds to an estimate of a variation of general thickness of the lithosphere and 
at a small depth of 15-20 km it coincides with a base of the elastic-brittle layer or, 
in other words, a top of the intracrustal zone of partial melting  - i.e. asthenospheric 
lenses. 
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Seismicity of the region is rather unevenly distributed over the area. It in-
creases in two directions: from the north to the south and from the north-east to the 
south-west. A boundary between the aseismic and highly seismic areas dissects the 
Caspian Sea in direction from Makhachkala city to the southern margin of the 
Kara-Bogaz-Gol Gulf. An intensity of earthquakes changes in a wide range of 
magnitudes 3≤M≥7.5. For the instrumental period of XX century periodicity of 
destructive earthquakes was 4-5 years and decreased in time. As mentioned above, 
5 destructive earthquakes occurred only in 1998-2000. The Tbilisi earthquake in 
April 2002 with magnitude of 4.1-4.3 and intensity of 5-6 marks in the epicenter 
should be added to these events. It should be also classified as destructive because 
it caused a destruction of many houses in Tbilisi and although small but human 
victims. The epicenters of earthquakes with magnitude of more than 5 are confined 
to the inter-fault blocks and are found along faults are subdivided into three groups: 
seismic active, those with inferred seismicity and those without seismic activity.  

At the background of the regional seismicity with magnitudes of 3.0≤M≤5.0 
the increased seismicity is conventionally distributed within three belts: the Alborz 
- Talesh - Lesser Caucasus belt with magnitude of more or equal to 7.5-8.0; the 
Greater Caucasus - Kopet-Dagh  belt with magnitude of more or equal to 7.0; the 
Tersko-Caspian and Kelkor troughs - Great Balkhan belt with magnitude of more 
than 6.0-6.5. The second and third belts of increased seismicity include a consider-
able area of the South and Middle Caspian. The north of the Scythian and Turanian 
plates, the central part of the South Caspian deep-sea basin and also the South 
Azerbaijan volcanic massif are characterized by absence or extremely low level of 
seismicity in XX century. However, there are data on historical earthquake to the 
south of the Fort Shevchenko which occurred in 1273 and had an extremely high 
intensity with magnitude of 7.2 (Polyakova, Medvedeva, 1997). 

The relatively deeper earthquakes associated with C-subduction (see section 
3) are predominantly confined to the zones of the Absheron-Balkhan sill and the 
North Absheron trough. Depths of hypocenters range from 31 to 76 km and 
mechanism of foci points to predominance of extension stresses in submeridional 
and north-western directions. Correspondingly, all these events are associated with 
destruction of the above-asthenosphere layer of the mantle in the subduction zone. 
The eastern part of the Absheron-Balkhan sill with increased number of deeper 
earthquakes epicenters is of particularly important. 

Another characteristic feature of seismicity on the margins of the South 
Caspian is due to connection of the foci mechanism of shallow-focal earthquakes in 
the elastic-brittle layer of the lithosphere with strike-slips. They have a different 
directions: the predominantly submeridional in the south along the Alborz, the 
eastern and north-eastern along the Talesh, Caucasus and the Great Balkhan, the 
north-western in the conjugation zone of the Alborz and the Kopet-Dagh. Specifi-
cally, the direction of strike-slips corresponds to a plane and direction of overthrust 
in the north-east of the Talesh. 

Thus the definite interrelations are envisaged to the structure of the litho-
sphere and seismicity of the region. They include: a concentration of epicenters 
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near the gradients zones of the thickness of the lithosphere and its elastic-brittle 
layer; a decrease of seismicity intensity towards the blocks of the elastic-brittle 
layer with a small thickness or its absence; a strike-slip in foci of earthquakes along 
the directions of a change of the elastic-brittle layer; an increased seismicity in the 
subducting layer. 

 
5. Distribution of released energy of seismic waves and differentiation of 
faults by a level of seismic activity 

 
Faults in the region of the Caspian Sea form the complex intersecting sys-

tems. The most extensive of them can be considered as lineaments tracing the colli-
sion boundaries between the Iranian and South-Caspian microplates and also be-
tween the South-Caspian microplate and the Eurasian plate. The first of the men-
tioned lineaments as if frame the South-Caspian plate from the south, south-east 
and south-west. They are complicated on the individual areas by overthrusts and 
control the strike-slip displacements of the blocks.  

Others forming the boundary zone, up to 100-150 km wide, between the 
South-Caspian microplate and Eurasian plate, intersect the Caspian Sea near the 
Absheron-Balkhan sill and are traced further to the east along the orogens of the 
Kopet-Dagh. Overthrusts along this system of lineaments are found within the 
Greater Caucasus and in the east of the Caspian Sea. 

The systems of lineaments are intersected by faults of submeridional and 
north-eastern orientation revealed by geophysical methods in the Middle and North 
Caspian but not found yet with reliability in the South Caspian. The lineaments and 
faults are classified as seismoactive and non-active in the present epoch. Further 
differentiation by a degree of their seismic activity is one of the elements of nature 
disasters and safety providing of oil-gas industry developing. 

Such analysis has been repeatedly undertaken earlier by scientists from dif-
ferent countries. With regard to the central part of the Alpine belt of Eurasia it 
should be mentioned the work by different scientists (Trifonov et al., 1996; Hes-
sami, Jamali, 1996).  

This work deals with a distribution of released energy of seismic waves for 
the instrumental period and data on historical earthquakes used for purposes of 
quantitative differentiation by a level of seismic activity. 

The analysis was done on a base of solution of the appropriate equation and 
a further compilation of the map at a scale of 1:2 500 000 (Levin et al., 2001).  

A distribution of energy is characterized by the extensive belts of different 
intensity and orientation. A development of alternating belts of a relatively higher 
(up to 1021) and lower (up to 1017) values of energy oriented to the north-west are 
envisaged from the Scythian to the Turanian plate across the Middle Caspian in-
cluding the orogen of the Greater Caucasus. The most intensive is the belt of the 
marine continuation of the Tersko-Caspian trough and Kopet-Dagh, the northern 
surroundings of the Absheron-Balkhan sill, including the western part of the Ko-
pet-Dagh. 



 

 

 

138

 The South Caspian is remarkable for a development of a ring system of 
belts with the predominating values of up to 1018 to 1020 erg. The isolated from 
each other and small in area with values of more than 1021 erg are found only in the 
north of the Talesh-Vandam gravitational maximum, in the south of the Talesh and 
the west of the Gorgan trough. The values of energy decrease everywhere to less 
than 1017 erg towards the areas of absence of seismic events. 

The belts of higher energy coincide with the zones of thickness of the elas-
tic-brittle layer of more than 75 km and of the lower energy with the zones of 
thickness of less than 40-20 km. It should be assumed that main discharge of 
strained state in the elastic-brittle layer of the lithosphere causing earthquakes oc-
curs just in such zones of a great change of thermorheological parameters. 

The faults by value of magnitude and released energy are classified into four 
groups (Table 2): a group of extremely high activity; a group of high activity; a 
group of middle activity, a group of low or without activity. The data on historical 
earthquakes which caused, in some cases, a necessity of more high estimate of pos-
sible seismicity were also taken into account when differentiating the faults. 

 
Table 2 

Differentiation of regional faults by their seismic activity 
 

Activity Magnitude, Ms Energy, erg 
Extremely high activity 6 – 7 and more >1021 

High activity 5 - 6 1020 - 1021 
Middle activity 4 - 5 1017 - 1020 

Low or without activity < 2  
 
 
The extremely high and high activity is typical of faults complicating the 

structure of fold-thrust orogens of the Alpine belt, tracing the Absheron-Balkhan 
sill and marine continuation of the Tersko-Caspian trough.  

The area of the South Caspian proper is characterized by the interblocked 
faults of the middle and sometimes low intensity. The faults in the area of conjuga-
tion of the orogens of the Caucasus and the Scythian plate, sometimes along the 
thrusts have high and middle intensity. The analogous situation is envisaged for the 
interblocked faults in the area of the western subsidence of the Karabogaz arch. 
Further to the north of the Middle Caspian activity of faults remains unknown but it 
can be inferred as seismically low. 

In general, the following highly seismic geotectonic elements are envisaged 
in the considered region: the Alborz and its continuation – the Talesh orogen; the 
northern frame of the Absheron-Balkhan sill with a continuation in the structures of 
the Great Balkhan, Tersko-Caspian trough; zones of thrusts of the northern and 
southern slopes of the Greater Caucasus. 
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6. High seismic potential sites and seismic hazard zones 
 

A position of seismic hazard zones is fixed along the migration directions of 
hypocentres in the plastic-brittle layer of the lithosphere. Intersections of directions 
of seismic hazard zones form high seismic potential sites in the elastic-brittle layer 
of the lithosphere. A comparison of direction of migration and sites with the thick-
ness variation of the elastic-brittle layer and released energy of seismic waves re-
veals the main patterns of seismicity necessary for long-middle prediction of earth-
quakes (Levin, Kondorskaya, 1998; Levin et al., 2001; Levin, Solodilov, 2000; So-
lodilov et al., 2000). A thickness of the elastic-brittle layer and values of released 
energy of seismic waves are in direct relationship between themselves. A thickness 
varies from less than 10 to more than 100 km with predominating values of 10-20 
km to 50-75 km. In the Middle and in the north of the South Caspian, the belts of 
decreased to less than 40 km thickness have predominantly a north-west orienta-
tion. In two blocks corresponding to the deep-sea basin of the Middle Caspian and 
northwestern part of the South Caspian deep-sea basin, temperature 6000C tends to 
occur in the sedimentary cover at a depth of more than 10 km. This implies that 
rheological elastic-brittle layer in these blocks is absent being supported by ab-
sence of recorded epicentres of earthquakes. Blocks with increased to more than 75 
km thickness separating from each other the belts with decreased thickness of the 
elastic-brittle layer demonstrate in the south of the region the predominating sub-
meridional strike. In the north they involve the almost entire continental frame of 
the Middle and North Caspian. 

The directions of migration of the earthquakes hypocentres in the plastic-
viscous layer are discordant relatively to the structure of the elastic-brittle layer and 
distribution of released energy of seismic waves. Such situation reveals outstrip-
ping accumulation of strained state just in the plastic-viscous layer and concor-
dance with distribution of forces in the crust of the orogens of the Greater Caucasus 
(Tuliani, 1974). These directions form intersected systems. In the west of the Cas-
pian region, migration of hypocentres in two main directions - the north-eastern 
and the south-eastern. One of the north-eastern directions tends to develop to the 
eastern coast where on historical data the earthquake of 1267 with magnitude of 7.2 
occurred to the south of the Fort Shevchenko (Polyakova, Medevedeva, 1997). 

In the south-east and south of the region, migration occurs in three directions: 
the submeridional, north-western and north-eastern. Along the Greater and Lesser Cau-
casus, some directions of migration to the south-west being associated with an uneven 
distribution of strained state in the plastic-viscous layer. The directions of migration are 
confirmed by the present-day horizontal movements on the data of GPS (Shevchenko 
et al., 1999). At the frame of the South Caspian they correspond to the horizontal dis-
placement in the foci of the earthquakes (Jackson et al., 2002). 

Intersections of migration directions are found at the entire frame of the 
Middle and South Caspian deep-sea basins and also directly within their contours. 
Their space position is in a distinct fit with a structure of the plastic-brittle layer 
and distribution of released energy of seismic waves. About 90% of high seismic 
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potential sites, inferred to exist at the intersections of migration directions, are lo-
cated in zones of conjugation of the blocks with difference of thickness of the elas-
tic-brittle layer of up to 20 km and great changes in released energy from 1021 to 
1018 erg at a distance of about 10-15 km. 

A geodynamic position of high seismic potential sites is different and, to a 
some degree, depends on a seismic activity of faults. High seismic potential sites 
with a predicted magnitude of more than 5.5 are located both in the interfault 
blocks and the faults with an extremely high seismic activity.  

The analogous sites with predicted magnitude of less than 5.5 occur pre-
dominantly along the faults with a middle and low activity and sometimes in the 
interfault blocks. The attention should be also paid to a considerable concentration 
of high seismic potential sites within the Absheron - Cheleken - Kum Dag zone of 
a developing seismicity. About 43 high seismic potential sites with a predicted 
magnitude of more than 5.5 were found in the region in 1998-2000. In the period 
from the second half of 1998 to December 2000, 5 destructive earthquakes oc-
curred in the region. Their parameters correspond to the predicted intensity and 
coordinates of high seismic potential sites. A difference between the predicted and 
observed coordinates of high seismic potential sites was 5 to 25 km being within 
the volume of their foci. The sites responsible for these events are located at the 
faults with a high seismic activity. 

 
7. Seismicity of the regions of mud volcanism  

 
A presence of mud volcanoes is the element of the structure of many sedi-

mentary basins with a great (more than 10 km) thickness of the sedimentary cover. 
These basins are predominantly associated with marginal seas of the Mediterranean 
and Pacific mobile belts (Azov - Black Sea, South Caspian, Okhotsk Sea, Vene-
zuela deep-sea basin etc.). Simultaneously, such basins are located within the seis-
moactive regions of the Earth. 

In the Caspian region, mud volcanoes are concentrated in the south-
westernmost part of the North-Absheron trough, along the structures of the Absheron-
Balkhan sill, western part of the South Caspian deep-sea basin. Single mud volcanoes 
are found in the Pre-Alborz deep and to the south of the Godin uplift. All of them are 
located in the regions with thickness of the Pliocene-Quaternary sediments of more 
than 7-8 km and of this blocks higher thermal regime. 

In this region, peculiarities of seismicity of mud volcanism areas were the 
subject of specialized analysis in a number of published works (Panahi, 1988, 
1989; Panahi, Kasparov, 1988; Panahi, Rakhmanov, 1993, 2000; Panahi, 2000). 

In mentioned works, main conclusions were achieved from the comparison 
of earthquakes parameters for a long period with sequence of eruptions of mud 
volcanoes. They are due to the following factors: hypocentres of earthquakes are 
located at depths between 10 and 20 km in the sedimentary cover and between 40 
and 50 km in the upper horizons of the earth crust; eruptions of volcanoes are fixed 
either till the moment of earthquakes or after this moment not revealing an empiric 
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relationship; intensity of seismic effect is VI-VII and does not exceed VIII degree 
at the MSK scale, but can reach VIII±1 degree depending on the structure of bot-
tom sediments; energetic class of events does not exceed K≤15, values of magni-
tudes of most earthquakes are between 4.0 and 5.9 and sometimes ≤6.4; by a value 
of a specific seismic thickness, the regions of mud volcanism are characterized by 
low values Nm=(1.0÷100)10 joule/km3 y. 

Therefore, the regions of mud volcanoes are characterized by lower and 
moderate level of seismic activity. Such activity is in a reverse relationship with the 
thermal regime of the lithosphere reflected in a decrease of the elastic-brittle layer 
thickness. 

 
 

8. Middle-term prediction of seismic hazard with a use  
of mathematical statistics 

 
For the Caspian region predictions and retropredictions have been made in a 

range of latitudes of 360≤ϕ≤460 in a range of longitudes of 460≤λ≤540 with a use of 
earthquake catalogs involving the dates of event from January 1900 to September 
2000. The catalog has been obtained by joining the data of the known catalog 
SCETAC (1900 – 1993), International program GSHAP, addition by the data of 
seismological bulletins of the Central Seismological Observatory of Obninsk of 
Geophysical Service of Russian Ac. Sci. involving the data from 1.1.1994 till June 
2000 and the data of seismological bulletins of USA NEIC (PDE) involving the 
data from July 2000 to 20.9.2000. 

In the framework, more than 100 statistic predictions and retrospective pre-
dictions have been made. Results of prediction for 14 weak events with upper 
boundary by data of the predicted earthquake to 2002 have been checked. 

By coordinates of epicentres of predicted events, all 14 predictions are right-
ful. By data of events 13 predictions from 14 (93%) corrected appeared to rightful, 
by magnitude the events of 11 predictions from 14 (78%) appeared to be also right-
ful. A guarantee probability Pg in determination of confidential intervals for acci-
dent dates and magnitudes is adopted to equal Pg = 0.8. 

The reserve of development of procedure of statistic earthquake prediction 
also lies here. Experience of statistic analysis in the Caspian region has provided 
grounds for the following conclusions: 

a) Statistic prediction of earthquakes provides a relatively high reliability of 
results. About 85% of predictions by date of predicted events and about 
75% by their magnitude are rightful because a date and magnitude for 
really occurred earthquake not containing in the working flow appeared to 
be within predicted confidential intervals. 

b) The obtained results of statistic predictions in the Caspian region some-
times contain difficulty explained sharp jumps within confidential inter-
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vals for dates and magnitudes of predicted earthquakes at rather close sites 
of prediction (such jumps distort the maps of statistic prediction). 

Probable reasons of such jumps may be the following: а pass of events in the 
used catalogs for the period of 1994 to July 2000 because algorithm of prediction is 
rather sensitive to such inaccuracy; а use in the program PROGNOS of hypothesis 
about normal density of distribution for time and magnitude intervals ∆t and ∆M. 
The laws of distribution of these intervals really can differ from the normal that 
will require a refinement of prediction procedure. 

The all mentioned above provides grounds for middle- long-term statistic 
prediction for 15 sites in the Caspian region. 

The upper boundary T max for the data of predicted earthquake is outlined 
between 2003 – 2004 and in some cases in 2007 – 2009. 

The results of statistic prediction in combination with data of determination 
of position of high seismic potential sites, released energy of seismic waves and 
differentiation of faults by a level of seismic activity provide grounds to distinguish 
9 blocks of increased seismic hazard for the period of 2003 – 2007 and 2 areas with 
expected destructive earthquakes up to 2007 – 2011. 

All blocks are subdivided into two groups – the blocks with predicted mag-
nitude of less than 5.5 and the blocks with predicted magnitude of more than 5.5. In 
the mentioned two seismic hazard areas the predicted magnitude is 5.5-5.9. 

The first group includes the following blocks: 
- two blocks in Azerbaijan near Mingechaur and Ali-Bairamly with expected 

earthquakes up to 2003 – 2004; 
- the block on the territory of Iran near Bender-Shah with expected earthquake to 

2003 – 2004; 
- the block in the Middle Caspian at the eastern flange of the Tersko-Caspian 

deep with expected earthquake to 04.2003. 
The second group includes the following blocks and local areas: 

- the block in the north-east Dagestan with expected earthquake for the period of 
2003 – 2005 and probable destructive earthquake in 2011 – 2013; 

- two blocks in the north-east of Iran near the coast of the Caspian Sea with ex-
pected earthquake in the period of 2003 – 2004 and probable destructive earth-
quake in the period of 2010 – 2013; 

- the area in the north of Iran near Rasht city with probable destructive earth-
quake in the period of 2010 - 2013; 

- two blocks in the centre of the Middle Caspian to the north of the Absheron – 
Balkhan sill with expected earthquakes up to o6.2003 – 02.2005; 

- the area to the east of Turkmenbashi with expected earthquake in the period of 
up to 2007. 

All distinguished blocks are located within the belts of increased release of 
seismic waves energy and in 8 cases include a number of high seismic potential 
sites with predicted magnitude of ≥5.5. All this confirms a rightful base for their 
distinguishing. All these results of the complex estimate of seismic hazard in the 
Caspian Sea and its frame are rather rightful for a use in the projects of develop-
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ment of petroleum industry and engineering buildings including a determination of 
position of marine drilling platforms. 

 
9. Division of the Caspian region by relationship of density of potential 
hydrocarbon resources and seismic hazard during their development 

 
In the Caspian region, on a base of geological-geophysical parameters of pe-

troleum occurrence, 9 belts of increased density of total initial potential hydrocar-
bon resources have been distinguished (see review on petroleum occurrence of the 
region, 2002). 

A comparison of these belts with the belts and areas of increased seismicity 
provides grounds foe a differentiation of the region, including the Caspian Sea 
proper, by a degree of seismic hazard during a development of petroleum industry. 

Three belts of increased densities of resources are inferred by extremely low 
probability or negative prediction of destructive earthquakes: reef massifs in the 
south of the North-Caspian basin; in the north of the Middle Caspian basin from 
the southern slope of the Karpinsky swell to the Southern Mangyshlak, inclusively; 
submeridional belt of the South Caspian deep-sea basin. 

A considerable probability of destructive earthquakes is inferred for five 
belts with increased density of resources:  

1.the belt of the Absheron-Balkhan sill together with North Absheron trough 
including the western continuation of the first of them into the Kura trough where 
high seismic potential sites with probable magnitude of ≥ 5.5 and also three blocks 
with probability of earthquakes to 2003 – 2005 are predicted;  

2.the belt of the eastern Tersko-Caspian trough including the Tersko-Sulak 
and the Dagestan troughs where high seismic potential sites with magnitude of ≥ 
5.5 and one block with a probability of earthquakes to 2003 – 2005;  

3.two belts along the western and eastern flanges of the South Caspian 
sedimentary basin together with sublatitudinal Pre-Alborz belt along its southern 
flange where a number of high seismic potential sites with magnitude of ≥ 5.5 and 
three blocks with a probability of destructive earthquake to 2003 – 2005;  

4.the interesting north-western belt within the Middle Caspian basin includ-
ing the Middle Caspian deep-sea basin where a number of high seismic potential 
sites with probable magnitude of ≥ 5.5 and three blocks (two in the south-east and 
one in the north-west) with a probability of destructive earthquake to 2003 – 2005 
are predicted. 

The debatable is the estimate of probable seismicity within the belt of in-
creased resources density of the marine continuation of the Southern Mangyshlak 
together with the Peschanomysskoe uplift and Kazakh bay trough. The disputable 
problem is defined by a presence of a number of seismic hazard zones with north-
eastern orientation in combination with mentioned-above data about historical 
earthquake of 1273. 
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10. Conclusion 
 

The Caspian region is characterized by extremely uneven distribution over the 
area of seismic hazard for buildings of petroleum industry. This hazard increases in 
time in connection of general regional migration of seismic zones to the north. 

The most seismic hazardous are the faults in the south of the region along oro-
gens of the Alborz, Talesh and Lesser Caucasus with magnitudes of >7.0 – 7.5. Analo-
gous magnitudes are typical of the systems of the predominantly transverse faults dis-
secting the orogen of the Greater Caucasus. Considerable seismic events can take place 
along the strike of faults with subcaucasus orientation which complicate the structure 
of the Absheron – Balkhan sill and its continuation to the east to Cheleken – Turkmen-
bashi. Predominating magnitudes along these faults are about 4.5-5.0 and events with 
magnitude of >6.0-6.5 are single. They include the known Krasnovodskoe (now 
Turkmenbashi) earthquake of 1895, Racha-Java earthquake in Georgia, earthquakes in 
November-December 2000 near Baku and Balkanabad. 

To the north-west of the South Caspian high seismic activity is typical of the 
system of the north-western faults along the western and eastern flanges of the Ter-
sko-Caspian trough and directly within it. Here, predominating magnitudes are in a 
range from 4.5 to 6.5-7.0. This system is traced over the entire area of the Middle 
Caspian. Faults with analogous orientations are considered as probably seismoac-
tive in the west of the Turan plate being confirmed by historical earthquake to the 
south of Fort Shevchenko. 

Seismic hazard is typical also of deeper (depths of hypocentres is 50-100 
km) earthquakes which have magnitudes of more than 5.5 and are established over 
the entire area of the Middle Caspian from the Pre-Caucasus to the eastern shore of 
the Caspian Sea. 

Systems of seismic non-active faults are distinguished to the north from the 
latitude of Fort Shevchenko because seismic events for the instrumental period 
from 1900 along their extent were not established. However, it does not exclude 
manifestations of weak earthquakes with magnitude of <2.0. 

The results of functional integration of data on theoretical and applied seis-
mology together with the method of mathematic statistics provide grounds for 
long-, middle- and short-term prediction of seismic hazard or, in other words, 
warning about probable nature disasters. 

The long-term prediction includes the theoretical substantiation of directions 
of seismic hazard zones and space position of high seismic potential sites together 
with the differentiation by a level of seismic activity. The middle-term prediction 
of time and intensity of events is based on distinguishing of separate blocks and 
areas by the method of mathematic statistics. The technology of organization of 
controllable territory and processing of records of converted waves at seismic sta-
tions “Delta GEON” has been elaborated for short-term prediction. The results of 
processing are observations for a change of the “image of strained state” in the 
elastic-brittle layer. 
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Extensive belts of increased seismic hazard and within them 9 blocks and 2 
areas with high probability of destructive earthquakes for the period of 2003 – 2005 
and 2011 – 2013 are inferred on data of prediction of coordinates of high seismic 
potential sites, distribution of released energy of seismic waves, processing of earth-
quake catalogs for a long time period by the method of mathematic statistics. 

The belts are established between isolines of released energy from 1019 to 
1021 erg. They dissect the area of the south of the Middle Caspian and South Cas-
pian in direction from the south-east to the north-west and as if they are bounded 
the areas of decreased seismicity corresponding to the area of distribution of mud 
volcanoes and the South Azerbaijan volcanic massif. The blocks with a high prob-
ability of earthquakes to 2003-2005 are located on the territory of Russia (2 
blocks), Azerbaijan (2 blocks), North Iran (2 blocks) and Western Turkmenistan (1 
block). At the shelf of the Middle and partly South Caspian, 2 blocks of increased 
seismic hazard with magnitudes of expected earthquakes with M=5.5 are estab-
lished. The foremost regions for organization of monitoring of seismicity and 
short-term prediction of earthquakes are inferred on the shelf of the Middle Cas-
pian and the west of Azerbaijan. In classic variant of prediction (determination of 
place, time and intensity), it is necessary to organize here, as minimum, 3 control-
lable territories at a distance of 500-700 km from each other. 

A combination of a number of belts with high density of hydrocarbon re-
sources and increased seismicity means that development of petroleum industry in 
each conventional state sectors should take into account a space position of prob-
able seismic hazard sites, blocks and areas. Plans of development of petroleum in-
dustry should be accompanied by International Geoecological Examination for 
providing of interests of 5 states of the Caspian region. 
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Summary 
On the base of new data on deep seismometry and seismic strati-

graphic investigations and applying available geologic-geophysical informa-
tion the paper deals with structural peculiarities of the earth crust structure 
and with seismostratigraphicmodel of the South Caspian Megabasin (SCMB) 
sedimentary cover. An important result of deep seismic exploration of the last 
years is determination of existence of thinned (up to 6-8 km) of the crystallin 
crust (CC) of an oceanic type in the base of the basin at depth 20-30 km 
which gradually subsides in the north direction. In the area of subsidence of 
the crust in the Absheron-Pribalkhan Sill there were discovered zones of 
swallowing of Mesozoic rocks and complex folding of Cenozoic series which 
are rather typical for accretion prisms in subduction zones.  

Direct and objective seismic information about thickness and structure 
of the CC, about rift structures of extension, character of subsidence of the 
continental crust blocks in the marginal zone of the epihercyan platform, 
about structure of paleoslopes of the basin, structural peculiarities of volca-
nogenic island arc and graben-like depression in the base of the SCB was 
analysis and summarized. All peculiarities of the crust and structure of the 
sedimentary cover are typical for lithosphere and morphostructural elements 
of marginal (back-arc) seas in the active margins of oceans. On the base of 
analysis of actual data of different and independent geologic-geophysical in-
vestigations of the earth crust structure and tectonic evolution of the SCB 
there was made a conclusion about marginal-sea (back-arc) genesis of 
proto-Caspian. On the base of analysis of sections of regional profiles there 
were constructed objective seismicstratigraphic models of the basin and de-
termined main sedimentation complexes and their surfaces represented by 
unconformities. 

 
Preface 

 
Recent SCB is deep basin-like depression. It is a subsided marine area of a 

vast tectonic SCMB. The SCMB stretches in sublatitudinal direction and in the 
north it is limited by mountain constructions of the Greater Caucasus and Greater 
Balkhan; in the west – by Dzirul massif, in the east – by Kopetdag spurs; in the 
south – by North slopes of the Lesser Caucasus, Talesh and Albors. According to 
its tectonic position, peculiarities of evolution, diversity of morphostructural ele-
ments, sedimentation bodies and oil-gas potential of sedimentary complexes the 
megabasin occupies a special place among sedimentary basins spread in Mediter-
ranian-Himalayan mobile belt (MHMB). The SCMB is characterized by huge 
thickness of sedimentary cover – 25-30 km against 12-17 km in other deep basins 
of the mobile belt. This basin is related to rare basins of rapid subsidence and ava-
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lanche sedimentation. The SCB subsided especially rapid in Pliocene-Quaternary. 
Super-avalanche sedimentation occurred in Pliocene. For the SCMB rapid decrease 
of areas of shelf accumulation and decrease of total sizes of the basin is typical. It 
started to rapidly decrease in the Middle Miocene. This results from its location 
within the tectonic belt of contraction undergoing extreme decrease of the earth 
crust recently. 

The SCMB is characterized by abundant oil-gas seeps, high density of loca-
tion of hydrocarbon fields, mud volcanism. It allows to relate the SCMB to the 
richer and most prospective sedimentary basins of the world. 

Structure, lithology and oil-gas potential of Miocene-Pliocene and Quater-
nary complexes which occur not deep have been studied rather well by geophysical 
methods and drilling (up to 5-6 km) in shelves and on-shore near-flank zones. 

However due to the absence of direct and reliable data about the structure 
and petrologic composition of old (Paleogene and Mesozoic) deep series of the 
sedimentary cover and, especially, of the crystallin crust there still remain debat-
able issues, such like genesis, age and evolution of the basin. There exist three 
points of view on the problem of origin and evolution of the SCB. From the posi-
tion of the fixist hypothesis one should suppose that the basin has been forming 
recently above the subsided “median massif” of the pre-Cambrian or Paleozoic age 
and it has basin character (Godin, Akhmedov, Shikhalibeili et al.). According to the 
conception of plate tectonics the SCB is a relict of Mesozoic ocean – Mesotethys 
(Leontiyev, Milanovski et al.), or a relict of the marginal sea in the active margin of 
Mesotethys (Zonenstain et al.). Two last opinions are based on ideas about granite-
free character of the consolidated crust beneath the basin. 

Considered below are structural peculiarities of the consolidated crust and 
sedimentation complexes, structure of old rifts, volcanogenic island arc and pa-
leoslopes preserved in recent section of the SCB on the base of high-informative 
data of deep seismic reflection by method of CDP and new data of seismic strati-
graphic and seismic tomographic investigation in the SCB and in the framing land. 
On the base of similarity of geophysical parameters of the crust and structural pe-
culiarities of the basement, sedimentary series and flank structures with those in 
recent back-arc seas in the active margins of oceans there was made a conclusion 
about marginal-sea genesis of the depression.  

 
Application of seismic methods to study  

structure of the consolidated crust 
 

Notions on deep structure of the SCB were formed mainly on the base of 
data of Deep Seismic Sounding (DSS) and refraction correlation method (RCM) on 
rare network of profiles and with technical capabilities of seismometry of 1956-
1960 and also on the base of oblique data of gravimetry and magnitometry. Ac-
cording to the data of ultradeep drilling (SG-1, Saatly), results of re-interpretation 
of data of DSS (Guliyev, Radjabov, Pavlenkova, 1987), new data of deep seismic, 
seismic tomographic investigations (Yacobson, 1997) and seismic stratigraphic 
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analysis (Mamedov, 1990, 1994), showed that structural schemes and sections con-
structed according to data of DSS-RCM and other oblique methods are not correct. 
The models constructed on their base were far from real. 

During the last decade prospects to receiving reliable information about the 
structure of crust in deep basins have been associated with near-vertical incidence 
seismic reflection techniques. The regional seismic profiles (each 200-300 km in 
length with record length 10-20 sec.) acquired by KMNGR and JV “Caspian Geo-
physical” in South Caspian provide uninterrupted, direct and reliable information 
about the CC and basal series of the sedimentary cover in water areas inaccessible 
for deep drilling (Fig. 1).  

 

 
Fig 1. 2D velocity model of a profile of DSS – 1-2 (a), picture of time section (b), frag-
ments of time sections showing Godin’s protrusion and sedimentary complexes in the east 
of SCB (b, c). 

 
 

On seismic sections one can clearly identify the top of the crust on bounda-
ries of the wave fields – as a surface of acoustically semi-transparent substrate. 
High-amplitude section of subparallel reflections on times of 12-15 sec. (?22-28 
km) is interpreted as the basement/cover contact [9.10]. Above it one can observe 
subparallel feature wave patterns reflecting bedded series of the sedimentary cover. 
Located below are interrupted chaotic feature wave patterns alternating with mute 
(transparent) intervals. Such figure of the recording probably reflects complex 
block-lense structure of metamorphic crust of the oceanic type. According to exist-
ing notions it consists of basalt sills, dykes and covers. 

On times 16-18 sec. (30-34 km) in a narrow line one can observe low-
frequency reflections of “reflectivity” type. Along their lower edge base of the 
earth crust is traced, i.e. Mohorovic?ic? surface (Fig. 1,b). According to data of 
J.H. Knapp et al. (2000) thickness of the crust in the South Caspian is 6-8 km and it 
quite corresponds to average statistic values of thickness of the oceanic type crust. 
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The same thickness of the crust was observed by DSS in profile 1-2 (Radjabov et 
al., 1988). 

An important result of deep seismic data is determination of gradual subsi-
dence of the crust in the north direction towards the epi-Paleozoic platform. Above 
the crust in the Absheron sill one can observe the swallowing of Jurassic-
Cretaceous deposits which resembles accretion prism typical for subduction zones. 
The same tendency of the crust subsidence in the north direction and accretion 
structures in the lower sedimentary cover have been determined recently by data of 
seismometry in the East-Black Sea basin as well (Ermakov, Piyp, 2002; Melikhov 
et al., 2002). Subsidence of thin oceanic crust and crushing of basal Mesozoic se-
ries of the sedimentary cover are documentary confirmation of subduction proc-
esses in the recent time with the scraping of sedimentary series in the north periph-
ery of the basin. 

Oceanic type of the crust in the base of the SCB is confirmed by data of Re-
ceiver Function Analyses (RFA) as well (Margino and Priestly, 1998) and surface 
wave analysis (Priestley and Patton, 2001). By rayleigh wave-scopy of the medium 
(Yakobson, 1997; 2001) in the Absheron sill and in the south of the SCB there 
were discovered zones of discharge of the matter with “basalt” and “mantle” ve-
locities towards the base of the sedimentary cover. This is typical for riftogenic 
basins (Fig.4). 

 
Tectonic nature of the South Caspian uplift of the basement 

 
One of important and debatable issues of geology of the Caspian Sea is find-

ing out the nature of the South Caspian gravity maximum (SCGM) related to the up-
lift of the basement – the Godin’s uplift (massif). In the gravity field positive anom-
aly 20-25 mGal on the background of weak negative field (-10 -15 mGal) correspond 
to the uplift. According to gravimetric data depth of occurrence of the uplift was 
evaluated differently by different investigators: 8 km (Godin, 1961); 15 km (Kulikov, 
1964); 17 km (Gasanov, 1965). Geophysicists did not come to a common opinion on 
the nature of the gravitating object in the east of the SCB. One of them think it is 
morphologic element formed in the zone bending and swallowing of the oceanic 
crust in the subduction zone (Gadjiyev, 1965; Khalilov, 1987 et al.). The others con-
sider it as a fragment of median massif of the pre-Cambrian or Paleozoic consolida-
tion where the whole SCB lies (Godin, 1960; Shikhalibeili, 1964). 

While investigating nature of the uplift they often regret about the absence 
of reliable and direct information on its structure and petrophysical composition. 
None of the 11 DSS profiles completely cross zone of the gravity anomaly. Only 
profile of DSS-9 reaches its NW periphery and only crosses isoline +5 mGal. On 
the base of data of re-interpretation of old materials DSS (Guliyev, Radjabov, Pav-
lenkova, 1988) there was constructed new 2D velocity model along profile of DSS-
9. According to the model in the south-west direction thickness of the crust grows 
from 10 km to 13 km at account of a slight subsidence of Mohorovic?ic? surface. 
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The upper crust is characterized by values of velocities of primary waves 
(Vp ? 6,2 km/sec.) which are typical not only for sialic component but for the II 
layer of the oceanic crust. In the lower crust velocities are increased “basalt”: Vp = 
7,7 h–7,9 km/sec. Within the crust there exists no boundary. 

Through RFA method Mansino and Priestly identified a layer with Vp ? 5,8 
km/sec. in the upper crust. According to their opinion in the east of the SCB there 
was evolved the CC 15-20 km thick. A. Ya. Yakobson [7] determined fields and 
spots by the method of seismotomography there with “granite” velocities of secon-
dary waves (Vs ? 3,8 km/sec.). In his opinion they correspond to sialic outliers in 
the form of columns on a crystal base.  

Several profiles CDP with scanning of more than 10 sec. provide direct in-
formation about the structure of the section in the east of the SCB (Fig. 1 c and d). 
In sections the arc of the base uplift at depth of 13,5-16 km is very well identified 
on boundaries of the wave fields and intensive reflections. Judging by the wave 
picture its surface is erosion surface dissected by dislocations. Conjugation of the 
uplift with the adjacent south-west trough takes place in faults and it is typical for 
flanks of riftogenic basins. Below the surface of the basement the substrate pos-
sesses specific seismic features: weak, interrupted or stroke recording, sometimes 
with chaotically located elements and mute intervals. 

Thus, judging to data of different and independent geophysical investiga-
tions it was determined that the crust in the zone of the Godin’s uplift is close to 
the crust of “a transition” or subcontinental type. The tectonic block by thickness of 
the crust and values of velocities of the waves differs from the thinned (basalt) 
layer underlying the rest of the SCB. This block differs from the buried blocks 
(massifs) in the Trans-Caucasian microcontinent (TCM) by these parameters. 
These blocks are characterized by mature continental crust 30-35 km thick. The 
Godin’s uplift is too far remote from marginal east blocks of TCM where andesite-
basalt island-arc volcanism took place in the Mesozoic. 

Dislocation of microblocks along the faults in the south-west peryphery of 
the uplift and also configuration of the gravity anomaly and geographic proximity 
demonstrate structural relation of the Godin’s uplift with the Sefidrud uplift in the 
north slope of the Iranian microcontinent (IMC). Ya. Golonka [8] made the same 
conclusion as a result of his investigations. In his reconstructions the microconti-
nental fragment in the east of the SCB was separated from the Iranian continent in 
the Paleocene by a narrow graben-depression.  

Uplifts or plateaus with transition crust similar to the Godin’s uplift occur 
throughout all recent marginal and internal seas. They exist in the form of underwater 
uplifts. They are uplift-plateau Yamato in the Japan Sea, Okhotiya – in the Okhotsk 
Sea, Kyusyu-Palau – in the Philippine Sea. Just like the Godin’s uplift they are char-
acterized by 12-18 km crust of a transition type. By faults or suture zones they are 
separated from thin oceanic crust of the adjacent depressions [2, 17]. Investigations 
determined that these uplifts came off the microcontinents (island arcs) as a result of 
riftogenic opening in their body and shifted into the marginal sea. 
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Underwater uplifts in the marginal seas at depth not more than 2-2,5 km are 
characterized by positive Bouger gravity anomalies (about 30÷50 mGal). They ex-
ist on the background of relatively calm and weak gravity field of these seas. They 
are characterized by rather weak magnetic field and heat flow or their complete 
absence as well. The same situation exists above the South Caspian uplift.  

There exists information in geologic literature that processes of subduction 
of Mesotethys lithosphere and general regional contraction of the Greater-
Caucasian sea were accompanied by the breaking of the Trans-Caucasian IA, ex-
tension and opening of new riftogenic troughs in the marginal sea which later on 
turned into a vast graben-trough. According to M.I. Rustamov et al. (2000) such 
openings took place in several episodes of back-arc volcanism, namely in Neoco-
mian, Aptian-Cenomanian and Senonian. In L.P. Zonenshain (1987) vision the 
most significant opening took place in the Paleocene-Eocene. The opening went on 
from the west eastwards, from Achara-Trialet to the Lesser Caucasus and Talesh 
and then through the South Caspian to Aladag-Benalud. It was accompanied by the 
formation of new younger oceanic crust within the line 200-250 km wide.  

Seismotomographic investigations of the last years (Yakobson, 1997, 2000) 
revealed discharge of the matter with “mantle” and “basalt” velocities into the base 
of the sedimentary cover in a wide line - from south coasts of Azerbaijan (to the 
south of the Kyzylagach bay) to the south-east corner of the SCB. Existence of a 
deep graben-trough in the base in the south of the SCB was determined according to 
the results of measurements by Rayleigh wave-scopy (MRW). The graben-trough 
becomes narrower towards Alborz and its depth grows from 2 to 9 km (Fig. 4). Con-
figuration of the trough is reflected in peculiar features of isopachs of sedimentary 
series and in the structure of the south continental slope of the Caspian Sea.  

Paleocene-Eocene age of the South trough is confirmed by the age of vol-
canic rocks in Talesh and North Alborz. The Godin’s uplift for a long time has 
been its north shoulder in the east of the SCB. In the epochs of contraction of the 
basin rate of subsidence of the crust near the uplift much more lagged behind that 
one in the rest zones of the basin (judging by thickness of Neogene-Quaternary 
deposits). 

  
 

Peculiarities of construction of near-flank structures of SCMB 
 

Now let’s consider the structure of near-flank zones of the SCMB. Thorough 
seismostratigraphic analysis demonstrates that traces of riftogenic structures of ex-
tension and sedimentation are preserved in geologic section of the megabasin. In our 
papers [11-14] we thoroughly considered peculiarities of these structures. In seismic 
sections the extension structures in the marginal zone of the Scyth-Turanian plate 
find direct morphologic expression. One can see faults between the blocks and subsi-
dence of the latter down the listric faults towards the South Caspian. 

Rather interesting structures in he margin of the platform are buried uplifts 
(Fig. 2). They are Paleozoic uplifts: Karabogaz, Agzubirchala, Pre-Caucasian etc. 
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Their external (south) slope for a long time have been paleoslopes of deep basin. 
Steep (up to 160) and high (3-5 km) continental slopes are very well read in seismic 
sections (Fig. 2, d). Judging by their configuration they have been formed for a 
long time (starting from the Late Jurassic to Oligocene). Absence of deposits in the 
slopes demonstrates that they were zone of transit of the sediments. Sometimes 
their surface was washed out till the crystal base and  was covered by a system of 
canyons. Relatively gentle paleoslopes were developed in the Middle Caspian be-
tween the Agzybirchala and Karabogaz uplifts. In different epochs of Mesozoic-
Paleogene there occurred dagger transgression there; carbonaceous platforms were 
formed in the shelf and clinoform seats on the top of the slope.  

On the south and south-west flanks of the ancient sea the paleoslopes were 
formed on the north slope of the Trans-Caucasian and Iranian microcontinents (Fig. 
2, b). In the Middle Jurassic-Paleogene periods there were developed volcanogenic 
island arc there. High thickness (more than 4-5 km) of magmatic rocks in the 
Talesh-Saatly-Geichai-Mingechevir zone demonstrates active volcanic activity at 
the end of Mesozoic. Amount and character of distribution of rare and rare-earth 
elements in volcanites of basalt-andesite-rhyolite series (drilled by Saatly ultradeep 
well) completely correspond to those in volcanites of recent IA (Kremenetski, 
1982; Salakhov, 1985). 

