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The article presents a comprehensive study of the geological and deep structure of the
Kurinsky depression. The research is based on regional seismic profiles acquired using
a specially designed observation system that ensures the simultaneous recording of both
reflected and refracted waves along the same profile. Field surveys were carried out using
the 2D common depth point method with vibratory sources and refracted-wave observa-
tions employing explosive sources to track deep geological boundaries. Analysis of the
kinematic and dynamic parameters of the wavefield has shown that the most reliable infor-
mation on geological structure, elastic heterogeneities, and tectonic features is primarily
contained in the reflected and refracted wavefields. Combining reflected and refracted
wave data, especially in the deeper zones where reflection data alone is limited, allows for
the creation of higher-quality dynamic depth sections. The combination allowed for the
separation of seismic signals from noise, improved the mapping of Mesozoic structures,
and enabled reliable correlation of seismic horizons at depths greater than 8—10 km.

Theresults indicate that the joint application of seismic reflection and refraction meth-
ods significantly enhances the completeness, accuracy, and reliability of seismic data
interpretation. The analysis shows that, when selecting an appropriate observation system
during seismic investigations, it is possible to record different types of waves along the
same profile. These waves correspond to different geological boundaries and depths and
are registered at different time intervals. The proposed comprehensive methodology en-
ables the development of a more reliable seismogeological model of deep structures and
isrecommended for use in other regions with complex geology, as well as in hydrocarbon
exploration. The results indicate that investigations of this type should be carried out in
other regions using a denser network of seismic profiles.

Key words: seismic exploration, seismogeological conditions, reflected wave, refracted
wave, dynamic and kinematic parameters, boundary velocity, hodograph.
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Introduction. Seismic exploration plays a
crucial role in studying the geological struc-
ture of the crust and in predicting the oil and
gas potential of prospective fields. Seismic
methods constitute the primary information
base for drilling preparation and for substan-
tiating prospective targets, as well as for de-
termining the optimal locations of planned
deep wells during hydrocarbon exploration.

Assessing and forecasting the oil and gas

potential of exploration areas, along with re-
fining the understanding of their geological
structures, requires new integrated approach-
es and techniques. These methods aim to im-
prove the quality and reliability of results ob-
tained in seismic studies [Bashir et al., 2022;
Rezaei et al., 2022; Ahmedov, Aghayeva, 2022;
Ahmedov et al., 2024; Kolomiyets et al., 2025].

In the search for and exploration of oil and
gas fields, the capabilities of seismic explora-
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tion are extensive, as it provides a wide range
of methods for analyzing the kinematic and
dynamic parameters of the wavefield. These
methods enable the investigation of the geo-
logical structure of the studied areas, the pre-
diction of lithology and reservoir properties of
the sedimentary complex, and the assessment
of hydrocarbon productivity [Shakarov, 2001;
Di et al., 2019].

The application of innovative technologies
in seismic exploration is advisable at all stag-
es, including field acquisition, primary data
processing, interpretation, and the construc-
tion of seismic section models. The diversity
of seismogeological conditions over large ar-
eas of Azerbaijan Republic sometimes neces-
sitates abandoning experimentally developed
averaged seismic survey parameters in favor
of approaches adapted to specific geological
conditions.

With the expansion of seismic exploration
capabilities and ongoing technical advance-
ments, a new research direction has emerged.
It focuses on applying integrated approaches
and techniques to obtain comprehensive and
reliable information from seismic data about
the geological structure, material composi-
tion, hydrocarbon saturation, physical prop-
erties, and tectonics of the study area. An
analysis of the characteristics of seismic wave
propagation in the geological medium shows
that the main information about the structure
of the geological environment and its elastic
inhomogeneities is contained in the wave-
fields of refracted and reflected waves gener-
ated by the seismic source. Accordingly, seis-
mic exploration is primarily conducted using
the method of reflected and refracted waves
[Yilmaz, 2001; Ilchenko, 2002; Verpakhov-
skaya et al., 2017]. In this context, reflected
waves are most clearly recorded in the near
zone of the source, while refracted waves are
most clearly observed at a certain distance
from it [Sheriff, Geldart, 1985] (Fig. 1). In some
sources, the refracted waves are referred to as
head waves [Yilmaz, 2001; Gadallah, Fisher,
2009; Mari, 2019; Monk, 2020]. In this study,
given the integrated use of both reflection
and refraction data, the term refracted waves
is consistently used throughout the article.
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Notably, a comprehensive application of
reflected and refracted wave methods, along
with a comprehensive interpretation of the ac-
quired data, can significantly enhance the re-
liability of the results. In Azerbaijan, between
the 1940s and 1970s, several seismic profiles
were developed using the correlation method
based on refracted waves and deep seismic
sounding, with the primary objective of study-
ing the tectonics of the lower sedimentary
complex and the surface of the consolidated
crust. Most of these profiles were established
primarily in the Kurinsky depression, which
had favorable seismogeological conditions
and, was at that time, one of Azerbaijan's po-
tential oil- and gas-bearing regions. Based on
a comprehensive interpretation of regional
seismic survey data, tectonic diagrams of dif-
ferent structural levels and layers were com-
piled. These studies led to the identification
of three structural levels, corresponding to
distinct refractive boundaries with different
boundary velocities [Kocharli, 2015].

