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CTPYKTYPHO-TEO®U3UYECKUE Y CEUCMOTEKTOHUYECKWUE MOJIEJI 3EMHOM KOPBI
FOXKHOI'O KABAXCTAHA KAK OCHOBA OLIEHKU CEMMCMUYECKOM OITACHOCTU

CTPYKTYPHO-TEO®U3UYECKUE U CEUCMOTEKTOHUYECKUE MOJE/IU
3EMHOM KOPBI F0?KHOT'O KA3AXCTAHA KAK OCHOBA OLIEHKH
CEMCMUYECKOH OIMACHOCTH

A B Yerkinova, N P Stepanenko, O K Kurilova, T M Kaidash, TS Uteuliyev

(National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan)

AHHOTAIIUS : IOxubii  Kasaxcram Bxogur B cocTaB  IIpuapainbcko-Kaparayckoro — ceflcMOOMAcHOTO — pervoHa,

XapaKTEePU3YIOLIETOCS CIOKHBIM T'€0JI0T0-TeKTOHUYECKUM CTPOCHHEM U MPOSBICHUAMH COBPEMEHHOM CeiCMUYECKON aKTHUBHOCTH.
HecMmoTpss Ha Hanmuure 3HAYUTEIBHOTO OOBEMa TEOJNIOTHMYCCKHX M Teo(U3MUECKUX MAaTephalioB, TEPPUTOPUS PETHOHA B
CEHCMOJIOTMYECKOM U CEHCMOTEKTOHMUYECKOM OTHOIICHHWH OCTAeTCsl M3yueHHOW HENOCTaTouHO. B TO ke Bpemsl HaKOIUICHHBIC
JTAaHHBIC O TIYOMHHOM CTPOCHUH, MOIIIHOCTH 36MHOM KOPBI U OCOOCHHOCTSIX BEPXHEH MaHTHH CO3/IAl0T OCHOBY JUISI KOMILIEKCHOTO
W3YYCHUS CBA3U IIYOMHHOTO CTPOCHUS JTUTOCHEPHI C COBPEMEHHOW I'eOIMHAMUKON M CEHCMHYHOCTBIO.

Ha Ttepputopun HOxnoro Kaszaxcrana B pasHble NMEpUOAbl HAOMIONCHHN OBUTH 3aperHCTPUPOBAHBI CEHCMHUUCCKUE
cOOBITHS ¢ MarHUTYIaMu M=2,5—7,5, 4TO CBUICTEIHCTBYET O HAIMYUH PEATIbHBIX M MOTCHIIMAIBHBIX CEHCMOTCHEPUPYIOIIUX 30H,
CHOCOOHBIX (OPMHUPOBATH CHJIBHBIC 3eMIICTPSCCHUS. Takue 30HBI SBISFOTCS HCTOYHHKAMH WHTCHCUBHBIX JTHHAMHYCCKUX
BO3/ICHCTBUI Ha Ie0JIOrMUYECKYIO Cpely M, COOTBETCTBEHHO, Ha 3[JaHHS, COOPYKEHUS U Cpelly >KU3HEACATEIbHOCTH HACEJCHHUS.
CoBpeMeHHas celicMu4eckass akTUBHOCTb TEPPUTOPUU B 3HAUUTENILHOM CTETIEHU ONpeAessieTcs] MPeaIIeCTBYIONIeH UcTopuel ee
TEOJIOTHUECKOTO Pa3BUTHS, 0COOCHHO MPOIIECCaMH, MTPOUCXOMBIIMMHI HA HOBCHUIIIEM TEKTOHHMYECKOM 3Tarle.

Lene uccrnenoBaHusi 3aKIIOYAETCS B KOMIUIEKCHOM aHAJIHM3€ CTPYKTYPHO-TCOPU3MUECKUX H CEHCMOTEKTOHMYECKHX
ocobeHHOCTEH 3eMHOI Kopbl HOkHOTO Kazaxcrana M mOCTPOCHHUH MOJENel, KOTOphIe MOTYT OBITh HCIIOJIB30BaHBI B Ka4eCTBE
OCHOBBI U OLCHKH CEHCMUYECKON OMAaCHOCTH PEerroHa. J{Js peleHus MOoCTaBICHHOM 3aa4i BBITIONHEHO KOMIUIEKCHPOBaHKE
UMCIOLINXCSL TeO0JIOTO-TEKTOHUYECKUX, TEeO(PH3MYECKHX W ceicMoNormdeckux MarepuanoB. CTpyKTypHO-reopHu3nuecKas
COCTABIIIONIAST HMCCIICIOBAHUS XapaKTEPU3yeT OCOOCHHOCTH TIIyOHMHHOTO CTPOCHHUS TEPPUTOPHH, BKIOYAs HEOTHOPOIHOCTU
3eMHOU KOpBI M BepxHell MaHTHH. CelCMOTEKTOHMYECKass COCTABIAIONIas OCHOBAaHA HA aHAJM3€ TEKTOHHYECKUX Pa3IOMOB,
COBPEMEHHOH CECMHUYHOCTH W TIPOCTPAHCTBEHHOTO IIOJIOKEHUSI PEaJbHBIX W TMOTEHIHMANHGHBIX 30H BO3HUKHOBEHHS OYaroB
3eMJIETPSACEHUI.

Ha ocHOBe KOMIIJIEKCHOTO aHanmnM3a TeOo(PpU3NYEeCKUX, TeOJOTO-TEKTOHMYECKHX ¢ CEHCMOJOTHMYECKHX JaHHBIX
pazpaboTaHa  peruoHanbHass  celicMOTekToHMueckas  moaenb  FOxHoro — Kazaxcrana,  mpeacraBieHHas — KapToi
celicMOoreHepHpyIoInX 30H. B npenenax ucciienyemMoi TeppuTOpHUHU BBIICICHBI pealbHbIC U MOTEHIUAIbHBIEC 30HbI BOSHUKHOBEHUS
ouaroB 3emsieTpsiceHuidl. VX moJjoKeHHue paccMarpuBaeTCs BO B3aUMOCBS3M C OCHOBHBIMHU TEKTOHMYECKUMH CTPYKTYpamMu H
0COOCHHOCTSMH [TyOMHHOTO CTPOCHHS 3¢MHOM KOpbI. Takoi KOMIUIEKCHBIN MTOIXOJ MO3BOJISIET YYUTHIBATH HE TOJIBKO MPOSIBIICHHS
COBPEMEHHO CEHICMUYHOCTH, HO ¥ CTPYKTYpHBIC (haKTOPBI, ONIPEACIISIOIINE TeOMUMHAMUYECKYI0 aKTHBHOCTh TEPPUTOPHH.

Oco0oe 3HaYeHHE UMEET KapTa TEKTOHMYEeCKHX pasiomoB HOkHoro KasaxcraHna, cucteMaTu3upyromas HHGOPMAIHIO O
Pa3pbIBHBIX CTPYKTypax HccienyeMoro peruoHa. OHa MOXET HCIONIb30BAThCS MPHU IMPOBEACHUU CEHCMOTEKTOHHYECKUX M
reOAMHaMHUYCCKUX HOCTpOCHHﬁ, a TaKXEC UIA pCIICHUA NPUKIIAIHBIX 3a/ia4, CBA3aHHBIX C OLIGHKOI\/'I 1 IPOTrHO3UPOBAHUEM OIIACHBIX
IPUPOIHBIX IPOLECCOB, OOYCIOBICHHBIX JecTpyKuued 3eMHOMl kopbl. CoBMECTHO ¢ 06a3ol reojoro-reopu3nvecKux u
CeliCMOJIOTMYECKHX JTaHHBIX KapTa (OpPMHUPYEeT OCHOBY AJIs JajbHEHIIEro HakoIUIeHHs MH(GOPMALUH, €€ TeKTOHO(DU3HYECKOTO
aHaJ3a U pa3BUTHS TEMAaTHYECKUX KapTOrpauIecKuX MPOSKTOB.

PazpaboTanHbIe CTPYKTYpHO-Te0)HU3NIECKIE U CEHCMOTEKTOHUYECKUE TIPEICTABICHHUS TTO3BOJIIOT OoJiee 000CHOBAaHHO
XapaKTepH30BaTh  IOTCHIMAJIbHBIE HWCTOYHHKH  ceiicMuueckod  omacHoctd  HOxHoro Kasaxcrana. PermonanbHas
CEICMOTEKTOHNYECKasT MOJAETh MOXKET CIY)KATh OCHOBOW JUIS pacdeToB CEHCMHYECKOW WHTEHCHBHOCTH B BEPOSTHOCTHOMN
MOCTAHOBKE M TPOTHO3MPOBAHHS IAPaMETPOB CEHCMUYECKUX BO3ICHCTBUI, B TOM YHCIIE MHKOBBIX YCKOPEHHH TpyHTA.
KommiekcHoe paccMoTpeHHe TITyOMHHOTO CTPOCHHS 3€MHOM KOpBI, TEKTOHHYECKHX pPa3jiOMOB, CEHCMOTCHEPHUPYIOIINX 30H H
COBPEMEHHOH CEMCMUYHOCTH CHOCOOCTBYeT Ooyiee TyOOKOMY TOHMMAHHIO 3aKOHOMEPHOCTEH CeHCMOTEKTOHHYECKOTO U
reomquHaMUYecKoro pa3Butus HOxuoro Kazaxcrana u coBepIICHCTBOBAaHHUIO HAyYHOW OCHOBBI OIIEHKH CEHCMUYECKON OTAaCHOCTH
peruoHa.

Author Biography: Akerke Yerkinova. E-mail: A.B. Yerkinova - yerkinovaa@mail.ru
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STRUCTURAL-GEOPHYSICAL AND SEISMOTECTONIC MODELS OF EARTH’S CRUST OF
SOUTHERN KAZAKHSTAN AS A BASIS FOR SEISMIC HAZARD ASSESSMENT

STRUCTURAL-GEOPHYSICAL AND SEISMOTECTONIC
MODELS OF EARTH’S CRUST OF SOUTHERN KAZAKHSTAN
AS A BASIS FOR SEISMIC HAZARD ASSESSMENT

A B Yerkinova, N P Stepanenko, O K Kurilova, T M Kaidash, TS Uteuliyev

(National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan)

Abstract: Southern Kazakhstan is part of the seismically hazardous Aral-Karatau region and is characterized by a complex
crustal structure and significant seismic activity. Earthquakes with magnitudes of M=2.5-7.5 indicate the presence of actual and
potential seismogenic zones. Based on integrated geological, geophysical, tectonic, and seismological data, structural-geophysical
and seismotectonic models of Southern Kazakhstan were developed. The models characterize crustal and upper-mantle
heterogeneities, tectonic faults, seismicity, and potential earthquake source zones. The developed seismotectonic model and fault
map provide a basis for probabilistic seismic hazard assessment and estimation of seismic effects, including peak ground
acceleration. The results contribute to a better understanding of the relationships between deep crustal structure, tectonics, and
seismicity in Southern Kazakhstan.

Author Biography: Akerke Yerkinova. E-mail: yerkinovaa@mail.ru
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STATISTICAL ANALYSIS OF SEISMIC DATA OF STRONG
EARTHQUAKES IN ZHONGARIA

A. Danabayeva', Arman S. Kussainov?, A. Katubayeva®, R. Gashimov *

(1. LLP "Institute of Seismic Safety" Almaty, Republic of Kazakhstan; 2. Physics and Technology
Department, al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan; 3. National
Scientific Center for Seismological Observations and Research, Ministry of Emergency Situations of the
Republic of Kazakhstan, Almaty, Republic of Kazakhstan; 4. LLP "Institute of Seismic Safety" Almaty,
Republic of Kazakhstan)

Abstract: The paper presents an analysis of the seismic regime in the Zhongar-Borokhor border region, characterized by
high seismic hazard and large potential earthquake source zones. Spatial analysis of strong events (M > 6.1) confirmed two
linear seismic zones extending ~800 km and ~700 km along the mountain system. For data processing (~190,000 events), a
VBA macro in MS Excel was implemented, performing spatial polygon selection via a ray-casting algorithm, data sorting,
and recurrence parameter calculation (trend slope y = 0.40-0.48 for K}). Particular emphasis is placed on constructing Benioff
cumulative strain diagrams. In the software, deformation energy Y VE; was computed with sign inversion for strong events
(Kp > 14) to differentiate strain accumulation and release. The Benioff diagrams reveal a clear cyclicity in the seismic regime,
where periods of strain accumulation alternate with strain release during strong earthquake clustering. The automated data

processing tool and identified temporal patterns contribute to regional seismic hazard assessment.
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CTATUCTUYECKUM AHAJIN3 CEHCMHUYECKHUX JAHHBIX CUJIBHBIX
3EMJUIETPSICEHUI )KOHT APUH

! Tana6aepa A.T. *Kycaitnos A.C. *Katy6aeBa A. M. “T'amumos P. A.

(1.TOO «MHuCcTUTYT celicMuiecKkoi 6e3omacHOCTHY, T. AnmaTthl, PecryOnuka Kazaxcran;
2.®Ou3uko-TexHnyeckuii paxynprer, Kazaxckuii HallmoHaIbHBI YHUBEPCUTET UMEHH AJlb-
®dapadu, r. Anmatsl, Pecniyonuka Kazaxcran; 3.HanmoHanbHbIM HaAyIHBIA HIEHTP
ceiicmonorndecknx Habmoaenuit u uccnenoBanuiit MUC PK, r. Anmartsl, PecryOnnka
Kazaxcran; 4. TOO «MHcTUTYT ceficMuyeckol Oe3omacHOCTHY, T. AniMathl, PecyOnuka
Kasaxcran)

AHHOTAUMsA: >KoHrapo-banxauickuil pernoH 3aHUMaeT 0c060€E MECTO B OIIEHKE OOLIEH celicMUYIECKOI 0OCTAHOBKH FOTO-
BocTouHOro KaszaxcraHa, MOCKOJIBKY 110 YPOBHIO CEHCMMUYECKOTO MOTEHIMAIA OH 3aHUMaeT BTopoe MecTo mocie CeBepo-
Tsup-1llaneckoro perrona. B nocieanue rogsl MpoOU30IUTH HEKOTOPbIE H3MEHEHHNS aIMHHICTPATUBHBIX TPAHMI] JaHHOTO
pETHOHa, B CBS3H C YeM HaOJI01aeTCsl HHTEHCHBHOE OCBOCHHUE €TI0 TEPPUTOPUH. DTO TpeOyeT HaydHO 000CHOBAaHHOI OLICHKH
CeiicCMUYECKON OIIACHOCTH.

WndopmarmonHyio 6a3y CeHCMONOTHYECKHX MCCICAOBAHMH COCTABMIM KATaJOTW CIJIBHBIX M CHAa0BIX
3eMJICTPACCHHUI Iora W Iro-BocToka KaszaxcraHa, a Takke yHH(QHUIMPOBAaHHBIA Katayor 3emierpsceHuid Tsub-lllans,
CO3/IaHHBIA B pe3yjbTaTe COBMECTHBIX HccienqoBaHui ceficmosnoroB Kasaxcrana, Keipreiscrana u CelicMOI0ru4eckoro
oropo CYAP KHP. YTouHeHms karasora HpOBOIIINCh B paMKax MeXIyHapogHbelx mnpoektoB CASRI («Onenka
celicMpueckoro pucka B llenrpampHoit Asum»), EMCA («Mogens 3emierpsicenuii B LleHTpanpHOW Asum») u
MeKIyHapoHoTro ceiicMonoruyeckoro katanora IRIS (Incorporated Research Institutions for Seismology).

[IpocTpaHCTBEHHBII aHATH3 MTOKA3aJI, YTO SMUICHTPHI 3eMIICTPSICEHUH C MarHuTyAamu M > 4,8 pacripeneneHsl Mo
TEPPUTOPUH PETHOHA JOCTAaTOYHO MHUPOKO. [Ipu 3TOoM Hanbosee BEICOKAs KOHIEHTPAIMS CHIBHBIX COOBITHIT HabmomaeTcst
B lOxHo#t Xonrapum u paiione xpedra bopo-Xopo. Ha tepputopun CeBepHoii JKoHrapuu CHIBHBIC 3€MIICTPSCCHUS
BCTPEYAIOTCS 3HAYMTENBHO pexe. B 3amagnHoit wactu JKonrapum c¢ koHma 1970-X TOHOB OTMEHYaeTcsi MOBBILMICHHE
CeliCMUYEeCKOi akTHBHOCTH, CBSI3aHHOE, B YaCTHOCTH, ¢ bakanacckum 3emierpsicennem 1979 r. (M = 5,8), TexenuiickuMu
3emiietpsaceHusaMu 1993 r. (M = 5,8) u 2009 r. (M = 5,5).

Ocoboe 3HaueHHE HMMEIOT Haubolee CHIBHBIC HCTOPHYECKHE 3eMierpsiceHus permoHa. K umcimy nambosee
Ppa3pyIIUTENbHBIX OTHOCATCS coObITHs 1812 1. (M ~7,5-8,0), 1906 T. (M =7,5-8,0) 1 1944 1. (M =~ 7,2), SNIALEHTPHI KOTOPBIX
PpacrooXeHbl NPEUMYIIECTBEHHO B paiioHe XxpedTa bopo-Xopo. Aranu3 coObiTuii ¢ M > 6,1 OKa3bIBaeT UX BHIPAKEHHYIO
MIPOCTPAHCTBEHHYIO OPTraHU30BaHHOCTh. OYaru CHIIBHBIX 3eMIIETPSICeHNH (OPMUPYIOT ABE MPOTSHKEHHBIC IMHEWHBIE 30HEI
ceBepHee U 1oxHee JXKoHrapo-bopo-XopuHckolt TopHOU crcTeMBbl. VX poTshkeHHOCTh cocTaBiset nopsaka 800 m 700 km
COOTBETCTBEHHO. BOJBIIMHCTBO 09aroB NMeeT NPOCTUPAHNE C CEBEPO-3aIla/ia Ha I0T0-BOCTOK.

JIns konM4ecTBeHHON 00pabOTKH penpe3eHTATUBHON 0a3bl MaHHBIX (comepikamieit 6omee 190 Thic. cOOBITHIT C
IpeBHeUMX BpeMeHn 10 2026 r.) Obu1 paspabotan mporpammubiii VBA-makpoc B cpeae Microsoft Excel. ITporpamma
OCYIIECTBIISAET IEPBUYHBIN aHaIN3 0a3bl JaHHBIX, COPTUPOBKY COOBITHII IO BpEMEHHBIM M SHEPTeTUUECKUM ITapaMeTpam, a
TAKKe MPOCTPAHCTBEHHYIO BBIOOPKY TOYEK, IMOIAJAIOMINX B TPAaHMIBI HPOU3BOJIBLHOTO IOJMIOHA, C HCIIOJIb30BAaHHEM
anroputMa nepecedenus nyda (Ray-casting). Ha ocHoBe cpopMupoBaHHBIX BEIOOPOK BBITIONHSIIOCH TOCTPOEHHUE TpauKoB
MOBTOPSIEMOCTH 3emiieTpsiceHuid. IIpuMeHeHne MeTo[0B JHMHEHHOW perpeccMM W HAMMEHBIIMX KBaJpaToB IO3BOJIMIIO
OTIpENIENUTh HAKIJIOH JIMHUH TpeHaa (yrina HakioHa y = 0,40 + 0,48 i sHEpreTHIECKNX KIIAcCOB Kp) U OICHUTHh BPEMEHHBIE
HHTEPBAJIBI IPEACTaBUTENFHOCTH JAHHBIX AJISI PA3INYHBIX KJIACCOB.