Volcanites in the island arc form extended buried morphostructure in the 
form of a ridge 30-70 km wide and 4-5 km high (Fig. 2, c). A volcanogenic ridge 
of general caucasian orientation buried under young sedimentary deposits are 
clearly traced in seismic sections starting from Pre-Talesh as far as Dzirul massif. 

In the north-east slopes of the volcanogenic ridge one can observe typical 
sliding of blocks of the acoustic basement along the faults towards the SCB and 
fan-like location of synrift deposits on the top of the blocks (Fig. 2, b). There was 
recorded absolute identity of the observed wave fields to specific seismic images of 
the flanks of marginal-sea basins. 

Seismic images together with petrophysical characteristics of rocks are addi-
tional and objective indicators of the island-arc genesis of the investigated volcanic 
uplifts. Judging by thickness of the layers in the seismic sections, the height of the 
paleoslope in the north slope of the volcanogenic ridge was 4 km and it completely 
corresponds to the height of paleoslopes in the opposite north flank of the basin. 
Moreover, resting of the layers against the paleoslopes demonstrated that in the 
Mesozoic-Paleogene the sedimentation went on in ready negative relief. 

As far as downwarping and filling of the basin by sediments the more and 
more younger (Neogene) layers of the cover contacted the surface of the pa-
leoslopes on a scheme of onlap. Secondary accumulative slopes (Middle Sarmatian 
and Middle Pliocene) were formed at certain stages of geologic evolution of the 
basin. However, on the background of general transgression the primary slope de-
termined main morpho-genetic feature of the SW flank of the megabasin. 
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Fig. 2. Time sections demonstrating: dislocation and subsidence of blocks of the acoustic 
basement - at the edge of the platform (a), in the north slope of the Trans-Caucasian micro-
continent (b), volcanogenic ridge (c) and steep continental paleoslope (d). 
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Regional Seismic Stratigraphy 
 

Sedimentation sequence and structure of the sedimentary cover were studied 
by seismic data. The author in 1989-1992 conducted regional seismostratigraphy of 
the whole SCMB to clarify history of evolution and general regularities of structure 
of sedimentary basins and filling sedimentation bodies (SB). The task of regional 
seismic stratigraphy included: tracing of surface of the acoustic basement, regional 
unconformities, nondepositional hiatus, spatial-time correlation of sedimentation 
complexes, clarification of depositional environments and prediction of oil-gas 
prospective zones and objects. Results of these investigations were published and 
reported in the International Conferences AAPG, EAPG, SEG etc. (Mamedov, 
1990-2003). 

Seismic sections of regional profiles provide enough space for the recon-
struction of main phases of tectonic evolution. Information from seismic sections 
supplemented by geologic and by information from wells was used to construct 
several seismostratigraphic sections of extension of 400-600 km which demon-
strate the structure of the recent SCMB from one of its flanks to the other - oppo-
site flanks. 

An important result of regional seismic stratigraphy is determination and 
tracing of structural unconformities which are associated with large geologic events 
and long-term breaks in the flanks of the basin in a wide stratigraphic range (from 
several stages to one-two periods). Their typical features are decrease of dip angles 
of the layers in the upper complex as related to more steep layers in the underlying 
complex as well as extended tectonic shears and denudation surfaces. 

In the section of the SCMB one can identify mainly two regional (structural) 
unconformities. The lower unconformity undergoes age sliding and fixes surface of 
Mesozoic deposits (Cretaceous). In the flanks it also cuts Paleocene-Eocene depos-
its. Along this unconformity the region is divided into zones of bending and uplift-
ing. The second upper surface of discordance is asynchronous as well and every-
where it fixes the lower boundary of the Pliocene-Quaternary complex. In this 
boundary the SCMB is identified as a unite region of young downwarping. In some 
near-flank zones of the basin it was possible to trace the unconformity between the 
Jurassic and the Cretaceous deposits. 

We determined 4 main stages of tectonic evolution of the megabasin on re-
gional unconformities: pre-Cretaceous (riftogenic stage of the opening), Creta-
ceous-Eocene (island arc stage of the widening of the back-arc basin), Oligocene-
Miocene stage of contraction and gradual Shrinking and Pliocene-Quaternary stage 
of extreme contraction, intensive downwarping and avalanche sedimentation (Ma-
medov, 1992-1994). Later on the same conclusion was made by other investigators 
(Korotayev, 2002, M.F. Brunet et al., 2002). Just like we they considered the Juras-
sic period as a stage of rigtogenic extension of lithosphere with local spreading and 
formation of the oceanic crust. 
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At the Cretaceous-Eocene stage the base underwent slow (thermal) subsi-
dence for about of 100 Ma. Facial composition of the deposits and resting of the 
layers against the old slopes witness to the sedimentation in the deep basin.      

With the beginning of the Alpine collision the subsidence of the SCMB 
floor accelerated in the region and mainly deep clayey deposits accumulated espe-
cially in the Oligocene and Early Miocene. At the recent stage (mainly in the Plio-
cene-Quaternary) due to the growth of contraction forces and intensive mountain-
formation processes in the framing of the SCMB there occurred very fast subsi-
dence of the basin floor. At this stage for a short period of time (about 2-3 Ma) 
huge sedimentary mass accumulated in the central part of the basin.  

10 seismic sedimentary complexes (SSC) were identified in the sedimentary 
cover of the SCMB according to objective seismostratigraphic criteria. They are 
composed of genetically related layers (Fig. 3) (P.Z. Mamedov, 1992, 1994):  

- Jurassic SSC-1, terrigenous-carbonaceous; mainly carbonaceous in the 
upper parts, thickness up to 1-1,5 km. In the flysch bendings of the Greater Cauca-
sus thickness of the Jurassic SSC is 5-6 km;  

- Lower Cretaceous SSC-2, terrigenous-carbonaceous and carbonaceous 
in vast paleoshelves; thickness up to 1,5-2,0 km; 

- Upper Cretaceous (sometimes Upper Cretaceous-Paleocene) SSC-3, terri-
genous-carbonaceous; thickness up to 2 km; 

- Paleocene-Eocene SSC-4, terrigenous-carbonaceous as well, 2-3 km; 
- Oligocene-Early Miocene SSC-5, terrigenous and mainly clayey, 3-4 km; 
- Middle-Upper Miocene SSC-6, terrigenous (clayey-sandy), 2-3 km; 
- Early Pliocene (in old nomenclature-Middle Pliocene) SSC-7 covers the 

whole productive-red bed series, sandy-clayey, main oil-gas series of sediments in 
the region, 7-8 km; 

- Late Pliocene SSC-8, terrigenous (sandy-clayey and clayey), Ackchagyl 
stage of Pliocene, 1-2 km, in the South Caspian, very thin (up to 0,5 km); very well 
identified in perypheries of the basin; 

- Late Pliocene SSC-9, clayey, Absheron stage of Pliocene, 1-3 km; 
- Quaternary SSC-10, clayey with inclusions of sandy deposits, 2-3 km. 

Paleotectonic and paleogeographic depositional environments of the SSC’s 
are described in details in our works (Mamedov, 1992; Mamedov, 1994). Sequence 
of the SSC’s in the sedimentary cover of the SCMB forms an objective scale of 
event stratigraphy. Their boundaries are surely traced along structural, angular and 
erosion discordances. 

Among the identified complexes of large 3D bodies, the SSC-7 complex 
possesses the highest thickness and oil-gas potential. It is 6-8 km sandy series was 
formed for 2,0-2,2 Ma, i.e. time of its formation is only 1-1,5% of geologic time of 
the Alpine cycle. Thus, nearly 1/3 or ¼ of thickness of the whole sedimentary cover 
which was formed for 170-180 Ma fall to productive-red beds series. Sedimenta-
tion rate of this series even without account of consolidation of rocks and hiatus 
(30-40% of geologic time of the Lower Pliocene – accordingly to chronostrati-
graphic sections) is 2-3 km/Ma. These values are a cut above the values of the ava-



 

 

 

160

lanche rate of sedimentation. In this respect the Pliocene basin of the SCMB is a 
unique sedimentary basin in the world. Such a high rate of sedimentation in the age 
of productive-red beds series is determined by deltaic genesis of the deposits in the 
intermontane depression (Mamedov, 1987). 
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Fig. 4. Structural scheme of the base surface (d) (constructed by P.Z. Mamedov on the base 
of data from J. Knapp, J. Connor, A. Yakobson, L. Zonenshain, Shreider, I. Guliev, N. Pav-
lenkova, M. Rajabov et al.) 
1 – isolines of the base depth; 2 – zones with mantle velocities; 3 – zones with “basalt” ve-
locities; 4 – zones with “granite” velocities; 5 – outliers of sialic crust; 6 – boundaries of 
primary Early–Middle Jurassic trough; 7 – boundaries of Eocene–Paleocene rift; 8 – line of 
subduction of the oceanic crust. 

 
 

According to data of seismometry, seismostratigraphy and seismotomogra-
phy there was received new information about the structure of the crust, basal se-
ries of the sedimentary cover and near-flank structures of the SCB. 

An important result of deep seismometry is confirmation of the existence in 
the basement of a crust of the oceanic type. Another important result is information 
about structures of extension of the crust and volcanic island arc, passive elements 
at the edge of the platform and paleoslopes. Rayleigh wave-scopy examination of 
the environment by secondary waves revealed existence of zones of the matter dis-
charge with “mantle” and “basalt” velocities both in the north and the south gra-
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ben-depressions. All the structures are typical structures of the marginal (back-arc) 
seas in the active margin of the oceans. 

For this reason the marginal seas were tectonotype for us to clarify the 
course of tectonic evolution and construction of a reliable model of deep structure 
of the SCB. 

Fig. 3 (a, b, c) demonstrates regional seismostratigraphic sections illustrating 
structural peculiarities of the crust and the sedimentary cover. The structural 
scheme in the surface of the base of the SCB (Fig. 3, d) demonstrates boundaries of 
two grabens-depressions of rift genesis preserved in the section and areas of a dis-
charge of a matter with “mantle” and “basalt” velocities to the base of the sedimen-
tary cover. These summary constructions allow to revise the existing models of the 
megabasins structure and in a new way to consider geodynamic processes in the 
region. 

According to new data about deep structure and according to a model con-
structed by us the SCB and its Kura centricline starting from the Middle Jurassic 
and nearly to Oligocene were constituent parts of the marginal sea in the active side 
of the Mesotethys ocean. The marginal sea was separated at account of confluence 
of several but mainly two back-arc riftogenic depressions of a different age opened 
in the Middle-Late Jurassic and Paleocene-Eocene period. Traces of both depres-
sions are partially preserved in the structure of the basement and basal (synrift) se-
ries of the sedimentary cover. 

The sagging of the Afro-Arabian platform resulted in the collision of the 
Trans-Caucasian and Iranian microcontinents with the Eurasian margin. In the Late 
Oligocene the Iranian microcontinent collided with the Turanian plate by its east 
flank and created a stop forming collision process near Kopetdag. The Trans-
Caucasian microcontinent was pressed to the Scythian plate and played a role of 
buffer and formed structures of contration of the Greater Caucasus. By the end of 
Oligocene basin of the East Paratethys (partially isolated from the World Ocean) 
evolved in the territory of the Trans-Caucasus and the South Caspian with hard 
oceanic crust and matured continental slopes. 

In the Middle-Late Miocene there mountain systems of the Greater Cauca-
sus, Lesser Caucasus, Kopetdag, Talesh and Alborz became to grow. In the terri-
tory of the South Caspian, Kura and West-Turkmenian depression there occurred 
intensive downwarping and super-avalanche sedimentation in the sea basin. Areas 
of shelves and configuration of continental slopes changed. But topographic deep 
basin of the South-Caspian remained non-compensated. Morphostructural peculi-
arities of old continental slopes and specific forms of sedimentation complexes are 
read very well in seimic sections. They are documentary evidence of permanent 
character of a deep basin in the South Caspian which has been preserved in the 
floor relief up to now. The SCB turned into the intracontinental basin in the Qua-
ternary period. For this reason its section is characterized by high thickness and 
stratigraphic sequence whereas long-term breaks of sedimentation are fixed in its 
peripheries. 
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Conclusions 
 

Main results of the investigations are as follows: 
1. Metamorphic basement – crust in the base of the SCB is thin, oceanic-

type crust with thickness 8-10 km thick. 
2. The basement occurs at big depth (26-28 km) and subsides in the north di-

rection under the epihercyan platform. 
3. In the Absheron Sill there occurs the swallowing of sedimentary series of 

the Late Jurassic-Cretaceous age typical for accretion prisms in subduction zones. 
4. High north (up to 3-4 km) and relatively steep slopes (up to 160) of the 

back-arc (marginal-sea) basin which existed there in Mesozoic-Paleogene, were 
formed in the external slopes of the marginal uplifts in the Scythian-Turanian plat-
form. In seismic sections one can see dislocation and subsidence of blocks of the 
continental crust of the platform along the listric faults in the south direction. 

5. South slopes of the paleobasin were formed in the north flanges of the 
Trans-Caucasus and Iranian microcontinents where volcanic island arcs evolved in 
the Late Jurassic-Early Cretaceous and Eocene periods. 

6. Structure and configuration of paleoslopes demonstrate duration of their 
formation. Here and there they are washed out as much as the crystal substrate and 
they are covered by a system of canyons and erosion cuts. The seismic sections fix 
the resting of layers of the filling complex against the slopes. This shows sedimen-
tation in the deep basin. 

7. In the SCB in the structure of the metamorphic crust there were preserved 
traces of two graben-like depressions which are relicts of Jurassic-Cretaceous 
(Greater Caucasian) and Paleogene (Adjar-Trialet-Talesh) back-arc depressions of 
riftogenic genesis. The marginal sea with hard oceanic crust (partially isolated from 
the ocean) at the end of Eocene was separated at account of confluence of the men-
tioned depressions of a different age. In the Late Oligocene due to the pressing of 
the Trans-Caucasian microcontinent to the platform there occurred fragmentation 
of the marginal sea into two deep basins. The east SCB starting from Neogene 
gradually evolved into intermontane basin. 

8. Several surfaces of structural discordance were revealed and traced in the 
sedimentary cover. Four main stages of the SCB evolution were determined there. 
They are the Middle-Late Jurassic stage of the riftogenic opening, Late Cretaceous-
Eocene (island arc) stage of the widening of the back-arc sea, Oligocene-Miocene 
stage of contraction and gradual shrinking of the basin and at last, Pliocene-
Quaternary stage of intensive downwarping and avalanche sedimentation with the 
preservation of the deep basin only in the west water area of the SCB.      

9. According to objective seismostratigraphic criteria there were identified 
10 sedimentation complexes. Pliocene SSC-7 possesses the highest thickness. It is 
composed of sandy deposits of deltaic genesis - productive-red beds series. This 
complex is main oil-gas object in the region. 
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Summary 
The paper deals with distribution of heat flow in the water area of the 

Caspian Sea. Geothermal data from this region are given as results of meas-
urements by sea thermal probes and as data from wells from the shelf zone. 
Moreover, there were used data from wells from the coastal zones. There was 
constructed a map of heat flow of the Caspian Sea water area. There were 
discovered high anomalies of the heat flow that were not reflected in the pre-
viously constructed maps. The areas of the earth crust where non-conductive 
heat-transportation prevails link these anomalies. It may be active zones of 
faults, mud volcanos and other types of dislocations of the earth crust. 

 
Preface. The Caspian region with its energetic resources has been in the 

centre of attention for a long time. Investigation of the heat field is very important 
for the assessment of oil and gas potential of the region. Different companies con-
duct vast geothermal investigations in this region: in deep zones of the water area – 
by marine and in the shelf – by well technique. 

Geological background. The Caspian Sea is the world's largest lake which 
was formed in site of Meso-Cenozoic sea basins of Tethys and Paratethis existing 
there before. One can identify five large geostructural elements in the Caspian Sea: 
the South Caspian basin (SCB), the Absheron Sill, the Middle Caspian basin 
(MCB), the Mangyshlak Sill and the North Caspian basin (NCB). 

The SCB for a short geologic period subsided deeply. According to A.V. 
Mamedov's data [1998] the maximum thickness of Jurassic deposits is up to 4000 
m (south of the Absheron Sill including its south flank). The Middle Caspian 
turned into land and in the South-Mangyshlak depression thickness of Jurassic de-
posits is up to 1800-2000 m. The Cretaceous in the Caspian Sea and its framings 
continued tendencies of the Jurassic. In the SCB the downwarping became more 
intensive (the maximum thickness of Cretaceous deposits is more than 4000 m). In 
the MCB the maximum thickness of Cretaceous deposits is more than 2400 m and 
the NCB it is up to 1400 m. The maximum downwarping in Paleogene occurred in 
the SCB. It envolved a part of the Absheron Sill (2500 m and more). In the Middle 
Caspian the maximum thickness of Paleogene deposits is up to 1400 m and in the 
NCB it is 2000 m. The intensive downwarping started in the Early Pliocene and in 
Quaternary it went on intensively. Total thickness of Neogene-Quaternary deposits 
in the SCB is up to 10 km and in the NCB it is only 4 km [Mamedov, 1998]. 

Factors influencing the heat flow value. According to our calculations the 
sedimentation rate in Jurassic in the SCB was 120-180 m/My, if the maximum 



 

 

 

166

thickness of the sedimentary cover for about 30 km. In Cretaceous and in Paleo-
gene it became lower and in Pliocene it reached avalanche values - 1,8 km/My. 
Results of modeling of thermal evolution of the basin with account of non-stability 
of the heat field demonstrated that temperature in the base of the sedimentary layer 
changed 400-500oC [Mukhtarov and Adigezalov, 1999; Mukhtarov et al., 2003]. 
Opinions have appeared lately on that the total thickness of the sedimentary cover 
in the SCB is up to 30 km. This may result that the rate of sedimentation at early 
stages of sedimentation will be more than it was calculated for the 20 km thickness 
of sediments. As a result share of deep heat flow in the sedimentary thickness will 
be much more lower. 

Investigators Levin and Viskovski [2000] think that in Jurassic the rate of 
sedimentation in the South Caspian basin varied from 10-25 to 50 m/My. Tempera-
tures in the base of the system were 150-200oC. They increased in deeper blocks up 
to 300-450oC. In Cretaceous the rate of sedimentation was 2,5-10 m/My. Tempera-
tures in the base were from 50-150 to 250-300oC. In Oligocene-Miocene system 
the rate of sedimentation was 0,025-0,4 km/My. Temperatures in the base of Mio-
cene deposits were 50-100oC and in some blocks they only were up to 200oC. In 
Pliocene-Quaternary system the rate of sedimentation changed from 0,75 to 1,75 
m/My. Temperatures were from 100-150oC to 200-300oC. 

One should take into account that in the SCB there were drilled a lot of 
wells. While considering temperature data from these wells one can be sure than 
the temperature regime of sedimentary layers uncovered by the wells is moderate 
enough [Table 1]. 

Sedimentation rate is one of the factors affecting the heat regime in sedimen-
tary basins. With avalanche rates of sedimentation there occurs intensive decay of 
deep heat flow. For this reason one can observe relatively low values of the heat 
flows density throughout the Caspian region. 

It should be noted that values of the heat flows determined by a well method 
(20-40 mW/m2 in wells of the Baku archipelago and in the Absheron Sill) were 
lower than values of the heat flows determined by sea sondes (30-50 mW/m2 and 
more). Without special investigations one can hardly judge about the reason of this 
difference. 

Heat flow distribution map in the water area of the Caspian Sea. To 
construct the map of heat flows in the water area of the Caspian Sea (Fig. 1) there 
were used results of the determination of the heat flow by marine thermal probes 
(Catalogue …, 1973; Lyubimova et al., 1976; Tomara, 1979; Aliyev et al., 1979; 
Lebedev and Tomara, 1981). Moreover, there were used data obtained by the well 
method in the shelf zone and in the on-shore territory (Catalogue …, 1973; Kashkai 
and Aliyev, 1974; Ashirov, 1984; Aliyev, 1988). 

The main features of distribution of the heat flow in the water area of the 
Caspian Sea are very well correlated with tectonic peculiarities of its deep struc-
ture. For instance, increased values of the heat flow are conditioned by the impact 
of such tectonic structures like faults and mud volcanoes. One of the stations in the 
west of the SCB recorded abnormally high value (480 mW/m2) of the heat flow 
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(Fig. 2). The available geophysical data do not explain this anomaly as impact of 
the intrusive body [Lebedev and Tomara, 1981]. That is due to the evacuation of 
fluids along the active dislocations (faults or vents of mud volcanoes). 

It should be mentioned that measurement of the heat flow is of a point char-
acter and main geologic factors affecting density of the heat flow are of a local 
character. All these require special investigations in the areas covering local areas 
of active faults and mud volcanoes and remote calm areas. Distribution of mud 
volcanoes and heat flows in the SCB (Fig. 3) proves the above mentioned. The 
mud volcanoes are spread in the areas of contoured isolines of the heat flow 40 m 
Bt/m2. Anomaly of the heat flow of 600 mW/m2 in the South Caspian (Fig. 2) in 
the authors vision [Tomara, 1979] corresponds to a dislocation discovered by seis-
moacoustic profiling and geothermal measurements. 
 

Table 1 
Borehole maximum temperature data in SCB 

Structure №№ of wells Depth, m. Temperature, oC 
Baku Archipelago 

Shah deniz 4 6500 122 
Bulla deniz 46 5730 115 
Bulla deniz 38 6150 110 
Bulla deniz 42 5850 110 
Sangachal deniz 550 5770 113 
Garasu 28 5650 112 
Garasu 30 5683 106 
Duvanny deniz  39 4450 111 

Absheron and the Absheron Archipelago 
Absheron deniz 3 5000 110 
Arzu 2 4708 105 
Jenub 2 4710 102 
Jenub 12 4127 100 
Bahar 19 5450 99 

The South–West Caspian 
Structure 1 1 5570 151 

The South–East Caspian 
B. Gubkin  3485 74,5 
B. Barinov  4420 91,5 
B. Zhdanov  24 3993 88 
B. Lam 1 4353 94 
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Fig.1. Heat flow distribution map in the water area of the Caspian Sea. 

 
Crosses – points of determination of density of the heat flow by a well method. 
Rhombuses – points of determination of density of the heat flow by see thermal soundings. 
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Fig. 2. Complex geothermal and seismoacoustic profile through the SCB (position of the 
profile is shown in Fig. 1) [Lebedev and Tomara, 1981]. 
 
I – temperature of the upper layer of see bottom sediments, oC; II – heat flow, mW/m2; III – 
seismoacoustic profile of the sedimentary series as deep as the top of the Middle Pliocene: 
a – zone of faults near the west coast; b,c – mud volcanos. 1-14 – numbers of stations. 
 

 
 

Fig. 3. Distribution of mud volcanos and contours of density of heat flows in the SCB 
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The western part of the SCB has a complex picture of the heat field corre-
sponding to its tectonic structure, which is complicated by faults and underwater 
mud volcanoes. The heat flow usually varies 20 to 70 mW/m2 there.  At the same 
time there were recorded acute anomalies, which on order exceeding normal heat 
flow. The eastern part of the SCB is characterized by quiet thermal regime. 

The MCB on the whole is characterized by calm geothermal regime with aver-
age heat flow of 50 mW/m2. In the Derbend depression there was recorded a local 
anomaly in three points (210 and 134 mW/m2). North of this anomaly there was inves-
tigated a profile where density of the heat flow varies from the west eastwards from 54 
to 92 mW/m2. South of the anomaly there was investigated a profile where the average 
value of density of the heat flow is 52 mW/m2 [Tomara, 1979].  

There were expressed many opinions on these anomalies. The most probable 
of them is the underwater discharge of thermal waters due to the pinching out of 
high-thermal water-bearing horizons in the given area of the sea floor. At the same 
time other processes should be taken into account as well. They are lithogenic heat-
generation which in terms of the Derbend depression may increase the observed 
heat flow by 42 mW/m2, mud volcanism, effects of transformation of the organic 
matter of the sediment, effects taking place in the boundary of water-sediment 
(which have not been studied well enough yet), etc. 

To create a complete picture of fields of heat flows let's consider vicinities 
of the Caspian Sea. The Central-Mangyshlak rift zone characterized by the heat 
flow density 58 mW/m2. To the west that, the East-Manych rift zone is situated: 
thickness of the earth crust is about 32 km, temperature in the Mohorovicic surface 
is 650oC, and the heat flow density is 55-60 mW/m2. The Tersk-Caspian zone: 
thickness of the earth crust is about 32-35 km. Temperature in the base of the crust 
is about 600oC, the heat flow density is 35-50 mW/m2. The South-Emben paleorift 
is characterized by heat flow of 58 mW/m2. Thickness of the earth crust is 10-16 
km [Murzagaliyev, 1998].  

Discussion. Thus, the thermal field in the water area of the Caspian Sea is rather 
complex. It is conditioned by complex deep structure of the region and geodynamic 
processes. Thermal field of the Caspian Sea water area is associated with the existence 
of different contradiction opinions (fixism and mobilism) which have been in geologic 
science up to now. For this reason some data were not published or were not used in 
the mapping. This, fig. 2 demonstrates a point of determination of density of the heat 
flow where its value is 480 mW/m2 [Lebedev and Tomara, 1981]. In the previous pa-
pers [Tomara, 1979] the author thoroughly describe measurements and proved that this 
anomaly is not a mistake but a result which was justified there times. Moreover, den-
sity of the heat flow was 600 mW/m2 in this area (14,5 µcal/cm2 sec). May be author 
tried to change this anomaly a little in their further publications (up to 480 mW/m2). 
Later on this abnormal values (209 mW/m2 in the Middle Caspian) were not used any-
where among ordinary values 30-80 mW/m2.  

Now we possess new data demonstrating possibility of rather higher values 
of the heat flow anomalies. Near mud volcano Nakon Mosby in the Barents Sea 
there were recorded heat flows up to 1045 mW/m2 [Eldholm et al., 1999]. 
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Geothermal investigations in the crater of mud volcanoes in Azerbaijan 
demonstrated that thermal gradients (heat flows as well) in mud volcanoes may 
several times higher than heat flows normal for the earth crust [Mukhtarov, Adi-
gezalov, 1997]. 

This data demonstrate disintegrated character of the crust and high fluid-
dynamic activity in the boundaries of the dissected areas. In these boundaries proc-
esses of heat-transportation are shown by equations of heat-mass transportation in 
porous media. As a result in local areas abnormally high heat flows may be formed. 

Its main peculiarity is that it allows generation of hydrocarbons in deep (8-
15 km) horizons of the Caspian region [Mukhtarov, Adigezalov, 1999; Mukhtarov 
et al., 2003]. 
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Summary 

Terms of paleotectonic evolution of the South Caspian basin (SCB) and 
its intensive downwarping mainly in Neogene-Quaternary determined accu-
mulation of a thick series of a molassic formation and accumulation of huge 
oil and gas deposits. 

Processes of migration and accumulation of oil and gas took place at 
two stages – mainly in elision cycle of formation of Middle and Upper Plio-
cene aquifer system, in terms of intensive subsidence of the basin and forma-
tion of consedimentation structures. At the first stage hydrocarbons in their 
disperse and dissolved states were transformed by sedimentation waters out 
of areas of the greatest initial gradients of stratal pressures (out of depression 
zones) into areas of lower gradients (into zones of discharge - flank zones and 
most uplifted tectonic elements). Being caught by traps potentials of fluid took 
value of minimum and deposits turned out to be closed from all sides by zones 
of high potentials. 

At the second stage during the quaternary phase of the folding inten-
sive uplifting of flanks and downwarping of central areas of the SCB resulted 
in a significant inclination of hinges of the foldings towards the centre of the 
basin (amplitude of the inclination exceeds 7-8 km along the top of the Middle 
Pliocene). In its turn this resulted to the reformation of the deposits – to the 
crossflow of oil according to principle of differential catching along strike of 
the layers out of one trap in another. In the marginal and uplifted traps there 
was concentrated a great amount of oil and sometimes it filled the traps up to 
the lock. At the same time in the most subsided traps there occurred the in-
crease of relation of amount of gas to oil. During the further subsidence with 
the growth of the stratal temperature and pressure they suffered significant 
phase transitions and completely passed into a single-phase gas state.    

 
 

Introduction 
The South Caspian Basin (SCB) is a vast region of downwarping of the 

earth crust in the system of Alpine folded belt with thickness of sediments up to 
22-24 km. In the west it is limited by the Talysh-Vandam buried protrusion of a 
submeridional strike composed of volcanogenic, volcanogenic-sedimentary and 
terrigenous-carbonaceous Mesozoic deposits. In the east it is limited by the Al-
adag-Messerian stage of the West Kopetdag (Fig. 1). The north boundary of the 
basin goes through the North-Absheron zone of uplifts where the washed out sur-
face of intensively dislocated Mesozoic deposits is overlapped transgressively by 
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decreased thickness of Paleogene-Miocene deposits. In the south it is limited by 
folded system of Elbrus. 

Peculiarities of paleotectonic evolution of the basin and its intensive down-
warping mainly in Neogene-Quaternary determined accumulation of thick series of 
molasses formation and accumulation of rich oil and gas deposits there. Amplitude 
of this basin downwarping in the most subsided zones (water area of the South 
Caspian) was more than 10 km only in Pliocene-Quaternary. 

 

 
Fig. 1. Tectonic scheme of the South Caspian zone of down-warping (A.I. Aliyev, 2003) 1- 
boundaries of the South Caspian down-warping; 2- the most important deep faults separat-
ing Alpine folded region from the epihercyan platform; 3 – important deep faults separating 
large structural elements; 4 -  important regional sedimentary  faults; 5 – contour lines of 
surface of the consolidated crust.  

 
 

Results of Investigation 
Main of oil-gas complex in the SCB is productive-red series of the Middle 

Pliocene1. The largest oil-gas fields in Azerbaijan, South-West Turkmenia and wa-
ter area of the South Caspian are linked with it. This complex is characterized by 
the highest specific gravity of explored reserves, prospective and predicted oil and 
gas resources. Region of spread of these oil-gas deposits according to specific 
gravities of potential hydrocarbons resources is related to the highest category of 
prospective territories. 

                                           
1 During last years the stratigraphic position of this complex is defined as Lower Pliocene. At the same time in 
order not to create confusion in the petroleum geological literature, we leave the Middle Pliocene age of the pro-
ductive-red series of South Caspian depression, accepted in the world during more than 100 years. 
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Thickness of productive-red series is 5000-6000 m in deep depression of the 
SCB and it becomes lower in the flanks and near-flank zones of the SCB. It is 
1500-3000 m in the Absheron-Pribalkhan zone of uplifts; 2000-4000 m in the 
Lower Kura depression and up to 5000 m near the Baku Archipelago (Fig. 2). 

 

 
 

Fig. 2. Map of equal thickness of the PS-red series of the Middle Pliocene (A.I. Aliyev, 
2003) 1- lines of equal thickness; 2 – areas of the absence of the PS-red series deposits; 3 - 
boundary of epihercyan platform.  
 

 
Within the Gograndag-Chikishlyar stage in the South-West Turkmenia 

thickness of the red series is no more than 2500 m and it becomes higher in the 
Kyzylkum depression – up to 4000 m and more. In the vast Turkmenian shelf in 
the South Caspian within the median massif of Godin determined by gravimetric 
survey which underwent subplatform evolution thickness of the redseries will be 
probably no more than 3000 m. 

The productive-red series deposits are expressed mainly by delta formations 
(Paleo-Volga, paleo-Kura, paleo-Uzboi, etc.). They are represented by rhythmical 
alternation of sandy-silty and clayey rocks. The highest sand-content in the section 
(up to 70%) and high capacity and filtration properties of reservoirs belong to "the 
Absheron facies" of the productive series (PS). It is expressed by delta deposits of 
paleo-Volga which are widely spread in the SCB. 

In the West Absheron and in the South-East Gobustan the PS deposits be-
come more clayey and they exist in the mixed "Absheron-Gobustan facies" with 
the prevailing Absheron facies in the Balakhan suite and in the lower division.  
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In "the Kura facies" of the PS spread mainly in the Lower Kura depression 
and in its marine continuation in the south of the Baku archipelago, the upper sec-
tion corresponding to the Surakhanian suite possesses the highest sand content. 

The mixed "Gobustan-Kura facies" is spread to the south of the Khamamdag 
zone of uplifts (Byandovan, Yanan-Tava, Atashgya etc.) and possesses the highest 
clay content. 

The red-series of the Middle Pliocene is spread to the east of the field Kya-
paz in the Turkmenian shelf and in the South-West Turkmenia. The highest sand 
content in the section belongs to the red series in the Pribalkhan zone of uplifts and 
vast Turkmenian shelf (sections i.Ogurchinski, West-Erderum and Fersman).  

"Oil-gas facies" of the PS-red series is spread all over the water area of the 
South Caspian and the adjacent lowland on-shore territories in Azerbaijan and the 
South-West Turkmenia. It is limited by the Talysh-Vandam protrusion in the west 
and by the Aladag-Messerian stage in the east. Beyound these zones the deposits of 
the mentioned complex exist in non-favourable facies for generation and accumula-
tion of hydrocarbonaceous fluids (fig. 3). 

 
Fig. 3. Map of "oil-gas" facies of the Ps-red series; (A.A.Ali-zadeh, A.I.Aliyev, 1982[7]). 

Geochemical facies: 1 – high oxidation; 2 – oxidation; 3 – oxidation-reduction; 4 – reduction; 5 – 
land; 6 – boundary of epihercyan platform; 7 – boundary of ''oil-gas" facies of the PS-red series. 

 
 

The most favourable terms for oil-gas accumulation in the SCB exist in "the 
Absheron facies" of the PS. A significant part (88%) of oil-gas deposits (gas con-
densate) determined in the PS in Azerbaijan are related to its "Absheron facies". 
Rhythmical alternation of sandy reservoirs and clayey seals and favourable struc-
tural terms determined saturation of the whole section of "the Absheron facies" of 
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the PS where one can identify about 40 oil-gas objects (Balakhany-Sabunchi-
Ramany, Surakhany, Bibi-Eibat, Kala etc.). With "the Absheron facies" of the PS 
many large fields in the SCB are associated. They are as follows: Azeri-Chirag-
Gyuneshli, Shakh-deniz (Shakhovo-more), Neft Dashlary (Oil Stones), Bakhar, 
Bibi-Eibat, Balakhany-Sabunchi-Ramany, Surakhany etc. 

Thickness of "the Absheron facies" of the PS varies 1200 to 1400 m in the 
most uplifted tectonic elements and up to 3600-4200 m and more in more subsided 
zones (Bakhar, Zyrya, Bina-Govsanin syncline etc.). In the field Shakh-deniz we 
assessed its thickness more than 5000 m (5) yet in the 70s of the last century. This 
was proved by results of further exploration drilling. 

It should be mentioned that throughout the South-Caspian region of down-
warping the most complete section of the Middle Pliocene deposits was stripped in 
"the Absheron facies" of the PS. Its base suites have thickness up to 600 m in the 
Absheron periclinal depression. There are pinching out or they have not been 
stripped in the adjacent regions (fig. 4). 

 
 

Fig. 4. Areals of the spread of certain suites of the PS in Azerbaijan 
(A.A. Ali-zadeh, A.I. Aliyev, 1983, [7]). 

1 – Kalin suite (KaS); 2 – lower Kirmakin (LK); 3 – upper Kirmakin sandy (UKS); 4 – 
"pereryv" suite (PS); 5 – Balakhan suite; 6 – supposed Pontian relict; 7 – areas of the Ab-
sence of the PS deposits.  
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Section of "the Absheron facies" of the PS is subdivided into two divisions – 
the upper including the Surakhan, Sabunchin, Balakhan suites and "pereryv suite" 
and the lower including the Upper Kirmakin clayey suite (UKC) and Upper Kir-
makin sandy suite (UKS), the Kirmakin suite (KS), Lower Kirmakin suite (LK) 
and Kalin suite (KaS). We can make a supposition that in the most subsided zones 
older layers of the PS will be stripped below the KaS. 

The stripped section of the red series in the Pribalkhan region corresponds to 
the upper division of the PS and horizon VIII of red-beds is very well correlated 
with "pereryv suite". The under red-beds (horizons IX and X) are analogous to the 
suites in the lower (UKS and LK suites) PS. But probably there is no analogue to 
the KaS in the section of the red series or it may be stripped in the most subsided 
zones of the Kyzylkum depression. 

For the whole period of exploration works in the SCB there were discovered 
763 oil and gas (gas condensate) deposits located in 83 fields (Table 1) and 674 
deposits or 88% which are related to the PS-red series deposits. Moreover, more 
than 70% (487) deposits discovered in the Middle Pliocene deposits are related to 
the PS in Azerbaijan. In the SCB 411 deposits (53,8%) possess oil content, 158 
(20,7%) have oil-gas content; 142 (18,6%) have gas condensate and 52 (6,9%) 
have oil-gas condensate content.  

For a long time most of the exploration drilling in Azerbaijan and in the 
South-West Turkmenia has been conducted in the flanks of depression zones. As a 
result tens of large oil fields were discovered and put into development. This allowed 
to recognize the SCB mainly as oil basin. At the same time since the 60s of the last 
century a number of gas condensate and oil-gas condensate fields discovered in rela-
tively subsided traps have changed the opinion and regular growth of gas content in 
the earth interior towards regional subsidence of the folding have been determined. 
This was the main criteria during separate prediction of zones mainly of oil and gas 
accumulation in the SCB and mainstreaming gas exploration [1-3,7,12,14]. The pre-
diction of the research carried out in this direction was confirmed by a number of 
large gas condensate (oil-gas condensate) fields discovered in deep zones of the SCB 
(Shakh-deniz, Bulla-deniz, Bakhar, 8 March, Zyrya, Janub etc.).     

The discovered gas condensate fields are multilayered and they are charac-
terized by different correlation of liquid and gaseous hydrocarbons in the deposits 
depending on thermobaric parameters of the layer. Usually gas-condensate deposits 
are extremely saturated with liquid hydrocarbons and amount of condensate they 
possess in the gas phase in the most subsided traps is up to 300-350 g/m3. In the 
most cases gas-condensate deposits contain oil fringes of commercial importance. 

It should be mentioned that in the section of the PS-red series in the SCB 
one can trace a distinct zonal distribution of oil and gas depending on depth and 
thermobaric parameters of the deposits. Character of distribution of discovered 
geologic oil and gas reserves according to depth intervals demonstrates that main 
explored oil reserves in the SCB are located at depth up to 3000-3500 m and 
deeper they are practically little. Moreover, a significant part of the gas reserves is 
located at depth more than 3500 m [2, 3]. 
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Peculiarities of location of oil and gas deposits in the SCB are associated 
with terms of their formation, reformation and destruction during Neogene-
Quaternary history of the basin evolution and also with the change of thermobaric 
regime of the earth interior. 

Some investigators think that oil and gas deposits in the PS-red series were 
formed at account of vertical migration of hydrocarbons out of underlying deposits. 
A thick series of clayey Oligocene-Miocene deposits (Maykop suite, Tchockrak 
horizon, diatom suite) is taken for oil-gas generating suites. It is characterized by a 
significant concentration of the organic matter. No doubt that accumulation of Oli-
gocene-Miocene deposits in the SCB occurred in the terms favourable for oil-gas 
generation (in marine subaqual environment with a reduction geochemical setting 
in terms of stable downwarping of the sedimentation basin floor and accumulation 
of a significant amount of the OM of a sapropelic type etc.). However, due to the 
absence of thick sandy reservoirs of accumulation in the section, generated disperse 
hydrocarbons extremely saturated all micropores of clays. As a result there occured 
retardation of processes of the further transformation of the OM therein, i.e. there 
occured conservation of organics in the consolidating clayey deposits and their hy-
drocarbonaceous potential was not realized. Just for this reason in the Oligocene-
Miocene section there occur high bituminiferous clays. Yet, I.M.Gubkin wrote that 
kerogens and combustible shales were rocks undermatured to generate natural oil. 
I.M.Gubkin attached great importance to the existence of rocks-reservoirs of accu-
mulation in the section of oil-gas generating suites as a necessary term of constant 
transformation of the initial OM into liquid a gaseous hydrocarbons [11].  

High genetic potential of Oligocene-Miocene deposits productivity yet in the 
30s of the last century put them among oil and gas complexes of a high potential. 
However, exploration of these deposits which have been conducted for a long time 
did not result in significant discoveries due to the absence of favourable facies of 
reservoirs in the section. The largest accumulations of oil were discovered in thin 
interlayers and lenses of sandy-silty rocks. Due to low capacity and filtration prop-
erties of the reservoirs they turned out to be of a low debit and in some cases un-
profitable for commercial exploration. 

It should be mentioned that one of the likely mechanisms of the initial mi-
gration of hydrocarbons out of generation zones (out of oil-gas producing suites) 
into accumulation zones (into reservoir-rocks) is their transportation in dispersed 
and dissolved states by sedimentation waters during consolidation of the sediments. 

Supposed oil-gas generating suites of the Oligocene-Miocene before the ac-
cumulation of the Lower Pliocene deposits were consolidated and crushed into 
folds. Migration of oil in a drop-liquid or vapour-gaseous states through a thick 
series of consolidated clayey deposits does not seem possible. Moreover, oils de-
termined in Oligocene-Miocene deposits turned out to be heavy with a consider-
able amount of asphalt-resinous components. This contradicts the early stage of 
generation of lighter oil which first of all had to saturate reservoirs of oil-source 
rock suite of the Oligocene-Miocene itself. Thus, oil and gas deposits generation in 
the PS-red series occurred at account of generation of hydrocarbons of clayey in-
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tervals of its section. For the first time this idea was brought up by one of the lumi-
naries of geological science V.V.Weber in 1945 [9]. Later on he conducted vast 
geochemical studies in this field and determined oil-generating property of the PS 
deposits [10]. 

A.A.Ali-Zadeh having analysed the whole gathered data on oil-generating 
suites of the Oligocene-Miocene and formation of oil and gas deposits in the PS in 
Azerbaijan made a conclusion that "neither Maykop nor diatom nor any other 
lower suites could be sources of oil and gas deposits formation in the Balakhan 
stage (PS – A.A.) in the Absheron peninsula" [6,8]. In this vision the PS deposits 
were formed in favourable geotectonic and geochemical terms of accumulation of 
organic remains and their transformation into oil and gas.  

Fig. 3 demonstrates that "oil and gas facies" of the PS-red series in the SCB 
was mainly formed in the reduction geochemical environment favourable for the 
accumulation and transformation of organic remains into hydrocarbons. As for 
poor organic remains in the PS-red series A.A.Ali-zadeh mentioned that low con-
centration of organics in the PS deposits was linked with the transformation of its 
significant part into hydrocarbons [6]. Moreover, geochemistry of the OM of the 
PS-red series in deep zones of the SCB where its section becomes more clayey has 
not been studied yet.  

