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WITH PLIOCENE-MIOCENE DEPOSITS IN VIEW OF NEW 3D SEISMIC SURVEY DATA
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Background. The hydrocarbon potential of the Zykh-Hovsan area is predominantly associated with the Lower Pliocene
deposits of the Productive Series. However, at present, the main hydrocarbon-bearing unit in the Zykh-Hovsan field is the Qala
Suite (QaS). The Miocene deposits underlying the Qala Suite have also been of particular interest in recent years. The present
seismic studies were conducted in the view of new 3D seismic survey data.

The purpose of the studies was to detail the geological models of the Zykh structure, to identify and trace the zones of
development of faults and to identify oil and gas prospects of both the Qala Suite and Miocene.

Methods. Seismic stratigraphy and sequence stratigraphy methods were chosen as the main research methods. Attribute
analysis was also carried out.

Results. Inorder to expand the resources of the Zykh field, recommendations were prepared for drilling of exploratory and
appraisal well Ne2 based on 3D seismic survey data. Geological and geophysical materials were prepared and analyzed to justify
the selection of the location of exploratory wells. After analyzing the seismic cubes, 3 location points of the project prospecting
wells were selected, from which the first priority well — Zykh-2 — was selected and recommended for drilling. The recommended
exploratory well Zykh-2 is located on the eastern steep slope of the Zykh uplift, in an area where prospective seismic facies in the
Qala Suite intervals and prospective targets in the Miocene section are reliably and confidently identified in the section. The
presence of well-defined seismic attributes as well as seismic classes in the predicted part of the section all indicate the presence
of probable traps here. The well solves the task of both searching for the lower part of the sedimentary cover not explored by drilling
and exploring the peripheral (eastern) part of the reservoir of the Sub Kirmaky Suite.

Conclusions. The studies have shown that the prerequisites for oil and gas bearing capacity on the eastern slope of the
Zykh uplift are the existing favorable regional conditions of petroleum system development, and also local favorable conditions,
which consist in the presence of a screening formation elongated in the submeridional direction. The negative factors include the
steep eastern slope of the Zykh uplift. Taking into account the results obtained and analytical data, the Zykh-2 exploratory well is
recommended for drilling in the project location.

Keywords: oil and gas content, seismic facies, seismic attribute, project well, Qala deposits, Miocene deposits, 3D seismic

survey.

Background

Zykh-Hovsan area is located in Surakhany district,
southwestern part of Absheron Peninsula, in close proximity
to the eastern edge of Baku, Republic of Azerbaijan (Fig. 1).

The first exploratory well was placed within Surakhany-
Karachukhur (Karachukhur area) back in the 19th century,
from that moment the study of the Zykh-Hovsan area began.

In 1937-1941, 1945-1949, 1949-1951 and 1955 seismic
surveys were carried out using the reflected wave (RW)
method, in 1977-1978. — in 1977-1978 by the common depth
point (CDP) method.

Generalizations of geological and geophysical materials
of the Absheron oil and gas bearing region, including the
considered Zykh-Hovsan area, have been repeatedly
carried out. The results of generalizations were presented in
the published literature (Akhmedov, 2017; Ahmedov,
Kerimova, & Khalilova, 2024; Akhmedov, & Khalilova, 2024;
Akhmedov, Khalilova, & Kerimova, 2024).

Based on the results of geological and geophysical
surveys and deep drilling, two fields have been discovered
within the study area: Zykh in the west and Hovsan in the
eastern part. Until recently, the Zykh field was at the late
stage of development. To date, the Zykh field has been
placed on reserve.

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

The Zykh field was discovered and commissioned in
1935. Drilling of well Ne12 resulted in the first commercial oil
production from the IX horizon of the Balakhany Suite. In
1936-1940 oil deposits were discovered in the lower part of
the (Productive Series) PS suites, namely UKS (Upper
Kirmaky Sandy), KS (Kirmaky Suite), SKS (Sub-Kirmaky
Suite) and QaS (Qala Suite). A total of 235 wells of various
purposes have been drilled in the field, including 80
exploratory wells, 154 production wells and 1 appraisal well.
As of 2001, there were 10 wells in the producing well stock.