OCHOBHO# akmeHT B paboTe clelaH Ha HCCISJOBAaHUH IIPOIECCOB HAKOIUICHHS M Pa3psIKH celcMHYecKoit
9HEPIHH C HCIONIb30BaHneM MeTosa benrodda. B mporpammuoM Mosye ObUT peann3oBaH aJirOPUTM HepecueTa yCIOBHOM
ynpyroii nedopmaumn YVE; 1mst kaxaoro coGbitus BeIGOpkU. Jis 1uepeHInaliy ITanoB HAKOILICHHS HATPSKEHUIT 1
HX TOCIeIylomero cOpoca B alrOpUTME INPUMEHEH II0JXO0J WHBEPCHM 3HAKa: CAObIM 3eMIICTPSICEHHSIM YCIOBHO
MIPUCBANBACTCS TIOJIOKHUTEIBHBIN BKJIAJA, a CHIBHBIM COOBITHAM (K, > 14) — oTpunaTensHbId. ITO JaeT BO3MOXKHOCTH
KOMITAaKTHO TIPEACTaBUTH MHOTOJITHHH BPEMEHHOH PSIJT X COTIOCTABIIATE (ha3bl aKTUBH3AIMN H 3aTHIIBSL.

Anamu3 mocTpoeHHBIX amarpaMM benpodda mns XKoHrapckoro permoHa IOKa3bIBaeT YETKOE 4YepelOBaHHE
MIEPHOJIOB TOBBIMICHHON CEHCMUYECKOH aKTUBHOCTH W OTHOCHTEIBHOTO CIOKOMCTBHS. CHIIBHBIC 3€MIICTPSICEHHS B
OOJIBIIMHCTBE CIIy9aeB MPOSBIIIOTCS TpyMIaMu (KJIacTepaMu), pas3/eleHHBIMH BO BPEMEHH HMHTEpPBAaJIaMH ITOHMKEHHOM
AKTHUBHOCTH.

BbiBoabI: Ha teppuropun JKonrapo-Bopo-XopuHCKOTO perdoHa MOATBEPKACHO CYLIECTBOBAHHE [IBYX JIMHEHHBIX 30H
BO3HUKHOBEHHMSI pa3pyIINTEIbHBIX 3eMIIeTpsiceHuil. Mcronp30Banne aBTOMaTH3UPOBAHHON CHCTEMBI 00PabOTKH KaTaaoros
B Excel/VBA mo3Bommio moBBICHTh 3()(EKTUBHOCTh CTATUCTHUYECKOTO aHAIM3a M IOCTPOEHHs Auarpamm benbodda.
IMoctpoennsle rpadukn ynpyroi nedopmarym JeMOHCTPUPYIOT HUKIMIECKHH XapaKkTep CeHCMHIECKOT0 PeXKNMa PETHOHa,
BBIPKAIOIIMHCS B CMEHE MEePHOJOB HAKOIUICHNS W Pa3pSKH yNPYTHX HAaNpsHKEHHH, 9TO CITY>KUT BaXHOH OCHOBOM ISt
JIOJITO- ¥ CPETHECPOTHON OIIEHKH CEHCMUUECKOH OITaCHOCTH.
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ACTIVE FAULTS ALONG THE CHINA-KYRGYZSTAN-
UZBEKISTAN RAILWAY ROUTE

Abdrakhmatov_Kalysova

Abstract: The planned China-Kyrgyzstan-Uzbekistan railway line is a major transportation project being implemented in
conditions of high seismic risk. The route runs through the Tianshan folded region, which is characterized by high tectonic
activity. The key engineering challenge is to cross a number of active faults capable of generating strong earthquakes. The
designers' task is not simply to lay a path, but to ensure the long-term stability of the roadbed, bridges, and tunnels under
possible seismic impacts.

Along the route, specialists have identified several significant fault zones, each of which is characterized by a specific
type of movement and seismic potential. Most of them are reverse faults—faults in which one crustal block is displaced
upward relative to another. This kinematics leads to sharp vertical movements, which are particularly dangerous for linear
structures. Among the most significant faults are the Torugart (segment length approximately 50 km, fault plane dip 30-55°,
potential magnitude up to Mw 7.07) and the Aksay (Sredinny) fault, approximately 60 km long, northwest-oriented, and with
a magnitude up to Mw 7.17. The Sredinno-Arpinsky fault, also classified as a reverse fault, has similar parameters.

The Dzhamantoo fault, which consists of two segments — the Southern and Northern — requires special attention. The
southern segment is approximately 80 km long and has the highest seismic potential of the zone's segments—up to Mw 7.32.
The northern segment is shorter (approximately 25 km) but is also classified as high-risk. Hazardous areas include the
Baibichetoo and South Toguz-Torou faults (both reverse faults, approximately 70 km long). Traces of ancient earthquakes
have been discovered in the South Toguz-Torou fault zone, including the Beshkdl paleoearthquake, which manifested itself
as a large seismic landslide. The presence of such evidence indicates the recurrence of strong seismic events and increases
design requirements. From a seismic hazard perspective, the Talas—Fergana Fault is considered the most critical structure.
Its central segment extends for approximately 160 km with a dip angle of 60—70°. Unlike most of the other faults along the
route, it exhibits oblique-slip normal fault kinematics, combining both horizontal strike-slip and vertical normal displacement
components. This makes deformation more difficult to predict and requires a more detailed assessment of potential fault
displacements.

The fault is capable of generating earthquakes with a potential magnitude of up to Mw 7.63, while the estimated seismic
intensity may exceed IX (9) on the MSK-64 scale. Peak Ground Acceleration in some sections reaches 0.6 g or higher,
imposing stringent requirements on the strength and seismic performance of engineering structures.

The South Fergana Fault is also classified as a high-potential seismic source and must be carefully considered during
route alignment and engineering design. Seismic hazard along the railway corridor is associated not only with the potential
occurrence of strong earthquakes but also with a range of secondary earthquake-induced processes. The most significant of
these is surface fault rupture, which may result in displacement of the railway track, damage to bridge piers, and deformation
of tunnel portals. In mountainous terrain, seismic shaking can trigger landslides, rockfalls, and slope failures capable of
blocking the railway alignment or damaging engineering structures. High Peak Ground Acceleration (PGA) values generate
substantial dynamic loads on structures, while the heterogeneous ground conditions within fault zones—characterized by
highly fractured and weakly cemented rocks—increase the risk of ground loosening and foundation settlement.

To minimize these risks, a comprehensive approach is adopted that integrates route optimization, engineering design,
and monitoring measures. During the route selection stage, the alignment is adjusted to reduce the length of crossings over
the most hazardous fault segments or, where feasible, to avoid them entirely. At locations where fault crossings are
unavoidable, special structural provisions—such as expansion joints and flexible connections—are incorporated to
accommodate potential fault displacements without causing structural failure. Major load-bearing structures, including
bridges, tunnels, and retaining walls, are designed with enhanced seismic resilience, taking into account the design Peak
Ground Acceleration values and site-specific ground response spectra.

Slope stabilization measures also play a critical role in risk mitigation. On potentially unstable slopes, engineering
solutions such as retaining walls, rock anchors, drainage systems, and protective galleries are incorporated into the design to
reduce the likelihood of landslides and rockfalls. To ensure continuous assessment of the railway corridor and early detection
of deformation, monitoring systems are planned, including seismic sensors and geodetic benchmarks that enable real-time
tracking of crustal movements and structural deformations.

The engineering design is based on a comprehensive set of geological and geotechnical data, including the results of
geological and structural investigations, paleoseismological evidence, and instrumental measurements.

In summary, the China—Kyrgyzstan—Uzbekistan railway corridor crosses several active fault zones with high seismic
potential, where earthquakes with intensities of IX (9) or greater on the MSK-64 scale may occur. The combined effects of
active tectonic deformation, slope instability, and strong dynamic ground motions necessitate the implementation of multi-
level engineering mitigation measures. The successful realization of the project depends on an interdisciplinary approach
that integrates geological, seismological, and structural engineering expertise, together with continuous monitoring of
infrastructure performance throughout the entire service life of the railway.
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STRESS-STRAIN STATE OF THE NORTHERN TIAN SHAN
AND THE METHOD FOR CALCULATING THE PHYSICAL AND
MECHANICAL PARAMETERS OF STRONG EARTHQUAKE
FOCI

Abdullaev A U, Amirov N B, Litovchenko I N, Lyutikova V S

(National Scientific Center for Seismological Observations and Research, Ministry of Emergency Situations
of the Republic of Kazakhstan)

Abstract: This paper describes the stress-strain state of the Northern Tianshan and describes a method for calculating the physical
and mechanical parameters of strong earthquake foci. The geodynamic and physical-mechanical conditions of strong earthquake foci,
the mechanisms of focal formation, and the stress-strain state of the environment are examined. Methods for calculating the physical
and mechanical parameters, implementation algorithms, and numerical values for these parameters are presented. The conducted
analysis allows us to evaluate the thermodynamic regime and rheological layering of the crust of the Northern Tianshan, and it also
becomes possible to predict zones of partial melting and weakening of channels in the orogen crust. The stress-strain state of the
Northern Tianshan is characterized by high instability, dynamism, and activity, driven by ongoing neotectonic movements and the
collision of the Indian and Eurasian plates, which leads to frequent earthquakes, rockfalls, and the formation of the modern topography.
This region exhibits complex stress fields (vertical and horizontal) that vary in time and space, creating conditions conducive to seismic
activity. As a result of the conducted research, new scientific and practical results were obtained in the study of the stress-strain state
of the environment where strong earthquakes originate, and a method for calculating physical and mechanical parameters was proposed.
The crust of the Northern Tianshan is in a state of high modern tectonic activity within the Alpine folding, which causes frequent
earthquakes and the formation of a high-mountain dissected relief with active scree, moraines, and alluvial fans caused by powerful
compression and uplift of mountain ranges and basins, with sharp cliffs and steep slopes facing the plains, characteristic of the northern
part. This entire zone is a potential environment for seismic landslide hazards and strong earthquakes. The geodynamic and physical-
mechanical conditions for the formation of strong earthquake foci, the mechanisms of foci formation, and the stress-strain state of the
environment were examined. Methods for calculating physical-mechanical parameters, implementation algorithms, and numerical
values for these parameters were presented. Attention is paid to machine learning based on pattern recognition algorithms and the
technology for their implementation. The increasing swarm activity in the Northern Tianshan region also confirms the active stress-
strain state of the environment. The results of the conducted research can be used to construct maps of the spatiotemporal distributions
of physical and mechanical parameters in the focal zones of strong earthquakes for further monitoring of their development.Overall,
the conducted research is the final result of the research project “Stress-strain state of seismically active regions of the Northern
Tianshan as an environment for the origin of strong earthquake foci and a method for calculating their physical and mechanical
parameters.”
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Chen Jiakun'?3, Yao Yuan??, Chen Jie***, Di Ning>*

(1.University of Emergency Management, Langfang 065201,Hebei, China; 2.Xinjiang Pamir
Intracontinental Subduction National Field Observation and Research Station, Urumgqi 830011, Xinjiang,
China;3.Urumgqi Institute of Central Asia Earthquake, China Earthquake Administration, Urumqi 830011,
Xinjiang, China;4.State Key Laboratory of Earthquake Dynamics, Institute of Geology, China Earthquake
Administration, Beijing 100029, China)

Abstract: "During their growth, folds evolve through shortening and uplift along the principal stress direction, as well as
via lateral expansion perpendicular to it. This lateral expansion commonly induces structural interference between adjacent
folds." Three-dimensional numerical simulation methods provide important insights into the linkage patterns of adjacent
folds. However, linkage patterns derived from three-dimensional numerical simulations still require validation against
modern landscape morphology.To investigate this issue, we selected the Halaand and Anjihai anticlines as study objects. The
Halaand - Anjihai thrust-fold belt constitutes the third frontal row of the Northern Tianshan Fold-and-Thrust Belt
(FTB);however, the linkage pattern between its constituent anticlines remains unresolved. We employed seismic profiles,
detailed topographic surveys, UAV based aerial photography, and three-dimensional numerical modeling. Our results reveal
that the Halaand anticline is a detachment fold, with the Cretaceous Tugulu Group acting as the detachment surface;
meanwhile, the Anjihai anticline results from the interaction of deep and shallow structures, comprising a fault-propagation
fold within the Cretaceous and a detachment fold in the Jurassic Xishanyao Formation. The Halaand and Anjihai anticlines
extend laterally to the east and west, and ultimately converge. Based on prior research findings, the Halaand and Anjihai
anticlines were expected to link up, ultimately forming a continuous anticlinal belt. However, when controlled by detachment
surfaces at different depths, the lateral propagation directions of the two anticlines gradually diverge, thereby preventing
their linkage. This finding indicates that the complexity of fold linkage patterns controlled by multiple detachment surfaces

significantly far exceeds that predicted by simplified three-dimensional numerical simulations.

Keywords: Lateral fold growth; Fold linkage; Thrust-Fold belt; interaction of deep and shallow structure; Tian Shan
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Zhou Kecheng!, Bao Xuewei!, Zhang Bingfeng?, Chen Hanlin!, Pan Yang', Wu Yingkai'

(1. School of Earth Sciences, Zhejiang University, Hangzhou 310027, Zhejiang, China; 2. Division
of Mathematical Sciences, School of Physical and Mathematical Sciences, Nanyang Technological

University, Singapore 639798, Singapore)

Abstract: The tectonic evolution and deformation mechanisms of the Pamir remain controversial, partly
because the crustal response to deep lithospheric geodynamic processes is insufficiently constrained. Two
competing lithospheric tectonic models are under consideration: subduction of the Asian slab and
delamination of Pamir lithosphere, each of which predicts distinct crustal anisotropic signatures. Here, we
use shear-wave splitting of Moho P-to-S converted-phases from receiver functions recorded at 198 seismic
stations to map crustal anisotropy across the Pamir and the surrounding regions, thereby providing direct
constraints on crustal deformation styles. We further determine crustal thicknesses and Vp/Vs ratios using
H-x-c stacking. Crustal thickness correlates positively with surface elevation and negatively with Bouguer
gravity anomalies, indicating that crustal thickening provides the dominant first-order support for the high
topography. More importantly, Pms splitting measurements reveal strong crustal anisotropy, with a mean
delay time of ~0.66 s, and a systematic rotation of fast-polarization orientations across the intermediate-
depth seismicity belt. In the southern Pamir, convergence-parallel fast directions record N-S-oriented basal
shear imposed by the indented Indian lithospheric mantle (ILM), which has likely promoted Quaternary
extension of southern Pamir. Conversely, to the north of this belt, orogen-parallel fast directions signify
pure-shear thickening of the Pamir lithosphere. Together with low crustal Vp/Vs ratios of 1.60—1.72 beneath
the southern Pamir, which are consistent with a felsic bulk crust and removal of mafic lower crust, these
observations favor Indian-lithosphere-induced delamination of the Pamir lithosphere rather than a model
dominated by uniform southward subduction of Asian lithosphere.

Key words: Pamir Plateau; Crustal Deformation; Seismic Anisotropy; Crustal Thickness
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Omuralieva Omuraliev

Abstract: The most seismically dangerous territory on Earth under study includes densely populated areas
(from south to north) of India, Pakistan, Afghanistan, Tajikistan, Uzbekistan, China, Kyrgyzstan,
Kazakhstan, and Russia.At the junction of the Eurasian and Indian lithospheric plates, mountain ranges
(from south to north) form, including the Himalayas (at the foreland), Tibet, Pamir, Tianshan, Altai, and
others, as a result of counter-mantle convection. The rate of subduction of the Indian Plate beneath the
Eurasian Plate is currently 48 mm/year.

The results of the work of numerous researchers have noted the active right-lateral strike-slip faults:
BOK Boluokenu, TFF Talas-Fergana, KRF Karakoram, JLF Jiali, RRF Red River, SGF Sagaing; left-
lateral strike-slip faults: ATF Altyn-Tag, KKF Karakax, HYF Haiyuan, KLF Kunlun, XXF Xiangsu-
Xiaojiang, KKF Karakax, CMF Chaman; thrust-reverse faults: MHT Main Himalayan, MKT Main
Karakoram, LMSF Longmenshan, MPT Main Pamir, STSF Southern Tien Shan, as well as suture zones
(from south to north): YTS Yarlung-Tsangpo, BNS Bangkok-Nujiang, JRS Jinshan, bounding terranes:
Lasa, Kiantan, Songpan. In the central part of the Lasa terrane, a system of graben basins with Quaternary
sediments develops. These basins suggest that they formed as a result of the upwelling of a mantle diapir
in the Mount Everest region, spreading eastward and westward, followed by clockwise and
counterclockwise rotation, respectively. A detailed seismic tomography study of the Kyrgyz Tien Shan
revealed that the Kazakh Shield lithospheric plate is subducting beneath the Tianshan lithosphere in the
north, while the Tarim lithospheric plate is subducting beneath the Tianshan lithosphere in the south.
Beneath these zones, there are two low-velocity mantle anomalies that embed themselves in the Tianshan
lithosphere.

The initial data for the seismic regime study were USGS earthquake catalogs for 1900-2026.
Hierarchies of seismic cycles are marked on the distribution of magnitude and seismic moment in time and
space. Each consists of phases of seismic activity, a peak of activity, a decline in seismic activity, and a
seismic quiescence phase, each with its own specific magnitudes. The dependence of the average period of
the seismic cycle (7) on the hierarchical order is expressed by the empirical formula:

7=952.95 n 33 R?=0.98

where T 'is the average period of the cycle (years), n is the hierarchical order (1, 2, 3, ...) of the seismic
cycle, R? is the approximation reliability. Peaks of seismic activity were observed in 1900-1920 (M>8), in
1940-1950 (M=7.6-7.7). After these peaks, a decline was observed. A sharp decline in seismic activity
(M<7.4) occurred after 1970-1974. In 1995, a seismic lull occurred (M<7.3). From 2008-2010, there were
bursts of seismic activity (M<7.7), one of which was the Uchturfan earthquake of 2024 (M=7.0). Analysis
of seismic regime trends shows that about 50 years from 1975 to 2026 are not comparable with the seismic
activity levels for about 70 years from 1900 to 1970.



CEMCMUYECKUI PEXXUM 3AIIATHOI'O CETMEHTA
(9=20-50°, 1. = 68-80°) COUJIEHEHH ST EBPA3MICKOM Y MTHUMCKOM JTUTOCOEPHBIX ITJIUT

CEMCMHUYECKHAI PEXXUM 3AIIAJTHOTI'O CEI'MEHTA
(9=20-50°, . = 68-80°) COYJIEHEHHW EBPASUNCKOHN U
UHJIMACKOU JINTOC®EPHBIX IJIAT

Ha wuccnemyemoii Haunbonee celicMOONAacHOM TEPpPUTOPUU  3eMIU
HAXOJUTCSl TYCTOHACENIEHHbIE palioHbl (¢ tora Ha ceBep) Wuauu, [lakucrana,
Adranucrana, Tamkuxucrana, Y30ekucrana, Kwuras, Kreipreiscrana,
Kazaxcrana, Poccun.