Thus, the PS-red series deposits were formed in terms of a transgressive cy-
cle of sedimentation favourable for oil and gas generation and in terms of rapid 
subsidence of the basin floor and removal of organic remains in the reduction envi-
ronment. Rate of sedimentation of the PS-red series in more subsided zones in the 
SCB was 15-20 cm per 100 years and it decreased in its flanks up to 8-10 cm per 
100 years. Results of paleomagnetic investigations demonstrated that rate of the 
basin's downwarping and accumulation of deposits was high in the lower division 
and in the Balakhan suite (including "the pereryv suite") [13]. For this reason rela-
tion of most of the explored oil and gas reserves with the lower division, with "the 
pereryv suite" and with the Balakhan suite of the PS in the north-west flank of the 
SCB [1] is probably not accidental. 

It should be mentioned that in rapid-subsiding young depression basins with 
the elision regime of acquiferous systems including the SCB due to intensive 
downwarping and  accumulation of thick series of deposits, tempos of discharge of 
sedimentation waters are lower than the tempo of the deposits subsidence. For this 
reason porous pressures increase in non-consolidated clayey series taking the geo-
static load. And sedimentation waters buried in closed pores of clays under abnor-
mally high gradient of porous pressures give clays plasticity and fluidity. 

Tempos of discharge of sedimentation waters out clayey deposits depend on 
frequence of alternation of clays and sands. In contacts of clays with sands gradi-
ents of porous pressures of clays are close to gradients of stratal layers in sands. 
For this reason gradients of porous pressures in clays as well as fluidity of plastic-
ity of clays are lower in series of sandy-clayey alternation than in thick clayey 
thickness. The more the thickness of the clayey layers is the higher gradients of the 
porous pressures, fluidity and plasticity are. 
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Fig. 5 demonstrates principal scheme of withdrawal of porous waters out of 
clayey layers into sandy layers and distribution of gradient of porous pressures in 
the clayey series. The scheme demonstrates that value of the gradient of porous 
pressures in the clayey series (layer) becomes higher as a result of their contact 
with sandy layers and reaches its maximum in the middle of the clayey series 
(layer). With sandy-clayey alternation of the section due to favourable terms of 
emigration of sedimentation waters out of clays into sandy layers with the further 
discharge the clays become more consolidated and impoverished of organic matter 
due to their transformation into hydrocarbons. Taking into account that migration 
of HC out of zones of generation into zones of accumulation occurs in a disperse 
and dissolved states by the sedimentation waters during the consolidation of the 
deposits one may suppose that non-consolidated plastic clays with abnormally high 
gradient of porous pressures (their oil-gas generating potential was not realized 
completely) are most of all enriched by the OM. 

 

 
Fig. 5. Principal scheme of withdrawal of porous waters out of clayey layers into sandy 
layers and distribution of porous pressures in the clayey series. 1 – clays; 2 – sands and 
sandstones; 3 – direction of the porous waters  withdrawal. 

 
 
It should be mentioned that generation, migration, accumulation and conser-

vation of HC fluids in the traps is a long interconnected process which takes place 
in different ways in different facial-geochemical and geotectonic terms of evolution 
of sedimentary basins. 
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Conclusion 
Formation of oil-gas deposits in the PS-red series of the Middle Pliocene in 

the SCB was due to HC generation from the clayey intervals of its section. Proc-
esses of migration and accumulation of oil and gas there took place at two stages. 
They were mainly in the elision cycle of formation of Middle and Upper Pliocene 
aquiferous system in terms of intensive subsidence of the basin and formation of 
consedimentation structures. At the first stage the HC in their disperse and dis-
solved states were transported by sedimentation waters from zones of  the highest 
initial gradients of stratal pressures (from the disperse zones) into zones of low 
gradients (zones of discharge-flank zones and more uplifted tectonic elements). 
Having been caught by the traps potentials of fluid took value of minimum and the 
deposits became closed from all sides by zones of high potentials. At the second 
stage during the Quaternary phase of the folding, the intensive uplifting of flanks 
and downwarping of central parts of the SCB resulted in a considerable inclination 
of hinges of the basin which is folded near the centre (amplitude of this dip is more 
than 7-8 km along the top of the Middle Pliocene). In its turn this resulted in the 
reformation of the deposits – in the oil crossflow according to the principle of dif-
ferential catching along strike of the layers out of one trap into another. 

In the most marginal and uplifted traps towards the folding's hinge uplifting 
there was concentrated a high amount of oil. In some cases it filled the traps up to the 
retainer (Balakhany-Sabunchi-Ramany-Surakhany-Karachukhur-Zykh, Binagadi-
Chakhnaglyar-Sulutepe-Atashkya-Shabandag etc.). At the same time in the most sub-
sided traps the ratio of oil and gas volumes became higher. During the further subsi-
dence with the growth of the stratal temperature and pressure they underwent consider-
able phase changes completely transforming into a single-phase gas state. 

Reformation of oil and gas deposits in the Quaternary phase of the folding 
according to the mentioned principal is confirmed by the following peculiarities of 
distribution of the deposits and oil-gas fields in the Absheron oil-gas region. 

- relation of oil fields with the highest reserves to marginal structures along 
strike of the folding hinge; 

- continuity of oil deposits in the most marginal traps; 
- existence of migration traces in the form of residual oil of non-commercial 

importance in the interstructural troughs of the most marginal traps and beyond the 
contour of oil content; 

- traps with gentle periclines of a lower amplitude open from the side of the 
folding-hinge uplifting as compared with steep periclines of a higher amplitude 
along the subsidence (Surakhany, Karachukhur-Zykh, Gum-deniz, Bakhar, Kala, 
Bibi-Eibat etc.); 

- decrease of oil-gas potential floor at account of the upper intervals of the 
section in the direction of the folding subsidence; 

decrease of oil reserves together with the widening of gas cap and replace-
ment of oil fields by gas-oil and gas-condensate fields in the direction of regional 
subsiding of the folding.  

The studied mechanism of formation and reformation of oil and gas deposits 
in the PS – red series in the SCB more validly explains their zonal distribution 
which is in the relation of oil fields to flanks and most uplifted tectonic elements 
and gas-condensate fields – to the subsided zones (fig. 6). 
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It should be mentioned that formation of oil deposits at depth of 400-1800 m 
in large fields like Balakhany-Sabunchi-Ramany, Surakhany, Bibi-Eibat, Binagadi-
Chakhnaglyar-Sulutepeh etc. with great initial geologic reserves (about 1 bln. tn. in 
field Balakhany-Sabunchi-Ramany)2 by lateral or vertical migration of HC in a 
single-phase gas state with the further condensation in traps of liquid HC due to the 
change of thermodynamic terms of stratal system is not possible.  

Our calculations demonstrated that formation of deposits in Balakhany-
Sabunchi-Ramany oil field by the migration of HC in a single-phase gas state 
would require the passing еhrough traps of 10 trl. m3 of gas with the stratal pres-
sure about 300 atm till the uplifting and washing-out of the structure in the Quater-
nary and maximum saturation of gas by liquid HC about 100 gr/m3.  

 

 
 

Fig. 6. Distribution zoning of oil and gas fields in the SCB (A.I. Aliyev, 2003). 
Fields: 1 – oil; 2 – oil-gas; 3 – gas-condensate; 4 – prospective structures; 5 – boundary of 
the spread of the productive series-red beds series. 
Zones: 6 – predominant oil-accumulation; 7 – oil-gas accumulation; 8 – predominant gas 
accumulation.  
 

Within the Absheron periclinal  trough including the Absheron peninsula 
and adjacent water area of the South Caspian shelf as far as field Kyapaz the ex-
plored initial geologic oil reserves are  more than 3,6 bln. tn. Their accumulation 
by migration of HC in a single-phase gas state would require the passing through 
the traps of the explored fields of about 36,0 trl. m3 of gas.  

                                           
2 This field has been explored for more than 130 years. It has been produced about 330 mln tn of oil 
and for more than 80 years the deposits were developed without supporting the stratal pressure. Due 
to this the average ratio of oil production will be 0,33 and not 0,50 as it is adopted in the reserves 
balance.  
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With account of predicted oil resources only in the west flank of the SCB 
within Azerbaijan initial potential geologic oil resources are about 24,0 bln. tn. 
Formation of the this volume of oil by the migration of HC in a single-phase gas 
state with average amount of liquid HC in a gas phase of 200 gr/m3 and pressure of 
about 400 atm would require the passing through the traps of 120 trln. m3 of gas.  

In gas-condensate field Shakh-deniz (Shakhovo-more) with gas reserves of 
about 1 trl. m3 with amount of condensate of 300 gr/m3 at depth of more than 6000 
m reserves of liquid HC are 300 mln. tn.  

The above given calculations demonstrate scales of generation of liquid and 
gaseous HC only in the west flank of the SCB without the account of large accu-
mulations of gas in deep traps. 

No doubt that considerable amount of HC gases generated in sedimentary basins 
and in the SCB inclusive go away to atmosphere during long geologic history. In oil-
gas basin they leave tracks in the form of condensed liquid HC (oil) on the ways of 
migration and in traps. Probably in the direction of migration of HC towards beds rise 
as thermobaric parameters of the layer decrease first of all heavier HC and then light 
HC will drop out (condensate) from the gaseous phase. Our investigations [4] demon-
strated that in the gas-condensate fields in the SCB density of condensate grew together 
with the growth of depth and thermobaric  parameters of deposits and increase of 
amount of condensate in the gaseous phase. Most of the discovered gas-condensate 
deposits have maximum saturation with liquid HC (the stratal pressure is equal to the 
condensation pressure). In some cases they contain oil fringes.   

Finally it should be mentioned that as a result of paleoreconstruction of 
seismic profiles there was determined mainly the upper Pliocene-Quaternary age of 
the overwhelming majority of the structures in the SCB (fig. 7). Formation of oil 
and gas deposits in the PS  red series in the SCB took place in the same period.  

 
Fig. 7. Paleoreconstruction of seismic profile along line 95-1039 by the beginning  

of the Ackchagyl age. 
Seismic horizons related to: 1 – to the top of the Sabunchin suite; 2 – to the top of the 
Balakhan suite; 3 – to the top of “pereryv” suite; 4 – to the surface of the deposits underly-
ing the productive series; A – top of the productive series.  
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Summary 

The paper deals with geologic-geochemical aspects of mud volcanism 
in the light of new data: tectonics of mud volcanic zones, regularities of spa-
tial distribution and classification of mud volcanoes, issues of formation and 
mechanism of manifestation of volcanoes, peculiarities of their eruptions; 
geochemical characteristics of rock and fluids; genetic relation of activation 
of mud-volcanism with seismicity; role of mud volcanoes in the assessment of 
oil-gas potential of deep Eocene-Miocene deposits. 

 
 

Introduction 
 

The problem of mud volcanism is one of the important direction of studies 
of geological science, and mud volcanoes are very interesting and mysterious natu-
ral phenomenon, they contain a large perceptive information about depths, which 
permits us to study many theoretical and practical questions of geology, geochem-
istry and geophysics. The study of mud volcanoes allows to clarify deep horizons 
structures, occurring geochemical processes to solve practical problems in assess-
ment of oil-and-gas content of great depths. In comparison with magmatic volca-
noes the mud volcanoes on a global scale have a limited distribution. They are 
mainly situated within Alpine-Himalayan, Pacific Ocean and Central Asian mobile 
belts in 26 countries of the World (Columbia, Trinidad, Rumania, Ukraine, Turk-
menistan, Iran, Pakistan, Burma, Malaysia etc.).  

During last years there is rather rapid increase of total quantity of mud vol-
canoes due to discovery of new marine volcanoes in the Black, Mediterranean, 
Barents and others seas in many scientific publications (Milkov, 2000, Kholodiv, 
2002). The figures, used by authors in papers, are very exaggerated, because they 
are bigger than the figures, which have been accepted before by the geologists-
volcanologists. It is impossible to recognize new continental mud volcanoes nowa-
days, but the marine-submarine volcanoes cannot exist in such amount. The fact is 
that the researchers of mud volcanoes have not clear idea about mud volcano defi-
nition, as not every gas seepage, water and mud as well brought to the earth surface 
or in the bottom of seas can be referred to volcanoes. It is necessary to know the 
nature of this manifestation and strictly to fit “mud volcano” term. At present we 
have classified volcanoes according to their morphological features and one third 
of land volcanoes we referred to mud volcanic manifestations category at new map 
of the Azerbaijan mud volcanoes and in the adjacent water area of the Caspian Sea.             
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Typical peculiarities and classification of volcanoes 
 

South-Caspian oil-gas basin (SCB), covering the territories of East Azerbai-
jan, of South-West Turkmenistan and water area of South Caspian, is represented 
by area of large sagging with thick sedimentary series (more than 25 km) and with 
wide development of mud volcanism. There is a sharp subsidence of Mesozoic sur-
face and accordingly the increase of Cenozoic thickness from orogenic elements, 
surrounding depression, to its inner parts. The Cenozoic foot reaches 8-12 km on 
the Absheron peninsula, 8-10 km in Shamakha-Gobustan and Lower Kura regions 
and 14-20 km on Absheron sill, on the West-Turkmenian sagging and in South 
Caspian (Mamedov, 1991; Hajiyev, 1994). 

SCB is unique according to the number of mud volcanoes, their variety and 
intensity of eruption in the world. There are about 400 mud volcanoes in this 
unique region, i.e. it is almost a half of world volcanoes. There are 200 continental, 
above 180 marine volcanoes, established in South Caspian water area by different 
methods (aeromagnetic, seismosounding, profiling, morphometric and geochemi-
cal). The volcanoes are situated in shelf, continental and deep water zones and they 
cover area of 60 thousand km2 (Lebedev, Kulakov, 1981). 

 All forms of mud volcanic manifestations (active, extinct, buried, island, oil) 
can be observed in Azerbaijan. According to morphology we can distinguish cone-
shaped, dome-shaped, ridge-shaped, plateau-shaped ones. The volcanoes’ craters 
have different shapes: conical, convex-plane, shield-shaped, deep-subsided, caldera-
shaped. About 40 mud volcanic manifestations provide abundant oil seepage. 

As a result of mud volcanic activity islands, banks, shallows and the subma-
rine ridges are formed in marine conditions.  On Baku archipelago there are 9 is-
lands of mud volcanic origin (Zenbil, Gil, Khare-Zira, Garasu, Sangi-Mugan and 
etc. isles) and many submarine banks. Besides, the submarine emanations of vol-
canic breccia form vast covers on the sea bottom. The depths of location of subma-
rine volcanoes are different: from several meters up to 900 m, the height of its 
cones is also different. There are also the volcanoes, being in “buried” condition. 
The absolute marks of supposed volcanoes sometimes, reached 400 m and more as 
the land ones  (Toragay, Otmanbozdag, Bozdag-Gezdek, B. Kyanizadag). In deep 
water subzone, situated in the west continental slope of South Caspian, there are 
the submarine volcanoes with heights up to 500 m (Dadashev, Mekhtiyev, 1974). 
The most quantity of volcanoes, especially large ones are concentrated on the 
north-west flank of the South-Caspian depression (more 300). The sizes of mud 
volcanic fields in Shamakha-Gobustan region reach 58 km2 (Solakhay); the volume 
of ejected breccia is 16 billion m3 (Akhtarma-Pashaly). In South-West Turkmeni-
stan the volume of breccia of large buried volcano Barsa-Gelmes is 3,5 billion m3 
(Yakubov, Aliyev, 1978).  The new large marine volcanoes been recognized on the 
south of Baku archipelago, in Nakhchyvan block (J.Corthay, Aliyev, 2000). 

The marine mud volcanoes are of great importance in geological history of 
the Caspian Sea development and in modern history as well. The activity of volca-
noes in marine conditions leads to formation of positive relief elements. The prod-
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ucts of its ejection take part in the formation of microrelief of surrounding parts of 
sea bottom, and influence on its dynamics and bottom sediments composition.  

It should be mentioned that most of the structures in the territory is compli-
cated by mud volcanoes. They are related to large longitudinal and cross disloca-
tions and they are located in different parts of anticlinal uplifts (arcs, slopes, peri-
clines), which are overlapped by mud-volcanic breccia. Periclinal ends of the struc-
tures represent the arc of the fold as well on the old deposits. The mud volcanic 
breccia unlike the dislocation zones and crushing zones significantly impact the 
efficiency of geophysical exploration.  

Chaotic orientation of fragmental material in the crater of a volcano in the 
seismic profiles is fixed as the decrease of amount of the reflecting boundaries and 
their chaotic distribution. In the crater and in the vent of a mud volcano filled with 
volcanic breccia the specific weight of mass and induced magnetization become 
lower at account of disconsolidation of fragmental material. Total negative gravita-
tion and magnetic effect of a mud volcano are higher than of the crushing zone, 
fault dislocations and other factors. The zone of the tectonic dislocation and faults 
is of an extended form of anomaly. Zone of mud volcanism is of an isometric form. 
In the seismic profiles passing through a mud volcano one can observe a dramatic 
fall of the reflecting boundaries. At the very vent of the volcano one can observe 
their complete absence. 

 
 

 
 

Fig. 1 
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At the beginning of 80-s we developed the geochemical method of search of 
the buried submarine mud volcanoes (Aliyev, 1983), which was installed in prac-
tice during works in Caspian Sea for period 1984-1985. Then new submarine vol-
canoes (Neft Dashlari-2, Guneshli and etc.) were recognized within the Absheron 
sill (Guneshli, Chirag, Azeri, Kyapaz and etc.) and adjacent water area of South 
Caspian.  The zones of mud volcanic breccia distribution were distinguished on the 
sea bottom, and the selection of hydraulic constructions place were suggested for 
conduction the prospecting works (Aliyev, Hajiyev, 1995). Comparative analysis 
conducted for mud volcanism manifestation on land and in sea (by the example of 
SCD) showed the main differences and similarities of morphology of volcanoes 
and geological-geochemical peculiarities of eruption products as well (Aliyev, 
Guliev, Bayramov, 2001). The main differences and similarities between marine 
and land volcanoes have the following indexes: 1 - scale of manifestations; 2 - vol-
canoes activity; 3 – morphology; 4 - matter composition of eruptions products; 5 - 
chemical composition of fluids, ejected by volcanoes. 

According to above mentioned, more than 180 mud volcanoes have been es-
tablished by different methods in Caspian, it is just the same as on land of East 
Azerbaijan. Probably, the new submarine volcanoes will be discovered and soon 
the quantity of submarine volcanoes will be more than continental volcanoes. 

Unlike the marine volcanoes (especially which are situated at the great 
depths) the eruptions of land volcanoes, are relatively fixed exactly. According to 
data 26 eruptions occurred on the 24 volcanoes during last 10 years. During this 
time there were 7 eruptions in the sea. However, this comparison can’t  be  the base 
for activity of marine volcanoes due to absence of information about eruption of 
deep-seated submarine volcanoes. 

According to morphological features the land volcanoes are characterized by 
wide variety (cone-shaped, dome-shaped, ridge-shaped, plateau-shaped). The mud 
volcanic isles, banks, shallows, submarine ridges, large covers of volcanic breccia 
are mainly formed in the sea. There are not particular difference between high 
marks and on the areas of distribution of breccia.  

The identity can be recognized on the matter composition rocks in the hard 
ejections of marine and land volcanoes of deep-subsided zones. There is all Ceno-
zoic section in breccia, and the rocks of Paleogene-Miocene have prevailing role 
(about 80 %). The difference is fixed on the land, where the volcanoes are linked 
with different age structures. It impacts the matter composition of the ejected mate-
rials as a result of volcanoes eruptions.  

And at last, about chemical composition of fluids, ejected by mud volca-
noes. The chemical composition of waters and gases of marine and land volcanoes 
is just the same. The gases differ by the isotope composition. The mud volcanoes 
both land and marine ones, are connected with Pliocene structures (Lower Kura 
depression, Baku archipelago, Gograndag-Chikishlyar zone of uplifts), and they 
can be characterized by gases with light isotopic composition of carbon (ICC) of 
methane. Methane in the gases of land mud volcanoes varies from 35 ‰ to 
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62 ‰ (Aliyev, 1992). The compositions of inert gas components (helium, argon), 
and also of oils are the same for them. 

The land volcanoes are studied more thoroughly: in Azerbaijan – on the 
Absheron peninsula, Lower Kura depression and especially in Shamakha-Gobustan 
region, where more than 100 volcanoes are situated; in the South-West Turkmeni-
stan – on Prebalkhan region and Gograndag-Chikishlyar zone, the total quantity is 
more than 30 volcanoes (Yakubov, Aliyev, 1978). 

 
 

Regularities of the spatial distribution of  
mud volcanoes manifestation tectonics  

 
The mud volcanism is connected with territories, which are characterized by 

active manifestation of folded movements during Neogene and Anthropogene. 
Here the zones of mud volcanism manifestation are confined to the intermontane 
troughs, which were formed at early stage of development of Alpine geosynclinal 
folded regions. Moreover, the volcanoes are connected with those parts of troughs, 
which underwent intensive subsidences and are characterized by big thickness of 
sedimentary series.  

Within Azerbaijan the mud volcanoes are widely developed in the east part 
– in Shamakha-Gobustan region, on the Absheron peninsula, Lower Kura depres-
sion and on the Baku archipelago. There is a sharp difference in dislocation of 
Pliocene-Quaternary sediments. As a whole the scheme of tectonic structure and 
orientation of local structure on all territory shows the difference of folding in the 
some parts of the region. These differences in the fold orientation, density of their 
location in space, complication by mud volcanoes are explained by the peculiarities 
of deep structure of region, differed by its heterogeneity.  

At the last years the new data on tectonic of area with mud volcanism devel-
opment has been obtained. In Shamakha-Gobustan region the new folded structures 
have been recognized and microblock located between them as well. Patterns of 
mud volcanoes distribution, especially oil-seeping once along submeridional re-
gional structures and sublatitudinal anticlinal zones, and also the role of oil-and gas 
producing rocks of Eocene-Miocene in mechanism of mud volcanoes manifestation 
have been determined. According to the new data Gobustan and South Absheron 
are observed in a composition of Jeirankechmez-South Caspian depression as its 
north-west angular. There are two microblocks in Gobustan: northern and southern, 
which are differed by deep structure, presence of different structural stages, thick-
ness and different-faciality of Cenozoic deposits (Aliyev, Bayramov, 2000).    

Within northern (Boyanaty) microblock the cover of Upper Cretaceous is 
shallow occurred and the thickness of Paleogene-Miocene deposits, which forms 
the lower structural stage of Cenozoic, varies from 2.5 to 4.5 km. Boyanaty mi-
croblock is enclosed within Geradil-Masazyr underthrust zone and is recognized by 
Gujur-Gyzyldash overthrust. Its width is 20-25 km, the extension is sublatitudinal. 
Here the mud volcanoes are characterized by small sizes and weak eruptive activ-
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ity. They are concentrated on the linear folded structures and local disturbance 
complicated them (fig. 2). 

 

 
 

Fig: 2  The schematic map of tectonics mud volcanic areas of Gobustan 
Legend: 1.Folded structure of Greater Caucasus. 2. Boyanata microblock. 3. Toragay microb-
lock .4. Transcaucasian paleo islandarc system. 5. Geradil-Masazir zone convergence.6. Gu-
jur-Gyzyldash overthrust. 7. Shamakha-Neftchaly fault. 8. Gidjaki-Solakhayskiy fault. 
9.Boransiz- Djulginskiy fault. 10. The oil volcanoes. 11. Mud volcanoes. 
 
 

In the South-Toragai microblock, situated to the south of Gudjur-Gyzyldash 
thrust, the cover of Upper Cretaceous subsided at the depths of 8.0-11.5 km (Ali-
yev, 1999). In the Cenozoic section together with the increase of thickness of Pa-
leogene-Miocene deposits the presence of thick sedimentary complex of Miocene, 
Pliocene and Anthropogene can be observed. It forms the upper structural stage. 
Within this microblock the mud volcanoes are characterized by large sizes, differ-
ent morphology (cone-shaped, dome-shaped, plateau-shaped etc.), intensive erup-
tive activity, gypsometrically great heights. Unlike Boyanaty Toragai microblock is 
characterized by relatively well-ordered tectonic structures. Here the linear anticli-
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nal structures of sublatitudinal extension are often alternated with wide-bottom 
synclines, separated from them by low-amplitude thrusts. 

Here the mud volcanoes are confined to cross-knots of structure with sub-
meridional extension of Gidjaki-Solakhai fault. 

In the west the Jeirankechmez-South Caspian depression borders on the 
Trans-Caucasian paleo-island-arc system on the Shamakha-Neftechala fault of 
submeridional orientation. This system is mainly represented by volcanogenic for-
mations. Shamakha-Neftechala fault plays an important role in the volcanoes dis-
tribution. The most of them are oil-seeping and are characterized by different mor-
phological expression. The structures of South Gobustan of sublatitudinal exten-
sion contact with Shamakha-Neftechala fault on the border of Lower Kura depres-
sion. Gijaki-Solakhai fault of sublongitudinal extension, recognized during process 
of space imaging (SI) enciphering and high aero photo images (AFI), is situated in 
30 km to the east of Shamakha-Neftchala fault and covers the zone with width 
about 20 km.  

In Gobustan the linear folded structures are characterized by variety of mor-
phological types, at the same time the each microblock is distinguished by its struc-
tural forms. Boyanaty microblock, composed by deposits of lower structural stage, 
has more intensive tectonics, determined by multiplicity of linear anticlines, com-
plicated by axislongitudinal faults of ejections types and narrow synclines separat-
ing them. In Toragai microblock the folding is less intensive and linear anticlines 
enter composition of anticlinal zones, in the formation of which the deposits of all 
Cenozoic structural stages take part. 

 
Conditions of mud volcanoes formation 

  
There are a lot of hypothesis and theories of mud volcanoes formation, be-

ginning from G.V.Abich’s early model (1863), connecting mud volcanic process 
with magmatism to the later ones, which consider the connection between devel-
opment of mud volcanism and sedimentation diapirism (Braun, 1990). They are 
also connected with the formation and mechanism of mud volcanoes manifestation 
with processes, occurring during the Cenozoic completion of molasse trough, with 
main participation in the Paleogene-Miocene deposits section (Aliyev, 1992). The 
difference of scientists’ opinions on the mud volcanoes formation are generally 
based on hydrocarbon gas sources, served as driving mechanism of volcanism 
manifestation.  

S.A.Kovalevski (1928) noted the genetic relationship of mud volcanoes of 
East Trans-Caucasian with magmatic volcanoes. I.M.Gubkin (1934) indicated on 
the genetic connection between mud volcanoes and sedimentary thickness. He con-
sidered that diapir structure, oil field and mud volcanoes are the triune substance of 
single integral process of geological development of subsidence area and sagging 
of Caucasian ridge. Later, in the 50-60s this point of view was developed by 
A.A.Yakubov, who considered that the presence in the section of plastic clayey 
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rocks, buried underground types, gas accumulations, explosive disturbance and 
high pore pressures is necessary for mud volcanoes formation.  

In 80s the questions of mud volcanoes genesis of East Azerbaijan are studed 
by R.R.Rakhmanov (1983), N.C. Kastryulin (1985), V.V. Ivanov and I.S. Guliyev 
(1986, 1988), connecting the formation of volcanoes inside sedimentary thickness. 
According to their opinion, due to proposed physical-chemical model the mud vol-
canism is associated with high velocities of sedimentation in Cenozoic, methane 
formation and also “more important peculiarity of formation and development  of 
mud volcanoes is disturbance and folding of sedimentary series”… Khebberg 
(1980) in his classical review “ CH4 Formation and migration of hydrocarbon” paid 
attention to connection between abnormally high pore pressure (AHPP) and disso-
lution of CH4; he noted that this connection should be important in understanding 
of mud volcanoes development.  

So, the gas relationship with high pressure of fluids, caused by unbalance of 
consolidation, is an essential motive force of volcanoes formation in Azerbaijan. If 
early hypothises were only based on the suppositions of various geological-
geochemical process, the late models include comparatively detailed analysis of the 
connecting links between oil-and-gas-formation, origin of abnormally high pore 
pressure, decompression, gas expansion and tectonic processes, with diapirism and 
mud volcanoes formation.          

 On the whole a good connection between zone of mud volcanism develop-
ment and parts of Cenozoic molasse troughs was established, which is character-
ized by thick deposits series of orogenic complexes. Intensification of sagging pro-
vides on the one hand the intensive accumulation of clayey-sandy formations, on 
the other hand - the formation of diapir structures. 

The mud volcanism is a unique natural phenomenon. This peculiarity is dis-
tinguished in the irregularity of its distribution within different regions. All regions 
of volcanism development are characterized by maximum thickness of sediment 
series. But they are various in different regions. For example, the thickness of sedi-
mentary series in South Sakhalin is 10 km, in Indolo-Kuban trough, covered the 
territories of West Kuban and Taman peninsula is 15 km, in the South Caspian 
sagging region it is more than 25 km. That’s why the quantitative difference of 
volcanoes. High concentration of volcanoes in Azerbaijan can be explained by in-
tensive sagging of Caspian depression in Cenozoic and accumulation of thick se-
ries of Paleogene and Neogene deposits.        

The question of irregularity of mud volcanoes distribution event in the 70-s 
of the last century was studied in the book “Mud volcanism of Soviet Union and its 
connection with oil and gas content” (Yakubov et al., 1980); and also in the report 
of 27 session of International Geological Congress “Geotectonic conditions of mud 
volcanoes of the World and its significance for prediction of gas-oil-bearing inte-
rior” (Ali-Zadeh, Shnyukov et al., 1984; R. Rakhmanov in the summarizing litera-
ture about foreign volcanoes). 

There is a sharp difference of volcanoes localization, their sizes, frequency 
of manifestation not only in various regions, but also within separate region, for 
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example, in Shamakha-Gobustan region, where mud volcanism is widely devel-
oped and differs by diversity on morphology and activity of its manifestation (Ali-
yev, Bayramov, 2000).           

The analysis of existing geologic-geochemical material permits to mark, that 
origin of mud volcanoes formation are oscillatory motion and folding tectonic 
movements; its manifestation in some depression zones have original and specific 
nature. All other factors, i.e. water presence in the stratal series section, hydrocar-
bon gases and explosive disturbances, have the same significance. In the volcano 
formation the tectonics (without tectonic movements, which formed the folds, the 
mud volcanoes formation is impossible) and high gas saturation of medium have an 
important significance. All mud volcanoes emanate gas; in other words there are no 
“nongaseous volcanoes” and without tectonic movements resulting in the forma-
tion of folds, arising of mud volcanoes is not possible.  

The essential factors, determined the mud volcanic manifestations, in par-
ticular in Azerbaijan as it was mentioned above are the presence of buried stratal 
waters in the section of plastic series; accumulation of hydrocarbon gases; presence 
of tectonic ruptures; abnormal high stratal pressure (AHSP) formation in interior, 
which exceed hydrostatic pressure more than 2 times. At the same time two first 
factors are mainly necessary for mud volcanic breccia formation and, others - for 
formation of breccia ejection conditions from depths. So, only the combination of 
these factors may lead to volcanoes formation. Numerous examples from practice 
of mud volcanoes manifestation in different regions of the World confirm the accu-
racy of the above-mentioned.     

For formation of the mud volcanic breccia only clayey series of Paleogene-
Miocene is more favourable by its thickness, lithological and mineralogical peculi-
arities (Yakubov et al., 1980). During last years the connection of mud volcanism 
with Paleogene-Miocene complexes of deposits has been proved on the factual ma-
terials. At the same time there is an idea that Mesozoic deposits don’t take part in 
this process (Aliyev, 1992, 1997).  

It should be mentioned that the formation of mud-volcanic breccia occurs 
not in the very source (deep) where from they are ejected to the surface during 
eruption of the volcano. It is supposed a step-like and a stage-like form of its for-
mation. The breccia moves upwards along the channel of the volcano and at a cer-
tain depth close to the earth surface the process terminates completely. During par-
oxysm of eruption when pressure is released the mud-volcanic breccia is ejected 
out of vent in portions and fills the crater field or goes down the volcano slopes and 
forms wonderful tongues of eruption.  

According to presence of mud volcanic bedded breccia in Upper Maikopian 
deposits (Lower Miocene) on some territories of Gobustan it was established that 
during this period the eruptions of mud volcanoes took already part. The same 
breccias were occurred in the Miocene-Pliocene section and Anthropogene depos-
its of Gobustan, Absheron, Lower Kura depression and Absheron, Baku archipela-
goes, i.e. mud volcanic activity has been started from Miocene and is going on up 
to now. 
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Mud volcanic eruptions and their  peculiarities 

 
More than 230 mud volcanoes and mud volcanic manifestations are situated 

within oil-and-gas bearing areas of Azerbaijan. The most of them are characterized 
by intensive gryphon-salse activity and emanates the hydrocarbon gases, mineral-
ized waters, mud with oil emulsion on the Earth surface. 

At the same time, in Azerbaijan every year from 2 to 5 and more paroxysms 
of mud volcanoes eruptions occur. Last century in some years the activation of 
mud volcanic activity and quantity of eruptions was registered much more. For ex-
ample, in 1926, 1970, 1986, 1988 years more than six eruptions and in 1988 year 
nine eruptions were fixed (Aliyev, Guliyev, Belov, 2002). The last activation of the 
mud volcanoes activity was in 2001 year, when a record quantity of volcanoes 
eruptions occurred (16), two of them in sea (Buzovna sopkasi, Chigildeniz), three - 
on the Absheron peninsula (Keyreki, Bozdag-Gekmali, Lokbatan), the rest in 
Gobustan. Especially strong eruptions occurred on Durandag and Chapylmysh vol-
canoes in the South Gobustan, which ejected correspondingly about 700 and more 
than 300 ths m3 of breccia on the Earth surface, covered area of 31 and 22 ha.  Fre-
quently erupted volcanoes are also observed (Lokbatan, Shikhzairli, Keyreki, 
Gushchi, Bakhar etc.). 

Conducted analysis of paroxysm of the mud volcanoes eruptions on land and 
in sea which occurred for last two centuries permits to note some typical peculiari-
ties of mud volcanic process both as a whole, and for some regions on Azerbaijan 
territory as well. 295 eruptions have been registered on 80 volcanoes during men-
tioned period, it is 32 % among 250 volcanoes. There is an information of seven 
more eruptions in some publications which occurred for period 1844-1953, how-
ever they did not have definite location and the name. 

Among a general number of described eruptions 27 volcanoes erupted once, 
69 – 5 times, 13 – from 5 to 10 and only 5 volcanoes more than 10 times. The more 
active volcanoes with 10 and more eruptions are Lokbatan – 22 and Keireki – 14 
located on Absheron peninsula, Shikhzairli – 18 and Gushchi – 11 in Shamakha-
Gobustan region and Khare-Zira – 10 on Baku archipelago. 

Long term research of mud volcanoes of Azerbaijan allow to note that usually 
those mud volcanoes can frequently erupt in crater field of which gryphonformation 
doesn’t occur (Lokbatan, Keireki) or the latter manifests very poorly (Shikhzairli, 
Gushchi). Volcanoes with active gryphon-salse activity, constant gas seepage, water 
and mud (i.e. unloading of accumulated energy) – the majority of these volcanoes are 
not affected by paroxysm of eruptions as this process occurs rather seldom. Almost 
60% of volcanoes can be referred to category of such ones, which can be character-
ized by active gryphon-salse activity. 

A good example is a dynamics of eruption of the most active mud volcano 
of Azerbaijan, “world recordholder” by number of eruptions – Lokbatan, which is 
located in south-west of Absheron peninsula. Its first registered eruption was in 
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1829. Others – in 1864, 1887, 1890, 1900, 1904, 1915, 1918, 1923, 1926, 1933, 
1935, 1938, 1941, 1954, 1959, 1964, 1972, 1977, 1980, 1990 and 2001. 

All eruptions of Lokbatan volcano were accompanied by ejection of great 
amount of mud volcanic breccia on ground surface and also by combustion, gas 
ignition, flame column sometimes reaching 300-400 m, breccia emanation on 
slopes, forming “tongues” of flows, length more than 200-250 m. Volcano erup-
tions are differed by time duration, some of them occurred within 10-15 min, oth-
ers were long more than 3-4 hours with breaks, for example eruption of 1977 when 
6 phases of volcano activization were recorded. The more powerful eruptions oc-
curred in 1887, 1933, 1954, 1972, 1977 and 2001 (fig. 3). One should mentioned 
that early eruptions are usually more intensive than the further ones. Thus, eruption 
of Otmonbozdag volcano in 1854 was characterized by the ejection of breccia in 
amount of 20 million m3 which covered area of 1000 ha, and the latest - in 1994 - 
70 ths. m3 – 5 ha. To recognize the intensity of some phase intervals of mud volca-
noes eruptions in Azerbaijan, all period 1810-2001 we subdivide into equal periods 
of time (table 1). 

Table 1 
 

Intensity of mud volcanic activity 
 Weak phase Middle phase Strong phase 

 1810-1841, 
1842-1873, 
1874-1905 

1906-1937 1938-1969, 
1970-2001 

Number of eruptions 10   25   21 58 85       96 
Number of volcanoes 8    15    14 30 44       49 

 
Further it has been defined that the majority of eruptions occurred with in-

terval of rest up to 5 years (61 eruptions); 70 – from 5 to 15 years, 31 – from 15 to 
25 years, 33 – from 25 to 50, 16 – from 50 to 100 and more than 100 years – 2 
eruptions. If to average this data one can suppose that more 60% of all registered 
eruptions of mud volcanoes of Azerbaijan occurred with interval up to 15 years. 

Disturbance of periodicity of volcanoes eruptions can be observed depending 
upon mud volcanic process from seasons and twenty four hours. So, 114 eruptions 
from 187 (i.e. 61 %) refer to large range of seasons, equal nearly to half a year pe-
riod, namely March, May, June, July, October and November months. As for twenty 
four hours according to data of 112 eruptions 46 refer to night time (i.e. 41%). 

So, though the mentioned data of number of registered eruptions of mud 
volcanoes of Azerbaijan doesn’t reflect a full picture of their real number due to 
lack of such data up to XIX century and its beginning (there is no doubt that a great 
amount of volcanoes remained non-registered) however detailed analysis of gath-
ered information of eruptions occurring over two centuries allows to determine 
some peculiarities of paroxysm of mud volcanism manifestation in time 2 in space 
within East Azerbaijan and adjacent water area of the Caspian Sea. 
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Fig . 3 

 



 

 

 

198

It is noteworthy there is a typical peculiarities for mud volcanic process in 
Azerbaijan. These eruptions occurring simultaneously or were late by twenty four 
hours but coincide in time on volcanoes, which are closely located or at large dis-
tance from each other. So on 21 March, 1857 eruption occurred at 5 a.m. on Zenbil 
I, in a day at 5.30 a.m. eruption occurred on Khare-Zirya i. At night of 23 June, 
1859 (24.00 p.m.) island volcano Gil erupted and the day after the eruption oc-
curred on Khare-Zira i. at night. On 26 January, 1872 at 11.00 volcano Shikhzairli 
erupted, two days after, at the same time eruptions were registered on volcanoes 
Marazy and Kaslamaddyn. Both volcanoes Shikhzairli and Bozakhtarma erupted in 
one day – 12 February, 1902. And there are a lot of such examples. 

And at last, it is very interesting to touch the problem of “migration” of cra-
ters which is observed in some large mud volcanoes – in Lockbatan, Bozdag-Gobu, 
Cheildag, Nardaranakhtarma and Airanteken et al. It is quite common for volca-
noes erupting periodically and due to this fact a number of mud volcanoes is called 
as Solakhai, Shekikhan and Agdam group etc. 

 
 

Mud volcanism and seismicity 
 

Questions related to connection between mud volcanism and seismicity are 
studied in works of G.V.Abich (1863), N.V.Malinovskey (1938), F.S.Akhmedbeili 
(1975), Z.Z.Sultanova (1969, 1986), A.A.Yakubov, Ad.A.Aliyev (1978), R.A.Aga-
mirzoyev (1987), R.R. Rakhmanov (1987), Ad.A. Aliyev, A.G. Hasanov, A.Y. Ka-
bulova (1989), Ad.A. Aliyev (1992), B.M. Panahi (1987, 1998) and others. 

Gathered factual material shows the availability of genetic connection be-
tween mud volcanoes and seismicity. Author believes that strong earthquakes 
“provoke” eruption of mud volcano and this can be based on many facts. 

So, eruption of mud volcano Golubitskey on Taman (5 September, 1799) 
coincided with underground shakes in Yekaterinodar city. (Krasnodar city). In 
1813 earthquake on bank Yanan-Tava provoked eruption of the same called mud 
volcano. In June 1895 the appearance of island in Turkmenian sector of the Cas-
pian (place of present bank Livanov) coincided with Uzunadinsk earthquake. In 
1927 Jau-Tepe eruption occurred simultaneously with Crimea earthquake, etc. As a 
whole, seismic activity, usually is weaker (up to 3-4 MSK) in region with mud vol-
canic focuses development than out of this region (up to 5-7 MSK). Probably, fre-
quent eruptions of mud volcanoes weaken energetic potential of earthquakes which 
provides its manifestation (Yakubov, Aliyev, 1978). There are examples when 
eruption is caused by earthquake, the epicenter of which is at small distance from 
mud volcano or tension passes on adjacent regions, which are at different distances 
from epicentres of earthquakes (table 2). 
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Table 2  
 

Earthquakes Mud volcanoes 
Focus location Time of seismic 

shake 
Name Time of eruption 

Shamakha 24.09.1848 Maraza 24.09.1848 
Shamakha 28.01.1872 Maraza, Kalamadyn 28.01.1872 
Shamakha 13.02.1902 Shikhzairli 13.02.1902 
South Caspian 01.10.1920 Dashly 02.10.1920 
South Caspian 30.04.1927 island Sangi-Mugan 30.04.1927 
South Caspian 11.04.1932 island Sangi-Mugan 11.04.1932 
Mashtaga 08.08.1953 Bozdag-Gobu 23.08.1953 
st. Nasosny 12.12.1959 Lokbatan 17.12.1959 
Shamakha reg.    
village Avakhyl 31.08.1965 Gushchu 10.09.1965 
Shamakha 21.11.1970 Cheildag 01.12.1970 
Middle Caspian 20.09.2000 Kechaldag 10.10.2000 

 
 

It is noteworthy there are cases when activation of mud volcanic activity oc-
curs before earthquake as in period of its preparation. During many years (1978-
1985, 1991-1992) we carried out regime research of volcanoes located in different 
regions of Azerbaijan, especially within Shamakha-Gobustan seismoactive region 
(Aliyev, Hasanov, Kabulova, 1989, Aliyev, 1992) in the aspect of geochemical 
methods of earthquakes prediction. Research object was 14 mud volcanoes. Meas-
ures of fluids discharges were done, composition of gases, water was studied, espe-
cially from 2 and more gryphons on each volcano. Variations of chemical composi-
tion of fluids were correlated with the number of earthquakes occurred for this pe-
riod considering 3-4 on Richter’s scale. Patterns in change of some components of 
gas (CO2, N2, He) and water (B, SO4, Cl) have been recognized, namely their 
anomalous increase during period of mud volcanoes activation which preceded 
seismic events in region. 

