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Pe3tome. Bbs Bpb3ka ¢ nsnbiHenne Ha npoekt ERA-NET ,,Natural Analogue investigation for
CCS in the Southern Caucasus” rpyna ot HayuHo-u3cienoBaresicKus HEHTBP 10 Teodusnka u
re0TepMUsI N3y4aBa pa3lpOCTPAHEHUTO Ha IIPHPOTHNTE Ia30BE B TOA3EMHHTE BOAU HAa TEPUTOPHS
Ha [py3usa. 3a momeBuTe m3cnenBanus Oe Ch3nazieH MOOWJICH OTPsAZ, KOMTO ce ABIKEUIE IO
NPEIBAPUTEIIHO ONpe/eIeH MapupyT ChC CICIHAIHO O0OpYJIBAaH 3a IEeNTa aBTOMOOWI H
IpoBejie OnpoOBaHE OT €CTECTBEHH M M3KyCTBEHH M3TOYHHNU. [Ipm moneBurte m3mepBaHus Ge
nsnon3Ban ypeasT WTW340i (3a pH, elaekTponpoBoHOCT, TeMIiepaTypa, CBOOOICH KHCIIOPO/),
a cpimio OCBK INGEM-1 3a onpenensue Ha pagoH u xenuid. OCBeH ToBa 0IxXxMe CHaOJCHU U ChC
crenuanno obopynsane pGD3-IR 3a usmepesane Ha chabpxkanusTa Ha rasose (CH,, O,, CO, u
H,S). B onpenenenn mynkrose 0sxa B3eTH npoOu 1 3a xumuyeH anamus (Na, Ca, K, Mg, HCO,,
SO, u Cl) u crabuinu uzoronu ('*0, *H), xouto 6s1xa ananusupany B naboparopus B Tounucy.

I'a3oBeTe B mo3eMHUTE BOAN OsXa U3CIIEBAHN B TAXHOTO €CTECTBEHO CHCTOSIHHUE, A CHIINO U
B coHstaH. [ToBe4eTo yCcTaHOBEHH ra30BH MPOSBICHUS Ca CBbP3aHN MHHEPAIHU BOJIHY, a Ipyra
9acT - KbM He()TEHH HATPYTBaHMUS, HAKOM OT KOMTO ca JOBENHU 0 00pa3yBaHe HA Fa30BU 3aJIEXKN.
Kakro ce m ouvakBamle, pa3lpeieleHHETO UM € CBBP3aHO C TEOJIOKKHS CTpoex Ha [pysms.
la3chabprKanUTe 30HU C ONPEETICHH KOMIIOHEHTH U T€OXUMUYHH 0COOEHOCTH UMAT €IHAKBH
HarpaBJieHUs. Morar jia ce pa3rpaHnyar CJIeIHUTE 30HU:

1. CeBepHa 30Ha, ChABPKALIA BHIVICPOICH THOKCH];

2. llenTpanHs 30Ha - C METaH U a30T;