Ha counenenun EBpasuiickot u Wuaauiickoi JTUTOCHEPHBIX TUIMT
dbopMupyIOTCA TOpHBIE CUCTEMBI (C rora Ha ceBep) ['mmanas (B mepeaoBou
yacTtH), Tubera, [lamupa, Taup-1llans, Anras u np. B pe3yJsibTaTe BCTPEUHBIX
MAHTUUHBIX KOHBEKIMUA. CKOpPOCTh moaaBuranus WHAMNUCKON IUIMTHI TOA
EBpa3zuiickyto IUINTY B HACTOSIIEE BPEMsI COCTaBIIAECT 48 MM/TO/.

PesynbTaTaMu pabOT MHOTOUYMCIICHHBIX  MCCJIEIOBATEICH OTMEUYEHBI
akTUBHBIE pasznombl mpaBocasurosbie: BOK bonyokenyrickuii, TFF Tamac-
@®epranckuii, KRF Kapakopymckuit, JLF L3snuckuit, RRF Kpacnoii pexn, SGF
Caraunr; pasnombel  jeBocaBuroBbie: ATF  Anteia-Tarckui, KKF
Kapakakcckuii, HYF Xaiiroanbckuii, KLF Kynbinynbckuii, XXF CsHbcyiixa-
Csomzsackuii, KKF Kapakakcckuii, CMF UYamaHckuii; pa3ioMbl B30pocCoO-
Haaurosble: MHT I'maBubiii ['mmanaiickuit, MKT I'naBubiii Kapakopymckuid,
LMSF Jlonrmenmansckuii, MPT I'maBubiii ITamupckuii, STSF  FOxHbIit
TsHbpIIaHb, @ TAKKE MOBHBIE 30HBI (C tora Ha ceBep): Y TS Apaynr-llanrnockuid,
BNS banrkok-Hymzsackuit, JRS I[3uHbIIaHBCKUN, OTpaHUYMBAIOIINE
teppeitnbl: Jlaca, Kuantan, Connan. B uentpanbHOl yactu teppeiina Jlaca
pa3BUBAETCSl CHUCTEMa rpaOCHOBBIX BMAJWH C YETBEPTUUHBIMU OTIIOKEHUSIMHU.
OTH BOAJAUHBI TTO3BOJIIOT MPEANOI0XKUTh, YTO OHU 00Pa30BAIUChH BCIEACTBUE
noabeMa ‘““‘MaHTUMHOIO JIuanupa’ B palOHE ropbl DBEpPECTa, “‘paCTEKAIOIIEr0”
B BOCTOYHOM H 3aIlaJIHOM HAMNPABICHUSAX U JATbHEHIIEr0 BPAILICHUS TECUCHUS
10 YaCOBOM M IIPOTHUB YaCOBOM CTPEJIKK, COOTBETCTBEHHO. Ha 0CHOBE n3y4deHust
METO/IOM JeTanbHOU cericMuueckor Tomorpaduu Keipreizckoro Tsab-Lans
OTMeUYeHO, 4To jauTtochepHas tumra Kazaxckoro mura IMOJABUTACTCS IO
mutocepy Tsup-lllans Ha ceBepe, a Ha tore JauTocdepHas miauta Tapuma
noaasuraercsa non smrochepy Tsaup-1llans. [Tog sTumMu 30HaMu UMeErOTCS 1Ba
MMOTOKAa HU3KOCIKOPOCTHBIX AHOMAJIWN B MAHTHH, KOTOPBIE BHEIAPSIOTCS B
mutocdepy Tsaub-1ans.

NcXoaHBIMM JTaHHBIMM M3YYEHUSI CEHCMHYECKOTO PEXUMA SBIBSUIUCH
katanoru 3emserpsicenuid USGS 3a 1900-2026 rr. Ha pacnpeneneHun
MarHuTyZbl U CENCMUYECKOTO MOMEHTA BO BPEMEHU U ITPOCTPAHCTBE OTMEYEHBI
uepapxuu cedcMuyeckux UUKIOB. Kaxnmas u3 HuUX cocTouT u3 (a3
CEHCMUYECKON aKTHBHU3allUM, NMUKA aKTUBHU3alMU, (a3bl crasa ceMcMUYecKon
akTuBM3alUuu, (a3bl  CEHCMMUYECKOrO0  3aTUIIbS CO  CBOWCTBEHHBIMU
MarHuTyJaMu. 3aBUCUMOCTb CPEIHEro nepuoja ceiicmuueckoro mukia (T) ot
UEPAPXUYECKOTO MOPsIKa BhIPAKAETCS IMIUpHUUECKON (popmyIioit:



CEMCMUYECKUI PEXXUM 3AIIATHOI'O CETMEHTA
(9=20-50°, 1. = 68-80°) COUJIEHEHH ST EBPA3MICKOM Y MTHUMCKOM JTUTOCOEPHBIX ITJIUT

T=952.95 n 334 R?=0.98

rae T-cpennuii mepuon nuukia (Jiet), n—uepapxuueckuit nopsaox (1, 2,
3, ...) CeMCMMYECKOro IuKIa, R?- JOCTOBEPHOCTH AaNNPOKCUMAIUH. [IuKu
ceiicMuuecKoi akTuBu3anuu orMedanuch B 1900-1920 rr. (M>8), B 1940-1950
rr. (M=7.6-7.7). Ilocne »TUX TMKOB TposiBUJICA cmaA. Peskuii cnan
ceficmuueckor aktuBuzaiuu (M<7,4) npousomien nocie 1970-1974 rr. B 1995
. HacTynujo cedcmuueckoe 3atuiibe (M<7,3). C 2008-2010 rr. npousonuiu
BCIUIECKH celicMuueckor aktuBuzanuu (M<7,7), ogHUM W3 HHX SBISETCA
VYurypdanckoe 3emmerpsicenue 2024 r. (M=7.0). AnHaiu3 TeHIAEHIUN
CEHCMHMYECKOT0 peKHMMa MOKAa3bIBAET, YTO B TeueHue nopsiaka 50 ner ¢ 1975 r.

1o 2026 1. He COOCTABUMBI C YPOBHAMHU CEHCMUYECKON aKTUBHOCTHU 33 OKOJIO
70 net ¢ 1900 r. mo 1970 r.
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Liu Qi, Chen Jie, Li Tao, Qin Jintang, Yang Huili, Di Ning

(State Key Laboratory of Earthquake Dynamics and Forecasting, Institute of Geology, China
Earthquake Administration, Beijing 100029, China)

Abstract: Large-magnitude earthquakes that occur both along subduction zones and within fold-and-thrust belts have led
to tens of thousands of deaths and billions of dollars of damage to infrastructure. However, deformation associated with
thrust fault can be complicated, and even many active thrust faults are blind, such that surface deformation is characterized
exclusively by folding. Recent studies have applied fault-related folding models to quantitatively relate surface folding strains
to fault activity. The South Junggar Thrust Belt (SJT), developed at the northern foot of the Tianshan, was a natural laboratory
for studying the geometry and kinematic mechanisms of the thrust-and-fold belts. SIT comprises 3-4 rows of nearly parallel
eastern-western out-of-sequence active anticlines on the surface. A series of rivers cut through the anticlines, providing
typical growth strata sections and multiple fluvial terraces to record the deformation history of the fold. In this study, we
integrated records of surface deformation, subsurface structure, and geochronology to investigate active deformation history
of Tugulu anticline, second row of the SJT, from ~300 ka to present.

Key words: South Junggar Thrust Belt (SJT); Growth strata; GNSS; Fold scarp

Author Biography: Liu Qi (1993-), Male, Associate Researcher, mainly engaged in active tectonics and quaternary
geochronology. E-mail: liuqidzs@163.com
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M:xkan3zakoB Pyciaan Hypmamosuy', baarataesa bany 9oaimanankbizpl', ErunoexoBa
Hasbim TazabexoBHa!

'TOO «HanuoHanbHBIN HAYYHBIH LEHTP CeHCMOJI0THYeCKHX HAOII0AeHUIl 1
ucciaenosauuninny (TOO «HHIHCHMNy)

AHHOTAIUSA

Cesepublii Tsaup-lllanp sBasiercss onHOW W3 Hambojiee CEHCMOAKTHUBHBIX oOacTeit
IlentpanbHoii A3um, r/A€ BBICOKas IUIOTHOCTh AaKTHUBHBIX TEKTOHHYECKMX Ppa3jIOMOB
oOyciioBnuBaeT (OPMUPOBAHME MHOTOYHUCIIEHHBIX OYaroB 3€MIIETPSICEHUM pa3iuyHON
MarHuTyasl. VcciaenoBaHue — IPOCTPAHCTBEHHOI'O  IOJIOXKEHMS — aKTUBHBIX — Pas3jIOMOB,
pactpeneneHus] THUIOLEHTPOB 3eMIICTpsICEHHH U OcoOeHHOCTeH penbeda mpeacTaBiseT
3HAUUTENIbHBIM MHTEpeC Uil OLEHKHM COBPEMEHHBIX TI'€OJAMHAMUYECKUX IIPOLIECCOB MU
COBEPLIECHCTBOBAHUS METOJI0B celicMHUecKoro pailoHHpOBaHUS. CoBpemeHHbIE
reOMH(pOPMALIMOHHBIE TEXHOJOTUH MO3BOJISIOT O0BEIUHUTE PA3HOPOIHBIE IPOCTPAHCTBEHHbBIE
JaHHbIE B €JIMHYI0 TPEXMEPHYI0 MOJEIb, CYLIECTBEHHO IOBBIIIAs HAIVISIIHOCTh aHalIM3a U
JIOCTOBEPHOCTb HHTEPIPETALHH.

[enbto HACTOSIILEr0 UCCIIEI0BaHMS ABIISIETCA CO3/1aHuE TpeXMEpHOI
reouHpopmannonHoit wmogenu CeepHoro Tsub-IllaHs wu npoBeneHHE KOMILJIEKCHOTO
IPOCTPAHCTBEHHOT0 aHAJIN3a B3aUMOCBS3H aKTUBHBIX Pa3jIOMOB, THIIOLEHTPOB 3eMIIETPSICEHUN
U penbeda MECTHOCTH.

B kauecTBe HMCXOIHBIX JAHHBIX HCIOJIb30BaHbI Lu(ppoBas mozaens penbeda (DEM),
U(PPOBON CJIOM AKTUBHBIX TEKTOHMYECKUX pa3ioMOB, a TaKXe KaTajor 3eMJIETPSCEHUil
CesepHoro Tsub-1llans 3a nepuog 2005-2025 rr. ¢ KoopMHAaTaMH MUIEHTPOB, IITyOMHAMU
04yaroB M MarHutyjaamu. I[IpoctpancTBeHHass 00paOOTKa JaHHBIX BBIMOJHEHA B MPOTPAMMHBIX
komiuiekcax ArcGIS u Oasis Montaj. Ha nepBoM sTane Bce mpocTpaHCTBEHHbIE JaHHBIE ObLIH
NPUBEJICHBI K €IMHON CHCTEeME KOOpAMHAT U OOBbEeIMHEHBI B €IUHYI0 reobasy naHHbIX. [lanee
IIOCTPOEHA TpEXMEpHasi MOJeNb TEPPUTOPUM MCCIEIOBAaHUS C HCIIOJIb30BAHUEM LU(POBOH
Mojenu penbeda, Ha KOTOPYH ObUIM HANOXXEHbl TEKTOHWYECKHE pa3loMbl U TUIOLEHTPBI
3emiyieTpsiceHuid. [l moBblIeHUss WH(OPMATUBHOCTH MOJENHM TNPUMEHEHBl  METOJIbI
TPEXMEpPHON BHU3yaJH3allMM, IO3BOJIAIONINE OTOOpakaTh INIyOWHY pAcCHOJIOKEHHUS O4YaroB
3eMJIETPSICEHUI OTHOCUTEIBHO IIOBEPXHOCTH pelibeda.

ITpoBeneHHBIN aHaNM3 MOKa3ajl, YTO pPacCHpelesIEHUE TUIIOLEHTPOB 3EMIIETPSACEHUN
HOCHUT BBIPQ)KEHHBIM MPOCTPAHCTBEHHBIN XapaKTep U BO MHOTUX CIIydasx IPUYpPOYEHO K 30HAM
pa3BUTHs AaKTUBHBIX pa3iioMoB. Hamboree BbICOKas KOHIEHTpalMs O4YaroB HaONtogaeTcs B
npenenax KpYyMHbIX TEKTOHHYecKuX cTpykTyp CeBepHoro TsHb-lllaHs, XapakTepHu3yrOmUXCs
CJIO)KHBIM CTPOEHHUEM pelibea U MHTCHCUBHOW COBPEMEHHOW TEKTOHMUYECKOW aKTUBHOCTHIO.
TpexmepHoe 0TOOpakeHHE IMO3BOJIMIO 00Jiee HAIJSIAHO MPOCIEIUTh B3aUMHOE IOJI0XKEHUE
Pas3JIOMOB U THUIIOLIEHTPOB, ONPEAEIUTh 0COOEHHOCTH MX IMPOCTPAHCTBEHHOT'O paclpeieeHus U
BBISIBUTH YYACTKU TMOBBIIIEHHON KOHIIEHTPALMU CECMUYECKUX COOBITUH.
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Co3naHHas TpexMepHas TeoMH(GOpPMallMOHHAs MOJENb JEMOHCTPUPYET BBICOKYIO
3P PEKTUBHOCTh KOMIIEKCHOTO MCIIOJIb30BAaHMS IIU(PPOBBIX MOJIENel penbeda, Te0IOTHIeCKUX
U CEHCMOJIOTMUECKUX JaHHbIX JJIS UCCIIeI0OBaHUs COBPEMEHHBIX I'€0IMHAMHUYECKUX ITPOLECCOB.
[TosrydyeHHbIE pe3ybTaThl MOTYT UCIOJIb30BAaTHCS MPU YTOUHEHUU CXEM AKTUBHOW TEKTOHMKH,
aHaJu3e MPOCTPAHCTBEHHOM CTPYKTYpbl CEMCMHUYHOCTH, MOATOTOBKE TEMATUYECKHUX KapT, a
TaK)Ke NP OLEHKE MOTEHLHAIbHON celicMUYecKOl omacHOCTH Teppuropun CeBepHoro TsHb-
[Tans.

Hayunas HOBHM3Ha HCCIEIOBAaHUS 3aKJIIOYAETCS B CO3/IaHUU €AMHOM TpeXMepHOU
reoMH(pOPMALMOHHON MOAEeIH, 0O0beAUHAOLIEH penbed, aKTUBHBIE Pa3jIOMbl U I'MIIOLEHTPbI
3emserpsicenuii CeBepHoro Tsup-Llans, uro oOecneunBaer Oosiee MOJHOE MPEACTABICHUE O
IPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTSIX COBPEMEHHOM CEHCMOTEKTOHMUYECKOW aKTUBHOCTH
peruoxa.

KiawueBble cioBa: CesepHblii Taub-lllanp, axkTHBHBIE pa3ioOMbl, THIIOLEHTPbHI
3eMIIeTpsICeHUM, TpexmepHoe moaenupoBanue, GIS, ArcGIS, Oasis Montaj, nudpoBas Moaens
penbeda.
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Abstract

The Northern Tien Shan is one of the most seismically active regions of Central Asia,
where the high density of active tectonic faults contributes to the occurrence of numerous
earthquakes of varying magnitudes. The study of the spatial distribution of active faults,
earthquake hypocenters, and topographic features is of considerable importance for assessing
modern geodynamic processes and improving seismic zonation methods. Modern
geoinformation technologies make it possible to integrate heterogeneous spatial data into a
unified three-dimensional model, significantly enhancing the visualization of spatial
relationships and the reliability of interpretation.

The aim of this study is to develop a three-dimensional geoinformation model of the
Northern Tien Shan and to conduct a comprehensive spatial analysis of the relationships
between active faults, earthquake hypocenters, and terrain relief.

The input data included a digital elevation model (DEM), a digital layer of active
tectonic faults, and an earthquake catalog for the Northern Tien Shan covering the period 2005—
2025, including epicenter coordinates, focal depths, and magnitudes. Spatial data processing
was carried out using ArcGIS and Oasis Montaj software. At the first stage, all spatial datasets
were transformed into a unified coordinate system and integrated into a single geodatabase.
Subsequently, a three-dimensional model of the study area was created using the digital
elevation model, with tectonic faults and earthquake hypocenters overlaid on the terrain surface.
To improve the informativeness of the model, three-dimensional visualization techniques were
applied to represent the focal depths of earthquakes relative to the Earth's surface.

The analysis showed that the distribution of earthquake hypocenters exhibits
pronounced spatial patterns and, in many cases, is associated with zones of active fault
development. The highest concentration of earthquake hypocenters is observed within major
tectonic structures of the Northern Tien Shan, characterized by complex topography and intense
modern tectonic activity. Three-dimensional visualization made it possible to more clearly
examine the spatial relationships between faults and hypocenters, identify patterns in their
spatial distribution, and delineate areas with an increased concentration of seismic events.

The developed three-dimensional geoinformation model demonstrates the high
effectiveness of integrating digital elevation models, geological data, and seismological data for
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the investigation of modern geodynamic processes. The results obtained can be used to refine
active tectonic schemes, analyze the spatial structure of seismicity, prepare thematic maps, and
assess the potential seismic hazard of the Northern Tien Shan.

The scientific novelty of the study lies in the development of a unified three-
dimensional geoinformation model integrating terrain relief, active faults, and earthquake
hypocenters of the Northern Tien Shan, providing a more comprehensive understanding of the
spatial patterns of modern seismotectonic activity in the region.

Keywords: Northern Tien Shan, active faults, earthquake hypocenters, three-
dimensional modeling, GIS, ArcGIS, Oasis Montaj, digital elevation model.
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SOUTHEAST AND EASTERN KAZAKHSTAN AS A
REFLECTION OF MODERN GEODYNAMIC PROCESSES

Abstract: The main factors determining engineering-geological conditions, patterns of development, and distribution of
hazardous geological phenomena (HGP) in the territory of Eastern and South-Eastern Kazakhstan have been identified. The
diversity of geological, hydrogeological, engineering-geological, and seismic conditions of the territory under consideration
determines the development of various genetic types of hazardous geological phenomena, such as: earthquakes, seismic
dislocations, seismic collapses, landslides, scree, avalanches, mountain lakes, mudflows, etc. At present, it is especially
important to conduct monitoring studies of the occurrence of hazardous phenomena in order to study the assessment of the
scale of manifestations and reduce the damage from them.

AHHOTAUMS :BEIABIEHE  OCHOBHbIC — (DAKTOPBI,  ONPEACISAIONINE  MHXKEHEPHO-TEONOTMYECKHE  yCIOBHS,
3aKOHOMEPHOCTH Pa3BUTHUSI U PACIPOCTpaHEHHs OMAaCHBIX reojioruueckux spinenuii (OI'Sl) Ha Teppuropun Bocrounoro u
IOro-Bocrounoro Kazaxcrana

PazHOOOpa3ue reoNOTHYECKHX, THAPOTEONOTHYECKIX, WHKCHEPHO-TCOOTHICCKUX, CEHCMUYECKHX  YCIIOBHUI
paccMaTpuBaeMoii TEpPUTOPHH 00y CIABIMBAIOT 3/1€Ch PA3BUTHE PA3IMYHBIX T€HETHIECKIX TUIIOB OIACHBIX I€OJIOTUIECKUX
SIBIICHUH, TaKUX Kak: 3€MJICTPSICEHUs, CEHCMOIMCIOKAINH, CEHCMOOOBANIbI, OMOJI3HHM, OCHINH, JIABHHBI, TOPHBIE 03Epa,
ceNeBble MOTOKH U JIp.

