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 Both fields considered in the study belong to the class of long-term fields that are in the final stage of development. Both fields have a 
tectonically complex structure. Although they have been in development since the last century, they have significant oil reserves. 
Therefore, the structural-tectonic structure of fields, lithofacies composition, balance and recoverable reserves, and development
parameters are of great importance. Although the fields are separated from each other by conditional faults, they are very diverse 
from the structural and tectonic point of view. The fields of the Darwin Bank and Pirallahi Island were poorly studied from the 
lithofacies point of view. That is why the study of lithofacies characteristics is of particular interest. Therefore, the goal was set to 
determine the lithofacies of these deposits and to compare them for the first time. The facies types of deposits of the Kirmakinskaya 
suite (KS), Podkirmakinskaya suite (PS), Kalinskaya suite (KaS) were studied, lithofacies characteristics in the areal and vertical 
directions were determined, three-dimensional models were compiled and compared. As a result, the lithofacies characteristics of
both fields were mutually tracked in all directions and changes were detected. It was established that the main cause of lithofacies 
diversity was different paleogeographic conditions, despite the proximity of fields. Thus, in the Darwin Bank field, the KS, PS, and 
KaS horizons, respectively, wedged from the arch to the wings. At the Pirallahi field, KaS wedged into the southern part. This 
wedging out sequence increased the likelihood of non-anticlinal traps forming at these locations and created a trap for hydrocarbon 
accumulation. The PS formation in the Darwin Bank field was mostly composed of sands, but in the Pirallahi field the lower part of 
this formation was composed of shale and the upper part was composed of sands. In these two deposits, the physical and
geographical conditions during the KS period were different, and different lithofacies were formed. The collected materials, the 
research work carried out on them and the results obtained were of great importance in the effective exploitation of these fields, in 
the drilling of new wells and, most importantly, in the search and exploration of new oil-bearing zones. 
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 Оба рассматриваемых в исследовании месторождения относятся к классу долгосрочных месторождений, находящихся в
завершающей стадии разработки. Оба месторождения имеют тектонически сложное строение. Несмотря на то, что они
находятся в разработке с прошлого века, они обладают значительными запасами нефти. Поэтому большое значение имеют
структурно-тектоническое строение месторождений, литолого-фациальный состав, балансовые и извлекаемые запасы, 
параметры разработки. Хотя месторождения отделены друг от друга условными разрывами, они очень разнообразны со
структурно-тектонической точки зрения. Отложения Дарвинской Банки и острова Пираллахи слабо изучены и исследованы с 
литофациальной точки зрения. Именно поэтому изучение литофациальных характеристик представляет особый интерес.
В связи с этим была поставлена цель – определить литофации этих месторождений и впервые провести их сравнение. 
Исследованы фациальные типы отложений Кирмакинской свиты (КС), Подкирмакинской свиты (ПК), Калинской свтиы (КаС), 
определены литофациальные характеристики в площадном и вертикальном направлениях, составлены и сопоставлены 
трехмерные модели. В результате литофациальные характеристики обоих месторождений взаимно отслеживались по всем
направлениям и выявлялись изменения. Установлено, что основной причиной литофациального разнообразия являются разные 
палеогеографические условия, несмотря на соседство месторождений. Таким образом, в месторождении Дарвиновского банка
горизонты КС, ПК и КаС соответственно вклиниваются от сводовой части к крыльям. На месторождении Пираллахи КаС
вклинивается в южную часть. Такая последовательность выклинивание увеличивает вероятность образования в этих местах
ловушек неантиклинального типа и создает ловушку для скопления углеводородов. Свита ПK на месторождении Дарвин-Бэнк в 
основном сложена песчаными породами, но на месторождении острова Пираллахи нижняя часть этой формации сложена 
глинистыми породами, а верхняя часть сложена песчаными пластами. В этих двух месторождениях физико-географические 
условия в период КC были разными, и формировались разные литофации. Собранные материалы, проведенные по ним 
исследовательские работы и полученные результаты имеют большое значение в эффективной эксплуатации этих
месторождений, в бурении новых скважин и, главное, в поиске и разведке новых нефтеносных зон. 