3. FOxHa 30Ha - ChC CHABPKAHUS HA a30T U BBIVICPOACH THOKCHI.

CeBepHara 30Ha CHBIIaJIa C JIBe F€OTEKTOHCKU eIMHUIN - | TaBHaTa KaBka3cka aHTHKIIHAIA
u lOxuusa cximon I'maBuus KaBkascku xpeber 0e3 KpallHUTE CErMEHTH HA M3TOK W 3amai. B
ra30BHTE KOMIUIEKCH Ha TE3W 30HHU, KOMTO Ca CBBP3aHM IIABHO C HAXOJWIIA HA MUHEPATHH
BOZIY, SIBHO JOMHHUpA BbIVIEHaTa KucenuHa. [1o-romsiMa gacT OT Te3u MposBIEHHUS Ca CBbP3aHH
¢ Haxoamiiero Hap3aH, npeacTaBisBamnio OCHOBHHS BUJI MUHEPAIHH BOJH HA Ta3W TEPUTOPHSI.
BbraepogHusT IMOKCHA € IPUBBP3aH KbM ITIABHHS TEKTOHCKH BB3CE]] M HETOBUTE NMPEANYAHHUE C
MEpHIHAIHH PAa3IOMH, a CHIIO U ¢ 00pa3yBauTe ce 110 TIX pekn kato Murypu, Lixennc Lxamm,
Puonn, {nnn Jlmaxsu, Tepek, Aparsu, Aprynu u ap. CbabpKaHHETO Ha CBOOOIHHUS BBIVICPOACH
JIMOKCHUJT B TIOJI3¢MHHTE BOJIM Ha CeBEepHATa 30HA € MpuOm3uTenHo 1 g/l, moHskora rnosedye oT
2 g/l. TakuBa BUCOKH KOHIIGHTPAIINK Ha BBIVIEPOJICH IMOKCH] M TAXHATA BPB3Ka C OMPEICICHH
THUITOBE ITOBBPXHOCTHH M MOI3MHH BOIHM JIOKa3Ba FeHETHYHA BPh3Ka Ha BHIVICPOJHUS JUOKCH]I C
MarMeH” ¥ MeTaMopHH nporecH. B ceBepHaTa 30Ha OCBEH BBITIEPOAEH JHOKCH] CE YCTaHOBSIBAT
ra30BM aCOIMAIIMY OT CMECEH THII. YCTaHOBEHH ca 00JACTH C IPUCHCTBUE HA a30T B KOJIMYECTBA
necetuiy npouenra. [Ipuunnara 3a mosiBata Ha a30T € aKTHBHATA IUPKYJIANUsS HA aTMOC(EPHI
BQJISKH B 30HaTa HA W3BETPSIHE, KBJETO KUCIOPOABT AKTUBHO CE€ U3PA3X0JBa 3a OKHCIIUTEIIHH
peakImn.

