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This study assesses the energy potential of the Khizi tectonic zone within the Caspian-
Guba research region, focusing on the Bayimdagh-Tekchay field. Given Azerbaijan's in-
creasing emphasis on alternative energy sources, geothermal energy emerges as a viable
and sustainable option. The region's geothermal resources, mainly concentrated in the
Greater and Lesser Caucasus, the Talysh-Lankaran zone, and the Kur-Araz basin, remain
underutilized due to Azerbaijan's rich oil reserves.

Thermal waters in the Caspian-Guba region have been analyzed based on stratigraphic
data, geothermal measurements, and hydrogeological studies. The Siyazan monocline, a
key tectonic feature, separates various geological formations and influences temperature
variations with depth. Temperature distribution analyses in the Bayimdagh-Tekchay zone
reveal a correlation between rock age, dip angles, and geothermal gradients. The Produc-
tive layerformation, predominantly consisting of conglomerates, gravels, and clays, plays
a crucial role in subsurface heat retention.

Experimental findings indicate that the region possesses significant thermal water re-
serves, exceeding 30,000 mz/day in certain areas such as Khachmaz, Khudat, and Nabran.
The study also highlights the potential for repurposing abandoned oil wells for geothermal
energy production. Injected water, upon heating through rock contact, can be extracted
to supply local heating networks, industrial facilities, and even power generation using
the Organic Rankine Cycle or Kalina Cycle technologies.

An economic feasibility analysis demonstrates that energy extracted from selected wells
in Bayimdagh-Tekchay could meet the heating requirements of hundreds of households.
This underscores the importance of further investment in geothermal infrastructure to
optimize energy recovery and enhance sustainability. The research ultimately advocates
for a transition towards green energy in Azerbaijan, emphasizing geothermal energy's
role in reducing reliance on conventional fossil fuels while promoting environmental
conservation.
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Introduction. In recent times, the efficien-
cy of alternative energy sources' use and the
demand for them have been growing. These
types of energy allow us to save on them, re-
ducing the use of other energy sources that

have been used for a long time and are not
environmentally friendly, in some cases.

In order to develop and increase the pros-
pects for the use of wind, solar, and geother-
mal energy, which are practical for Azerbaijan,
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the necessary work is currently being done in
our country. Large financial resources are al-
located for its expansion. The advantages of
geothermal energy sources allow us to devote
more space to them in the article. Geother-
mal energy sources in the republic are mainly
located in the Azerbaijani part of the Greater
and Lesser Caucasus, the Talysh-Lankaran
zone, and many oil and gas provinces of the
Kur-Araz basin (Fig. 1). The study of thermal
waters in these zones began in the 1970s.
However, to this day their use as an energy
source cannot be considered satisfactory. This
is most likely due to the fact that Azerbaijan
is an oil country.

Geothermal energy potential of the Cas-
pian-Guba zone. The study area, which cov-
ers the southeastern part of the northeastern
slope of the Greater Caucasus, is shaped like
an irregular trapezoid. The Siyazan monocli-
ne, located in the central part of the Caspi-
an-Guba region, stands out as the largest
free tectonic element. Thus, the monocline
separates the Gusar-Devachi depression, the
Tengi-Beshbarmag anticlinorium from its
northeastern flank, and is characterized by a
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steep dip of the layers in the northeast direc-
tion. However, in some areas it results in the
overthrusting of the Upper Cretaceous and
Paleogene-Neogene sediments in the north-
northeast direction. The length of the Siyazan
monolith stretches for more than 70 km along
the northeastern foothills of the Greater Cau-
casus, from the coast of the Caspian Sea (in
the southeast — from the village of Chorat) to
the Velvelachai River in the northwest.

The stratigraphy of the sediments consti-
tuting the geological structure of the study
area was studied based on the data from nu-
merous drilled wells, natural rock outcrops,
and eruption products of mud volcanoes [Ge-
ology..., 2008].