B Hactosiniee BpeMsi 0COOCHHO aKTyaJIbHO MPOBEICHHE MOHHTOPHHTOBBIX HccienoBanuii OISl ¢ menbio u3ydeHus
OIICHKH MacIITabOB MPOSIBICHUN U YMEHBIIICHUE yIepOa OT HUX.
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Shi Xuhua'23#", Yang Xiao'?, Yang Haibin'?", Chen Hanlin'?*, Liu Xin*?, Lu Yin®,
Ge Jin®, Li Feng’, Yan Yixi!, Bai Zhuona?, Chen Jie*8, Yann Klinger®

(1. School of Earth Sciences, Zhejiang University, Hangzhou, China; 2. Research Center for
Structures in Oil and Gas Bearing Basins, Ministry of Education, Hangzhou, China; 3. Xinjiang Pamir
Intracontinental Subduction National Field Observation and Research Station, Urumgi, China; 4.
Zhejiang Key Laboratory of Advanced Technology Research for Work Safety and Natural Disaster
Emergency, Hangzhou, China; 5. State Key Laboratory of Marine Geology, Tongji University, Shanghai,
China; 6. Jiangsu Earthquake Agency, Nanjing, China; 7. GFZ German Research Centre for Geosciences,
Potsdam, Germany; 8. State Key Laboratory of Earthquake Dynamics, Institute of Geology, China
Earthquake Administration, Beijing, China; 9. Université Paris Cité, Institut de Physique du Globe de
Paris, CNRS; Paris, France)

Abstract: Earthquake source direction is central to understanding rupture processes and seismic hazards,
yet remains difficult to recover before the instrumental era. Seismites—sedimentary records of earthquake
shaking preserved as soft-sediment deformation structures—are widely used to identify paleoearthquakes,
but their capacity to retain directional information about seismic wavefields has remained unresolved. Here
we show that well-preserved, non-collapse seismites record directional signatures of earthquake wavefields
in three-dimensional deformation fabrics where slope-driven deformation is limited. Numerical
simulations indicate that horizontally polarized shear waves generate the strongest asymmetric shear and
folding on planes perpendicular to wave propagation. Applied to a confirmed three-dimensional seismite
exposure in the northeastern Pamir, this framework reconstructs event-specific wave-propagation
directions and identifies likely source regions. Seismites can therefore retain a physical memory of
earthquake-wave propagation where instrumental and surface-rupture records are absent.

Key words: Earthquake Source Direction; Seismite; Deformation Fabrics; Pre-instrumental Earthquakes; Seismic
Wavefields

Author Biography: shi Xuhua, Male, Professor specialized in active tectonics, geomorphology and earthquake geology.
E-mail: shixuhua@zju.edu.cn
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Yang Xiaodong'?, Rebecca E. Bell?, Alexander C. Whittaker?, Xu Haobo!*®, Han Xinze'?,
Angela R. Knowlson?, Valerie Locher?

(1. State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese
Academy of Sciences, Guangzhou, China ; 2. Department of Earth Science and Engineering, Imperial
College London, London, UK; 3. University of Chinese Academy of Sciences, Beijing, China)

Abstract: Subduction zones host the largest seismogenic zones on earth and hence the largest earthquakes. However, although
some subduction margins generate some of the most destructive earthquakes (e.g., Japan, Sumatra), others appear to slip less
dramatically in slow slip events, by aseismic creep or in small-moderate earthquakes (e.g., north Hikurangi). Subduction interface
topography (‘roughness’) has emerged as a leading parameter in controlling the seismicity at subduction zones, although there
is strong debate as to whether rough patches are asperities or barriers to large rupture. This issue persists because observational
studies are limited to individual margins, seafloor bathymetry used as proxy for plate interface topography is not direct
measurement, and historical earthquake record is short, which together make the precise assessment of earthquake potential in a
subduction margin challenging. Here we test whether geodetic interplate coupling is an indicator of earthquake potential in lieu
of a longer historical records. We then use direct seismic reflection observations from 35 plate boundary faults to quantify three
types of roughness at 1-10 km length scales. We find a strong and positive relationship between maximum magnitude and
interplate coupling. Strikingly, no relationship is observed between any of the roughness parameters and maximum earthquake
magnitudes/interplate coupling. This result challenges the long-standing paradigm that the plate interface roughness is a pivotal
factor in governing seismogenic behaviour. We suggest that short-wavelength (<10 km) roughness has different effects on
earthquake nucleation depending on the prevailing stage of earthquake cycle. Our findings challenge the prevailing hypothesis
that subduction interface roughness is a predominant control on its seismogenic behaviour, and imply that interface roughness
measured over length scales up to 10 km should not be used to assess a margin’s seismic hazard.

Author Biography: Yang Xiaodong. E-mail: xdyang@scsio.ac.cn
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(1. State Key Laboratory of Earthquake Dynamics and Forecasting, Institute of Geology, China Earthquake
Administration, Beijing 100029, China;
2. Department of Physics, Technical University of Denmark, Rise Campus, Roskilde, DK-4000, Denmark)

Abstract: Paleoseismic research provides a key approach to understanding the recurrence patterns and spatiotemporal
distribution of large earthquakes. The precise establishment of a chronological sequence of paleoseismic events forms the
foundation of such studies. Trench investigations represent one of the primary methods in paleoseismic research. By
identifying deformation records in fault zones and adjacent sedimentary strata, chronological constraints on paleoseismic
events can be determined by luminescence dating techniques, which are conventionally applied to sediment grains of silt (a
few microns) and fine sand (about 100 microns) in size. This study explores the methodological aspects of dating using
gravels larger than 4 mm, which are several orders of magnitude larger than silt and fine sand. Dating sediments with
contrasting grain sizes can reveal distinct sedimentological characteristics, as different grain fractions exhibit different
transport histories and degrees of sunlight exposure.

Rock surface luminescence dating was adopted in this study. Cobbles and pebbles were collected from different depositional
positions in several paleoseismic trenches excavated on active faults in the Southern Tianshan thrust belt in western China,
and a two-dimensional (2D) luminescence imaging system was employed to obtain the spatial distribution of luminescence
signals and to analyze signal variations at different orientations within individual gravels. The bleaching variability among
gravels from modern surfaces, paleo-surfaces, and colluvial wedges was compared within a trench. The influence of gravel
orientation on dating results was evaluated, and the mechanisms and processes of luminescence signal bleaching were
inferred. Based on 2D imaging measurements, appropriate gravel clasts were identified and selected for burial age
determination. These results were further integrated with luminescence dating of sediment grains in silt and sand sizes to
establish a chronological sequence that constrains the timing of paleoseismic events.

This study provides a methodological basis for constraining the chronology of gravel-dominated depositional systems in
paleoseismic trenches and offers new technical support for understanding the recurrence characteristics of large earthquakes
along active faults in western China.

Key words: Rock surface luminescence dating; Paleoseismic trenches; Southern Tianshan; 2D luminescence imaging
system
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Yusupov V R, Boltaev F Sh
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Abstract: Earthquake forecasting remains one of the most pressing yet least resolved problems in modern seismology. At
the Institute of Seismology of the Academy of Sciences of the Republic of Uzbekistan, comprehensive research into
precursors of strong earthquakes is being carried out using geophysical, hydrogeoseismological and deformometric methods,
supported by an expanding network of seismic stations established in accordance with Resolution No. PP-4794 of the
President of the Republic of Uzbekistan, dated 30 July 2020, “On measures for the fundamental improvement of the system
of seismic safety of the population and territories of the Republic of Uzbekistan”. Among the known approaches to
earthquake forecasting — analysis of changes in seismic wave velocity, source mechanisms, construction of Benioff graphs,
and the study of periodicity and migration of earthquake sources — a special place belongs to the study of regularities in the
release of seismic energy in time and space within zones of active deep faults. Despite its practical importance, this aspect
remains insufficiently studied.

The purpose of the present work was to investigate the temporal distribution of seismic energy in the zones of three
major active faults of Eastern Uzbekistan — the Karzhantau, North Fergana and South Fergana faults. The Karzhantau fault,
about 200 km long and 1-15 km wide in the northeast, widening to 25-30 km in the southwest, is the most active fault in the
Tashkent region; it was formed in the Upper Paleozoic-Mesozoic and has a reverse-thrust morphology. The South Fergana
and North Fergana faults, which reach the Paleozoic basement, bound the Fergana Valley on both sides and are recognized
by many researchers as major tectonic structures of the region.

The composite earthquake catalogue of Central Asia for the period 1970-2020 was used as the initial data, covering
the territory bounded by coordinates 36-42°N and 66-74°E. A total of 4735 earthquakes with magnitude M>3.5 were
analyzed. The energy of each event was calculated using the formula 1gE=1.8M+4, where M is the earthquake magnitude.
The study areas of the faults were divided into elementary cells with a step of 0.1° in latitude and longitude; moving from
west to east, the longitudinal coordinates of the cells changed while the latitudinal coordinates remained constant. The linear
size of each cell was about 80 km, corresponding to the characteristic size of the precursory zone for earthquakes with M>3.5
and providing the necessary statistics of annual seismic energy (£>10'? J). Time series of the cumulative annual energy EY.
for each fault zone were constructed using Excel and ArcGIS software, following the algorithm for calculating the seismic
regime parameter.

The results showed that in all three zones, the release of seismic energy occurs unevenly, alternating between active
and quiet periods. In the Karzhantau fault zone, an active period was observed in 1971-1987, during which the Tavaksay
(1977) and Nazarbek (1980) earthquakes occurred; relative calm was observed from 1988 to 2007, followed by renewed
activation of seismicity from 2008 to 2019. The South Fergana fault is characterized by substantially higher seismic activity
compared with Karzhantau: the amount of energy released during active periods (1974-1985 and 2008-2020) exceeds the
level typical of the quiet period of 1988-2007 by 2-3 orders of magnitude. At the same time, the active and quiet periods in
the Karzhantau and South Fergana fault zones coincide almost synchronously. In contrast, the North Fergana fault
demonstrates a different rhythm of activation: anomalous energy releases were recorded in 1972-1978, 1983-1995 and 2014-
2016, while relative quiescence occurred in 1979-1982 and 1996-2004, which does not coincide in time with the activation
of the neighboring structures.

Thus, the results obtained indicate that each of the studied active deep faults has its own characteristic thythm of
seismic energy release, which in some cases is synchronized between neighboring structures and in others develops
independently. Systematic monitoring of annual variations of the EY’ parameter in zones of active deep faults may serve as
a useful tool for medium- and long-term forecasting of seismic hazard in the territory of Uzbekistan.

Key words: Seismic energy release; Active deep faults; Karzhantau, Fergana Valle; Earthquake catalogue; Seismic
hazard forecasting
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AnMatuHcKas arnoMepanus pacrnonoxena B npeaenax CesepHoro TsHb-1llans u oTHOCUTCS K
PErMOHaM C BBICOKOW CEMCMHUYECKON aKTUBHOCTBIO. B CBSI3M C aKTUBHBIM OCBOEHUEM TEPPUTOPHUHU U
pa3BUTHEM TOPOJCKOW HHPPACTPYKTYpPhl 0CO00€ 3HAYCHHE MPHOOPETaeT HM3yUYCHHE AaKTHUBHBIX
TEKTOHMYECKHX Pa3JIOMOB, OKa3bIBAIOLINX BIHMSHNE Ha COBPEMEHHBIE T€OIMHAMUYECKHE TPOLIECCHI.
OnHuM n3 HHGOPMATUBHBIX TIOAXO0B K MX UCCIIEIOBAHUIO SABISETCS aHAIN3 THAPOT€0JIOTHUECKUX U
ra3oreoOXMMHYECKUX TMPHU3HAKOB, OTPAXKAIOMIUX OCOOCHHOCTH CTPOCHHS W TMPOHHUIIAEMOCTH
Pa3IOMHBIX 30H.

Cpenu ra3oreoXMMHUYECKHX —TOKa3aTeliedd HauOoinee UYyBCTBUTEIBHBIM — WHIWKATOPOM
TEKTOHMYECKON aKTHBHOCTH CYHMTAeTCs pajoH. Ero Murpamusi K MOBEPXHOCTH OCYIIECTBISETCS
MIPEVMYIIECTBEHHO TI0 CHCTEMaM TPEUIMH M Pa3IOMOB, KOTOPBIE CITy)KaT €CTECTBEHHBIMH MyTIMHU
nepeHoca rasza. lloBbIICHHBIE KOHIIGHTpAallMM paJOoHAa B IIOYBaX M T[PYHTaX, Kak MPaBUIIO,
MPUYpPOYCHBl K 30HAM TMOBBIIIEHHON TPEUIMHOBATOCTH W MPOHUI[AEMOCTH, YTO TIO3BOJISIET
WCIIONIb30BaTh PAJIOHOBHIE aHOMAJINH TP BBISIBJICHUH aKTUBHBIX TEKTOHUYECKUX HAPYIICHHH.

Lenpto uccnenoBaHus ABIAIOCH HM3yYEHHE THAPOTEOJOTMUYECKUX MPHU3HAKOB AKTHBHOCTH
TEKTOHMYECKUX Pa3IOMOB AJIMAaTHHCKOH arjoMepanuu o pe3yibTaTaM ONpeneiIeHNs KOHIEHTPalul
pamoHa B mouBax u TpyHTaXx. OCHOBHOE BHHMaHHE YAENSIIOCH OIEHKE IMPOCTPAHCTBEHHOTO
pacnpesieieHusl paloHa B Ipeneiax M3BECTHBIX PA3JIOMHBIX 30H M BBISBICHHIO YYacTKOB C
AHOMAJIbHBIMU 3HAYCHUSIMU.

HccnemoBanus mpoBoawiauch Ha Tpex mnpoduasx: Kackenenckom, KoTeipOyiakckoM
BennOynakckoM. BBIOOp ATHX y4acTKOB OOYCIIOBIICH WX PACIIONIOKEHHEM B TIpelieiaX aKTUBHBIX
TEKTOHMYECKUX HapyIIEHHH, BBIJIEIICHHBIX 110 JAHHBIM T'€0JIOTHYECKUX HcciaenoBaHuil. Ha kxaxmom
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npouiae BBIMTOJNHSINCh HM3MEPEHHsI KOHIICHTPALlMU pPAajJOHAa C TMOBEPXHOCTH IOYB M TPYHTOB.
[TomydeHHBIE pe3yNbTaTHl COMOCTABISUIACH C TIOJOKEHHEM M3BECTHBIX Pa3IOMOB i OCOOCHHOCTSIMU
Te0JIOTHYECKOTO CTPOCHUS HCCIIETYEMBIX TEPPUTOPHIA.

Pe3ynbTathl uccienoBaHUd MOKa3aldH, YTO aKTHBHBIC Pa3ioOMbl AJIMATHUHCKOW arjioMeparuu
COTIPOBOXKIAIOTCS YCTOWYHMBBHIMH 30HAaMH TOBBIIIEHHBIX KOHIEHTpamuii pagoHa. Ha Bcex
WCCIIEIOBAHHBIX ~TPOQWIAX BBIBICHB Tra30T€OXMMHUYECKHE aHOMAllMH, MPOCTPAHCTBEHHO
COBIAJAIONINE C paHEe YCTAHOBICHHBIMU TEKTOHUYECKUMH HAPYIICHUSIMU. DTO MOATBEPKIAET, YTO
PaOHOBBIC AHOMAJIMH SIBJISIOTCS HAJIEKHBIM IPU3HAKOM COBPEMEHHOU aKTUBHOCTH PA3JIOMHBIX 30H
Y OTPaKAIOT UX MOBBIIICHHYIO IIPOHAIIAEMOCTb.

Hawnbonee naTEepecHble pe3ynpTaTsl mony4eHbl Ha Kackenenckom mpogue. [lomrumo anomanmii,
COOTBETCTBYIOIIMX U3BECTHBIM Pa3IOMaM, 37€Ch BBIACIICH TOTOJHUTEIBHBIA YYACTOK C MIOBBIIIICHHOM
KOHIIEHTpaImei pagoHa. Ero monoxeHre He COBIAaeT ¢ paHee KapTUPOBAHHBIMHI TEKTOHUIECKUMU
HapyIICHUSMH, 9TO TIO3BOJISET MPEANOIOKHUTh CYIIECTBOBAHAE MAaJIOMOIIHBIX Pa3IOMOB B pailoHe
nputoka pexu Kackenen. JlaHHas aHomanus TpeOyeT AalbHEWIIEro HM3yYEHHsI C TPUBICYCHUEM
KOMILJIEKCA Te0JIOTO-TeO(pU3NUECKIX METOIOB, OJHAKO YK€ Ha JAaHHOM dTare OHAa MPEACTaBIISET
WHTEPEC ISl YTOUHEHHS TEKTOHHYECKOTO CTPOSHHS pacCMaTpUBaeMON TEPPUTOPHH.

[Tony4yeHnHble pe3ynbTaThl CBUIETEIBCTBYIOT O BBICOKOW HMH(OPMATUBHOCTH pPagOHOBBIX
I/ICCJ'ICIIOBaHI/Iﬁ IIpyu HU3YYCHUM AKTHUBHBIX PA3JIOMOB. B oTamunme ot MHOrMX Apyrux MeETOd0B,
pamoHOBasi CheMKa MO3BOJSET (DMKCHPOBATh 30HBI COBPEMEHHOW ITOBBIMIEHHON MPOHUIIAEMOCTH,
CBSI3aHHBIE C TIPOIECCAMHU TEKTOHWYECKOW aKTHMBHOCTH. JTO OCOOCHHO Ba)XKHO Ha y4acTKax, TIie
Pa3JIOMBI IEPEKPLITHI PHIXJIBIMA YETBEPTUYHBIMHA OTJIOKCHUAMU U HE UMCIOT YCTKOI'O BBIPAXKCHUA B
penbede.

CrnexyeT OTMETHTD, 9TO HHTEPIIPETANNS PAJOHOBBIX AHOMAIIUH JOJDKHA TIPOBOJUTHCS C yUETOM
Te0JIOTHYECKOTr0 CTPOEHHUS TEPPUTOPHUH, JTUTOIOTHUECKOTO COCTaBa MOPO, T'MIPOTe0IOrHYECKUX
YCIIOBUHM M JPYTHX MPUPOAHBIX (DAKTOPOB, CIIOCOOHBIX OKa3bIBATh BIMSHUC HAa MHUTPALMIO PajioHa.
[ToaTomy Hambollee MTOCTOBEpHBIE PE3YyJIbTATHl JOCTUTAIOTCA TPU KOMILIEKCHOM HCIIOIh30BAHUU
T'€OJIOTUYCCKUX, TUAPOrCOJIOTNICCKUX, FeO(i)I/ISI/I‘IeCKI/IX u Ta3orcoXuMMu4ICCKnNx METOA0B
HCCIIEIOBAHHUA.