CDP method — 3D seismic surveys were carried out in the
Zykh-Hovsan area (Abdullayev, Riley, & Bowman, 2012).

Lithologic and stratigraphic characteristics of the section
within the Zykh-Hovsan area are studied based on deep drilling
data. There are mainly Neogene deposits of the ancient
Caspian Sea, rocks of the Absheron and Akchagyl stages,
Productive Series and partially Pontus deposits. Below the
Pontus deposits lie Miocene rocks (Mamedov, 2008).

Miocene deposits within the Hovsan area were penetrated
by drilling (well Ne1870). According to drilling data, these
deposits are represented by plastic clays with sand
interlayers. On seismic sections, the deposits are confined to
(seismic horizon) SH-VI and SH-V, tentatively identified with
the rocks in the inner and upper Miocene, respectively.
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The lower part of the PS is represented by the Qalin
Suite (QaS), Sub-Kirmaky Suite (SKS), Kirmaky Suite (KS),
Upper Kirmaky Sandy (UKS), and Upper Kirmaky
Clayey (UKC) Suites.

The Qala Suite (QaS) is the basement suite of the
Productive Series and occupies only the southern and

southeastern part of the Absheron Peninsula. Its thickness
increases from 0 to 385 m in the southern direction down the
dip of the strata and reaches its maximum within the Bina-
Hovsan depression.
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Fig. 1. Geological map of the study area
(Geological map of Azerbaijan, 2010; Akhmedov, & Khalilova, 2024)

Here, geological prospecting and exploratory works have
revealed a decrease in the thickness and, in some places,
wedging upward along the uprise of the Qala Suite strata,
which lie on the eroded surface of the Pontus deposits with
a strongly pronounced angular unconformity. To the north of
the sedge separating the Surakhany uplift from the
Balakhany-Ramany uplift, no Qala Suite sediments are
observed throughout the Absheron Peninsula. They are also
absent in the appropriated parts of the folds.

The increase in thickness of the Qala Suite is due to the
stratigraphic increase in its section as a result of new strata in
the bottom of the suite (Alizade, Guliyev, & Mamedov, 2018).

Lithologically, the Qala Suite is characterized by
alternating interbeds of clayey and sandy rocks. Sandy and
silty rocks are represented by gray, light gray, in some
places dark gray and yellow varieties. According to the data
of granulometric analysis, sandy-siltstone rocks of the Qala
Suite are poorly sorted. Clayey rocks are well thinned and
contain only a small admixture of silty material; they are
mainly gray, dark gray, thinly layered. The lower part of the
formation is relatively more clayey.

The Zykh-Hovsan area is part of the East-Absheron
syncline and covers the Zykh section of the Karachukhur-
Zykh anticline, and the Hovsan area, partially, the Bina-
Hovsan syncline.

The Karachukhur-Zykh anticline is the southernmost
onshore uplift of the Sarygayabashy-Shah-deniz anticlinal
zone, to which the largest oil and gas fields of Azerbaijan are
confined. The Karachukhur-Zykh uplift in Pliocene deposits
is an anticlinal fold of submeridional spreading with steep
(45-500), long eastern and relatively smooth (22—-250), short
western flanks. The fold is sharply asymmetric in longitudinal
section: the northern pericline is short, separated from the
Surakhany fold by a well-defined wedge; the southern
pericline is strongly elongated, dipping toward the sea, and
can be traced to Gum Adasi. The length of the fold along the
2700 misoline (PS top) is about 4.5 km, width — 3.5 km. The
structure is complicated by two main longitudinal faults with
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an amplitude of 90-100 m. Transverse faults with an
amplitude of 10-20 m are traced in the vault part of the fold.
The Zykh uplift is the southern periclinal dip of the
Karachukhur-Zykh anticline. In the area of Lake Zykh, the
structure of the same name is complicated by a fossil mud
volcano, which causes complex tectonics of the Zykh fold.

Thus, despite the fact that numerous wells have been
drilled and geophysical surveys have been carried out using
various methods in the Zykh-Hovsan area under study,
many issues of the deep tectonics of the territory and the
conditions for the formation of oil and gas deposits have not
been fully elucidated.