The geological structure of the Caspian-
Guba region is composed of Middle Jurassic-
Quaternary sediments [Mokhammed, 1986],
listed in Table.

The Productive layer (Lower Pliocene)
sediments cover most of the Caspian-Guba
oil and gas region. The Productive layer is
characterized by thick coarse-grained sedi-
ments in the Gusar-Devachi derivative de-
pression and is composed of conglomerate,

Hydrogeothermal
map of Azerbaijan

Fig. 1. Hydrogeothermal map of Azerbaijan [Ali-zadeh, 1998].
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Characteristics of sediments in the Caspian-Guba region [Ali-zadeh, 2005; Geology..., 2008]

Stratigraphic units Thickness, m

Absolute heights of

Lithofacies
terraces, m

Holocene 6—7m

26

sands, gravels, organic limestones
21—22

Khvalinhorizon Upto30m

16—17
10—11
sands, gravels, clays 2—3

19—20
45—50

From 10 m up to

Khazar horizon 280—330 m

45—50

60—70

85—90
125—130
150—180
180—190

clays, sands, gravels

From 30 m up to

Baku horizon 280 m

200—210
clays, sands, gravels, small pebbles 220—240
250—400

Location of geothermal
measurement points

Amirkhanly

Saadan

@ Siazan-Nardaran

@ Chandagar-Zarat

@ Keshchay

Geothermal map of the
Caspian-Guba region

Fig. 2. Geothermal map of the Caspian-Guba region.
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gravel, gravelly sand, clay, and sandy-clayey
sediments according to its lithological com-
position.

As along-term outcome of the geothermal
research, extensive data have been collected
on the characteristics of the thermal field,
and a heat flow map of the Caspian-Guba
region has been developed (Fig. 2).

From a geothermal perspective (Fig. 3),
most of the Caspian-Guba region is charac-
terized by relatively low heat flow, with the
values of this parameter generally not ex-
ceeding 30 mW/m?. In the Siazan monocline
(located in the southwestern part), however,
the heat flow reaches 50 mW/m? The Siazan
regional fault crosses the boundary at the
transition between the geosynclinal flexure
zone of the Greater Caucasus and the fore-
deep zone. According to S.A. Aliyev, the ob-
served increase in heat flow values toward
the east and southwest in the regional con-
text is associated with this fault [Mukhtarov,
2004; Gojayeyv, 2009].

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 5

Fig. 3. Temperature distribu-
tion map of the Caspian-Guba
region based on new data.

The use of thermal waters in the stud-
ied region as a source of thermal energy in
relatively large areas such as Khudat and
Khachmaz, as well as in other settlements,
would contribute to saving electricity, fire-
wood, coal, oil, and gas while also reducing
environmental damage.

The estimated exploitable reserves of
thermal waters (Fig. 4), a source of thermal
energy, as well as the identified medicinal
mineral waters categorized as A, B, and Cy,
exceed 30000 m?/day in the Khachmaz, Khu-
dat, and Nabran areas within the Upper Pro-
ductive Series aquifer complex [Muradov,
Salahov, 1998].

Based on the results of studies conduct-
ed in 2019—2020 to monitor thermal water
sources [Muradov, Mammadov, 2020] and
assess their industrial usage potential in the
Guba-Khachmaz Economic-Geographical
region, the temperature distribution was
mapped.

As a result of hydrogeological testing
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Fig. 4. Temperature distribution map based on the
results of work carried out in 2019—2020 to monitor
thermal water resources in the Guba-Khachmaz Eco-
nomic-Geographical Region and study the prospects
for their use in industry.

conducted in wells drilled in the specified
areas, high-flow and high-temperature un-
derground thermal and mineral waters were
discovered within the Middle Jurassic, Up-
per Cretaceous, and Upper Productive Series
aquifer complexes [Tagiyev, Babayev, 2010].
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The analysis results confirmed that the
underground waters possess various medici-
nal and therapeutic properties. Additionally,
the exploitable reserves of thermal waters in
the Upper Cretaceous and Productive Series
aquifer complexes have been estimated at
20000 m2/day for the C; and C, categories.

