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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. At present, considerable attention is being paid to methods
for predicting oil and gas reserves through the use of multispectral satellite imagery.
Among the various research areas in this field, particular importance is attached to
the study of fluids generated by microseepage of oil and gas to the Earth’s surface.
Two types of hydrocarbon seepage are generally distinguished: macroseepage and
microseepage. Macroseepage of oil is visible to the naked eye and appears on the
Earth’s surface in relatively large quantities. Due to environmental and economic
considerations, such seepages usually require remediation and disposal measures.
In most cases, macroseepages are observed only within the boundaries of major
oil-bearing regions. Microseepage, by contrast, is characterized by a much lower
intensity of hydrocarbon migration. Nevertheless, the analysis of anomalies
generated by these processes may provide valuable information for forecasting
the hydrocarbon potential of the areas where they occur. Objective. The present
study examines thermal anomalies associated with hydrocarbon microseepage
and demonstrates the applicability of research methods aimed at detecting and
preliminarily assessing such manifestations. Methods. The investigation was
based on satellite imagery acquired from the Landsat 9 system, while image
processing was carried out using the ERDAS IMAGINE and ENVI software
packages. The study area covered the Gobustan region of Azerbaijan. Results. The
study found that there was match between the seismic lineaments obtained from
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satellite data and those obtained from ground data. The analysis of the seismic
lineaments was approximately 65% reliable in predicting hydrocarbon potential,
with the intersection of fault zones being of greater importance. Thermal infrared
measurements showed temperature differences of 1.5-3.0°C in the areas affected
by the microseepage. Conclusion. This research work provides useful information
for assessing the hydrocarbon potential of the study area, using the application
of remote sensing methods for the detection and initial assessment of thermal
anomalies associated with hydrocarbon microleakage.

