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A LOOK AT THE GEOTHERMAL FIELD AND GEOTHERMAL ENERGY
IN THE CAUCASUS REGION
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The surface heat flow density varies from 20-30 to 100 and 150 mW/m?. The increased heat flow

values predominant. Abnormally low heat flow (20-40 mW/m?) is found in sedimentary basins. Zones of
young tectonic and volcanic activity are distinguished.
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Introduction. The Caucasus is situated in between the Black Sea and the Caspian Sea. Its area
belongs to Russia, Georgia, Azerbaijan, and Armenia. It is a mountainous region including the
Greater Caucasus mountain range, which has considered historically as a natural barrier between
Eastern Europe and Western Asia, but is today accepted by the majority of scholars as being a part
of Asia [1]. The European highest mountain the Elbrus, at 5,642 m is located in the west part of the
Greater Caucasus mountain range. On the southern side, the Lesser Caucasus includes the Javakheti
Plateau and grows into the Armenian highlands, a part of which is located in Turkey [2]. The Cauca-
sus region is separated into northern and southern parts: the North Caucasus (Ciscaucasus) and
South Caucasus (Transcaucasus), respectively. The Greater Caucasus mountain range in the north is
a border of the Russian Federation with trans Caucasian republics, while the Lesser Caucasus moun-
tain range in the south is occupied by several independent states, namely Georgia, Armenia, Azer-
baijan [2]. The Caucasus is a large mountainous area covering about 440,000 km between the Black,
Azov and Caspian seas (Fig. 1). The mountains are more than 1,000 km long, in a WNW-ESE strik-
ing range between the Caspian and Black seas and reach elevations over 5 km above the sea level.
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Figure 1 — Caucasus region map with topography and bathymetry data
(constructed on the basis of the World Topography Database [3]

The geology of Caucasus. The structure and geological history of the Caucasus are deter-
mined largely by its position between the still converging Eurasian and Africa-Arabian lithospheric
plates, within a wide zone of continental collision. During the Late Proterozoic—Early Cenozoic, the
region belonged to the Tethys Ocean and its Eurasian and Africa-Arabian margins, where there ex-
isted a system of island arcs, intra-arc rifts, back-arc basins, characteristic of the pre-collisional stage
of the evolution of the region. The region, along with other fragments, that are now exposed in the
Upper Precambrian — Cambrian crystalline basement of the Alpine orogenic belt, was separated
from the western Gondwana during the Early Paleozoic because of back-arc rifting above a south-
dipping subduction zone. Continued rifting and seafloor spreading produced the Palaeotethys Ocean
in the wake of northward migrating peri-Gondwanan terranes. Around 350 Ma the displacement of
the Caucasian and other peri-Gondwanan terranes completed to the southern margin of Eurasia.
Widespread emplacement of microcline granite plutons along the active continental margin of
southern Eurasia during 330-280 Ma occurred above a north-dipping Palaeotethyan subduction
zone. However, Variscan and Eo-Cimmerian—Early Alpine events did not lead to the complete clos-
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ing of the Palaeozoic Ocean. The Mesozoic Tethys in the Caucasus was inherited from the
Palaeotethys.

In the Mesozoic and Early Cenozoic, the Great Caucasus and Transcaucasus represented the
Northtethyan realm — the southern active margin of the Eurasiatic lithospheric plate. The Oligocene—
Neogene and Quaternary basins situated within the Transcaucasian intermountain depression mark
the syn- and post-collisional evolution of the region; these basins represented a part of Paratethys
and accumulated sediments of closed and semi-closed type. The final collision of the Africa-Arabian
and Eurasian plates and formation of the present-day intracontinental mountainous edifice of the
Caucasus occurred in the Neogene—Quaternary period. From the Late Miocene (c. a. 9—7 Ma) to the
end of the Pleistocene, in the central part of the region, volcanic eruptions in subaerial conditions
occurred simultaneously with the formation of molasse troughs. The geometry of tectonic defor-
mations in the Transcaucasus is largely determined by the wedge-shaped rigid Arabian block inten-
sively indenting into the Asia-Minor-Caucasian region. All structural-morphological lines have a
clearly expressed arcuate northward-convex configuration reflecting the contours of the Arabian
block. However, farther to north, the geometry of the fold-thrust belts is somewhat different — the
Achara-Trialeti fold-thrust belt is, on the whole, W-E-trending; the Greater Caucasian fold-thrust
belt extends in a WNW-ESE direction (Fig. 2).