The work area is located within the Absheron oil and gas
bearing area of the Tersko-South Caspian oil and gas
bearing province. Oil and gas bearing deposits are unevenly
distributed here. The fields under development are
concentrated in the central, southwestern, southern and
eastern parts of the Absheron Peninsula and further south-
eastward to the sea.

The main oil fields are located in the lower part of the
Productive Series, to a greater extent in the Kirmaky, Sub-
Kirmaky and Qala Suites.

The Qala Suite is the lowest deposit of the Pliocene
Productive Series and is separated from the upstream SKS
formation by a 4 m clay interbed. The total thickness of the
QaS is 60 m at an average depth of 2,600 m; the weighted
average oil saturated thickness is 7.5 m. Drilled wells have
penetrated only the upper part of the Qala Suite. The first
commercial oil was obtained in well 91 with oil flow rate of
98.5 tons per day and water flow rate of 14.2 tons per day.

Currently, the only oil and gas bearing object in the
Hovsan-Zykh field is the Qala Suite. Since the beginning of
development, the field has produced 4315.6 thousand tons
of oil, 14720.7 thousand m? of water, 1560.3 million m® of
dissolved gas, 27.3 million m® of free gas. Annual oil
production at the field was 58.3 thousand tons, condensate
production — 6.9 thousand tons, water — 556.1 thousand m?,
dissolved gas — 1.6 million m3 (Salmanov et al., 2023).
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In 2015, a deep well was drilled in the Hovsan area,
adjacent to the Zykh field, which confirmed the assumptions
about the oil and gas content of Miocene deposits and
produced a fountain with a daily flow rate of about 100 tons
per day (Ahmadov, 2025).

It should be noted that the available deep drilling data
and seismic material do not allow us to determine a detailed
geological model of oil traps in the Qala Suite and Miocene
of the Zykh area.

Oil accumulation is presumably associated with lateral-
facial alteration and low-amplitude faulting. These problems
can be solved by detailed tracing of individual horizons and
by using seismic and facies analysis of 3D seismic survey
data with a clear relation to oilfield data.

Method

The Zykh field of Absheron Peninsula of Azerbaijan has
been exploited since the 30s of the last century. The
explored reserves of the field can be said to have been put
into operation and they are running out. In order to expand
the resource base, recommendations for drilling were
prepared on the basis of geological and geophysical
materials with the involvement of 3D seismic survey data.
The entire volume of seismic material, as well as seismic
attribute cubes, was analyzed when selecting options for the
location of deep exploratory wells on the eastern slope of the
field. In recent years, the works of many researchers have
proposed new approaches to the application of seismic
stratigraphy and sequence stratigraphy = methods
(Alekseeva, & Vazaeva, 2023; Seidov, & Khalilova, 2023).
Seismic facies analysis and sequence-stratigraphic analysis
are two powerful approaches in seismic interpretation, each
providing unique insights into geologic history, reservoir
distribution, and reservoir prediction (Leila etal., 2022;
Sheriff, & Geldart, 1987). Both seismic facies and sequence-
stratigraphic interpretation approaches were used to analyze
the wave pattern, taking into account the quality of the
seismic material achieved during processing.

In the seismic interpretation process, absorption and
spectral energy attributes are used to extract additional
information about geologic structures and fluid saturations.
They are part of attribute analysis of seismic data, where
derived attributes are calculated from the original
seismograms to improve visualization or interpretation
(Chopra, 2009). Absorption and spectral energy were
chosen to perform seismic attribute information analysis.

Interval spectral energy maps were obtained in the
interval of Qala Suite deposits and Miocene deposits.
Interval spectral energy maps, which, as mentioned above,
are a mean of attribute analysis of seismic data, made it
possible to visualize the frequency behavior of the reflecting
horizons in the interval between the reflecting surfaces. The
location of this drilling point was chosen taking into account
a favorable hypsometric position.

After analyzing the seismic cubes, 3 location points of
the project exploratory wells were selected, from which the
first priority well — Zykh-2 — was selected and recommended
for drilling.