Keywords: hydrocarbon exploration, thermal radiation, microseepage,
multispectral imagery, fluid seepage manifestations, image processing software
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AHHoOTauus. Osexminiei. Kazipri yakpITTa KeIl CHEKTPJi CIyTHUKTIK CypeT-
TepAl TalanaHy apKbUIbl MyHail MEH Ta3 KOpJiapblH OoJpKay omicTepiHe
aliTapiplKTail KeHin Oeminyne. byn camamarel opTypii 3epTrey OaFbITTaphIHBIH
inmriHIe MyHai MeH ra3nbiH JKep OeTiHe MUKpPOCY3iilyl HOTHXKeCiHIe Naiiia OonFaH
CYMBIKTHIKTAp/IbI 3€PTTEYTe epeKie MoH Oepineni. KemipcyTekrepaiH cy3inyiHig
€Ki Typl JKalumbl aifaHAa epeKIIeNeHeli: MaKpOCY3Uly JXOHE MHKpPOCY3LiTy.
MyHaliIbIH MaKpoCy3illyl ke3re KepiHemi xoHe JKep O€TiHIE CalbICTBIPMAabl
TYPAE KeIll Meluepae mnaiga Oomaisl. DKOJOTHSUIBIK KOHE SKOHOMHUKAJBIK
TYPFBIJJAH MYHJall Cy3UTylep 9[eTTe KaJIblHA KEeNTIpYy JKOHE XKOIO IIapaiapblH
KaxeT etei. Kem sxaraiia Makpocy3inysep TeK Heri3ri MyHaiIbl aitMaKTap/IblH
ImeKapacblHia faHa Oalikamaapl. MUKpocy3iny, KepiciHie, KeMipCyTeKTepIliH
MUTPAIUSACBIHBIH dJ/IeKaiila TOMEH KapKbIHABUIBIFBIMEH cumarTanansl. JlereH-
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MeH, OyJ1 mpouecTep TYAbIpaThIH aybITKyJdapAbl Tajjay oyiap maina OoJjarbiH
aliMaKTapIIbIH KOMIpCyTeK oJieyeTiH Ooibkay YIIiH KYHABI akmapar Oepe anaibl.
Maxgcamoi. Byn 3eprrey KeMipCyTeKTepiH MHKpPOCY3iTyiMEeH OaiIaHBICTHI
KBUIYJBIK ayBITKyJapAbl 3epTTeiIi KoHE MYHJai KepiHicTepAi aHbIKTayFa
JKOHE aJjIblH ana Oarayayra OarbITTaFaH 3€pTTEY OMICTEPiHIH KOJIIaHBLTYBIH
Kepcereni. Odicmep. 3eprrey Landsat 9 sxyileciHeH asbIHFaH CIyTHUKTIK
cypertepre HerizuenreH, an keckinnaepai oHney ERDAS IMAGINE xone ENVI
OarjapnamMainblK MAKeTTEPiH MaigaiaHy apKbUIbl XKY3€re achIpbUIABL. 3epTTey
aiimarbl O3ipOaibkanubiH [00ycTran aiiMarblH KaMThIObl. Homuowcenep. 3eprrey
CIYTHHUKTIK JepEKTepACH allblHFaH CEMCMHUKAIBIK CBI3BIKTap MEH JKepaeri
JIepEKTepACH AJbIHFAH CBI3BIKTap apachlHIa COUKECTIK 0ap €KeHIH aHBIKTa[bl.
CelicMHUKaIIBIK CBHI3BIKTAPIBl Tajlay KOMIpCYTeK oJieyeTiH OoJpkayda IamMaMeH
65% ceniMai Oomnabl, aj KapblK aliMaKTapbIHBIH KHUBUIBICYBl MaHBI3IBIPaK OOIIbI.
TepMmusnbslk MHOPAKBI3BUL OJIIICYJICP MHUKPOAFBI KETyACH 3apaal IIEKKEeH
aygaHjapAa Temmeparypa aibipMaiblibiesiH 1,5-3,0°C kepcerti. Kopbimuinoul.
By 3epTTey jKyMBICHI KOMIPCYTEK MUKPOAFBIN KeTyiMeH OalIaHbICThI SKBLTYIIBIK
ayBITKYJTap/bl aHBIKTAYy XOHE OacTamnkpl Oarayay YUIIH KalIbIKTBIKTaH 30HATAY
oicTepiH KoNiJJaHa OTBIPHII, 3epPTTEy aiMarbIHBIH KOMIPCYTEK QJIEyeTiH Oaranay
YIIIH Maianel aKnapar oepei.

Tyiiin ce3nep: kemipcyTexTepai 6apiay, XKbUTy COyJIeNeHY1, MUKPOAFbIHIBUIBIK,
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AnHOTanusA. AxmyanvHocms. B HacTosee BpeMsi 3HAUMTEIBHOE BHHMA-
HHE YHENIIeTCs pa3pabOTKE W COBEPIICHCTBOBAHHWIO METOIOB IPOTHO3ZHPO-
BaHUs YIJICBOJOPOJHOTO TIOTEHI[MAIA TEPPUTOPHI C HCIIOJIb30BAHUEM MYJIb-
THUCTIEKTPAIBHBIX CITyTHUKOBBIX CHUMKOB. (Oco0oe 3HaueHWe B JIaHHOM
HaIpPaBJICHUU HMECT H3yYeHHE IPOIECCOB IMPOCAYMBAHUS YIJICBOIOPOIOB Ha
36MHYIO ITOBEPXHOCTbH, IMTO3BOJISIOIIUX BBISABISATH KOCBCHHBIC TPHU3HAKU HAJH-

