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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. Recentstudies have shown thatvariationsinhydrochemical parameters,
especially dissolved gases in groundwater, may act as precursors to earthquakes.
This research investigates anomalies in helium and hydrogen gas concentrations in
groundwater before and after seismic events in Uzbekistan, focusing on data from
well No. 1 located in the Karzhantau fault zone, Tashkent. Measurements were
carried out from October 2023 to November 2024 using a “Kristallyuks 4000M”
gas chromatograph and ionomeric methods for pH and Eh. Helium concentrations
rose from background levels (0.001-0.004%) to peaks of 0.006-0.022% prior to
earthquakes with magnitudes between M=3.2-3.7. Hydrogen levels also increased
from 0.001-0.002% to up to 0.014%. These anomalies were typically observed
10-30 days before seismic events and declined after the earthquakes, though in
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some cases remained above background. Groundwater levels in surrounding
wells (EOCC 2, 3, 4) also exhibited notable fluctuations before earthquakes. The
spatial correlation between gas anomalies and seismic activity was analyzed using
Dobrovolskiy’s formula to define precursor influence radii. The results suggest a
strong relationship between increased gas emissions and crustal stress accumulation.
While not all earthquakes show identical gas behavior, the consistent pre-seismic
anomalies in helium and hydrogen indicate the potential for gas monitoring as part
of a multi-parameter earthquake forecasting system in seismically active regions of
Uzbekistan.
Keywords: earthquake, helium, hydrogen, groundwater, water level, anomaly
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AnHoranusi. COHFBI 3€pTTEYIEp XEP acTbl CYIapPBIHAAFBI THIPOXUMMSIBIK
napamMeTpIIepIiH, ocipece epireH ra3aapAablH e3repicTepi )Kep CUTKiHICTEPiHiH aJlIbIH
ana Oenrinepi 60ybl MYMKiH €KeHIH KepceTTi. byn 3eprreyne ©30excTaHmarbl
CeCMUKaIIBIK OKHMFaJlapra JACHiH ’KoHE KeHiH jKep acThl CyJIapbIHAAFbI TeIUH MEH
cyTeri raspl KOHLEHTPALMSUIAPBIHBIH aHOMAaJIHMAJIaphl KapacThIPbUIABL. 3epTTey
Tamxentreri Kapxanrtay skapbuiblc aimarblHaa opHanackan Nel yHFBIMa
MosiMeTTepine Herizaenred. Ommeynep 2023 xpurrbl KazaHHaH 2024 KbUIFBI
kapamrara neitin “Kristallyuks 4000M” ra3meik xpomatorpadsl xoHe pH meH
Eh anbIKTayFa apHamFaH MOHOMETPHSUIBIK OJIICTEp apKbUIBI Kyprizinmi. [emmit
koHIeHTpanusickl (oHnblK neHreiaen (0.001-0.004%) sxep cinkiHici ammpHma
0.006-0.022%-ke neitin apTThl (MarHuTygackl M=3.2-3.7 apansirbinga). CyTeri
ne 0.001-0.002%-ten 0.014%-xe neitin xeOeiimi. byn anomamusiap onerre
xkep cinkinicineH 10-30 kyH OypbhIH OaliKamibIl, KEHiH TOMEHJEMi, JereHMEH
KeiOip >karmainapra (OHABIK JAEHTeineH >Korapbl Kanisl. JKakplH MaHIarbl
yareivanapaa (EOCC 2, 3, 4) ma celicMUKaNbIK OKUFajap alJbIHA JKEP aCThI
CYBIHBIH JIeHTeli aitapibikTail esrepai. ['a3 aHOManusapbl MEH CEHCMHKAIBIK
OeNCeHmiTiK apachlHIAFbl KEHICTIKTIK Oaimanbic J[oOpoBoOibCcKUil (hopMyrackl
apKbUIBI TaIAaHABL. 3€PTTEY HOTHIKENEPl Ta3 IIbIFapblIBIMBIHBIH apTybl MEH XKep
KBIPTHICBIH/IaFbl KEPHEY/IIH JKWHAIYBl apachblHAa KYIITI OaitaHeic Oap eKeHiH
Kepcereni. bapibik xkep cinkiHicTepi Oipfelt Ta3ablK peakius KopCceTIereHiMeH,
reJMid MEH CYTETiHIH TYpaKThl ajJIblH ajla aHOMaJIMsUIapbl ra3 MOHUTOPHMHTIHIH
O30eKCTaHHBIH CEWCMUKAIBIK OCNICeH/I aiiMaKTapblHAa KOIl MapaMeTpili Ooinkay
XKYHeciHiH Oip Oeiri peTiHae MaHbI3IBLUIBIFBIH TSI ACH/TI.