LlenTpasnara 30Ha ce XapakTepru3upa ¢ HaIM4ue Ha MeTaH ¥ a30T 1 00XBallla TepUTOpHsTa Ha
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MEXKTyTUIAaHWHCKATa YacT Ha [ py3ust 1 HsIkou rpaHndHE pernoHd - KOxuus 610k Ha Tonsim Kaskas
U CKJIOHOBeTe Ha Amxapusi-Tpuanetu. B cromenara mo-rope 30Ha METaHBT HECBMHEHO MMa
OpTaHMYEeH IIPOM3XO]] U CE CPella IITABHO IIPY KOMIUIEKCHOTO My B3aUMOZIEHCTBHE C TOA3EMHHUTE
BOJIM, @ ChHIO M BbB BHJ Ha ra3, NpUChCTBAIl B Hedra. KaTo ce uma mpeasua OTHOIICHHETO
Ar/N,, OCHOBHaTa 4acT OT a30Ta UMa aTMOC(EPEH MPOU3XOJ U € CBhP3aH C UPKYJIUPAIlH B
OTKPHUTH XUIPOTCOJIOKKH CTPYKTYPH MOA3eMHHU BoH. CII€10BaTEIHO CTPYKTYPHUTE 0COOCHOCTH
Ha Ta3u o0JIacT OIpe/eNaT YCIOBHUITA 3a IPUCHCTBUETO HA TE3H JBA KOMIIOHEHTa. Pesynrarnute
OT Ta30BUTE AHAM3M IOKa3BaT CBHIIECTBEHM PA3JIUKH MEXAY TOPHO- M JONHOKPEIHHUTE
CeMIMEHTH CIOpe] M3rpakKIalyus T'M Marepuai. Karo mpaBuio B JOMHOKPETHHTE CKAIH Ce
YCTaHOBSIBAT OKCHM Ha a30Ta, JOKaTO B TOPHOKPEIHUTE TpeobiiasaBa MeTaHa. ToBa ce IbIKH
Ha SCHH Pa3INyYusl B aKyMyJIHPaHETO U yCIOBHATA 3a HATPyIBAaHE Ha Ia30Be B TAX, H3Pa3sBalH
ce B OTPaHUYEHHUS PEKUM Ha JABMKEHUE B TOPHUTE XOPU3OHTH U I0-100parta MPOBOIUMOCT Ha
JonHATe. B TIX ca ycTaHOBEHH pa3IHYHN CTOMHOCTH Ha MUHEPAIN3alUsTa Ha ITOA3EMHHUTE BOJH
(mo-masko ot 1 g/l B JOMHOKPEIHUTE CEAUMEHTH U 3HAYUTEIHO [0-BUCOKH B TOPHOKPEIHHUTE) U
pa3nryHa BE3pacT HA CHCTeMaTta ,,ra3 + Bona” (He/Ar 3a nonnokpennure otaoxkeHus e 5-10 mbtu
10-HUCKO, OTKOJIKOTO 32 MOJI3€MHHUTE BOJH B TOpHATa kpeja). Fi3TouHaTa 4acT HOCTENEeHHO 3aThBa
B IOTOM3TOYHA [TOCOKA KBM Ta3-ChIbprKallaTa IeHTpaiHa 30Ha. ChOTBETHO, B TOPECIIOMEHATHTE
TEPUTOPHUHU NPUCHCTBHE HAa TA30BE € YCTAHOBEHO B KPEJHUTE CKalu Ha u3TouHara yact (Cypamu,
Topmwxsapn), B eorjena Ha cpeanara yact (Tonnucn), B muonena (Hopro), B TOpHUS MHOIIEH U
oLeH Ha u3roynata yactu (Jemommue Lixapo, Mupsaanu, ['ypmkaanu, [larapa Hlupaku n
T.21.). [IpuChCTBHETO Ha METAH B OIIMCAHATA TEPUTOPHS Hal-ueCTO Ce MPOSIBSIBA B N3TOYHA IIOCOKA
npu Hopuo-Maptkomu, B paiiona Ha pekute Mopu, [larapa [llupaxu u ap. Haii-nobpe razosere
ca M3y4eHH B paiioHa Ha pekara Mopu. ['opmuBuTe ra3oBe, KOUTO JOCTHIaT 0 MOBBPXHOCTTA
3ae/1HO ¢ He()Ta, Ce XapaKTePU3UPaT C IMBJIHO OTChCTBHE HA XOMOJIOXKKATA IPyIa Ha MEeTaHa.

B IOsHara 30Ha NposIBIIEHHsITa Ha ra30BeTe 00XBaIIaT rojisiMa YacT OT HarbHATaTa 30HA
Amxapus-Tpuanetu n 6moka AprBuH-bomHucu. MiMa MHOrOOpOiHH NpOSIBICHUS BBIVICPOACH
muokcun. I'asoBusT ¢axrop Ha rpymara bopskomu, a ceimo Bapnsns, Hakanakesu u ap. gecto
nocrura 7-10 g/l. OcBeH ToBa HAISITAaHETO B XOPH30HTHTE € MHOTO BHUCOKO (25 arMocdepu B
conziax). IToHskora Ha MHOTO MeCTa ce YCTaHOBSIBAaT CyX{ M3THYAHUS Ha BBIVIEPOACH JHOKCHU],
Karo croifHocTuTe My nocturar 10 2 g/l. ToBa cBHETENCTBA 32 ChIECTBEHA CUIIHA €CKaalUs Ha
BBIVIEPOIHUS IuoKeua. He Moxke 1a IMa ChbMHEHHME 3a BPB3KaTa MEXKy BBIVIEPOJHUS TUOKCH]T
1 MOCTMarMaTu4HuTe mnpouecu. OCBeH TOBAa YCTAaHOBEHHTE TyK KBAaT€PHEPHHU JaBH CBIIO Ca
JI0Ka3aTelICTBO 32 HEOT/IaBHAIIIHA BYJIKaHCKa aKTHBHOCT. B paifona Ha Bop:xoMcknTe MuHepaHu
BOJIM OCHOBHATA YacT OT MPOSIBIICHHUATA HAa BBIJIEPOIHUS JUOKCH]L Ca IPUBBP3aHU KbM MO-CTapH
CKallM - JIOJHOKpEAHH. ['a3upaHnTe C BBIVIEHa KHCEIMHA MHHEPAIHH BOIH CE OTHACSAT KbM
XHUAPOreHKapOOHATHO-HATPUEBHS TUI U Ca C HUCKA MHHEpPAIIN3alis, AbprKallla Ce Ha CMECBaHe
¢ NMOBBPXHOCTHH BOJY. PasnpereneHneTo Ha a30Ta B I0XKHATA 30HA € 3HAYMTEIHO, HO MMa II0-
MaJika poJisi,0TKOJIKOTO Ta3H Ha ra30BeTe BCIIEICTBUE HA BbIVIEHATa KHUcenrHa. OCHOBHO a30TbT
€ Pa3npOCTPaHEH B CPEIHOCOIECHCKUTE BYIKAHWYHH OOpasyBaHMs W IIOJ JOJTHOCOLCHCKHS H
IUTMOLICHCKH (UIHIL. A30TCHABPIKAIIUTE BOAM IPEACTABISABAT TEPMH C Pa3iIM4eH XUMHYEH
CHCTaB ¥ MHHEPATH3AIIHS.