47



ISSN 2224-5278 5.2026

YU TOA3EMHBIX HE(PTETa30BbIX 3aliekeil. BBIIENsoT JBa OCHOBHBIX THIIA
MpocaduBaHMsl YIJIEBOJOPOJOB: MaKpoIpocadyMBaHUE M MHKPOIPOCAYMBAHHE.
MaxkpomnpocauynBaHie XapaKTepU3yeTcs IOCTYIUICHHEM OTHOCHTEIhHO 3HAYH-
TEeIBHBIX OOBEMOB VYIJIIEBOJOPOJOB HA 3EMHYIO ITOBEPXHOCTh, BCIIEJICTBHE
Yero ero MposBJICHUS MOTYT OBITh OOHapy’KeHbl BH3yalbHO. Takue mporeccsl
CIIOCOOHBI BBI3BIBATH DKOJIOTWYECKHE TIOCIEACTBHS W B OTAEITBHBIX CIydasx
TpeOyIOT MPOBEICHUS MPUPOJTOOXPAHHBIX U PEKYIBTUBAIIMOHHBIX MEPOIIPHSITHIA.
MukponpocauyuBaHue, HANPOTUB, XapaKTEpU3yeTCs HHU3KOM HWHTEHCUBHOCTHIO
MUTPALUHU YTIEBOAOPOAOB U OTCYTCTBHEM OTYETIIMBBIX BU3YATbHBIX MTPOSBICHHA.
BwmecTte ¢ Tem aHanm3 CBS3aHHBIX C HUM ITOBEPXHOCTHBIX W TEMIIEPATypPHBIX
AQHOMAaJIMil MOKET CIIY’)KUTh JOMONHHUTEIbHBIM HCTOYHUKOM HH(GOpMAUU TPU
OIIEHKE YTJIEBOIOPOIHOTO IMOTEHIINAJIA HICCIIEAYEMBIX TEPPUTOPUH. [[enb. BEIIBUTH
Y TIPOaHAIM3UPOBATh TEIJIOBBIE aHOMAJIMH, CBA3aHHBIE C MUKPOIPOCAYNBaHUEM
YTJIEBOJIOPO/IOB, @ TaKXe OLEHUTh BO3MOXHOCTH MPUMEHEHHS METOJOB JHC-
TaHIIMOHHOTO 30HIUPOBAHUS 3eMIIH JJIs WX OOHApYXEHHS M MPeIBapUTEIHHON
OIIEHKH YIJIEBOJOPOJHOTO IMOTEeHIMANA Tepputopun. Memoowvl. VccnenoBanue
BBIIIOJTHEHO HAa OCHOBE  MYJBTHCIEKTPAJIbHBIX  CIIYTHUKOBBIX CHHMKOB
Landsat 9. OOpaboTka W aHamW3 CIYTHUKOBHIX HM300paXKCHUH IPOBOIIIIACH
C HCHONb30BaHMEM MporpaMMHbIX komruiekcoB ERDAS IMAGINE #un
ENVI. B xauectBe oObekTa wuccieqoBanus BbiOpaH [00ycTaHCKUU pEruoH
Azep0Oaiimkana. MeTOIUYISCKUA TOAXO0 BKJIIOYAI BBIIBICHUE W COIIOCTABIICHHE
JIUHEAMEHTOB, WHTEPIIPETHPOBAHHBIX 110 CIYTHUKOBBIM HW300paXECHHUSIM H
Ha3eMHBIM JaHHBIM, a TaKXe aHaJu3 TeMIepaTypHBIX aHOMAaJWil B TEIJIOBOM
nH(ppakpacHOM [uamna3oHe. Pe3ynpraThl. YCTAaHOBIEHO MPOCTPAHCTBEHHOE
COOTBETCTBUE JMHEAMEHTOB, BBISBICHHBIX IO CHYMHUKOBHIM W300PaKECHUSIM,
C JIMHEaMEHTaMH, OIpeAeieHHbIMH Ha OCHOBE HAa3eMHBIX JAaHHBIX. AHaIHN3
MoKazaj, 4TO HAAECKHOCTh MPOTHO3HPOBAHHS YTIEBOIOPOIHOTO TIOTEHITHAIA
Ha OCHOBE BBISBJIICHHBIX JIMHEAMEHTOB COCTaBHJIA MpHOMM3UTENbHO 65 %. [lpn
9TOM HanOONIbIIYI0 HH(OPMATUBHOCTH UMEIIN YYACTKH MEPECEUCHHS Pa3IIOMHBIX
30H. AHaJM3 JMaHHBIX TEMJIOBOTO MH(pAKpaCHOTO Arana3oHa MO3BOJUI BEISIBUTH
TeMIlepaTypHble pa3nnaus Brpenenax 1,5-3,0 °C HaydacTkax, IpeAnon0KUTEIbHO
MOJBEPKEHHBIX MHKPOIIPOCAYMBAHHUIO YITIEBOJOPOAOB. Bwvigodwi. IlomyueHnHbie
Pe3yabTaThl CBUIETENHCTBYIOT O MEPCHEKTUBHOCTH MPUMEHEHHUS METOIOB IHC-
TAHIIMOHHOTO 30HJMPOBAHMUS 3EMJIM JUIsl BBISABICHUS TEIUIOBBIX aHOMAJIHIA,
MOTEHILIMAJIbHO CBA3aHHBIX C MUKPOIIPOCAaYHBaHNEM YTIIEBO10p0/10B. COBMECTHBIN
aHaNMM3 TPOCTPAHCTBEHHOTO pAaCITpeiesieHs] JTMHEAMEHTOB U TeMIepaTypHBIX
AHOMAJIM MOYKET HCITONb30BaThCsl B KaueCTBE JOIOIHUTEIBHOTO HMHCTPYMEHTA
MpeJIBapUTENbHON OLIEHKH YIJIEBOJOPOJHOIO MOTEHIINAJa UCCIENYEMbIX TeppH-
Topuii. BMecTe ¢ TeM yCTaHOBJIEHHBIC 3aKOHOMEPHOCTH TPEOYIOT daiabHEHTIICH
MIPOBEPKHU C MPUBJICUYCHUEM T'EOJOTHIECKUX, TeODU3NUSCKUX W HAa3eMHBIX H3Me-
pEeHUId.

