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SUMMARY 

Despite the more than 80-year period of oil and gas fields operation in the Lower Kura 
depression, all the details of their geological structure, fluid and dynamic processes, which 
took place in the formation of oil and gas deposits here, are still unknown. Therefore, studies 
that aimed at clarifying the sedimentation models of structures, discovered in the Lower Kura 
depression, and the processes involved in the formation of multi-layer hydrocarbon deposits 
confined to them, are urgent. The work is carried out by using an integrated interpretation of 
geophysical well logging data (GWL) and three-dimensional seismic survey accumulated in 
the most representative area where the Garabagly field is located. 

The purpose of the work was to build a volumetric model representing the field like a 
multidimensional object, contained the geological structure of the area at the most, and made 
it possible to study the processes of sedimentation and formation of deposits in the Lower 
Kura depression. 

The lithological cube is generated by taking into consideration the structural features of the 
paleo channels, the extension of the distribution of sedimentary bodies, the connectivity of 
individual layers and their distribution in the vertical and lateral directions. As a result, the 
nature of the processes specified the spread of channel sediments in the studied area, the role 
of mud volcanism in the maturation of deposits, and the spatial position of faults supplying 
multilayer deposits due to the generated fluids at Maikop series, were determined. Generated 
three-dimensional geological model made possible to conclude the reduction of oil and gas 
resources in the deposits, to choose the most reasonable scenario for the development of 
fields in the Lower Kura depression. Based on the obtained results, it was possible to clarify 
the details of the geological structure of multilayer deposits founded in the Lower Kura 
depression, and the features of their distribution at three-dimensional space. 
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Introduction 

The Lower Kura sag in Azerbaijan, as well as the Absheron-Gobustan periclinal sag, is occupied the 
western part of the South Caspian Basin (SCB). The main tectonic features of the Lower Kura sag is 
its maximum subsidence in the Neogene and Quaternary, compensated by sedimentation. The 
thickness of sedimentary formations here reaches 15-16 km.  
 
According to the geological survey, the existence of two tectonic lines in the trough was established. 
One of them covers the South-Eastern Shirvan, and the other one is the Eastern Mugan and the 
western part of the Salyan steppe. The tectonic line of South-Eastern Shirvan includes three anticlinal 
zones: Pirsagat-Khamamdag, Harami-Mishovdag-Galmas-Khidirly-Aghaeri-Bandovan and Padar-
Kurovdag-Garabagly-Babazanan-Duzdag-Neftechala. An independent uplift of the Kursanga is 
located between these two tectonic lines. Geological data, accumulated from drilling, indicate the 
practical identity of the geological sections within the indicated tectonic lines. For this reason, the 
work was carried out based on the data of a three-dimensional seismic survey carried out in the 
conditions of the most representative area, which covered the Garabagly uplift and its immediate 
periphery. 
 
The oil and gas accumulations discovered at these tectonic zones are associated with the Absheron 
stage of the Pleistocene (3 horizons), the Akchagil stage and the Productive Suite (15 horizons) of the 
Neogene, and lithologically they are represented by sands and mudstones. As a result of geological 
and geophysical studies was established that the Garabagly structure is an independent buried 
brachyanticlinal fold located echelon due to other folds - Kurovdag and Babazanan, and as well as the 
adjacent areas is represented by Pliocene sediments. Its length is 15 km, width is 4 km. The fold is 
complicated by huge longitudinal and transverse faults, the nature of which was imperfectly 
understood until the current studies. Below the Productive Suite (PS), the presence of Miocene and 
Oligocene sediments is undoubted, since the roots of mud volcanoes abundant here, as shown by the 
analysis of mud volcanic breccia (Aliev et al., 2015) and seismic data (Yusubov and Guliyev, 2018; 
Guliyev et al., 2020), are connected with clay sediments of the Maikop series. 
 
Research methodology and data 

The work is performed using 3D seismic data and geophysical well logging (GWL). By integrated 3D 
seismic data interpretation at Garabagly field, 19 reflected horizons were correlated (15 horizons 
within the PS, Akchagil horizon and 3 horizons of Absheron). Reflected horizons correlation was not 
always unambiguous and was carried out by a conducted analysis of seismic and well logging data. 
Present approach to the geological and geophysical data interpretation made it possible to identify 
objects controlled by tectonic and structural factors. Inquired that horizons are practically not 
controlled by lithological factors, i.e. the completely absence of reservoirs at studied area has not been 
identified, with exception of zones by tectonic cutting. Considering this, special attention is paid to the 
sedimentological conditions of reservoir accumulation (Ezhova and Abramova, 2009; Galli, Beucher, 
2019; Serra, 1985). Clarified that in the Pliocene and Pleistocene epochs in the Lower Kura 
depression, sedimentation took place in a unified basin due to terrigenous sediments supplied by such 
large rivers as paleo-Kura, paleo-Araks and paleo-Pirsagat (Fig. 1). This facies, called the Kura, is 
characterized by high sandy content and is distributed within all of the above tectonic lines. 
 
In order to amplify the skeleton model (seismic-geological cube), according to well logging data using 
regression equations (Yusubov and Yusubov, 2010; Yusubov et al., 2020), the curves of porosity 
(Kpor), and oil and gas saturation (Kogs) were calculated: Кpor=0.243sp0.246 and 
Кogs=0.454ρк0132. Where: Kpor – is the coefficient of porosity; αsp – normalized values taken from 
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the spontaneous polarization potential logging curve; Kogs – coefficient of oil and gas saturation; ρk – 
is the value taken from the apparent resistivity logging curve. 
 