Tyiiin ce3mep: xep CiIKiHICI, Tenuid, CyTeri, )Kep acThl CyJaaphl, Cy JeHTreki,
AHOMAJIHS
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AnHoTtanus. HenaBHue wMccienoBaHus — TMOKa3ajdd, YTO  M3MEHEHUS
THIPOXMMHUYECKHX TapaMeTpOB, 0COOCHHO KOHIECHTPAIIUU PACTBOPEHHBIX T'a30B B
MOJI3EMHBIX BOJAAX, MOTYT CIYXHTbh MPEIBECTHUKAMH 3eMiieTpaceHnii. B nanHoit
paboTe aHATU3UPYIOTCSl AaHOMATUH KOHIICHTPALMIA TefTis ¥ BOAOPO/a B TOJ3EMHBIX
BOJAaX A0 M TOCIE CEHCMUYECKHX COOBITUH B Y30eKucTaHe, ¢ aKIEHTOM Ha
JaHHbIe M3 CKBaXWHBI No 1, pacmonokeHHOW B 30He pasznoma Kapikanray (T.
Tamxkent). Usmepenuss mpoBoguimuchk ¢ okTsa0ps 2023 roma mo HosiOpp 2024
roga ¢ HCHOJb30BaHMEM ra3oBoro xpomarorpada «Kpucrammoke 4000M» u
HOHOMETpUYecKux MeTonoB i onpenenenus pH n Eh. Konuenrpauums renus
yBenruuBanach oT poHosbix 3HaueHui (0,001-0,004 %) no nuxossix (0,006-0,022
%) mepen 3emieTpsiceHUsIMU Maruutyaoi M = 3,2-3,7. YpoBeHb BOIOpO/Ia TAKXKE
Bozpactan ot 0,001-0,002 % mo 0,014 %. OTi anomanuu HabrOMaMCH 32 10-30
JHEH 710 3eMJIETPSICEHUI 1 CHUYKAJIMCh ITOCIIE COOBITHI, XOTS B HEKOTOPBIX CITydasix
OCTaBAJIMCh BBIIIC (POHOBOTO YPOBHA. YPOBEHb IOA3EMHBIX BOJ B COCETHHX
ckBakuHax (EOCC 2, 3, 4) Taxke JeMOHCTPUPOBAI 3aMETHBIC KoJieOaHMs epe]]
ceificMuueckuMu coObITUsIME. [IpocTpaHCcTBEHHAS KOPPESIHSI MEXIY T'a30BBIMU
AQHOMAJMSIMA M CEHCMHMYECKOW aKTHBHOCTBIO ObUIa TPOAaHAIM3UPOBAHA C
UCTIONIb30BaHuEM (opmMysIbl JloOpOBOIBCKOTO ISl ONpeieieHUs paryca 1eHCTBUS
npeaBecTHUKOB. [lomyueHHbIe pe3ynbTaThl YKa3bIBalOT Ha TECHYIO CBSI3b MEXKIY
MOBBIIIIEHUEM T'a30BbIACICHNS 1 HAKOIJIEHUEM HAIPsKEHUH B 3eMHON Kope. XoTs
HE BCE 3eMJIETPSICEHHs] COTPOBOXKIAIOTCS OIMHAKOBBIMH ra30BBIMU U3MEHEHUAMH,
yCTOMUNBBIE MpeJceiicMUUECKHe aHOMAJIMU Tellus M BOJAOpOJa IMOATBEPH AAIOT
MEPCIEKTUBHOCTh T'a30BOI0 MOHMTOpPHHIA KakK YacTH MHOTrONapaMeTpH4yecKon
CHUCTEMbI TPOTHO3UPOBAHUS 3EMJIETPACEHUH B CEHCMOAKTUBHBIX pPETHOHAX
V30ekucrana.