KuroueBble cjioBa: pa3Beaka yrieBOJOPOIOB, TEIJIOBOE M3ITydeHHE, MUKPO-
MPOCaYMBAHKUE YIIIEBOAOPOAOB, MYJIBTUCIEKTPAIbHBIE CIYTHUKOBBIE CHUMKH,
TEIJIOBBIE AHOMAJINH, AUCTAHIIMOHHOE 30HANPOBAHNE 3eMIIH.
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Introduction. At present, specialists working in various research fields,
including the exploration and prediction of hydrocarbon deposits, regard remote
sensing (RS) methods as highly useful and, in many cases, indispensable. Various
measuring instruments installed on satellite platforms are considered important
sources of information and represent a promising approach for identifying potential
oil and gas accumulations.

Among the principal applications of optical remote sensing methods are the
identification of geophysical fault directions (lineaments) on the Earth’s surface,
the detection of oil seep manifestations, and the determination of their probable
locations associated with hydrocarbon-bearing structures. In addition, these
methods may also be applied to the assessment of anomalous methane concentration
levels in petroleum-bearing regions (Yusifov and Rakhmanov, 2008).

In recent years, several major oil companies, including PetroChina, Shell,
and ExxonMobil, have achieved significant results in this area. Owing to their
efficiency and economic advantages compared with conventional exploration
approaches, these methods have gradually gained wider practical application.

One of the indicators characterizing oil and gas deposits is the emergence of
fluids on the Earth’s surface as a result of geophysical processes and the seepage
of certain hydrocarbon components from deep geological layers (Narimanov,
2017). Depending on the characteristics and structural features of the deposit, both
macroseepage and microseepage processes may occur.

In the first case, the process develops due to the relatively large volume of oil
reaching the surface, where it accumulates and becomes visible to the naked eye. This
phenomenon generally depends on the depth of the reservoir, its productivity, and
the properties of the soil cover (Yusifov and Rabinowitz, 2004; Berman et al., 2010).

In the second case, seepage is associated with the comparatively weak migration
of hydrocarbons contained within subsurface petroleum accumulations. According
to numerous studies, prolonged hydrocarbon seepage to the surface eventually
causes local alterations in the near-surface layer compared with the surrounding
background environment. These changes are mainly produced by a combination
of geophysical and geochemical processes (Ragimov and Azizov, 2011; Uno et
al., 2013). As a result, secondary geochemical formations, commonly referred to
as fluids, are formed.

