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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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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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webofscience.com/wos/author/record/1429613
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www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

MMAH®UJIOB Muxani BopucoBny, 10KTop TeXHUUECKUX Hayk, mpodeccop Yuusepcutera Hanen (Hanen,
Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. The article is devoted to the study of the nature and mechanism of
anomalous changes in the concentration of dissolved gases and isotopic composition
in groundwater of the Cenomanian stage of the Upper Cretaceous period on the
territory of the Tashkent geodynamic test site during the preparation of seismic
activation. Objective. The study considers the results of monitoring observations
of the nature of anomalies in the isotopic and gas composition of groundwater
during the preparation periods of the Nazarbek (11.12.1980, M = 5.5, R = 15 km),
Tuyabuguz (25.05.2013, M = 5.5, R = 50 km) and Marzhanbulak (26.05.2013, M
= 6.2, R = 200 km) rivers. earthquakes. Methods. Traditional methods employed
in hydrogeoseismological studies were used to determine dissolved gas anomalies
and the isotopic composition of groundwater in the study area. Sampling from self-
flowing water points was performed using vacuum degassing with a 2RS-1-SV
forevacuum pump, including field and laboratory determinations of groundwater
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hydrogeochemical parameters. An INGEM-1 instrument was used to determine the
absolute dissolved helium content in groundwater, and chromatographic analysis
using an LHM-8MD and Kristallux-4000M instrument was used to determine
hydrogeochemical parameters. Results and Conclusions. A comparative analysis
of the obtained gas-chemical and isotopic anomalies responsible for the earthquake
preparation periods was conducted. Anomalies arising in both the isotopic (6D
and 6180) and gaseous (He, H2, CO2) composition of groundwater are caused
by interactions in the gas-water-rock system for water-bearing rocks around the
observation points. Furthermore, as a result of the transmitted elastic stresses
during the earthquake preparation stage, rock fracturing and gas migration from
deeper layers along existing faults occur. This, in turn, is an important direction
for the development of hydrogeoseismological research.Keywords: groundwater,
geodynamic landfill, helium, carbon dioxide, precursors, gas chemical and isotopic
anomalies, variation, carbonates, bubbler, chromatograph.

