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The article begins with a history of commercial hydrocarbon production in the Absheron
Peninsula, which is one of the oldest oil and gasbearing regions in the world. Despite
the long exploitation of hydrocarbons here, this region has a strong industrial potential,
especially in the lower Pliocene and underlying sediments. A lithological-stratigraphic
boundary separating the Qala Suite of the Productive Series into two parts has been delin-
eated by a Well Logging complex. The lower part is most likely represented by sandstones
deposited during the transgressive phase of development of this part of the peninsula,
while the upper part is characterized by complete and incomplete regressive cycles. The
boundary of stratigraphic unconformity was marked, and also the boundary of thermobaric
system change can be synchronously connected with it. As for the older sediments, their
prospectivity is indicated by commercial production of hydrocarbons in the adjacent areas.

An indirect indication of oil and gas prospects of the underlying Productive Series
fields is the identification of a zone of Abnormal Formation Pressure in the Khasilat field
according to the Vertical Seismic Profiling results of two wells.

The results of reinterpretation of 3D seismic data are widely reported in the article.
Temporal thickness maps suggest a large river delta in the area during the formation of the
Qala Suite deposits. Obviously, the appearance of numerous deltaic channels and straits
was associated with gentle slopes and shallow depths of the coastal part of the basin where
the delta was formed. Based on the constructed map of temporal thicknesses between the
seismic horizon confined to the QaS-2 and SH-IV strata, which in the conventional time
scale represents the paleorelief at the start of the formation of the Qala Suite deposits, the
most favorable areas for the accumulation of sandy sediments were determined.

Key words: Absheron Peninsula, Pliocene-Miocene deposits, Qala Suite, seismic survey,
vertical seismic profiling, time section, «bright spot» anomaly.
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Introduction. The Absheron Peninsula is
one of the main oil and gas bearing regions
of Azerbaijan. The history of industrial pro-
duction of hydrocarbons (HC) here dates
back about two centuries, if we consider that
the first well was drilled here by the percus-
sion method to a depth of 21 meters under
the guidance of V.N. Semenov in 1846 near

Baku, in the village of Bibi Eibat (now it is
very close to Baku). The main objects of ex-
ploitation in the Absheron Peninsula and the
Azerbaijani sector of the Caspian Sea are still
separate formations of the Productive Series
(PS) which belongs to the Lower Pliocene
[Mammadov, 2018]. Along with these depo-
sits, the attention of geologists and geophysi-
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cists has recently been attracted to Miocene the latter Khasilat oil and gas fields are lo-
deposits underlying them, in which HC de- cated in the south-eastern plain part of the
posits are also expected. Absheron Peninsula (Fig. 1).

The Zira, Karachukhur-Zykh and east of The Zyrinskoye, Karachukhur-Zykhskoye,
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Fig. 1. Geological map the area (excerpted from the Agency on State Support to NGOs of the Republic of Azerbai-
jan (https://boundtoazerbaijan.com/maps/) (a). The black rectangle shows the outline of work using the Common
Depth Point (CDP-3D) method. The Khasilat area with 3D excitation and registration lines (b): black — project
PGO-points of geophysical observations, yellow — topographic works on field of PGO, purple — well drilling,
blue — equipment uncoiling, red lines — data recording.
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and east of the latter Khasilat oil and gas fields
are located in the south-eastern lowland part
of the Absheron Peninsula.

The Karachukhur field has been opera-
ted since the 1920s, and the others since the
late 1940s, after WWII [Alieva et al., 2008].
All fields were put into operation with high
flow rate wells, for example, the wells of Zira
field were put into operation with aninitial
daily flow rate of 300.000—600.000 m*® and
acondensate of 50—130 tons (from all objects
of the Lower Kirmaky (LK) and Qala Suites
(QaYS)). The Karachukhur-Zykh field is cha-
racterized by the largest oil-bearing area in
the LK, Kirmaky (KS), and QaS. According
to new geological and geophysical data, the
Khasilat field can be confined to a distant dip
of the eastern wing of the Karachukhur-Zykh
fold, where QaS is wedged upward along the
upthrust, lying on an eroded Pontic surface
with a sharply pronounced angular unconfor-
mity. Here in the QaS section there are four
production objects with a total thickness of
250—350 m, in which their lowered, compara-
tively thicker parts are the most productive,
and the outcropping head parts are less pro-
ductive.

As can be seen, the main production fa-
cilities are located in the Lower Pliocene
Productive Series (PS) deposits. Prospects of
oil and gas bearing capacity of this part of
Absheron Peninsula are connected with PS
deposits and underlying deposits, in the study
of which seismic survey plays the main role.
The present research is aimed at a detailed
3D seismic survey of QaS of the PS and the
underlying deposits in order to identify oil
and gaspromising intervals and areas in the
Khasilat area.