Until recently, optical methods were used primarily for detecting macroseepage
(Mekhtiev et al., 2009). The detection of microseepage using optical techniques
has been introduced comparatively recently due to the more complex nature of
these processes. Geochemical changes associated with microseepage are linked
to variations in the permeability and concentration of migrating hydrocarbons,
which in turn alter the characteristics of clay minerals used as principal indicators
detectable by optical methods. Studies have shown that oxidation of hydrocarbons
by microorganisms on mineral surfaces may lead to the formation of carbon
dioxide (CO:) and hydrogen sulfide (H2S) (Azizov et al., 2011), transforming clay
minerals into kaolinite.
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Following their detection and qualitative as well as quantitative assessment
in different spectral regions of the optical range, these changes can be mapped
within the investigated territory of a prospective hydrocarbon-bearing area using
appropriate technical equipment (Merv and Brown, 2018).

The present study examines the formation of fluids generated by hydrocarbon
microseepage to the surface, together with their detection and assessment using
a geothermal approach. The main objective of the research is based on the
assumption that zones where hydrocarbon fluids emerge at the Earth’s surface
exhibit anomalous thermal contrasts compared with surrounding territories. The
detection and analysis of these contrasts may therefore provide a basis for the
qualitative prediction of oil and gas deposits within the investigated region.

Study Area and Geological Structure. The Gobustan geographical region
occupies the southeastern extremity of the Greater Caucasus mountain system.
Owing to its geographical characteristics, the territory of Gobustan is divided into
several distinct zones that differ considerably from one another.

The first zone, referred to as Northern Gobustan, covers mainly the southern
and, to a lesser extent, the eastern parts of the Caucasus Mountains. The second
zone, representing the foothill area, is known as Central Gobustan. The third zone
is a coastal, hilly, and lowland area extending toward the shores of the Caspian Sea
and is referred to as Southern Gobustan (Fig. 1).

Figure 1. Geographical location of the Gobustan region (a) and its satellite image obtained from
Google Earth Pro.

Ground-based geophysical investigations have shown that the southern zone
covers more than half of the Gobustan oil and gas province. This territory is
bounded by the central zone to the north, the Kura lowland plain to the west and
southwest, and the coast of the Caspian Sea to the east.

The geomorphological structure of the third zone is less complex than that of the
two zones described above and consists mainly of low hills, small mountain ridges,
and various depressions. Its geological structure is predominantly composed of
Neogene deposits. In turn, the zone is subdivided into three distinct subzones: the
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southeastern subzone (the Jeyrankechmez depression), the southwestern subzone,
and the Alyat subzone.

The southeastern subzone, or the Jeyrankechmez depression, is characterized
by relatively simple topography. Nevertheless, within this area there are several
orographic formations with elevations ranging from 15 to 400 m, including Mount
Turogay, Develidag, Utelgi-Akhtarma, Shykhgaya, Garidag, Chapylmysh, and
Chukhuroglubozu, among others.

Most of these elevations are associated with the mud volcanoes widely
distributed throughout Southern Gobustan. Their cones are formed by materials
periodically and continuously expelled onto the Earth’s surface during volcanic
activity. These volcanoes generally resemble truncated cones and are dissected
by numerous ravines and gullies of various sizes (Yusifov and, Rabinowitz, 2004;
Berman et al., 2010).

The study area considered in the present research represents a territory extending
for approximately 50 km and forming the southwestern part of Gobustan. The
southwestern slope of this territory, stretching in the northwestern and southeastern
directions, is relatively steep, whereas the northeastern slope is more gentle. Both
slopes are strongly dissected by deep gorges and ravines.

Mud volcanoes are also present within the investigated territory. The principal
orographic formations include the cones of the Dashmardan (514 m), Solakhay
(230 m), Garakure (195 m), Ayrantoken (193.1 m), Goturdag (205 m), Gyrdag
(210 m), Delyaniz (163 m), and Dashgil (87.4 m) mud volcanoes (Narimanov et
al, 2017; Mekhtiev et al., 2009).