Research Methodology. Starting in the
1970s, digital recording and processing of
seismic data began with the widespread use
of the common depth point (CDP) method.
In subsequent years, despite the introduction
of new modifications and methods, including
3D seismic surveys, researchers noted a so-
called discrepancy between the results of 2D
and 3D seismic surveys of recent decades and
the deep seismic sounding-method of correla-
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Fig. 1. Hodograph of reflected and refracted wave for a
horizontal boundary [Sheriff, Geldart, 1985].
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tion of refracted waves surveys of 1950—1970
regarding the internal structure of Mesozoic
deposits. Specifically, the boundaries of re-
fracted waves, assigned in the 1970s to the
lower Mesozoic deposits or the surface of the
consolidated crust, were not observed in the
2D-3D CDP data [Kocharli, 2015].

In our opinion, the main reason for this
discrepancy was and remains the difference
between the observation systems. To inves-
tigate this, the author developed regional
profiles using a comprehensive approach
(integration of reflected and refracted wave
information) in various parts of the Kurinsky
depression in 2017—2018. The observation
system was designed so that both reflected
and refracted waves could be recorded on the
same profile.

Field seismic surveys were carried out
using the 2D CDP method with a flank ob-
servation system and a vibration excitation
system employing a non-explosive (vibratory)
source. Four seismic vibrators arranged in a
line were used to generate elastic vibrations
without explosives. The observation base was
20—30 km (400—600 active recording chan-
nels), the observation step (distance between

200

250
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reception points) was 50 m, and the distance
between excitation points was 100 m. The
frequency range was 10—80 Hz, with a total
recording duration of 22 s (sweep signal dura-
tion of 12 s, useful recording duration of 10 s),
the number of accumulations was 4—6, and
the sampling interval was 2 ms.

More powerful sources were used to track
refracted waves from deep-lying boundaries
during the seismic refraction method (SRM)
operations. Seismic waves were excited by an
explosive method. The explosions were made
in a well with a depth of 40 m, with a total
charge of 20 kg. The maximum removal of the
explosive device during the operation of the
SRM was approximately determined by the
value of the seismic migration distance L us-
ing the formula: L=Htga, where f is the depth
of occurrence of the deep refractive bound-
ary, and a is the angle of refraction [Sheriff,
Geldart, 1985].

Thus, using the chosen favorable observa-
tion system, combined CDP and SRM meth-
ods were performed on the same profile, and
reflected and refracted waves were recorded
on the obtained seismograms, which made it
possible to study the geological section down
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Fig. 2. Shot gather from the shot point along the regional profile (Kura-Gabirry oil and gas region).
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to the surface of Jurassic deposits [Shakarov
et al., 2018; Shirinov et al., 2019, 2023].

The data show that the main components
of the wavefield are reflected and refracted
waves (Fig. 2).

For this acquisition geometry, the dis-
tance between the shot point and the first
receiver station (offset) was approximately 6
km. Therefore, no seismic arrivals were re-
corded within the time interval of 0—1.0 s.
Beginning at approximately 1.0 s, refracted
waves are observed in the first arrivals. Re-
fracted and reflected waves associated with
major stratigraphic and crustal boundaries
display greater stability and coherency than
waves originating from secondary interfaces.
A distinctive feature of the wavefield reflected
from these boundaries is its discontinuity. Sta-
tistical estimation of their correlability inter-
vals shows that the wavefield after the initial
arrival is dominated by coherent reflection
events extending up to 6 km in length. These
waves are frequently detected in the critical
and subcritical regions, meaning they can be
traced at distances far exceeding the depth
of the reflection boundaries. The observa-
tion of intermittent waves indicates internal
inhomogeneities throughout the entire thick-
ness, both vertically and horizontally. The
structure of the reflected wavefield consists
of two groups of coherent events. One group
is well defined and numerically predominant,
represented by subhorizontal coherent reflec-
tion events, while the other group consists of
steeply dipping axes. Their apparent veloci-
ties gradually decrease with increasing dis-
tance from the source. The shape of the hodo-
graphs and the character of variations in the
apparent velocities indicate a subhorizontal
occurrence of the reflecting interfaces.