Keywords: groundwater, geodynamic landfill, helium, carbon dioxide,
precursors, gas chemical and isotopic anomalies, variation, carbonates, bubbler,
chromatograph
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AnHoTaunus. Makana ceficMuKanbIK OeJceHaipyi naibiaaay ke3inae Tamkent
reOJMHAMHUKAIIBIK CHIHAK TIOJUTOHBIHBIH ayMarblHIa >KOFaprbl OOp Ke3eHiHiH
CEHOMaH/IBIK Ke3CHIHIH JKep acThl CyJapblHAa epireH ra3aap KOHIEHTPALUSIChIHBIH
YKOHE U30TONTHIK KypaMHbBIH aHOMAJIJBIK ©3TepiCTEPiHIH CUTIIaThl MEH MEXaHU3MiH
3eprreyre apHanraH. Makcamoi. 3eprreyne Hazapoek (11.12.1980 x., M = 5,5, P
= 15 km), Tys0yre3 (25.05.2013 k., M = 5,5, P = 50 km) xxone M = 5, 5, M
=20 km (20, M = 20, M = 20, M = 5,5 kM) JalibIHIBIK KE3CHJCPIHJIETI Kep
acThl CYyJapbIHBIH HM30TONTHIK JKOHE Ta3AblK KYpaMBIHBIH aHOMAIHSIAPBIHBIH
CHUINaThIHA MOHHUTOPHHITIK OakpUIaylapblH HOTHXKeJIepi KapacTelpbuiraH. 6.2,
R =200 xm) e3eHznep. xxep CikiHicTepi. Qdicmepi. 3epTTeNeTiH ayMaKTa epireH
ra3 aHOMaJHsuIapbl MEH ep acThl CyJapblHBIH H30TOINTHIK KYPAMBIH aHBIKTAY
YIIiH THAPOTeCEHCMONIOTHSUIBIK 3epTTeyliepAe KOMAaHBIIATBIH ASCTYPIl dIicTep
KOJIIaHBUIABI. ©O3MIriHEeH araThlH Cy HYKTEJNEpIHEH ChlHamMa aiy J>Kep acThl
CyJapbIHBIH THAPOTCOXMMUSUIBIK MapaMeTpiiepiH JalaiblK XOHE 3epPTXaHaNbIK
aHBIKTayAbl Koca anraHaa, 2RS-1-SV ¢opeBakyyMABIK COPFBIMEH BaKyyMbI
ra3chI3IaHAbIPY/Ibl KOJAaHy apKbUIbI OpbIHAAIIBL. JKep acThl cynapbiHaa aOCOMOTTI
epireH renuil KypamblH aHbikTay yiriH INGEM-1 kypansl KOnmaHBUIABI, aj
THIPOTCOXUMUSITBIK MapameTpiiepai anbikray ymin LHM-8MD sxone Kristallux-
4000M Kypaminapbl apKbUIbl XpOMaTOTrpaQusIbIK Tanay Kyprizinni. Homuocenep
MeH KopuimulHObLIap. XKep cinKiHiCiHe MaWbIHABIK Ke3eHJepiHe jkayar OepeTiH
QJIBIHFaH Ta3-XUMUSUIBIK KOHE M30TONTHIK aHOMAIIMSUIAPFa CAIBICTHIPMAJIbl Tajiay
XKyprizinmi. XKep actsl cynapbiHblH H30TONTHIK (3D xoHe 8180) xoHe ra3ropizui
(He, H2, CO2) xypambiHga maiina OojaThlH aybITKyJap Oakpliay HYKTENIEpiHiH
aifHajachlHAAaFrel Cybl Oap Tay OJKBIHBICTAPbl YIIiH Ta3-Cy-Tay JKbIHBICTAphI
XKYHeCciHeT1 e3apa dpeKeTTecy HoTmKecinae maiaa 6onansl. COHBIMEH Karap, sKep
CUIKIHICIHE TaHBIHJBIK Ke3eHIHIe OCpIIeTiH cepmiMIli KEPHEYIeP/IiH HOTHKECIH IS
Tay KBIHBICTAPBIHBIH KAPBUTYBI KoHE Oap >KapbhIKTap OOMBIMEH TepeH KadarTapaaH
ra3abplH MHTPAlMACHl OPBIH anajabl. byl €3 Ke3eriHae THAporeceiiCMOIOTHSIIBIK
3epTTeyaep/i JaMBITYIIH MaHbI3Ibl OAFBITHI OOJIBIT TAObLTAIbI.