For example, anomalous values of CO2 (4.05% and 4.75%) in the gas compo-
sition of Demirchi volcano in Shamakha region were defined in gas sampling by av-
erage background 2,0%, they were samples June 29-July 30 in 1984 and were con-
nected with earthquakes which occurred on 1 July and 3 August, 1984 (epicentres at 
70 km from Shamakha). Before earthquake registered in August 1985, the helium 
content increased up to 0.01% in the gas composition of Gyzmeidan volcano. Several 
days before the earthquake of energetic class K=10.7 which occurred on 10 August, 
1985 anomalies of some components of chemical composition of mud volcanic wa-
ter. For example, on matrasa volcano sulfate concentration increased up to maximal 
value 0.41 mg ekb/l; the second alkalinity (A2) of the water increased nearly by 5 
times on Airanteken volcano, boron contentent increased (137 mg/l) and mercury 
was registered in water of Demirchi volcano (up to 0.013 mg/l) etc., i.e. gashydro-
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geochemical indicators were determined as a possible precursors of weak earth-
quakes which showed connection between volcanism and seismicity. 

However, the research has been carried out over the last years and based on 
many factors showed that strong earthquakes (M more than 4-5) “provoke” parox-
ysm of mud volcanoes eruptions, i.e. the last should be observed as a result of 
earthquakes. It can be supported by “record” number of eruptions registered in 
2001 on 16 volcanoes – on Absheron peninsula, in the Caspian and especially in 
Gobustan after Caspian earthquakes (25 November and 6 December, 2000) and 
other seismic events in South Caspian towards south and south-east from Baku. In 
November Kechaldag was erupted on Absheron peninsula, in January Durandag in 
Gobustan, in March – marine volcano “Buzovna sopkasy” on Absheron archipel-
ago, in May - Chigil-deniz on Baku archipelago, in June and October – Keireki and 
Lokbatan. In February 2002 Keireki eruption was repeated and in October – island 
volcano Sangi-Mugan. 

The process of Caspian earthquakes preparation reflected on anomalies of 
hydrochemical fields of ground waters, objects of seismological monitoring which 
was carried out in Republican Center of Seismological Survey of AzNAS (Aliyev, 
Keramova, 2002). 

So, conducted comparative analysis of data related to earthquakes and regis-
tered eruptions of mud volcanoes occurred in Azerbaijan over two last centuries 
allowed to reveal genetic connection between activation of mud volcanic activity 
and seismicity. Taking into consideration magnitude of earthquake, depth of focus, 
energetic class, distance between epicentre and volcano it has been established that 
earthquakes play the role of “induced and triggered seismicity” in mud volcanic 
process. The fact that strong earthquakes “provoke” eruptions of mud volcano can 
be based on many facts. 

The eruption coincides in time or is late a little and occurs after earthquake. 
In this case cause relation can be determined when focus of earthquake and mud 
volcano are within the same fault structure and if volcano has rested for a long time 
and accumulated enough energy for paroxysm of eruption. Volcanoes erupted in 
2001; Durandag – after 41 years; Ayazakhtarma, Chapylmysh – after 16-17, So-
lakhai, Shekikhan after – 12; Keireki, Lokbatan – 11, etc. And it is noteworthy the 
more duration of volcanoes’ “rest” the more powerful their eruptions. As it was 
mentioned above, during eruption volcanoes Durandag and Chapylmysh brought 
out to the ground surface 700 and 300 ths m3 of breccia. In genetic aspect both 
phenomena manifest due to tectonic tension accumulated in Earth Crust. Their rela-
tionship is caused by location of adjacent microplates or tectonic blocks within of 
which seismoactive layers are in analogous or close geodynamic conditions. Then 
seismic waves appearing in one of them don’t undergo extinction before they pass 
into adjacent microblock. In particularly, numerous eruptions of mud volcanoes 
registered in South Gobustan within Toragai microblock were connected with fault 
structures, mainly drawing towards one of them, to cross of submeridional Hijaki-
Solakhai fault with local anticlinal structures of latitude extension where erupted 
mud volcanoes are located (Solakhai, Akhtimer, Duramdag, etc.). 
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Geochemistry of products of mud volcanoes activity 
 

Gas phase of mud volcanoes activity is represented by saturated and unsatu-
rated hydrocarbons (HC). The main gas component is methane (CH4) the content 
of which reaches up to 99%; there are small amounts of heavy hydrocarbons (HH), 
CO2, N2  and other inert components (helium, argon). 

The larger content of HH (4.7%-7%) has been defined in gases of volcanoes 
located in Lower Kura depression and PreBalkhan region. Exception are composi-
tions of gases of volcanoes b. Livanov (heavy hydrocarbons (HH) – 16,3 %) in 1982 
and Khamamdag (HH 15%) in 1983 after their activation. CO2 in HC gases of volca-
noes usually doesn’t exceed 10%. So, the content of carbon dioxide in volcanoes 
gases of Azerbaijan varies within 0.01-8.6% averagely doesn’t exceed 3.0%. Only 
volcano gases of Shamakha-Gobustan region and especially Kura and Gabyrry inter-
fluve can be characterized by large values CO2 – up to 10%. Nitrogen amount can 
vary in studied gases from 0.06 to 11.7%. Content of inert components is small and 
as a whole can be expressed by thousand and hundred shares of percentage, some-
times reaching on average up to 0.012% (PreCaspian-Guba region). A small amount 
of hydrogen (H2) presents in gases content, on average up to 0.006% (Baku archipel-
ago) sometimes reaching 0.026% (West Porsugel, Turkmenistan). 

It is noteworthy that chemical composition of mud volcanoes within differ-
ent regions is different, even within one large volcano due to availability of differ-
ent supplying channels connected with different depths of occurrence for HC sup-
ply source gases with different chemical content can be observed. 

According to HH content in gases of mud volcanoes their belonging to gases 
of proper gas fields or oil fields can be defined. HH content is comparatively high 
in volcanoes gases connected with oil reserves. 

Mercury content in mud volcanoes gases is lower comparing with gases of 
oil and gas fields confined to zones of deep faults. High indicators of mercury (0.7 
mkg/m3) are registered on Cheildag volcano (Gobustan). In this case such mercury 
concentration is perfectly correlated with high content of helium (1.2%) in these 
gases comparing with other volcanoes of region. Active mud volcanoes can be 
characterized by mercury anomalies in Earth atmosphere. Local gas oreols of mer-
cury (0.1-0.2 mkg/m3 at height 1-1,5 m) are confined to constructions of mud vol-
canoes and their active channels (Aliyev, 1992). 

 
 

Isotopic research of gases and oils of mud volcanoes in Azerbaijan 
 

Helium isotopes have been defined in gases of 15 volcanoes (17 analyses) 
and carbon CH4 in 100 samples from 40 volcanoes. Gases of some volcanoes (Lok-
batan, Dashmardan and others) were studied before and after eruptions. The results 
of isotopic research of volcanoes gases and oil and gas fields were compared. 

Isotopic relations of helium in gases within (2.8-30.0) x 10-8 % . Maximum 
values (more than 10 x 10-8 %) have been defined in gases of mud volcanoes of 
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Absheron peninsula and Lower Kura depression. As a whole data obtained are in 
accordance with such of gases of oil and gas fields. 

So, gases of the Pliocene deposits fields in particular, of Absheron peninsula 
(Garadagh) and SW Turkmenistan (Koturtepe) can be characterized by helium iso-
topes within (9 x 10-8 %). It should be mentioned that during the examination of 
helium isotopes relatively high ratios of 3He / 4He were obtained for gases from 
mud volcanoes in the East Georgia (49-50)) x 10-8 % and for volcano in the East 
Kila-Kupra in the Iori depression it was even 2000 x 10-8 %. Probably, inflow of 
gas of deeper genesis took place there.  

Isotopes of CH4 carbon within –35 ‰ to -62 ‰ in gases of volcanoes. Gases 
of volcanoes of Lower Kura depression and Baku archipelago are characterized by 
light isotopes of carbon, on average -48.0 ‰ -51.1‰. Gases of mud volcanoes of 
Shamakha-Gobustan region and Absheron peninsula, on contrary, can be character-
ized by heavier isotopic content of methane carbon (CIC) within -44.2 – -35 ‰. 
Characteristics of isotopic content of natural gases are within the same limits, their 
generation is connected with sedimentary series. 

Some patterns have been revealed in distribution of methane CIC. By in-
crease of stratigraphic depth as a whole CH4 carbon is getting heavier. So, mud 
volcanoes connected with the Pliocene structures as a rule can be characterized by 
lighter methane CIC than volcanoes located at outcrops of Paleogene-Miocene de-
posits (Gobustan). Gases of large and active mud volcanoes (Lokbatan, Dashmar-
dan) can be also characterized be getting heavy of isotopic content especially dur-
ing paroxysm of eruptions, maybe due to gases supply from Paleogene-Miocene 
deposits. Analysis of chemical and isotopic content of mud volcanoes gases to-
gether with other data of geochemical research – argon isotopes (Jafarov, 1985) 
and organic matter of hard phase of mud volcanoes eruption (Aliyev, 1992) show 
the generation and migration of HC gases in sedimentary series of Earth crust. 

For the first time data of isotopic content of oils ejected by mud volcanoes 
of Azerbaijan has been obtained as a result of research carried out by Geology In-
stitute of Azerbaijan National Academy of Sciences (AzNAS) together with oil 
companies “British Petroleum” (UK) and “Statoil” (Norway). The oils of more 
than 15 mud volcanoes (Charkhan, Akhtarma-Pashaly, Gyrlykh, Shorbulag, Airan-
teken and others), oil fields (Neft Dashlary, Umbaki, Kalamadyn) and Maikop 
(Oligocene-Lower Miocene) oil on Gizmeidan field (Astrakhanka) in Shamakha 
region have been studied. Oils composition erupted by volcanoes is correlated with 
oils composition of oils fields and also with Kerogen composition (OM) of oil-
source rocks. This research conducted on level of study of biomarkers allowed to 
define isotopically heavy and light oils and to connect their sources with Paleogene 
and Miocene. Oils of naphtene-aromatic and methane composition are heavily bio-
degradated with CIC CH4 within 24.76%-27.88%. Isotopic heavy oils of mud vol-
canoes are perfectly correlated with oils of Pliocene and Upper Miocene deposits 
(fig. 4). Oils of mud volcanoes of lighter CIC are better correlated with oils of Pa-
leogene deposits (Guliyev, Aliyev, Rachmanov, Feyzullayev, 1995). 
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Fig.4    Dynamics of area variation and volume of ejected volcanic breccia. 
 
 
Liquid phase of mud volcanoes activity is represented by all four genetic 

types of waters according to V.A. Sulin’s (1948) classification. These waters: hy-
drocarbonaceous-natrium (HCN), chlorine-calcic (ChC), chlorine-magnesium 
(ChM) and sulfatenatrium (SN). Alkaline waters of HCN type are prevailing and 
typical for waters of mud volcanoes of Azerbaijan. The main components here are 
chloride and hydrocarbonates of alkaline metals. Both waters of volcanoes and 
stratal waters are usually weak-sulphate or non-sulphate; rarely SO4 content reaches 
10-12 mg/? (Khamamdag). 

It is typical that within crater field of one volcano gryphons bring to the sur-
face waters both of different classes of one the same type and waters of different 
genetic types. So there are all 4 types of waters on mud volcano Khamamdag. Ge-
netically not the same type of waters brought by some groups of gryphons within 
one volcano is caused by the following: these gryphons have their own isolated 
channels connected with stratal waters of different stratigraphic Cenozoic horizons 
during periods of gryphon activity of volcano. Mud volcanic waters have as a 
whole mixed nature and connected with source of supply located at different depths 
(Aliyev, Buniat-Zadeh, 1969). General mineralization of waters of mud volcanoes 
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of Azerbaijan varies within 28 mg-1380 mg/1 for 100 gr. Waters of mud volcanoes 
are with more alkalinity on the territory of Absheron peninsula and Shamakha re-
gion, the more mineralized and metamorphised waters can be found in gryphons of 
mud volcanoes of Lower Kura region. Constant components of volcanoes waters 
and stratal waters of oil and gas fields are chemical elements – iodine, boron, bro-
mine. Their content varies within wide range reaching correspondingly 100 mg/l, 
480 mg/l and 120 mg/l and depends upon chemical composition and mineralization 
of waters. Boron content is more than 600 mg/l in waters of volcanoes of SW 
Turkmenistan (Keimir, Kipyashchey bugor). High values of boron are connected 
with alkaline waters, bromine and iodine. 

As for geochemical characteristics of fluids evacuated by mud volcanoes it 
should be mentioned that during calm gryphon-salse stage, gases and waters come, 
as a rule, from oil-gas horizons of the upper structural stage, i.e. source of their mi-
gration are mainly Pliocene deposits. During the activation of mud volcanism deeper 
horizons are involved in this process. From this area there occurs their inflow and 
this impact the change of certain components of chemical composition of fluids.  

Heavy phase. About 100-200 thousand m3 (sometimes more than 1million 
m3 – Garasu island) of mud volcanic breccia is ejected from interior by each large 
eruption of volcano. Thorough research of it provides valuable geological informa-
tion of mud volcano location region. 

About 90 minerals and 30 microelements have been determined in mud vol-
canic breccia. Boron, mercury, manganese, barium, strontium, alkaline metals – 
rubidium and cesium are typical microelements of breccia. These elements are 
permanent components of mud volcanic breccia and their content exceeds by many 
times clarke values of mentioned elements for sedimentary rocks. High boron-
content (up to 0.4%) of breccia is typical for all regions with mud volcanism de-
velopment. Manganese concentrations are very significant (up to 1%). In this case 
regardless of rocks, breccia age and of region, these concentrations are mainly con-
nected with carbonaceous rocks. Highclarke meanings can be found everywhere in 
mud volcanic breccia of barium and strontium and sometimes mercury (to 10-4 %). 
High content of several elements – boron, lithium, rubidium, cesium in breccia, 
mercury and arsenic in some regions of foreign states, shows their possibility to 
accumulate during mud volcanism process.  

Study of geochemical peculiarities of organic matter (OM) of mud volcanic 
breccia, especially oil-saturated rocks is of great importance in the complex of re-
search, and it provides a definite information of stratigraphic confinement of HC 
accumulations. South-Caspian basin (SCB) is relatively cold as a result of high rate 
sedimentation. Geothermic gradients vary 200C/km in Kura depression up to 
150C/km in SCB itself. So, oil-source rocks remain unmature for oil generation up 
to depth of 6 km. Enriched by organic matter the rocks of Maikop series of the Oli-
gocene-Miocene age are the main source rocks for oil and gas deposits in basin and 
they present in ejections of volcanoes. These rocks have a general content of or-
ganic carbon up to 7% (weight) and hydrogen indexes to 500 mg HC/g Corg. Sea, 
seaweeds-amorfic organic matter accumulated under conditions of weak oxygen 
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and non-oxygen setting prevail in these rocks. High content of seaweeds material 
in kerogen can be also supported by prevailing of normal sterane biomarkers C27 
(Aizeksen, Aliyev, Mamedova et al., 1999). 

Radioactivity of the rocks and breccia in the studied volcanoes varies from 
5,5 to 25 mcR/h. Low values are typical for rocks of Pliocene age and high values 
– for Paleogene rocks. They were also fixed in the central part of the volcano cra-
ter. There were determined semi-ring and ring-like zones of relatively low abnor-
mal values of radioactivity framing the crater part (Lockbatan, Khamamdag, 
Airanteken), and also abnormal values in the form of linear zones (i. Khara-Zira) or 
local areas (Bozdag-Gobu) (Aliyev, Kadyrov, Mukhtarov, Feizullayev, 2002). 

The same results were obtained for certain microelements. Thus, above-
clark values of boron, manganese, strontium and alkaline metals – lithium, rubid-
ium and cesium are characterized by fresh eruptions of volcanic breccia in the cen-
tral part of the crater of the volcano. Geochemical field of a mud volcano is charac-
terized by non-uniformity. This is determined by the evacuation of fluids (gas, wa-
ters, oil) out of different stratigraphic intervals of the Cenozoic deposits section. 

 
 

Mud volcanism and prediction of oil and gas 
content of deepseated deposits 

 
Mud volcanoes play role of free natural prospecting wells and provide valu-

able information of oil and gas content of interior, especially those depths which 
are not accessible for drilling today. 

Mud volcanoes of the SCB are studied to assess the oil and gas content of 
deepseated deposits. We have developed geochemical method of oil and gas deposits 
search in mud volcanic regions. Lithofacial and petrophysical peculiarities of terri-
genous carbonaceous rocks of Paleogene-Miocene deposits have been studied in 
ejections of volcanoes of depression zones and this allows to provide recommenda-
tions about depth and stratigraphical interval of HC accumulations in interior.  

As far back as in 80-s GIA carried out research dealing with SE Gobustan 
and Lower Kura depression from point of view of assessment of prospects of oil 
and gas content of Miocene-Paleogene deposits (Aliyev, Suleimanova, Safarova, 
1985). Schematic maps of lithofacies and thickness of Eocene and Maikop deposits 
have been compiled according to data of volcanoes’ ejections and results of geo-
logical research and drilling, the types of reservoirs have been allocated and char-
acterized, the prospects of oil and gas content have been determined and paramount 
objects and fields for prospecting drilling have been suggested. So, as far back as 
those years for the first time the results of research of mud volcanoes eruption 
products in deepseated Eocene deposits of SE Gobustan and Lower Kura depres-
sion allowed to define porous and jointly reservoirs with positive capacity and fil-
tration properties (Fig. 5). 
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Fig 5 

The same research can be conducted in other oil and gas bearing regions of 
Azerbaijan as well, for example on Baku archipelago studying island mud volca-
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noes. There are big possibilities of mud volcanoes, complex research of which al-
lows to solve the problems of assessing of oil and gas content at large depths. So, 
before preparation of structures to prospecting works necessarily to analyse materi-
als of complex study of mud volcanoes. All Cenozoic section with prevailing role 
of rocks fragments of Miocene and Paleocene as it was mentioned above is repre-
sented in mud volcanic breccia. Oil bearing sandstones and carbonaceous rocks 
with oil inclusion within microjoints can frequently be found among them and this 
shows availability of HC accumulations in interior. 

Speaking of oil and gas content of deepseated deposits connected with Mio-
cene-Paleogene complex it is noteworthy oil and gas producing role of these rocks 
as well. The possibility of HC generation at depths 6-8 km and more occurring in 
Oligocene-Miocene deposits was supported by results of study of clayey rocks 
mineralogical composition among ejections of some active volcanoes (Lokbatan, 
Agzybir, island, Garasu and others). However, research over last years allows re-
ferring Eocene deposits of Paleogene to oil and gas producing ones and it is posi-
tive in aspect of their syngenetic oil and gas content. Rocks with rich organics, 
some outcrops of fuel shales can be found in the section of the Middle Eocene 
which are able to generate hydrocarbons at large depths and under favourable con-
ditions (Khilmili, Jangichai and others). Oil seepage can be found in area of vol-
cano Agzykhazri in Western Absheron, etc. 

As a whole a big thickness of Paleogene-Miocene deposits (more than 6 km) 
causes the formation of multistorey oil deposits in depression zones of Azerbaijan. 
Gas condensate deposits can present at lower stage corresponding to lower struc-
tural stage (Eocene deposits). Oil and gas and oil deposits can present at the middle 
and upper stages corresponding to middle and upper stages. 

And at last, the results of conducted research show specific conditions of lo-
calization of industrial oil and gas deposits in regions with mud volcanoes devel-
opment, namely confinement of hydrocarbon accumulations to zones of deep Pre-
Pliocene rocks splitting, i.e. Miocene and Paleogene deposits. These zones are usu-
ally accompanied by faults of deep bedding, limiting molasses troughs, surface 
formation of which can be characterized by active manifestation of mud volcanism 
(Yakubov and others, 1980). 

In conclusion one can note that volcanoes are the only and reliable sources 
of information of oil and gas content of depths, in interval (6-10 km) – the lower 
part of the Middle Pliocene-Paleogene, which are non-drilled. All structures in de-
pression zones including marine ones connected with volcanoes are potentially oil 
and gas bearing and is of practical importance for prospecting works.    

 
 
 
 
 

Mud volcanoes and ecology of environment 
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As we mentioned it before the volcanism is widely developed in Azerbaijan. 
Majority of volcanoes, for example in Gobustan, is far from localities, but on 
Absheron peninsula, in Shamakha region there are villages, town type villages, 
agricultural lands warehouses near volcanoes. As a result of wrong man’s these 
volcanoes are filling by rubbish, the territories around them become the waste 
place. Dwellings are building near volcanoes and this can be very dangerous during 
strong eruptions. There are many examples when eruptions of mud volcanoes Boz-
dah-Gyuzdek on Absheron, Chigil-deniz on Baku archipelago killed people. 

Volcano eruption can lead to distribution of mud volcanic material and also 
to possible air and soil pollutions. On the other hand, mud volcanoes activity is 
accompanied by landscape formation with special type of salting. Salting soils 
form on mud volcanic breccia, which sometimes are saturated by oil. These land-
scapes refer to rare geochemical ones and can be of interest to study the influence 
of excess content of some microelements (boron, molybdenum, strontium) on liv-
ing organisms and this leads to endemic disease of animals, etc. 

As A.G. Akhmedov notes (1985) each mud volcanic cone is represented by 
boron-molybdenum geochemical anomaly and this manifests in volcanic breccia, in 
soils, in plants and animals ash. Impact of mud volcanic activity on geochemical 
peculiarities of environment is especially noticeable in zone of semideserts, where 
areas with volcanic landscapes is comparatively great and arid climate provides the 
accumulation of microelements ejected by mud volcanoes. 

              
 

Conclusion 
 
• The long-term conducted studies of the mud volcanoes had determined the 

relation of their forming with processes taking place in molasses troughs expressed 
with great thickness of the Cenozoic deposits and role of oil-gas producing rocks of 
the Paleogene-Miocene in mud volcanism manifestation. Isotopic-geochemical 
studies of fluids and rocks ejected by volcanoes show HC generation and migration 
in the Earth crust sedimentary series.        

• For the first time the volcanoes are subdivided into volcanoes and mud vol-
canic manifestations, classified according to morphological features and character of 
their activity, were established the regularities of spatial distribution and their mani-
festation along submeridional regional faults and sublatitudinal anticlinal zones. 

• New fault structures and micrloblocks (Boyanaty and Toragai) located be-
tween them and characterizing by various typical features of mud volcanoes mani-
festations are discovered in Shamakha-Gobustan region where the mud volcanism 
is widely developed. 

• The basic differences and similarities between land and marine mud volca-
noes are revealed within the scales of their manifestation, activity, morphology had 
been revealed in eject products. 

• The peculiarities of mud volcanoes eruptions dynamics are observed. The 
genetic relation between volcanoes activity energization and seismicity. In the mud 
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volcanic process the earthquakes play the role of "release mechanism" especially 
when the earthquake focus and mud volcano are examined within one fault struc-
ture and the volcano was in calm for a long time. 

• The opinion is expressed on stepped (stage-by-stage) form of mud volcanic 
breccia forming and its final formation on small, near surface depth as well as on 
crates "migration" occurring on some large periodically erupted mud volcanoes. 

• There had been established that on volcanoes related with the Pliocene 
structures during the period of griffon-salse stage the fluids (gas, water) are ema-
nated from the oil-gas bearing horizons of the upper structural stage; during the 
process of energization of mud volcanic activity more deep horizons join to; at the 
same time the grifons have their own isolated supply canals.       
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Summary 
The west flank of the South-Caspian depression and its framing moun-

tain systems are characterized by numerous and various natural manifesta-
tions on the surface and by accumulations in depth gases of hydrocarbona-
ceous, carbonic acid and nitrous composition. Studied chemical and isotope 
composition allowed to determine the regularities of change of different gas 
components concentrations in regional plan on the whole territory of Azer-
baijan and locally within oil and gas bearing regions and some fields. The 
geological reasons of these changes of gas composition were studied in the 
article.  

 
Azerbaijan during over many centuries is called “The Land of Fires”, it is 

geologically confined to the South-Caspian and Kura depressions and mountain 
systems of the Greater, Lesser Caucasus and Talysh framing them. This territory 
with adjoining aquatorium of Caspian sea is characterized by most quantity of 
natural gas seepages on the surface as dry buried seepages, gases manifestations on 
the mud volcanoes and mineral sources. The gaseous, (hydrocarbonaceous and car-
bonate) gas condensate  pools, oil fields with free and dissolved gas in  oil are lo-
cated in the depths. The general amount of gaseous objects is more than 700 unites. 
The natural gases of studied territory and the water area are characterized by large 
variety of chemical composition (table 1). The methane, carbonate gas and nitrogen 
are the main components with concentration on more than 50 % (Fig 1). The ho-
mologies of methane, orgone, hydrogen sulfide, helium, hydrogen, etc. are admix-
ture in gases composition. 

The methane gases are characterized by wider distribution which are mainly 
confined to South-Caspian and Kura depressions and partly to Greater Caucasus 
and Precaspian-Kuba superimposed trough. The carbonate gases cover the territory 
of the Lesser Caucasus and the west part of Talysh. Small zones of the nitrous 
gases present in the Greater Caucasus, Talysh and the north-east Precaspian-Kuba 
superimposed trough (Fig 2).  

The observed distribution of main gas components is caused by history of 
the geological development of first order structures. The long accumulation of sedi-
mentary series, in South Caspian and Kura depressions and surrounding areas led 
to thermocatagenetic transformations of organic material with formation of meth-
ane and other hydrocarbons. The high intensity of these processes is confirmed by 
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formation of mud volcanism since Miocene. According to number and sizes of 
mud volcanoes the quantity of ejected gas this natural museum is unique. 
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Fig.1. The classificational triangle of natural gases of Azerbaijan 
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Fig.2. Map of natural gases of Azerbaijan 
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Table 1  

Chemical composition of natural gases in Azerbaijan  
 

Chemical composition of gases in volumetric, % Form of 
seeps СН4 СО2 N2 ΣТУ H2S Ar He H2 

Oil fields  
0,88

0,970,60 −

 
2,4

0,201,0 −

 
6,1

0,302,0 −

 
0,8

0,269,0 −

 
04,0

080,0004,0 −

 
004,0

012,00002,0 −

 
008,0

0,02 -trases

 
Gas-
conden-
sate fields  

4,93
0,985,87 −

 
4,0

7,004,0 −

 
6,0

9,02,0 −  
5,5

0,105,0 −  03,0
06,0006,0 −

 
005,0

009,00003,0 −

 
- 

Gas fields  
0,97

0,990,93 −

 
25,0

4,15,0 −  
5,0

8,00,0 −  2,2
0,51,0 −

 

035,0
0,25-trases  

02,0
 005,0

005,00045,0 −

 
017,0

0,024 -trases

 
Mud 
volcanoes  0,95

0,990,88 −

 
8,1

5,1202,0 −

 
0,2

0,103,0 −

 
9,0

0,70,0 −

 
2,0

0,7-trases  03,0
120,0004,0 −

 
004,0

05,00005,0 −

 
007,0

0,02 -trases

 
Mineral 
springs  0,66

0,1000,0 −

 
0,58

0,1000,0 −

 
0,50

0,1000,0 −

 
- 5,3

mg/l 460-trases

 
55,0

4,101,0 −  013,0
08,00002,0 −

 
- 

 
In numerator – limits of content  
In denominator – average meaning  
 
 
The intensive volcanic activity is observed in orogenic period (beginning of 

Cenozoic) during rising of mountain systems in the Lesser Caucasus, its fumarol 
stage led to eliminating of carbonic acid gases today. In the Greater Caucasus the 
washout of root deposits and formation of numerous tectonic faults created the 
conditions for methane degasation and its replacement mainly by nitrogen of air 
origin.  The nitrous zone in north-east of Precaspian-Kuba area to some extent is 
connected with an influence of Scythian-Turan epihercynian platform and it is 
probably result of organic material transformations. Within Talysh presence of 
zones of all three basic gaseous components let to say of incompleteness of early 
began geological processes.   

The most widely distributed methane gases generally are linked with dry gas 
seepages, mud volcanoes and hydrocarbon pools. 

The methane concentration in these gases changes in widely limits depending 
on different geological reasons. Three zones: north, central and south are distin-
guished in area of distribution of mud volcanoes depending on composition of gas 
components. From north to south is characterized accordingly following average 
concentrations of methane – 85,2 %; 95,1 %; 92,1 %; homologs of methane 0,94 %, 
0,25 %; 0,69 % and carbonic acid gas 3,1 %, 2,3 %; 1,9 %. So the central zone is 
territorially confined to more subsided areas of sedimentary series is characterized by 
increase of content of methane and in decrease of its homologs content. The carbonic 
acid gas content sequentially decreases from north to the south zones. 
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The great number of gas analyses in fields of the basic oil-and-gas bearing 
suit of Azerbaijan  – productive series (the Middle Pliocene) let to study in more 
detail the regularities of change of their composition. The changed gases  content in 
the area is of the most interest. The geochemical maps of methane content, the 
amounts of heavy hydrocarbons and carbonic acid gas were built for different suits 
of productive series. The character of gas composition change on suits is the same, 
it allowed to consider this change in a whole for productive series. The change of 
gas components contents from  the field to the field was so sequential it was possi-
ble to imagine them as isolines of concentrations. (Fig 3) On the presented maps 
the basic changes of concentration occur towards regional submersion of beds. So 
on the maps the content of methane and its homologs amount, an increase of their 
percent content registers in the south direction within Absheron oil-and-gas bearing 
region in the south-east on the territory of Shamakha-Gobustan area in the east and 
in the south-east directions in the Lower Kura area. Accordingly with indicated 
directions there a decrease of carbonic acid gas content occurs. It is impossible to 
establish equal direction in distribution of gas concentrations on the section of pro-
ductive series.  
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The geochemical direction of change of gas content in the area conforms 
well with distribution of liquid and gaseous hydrocarbons in the fields. It is regis-
tered most clearly within of Absheron oil-and-gas bearing region. The sequential 
change of oil fields with dissolved gas in oil is registered in direction of beds re-
gional submersion of productive series to the south within north-west flank part of 
South Caspian depression. The gaseous condensate fields are situated in oil fields 
with gas caps and zones and in submersible zones. The general anticlinal zone of 
Absheron peninsula draws attention. The huge oil Balakhany-Sabunchi-Ramani 
field confined to similar brachyanticline fold and containing in pools more than 
600 bil.t of oil is situated in its north part. The large and middle fields Surakhani, 
Karachukhur, Zykh, Peschany island with gas caps and zones are situated towards 
anticlinal zone submersion. The large gas condensate field Bakhar and huge Shakh-
deniz with reserves by 1 tril. m3 gas are situated further to south, south-east on the 
corresponding structures. So, unique oil and gas condensate giants are situated on 
the same anticline zone in South-Caspian depression. 

The geochemical research of chemical gas composition completes isotope 
researches. More than 200 gas samples used in article where the isotopes of carbon 
and methane deuterium, carbonic acid gas and helium isotopes are established. The 
study of gases from 29 oil and gas fields showed that isotope composition of meth-
ane carbon (δC13CH4) changes from  - 37,2 ppm to – 60,3 ppm, on average is 45,0 
ppm; isotype of methane hydrogen δDСH4  from – 101,0 ppm to – 227,0, on aver-
age – 207 ppm. The isotopic composition of ethane changes from 21,0 ppm to - 
40,3 ppm, on average – 28,9 ppm; propane from – 10,5 ppm to – 33,7 ppm, on av-
erage – 23,7 ppm; butane from – 18,0 ppm to – 32,6 ppm, on average – 25,3 ppm. 

In the selected gas samples δC13 the carbon dioxides change from +21,5 ppm 
to 13,2 ppm, on average +3,6 ppm. Oxygen isotope of carbonic acid changes as 
well in wide range from +2,5 ppm to – 12,5 ppm, on average – 2,9 ppm. 

About 100 samples were selected on the mud volcanoes, according to their 
analyses the isotope composition of methane carbon changes from 39,4 ppm to 
53,6 ppm; δC13, carbon acid from 19,1 ppm to – 23,7 ppm; isotope of δDСH4 
changes from 158 ppm to – 236 ppm. According to the little number of samples  
C13 on  ethane was established which changes from –23 ppm to – 29 ppm. Accord-
ing to isotopy data of  δC13СH4 there a graph was made on which except gases of 
oil and gas fields and mud volcanoes were given the isotope data for degasified 
gases from bottom deposits of Caspian sea. Three gas fields are clearly distin-
guished on graph which allow to talk about difference in gases composition of oil-
and-gas fields, mud volcanoes and gases of bottom sediments. In accordance with 
ideas of Schoell’a (1983) the hydrocarbon gases of mud volcanoes and oil and gas 
fields with isotope δC13  within – 40 – 50 ppm,  refer to thermalcatalytic gases, 
forming from organic matter of sedimentary rocks. The gases of bottom sediments 
of Caspian Sea with isotope δC13 from- 70 to 80 pmm refer to biogenic (fig 4).  
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Fig. 4  The diagram of isotope δC13 in gases of oil and gas fields (I),  
          mud volcanoes (II) and bottom deposits of Caspian sea (III) 
 

 
These results are submitted by data of standard graph on which the hydro-

carbon components: methane, ethane, propane, butane are registered on axis of ab-
scissae but the value of δC13 for each component is registered on ordinate axis. The 
distribution of these sizes on the graph allowed to distinguish the gases fields sepa-
rated by different genetic characteristics Methane is the basic components of hy-
drocarbon gases of Azerbaijan. Its concentration exceeds 90 % on the average on 
the different fields of oil, gas condensate and gas. It indicates that the basic gas 
volume in pools is represented by the methane and it allows to talk of primary gen-
eration ways of the basic gas volume according to data of methane. A majority of 
gas samples are confined to zone of 42,0 - - 53,0 ppm in which the generation of 
methane is realized in association with oil and lesser number of samples to zone – 
37,2 – 41,9 ppm characterized by generation in result of oil “cracking”. The facili-
tation of methane carbon isotopes in three samples to- 56,7 - - 60,3 ppm which 
were selected from Chocrat (Miocene) horizon laying below of productive series 
deposits indicates of their biogenic genesis. Above-stated establishes that the gen-
eration of hydrocarbon gases of productive series was closely connected and oc-
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curred at the same time with generation of liquid hydrocarbons. It refers not only to 
gases of oil fields and also to gases of gas-condensate fields. There is an interesting 
fact that the gases of proper gas Duvan field also refer to associated with oil. In 
contrast to gases of productive series the gases of Chokrak deposits in its composi-
tion contain biogenic origin gases. It is their peculiarity which is linked with the 
composition of initial organic matter and with biogenic processes not only in zone 
of sedimentgenesis but in diagenesis zone as well (fig 5). 
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Fig. 5. The genetical characteristic of gases 
oil and gascondensate fields. 

 



 

 

 

220

The helium as admixture includes composition of natural gases of Azerbai-
jan. Its content is low and changes from 0,0005 % to 0,01 and it is not presented an 
industry interest. The minimal helium concentrations (nx10-4 %) are registered in 
carbonic acid gases of mineral sources of the Lesser Caucasus and comparatively 
high content (nx10-4 %) in hydrocarbon gases of oil and gas fields and mud volca-
noes. There is a considerable difference according to helium isotopes. The relation 
of 3He/4He in hydrocarbon gases changes 4x10-8 to 35x10-8 but in carbonic acids of 
the Lesser Caucasus and Talysh mineral sources changes from 80x10-8 to 250x10-8. 
The similar difference once more confirms that the gases of oil-and-gas bearing 
regions have biogenic origin due to organic matter change of sedimentary rocks. 
The light isotope of helium – He3 by low concentrations presented in these gases 
was formed as a result of nuclear reactions of radioactive elements of sedimentary 
series. The high values of helium isotopes relation in gases of mountain systems 
allow to think that the deep gases take part in gases formation of mineral sources 
but the structures with which they are linked reach undercover horizons. 

So, the data according to chemical and isotope composition of methane gases 
and other hydrocarbons including the liquid of South-Caspian and Kura depressions 
allow to say that the latest was formed by the biogenic way as a result of organic syn-
thesis. The carbonic acid gases of Lesser Caucasus and Talysh have deep origin con-
nected with magmatic processes. The nitrous gases which are sporadically presented 
in the Greater Caucasus are linked with metamorphism processes of sedimentary 
rocks, with air inflows and to some extent with dike volcanism. 

The geochemistry of natural gases allow to decide the local and practical 
problems. Above mentioned the sequential change of hydrocarbons gases concen-
trations of productive series towards the beds submersion which conforms with 
change of gas content pools and allows to use the gas composition as a criterion of 
zones emanation mainly oil- or gas accumulation. The using of these criteria let to 
distinguish perspective zone for search of gas condensate pools to the south from 
Absheron peninsula. The 16 anticlinal structures which were established within its 
by seismic exploration allow to increase great gas reserves and its production.     

It is known that transfer from oil to gas deposits in composition of gas an in-
crease of methane composition and a decrease its homologs usually occurs. In the 
fields of Absheron area by increase of methane concentrations the composition of 
methane homologs increases. This peculiarity together with data according to iso-
tope of methane carbon lets to suppose that the generation of hydrocarbon gases in 
submerged parts of South-Caspian depression will be associated with genesis of 
liquid hydrocarbons. Besides the more volume of generating gas the more oil re-
serves are in are oil rims of gas condensate pools.  

The peculiarities of formation of oil and gas condensate and gas fields of 
productive series are given depending on change of gases composition and other 
factual data. The sequential submersion of deposits of productive series as a result 
of accumulation of Pliocene-Anthropogenic rocks at a depth of 6-8 ths. meters has 
led to generation of liquid and gaseous hydrocarbons. The great volumes of gas, 
the high pressures and temperatures caused one-phase in gas state of hydrocarbons 
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migration from submerged to flanked parts of depression. According to movement 
of fluid upward on regional beds rise and income in zones of low pressures and 
temperatures the extraction of liquid phase occurs. Oil and gas separation during 
migration process determines further distribution of hydrocarbons in the area. Gas 
as more moving advances oil and first fills traps which are located on the migration 
ways. Therefore the high located structures are filled by gas the liquid hydrocar-
bons lay below and gas condensate in submerged zones. Such distribution is regis-
tered in the south-east Gobustan and in the north part of Baku archipelago.  There 
are gas pools (Duvany, Anart, Miajik and others) in flank folds here. Further to-
wards south –east oil fields (Sangalchal-sea, Duvany-sea) are located in more sub-
sided zones, and gas condensate field Bulla-deniz is located in most subsided part. 
The other situation is registered on Absheron peninsula. Hypsometrically high lo-
cated traps contain the oil pools. The favorable conditions of income of migratory 
hydrocarbons here were associated with the worse conditions of gas accumulations 
keeping. The wash out of cumulative parts of anticlinal pools and numerous faults 
have led to degassing of great gas quantities in the place where the liquid hydro-
carbons remained.   

Summarizing given material about geochemistry of natural gases of Azer-
baijan it is necessary to note that the gas fields are clear screen of geological spe-
cifically of tectonic structure of earth crust and an indicator of geotectogenesis 
processes in the crust and the Upper mantle which is easily available for research in 
Earth surface cover.     

 
 

Conclusion 
 

The regional distribution in the area of methanoic, carbonate acid and ni-
trous gases are linked with geotectonic development of sagging South-Caspian and 
Kura depressions and with rising of the Greater and the Lesser Caucasus and Ta-
lysh on the other hand in Cenozoic on the one hand. 

The gas zones well are conformed with deep bedding of crystal basement. 
The change of hydrocarbon gases composition of mud volcanoes and oil-

and-gas fields is also determined by peculiarities of tectonic development of re-
gions; - sagging in the central parts and rising on the flanks. Besides tectonics the 
processes of hydrocarbons genesis and degree of gas content of sedimentary rocks 
section had an important role in formation of gas fields in the area. 

So the gas fields are clear screen of geological specifically tectonic structure 
of Earth crust and an indicator of tectogenesis processes in the crust and in the Up-
per mantle which is easy by available for research in Earth surface cover.    
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Summary 
This paper contains measurements of gravitational field, geodetic uplift, 

regional horizontal tectonic movement, thermal patterns, and radioactivity car-
ried out on volcanoes in the southwest Absheron region, viz. Lokbatan, Ak-
htarma-Puta and Gushkhana, all located within one single tectonic zone. In addi-
tion, geochemical measurements of vitrinite reflectance with depth have been 
done, and isotopic variations of methane and ethane are also available.  

This massive compendium of information represents the first time such a 
detailed investigation has been possible of the deep structural effects of a mud 
volcano and also of the sources of mud and gas at outflow time. The data are 
integrated into a combined picture that shows the roots of both the mud outflow 
and of the gas causing the flaming eruption, are at several km depths into the 
sedimentary pile. The overall behavior is best served by a model in which a 
relatively thin jet of liquefied mud is extruded from depth due to action of the 
varying tectonic stresses in the region, as adduced from the GPS tectonic 
movement data. The variations of Bouguer gravity across a profile including 
the most active Lokbatan mud volcano (after its explosion on 25 October 
2001), and combined with the geodetic vertical motion immediately after and 
long after (10 months) the explosion, confirms this basic model. The focusing of 
heat flux around the volcano prior to the explosion, and the thermal measure-
ments made with time after the explosion both in the crater and also in the im-
mediate vicinity of the Lokbatan volcano, are in accord with a thin hot jet 
model in which liquefied mud, with entrained gas from deeper in the sediments, 
rises through a neck region and due to the Rayleigh-Bernard convective insta-
bility, produces a high temperature region. The geochemical evidence, showing 
low vitrinite maturity (<0.6%) to a depth of around 6 km, also indicate produc-
tion of oil and gas from greater depths as do the isotopic carbon measurements 
of methane and ethane in the unburnt gases.  

The combination of a rapidly filled sedimentary region, with uncon-
solidated (or deconsolidated) mud occupying a domain at several km depth 
and bracketed above and below by more competent formations, together with 
the active horizontal stress variations, as measured by the GPS network, to-
gether form the basis for the spectacular mud volcano effects in this part of 
Azerbaijan. 
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PART A.   Deep Structures of Mud Volcanoes and Their Dynamics in the 
Southwest Absheron Peninsula of Azerbaijan. 

 
1. Introduction 

In the South Caspian Basin, the general region of onshore and offshore 
Azerbaijan is home to over 200 mud diapirs and/or mud volcanoes. These mud 
structures are associated with the production of copious oil and gas, and production 
wells are to be found on the flanks of many onshore mud diapirs. This association 
is no mere coincidence but is related to the dynamical development of mud diapirs 
and the generation, migration, and accumulation of hydrocarbons in the South Cas-
pian Basin, as has been detailed elsewhere (Yakubov et. al., 1971) 

Mud volcanism is a striking natural phenomenon. Much attention to this 
type of volcanism was initiated by Gubkin and Fedorov (1938), who showed that 
hydrocarbon accumulations and mud volcanoes are associated with the formation 
of local diapiric structures. At present, there is a clear correlation with mud volcan-
ism manifestations, considered as important direct evidence for the presence of oil 
and gas accumulations. However, problems that have not been adequately studied 
are related to the formation mechanism of mud volcanoes, their role in the origin 
and/or accumulation of hydrocarbons, the role of deep faults, and the regime of 
fluid motion in volcanoes. 

Unfortunately, in spite of long-term complex studies of the Azerbaijan mud 
volcanoes, no special geophysical investigations have been undertaken. There are 
available only the results of geophysical studies obtained serendipitously while 
solving other oil field problems; these investigations are not enough to compile a 
mud volcano model nor to study the dynamics of its activity. Such a capability is 
possible only with special, very detailed geophysical and geodetic investigations. 