In the first arrivals, the obtained seismo-
grams reveal refracted waves propagating
along two wave fronts. The first wave front
is traced at offsets of up to 20,000 m within
the time interval of 1.0—5.2 s between pickets
(channels) 1—370, corresponding to approxi-
mately 14,800 m. The second wave front is
observed within the time interval of 4.9—%.5s
between pickets (channels) 320—626, corre-
sponding to about 12,240 m (see Fig. 2). The
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apparent velocity of waves along the first
wave front, calculated from hodographs, var-
ies from 3,100 to 3,300 m/s, with an average
apparent velocity of 3.2 km/s. The apparent
velocity of waves along the second wave front
ranges from 5,200 to 5,600 m/s, with an av-
erage apparent velocity of 5.4 km/s. For the
waves observed along the first wave front,
the boundary velocity was calculated to be
approximately 3,200 m/s, while the average
velocity is about 2,400 m/s. Based on these
parameters, the hypsometric position of the
refractive boundary was determined. The
depth of this boundary along the profile varies
from 1,500 to 2,000 m, which corresponds to
Pliocene deposits. A comparative analysis of
refracted-wave seismograms with reflected-
wave data acquired using the CDP method
showed that the waves recorded in the first
arrivals correspond to the boundary of Plio-
cene sediments [Shakarov et al., 2018]. For
the waves observed along the second wave
front, the calculated boundary velocity is ap-
proximately 5,400 m/s, and the average veloc-
ity is about 3,100 m/s. Using these values, the
hypsometric position of the corresponding re-
fractive boundary was determined. The depth
of this boundary is about 6,000 m at the begin-
ning of the profile, increases to approximately
10,000 m in the central part, and decreases to
about 7,800 m toward the end of the profile.
This boundary corresponds to the refractive
boundary within Jurassic sediments.

At the same time, approximately 1.5—1.6 s
after the first arrivals, an additional wave front
is observed on the seismograms. It is clearly
traced along the entire profile within the
time interval of 2.5—7.8 s. The geometry of
the constructed hodographs and the results
of velocity analysis indicate that these waves
are reflected waves. The depth of the cor-
responding reflecting boundary varies from
6,000 to 10,000 m, which coincides with the
depth of the refractive boundary determined
from refracted-wave data. These observations
indicate that the analyzed waves are reflec-
tions from the Jurassic sediments' boundary.
A similar wave pattern is observed in seismo-
grams obtained from regional profiles ac-
quired within the Yevlakh-Agjabadi depres-
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sion (Fig. 3). In this case, the distance between
the shot point and the first receiver station
was approximately 15 km.

Analysis of the seismograms shows that,
with a distance of 15—20 km from the shot
point, refracted waves can be traced in the
first breaks. They are characterized by appar-
ent velocities V,,=5.2+5.6 km/s. These waves
stand out most confidently in the area close to
the first breaks. In the initial part of the hodo-
graph, there is a curvilinearity, after which the
hodograph changes to a rectilinear shape.
These features in the form of a hodograph
are repeated in other reversed-profile acqui-
sitions. The apparent velocities of a group of
reflected waves according to the hodograph
increase with the distance from the shot point;
the range of variation of these velocities varies
from profile to profile, which indicates differ-
ent natures of the refractive boundaries dur-
ing the transition from site to site.