Methods. Fig. 2 shows a schematic dia-
gram of the structure of the QaS strata, in-
cluding the upper part of the suite, well-re-
searched by drilling, and its lower, prospec-
tive part. The figure clearly shows that the
lithologic-stratigraphic boundary separating
the two parts is distinguished by the Well Log-
ging (WL) complex. The lower part is most
likely represented by sandstones deposited
during the transgressive phase of develop-
ment of this part of the Absheron Peninsula,
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while the upper part is characterized by com-
plete and incomplete regressive cycles. The
wavy line in the figure shows the boundary of
stratigraphic unconformityalso, the boundary
of the thermobaric system change can be syn-
chronously associated with it [Buryakovskiy,
1991]. This is indicated by low values of SER
(specific electrical resistance), «clay line»
at the SP (Spontaneous Potential) curve. It
should be noted that under the conditions
of Abnormal Formation Pressure (AFP), the
readings of resistance, SP, AL (Acoustic Log-
ging), NGL (Neutron Gamma Logging) me-
thods are distorted and most often shifted to
low values.

A detailed cyclostratigraphic model of
the QaS strata based on data from several
wells shows a large number of unconformity
surfaces of different rank and scale. All this
indicates unstable paleogeography and pa-
leogeomorphology of this sedimentation area.

Taking into consideration that there is no
uncovered part of the section of Paleogene-
Miocene deposits available for study, we use
analogous fields and regional paleogeogra-
phic maps for the region. In this case, we
will cite the Muradkhanli field, where an oil
field was discovered in 1978 in the Upper and
Middle Eocene deposits (Fig. 3), as well as
the Jafarli field in Middle Eocene deposits

Sp R-T cycles

Fig. 2. General scheme of the Qala Suite structure: SER
— specific electrical resistance, SP— Spontaneous Po-
tential, R-T cycles — regressive-transgressive cycles.
The wavy line shows the boundary between cyclites
(procyclites with lithology from coarse-grained to fine-
grained from QaS3—QaS5 suites, recyclites with lithol-
ogy from fine-grained to coarse-grained from QaS1 to
QaS3 suites).
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[Kerimova, Samadzadeh, 2023]. The reser-
voirs are represented by deposits, probably
of weathering crust and terrigenous rocks,
which were deposited near the source of re-
moval. According to the paleogeographic
map, terrigenous-carbonate sediments were
accumulated during the Eocene-Late Creta-
ceous [Khalifa-Zadeh et al.,2006].

The most favorable conditions for accumu-
lation of HC deposits in Paleogene-Miocene
reservoirs are noted in the AbsheronOil-and-
Gas Bearing Region (OGBR) [Abdullayev et
al., 2012]. In Miocene, deposits of the penin-
sula's undiscovered oil resources are mainly

confined to reservoirs of the Diatom Suite
and Chokrak horizon. Expected types of the
fields: lithological-stratigraphic and tectoni-
cally shielded.

Interpreting the seismic data, the range of
HC traps in the lower part of the sedimenta-
ry section (Paleogene-Miocene interval) can
be wide: stratigraphic, tectonic, lithological,
combined. Thus, seismic surveys established
that the Paleogene-Miocene deposits and the
Productive Series (PS) have a non-conformity,
which makes the formation of lithological-
stratigraphic traps the most probable.

Borehole VSP (vertical seismic profiling)

South Muradkhanly-Jafarli block

Middle Eocene drilling map
(The structure is delineated by the top of the Middle Eocene Marl Suite)
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Fig. 3. Structural map (a) and geological sections of the Muradkhanly field (b).
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surveys were conducted at one of the wells seismic waves at the depths of 3900—4250 m
of the neighboring Khasilat field in 2010. (Fig. 4).The velocities are characteristic of
Processing and interpretation of VSP data absolutely shallow depths, which,according
showed anomalously low interval velocitiesof  to some researchers, indicates that here de-

Raw DTCO Interval Velocity (VSP data)

140 us/ft 40{2000 m/s 5700

Calibrated DTCO Interval Velocity (Calibrated Sonic)