 
© Vagif Sh. Gurbanov (Author ID in Scopus: 57193747031) - Executive Director (tel.: +009 (412) 493 67 13, e-mail: vaqifqurbanov@mail.ru). 
© Yunis R. Mustafayev – Senior Engineer (tel.: +009 (455) 237 34 43, e-mail: yunis_mustafayev@yahoo.com). 
© Sarvan O. Heydarli – Senior Engineer (tel.: +009 (455) 835 25 38, e-mail: servan.heydarli@gmail.com). 
 
© Гурбанов Вагиф Шихи оглы – исполнительный директор (тел.: +009 (412) 493 67 13, e-mail: vaqifqurbanov@mail.ru). 
© Мустафаев Юнис Раис оглы – cтарший инженер (тел.: +009 (455) 237 34 43, e-mail: yunis_mustafayev@yahoo.com). 
© Гейдарли Сарван Огтай оглы – cтарший инженер (тел.: +009 (455) 835 25 38, e-mail: servan.heydarli@gmail.com). 
 
 
Please cite this article in English as: 
Gurbanov V.Sh., Mustafayev Yu.R., Heydarli S.O. Clarification and comparison of lithofacies properties of complex-structural deposits (on the example of the deposits of 
Darwin Bank and Pirallahi Island). Perm Journal of Petroleum and Mining Engineering, 2022, vol.22, no.4, рр.152-157. DOI: 10.15593/2712-8008/2022.4.1 
 
Просьба ссылаться на эту статью в русскоязычных источниках следующим образом: 
Гурбанов В.Ш., Мустафаев Ю.Р., Гейдарли С.О. Уточнение и сравнение литофациальных свойств сложноструктурных месторождений (нa примере месторождений 
Банка Дарвина и острова Пираллахи) // Недропользование. – 2022. – Т.22, №4. – С.152–157. DOI: 10.15593/2712-8008/2022.4.1 
 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 
 

НЕДРОПОЛЬЗОВАНИЕ 153

Introduction 
 
At present, the increased interest in the discovery of 

previously lost productive horizons in oil and gas fields 
with a long period of development and in the recovery of 
residual oil leads to a deeper and more comprehensive 
study, assessment of the mineralogical composition of 
rocks and lithofacies properties based on geological, 
geophysical, hydrogeological, and other data [1, 2].  

The deposits of the Darwin Bank and Pirallahi Island 
are located east of the Absheron Peninsula, in the 
northwestern part of the Absheron archipelago, in the 
anticlinal zone of the Absheron Bank, Darwin Bank, 
Pirallahi Island, Gyurgyan Sea. 

The southeastern pericline of the Darwin Bank field 
borders the northern part of the Pirallahi Island field, and 
the two fields are separated from each other by fault No2 
(Fig. 1). In terms of their structure, these deposits are 
complex-structured [3]. The reason for this is the presence 
of longitudinal and transverse tectonic faults (faults) in the 
structure, as well as faults of the thrust type, erosion of 
zones in the roof part of several formations, the presence 
of a basin of the coastal type and an island in the process 
of sedimentation, etc. [4]. 

The study of conditions for these structures formation 
showed that some uplifts developed as independent from 
the beginning of sedimentation, while in others, on the 
contrary, after a certain period of time, the process of 
development was stopped.  
 

Correlation of Darwin Bank deposits 
and Pirallahi Island 

 
Studies of thicknesses and lithofacial properties of 

productive strata (PS) formations in the northwestern part 
of the Apsheron Archipelago indicate that these sediments 
were accumulated in the Paleovolga River delta [4].  

The spreading of terrigenous sediments brought by the 
Paleovolga River along with the delta tributary streams in 
the northeastern part of the Apsheron Archipelago had a 
significant impact on the uplifts which were still in 
consediment development.  

Coarse-grained sandy sediments are concentrated in 
the high-flow tributaries of the delta, while clayey 
sediments are predominantly accumulated in the 
intertributary zones. During this period, the thickness 
decreases towards the roof of the uplifts undergoing 
sedimentary development. Disjunctive dislocations occur 
on uplifts which subjected to more intense tectonic 
movements, and sediments collected in these zones break 
up and slide from the vault to the wings, concentrate in 
synclinal troughs, and are transported by deep-sea currents 
to deeper parts of the sea [5].  

Naturally, lithofacies is characterized by a decrease in 
the size of rock particles in the direction of the deep sea 
and an increase in the degree of interlayering of strata. 
The presence of clayey strata is predominant in zones 
formed in deep sea conditions far from the delta. The size 
of rock particles depends on the distance from the delta 
and the depth of the sea.  