CepoBOIOPOIHU BOJM IIPUCHCTBAT 110 LisIaTa TEpUTOpHs Ha I py3ust, 0cOOEHO B IEHTpaHaTa
3oHa. M3yuaBaiiki mpou3xo/a Ha CEPOBOOPO/IA, MOXKE Jla CC HAIIPABH U3BOJ, Y€ B [ICHTPATHUTE
1 B ToOJIsIMa 4acT OT IOKHUTE 30HU TOH € CBbP3aH C METaHAa U YECTO C HATPUH-XJIOPHH BOAM.
Omnpenemnsmny GakTop ce sBsBa OHOXMMHYECKUST IIPOLEC Ha OPraHMYHO paziarane. [JaBeH
(axTop 3a MPUCHCTBHETO HA CEPOBOAOPO]I B HUICKOMHUHEPAIU3UPAHUTE TEPMAIIHH BOJIH CE SIBSIBA
IIPOLECHT Ha pa3pylIaBaHe Ha IMHPHTA, KOWTO € YeCTO CpellaH MUHEpaJl B IOPCKUTE CKalM Ha
10kHUTE CcKJIoHOBe Ha lomsim KaBka3 u BBB BynkaHCKHTe 0Opa3yBaHHs Ha CPEIHMS €OIEH B
paifona Ha Anxapo-Tpuaneru.

KurouoBu gymu: npuponHu razose, u3sopu, ['pysus

Abstract. Natural gases possess a vast impact in the formation of groundwater physical and
chemical properties. Most of them are connected with the mineral waters, the rest of their
exposures are represented as “oil” gases or as a gas accumulation areas. Natural gases are very
sensitive indicators of geological, in particular, of geotectonic conditions. Thus, as it should
be expected, the distribution pattern of natural gases clearly reveals the particularities of the
geological structure on the territory of Georgia. The geotectonic elements, which are allocated
within these borders, in accordance with the folding, the geological development age and history,
are characterized by the corresponding gas compositions and geochemical properties.

Keywords: natural gases, springs, Georgia
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Introduction

Within the frame of ERA-NET project ,,Natural Analogue investigation for
CCS in the Southern Caucasus” the Georgian group from Research Center of
Hydrogeophysics and Geothermic carried out a gas mapping on the whole territory
of Georgia. During the field studies the mobile group was moving on with equipped
with special devices car along the pre-defined routs while sampling springs and
boreholes. For the field measurements WTW340i (for pH, conductivity, temperature,
free oxygen) as well as SISE and INGEM-1 for Radon and Helium measurements
were used. Also, the apparatus PGD3-IR for gas measuring (CH,, O,, CO, and H,S)
was used. Some selected points were sampled for a typical chemnical ana ysis (Na,
Ca, K, Mg, HCO,, SO, and Cl) done at the laboratory (Tbilisi).