140 us/ft 40(2000 m/s 5700
w g g n
a = Integrated Raw Sonic T_r_avel Times RMS Velocity (Calibrated Sonic) A a
& O 06 s 1,6/2000 m/s 5700| & &

| |
E @ Integrated Adjusted Sonic Travel Times| Average Velocity (Calibrated Sonic) @ E
© & o6 s 1,6(2000 m/s 5700 = ©
0,680 % L i {_ 0,680
0.700 11500,0 1500,01 ¢ 70
0,720 ! 0,720
0,740 0,740
0,760 0,760
0,780 0,780
0,800 0,800
0,820 0,820
0,840 ! 0,840
0,860 {2000,0 5 ' — 2000,0{ 0,860
0,880 t 0,880
0,900 0,900
0,920 0,920
0,940 0,940
0,960 0,960
0,980 0,980
1,000 : 1,000
1,020 12500,0 2500,04 1,020
1,040 1 1,040
1,060 ] 1,060
1,080 i 1,080
1,100 g 1,100
1,120 { 1,120
1,140 ] 1,140
1,160 1,160
3000,0 3000,0

1,180 i 1,180
1,200 : 1,200
1,220 1,220
1,240 1,240
1,260 1,260
1,280 1,280
1,300 1,300
1,320 [3900,0 : ' 3500,01 4 39
1,340 o= 1,340
1,360 1,360
1,380 1,380
1400 < s ".l ] 1,400
1,420 =+ '-.' 1,420
1,440 14000,0 S T 4000,0{ 1,440
1,460 e = = ey i l‘.“ 1,460
1,480 [ _ = ~ﬂ:~ - \{ | 10
1,500 ’_g —n il ) 1,500
1,520 i \ 1,520

Fig. 4. Anomalously low values of seismic wave velocities indicating the development of the AFP zone.
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velops a zone of AFP (Abnormal Formation
Pressure). This assumption was confirmed by
further drilling of wells that uncovered Mio-
cene deposits at these depths [Akhmedov et
al., 2012; Ahmadov et al., 2012].

The main prospects of the surveyed areas

are associated with the QaS deposits, in the
section of which a number of independent ex-
ploitation objects are distinguished. Analysis
of the geological evolution and paleostruc-
tural reconstructions has shown that the fold
and fracture structures, associated with the
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Fig. 5. Schematic map of the South Caspian Basin and adjacent areas in the Lower Pliocene [Kroonenberg et al.,

2005].
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fields, are characterized by different time of
emplacement and changes in the intensity of
their development in certain periods of geo-
logical time.

Studying the genesis and paleogeogra-
phy of the sedimentation basin established
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that the PS on the Absheron Peninsula was
deposited in the coastal zone of the sea ba-
sin and is represented by the Absheron type
of sediments containing quartz as the main
rock-forming mineral. This type of rocks is
characterized by relatively good fossilization
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of grains composing sandy rocks and predom-
inance of the sandy fraction over siltstone and
clayey fraction [Khalifa-Zadeh et al., 2000].

According to Khalifa-Zadeh et al. [2000],
sedimentation took place in shelf conditions
outlined by separate upliftzones, sometimes
protruding above the sea level. In the basins
of the Qala and Lower Kirmaky times, there
were ancient islands that originated in the
pre-Pontic and Pontic times, some of which
continued to exist until the Upper Kirmaky
time. Sedimentation proceeded at the ex-
pense of bearing provinces, in the composi-
tion of which the rocks rich in quartz took
part [Levyant et al., 2006]. It should be em-
phasized that the basin owes its development
not only to tectonic processes, but also to the
inflow of large rivers controlled by both cli-
matic conditions and the paleo-relief of the
territory formed for the period. All ofthese
factors had a significant impact on changes
in the flow velocity and water quantity in the
paleo-rivers. At the same time, the mountain
structures bordering the basin from the west-
were experiencing uplift and supplying huge
volume of clastic material to the sedimenta-
tion zones (Fig. 5) [Markovskiy, 1973].

The lithofacial analysis of Pliocene deposits
shows that these sediments contain diverse fa-
cies and have both deltaic and coastal-marine
origin. The rhythmicity of the sediments in the
area is closely related to the change in their
accumulation conditions. Based on the paleo-
structural reconstructions and taking into ac-
count the published results, it can be assumed
that the QaS deposits formed predominantly
in marine conditions due to the large amount
of sedimentary material brought by waters of
the deltaic system and its distribution within
the paleostructure in the central part of the
study area (Af maps).