KuaroueBble cioBa: 3emieTpsceHue, reiuid, BOAOPOA, MOA3EMHBIE BOJBI,
YPOBEHb BOJIbI, aHOMAJIHS

Introduction. To date, research conducted by scientists worldwide has recorded
anomalies in more than forty hydrochemical parameters in groundwater in relation
to numerous earthquakes. The most frequently observed anomalies are primarily
seen in radon, helium, carbon dioxide, groundwater level, oxygen, and hydrogen
isotopes. Radon, a radioactive element, can change its concentration in the earth,
water, and atmosphere before, during, and after an earthquake. Radon is produced
by the decay of uranium and thorium in rocks, soil, and groundwater. Typically,
high concentrations of these radioactive elements are found in areas with granite
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formations or uranium-rich rocks. Helium is a colorless, odorless, and inert gas
present in small amounts in the Earth's crust (0.003 mg of helium in 1 kg of Earth
material). It is primarily produced through the radioactive decay of heavy elements
such as uranium and thorium. This process generates two isotopes of helium:
helium-4 (4He) and helium-3 (3He). The majority of helium on Earth is in the
form of 4He, but the rarer 3He can be found in trace amounts in some geological
formations and natural gas fields. Due to helium's light and inert properties, it rarely
reacts with other elements, making it a useful tracer for studying fluid movements
in the Earth's crust. Detecting an unusual increase in helium levels near fault
lines may indicate some seismic activity before an earthquake. According to the
observations of in the Altai Republic region, it was reported that the concentration
of helium in groundwater near faults is higher than in groundwater located far
from faults, suggesting that helium could be used as a precursor to earthquakes
(Sultankhodzhaev et al, 1967; Sultankhodzhaev et al, 1982; Dutova et al, 2020;
Wang 2004; Yan 1996; Zhou et al, 2021; Zhu et al, 2024).

The increase in helium gas levels before an earthquake has been recorded in
numerous observations and scientific studies. This change is primarily related to
tectonic pressure and geodynamic forces in the Earth's crust. Before an earthquake
occurs, underground gases, including helium, may escape through fractures. As
stress increases in the Earth's crust, the release of gases also rises. These processes
are especially significant before large-magnitude earthquakes.

Anomalies have been observed before several earthquakes, including the 1975
China Haicheng earthquake, where a significant increase in helium gas was noted
before the 7.4 magnitude event. This situation indicates that helium gas is released
due to underground stress and geodynamic forces (Wuyep et al, 2021; Zhang et al,
2022; Zhao et al, 2021).

The rapid increase in helium gas during an earthquake. When an earthquake
occurs, the opening of fractures and cavities in the Earth's crust accelerates the
release of helium gas. This change is often dependent on the magnitude of the
earthquake and the geological characteristics of the region. During large-magnitude
carthquakes, the release of helium gas is more noticeable. For instance, during
the 1995 Japan Kobe earthquake, the release of helium gas accelerated. The
displacement of the Earth's crust and the opening of fractures led to an increased
release of gases.