TakuMm 00pa3oM, BBHINIOTHEHHBIC HCCIEIOBAHUS ITOATBEPIMIN BO3MOXKHOCTH HCIIOJIB30BaHUS
pazoHa Kak OJHOTO W3 HamOoJiee UYYBCTBHTEIBHBIX WHAWKATOPOB AKTHBHOCTH TEKTOHHYECKUX
pasioMmoB AnMaTHHCKOI arjioMepanuu. BrisgBienHbIe aHOMAaIbHBIEC 30HBI COBIIAJAIOT C ITOJIOKECHUEM
M3BECTHBIX Pa3lIOMOB, a OOHAPYKEHHBI y4aCTOK TMOBBIIIEHHOW KOHIICHTpAIMH PajJloHa B palioHE
mputoka peku KackemeH, BepOSTHO, CBsi3aH C paHee HEBBIIEICHHBIMA MaJOMOIHBIMA
TEKTOHUYCCKUMH HApPYIICHUSAMU. HOJ’Iy‘IGHHBIG JaHHBIC MOTYT GI)ITI) HCIIOJIB30BaHbI  IIpH
HaﬂbHeﬁmeM N3YUCHUN COBpeMeHHOﬁ reOAMHaAaMUKH PEruoHa, YTOYHCHHUU CXEM aKTUBHBIX pa3JIOMOB,
a TaKXKe TIPU WHKEHEPHO-TEOJIOTHIECKUX B CEHCMOTEKTOHMYECKUX UCCIICIOBAHUIX TEPPUTOPHH.
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BASED ON RADON SURVEYS

Abstract: The Almaty agglomeration is located within the Northern Tianshan, a region of high seismic activity. This study
evaluates active fault zones using soil radon concentrations as a hydrogeological and gas-geochemical indicator. Radon
migrates to the surface mainly through fractures and faults; therefore, elevated concentrations indicate increased rock
permeability and possible tectonic activity. Radon measurements were carried out along three profiles: Kaskelen, Kotyrbulak,
and Belbulak. The results show stable radon anomalies that coincide with previously mapped active faults, confirming the
reliability of radon as an indicator of fault activity. The most significant result was obtained on the Kaskelen profile, where
an additional radon anomaly was detected outside known fault zones. This anomaly may indicate previously unmapped
minor faults near a tributary of the Kaskelen River. The findings demonstrate that radon surveys are an effective tool for
identifying active fault zones, especially where faults are covered by Quaternary deposits. These results can support further
geological, engineering, and seismotectonic investigations in the Almaty region.
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(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026,
China; 2.Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumqi 830011, China; 3. Institute
of Geophysics, China Earthquake Administration, Beijing 100081, China)

Abstract: The Tianshan and Tarim Basin region serves as an ideal natural laboratory for investigating the seismogenic
mechanisms of intracontinental large earthquakes and the mechanical properties of the continental lithosphere. The effective
elastic thickness (7.) of the lithosphere, as a key parameter that comprehensively reflects the thermal structure, rheological
strength, and degree of tectonic reworking of the lithosphere, plays a critical role in understanding deep-seated stress transfer,
strain accumulation, and the spatial distribution of earthquakes. However, this region is characterized by rugged topography
and significant lateral variations in tectonic units. Gravity field models derived from satellite data suffer from systematic
errors, and the scarcity of ground-based gravity observations further limits the accuracy of existing gravity models across
the Tianshan and its adjacent areas, thereby hampering the reliability of 7. inversions and the resolution of detailed deep
structural analyses.This study focuses on the Tianshan orogen and Tarim Basin and systematically carries out a multi-source
gravity data fusion. First, we computed high-precision complete Bouguer gravity anomalies based on more than 3,000
ground-based gravity measurements. On this basis, we propose a two-stage fusion approach that combines polynomial trend-
surface correction for systematic bias and deep-learning-based fine correction. Specifically, a second-order polynomial is
employed to fit the regional trend of the systematic deviations between the WGM2012 global gravity model and the ground-
measured data. Subsequently, a multi-scale residual neural network is constructed, taking multi-dimensional features—
including gravity field values, gradient amplitudes, local statistical moments, and spatial coordinates—as inputs to learn and
correct the residual local nonlinear signals. Through this procedure, We obtain a high-precision Bouguer gravity field model
that preserves both the stability of the regional background field and the detailed local anomalous features. Then, using the
joint inversion method of admittance and coherence functions, combined with the Crust1.0 crustal model and the ETOPO1
topographic data, we invert for the spatial distribution of the lithospheric effective elastic thickness (7:) and the initial load
ratio (F) under a Bayesian optimal parameter estimation framework. The results indicate that the 7 values in the study area
range from 14 to 48 km overall, with pronounced spatial variations among different tectonic units, reflecting the lithospheric
strength contrast between the active Tianshan orogenic belt and the stable Tarim craton. Furthermore, the moderate-to-low
T.. zones show a good spatial correspondence with the clusters of historical large earthquakes, the foreland thrust fault systems
along the basin—orogen boundaries, and the gravity gradient belts, suggesting that lithospheric mechanical weak zones exert
significant control on earthquake preparation and rupture initiation. This study not only provides a high-precision regional
gravity field model for the Tianshan and its neighboring regions but also offers important geophysical constraints for
understanding the deep dynamic processes across the transitional zone between the intracontinental orogen and the basin, as

well as for regional seismic hazard assessment, bearing both theoretical significance and practical application value.

Key words:Tianshan; Tarim Basin; Bouguer Gravity Anomaly; Effective Elastic Thickness of the Lithosphere
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Fault Surveying Project in Wugia County, Xinjiang

Chang Xiangde, Hu Weihua, Wu Guodong, Batumengke, Huang Gaofeng
Earthquake Agency of Xinjiang Uygur Autonomous

Abstract: The Wugia County of Xinjiang is situated at the junction of three major tectonic units: the
Tarim Basin, the South Tianshan fold belt, and the West Kunlun—-Pamir tectonic zone. It is one of the
regions in the Chinese mainland that is most strongly affected by plate tectonic forces and has the highest
frequency of strong earthquakes. This project takes the main urban area and planning area of Wugia County
as its study area. Using remote-sensing survey, geomorphic mapping, trench excavation, borehole
exploration, shallow seismic prospecting and deep seismic reflection survey, it has carried out a systematic
survey on active faults and their deep seismotectonic environment within the study area, and assessed the
risk and hazard of the target faults. The project outcomes provide a scientific basis for urban development
planning, land use, site selection of major projects, as well as earthquake prevention and disaster reduction
in Wugia County.

The fault in the study area of Wugqia County is the southern-margin fault of the Wugqia Basin. Striking
nearly east-west (EW), the fault has a total length of about 60 km. It is a south-dipping thrust fault and a
Holocene active fault. The eastern end of this fault is bounded by the Chakmak River; westward, it passes
through the north of the Tianmen Grand Canyon, Kangshvier Village, the southern part of the Wugia
County seat, Heiziwei Township, and Jiangjie’er Farm, and finally terminates at the east bank of the
Kangsu River. In Miocene anticlines, the fault typically exhibits a high-angle thrust character with dips of
60°-80°, whereas in the Late Quaternary alluvial-fan gravel layers it shows a low-angle overthrust
character with dips of 15°-30°. Within the target area, the fault consists of two branches—the south branch
and the north branch. The south branch is about 13 km long and is mainly distributed along the frontal
margin of the mountains south of Wugia; the north branch is about 10 km long and is largely buried, passing
through the southern part of the county town, with local surface exposures.

Geomorphic measurement analyses indicate that the south branch of the southern-margin fault of the
Wugia Basin exhibits two peaks of vertical displacement: one of about 0.3-0.5 m and another of about 0.8—
1.2 m. These probably represent the vertical displacement from the most recent earthquake event and the
cumulative vertical displacement from the two most recent paleoearthquake events, respectively. The
minimum vertical offset of fault scarps along the northern branch is about 0.25-0.30 m, which may
correspond to the vertical displacement of its youngest paleoearthquake. Trenching investigations constrain
three major paleoseismic events on the southern-margin fault of the Wuqia Basin since the Holocene. Event
E1 occurred between 9.76 ka and 12.01 ka; Event E2 took place between 9.31 ka and 9.76 ka; Event E3
happened between 4.2 ka and 6.16 ka. Comprehensive analysis suggests that the paleoseismic recurrence
interval is 2900 years. The overall vertical slip rate of the target fault since the Holocene is 0.076-0.13
mm/a.

Using both the historical earthquake method and empirical statistical methods, the maximum potential
earthquake magnitude for the southern-margin fault of the Wugqia Basin is comprehensively determined to
be M7.5. Broadband ground-motion simulation yields a peak ground acceleration (PGA) of up to 700 cm/s?
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for Wugqia Town and 892 cm/s? for Heiziwei Township under the scenario of the M 7.5 characteristic
earthquake. The site conditions in the target area include thick overburden soils that significantly amplify
seismic waves. The maximum co-seismic deformation is concentrated in the southeastern part of Heiziwei
Township.

Keywords: Active fault survey; Wugia; Urban area; Seismic hazard analysis
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BRIEF INTRODUCTION TO MAJOR ACHIEVEMENTS OF

THE PROJECT FOR ACTIVE FAULT DETECTION AND
SEISMIC HAZARD ASSESSMENT OF TUMUSHUKE

CITY, XINJIANG

Chen Jianbo', Hu Weihua, Li Shuai, Ge Ming', Huang Gaofeng, Hou Xinyu
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)
Abstract:Tumushuke City of the 3rd Division, Xinjiang Production and Construction Corps, is situated
inside the Tarim Basin in the south-western part of the Xinjiang Uygur Autonomous Region. Tectonically,
it lies in the eastern segment of the Bachu Uplift at the junction between the Kalpin Nappe Tectonic Belt
of the South Tianshan Mountains and the Tarim Basin. Taking the main urban area and planned area of
Tumushuke City as the survey target, this project has systematically investigated active faults and their
deep-seated seismogenic structures within the area, and conducted a preliminary assessment of the hazard
and harmfulness of local active faults. Tumushuke City is sandwiched between these two faults. The
Yijianfang Buried Fault strikes NNW, and the shallowest depth of its upper breakpoint is approximately
269 m. Combined with data from Quaternary standard boreholes in the target area, the Yijianfang Fault is
identified as an Early-Middle Pleistocene fault. The Dabantag Buried Fault strikes NW-NNW. According
to shallow seismic exploration and combined borehole profiles, this fault is a high-angle thrust fault with a
dip angle of 60°-75° at depth. Near the main urban area, the depth of its upper breakpoint is about 16 m,
and its latest faulting episode occurred between 63.99 ka and 39.39 ka. Event EP1 took place between
(65.39£3.40) ka and (52.55+3.56) ka; Event EP2 occurred between (50.97+2.70) ka and (46.91£2.57) ka;
Event EP3 happened between (38.77+2.92) ka and (33.58+2.47) ka. The average recurrence interval of
paleoearthquakes is about 11.13 ka, and the average co-seismic displacement of the fault is around 0.5 m.
Since the Late Pleistocene, its vertical slip rate has decreased to 0.07 mm/a, and its horizontal shortening

rate has decreased to 0.14 mm/a.

Deep seismic profiles reveal stratigraphic features and concealed orogenic fold characteristics within
the Bachu Uplift in the survey area. Analysis of regional seismotectonic environment suggests that the
target area possesses tectonic conditions for generating earthquakes of magnitude 6 - 7, albeit with very
low seismic frequency. By empirical formula estimation and structural analogy with adjacent buried faults
within the basin, the potential maximum magnitude of the Dabantag fault is comprehensively evaluated as
Ms 7.0, and that of the Yijianfang fault as Ms 6.5. Seismic hazard analysis shows that when the Dabantag
buried fault generates its maximum potential Ms 7.0 earthquake, the ground-motion effects within the target
area are as follows: horizontal peak ground acceleration ranges from 200 cm/s? to 615 cm/s?; vertical peak
ground acceleration ranges from 240 cm/s? to 500 cm/s?; horizontal peak ground velocity ranges from
22 cm/s to 61 cm/s; vertical peak ground velocity ranges from 19 cm/s to 59 cm/s; horizontal peak ground
displacement ranges from 13 cm to 48 cm; vertical peak ground displacement ranges from 12 cm to 48 cm.

Key words: Active faults; Seismic hazard; Tumushuke; Tarim Basin

Author Biography: Chen Jianbo (1976-), Male, senior engineer, mainly engaged in seismogeology and active
tectonics research. E-mail: 123827172@qq.com
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SEISMIC VELOCITY ANOMALY STRUCTURES BENEATH
THE EASTERN TIANSHAN AND THEIR GEODYNAMIC
IMPLICATIONS

Cui Ran', Zhou Yuanze?, Meng Lingyuan

(1.China Earthquake Networks Center, Beijing 100045, China; 2.College of Earth and Planetary
Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Tianshan orogen represents one of the world’s typical intracontinental orogenic belts. It
records the closure of the Paleo-Asian Ocean, continental amalgamation, and Cenozoic tectonic
reactivation driven by far-field effects of the India—Eurasia collision. Understanding its deep lithospheric
evolution is essential for revealing intracontinental orogenic processes and deep material cycling. However,
the mechanisms of lithospheric thickening and delamination, as well as their interactions with the mantle
transition zone remain controversial due to limited seismic observations. In this study, we used two-
dimensional spectral-element simulations and P-wave triplication waveform fitting to resolve the velocity
anomalies at different depths in the upper mantle and mantle transition zone beneath the Eastern Tianshan.
By combining geological and geochemical observations, we analyzed the origin of lithospheric anomalies
and their dynamic relationship with mantle transition zone structures. We identified a prominent low-
velocity anomaly (LVA) of 6% at depths of 35-110 km, which is beneath the Eastern Tianshan, proximal
to the highest peak of the Yilianhabierga Mountains. This LVA is interpreted as a consequence of
asthenospheric upwelling induced by lithospheric delamination, where thermal and hydrous materials
promote partial melting. A high-velocity anomaly (HVA) is also detected within the mantle transition zone
beneath the Eastern Tianshan, with velocity perturbations increasing progressively with depth to ~1% near
the 660 km discontinuity. In addition, the 660 km discontinuity exhibits a gradual deepening trend from
west to east, which indicates that subducted or delaminated lithospheric materials may have migrated to
and stagnated in the mantle transition zone. Our findings yield important insights into lithospheric
deformation, asthenospheric upwelling, mantle transition zone responses, and the tectonic evolution of the
Tianshan orogen.

Key words: Tianshan Orogenic Belt; Seismic Waveform Fitting; Seismic Velocity Anomaly; Lithospheric

Delamination; Mantle Transition Zone
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CONTEMPORARY SEGMENTED DEFORMATION AND INTERSEISMIC
COUPLING CHARACTERISTICS OF THE MAIDAN FAULT BASED ON
GNSS OBSERVAT IONS

Fan Wenlong', Zhu Jie?, Li Guirong'

(1. Urumgqi Institute of Central Asia Earthquake, China Earthquake Administration, Urumgqi 830011,
Xinjiang, China; 2. China Earthquake Networks Center, Beijing 100045, China)

Abstract: To investigate the present-day segmented deformation characteristics of the Maidan Fault in the southwestern
Tianshan region, we utilized raw observations from various GNSS stations in the study area to derive the horizontal crustal
velocity field using the PyGNSS Toolkit platform. The three-dimensional fault coupling coefficients and slip deficit rates
were estimated using the TDefnode negative dislocation inversion model. In addition, the temporal variations in areal strain
rate and maximum shear strain from 2011 to 2026 were analyzed by dividing the study region into eighteen 1°x1° grids. The
results show that: (1) The GNSS-derived velocity field exhibits an overall spatial pattern characterized by a gradual decrease
from the southwest to the northeast. The highest velocities occur in the southwestern Pamir Plateau, reaching 15-20 mm/a,
and gradually decrease to 10—12 mm/a toward the interior of the Southern Tianshan region. A clear velocity gradient exists
across the Maidan Fault, with the eastern segment exhibiting prominent strike-slip shear deformation characteristics. (2) The
Maidan Fault demonstrates a typical pattern of strong shallow locking and weak deep coupling. At depths of 0—15 km, the
coupling coefficient is generally greater than 0.8, with a slip deficit rate of 2.0-3.0 mm/a. The coupling strength decreases
significantly at depths of 15-30 km, where the coupling coefficient ranges from 0.2 to 0.4. Below 30 km depth, the fault
gradually transitions into a weakly coupled state. (3) From 2011 to 2022, strain parameters in the study area generally
exhibited a gradual accumulation trend. The maximum shear strain continued to increase, whereas from late 2022 to early
2023, most grids experienced synchronous temporal variations, characterized by a rapid decrease in areal strain rate and a
reduced growth rate of maximum shear strain, indicating an adjustment of the regional tectonic strain state. Integrating the
GNSS velocity field, fault coupling characteristics, and strain evolution patterns, the shallow strongly locked zone and high-
strain accumulation zone along the eastern segment of the Maidan Fault show a good spatial correlation with the 2024 Wushi
Ms7.1 earthquake source region and subsequent seismic activity areas. These observations suggest that the region remains

under continuous tectonic loading and strain accumulation.

Keywords: Maidan Fault; GNSS; fault locking; slip deficit rate; strain accumulation
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LATE QUATERNARY ACTIVITY CHARACTERISTICS OF THE EASTERN
SECTION OF THE KENENBIEERTE FAULT ON NORTHEASTERN
MARGIN OF PAMIR

Huang Gaofeng', Wu Guodong?, Luo Ju?, Sun Yafei!, Yao Yuan'

(1.Urumgqi Institute of Central Asia Earthquake, China Earthquake Administration, Urumqi 830011,
Xinjiang, China; 2.Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumqi 830011,
Xinjiang, China)

Abstract: Since the Late Cenozoic, the continuous collision between the Indian and Eurasian plates has resulted in intense
tectonic deformation and frequent seismicity in the arcuate nappe structural belt along the northern margin of the Pamir. In
the northeastern Pamir, this nappe structural belt consists of Main Pamir Thrust (MPT), Pamir Frontal Thrust (PFT), and the
fold-and-thrust zones between them; its tectonic evolution model remains controversial to date. Previous studies have largely
focused on the highly active PFT, whereas the fold-and-thrust zones between MPT and PFT have received relatively little
attention. The Kenenbieerte fault is located in the central part of this nappe structural belt, and its Late Quaternary activity
characteristics provide key insights into the tectonic evolution of the Pamir region. In this study, we employed remote sensing
interpretation, field geological surveys, UAV-based micro-geomorphological mapping, paleoseismic trenching, and optically
stimulated luminescence (OSL) dating to investigate the geometric distribution, paleoseismic history, and shortening rate of
the eastern segment of the Kenenbieerte fault. The results show that the eastern segment of the Kenenbieerte fault strikes
roughly E-W to NWW, consists of two branches (northern and southern), and is dominated by thrust motion. On an alluvial
fan dated to ca. 87.5+8.3 ka, located west of the Qimugan River, a series of back-thrust faults developed in the hanging wall
of the fault. Trench exposures reveal at least one to two paleoseismic events, with the most recent activity occurring no later
than 28.63+2.82 ka (late Late Pleistocene). Integrating a total shortening of =31.81+5.52 m across the main fault and
secondary back-thrust faults, we estimate a Late Quaternary horizontal shortening rate of no less than 0.364+0.07 mm/a. The
fault remained active through the Late Pleistocene, suggesting that strain partitioning within the northeastern Pamir nappe
structural belt is more complex than previously recognized. Whether its evolution follows a typical piggyback model requires
further validation through systematic comparison with activity characteristics of multiple regional faults. These findings

provide baseline data for regional seismic hazard assessment.