The temporal thickness maps suggesta
large river delta in the surveyed area du-
ring the formation of the QaS deposits.
Consequently, the appearance of numerous
deltaic channels and straits was associated
with gentle slopes and shallow depths of the
coastal part of the basin in which the delta
was formed. Based on the map of temporal
thicknesses between the seismic horizon (SH)

30

confined to the QaS-2 and SH-IV strata, which
in the conventional time scale represents the
paleorelief at the time of the beginning of the
formation of the QaS deposits, it is possible
to determine the most favorable areas for the
accumulation of sandy deposits (Fig. 6). The
elevated values on the map of temporal thick-
nesses correspond to submerged areas of the
paleorelief. Thus, traps were formed within
the southeastern and western slopingparts of
the paleostructure, where the oil fields of the
Khasilat field were subsequently discovered.
Along the eastern slope of the high-amplitude
structure located in the western part of the
areaq, a lens of predominantly sandy material
was formed, which served as the basis for the
formation of the Zykh field oil deposit. A to-
tal of 321 wells were drilled within the Zykh-
Khasilatarea, of which 105 wells (for which
we have complete data) penetrated the Qala
deposits. Structural mapping based on seis-
mic data, supplemented by seismogeologic,
seismostratigraphic, paleogeomorphologic
and seismic-facial analysis, was the main re-
search method used to delineate the Qala part
of the section.

Results. It should be noted that interpre-
tation of 3D seismic data, conducted here in
2012, was not performed properly by specia-
lists from «GeoRes» (Tyumen) [Levyant et
al., 2006]. Comparative analysis of the results
of the work performed by «GeoRes» LLC
showed that their structural-tectonic model
is not quite correct.

Fig. 7 shows the main tectonic faults iden-
tified by the specialists in the area of the sur-
vey, showing our point of view on the tectonic
model of the East Khasilat field. Along the
axis of the paleo-elevation along the ancient
sediments we can clearly see the spreading
faults penetrating sediments up to and inclu-
ding the QaS strata. One of the main tectonic
factors of the oil and gas potential realization
and HC migration conditions is the presence
of tectonic faults. Eastern Khasilat is not an
exception, which allows us to conclude that
it is necessary to more carefully identify and
justify the tectonic model of the field. In this
case, tectonic disturbances are not so much a
zone of reservoir fluids' deposition, but also a
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Fig. 7. Structural expressions of tectonic stress fields for the area shown in Fig. 6, b. C40-357 — seismic data views
in the crossline direction, L40-569 — seismic data views in the inline direction.

direction of HC migration through the lower
deep horizons of Miocene deposits of the
prospective part of the section (Fig. 6, a). By
using kinematic and dynamic signs of tecton-
ic dislocation and tracing the seismic records,
we were able to trace a different view of the
development of the DD (disjunctive disloca-
tions) system, where the main zone of tectonic
dislocation is identified.

Conclusions. 1. Regional studies estab-
lished that the area was in favorable paleo-
geographic conditions and stratigraphically
complete (or sufficiently complete) intervals
of the section were accumulated.

2. The oil system has agreat potential due
to the large volume of oil-bearing rocks, not
only due to Miocene deposits, but also to Eo-
cene deposits (Koun Suite). Potential reser-
voirs are expected in the Maikop and Chokrak
deposits. In addition to the terrigenous re-
servoirs, fractured dolomites and limestones
are expected as potential HC prospecting ob-

ISSN 0203-3100. Geophysical Journal. 2024. Vol. 46. Ne 2

jects in Diatom Suite formations, in the Meo-
tis and Sarmatian section (Upper Miocene).

3. The main risks of trap prospecting in
the deposits below the QasS are the presence
of reservoirs, as well as complex mining and
geological conditions (great depths, high
pressures and temperatures), and the iden-
tified zone of Abnormal Formation Pressure
(AFP).

Thus, we consider that further increase of
oil and gas prospects within the south-east
of Absheron Peninsula is associated with the
prospecting and preparation of HC traps in
the Paleogene-Neogene section associated
with terrigenous carbonate reservoirs in the
Eocene, sandy-siltstone reservoirs in the Mai-
kop Suite and Chokrak horizon, terrigenous
reservoir in the Diatom Suite, which are co-
vered by thick impermeable clayey strata. In
our opinion, in the proximity of oil and gas
source beds very favorable conditions are cre-
atedfor the formation of hydrocarbon deposits.
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IlepCrieKTUBHICTD NMAIOILEH-MiOII€eHOBUX BIAKAQAIB
popoBula Xacirat AOIIEepOHCBKOro Ha(pTOra3oHOCHOIO
parioHy 3a AAHUMHU Ha3eMHHUX
i CBEpAAOBUHHUX CENCMIYHUX AOCAIAKEHb

A.T. ArioekoBa, 2024

A3zepbarpKaHCBKUN AP KaBHUMN YHIBEPCUTET HA(MTH I IPOMUCAOBOCTI, Baky,
A3zepbanipxan

