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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 Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 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 npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. In recent years, questions about the possible influence of space
weather factors on seismic activity have become increasingly relevant, especially in
regions where tectonic faults are further affected by anthropogenic factors, such as
the creation of artificial reservoirs and changes in hydrogeological conditions. This
study focuses on the earthquake with magnitude MW = 5.1 that occurred on May
1, 2011, near the Kapchagay reservoir in Kazakhstan. The main aim of the study is
to reveal a potential relationship between geophysical processes in the lithosphere
and the effects of space weather, including solar wind, magnetic field parameters,
and SYM/H index variations. The analysis is based on data from regional and
global seismological catalogs, measurements of geomagnetic field parameters,
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solar wind data, and mathematical models describing electromagnetic initiation of
earthquakes. It was found that 28 hours before the main seismic event, a powerful
pulse of solar wind was recorded, causing notable changes in geomagnetic field
parameters and accompanied by anomalies in the electrical conductivity of the
fault. These observations are consistent with models predicting that solar flares may
trigger earthquakes in electrically conductive faults of the Earth's crust, especially
when conductivity is increased by anthropogenic factors. The results suggest that
the investigated earthquake could have been triggered by a combination of space
weather and local geophysical conditions. Further and more detailed studies of
similar events in other regions are required to confirm this hypothesis and to expand
scientific understanding of the mechanisms behind such phenomena.

Keywords: earthquake in Kazakhstan, artificial reservoir, tectonic fault,
earthquake precursor, space weather
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AnHoranusi. COHFBl KbUIJAphl FAPBILTHIK aya paibl (akTopaapbIHBIH
CelCMHKAIIBIK ~OENCEHMITIKKEe BIKTUMAll ocepi Mocenenepi OapraH cailblH
ocipece TEKTOHMKAJBIK JKapbUIBIMAAPFA >KacaHIbl Cy KOMMAalapblH Kypy >KoHE
THIPOTCONOTUSUIBIK  SKaFJaiaapapl  ©3repTy CHSKTBI JpTYpJi  aHTPONOTECHIIK
(akTopiap KOCHIMIIA dcep eTETiH aiMakTapaa e3ekTi Oomyga. OCbl FBUIBIMH
xkymbicta 2011 sxeumrbel 1 Mambipna Kaszakcran aymarbingarbl Kammmarail cy
KolMachl MaHbIHIA OoiFaH MW = 5.1 MarHWTymaibl jkep CUIKIHICI KaH-KaKThl
opi TepeH KapacThIPbIIABL. 3epTTEYAiH HET13T1 MaKcaThl — IUTOC(epasarbl Kypaemi
reoU3NKaIBbIK YAEPICTep MEH FapBIITHIK aya pPadbIHBIH, COHBIH ILIHIE KYH
KEJIHIH, MarHUT epici mapaMeTpiepiniH xoHe SYM/H unnekcinin e3repictepinin
BIKIIAJIBIH aHBIKTAY YKOHE OJIap/bIH apachIHAAFbl BIKTUMaJl OaiIaHbICTapAbl amry.
Tanpay alitMakTbIK *oHE >KahaHIBIK CEHCMOIOTHANIBIK KaTalOTTapAbIH ASPEKTEP,
TEOMarHUTTIK ©pic TapaMeTpiepiHiH, KYH JKENiHIH eJIey HOTHXKeIepi >KoHe
Kep CUIKIHICTEepiHIH DSJIeKTPOMAarHUTTIK TYBIHAAYbIH CHITATTAWTHIH 3aMaHayd
MaTeMaTHKAIIBIK MOJIENbJIEp HeTi3iH/e KYpri3ingi. Herisri celicMUKasblK OKHFaFa
Neiin 28 carar OYPBIH KYH JKETiHIH KyaTThl UMITYJIBCI TIpKeJiN, TeOMarHUTTIiK
epic mapameTpiiepinae aUTapiabIKTail e3repicTep TYIBIPIABI KOHE >KapbUIBIMHBIH
ANIEKTPOTKI3TIMTITIHAE Oipkarap aHoManusiap Oadkanapl. byn Oaxeiiaynap
ANIEKTPOTKI3TIMITITI KOFAphl JKapbUIBIMAAP/A, ocipece OHBIH aHTPOTOTEHJIIK
(axTopiap ocepiHEH KOCBIMINA apTKaH >KarJaiblHAa, KYH >KapKbULIAPBIHBIH
JKep CIIKIHICTEpiH TPUTTEepJiey MYMKIHIITH OODKAaHTBHIH 3aMaHayd MOJICIbMEH
TOJBIKTAM yiseceni. AJIBIHFAaH HOTHOKENEP KapacTBIPBUIBIIT OTBIPFaH JKEp
CLIKIHICIHIH FApBIIITHIK XOHE JKEPTUTIKTI TeO(PU3UKAIBIK (PaKTOpIapAbIH KeIIeH I
opi KypHeidi ocepiHeH TYBIHIAybl MYMKIH €KeHiH Kepcereli. byi ychHBUFaH
TUIOTE3aHbl TYIKITIKTI pactay VIIiH 0acka aliMakTapJarbl YKcac Karmaaimapisl
OZIaH 9pi XKOHE TEPEHIPEK 3epTTey KaKeT, Oy OChIHAal KYyOBUIBICTap/AbIH Maina
0oy MexaHu3Mepi Typanbl FBUIBIMH TYCIHIKTEPHI aWTapibIKTail KeHEeWTyre
MYMKIHIIK Oepe/ti.