Keywords: Northeastern margin of the Pamir; Eastern section of the Kenenbieerte Fault; Late Quaternary; Shortening
rate; Back-thrust fault
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STUDY ON COUPLING DEFORMATION MECHANISM
OF SUPRASALT AND SUBSALT STRUCTURES IN
BOZI-DABEI NORTHERN SEGMENT, KUQA
DEPRESSION

Ji Wenzhe
(Karamay Campus, China University of Petroleum (Beijing), Karamay 834000, Xinjiang, China)

Abstract: Foreland fold-and-thrust belts are important carriers for basin-mountain coupling studies and
hydrocarbon exploration. The Kuqga Depression, as a superimposed foreland basin in the southern
Tianshan piedmont, has great ultra-deep hydrocarbon potential, and detachment layers are the main
controlling factor for trap development. Existing studies mostly focus on single or double detachment
layers; the coupled deformation mechanisms of multiple detachment layers remain poorly understood,
making it difficult to explain structural variations and restricting the development of ultra-deep
exploration. Taking the fine seismic profile interpretation of the Bozi—Dabei segment of the Kuqa
Depression as an example, this study employs analogue modeling and numerical simulation combined
with geological analysis to investigate the coupling relationship and controlling factors of structural
deformation above and below the salt layer.

The results show that when the salt layer is thick, its buttressing effect on subsalt strata strengthens:
subsalt strata mainly grow upward, suprasalt strata are strongly tilted, and their frontal parts dip
downward. When the salt layer is thin, its buttressing effect on subsalt strata weakens: subsalt strata move
forward, the detachment distance increases, and the tilting of suprasalt strata decreases. When the
paleo-uplift has a high dip angle, subsalt strata mainly grow upward; the frontal positions of wedge-thrust
structures in different layers are close to one another; new faults begin to develop in the basement; and
suprasalt strata undergo intense structural deformation. When the paleo-uplift has a low dip angle, subsalt
strata wedge-thrust along the top of the paleo-uplift and move forward, forming a foreland-propagating
structure; the frontal parts of some suprasalt strata are arranged in an obliquely tilted pattern.

The results indicate that in the Bozi—Dabei segment of the Kuga Depression, suprasalt and subsalt
deformation are linked by the salt layer and show a three-stage coupled evolution. During the weak
compression stage, the upper and lower units deformed synchronously and weakly. During the strong
compression stage, subsalt detachment dominated and suprasalt strata folded in coordination; subsalt
deformation controlled the intensity and distribution of suprasalt deformation through energy transfer
within the salt layer, while suprasalt gravitational loading in turn modulated deep detachment. During the
intense thrusting stage, vertical decoupling occurred, with independent subsalt thrusting finalized and
suprasalt strata tilted and dislocated. The coupling differences were jointly controlled by the paleo-uplift
and salt thickness.

Key words: Kuqa Depression; Suprasalt-infrasalt coupling; Salt thickness; Paleo-uplift
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Li Rui'.2, Li Guirong'.?, Li Jie'.?, Sulitan Yusan'.?, Fan Wenlong'.?

(1. Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang,
China;2. Urumgqi Institute of Central Asia Earthquake, CEA, Urumgqi 830011, Xinjiang, China)

Abstract: GNSS continuous observation is one of the primary means for monitoring crustal movement. In particular,
high-precision horizontal velocity fields with submillimeter-level accuracy provide indispensable constraints for
establishing regional reference frames, characterizing plate motion, quantifying crustal strain, and assessing seismic
hazards. However, vertical accuracy is comprehensively affected by various complex error sources, such as ionospheric
delay, tropospheric delay, and multipath effects, resulting in precision typically 2 to 3 times lower than that in the
horizontal direction. Therefore, extracting reliable tectonic information from GNSS vertical time series urgently requires
the effective separation of periodic seasonal signals, environmental loading effects, and time-correlated noise to
accurately estimate the long-term trend and its uncertainty. This paper is based on over decades of daily solution data
from 32 GNSS continuous observation stations of the Crustal Movement Observation Network of China in Xinjiang.
The data are processed jointly with global IGS stations using GAMIT/GLOBK, and the daily coordinate time series are
transformed into the Eurasian reference frame through parameter conversion. Maximum likelihood estimation is
implemented using the Hector software, with a functional model comprising a linear rate, annual and semi-annual terms.
The stochastic part was modeled as a combination of Generalized Gauss-Markov (GGM) noise and white noise, as
expressed by the following specific formula:

Ui=a+vt+A, cos (2mt+@, ) +A; cos (41t +@,) +§comHEwnite
After excluding three stations with poor data continuity, annual variation signals of different amplitudes were observed
at all remaining stations. Among the 29 retained stations, three show no significant uplift or subsidence within +1¢
standard deviation, while the other 25 display vertical rates ranging from 0 to 3.12 mm/yr. Additionally, significant
non-tectonic vertical motion is identified at station XJKL. Calculations also indicate that neglecting periodic terms and
colored noise may lead to misinterpretation of seasonal fluctuations or short-term disturbances as tectonic activity. This
is especially true when the time series is short, where higher rate estimates can easily be confused with large annual
amplitudes and should not be directly attributed to crustal tectonic uplift. The vertical velocities and their uncertainty
estimates obtained in this paper based on long time-series observation data can provide key kinematic constraints for the
study of present-day vertical crustal deformation in the Xinjiang region.

Key words: Crustal Movement Observation Network of China (CMONOC); GNSS time series; Hector; vertical
motion; generalized Gauss-Markov noise!
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CRUSTAL DENSITY STRUCTURE AND SEISMODYNAMIC ENVIRONMENT
IN THE CENTRAL TIANSHAN AREA

Daiqin Liu'
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Abstract:The central segment of the Tianshan is one of the regions with frequent moderate-to-strong earthquakes
along the entire Tianshan seismic belt. To reveal the relationship between the crustal density structure and the seismogenesis
of strong earthquakes in this area, this study integrates 957 high-precision ground gravity measurements and collocated
GNSS elevation data with a global gravity field model to obtain a high-precision Bouguer gravity anomaly field over the
study area. Combined with three earthquakes of magnitude >6.0 that have occurred since 2012, we investigate the crustal
density structure and seismogenic background of the central Tianshan.

First, the EIGEN-6C4 gravity field model is fused with measured ground gravity data to derive high-resolution Bouguer
gravity anomalies over the Tianshan and its adjacent regions. The crust and upper mantle beneath the central Tianshan are
divided into six equivalent layers, and residual gravity anomalies are calculated for each layer; then, the structural boundaries
of distinct geological bodies are reconstructed using horizontal gradient, vertical gradient, and vertical derivative of
horizontal gradient analyses. Subsequently, a Bayesian joint inversion algorithm of gravity and seismic data is employed to
obtain a three-dimensional crustal density structure model of the central Tianshan. Finally, based on the north—south crustal
density profiles across the central Tianshan, a dynamic coupling model between the Tianshan orogen and the adjacent basins
is constructed.

The results indicate that the residual gravity anomalies in the central Tianshan are broadly consistent with the
distribution of major regional faults. Significant gravity anomaly contrasts are observed across the Huo'erguosi—-Manasi—
Tugulu fault, the Nalati fault, the Kashihe fault, and the Beiluntai faultt, with the trends of gravity gradient zones coinciding
well with the strikes of these faults. The residual gravity anomalies suggest that the boundary between the Tianshan and the
Tarim Basin is located near the Beiluntai fault, whereas the boundary between the Tianshan and the Junggar Basin is situated
near the Huo'erguosi—Manasi—Tugulu fault. The crustal density structure of the central Tianshan exhibits prominent vertical
stratification and lateral segmentation. In the middle—upper crust, the central Tianshan is characterized by relatively high
densities, whereas the flanking basins display lower densities. Near the Moho discontinuity, an inverse density contrast is
observed: the Tianshan region shows low densities, while the Tarim Basin to the south and the Junggar Basin to the north
are marked by high densities. Analysis of density profiles traversing the source regions of the three earthquakes reveals that
all source zones are characterized by pronounced lateral density gradients, and the earthquakes occurred at locations of
maximum curvature of the north—south bidirectional detachment structures. The density profiles across the Tianshan and the
adjacent basins further demonstrate that the Tarim and Junggar Basins are underthrusting beneath the Tianshan at different
dip angles. Under the combined compression and insertion from both the southern and northern basins, deep materials
beneath the central Tianshan have been subjected to long-term denudation, leading to sustained uplift of the Tianshan range.

Key words:Central Tianshan Mountains; Gravity; Crustal Structure; Seismogenic Environment
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Abstract: The southwestern Tianshan—western Kunlun region is a key tectonic transition zone where the far-field effects
of the India—FEurasia collision interact with intracontinental deformation in Asia. However, the deep contacts among different
tectonic units, the segmentation of crustal deformation, and their relationships with seismicity remain insufficiently
constrained. In this study, we use body-wave travel-time data from the Xinjiang regional digital seismic network and the
International Seismological Centre and apply double-difference seismic tomography with Vp/Vg-consistency constraints to
jointly invert for three-dimensional Vp. Vg and Vp/Vgstructures in the crust and uppermost mantle. A relocated catalog of
52,476 earthquakes is also obtained. The results reveal pronounced lateral heterogeneity, along-strike segmentation, and
vertical stratification in the deep structure of the study region. Across the Pigiang Fault, the western and eastern segments of
the Keping foreland thrust belt exhibit distinctly different velocity structures and seismicity patterns. The western segment
is characterized by pronounced lateral variations in velocity structure, deeper-reaching low-velocity anomalies, and relatively
dense seismicity, whereas the eastern segment shows comparatively smooth lateral variations. These differences suggest that
the Pigiang Fault may act as an important tectonic transition boundary that regulates differential shortening and along-strike
strain partitioning within the foreland thrust belt. Profiles across the northeastern Pamir—western Kunlun region show
systematic northwest-to-southeast variations in the geometry of shallow low-velocity layers, middle-to-lower crustal velocity
structures, and earthquake distributions. These observations support an intracontinental convergence model characterized by
multilevel contacts, vertical stratification, and along-strike segmentation. Broad low-velocity anomalies are imaged at depths
of 20—60 km beneath the northeastern Pamir and the southern margin of the southwestern Tianshan, in marked contrast to
the relatively high-velocity middle-to-lower crust and uppermost mantle beneath the Tarim Basin. The relocated hypocenters
are mainly concentrated at depths of 5-25 km and are preferentially distributed along major faults, tectonic-unit boundaries,
and velocity-anomaly transition zones. These results indicate that variations in crustal properties, sedimentary cover—
basement architecture, and deep tectonic boundaries jointly influence the segmentation of deep deformation and the spatial
distribution of seismicity. This study provides new seismological constraints on structural heterogeneity, segmented
deformation, and earthquake distribution in the southwestern Tianshan—western Kunlun region.

Key words: Southwestern Tianshan-western Kunlun; Double-difference seismic tomography with ¥p/Vs-consistency
constraints; Earthquake relocation; Velocity structure; Segmented deformation
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Abstract:The present-day mechanical strength of the Altay lithosphere and its control on basin—mountain
coupling and seismicity remain poorly quantified. We estimate the effective elastic thickness (Te) using a
three-dimensional finite-difference flexural model constrained by EIGEN-6C4 Bouguer gravity
anomalies and SIO topo.19.1 topography. The model is tested against receiver-function Moho depths and
isostatic gravity anomalies, and interpreted together with magnetotelluric, seismic-velocity, heat-flow,
and earthquake data. Te ranges from 2 to 130 km, reaching 80—130 km beneath the Junggar Basin, 2-30
km along the Ertix Fault Zone and the Altay ridge, and 40—80 km across the basin—mountain transition.
Most M > 4 earthquakes occur where Te is below 50 km, coinciding with crustal conductors,
low-velocity anomalies, and elevated heat flow. These results reveal a cold, strong, and well-coupled
lithosphere beneath the Junggar Basin, but a tectonically reactivated and thermally weakened lithosphere
beneath the Altay Orogen, providing new quantitative constraints on intracontinental deformation and
seismicity in the Central Asian Orogenic Belt.

Key words: Altay Region; Effective Elastic Thickness;Seismic Activity
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Abstract: Late Cenozoic crustal deformation and strong earthquake activity in the Altai region are
primarily accommodated by a system of large-scale right-lateral strike-slip faults. Quantitative
characterization of fault segmentation, slip behavior, and paleoearthquake recurrence patterns is essential
for understanding earthquake recurrence processes in low-strain-rate intracontinental settings and for
improving seismic hazard assessments. As the central segment of the Fuyun—Zhifang Fault, the Late
Quaternary rupture history and recurrence behavior of the Almant Fault remain poorly constrained, and the
potential seismic hazard associated with Coulomb stress loading from the 1931 Ms 8.0 Fuyun earthquake
remains uncertain. In this study, we investigate the Late Quaternary activity and paleoearthquake history
of the AF by integrating high-resolution remote sensing interpretation, field investigations of displaced
geomorphic markers, paleoseismic trenching, optically stimulated luminescence (OSL) dating, and OxCal
Bayesian age modeling. Our results reveal that two surface-rupturing paleoearthquake events have been
identified on the AF after the formation of the T1 terrace, with modeled ages of 13.23 + 1.35 ka BP and
9.68 £ 0.33 ka BP. The recurrence interval between these two events is approximately 3.5 kyr, whereas the
elapsed time since the latest event exceeds 9.6 kyr. These observations suggest that earthquake recurrence
on the AF may involve episodic clustering and prolonged quiescence, rather than a simple periodic pattern.
The cumulative offsets observed on geomorphic surfaces, when considered without chronological
constraints, may lead to an oversimplified interpretation of characteristic slip behavior; however, trench-
based paleoseismic evidence indicates that the AF cannot be fully explained by a simple characteristic-slip
model.Considering the reported positive Coulomb stress perturbation associated with the 1931 Ms 8.0
Fuyun earthquake, the seismic potential of the AF deserves further attention in future regional seismic risk

assessments.

Key words: Paleoearthquakes; Seismic Hazard; Activity Characteristics; Slip Behavior
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UPPER MANTLE STRUCTURE BENEATH PAMIR,
TIANSHAN AND ADJACENT REGIONS

Yang Pan, Xuewei Bao, Kecheng Zhou, Mengfan Jiang
(School of Earth Sciences, Zhejiang University, Hangzhou 31000, Zhejiang,China)

Abstract:In the northwestern India—Asia collision zone, the relationship between tectonic deformation
and deep mantle dynamics remains controversial. We construct a 3D P-wave upper-mantle velocity
model beneath the Pamir, Tianshan, and adjacent regions using teleseismic tomography from 353
stations and 3,321 events.The model suggests that the Tarim lithosphere sub-horizontally compresses
the central Tianshan and may have triggered lithospheric delamination.Beneath the Pamir—Hindu Kush,
the Indian lithosphere steeply subducts beneath the Hindu Kush but underthrusts beneath the Pamir,
possibly inducing Tajik lithospheric delamination.A high-velocity anomaly near the base of the mantle
transition zone is interpreted as detached Indian lithosphere from slab breakoff at ~20 Ma.This work
was supported by the National Natural Science Foundation of China (U22B6002 and 42374055) and the
National Key Research and Development Program of China (Grant 2019YFA0708604).
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Crustal Structure Beneath the Basin - Mountain Junction
Profile of the Southwestern Tianshan Using Receiver
Function Analysis

TANG Ming-shuai'?3, LI Yue-shuai', WEI Yun-yun!, CAO Chang-jun?,
ZHENG Xue-gang?

(1. Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgi 830011, Xinjiang, China;
2. Xinjiang Pamir Intracontinental Subduction National Field Observation and Research Station,
Urumgqi 830011, Xinjiang, China; 3.Urumqi Institute of Central Asia Earthquake, China
Earthquake Administration, Urumgi 830011, Xinjiang, China)

Abstract: The basin-mountain junction between the Southwest Tianshan and the Tarim Basin is a
key region accommodating the far-field stress from the India-Eurasia plate collision, characterized
by intense neotectonic movement and deformation. To characterize the crustal structure of this
junction zone, this study uses teleseismic data recorded by 10 portable broadband seismic stations
and 3 permanent seismic stations along a profile east of Kashgar, spanning from the northern margin
of the Tarim Basin to the Southwest Tianshan. We apply the P-wave receiver function H-« stacking,
sequential H-x stacking, and common conversion point (CCP) stacking methods to reveal the
geometry of crustal discontinuities and Poisson's ratio characteristics beneath the profile. The results
show that crustal thickness increases from 45 km to 54 km from south to north along the profile: the
crustal thickness at the northern margin of the Tarim Basin (four stations) ranges from 45.3 km to
47.2 km, while it reaches 51.7 km to 54.3 km in the southern piedmont of the Southwest Tianshan
(four stations). The Moho discontinuity is offset across the Tuotegongbaizi Fault, with a 5 km crustal
thickness difference between stations on the north and south sides of the fault. Two stations located
north of the Maidan Fault show crustal thickness ranging from 51.7 km to 52.9 km. A clear
intracrustal discontinuity is detected beneath the profile: it is located at 11 - 14 km depth beneath
the northern margin of the Tarim Basin, and deepens gradually to approximately 20 km when
extending northward into the southern piedmont of the Tianshan. The discontinuity becomes
indistinct further north, which may indicate that the Tarim Basin basement subducts northward as
far as the Maidan Fault, facilitating crustal thickening in the southern piedmont of the Southwest
Tianshan. CCP stacking results show intense deformation of both the Moho and the intracrustal
discontinuity, which is characterized by a northwest-dipping “stepped" structure. Poisson's ratio of
crustal media varies complexly along the profile, ranging approximately from 0.235 to 0.311: the
crustal Vp/Vs ratio at the northern margin of the Tarim Basin is 1.86 - 1.91 (corresponding to
Poisson's ratio 0.297 - 0.311), while the Vp/Vs ratio in the southern piedmont of the Southwest
Tianshan is 1.70 - 1.80 (corresponding to Poisson's ratio 0.235 - 0.277).There is an inverse
correlation between crustal thickness and Poisson's ratio from the northern margin of the Tarim
Basin to the Southwestern Tianshan (correlation coefficient =~ 0.90), indicating that crustal
thickening is likely dominated by stacking of upper crustal materials composed mainly of felsic
rocks, which is consistent with the Vp/Vs ratio characteristics of crustal media in the southern
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piedmont of the Southwestern Tianshan. Crustal thickness also shows a strong positive correlation
with surface elevation (correlation coefficient = 0.88), suggesting that the crust along the profile is
generally in a state of approximate isostatic equilibrium.The crustal structure revealed in this study
reflects the continental collision process and provides a geodynamic interpretation for the distinct
segmentation of geological structures, deep structures and deformation characteristics in the basin-
mountain junction zone between the Southwestern Tianshan and the Tarim Basin. The obtained
morphology of crustal discontinuities and Vp/Vs ratios provide direct evidence for the geodynamic
response during orogeny, and also contribute to an in-depth understanding of the tectonic evolution
of this region.