Theoretical Background. The migration of fluids toward the Earth’s surface, or
their direct discharge onto the surface, gives rise to anomalous thermal contrasts.
As is well known, the nature of a thermal contrast is primarily determined by the
temperature, physical characteristics, and specific properties of the source object
itself. In the present case, the role of such a source is played by gas-bearing fluids
originating from subsurface geological formations.

These fluids, characterized by specific thermal and physical properties, enter
into direct heat exchange with the surrounding atmosphere upon reaching the
ground surface. This exchange is mainly governed by the thermal radiation emitted
by the fluids penetrating to the Earth’s surface.

On the other hand, under normal temperature conditions (300 K), there is
practically no difference between the thermal emissivity of the atmosphere and
that of the Earth’s surface. Therefore, their emissivity coefficients may be assumed
to be equal (Merv and Brown, 2018). Since the temperature of the fluids exceeds
the background surface temperature, thereby forming an anomalous thermal
indicator, such anomalies can be detected and evaluated using modern satellite
observation systems.

The spatial distribution of surface temperature under specified boundary
conditions may be determined by solving the steady-state heat transfer equation.
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d*T q
= "% (M)
dx )
where:
q — heat source power;
0 — surface heat transfer coefficient.
The following boundary conditions are assumed:
dT 4
1. ﬁa =0 =4’ (_ surf Tn) (2)

Here, T,,,., — denotes the surface temperature, while T, — denotes the
atmospheric temperature.

In this case,

where @ — is the Stefan—Boltzmann constant, and, &' - is the effective emissivity
coefficient, defined as follows:

L 1
711
(gﬂ?ﬂ)— !
2. Tiy | gm0 =T = const 3)

By integrating Equation (1), the following expression for the temperature 7 can
be obtained:

dT
§=%x+c (4)
T=— 25;{ +c,x + o, (5)

Taking boundary condition (2) into account, expression (4) yields: (4)

[ surf TI:) =0 (6)

Substituting Equations (3) and (2) into Equation (5), we obtain:

T= 25—'_ (Sd?f_Tﬁ4)+c:
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In this case, when x=0, the following expression is obtained:

_99° 9 e s
Tsu:'f 25 5 (_Tsu:'*f Tﬁ) (7)

the surface temperature can be estimated by solving Equation (7).

On the other hand, in order to determine the boundaries of thermal anomalies,
i.e., the zones associated with fluid seepage, it is necessary to evaluate the difference
between the background and anomalous temperatures (12) for the quantitative
assessment of the radiation contrast (11).

As is known, in order to increase the measurement accuracy of the temperature
of the object under investigation, it is necessary to distinguish between the object's
temperature and the background temperature. For this purpose, an n-th degree
approximation of the differential law obtained in the study was used:

C:"mi MATT (8)

where:

» A — characterizes the absorption property of the real object based on thermal
radiation theory, and is directly applied in evaluating the contrast between the
object and the background;

» T — is the absolute temperature;

» n — is the degree of approximation.

It should be noted that the value of n is approximately 11 in the 3—5 pm (MWIR)
range, and approximately 4.5 in the 8—14 um (LWIR) range.

Since the level of AT temperature signals arising from fluctuations is low, the
following mathematical expression, which characterizes the integral radiation
contrast, is used:

A, 8C;
AC,, = ([ 5% d4)-aT ©)

The calculations performed and the graphs constructed on their basis
demonstrate that the contrast values reach 1.7% within the 10.6—11.9 um spectral
range and 3.7% within the 11.5-12.5 pm range (Figs. 2 and 3).
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Materials and Methods. The present study was based on satellite imagery
acquired from the Landsat 9 platform, while the primary sources of initial data
were the OLI-2 and TIRS-2 scanning radiometers. In general, the Landsat system
provides data from 11 spectral bands, including one panchromatic band (A=0.50-
0.68 pum), eight visible and near-infrared bands (0.43-0.45; 0.45-0.51; 0.53-0.59;
0.64-0.67; 0.85-0.88; 1.57-1.65; 2.1-2.3; 1.36-1.38 um), and two thermal
infrared bands (10.6—-11.9 and 11.5-12.5 pm).