Geothermal regime and geothermal energy in the Caucasus

Southern part of Russia. Daghestan Republic at the Northern Caucasus is one of the biggest
area for the development of geothermal energy. Total amount of resources at the depth of
0.5-5.5 km allows obtaining approximately 4 million m®day of geothermal fluid. At present, more
than 7.5 million m®year of hot water 50-110°C is used in Daghestan. Among them, 17 % as hot
water; 43 % for district heating; 20 % for greenhouses and 3 % for balneology and mineral water
production. Totally in Daghestan about 180 wells have been drilled at a depth from 200 to 5,500 m.
The regions of such towns as Kizlyar, Tarumovka and Jushnosukhokumsk, possess unique reserves
of hot water. For instance, Tarumovskoye deposit has the reserves of geothermal water of high salin-
ity (200 g/l) with temperature up to 195 °C. Six wells have been drilled to depths of about 5,500 m,
the deepest geothermal wells in this part of Russia. Tests indicate high reservoir permeability with
wells producing between 7,500 and 11,000 m*/day at wellhead pressures of 140-150 bar [5] (Fig. 3).

Republic of Azerbaijan. Geothermal energy is one of the most promising sources of alternative
energy. There are different forms of manifestation of the Earth’s heat to the surface, e. g. volcanoes,
geysers, mud volcanoes, underground water in wells, etc. There are no active volcanoes and geysers
at present in Azerbaijan, however there are enough exploration wells where temperatures of thermal
water in aquifers are higher than 100 °C. The most interesting area is western part of the South Cas-
pian basin along the Talysh-Vandam maximum [6]. This gravitation maximum reflects buried frag-
ment of Mesozoic island arc, where local volcanic uplifts were explored in details as Muradkhanli
oil field was discovered here in 70-s within the weathered and fractured volcanic rocks. The area is
characterized by high fluid activity, which promotes the formation of local abnormally high heat
flows. The Jarly-3 well is still outflowing to the ground surface with high production rate. The tem-
perature of volcanic rocks here at 2,800-3,000 m depth in some places is higher than 100 °C [7]
(Fig. 4). Total energy capacity of thermal waters for hydrogeological areas determined based on
their commercial reserves is presented in Tab. 1 [9, 10].
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Figure 2 — Tectonic map of the Caucasus [4]
Basement Salients: Dzirula (Dz), Khrami (Kh), Loki (Lo), Tsak uniats (Ts) Akhum (Ah), Asrik hai(As).
Metamorphic complexes: Chugush (Ch), Laba (La), Buulgen (Bu), Kassar (Ka), Dizi (Di).
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Figure 3 — Geothermal resources of the Sothern part of Russia
(Krasnodar and Stavropol regions, Daghestan and Chechen Republics) [21]
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Figure 4 — Geothermal energy and mineral water resources of Azerbaijan [8]

Table 1 — Capacity of thermal waters based on their commercial reserves [9, 10]

Hydrogeological areas Water T, °C Water flow rate, m*/day Energy potential, MW
Absheron Penunsula 20-90 20000 up to 504
Kur depression 22-95 172 466 up to 47 - 10°
Greater Caucasus 30-50 2 000 up to 168
Lesser Caucasus 30-74 4171 up to 771
Gusar foothill lowlands 30-97 21 654 up to 609
Nakhchivan 40-53 3000 126-290
Talysh 31-64 14 405 605-778
Lyankaran 42-84 7908 399-1 129
Total — 245 604 up to 51 - 10°