HaBepeHO iCTOPit0 IPOMHUCAOBOTO BUAOOYTKY BYTA€BOAHIB AOIIEPOHCBKOMY IIIBOCT-
POBI, IO € OAHUM i3 HaUAABHIIINX HA(OTOra30HOCHUX PEriOHIB CBITYy. 3a3HA4e€HO, II0
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He3Ba’Kalouu Ha TPUBAAY €KCIIAYaTallifo ByTA€BOAHIB, ITel PerioH Ma€e NOTY KHUN IIPOMUC-
AOBUH MOTEHIIian, 0COOAMBO B HM3aX HUJ)KHBOTO IIAIOIIeHY Ta MIACTUABHUX BiaAKAaAaX. 3a
KOMIIAEKCOM re0(pi3sNUHUX AOCAIAJKEHBb CBEPAAOBMH BHAIAEHO AITOAOTO-CTpaTUTrpadiuHy
MeJXy, IO IOAIASIE Ha ABl YaCTUHU KaAIHCBKY CBITY IPOAYKTUBHOI TOBI. HU>KHg yacTrHa,
HaWiMOBIpHillle, CKAaAeHAa TICKOBUKAMY, SIKi BIAKAGAQAUCS B TPAHCIPECUBHY (Pa3y PO3BU-
TKY Ii€l yacTuHU AOGIIIEePOHCHKOTO IIiBOCTPOBA, A BEPXHBOI YACTUHU CBITH XapaKTepHi
IIOBHI i HEIIOBHI perpecuBHi HUKAU. [IpoBepeHO MeXXy cTpaTUrpadiuHOro Hey3roAKeH-
H$, 3 HUM MO>Ke OyTH CMHXPOHHO IIOB's3aHa Meyka 3MiHU TepMoOapu4Hoi cuctemMu. Ha
IIEPCIIeKTUBHICTh AQBHIIINX BiAKAQAIB BKa3y€ IIPOMUCAOBUU BUAOOYTOK BYTAEBOAHIB Y
CYyCIAHIX perioHax.

HaroaomieHo, 1110 HeIIPpsIMOIO 03HAKOO IIePCIeKTHUB Ha(DTOra30HOCHOCTI BIAKAAAIB, K1
MIACTUAQIOTE IPOAYKTUBHY TOBIITY, € BUIBAEHHS Ha POAOBUIIL XacinaT 30HM aHOMAABHO
BHCOKOT'O IAQCTOBOT'O TUCKY 3@ AQHUMU BEePTUKAABHOTO CEXCMIUHOTO TPO(iAIOBAHHS ABOX
CBEPAAOBHH.

[InpoKO BUCBITAEHO pE3YABTATH IIEPeiHTepIIpeTallii AaHNX celicMopo3Biaku 3D. AHa-
Ai3 KapT TUMYaCOBUX MOTYKHOCTEU A@B 3MOTY IPUITYCTUTH, IO Y IIepioa popMyBaHHSI
BIAKAQAIB KaAIHCBKOI CBITH Y AOCAIAJKYBAHOMY PaMOHI iCHyBaAa AeAbTa BEAMKOI PiuKH.
BoueBuAb MOSIBa YMCAEHHUX AEABTOBHUX KaHAAIB i IPOTOK OyAa MOB'sA3aHa 3 IIOAOTMMU
HaXWAAMU | MaAUMU TAUOMHAaMU TPUOepesKHOI YaCTUHY OacelHy, B IKOMY (pOpMyBaracs
AeAbTa. Ha miacTaBi aHaaizy moOyAOBaHOI KapTH YaCOBUX ITOTY>KHOCTEM MiXK CEeMCMIYHUM
TOPU30HTOM, IpUypodeHUM A0 maacta KaC-2, ta CI-1V, kUil B yMOBHOMY 4aCOBOMY
MacuITabdi € nareopeabedoM IMOBEPXHI Ha MOYAaTOK (POPMYBaHHS BiAKAAAIB KaAiHCBKOI
CBiTH, BUBHAUEHO HAUCITPUSITAUBIII AIATHKU AAST HarpOMaAKeHHS TIaHNX BiAKAAAIB.

KnaiouoBi croBa: AGIIEpOHCHKMM MTIBOCTPIB, MAIOIIEH-MiOII€HOBI BiAKAAAY, KaAiHChKa
CBiTa, celicMiuyHa pPoO3BiAKa, BEpTUKaAbHE celicMiuyHe MpodirtoBaHHS, YaCOBUM PO3Pi3,
AQHOMAAIA TUITY «SICKPaBa IASIMAa».
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