The decrease in helium gas after an earthquake. After an earthquake, fractures
and cavities in the Earth's crust may quickly close. As a result, the release of gases
ceases or decreases. Once the earthquake has passed and geological structures have
recovered, the concentration of gases decreases. For example, during the 2008
China Sichuan earthquake, there was a sharp reduction in helium gas levels in the
final phase. This is related to the closing of the Earth's crust and the cessation of
gas release (Barkat et al, 2018; Woith 2015; Umeda et al, 2013; Sano et al, 1998;
Das et al, 2009)
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In the study of the gas-chemical impact of the Nazarbek earthquake in
Uzbekistan in 1994, observed in the Lunacharskoye well, anomalies were recorded
in the helium and carbon dioxide gas concentrations in groundwater.

Methods and procedures. In this study, the hydrochemical data of well No.
1 observed from October 2023 to November 2024 are presented. The amount
of dissolved gases in groundwater was measured throughout the year using the
"Kristallyuks 4000M" Chromatograph device. Only the graphs of the parameters
where changes were observed are presented in this paper (Figures 6, 7, 8), while the
remaining graphs are not provided due to the absence of anomalies.

The pH (hydrogen ion concentration) and Eh (oxidation-reduction potential)
levels in groundwater were determined using the lonomer I-160MI device.
Measurements were carried out throughout the year.

The concentrations of cations and anions in groundwater were determined using
titration methods.

The above experiments were only conducted for well No. 1, while groundwater
levels in other wells were measured throughout the year.

In this work, we used the formula by (Dobrovolsky 1991), which is typically
used to evaluate the selection range of seismic precursors, expressed as follows:

R=1004M

Where R is the radius of the effective precursor manifestation depending on the
earthquake magnitude. According to this formula, the epicentral distance radii of
earthquakes with M =4, 4.5, 3.2, 3.6, and 3.7 can reach 52.5, 86.1, 23.8, 35.32, and
39 km, respectively. Table 2 provides information about the observed earthquakes.

Geological and geographical characteristics. Uzbekistan is located on the
southern border of the Eurasian tectonic plate, which is one of the most complex
geological and tectonic structures on the Asian continent. The geological structure
of the region falls within the Alpine-Himalayan tectonic belt, where the plates
interact with each other, resulting in high seismic activity. The main tectonic plates
and zones of Uzbekistan: Eurasian plate: Most of Uzbekistan is located within the
Eurasian tectonic plate. This plate covers a large part of the Northern Hemisphere
and is relatively stable. However, along the southern borders, friction between
the plates causes seismic activity. Indian plate: The Indian plate, moving from the
south, moves against the Eurasian plate. This collision process creates enormous
compressive forces in the Pamir and Hindu Kush mountain systems, which increases
the risk of earthquakes in the southern and eastern parts of Uzbekistan. Pamir-
Tian-Shan mountain system: The eastern and southeastern parts of Uzbekistan are
located in the seismically active zones of the Shan and Pamir mountain systems.
These mountains were formed as a result of the pressure of the Indian Plate on the
Eurasian Plate (Yusupov et al, 2024; Yusupov et al, 2024; Yusupov et al, 2025;
Yusupov et al, 2025).
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Characteristics of tectonic movements: Convergence zones: In the Pamir and
Tien Shan mountains, tectonic plates form compression zones, where mountain
uplift and strong earthquakes occur.

Plate faults and faults: There are several tectonic faults (for example, the Talas-
Fergana fault) located on the territory of Uzbekistan, along which tremors and
earthquakes occur.

Seismic activity: Southern Uzbekistan (Kashkadarya, Surkhandarya) and
eastern regions (Fergana Valley, Tashkent, Namangan) are considered seismically
active zones.

The tectonic location of Uzbekistan makes it one of the seismically dangerous
regions. The country is part of the Alpine-Himalayan tectonic belt, where complex
movements occur between the Eurasian and Indian plates. Therefore, great attention
is paid to building standards and safety measures, taking into account seismic
hazards.

The city of Tashkent, the Fergana Valley, and the Andijan, Namangan, Bukhara,
and Samarkand regions are among the most dangerous zones. In particular, Tashkent
and the Fergana Valley are characterized by greater seismic activity.