This paper contains the results of such investigations carried out for the first 
time on volcanoes in the southwest Absheron region, viz. Lokbatan, Akhtarma-
Puta and Gushkhana, all located within one single tectonic zone (Figure 1).  

The Lokbatan mud volcano was chosen because it is very active not only in 
comparison to other volcanoes in Azerbaijan but in respect also of all worldwide 
mud volcanoes. Lokbatan has been recorded as having erupted 21 times in the last 
200 years, assuming no other eruptions have been missed. The last eruption oc-
curred on October 25, 2001. The present studies were started immediately after that 
eruption. 

Together with the gravimetric and geodetic studies, temperature, radiometric 
and geochemical observations were also conducted. Profiles in different directions 
were chosen to carry out gravimetric and geodetic measurements on areas of mud 
volcanoes. One profile, more extended than the others (11 km long), begins near a 
key gravity-geodetic point at Lokbatan and passes through a line joining the mud 
volcanoes Lokbatan – Akhtarma-Puta – Gushkhana. The distances between meas-
urement points are never more than 250 m. To the north of a line connecting 
Shykhlar-Madrasa, GPS measurements indicate that there is a decreasing speed of 
platform motion, reaching zero velocity in places. A decrease in the velocity and a 



 

 

 

225

significant accumulation of elastic energy are observed in the southern Absheron 
Peninsula. This phenomenon may be responsible for the activation of seismic 
events and of mud volcanoes in this region, because seven mud volcanoes erupted 
during the 1998–2002 period in the Absheron and Shamakhy–Gobustan areas. The 
strong earthquake (approximate magnitude 6-6.3 on the Richter scale) in the Cas-
pian Sea at the end of 2000, and its aftershocks, probably represent a response to 
the deformational processes that are ongoing, as measured in recent years, and the 
related stress accumulation at the foothills of the Greater Caucasus, the Absheron 
Peninsula and the middle Caspian regions. However, the tendency of horizontal 
motions in the Azerbaijan territory suggests an activation of geologic processes 
(seismic activity, activation of mud volcanoes and, in adjacent zones, accumulation 
of elastic stress) (Guliev et al., 2002).  

Observations of dynamic processes in and on the volcanoes are continuing 
at the present time on a semi-regular basis. 

 
Fig.1. Distribution of mud volcanoes in Azerbaijan and area of study. 
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II. Geological and Geophysical Data.  
1.Geotectonic conditions of mud volcanism manifestations.  
The analysis of an immense body of comprehensive information about the 

mud-volcanic processes showed that a number of conditions are indispensable for 
the initiation and activity of mud volcanoes (Yakubov et al., 1972; Rakhmanov, 
1987; Shnyukov et al., 1971; Peive, 1956).  

First, there is the presence of local fractured anticlinal structures well expressed 
in the topography. The presence of faults is the important factor. These faults not only 
cut and complicate the anticlinal structures but also cut the entire sedimentary se-
quence. Second, ductile clayey rocks, which are usually widespread in intense subsi-
dence areas of mobile belts, should be present in the section. Third, gas accumulations, 
and especially fluids in rocks with an anomalously high formation pore pressure 
(AHFP) often exceeding the geostatic pressure, play an important role. Under the 
AHFP action, ductile clay masses (including rock fragments) are squeezed away from 
the section towards the Earth's surface (sea or ocean floor). Mud volcano feeders are 
usually confined to the largest faults and tectonic fractures in the crust. Peive (1956) 
established that deep faults control the origination and development of crustal deforma-
tions. These deep faults are of crucial importance for the genesis and development of 
the crustal structure because they cut various folded structures and undergo long-term 
development with concurrent sedimentation.  

Formation of folds and folded zones unrelated to deep faults are thought 
not to occur. Deep faults are antecedent structures to folds and fold zones, which 
are genetically interrelated to the deep faults. Geological evidence indicates that 
folding in active mud volcano areas developed concurrently with active sedimenta-
tion, the pre-existing deep faults being the main controlling factor (Gubkin and Fe-
dorov, 1938; Yakubov et al., 1972). Mud volcanoes are everywhere confined to 
longitudinal faults or to the intersection nodes of longitudinal and transverse faults 
(Gorin and Buniat-Zade, 1968) as is exemplified by mud-volcanic manifestations 
in the Abikh triangle. There the mud volcanoes concentrate mostly along deep fault 
lines. These faults fan out from the triangle vertex (near Shemakha) towards the 
South Caspian Basin. Within the Basin, active mud volcanoes provide surface 
traces of the positions of deep faults. An important feature of the variation in the 
mud volcanism in the western South Caspian Basin (Yakubov et al., 1974; Gorin 
and Buniat-Zade, 1968) is the southward migration of the mud volcanic activity 
with time. The concept of the genetic relationship between mud volcanoes and 
deep faults suggests that such a regular pattern is caused by a similar southward 
migration of the fault activity.  

2. Deep structural characteristics and mud-volcanic activity zones.  
Combined geological and geophysical studies were widely conducted in oil 

and gas bearing regions and mud-volcanic zones in the 1950’s and 1960’s. One of the 
results was the detection of the so-called buried mud volcanoes (Yakubov et al., 1972; 
Rakhmanov, 1987). Further investigation revealed a non-uniform pattern of seismic 
wave propagation across mud volcano zones. When traveling through such a zone, the 
energy of elastic waves is attenuated, reflected waves almost completely disappear, and 
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low frequency components dominate the wave pattern. The quality of the related seis-
mic records dramatically deteriorates. A buried mud volcano and its breccia neither 
reflect nor refract seismic waves at the stratigraphic depth of such mud structure roots. 
Results of these works suggest that roots of mud volcanoes are related to sediments 
ranging in age from Cretaceous through Pliocene. Some relatively large mud volcanoes 
can pierce the thick sedimentary cover. Therefore, their roots are usually associated 
with crestal zones of deep-seated Mesozoic or Paleogene-Miocene uplifts in areas 
composed of 10 km and thicker sedimentary complexes. The sources of mud volcanoes 
lie in clay deposits of a sedimentary complex pierced by a feeder. The deepest zone 
(root) of the mud volcanic activity, where the feeder channel originates, is located at 
depths of 3-8 km (Mekhtiev and Khalilov, 1987), 5-10 km (Kropotkin and Valyaev, 
1981), or 7-10 km (Rakhmanov, 1987).  

Areas around Azerbaijan mud volcanoes are reflected by minima of the 
Bouguer gravity field (from –120 to –40 mGal). The GPS measurements show that 
decrease to zero of the horizontal movement velocity vector takes place in the 
neighborhood of the mud volcanoes (Kadirov, 2000).  

3. Mud volcanism implications for the formation of hydrocarbon accumulations. 
The genetic relationship between mud volcanoes and oil and gas formation 

was confirmed by oil field investigations, in particular when a well drilled on the 
Lokbatan mud volcano in 1933 yielded an oil gusher with a production rate of up 
to 20,000 t/yr. Since that time, oil geologists have considered that mud volcanism 
manifestations are a direct indication of the presence of oil and gas at depth (Yaku-
bov et al., 1972, 1974; Rakhmanov, 1987). In addition, rejection was then implied 
of the earlier hypothesis that mud-volcanic processes are evidence for the last 
stages in the destruction of oil and gas deposits penetrated by mud volcanoes. The 
1933 well drilled on the Lokbatan mud volcano is still operating and has yielded 
more than 20 MMt of oil and over 1 Bm3 of gas. The volcano has erupted 19 times 
and is still active, but has never disturbed oil production. 

 
III. Methods 

Gravity and Geodetic.  
Measurements of gravity differences between points were undertaken by 

four gravimeters under a simple closed loop arrangement. The scale interval of the 
gravimeters was determined at different temperatures using a control instrument. 
When processing field measurements, corrections were made for relation of scale 
interval to temperature, for non-linearity of scale of a micrometer screw, and for 
lunar-solar attraction.  

The longitudes and latitudes of the measurement locations were determined 
with the help of GPS, and altitudes of the points with a level from the firm Carl 
Zeiss, Jena (the mean quadratic error on a 1 km traverse measured in both direc-
tions was 0.2 mm). 

For calculation of the Bouguer gravity anomaly, the altitude was read from 
the lowest level (at the Lokbatan reference point), and the interlayer density taken 
to be 1.82, 2.0, 2.3 g/cm3. 
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On figures 2 and 3 relief and observed gravity fields, respectively, are 
shown along the profiles. The two curves have a similar trend as can be seen by 
inspection of the figures. Gravity modeling used a minimization condition on a 
multi-parameter functional describing the least squares difference between mod-
eled and observed gravity fields and involving parameters of the initial structure 
model. The initial parameters of the model are modified such that the difference 
between observed and computed fields does not exceed 1mGal. Along the NE–SW 
profile gravity modeling was done to investigate the depth structure and tectonic evolu-
tion of the mud volcanoes.  
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Fig. 2. Change of a relief along the profile crossing the mud volcanoes 

Lokbatan-Akhtarma-Puta-Gushkhana. 
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Fig. 3. Observed change of gravity field along the profile crossing mud volcanoes 

Lokbatan-Akhtarma-Puta-Gushkhana. 
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Temperature Measurements 
Thermal probes of length 1.5 m were used to obtain temperature measure-

ments. The thermal probe consists of a metallic steel pipe, with a diameter of 15 
mm. Measurements have been made at three sites within the Lokbatan crater at depths 
of 0.5m, 1.0m and 1.5m into the mud, using a thermistor thermocouple and a balancing 
Wheatstone Bridge, with resistance calibrated to true temperature.  

The thermally sensitive element is a copper thermal resistor situated at the end 
of the thermal probe inside the head. Calibrating of the thermo-resistors was made 
before the fieldwork using a thermostat with precision of 0.01°C, obtained from a 
mercury thermometer with marker precision of 0.01°C. Laboratory measurements 
were carried out by a Wheatstone bridge to provide a resistance to temperature con-
version. Field measurements were done in the mud volcano crater near the eruption 
site. There are mostly partially dried mud and loose clayey rocks in this area, which 
allowed easy probe insertion. The probe was initially inserted to a depth of 1.5m, 
allowed to equilibrate (typical residence time of 10-15 minutes), the temperature ob-
tained by balancing the Wheatstone Bridge, and the probe then moved to depths of 
1.0m and 0.5m, respectively, and the measurement process repeated. 

Computer calibration tables, based on the laboratory standards, were used to 
convert electric resistance, R of the thermo-resistor temperature T(°C) using:  

T(°C)=B/ln(R/A)-273.                                    (1) 

where A and B are laboratory determined constants, which provides an error of 
measurements not more the 0.01°C (Mukhtarov and Adigezalov, 1997). 

The measurements continue at approximately 30-day intervals at the three 
crater sites (with exceptions for rainy periods when no traversal of the mud is pos-
sible or when flaming outbursts occur when the crater sites are not approachable). 
Similar temperature measurements, carried out earlier, have shown high tempera-
ture gradients in the crater area (Mukhtarov and Adigezalov, 1997). 

3.Radiometric Measurements 
Radiometric measurements were performed by radiometer SRP-68-01 which 

allows to measure gamma-radiation in a range of 0-3000 µR/h. 
 

IV. Results 
1. Gravity and Geodetic Results  
Along the profile Lokbatan – Akhtarma-Puta – Gushkhana, a chart of Bouguer 

gravity field anomalies is compiled for various values of intermediate stratum density 
(1.8; 2.0; 2.3 g/cm3). The results obtained show that in zones of mud volcano develop-
ment (Lokbatan, Akhtarma-Puta, Gushkhana) there are local negative anomalies of -5, 
-3 and -2 mGal, respectively.  

For gravity modeling, the observed gravity values and the geologi-
cal/geophysical structure section along the NE-SW profile make up the initial ref-
erence information. The initial structure model along the profile was obtained using 
seismic data, well information, geological information, and the density-depth dis-
tribution of major rock units of the study area. The initial geologic-geophysical 
cross-section of the sedimentary cover along the profile is provided by seven con-
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tact boundaries: 1) boundary along the lower Akchagil ( 2
2N ); 2) apparent seismic 

horizon in the Productive Series ( 1
2N ); 3) boundary along the upper Kirmaki sandy 

suite ( 1
2N ); 4) boundary along the lower part of the Kirmaki suite ( 1

2N ); 5) bound-
ary separating the upper-middle Miocene and lower Miocene-Oligocene series 
( 1

13 NP − ); 6) boundary separating Oligocene- and Eocene-Paleocene series 
( 21 PP + ); 7) boundary of the Mesozoic surface ( Mz ). 

The differential density contrasts across the seven contact boundaries (from 
shallow to deep) are 0.01; 0.04; 0.08; -0.2; 0.25; 0.15; and 0.3 g/cm3, respectively. 
The gravity field calculated on the basis of the described model shows that there is 
a difference between observed and calculated fields in zones of mud volcanoes 
(Figure 4). When computing the gravity model, 10 iterations were first done on the 
selection of all boundary configurations. Then the selection on density was under-
taken. The extra mass in zones of mud volcanoes in the initial model is compen-
sated for by insertion of zones of deconsolidation and additional contact boundaries 
in these parts of the profile. The deconsolidation stretches to roughly 3 km depth. A 
contact boundary, representing the volcano neck (with a differential density -0.3 
g/cm3 ), is raised in these areas to depths of just 5 m below the surface. 

 
Fig. 4. Gravity model of the Lokbatan - Puta-Akhtarma - Gushkhana profile. 
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The repeated geodetic leveling on the Lokbatan volcano shows that there are 
currently active geodynamic processes occurring there. During the period of No-
vember 2001 through November 2002, on the NE part of volcano (of length about 
2 km), the contact boundary was as shallow as 60 cm (Figure 5). 
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Fig. 5. Vertical movements along profile crossing Lokbatan mud volcano. 

 
 

2.Geothermal Results 
Thermal information prior to the explosion of 25 October 2001 comes from 

production wells on the flanks of the Lokbatan mud volcano, indicating a strong focus-
ing of heat flux centered on the Lokbatan volcano (Figure 6) over a regional scale of 
kilometers (Sukharev et. al., 1969; Yakubov and Atakishiyev, 1973).  

Three measurement locations (labeled A, B and C) within the crater and on 
the crater floor were marked with iron spikes for ease of relocation. At each loca-
tion, the thermal resistance probe provides three equivalent temperature measure-
ments at 1.5 m, 1.0 m, 0.5 m into the partially dried mud sediments. 

Additionally, two thermal sections were made (one E-W, the other N-S) across 
the total mud field including the crater, spanning about 800 m in both directions. Both 
traverses were undertaken one month (E-W) and two months (N-S), respectively, after 
the explosion, with temperature measurements at 0.5 m, 1.0 m and 1.5 m into the mud 
(Figure 7). A discussion of the thermal information from these two sections has been 
given further.  
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Fig. 6. Heat flow distribution in Lokbatan mud volcano area. 

(a) Borehole determined heat flux measurements from production wells around Lokbatan 
mud volcano; (b) Heat flux contours (before the 25 October 2001 explosion) based on the 
borehole data of figure 21(a), units are HFU (1HFU ~ 42mW/m2) . 

 
Radiometric Results 
In addition to the geodetic, gravity and thermal measurements, total γ-ray in-

tensity was also measured with a sonde on the surface across a profile of about 5 
km in length, with the Lokbatan mud volcano at the center of the profile (shown by 
the dashed vertical line at 3 km on figure 8).Two days after the explosion of 25 
October 2001, the γ-ray intensity in the crater was as high as 28 µR/hr before re-
turning over a few days to around 10-15 µR/hr. Apart from the isolated high inten-
sity point at the 1.5 km marker on figure 8 (likely due to either radioactive waste 
being deposited in an old well or due to an open fault bringing up radioactive mate-
rial from depth; it is not known which), to be noted is the broad increase in total 
intensity in the neighborhood of the Lokbatan volcano, associated with ejected mud 
that was transported from depth. 
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Fig. 7. (a) Sketch of the two thermal traversal sections in EW and NS directions over the  

Lokbatan region after the explosion of 25 October 2001; (b) Temperature profiles at 
0.5m, 1.0m, and 1.5m depth across the E-W section taken on 28 November 2001; (c) 
As for figure 8b but across the N-S section and taken on 18 December 2001. 
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Fig. 8.  Change of total γ-ray count (in units of µR/hr) along a profile crossing 

the Lokbatan mud volcano. 
 
 

Geochemical Results 
Natural gases play a key role in the energetics of mud volcanic processes. 

The source of these huge gas volumes is generally considered to be from the sedi-
mentary cover (Weber, 1935; Dadashev, 1963), but other points of view would 
have the origin very much deeper (Valyaev, 1985). There are also different opin-
ions related to the problem of stratigraphic occurrence of the gas source. One of the 
first attempts to reach a decision concerning this problem was taken by Dadashev 
(1963), who tied mud volcanoes gases to Paleogene deposits on the basis of the 
methane to homologues ratio. 

Based on hydrocarbon composition, mud volcano gases belong to the group of 
“dry” gases (<2% C2H6 +).  Isotopic composition data of methane carbon shows that it 
belongs to the catagenic gases (average isotopic composition of CH4 lying between– 40 
to -50 ‰). Studies of inert gases (He, Ar) and their isotopic ratios show that mud vol-
cano gases are similar to gases of oil and gas fields, although the stratigraphic source of 
the mud volcano gases are older (Guliev et al., 1996). In the last few decades there 
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have been theoretical investigations that allow one to determine the dependence be-
tween isotopic composition of carbon (ICC) in methane, its gaseous homologues and 
vitrinite reflectance (R0). For instance, Stahl (1977) notes that: 

δ13C(CH4 )(‰) = 17 log R0 (%) – 42     (2a) 

and 

δ13C(C2H6 )(‰) = 22.6 log R0 (%) – 32.2                  (2b) 

Basing on these theoretical relationships one can estimate approximate 
depths from which hydrocarbon gas components migrate (methane, ethane, pro-
pane, and butane). Knowledge of the approximate hypsometric depth of the gas 
source allows one to estimate the nominal stratigraphic source of the gas (by use of 
geological profiles). 

R0 values to a depth of 6 km vary in the range 0.33-0.61% (Wavrek et al., 
1996); for larger depths R0 values were defined by extrapolation (Figure 9). 
Vitrinite reflectance analyses were performed on randomly oriented particles, using 
a conventional microphotometric method (Stach et al., 1982). 
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Fig. 9. Vitrinite measurements with depth through the Lokbatan volcano and  
extrapolated trend curve based on the ICC isotopic connection given in text. 
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Use of large amounts of available methane ICC data (Valyaev 1985; 
Dadashev, 1985) for such estimations generally has not proven fruitful because of 
the mixing of catagenic (relatively heavy ICC) and biochemical (relatively light 
ICC) methane that distorts the virgin values. 

Measurements of gas maturity have been conducted for the mud volcanoes 
Lokbatan, Puta-Akhtarma and Gushkhana. The measurements have been conducted 
for adjacent mud volcanoes as well with the aim to construct maps for the change 
of this parameter within the area. The stable isotopic composition of carbon in hy-
drocarbon gases was analyzed using CJS Sigma mass spectrometers. 

Ethane isotopic carbon composition (ICC) of these gases varies within –26.2 
to -29.4‰. The change in R0 within the area, calculated according to the above equa-
tions connecting reflectance and ICC, provides an interesting picture (Figure 10). 
Two neighboring (3-4 km apart) mud volcanoes, Lokbatan and Puta-Akhtarma, are 
characterized by sharply different values of maturity; maximal on volcano Lokbatan 
(R0 = 1.7%) and minimal on volcano Puta-Akhtarama (R0 = 1.35%). Thus, if the 
deepest gas focus is at volcano Lokbatan (approximately at depth 11.5 km), then the 
depth of gas focus is minimal on volcano Akhtarama-Puta (approximately 10 km). 
On the whole, however, there is a tendency (from NE to SW) for maturity reduction 
and a corresponding reduction of depth of the gas focus.  
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Fig. 10. Two-dimensional contours of maturity across  
the general region encompassing the mud volcanoes. 
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The high activity of the Lokbatan mud volcano can be explained by a larger 
deep focus for the gases. This explanation supposes, however, that a rather large 
interval of sedimentary section participates in the process of gas formation (i.e. the 
volume of gas generation is maximal and the energy resources of gas here are also 
relatively large). Support for this explanation comes from the large volumes of gas 
ejected during eruptions (more than 100 MMm3), very high frequency of eruptions 
(approximately every 3-4 years), and the long period (of order a year) of gas burn-
ing after recent eruptions. 
 
V. Discussion 

Convection of the sedimentary layers due to a Rayleigh -Bernard gravita-
tional instability is now reviewed based upon the combined information from all 
the different lines of investigation given above. 

Consider a three-layer model of the deep structure of the Alpine com-
plex of deposits in the region, as sketched in figure 11. This complex (from 
deep to shallow) is composed of the following layers: the lower geosynclinal 
layer composed of terrigeneous and carbonaceous rocks; the middle layer, 
lower molassic, is composed of plastic clayey series saturated with HC; the 
upper layer, upper molassic, is composed of sandy-clayey formations.  

1 2 3

 
Fig. 11. Sketch of the thermal fluid jet model for liquid escape from a mud volcano. 
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Paleogene-Miocene deposits spread throughout the subsidence zones of the 

SCB serve as an example of the interstitial plastic series. The thickness of the inter-
stitial layer is 4-5 km on average, but sometimes reaches to 7-8 km, and has maxi-
mum values in zones of intensive mud volcanic activity. Exploration drilling re-
sults demonstrate that clays and clayey rocks in the SCB compose 50 to 95 % of 
the section. The viscosity of such layers varies from 106 Pa/s to 1012 Pa/s; viscosity 
of the overlying and underlying formations is 5-6 orders of magnitude greater. The 
density of sedimentary layers depends upon composition and varies as follows: 1) 
for clays, 2.3-2.6 g/cm3; 2) for sandstones, 2.5-2.6 g/cm3; 3) for limestone, 2.6-2.9 
g/cm3. In the zones of regional deconsolidation the clayey series is least dense, up 
to 0.2 g/cm3 less differentially. 

The less viscous Paleogene-Miocene series of the sedimentary complex has 
the following parameters: thermal expansion coefficient α= 10-5 K-1; coefficient of 
thermal diffusivity χ=5·10-7 m2/s; coefficient of thermal conductivity k =2W/(m. 
K). The thermal conductivity coefficients of sandstones and limestones are 
5W/(m.K), respectively. For this reason, the Paleogene-Miocene deposits are heat 
insulators and, no doubt, they play an important role in the formation of the thermal 
field in the overlying layers.  

Now analyze the possibility of a Rayleigh -Bernard gravitational instability 
in the intermediate, less viscous, layer of the sedimentary complex. The Rayleigh 
number for the viscous interstitial layer of the complex is calculated by the for-
mula: 

R = αρgqd4/(χηk)               (3) 
 

where α = thermal expansion coefficient; g = gravitational acceleration; q = ther-
mal flow; d = thickness of layer; ρ = density of the intermediate weakly consoli-
dated and highly plastic layer; χ = coefficient of thermal diffusivity; k =  heat con-
ductivity coefficient; and η = dynamic viscosity.  

According to the linear theory of stability, if the Rayleigh number is higher 
than a critical value Rc, convection movement arises. The critical Rayleigh number 
for a horizontal layer with no-slip boundaries is Rc =1300. But the actual Rayleigh 
number for the Paleocene-Miocene layer with thickness d = 5 km is 

R = 3x10-2x10x60x(5x103)4x2.3x103/(5x10-2x2x1012) ≈ 104     (4) 

which is almost an order of magnitude higher than the critical value for the Paleo-
gene-Miocene layer. Accordingly, convective movements take place in this layer 
having the characteristics of two-dimensional cells. The typical time for tempera-
ture equilibrium of a liquid layer is determined by 

τ = d2/Nχ                             (5) 

where N is the Nusselt number, which characterizes the efficiency of the convec-
tional heat transfer and shows how much more intense the convective thermal flow 
is compared to the conductive flow. Figure 11 shows a schematic picture of such a 
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thin tube model of mudflow from depth. While figure 12 shows the corresponding 
temperature profiles with depth (on both a large scale of about 3 km and also a 
small scale of a few meters from the surface) for different values of the mud flow 
speed. Note the rapidity spatially with which the temperature reaches steady-state 
in both panels. 

 
Fig. 12. Temperature distribution in the neck of mud volcano for the thermal jet model with 

different fluid uplift velocities ( in units of m/s) : 1) 1.10-10 – 5.10-9; 2) 5.10-9 – 1.10-9;  
3) 1.10-9 – 5.10-8; 4) 5.10-8 – 1.10-8; 5) 1.10-8 – 5.10-7; 6) 5.10-7 – 1.10-7; 7) 1.10-7 – 
5.10-6; 8) 5.10-6 – 1.10-6; 9) 1.10-6 – 5.10-5; 10) 1.10-5 – 5.10-5. 

 
 

For the viscous interstitial layer, the convection time is much less than the 
age of the Paleogene-Miocene complex. Hence, convection in this layer is station-
ary. After the establishment of convection, the temperature of the Paleogene-
Miocene layer becomes stable as well (Figure 13). The length of the disturbance 
wave, which characterizes the distance between two close ascending flows at fixed 
temperatures in the boundary of the Paleogene-Miocene series, is calculated by the 
formula λ ≈ 2d. If the stresses created by the flow exceed the strength limit of the 
overlying rocks, then uplift occurs above the ascending flows (Trubitysin et al., 
1998). This Rayleigh-Bernard gravitational instability reflects one of the possible 
models of hydrocarbon migration in the Paleogene-Miocene series in the SCB 
(Kadirov and Kadyrov, 1990; Guliev and Kadirov, 2000). 

Transportation of hydrocarbons upward, together with the enclosing clayey 
plastic mass of the intermediate layer, under convective processes would appear to 
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be a dominant mechanism of migration and accumulation in the upper parts of the 
series, with further breakthrough of the overlying permeable series. As the clay is 
raised, the lithostatic pressure lessens, with the result that hydrocarbon phase tran-
sitions will occur and hydrocarbons will be in free phase.  

 
Fig. 13. The temperature distribution after the establishment of convection,  

the temperatures of the Paleogene-Miocene layer. 
 
 

It is quite possible that the interstitial layer is the main generator of most of 
the mud volcanoes in Azerbaijan (Guliev and Kadirov, 2000). Figure 11 demon-
strates an activation scheme for mud volcanoes in a three-layer model of the sedi-
mentary complex with the application of convection. The underlying more compe-
tent layer is typically thought to be of Eocene age, the convective cell motion oc-
curs in the Paleogene-Miocene “sloppy” sediments, while breakthrough of the thin 
jet material to the surface is estimated to occur through the base of the Paleogene 
Tarkhan-Chokrak formation.  

From December 2001 through June 2002 the following sequence of events 
took place. The surface rises in and around the Lokbatan volcano. However, the 
amplitude of rise varies strongly along the structure. To the east, measured from 
the neck of the volcano, out to a distance of about 1000 m, the surface rise is 677 
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mm. A secondary maximum of 218 mm is observed on the western part to a dis-
tance of about 1000 m from the neck. The area of the crater also participates in the 
general rise, but lags appreciably behind the rise of the regional sites. Geodetic ob-
servations from December, 2001 through October 2002 show that, in the period 
June 2002 - October 2002, to the east away from the crater there is a relative lower-
ing of the surface, while to the west and also in the crater structure, the surface 
shows a relative rise. Comparison of the change of amplitude of movement of the 
surface with the change of radioactivity along the profile, indicates increased ra-
dioactivity in the crater and to the western side, where the differential uplift is larg-
est. An interpretation for this correlation is enhanced flow of liquid material as a 
result of microfracture growth in and around the site of the largest uplift gradients. 
 
VI. Conclusions 

The results show that there are negative local gravity anomalies (-5, -3 and -
2 mGal), respectively, in zones of mud volcanoes. The calculated field based on the 
model described shows that in zones of mud volcanoes there is a difference be-
tween observed and calculated fields. The extra mass in mud volcano zones is 
compensated for by introduction of decompaction zones and additional contact 
boundaries.  

Clearly, gas must still be upwelling from the Lokbatan volcano to feed the 
flame (currently around 0.5-1.0m high) over the last 14 months, so that the thermal 
regime cannot be one of simple cooling after a single flaming explosion. By mid-
December (18 Dec 2001) the mud had cooled sufficiently that it was possible to 
complete the N-S thermal section. The crater measurements show elevated tem-
peratures of 47°C (0.5m), 53°C (1m), and 58 °C (1.5m) with a systematic cooling 
within about 100 m of the crater, indicating either thermal cooling of the ejected 
mud or rain enhanced cooling by infiltration. The background temperature of 
35.3°C had then been reached. 

Precisely how this continued gas supply is related to geodynamic models of 
mud flow from depth (6 km?) in the Lokbatan mud volcano, and precisely how the 
dynamics and recharging of the gas and mud flow operate in a roughly cyclic man-
ner, need further and more detailed observations than are presently available. Iso-
tope gas composition shows that gas of the Lokbatan mud volcano has very deep 
roots as compared to adjacent volcanoes; such deep roots evidently account for its 
higher activity. Focuses of mud and gas flow formations are different, with the 
mud focus being located at a relatively shallow depth compared to that for gas.  

 
PART B. Temperature Evolution in the Lokbatan Crater after the 25 October 

2001 Eruption  
 
1. General. 

The purpose of this section of the paper is an investigation of the thermal re-
gime in the crestal crater of one such mud volcano, Lokbatan that has exploded at 
least 18 times in the last 170 years. This section is divided into several sections. 
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The remainder of the Introduction will provide some general geological back-
ground related to the general area, a short history of hydrocarbon exploration and 
production, and a brief summary of the typical explosion parameters of the Lok-
batan mud volcano, including the statistics for the latest explosion on 25 October 
2001. The succeeding sections of Part B will provide information on the thermal 
history in the general area around Lokbatan (section II); the measurements of tem-
perature in the crater sediments after the 25 October 2001 explosion, including in-
strumentation methods, measurement accuracy and temporal development (section 
III); interpretation (Section IV) of the crestal crater thermal data and relationship to 
the surrounding local data of section II. The tie-in of the thermal data to geological 
model consistency and to others sorts of measurements across the Lokbatan crater 
will be considered in section V, where a discussion and conclusions from the cur-
rent series of thermal measurements are also reported. 

 
I. Thermal Information before 25 October 2001. 

In the region surrounding the crestal domain of the Lokbatan mud volcano, 
during Soviet times (prior to 28 May 1990) the production wells were continuously 
monitored at about 500m depth for temperature in the boreholes because of produc-
tion concerns (oil viscosity, SO2 , solubility, etc.,) as functions of temperature. 
While much of the available data so obtained were considered confidential, and 
while the current availability of downhole temperature data since Azerbaijan inde-
pendence is less than optimal, nevertheless there is available a local map showing 
heat flux values for the wells in the neighborhood of Lokbatan (Sukharev et al., 
1969, Yakubov and Atakishiyev, 1973, Yakubov et al.,1971).  

This map is reproduced here in two forms: figure 6a shows the borehole de-
termined heat flux values in relation to structural contours, while figure 6b shows 
contours of heat flux values determined from the borehole data. To be noted from 
figure 6 is the concentration of higher heat flux contours generally roughly concen-
tric with the Lokbatan mud volcano. The elliptical region in the middle of both fig-
ures 6a and 6b indicates the location of the Lokbatan mud diapir with individual 
mud flows after individual eruptions marked by the zones surrounding the central 
crater unit.  

The general focusing of heat flux in the mud volcano region, as determined 
by the borehole data at 500m depth, is indicative of either a lowered thermal con-
ductivity relative to regional in the Lokbatan diapir itself (Bagirov and Lerche, 
1999, in Lerche et al, 1997); or of a variation in the thermal gradient (due, perhaps, 
to convective overturning in the unconsolidated low viscosity Paleogene-Miocene 
formations, as argued by Guliev and Kadirov (2000)); or by an enhanced local heat 
source (such as from radioactive materials) because there was an increase in broad 
spectrum γ–ray emissions at the time of the 25 October 2001 explosion of Lok-
batan, from a crestal crater background level of 8 γ–ray counts/sec to 28 γ–ray 
counts/sec (measured by the authors) with a return to the background level in a few 
days. Without further study it is not clear which alternative is to be favored. 
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Investigations of the temperature fields of mud volcanoes in Azerbaijan 
were started at the beginning of the XIX century. However, since 1992 special, 
more focused research has been carried out on 29 mud volcanoes of eastern Azer-
baijan. 

Temperature measures of mud volcanoes in Azerbaijan were first mentioned 
in 1904-1905 (Krasnov, 1905). It was remarked that the water temperature of mud 
volcanoes could be compared with average annual temperature at the locality 
(Abramovich, 1915). 

Different anomalies of geothermal field were recorded in areas of mud vol-
canism development. Mud volcanoes are known by the high value of heat flux den-
sity. At the same time, in regions of mud volcanism development, regional values 
of heat flux density are generally below median continental values. Values of tem-
perature gradients defined in the depth interval 0.3 – 1.5 m are very high, and very 
variable, ranging from 0.02 – 21.25 °C/m. There is also a diminution of tempera-
ture gradient with depth (Mukhtarov, 2003). 

Mud volcanism is one of the major factors influencing the geothermal con-
ditions of the deep formations. Numerous works devoted to the geothermal investi-
gations of gas and oil deposits of Azerbaijan have described the influence of mud 
volcanoes on the geotemperature conditions of the deep formations (see e.g. papers 
in Lerche et al., 1997). In the Absheron gas- and oil-bearing region that is the most 
studied geothermally, the zone of anomalously high temperatures and low values of 
geothermal gradients are confined, as a rule, to the localities influenced by mud 
volcanism. 

The eruptive mechanisms of mud volcanoes and the great numbers of frac-
tures and faults extending from them, can be inferred to provide heat conduction 
pathways from underlying formations, as supported by the observations of con-
finement of local thermal maxima to sites in the vicinity of mud diapirs. Thus for 
instance, in the Balakhany-Sabunchi-Ramany region, the temperature differences 
in the vicinity of mud volcano Bog- Bogha (in a fold-depression crestal region) and 
on the flanks is 4-5oC. In the Bibiebat area, in the vicinity of the mud volcano of 
the same name, the temperature differences were 3-4oC higher than on the limbs. 
The same is also true for Lokbatan, Zykh, Gum Adasy, and Neft Dashlary. Thus, 
the movement of thermal masses along the eruptive pathways of mud volcanoes 
and along large tectonic ruptures caused the positive temperature anomalies.  

The geothermal investigations, and the result of experimental determinations 
of thermal conductivity properties of rocks, also make it possible to evaluate the 
magnitude of thermal flows in  wells at a number of fields on the Apsheron Penin-
suala. Thus, for the Lokbatan field, thermal flows at 23 sites, uniformly arranged 
along the structure, have been obtained. Near the vent of the volcano two wells 
were subjected to geothermal investigations (fig.6a). For these wells the maximal 
values for thermal flow have been noted for the Lokbatan structure, 2.6 and 1.96 
HFU (1HFU = 42mW/m2), which is quite credible provided that the roots of the 
volcano are in deposits of Upper Cretaceous age, occurring at great depth (>3-
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12km?). The eruptive process also brings about intense heat transmission from the 
root region along with observed rock fragments of the same age. 

A somewhat higher value for the thermal flow, 1.83 HFU, has been found in 
wells bored in regions near the crest of the structure. Along with the dominant in-
fluence of  this most common tectonic factor on the intensity of the heat flow (the 
north-facing, comparatively gentle sloping, limb is uplifted and slightly overturned 
on the steeper, south-facing, limb), this phenomenon can also be associated with 
the fact that only a narrow band, extending along an axis westwards of the volcano, 
is subjected to mud volcanic activity and its consequences. Here the rocks are 
crumpled to a considerable depth, broken by fractures and filled with mud breccia. 

The variations in the distribution of thermal flows studied allow one to dis-
cern the close relation between the values and some characteristic features of the 
geological structure. Thus, the gently dipping eastern pericline is characterized by 
rather low values of thermal flows. The thermal flow attains its greatest magnitude 
in the vicinity of the mud volcano. In wells located not far from the volcano it has 
somewhat greater values (1.86 HFU) within the fraction of the southern limb that is 
the steepest. For the gently dipping northern limb these values do not exceed 1.72 
to1.79 HFU. 

Lokbatan mud volcano is one of the most active volcanoes on the Absheron 
Peninsula, therefore the wells put down near it give the highest values of the ther-
mal flows in comparison with other structures complicated by mud volcanoes (Ya-
kubov et al., 1971). As far as we have been able to ascertain there has not been a 
systematic quantitative study of conditions in the Lokbatan crater itself either prior 
to or after an explosion, and no long time study of thermal behavior. 

 
III. Crestal Crater Thermal Measurements. 

A. Crater Description. 
The floor of the crater is bounded on three sides by crater walls approxi-

mately 30-50m high and is open to the west with no crater wall. The crater floor is 
highly circular with a diameter of about 30m, and is relatively flat. The whole do-
main is mantled by dried mud that varies in thickness from 2-5 meters and extends 
approximately 200m to the west, and about 150m in other directions including 
covering completely both sides of all the crater walls. The mud is a uniformly gray 
color with included clasts of mudstones and sandstones ranging to about 1/3m in 
size. Occasional pyrite-coated smaller clasts are also embedded. On the crater floor 
three regions are baked brown as a result of continuing flame production after the 
original explosion and later mud ejection (See subsection B). The baking is surfi-
cial, extending to a few cm depth into the dried mud.  

Overall the ejected mud is not only desiccated by later high air temperatures 
but has also been eroded by rain, yielding a hummocky surface cut through by 
small canyons (about 10 cm across and up to meter scale in length and tens of cm 
deep); the individual hummocks are about 10-20 cm across. 
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B. The Explosion of 25 October 2001. 
At 11.45 GMT on 25 October 2001 the Lokbatan mud volcano exploded for 

the first time this century (and since 1823 there have been 20 recorded explosions). 
The flame from the central crater was about 300m high at initiation, red-yellow in 
color and approximately 100 m across. Duration was approximately 24 hrs. Above 
about 300 m, the strong winds (that blow almost constantly in that part of Azerbai-
jan at 15-30m/s) turned the flame to the west with the accompaniment of a roiling 
black smoke cloud, indicative of either incomplete burning of higher hydrocarbon 
homologs or of suspended “soot” particles- most likely transported and burnt clay 
or sand grains.  

After the first 24 hrs, the flame subsided enough that it was possible to ap-
proach the crater. Copious mud flow was observed as described previously, and 
pockets of flames still burned locally in the crater, reaching heights of several me-
ters and being of a whiter (hotter?) color than the initial main explosion. Indeed, 
during the course of the thermal measurements from 26 October 2001 through 26 
May 2002, a flame burned constantly and, even on 26 May 2002, was approxi-
mately 0.5m high and about 1m across, with an almost transparent bluish color 
(Lerche et al., 2002). The baked surface mud referred to previously would indicate 
local temperatures of at least 700°C-1000°C. Thermal monitoring of the Lokbatan 
crater after the explosion of 25 October 2002 through to the present-day has been 
systematic but with some gaps. 

Thermistor probe measurements have been made approximately every 30 
days, but during the rainy period of April/May 2002 no measurements were made. 
Indeed, the re-liquefied mud was so hazardous that an approach to the crater could 
not be made at all during rainy periods or for days afterwards until the mud again 
dried out. 

 
C. Thermal Measurements in the Crater 

Three measurement locations (labeled A, B and C) within the crater and on 
the crater floor were marked with iron spikes for ease of relocation (Figure 7). At 
each location, the thermal resistance probe provides three equivalent temperature 
measurements at 1.5 m, 1.0 m, and 0.5 m into the partially dried mud sediments.  

Since the 25 October 2001 explosion, time series of 6 temperature meas-
urements at each depth and each location within the crater have been obtained, ap-
proximately monthly, but with two major breaks in acquisition, the first between 18 
December 2001 and 12 March 2002, and the second from 13 March 2002 through 
20 May 2002. The unavoidable breaks were due to weather (rain) conditions not 
permitting crater access. Measurements were, therefore, made in 2001 on 27 Octo-
ber, 28 November, 18 December, and in 2002 on 12 March, 20 May and 26 May. 

Shown on figure 14 are the temporal measurements of temperature for the 3 
probe depths of 1.5 m, 1.0 m, and 0.5 m. The time origin is taken as the explosion 
time, so days are measured after the explosion. The isolated measurement just inside 
the crater wall on 27 October 2001 is because the A,B and C sites were too hot to 



 

 

 

246

approach on that date, only 24 hours after extinguishment of the primary eruption but 
with continual burning of several smaller (~3m high) flames within the crater. 
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Fig. 14. (a) Temporal measurements in the crater at depths 0.5m, 1.0m and 1.5m; 
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IV. Thermal Data Interpretation. 
The thermal observations with time after the 25 October 2001 explosion, 

plotted in figure 14, are open to several interpretations. We present here two of the 
extremes so that some idea is available of the range of possibilities. The two ex-
treme possibilities considered are (i) a systematic cool-down with time after the 
initial explosion with no further complicating factors; (ii) a re-heating of the surfi-
cial layers after the final explosion due to further, more minor, flame events. As we 
shall demonstrate directly, the available thermal data are somewhat ambivalent in 
terms of either interpretation, suggesting that more detailed thermal measurements 
and other types of measurements are needed to help resolve the uncertainties. 

(i). A Systematic Cool-down Model. 
If the thermal behavior with time in the crater is regarded as a systematic 

cool-down after the initial explosion phase, then one might consider the tempera-
ture, T, with respect to time t (with t = 0 marking the end of initial flame explosion 
at about 1145GMT + 24 hrs, 25 October 2001), to be given by: 

T(t)=TB+(TA-TB)exp(-t/τ ).     (6) 

where TA is the temperature of the crater material at the time t = 0 of primary flame 
explosion termination; TB is the background temperature long after the explosive 
phase; and  τ is the cool-down time estimate. Such a basic cool-down model has 
been best fit to the temperature data at 1.5 m, 1.0 m, and 0.5 m, as shown in figure 
14. The results are the best-fit curves superposed on the data as in figure 15a-15c 
for each of the three locations. The results, while not providing a perfect fit to the 
data available, do suggest an overall cool-down time of typically τ = 650 ± 100 
days to reach a background temperature of around 35°C.  

An alternative behavior is a constrained cool-down model. The reason for 
considering such a model is that, two days after the initial explosion, thermal 
measurements were made in the crater near the crater walls. A temperature of about 
70-72°C was recorded there. It could be argued that such a temperature represents a 
minimum temperature for all more central crater locations. Accordingly, a con-
strained cool-down model was used with the initial temperature set at 70-72°C. 
These cool-down results are shown in figure 16a-16c. Again the fits to the data are 
not very good but, if such a cool-down model is considered appropriate, one has 
again a rough cool-down time, of around 600-1300 days.  

In either situation of constrained or unconstrained cool-down models, the 
implications are two-fold; (i) a cool-down time of about 2-3 years is appropriate 
based on measurements over the first 220 days after the explosion; (ii) the fits to 
the observed data of such cool-down models are not very good suggesting that dif-
ferent models are appropriate to consider. 