Dlscharges of natural gases are observed in the springs as well as in the
boreholes. The most of them are linked with mineral waters and some of them are
revealed as ones accompanying crude oil or gas deposits.

Data analysis

The geotectonic elements distinguished at the territory of Georgia in accordance to
their folding, age and history of geological development are widely distributed in
Caucasus (Gudjabidze, 2003). In similarity, the gas conductivity zones with certain
components and their geochemical features could be observed (Fig. 1). Among
them are as follows:

1. The Northern zone of Great Caucasus System;

2. The Central zone of Georgian plate system;

3. The Southern zone of Adhara-Trialeti and Artvin-Bolnisi system.
The Northern zone contains two geotectonic elements — the main Caucasian
anticline block and the Great Caucasian folded ridge without the edge segments in
the East and West.

Fig. 1. International group gathering Georgian, German and Bulgarian colleagues during a sampling works
in Kazbegi region.

Due. 1. Mescoynapooen exun om epy3uHcK, HeMcKu U ObI2apCKu CReyuanucmu no peme Ha G3UMAane Ha
npobu 6 oonacm Kazbee

The gas associations of these zones are related especially to the “Narzan” type
springs- to the main type of mineral waters in the investigated territory (Buachidze,
1970; Bagoshvili, 1990). Natural gases obviously discharge along the latitudinal
tectonic rocks, in particular near the main displacement and their crossings with
rivers canyon, such as, Enguri, Tskhenis Tskali, Rioni, Didi Liakhvi, Tergi, Aragvi,
Arghuni, etc. The situation allows studying them along these river basins. In gas
composition carbonic acid is highly dominant (Table 1).

Geological Institute, Bulgarian Academy of Sciences © 17



Table 1. Typical gases composition of water on the territory of Georgia
Tabn. 1. Ipumepen 2azo6 cocmag Ha sooume Ha mepumopusima Ha I pysus

Water physical parameters Water chemical parameters
No | Location Toc | pu | Discharge | Gas- | €O, | CH, | N, | Rn | Hel0’
/s factor % % % Bqg/l ml/l
North Georgia
1 Achkhoti 10 5.9 0.3 0.4 89.1 9.8 1.1 37.7 20
2 | Stepancmindsa 11 5.4 0.5 0.5 87.5 9 3.5 | 1056.6 545
3 Nenskra 10 5.7 0.3 0.6 99.6 0.3 0.1 130 40
South Georgia
4 Vardzia 35 6.4 0.5 7 99.8 0.1 450 120
5 Vashlovani 40 7 0.3 0.8 693 | 21.8 | 89 145 36.5
6 Kvibisi 38 6.5 0.1 0.7 40 30 30 134 40
West Georgia
7 Chaladidi 70 8 0.4 0.2 9 11 80 160 35.7
8 Kvaloni 94 7.5 0.3 0.3 - 654 | 346 | 134 17
9 Ompareti 84 7.3 0.5 0.2 - 1 99 144 16
East Georgia
10 Kvareli 24 7.1 0.4 0.2 - 57 43 200 22
11 Mirzaani 22 7.2 0.2 0.1 10 68 22 65 15
12 Norio 25 7.5 0.3 0.3 72 28 102 35

In the basin of the river Tergi, Kazbegi region, gases are related with mineral
waters of hydrocarbonate-chloride, sodium-calcium type, with total dissolved solids
(TDS) between 0.7 to 5.5 g/l. Concentration of carbon dioxide is approximately
1 g/l, sometimes — more than 2 g/I. In this group exposure of gases is especially
frequent and they are placed in a linear way that is caused by their connection with
tectonic structures (Fig. 2)(Melikadze et al., 2013).