Tyiiin ce3mep: KasakcraHmarbl JKep CUIKiHICI, KacaHIbl Cy KOHMAcHI,
TEKTOHHKAIIBIK KApPbUIbIM, JKE€p CUIKIHICIHIH ajIblH aja Oenrici, FaphIITHIK aya
paiibl
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AnHoTanus. B mocnennue roasl BOIPOCH BO3MOYKHOTO BIHMSHHUSL (PAKTOPOB
KOCMHYECKOW TIOroJibl Ha CEHCMUYECKYH) aKTHBHOCTh MPUOOpPETAlOT BCE
OONIBIIYIO aKTyaJlbHOCTb, OCOOCHHO B peruoHax, [I[e Ha TEKTOHHYECKHE
Pas3IOMBl JIOTIOTHUTENBHO BO3JCHCTBYIOT aHTPONOTEHHbIE (DaKTOPBI, TAaKUE Kak
CO3/IaHHE HMCKYCCTBEHHBIX BOJOXPAHWIHUIL M H3MEHEHHME THAPOTeOTOrMYECKHUX
ycioBuil. B maHHOW paboTe mMmompoOHO paccMaTpuBacTCsl 3eMIICTPSICEHUS
marautynoit MW = 5.1, npouzomenumee 1 mas 2011 roga Bonu3u Kamyaraiickoro
BOJIOXpaHmIMIa Ha Tepputopun Kaszaxcrana. OcHOBHas 1i€Nlb UCCIIEAOBAHUS —
BBISIBUTH BO3MOYKHYIO CBSI3b MEXIY reo(pU3NUECKUMH MpoleccaMu B JuTochepe
U BO3JICHCTBUEM KOCMUYECKOM IOrOAbI, BKIIOYAsi COJIHEYHBIN BETEp, MapaMeTpsl
MAarHUTHOrO MoOjad M wu3MeHeHus wuHaekca SYM/H. Ananu3 BbIIOJHEH Ha
OCHOBE JIaHHBIX PETHOHAJIBHBIX U IIOOAIBHBIX CEHCMOJOIMUYECKHX KaTajoroB,
M3MEpPEeHUH IMapaMeTpoB T€OMArHUTHOTO IIOJIi U COJHEYHOTO BETpa, a TaKKe
COBPEMEHHBIX MaTeMaTHMYeCKHUX MOJIeNIel, OMUCHIBAIOUINX 3JIEKTPOMAarHUTHOE
WHUIMMPOBAHNE 3eMJIETPICEHUH. YCTaHOBIEHO, YTO 3a 28 4acoB O OCHOBHOI'O
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celCMHUYECKOTO COOBITHS OBIT 3a()MKCHPOBAH MOIIHBIA HMMITYJIbC COJTHEYHOTO
BETpa, BHI3BABIINI CYIIIECTBEHHbBIC H3MEHEHHS TapaMeTPOB IT€OMarHUTHOTO TTOJIS U
COTIPOBOK/IABIIANCS aHOMATHSIMH JIEKTPOTIPOBOAHOCTH pa3iioMa. DTH HAOTOISHUS
COTJIACYIOTCS C MOJIEIBIO, IPEACKA3bIBAIOIIEH BOZMOKHOCTh TPUTTEPHOTO BITUSTHUS
COJTHEYHBIX BCITBIIIEK HAa (POPMHPOBAHWE 3EMIICTPSICEHHA B AIIEKTPOITPOBOTHBIX
pasjomMax 3eMHOUW KOpBI, OCOOCHHO B YCJIOBHUSX JIOTIOJIHUTEIBHOTO YBEIWYCHHS
AIIEKTPOIIPOBOTHOCTH ~ BCIICACTBHE TEXHOTEHHBIX (akTopoB. [lomyueHHble
PE3yIBTaThl TO3BOJISIOT TPEAIONIOKUTh, YTO PACCMATPUBAEMOE 3EMIICTPSICEHHE
MOTIIO OBITh CIIPOBOIUPOBAHO KOMIUIEKCHBIM BO3JIEHCTBHEM KOCMHYECKHX U
JIOKANBHBIX Teor3mueckux (akropoB. [Jis OKOHUATETHHOTO IONTBEPKICHHS
JAHHOW TUIOTE3bl HEOOXOMUMBI AallbHeHIe U Ooliee MTyOOKHE WCCIIeOBaHUS
AQHAJIOTUYHBIX CITyYaeB Ha JIPYTHX TEPPUTOPHSX, YTO MO3BOJIUT yIITyOUTH HayYHBIE
MIPEJICTABIICHUS] O MEXaHN3MaX BO3HUKHOBEHUS TIOAOOHBIX SBJICHHIA.