(ii). A Re-Heating Model 
There are sufficient, statistically significant discrepancies between the cool-

down best fit curves given above and the actual data for all three measurement 
depths of 1.5, 1.0 and 0.5 m that at least one alternative model is also viable.  
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Fig. 15. (a) Unconstrained cool-down curves at 0.5m, 1.0m and 1.5m; 
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Fig. 16. (a) Constrained cool-down curves at 0.5m, 1.0m and 1.5m; 
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The local increases in the temperature measurements with time suggest that 
a simple cool-down model is not capturing the complete dynamical behavior. In 
addition, the recurrent, more minor, flaming explosions (after the initial explosion 
of 25 October 2001) also indicate that a simple cool-down is not necessarily the 
most appropriate model. 

To provide an alternative we have fit both unconstrained and constrained 
polynomials of temperature versus time to the data at 1.5, 1.0, and 0.5 m. For the 
unconstrained situation, the fitting results are shown in Figure 17a-17c. While the 
fits are extremely good to the limited data available, they provide several conflict-
ing pieces of information – such as initial inferred temperatures ranging from 14°C 
to 60°C in the case of location A, crossing of temperature curves from different 
depth regimes for all three locations, and multiple crossings for location A.  Such 
conflicting measurement inferences could be due subsurface gas flow and expan-
sion before igniting at shallower depth (so producing Newtonian flow cooling and 
adiabatic gas expansion cooling) but are also possibly due to the scarcity of thermal 
data, so allowing very unconstrained polynomial fits.  

To explore this latter possibility, constrained polynomials fits to the data 
were done, with the constraint of an initial temperature lying between 69-72 °C, in 
accord with the isolated site measurements obtained on the second day after the 
primary explosion.  

These polynomial fits are shown in figure 18a-18c. The common thread that 
is observable for all of the different depth measurements at all three locations is the 
presence of a broad minimum in temperature between about day 60 to day 180 with 
a rise thereafter through day 215.  

While no one depth set of measurements at one location provides a sharp in-
dication of a minimum, the single constraint of an initial temperature range permits 
all 9 sets of temporal measurements to produce the same broad minimum over the 
same temporal region, suggesting some statistical significance to the combined re-
sults. Physically it is possible that the effect represents a broadly-based cool-down 
to around day 150 with subsequent re-supply of further gas and re-heating thereaf-
ter (there is still a significant flaming hot spot in the crater at day 215 so gas must 
still be supplying fuel to the flame). 

Without further data over a broader range of times than the current 215 days, 
it just is not possible to constrain the system behavior further, although unsup-
ported speculation is always possible of course. 

(iii). Thermal Profiles Across the Lokbatan Region. 
Apart from the ongoing thermal measurements in the Lokbatan crater, soon 

after the initial explosion two thermal transects were undertaken running roughly 
east-west and north-south, respectively.  

Figure 7a shows transects and measurement stations in relation to the total mud 
flow boundary, the crater walls and the central hot crater (shaded). Some proposed sta-
tions were inaccessible due to shifting mud, crenellations within the mud flow, steep 
crater wall unstable topography, and minor flame eruptions. Accordingly not all sta-
tions record temperatures at all three probe depths of 0.5 m, 1.0 m, and 1.5 m. 
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Fig. 17. (a) Unconstrained polynomial curves at 0.5m, 1.0m and 1.5m; 
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Fig. 18. (a) Constrained polynomial curves at 0.5m, 1.0m and 1.5m.  

In all three cases the constraint  temperature is chosen to lie between 69-72 °C. 
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Figure 7b shows the temperature measurements across the east-west profile 
(labeled I-I’ on figure 8a), where the distance (in m) for each station is measured 
from the westernmost point; while figure 7c shows the corresponding temperature 
measurements along the approximately north-south profile where the distance (in 
m) is measured from the last measurement station at the southern end of the profile 
(position II’ on the profile II-II’). Measurements on profile I-I’ were taken on 28 
November 2001 while those on profile II-II’ were obtained on 18 December 2001. 

The measurements at each site on the east-west profile at 1.0m depth show a 
consistently high temperature of around 55±5°C, indicating that the mud at that 
depth had not yet cooled much a month after the explosion of 25 October 2001. By 
contrast, the measurements at 0.5m are broken due to lack of mud support for the 
thermistor probe, while the broken series at 1.5m depth is an indication that it was 
just too hot to spend the required time to obtain the measurements (60°C is stinging 
hot against human flesh). 

By mid-December (18 Dec 2001) the mud had cooled sufficiently that it was 
possible to complete the N-S thermal section. The crater measurements show ele-
vated temperatures of 47°C (0.5 m), 53°C (1m), and 58°C (1.5 m) with a system-
atic cooling within about 100 m of the crater, indicating either thermal cooling of 
the ejected mud or rain enhanced cooling by infiltration. The background tempera-
ture of 35± 3°C has been reached. 

It would appear that 3-5 m of mud cover is not sufficient to retain a thermal 
imprint much longer than a month after the explosion, except in the crater itself. 
Whether that continued crater imprint is due to slower cooling or re-heating is un-
known as discussed in detail earlier. 

 
V. Discussion and Conclusion.  

This series of temperature measurements with time in the Lokbatan crater, 
plus the two regional profiles, represents the first time that the thermal history has 
been followed so intensively following a mud volcano explosion. The background 
regional temperature and heat flux measurements from production wells provide a 
firm basis from which the thermal changes can be compared after the explosion of 
25 October 2001. 

Three major factors stand out from the thermal measurements. First, the pro-
files across the volcano crater and surrounding ejected mud flow indicate that, ex-
cept for the crater region, the external mud of 3-5 m thickness undergoes relatively 
rapid cooling, reaching pre-explosion background temperatures over the course of 
a month or two. Second, the crater region does not undergo such rapid thermal 
cooling. If a thermal cooling model fit to the crater data is attempted, the corre-
sponding cool-down time is around 2-3 years, but the data fit is not particularly 
good, suggesting that the crater sediments are possibly not just cooling. Equally, if 
either constrained or unconstrained polynomial fits to the crater data are attempted 
, in order to allow for re-heating events that provide consistency with the on-going 
central flame and the known minor flaming event outbursts, then there is some 
general consistency for the constrained thermal model. The implication here is for 



 

 

 

254

a cooling until about 150-180 days after the primary explosion, and a re-heating 
event in the last 45-60 days. 

Third, the “gaps” in the data, due either to rain making it impossible to get 
to the crater sites or due to flame outbreaks, allow multiple possible interpretations, 
but are consistent with the transect information, which indicates cooling of the mud 
external to the crater but a different behavior for the internal crater cooling and/or 
heating. 

Clearly, gas must still be upwelling from the volcano to feed the flame (cur-
rently around 0.5-1.0m high) over the last 14 months, so that the thermal regime 
cannot be one of simple cooling after a single thermal explosion. Precisely how this 
continued gas supply is related to geodynamic models of mud flow from depth (>3-
6 km?) in the Lokbatan mud volcano, and precisely how the dynamics and recharg-
ing of the gas and mud flow operate in a roughly cyclic manner, need further and 
more detailed observations than are presently available. 

In this regard, both geodynamic and gravimetric records have also been 
made in the general region. The detailed information and inferences they provide 
argue for a “sloppy” unconsolidated region at around 3-6 km depth that is the 
source of both mud and entrained gas flow. A more quantitative discussion of these 
investigations will be reported later. 

Currently, thermal observations in the Lokbatan crater continue on a roughly 
monthly basis in the hope that better discrimination between competing thermal 
models (cooling versus re-heating) may be sharpened with such data over the next 
year or so. 
 
General Conclusions for Parts A and B  

The results show that there are negative local gravity anomalies (-5, -3 and -
2 mGal), respectively, in zones of mud volcanoes. The calculated field based on the 
model, described shows that in zones of mud volcanoes there is a difference be-
tween observed and calculated fields. The extra mass in mud volcano zones is 
compensated for by introduction of decompaction zones and additional contact 
boundaries. Gas must still be upwelling from the volcano to feed the flame (cur-
rently around 0.5-1.0 m high) over the last 8 months, so that the thermal regime 
cannot be one of simple cooling after a single thermal explosion. Precisely how this 
continued gas supply is related to geodynamic models of mud flow from depth (>3-
6 km?) in the Lokbatan mud volcano, and precisely how the dynamics and recharg-
ing of the gas and mud flow operate in a roughly cyclic manner, need further and 
more detailed observations than are presently available. 
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Summary 

Multichannel seismic reflection data from the offshore region of Azer-
baijan document the occurrence of gas hydrates concealed beneath the sea-
floor (~300 m) in water depths ranging from ~400 to 650 m. Although identi-
fied in ~200 m thick layers on the seismic data, thermobaric modeling of gas 
compositions determined from shallow coring predicts minimum water 
depths of 150 m and maximum thickness of 1,500 m for hydrate stability. 
These are considerably shallower and thicker deposits than for other known 
hydrate provinces. Development of these gas hydrates near the base of the 
continental rise appears to control a large region (>200 sq. km) of shallow 
deformation. Shallow structural disruption, evident on detailed bathymetry of 
the seafloor, appears to be controlled by the base of the gas hydrate layer, 
while the zone of gas hydrate appears to be continuous across these shallow 
faults, implying rapid and dynamic re-equilibration of the gas hydrate stabil-
ity field following very recent faulting. Comparison of the gas hydrate dis-
tribution on the two seismic profiles with the seafloor bathymetry generated 
from a 3-D survey in the region suggests a close spatial relationship with the 
nearby Absheron mud volcano and its associated moat.  

 
Key Words: South Caspian Sea, gas hydrates, BSR. 
 
 

Introduction 
 

Recent estimations suggest that the largest accumulations of natural gas on 
Earth are in the form of gas hydrates (Collett, 1994) that mainly occur in deep wa-
ter marine sediments (Kvenvolden, 1993). Also known as methane clathrates, these 
substances are similar to ice, but are composed of rigid cages of water molecules 
which entrap molecules of hydrocarbon gas, mainly methane (Kvenvolden, 1993; 
Sloan, 1998). Three principal aspects of gas hydrates interest the earth science 
community: (1) fuel resource potential, (2) potential drilling hazards, and (3) role 
in global climate change (Kvenvolden, 1993; 1995). Among these, the latter re-
mains controversial, since we do not yet understand how gas hydrates respond to 
changes in climate, and how the methane escapes into the atmosphere (Lashof and 
Ahuja, 1990). However, the immediate need to study gas hydrates as potential haz-
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ards (Kvenvolden, 1993; Bagirov and Lerche, 1997) led to a significant progress in 
understanding how they form naturally and what their physical properties are.  

Gas hydrates are quasi-stable structures that can dissociate slowly or explo-
sively, and such they can affect the strength of the sediments in which they reside 
(Kvenvolden, 1995; Sloan, 1998). Therefore, they can play a significant role in 
sediment transport in marine sediments that can be triggered by either high sedi-
mentation rates or sea level fluctuations or other processes that can produce 
changes in the pressure-temperature regime. Due to their rigid, ice-like structure, 
gas hydrates can behave like thermobaric seals for free gas in marine sediments, 
and their dissociation could produce uncontrolled release of the gas trapped be-
neath the hydrate seal. However, the gas hydrates have also been recognized as 
significant potential resources for the 21st century fuel, which can possibly be ex-
tracted from either the methane within the hydrate layer, or alternatively, from the 
free gas trapped underneath hydrate layer. Theoretical estimates suggest that 1 cm3 
of pure methane hydrate should yield about 164 cm3 of methane and 0.8 cm3 of 
water (Kvenvolden et al., 1981; Kvenvolden, 1993, 1995). Current estimates pre-
dict that the amount of gas sequestered in hydrates varies between 100,000-
200,000 trillion cubic feet (TCF) (Collet, 1997). As far as their role in global cli-
mate change, this can only happen if large volumes of hydrates dissociate simulta-
neously and release significant amounts of hydrocarbon gases in the atmosphere.  

With an intensification of the petroleum exploration activities in the South 
Caspian basins in early 1990’s, there has been placed an emphasis on the occurrence 
of natural hazards, including earthquakes and explosive eruptions of mud volcanoes 
that occasionally cause oil and gas to burn on the earth surface (Bagirov and Lerche, 
1997). Proven oil reserves for the entire Caspian Sea region are estimated between 
16-32 billion barrels (BBOE), comparable to those in the United States (22 BBOE) 
and the North Sea (17 BBOE). Natural gas reserves are even larger, accounting for 
almost 2/3 of the hydrocarbon reserves (proved plus possible) in the Caspian Sea 
region. Proven gas reserves in the Caspian region are estimated at 236-337 trillion 
cubic feet (Tcf), comparable to North American reserves (according to the United 
States Energy Information Administration). Gas hydrates were for the first time dis-
covered in the Caspian Sea in late 1970’s, during a marine geologic expedition led by 
the Institute for Geology and Development of Fossil Fuel (Yefremova and Gritchina, 
1981; Ginsburg and Soloviev, 1998). Association of gas hydrates with mud volca-
noes in the South Caspian basin enhances the chances for offshore explosive erup-
tions and continental slope failure, representing a significant threat to the petroleum 
exploration and recovery operations in the region. 

Two multi-channel (~70km each) seismic reflection profiles from the South 
Caspian Sea offshore Azerbaijan (Fig.1) were acquired as part of the exploration ac-
tivities in the South Caspian Sea by ChevronTexaco Corp. (USA), SOCAR (Azerbai-
jan), and TotalElfFIna (France). These profiles have been processed and interpreted 
with respect to gas hydrate accumulations in the deep water setting of the South Cas-
pian Sea. This was the first study of gas hydrates in the deep water setting of the 
South Caspian Sea, since the previous research was related to shallow gas hydrate 
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accumulations on mud volcanoes mots (e.g. Ginsburg and Soloviev, 1998). Through 
their geophysical and thermobaric properties as well as their involvement in shallow 
faulting, the gas hydrates of the South Caspian deep sea appear to represent signifi-
cant drilling hazards to petroleum related activities in this region.  

 
Geologic setting 
The geologic evolution of the South Caspian basins remains enigmatic, par-

ticularly with respect to the generation of such significant hydrocarbon resources. 
Situated within the Alpine-Himalayan collisional zone, the Caspian Sea separates 
the locus of young continental collision in the Caucasus to the west from large-
scale strike-slip faulting in the Kopeh-Dagh system of Turkmenistan to the east 
(Zonenshain and Le Pichon, 1986). Although the basin is thought to have origi-
nated in the Mesozoic time, as much as 8-10 km of Plio-Pleistocene sediments 
have accumulated, representing average depositional rates of >1.5 km/my for the 
last 5 million years (Devlin et al., 1999; Knapp and Knapp, in press). The presence 
of numerous mud volcanoes and active oil and gas seeps suggest that hydrocarbons 
are forming and migrating within the basin today. Furthermore, active seismicity in 
the region attests that structures and associated hydrocarbon traps in the shallow 
section are forming and migrating within the basin.  

 
Figure 1. Multi-channel seismic reflection profiles (in red) and a 3-D seismic survey (yel-
low rectangle) were acquired in the deep water (300-720 m) of the South Caspian Sea, off-
shore Azerbaijan. Background represents the bathymetry of the seafloor, generated from the 
3-D survey, highlighting the transition from the shelf edge to deep water. Star labeled C 
indicates location of coring for hydrocarbon gas geochemical analysis. Inset in bottom left 
corner shows the geographic setting of the Caspian Sea within Central Eurasia. SF stands 
for shallow faulting. 
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The South Caspian basin is one of, if not the thickest basin, with 25-30 km 
of sediments as determined from seismic refraction (Zonenshain et al. 1990) and 
reflection (Knapp et al., in press) profiling. Onshore drilling in Azerbaijan and 
Turkmenistan, which penetrated part of the sedimentary sequence, indicates shal-
low-water sediments ranging from Late Jurassic to Early Pliocene in age (Zonen-
shain et al. 1990). Seismic reflection profiling (Zonenshain and Le Pichon 1986) 
has traced these sediments into the deepest part of the South Caspian basin and has 
also revealed intense folding and nappe development reminiscent of onshore de-
formation in the Great Caucasus. 

With deep water (1100 m), low seafloor temperature (5.8-6.2°C), presence of 
natural gas, and low geothermal gradients (11-15°C/km) (Bagirov and Lerche, 1997), 
the South Caspian Sea meets the pressure and temperature conditions required for 
gas hydrate occurrence. The only gas hydrates harvested from the South Caspian Sea 
floor were collected from two mud volcano sites, Elm and Buzdag (Ginsburg et al., 
1992; Ginsburg and Soloviev, 1994, 1998). The hydrocarbon gases released from 
these gas hydrates showed a high (4-40%) concentration in methane homologues, 
especially ethane, indicating primarily a thermogenic rather than biogenic origin. 
Sample of water released from the Caspian hydrates indicated salinity of 13.7-23.2 
g/l and chlorinity of 7.08-13.41 g/l (Ginsburg and Soloviev, 1998).  

 
Seismic data 
Two ~70-km seismic reflection profiles (ABSHERON 1 and 2 in Figure 1) 

acquired near the Absheron Ridge, offshore Azerbaijan, were processed and inter-
preted with the aim of identifying the occurrence of gas hydrates in the deep water 
(500-700 m) of the South Caspian Sea. Processing of these profiles was focused on 
noise reduction and preservation of true amplitudes, necessary for accurate evalua-
tion of elastic properties, including possible “blanking” (reduced acoustic imped-
ance) effects, and detection of potential free gas accumulations beneath the hy-
drated layer. Principal steps in the processing included wavelet deconvolution, 
spherical divergence correction, bandpass filtering, surface consistent amplitude 
scaling, finite-difference migration, and depth conversion. 

The ABSHERON 1 and 2 profiles (Fig. 1) were some of the first deep (20 s) 
reflection profiles acquired in the Caspian region, but only the first 2 s were proc-
essed and analyzed for the hydrate study. The water depth in this region varies be-
tween 200 and 715 m (Fig. 1). 

As observed in other gas hydrate localities worldwide (e.g. Kvenvolden, 
1993; 1995; Malone, 1994), the ABSHERON 1 and 2 profiles display shallow high 
velocity anomalies (Vp≈2.1 km/s, Vs≈0.8 km/s) when compared with the neigh-
boring unconsolidated sediments (Vp≈1.55-1.60 km/s, Vs≈0.36 km/s) (Figs. 2a and 
b). These regions are visible on the seismic sections as depth-limited layers (~200 
m thick) beneath the seafloor (~300-400 m), and they continue down the flanks of 
the Absheron anticlinal structure (Figs. 2 and 3). These zones of high velocity 
anomalies are interpreted to contain gas hydrates, which most likely appear to form 
in buried lenses well below the sea floor. 
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Figure 2. (a) Migrated common-midpoint (CMP) stacked section of line ABSHERON 2 
with superimposed interval velocities. The inferred top (TAH; Top Absheron Hydrate) and 
base (BAH; Base Absheron Hydrate) of the Absheron gas hydrate bound an ~100-200 m 
thick depth-restricted hydrate layer situated ~300-400 m below seafloor. Positive polarity 
(peak) reflections are shown in black (e.g. TAH), and negative polarity (trough) reflections 
are shown in white (e.g. BAH); (b) Same for line ABSHERON 1. 

 
The top of the velocity anomaly is marked by a strong, (Rc=0.123), positive-

polarity (same polarity as the seafloor (Rc=0.198) reflector that is interpreted as the 
top of the gas hydrate layer (Top Absheron Hydrate; TAH). Similarly, a high-
amplitude (Rc=0.11), negative polarity reflector (reversed relative to the seafloor) 
coincides with the base of the high-velocity layer, and is interpreted as the base of 
the hydrate zone (Base Absheron Hydrate; BAH). Both the top and the bottom of 
the hydrate layer approximately parallel the sea floor, and shallow within the sedi-
mentary section with the decreasing water depth. Emulation of the seafloor and the 
cross-cutting geometry of the top and base of the hydrate layer with the strati-
graphic layers suggest that these two reflectors are most likely thermobaric (of 
equal temperature and pressure), and not stratigraphic interfaces.  

As expected from a layer of gas hydrates, the shallow high-velocity anomaly 
zone is associated with blanking effects of the sedimentary section. Shallow fault-
ing evident on the detailed bathymetry of the seafloor and associated with slope 
failure at the shelf margin appears to be structurally controlled by the base of the 
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gas hydrate layer. Moreover, the zone of gas hydrate appears to be continuous 
across these shallow faults, implying rapid and dynamic re-equilibration of the gas 
hydrate stability field following very recent faulting. The disappearance of the gas 
hydrate zone toward the west, on line ABSHERON 1, and north, on line 
ABSHERON 2, could be related to a decrease in pressure derived from decreasing 
water depth toward these directions.  

 
Thermobarometry 
The interpreted thickness and depth of gas hydrates in the South Caspian ba-

sins agree well with the hydrate stability field predicted from thermobaric model-
ing (Fig. 4). A three-phase equilibrium analysis based on a statistical thermody-
namic calculation of the distribution of the guest molecules in the gas hydrate 
structure (Sloan 1998) was performed given the thermobaric conditions of the 
study area (Fig. 4) to indicate the temperature and pressure at which hydrates form 
from a given gas composition. Our calculations were defaulted to 5.85°C sea floor 
temperature and zero pore-water salinity. A generalized phase equilibrium diagram 
for a system of pure water and different hydrocarbon gas compositions based on 
pure methane (curve 1 in blue) and measured gas compositions from the study area 
(curves 2 and 3, in yellow and red, respectively), was constructed as shown in Fig-
ure 4. The blue, yellow, and red curves indicate the gas hydrate stability curves, in 
other words the temperature and pressure conditions in which the hydrates poten-
tially form taking into account well constrained seafloor temperature, gas composi-
tion, and water depth. The gas hydrate stability fields were calculated for geother-
mal gradients of 11 and 17°C/km (Bagirov and Lerche, 1997), for various water 
depths such as 150 m, 475 m, and 690 m. The intersection of the gas hydrate stabil-
ity curve with the seafloor isotherm (5.85°C) points out to the minimum water 
depth at which gas hydrates may be stable for the given chemical and thermobaric 
conditions. The bottom of the hydrate stability field is controlled by the geothermal 
gradient, and defined as the intersection of the gas hydrate stability curve with the 
geothermal gradient (Kvenvolden, 1993; 1995).  

From the thermobaric modeling, the methane hydrates in our study area be-
come stable at the sea floor down to ~1400 m, thus the predicted methane hydrate 
thickness is roughly 400 to 900 m. If heavier hydrocarbon gas is added to methane, 
then the hydrates become more stable at higher geothermal gradients, like the gas 
hydrate stability fields 2 and 3 in Figure 4. 

Both thermogenic and biogenic gas was identified from coring at the sea 
floor (Moukhtarov, 1998). Given this gas composition, the thermobaric modeling 
indicates that gas hydrates in the South Caspian Sea may be stable in water depths 
as shallow as ~150 m, much shallower than other areas reported worldwide for gas 
hydrate formation (Figure 4). Moreover, the maximum predicted thickness of gas 
hydrates in the South Caspian sediments is 1300 m, considerably thicker than other 
known hydrate occurrences. The results of this study suggest that gas hydrates (1) 
appear to be widespread features in the deep water of the South Caspian Sea, (2) 
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occur as buried deposits well below the seafloor, and accordingly, (3) may repre-
sent major geo-hazards, especially when associated with mud volcanoes.  

 
Figure 3. Structural interpretation of the ABSHERON 1 (b) and 2 (a) profiles shown in 
Figure 2, as it relates to the presence of buried gas hydrates well beneath (~300 m) the sea-
floor. The shallow faulting inferred to be related to gas hydrate occurrence is labeled as the 
Absheron allochton (modified after Diaconescu et al., 2000). While not a one-to-one corre-
spondence, the gas hydrates where present, are commonly associated with the base of nu-
merous high-angle strike-slip (?) and reverse faults which affect the shallow 500-600 m of 
the sedimentary section.  

 
Absheron allochton 
From several studies of gas hydrates worldwide, a close spatial relationship 

between slope instability and occurrence of landslides on the continental slope 
where gas hydrates commonly form (e.g. McIver, 1982; Evans et al., 1996) has 
been observed. A possible mechanism for initiation of slope failure and landsliding 
involves the dissociation of gas hydrates at the base of the hydrate layer. The ex-
pected effect is a change from a semi-cemented zone to a zone that is filled with 
gas and has little strength, thus facilitating sliding. The cause of the gas hydrate 
dissociation could be a reduction in pressure due to a sea-level drop, such as oc-
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curred during glacial periods when ocean water became isolated on land in great 
ice sheets (Dillon et al., 1994). 

 
Figure 4. Generalized phase equilibrium diagram for a system of pure water and different 
hydrocarbon gas compositions based on pure methane (1) and measured gas compositions 
from the study area (2 and 3; see above). Hydrate stability fields are calculated for geo-
thermal gradients of 11 and 17°C/km, for water depths of 150 m, 475 m, and 690 m. Depth 
scale assumes a pore-water hydrostatic pressure gradient of 0.1 atm/m (modified after Di-
aconescu et al., 2000). 

 
Lines ABSHERON 1 and 2 (Figs. 2a and b) were analyzed in connection 

with shallow faulting and sea floor deformation possibly generated by the presence 
of the Absheron gas hydrates. 

The buried Absheron gas hydrates can be identified on both ABSHERON 1 
and 2 profiles, within depth range from ~800-1200 m (Figs. 2 and 5). While the gas 
hydrate zone can be traced continuously for ~12 km on the ABSHERON 2 profile, 
with ~300 m of relief on both the top and base of the layer, the area where hydrates 
are identified on the ABSHERON 1 profile is much more spatially limited, with a 
zone of ~3 km in length characterized by higher seismic velocities, seismic blanking, 
a positive-polarity top (TAH) and a negative-polarity base (BAH). Although in both 
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cases, the inferred gas hydrate zone is situated on the flanks of the Absheron anti-
cline, it appears neither uniquely associated with the apex of the structure, nor uni-
formly distributed on the flanks. Consequently, it does not appear that the gas hy-
drate zone is largely controlled by the Absheron structure. Conversely, the position 
of the Absheron gas hydrates in relation to the sea floor bathymetry in the study are 
(Fig. 1), suggests a close spatial relationship with the nearby Absheron mud volcano. 

A structural interpretation of the ABSHERON 1 and 2 profiles as it relates to 
the presence of the Absheron buried gas hydrates at 300-400 m depth below the sea 
floor, indicates a close spatial relationship with the base of several reverse and high-
angle strike-slip(?) faults which deform the top 500-600 m of the sedimentary sec-
tion. On the ABSHERON 1 profile, the deformed section continues both up- and 
down-dip from the Absheron gas hydrate zone for approximately 35 km. Evidence 
for shallow structural deformation is largely lacking on the western half of the seis-
mic section, despite the suggestion of active deformation observed on the seabed 
morphology. In the case of the ABSHERON 2 profile, the gas hydrate coincides with 
a marked change in seabed slope at the boundary between continental rise and abys-
sal plain, and continues down-dip of the southern boundary of shallow faulting.  

 
Figure 5. Fence diagram displaying in a pseudo-3D view the Absheron gas hydrates. Posi-
tive polarity (peak) reflections are shown in blue (e.g. seafloor and TAH); negative polarity 
(trough) reflections are shown in red (e.g. BAH). The gas hydrate zone is delimited by the 
TAH (top) and BAH (bottom) reflectors. 

 
From a close inspection of the spatial association of gas hydrates, shallow 

faulting, and sea floor morphology it appears that gas hydrates may have played 
(and probably still do) a significant role in the structural destabilization of the con-
tinental slope in this area. A structurally complex and actively deforming sea floor 
region extends for more than 200 km2, covering the eastern half of the 
ABSHERON 1 profile. This region extends tens of kilometers up-dip of the 
Absheron mud volcano (Figs. 1, 2, 3, and 5). Due to the complexity of disruption, 
the relatively sharp boundaries to the zone of deformation, the discontinuity of 
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stratigraphy across these boundaries, and the shallow level of detachment, this con-
fined zone appears to be allocthonous in origin. The ABSHERON seismic data 
presented here suggest that the continental slope of the South Caspian Sea in the 
study area is in structural failure, and is controlled at the base and toe by the pres-
ence of gas hydrates in the subsurface. If this interpretation is correct, the implica-
tion would be that the continental slope within the Absheron area is vastly unstable 
and subject to continuing structural failure under natural geologic processes, in-
cluding most likely gas hydrates. 

The ABSHERON 2 section shows a clear indication of gas hydrate re-
equilibration across active faults which deform the sea floor. As shown in Fig. 3a, a 
reverse fault can be traced from the base of the gas hydrate (BAH) cutting across the 
top of the hydrate layer (TAH), but without a significant structural offset. This can be 
interpreted that the gas hydrate zone may serve to localize deformation in the overly-
ing section. Furthermore, the hydrate body appears to be thermodynamically stable, 
resulting in rapid re-equilibration of the gas hydrate across the shallow faulting. 

 
Conclusions 
Two multi-channel seismic reflection profiles in the deepwater of the South 

Caspian Sea, offshore Azerbaijan, document some of the first gas hydrates in the 
deep water of the South Caspian Sea as well as some of the first buried gas hy-
drates worldwide. Based on their geophysical signature, the Absheron gas hydrates 
are possibly widespread features of the deep water of the South Caspian Sea, and 
are characterized by (1) depth-restricted, lenticular bodies well beneath the sea-
floor, (2) the apparent accumulation of free gas within the underlying sediment, 
and (3) evidence of associated recent slope failure in the overlying strata. From 
predicted thermobaric modeling, these gas hydrates may develop in water depth as 
shallow as ~150 m, and could form layers as thick as 1350 m.  

From a structural viewpoint, the Absheron gas hydrates appear to control a 
large (~200 m2) zone of recent and possibly ongoing deformation on the continen-
tal slope of the South Caspian Sea. Such attributes make these gas hydrates impor-
tant, and perhaps previously underestimated geo-hazards of the South Caspian re-
gion. Primary among these are uncontrolled release of free gas trapped beneath the 
hydrate seal, or disruption of the gas hydrate stability field leading to either explo-
sive dissociation of the gas hydrate, or reduction in sediment strength, slope insta-
bility, and mass sediment transport. Association of gas hydrates with active mud 
volcanoes in the South Caspian Sea increases the potential for offshore flaming 
eruptions, as attested to in historical records. Comparison of the gas hydrate distri-
bution on the two seismic profiles with the seafloor bathymetry generated from a 3-
D survey in the region suggests a close spatial relationship with the nearby 
Absheron mud volcano and its associated moat. While the Absheron volcano is not 
imaged directly with the seismic profiles, the position of this mud volcano appears 
to coincide with the crest of the Absheron anticline, and could provide a likely 
source of thermogenic gas for hydrate formation. 
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Summary 
Two oil-gas-bearing regions (the South Caspian and Middle Caspian) and 

partly once more two basins (the North Ustyurt and the North Caspian) are de-
veloped within the Caspian region. General petroleum prospective area covers 
about 760 thousands km2. The sedimentary cover of the basins is differentiated 
into six oil-gas-bearing systems which are unevenly distributed over the area of 
the region: the Pliocene – Quaternary; the Oligocene – Miocene; Cretaceous – 
Eocene; Jurassic; Upper Permian – Triassic; Devonian – Lower Permian. 

Analysis is based on a wide actual data on drilling and marine seismic 
studies, gravimetric survey. An estimate was made according to the original 
procedure which takes into account a ratio between a density of proved hy-
drocarbon reserves at the standard areas (known zones of oil and gas accu-
mulation) and a number of parameters of petroleum potential: thickness, rate 
and paleogeographic environment of sedimentation, thermal regime, type 
and rate of metamorphism of organic matter, physical properties of reser-
voirs. Total density of potential resources has 10 gradations and ranges from 
more than 720 to 10 thousands t.o.e./km2, including onshore areas. 

 
 

1. Introduction 
 

The Caspian region now is the subject of interests of many national and in-
ternational companies. These companies perform not only production of oil and gas 
but carry out exploration works. A number of problems are discussed constantly. 
Can the Caspian region meet all engagements of the world market in the end of the 
second thousand of years? Its commercial petroleum occurrence is obvious. The 
high estimates of petroleum prospects are as far as true. What is an influence of the 
increased seismicity of its central and southern part on the objects of oil and gas 
industry (rigs, oil and gas pipes line etc.). 

This review is devoted to discussion and analysis of the main problem – es-
timate of distribution of densities of hydrocarbon resources. The analysis takes into 
account that two large basins, the South Caspian of the Late Mesozoic – Cenozoic 
basin and the Middle Caspian, predominantly, Mesozoic – Early Cenozoic basin 
are located within the limits of the region. The western and southern parts of other 
two basins, the North Ustyurt Mesozoic basin and the North Caspian Paleozoic 
basin are also located in the region (Fig. 1). The sedimentary cover of all four ba-
sins includes six oil-gas-bearing systems – the Devonian – Lower Permian, the 
Upper Permian – Triassic, the Jurassic, the Cretaceous – Eocene, the Oligocene – 
Miocene and the Pliocene – Quaternary. 
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Fig 1. Caspian region: the map of regional geologic-geophysical studies. 

 
Legend: a) Holes a – for the territory of Russia and CIS; b – for Iran; b) Holes with oil and 
gas shows for the territory of Iran; c) Seismic profiles and sections ; d) clays and argillites; 
e) sandstones; f) breccia; g) kalite; h) marls; i) clayey limestones; j) limestones; k) ree-
fogenic limestones; l) Upper Cretaceous – Eocene olistostromes; m) volcano-sedimentary 
rocks; n) granites; o) acid volcanites; p) andesite-basaltes; q) rhyolites and their tuffs; r) 
quartz-porphyrites; s) tuffs t) metamorphic rocks (micaceous shales, phylites); u) oil pools; 
v) pools of gas and gas condensate; w) shows of gas and gas condensate   
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Large marine hydrocarbon fields were discovered in the last 2-3 years on the 
shelf of three basins. In the North Caspian (sector of Kazakhstan), the Kashagan 
under salt uplift a unique field with reserves, probably, analogous to those of the 
Astrakhanskoe and Tengiz fields was discovered by two first wells. In the Middle 
Caspian basin, commercial petroleum content was established on three structures in 
the sector of Russia where exploration drilling has begun (Khvalynskaya, Shirot-
naya, Rakushechnaya). In the South Caspian basin, new discoveries were found in 
the west and east. In the sector of Azerbaijan, these are the Shakh-Deniz uplift and 
“Megastructure”. In the sector of Turkmenia, drilling of the first well with a depth 
of 3 700 m on the Dzheitun field (the LAM block) has been finished. Flows of oil 
and gas have been received in the interval of 2248-2860 m. In the sector of Azer-
baijan, during drilling on a number of uplifts (Karabakh, Apsheron, Lenkoran), 
accumulations of oil and gas have not been discovered. 

A company of development of exploration works is due also to the tectonic 
position of the Caspian Sea in the area of interaction of the Arabian and Eurasian 
lithospheric plates. It is reflected in geodynamic processes – increased seismicity 
and changes in the sea level. In the second thousand years, the latter had a tendency 
to increase and decrease, which was particularly significant in the South Caspian. 

In this review, the results of geological-geophysical information are firstly 
systematized for the entire area of the Caspian region on a base of many-years joint 
studies of the Fedynsky Centre GEON and Geological Institute of Academy of Sci-
ences of Azerbaijan. 

 
 2. Geological/geophysical activity 

 
The sections encountered in the west (Shardzhinskaya, Verblyuzhja, Astra-

khanskaya wells) and in the east (Zharbas, Kamyshitovoe, Tengiz wells) character-
ize the structure of the cover in the south of the North Caspian basin. The sedimen-
tary cover is represented by sediments of Devonian – Quaternary age with general 
thickness of more than 10 km. At the Astrakhanskoe uplift, sediments of Devonian 
– Carboniferous age are represented by organogenic carbonate of bashkirian age 
and Tengiz uplift by reef formation, containing large hydrocarbon accumulations. 
The regional distribution of this formation (barrier reef) was confirmed by drilling 
in the shelf part of the North Caspian basin and large field Kashagan was found. 

The sediments of Carboniferous are overlain by saliferous formation of 
Kungurian stage of Lower Permian age which forms salt domes and troughs. Its 
thickness varies correspondingly from 5.0 to 1.0 km. The Upper Permian – Triassic 
sediments are represented by terrigenous and terrigenous-carbonate formations. 
Their total thickness varies from 2.5 km in the interdome troughs to 0.1 km at the 
arches of salt domes. In Triassic were found a number of pools of oil (Shadzhin-
skoe, Bugrinskoe, Verblyuzhje et al.). 

The Jurassic and Cretaceous sediments are composed predominantly of ter-
rigenous formation with horizons of limestones. Its thickness varies from 1.5 to 2.5 
km. A base of Jurassic occurs at a depth of 2.5 – 3.0 km in the interdome troughs 
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and up to 0.2 km at the arches of salt domes. At a number of domes, Jurassic – Cre-
taceous sediments contain multilayer fields with small reserves (Verblyuzhja, Ka-
myshitovoe) wells. 

The sediments of Cenozoic age are represented by terrigenous formation of 
continental genesis. Its thickness is 0.5 – 0.8 km. 

In the west of the North Ustyurt basin the structure of the sedimentary cover is 
defined by terrigenous formation of Permian – Triassic age, more than 2.5 km thick 
and terrigenous formation of Jurassic – Cretaceous age. The thickness of the latter is 
about 1 km and it contains accumulations of oil and gas (well Karazhanbas). 

The sedimentary cover of the Middle Caspian basin is represented by the 
sediments of wide stratigraphic range – from Carboniferous to Pleistocene. The 
sediments of Carboniferous age are encountered in Manychsky trough (Zimnyaya 
Stavka, Darginskaya) and on the folded flange of the Tersko-Caspian trough 
(Yubileinaya, Dostlyukskaya wells). In spite of a number of positive prerequisites, a 
presence of oil and gas in this complex is rather disputable (Yaroshenko et al., 2001). 

The Permian – Triassic complex is established on the southern slope of the 
Karpinsky swell (Andrei-Ata, Shadzhinskaya), in the Manychsky trough (Russky 
Khutor, Zimnyaya Stavka, Svetloyarskaya, Vostochno-Mozharskaya etc.), on the 
folded flange of the Tersko-Caspian trough (Benoiskaya), and also in the Kusaro-
Divichinsky trough (Agzybirchala). The complex is formed by different types of 
formations: volcanogenic (acid volcanites), volcano-sedimentary, reef (predomi-
nantly, the Manychsky trough and Prekumsky swell), terrigenous carbonate and 
terrigenous. Its thickness varies from 0.3 to more than 2.0 km . 

The Triassic sediments of the complex contain commercial oil and gas ac-
cumulations. The largest accumulations in the Manychsky trough are associated 
with the sediments of reef formation. In the Pre-Mangyshlak deep, accumulations 
are found in the terrigenous formation of Triassic age (South Zhetybai well). 

The Jurassic complex is characterized by a considerable change of its thick-
ness, stratigraphic volume and composition. In the Kusaro-Divichinsky trough, its 
thickness is more than 1.5 km (Alama, Agzybirchala wells) and decreases from 2-3 
to 0.3 – 0.5 km in the Tersko-Caspian trough (Benoiskaya, Tereklinskaya, Burun-
naya wells). In the east of the Middle Caspian basin (in the Pre-Mangyshlak deep), 
the thickness increases to more than 0.8 – 1.0 km (Aralda-sea, Tenge, Uzen wells). 

In the south of the basin changes of stratigraphic range of the complex are 
envisaged from the Kusaro-Divichinsky trough to the Tersko-Caspian trough and 
then to the Manychsky trough together with the Karpinsky swell. In the first of 
these elements the sediments of Late Jurassic are absent, on the platformal flange 
of the second, on the contrary, the sediments of Early and Middle Jurassic are ab-
sent (Burunnaya well). However, in the westernmost part of this flange, the com-
plex in a number blocks is represented by total stratigraphic volume. The Ma-
nychsky trough and Karpinsky swell are characterized by another situation. Here, a 
presence of all three divisions of Jurassic system are established only in separate 
blocks (Darginskaya, Russky Khutor, Andrei-Ata wells). 
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The top of the complex dips from the west to the east and from the north to the 
south from 1.5 to 3.0 – 3.5 (eastern part of the Karpinsky swell, Kusaro-Divichinsky 
trough). In the Pre-Mangyshlak deep the top of the complex occurs at a depth of about 
1.6 – 2.1 km (Tenge, Aralda-sea wells) and also at a depth of 1.0 km. In the second 
case, the complex contains a large accumulation of hydrocarbon (Uzen well). 

The complex is represented by a terrigenous formation of Early – Middle Ju-
rassic age and terrigenous-carbonate formation of Late Jurassic age. In the Tersko-
Caspian trough, the latter includes the saliferous formation of Tithonian age (Be-
noiskaya, Burunnaya wells). The complex almost everywhere contains hydrocar-
bon accumulations: on the southern slope of the Karpinsky swell (Caspiyskoe, 
Vostochno-Mozharskoe fields); at the Prekumsky swell (Russky Khutor, Yubilei-
noe); in the Tersko-Caspian trough (Makhachkala – Tarki, Kharbizhenskoe). In the 
Pre-Mangyshlak trough, the complex contains unique accumulations in the Zhety-
bai and Uzen fields, large accumulations in the Tenge and South Zhetybai fields. 
Of new finds, it should be noted accumulations at the Khvalynskoe and Shirotnoe 
fields located in the shelf zone of the Middle Caspian . 

The Cretaceous – Eocene complex is absent in the section only of separate 
uplifts complicating the structure of the Kusaro-Divichinsky trough (Agzybirchala 
well). On the remaining area of the basin, the thickness varies from 1.0 to 1.5 km.. 
The greater depths of the top, up to 5.2 – 5.5 km, are established on separate fields 
with accumulations in under-thrust horizons in the region of folded flange of the 
Tersko-Caspian deep (North-Bragunskoe, North-Mineralnoe, Andreevskoe fields 
etc.). In the Pre-Mangyshlak deep, a depth of the top ranges from 0.5 (Tenge well) 
to 1.2 km (Aralda-sea well). 

The composition of the complex is represented by two types of formations: 
the terrigenous of Early Cretaceous and the terrigenous-carbonate of Late Creta-
ceous – Eocene ages. In the North-Absheron trough, only the carbonate-terrigenous 
of all mentioned formations is developed. In the Pre-Mangyshlak deep, the sedi-
ments of Lower Cretaceous age contain multilayer gas accumulations at the Uzen 
and Dunga fields, oil accumulations in the Tyubedzhic (Uzen well). 

The Oligocene – Miocene complex is subdivided into two main units. In the 
lower known as Maikopian series the thickness varies from 1.0 to 1.7 km. The 
minimum values are typical of the North Pre-Caucasus - the Manychsky trough, 
the Prekumsky swell (Vostochno-Mozharskaya, Zimnyaya Stavka, Andrei-Ata 
wells) and maximum values – of the Tersko-Caspian trough (Burunnaya, Babayur-
tovskaya, Benoiskaya wells). In the Pre-Mangyshlak deep the thickness varies from 
1.0 km (Aralda-sea well) to 0.15 – 0.2 km (Tenge well). 