CHAN |1 2|6 5|1

Thus, a qualitative analysis of the wave-
field obtained from the superposition of re-
flected and refracted waves shows that, in the
studied medium, in addition to the reflect-
ing boundaries, there are also the refractive
boundaries with varying degrees of stability.
This fact once again confirms the expedi-
ency of the joint application of reflected and
refracted wave methods. Seismic data pro-
cessing and interpretation were carried out
using the ProMax and Kingdom Suite soft-
ware packages. Since the total length of the
regional profile was approximately 200 km,
interactive processing procedures were ap-
plied, which significantly improved the ac-
curacy of estimating the seismogeological
parameters of the section. Velocity analysis
and velocity updating were performed using
vertical velocity spectra, with both visual and
quantitative evaluation of stacking efficiency
on the final stacked section.
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Fig. 3. Shot gather from the shot point along the regional profile in the Yevlakh-Agjabedi depression.
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After applying other necessary steps of
the processing workflow (including calcu-
lation and correction of static and dynamic
corrections, various filtering procedures, mi-
gration, etc.) and determining velocities in
different parts of the profile, depth-migrated
seismic sections were constructed along the
processed profiles. This made it possible to
investigate the geological section down to
the top of the Jurassic deposits. Time sections
and depth-migrated sections were generated
through the integrated processing of reflect-
ed and refracted wave data. Fig. 4 shows a
depth section obtained after pre-stack depth
migration (Fig. 4).

As can be seen, the dynamic depth sec-
tion obtained from the joint interpretation of
refracted and reflected waves can be divided
into four intervals. The first interval covers
the upper part of the dynamic depth sec-
tions, that is, the horizons corresponding to
anthropogenic, Pliocene, and Miocene de-
posits. Within this interval, the quality and
information content of the seismic data are
significantly higher. For all acquired profiles,
seismic horizons within this interval can be
confidently traced. The second interval in-
cludes the middle part of the dynamic depth
sections. This interval encompasses the sec-

NE

tion between the Paleogene and Mesozoic
deposits and is characterized by a relatively
weak wavefield. Despite a slight decrease in
seismic wave dynamics, the horizons within
this interval can still be confidently traced.

The third interval includes the lower part
of the dynamic depth sections, represent-
ing a rock complex that reflects the internal
structure of the Mesozoic sequence (Upper
Cretaceous-Jurassic). In the upper portion of
this interval, the seismic wavefield is charac-
terized by higher dynamics and can be con-
fidently traced. Although a weakening of the
useful signal is observed locally in the deeper
parts of the section, seismic horizons can still
be confidently traced and correlated.

The fourth interval characterizes seismic
waves observed within and below the Juras-
sic sediments in the dynamic depth sections.
Within this interval, the correlation of seismic
waves and the tracking of common-midpoint
reflection events become difficult, and in
some cases their regularity is disrupted. Nev-
ertheless, these waves can also be regarded as
useful. Below this interval, the wavefield be-
comes nearly chaotic, making reliable track-
ing impossible. To obtain a comprehensive
image of the geological section, reflected and
refracted wave data were jointly analyzed. As
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Fig. 4. Depth section along the regional profile obtained from the joint processing of refracted and reflected waves

after pre-stack depth migration.
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is well known, such integration enables the
combination of complementary information
about the wavefield. In this study, the joint
processing of reflected and refracted wave
data made it possible to distinguish useful
signals from interference and noise, particu-
larly in the deeper parts of the section char-
acterized by a complex wave pattern. Since
reflection data in the deeper parts of the sec-
tion were incomplete, the integrated process-
ing and interpretation of both reflected and
refracted wave data (including arrival times,
amplitudes, and waveform characteristics)
made it possible to construct a unified model
of the deep geological structure (see Fig. 4).

Conclusion. Thus, when selecting an ap-
propriate observation system during seismic
investigations, it is possible to record differ-
ent types of waves — specifically reflected
and refracted waves — along the same profile.
These waves correspond to different geologi-
cal boundaries and depths and are registered
at different time intervals. For the first time
inrecent years, a joint composition approach,
that is, the integrated use of reflected and
refracted wave data, was applied, making it
possible to obtain more complete information
from deeper geological layers. In refracted-
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Pe3yAbTaT KOMIAEKCHOT'O 3aCTOCYBaHHSI METOAIB
BiAOMTHX i 3aA0OMAEHUX XBUAD IIPU AOCAIAKEHHI
KypuHCBKOIi Aernpecii

X.I. Illakapos™?, 2026

' Azep6aiiaKaHCHKIH AepIKaBHUIM YHiBepcHUTeT HapTH
Ta IPOMHUCAOBOCTI, baky, A3epbatipkaH
ZHaYKOBO-AOCJ\iAHI/Iﬁ inctutyT Ha(tH i razy SOCAR, baky, A3zep0Oavipkan