KaroueBnie ciaoBa: 3emuieTpsiceHne B KazaxcraHe, HMCKYCCTBEHHOE BOJIO-
XpaHWIHIIE, TEKTOHUIECKUH Pa3iioM, IPEeIBECTHUK 3eMIICTPSICEHHSI, KOCMHUYECKas
rmoroja

Introduction. In September 1969, the 1li River, originating on the Tien Shan in
the People’s Republic of China, was blocked on the territory of the Almaty region
(Kazakhstan). A dam and hydroelectric power station were built in the narrow
Kapchagay gorge, and since 1970 the filling of the Kapchagay reservoir in the
central part of the Ili Depression began. In former times, the Ili Depression was
classified as an aseismic area, so a noticeable earthquake with an energy class of K
=13 (Mw =5.1), which happened here on May 1, 2011 at 02:31:29 UT at a depth
of 23.2 km with the coordinates of the epicenter 43.58°N 77.7°E was unexpected
for both seismologists and residents of the region. The epicenter of the earthquake
was located south of the Kapchagay reservoir, the intensity of seismic tremors in
the territory of Almaty was 4-5 points. After the main shock, which occurred in
the morning local time, there were several aftershocks of lower magnitude. During
May 1, 2011, Almaty residents felt the vibrations from earthquakes at least six
times. The epicenter of the Kapchagay earthquake is located in the transition zone
from structures of the Tien Shan orogen to Dzungaria, the features of the geological
and tectonic structure and deformation regime of this zone are presented in detail in.
It is shown (Figure 1) that the earthquake area is a weakly seismic zone separating
the North Tien Shan and Dzungaria seismic zones of Kazakhstan. The crystalline
basement of the Caledonian consolidation is overlain here by strata of Meso-
Cenozoic rocks. The earthquake center was realized under conditions of regional
compression stress in the submeridional direction, under the influence of which
there were movements along the rupture planes consistent with the kinematics and
extension of the main regional faults. The earthquake hypocenter is confined to the
junction of higher-order faults, one of them is subparallel to the Kapchagai-Chilik
shift, the other has a northeastern strike. The nearest seismogenerating zone to the
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focus of the Kapchagay earthquake is the Altyn-Emel seismogenerating zone, the
potential of which in the north is Mmax = 6.5, and in the south the most possible
earthquake magnitude is Mmax = 7.0.

45 ,a;,.eq

Kishlak "

44

43 ¢

75 76 77 78 79 80
Figure 1 - Location of the epicenter of the Kapchagay earthquake with energy class K=13
(Mw=5.1), which occurred on May 1, 2011

The analysis of seismicity in the territory of the Kapchagay earthquake before
1971 and after allowed to suggest that the observed increase in seismicity may be
associated with the creation of the Kapchagay reservoir, that is, the earthquake
of May 1, 2011 could have been induced. Since the reservoir is located in close
proximity to the Altyn-Emel tectonic fault, and since further evolution of reservoir-
induced seismicity is possible, which can activate this fault, the possibility of a
stronger seismic event here is not excluded, which has already been confirmed
to some extent. Thus, according to the data of the American Geological Survey
USGS (Nurtas, et al., 2023: 26), on August 8, 2017, in the zone of the eastern
tip of the Altyn-Emel fault in China (44.302°N 82.832°E) an earthquake with a
magnitude of M=6.3 occurred at 23:27:53 (UTC), and then within 17 minutes two
more earthquakes with M=5.2 and M=5.3 occurred on the same fault, but already
on the territory of Kazakhstan (44.325°N, 82.742°E and 44.359°N, 82.790°E) at
23:39:18 and 23:44:31 (UTC), respectively.

The analysis of the Kapchagay earthquake involved 1-minute data of the
absolute values of the components of the magnetic field vector measured at 4
magnetovariation stations located at 100 and 130 km from the epicenter of the
earthquake. The coefficient of the transfer function A=6Z/8H was calculated for
periods of 8, 15, 22, 90, 120 and 180 minutes associated with the conductivity of
rocks at the depths of field penetration in the corresponding periods of variations.
At one of the stations (Kurty), an anomaly was detected in the values of A for a
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period of 120 minutes, corresponding to a decrease in the electrical resistance of
the rock at a depth of about 20 km. When analyzing the variations of the seismic
parameter Vp/Vs (the ratio of the velocities of longitudinal and transverse seismic
waves), which characterizes the strength of the geological medium, it was found
that about a day before the earthquake, two zones of reduced values of Vp/Vs of
the northwestern direction were observed, between which the epicenter of the
earthquake arose. On the eve and during the Kapchagay earthquake, changes were
also observed in the intensity of the thermal neutron flux, in gamma radiation, in
bursts of surface atmospheric electricity and in the spectra of micropulsations of
atmospheric pressure. These results indicate that the process of preparation and
implementation of the Kapchagay Mw=5.1 69 earthquake was accompanied by
variations in geophysical parameters recorded at the Earth’s surface.