Fig. 2. Natural CO,, CH,, N, (left) and Rn, He (right) gases distribution in the Northern zone
Due. 2. Pasnpocmpanenue na ecmecmeenu 2asose CO, CH, N, (61s60) u Rn, He (sdsicno) ¢ Cesepnama
3ona

Such a high content of carbon dioxide is related to the certain type of groundwater
and indicates the genetic connection of magmatic-metamorphic processes with
carbon dioxide presence. Therefore, it could be concluded that carbon dioxide is of
a volcanic genesis.

To the South, the group of gas exposure in the upper basin of the river Aragvi
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is connected with hydrocarbonate and sodium-calcium waters with TDS up to 5
g/1. With higher TDS (usually 7-20 g/1, seldom — up to 38 g/l) and hydrocarbonate-
chloride (Chargali, Kharanaulta) and chloride-hydrocarbonate (Pasanauri, Likoki,
Atabe) sodium waters, the content of carbon dioxide, with the exception of some
rare cases, exceeds 97%. High concentrations of gases Radon and Helium are
observed in the regional fault system zone, what can be explained by high gas
permeability of this type of deep fault system (Fig. 2, 3).

In the Northern zone, besides carbon dioxide gas exposure, there are observed
some mixed type of gas associations. In natural gases sometimes we find nitrogen
from few up to several tens of percentages. There are also pure nitrogen exposures,
namely Pskhu and Torghvasabano. Compared to the carbon dioxide gas exposure
they are less detected. Nitrogen content in local mineral waters is not more than
0.05 g/1. Lack of organic material does not allow considering abundance in biogenic
nitrogen, even the value of argon-nitrogen interaction refers to its atmospheric
genesis. It is also referred by “gastwater” system depended on He/Ar correlation.
This value for carbon dioxide associations is one and a half to five times higher.

Fig. 3 “Sortuani” and “Utsera” district, Racha region
®ur. 3. Paiionn ,,Copryanu” u ,,Yuepa”, pernon Paua

The reason for a nitrogen gas exposure is the intense circulation of the
precipitation in the fractured-erosion zone when oxygen is intensively spent on
oxidation reactions.

By the gas content, the Central zone is mainly characterized by methane and
nitrogen distribution and it covers the territory of intermountain area of Georgia
and some adjacent regions — the southern block of Great Caucasus Mountains and
Adjara-Trialeti slope.

Despite the numerous borehole investigations of on this territory, the natural
gases content has not been studied sufficiently. In addition, taking into account
the variety and structural complexity of the soil it becomes difficult to clarify the
geochemical zonation of natural gases. Nevertheless, the common features of the
zones can be considered as follows:

On the abovementioned zone the presented methane doubtlessly is of an organic
origin and is found mainly in complex circulation with waters as well as in the form
of a gas accompanying the crude oil. According to the Ar/N, correlation the nitrogen
is of an atmospheric origin and is related with groundwaters which circulate in the
hydro-geologically open structures. Consequently, the structural properties of the
area define the development conditions of these two main components.

The nitrogen gas is main component of gas discharge from the Jurassic age
sediments residues in the periphery of the Kolkheti lowland. The upper and
lower Cretaceous sediments are quite different from each other in respect of the
composition of materials releasing gases. Usually, nitrogen content in natural gases
is related to the lower Cretaceous age aquifers, when upper Cretaceous aquifer
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gases have methane composition. This is explained by the clear difference in the gas
accumulation and storage conditions in the upper and lower Cretaceous sediments
expressed by the existence of limited conductivity in the upper Cretaceous aquifer
and good water conductivity in the lower Cretaceous one. It results in different
degrees of TDS of the groundwaters (less than 1 g/l for lower Cretaceous waters
and significantly higher for upper Cretaceous waters) and different age of the
“gastwater” system.