Tyiiin ce3mep: xep acTbl cyjnapbl, TI'€OJUHAMHUKAIBIK [OJHMIOH, TEIHH,
KOMIPKBILIKBII Ta3bl, Xadaplbliap, ra3-XuMHsIIBIK KOHE U30TONTHIK ayBITKYIap,
Bapuaus, kKapooHaTTap, KemipIIiK, Xxpomarorpadg
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AHHOTanus. Axmyanvnocms. CTaThsd TOCBALIEHA W3YYEHHUIO HPUPOABI U
MEeXaHu3Ma aHOMAJbHBIX HM3MEHEHHH KOHIIEHTpAallud pacTBOPEHHBIX Tra3oB U
M30TOMHOTO COCTaBa IOJ3EMHBIX BOJI CEHOMAHCKOIO sIpyca BEpPXHEMEIOBOI'O
Iepruoa Ha TEPpUTOPUM TAIKEHTCKUN I€OAMHAMUYECKUN TOJMIOH B YCIOBHUSX
MOATOTOBKU CEHCMUYECKON aKTUBHOCTH. Lenb ucciedosanus - aHan3 pe3ylibTaToB
MOHUTOPUHTOBBIX HAOMIONEHUH aHOMajiuid Ta30BOr0 M HM30TOMHOIO COCTaBa
MOJI3€MHBIX BOJ| B Mepuojbl noarotoBku HaszapOekckoro (11.12.1980, M=5,5,
R=15 xm), Tysbyry3ckoro (25.05.2013, M=5,5, R=50 kM) nu MapskanOynakckoro
(26.05.2013, M=6,2, R=200 kM) 3emuerpsiceHuii. Memoowvi. [|yis BbISBICHUS
aHOMaJU{ pacTBOPEHHBIX Ta30B M M30TOMHOTO COCTaBa IOA3EMHBIX BOJ
HCIIOJIb30BAHbI TpaJuLMOHHBIE METO/IbI TU/IPOTe0CEeNCMOIOTHYECKIX
uccnenopanuii. OTO60p Mpod M3 CaMOU3NIMBAIOMIMX BOAOITYHKTOB MPOBOAMIICS
METOJIOM BaKyyMHOH Jiera3aluu ¢ UCIIoIb30BaHHEeM (opBaKyyMHOro Hacoca 2RS-
1-SV ¢ mocnenyrommM BBIIIOJTHEHHUEM TOJNEBBIX U JTaOOpaTOpPHBIX ONpeAeICHUI
THIPOTCOXUMHUYECKUX TapaMeTpoB. AOCONIOTHOE COICpKAaHUE PacTBOPEHHOTO
rejus ONpenesuioch ¢ npuMenenuem npudopa MHI'OM-1, a ananus ra3oBoro
COCTaBa BBIMOJIHSUICS XpoMaTorpaguyecKkum MeToioM Ha npudopax JIXM-8M/I u
Kpucramntokc-4000M. Peszyavmamot u 6b1600b1. IIpoBei€H CpaBHUTEIIBHBIN aHATTN3
ra30XMMHYECKHUX M M30TOIMHBIX aHOMAJIHH, IPUYPOYEHHBIX K 3TaraM MOJArOTOBKU
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3eMJIETPSCEHUH. YCTaHOBJIICHO, YTO HM3MEHEHHUs KaK W30TOMHOro coctama (0D,
0'%0), Tax u razoBoro cocrtaBa (He, H2, CO:) moa3emMHBIX BOm 0OYCIOBJIECHBI
MPOIECCaMU B3aUMOJCHCTBHUS B CHCTEME «T'a3—BO/Ia—TI0PO/Ia» B BOJOBMEIIAOIIIX
rmopojax BOMM3W MyHKTOB HaOmronmeHus. [lokazaHo, 4TO Ha CTaguy MOATOTOBKU
3eMIICTPSCEHUH O] JCHCTBHEM YIPYyTUX HalpsHDKeHWH —aKTUBU3HUPYIOTCS
MIPOIECCHI TPEIIUHOOOPA30BAHNUS, UTO CIIOCOOCTBYET MUTPAIIMU TITyOWHHBIX Ta30B
10 Pa3phIBHBIM HApYIICHUSM B 30HY HaOironeHws. [lomydeHHBIE pe3ynabTaThl
MOJTBEPXKAAI0T  MH(OOPMATHBHOCTh  THIPOTCOXMMHUYECKHX H  H3O0TOIHBIX
WHAWKATOPOB IS BBISBICHHUS TIPEJABECTHUKOB CEHCMHUYECKOW AaKTHBHOCTH U
MPEJICTABISIIOT Ba)KHOE HAIPABICHUE pPAa3BUTHS THAPOTEOCEUCMOIOTHIECKIX
HUCCJIEJOBAHUH.

KaroueBble ciioBa: moa3eMHbIC BOJIBI, T€OJUHAMHYECKUAN TIOJIHWIOH, TEIHH,
YINIEKUCIBIA Ta3, TPEABECTHHUKH, Ta30XMMUYECKHE W W3OTOIHBIE aHOMAJIHH,
Bapuanus, kKapOoHaTsl, 0apOoTEp, XpoMaTorpad

Introduction. The study of variations in the content of gaseous components
in groundwater occupies a special place in the complex of hydrogeoseismological
methods for predicting earthquakes. According to literature sources, groundwater is
an indicator of many processes occurring at depth (Ballentine et al., 2002; Kotarba
et.al., 1998). In particular, it reacts to changes in rock stresses associated with
the preparation of earthquakes (Yusupov, 2004 b: 2, Yusupov, 2020 V: 9). It is no
coincidence that there has been an increased interest in studying the nature and
mechanism of anomalous changes in the concentration of helium in groundwater
during periods of seismic activity. In this regard, it is worth noting the history of
the emergence of a new branch of seismology in Uzbekistan: hydrogeoseismology.
This field has provided an impetus for the development of systematic
hydrogeoseismological research since the discovery of scientific fact No. 129 dated
February 21, 1966. "The phenomenon of changes in the gas-chemical and isotopic
compositions of groundwater during the period preceding and accompanying an
earthquake" (Semenov et al., 2011); No. 68 dated December 30, 1968, "The pattern
of helium distribution in the Earth's crust, where anomalously high concentrations
of helium have been linked to deep faults, their movements, and related geodynamic
processes" (Semenov et al., 2011).

In this regard, research on the mechanisms and patterns of changes in
hydrogeochemical parameters in groundwater responsible for the formation of
anomalies remains an urgent task of hydrogeoseismology at the present stage.