The geological structure of Tashkent is complex, which is associated with the
tectonic activity and historical development of the region. The city is located in the
Tashkent oasis, in the Chirchik River valley and in the surrounding foothills.

Tectonic structure. Tashkent is located in a tectonic region of high seismic
activity. There are small and large faults in the earth's crust in the region. The Talas-
Fergana fault and other geological dislocations pass near Tashkent, which causes
earthquakes.

Groundwater resources. The Tashkent Valley is rich in groundwater resources.
These aquifers are located in alluvial rocks and are an important source of water
supply for the city. However, high groundwater levels sometimes reduce the
strength of the soil and affect the safety of construction.

Seismic risk factors. The presence of soft and water-saturated alluvial rocks
in the Tashkent region can amplify seismic waves and increase the damage from
earthquakes. Therefore, much attention is paid to earthquake-resistant construction
in the city. Figure 1 shows the wells located at the Tashkent landfill.

Wells No. 1, 2, 3, 4 on the territory of the Institute of Seismology of the Academy
of Sciences of the Republic of Uzbekistan were established for seismic monitoring
and earthquake forecasting (Figure 1). These wells are located in the Karzhantau
fault zone. The depth of well No. 1 is 60 m, the drilling diameter is 244 mm, the
diameter of the pipe body is 159 mm, and the filter is 10 m. The lithology of the
aquifer consists of gravel and sandstone (Figure 2). The gas composition, ionic
composition, groundwater level, temperature, pH and Eh values of this well are
constantly monitored (Table 1). In the remaining 3 wells, only the water level is
measured from April 2021 to November 2024. Information about these wells is
presented in Table 1.
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Table 1. Lithological compositions of the studied wells and monitored parameters

Observation point Seismotectonic Denth Lithological composition of
p conditions P groundwater
Institute of Seismology .
No. 1 well Karjantau deep fault Q,, 60 m Sand and gravel
Institute of Seismology . Sand, gravel, and
No. 2 well Karjantau deep fault Q,» 100 m conglomerate
. . Sand, gravel, igneous and
Instltu}ileoog Se:jlmology Karjantau deep fault Q,» 150 m metamorphic rocks, and
oW conglomerate
Institute of Seismology Q.., 250 Sand, gravel, igneous and
. IV’ = .
No. 4 well Karjantau deep fault 300 m metamorphic rocks, and

conglomerate
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Table 2. Earthquakes that occurred during the GGS monitoring period

. Epicentral
Ne Date Location M nlc; T;Sg; loggisttu de dliﬁih distance
(km),
1 | 11.09.2021 Kazakhstan 3.6 41,55 69,12 15 32
2 105.11.2022 Kazakhstan 4.5 41,56 68,93 15 46
3 26.07.2023 Kazakhstan 4 41,43 68,98 10 27
4 105.04.2024 Kazakhstan 32 41,36 69.02 20 13
Uzbekistan
5 109.09.2024 Tashkent sh. 3.6 41,33 69,38 5 9
Uzbekistan
6 |19.10.2024 Middle Chirchiq 3.7 41,03 69,39 10 34

Results and discussion. During the one-year observation period, the helium
and hydrogen gases in the groundwater changed in small ranges. However, in the
periods before and after the earthquakes, the composition of these gases showed
clear changes. Before the earthquake, the pressure of tectonic plates increases,
which creates small cracks in the Earth's crust. As a result, it becomes easier for
underground gases, including helium and hydrogen gases, to escape to the surface.
Helium is formed as a result of the decay of geological rocks, especially uranium.
When tectonic activity increases, these rocks crack, and the release of helium
into the atmosphere increases. The concentration of helium gas increased from
the background value of approximately 0.001% to 0.006% before the earthquake
on 05.04.2024 (M=3.2, R=13 km). The anomaly began at the end of March.
After the anomaly began, the amount of helium gas increased and decreased
after the earthquake. The anomaly, in which the helium content increased from a
background value of approximately 0.002% to a maximum value of 0.015% before
the earthquake on 09.09.2024 (M=3.6, R=9 km), began in July. After the anomaly
began, the gas content gradually increased and reached a maximum value before
the earthquake. The background value increased from approximately 0.004% to
0.022% before the earthquake on 09.09.2024 (M=3.6, R=9 km). After the anomaly
began in late August, the helium content increased, and after the earthquake it
decreased, but was still above the background level (Figure 6).