Results

Despite the fact that numerous wells have been drilled in
the Zykh-Hovsan area under study and geophysical surveys
have been carried out using various methods, many issues of
the deep tectonics of the territory and the conditions for the
formation of oil and gas deposits have not been fully elucidated.

As noted above, the Zykh field was discovered and put
into operation in 1935 by well Ne12, which penetrated the
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Balakhany oil field of the IX layer. The oil bearing capacity of
the field is confined to eight objects of the Productive Series:
Qala Suite (QaS), Sub-Kirmaky Suite (SKS), Kirmaky
Suite (KS), Upper Kirmaky Clayey (UKC) and Balakhany
Suite (formations VI, VII, VIII, IX).

The deepest wells in the East Hovsan field, which is
located to the east and not far from the Zykh field, are:
Ne 1855, Ne 1856 and Ne 1864. Thus, while drilling well
Ne 1855, 2 reservoirs with high gas values were discovered.
Well Ne1856 also penetrated sandy formations below the
established oil-bearing formations of the QaS2+QaS3 group
and indexed as QaS4 and QaS5. Deep well Ne1864
penetrated a section similar to that of well Ne1855. It was
also found that when the section below QaS3 is penetrated,
the formation pressure reaches values that are attributed to
Abnormal Formation Pressure (AFP), and the pressure
anomaly coefficient reaches a value of 2.0 or more. As is
known, according to the international classification, a section
where the formation pressure exceeds hydrostatic pressure
by 30% or more belongs to the AFP category. At the same
time, it should be noted that according to the mining and
geological conditions, the QaS4 and QaS5 formations are
incompatible with the overlying QaS2-3 formations
(Ahmedov, 2019).

The main volume of oil produced so far corresponds to
the deposits of the Productive Series of the Lower Pliocene.
But nowadays geologists and geophysicists are interested in
oil and gas content of deeper deposits of Miocene, Eocene
and Upper Cretaceous. The field under consideration is not
an exception (Ahmadov, 2019).

The main objectives of the present studies are:
a) detailing geological models of the Zykh structure;
b) identification and tracing of zones of development of
discontinuities, as well as areas of rock unconsolidation in
the interval of the entire sedimentary cover section;
c) identification of oil and gas prospective objects.

In selecting options for the location of deep exploratory
wells on the eastern slope of the Hovsan field, the entire
volume of seismic material was analyzed, as well as cubes
of seismic attributes of both mono-attributes and complex
attributes (Alsadi, 2017; Fraser et al., 2008; Kirilov &
Zakrevsky, 2014; Shimansky et al., 2011; Urupov, 2004).

Such interpretation approaches as seismic-facies and
sequence-stratigraphic were used to analyze the wave
pattern, taking into account the quality of seismic material
achieved during processing.

After analyzing the seismic cubes, 3 location points of
the project exploratory wells were selected (Fig. 2a), from
which the first-priority well — Zykh-2 was selected and
recommended for drilling (Fig. 2b).

Exploratory well Ne 2 (Fig. 2a) is located on the eastern
tectonic block of the Zykh uplift (crossline 230, Inline 200). The
status of the well is exploratory, project depth for penetration of
objective horizons is 3100—4300 m, project horizons are SKS,
QaS, Miocene. Project bottom hole is 4500 m.

Exploratory well Ne 3 (Fig. 2a) is located on the eastern
tectonic block of the Zykh uplift (crossline 190, Inline 230).
The status of the well is exploratory, the project depth for
penetration of objective horizons is 31004200 m, the
project horizons are QaS, Miocene.

Exploratory well Ne 6 (Fig. 2a) is located on the eastern
tectonic block of the Zykh uplift (crossline 110, Inline 200).
The status of the well is exploratory, the project depth for
penetration of objective horizons is 3000-3900 m, the
project horizons are SKS, QaS, Miocene.
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Fig. 2. Location options for exploratory wells at the Zykh field (a) and project well Ne 2 at the Zykh field (b)

The recommended exploratory well Zykh-2 (Fig. 2b) is
located on the eastern abrupt slope of the Zykh uplift and is
characterized by the following features:

* is located in an area where the section reliably and
confidently identifies promising seismic facies in the Qala
Suite intervals and perspective objects in the Miocene section;

« the presence of well-defined seismic attributes as well
as seismic classes in the predicted part of the section all
indicate the presence of probable traps;

« the well solves the task of both exploration of the lower
part of the sedimentary cover not explored by drilling and
exploration of the peripheral (eastern) part of the reservoir
formation of the Sub-Kirmaky Suite.