[MpeacTaBA€HO pe3yAbTaTH KOMIIAEKCHOTO AOCAIA’KEHHS TeOAOTiUHOI Ta TAMOMHHOI
cTpyKTypu KyprHCBHKOI Aenipecii. AOCAIAKEHHS I'PYHTYETHCS Ha PeTiOHAaABHUX CeNCMid-
HUX NPOodiAsiX, OTPUMAHUX 3@ AOIIOMOTIOIO CIIelliaAbHO PO3POOAEHOI CUCTEMU CIIOCTEpe-
>KeHb, gKa 3abe3leuye OAHOYACHY PEECTpallilo BIAOUTHX i 3aAOMAEHUX XBUAb Y3A0BK
OAHOTO TPodinto. [TOABOBI AOCAIAKEHHS IIPOBOAUAKCS 3@ AOIIOMOT'0I0 MeTOAY 2D cIinb-
HOI TAMOMHHOI TOUKHU 3 BiOpaIliiHUMU AJKepeAaMy, @ TAaKOK CIIOCTEPesKeHb 3aA0OMAEHUX
XBUAB i3 BUKOPUCTAHHSAM BUOYXOBUX AJKEPEA ANS BiACTEKEeHHSI TAMOMHHUX FeOAOTIUHNUX
MesK. AHaAi3 KiHeMaTUuHUX i AMHaMiYHUX HapaMeTpiB XBUABOBOTO TIOAS ITOKAa3aB, 10
HaMOIABII HapiliHa iHpopMallis PO TeOAOTiUHY CTPYKTYPY, €AaCTUYHI HEOAHOPIAHOCTI
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Ta TEKTOHIUHI 0COOAMBOCTI MiCTUTBHCS ITIEPEBA’KHO B ITOAIX BiAOUTHX i 3aAOMAEHUX XBUAD.
KomMmbiHyBaHHS AQHUX BIAOUTHX i 3aAOMAEHUX XBUAB, OCOOAUBO B TAUOIINX 30HaX, Ae AaHi
BIAOUTTS OOME’KEeHi, AQ€ 3MOT'y CTBOPIOBATU BUCOKOSIKICHI AMHAMiYHi TAMOMHHI pO3pi3H,
BIAOKPEMAIOBATU CENMCMIiUHI CUT'HAAM BiA IIYyMYy, ITIOKpAIlye KapTyBaHHI Me3030MChKUX
CTPYKTYD, 3a0e31euye HapiiHY KOPEASIifo CeMCMIYHNX TOPU30HTIB Ha TAMOMHAX ITOHAA,
8—10 kM. Pe3yabTaTu CBipAYaTh IIPO Te, IO CHiABHE 3aCTOCYBAHHS METOAIB BIAOUTHX i
3aA0MAEHUX XBUAB 3HAYHO IIOKPAIIy€e IOBHOTY, TOYHICTh I HAAIMHICTE iHTepIIpeTariii cei-
CMIUYHUX AaHUX. BuIlleHaBepAeHMU aHaAi3 ITOKa3ye, 1110 IPXU BUOOPI BiATIOBIAHOI cucTeMu
CIIOCTEPEsKEeHb ITij YaC CEeMCMIUHUX AOCAIAKEHb MOJKHA PEECTPYBATH Pi3HI TUIN XBUAB
Y3A0BXK OAHOTO Tpodiato. Li XBUAI BIATTOBIAQIOTE Pi3HUM r'eOAOTIYHUM MesKaM i TAuOMHaM
i peecTpyIOThCS Ha Pi3HMX YaCOBUX iHTepBaAax. 3allpOIIOHOBaHA KOMIIAEKCHA METOAOAOTISA
AA€ 3MOTy PO3POOUTHU OIABIII HAAIWHY CEMCMOTE€OAOTIYHY MOAEAb TAMOUMHHUX CTPYKTYP i
PEKOMEHAOBAHA AAS BUKOPUCTAHHSA B IHIIIMX PEriOHAX 31 CKAGAHOIO TEOAOTIERO, @ TAKOXK IIiA,
4yac NOUIYKY BYTA€BOAHIB. OTpUMaHi pe3yAbTaTH CBiAUATh, 1110 MOAIOHI AOCAIAKEHHS CAIA
ITPOBOAUWTM B iHIIIUX pPerioHax 3a AOIIOMOTOIO OIABIII IIIIABHOI MepPesKi CeMCMiIuHUX TTPOIAIB.

KAr040Bi cAroBa: celicMiyHI AOCAIAJKEHHS, CEeICMOTEOAOTIUHI YMOBH, BiAODUTa XBUAL,
3aAOMA€EHAa XBUAS, AMHaMIUHI Ta KiHeMaTHU4Hi IapaMeTpH, TPaHUYHa IIIBUAKICTE, TOAOTPad.
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