The formulation of the problem of the possible connection of the Kapchagay
earthquake with variations in the state of space weather is currently justified, since an
article (Sorokin, et al., 2023: 14) has recently been published, where a mathematical
model of electromagnetic generation of earthquakes has been developed due to the
influence of solar flare energy on the ionosphere-atmosphere-lithosphere system
and the strengthening of telluric currents in the lithosphere, including the field of
tectonic faults. It should be noted that the creation of this model was preceded by
more than 170 years of statistical research on the possible connection of seismic
activity with variations in the number of sunspots, solar flares, high-speed streams
of charged particles, for example. The results of correlation analysis often showed
both a positive correlation between solar and seismic activity and a negative one,
and works appeared, for example (Love et al., 2013: 40), where it was concluded
that there was no significant connection between solar and seismic events. However,
these investigations are only statistical in nature, where a simple (not physical)
hypothesis was tested about the presence or absence of a correlation between solar
activity and seismicity of the Earth. In contrast, the paper (Sorokin et al., 2023: 14)
considers a physical hypothesis — the possible electromagnetic effect of a solar flare
on the earthquake preparation area. The absorption of solar flare radiation in
the ionosphere creates additional ionization in it, which is accompanied by the
appearance of an additional electric current in the ionosphere and, consequently,
an electric field. In (Sorokin et al., 2023: 14), equations were obtained that make
it possible to determine the disturbance of the -electric field in the ionosphere—
atmosphere system and then calculate the characteristics of the electric field and
telluric current for the Earth’s surface due to the absorption of solar flare radiation.
The results (Sorokin et al., 2023: 14) showed that after an X-class solar flare, the
telluric current density in the conducting layer of the lithosphere can reach 108 —
10° A/m2, which is 2-3 orders of magnitude higher than the average telluric current
density in the lithosphere 2x10-"° A/m2 (Lanzerotti et al., 1986). The duration of
the telluric current impulse can be 100 s, and the duration of the leading edge of
the impulse is 10 s. Indeed, there are works, for example, (Dunson et al., 2011:
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11), where it is shown that sometimes, before earthquakes, unipolar impulses
with such characteristics can be observed in the parameters of the geomagnetic
field. It was also shown in (Sorokin et al., 2023: 14) that electrical conductivity
and the geographical orientation of the tectonic fault, where earthquakes mainly
occur, play an important role in the electromagnetic triggering of an earthquake.
Stronger telluric currents will be generated when the telluric current density vector
is directed parallel to the direction of the tectonic fault. Their calculations showed
that at the middle and low latitudes of the northern hemisphere, the density vectors
of telluric currents are oriented mainly along latitude. In Figure 1, thin brown lines
show faults in the earth’s crust in the vicinity of the Kapchagay earthquake. We see
that their orientation is near latitude, therefore, this region meets the requirements
for electromagnetic (solar) triggering of earthquakes. Another important aspect for
choosing a fault where electromagnetic generation of earthquakes is potentially
possible is its electrical conductivity. Usually, electrical conductivity is determined
by the method of magnetotelluric sensing, which, unfortunately, is not available for
this area. However, since the Kapchagay earthquake occurred on a fault where an
artificial reservoir was created, it can be assumed that due to this reservoir of water,
the conductivity of the fault in this place could be increased. Below are the results
of the analysis of the Kapchagay earthquake in connection with the state of space
weather currently.

Materials and Methods. The proposed article uses data from the regional
seismological catalogue (Nurtas, etal.,2024:231), data from the global seismological
catalogue of the US National Geological Survey (USGS), available on the web page
(Nurtas, et al., 2023: 26). Data on solar wind parameters and global geomagnetic
activity are taken from the OMNI database presented on the NASA website
(Altaibek, et al., 2024: 15), where 1-minute values of the geomagnetic SYM/H
index are obtained from the Kyoto International Geomagnetic Data Center (Japan)
(Chen et al., 2025: 52). Geomagnetic data from the international INTERMAGNET
network (Sorokin et al., 2024: 14) and data with per second resolution from the
Alma-Ata Geomagnetic Observatory (Kazakhstan), available on the website of the
Ionosphere Institute (Altaibek et al., 2025: 16), were also used. The geomagnetic
data with per second resolution was previously cleared of false outliers (due to
technical interference) by the exclusion method according to criterion 5 o, and then
the gaps in the data were filled by interpolation values using spline interpolation.
The continuous series of per second values of the geomagnetic X-, Y-, and Z—
components prepared in this way for the period April 29 - May 1, 2011, each with
a length of 259200 values, were used to calculate the per second values of the
transfer function R=Z/H, where H = VX2 + Y2 is the horizontal component of
the geomagnetic fields. To analyze the characteristics of the transfer function, an
algorithm of scalogram calculation was used, which is the absolute value of the
continuous wavelet transform, constructed as a function of time and frequency.
This algorithm is implemented in the package (Wavelet Time-Frequency Analyzer,
MatLab) (Mallat, 2009).
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Results. At 106 km from the epicenter of the Kapchagay M5.1 earthquake
that occurred on May 1, 2011, with the coordinates of the epicenter (43.58°N
77.7°E), the Alma-Ata Geomagnetic Observatory is located on the territory with
coordinates (43.10°N, 76.57°E). The type of equipment used in the observatory:
LEMI-008 ferrosonde magnetometer, LEMI-203 portable single-component
magnetometer, Processor Overhauser Sensor (POS-1). Geomagnetic measurements
at the observatory are carried out in accordance with the Instructions and the
INTERMAGNET standard. Variational measurements of XYZ components are
performed with a frequency of 1 s, measurements of the full geomagnetic field
vector F are performed with a frequency of 5 s, minute files of XYZF values are
formed from data of per second resolution, available on the website (Altaibek, et
al., 2025: 16). Figure 2 shows, for example, variations of the full geomagnetic field
vector for the period from April 29 to May 1, 2011. The black line marks the date
of the earthquake on May 1 at 02:31:29 UT.
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Figure 2 - Per minute values of the full geomagnetic field vector according to the Alma-Ata
Geomag- netic Observatory for the period from April 29 to May 1, 2011 (Altaibek, et al., 2025: 16);
the black line marks the date of the Kapchagay M5.1 earthquake that occurred at 106 km from the
observatory.