Figs. 3—4 show seismic and geologic sections of the
eastern flank of the Zykh fold, indicating the expected trap
types confined to the Qala Suite (llla, 1V) and Miocene
(V, VI) that may be penetrated by the projected well.

Types of traps expected to be penetrated by the Zykh-2
well (Fig. 5a and 5b):

1 — stratigraphic, wedging upward along the uprise (Qala
Suite formations);

2, 3 — stratigraphic, replacement, screened by clay diapir
(Miocene deposits).

3 - lithologic, weathering crust.

When analyzing, the informativity of seismic attributes,
absorption and spectral energy were selected. Figures 6-7
show maps of interval spectral energy in the interval of Qala
Suite deposits and Miocene deposits. The location of this
point was chosen taking into account the favorable
hypsometric position.

In the system of longitudinal disturbances identified on
the fragment of the map of the predicted trap contour in
Miocene deposits (Fig. 8), it can be seen that the project well
Zykh-2 is located at a sufficient distance from the
disturbance zone.

Ila :
. md
\Y,
v N [\
= \Y
VI a

Fig. 3. Seismic-geologic section along Inline 200 showing the eastern flank of the Zykh fold:
seismic horizons confined to the Qala Suite (llla, IV) and Miocene (V, VI)
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Fig. 4. Seismic-geologic section along fold 230 showing the eastern flank of the Zykh fold:
seismic horizons confined to the Qala Suite (llla, IV) and Miocene (V, VI)

Fig. 5. Hydrocarbon trap types:
a — Inline 200; b — Crossline 230; 1 — stratigraphic, wedging upward along the uplift (Qala Suite formations);
2, 3 — stratigraphic, replacement, screening by clay diapir (Miocene deposits); 4 — lithologic, weathering crust

Discussion and conclusions

Thus, the studies have shown that the prerequisites for
oil and gas bearing capacity on the eastern slope of the Zykh
uplift are the existing favorable regional conditions for oil
system development. And also local favorable conditions,
which consist in the presence of screening strata, elongated
in the submeridional direction. To the negative factors we
include the presence of the abrupt eastern slope of the Zykh
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uplift. Taking into account the obtained results and analytical
data, the Zykh-2 exploratory well is recommended for drilling
in the project location.

The main geologic risks to the Miocene deposit we
consider to be trap risk and reservoir risk.

The main geologic risks for the Qala Suite formations are
mainly trap risk and, to a lesser extent, reservoir risk.
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Fig. 8. Map fragment of the predicted trap contour in Miocene deposits
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BYIMEBOAOHEBA MNMEPCMNEKTUBHICTb POOOBULLA 3UX, .
NOB'A3AHA 3 MNIOLIEH-MIOLIEHOBMMW BIAKINAOEHHAMM 3 Ornsify HA HOBI AIAHI 3D CEUCMOPO3BIAKU
(AMWEPOHCBKUN HA®TOIA30OHOCHUN PAUOH, ASEPBANKAH)

B ¢ Ty n . ByanesodHesulii nomeHuyian 3ux-roecaHcbko20 palioHy noe'sizaHuli nepeeaxxHo 3 8idkn1a@eHHsIMU HUXHbO20 MJ1ioyeHy npodyKmueHoi
cepii. OOHak Ha AaHuli MOMeHmM OCHOBHOIO 8y21e800HEeHOCHO oduHuyeto 3ux-IoecaHcbko20 podosulya € KalluHcbka ceuma (QaS). MioyeHoei gio-
Kn1adeHHs1, wo niexxamb nid ceumoro Kana, makox cmaHoensimb ocobnueuli iHmepec 8 ocmaHHi poku. [JaHi celicMopo3eidyeanuHi docnidxeHHs1 6yro
npoeedeHo 3 ypaxyeaHHsIM Hogux OaHux celicmopo3eidku 3D.