Georgia. Owing to its geological location, Georgia has considerable resources of middle and
high temperature thermal water (33-108 °C). Most of geothermal wells are middle depth and non-
operating. On the other hand, the economic development of the country relies largely to energy pro-
duction. Geothermal potential of Georgia exhibits a promising resource that might be available for
energy production. This requires an extensive study to reassess the geothermal potential of the coun-
try. Several projects were implemented and some others are underway to achieve this purpose.
Georgia has a high potential of geothermal resources, some have been in use since ancient times.
The major areas of utilization are balneology resorts, local heating systems, processing industry, and
greenhouses. Georgia abounds in geothermal resources, concentrated in 44 deposits. According to
preliminary estimations, their heat power is 420 megawatts, and elaboration of thermal energy is
maximum 2.7 million megawatt-hour/year [11]. However, the most of the existing 50 geothermal
wells in Georgia are of medium depth and supply water at temperatures ranging between 40 to
60 °C. It also should be noted that part of these wells are non-operational. By estimation of the
Georgian Geothermal Association, the Georgian energy sector uses about 45,000 m®/day from a to-
tal of 90,000 m*/day. Therefore, a reassessment of the geothermal potential of Georgia is of major
importance from the standpoint of economic development of the country based upon renewable,

ecological cleaner energy source [11].
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Owing to the high geothermal potential in the South Caucasus and particularly in Georgia, a
confirmed total water reserve of 90,000 m*/day, corresponding to a heat potential of 500,000 tons of
equivalent fuel annually, has been recorded [12]. The heat flow for the main parts of Georgia can be
listed as follows: 1) The south flank of Caucasus Mountains — 100 mW/m?; 2) Plate of Georgia:
a) For the west zone 40 mW/m?, b) for the east zone 30 mW/m?; 3) Adjara-Trialeti folded system:
a) Central part 90 mW/m?, b) the east zone 50 mW/m?; 4) Artvin-Bolnisi platform 60 mW/m?.

Fig. 5 shows the main geothermal fields in western Georgia where the reservoir formations are
fractured karstic limestones of the lower Cretaceous in the sedimentary trough and at the southeast,
where the reservoir formations are volcanic and sandstones of Paleocene-Middle Eocene in the fold
system. Thus, we see the following pattern in the distribution of heat flow: its maximum is observed
for the central zone of the folded part of Georgia and the minimum is for the plate. The heat flow for
the Adjara-Trialeti folded system is characterized by the middle range. The temperature condition of
Paleocene — Middle Eocene thermal water bearing complex is better investigated for the Thilisi re-
gion [13-15]. This investigation revealed that the temperature condition of this complex is influ-
enced at depth by a layer of high thermal resistivity upper Eocene rocks as well as their thickness.
From the surface of the volcanic-sediment formation of middle Eocene, the temperature of rocks in-
creases to all direction from 20 till 100 °C. To the northeast the increase in temperature is less than
to the other direction because of the nearness of the plate. On the contact of Cretaceous — Eocene the
temperature has a remarkable variation: to the farthest north and east, where Low Cretaceous is
raised to 500 m we have the temperature variation from 100 till 160 °C, when to the west, where the
Cretaceous extends to 4,000 m depth, we have temperature about 240 °C.