As a result of various paleogeographic conditions of the 
field, being located close to each other, some areas are 
similar during sedimentation, and various types of facies 
have formed in some areas. To prove this, a facies 
interpretation of the log data was performed. All wells of 
these fields were studied and facies was correlated by 
sections (Fig. 2) [5–23]. 

The correlation diagram of the Darwin Bank field shows 
an increase in sandiness from top to bottom throughout 
the section in the Kirmakinsky Formation (KF). At this, 
 

 
 

Fig. 1. Structural map of the deposits 
of Darwin Bank and Pirallahi Island 

 
it should be noted that in the upper part of the KF-Upper 
horizon the clay content is high, and in the direction of the 
lower part the clay content percentage decreases and 
sandy interlayers appear. 

In the KF-Lower horizon, the sandiness increases and 
the percentage of clay content is low. In the well 
section of the Pirallahi field, the KF, as in the Banki 
Darwin field, consists mainly of alternating sandy and 
clayey rocks. The upper horizon is represented by 
clayey rocks. The KF Lower horizon also shows an 
increase in sandiness from top to bottom. In both 
deposits the sedimentation process of KF corresponds to 
the same paleogeographic conditions. But at the Darwin 
field in the vaulted part of the structure the process of 
sedimentation was interrupted, thus proving that at that 
period the sea level was shallow. Closer to the vault 
part, an increase in rock particle size and sandiness is 
observed. In the wings and periclines, similarities with 
the Pirallahi deposit are observed [5, 7–11]. 
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Fig. 2. Lithofacies correlation of the Darwin and Pirallakhi deposits 
 

           
                                                                    а                                                                                                            b 

 
Fig. 3. Deposits of Darwin Bank and Pirallahi Island: a - 3D-facial modeling; 

b - model of "collector and non-collector" property distribution 
 

When comparing the Podkirmakinskaya Formation 
(PC), significant differences can be seen. This is because 
the PC is subject to internal variability not only between 
fields, but also within the field itself. In the Darwin Bank 
field, the same layers of the PC series can vary 
dramatically throughout the formation. While fine-
grained alternation of sand and clay is observed in some 
areas of the deposit, thick interbeds of sand appear in 
some areas. This confirms that sedimentation conditions 
are similar in all areas of the field. Oil fields are mainly 
located in areas with sandy interbeds. In the Pirallahi 
field, the PC horizon can be divided into three parts 
(PC1, PC2, PC3). From top to bottom, the sand content 
decreases significantly and is replaced by clayey rocks. 
This indicates the presence of different paleogeographic 
conditions in the sediments during the PC period. Thus, 
the Darwin Bank does not involve PC sediments in the 
vault and adjacent areas. The coarseness of rock grains 
and the predominance of sandy rocks are caused by the 
presence of coastal and bar facies in the area. At the 
edges of the structure, sand content decreases, grain size 
decreases and clay content increases. Thus, in the 

Pirallahi field, the increase in the upper part of sand in 
the PC sediments and decrease in clay content are related 
to the water depth at this time. Thus, the sea was 
relatively deeper at the beginning of the PC Formation 
period, and by the end of the period, the depth of the sea 
began to decrease. This directly influenced the formation 
of facies [6, 16, 18–21]. 
 

3D Model Construction 
 

Facies studies should not be limited to logging data 
alone. These parameters, which are important for reserve 
allocation, identification of new prospects and risk 
calculations, should be determined on the basis of the area 
and volume of the field. To this end, a 3D facies model of 
the Darwin and Pirallahi Bank deposit was developed 
(Fig. 3, a). This model is very important for good 
distribution tracking, it allows tracking the change of 
individual formation layers [38–44]. 

At the Darwin Bank field, the Kalinskaya Formation 
(KaF) was identified on the basis of lithological 
characteristics of exploration wells by the rock samples 
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taken from the wells [6]. KaF consists of poorly sorted 
rocks, a small amount of sandstones and siltstones, 
alternating with thin sandy, argillaceous siltstones. The 
study of the lithological and petrographic features of this 
mass has shown that both poorly and well-sorted rocks are 
found in the area of the deposit. At the Pirallahi deposit, 
KaF consists of fine-grained sands and gray brown sandy 
clays. The sands are sometimes limestone. The southern 
Pirallahi sand facies is a coastal facies [24–28]. 