As can be seen from Figure 2, a positive impulse was observed in the values of
the geomagnetic field on April 29, 2011. Namely, at 21:27 UT, the values of the total
field vector were F=54820.5 nT, at 21:50 UT they reached the value of F=54872.5
nT, increasing by 52 nT in 23 minutes, and then at 22:30 UT they returned to the
value of F=54816.5 nT, decreasing to 56 nT in 40 minutes. That is, the impulse
amplitude in the full geomagnetic field vector was 54 nT, and the duration was 63
minutes. Analysis of variations in the components of the geomagnetic field showed
that the observed positive impulse manifested itself most vividly in the northern
X component and had an amplitude of 82 nT. The time interval between the peak
of the positive impulse in the geomagnetic field on April 29 at 21:50 UT and the
earthquake on May 1 at 02:31:29 UT was 28 hours and 40 minutes.
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Figure 3 - (from top to bottom): Per minute values of the horizontal component of the geomagnetic
field, geomagnetic declination, vertical component, and the total vector of the geomagnetic field
according to the Urumqi Geomagnetic Observatory (China) for the period from April 29 to May 1,

2011 (Sorokin, et al., 2024: 14).

To find out whether the nature of the impulse in the geomagnetic field registered
at the Almaty observatory was local or global, records of the nearby geomagnetic
observatories Urumgqi, China (43.8 N 87.7 E) and Arti, Russia (59.4 N 58.6 E),
presented on the INTERMAGNET website, were analyzed. A similar impulse
was detected at both stations, Figure 3 shows, for example, data from the Urumgqi
Geomagnetic Observatory (China).

Comparing Figures 2 and 3, it can be concluded that the positive impulse in the
geomagnetic field vector registered by the Alma-Ata Geomagnetic Observatory on
the eve of the Kapchagay earthquake was not local. A similar impulse was registered
at the Urumgqi magnetic observatory (Figure 3) and Arti (not shown), which may
indicate about a global source of its generation. As shown below, its cause was the
arrival of a high temperature dense stream of solar wind (protons) into the Earth’s
orbit, which caused an impulse pressure on the magnetopause and, consequently,
an impulse in the parameters of the geomagnetic field. Figure 4 shows the 1-minute
values of the vertical component of the interplanetary magnetic field in the
geocentric solar magnetospheric coordinate system (GSM), the velocity, density
and temperature of the solar wind flow, the dynamic pressure of the solar wind on
the daytime magnetopause, and the geomagnetic SYM/H index for the period from
April 29 to May 1, 2011. The data is obtained from the OMNI database presented
on the NASA website (Altaibek et al., 2024: 15). Table 1 shows the observation
time of the extreme value (high-lighted in bold) in each of the six parameters shown
in Figure 4.
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Figure 4 - ((from top to bottom) — 1-minute values of the vertical component of the interplanetary
magnetic field in the geocentric solar magnetospheric coordinate system (GSM), velocity, density
and temperature of the solar wind flow, dynamic pressure of the solar wind at the daytime
magnetopause, and geomagnetic SYM/H index for the period from April 29 to May 4, 2011 from
OMNI databases (Altaibek, et al., 2024: 15).

Table 1. Extreme values (highlighted in bold) in the parameters of the solar wind (vertical
component of the interplanetary magnetic field in the GSM coordinate system, velocity, density,
temperature, dynamic pressure of the solar wind flow to the magnetopause), and the geomagnetic
SYM/H index observed in the period April 29 - May 1, 2011.

Date Time UT BZ_GSM Speed  Density Temperature Pressure SYM/H
(nT) (km/s) (1/cm3) (K) (nPa) (nT)