Thermal Waters of Georgia
1998

Scale 121 &M 000

Figure 5 — Main geothermal fields in Georgia [13-15]

Armenia. Although no high-temperature geothermal resources have been identified in the Re-
public of Armenia, numerous low temperature resource areas (cooler than 100 °C) are present, most-
ly within a belt of Quaternary volcanism and elevated heat flow that trends northwest-southeast
through the central part of the mountainous country. The use of geothermal energy in Armenia is

200



quite limited at present, and mostly takes the form of small-scale and informal applications. Howev-
er, significant investigations of the country’s thermal areas have been undertaken, mostly during the
Soviet era. As a result, the information available is more extensive than it might be in some other
countries with similar levels of resource utilization. For example, thermal springs have been cata-
logued and described, and hundreds of shallow wells have been drilled, mostly for investigating of
mineral water sources throughout the country [16]. In addition to the investigations and reviews car-
ried out by local specialists, some studies of geothermal resources in Armenia have been funded and
carried out by foreign entities [17-19]. Regional heat flow has been interpreted from measurements
in numerous drill holes throughout the country, many of them were drilled specifically for meas-
urement of temperatures and rock thermal conductivities. Three heat flow zones have been distin-
guished based on heat flow data and temperature gradients (Fig. 6).

The northeastern zone of Armenia (Zone 1) is characterized by low heat flow (less than
60—75 mW/m?) and low temperature gradients (less than 43 °C/km). The central zone (Zone II),
which coincides closely with the belt of Quaternary volcanoes, is one of high heat flow (75 to more
than 90 mW/m?) and elevated temperature gradients (generally greater than 50 °C/km). The south-
western zone (Zone I11) has low heat flow (less than 60—75 m\W/m?) and generally low temperature
gradients (less than 33 °C/km), but higher gradients occur locally (Tab. 2)

Conclusion. There are several heat flow levels in the Caspian—Caucasus—Black See region
defined by the structure and time of tectonic activity of the lithosphere.

The surface heat flow density varies from 20-30 to 100 and 150 mW/m?. The increased heat
flow values predominant. Abnormally low heat flow (20-40 mW/m?) is found in sedimentary ba-
sins. Zones of young tectonic and volcanic activity are distinguished.

Characteristic features are heat flow anomalies, running transversal to the main course of the
Alpine units. They are related to deep fault zones crossing these structures (from the Arabian Plate
to peri-Caucasus region).

From an analysis of the heat flow distribution on maps, a conclusion can be drawn on the ge-
netic relationship between the heat flow pattern and the tectonic evolution of the Caspian Sea — Cau-
casus — Black Sea region, its position between the still converging Eurasia and Arabian — Africa
lithosphic plates within the wide zone of continent-continent collision.

Q@
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——  Stream
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Figure 6 — Contours of heat flow with deduced heat flow zones [20]
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Table 2 — Characteristics of principal geothermal resource areas, Republic of Armenia [20]

Maximum Estimated
No. of wells Typical well Maximum combined pro-
Area known resource . .
o drilled depth, m well depth, m duction rate,
temperature, °C I/sec
Jermuk 63 >30 150-500 642 >17
Vorotan River valley 43 14+ 150-250 1158 100-200
Ankavan 42 11+ 50-100 410 >40
Arzakan 45 2 ? 800 7+7?
Martuni 40+ 3+ 500-900 971 >6
Jermukpur 99 2 600-1 000 1000 0
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OIHEHKA KAYECTBA NIOJ3EMHBIX BO/I BEJIAPYCHU
IO T'MAPOXUMHNYECKHUM IIOKA3ATEJISAIM

O. B. Cuniannkas
Benopycckuii rocy1apCTBEHHBIH YHUBEPCHTET, (paKyIbTeT reorpaduu u reOnH(pOPMATHKH,
np. HesaBucumoctu 4, 220030 Mumnck, Pecniyonuka benapycs; Silitckaya@yandex.by