The relevance of the study lies in determining the component, gas and isotopic
compositions of groundwater in the Tashkent Geodynamic polygon, which can help
predict possible seismic activity in the territory. During earthquake preparation,
rocks undergo significant elastic deformations. Spreading into the environment,
these elastic deformations, in turn, affect the course of physico-chemical and
hydrogeodynamic processes, expressed in changes in the level, flow rate,
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chemical, gas and isotopic composition of groundwater (Sultankhodzhaev.1983,
1984; Zakirov, 2025 v: 7). At the same time, long-term monitoring studies and
literature analysis indicate that no influence of seasonal meteorological conditions
or anthropogenic impacts (water abstraction or industrial activity) on groundwater
in the Cenomanian aquifer of the Cretaceous period was observed in the Tashkent
Geodynamic Test Site. Furthermore, no changes in the flow rate of self-flowing
wells were observed at the studied water points. (Sultankhodzhaev.1983, 1984).

Literary review. The global experience of observing dissolved gases and the
isotopic composition of groundwater has shown that with a rational selection
of observation points on the eve of an earthquake, noticeable changes in their
content can be recorded. The staff (A.N. Sultankhodjaev, A.A. Sultankhodjaev,
L.G. Chernov, T.I. Isamukhamedova, Sh.S. Yusupov, and others) of the Institute of
Seismology of the Academy of Sciences of the Republic of Uzbekistan investigated
targeted studies of changes in the isotopic and gas composition of groundwater in
Uzbekistan as a harbinger of an upcoming strong earthquake (Zakirov, 2025 v: 7;
Sultankhodzhaev et al.,1983; Sultankhodzhaev et al., 1984; Yusupov, 2004 b: 2).
Research by R.M.Semenov et al., 2011. Monitoring of the helium content in the
deep water of the lake was carried out from the Institute of the Earth's Crust of the
Siberian Branch of the Russian Academy of Sciences in order to possibly identify
short-term precursors of earthquakes.Baikal in connection with the change of the
seismic regime.

In connection with the above, the purpose of this article was to study the
nature of variations in isotopic and gas compositions in groundwater during the
earthquake preparation period and after its occurrence. The object of research is the
groundwater of the Pritashkent Artesian basin, which is associated with one of the
seismically active regions of Central Asia, where the possibility of earthquakes is
quite high.

Materials and methods. An INGEM-1 device was used to obtain absolute
dissolved helium content in groundwater, and samples were processed using a
chromatographic method on an LHM-8MD and Kristallux-4000M device. Samples
from self-discharging water points were collected using vacuum degassing with a
2RS-1-SV forevacuum pump, creating a vacuum in the sampler.

Figure 1. Elements of the 2RS-1-SV forevacuum pump.
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Designed for scientific research, it can operate in both low and high ambient
temperatures and is easy to transport. In the absence of electrical power, a G.F.
Kamovsky pump is used, consisting of a 5-liter cylindrical metal cylinder and glass
bubblers (0.2L) with vacuum hoses that are clamped with Kocher forceps.

Sampling from self-draining water points was carried out by vacuum degassing
using a G.F.Kamovsky pre-vacuum pump, a 5-10-liter cylindrical metal cylinder
and glass bubblers (0.2 liters) with vacuum hoses, which are clamped with kocher
(medical forceps). The creation of a reliable vacuum in the bubbler is controlled
by a pressure gauge and air pumping time. When gas is sampled from a well into
a cylinder, water is sucked into the cylinder under the action of a vacuum, and
spontaneous gas accumulates in the upper part of it, which is then transferred to a
bubbler. Then, the gas released from the groundwater under study by displacement
with a saturated solution of table salt is transferred to a separation funnel and
introduced into the chromatograph. The described method of sampling dissolved
gas, unlike the Savchenko method, is simpler and reduces the likelihood of air
entering the gas sample to a minimum.

This method of extraction of dissolved gas has advantages over the so-called
thermal and thermal vacuum methods of extracting gases from groundwater, in
which almost complete extraction of dissolved gas is achieved, however, a number
of processes occur that change the composition of the extracted gases. Their
selection and analysis in the laboratory for the gas content in the water should be
carried out daily.