The spatial resolution of the system is 15 m in the panchromatic band, 30 m in
the multispectral bands, and 100 m in the thermal infrared bands.

For the comparative interpretation of the satellite-derived data from geological
and geophysical perspectives, topographic maps together with geological and
geomorphological maps provided by SOCAR were used.

Discussions. Based on the conducted research, two principal directions of
investigation were undertaken:

1. Identification of lineaments within the study area and assessment of their
spatial density distribution;

2. Detection of fluids reaching the Earth’s surface and analysis of their
relationship with lineament density.

For the identification of lineaments using satellite imagery and digital elevation
models (DEMs), the LESSA module of the ERDAS IMAGINE software package
was applied. LESSA (Lineament Extraction and Stripe Statistical Analysis) is
a modern method designed for the automated detection of linear features and
the determination of their orientation and spatial distribution. The software
implementing the LESSA approach makes it possible to identify linear elements
within images and describe their characteristics for geological investigations.

Using this method, it is possible to determine distribution patterns, evaluate the
density of linear features, and analyze the characteristics of extended lineaments.
By providing a comprehensive description of imagery, LESSA enables the
processing of various data types, including grayscale imagery, binary images, and
digital elevation models (Kumpula et al., 2010), Mekhtiev et al., 2009).

Thus, LESSA provides objective information on the investigated area and
supports further analytical interpretation. The obtained information may be
applied both for interactive analysis (schematic representations, rose diagrams,
and pseudocolor maps) and for automated analysis within GIS environments.

Of particular importance for the present study was the capability of LESSA
to compare and integrate data obtained from different sources, including various
spectral bands and imagery acquired at different observation periods. Figure 4
presents the distribution scheme of lineaments derived from satellite image
processing using the above-mentioned software packages.
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Figure 4. Distribution characteristics of lineaments within the investigated area based on
geophysical methods and satellite data, together with the results obtained from integrated data
analysis.

A) Fragments of lineaments identified on a 1:200,000 scale topographic map;

B) Diagram showing the cumulative density distribution of lineaments of
different orientations;

C) Predictive potential map of the investigated territory;

D) Satellite image of the study area (Landsat 8-9).

The lineament density distribution derived from satellite imagery demonstrates
a gradual variation in density across the investigated area. Lineament density is
determined by the number of linear features per unit area. Analysis of the spatial
distribution patterns of total lineament density, derived from lineaments of different
orientations, indicates that hydrocarbon prospecting may be improved through the
assessment and interpretation of the distribution characteristics of the identified
fracture systems.

The application of lineament analysis for hydrocarbon prospecting, particularly
on the basis of lineament density, has been used for a considerable period of time.
However, it should be noted that the reliability of predicting oil and gas reserves
solely on the basis of lineament indicators generally does not exceed 50—60%.
In order to improve predictive accuracy, it is necessary to incorporate additional
methods directly associated with lineament structures.

One of the approaches that has recently gained widespread application is the
identification of fluid seepage locations. It should be emphasized that one of the
principal techniques for detecting fluids is the detection and assessment of thermal
anomalies within the investigated territory. It has long been established that the
temperature of fluids exceeds that of the surrounding environment.
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Temperature assessment using satellite systems is carried out primarily within
the thermal infrared spectral range. Remote sensing is regarded as a passive
method for the detection and evaluation of thermal radiation because it records
naturally emitted radiation. Measurements of the temperature of surface objects
are mainly performed within the 3—5 um and 8—14 pm wavelength ranges (Moses
et al., 2017; Tekenov et al., 2017; Maya et al., 2008).

In the present study, measurements were conducted using the above-mentioned
TIRS (Thermal Infrared Sensor) radiometer installed onboard the Landsat 9
system. Initial image processing was performed using the absolute blackbody
algorithm, taking into account the characteristics of the measurement range.