IMpescTaBieHbl JaHHBIE O pecypcax U SKCIUTyaTalluy MOJ3eMHBIX Boa benapycu. OxapakTepr3oBaH UX
XUMHYECKUH cOoCTaB. JaH aHAIN3 THAPOrCOXUMHUYECKUX JTAHHBIX MO THAPOJOTHYECKUM OacceiiHaM 3a Meprol
2011-2020 rr. YCTaHOBIEHO, YTO B LIEJIOM I10 PECITyOJIMKE OCHOBHBIMHU MOKA3aTENISIMU 3aTrPsI3HEHNUS TIO]3EM-
Heix Boj spisrorcs NH," 1 NO; . PaccMoTpeHo BIusHUE OTBANOB J0OBIYH COJIel U OTBaNOB (ocdorumnca Ha
T0/3eMHBIe BOJIBI. IIpocieskuBaeTcs cuibHoe xumudeckoe 3arpsisuerne Cl- u SO,° B CONMropckoM ropHo-
NOOBIBAIOIEM paloHe, a TaKxke PO,* u SO,* B 30He pacnojioxkeHus: oTBasioB (hocdorunca ["omensckoro
XUMHYECKOTO 3aBOJIA.

Kniouesvie cnosa: nonzeMHbIe BOJBI, IUTHEBOE BOJOCHAOKEHHE, THAPOrCOXHMMHYECKHE TTOKAa3aTely;
3arpsi3HeHue; oTBaNbl (hocorurca; BpegHbIe BEIOPOCH TEPPUKOHOB.

B benapycu npaktuuecku Becb 00bEM X03SIIICTBEHHO-TIUTHEBOTO BOJJOCHA0KEHUSI Oa3upyeTcs
Ha HKCIUTyaTallMH MPECHBIX MOJ3EMHBIX BOJ|, B CBSI3M C YeM IpoOiieMa KauecTBa MOJI3EMHBIX BOJI SB-
TSieTCs CeroIHsI Hanbosiee akTyalbHOM.

[Tonzemusle Boabl benapycu npeacTaBieHbl TpeMsl KilacCaMU: MPECHBIMH, COJIOHOBATBIMU U
COJIEHBIMU BOJaMH, a TaKXke pacconamiu [8].

Ha teppuropun benapycu MOIIHOCTH €105 MPECHBIX BOJ MUTHEBOIO0 Ha3HAUEHUS KoseOiercs
B mnpenenax ot 100 go 1000 m [7]. OCHOBHBIMH BOJIOHOCHBIMH TOPHU30HTaMH SIBISIIOTCA
3 TOBCEMECTHO BBIJIEPYKAaHHBIX KOMIUIEKCa (BEPXHETPOTEPO30MCKIX OTIIOKEHUH M BEPXHEU TPelu-
HOBATOW 30HBI KPUCTAJUIMYECKOTO (yHIaMEHTA, I€BOHCKUX OTIIOKEHUH, OTI0XKEHUH YeTBEPTHUHOM
CUCTEMBI), a TaK)X€ BOJOHOCHBIE KOMIUIEKCHl KeMOPO-CHIIYPHUMCKUX, CHITYPUHCKO-OPJOBUKCKHUX,
KaMEHHOYTOJIBHBIX, MEPMCKO-TPHUACOBBIX, IOPCKO-METIOBBIX U MAIEOT€H-HEOTEHOBBIX 00pa30BaHU
(bparMeHTapHOTrO pacrpocTpanenus [4].

B HeHapylieHHBIX YCIOBUSAX Ha TeppuTopuu benmapycu GopMUPYIOTCS MPECHBIE MOA3EMHBIC
BOJBl T'MAPOKAapOOHATHOTO KaJbIIMEBOTO M MarHHUEBO-KAJIbLIMEBOTO COCTaBa C MHUHepaIu3anueit
0,2-0,5 r/nvm°. Ha y4acTKax pa3rpy3kd TTyOMHHBIX MHUHEPAIM3MPOBAHHBIX BOJ, MPUYPOUEHHBIX K
PErMOHAIEHBIM TEKTOHMYECKHM pa3jioMaM U COJISTHOKYIOJBbHBIM CTPYKTypaMm B [Ipumsitckom mpo-
rube, HAGIIONACTCS YBETHUCHHE MUHEPATH3ALNA 10 4—6 T/IM°, U BObI IPHOGPETAIOT XITOPHIHBIHA
HATPHUEBBIN cocTaB [6].
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