Hydrogeoseismological studies of thermomineral waters in the Pritashkent
region began long before the Tashkent earthquake of 1966. Systematic monitoring
hydrogeoseismological observations have been conducted since 1972 to the present
(Zakirov et.al., 2019 a: 5; Zakirov, 2025 v: 7). The monitoring research area and
earthquake occurrence points are mapped on the map of seismogenic zones of
Uzbekistan (Fig. 2).

Results and discussions. The main gas components under routine monitoring
are hydrogen, helium and carbon dioxide. These components have a high migration
ability coming from the earth's interior and reactivity with the environment, which
makes it possible to use their abnormal changes as a harbinger of an earthquake.

This position is supported by the accumulated 40 years of factual material on
the study of changes in the concentrations of groundwater parameters over time,
as well as observations of variations in stable isotopes (3He/4He, *C/"2C in CO2,
D/H and $'0 of water, etc.). In the ongoing research, special attention is paid to
the phenomena occurring in the gas—water—rock system, since the ratio between
the earthquake preparation time and the rate of chemical components entering
the rock into the pore solution is defined as a hydrogeochemical anomaly of the
observed parameters. Our research provides data on variations in the carbon
isotopic composition 6"°C and CO, content, concentration of helium, molecular
hydrogen and isotopic composition of water (6D and 4'30) of the Ulugbek well
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in the Tashkent geodynamic polygon during the preparation and completion of
the Nazarbek earthquake (11.12.1980, M = 5.3) and during the preparation and
completion of the Tuyabuguz earthquake (25.05.2013, M = 5.5) and Marzhanbulak
(26.06.2013, M = 6.2, L = 230-240 km from Tashkent) earthquakes (Fig. 3, 4). As
shown by the results of monitoring studies during the time before the earthquakes
occurred in both the Nazarbek 1980, Tuyabuguz and Marzhanbulak earthquakes
in 2013, hydrogeochemical components had a background value (Yusupov et.al.,
2020 v: 9). During the preparation period of both earthquakes before the event,
anomalies of components were observed - concentrations of hydrogen, helium,
nitrogen, hydrocarbonate, carbon dioxide and isotopes in groundwater above
background values, characteristic of the geological and tectonic conditions of the
Ulugbek and Chatkal water points.

During the preparation period of both earthquakes before the event, anomalies
of the components were observed — concentrations of hydrogen, helium, nitrogen,
bicarbonate, carbon dioxide and isotopes in groundwater above the background
values.
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Figure 2. Excerpt from the map of seismogenic zones of Uzbekistan and adjacent territories
(R.N.Ibragimov, Yu.M.Sadykov, U.A .Nurmatov, 2017). Symbols: Seismogenic zones in which
earthquakes may occur: 1 -M <7.0; 2 -M > 6.0; 3 -M > 5.0; 4 — number of the seismogenic
zone. Magnitude of earthquakes:5th is less than 7.0; 6th is > 6.0; 7th is > 5. The epicenters of past

earthquakes are 46 — Tashkent (1966); 57 —Nazarbek (1980); 70 —Tashkent (2008); 72 —Tuyabuguz
(2013); 73 —Marzhanbulak (2013).

As can be seen from Fig. 3, all the geochemical and isotopic parameters shown
on it vary during the preparation period of the specified earthquake. It should be
noted that along with the anomaly in the concentrations of He, H, and CO, during
the earthquake period, there is also an anomaly in the isotopic composition of water.
Moreover, if the anomaly is represented as two peaks for the CO, concentration,
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then for the 8"3C value it is represented by only one, which coincides with the
second peak of CO, in time of manifestation. The first peak of the total carbon
dioxide content, according to the authors (Sadykov E.S et.al., 2015), may be due to
the initial earthquake preparation processes. During this period, fluctuations in the
values of 6"°C were not large.

The second peak of CO,, correlating with the maximum values of 513C, may be
associated with a more intensive development of elastic stresses and corresponding
deformations of rocks, with the generation of elastic waves that facilitate the entry
of carbon dioxide from carbonates heavier in isotope 13C (813C = -4.9...+5.6%o)
(Sadykov F.S et.al., 2015; Yusupov et.al., 2020 v: 9). The latter statement was
made based on the results of isotopic determinations of the values of 613C from
both dissolved CO,, HCO, (H,CO,), and CO, isolated from core samples of water-
bearing rocks (Sadykov F.S et.al., 2015; Yusupov, 2004 b:2). There is a clear
manifestation of anomalies in the gas composition of the groundwater of the Chatkal
sanatorium water point during the preparation of the Tuyabuguz and Marzhanbulak
earthquakes (Fig.4). The red vertical line shows the time of the hydrogeochemical
parameters of the earthquake that occurred directly in the study area. There is an
increase in concentrations of isotopes of helium, hydrogen, oxygen, and carbon
dioxide immediately before the earthquake itself, and at the time of seismic activity
there is a sharp decrease in the isotope content. From the standpoint of isotopic
geochemistry of helium, the main radiogenic source of gases in the sedimentary
cover are its constituent rocks (Krupnova et.al., 2005; Kotarba et.al., 1998).
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Figure 3. Changes in the isotopic composition: of carbon §"*C and CO, content, concentration of