The data obtained as a result of research
conducted in the Caspian-Guba region by
N.N. Muradov, Y.D. Mammadov, T.D. Mu-
radov, S.Sh. Salahov in 1998—2000, 2009—
2011, 2019—2020 were.

The increase in rock temperature with
depth in the Bayimdagh-Tekchay area of the
Siyazan monocline is associated with the age
of the rocks that form the structure, in con-
trast to other areas of the monocline, where
this trend is influenced by the dip angle of
the layers. In other words, the rocks in this re-
gion are older than those in other parts of the
monocline. The variation in temperature with
depth was analyzed in several wells within the
Bayimdagh-Tekchay zone (Fig. 9).

A linear variation in temperature is ob-
served along the well cross-section. Such
distribution is associated with the passage
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Fig. 5. Temperature variation with depth in wells 10 (a), 1 (b), 6(c), 15 (d) in the Bayimdagh-Tekchay zone.
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Fig. 6. Variation of thermal conductivity and heat capacity with depth based on studies conducted in several wells
in the Bayimdagh-Tekchay area.
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Fig. 7. Variation of humidity and density with depth in the Bayimdagh-Tekchay area.
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Fig. 8. Changes inthermal parameters in well N1 in the Bayimdagh-Tekchayarea.

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 5 117



A.V.ISLAMZADE, PY. MAMMEDOV

Temperature, i o Heat flow, mW/ m2
40 20 30 40 50 60 70
-; ; )
] — —
C I : (
5 . | —
g - | —
= —
7]
= ’ o
1360
B siltstone
= = cla
~1400 ‘ ] i ilgicy limestone
—\ % conglomerate
marl
—l 440 . ] & marly clay
| B8 sandslone
l 480 H sandy clay
B sandy clay

B limestone
0406 08 1 1.2 1.4 0o=lmely silstone

Heat conductivity, W/m-K

Fig. 9. Changes inthermal parameters in well N6 in the Bayimdagh-Tekchayarea.
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Fig. 10. Changes inthermal parameters in well N10 in the Bayimdagh-Tekchayarea.
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Fig. 11. Distribution map of calculated energy potential for wells 1, 6, 10 of the Begimdagh-Tekchai field.
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Fig. 12. Graph of the dependence of the calculated amount of energy on the number of houses in the Begimdag-

Tekchai zone.

of sediments through homogeneous layers
[Mukhtarov, 2011].

The horizons exposed in the Bayimdagh-
Tekchay area of the Khizi tectonic zone of
the study region correspond to the Bayos-
Bat strata; these horizons are composed of

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 5

shaly clays, sandstones and siltstones [Ab-
basova, 2022]. Based on the data obtained of
Mukhtarov A.Sh., the regularity of changes
in the physical parameters of the Bayim-
dagh-Tekchay area, the range of tempera-
ture variations, lithology, and the effect of
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Fig. 13. Geothermal Energy System — Using Under-
ground Heat.

lithological characteristics on temperature
were studied (Fig. 6).

Based on the data obtained from wells
drilled in the Bayimdagh-Tekchay field
(Fig. 7), we observe that the physical param-
eters of the rocks (density, humidity, heat ca-
pacity, thermal conductivity) increase with
increasing depth. These parameters direct-
ly indicate an increase in temperature with
depth. At the exploration depth, limestone,
clay, argillite, shale, sandstone, and other
rock types are mainly encountered.

It known that temperature changes
(Figs. 8—10) are directly related to structural,
lithological, hydrogeological, and other fac-
tors. For example, an increase in clay con-
tent in the section leads to a decrease in tem-
perature, while an increase in sand, on the
contrary, leads to an increase, which is also
related to the rocks' thermal conductivity. Fil-
tration of surface waters leads to a decrease
in temperature, and arise in the level of deep
waters leads to its increase [Mukhtarov, 2011].