 
 

Figure 1 The main lithotypes (facies models) identified by the αsp curves: 1 - channels or underwater 
slope of the delta complex; 2 - floodplain (stormy sands); 3 - channel sandbar of intensively 
meandering rivers; 4 - underwater slope (limited meandering rivers); 5 - channels and intra-channel 
shallows (floodplains); 6 - channel shoals of branching rivers (temporary streams); 7 - alongshore 
transgressive bars; 8 - barrier islands; 9 - turbidity flows of fans; 10 - heads of discontinuous flows; 
11, 12 - river dunes; 13, 14 - shallow shelf or surface plain of the delta complex; 15, 16, 17 - the 
underwater plain of the delta complex and the sea edge; 18 - facies of channel shoals of limited 
meandering rivers in the sea area; 19 - mouth bars. 

3D seismic interpretation by using well logging data is established  the spatial position of individual 
blocks separated by a mud volcano and faults. Facies modeling is determined the characteristics of the 
reservoirs in the crosswell space. The results of current studies are presented by seismic and geological 
sections (Fig. 2) and lithofacies map of target horizons. 

Discussion of results 

During the Oligocene and Miocene, in the Lower Kura depression, almost exclusively clastic 
sediments with a high content of organic matter were accumulated (Alizade et al., 1975). This huge 
mass accumulation of organic substance, especially in the Maikop clays, became the base for the 
hydrocarbons generation. In the following stages of the sedimentation, the facility for the burial of the 
organic-rich Maikop deposits to depths of more than 3.5 km, are created. Consequently, 
thermodynamic conditions are created here for the transformation of organic substances into 
hydrocarbons (Tissot and Velte, 1981; Leader, 1986). 
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Figure 2 The vertical section of the cube in the SW-NE direction and the thickness map of the sand 
bodies along the V (a) and XIII (b) horizons. The seismic and geological section shows that the 
eruptive channel of the mud volcano is the main branch connecting the source of hydrocarbon 
generation (Maikop deposits) with the participation of tectonic faults. The last fluid migration 
channels are formed by compression tectonic forces with the active assistance of mud volcano. The 
section includes following sediments: Q - Quaternary, Ab - Absheron stage of Pliocene, Ak - Akchagil, 
PS - Productive Suite, N - Miocene and (P + N) mk - Oligocene (Maikop). 1 - oil well, 2 - water well, 
3 - faults and 4 - a legend indicating the thickness of sand bodies by colors (in meters). 
 
After being a light fluid (less dense) is below a heavier one (denser), a gravitationally unstable 
environment is created, where a lighter fluid is irrupted into a denser medium. In another way, 
accumulated beneath surface clays under comprehensive compression of the upper lying sediments 
weight behave like plastic sediments (Lider, 1986; Yusubov and Guliyev, 2018; Guliyev et al., 2020) 
and acquire a dome-shaped form. During continuous pressure, the clay mass (concentrated in the 
core), which has the properties of a non-Newtonian fluid, flows like a resin and enhances the sagging 
process of the layers over the diapir. Thus, in the overlying layers above the diapir are formed tensile 
cracks, lengthways which the liquid penetrates into the upper half-space environment. This 
geodynamic process, called the Rayleigh – Taylor instability, creates fractures and faults in the 
sediment above the intrusion crest. The clay mass, squeezed out in the surface direction (abruption), is 
created an eruptive channel of the mud volcano (Yusubov and Guliyev, 2018; Guliyev et al., 2020). 
Thus, these vertical (sub-vertical) structures played the role of channels that supply the migration of 
hydrocarbon and muds formed within the Maikop strata to the upper part of the multilayer geological 
environment, within which by the result of the river systems activity distinguished with high-quality 
filtration-volumetric properties reservoirs are formed. The processes of formation and development of 
eruptive channels of mud volcanoes and the migration of hydrocarbon fluids began from the end of the 
Oligocene (at the beginning of the Miocene) and continue to the present. 
 
Thus, the current results of lithology cube studies indicated that the Garabagly field was formed due to 
the migration of oil and gas by the eruptive channel of a mud volcano conducting the source of 
generation (Oligocene-Miocene strata) and strata with fine reservoir properties(PS, Akchagil and 
Absheron), which are degraded with increasing depth (Fig. 2 a and b). The Southwestern pericline of 
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the Garabagly uplift, complicated by several low-amplitude faults, adjoins the eruptive channel of the 
mud volcano, dividing it into two parts. In this case, the deposits confined to the PS, Akchagil and 
Absheron sediments are interconnected by common tectonic faults. 
By fulfilled work performed at this paper the geodynamic processes associated with horizontal 
compression of the entire basin and mud volcanism, which continue nowadays, create facility for the 
hydrocarbon migration from the oil and gas maternal strata into the eruptive channels of mud 
volcanoes and after through fractures into reservoir. 
 
Conclusions 
 
Hydrocarbon deposits in the fields of the Lower Kura Depression are confined to multi-storey channel 
sediments widespread at the studied area. The migration of hydrocarbons generated in the Maikop 
clays to the deposit here is provided by the mud volcanoes eruptive channels and associated with them 
fractures. 
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