The hydrogen gas concentration increased from approximately 0.001% to
0.006% of the background value before the earthquake on 05.04.2024 (M=3.2,
R=13 km). The gas content increased from the beginning of the anomaly in late
March (approximately 28.03.2024). After the increase, the hydrogen content
decreased after the earthquake. The background value increased sharply from
approximately 0.002% to 0.012% before the earthquake on 09.09.2024 (M=3.6,
R=9 km). A significant increase was observed from the beginning of the anomaly
in late August (approximately 27.08.2024). After the earthquake, the hydrogen
content decreased, but still remained at a high level. The hydrogen concentration
reached its highest value in the earthquake of 18.10.2024 (M=3.7, R=34 km),
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reaching 0.014%. The gas content increased since the beginning of the anomaly
(approximately 05.10.2024). After the earthquake, the gas content decreased, but
remained at a stable high level (Figure 7).

Significant changes in the groundwater level were observed in each earthquake.
In the 1st earthquake, a decrease in the water level was observed in wells EOCC 2
and EOCC 3. In well EOCC 4, there was a slight change, but a significant decrease.
The anomaly began to decrease the water level since August 2021. Before the 2nd
earthquake, i.e. since December 2022, the water level in the EOCC 2 well, which
began to rise, rose from -12.3 m to -11.8 m, and in the EOCC 3 well, it rose sharply
from -12.4 m to -11.7 m. During the 3rd earthquake, a rise in the water level was
also observed in the EOCC 2 and 3 wells, from -12.4 m to -12 m and from -12.3 m
to -11.9 m, respectively, while no change was observed in the EOCC 4 well. Before
the 4th earthquake, i.e. since July 2024, the water level in all three wells began to
rise. Uplift anomalies were also observed in the fifth and sixth earthquakes, but
only in the sixth earthquake, no change was observed in the EOCC 2 well.
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Figure 6: Graph of helium gas changes in well No. 1 on the territory of the Institute of Seismology
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Figure 7. Graph of hydrogen gas changes in well No. 1 on the territory of the Institute of
Seismology
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Wells 2-3-4 of the Institute of Seismology
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Figure 8. Graph of groundwater level changes in wells No. 2,3,4 on the territory of the Institute of
Seismology

Conclusion. The helium gas anomaly began 10-30 days before each earthquake,
that is, the amount of helium gas gradually increased. The longest-lasting anomaly
was observed before the earthquake on 09.09.2024 (the gas content increased for 25
days). After the earthquake, the amount of helium gas decreased, but in some cases
remained above the background level. The amount of helium increased sharply
before each earthquake, which indicates an increase in the release of gas from the
underground in preparation for earthquakes.

These results may confirm that the increase in helium gas is associated with
seismic activity, and indicate the importance of helium monitoring for earthquake
forecasting. However, these results may not be repeated in some earthquakes.
Therefore, it is worthwhile to confirm these results with many studies.

A sharp increase in the concentration of hydrogen gas was observed several
days or weeks before each earthquake. For stronger earthquakes (M=3.6, 3.7),
the hydrogen content was relatively higher. After the earthquake, the gas content
decreased, but in some cases remained high. The largest was observed before the
earthquakes of 05.04.2024 and 09.09.2024.

Usually, the water level decreases or increases before an earthquake, and then
returns to its previous state after the earthquake. These changes can be useful for
predicting earthquakes in advance. Of the three wells above, EOCC 4 well has
the largest changes since the earthquakes, which indicates that deeper aquifers are
sensitive to seismic activity.
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