When considering the energy potential

120

of the Caspian-Guba region, we take into
account both the heat generated by natural
thermal waters and the heat obtained as a
result of geothermal research conducted in
oil wells that have already been decommis-
sioned. Thus, it is possible to highlight the
economic efficiency of the energy collected
in several wells in the Bayimdagh-Tekchay
field in the Khizi tectonic zone. Since there
is a Bayimdagh-Tekchay oil well here, the
temperature of the rocks forming the cut to
the depth is taken as the basis. Water injected
into the well at high pressure, penetrating the
rocks and moving down, comes into contact
with high-temperature rocks and is heated.
The heated liquid is pumped back to the sur-
face. The heat obtained in this way can be
used in the local heating network or directly
for heating resorts, industrial facilities, and
greenhouses. The conversion of heat into
electrical energy is possible at temperatures
above approximately 80 °C using additional
technologies, such as the Organic Rankine
Cycle or Kalina devices [Kalina, 1984; Ibra-
him, 1996]. The energy distribution map was
constructed by calculating the energy poten-
tial of the dry rock mass. However, we must
take into account that this is only the energy
calculated for a total of 3 wells of one field and
for certain depth intervals. This energy poten-
tial constitutes a very small percentage of the
energy potential of the entire field (Fig. 11)

The following formula is used to calculate
the amount of thermal energy stored in un-
derground rocks and the recoverable portion
of it. In other words, it determines the extract-
able heat by considering the heat capacity of
rock and water, temperature differences, and
the recovery factor:

Hy=H\R,,
H,= [(1_P)pmcm "'Ppwaltercwater]><
[T, -T,]4AZ ,
0.33(7,-T,)

=70

where H, is the heat stored in rocks; R is the
coefficient of recovery; T, — water injection
temperature, °C (25 °C) [Mukhtarov, 2011].
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Economic efficiency. As we have men-
tioned, the energy obtained is suitable for
direct or indirect use. If we assume that the
average monthly energy consumption of a
house is 150 kW, then 150/30(day)=5 kW,
5/24h=0.21 kW/h. In this case, 10278/0.21=49
(house); 14722/0.21=70 (house); 37222/0.21=
=177 (house); 40000/0.21=191 (house); 92777/
0.21=442 (house); 94166/0.21=448 (house)
(Figs. 12, 13).

Thus, the energy potential calculated for
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O1iHKa eHepreTU4YHOro NnNOoTeHIiaAny Xvu3nHCHKOI TEKTOHIYHO1
30HU KacmincbKo-I'yOMHCBKOT0 AOCAIAHMIIBKOTO PEeriony
(Ha npukKAaAi popoBuiiia barinmaar-Tekuari)

A.B. Icram3ape, I1.4. MameaoB, 2025

IucTuTyT reonorii Ta reodizuku MiHiCTepPCTBA HAYKH Ta OCBITH
A3zep0OaripkaHcbKol PecrryOniky, baky, Azep0OaripkaH

Y AOCAIA’KEHHI OLIiHIOETHCS €HepreTUYHMM IToTeHIiaA XU3UHCHKOI TEKTOHIYHOI 30HU
B Me>kax KacmificbKo-I'yOMHCBKOTO AOCAIAHUIIBKOTO PeTioHy 3 (hOKyCOM Ha POAOBUIIE
Baiinmaar-Tekuall. 3 orasiay Ha 3pocCTarouy yBary AsepOalipKaHy A0 aAbTepPHATUBHUX
AJKepea eHepril, reoTepMaAbHa €Hepris IOCTaE K IePCIeKTUBHUY 1 cCTaanM BapiaHT. ['eo-
TepMaAbHI PeCypCH PeTioHy, IepeBa’kHO 30cepepkeHi y Beankomy i Maaromy Kaskasi,
Taauticbko-/AeHKOpPaHChKiM 30HI Ta Kypa-Apa3pkoMy OacelHi, 3aAUIIAIOTECSI MaAOBU-
KOPUCTaHMMU Uepe3 OaraTi 3anacu HaTu B AzepOaripiKaHi.