In order to improve the accuracy of the obtained results, not only radiometric
correction but also relative radiometric correction was applied to images acquired
at different observation times. Such correction procedures can be performed using
the ENVI software package (Khutorskoy et. al., 2005; Kislukhin and Kislukhin,
2012; Neprimerov et al., 1983).

Atmospheric correction was based on the determination of temperature
enhancement caused by absorption processes, taking into account the reflectance
characteristics of the investigated object. Atmospheric correction represents one
of the principal stages of preliminary image processing and is considered one of
the major factors affecting the accuracy of the final processing results.

Based on the information obtained from the processing of the above-mentioned
imagery, a schematic map of fluid distribution across the investigated territory was
developed and prepared (Mark et al., 2018; John et al., 1993).

Legend

* Lineaments

49°16'33.85"

Fluid placement diagram

Figure 5. Schematic prediction map of the hydrocarbon potential of the territory within the
Gobustan region based on satellite image processing.

58



ISSN 2224-5278 5.2026

Results. The principal findings of the present study may be summarized as
follows:

1. The conducted investigations demonstrated a substantial correspondence
between the lineaments identified from satellite-derived information and those
obtained through ground-based seismological studies. At the same time, several
significant distinguishing features were additionally identified, including
lineaments that could not be detected through seismic investigations as well as
lineaments characterized by differing orientations. Based on the analysis of the
lineament maps developed from satellite data, the locations of major faults within
the investigated hydrocarbon-bearing area were identified, and the characteristics
of their formation were examined according to their spatial scale.

2. The results of hydrocarbon potential prediction based on lineament
analysis indicate that the reliability of the obtained information does not exceed
approximately 65%. This indirectly suggests that the formation of lineaments is
not always unambiguously associated with the presence of oil and gas deposits.
The conducted investigations also demonstrated that lineament intersection zones
may possess a higher predictive significance. One confirmation of this assumption
is the observed correspondence between previously discovered hydrocarbon
deposits and the locations identified during the present study through the analysis
of lineament intersection points. In order to improve the reliability of predictions
based on satellite-derived lineaments, it is necessary to integrate additional
methods capable of providing a more comprehensive and accurate assessment
during remote investigations of hydrocarbon-bearing territories.

3. The widespread occurrence of mud volcanoes within the investigated
region, together with other geological factors, may contribute to improving the
accuracy of hydrocarbon potential prediction. In this context, the presence of
fluids is regarded as one of the principal indicators. The underlying mechanism
is associated with the extrusion of oil and gas toward the Earth’s surface as a
result of subsurface tectonic compression processes, leading to the formation of
anomalous indicators on the surface. These anomalies, combined with elevated
thermodynamic temperatures in the investigated areas, make it possible to obtain
more reliable results based on the reflectance and signal penetration characteristics
observed within different spectral ranges.

4. The conducted investigations established that, according to measurements
performed in the thermal infrared range, temperatures within areas affected by
microseepage vary between 1.5 and 3.0°C relative to the surrounding background
environment. Consequently, variations in reflectance characteristics within the
investigated territories directly influence radiometric resolution parameters.
Such investigations should precede and serve as one of the principal criteria for
identifying the most promising areas for comprehensive exploration aimed at
discovering new subsurface hydrocarbon resources.

In order to improve the accuracy of parameters derived from satellite imagery,
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data acquisition should be carried out under appropriate observation conditions,
while the detection of thermal anomalies should be performed during periods of
thermodynamic equilibrium within the investigated area. To ensure the proper
consideration of reflectance characteristics, image acquisition should be conducted
when the solar elevation angle is not lower than 60°.

Conclusion. The study showed that the analysis of lineaments and thermal
anomalies obtained from the processing of Landsat 9 satellite data can be used
as an effective approach in the initial assessment of hydrocarbon potential. The
correspondence between the lineaments determined from satellite and ground data,
as well as the higher prognostic significance of the intersection areas of the fault
zones, confirm the applicability of this method. The identification of temperature
differences of 1.5-3.0°C associated with microseepage indicates the importance of
thermal infrared data in the detection of hydrocarbon leaks and the initial selection
of prospective areas.
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