The Podkirmakinskaya Formation (PK) of the 
Darwin Bank field covers a large area. This formation is 
one of the main oil and gas formations of the Lower 
Pliocene and is well defined according to the logging 
data over the entire area. The PK formation is 
characterized by high sandiness (69–92 %) and consists 
of sand and sandstone, medium- and coarse-particle 
quartz sands, a small amount of silt and clays. The rocks 
of this formation are generally characterized by high 
sadness. Only in the Pirallahi area the rocks are 
scattered and consist of gray clays and alternating fine-
grained layers of sand and medium- and coarse-grained 
quartz sand. Sometimes there are black sands, pebbles 
with a diameter of up to 4 mm There is an increase in 
sandiness from bottom to top [45–51]. 

The Kirmakinskaya Formation (KF) of the Darwin Bank 
field is one of the most widespread oil formations. The 
difference between this formation and other formations is 
the repeated alternation of different rock types. The 
horizons of the Kirmakinskaya Formation lithologically 
consist of alternating sand and clay. The KF deposits 
undergo extensive facies changes in the direction of the 
basement throughout the section; clay thickness decreases, 
the grain size of sandy interbeds increases, and the 
lithologic and reservoir properties of sandy siltstones 
improve. At the Pirallakhi field the Kirmakinskaya 
Formation is represented by alternation of mainly fine-
grained gray and brown sands and clays. There are often 
interbeds of hard or loose sandstones. The thickness of this 
formation is 10-70 m and increases in the direction of the 
buried parts of the fold. In the roof part of this formation 
the thickness of clay interbeds increases up to 65 m and 
sandiness increases towards the footwall.  

One of the main purposes of studying the field data 
listed above is to separate reservoir and nonreservoir rock 
groups. In the oil industry, it is important to determine the 
reservoir and nonreservoir portions of the fields [29–34]. 3D 
models of reservoir distribution were constructed (Fig. 3, b). 
For detailed analysis, the vertical distribution was analyzed 
in 100 cells. The models built for these fields are reliable 
resources for determining oil and gas accumulations and 
estimating reserves. Changes in facies in deposits are one of 
 

the reasons for changes in a number of other parameters. 
For example, the distributions of carbonate, porosity, and 
permeability were considered. There are no significant 
changes in the average values of parameters for the KF 
series, but these changes are determined for the PK series. 
At the Darwin Bank deposit, the reservoir rocks of the PK 
formation are represented by poorly sorted rocks. Here, 
the petrophysical properties of sands, sandstones, silts 
and siltstones differ significantly. Based on the analysis of 
rock samples, the carbonate content was 14.6 %, the 
average porosity was 18.1 %, and the permeability was 
116.6 • 10-15 m2 [8]. Based on the results of core studies 
taken on Pirallahi Island, and based on the results of data 
from more than 600 different analyses, the PK formation 
was examined in detail. In the studied rocks, the carbonate 
content is within 22.0%, the porosity is 22.0 % and 
permeability – 425•10-15m2 [35–37]. 
 

Conclusion 
 

1. Based on geological and geophysical materials, 
sedimentary rocks in the fields are divided into collector 
and non-collector groups and 3D models are created. 

2. 3D facies models were created to track lithofacial 
changes in the fields. 

3.  In the Darwin Bank field, the KF, PK and KaF 
horizons are adjacent from the vaulted part towards the 
wings. In the Pirallahi field, the KaS horizon is adjacent in 
the southern part. This is the reason for the formation of 
lithofacial variability. 

4. At the Darwin Bank field, the PK Formation 
consisted mainly of sandy rocks, while at the Pirallahi 
field, this Formation consisted of clayey interbeds in the 
lower part and sandy interbeds in the upper part. These 
fields had different physiographic conditions and 
formation of different lithofacies during the PK period of 
the series.  

5. The deposits during the KF period of the Formation 
consisted of sandstone in the lower part and clayey facies 
in the upper part. Hence, for both deposits, the 
physiographic conditions during this period were similar. 
The only difference is the predominance of facies of sands 
of coastal origin in the abutment zone at the Darwin Bank 
deposit.  

6. Adjacent sedimentary rocks of the productive 
stratum in the vaulted and near-vaulted part indicate the 
existence of conditions for the formation of non-anticlinal 
traps and thus the accumulation of hydrocarbons.  

7. The changes in the field parameters were compared 
and the results obtained will be used for more accurate 
study and development of the fields in future work. 
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