The upper unit is represented by horizons of Middle Miocene age and undif-
ferentiated sediments of Upper Miocene – Lower Pliocene ages. At the arch of the 
Karpinsky swell this unit is absent, and in the Manychsky trough its thickness 
reaches first hundreds meters (Dostlyukskaya well). On the shelf of the Caspian in 
conditions of the Volga paleoriver, the thickness increases to 1.5 km (PRV well). 
Maximum values of the thickness are established only in the axial zone of the Ter-
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sko-Caspian trough where they reach 2.0 km (wells Burunnaya, Tereklinskaya, 
Babayurtovskaya etc.). 

The unit is composed of terrigenous formation of Middle Miocene and car-
bonate-terrigenous formation of Late Miocene – Early Pliocene ages. Commercial 
hydrocarbon accumulations are found on the folded flange of the Tersko-Caspian 
deep in the sediments of the Maikopian series (Starogroznenskoe, Benoi, 
Shakhmal-Bulak fields) and in the upper unit (layers of Chokrakian – Karaganian 
stages). In the second case, these are the 18 multilayer fields including Inchkhe-sea 
on the shelf of Dagestan (Mirzoev, Pirbudagov, 2001). 

In the South Caspian basin, the sediments of Jurassic to Pleistocene ages 
with total thickness of up to 25-30 km are the most extensively studied. The oldest 
Jurassic – Cretaceous complex is found in the section of wells in the west of the 
basin (Samgori, Istisu, Muradkhanly, Saatly and Istisu area), on the western shelf 
of the South Caspian (Khazar well) and also in the east of the basin (wells West 
Aladag, Kelkor). The structure of the complex can be envisaged on data of the 
Danata well located near Kopet-Dagh. Its composition considerably changes across 
the strike of the basin from volcanogenic sediments to the typically sedimentary. 
Volcanites are characteristic predominantly of the structural elements of the Kura 
and Lower Kura trough. 

Maximum uncovered thickness of the Jurassic – Cretaceous age is estab-
lished in the area of the Talysh – Vandam gravitational maximum where it is more 
than 4.0 km (Saatly well). 

At the south-western shelf, terrigenous rudaceous formation of Cretaceous 
age with thickness of 1.0 km is found (Khazar well). In the east of the basin, in 
West Turkmen trough, the mentioned formation is replaced also by the terrigenous 
but thin-graded formation in combination with carbonate formation of Middle – 
Late Jurassic age. A total thickness of these formations of Jurassic – Cretaceous 
age reaches 2.8 km (West Aladag, Danata wells). 

For the estimate of petroleum occurrence in the complex, it is rather essen-
tial that in the Kura trough, volcanites at a number of uplifts contain oil accumula-
tions with considerable reserves (Muradkhanly, Sovetabad etc.) 

The Paleocene – Eocene and Oligocene – Miocene complexes, like the un-
derlying one, are studied by drilling in the marginal parts of the South Caspian ba-
sin. In the west, in the Kura trough, they are represented by terrigenous and terri-
genous-carbonate formations and also by tuffaceous formation of Eocene age with 
thickness of 0.4 – 0.5 km. Total thickness of the complexes is here up to 2.8 – 3.0 
km. A presence of large oil accumulations in the volcano-sedimentary reservoirs is 
their distinctive feature (Samgori, Muradkhanly fields). 

In the south-west of the basin, the complexes are composed of volcanogenic 
formations – tuffaceous and of acid volcanites, up to 1 km thick. The stratigraphic 
range of these formations is reduced to the Miocene and they occur with sharp strati-
graphic disconformity on the carbonate formation of Cretaceous age (Istisu area). 
The coeval horizons of acid volcanites in combination with terrigenous formation of 
Oligocene  - Miocene ages are established also in the Lower Kura trough (Saatly, 



 

 

 

275

Lenkoran wells). On the western shelf of the South Caspian, a composition of the 
complexes is represented by rudaceous terrigenous formation, 1.2 km thick (Khazar 
well). In the east, in the West Turkmen trough, the complexes are composed of terri-
genous formation of alternation of sandstones and clays, up to 1 km thick. 

The Pliocene – Quaternary complex is an equivalent to the oil-gas-bearing 
system of the same name which includes a main oil/gas unit (productive and red 
color) in the South Caspian basin. Its structure is studied by a great number of 
wells. The sections both in the north-west (Garasu, Dashly, Khara-Ziri, Dzhanub, 
Bakhar wells) and in the east of this basin (Banka Lam, Kotur-Tepe, West 
Cheleken, Kelkor, Erdekli, Okarem, West Aladag) can serve as examples. On data 
of seismic studies, the thickness of the complex is 8-9 km and the section is studied 
by drilling up to depths of more than 6 km. Its considerable part (more than 4-5 
km) belongs to the sediments of Early – Middle Pliocene age. The thickness of the 
overlying Late Pliocene – Pleistocene layers varies from 0.7 to 1.7 km. In the west-
ernmost part (Samgori, Muradkhanly wells) and in the east (well Danata) the com-
plex is absent in the section of the sedimentary cover and in the north-east (Kelkor 
well) its thickness is reduced to 1.8 km. 

The complex is composed of terrigenous sandy clay formation of deltaic and 
shallow-water genesis in the west and predominantly deltaic and continental (red 
bed unit) in West Turkmen trough and its shelf continuation. A zone of transition 
to the red bed sediments is not established and its presence can be only inferred 
near Banka Livanova and Banka Lam wells. Petroleum content of the complex is 
associated with layers of sandstones at depths from some meters (Baku region) to 
more than 6.0 km. The fields are multilayer with tectonically and lithologically 
screened accumulations. Abnormal high formation pressure exists at a depth of 
more than 2.0 km. 

The data on results of exploration drilling in the south and south-west of the 
South Caspian basin, within the territory and shelf of Iran are rather limited. As of 
1993, four groups of wells located in the following structures were drilled: Gorgan 
and Mazandran (Pre-Alborz) troughs; on the shelf of the Talysh and Mugan 
troughs (Fig. 2). Wells in the Gorgan trough with a depth of up 5832 m encoun-
tered the sediments of Cretaceous and Early – Middle Jurassic age and discovered 
a gas accumulation in the sediments of the Pliocene – Quaternary complex with 
reserves of about 50 bil. m3. Wells in the Mazandran trough had a depth of up to 
1388 m and also encountered the sediments of Cretaceous age. Oil and gas shows 
from the sediments of the Akchagylian an Apsheronian stages were established 
during drilling. On the shelf of the Rasht deep the Khazar well with a depth of 
5570 m was drilled which encountered the sediments of Early – Late Cretaceous 
age and total thickness of up to 1100 m. Gas shows were established from the 
sediments of Late Cretaceous and Paleocene – Miocene age. Wells in the Mugan 
trough which is a part of larger Kura trough had a depth of up to 4460 m. They en-
countered the sediments of Eocene age and found oil shows from the horizons of 
the Oligocene – Miocene complex. 
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Fig 2-1. Regional geological-geophysical cross-section line g – f' (s.caspian – n.ustyurt) 
B.V.Senin, L.E.Levin, Yu.A.Viskovsky, 2001  
Legend: 1) Stratigraphic boundaries; 2) Seismic reflection horizons; 3) Subcontinental / 
suboceanic earth crust; 4) Faults; 5) The sites of direction change of profile line   
 

 
Fig 2-2.Regional geological geophysical cross-section: line e – e' (kura trough - man-
gyshlak) B.V.Senin, 2001  

Legend: 1) Stratigraphic boundaries; 2) Seismic reflection horizons; 3) Faults; 4) 
The sites of direction change of profile line   
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The southernmost part of the basin on the conjugation with orogen of Alborz 
where a thickness of the cover on data of seismic tomography is 25.0 – 30.0 m 
(Yakobson, 2000) contains, probably, thick sequence of platformal sediments of 
Paleozoic and Triassic age. 

A combined estimate of initial potential resources includes their differentia-
tion between conventional state sectors, oil-gas-bearing basins, continental and ma-
rine regions. The calculations made for each separate oil-gas-bearing system have 
been applied in this estimate (Table 1). 

In the Pliocene – Quaternary system resources are concentrated predomi-
nantly in the South Caspian basin.. An essential part of resources (23.9 bil. t) oc-
curs in the marine regions including the Middle and South Caspian deep-sea ba-
sins. Azerbaijan plays a leading role in distribution of resources (21.1 bil. t), then 
Turkmenistan (8.8 bil. t) and Iran (3.3 bil. t). The remaining Pre-Caspian states 
possess only extremely insignificant resources in the Pliocene-Quaternary system 
(Tab. 1, Fig. 3). 

The Oligocene-Miocene system contains small hydrocarbon resources which 
account for 7.14 bil. t o.e. These resources are concentrated only in the South Caspian 
(5.79 bil. t) and in the Middle Caspian (1.35 bil. t) basins. A share of marine areas is 
4.72 bil. t and continental regions – 2.42 bil. t (Table 2). 

A distribution of resources is similar to that in the Pliocene-Quaternary sys-
tem – Azerbaijan (3.54), Turkmenistan (1.81) and Iran (0.93). For a considerable 
area of the South Caspian deep-sea basin, estimate of resources in this system has 
not been done because of its occurrence at depths which are yet inaccessible for 
drilling. 

The Upper Cretaceous – Eocene system differs from the two overlying by 
an existence of prerequisites for a concentration of resources in each of four basins 
of the Caspian region. An estimate of these resources has been made to a depth of 
occurrence of the complex top of 7 km (Table 1). Of 15.42 bill. t o.e. total re-
sources of the system, 3.55 bil. t o.e. fall to the share of the South Caspian basin 
and 8.81 bil. t o.e. to the share of the Middle Caspian basin. The two remaining 
basins contain approximately equal resources – the North Ustyurt – 1.38 and the 
southern part of the North Caspian – about 1.68 bil. t o.e. A distribution of re-
sources between continent and sea is also equal – 7.96 and 7.48 bil. t o.e. The most 
part of resources is concentrated in the sectors of Russia (6.2 bil. t) and Kazakhstan 
(4.8 bil. t). The conventional sectors of other states share from 2.15 (Azerbaijan) to 
1.7 (Iran) and lesser bil. t o.e. 

The Jurassic system by the distribution of resources is similar to that in the 
Cretaceous – Eocene system (Table 1). Of 10.8 bil. t total resources, about 5.9 bil. t 
fall to the share of the Middle Caspian basin. In the remaining basins, a concentra-
tion of resources is considerably lesser: the South Caspian contains about 1.6 bil. t; 
the North Ustyurt – 1.7 bil. t; the North Caspian – up to 1.6 bil. t. The most part of 
resources (6.2 bil. t) is contained in the continental parts of the basins and the lesser 
(4.6 bil. t) in their shelf areas. The sector of Kazakhstan is remarkable for a concen-
tration of resources of 5.4 bil. t. Somewhat smaller resources of 3.5 bil. t occur in 



 

 

 

278

the sector of Russia. The sectors of remaining states share from 0.4 (Azerbaijan) to 
0.9 (Iran) bil. t o.e. 

The Upper Permian – Triassic system is characterized by a maximum 
value of density of initial potential hydrocarbon resources which ranges from 10 to 
30 thousands t/km2 of conventional fuel. With regard to a low degree of previous 
studies of this system, absence of direct data on its structure within the shelf of the 
Caspian Sea, relatively low physical parameters of reservoirs over the entire area of 
the considered region, a minimum value of density of initial potential resources of 
5 thousands t/km2 of conventional fuel has been accepted in calculation. Further, 
with accumulation of new data this value of density should be revised. 

Total potential hydrocarbon resources over the area of 556 thousands km2 
are estimated at 2.77 bil. t o.e. (Table 1). Of these resources, 0.23 bil. t are concen-
trated in the area where a top of the complex occurs at a depth of more than 7 km. 
With regard to an exclusion them from a general calculation, initial potential re-
sources can be estimated at 2.54 bil. t o.e. 

The most part of resources is concentrated in sectors of Russia and Kazakh-
stan – 0.86 and 1.65 bil. t respectively. The sectors of Azerbaijan and Turkmeni-
stan contain 0.14 and 0.12 bil. t. A distribution of these resources between the con-
tinent and sea is the following: 1.82 and 0.95 bil. t respectively. Such distribution 
points to great prospects of the continental area, predominantly at the expense of 
unproved sediments of Triassic age in the North Ustyurt basin (Table 1). 

For the Devonian – Carboniferous system, a method of analogy in density 
of resources established for the Astrakhan and Tengiz fields with that in local up-
lifts in the North Caspian is used in estimate of potential resources. It is assumed 
that the North Caspian uplift will contain a gas-condensate pool and zone of the 
Kashagan will be characterized, like the Tengiz field, by oil pool. Now, this as-
sumption is characterized by a discovery of the Kashagan field. 

Total potential resources of local uplifts in the southern part of the North 
Caspian basin including the Astrakhan, Kashagan and Tengiz fields, are 19.9 bil. t 
of o.e (Tab. 1). 

A distribution of total potential resources between oil-gas-bearing basins, 
conventional state sectors, continent and sea is rather uneven (Table 1.). The most 
part of resources is concentrated in the South Caspian basin and southern part of 
the North Caspian basins, 42 and 37 bil. t o.e. respectively. The Middle Caspian 
basin contains 20 bil. t o.e. The smallest resources of 4 bil. t o.e. is concentrated in 
the west of the North Ustyurt basin. 

A distribution of resources between the continental and marine regions is the 
following: 38 and 52 bil. t o.e. respectively. Such distribution points to great pros-
pects of the marine regions for exploration works in the nearest future. Among 
coastal states, the sector of Azerbaijan and Kazakhstan are remarkable for a great 
concentration of resources of 27 and 28 bil. t o.e. The sector of Russia contains 17 
bil. t o.e. and the sector of Turkmenistan –11 bil. t o.e. It is assumed that in the sec-
tor of Iran the concentration of resources is smallest 7 bil. t o.e. only. 
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Table 1 
Distribution of potential hydrocarbon resources in the Paleozoic – Quaternary 

sediments between oil-gas-bearing basins, state sectors, continent and sea 
 

State sectors Continent Sea TOTAL 
South Caspian basin 

Azerbaijan 9.0 15.0 24.0 
Turkmenistan 4.0 7.0 11.0 

Iran 2.0 5.0 7.0 
Total over the basin 15.0 27.0 42.0 

Middle Caspian basin 
Azerbaijan ⎯ 3.0 3.0 

Turkmenistan ⎯ ⎯ ⎯ 
Russia 6.0 5.0 11.0 

Kazakhstan 2.0 4.0 6.0 
Total over the basin 8.0 12.0 20.0 

North Ustyurt basin 
Russia ⎯ ⎯ ⎯ 

Kazakhstan 3.0 1.0 4.0 
Total over the basin 3.0 1.0 4.0 

North Caspian basin 
Russia 6.0 ⎯ 6.0 

Kazakhstan 6.0 12.0 18.0 
Total over the basin 12.0 12.0 24.0 

Total in state sectors 
Russia 12.0 5.0 17.0 

Kazakhstan 11.0 17.0 28.0 
Azerbaijan 9.0 18.0 27.0 

Turkmenistan 4.0 7.0 11.0 
Iran 2.0 5.0 7.0 

TOTAL 38.0 52.0 90.0 
 
 

4. Distribution of initial potential resources densities over the Caspian region 
 

To estimate of petroleum prospects, a number of published works was de-
voted (Alikhanov et al., 1978; Gasanov et al., 1981; Fedorov, Kiryukhin, 1984; 
Fedorov, Levin, 1999; Fedorov, Kulakov, 2002; Feyzullayev et al., 2001; Guliev et 
al., 2001; Kerimov et al., 1991; Khortov, Shlezinger, 1999; Lawrence, Babaev, 
2000; Lebedev, 2001; Lerche et al., 1997; Levin, Fedorov, 2001; Malovitsky, 
1964; Mamedov, 1989; Pavlov, Khortov, 1995; Reynolds et al., 1998; Solovjev, 
Levshunova, 1999). However, only working at the review and using an original 
procedure of resources estimate appeared to be possible to provide a quantitative 
model of prospects reflecting by a map of distribution of densities of initial geo-
logical potential resources for the entire Caspian region (Fig. 3). 
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Fig. 3. The Caspian region: the map of distribution of potential resources of hydrocarbons 
in the paleozoic-quaternary sequences.  
Legend: Fields: a – oil; b – gas; c – oil-gas and gas-condensate; d – fields with 
pools in sediments of Paleozoic age: 1-Astrakhanskoye, 2-Tengiz; e – Local ob-
jects with density of potential resources more than 1m.t/km2 in sediments of Paleo-
zoic age: 3-North Caspian, 4-Kashagan-East Kashagan, 5-Morskoy. 
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Regions of Caspian Sea recommended for searching works in sediments:  
f – Paleozoic age; g – Triassic-Eocene age; h - Oligocene-Quaternary age; i – 
South Caspian depression basin with high density of total potential resources; j – 
Oil-gas bearing basins boundaries; k – Areas of sediments absence.             
Standard areas: I – Absheron; II – West Turkmenian; III – Eastern Dagestan; IV 
– Fore folds of Caucasus; V – Pre-Kuma; VI – Southern Mangyshlak; VII – South-
ern slope of Karpinsky swell; VIII – Buzachinsky; IX – North-Pre-Caspian, X – 
Western Emba    

 
 
 
A density of total potential resources is sharply differentiated both over the 

area of the Caspian region and within separate oil-gas-bearing basins. Totally, 10 
gradations of resources densities with values from less than 10 to more than 720 
thousands t o.e./km2 are distinguished. 

The South Caspian basin is remarkable for a prevalence of concentric distri-
bution of densities over the margins of the deep-sea basin and their maximum val-
ues of more than 720 thousands t o.e./km2 in the north-western part of the 
Absheron – Balkhan zone of the “Gold belt of the Caspian”. In the east of this belt 
and within the West Turkmen trough a density of resources decreases to 300 thou-
sands t o.e./km2. An analogous density is also assumed for a zone of the western 
continental slope of the South Caspian deep-sea basin. This basin is bounded by a 
belt of increased densities with values of 200 and 150 thousands t o.e./km2. Just in 
the deep-sea basin a density is estimated at 100 thousands t o.e./km2. To the mar-
ginal parts of this basin (Kura, Rasht and Pre-Alborz troughs, eastern part of the 
West Turkmen trough), a density of resources subsequently decreases to values of 
50, 20 and 15 thousands t o.e/km2. 

The Middle Caspian basin is characterized by asymmetry in distribution of 
potential resources. It is reflected by two areas of increased densities of up to 100-
150 thousands t o.e./km2 which are envisaged in the western part of this basin. One 
of them is confined to the Middle Caspian relatively deep-sea basin and the North 
Absheron trough. The second region embraces the Tersko-Caspian trough proper 
with the area of the fore folds of the Caucasus. The last region with a number of 
known zones of oil-gas accumulation with pools in the sediments of Jurassic and 
Cretaceous – Eocene age is characterized by a density of resources of 200 thou-
sands t o.e./km2. At the remaining area of this basin almost everywhere a density of 
resources is about 50 thousands t o.e./km2. This density changes in two small areas: 
it decreases to 25 thousands t o.e./km2 in the area of the southern slope of the Kar-
pinsky swell where accumulations are established in the reef massifs of the Upper 
Permian – Triassic system; but, on the contrary, it increases to more than 100 thou-
sands t o.e./km2 in the area of the South Mangyshlak (Zhetybai – Uzen zone of oil-
gas accumulation). 
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The North Ustyurt basin is characterized by low densities of resources of 25 
thousands t o.e./km2 in its continental part. A density regionally increases to 50 
thousands t o.e./km2 in the west within the shelf of this basin. At the background of 
these predominating densities, the area of the North Buzachi uplift stands out with 
its known zones of oil-gas accumulation where a density of resources is up to 150 
thousands t o.e./km2. 

The southern part of the North Caspian basin is characterized, first of all, by 
a wide area of low densities corresponding to the Mesozoic-Cenozoic above-salt 
system of the sedimentary cover. This area with values of 10 to 25 thousands t 
o.e/km2 coincides with inner regions of the Pre-Caspian deep and is developed to 
the coastal line of the Caspian Sea. Further to the south, in the North Caspian, a 
density regionally increases to 50 thousands t o.e./km2. 

At the separate uplifts corresponding to reef massifs, a predicted density of 
resources increases sharply to more than 1 mil. t o.e./km2 being confirmed by a 
discovery of the Kashagan field. 

Thus, a member of belts of increased density of resources can be assumed 
for the marine part of the Caspian region: three sublatitudinal belts, five submerid-
ional belts and one intersecting belt of the north-western orientation (Fig. 3). 

Sublatitudinal belts includes from the north to the south: 
1. A belt of reef massifs in the North Caspian basin (Tengiz – Kashagan – 

Caspian – Astrakhan); 
2. A belt in the north of the Middle Caspian basin which extends from the 

southern slope of the Karpinsky swell to the South Mangyshlak inclu-
sively and contains inferred pools in the sediments of the Cretaceous – 
Eocene and Jurassic systems and also in the terrigenous reservoirs and 
reef massifs of the Late Permian – Triassic system; 

3. A belt of the Absheron – Balkhan sill together with North-Absheron 
trough with pools predominantly in the Pliocene – Quaternary and Oligo-
cene – Neogene systems. 

Submeridional belts are represented by: 
4. The western part of the Tersko-Caspian trough with inferred pools in the 

sediments of the Jurassic, Cretaceous – Eocene and Oligocene-Miocene 
systems; 

5. Western part of the marine continuation of the South Mangyshlak includ-
ing the Peschanomysskoe uplift and deep of the Kazakh Bay with inferred 
pools in the sediments of the Upper Permian – Triassic, Jurassic and Cre-
taceous – Eocene systems; 

6. Two belts along the western and eastern continental slope of the South 
Caspian deep-sea basin with inferred pools predominantly in the sedi-
ments of the Pliocene – Quaternary and Oligocene – Miocene systems; 

7. A belt of the South Caspian deep-sea basin with inferred accumulations in 
the sediments of the Pliocene – Quaternary system; 

8. An intersecting north-western belt corresponds to the Middle Caspian 
deep-sea basin. Inferred pools of this belt are associated predominantly 
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with the Cretaceous – Eocene and Oligocene – Miocene systems. It is not 
improbable a discovery of pools also in the Jurassic and Pliocene – Qua-
ternary systems. 

 
5. Conclusions 

 
The Caspian region is characterized by high potential resources of hydrocar-

bons which reach offshore 50 bil. t o.e. The development of this resources must 
take into account the natural disasters risk from earthquakes, explosions of mud 
volcanoes, change of the sea level. 

For this region are envisaged two categories of belts of high density of po-
tential resources – aseismic belts and belts with seismic hazard for buildings of oil 
and gas industry. 

The first category is represented by the following belts: the belt of the south-
ern part of the North-Caspian basin; the belt of the northern part of the Middle 
Caspian basin; the belt of the South-Caspian deep-sea basin. 

The second category includes the belts: the belt of the Absheron-Balkhan 
sill together with North-Absheron and Kura troughs; the belt of the Tersko-Caspian 
trough; the belt of the western and eastern slopes of the South-Caspian deep-sea 
basin; intersecting north-western belt with the Middle Caspian deep-sea basin in 
the central part. 

A combination of a number of belts of high densities of resources with 
higher seismicity mean that a development of oil and gas industry in each of con-
ventional state sectors should take into account a possibility of natural disasters. 
The projects of development of oil/gas industry, including construction of magis-
tral pipe across the Caspian Sea, must have International geoenvironmental exper-
tise that provides the interests of all 5 states of the Caspian region. 
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Summary 
The oil fields in the South Caspian basin have been developed for 

more than 150 years. The total production is about 1 billion 400 million ton 
of oil there - 95% of it were produced from the Pliocene reservoirs of onshore 
and offshore. Main prospectives of oil and gas potential of the structures in 
the Caspian Sea are associated with the Pliocene reservoirs. Despite the long 
history of oil production and the study of oil fields the problem of oil source 
rocks is still one the most difficult and debatable.  

In this connection we studied source-rock pecularities of different age 
sediments and isotope-geochemical peculiarities of oils and correlated oils from 
53 fields in the South Caspian basin - from reservoirs of the Upper Cretaceous, 
Eocene, Oligocene-Lower Miocene (Maykop), Middle and the Upper Miocene 
(Diatom) and Pliocene. As a result of the study of the isotope composition of car-
bon δ13C there were identified two main groups of oils: 1) isotope-heavy and 2) 
isotope-light oils. The first group includes oils generated by the Upper Cretaceous, 
Eocene and Oligocene-Lower Miocene complexes. The second group consists of 
oils generated by the Diatom (Middle and Upper Miocene) complexes.  

Isotope-geochemical and biomarker parameters demonstrated that oils 
in the Pliocene reservoirs are not syngenetic to their enclosing deposits. 

According to the data of isotope composition of carbon in oils from mud 
volcanoes and fields and according to biomarker parameters of oils one can 
identify several isolated stratigraphic oil and gas producing complexes (source 
rocks) in the Paleogene-Lower Miocene and Middle-Upper Miocene deposits. 

One the base of the determined isotope regularities a conclusion was 
made that oils in the Pliocene reservoirs and natural oil seepages associated 
with mud volcanoes consist of the mixed oils generated by the Pre-Diatom and 
Diatom deposits and of oils from only one of the above mentioned complexes.            

 
Introduction 
Hydrocarbon finds in the South Caspian Basin (SCB) occur in reservoirs 

over a wide stratigraphic range, from Upper Cretaceous to Pliocene-Anthropogene. 
The oil fields mostly occur in the Lower Pliocene (Productive Series, PS), which 
contains up to 90% of the discovered reserves. The occurrence of petroleum in 
reservoirs over a wide age range and the extreme thickness of the sedimentary fill 
(>25 km) of the SCB have no analogues in the World. It is possible that there exist 
several oil-generating complexes (petroleum systems) (Ali-zade et al., 1975). It is 
difficult to evaluate the source rocks, which have contributed to the formation of 
the hydrocarbon accumulations in the Productive Series (PS). This makes it diffi-
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cult to assess the oil and gas potential both in the petroleum system and in the 
deeper and shallower reservoirs. This article presents results from isotope-geoche-
mical study of the different age sediments and reservoired oils, correlation of oil 
samples from 53 oil fields in reservoirs from Upper Cretaceous to Upper Pliocene 
and resultsof the source rock-oil correlations. These new data make it possible to 
evaluate the oil and gas potential of the South Caspian Basin.  
 

Geological setting 
The South Caspian Basin is adjacent to the orogenic zones of the Caucasus, 

Kopet-dag and Elburz. The Basin contains into a number of intermontane depres-
sions and troughs of differing tectonic structure: the Kura intermontane depression 
consisting of the Upper-, Middle, and the Lower Kura depressions and the South 
Caspian Basin, containing the Shamakha-Gobustan and the Absheron depressions. 
The north and the northeast margin of the South Caspian Basin is formed by the 
fold mountain system of the Greater Caucasus and its underwater continuation, 
represented by the Absheron - Pre-Balkhan zone of anticlinal rises (the Absheron 
archipelago). The southern margin is formed by the fold mountain system of the 
Lesser Caucasus (Fig. 1a). In the east the Dzirul massif bound the SCB.  

The crystalline basement of the SCB varies greatly in depth and has a ten-
dency to subside in steps. In the west it occurs at depths of 4-6 km, in the Middle 
Kura depression at 16 km, in the Lower Kura it subsides to a depth of 20 km and 
in the South Caspian Depression it is at a depth of 28-30 km (Bagir-Zadeh, F.M., 
et.al., 1988; Knapp JJ.H., et.al., 2000). The margins between the depressions are 
the buried rises of the pre-Alpine basement and the deep faults that limit them. In 
the depressions there are a number of oil and gas bearing regions (OGBR) (Fig. 
1a). In the Middle Kura depression one can distinguish the Evlakh-Agjabedi 
OGBR, the Ganja OGBR and the OGBR of the interfluve of the Kura and Ga-
byrry. The Lower Kura, Shamakha-Gobustan and Absheron depressions corre-
spond to the oil and gas regions of the same names. In the South Caspian Depres-
sion one can distinguish the OGBR of Baku and the Absheron archipelago.   

In the Middle Kura OGBR's the hydrocarbon bearing reservoirs comprise: 
volcanogenic and calcareous deposits in the Upper Cretaceous and terrigenous and 
carbonate rocks in the Eocene, in the Maykop series (Oligocene-Lower Miocene) 
and in the Chokrak (lower Middle Miocene) complexes. In the Lower Kura de-
pression hydrocarbon bearing reservoirs occur in: sandy deposits in the Lower and 
Upper Pliocene; deeper strata have not yet been drilled here. 

In Shamakha-Gobustan trough the reservoirs span a large stratigraphic 
range: from the calcareous rocks of the Upper Cretaceous in the north and north-
west, to sandy-clayey strata of the Lower Pliocene on the southeast. 

In the Absheron trough (peninsula) oil and gas are confined to Middle-Upper 
Miocene (Diatomic) and Lower Pliocene strata. 

At Baku and the Absheron archipelago the oil and gas occurs in sandy reser-
voirs of the Lower Pliocene.      
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Fig. 1b. Distribution of sample collection localities 
(outcrops, oilfields and mud volcanoes) 

 
 
 

Source rocks 
A stratigraphic range from Middle Jurassic to Lower Pliocene in the SCB 

has been covered by source rock studies. Analyses were performed on over 500 
rock samples collected from over 50 localities, including outcrops, mud volcanoes 
(ejecta) and boreholes (Fig. 1b). The bulk of samples were taken at natural expo-
sures of rocks (37 localities). The extent to which different units were covered by 
the sampling was determined by their surface outcrop distribution. In this respect 
the Maykop Series was the most extensively studied formation, the Chokrak unit 
was represented by a limited number of samples, and Lower Eocene, Lower Juras-
sic and Pontian units were not studied. Organic geochemical study of the Lower 
Pliocene unit has been conducted mostly using core samples collected from off-
shore oilfields, with a few samples from outcrops. 
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Sampling was selective related to the lithological character of the particular 
section and aimed to make the most coverage of argillaceous intervals differing in 
colour and thickness. The number of samples taken from an outcrop varied be-
tween 5 and 56. To minimize the impact of exogenic factors on samples, they were 
collected after removal of an upper 20-50cm layer of rock. 

The laboratory studies of organic matter (OM) included optical examination, 
pyrolysis, determination of total organic carbon (TOC) content and carbon isotopic 
composition of kerogen and individual fractions of the extrac Table 1 OM. Optical 
data included measurements of vitrinite reflectance, TAI (thermal alteration index) 
and SCI (spore colour index). 

TOC was determined on a LECO CS444 device using the decarbonated resi-
due of powdered samples. Programmed pyrolysis was performed on powdered 
whole rock samples using a LECO THA-200 device. This technique provides the 
following parameters: S1 (mg of free and adsorbed hydrocarbons per gram of 
rock), S2 (mg of hydrocarbons per gram of rock, obtained by thermal decomposi-
tion of kerogen), Tmax - (the temperature corresponding to maximum rate of S2 
yield), and the hydrogen index (HI), a measure of hydrocarbon generative potential 
of kerogen and its preservation state (mgS2/gTOC). 

The isotopic composition of kerogen and individual fractions of extracts were 
analyzed using a VG 602C and CJS Sigma masspectrometers. 

Vitrinite reflectance measurements were made on polished surfaces of whole 
rock samples. 

 
 
Source potential of the different stratigraphic complexes 
 
The data on source properties of rocks produced through pyrolysis indicate 

that among different age units of the South Caspian basin the Oligocene-Miocene  
has the highest potential for petroleum generation (Fig. 2). A considerable  amount 
of data  has been summarized to provide a quantitative notion of the distribution 
and variation range of geochemical parameters (Table 1). Geochemical features of 
the sedimentary units are individually discussed below. 
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Table 1  
 

Data summary for pyrolysis-derived geochemical parameters for the stratigraphic 
intervals of the South Caspian Basin 

 
 

Number of 
samples 

M
in

im
um

 

M
ea

n 

M
ax

im
um

 

St
d.

D
ev

. 

TOC (wt.%) 95 0.02 0.47 2.71 0.56 
HI (mgHC/g TOC) 28 15 147 334 107 
S1 (mgHC/g rock) 28 0.08 4.94 29.78 7.95 
S2 (mgHC/g rock) 28 0.14 1.94 7.28 1.98 

Tmax (oC) 28 333 408 437 28 Pr
od

uc
tiv

e 
Se

-
ri

es
 (L

.P
lio

.) 

Ro (%) 14 0.31 0.58 0.90 0.17 
TOC 88 0.05 0.63 2.19 0.44 
HI 54 12 105 427 82 
S1 54 0.06 0.39 1.45 0.31 
S2 54 0.07 1.20 9.35 1.72 

Tmax 50 408 429 441 8 D
ia

to
m

 (M
.-

U
. M

io
.) 

Ro 21 0.25 0.48 0.89 0.2 
TOC 10 0.09 1.10 2.44 0.70 
HI 8 73 204 541 158 
S1 8 0.1 0.39 0.65 0.21 
S2 8 0.74 3.21 10.88 3.55 

Tmax 6 426 431 435 4 C
ho

kr
ak

 (M
. 

M
io

.) 

Ro 4 0.33 0.38 0.45 0.05 
TOC 174 0.07 1.86 15.1 1.79 
HI 141 11 146 612 97 
S1 141 0.08 0.88 6.51 0.87 
S2 141 0.02 4.06 74.04 8.60 

Tmax 139 400 423 464 10 M
ay

ko
p 

(O
lig

o.
-

L
.M

io
.) 

Ro 48 0.21 0.39 0.76 0.13 
TOC 16 0.02 0.46 0.90 0.35 
HI 9 13 19 29 5 
S1 9 0.04 0.12 0.20 0.06 
S2 9 0.08 0.14 0.23 0.06 

Tmax 9 406 422 437 5 

E
oc

en
e 

Ro 4 0.26 0.53 0.67 0.18 
TOC 84 0.05 0.22 1.84 0.22 
HI 23 15 83 220 66 
S1 23 0.05 0.32 1.92 0.41 
S2 23 0.06 0.39 3.82 0.77 

Tmax 22 398 429 460 16 C
re

ta
ce

ou
s 

Ro 14 0.38 0.62 0.80 0.11 
TOC 59 0.05 0.76 3.41 0.66 
HI 36 22 87 413 94 
S1 36 0.00 0.17 0.57 0.11 
S2 36 0.23 1.39 13.57 2.78 

Tmax 36 431 479 543 33 Ju
ra

ss
ic

 

Ro 12 0.26 0.98 1.96 0.64 
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Fig. 2. Annotated diagrams of pyrolysis parameters. 
(a) source rock potential classified according to categories of Peters (1986); 

(b) qualitative source characteristics of organic matter in rocks of different stratigraphic units 
 

 
Middle Jurassic. The studied sequence (about 1500m thick) is Aalenian to 

Callovian and consists mainly of clayey lithofacies interbedded with fine-grained 
sandstones, siltstones and argillites. The colour range is dark gray to black. In the 
lower part of the section (Aalenian) clayey and sideritic concretions nearly 2m in 
diameter are present. Within the Late Bathonian - Early Callovian interval 10 m of 
good quality source rock is overlain by a further 10 m of very good oil source rock.  

From the palaeogeographic data available it can be suggested that during 
Late Bathonian-Early Callovian a closed basin with reducing environment and 
possibly increased water salinity was in existence. The Pr/Ph ratio spans the range 
0.39 - 1.41. The composition of the OM is mixed, with amorphous algal, inertinitic 
woody and herbaceous input, corresponding to kerogen Type 2 and Type 3. TOC 
content has a  mean value at 0.76% and varies in the range  0.05-3.41%. The oil 
source potential of the Jurassic rocks is not high (HI : 22-413, mean 87). 

Cretaceous. Few Hauterivian samples were obtained for this study, most 
emphasis being placed upon the Aptian-Cenomanian interval and upon the Maas-
trichtian. Generally, the Cretaceous is characterized by poor source rocks. The 
TOC content in the studied samples varies from 0.05 to 1.84% with the low mean 
value of 0.22%. HI shows values characteristic of gas-prone source with the aver-
age value of 83. 

Palaeocene.  This is the poorest unit with respect to OM content. The studied 
samples (N=11) showed TOC values in the range 0.01-0.08%, averaging 0.03%. 

Eocene. These strata contain inertinitic and woody OM and are poor in TOC 
content and genetic hydrocarbon potential. With an average TOC of 0.46%, the HI 
for the samples analyzed does not exceed 29. 
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Oligocene-Lower Miocene (Maykop Series). Earlier organic-geochemical 
studies of the Maykop formation documented these strata as a potential source 
rock for oil in the area (Ali-zadeh et al. 1975; Korchagina et al. 1988). The present 
study has allowed us to verify the conclusion on the basis of a large volume of 
modern analytical data. 

OM in the Maykop sediments consists chiefly of amorphous algal organic 
material. Good source rocks are best developed in the Upper Maykop in the east of 
the study area towards the Caspian Sea. Offshore these sediments are likely to be 
richer and more uniform but onshore there are significant variations both vertically 
and laterally, recording short and long-term differences in the environment of 
deposition. Sediments of the Maykop Series are distinguished by their high TOC 
content,  which reaches 15.1%, with a mean of 1.86%. HI values vary between 11 
and 612, with an average of 146. 

Middle Miocene. The Chokrak formation was studied in a limited number of 
samples (N=10). HI values suggest that the source potential of the sediments is favour-
able to generate liquid and gas hydrocarbons (TOC: 0.09-2.44% and HI: 73-541). The 
thickness of the Chokrak unit is less than those of the Maykop and Diatom strata. 

Middle-Upper Miocene Diatom Series. This is considered to be one of the 
principal source rocks in the SCB. Most of the claystones in the studied Diatom 
sections are of fair source quality, though, in some sections there are several inter-
vals, each a few meters thick, of good source quality. Thus, on the whole, the 
sediments of the Diatom Series in the Shamakhy-Gobustan area are not rich in or-
ganic matter (average TOC=0.63%). HI ranges from 12 to 427 mg HC/g rock, 
while the mean value is 105. 

 Down the regional dip of the strata, the quantity and quality of OM in the 
Diatom Series increase and become more favourable with respect to oil generation. 
This is seen from the results obtained on the Diatom rocks ejected by mud volca-
noes located in south-east Gobustan and on core samples from wells drilled on the 
Baku Archipelago (Fig. 3). The kerogen in this unit of the sedimentary complex 
for the most part corresponds to type 2. A higher content of TOC (0.09 - 7.8%; 
mean 1.03) and HI values (107-708; mean 308) point to the good hydrocarbon 
forming potential of this unit in the deepest parts of the basin. 

Lower Pliocene. Claystones of the Productive Series have been examined in 
core samples from oilfields. The sediments of the Productive Series were deposited in 
deltaic and near-shore/marine environments (Reynolds et al. 1998). OM in this unit has 
poor source quality, with kerogen of Types 2/3, composed largely of reworked and 
woody material with minor amorphous and algal input. TOC values lie in the range  
0.02-2.71%, (mean 0.47%), with HI variable from 15 to 334 (mean 147). The hydro-
carbon generative potential and the organic maturity of shales contained in the Produc-
tive Series are inadequate to have formed the observed great petroleum resources. It 
should be noted that in the generally thermally unaltered sediments of the unit the ma-
jority of samples have PI values considerably exceeding 0.2, thereby suggesting an in-
flow of allochthonous hydrocarbons from underlying units. 
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Fig. 3. Annotated diagram indicating improvement of source quality 
of organic matter in the Diatom sediments towards the basinal deeps 

 
 
 
Summary. To compare the distributions of TOC content in the different strati-

graphic units histograms were plotted (Fig. 4a),  annotated with categories of source qual-
ity and corresponding percentages of samples.To obtain more realistic HI distribution for  
the stratigraphic units studied a way was needed to indirectly estimate HI values for those 
samples which showed TOC values below a pyrolysis cut-off value (0.5wt.% in our case). 
For this purpose, linear fit functions found on the measured pairs of TOC and HI values 
were used. Using the measured and the predicted  HI values together, new histograms 
were plotted and annotated with percentages of oil and gas  to be generated  (Fig. 4b). 

Summing up the results of the pyrolysis study it should be noted that  none 
of the considered sedimentary units can be placed into a source rock category 
based only on average geochemical parameters. However, oil generative horizons 
(from TOC and HI values) are most frequent in the Oligocene-Miocene interval. 

On the whole the relatively modest source potential of the sediments in the SCB 
is compensated for by their great thickness and predominant shaly content (up to 90%), 
as well as by the high oil expulsion efficiency due to formation of large volumes of gas 
concurrent with oil generation. These circumstances appear to explain  the great hydro-
carbon resources discovered here. 
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Fig. 4. Histograms of (a) TOC, and (b) HI for different units of the sedimentary fill. Vertical 
scales: frequency %. Classification of organic matter according to categories of Peters (1986). 
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Maturity 
 

Detailed evaluation of OM thermal conversion was beyond the scope of the pre-
sent paper. However, taking into consideration that without these data source rock in-
formation would be incomplete, a generalized appraisal of organic maturity is given 
based on the parameters of Tmax, Ro, TAI and SCI. The most representative among 
datasets is that of Tmax (N=272), though a considerable number of determinations 
were available of Ro (110), TAI and SCI (92). Analysis of the data from individual 
stratigraphic intervals graphically (Fig. 5) revealed a good agreement between the ma-
turity parameters. All intervals except for the Jurassic have undergone thermal stress 
inadequate for decomposition of OM, i.e. are immature with respect to HC generation. 
It should be noted that Jurassic  samples  came from the north slope of the Greater Cau-
casus, an area in a geological province outside the limits of the SCB – the Caspian mar-
gin - Guba foredeep. The younger sediments were sampled within the Shamakhy-
Gobustan superimposed trough. Vitrinite reflectance versus depth profiles were exam-
ined on core samples collected from the Miocene interval of two fields, West Duvanny 
and Solakhay (located close to the coastline);  they demonstrate the immature state of 
the sediments down to as deep as 4500m (Fig. 6) and probably deeper with respect to 
oil generation. In  earlier work (Wavrek et al., 1996) we have documented the immatur-
ity of the penetrated offshore Productive Series section, with Ro values at 5300m  of 
less than 0.6%.  

 
 
Oil samples studied 

 
Oils were studied from 53 fields in the Absheron, Evlakh-Agjabedi, 

Shamakha-Gobustan and Lower-Kura oil and gas regions in the Baku and 
Absheron archipelagos and in the interfluve of the rivers Kura and Gabyrry, com-
prising reservoirs from   Upper Cretaceous to Upper Absheron levels.  The isotope 
composition of oils from 20 natural oil seepages associated with mud volcanoes in 
the Absheron, Shamakha-Gobustan and Lower-Kura regions was studied as well. 
The studied mud volcanoes are listed in Table 2.  The locations of the studied 
seepages (mud volcanoes) are shown on the Fig. 7.  
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Fig. 5. Maturity status of organic matter in different units of the South Caspian Basin for 
pyrolysis-based (Tmax) and optical (Ro, TAI, SCI) parameters. 
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Fig. 6. Vitrinite reflectance versus depth profile for the Miocene rock samples from the 
West Duvanny and Solakhay oilfields,  documenting the immature state of the organic mat-
ter with respect to oil generation. 