helium, molecular hydrogen and isotopic composition 6D and §'*O of water in the groundwater of
the Ulugbek water point during the preparation of the Nazarbek earthquake on 11.12.1980 M = 5.3.
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For example, helium is mainly concentrated in areas of fractures, in rocks
of high radioactivity and hydrocarbon accumulations. The main factors of the
increase in helium concentration can be overestimated: from the proximity of alpha
radiation sources (granites and their destruction products); shallow occurrence of
the crystalline basement and the presence of rocks; the process of decomposition
of hydrocarbons in ancient gas accumulations (Zakirov et.al.2019 a: 5; Matveev
aet.al.1978; Finkelstein, 1978; Yusupov et.al., 2020).The duration of contact of
groundwater with helium-producing rocks can also be considered one of the most
important factors for the accumulation and preservation of helium. Having been
released from the destroyed minerals by chemical and mechanical means, the
helium bubbles dissolved in the waters migrate through disturbances to the upper
layers of the lithosphere.

The helium content in the groundwater of the Tashkent geodynamic polygon
varies between 0.03-2.7 vol. %. Abnormal changes in all water points are 6-8 times
higher than the background value. Based on our (Matveev, 1978; Yusupov et.al.,
2020) and literature data (Zakirov, 2025 v: 7; Kropotkin et.al., 1976; Semenov
et.al., 2011; Sultankhodjaeyv et.al., 1983), it can be stated that at the stage of
earthquake preparation, as elastic stresses increase, numerous microcracks form in
the water-bearing rocks.

This, in turn, leads to an increase in the release of buried gases from the pores
of the water-bearing rocks. At the same time, the main source of the increase in
the concentration of helium in groundwater is the migration of gases from deeper
layers of the earth along discontinuous faults and tectonic faults. All the water
points analyzed by us are located in the Karzhantau deep fault zone of the Pskov-
Tashkent seismogenic zone (Zakirov, 2022 b: 6).

The isotopic composition of hydrogen and oxygen in the water itself also
changes over time. The seismically calm period is characterized by stable deuterium
and oxygen-18 levels close to the background levels. According to the results
of monitoring studies, during the earthquake preparation period, changes in the
groundwater of the Ulugbek water point began about a year before the event. Long-
term observations of changes in gas composition have not revealed the influence of
seasonal fluctuations in water levels, meteorological conditions, or anthropogenic
impact (Kopylova, et al., 2020; Zakirov, 2026 g: 5). Increased concentrations of
these isotopes (by ~4%o for deuterium and ~0.6%o for §'*0O) were recorded relative
to the average background values.There is a slow decrease in concentrations to the
minimum values observed for 6D over a period of five months, and for 6'%0 over
two months.

The reduction in the isotopic composition of hydrogen and oxygen relative to the
background values was 4 and 0.2%o, respectively. The moment of the earthquake
occurred at the O content that had been stabilized by that time and the minimum
deuterium content, which recovered over the next three months. Along with the
anomalies in the values of 6D and §'*O for the period of the Nazarbek earthquake,
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anomalies in the contents of hydrogen, helium, carbon dioxide and its isotopic
carbon dissolved in groundwater were also observed (see Fig. 3).

In this regard, an assessment was made of the effect of the isotope exchange
process between these gases and the underground waters of the basin, which
showed that even an increase in the concentrations of H, and CO, to the maximum
values ever observed in the groundwater of the Pritashkentsky Artesian basin can
change the content of deuterium (increase) and oxygen-18 (decrease) in these The
water level is only ~0.002%o, which is more than a number of times less accurate
than the measurements.
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Figure 4. Changes in the hydrogeochemical parameters of groundwater over time at the following
water points: Chatkal sanatorium during the preparation of the Tuyabuguz (25.05.2013, M =5.5, R
=50 km) and Marzhanbulak (26.05.2013, M = 6.2, R =200 km) earthquakes.