29 April  21:54 7.71 469.0 3744 48934.0 16.47 17

29 April  21:58 6.63 462.5  21.02 75023.0 8.99 20

30 April  00:57 -17.25 5135 739 445795.0 3.9 -10

30 April  02:54 1.49 5712 8.05 872653.0 5.25 -23

30 April  15:12 4.85 7253 224 271422.0 2.36 -31

2 May 06:34 -2.21 661.0 248 263121.0 2.17 551
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The data presented in Figure 4 and Table 1 show that on April 29, 2011, at
21:58 UT, there was a sharp positive jump in the values of the geomagnetic SYM/H
index, which reached a value of +20 nT (bottom panel in Figure 4). The reason
for this was a dense solar wind stream that abruptly approached the Earth’s orbit
at 21:54 UT with a density of 37.44 1/cm3 (the third panel from above in Figure
4), which caused a sharp jump in the dynamic pressure of the solar wind on the
daytime magnetopause to a value of 16.47 nPa (the second panel from below in
Figure 4). The temperature of the solar wind flow reached a maximum value of
8726530K on April 30 at 02:54 UT (the third panel from below in Figure 4). The
speed of the solar wind also began to increase and on April 30 at 15:12 UT reached
725.3 km/s, doubling relative to the initial value of 350 km/s (the second panel
from above Figure 4). The vertical component of the interplanetary magnetic field
in the geocentric solar magnetospheric coordinate system (GSM) began to change
its sign from positive to negative, in which the lines of the geomagnetic field
are effectively reconnected with the lines of the magnetic field of the solar wind
(interplanetary magnetic field) with concomitant penetration of solar wind energy
into near-Earth space. The value of BZ GSM (upper panel of Figure 4) reached
a maximum negative value of -17.25 nT on April 30 at 00:57 UT, when the main
phase of the geomagnetic storm began to develop. The maximum negative value of
SYM/H=-55 nT was observed on May 2 at 06:34 UT (a small geomagnetic storm
according to the classification (Altaibek et al., 2024: 15)).

Figure 5 shows a scalogram of the transfer function R=H/Z for April 29 - May 1,
2011, obtained from 1-second data from the Alma-Ata Geomagnetic Observatory.
In this figure, the horizontal axis shows the time from 00 UT on March 29, 2011,
to 24 UT on May 1, 2011, the numbers at the bottom of the axis mark the consecutive
hours from 00 UT on March 29, 2011. The vertical axis indicates the oscillation
frequency in the range 0.01-0.1 Hz. The amplitude of the oscillations is shown in
color (red corresponds to the largest amplitudes of Kapchagay). The arrow at the
bottom of the picture marks the date of the earthquake. Figure 5 shows that the
amplitude of oscillations at almost all frequencies increased about a day before the
earthquake, while fluctuations was characterized by the greatest amplitude in the
range of 0.01 — 0.03 Hz, which corresponds to periods of 100 - 30 s. This result
coincides quite closely with the predictions of the mathematical model (Sorokin et
al., 2023: 14), where it is shown that the activation of space weather can generate a
telluric current impulse in a seismically active region lasting 100 s.
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Figure 5 - Scalogram of the transfer function R=H/Z for April 29 - May 1, 2011 in the frequency
range 0.01-0.1 Hz according to the Alma-Ata Geomagnetic Observatory, the arrow indicates the date
of the Kapchagay earthquake.

Discussion. Before the Kapchagay M5.1 earthquake on May 1,2011, the Alma-Ata
Geomagnetic Observatory, located 106 km from the epicenter, registered a positive
spike in the parameters of the geomagnetic field. A similar spike was recorded at
other geomagnetic observatories. An analysis of the solar wind parameters according
to the OMNI database showed that this surge had an external cause - it was caused
by the pulsed arrival of a solar wind stream with high density and high temperature to
the Earth’s orbit, which led to the development of a small geomagnetic storm (SYM/
H=-55nT).

The mathematical model (Sorokin, et al., 2023: 14) predicts that solar flares, the
most striking manifestation of which on Earth are geomagnetic storms, can cause an
increase in telluric currents in tectonic faults of the Earth’s crust. This model is based
on field and laboratory experiments demonstrating the possibility of an earthquake
due to the introduction of an electric current into a tectonic fault (Zeignarnik et al.,
2022: 58). The key parameter in the model (Sorokin, et al., 2023: 14) is the electrical
conductivity of the medium, which in the ionosphere is provided by ultraviolet and
X-ray radiation from the Sun, the latter manifests itself most effectively during solar
flares. The conductivity of the Earth’s crust is determined by the material composition
of the geological environment, and currently its condition is significantly influenced
by manmade human activity, including the creation of artificial reservoirs (Gupta,
1992; Nurtas et al., 2024; Sarsembayeva et al., 2021: 8).

There is a general opinion that the creation of artificial reservoirs can have an
impact on seismic activity, but this effect depends on many factors and conditions.
At the same time, it is believed that the threat may be only in those regions of the
planet where there is an increased level of natural seismic activity. Quite a lot of
articles have been published (Klose, 2008; Nurtas et al., 2023), stating that the M7.9
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earthquake that occurred on May 12, 2008, in the Chinese province of Sichuan, the
victims of which were about 80 thousand people, could have been provoked by the
creation of a reservoir near the epicenter (at about 12 km). Possible trigger causes of
earthquakes that occurred near the Koina artificial reservoir (India) are also actively
discussed (Gupta, 1992).

At the same time, even though the occurrence of induced earthquakes in the
areas of artificial reservoirs has already been well documented, there is no complete
explanation for this phenomenon yet. Thus, in (Negmatullaev, et al., 20006) it was
shown that in the case of simultaneous locking of a large part of the tectonic fault
extending along the reservoir, favorable conditions are created for simultaneous
movement of the earth’s crust along the fault over a large extent, which can cause
a strong trigger (excited) earthquake. (Nurtas et al., 2023; Altaibek et al., 2024: 15)
As noted above, it has already been suggested that both this earthquake and the
increase in seismicity observed in this region after 1971 may be associated with the
Kapchagay reservoir.

