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Keywords: 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
deposit, sandstone, clay, silt, rock, tectonically complex structure. Although they have been in development since the last century, they have significant oil reserves.
facies, correlation, facies model. 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
Ka$S 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.

KmroveBrre c10Ba: Oba paccMaTpHBaeMbIX B HCCJIENOBAHMKM MECTOPOXAEHMA OTHOCATCSA K KJIACCy AOJTOCPOYHBIX MECTOPOXAEHHI, HAXOMAIMXCA B
MeCTOpOX/AeHHe, eCYaHNK, TJIMHA, 3aBeplIAONIell cTaauu paspaboTku. O6a MeCTOPOXIAEHHA HMEIT TeKTOHMYECKHU CJIOKHOe CcTpoeHue. HecMOTps Ha TO, 4YTO OHU
aJIeBpUT, TTopoja, dars, HaXo[ATCA B pa3paboTke ¢ MPOLUIOro Beka, OHU 00JafaioT 3HAYMTesIbHBIMU 3amacaMi HedTu. ITosTomy Gosiblioe 3HaueHHe HMEIOT
KoppeJyAanu, (I)HIII/IaJ'II)Haﬂ MOAeJIb. CTPYKTYPHO-TEKTOHUYECKOE CTpO€HHE Mec’ropox(,ue}mﬁ, J'[l/ITOJ'IOI‘O-lI)aJ_]I/IaIII)}{I:]];I cocras, OajlaHCOBble U U3BJIEKAeMbIE 3anacsl,

rmapameTpsl pa3paboTKU. XOTSA MECTOPOXIOEHWsA OTHeJIeHH! APYT OT Apyra YCJOBHBIMM pPaspblBaMu, OHM OY€Hb Pa3HOOOPAasHBI CO
CTPYKTYPHO-TEKTOHUYECKOF TOUKM 3peHrst. OTsioxeHus JapBUHCKOM BaHku u octpoBa I[Tupajutaxuy ¢j1abo M3yYeHbl U HCC/IEOBAHbI C
nuTodalaTbHON TOUKM 3peHHs. VIMEHHO MO3TOMy H3ydeHHe JIMTO(alMaIbHBIX XapaKTEPUCTUK IpeZCTaBjIAeT OCOOBIA HMHTepec.
B cBA3u c 3TMM GbUla NOCTaBjIeHA IieJIb — ONPEJEIUTb JIMTOMALMKM 3TUX MECTOPOXJEHWIl U BIiepBble IPOBECTH MX CPaBHEHMUe.
HccnenoBansl darpanbHele THIBI oTyIoxeHni Kupmakunckoi cButhl (KC), IMogxupmakuackoid csuthl (I1K), KamrHckoit cerunl (KaC),
omnpefieJieHbl JIMTO(ANMAIbHBe XapaKTePUCTUKY B IUIOMIQJAHOM M BEPTHKAJBHOM HANpaBJIeHUAX, COCTABJIEHBI M COMOCTABJIEHB
TpexMepHble Mofesu. B pesysibrare smTodanyaabHele XapaKTePUCTUKY 0GOMX MeCTOPOXKIAEHMII B3aUMHO OTCJIEXHMBAJIMCH 1O BCEM
HAaIpaBJIeHUsAM U BBIABJIAUINCH M3MEHEHHUsA. YCTaHOBJIEHO, YTO OCHOBHOM NMPUYMHOI JIMTOdALMaIBHOTO pasHOOOpasys ABJIAIOTCA pasHble
nasieoreorpadryeckiie ycIoBis, HECMOTPS Ha COCEICTBO MECTOPOXAeHHi. TakuM 06pa3oM, B MECTOPOXKAEHNH JIapBUHOBCKOTO GaHKa
ropusoHThl KC, IIK 1 KaC cooTBeTCTBEHHO BKJIMHMBAIOTCA OT CBOLOBOM dYacTH K KpbUbsAM. Ha mecropoxnmenmu [Mupasutaxu KaC
BKJIMHUBAETCS B I0XHYI0 dacTb. Takas MocsieJoBaTesIbHOCTh BBIKJIMHUBAHME YBEJIMYMBAET BEPOSATHOCTh OOPA30BaHMA B OTHX MeCTax
JIOBYILIEK HEAHTHKJIMHAIBHOTO THIIA M CO3AET JIOBYIIKY I CKOIUTEHHs yriieBogopooB. Ceuta I1K Ha MecTopoxaeHuy JapBiH-BoHK B
OCHOBHOM CJIOXEHA IeCYaHbIMU MOPOAAMH, HO Ha MECTOPOXOEHWH ocTpoBa Ilupajutaxyl HYDKHAA 4acTh 3TOM (opManmy ciioxeHa
[JIMHUCTBIMU [IOPOJJAMM, & BEPXHAA YacTh CJIOXKEHA IecYaHBIMU IUIacTaMM. B 3THX AByX MecTopoxaeHuAX (usnKo-reorpadpuyeckve
ycnosusa B nepuon KC Gbi pasHeME, U popMUpoBavch pasHble juTodanmy. CoOpaHHBIe MaTepuasibl, IPOBEZleHHbIe M0 HUM
HccllefioBaTeIbckie paboThl M IOJydYeHHble pe3yJsIbTaThl KMeT GoJibioe 3HaueHHe B 3(P@GEKTUBHOH 3KCIUTyaTaluy STHX
MeCTOPOXKAEHNI, B GypeHUI HOBBIX CKBAXUH U, IJIABHOE, B [IOKCKe 1 pa3BeiKe HOBBIX He(TEHOCHBIX 30H.
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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,
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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. 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

References

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 m? [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¢10-15m? [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 wupper 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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