 
Table 2  

The studied oil and gas seeps related with mud volkanoes 

No on the map Mud volcano Type of  
studied sample Location area 

    
1 Cheildag oil Shamakha-Gobustan 
2 Airantekan oil, gas ‘’-‘’ 
3 Bahar oil, gas ‘’-‘’ 
4 Matrasa oil ‘’-‘’ 
5 Demirchi oil ‘’-‘’ 
6 Melikchobanly oil, gas ‘’-‘’ 
7 Djengi oil ‘’-‘’ 
8 Kirkishlag oil ‘’-‘’ 
9 Kirdag oil ‘’-‘’ 

18 Kyrlykh- Enikend oil, gas ‘’-‘’ 
16 Perekishkul gas ‘’-‘’ 
20 Shikhzagirly gas ‘’-‘’ 
10 Charagan oil, gas ‘’-‘’ 
11 Umbaki oil ‘’-‘’ 
12 Shorbulag oil, gas Absheron 
13 Kirmaki oil ‘’-‘’ 
14 Zigilpiri oil ‘’-‘’ 
15 Kyrlykh lake oil Lower Kura 
17 Kyrlykh- Kharami oil ‘’-‘’ 
19 Akhtarma Pashaly oil ‘’-‘’ 



 

 300 
 

5

4
10

6

18 20

7

8
9

12

14
13

111

17

15

3

19

2

1

1

2

3

C A S P I A N

S E A

 
Fig. 7. Location map of mud volcanoes. 1-anticline structure; 2-mud volcanoes  

             (black circles are studied mud volcano seep); 3-boundary between OGBR. 
 
 

The most difficult task in evaluating oil source rocks is the determination of 
direct genetic associations between oils present in reservoirs and specific oil source 
rocks. The determination of these associations will help solve a number of important 
problems, e.g. the origin of the oil, analysis of conditions and facies favourable for 
oil generation, assessment of hydrocarbon reserves and potential of the oil and gas 
basin. The task can be studied in two ways. The first is the comparative analysis of 
some compounds and their correlation in oils and in the organic matter of rocks, e.g. 
normal alkanes, isoprenoids, steranes, triterpanes, some groups of aromatic hydro-
carbons etc. The second approach is based on the study of the isotopic composition 
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of the matter, principally the isotopic composition of carbon. We prefer the isotope 
method of the study of the organic matter and oil, for it is not limited to certain com-
pounds and structures but derives from the characteristics of the chemical element 
which makes up the basic mass of the matter. Moreover, isotope relations are less 
exposed to changes determined by secondary alteration. This article presents results 
of studies of the stable isotopes of the total carbon of oils and the carbon of the al-
kane and aromatic fractions on 152 samples (wells). 

On the basis of the results of isotope analyses we constructed and interpreted 
graphs and histograms of frequency of distribution of values of isotope ratios for  
oils from the Upper Cretaceous – Upper Pliocene reservoirs, for the oils from res-
ervoirs of a particular  age  and also for the oils of each oil and gas region. The 
results of isotope analyses of oils from natural seepages were interpreted by the 
same method. 

 Studies of the organic matter and oils using molecular fossils (biomarkers) 
allowed us to conduct oil-oil and oil- source rock correlations and to determine the 
stratigraphic age of the oil as well as the maturity of oils related to the level of the 
catagenetic transformation of the producing kerogen. 

The following parameters were used: level of isomerization of hopanes, ster-
anes, sterane aromatization, correlation of the aromatic steroids etc. We used the fol-
lowing highly informative and widely applied biomarker parameters: degree of isom-
erization of sterane {�� C29 (20S/S+R)} and aromatization of monoaromatic sterane 
{C28 triaromatic sterane/ C28 triaromatic+ C29 monoaromatic sterane}. 

 
Results of isotope study 
Reservoired oils 
The isotopic values of hydrocarbon δ13C in the oils of the SCB vary widely, 

from -28.0o/oo to -24.34 o/oo  for the oils and from -29.1o/oo to -24.8 o/oo for the alkane 
fraction. The oils in the SCB can be grouped into two classes: 1) isotopically-light - 
with δ13C values of -28.0 o/oo to -27.0 o/oo  for the total carbon and -29.1 o/oo to -27.0 

o/oo  for the carbon of the alkane fraction and 2) isotopically heavy, with values of -
26.5 o/oo to -24.0 o/oo  and -26.5 o/oo to -24.5 o/oo  for the total carbon and the alkane 
fractions, respectively  (Fig. 8). Mostly the oils in the SCB are represented by the 
oils of the second group (58-69% of the examined samples), whereas the isotopi-
cally-light oils make up 31-42% of the samples. An important observation is that 
there is a distinct, regular change in the isotopic values through the stratigraphic sec-
tion. So, the isotopically lightest oils are typical for the Upper Cretaceous reservoirs, 
which have values corresponding to  δ13 C in alkane fraction and in the  whole oil 
carbon of –28.15 o/oo (-28.0 o/oo)). Isotopically light oils occur in these reservoirs:  
Eocene  -28.32 o/oo (-27.86 o/oo); Maykop (Oligocene- Lower Miocene)  -28.05 o/oo (-
27.64 o/oo) and Chokrak (lower Middle Miocene)  -27.95 (-27.52 o/oo). Isotopically 
heavy oils occur in these reservoirs:  Diatom suite (Middle-Upper Miocene)  -26.45 

o/oo (-26.13 o/oo) and Pliocene age  -26.36 o/oo (-25.75 o/oo) (Fig. 8 and Fig. 9). At the 
same time the range between the upper and lower limits of the δ13C values increases 
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in the same direction. Oils in Pliocene reservoirs are distinguished by the largest 
variation in isotope values: 22.6% of the alkane fraction are isotopically light and 
9.68% isotopically heavy, whilst the main mass ( 67.7%) are of intermediate value. 

Chokrak, Maikop, Eocene and Upper Cretaceous 
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Fig. 8. Frequency distribution of carbon isotope ratios of alkane fraction of oils from  

different age reservoirs in the South Caspian basin. 
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Fig. 9.  Average values and ranges of carbon isotope ratios  
in the alkane fraction of oils 

 
 
 
Oil seeps 

 
Isotopic studies of oil seeps associated with mud volcanoes has allowed two 

oil groups to be differentiated: oils with a typical Paleogene-Lower Miocene car-
bon isotopic signature and those representing mixed oils generated from both Pa-
leogene-Lower Miocene and Diatom sources. Figure 10 illustrates the correlation 
of mud volcano seeps according to the isotopic composition of carbon in the satu-
rated fraction. It is inferred from the figure that about 50% of the mud volcanoes 
release Paleogene-Lower Miocene sourced oils. Around 17% of the mud volcanoes 
largely release oils sourced from the Diatom complex and 33% of them release a 
mixture having approximately equal share of oils from the Paleogene- Lower Mio-
cene and Diatom sources. 
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Fig. 10. Frequency distribution of carbon isotope ratios of alkane fraction  

of mud volcano oils, compared with values from all reservoirs. 
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Geochemistry and formation environment of oils. 
Oil-source correlation. 

 
All of the studied oils appear to derive from source rocks formed in near-

shore - marine and delta conditions. This is indicated by the δ13Calk versus δ13Carom 
diagram (Fig. 11), where the oils plot in the field of marine organic matter and are 
positioned along the border line separating continental and marine organic matter 
types. This suggestion is also supported by the Pr/Ph ratio, only a few of the oils 
fall in the 1.58-2.12 range, and by sulfur contents not exceeding 0.4%. These re-
sults suggest that the initial organic matter had a mixed continental-marine compo-
sition, with a predominant sapropelic input (Abrams and Narimanov 1997; Guliev 
et al., 1997). These conclusions are confirmed by the C27:C28:C29  normal steranes 
and isosteranes correlation (about 33%:35%:32% and 31%:36%:33%, respec-
tively) (Fig. 12). The relatively high values of the  oleanane index suggest a high 
input of continental organic matter into the paleobasin (Inan et al.1997), whilst the moder-
ate values of the gammacerane index indicate a saline environment in the paleobasin in 
the area of organic matter accumulation and fossilization. The obtained geochemical data 
prove that the oils present in  Pliocene reservoirs are not syngenetic to the deposits which  
contain them,   as it is known the Pliocene basin was a closed freshwater  basin (Kerimov 
et al. 1991; Lerche et al. 1997; Reynolds et al. 1998a, 1998b), with intensive input of con-
tinental organic debris carried together with terrigenous clastic material. If the Pliocene 
oils had been  generated from source rocks deposited in such  conditions, the geochemical 
composition  would be different, with  for example a high Pr/Ph ratio (> 3), a predomi-
nance of  sterane C29 above sterane C27 and C28, an absent or very low gammacerane in-
dex, a  very high oleanane index, etc.  

The occurrence in the Pliocene reservoirs of both isotopically light and iso-
topically heavy oils, with a range of  δ13C values of 3-4 o/oo , suggest they have 
been generated from at least  two different source rocks (Peters and Moldowan 
1993; Chung et al. 1992), e.g. the  pre-Diatom (Cretaceous- Lower Miocene) and 
the Diatom (Middle-Upper Miocene). 

The presence of both mixed oils, produced from the Paleogene-Lower Mio-
cene and Diatom  sources and of oils derived from a single source is characteristic 
of the Pliocene reservoirs.  

There is a clear differentiation between the  carbon isotope compositions of 
pre-Diatom and Diatom OM. Kerogen from the Diatom sediments contains con-
siderably heavier δ13C (less negative) than the respective values for older parts of 
the sedimentary section. From the Oligocene to Miocene the tendency for an en-
richment of OM with 13C is obvious (Table 3 & Fig. 13a). Abrams & Narimanov 
(1997) presented similar evidence for saturate and aromatic fractions in rock ex-
tracts from the Oligocene-Miocene rocks. Therefore, multiple source intervals 
within the Oligocene-Miocene sequence  will give rise to differing  δ13C values in 
reservoired oils, as reported in our earlier work (Guliyev et al., 2000b). 
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Fig. 11. Cross-plot of carbon isotope compositions in aliphatic and aromatic fractions  

of reservoired and mud volcano oils in the South Caspian-Kura Basin. 
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Fig. 12. Distribution of normal steranes in oils (a) and sedimentary organic matter occurring in dif-
ferent age strata of the South Caspian-Kura Basin. (a) in reservoired oils from : 1 - the Pliocene; 2- 
the Diatom; 3 - the Chokrak and Maikop; 4 - the Eocene; 5 - the Upper Cretaceous; and in seep oils 
from mud volcanoes (6); (b) in organic matter extract : 1 - the Pliocene; 2 - the Oligocene-Miocene. 



 

 307 
 

Table 3  
Data summary for carbon isotope composition of kerogen  

(‰, PDB) contained in the stratigraphic intervals of the South Caspian Basin 
 

Stratigraphic Unit Minimum Mean Maximum 
Diatom -25.25 -23.63 -21.53 
Maykop -28.24 -26.48 -24.15 
Cretaceous -27.22 -25.63 -24.05 
Jurassic -27.35 -26.33 -25.27 

 
a) b)

-30 -28 -26 -24 -22 -20

JURASSIC

CRETACEOUS

MAYKOP

DIATOM

δ  C in kerogen, per mil13

 
Fig. 13. Source-to-oil correlation using carbon isotope ratios : (a) ranges and mean values 
of δ13C in kerogen of different age rocks; (b) comparison of the kerogen occurring in differ-
ent intervals of the Oligocene-Miocene sediments with the Lower Pliocene reservoired oils. 
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By isotopically correlating the Productive Series oils with kerogen from dif-
ferent intervals of the Oligocene-Miocene (Fig. 13b) one can assess the participa-
tion of the pre-Pliocene sediments in the formation of the oil pools in the Produc-
tive Series. Taking into consideration that oil is normally 0.5-1.5‰ depleted in 13C 
compared to source kerogen (Omokawa 1985; ; Peters, 1986; Peters & Moldowan 
1993), OM in the Miocene (Upper Maykop and Diatom Suite) is inferred to have 
dominant role as a source for the Productive Series oils.  

A close source-to-oil relationship between the Miocene rocks (Diatom, 
Chokrak and Upper Maykop) and oils reservoired in the Productive Series is sug-
gested from a cross plot of carbon isotopic signatures of aromatic and aliphatic 
fractions in rock extracts and oils (Fig. 14). A group of the Oligocene points with 
appreciably lighter isotopic composition on both fractions is distinct from the 
Lower Pliocene reservoired oils, whereas source samples from the Diatom and 
Chokrak are the closest to them. This evidence would be suggestive that oils ac-
cumulated in the PS have been sourced from Miocene sediments. 
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Fig. 14. Source-to-oil correlation using carbon isotope ratios: 
aliphatic vs. aromatic fraction of rock extracts and oils. 
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Contributions to the oil charge from different stratigraphic levels are vari-
able from one part of the basin to another: towards the basinal deeps the share of 
oils supplied from the Diatom Suite becomes greater, whereas the share supplied 
from the Lower Miocene is higher in flank zones (Guliyev et al., 2000a).  

 
Relative contributions of different source rocks in the oil formation 

 
The definition of the limiting δ13C values which characterize the pre-Diatom 

and Diatom oils, allows us to estimate the real share of each oil-generating com-
plex (source rocks) in supplying the oils in the Pliocene reservoirs.  

Based on the isotopic composition of the oils, Paleogene-Lower Miocene 
and Diatom source rocks appear to have contributed approximately equally to the 
oils in the Pliocene reservoirs of the Absheron peninsula. The same is true for the 
oils in the Pliocene reservoir of Shamakha-Gobustan OGBR and Baku archipelago, 
although there are slightly more oils sourced from the Diatom complex. Approxi-
mately 3/4 of the oils in the Lower Kura OGBR formed from Paleogene-Lower 
Miocene source rocks. The source rock for two-thirds of the oils in the Pliocene 
reservoirs of the Absheron archipelago is the Diatom suite (Fig. 15). 

The general trend is that from land to sea the oils are isotopically heavier 
(Fig. 16). Such regularity can be explained by the “oil window” occurring in 
younger strata. Offshore there is a considerable increase of thickness of young 
Pliocene-Quaternary strata and underlying rocks are buried to large depths.  

Based on isotopic character, the oils in the Pliocene reservoirs of the SCB consist 
on average of equal inputs from Paleogene-Lower Miocene and Diatom sources. Tak-
ing into consideration the fact that the thickness of the Oligocene-Lower Miocene 
source rocks in this part of basin increases to twice the thickness of the source rocks of 
the Diatom suite, we suggest that only part of the hydrocarbons generated from the pre-
Diatom source is present in the Pliocene reservoirs. We conclude that 50% of the hy-
drocarbons generated from Paleogene-Lower Miocene sources remain unrecognized. 
Moreover the Diatom deposits gradually subsided up to 10km depth and deeper to-
wards the central part of the basin. Their role in the formation of oil fields in PS while 
underlying deposits very likely generate mainly gas and gas condensate. This assump-
tion based on the geological and temperature conditions of source rocks occurrence and 
basin-modeling results is well confirmed by the study of the carbon isotope composi-
tion (ICC) of organic matter (OM) and oils (Tagiyev, M.F, et al., 1997; Nadirov, R.S., 
et.al., 1997; Lerche I., et. Al., 1997; Inan S., et. al., 1995; Inan S., et. al., 1997). As it 
shown from Fig.17 and Fig.18 oil ICC becomes heavier towards the subsidence of the 
diatom surface.  It shows that the Diatom rocks contribution in the formation of oil 
pools in PS gradually increases in this direction. Analysis of the oil ICC change on the 
PS section demonstrates the existence of two main subvertical migration phases in oil 
pools formation (Fig.19). The first migration phase is associated with the intensive 
transformation of the Maikopian OM (at this time, the Diatom rocks were in tempera-
ture conditions unfavorable for their OM transformation). In this period oil with rela-
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tively light ICC filled up the traps of PS lower division. The second migration phase 
took place when diatom deposits, subsided to the corresponding depths, began to gen-
erate oil intensively. In this time oil with relatively heavy ICC filled up the traps of PS 
upper division. (Fig.19). 
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Fig. 15. Frequency distribution of carbon isotope ratios of alkane fraction  

of oils from different OGBR in the South Caspian basin. 
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Fig. 16. Map of distribution of carbon isotope ratios in oils in the Pliocene reservoirs. 
 

 
Fig. 17. SCB. Scheme of profiles location 
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Fig. 18.  The change of the oil carbon isotope composition and the depth occurrences of the 

surface of the Miocene deposits along of the profiles I-I (a) and II-II (b) 
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Fig.19. Cross-plot of δ13Carom.( ‰) vs. δ13C aliph. (‰) of reservoir oils in SCB: 
I - first phase of the oil migration; II - second phase of the oil migration 

 
 
Oil maturity from different reservoirs 

 
 The level of oil maturity is the important parameter which in complex with 

other geological-geochemical parameters allows to get necessary information of 
depth of oil and gas formation zone, stratigraphical correspondence of source 
rocks, direction and conditions of migration of hydrocarbon fluids, and at last, to 
access the potential of oil and gas bearing basin. Study of oils' maturity is very 
valuable for oil and gas bearing basins (OGBB) where several fluid generating 
complexes are involved in hydrocarbonformation processes. And the example is 
intensively developed South Caspian megadepression (SCMD) it is unique by its 
high thickness of filling which reaches 20-25 km, and there are several fluidgen-
erating complexes - Eocene, Oligocene - Lower Miocene (Maikop), the Middle 
Miocene (Chokrak horizon), the Middle - Upper Miocene (Diatomic). 

The main specific feature of megadepression is strong qualitative geochemi-
cal variety of oils of the Pliocene reservoir where oils with different compositions 
are produced: they are light, heavy weaksulphurous and high resin, methane and 
naphthene, etc. A wide geochemical spectrum of oils of this reservoir according to 
our studies is a result of a number of factors of thermocatalitic, genetic (as the par-
ticipation in oil formation of different age fluid generating complexes), migration, 
biogradeting nature, etc. 
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The other specific feature of SCMD is the lower degree of oils maturity 
from the Upper Cretaceous, Oligocene-Lower Miocene (Maikop) and Miocene 
reservoirs of Shemakha-Gobustan oil-gas bearing region (OGR) in comparison 
with oils from reservoirs of the Pliocene, adjacent OGR (Guliyev, et. al., 2000; 
Huseynov, 2000). As it is known the maturity of oil is the function of temperature 
regime of the Earth deposits and prolongation of oil producing deposits in zone of 
oil formation, it's directly related with age of oil generating series, i.e. oil which 
are generated underlayer series must be more mature in comparison with oils of 
overlapping complexes.  

The third, is a very specific feature - the lowest maturity of oils in known oil 
and gas-condensate fields and it does not fit in the present ideas of vertical zonality 
of oil and gas formation, according to which condensates are the products of high 
catagenetic destruction of organic matter. 

High technologic methods of study for organic matter and oils on level of 
molecular fossils (biomarkers) which are widely used in organic geochemistry, 
allowed to correlate oil-oil, oil-source rock, to define stratigraphical oil age and, it 
is very important, to define the degree of oils maturity and exactly the level of 
catagenetic transformation producing its kerogen. Such parameters as degree of 
isomerization of hopanes, steranes, aromatization of steranes, correlation of aro-
matic steranes and steroids, etc. are used for the latter. 

We have used such high informative and widely used biomarker parameters 
as degree of sterane isomerization {αααC29 (20S/S+R)}and aromatization of 
monoaromatic sterane {C28 triarom. sterane/C28 triarome+C29 monoarom. sterane} 
(Guliyev et. al., 2000; Huseynov et. al., 2000). 

The results of investigations of the fields of all ORG of the South Caspian 
megadepression had showed that oil maturity varies from 0.155 to 0.49 on sterane 
isomerization. More maturated oils concentrate within OGR of the Middle Kura de-
pression with values 0.35-0.49. Histograms of frequency distribution (Fig. 20) show 
that in 50% of the objects oils have maturity value 0.45-0.5 on sterane isomerization. It 
is equal to EVRA R0=068-0.73%; in 40% - it is 0.4-0.5 or R0=0.63-0.68%. So, the stud-
ied oils characterize low and medium conversation of kerogen of the source rocks. In 
the stratigraphical interval of the Upper Cretaceous - Eocene - Oligocene - Lower Mio-
cene section their average values are practically unchangeable and make 0.43-0.45 (ac-
cording to degree of sterane isomerization). Taking into account the correspondence of 
the studied fields in Evlakh-Agjabedi trough in the Upper Cretaceous part of the section 
to the effusive formations (Muradkhanli field), their overlaying and covering by the 
Eocene oil-bearing sandy-clayey deposits and equal catagenic conversation of oils and 
both reservoirs as well one can judge about interformation migration hydrocarbon flu-
ids from the Paleogenic complex into the volcanogenic Upper Cretaceous one. The 
identity of oils of the examined reservoirs is confirmed by genetic biomarker parame-
ters: ratios of normal steranes ααC27:C29:C29, isosteranes αβC27:C29:C29, ratio of isopre-
noides (Pr/Ph), etc. The most important indicator of their similarity and genetic attrib-
ute to the Cenozoic complex is the ubiquitous presence of oleanane molecule in oils.  



 

 315 
 

10%

40%

50%

0.1-0.15
Ro=0.43

0.15-0.2
Ro=0.46

0.2-0.25
Ro=0.49

0.25-0.3
Ro=0.52

0.3-0.35
Ro=0.55

0.35-0.4
Ro=0.6

0.4-0.45
Ro=0.65

0.45-0.5
Ro=0.7

0.5-0.55
Ro=0.75

Maturity degree of oils

F
re

qu
en

cy
,%

  
Fig. 20. Middle Kura depression:  

Frequency distribution of oil fields by maturity degree of oils. 
 

 
It is necessary to emphasize that relatively low degree of catagenic conver-

sation of Middle Kura depression oils (R0=0.58-0.75%) correlates well with matur-
ity level of scattered OM of the enclosing Paleogene deposits being in interval of 
catagenesis gradation MK1-MK2 (R0=0.65-0.85%) (1). This perfectly testifies the 
syngenesis of oils to the Paleogene complex and allow affirming the high prospec-
tive of the Mesozoic oil producing and accumulating deposits which underlay the 
Eocene complex concerning the discovery of more maturated oils and condensates.  

In the Pliocene fields of SCMD concentrated within Lower Kura, She-
makha-Gobustan and Absheron troughs, Baku and Absheron archipelagoes the 
degree of oil maturity varies within very high limits - from R0=0.45 up to 0.67%. 
The main mass of the Pliocene fields (i.e. reservoir age) of SCMD (81.58%) con-
sists of the objects with average values of this parameter within R0=0.53-0.63%. It 
shows the low degree of conversation of OM of the source rocks. On this back-
ground one can distinguish the fields with very low maturity R0=0.5-0.53% in vol-
ume of 13.16% and insignificant number of fields with relatively maturated oils 
R0=0.7% consisting 5.2% of all fields. Histograms of frequency distribution and 
graphs (Fig. 21 and Fig. 22) show visually the qualitative ratios of the Pliocene 
objects on oils' maturity in oil-bearing regions. Proceeding from the mentioned 
graphs oils of Absheron peninsula and Shemakha-Gobustan trough are differed by 
the lowest conversation (R0=0.43-0.56%).  
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Pliocene oil fields of Lower Kura Depresion.
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Pliocene oil fields of Baku and Absheron Archipelagoes
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Fig. 21. Frequency distribution of Pliocene oil fields by 
maturity degree of oils. 
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Fig. 22. Plot shows changing maturity degree of oils in stratigraphic section (A) and in 

OGBR (B) of KSCB. 
 

 
 
The increased maturity is typical for oils of Lower Kura depression and the 

fields of Baku and Absheron archipelago (R0=0.62%). At the same time the princi-
pal difference of the fields of these regions of SCMD is expressed in very opposite 
ratio of share of the Paleogene - Lower Miocene and Diatomic complexes in reser-
voirs' saturation. 

The maturity of the oils in the mud volcano seeps, expressed as the equiva-
lent vitrinite reflectance (R0) calculated from the sterane aromatization level 
(C28triaromatic/C28triaromatic+C28monoaromatic), indicates a low maturity level 
(R0=0.46-0.64%). The application of other maturity parameters, like hopane and 
sterane isomerization ratios, etc. is not possible due to the very high biodegrada-
tion and oxidation of the oils. It should be noted that such low maturity is typical 
for the oils of the fields in the studied region and the Caspian Sea. Those oils very 
rarely reach the value of R0=0.68%. As rule R0 is 0.61%  (Fig. 23). 
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Fig. 23. Schematic plot of maturity (in Ro) against intensity of hydrocarbon generation 

showing vertical zonality of hydrocarbon formation in the SCB 
 

 
Conclusion 

 
Geochemical study of sedimentary rocks of the SCB suggests that the source 

rocks there are characterized by moderate genetic HC potential. However, in the 
thick section comprising many stratigraphic units there are horizons with good oil 
source properties. They are particularly frequent in the Oligocene and Miocene. In 
this connection, as well as allowing for their great thickness, predominantly argil-
laceous content and the tendency for an improved source facies down the regional 
dip of these strata under the thick Pliocene-Quaternary complex, where major hy-
drocarbon resources are concentrated, they can be considered as a key source se-
quence in the SCB. 

 Considering all the organic maturity indicators (Tmax, Ro, TAI and SCI), 
the rock samples examined from the onshore north-west SCB are characterized by 
low degree of OM conversion, with the exception of the Jurassic sediments. Ther-
mal conditions favourable for realization of the genetic hydrocarbon potential of 
the assumed Oligocene-Miocene oil source rocks should be expected in the central 
most subsided part of the basin. 

Two main groups of oils exist in the South Caspian basin: isotopically-light 
and isotopically heavy. The isotopically-light oils were generated from Paleogene-
Lower Miocene source rocks and the isotopically -heavy oils mainly from Dia-
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tomic source rocks. The oils in the Pliocene reservoirs are mixtures from separate 
source rocks. The role of each of the sources in supplying oils to the various reser-
voirs and sub-basins varies. 

Carbon isotopic correlation of source-to-oil suggests that the Miocene inter-
val (Diatom, Chokrak and Upper Maykop strata) has played a major role in forma-
tion of commercial oil accumulations in the Lower Pliocene Productive Series – 
the key reservoir of the SCB. Along with this, formation of oil within the Produc-
tive Series itself, particularly in the lower portion, cannot be ruled out. 

It also counts in favour of assignment of the Miocene strata as the principal 
source rocks that the thickness of these sediments reaches around 3000m and that 
they have a predominantly shaly content and therefore a limited reservoir capacity. 
With such conditions, upon filling available reservoirs in the Miocene strata, ex-
cess hydrocarbons have migrated upward through fault/fracture systems into the 
overlying Productive Series. Gas generated concurrent with oil in the strata con-
taining type 2/3 kerogen seems to favour high efficiency of hydrocarbon expulsion 
from these deposits.  

On the whole not high extent of oils of South Caspian basin maturity was es-
tablished not exceeding R=0.73% that substantially increase prospective of oils 
detection of more mature stages. Proceeding from the fact that more matured oils 
of known fields are generated in Diatom suite in the central part of the SCD ac-
counting it geological structure one can suppose about correspondence of oil pick 
generation (R0=0.8-0.9%) to Paleogene-Lower Miocene deposits. 

As the major reservoir plunges towards the depocenter of the basin, oil ac-
cumulations give way to gas-condensate and gas. Ample gas content of the deep 
subsurface is confirmed by wide occurrence of mud volcanoes in the basin, yearly 
releasing into atmosphere huge amounts of methane-dominated gas both in periods 
of quiescent activity and during eruption. 

Based on the above conclusions we can be confident that further exploration 
for hydrocarbons in the deep-water South Caspian will result in discovery of more 
matur oil and large gas and gas-condensate accumulations.  
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Summary 

Researches of physical-chemical and geological-geochemical features 
of South Caspian Sea allow to suppose besides open surface accumulations of 
gas hydrates the existence of deep ones. Modelling of process of the hydrate's 
formation has shown that an operative range of the hydrate-forming zone is 
very wide, much bigger, than it was supposed earlier. Consideration of the 
mechanism of formation and migration of oil and gas has shown that process 
of the hydrateformation in South Caspian can already start in a subbottom 
zone of a sedimentary cover, at depth of the sea about 100 m, and depending 
on thermobaric conditions to proceed below the level of a bottom up to more 
than 3000 m. Such wide area of formation and stable existence of gas hydrates 
is to be considered to have significant accumulations of hydrocarbon gases as 
gashydrate deposits. The last is necessarily when consider the mechanism of 
oil and gas formation and migration in South Caspian. 

 
Over last decades as a result of study of shelf and deepwater zones of seas 

and oceans the data have been obtained, which show the availability of natural gas 
accumulations by hard (hydrate) state. It has enabled essentially to reconsider per-
formances about the reserves of natural gas on a planet and the mechanism of for-
mation and accumulations of hydrocarbons within the limits of sea area (7, 8).  

The gas hydrates outwardly resembling a snow or friable ice can be formed 
in different systems and conditions - from the closed systems (cooling and/or com-
pression of gas and water without receipt and outflow of substance) up to open sys-
tems with mobile fluids (2, 5). 

The presence of gas hydrates at the bottom of Caspian Sea, confirmed by re-
peated researches (3), has determined the necessity of an establishment by model-
ling borders of area of their formation within studied aquatorium. 

The detection of gas hydrates in crater fields of deepwater mud volcanoes 
in the Caspian Sea allows to suppose the availability of gas hydrates in deeper 
parts of interior bottom. 

Preliminary analysis of geological-geochemical and physical-chemical con-
ditions of the South Caspian showed that there are all necessary conditions for 
formation and development of gashydrate accumulations of “oceanic” (deep) type. 
These are thermobaric conditions, favourable physical-mechanical features of de-
posits, thick clayey deposits which can be screen for gas accumulations and, at last, 
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high concentrations of organic matter which during the processes of diagenesis and 
catagenesis can provide the process by sufficient amount of gas. 

The South part of the Caspian Sea is the deepest part of South-Caspian in-
termountain depression (SCD) with maximum depth (1020 m) in the centre of 
aquatorium. The area of aquatorium with depths over than 300 m is about 42% of 
its surface (4). The temperature of deep water in the South Caspian varies 5,70-
6,30C (or 278,70-279,30 K) (4). 

Interior of sedimentary series of aquatorium has a big amount of hydrocar-
bons mainly in deposits of the Middle and Upper Pliocene with general thickness 
4-5,5 km and basin is characterized by wide development of oil and gas seepage on 
sea bottom. For example, a number of underwater mud volcanoes reach 150 (4).  

Unique thermobaric and geological-geochemical conditions of sedimentary 
basin of aquatorium are caused by high rates of its subsidence. 

The thermal conditions in sedimentary thickness of the South Caspian are 
determined by lower geothermic gradients. So, if value of geothermic gradient in 
central part of sedimentary cover of Kura depression (part of SCD) varies within 
39-420 grad/km by approaching to the Caspian Sea (eastern part of Lower Kura 
depression) values of geothermic gradient decreases and in some fields this value is 
reduced even till 10-120 grad/km. The least temperatures, on equal hypsometric 
levels can be observed in sections with more thick sedimentary cover. Reduction of 
temperature occurs towards increase of general thickness of clayey deposits in sec-
tion limiting circulation of thermal waters and due to high values of clay porosity 
coefficient (Cp≥45%), which can absorb much heat (1, 4).  

Study of formational pressure in oil and gas deposits showed that in differ-
ent regions it increases by depth for each 10 m of depth on average by 1 kgs/sm2 
and it corresponds to hydrostatic pressure of water column (geobaric gradient 10 
kPa/m – 0,1 atm/m). However, sometimes formational pressure exceeds hydrostatic 
one significantly in several fields and this is typical for close pores and is a result 
of lithological pressure (9). In marine conditions formational pressure includes hy-
drostatic pressure of water thickness which varies within 0-100 atm (0-10000 KPa) 
depending upon depth. 

Lithological-physical characteristics of the upper part of sedimentary cover 
of the Caspian have its own peculiarities. Mainly the upper part of section (UPS) of 
South Caspian deposits with summary thickness 3000 m is formed by sediments of 
Quaternary age though sometimes they are washed out to some extent over some 
structures. Thickness of these subdivision changes in different ways and they are 
formed mainly by alternation of sandy-clayey differences with admixtures of vol-
canic breccia, silts, loams, unsorted rocks. 

Data of seismic research of deeper layers showed that Pliocene-Quaternary 
structural stage has thickness of deposits 8-10 km. Its typical peculiarity is intensive 
dislocation, availability of big number of linearly stretched folds of significant ampli-
tude and extension, abundance of break disturbances and mud volcanoes (1, 4). 

Changes of porosity values (Cp) and rocks permeability by depth in UPS of the 
South Caspian occur insignificantly according to data of experimental research and 
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calculations it is just the same with permeability coefficient identified with Cp. Cp 
changes from first meters up to depth of 1000 m approximately from 45-46% to 
37-38% (for area of Lower Kura depression and Baku archipelago). In fields of 
Baku archipelago changes of Cp of sandy-clayey rocks don’t fit the law of their 
normal compaction by depth though in natural conditions these indicators change 
within wider ranges (1). 

Physical-mechanical properties of bottom deposits within crater fields of un-
derwater mud volcanoes have some specific features so water-, gas- and mud mani-
festations give the deposits accumulated in crater of volcanoes special properties. 
As a result of gas seepage they have “bubble” structure; their density becomes 
lesser because of “weighted” state, etc. Mud volcanic breccia mixing with bottom 
deposits plays a definite role in change of physical-chemical and mechanic proper-
ties of latter (3). 

Component composition of gas of South Caspian gashydrates is very vari-
ous. So, research of gas mixture determined among gashydrates and hydrate con-
taining breccia showed that molecular weight (m.w.) varies within 18-26.  
                           

   Table 1 
Composition and relative density (r.d.) of gases mixtures detected in 

gashydrates and volcanic breccia of mud volcano Buzdag 
 

Station CH4 C2H6 C3H8 IC4H10 NC4H10 C5H12 CO2 M.W. R.D. 
7 s. 77,1 18,2 2,4 0,4 1,1 0,33 0,45 20.555 0,695 
7 s. 74,7 17,4 2,4 0,4 1,1 0,33 0,60 19.604 0,676 
7 80,8 13,6 4,2 0,3 0,4 0,02 0,65 19.575 0,675 
7 87,8 10,4 1,8 0,1 0,4 0,06 0,70 18.589 0,641 
7 74,2 17,0 6,0 0,7 0,9 0,11 1,10 21.112 0,728 
7 58,7 19,4 15,8 2,5 2,0 0,68 0,85 25.636 0,884 

 
 It is noteworthy that gas composition is of great importance during the proc-

ess of gas hydrates formation. This allowed correcting the definitions of hydrate-
formation in marine reservoir. 

As it is known the gases a molecule size of which doesn’t exceed 6,9 Ǻ have 
ability for hydrateformation, i.e. nearly all components involved in composition of 
natural gases. Among hydrocarbon components hydrates don’t form normal butane 
and higher homologues of methane, among non-hydrocarbons – helium and hydro-
gen. If individual gas is not a hydrateforming element but mixture of gases or vola-
tile organic liquids, then conditions of natural gas hydrates formation are changed 
significantly. The inclusion of heavy hydrocarbons and especially hydrogen sul-
phide makes these conditions by less rigid. Presence at natural gas as impurity СО2 
and Н2S considerably raises temperature of gas hydrates formation (2, 5).      

As a result of processing a plenty of the experimental data received in labora-
tory conditions at research of various mixes of hydrocarbon gases, dependence be-
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tween relative density (r.d.) of the natural gases and equilibrium conditions of their 
hydrates formation has been revealed. It is expressed by the empirical formula (6):  

lgР = 2,0055 + 0,0541 (B + Т - 273,1) - for Т> 273,10К (00С), where 
 
P - equilibrium pressure, кPа.  
T - equilibrium temperature of gas hydrates formation, 0К,  
B - the factor, which value depend on relative density of a mix of gases. It was in 
experiment within the limits of 0,56-1,0.      
Relative density (r.d.) - the relation of molecular weights of a mix of natural gas 
and air. 
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Fig. 1. Dependence of hydrateformation pressure for natural gases with different density 

due to temperature. Code of curves – relative (on air) density of gases. 
 
 

Mathematical modelling of equilibrium parameters of natural gashydrates of 
South Caspian have been made on the base of above presented empiric formula in 
interval of temperatures 273K-313K and relative density (r.d.) of gases mixture 
0,56-1,0.  Curves obtained indicated balanced conditions for existence of gas hy-
drates for different mixtures of natural gases (fig. 1). 
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As it is seen from graph by increase of temperature and pressure the difference 
increases in conditions of their formation. If at the start (temperature 273K) they 
were closely located, at the end of graph a significant difference can be observed 
between gas mixtures with r.d. 0,56 and 1,0 (fig. 1). 
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Fig. 2. Change of pressure due to temperature in the South Caspian for sea depth 1000 m. 
Code of curves – geothermic gradients (grad/km). 

 
Research of equilibrium thermobaric parameters of hydrateformation as a 

rule supposes the availability of dependence between pressure and temperature. 
Similar necessity usually is absent at the description of the processes occurring in 
the bowels of the bottom where change of parameters (geotermic, geobaric gradi-
ents, etc) consider depending on depths. Considering temperature and pressure 
characteristics of South Caspian Sea, we offer the following dependence between 
pressure and temperature: 

 
P = Po + (T - To) /ρ G,  

Where: 
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P – required pressure upon certain depth,  
Po – pressure at sea bottom defined by sea depth, 
T – the set temperature at this depth, 
To – temperature of neutral layer, after which the temperature begins rises,    
       depending upon G – geothermic gradient,  
ρ - density of substance (rock or water). 

    Dependence obtained has a universal character and can be used in suggested as-
pect for characteristics of different marine reservoirs. 
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Fig. 3. Change of pressure due to temperature in the South Caspian for geothermic gradient 

15 grad/km and sea depth 1000 m. Code of curves - density of rocks (g/sm3). 
 
 

Taking into consideration a wide spectrum of gradients registered in the 
Caspian Sea for modelling of temperature regime we have selected geothermic 
gradients (G) within 10 grad/km – 25 grad/km. As temperature in deep-water part 
of South Caspian (from depth of 100 m) is practically constant – 60C (2790K) in-
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cluding it on the surface of sea bottom as well, this value has been selected as a 
temperature (To) of neutral layer.  

There are graphs at fig. 2 and 3 built on the base of above-mentioned pa-
rameters for depths 1000 m, for different geothermic gradients (fig. 2)  and differ-
ent rocks densities (fig. 3) for depth 1000 m.  

The difference increases in conditions of hydrateformation by increase of 
thermobaric parameters can be observed in water thickness water of the Caspian 
Sea (fig. 4) by stable temperature 279K.      

Under the diagram it is possible to look after, that at temperature 279K de-
pending on structure (relative density) the process of hydrateformation in South Cas-
pian can begin already from depth 80 m (relative density 1). And the process of hy-
drateformation doesn’t start when it even reaches isobath close to mark 450 m by r.d. 
of gas – 0,56 (practically pure methane). It expands the area of hydrateformation in 
Caspian Sea much more which was determined on isobath 200 m (3) before.  
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 Fig. 4. Dependence of depth of the sea (equilibrium hydrostatic pressure) with which be-
gins formation of gas hydrates, from relative density of natural gases for Southern Caspian 
sea at temperature 279К (6С). 
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The bottom surface of the South Caspian (outside of isobath 80 m), allo-

cated during researches,  with favorable conditions for formation of gashydrates 
apparently is possible to consider as a roof of area of distribution of gas hydrates in 
interior of sedimentary cover.  

If we put the diagrams of temperature and pressure change on balanced 
graphs of density change we’ll be able to define the lower border of area of gas 
hydrates formation in sedimentary series of the South Caspian for different gas 
mixtures. As it is seen at diagrams – this border significantly changes for different 
gases mixtures (fig. 5) and strongly differs from average value (relative density 0,6 
and geothermic gradient 15 grad/km). 

So, by sea depth 200 m mixtures of gases with r.d. 0,56 cannot form gas hy-
drates and mixtures of gases with r.d. 1 by geothermic gradient 10 grad/km can 
form them at depth 3100  below sea surface. If gas has relative density 0,6 and 
value of geothermic gradient 15 grad/km then lower border is at depth 1150 m, and 
by this gradient it changes within 900 m (for r.d.. 0,58) to 1900 m (for r.d. 1,0).  

 

Глубина моря 1000 м

0

500

1000

1500

2000

2500

3000

3500

4000

4500

27
9

28
2

28
5

28
8

29
1

29
4

29
7

30
0

30
3

30
6

30
9

31
2

31
5

Т,К

Н
,м

10 град/км
15 град/км
20 град/км
25 град/км
0,56
0,58
0,6
0,62
0,64
0,66
0,68
0,7
0,72
0,75
0,8
0,85
0,9
0,95
1  

Fig. 5. Dependence of depth for natural gases hydrates formation (lower border) for South 
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1000 m. Code of curves – relative density of gases. Code of straight lines – geothermic gra-
dient (grad/km). 
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Such situation can be observed by water thickness 1000 m (fig. 5) but here 
maximal depth reaches 4150 m below seas surface (by r.d. 1 and geothermic gradi-
ent  10 grad/km) though lower limit of this value is at depth 1400 m below sea sur-
face (by r.d.. 0,56 and geothermic gradient  25 grad/km).  

Gas mixture with relative density 0,6 by geothermic gradient  15 grad/km has 
lower border of gashydrateformation at depth 2350 m below sea surface and by this 
gradient this magnitude is also significant from 1750 m (r.d. 0,56) to 2900 m (r.d. 1,0). 

So, modelling showed that depth of gashydrates formation in interior of 
South Caspian can change within wide ranges and depending upon gas content and 
geothermic gradient. Hydrates in more favorable conditions can be formed even at 
depth 4150 m below sea surface. 

Lower border can completely be represented by corresponding maps built on 
the base of data obtained (fig. 9, 10). 
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Fig. 7. Lower border (m) of gas hydrates distribution in South Caspian by geothermic  
gradient 15 grad/km and relative density of gas 0,6. 

 
 

Conclusions 
 

The problem of gas hydrates in the Caspian draws a big attention at 
present. First it is connected with planned wide-scale drilling with deep wa-
ter part of Caspian. The interest related to gas hydrate is the following: gas 
hydrates with little density and concentrating a great amount of hydrocarbon 
gases in them can migrate within sedimentary and water series of seas. By 
definite conditions they can seep a great deal of gas during decomposition 
and this may provide a potential threat for navigation and ecology. 
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Modelling of thermobaric conditions and equilibrium parameters for gases of 
different composition allows studying more thoroughly the processes of hydrate-
formation and genesis, migration of oil and gas in interior of the South Caspian. 

As a result of modelling hydrateformation in South Caspian can start in sur-
face (subbottom) zone of sedimentary cover and depending upon thermobaric con-
ditions can continue up to 3000 m below bottom level (by sea depth of 1000 m).   
A wide area of formation and stable existence allow supposing a possible signifi-
cant accumulation of hydrocarbon gases mixture as gashydrate pools under the 
Caspian bottom. It should be taken into consideration in study of mechanism of 
formation and migration of oil and gas and also in solvation of problems related to 
conduction of geological and drilling works in sea. 
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