It is reasonable to assume that locking a part of a tectonic fault in the vicinity of
an artificial reservoir can increase its electrical conductivity, and since the model
(Sorokin, et al., 2023: 14) predicts that solar flares should activate seismicity in
faults with increased conductivity, then the seismically active territory in the area of
an artificial reservoir may be one of the first in the list of candidates for the connection
of its seismicity with variations of cosmic weather. Therefore, it seems advisable to
analyze other earthquakes in the territory of artificial reservoirs for their possible
connection with variations in space weather.

One of the strongest earthquakes (M=6.3) associated with the creation of
artificial reservoirs occurred on December 10, 1967, south of the Koina reservoir
(India) (Gupta, 1992). The authors of these monographs noted that seismic activity
was decreasing here, but after filling, located south of the reservoir, also in India, a
new surge of seismic activity began. So, on December 8, 1993, at 23:45:07 UT, an
earthquake with a magnitude of M =5.1 occurred at a depth of 25 km with epicenter
coordinates of 17.074°N 73.634°E. In Figure 6, we have presented, for example,
I-minute values of the geomagnetic SYM/H index for the period December 7-10,
1993, where the red line marks the date of the M5.1 earthquake. This event was
accompanied by a strong geomagnetic storm SYM/H=-100 nT, which began with a
positive impulse in the geomagnetic field SYM/H= + 6 nT on December 7 at 12:23
UT. The time interval between the positive peak in the SYM/H index on December 7
at 12:23 UT and the earthquake on December 8, 1993, at 23:45:07 UT was 35 hours
22 minutes. As noted above, the time interval for the Kapchagay earthquake was 28
hours and 40 minutes. That is, in principle, the nature of the result in Figure 6 for
the M5.1 earthquake near an artificial reservoir in India closely coincides with the
nature of the result in Figure 2 for the M5.1 earthquake near an artificial reservoir
in Kazakhstan, which can serve as a foundation for further deeper research in this
direction.
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Figure 6. Per minute values of the geomagnetic SYM/H index for the period December 7-10, 1993,
according to the OMNI database (Altaibek, et al., 2024: 15); the red line marks the date of the
carthquake on December 8, 1993, in the area of an artificial reservoir in India.

Conclusions. The analysis of the earthquake Mw 5.1 in the area of Kapchagai
reservoir on May 1, 2011 revealed a temporal and physical relationship between
anomalous manifestations of space weather and seismic activity in the study
region. It was found that immediately before the earthquake there was a significant
geomagnetic pulse caused by the arrival of dense and high-temperature solar wind
flow, which, according to modern mathematical model, can initiate an increase in
telluric currents in conductive faults in the Earth's crust.

Given the presence of an artificial reservoir that can increase the electrical
conductivity of tectonic faults, the results support the hypothesis of a potential
electromagnetic earthquake trigger. In addition, analogies with other cases (e.g.,
the 1993 India earthquake) confirm the recurrence of the observed mechanism.

Thus, the conclusions emphasize the need for further research on the integrated
analysis of the influence of space weather and anthropogenic factors on seismic
activity, which is especially relevant for areas near large hydraulic structures. Only
the accumulation and systematization of data on similar events will allow a more
reliable assessment of risks and increase the effectiveness of measures to predict
and reduce damage from possible earthquakes.

Acknowledgments: We sincerely thank the National Scientific Center for
Seismological Observations and Research of the Ministry of Emergency Situations
of the Republic of Kazakhstan, particularly Chief Researchers G.Ya. Khachikyan
and A.G. Fremd, for their valuable insights and seismic data support during the
preparation of this work.

Funding: This research is funded by the Committee of Science of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No.
BR24992865).

References
Sorokin V., Yaschenko A., Mushkarev G., Novikov V. (2023) Telluric Currents Generated by
Solar Flare Radiation: Physical Model and Numerical Estimations, Atmosphere, 14. — P.458. https://
doi.org/10.3390/atmos 14030458 (in English).

123



ISSN 2224-5278 4.2025

Search Earthquake Catalog. Available online: https://earthquake.usgs.gov/earthquakes/search/
(accessed on 21 July 2025).

Nurtas M., Zhantaev Z., Altaibek A., Nurakynov S., Mekebayev N., Shiyapov K., Iskakov B. and
Ydyrys A., 2023. Predicting the likelihood of an earthquake by leveraging volumetric statistical data
through machine learning techniques. Engineered Science, 26. — P.1031. http://dx.doi.org/10.30919/
es1031 (in English).

Love J.J., Thomas J.N. (2013) Insignificant solar-terrestrial triggering of earthquakes, Geophys.
Res. Lett, 40. — P.1165-1170. https://doi.org/10.1002/grl.50211 (in English).

Lanzerotti, L.J. and Gregori, G.P., 1986. Telluric currents: the natural environment and interactions
with man-made systems. The Earth’s electrical environment, National Academy Press, Washington,
DC. — P.232-257. (in English).