Keywords: Southwestern Tianshan basin - mountain junction; Receiver Function Method; Crustal Thickness;

Poisson's ratio; Intracrustal Discontinuity
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MASS MIGRATION MECHANISMS IN TIBETAN
PLATEAU REVEALED BY ABSOLUTE GRAVITY
OBSERVATIONS

Wang Jian', Li Yahao', Hu Minzhang', Zhang Xinlin'
(1. Institute of Seismology, China Earthquake Administration, Wuhan 430071, Hubei, China)

Abstract: Based on absolute gravity observation data in the Tibetan Plateau (TP) from 1999 to 2022, this study
first analyzes and removes various shallow crustal gravity effects to extract the gravity change characteristics
induced by deep crustal mass migration. Then, the Parker-Oldenburg iterative method is used to invert the recent
Moho deformation. Finally, combining these results with seismological and geodetic research findings, the mass
migration processes and crustal deformation mechanisms in the TP are discussed and analyzed. The results show
that: (1) The gravity changes caused by deep crustal mass migration in the TP exhibit significant lateral heterogeneity,
showing an overall positive gravity trend (mean value of 0.67 pGal/a). Along the eastern margin, a distinct south-
positive and north-negative dipolar pattern is observed. The positive gravity changes in the western Lhasa block, the
northern part of the southeastern margin, and the central Tarim block may reflect deep mass accumulation driven by
plate subduction and lateral extrusion. In contrast, the negative gravity changes in the Tianshan block, the central
Lhasa block, and the northeastern margin of the plateau may be related to deep lithospheric delamination,
asthenospheric upwelling, or lower crustal flow activities. (2) There is a strong correlation between regional gravity
changes and lower crustal density anomalies. The mean proportionality factor (K) between them is 0.33 in the
western and northeastern plateau, highlighting the blocking effect of peripheral rigid cratons on deep mass migration.
Meanwhile, the mean K value in the northern and southern parts of the southeastern margin is -0.23, reflecting the
facilitating effect of the middle-lower crustal weak layer on deep mass migration. (3) The recent Moho uplift rates
in the western plateau—central Tarim block and the northern part of the southeastern margin are 5.4+0.5 mm/a and
2.6+0.6 mm/a, respectively, while the recent Moho subsidence rate in the northeastern plateau is 1.7+£0.6 mm/a. The
crustal deformation in the western plateau and the central Tarim block is consistent with the lithospheric tectonic
deformation. The northeastern margin conforms to the lower crustal flow model, whereas the northern part of the

southeastern margin follows the continuous deformation mode.

Key words: Tibetan Plateau; Absolute gravity observation; Mass transfer; Density anomaly; Crustal

deformation mechanism
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THREE-DIMENSIONAL DENSITY STRUCTURE AND SEISMOGENIC BACKGROUND OF THE
TANGSHAN SEISMIC REGION

Three-Dimensional Density Structure and Seismogenic

Background of the Tangshan Seismic Region

Wang Jiapei', Zhang Minghui', Shi Wenxuan', Tan Hongbo', Wu Guiju', Yang
Guangliang', Shen Chongyang'

(1. Institute of Seismology, China Earthquake Administration, Wuhan 430061, Hubei, China)

Abstract: To investigate the fine-scale subsurface density structure, seismogenic mechanisms, and the dynamic
relationships between deep and shallow structures in the source region of the Tangshan earthquake, this study employs high-
resolution surface-measured Bouguer gravity anomaly data. Wavelet multi-scale signal separation techniques are used to
extract wavelet detail signals at different depths in the seismic region, and a comprehensive analysis is conducted by
integrating the seismicity distribution characteristics. Meanwhile, a deep learning inversion method incorporating multiple
physical constraints — including depth weighting, anomalous body geometry, and the gravity physical equations — is
developed. After dataset construction, network model establishment, multi-type model training, and multi-metric validation,
this method is applied to the measured gravity data of the Tangshan seismic region. The inversion yields the three-
dimensional (3-D) density structure of the region, which is subsequently compared with results from conventional inversion
methods.The results indicate that the Tangshan earthquake occurred within the complex tectonic belt of the Tangshan
rhombic block, under the background of North China Craton (NCC) destruction. The spatial distribution of seismicity
exhibits a pronounced tendency, clustering adjacent to the boundaries of the rhombic block and the gradient zones of gravity
anomalies. With increasing depth, the subsurface density structure of the Tangshan seismic region gradually transitions from
complex, dispersed patterns in the shallow crust to continuous, ordered distributions at middle-to-deep depths. Evidence
suggests the upwelling of high-density mantle material along fault lines, along with density inhomogeneities in deep-seated
materials. Under the combined effect of deep energy accumulation and shallow structural constraints, the rapid dislocation
release of the Tangshan earthquake was triggered.The findings reveal the 3-D density structure characteristics of the
Tangshan seismic region and the geophysical process whereby gravity anomalies transition from a deep convergence center
to shallow dispersed fracture zones. This study provides important technical support for identifying strong-earthquake

seismogenic environments and assessing seismic hazards in the NCC destruction region.

Key words: Tangshan earthquake; Bouguer gravity anomaly; Gravity inversion; Density structure
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INVESTIGATING DEEP STRUCTURE OF ACTIVE FAULTS USING
APPLIED SEISMOLOGICAL METHODS

Wang Shiguang', Wang Weilai', Fang Lihua?

(1. Institute of Geophysics, China Earthquake Administration, Beijing 100081, China; 2. Institute of
Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China)

Abstract: Field geological investigations, remote-sensing image interpretation, and high-resolution UAV-based DEM
measurements can effectively constrain the surface traces, geometric characteristics, and geomorphic offsets of active faults.
However, probing the deep geometry and kinematics of active faults remains challenging. Trenching, drilling, and seismic
reflection profiling generally provide only local 2D constraints on fault structures, and their high cost limits their applicability
for systematically imaging complete three-dimensional fault geometries at depth. In recent years, with the rapid development
of dense seismic array observations and artificial intelligence techniques, Al-based earthquake detection, precise earthquake
relocation, and focal mechanism determination using continuous waveform data have become powerful approaches for
investigating the deep structures of active faults and identifying buried active faults. The spatial distribution of earthquake
clusters can be used to construct 3D fault geometries, while focal mechanisms, InNSAR deformation observations, and field
geological evidence can further constrain fault kinematics and present-day activity.

For seismogenic fault investigations, our team used precise earthquake relocation and focal mechanism solutions to
reveal that both the 2023 Mw 5.5 Pingyuan earthquake in Shandong and the 2023 Ms 6.2 Jishishan earthquake in Gansu
were associated with buried active faults within basins. The 2024 Mw 7.0 Wushi earthquake in Xinjiang, by contrast,
involved a complex rupture process in which a major seismogenic fault and multiple subsidiary faults jointly contributed to
coseismic deformation. For buried active fault detection, an Al-based earthquake detection and relocation catalog constructed
from dense seismic array data in North China revealed at least five seismogenic faults. From North China to the eastern
Tibetan Plateau, these faults are the Shangdu-Zhangbei fault, Badain Jaran fault, Minqin fault, Tengger fault, and Hanan-
Wudu fault. By integrating focal mechanism solutions with InSAR deformation observations, we further constrained the
kinematics and present-day slip rates of these active faults. Among them, the Hanan—Wudu fault has a slip rate of
approximately 3.4 mm/yr, making it one of the most active fault zones in the region and highlighting its potential seismic
hazard. The discovery of the other four fault zones also extends, in a tectonic sense, the spatial continuity of the Zhangjiakou-
Bohai fault zone and the Altyn Tagh fault zone, increasing their inferred lengths to ~1000 km and ~2500 km, respectively.

These applications demonstrate that Al-based earthquake detection and precise relocation using continuous waveform
data from dense seismic arrays provide an effective approach for imaging the deep structures of active faults and identifying
buried active faults. This methodology offers new seismological constraints for regional seismic hazard assessment and for
re-evaluating regional tectonic deformation patterns.

Key words: Active Fault; Earthquake Catalog; Focal Mechanism Solution; Artificial Intelligence; Buried Active Fault
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Landscape comparison to determine late Quaternary slip rates of active faults in the Naryn region,
Kyrgyzstan

Landscape comparison to determine late Quaternary slip rates

of active faults in the Naryn region, Kyrgyzstan

Wu Guodong, Huang Shuitang, Hu Weihua, Alimujiang Yaliqun, Chang Xiangde, Ma Jian,
Zhao Jiangtao

(Xinjiang Uygur Autonomous Region Earthquake Bureau, Urumgi 830011)

Abstract: The Naryn region of the Kyrgyz Republic, located in the western Tianshan Mountains, is characterized by
intense seismic activity and well-developed active faults. Through geological surveys along the China—Kyrgyzstan—
Uzbekistan railway corridor, we conducted detailed mapping of active tectonics in the Naryn area. Our investigation revealed
that the fluvial terraces and alluvial fan landforms in this region are representative of those throughout Central Asia. These
land surfaces were shaped by major climatic events on a global scale, particularly well-preserved features formed during
significant late Quaternary climate episodes. Statistical analysis indicates that land surfaces of the same age across different
regions were nearly contemporaneous in formation. By comparing landform characteristics, we have preliminarily
determined their ages. Measuring vertical displacement of fault scarps on these surfaces and excavating trench profiles to
expose fault sections allows us to estimate the geological slip rates of faults (on a 10*-year timescale). These estimates show
good consistency with existing geodetic measurements across these active faults (on a 10-year timescale). Ice cores from
Greenland, deep-sea sediments from the North Atlantic, and Chinese loess records indicate that several extreme cold climate
events—such as the Younger Dryas (YD), Last Glacial Maximum (LGM), and Heinrich stadials (H)—occurred almost
synchronously across the Northern Hemisphere since the late Pleistocene (MIS 4, ~60 ka), with no evidence of other
millennial-scale climate variations (Hemming, 2004). These cold, dry climatic episodes (glacial/stadial periods) generally
led to lowered snowlines, glacier advances, and deposition of coarse-grained loess (aeolian silt) across Central Asia.
Subsequent warm, humid interstadial periods caused snowline retreat, glacial recession, and accumulation of fine-grained
loess (paleosols), resulting in oscillating climatic conditions. Statistical analysis of available age data shows that late
Quaternary river terraces and alluvial fans in the Naryn region of Kyrgyzstan were controlled by these key climatic events:
the QIII(2) terrace and alluvial fan formed at the end of Heinrich Stadial I, approximately 16.25 + 1.00 ka; the QI11(3) terrace
and alluvial fan formed at the end of the Younger Dryas, around 11.31 + 1.32 ka. Finally, optically stimulated luminescence
(OSL) samples dating collected from typical land surfaces confirmed our preliminary age determinations.
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MANTLE TRANSITION ZONE STRUCTURE BENEATH TIANSHAN AND TARIM CRATON
AND DEEP-SEATED DYNAMICS
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Wu Yingkai', Bao Xuewei?

(1. GEOLAB, Hangzhou International Innovation Institute, Beihang University, Hangzhou
311115,Zhejiang, China; 2. School of Earth Sciences, Zhejiang University, Hangzhou
310058,Zhejiang, China)

Abstract: Systematical investigation of deep mantle structure beneath the Tian Shan, Tarim Craton and their
surroundings is of great significance to understand dynamics of continental collision, intracontinental orogenesis
and deformation in response to the India-Eurasia collision. In this research, we imaged the mantle transition zone
(MTZ) structure beneath these regions using more than 66,000 high-quality P-wave receiver functions obtained from
~500 seismic stations. To obtain the accurate true depths of the 410-km discontinuity (d410) and 660-km
discontinuity (d660), we conduct crustal and mantle correction using several high-resolution 3-D crustal and mantle
velocity models during time-to-depth migration. Our results reveal significant 15-20 km depression of the d410
mainly beneath the southern Kazakh Shield, which is consistent with the low-velocity anomaly in tomographic
models and thus attributed to the mantle upwelling from the MTZ. Considering that the d410 is slightly depressed
by ~8 km beneath the western Tianshan, deep subduction of the Tarim lithosphere is likely excluded and its
subhorizontal indentation into the Tianshan is preferred. As a result, segments of thickened Tianshan lithosphere
delaminated and accumulated near the d660, which induced small-scale upwelling across the d410 there. With the
incorporation of data from newly deployed seismic stations within the Tarim basin, our new results show a thinned
MTZ beneath the central Tarim Craton, caused by the significantly depressed d410 and normal-to-slightly uplifted
d660. In the meantime, a thickened MTZ beneath the eastern Tarim Craton is imaged, resulting from the slightly
depressed d410 and significantly depressed d660. Accordingly, the depressed d410 beneath the whole Tarim Basin
and thinned MTZ beneath central Tarim may indicate deep mantle upwelling beneath the Tarim Craton, consistent
with the regional- and global-scale tomographic models. The lithospheric delamination near d660 beneath the eastern
Tarim Craton is supported. But the origins and dynamics of the mantle upwelling and delamination should be further

investigated using various methods such as thermo-mechanical numerical modeling.
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THREE-PHASE GEOCHEMICAL CHARACTERISTICS OF HORGOS MUD VOLCANO AND
THEIR IMPLICATIONS FOR FAULT ACTIVITY IN NORTHERN TIANSHAN MOUNTAINS

THREE-PHASE GEOCHEMICAL CHARACTERISTICS
OF HORGOS MUD VOLCANO AND THEIR
IMPLICATIONS FOR FAULT ACTIVITY IN NORTHERN
TIANSHAN MOUNTAINS

Yan Wei, Zhu Wenzhen, Jia Yongbin, Wang Chengguo
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang,China)

Abstract: The Horgos mud volcano is located in the transitional zone between the southern margin of the
Junggar Basin and the North Tianshan Mountains, Xinjiang, and is structurally situated along the axis of the
Horgos anticline. It forms an important component of the North Tianshan mud-volcano cluster. Based on
multi-year, multi-phase continuous observation data of ejecta from the Horgos mud volcano, this study
systematically analyzes the three-phase (liquid, gas, solid) geochemical characteristics and discusses their
implications for regional fault activity and seismic hazard assessment. Hydrochemical analyses show that waters
discharged by the mud volcano are weakly alkaline to alkaline (pH 8.02—8.52), with extremely high total dissolved
solids (TDS:11 681.45-14 301.44mg/L). Cations are dominated by Na*(4 498.65-5 654.84mg/L), whereas anions
are dominated by CI(6987.10-8 405.90mg/L), yielding a stable Na-Cl hydrochemical type. Gibbs diagram
projections indicate that the hydrochemical signatures are jointly controlled by deep-seated salt dissolution and
intense surface evaporation-concentration, pointing to an evolutionary model for deep-circulating brine modified
by evaporation. Gas-composition analyses reveal that the discharged gases are dominated by
CH4(59.09%—87.58%), with CO2 contents of 2.08%—6.14%. Carbon isotope 8'*Cch. values range from -36.77 %o to
—37.95 %o, indicating a thermogenic origin. The helium-isotope R/Ra ratio is 0.45, suggesting a predominantly
crustal source with a minor mantle-derived contribution. Solid-phase mineral assemblages are dominated by quartz
(45%), feldspar (15 %), calcite (15 %), and illite (10 %). Combined with regional seismic-activity records, eruptive
activity of the Horgos mud volcano exhibits temporal correlation with moderate-to-strong earthquakes in the North
Tianshan region; its fluid geochemical anomalies can act as indicators of regional tectonic-stress variations. This
study provides fundamental geochemical data for understanding the formation mechanism of North Tianshan mud

volcanoes and for fault-activity monitoring.

Key words: Horgos mud volcano; geochemical characteristics; hydrochemistry; emitted gases; carbon isotope;

helium isotope; fault activity; North Tianshan
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LATE QUATERNARY DEXTRAL STRIKE-SLIP RATE OF
THE ALAKOL LAKE FAULT IN THE TIAN SHAN AND ITS
REGIONAL TECTONIC IMPLICATIONS

Yi Wenxing!, Li An!, Hu Zongkai', Xu Liangxin?, Li Xiaolong!, Wang Shixuan'!, Wang Yue'

(1. State Key Laboratory of Earthquake Dynamics and Forecasting, Institute of Geology, China
Earthquake Administration, Beijing 100029, China; 2. Academy of Seismic Engineering Surveys,
Earthquake Agency of Shaanxi Province, Xi'an 710068, China)

Abstract: The tectonic deformation of the Tian Shan region during the Cenozoic is mainly characterized by north-south
(N-S) compression, and this N-S compression is primarily manifested as thrust faults accommodating crustal shortening and
strike-slip faults accommodating crustal convergence deformation. Active NW-trending dextral strike-slip faults with
prominent kinematic characteristics play a vital role in accommodating strain partitioning across the Tian Shan. Accordingly,
this study focuses on the Alakol Lake fault (ALF), a NW-trending dextral strike-slip fault, developed in the northern Tian
Shan region. Based on remote sensing interpretation of satellite images and field geological surveys, the ALF can be divided
into south and north sections. Using interpreted offsets from high-precision DEM derived from UAV aerial surveys and OSL
dating, we estimated a late Quaternary slip rate of 1.33 + 0.11 mm/yr along the south section and 1.27 + 0.14 mm/yr along
the north section of the ALF. We believe that the ALF significantly accommodates convergence deformation in the Tian Shan
region, and that the intensity of regional tectonic activity decreases northwestward from the north of the Tian Shan toward

the Kazakhstan Platform. Finally, we infer that the initial activity time of the ALF was the late Miocene.

Key words: Alakol Lake Fault; Tian Shan; Dextral Strike-slip; Late Quaternary Slip Rate; Strain Partitioning
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GEOMETRY, KINEMATICS AND LATE QUATERNARY CRUSTAL SHORTENING RATE OF THE MULEI FAULT IN
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GEOMETRY, KINEMATICS AND LATE QUATERNARY
CRUSTAL SHORTENING RATE OF MULEI FAULT IN
EASTERN TIANSHAN, NW CHINA

Yuan Haiyang!?, Wu Chuanyong®*#, Yu Xiaohui>®, Wang Xuezhu?, Zang Kezhi?, Gao
Zhan?, Ma Yunxiao®?

(1.Institute of Geology, China Earthquake Administration, Beijing 100029, China; 2. University of
Emergency Management, Langfang 065201, Hebei, China; 3. Hebei Key Laboratory of Earthquake
Dynamics, Langfang 065201, Hebei, China; 4. Xinjiang Pamir Intracontinental Subduction National
Observation and Research Station, Beijing 100029, China.)

Abstract: The geometry and crustal shortening rate of the bounding fault of the Tian Shan orogenic belt are key
parameters in the exploration of regional deformation patterns and seismic hazard levels. The Mulei Fault acts as the
structural boundary of the Bodga Range and Junggar Basin, and its late Quaternary activities have yet to be well
documented. In this study, we evaluated the geometry and kinematics of the fault using interpretations of detailed
high-resolution remote sensing images and field investigations. Based on a survey of displaced geomorphic surfaces with
an unmanned drone and the dating of late Quaternary sediments via OSL, we determined that the N-S crustal shortening of
the MF decreased from 0.92 & 0.10 mm/yr in the west to 0.52 + 0.05 mm/yr in the east. This pattern aligned with the
overall deformation trend of decreasing degrees of crustal shortening from west to east across the mountain range. Trench
excavation and field investigations indicated that the elapsed time of the last paleoearthquake exceeded 10.89 ka and the
MF had an earthquake with magnitude of approximately 7.6. Our results suggest that the high-angle, thick-skinned thrust
faulting along the northern flank and the thin-skinned thrust faulting along the southern flank of the Bogda Range

accommodated the active deformation and accounted for the mountain uplift.