Mema docnidxeHb nonsicana e demasnisauii 2zeono2iyHux modesnel 6ydosu 3ux, susiesieHHi ma 8idcmexeHHi 30H PO38UMKY PO3JIOMi8 i 8UsIBNTEHHI
Haghmo2a30HOCHUX rMepcrekmue siKk KaJluHCbKOI ceimu, mak i MioyeHy.

Me To awn. Sk ocHoeHi Memodu docnidxeHHs1 o6paHo Memodu celicMi4YHOT cmpamuzpadhii ma cekeeHyiliHoi cmpamuepadpii. Takox npoeedeHo
aHasi3 o3Hak.

Pe3ynbTaTtun. 3 Memor po3wupeHHs pecypcie podosuwa 3ux nidzomoessnieHo pekomeHdauii ujodo 6ypiHHSI po3eidyeasnibHO-0UiHI08aIbHOI
ceepdnoesuHu Ne 2 3a daHumu celicmopo3eidku 3D. [lidzomoeneHo ma npoaHasnizoeaHo 2eo0s1020-2eo0hizuyHi Mamepianu Onsi o6rpyHmyeaHHs1 eu-
6opy micys npoeedeHHs1 nowykoeux ceepdnoesuH. llicnsa aHanisy celicmiyHux Ky6ie 6yno o6paHo 3 mMoYyku po3mauwlyeaHHs MPOEKMHUX MOWYKO8UX
ceepdnoesuH, 3 AKUx 06paHO ma pekoMeHAo8aHo 00 6ypiHHS nepwoyepzogy ceepdrnioeuHy — 3ux-2. PekomeHdoeaHa po3eidyeasibHa ceepdsioguHa
3ux-2 posmawoeaHa Ha cxiOHOMy Kpymomy cxusli 3uxcbko20 nioHsImmsi, 8 palioHi, 0e 8 po3pi3i docmoeipHo i eneeHeHo 8udineHo nepcrnekmMueHi
celicmivHi ¢payii 8 iHmepeanax kanaHcbKol ceumu i nepcrnekmuseHi yini e MioyeHoeomMy po3pisi. HasseHicmb 4imko eusHavyeHux celicMiyHux ampuby-
mie, a makox celicMiYyHUX Knacie y npo2Ho308aHili YacmuHi po3pi3y eka3yromb Ha HasieHicmb mym iMmoegipHux nacmok. CeepdnoeuHa eupiwye 3a-
80aHHs1 sIK MOWYyKy Hepo3eidaHoi 6ypiHHAM HWXHbLOI YacmuHU ocadogeoz2o 4Yoxsa, mak i docnidkeHHs1 nepugpepiliHoi (cxiOHOI) YacmuHu nnacma
niokipmakiecbkoi ceimu.

B 1 c Ho Bk wu. [JocnioxeHHs nokasanu, ujo nepedyMmosamu Haghmoz2a3zoHOCHOCMIi cxiOHO20 cxusy 3uxcbkoao NiOHAmms € HasigHi cnpusimnusi
pezioHanbHi ymoeu po3eumky Haghmoza3080i cucmemu. A maKoxX JIoKaslbHi cripusimJiuei ymoau, siki nossi2aromp y Hasi8 HOCMIi eKpaHy4020 ymeo-
PEHHs1, BUMSI2HYyMo20 8 cybmMepudioHarIbHOMY HanpsiMKy. [Jo HezamugHuUx ghakmopie Mo)KHa 8iOHecmu Kpymuu cxidHutl cxun nioHsmms 3ux. Bpa-
Xoeyr4u ompumaHi pesynbmamu ma aHanimuyHi daHi, po3eidyeanbHa ceepdnosuHa 3ux-2 pekoMeHOo8aHa 3o 6ypiHHSI Ha MPOEKMHOMY MicCui.

Knio4yoBi cnoBa: HagpmozazoHOCHicmb, celicMiyHa ¢hayisi, celicMi4HUll ampu6bym, npoekmHa ceepdsniosuHa, podosuuia Kana, mioyeHosi
8idknadu, celicmopo3eioka 3D.
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