Gases composition
Gases composition

e
n e

Fig. 4. Natural CO,, CH,, N, (left) and Rn, He (right) gases distribution in the West Georgia.
Due. 4. Pasnpocmpanenue na ecmecmeenume 2azose CO, CH, N, (ens60) u Rn, He (60scno) ¢ 3anaouna
Ipysus

In the West Georgia, the high concentration of gas Radon and Helium are
observed in Tskaltubo region where deep fault systems are presented (Fig. 4, 5)
(Amiranashvili et al., 2008; Melikadze et al., 2009; Vaupotic et al., 2012).

Fig. 5. “Tsaishi” and “Nokalakevi” thermal boreholes
Que. 5. Kanmagicu 3a mepmanna 6ooa ,, Laviwu” u ,, Hokaraxesu”

The Eastern part of Central zone is gradually sinking to the south-east direction.
Consequently, on the abovementioned territories the following gas exposures are
detected: - in the Cretaceous sediments of eastern parts (Surami, Gorijvari), in the
Eocene of the middle part (Thbilisi), Miocene (Norio), in the upper Miocene and
Pliocene of the eastern part (Dedoplis Tskaro, Mirzaani, Gurjaani, Patara Shiraki,
etc.). Methane exposure is more frequently revealed to the eastern direction and
is connected mainly with the existence of crude oil in the sediments at Norio-
Martkopi, Patara Shiraki, along lori River and others. In the gas content, together
with methane, hydrocarbons and biogenic nitrogen are found, which characterizes
the young fresh aquifers. Gas discharge has been better studied in the area of
Alazani and lori rivers. Flammable gases released on the surface together with
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the crude oil are characterized with full absence of homological group of methane
(Buachidze, Zedginidze, 1985; Gaprindashvili, 2002; Melikadze, 2014; Buachidze,
2005; Sima, 2013).

Gasos composition

Fig. 6 Natural CO,, CH,, N, (left) and Rn, He (right) gases distribution in the East Georgia
Due. 6. Pasnpocmpanenue na ecmecmsenume 2asoee CO, CH, N, (éns60) u Rn, He (60scno) 6 Usmouna
Tpysusa

In the East Georgia (Fig. 6) low concentrations of Radon and Helium gases are
observed in the plate system.

At the Southern zone the gas exposure covers the most part of Adjara-Trialeti
folded system and Artvin-Bolnisi block (Fig. 7). The central part of the mentioned
zone is characterized by hydrologic solubility that is a negative factor for gas
accumulation. There are numerous carbon dioxide gas discharge areas in the
Southern zone. The gas factor of Borjomi group as well as Vardzia, Nakalakevi and
others often reach 7-10 (Fig. 5, 8). Besides, the horizon pressure is quite high (25
atmospheres in a borehole). Dry outlets of carbon dioxide gas are also observed
rarely. The amount of exposed carbon dioxide reaches up to 2 g/l.

Fig. 7 Natural CO,, CH,, N, (left) and Rn, He (right) gases distribution in the South zone
Due. 7. Pasnpocmpanenue na ecmecmsenume 2asose CO, CH, N, (en160) u Rn, He (s0sicno) 6 [Odcnama
3ona

All the above mentioned facts refer to the existence of strong carbon dioxide
emission. Genetic links of carbon dioxide and the young post-magmatic processes
cannot be doubtful; besides, the discovered Quaternary lava here refers to the
recent volcanic activity.

Based on data about Borjomi mineral waters, we can assume, that the main
portion of carbon dioxide is related to the upper Cretaceous sediments. Mineral
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Fig. 8. Mineral water boreholes “Borjomi” (left) and “Aspindza” (right)
Que. 8. Kanmaoicu 3a munepanna 600a ,, bopoicomu” (61160) u ,, Acnunosza” (60scho)

waters gassed by CO, belong to hydrocarbonate sodium type possessing low TDS
caused by mixing with fresh waters (Melikadze et al., 2009a; Melikadze et al.,
2011).