TepMmanbHi Bopu Kacniticbko-I'yOMHCBKOTO perioHy OyAU IIpoaHaAi30BaHi Ha OCHOBI
CTpaTUrpadivHmuX AQHUX, TeOTEPMAAbBHIUX BUMIPIOBAHb i TIAPOT€OAOTIUHUX AOCAIAKEHD.
Ciss3aHChbKa MOHOKAIHAAB SIK KAIOUOBA TEKTOHIYHA CTPYKTypPa BiAOKPEMAIO€E Pi3Hi reoao-
riuHi yTBOpPEHHS Ta BIIAUBA€E Ha TeMIlepaTyPHi KOAMBAHHS 3 TAMOMHOI0. AHAAI3 PO3MOAIAY
TeMIlepaTyp y 30Hi balinmaar-Tekuali BUSABASIE B3aEMO3B' 130K Mi’K BiIKOM IIOpPiA, KyTaMu
TaAIHHSA Ta TeOTEPMAABHUMU IPajpi€eHTaMu. [IDOAYKTUBHUY IIAP, AKUU IIepeBa’KHO CKAQ-
MAETHCSI 3 KOHTAOMEPATIB, IPaBilo Ta FAMH, BiAITpae BaXKAUBY POAb Y 30epesKeHHi Telaa
B Happax.

ExcriepuMeHTaAbHI pe3yAbTaTH CBIAUATH IIPO HasIBHICTh 3HAYHUX 3allaciB TEPMaAbHUX
BOA, V perioHi, mo nepesuilyioTs 30 000 M2/AO6Y B OKpeMUX paioHaX, TaKMUX IK XauMmas,
Xyaap i HabpaH. ¥ AOCAiIAKEeHHI TaKOK MIAKPECAIOETHCS MOTEHIiaA TOBTOPHOTO BUKO-
PHUCTaHHS NOKUHYTUX Ha(pTOBHUX CBEPAAOBUH AAST BUPOOHUIITBA TeOTePMaAbHOI eHepril.
Bopa, 3akayaHa B HaApa i HarpiTa Npu KOHTAKTi 3 TOPOAAMHU, MOKe OYTH BUAYUYEHA AAS
3a0e3I1eueHHs MiCIIeBUX TEIIAOBUX MepesK, IPOMUCAOBUX 00'€KTIiB, @ TAKO’K BUPOOHUIITBA
€AeKTPOeHepril 3 BUKOPUCTAHHAM TEXHOAOTIM OpPraHivHOro IJUKAY PeHKiHa abo IUKAY
Kaninn.

EKOHOMIUHMI aHaAI3 AOLIIABHOCTI OKA3ye, 10 eHepris, OTpUMaHa 31 CBEPAAOBUH Y
Battumpar-Tekuaii, MO>Ke 3aA0BOALHUTU MOTPEeOU B OTTaA€HHI COTEHb AOMOTOCIIOAAPCTB.
Lle mipAKpecArO€ BaKAUBICTh IOAAABIINX IHBECTULIIN Y TEOTEPMAABHY IHPPACTPYKTYPY 3
MeTOIO OIITUMI3allil BUAYYeHHS eHepril Ta MABUIIEeHHSI CTAAOCTL. AOCAIA’KEHHS B I[IAOMY
3aKAMKAE AO TIEPEXOAY Ha «3eAeHy» eHeprito B A3epOalipKaHi, HaTOAOIIYIOUN Ha POAl
reoTepManAbHOI €Hepril y 3MeHIIIeHH] 3aAeKHOCTI Bip TPAAUIIMHNUX BUKOIIHUX IIAAUB 1
CHOpUSHHI 30epe’keHHIO0 AOBKIANS.

KarouoBi caroBa: reoTepMarbHa €Heprisl, TepMaAbHI lIapaMeTpU MIoPiA, OLiHKa eHep-
TeTUKU.
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