Dunson J. C., Bleier T. E., Roth S., Heraud J., Alvarez C. H., Lira A. (2011) The pulse azimuth
effect as seen in induction coil magnetometers located in California and Peru 2007- 2010, and its
possible association with earthquakes, Nat. Hazards Earth Syst. Sci. (NHESS), 11. — P.2085-2105.
https://doi.org/10.5194/nhess-11-2085-2011 (in English).

Nurtas M., Zhantaev Z. and Altaibek A., 2024. Earthquake time-series forecast in Kazakhstan
territory: Forecasting accuracy with SARIMAX. Procedia Computer Science, 231. — P.353-358.
https://doi.org/10.1016/j.procs.2023.12.216 (in English).

Altaibek A., Nurtas M., Zhantayev Z., Zhumabayev B., Kumarkhanova A. (2024) Classifying
Seismic Events Linked to Solar Activity: A Retrospective LSTM Approach Using Proton Density,
Atmosphere, 15(11). — P. 1290. https://doi.org/10.3390/atmos15111290 (in English).

Chen H., Han P., Zhuang J., Hattori K., Miao M., Hu K., Tao T. (2025) On solar-terrestrial interactions:
Correlation between intense geomagnetic storms and global strong earthquakes. Geophysical Research
Letters, — 52. — P. €2024GL108590. https://doi.org/10.1029/2024GL108590 (in English).

Sorokin V., Novikov V. (2024) Possible interrelations of space weather and seismic activity:
An implication for earthquake forecast. Geosciences, — 14. — P. 116. https://doi.org/10.3390/
geosciences14050116 (in English).

Altaibek A., Zhumabayev B., Sarsembayeva A., Nurtas M. and Zakir D., 2025. Enhancing
Geomagnetic Disturbance Predictions with Neural Networks: A Case Study on K-Index
Classification. Atmosphere, 16(3). — P. 267. https://doi.org/10.3390/atmos16030267 (in English).

Mallat S. (2009) A Wavelet Tour of Signal Processing, The Sparse Way, 3rd ed.; Academic Press.
(in English).

Zeigarnik V.A., Bogomolov L.M., Novikov V.A. (2022) Electromagnetic Earthquake Triggering:
Field Observations, Laboratory Experiments, and Physical Mechanisms — A Review, Izv., Phys.
Solid Earth, 58. — P. 30-58. https://doi.org/10.1134/S1069351322010104 (in English).

Gupta H.K. (1992) Reservoir-Induced Earthquakes, Elsevier Publishers: Amsterdam, Netherlands.
— P. 364. (in English).

Klose C. D. (2008) The 2008 M7. 9 Wenchuan earthquake—Result of local and abnormal mass
imbalances, AGU Fall Meeting Abstracts, 2008. (in English).

Negmatullaev S.H., Starkov V.I. (2006) The impact of the reservoir on the surrounding areas,
Reports of the Academy of Sciences of the Republic of Tajikistan, 43, 3. (in English).

Sarsembayeva A., Odsuren M., Belisarova F., Sarsembay A., Maftunzada S. A. L. (2021) Detecting
the Sun’s active region using image processing techniques, Physical Sciences and Technology, 8(3-4).
— P. 48-53. https://doi.org/10.26577/phst.2021.v8.i2.07 (in English).

Sobolev G.A. (2021) The effect of strong magnetic storms on the occurrence of large earthquakes.
Izvestiya — Physics of the Solid Earth, — 57. — P. 20-36. (in English).

Guglielmi A.V., Klain B.I., Kurazhkovskaya N.A. (2021) On the correlation of earthquakes with
geomagnetic storms. [zvestiya — Physics of the Solid Earth, — 57(6). — P. 994-998. https://doi.
org/10.1134/s1069351321060021 (in English).

Matzka J., Stolle C., Yamazaki Y., Bronkalla O., Morschhauser A. (2021) The geomagnetic Kp
index and derived indices of geomagnetic activity. Space Weather, — 19(5). — P. €2020SW002641.
https://doi.org/10.1029/2020sw002641 (in Engllish).

Marchitelli V., Harabaglia P., Troise C., De Natale G. (2020) On the correlation between solar
activity and large earthquakes worldwide. Scientific Reports, — 10. — P. 11495. (in English).

124



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of
Kazakhstan implies that the described work has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To
verify originality, your article may be checked by the Cross Check originality detection
service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
National Academy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[TpaBuiia opopmileHHs CTAThU JUIsl ITyOJIMKALIMK B )KypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Jupexrop oraena nzganus HayuHslx xkypHaioB HAH PK 4. bomanxwizer
Penaxropsr: /.C. Anenos, JK.I1I.O0en
Bepctka na xommnstiorepe I /. JKadvipanosa

[Tonmucano B mevats 15.08.2025.
®opmar 70x90'/, .. Bymara opcernas. Ileuars — pusorpad.
20,5 .. 3aka3 4.

POO «Hayuonanvnas akademus nayk PK»
050010, Anmamet, ya. Llleguenxo, 28, m. 272-13-19