Nitrogen distribution in the Southern zone is significant, but much less than the
exposures of carbon dioxide gases. Nitrogen is mainly found in the middle Eocene
volcanic formations and in the lower Eocene and Paleocene flysch. The nitrogen
containing waters are thermal ones with different chemical composition and low
TDS (Aspindza, Tsikhis Jvari, Dviri, Atskuri, Abastumani, Abano, Makhindjauri,
etc.).

Sometimes detected carbon dioxide -nitrogen gas exposures are of a mixed
type: nitrogen of atmospheric genesis with carbonic acid gases of abyssal genesis.
The fact is predetermined by the mixing character of the groundwaters to which
these gases are associated.

Within the Georgian territory on the Artvini-Bolnisi plate only three gas
exposures have been observed in the boreholes in Nakalakevi, Vardzia, Bolnisi.
Despite the lack of factual material, it is quite reasonable to assume an existence of
carbon dioxide in the rest parts of the territory, under the lava body.

Hydrogen sulfide gas composition type waters are met over the whole territory
of Georgia, especially in the Central zone. It is connected with the decomposition
process of pyrite, which is a widely distributed mineral in the Jurassic rocks of
the Greater Caucasus southern slopes and in the Adjara-Trialeti middle Eocene
volcanic formations.

Discusion

As showed the characteristics of gas distribution is pre-conditioned by the
geological structure of the territory of Georgia and its modern geodynamical
activity. In particular, carbon dioxide rich zones are located in the South and North
regions, and its emission is related to the recent volcanic activity (Fig. 9). These
areas are bounded by two conventional sub-meridian faults: the first- the connecting
line of an old continental reefs and the second one - the anti-Caucasian direction
branch line of regional Anatolian fault. On the territory of among these two lines is
observed carbon-dioxide gas as a dominant.

On the rest territory of Great and Lesser Caucasus mountain ranges nitrogen
gas stands as dominant, which is explained by the presence of active groundwater
exchange systems. However, it should be noted, that there are some conventional
transition zones, where as a rule the both gas are observed: the nitrogen from
the active circulation zone - surface water and carbon-dioxide from the deeper
circulating groundwaters zone.
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Fig. 9 Natural CO,, CH,, N, (left) and Rn, He (right) gases distribution on the territory of Georgia
Due. 9. Pasnpocmpanenue na ecmecmeenume 2asose CO, CH, N, (enaso) u Rn, He (s0sacno) na
mepumopusama na I pysus

The sediment accumulation processes on the territory of Georgian plate, which
is located between Caucasus mountain systems, facilitated the accumulation of
biogenic gases (methane, nitrogen, etc.). This is confirmed by the domination of
methane in the groundwaters on the lowlands of East Georgia as well as by the
existence of oil fields.

There is a different situation on the lowland areas of West Georgia, where
the inverse phenomenon is observed. In particular, in the upper Cretaceous age
aquifer with low conductivity, the dominant gas is methane, while in the lower
Cretaceous age aquifer with relatively high conductivity, we found a nitrogen of an
atmospheric origin.

Since the main factor in the distribution of radiogenic radon and helium is the
vertical conductivity of rocks and aquifers, they are good indicators for presence of
active tectonic faults and lithological ,,windows”.

For example, on the territory of Georgia, the high values of these gases were
observed in Cretaceous limestone series with a good permeability, following the
southern slope of Caucasus Mountains as a wide stripe. On the other hand the
low values were observed in the closed structures - in the clayey sediments of
Georgian Plate. The highest values were observed along the regional tectonic faults
and especially on their crossing points.

Conclusion

The natural gases are very sensitive indicators of geological, especially geotectonic
state of an area. The distribution of gas associations are strictly connected with
the properties of the geological structure of Georgia. The natural gas distribution
in the South Caucasus region was investigated as well as the greenhouse gases
emissions from natural sources were qualitatively and quantitatively analyzed. It
was confirmed that the South Caucasus, particularly Georgia, is rich in mineral
springs, characterized by high level of natural gas emissions.
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