The process of isotope exchange in the water-rock-gas system, which takes
place in the changed thermal conditions of earthquake preparation zones, can also
affect the isotopic composition of groundwater. The temperature coefficient of
oxygen isotope fractionation during the interaction of waters with Lower Cretaceous
sediments with the greatest oxygen shift is estimated at ~0.2%o/1°C. However, since
isotope exchange is a long—term process and not comparable in time to temperature
variations, it can be argued that as a result of its implementation, a change in the O2
content cannot e caused during a limited observation time.

For a hydrogen anomaly of ~5%o to occur, it is necessary that about ten times
more of these be released than strongly bound ones, which is observed. The presence
of anomalies only in wells located in fault zones, i.e. in areas characterized by
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increased rates of fracture formation. Based on this, it is assumed that the anomalies
in the values of 8D and 8'30 are caused by processes occurring in the water—rock-
gas system not throughout the entire aquifer, but only in its local sections. The
idea of their locality is confirmed by the assessment of the balance of radiogenic
components of inert gases carried out for the water—rock-gas system in the
conditions of the Pritashkentsky Artesian basin. If we have come to a conclusion
about the nature of the formation of anomalies in the isotopic composition of
water, the same cannot be said about the nature of the formation of anomalies
in the gas composition, in particular molecular hydrogen. As noted above, with
insignificant background concentrations of H,, individual bursts are observed when
its concentration increased by 1-2 orders of magnitude during the preparation
and after the occurrence of strong earthquakes. At the time of the earthquakes,
as a rule, the concentrations of molecular hydrogen were minimal. During the
preparation period for the Nazarbek earthquake (see Fig. 3), the background H,
content was ten thousandths and thousandths of a percent, and an increase in
hydrogen concentration to hundredths of a percent was considered an anomaly,
but after 1983, the background H, content increased by 2-3 orders of magnitude.
This suggests that the observed increased variations in helium and hydrogen
gases in groundwater are a consequence of elastic stresses transmitted from the
hypocenter, leading to the formation of microcracks in water-bearing rocks. Gas
migration through these cracks from deeper layers contributes to an increase in the
quantitative and volumetric content of dissolved gases during the pre-earthquake
stage (Zakirov, 2022 b: 6, Zakirov, 2025 v: 7). Based on the results obtained, the
following conclusions can be drawn below: —the isotopic composition of molecular
hydrogen in the studied area is characterized by concentrations of 6D, varying in
the range from -200 to -130%.. A possible source of molecular hydrogen with the
observed isotopic composition entering the aquifer may be a chemical reaction
between the groundwater of the underlying aquifers and the fracturing of rocks
formed during their cracking; —the observed variations of helium and hydrogen
gases in groundwater are a consequence of transmitted elastic deformations at the
stage of preparation for the main earthquake shock; — anomalies of CO, dissolved
in groundwater and carbon isotope 8"°C carbon dioxide during the earthquake
preparation period may be associated with a more intensive development of elastic
stresses and corresponding deformations of rocks with the generation of elastic
waves facilitating the entry of carbon dioxide heavier in isotope '*C from carbonate
rocks into the water (Yusupov et.al., 2020; Yusupov et.al., 2013).

Conclusion. During earthquake preparation, rocks in the Tashkent Geodynamic
polygon undergo significant elastic deformations. Spreading into the environment,
these deformations affect the course of changes in the hydrogeochemical and
isotopic parameters of groundwater at certain water points. Anomalies that occur
during earthquake preparation periods in both the isotopic and gaseous (He, H,,
CO,) composition of groundwater are caused by the processes of interaction in the
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«gas-water-rock» system for water-bearing rocks around the observation points of
the studied area;

The observed variations of helium and hydrogen gases in groundwater are a
consequence of transmitted elastic stresses at the stage of earthquake preparation,
leading to the processes of fracturing of water-bearing rocks and migration of gases
from deeper layers, according to existing discontinuous disturbances, i.e. tectonic
faults;

The anomaly in the isotopic composition of carbon 8"C, carbon dioxide
dissolved in groundwater during the earthquake preparation period, is associated
with a more intensive development of elastic stresses accompanied by fracturing
and corresponding deformations of rocks with the generation of elastic waves
providing gases and heavier isotope "*C carbon dioxide from fractured carbonate
rocks into the water.
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