Key words: Bogda Range; Mulei fault, crustal shortening rate; late Quaternary; deformation pattern
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ACTIVITY AND SEISMIC HAZARD OF FAULTS IN KELPIN THRUST
BELT

Zhang Qingyun, Zhan Wei, Zhu Shuang

(The First Monitoring and Application Center, China Earthquake Administration, Tianjin 300180,
China)

Abstract: To investigate the present-day kinematic characteristics of the Kelpin thrust belt, the kinematic differences
among its major fault zones, and the associated seismic hazard, this study collected Sentinel-1 data covering the study area
and applied GPU-accelerated time-series InNSAR processing. The ascending and descending InSAR deformation fields over
the Kelpin region were obtained, revealing relatively good coherence and comprehensive coverage of the thrust belt. The
overall deformation rate across the study area is relatively small, generally within £ 5 mm/a, with deformation in the
Kelpin thrust belt mainly at &3 mm/a. Bounded by the Pigiang fault, slight differences in deformation rates are observed
between its left and right sides, indicating that the Pigiang fault influences the slip rate of the Kelpin thrust belt to some
extent, leading to segmented slip characteristics. The coseismic deformation field of the Jiashi earthquake was derived
using D-InSAR, showing an asymmetric elliptic distribution along the north-south direction. The ascending results indicate
a maximum LOS uplift of ~50 mm between the Kelpin fault and the Ozgelitao fault, and a maximum LOS subsidence of
~40 mm above the Ozgelitao fault, with the largest deformation concentrated near the epicentral area. The descending
results show a maximum LOS uplift of ~40 mm and subsidence of ~50 mm. Furthermore, by integrating GNSS and InSAR
data, the spatiotemporal evolution of three-dimensional crustal deformation in the northwestern Tianshan region before and
after the 2020 Jiashi Ms6.4 earthquake was analyzed using the latest principal strain rates and areal strain fields. The block
model was used to estimate the kinematic state and locking degree of the major faults in the Kelpin thrust belt. Combined
with strain results in the southwestern Tianshan and the GCMT catalog from 1976 to 2023, probabilistic seismic hazard
analysis suggests that the southwestern Tianshan remains a high-risk area for strong earthquakes. These findings provide
support for seismic hazard assessment of the major faults in the Kelpin thrust belt and for regional earthquake tendency

determination.

Key words: Kelpin thrust belt; Crustal Deformation; INSAR; Seismic Hazard; Fault activity
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PRESENT-DAY CRUSTAL DEFORMATION REVEALS DISTINCT DEEP SHALLOW COUPLING
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PRESENT-DAY CRUSTAL DEFORMATION REVEALS DISTINCT DEEP
SHALLOW COUPLING IN PAMIR SOUTHWESTERN TIANSHAN

Zhu Shuang, Guo Nannan, Zhan Wei

(The First Monitoring and Application Center, China Earthquake Administration, Tianjin 300180,
China)

Abstract: The Pamir—southwestern Tianshan region records strong far—field effects of the India—Eurasia collision, but
the coupling between shallow deformation and deep tectonic processes remains poorly constrained. Here, we integrate
GNSS, InSAR, and focal mechanism data to derive high-resolution three—dimensional deformation, strain—rate, and stress
fields, and investigate regional strain partitioning, fault kinematics, and shallow—deep deformation coupling. The main
findings are as follows. Multi—scale strain—rate fields reveal strong spatial heterogeneity, defining a deformation pattern
characterized by concentrated thrust-shear along the Pamir arc front, strike—slip escape on the eastern flank, and
differentiated foreland deformation. The three—dimensional deformation field reveals pronounced fault segmentation and
slip partitioning. The Kongur system transitions from right—lateral strike—slip in the north (3 mm/yr) to extension in the
south (6.9 mm/yr), whereas foreland faults accommodate shortening with variable strike—slip components and along—strike
segmentation.Integrating shallow strain with deep stress fields reveals a previously unrecognized zonal framework of
shallow—deep deformation coupling. The Pamir arc apex and the Keping thrust belt constitute two distinct coupling
domains governed by different deformation mechanisms: deformation in the former is dominated by transpressional strain
accumulation, whereas the latter reflects localized crustal shortening and stress transfer within the foreland thrust system.
This spatially variable coupling framework explains the first—order differences in strain partitioning and fault kinematics
and highlights how deep lithospheric processes regulate surface deformation in intracontinental collision zones. These

findings provide new constraints on deformation partitioning and fault interaction during continental collision.

Key words: Pamir-southwest Tianshan; Multi-source data integration; Strainfield; Stress field; Shallow—deep coupling
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SEISMICITY AND THE REGION OF THE SEISMIC GAP
BEFORE THE STRONG 2024 EARTHQUAKE WITH
MAGNITUDE Mw=6.4 IN THE UCHTURFAN AREA OF THE
SOUTHERN TIAN SHAN

A.M. Muraliev, M.B. Maldybaeva, B.S. Abdyraeva

(Institute of Seismology of the National Academy of Sciences of the Kyrgyz Republic, Bishkek

abmuraliev@mail.ru)

Abstract: The article presents a study of the seismicity of the territory of Kyrgyzstan and adjacent seismically active zones,

aimed at understanding the mechanism of occurrence and forecasting strong earthquakes in the region. The main attention is paid
to the spatiotemporal features of the occurrence of historically strong earthquakes. The study of the seismic activity of the
Southern Tianshan zone is aimed at identifying areas of seismic gaps as potential sites of an expected strong earthquake. As an
example, a retrospective analysis is shown of the occurrence of the strong earthquake of January 22, 2024, with magnitude
Mw=6.4, whose epicenter was located in the area of the settlement of Uchturfan in the territory of China.

The Tianshan mountain system in the territory of Kyrgyzstan and adjacent areas can be conventionally divided into
four seismically active zones: Northern Tianshan , Southwestern , Central , and Southern Tianshan , each of which has its own
seismological and geological-geophysical features (Dzhanuzakov, Ilyasov, et al., 1977) . Macroseismic data on strong
earthquakes that have occurred in Kyrgyzstan have been collected over the past 255 years (1770-2025); the most reliable
information from felt and strong earthquakes in Kyrgyzstan was obtained beginning in 1770 as a result of a macroseismic survey
of the consequences of the strong Belovodsk earthquake in Kyrgyzstan [ Dzhanuzakov, 1964].

Based on the seismological studies conducted in the territory of Kyrgyzstan and adjacent seismically active zones, the
following conclusions can be drawn:

1.The Southern Tianshan is characterized as one of the highly seismic zones in the region. Of all the earthquakes that
have occurred in the territory under consideration, 70% have epicenters that fall within this zone. The earthquake sources in this
zone are located within the Earth's crust down to 30-40 km, i.e., we are dealing with continental crustal earthquakes. The
epicentral fields of weak, felt, and strong earthquakes coincide. That is, where weak earthquakes occur, strong ones can also be
expected there.

The migration of crustal earthquake sources has a nearly latitudinal direction, from southwest to northeast and back.
Before strong earthquakes with magnitude Mw>5.0, mainly first-kind seismic gaps are observed.

2.Before the strong (Mw=6.4) earthquake of 2024, which occurred in the Uchturfan area of the highly seismic Southern
Tianshan zone, an ellipsoidal region of a first-kind seismic gap was identified. The epicenter of the strong 2024 earthquake was
located in the center of the seismic gap region. The epicenters of the aftershocks filled this region within 3 months and continue
to do so to this day.

Thus, the seismological method of identifying the region of a seismic gap can be used to predict the location of
expected strong earthquakes in the Tianshan. Further development of seismological studies of the Tianshan requires the
development of international exchange of primary seismic monitoring data and the creation of a unified earthquake catalog for

the Central Asian region.
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CONCEPTUAL MODELS OF THE OCCURRENCE OF
FLUID ANOMALIES IN THE SYSTEM FOR PREDICTING
STRONG EARTHQUAKES IN KAZAKHSTAN

Abdullaev A.U

Abstract: Anew concept in Earth sciences — “dynamic hydrogeochemistry” — is presented, based on a phenomenological
model of the functioning of locally equilibrium open hydrogeochemical systems under the continuous fluid regime in the
Earth's crust of seismically active regions. This scientific concept makes it possible to establish a real physicochemical
mechanism for forecasting the formation of precursor anomalies through temporal changes in fluid parameters and serves as
a theoretical basis for forecasting seismic events at prediction sites.

AHHOTAUMs: TlpencraBicHa HOBas KOHIENIMSA B HAyKaX O 3eMIe —«IUHAMUYECKAas TUIPOTEOXUMHMS», KOTOpas
Oasupyercs  Ha  (DEHOMEHOJOTHYECKOM  Momenu  (DYHKIMOHHPOBAHUS  JIOKAIBHO-PABHOBECHBIX  OTKPBITBIX
THIPOT€OXUMUYECKHX CHCTEM B HEIPEPHIBHOM X0J1e (MIIFOUITHOTO PEKMMa B 36MHOM Kope celicMOaKTHBHBIX obnacTei. Takas
HayYHas! KOHIIETIINS TT03BOJISIET CO3/1aTh PEANIbHBIN (DM3NKO-XMMHUYECKHIT MEXaHNU3M ITPOTHO3MPOBAHHS B XO/I€ BO BPEMEHH
(IIIOUIHBIX TapaMeTpoB (GopMUPOBAHNS IPEIBECTHUKOBBIX aHOMAJIHMH, CIIY)KUT TEOPETHIECKOH OCHOBOH IMTPOTHO3UPOBAHHS
CeHCMHUYECKUX COOBITHI Ha IPOrHOCTHYECKHUX ITOJIUTOHAX.

Author Biography: Abdullaev A.U, Academician of the International Academy of Sciences and the Managing
Directorate of Ecological and Biological Sciences, Doctor of Geological and Mineral Sciences, State Scientific Service,
LLP of the Institute of Seismology of the Ministry of Emergency Situations of the Republic of Kazakhstan.



CPABHUTEJIbHbBIN AHAJIN3 FTA30TEOXUMHYECKHX ITAPAMETPOB ITO3EMHBIX BO/]
KA3AXCTAHA U CYAP (KHP) JJISI MOHUTOPUHI'A TEOAMHAMMNYECKUX ITPOLUECCOB
TAHBb-IHAHA

Pazgen 2. Teopermuyeckne OCHOBBI, METOJOJOrHS M TepedO0Bble TEXHOJOTHH
NMPOTrHO3MPOBAHUA 3eMJIEeTPSCEHNH

2.3. Ilpoueccsl ¢GopMHMPOBAHUA OYATOB CHWJIbHBIX 3e€MJIETPSICEHHMH W MeXaHU3MbI
NpeIBeCTHUKOBBIX AHOMAJINH

CPABHUTEJIbHBII AHAJIN3 T'A3OIT'EOXUMHUYECKUX TIAPAMETPOB
INOJ3EMHBIX BOJ KASAXCTAHA U CYAP (KHP) JIs1 MOHUTOPHUHI' A
I'EOJUHAMHNYECKUX ITPOIECCOB TAHb-IITAHA

b. A. 3yamyxaposa

TOO «Hayuonanouwiii HayyHblLL YeHMP CEUCMONI02UYECKUX HAOII0OeHUN U UCCIe008aAHULLY
MHYC PK, . Arimamei, Kazaxcman, seismology(@seismology.kz

Tanp-1llans mnpeacraBiser coOoil oAHY U3 Haubolee aKTUBHBIX
BHYTPUKOHTHUHEHTAJIbHBIX OPOr€HHBIX cucTeM EBpasuu, xapakrepusyronyrcs
BBICOKOM COBPEMEHHOM TEKTOHMYECKOM AKTHUBHOCTBIO W 3HAYUTEIBHOU
CEMCMHUYHOCTBIO. [IpocTpaHCTBEHHASI NMPOTAKEHHOCTh AKTUBHBIX Pa3JIOMOB H
eNHas reoIMHaAMUYecKasi MPUPOIa PErMoHa 00YCIOBIUBAIOT HEOOXOAMMOCTD
IIPOBEJCHNSI KOMIUIEKCHBIX TPAaHCIPAHUYHBIX MCCIENOBAHUN, OCHOBAHHBIX HA
COBMECTHOM HCIIOJIb30BaHUN TAHHBIX reou3nYeCcKoro 51
TUAPOr€OXUMUYECKOTO MOHUTOPHHTA.

OpgHuM u3 HaubOoJee MEepPCHEeKTUBHBIX HAIpPaBICHUN HCCIEA0OBaHUIMA
IIPEBECTHUKOB 3EMIICTPSACEHUM SIBIIIETCS Ta30M€OXMMUYECKUM MOHUTOPUHI
NOJ3EMHBIX BOJ. M3MeHeHHne HamnpsKeHHO-Ie(hOPMUPOBAHHOTO COCTOSHUS
3€MHOI KOpPbI COMPOBOKIACTCS aKTUBU3ALIMENH MUTPALIUU TITyOMHHBIX (DIIFOMI0B
II0 Pa3JIOMHBIM 30HAaM, YTO MOXKET IPOSIBIATHCS B BapUALMAX KOHLEHTPALUU
panona (Rn), renus (He), Bogopona (Hz), yrnexucioro raza (COz), metana (CHa)
U JpYTUX Ta30BbIX KOMIIOHEHTOB. B yCIOBMAX aKTMBHOM TEKTOHUKHU
ra3oreOXMMMYECKHE MapaMeTpbl MNOA3EMHBIX BOJl PacCMaTPHUBAIOTCA Kak
YyBCTBHUTEJIbHBIE WHIMKATOPbl HW3MEHEHHS MPOHUIIAEMOCTH pa3JIOMOB H
nepepacnpeesieHus ITyOMHHBIX (IIIOMAHBIX TOTOKOB. AHAJIOTUYHBIE TOIXOIbI
UCIIONB3YKOTCI M B CHCTEME THUAPOT€OXUMHUYECKOTO  MOHUTOPHUHIA
AJIMATUHCKOTO MTPOTHOCTUYECKOTO MOJUTOHA, T/I€ BBIIOJIHSIIOTCS €KEIHEBHBIE
HaAOJIIOZICHUS 32 Ta30BbIM COCTABOM IMOA3EMHBIX BOJ. B 0CHOBY nccneaoBaHus
MOJIOKEHBI PE3YJIBTAThl €KEAHEBHOIO Ta30r€0XMMUYECKOTO MOHUTOPHUHTA,
BBITNIOJIHAEMOr0 Ha THIPOreoXuMHUecKux craHiusax PecnyOnuku Kazaxcran, a
TaK)Ke JaHHblE, TMOJy4aeMble B paMKax MeEXAyHapoAHOro oOMeHa
HAOMIOEHUSIMU C CceThio CTaHuMid CHHBIBAH-YUTYPCKOTO aBTOHOMHOIO
pairiona Kuras.

OCHOBHOI LENBI0 SBIIAETCS MPOBEACHHE CPABHUTEIBHOIO aHAIN3a
ra3oreOXMMUYECKUX NapameTpoB Moa3eMHblx Boja Kazaxcrana m CVYAP,
BBISIBJIEHHE OOIIMX 3aKOHOMEPHOCTEN M3MEHEHUS ra30BOr0 COCTaBa B IIpeJIenax
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enuHou Tsanp-lIIaHbCKOM TEKTOHHYECKOM CHUCTEMBbI M OILIEHKA BO3MOXKHOCTCHU
HCIIOJIB30BaHUs TPAHCTPAHUYHOTO OOMEHA JaHHBIMU JJII MOHHUTOPHHTA
re0AMHAMUYECKHUX MTPOIECCOB.

[IpenmnosiaraeTcss  BBIOJIHUTH  COINOCTABJICHHE BPEMEHHBIX  PSIOB
ra30reOXMMHUYECKUX TapaMeTpOB, OMNPEACIUTh Hanbosiee WH()OPMATHUBHEIC
MOKa3aTeNn, XapaKTEePU3YIOIINEe W3MEHEHHE (IIIOMTHOIO PEXUMa aKTHUBHBIX
pa3jioMOB, a TAaKXKe OLEHUTh CTENEHb COTJACOBAaHHOCTH  BapHUalUi,
PETUCTPUPYEMBIX  pa3IMYHBIMH  ceTssMu  HaOmogeHuil.  [lomydeHHbIE
pe3yibTaTbl MOTYT CTaTb OCHOBOM IS Pa3BUTUS €IUHOW CHCTEMBI
TPAHCTPAHUYHOTO ra30recoXMMHUYECKOro MOHUTOPHUHTA Tanp-Ilans,
HAIPaBJIEHHON HA COBEPIIIEHCTBOBAHUE UCCIICIOBAHUI MPOILIECCOB MOATOTOBKH
3EMJIETPSACEHU N u MOBBIIICHUE 3¢ EeKTUBHOCTH KOMIIJIEKCHOT'O
re0JIMHAMUYECKOI0 MOHUTOPHUHTA PETUOHA.



COMPARATIVE ANALYSIS OF GROUNDWATER GAS-GEOCHEMICAL PARAMETERS IN
KAZAKHSTAN AND THE XINJIANG UYGUR AUTONOMOUS REGION (CHINA) FOR
MONITORING GEODYNAMIC PROCESSES IN THE TIAN SHAN

COMPARATIVE ANALYSIS OF GROUNDWATER GAS—GEOCHEMICAL
PARAMETERS IN KAZAKHSTAN AND XINJIANG , CHINA FOR
MONITORING GEODYNAMIC PROGESSES IN THE TIANSHAN

B.A. Zulpukharova

(National Scientific Center for Seismological Observations and Research, Ministry of Emergency
Situations of the Republic of Kazakhstan, Almaty, Kazakhstan)

Abstract: The Tian Shan is one of the most active intracontinental orogenic systems in Eurasia, characterized by intense
contemporary tectonic activity and high seismicity. The extensive distribution of active faults and the unified geodynamic
framework of the region necessitate comprehensive transboundary investigations based on the integrated use of geophysical
and hydrogeochemical monitoring data.

Gas-geochemical monitoring of groundwater is considered one of the most promising approaches for studying
carthquake precursors. Variations in the stress—strain state of the Earth's crust promote the migration of deep-seated fluids
along active fault zones, which may be reflected in changes in the concentrations of radon (Rn), helium (He), hydrogen (Hz),
carbon dioxide (CO:), methane (CHa4), and other gaseous components. In tectonically active regions, groundwater gas-
geochemical parameters are regarded as sensitive indicators of fault permeability variations and deep fluid migration. Similar
approaches are implemented within the hydrogeochemical monitoring system of the Almaty Prognostic Test Site, where
daily observations of the gas composition of groundwater are carried out. The present study is based on the results of daily
gas-geochemical monitoring conducted at hydrogeochemical stations in the Republic of Kazakhstan, as well as on data
obtained through the international exchange of observations with the monitoring network of the Xinjiang Uygur Autonomous
Region (China).

The main objective of this study is to perform a comparative analysis of groundwater gas-geochemical parameters in
Kazakhstan and the Xinjiang Uygur Autonomous Region, to identify common patterns in gas composition variations within
the unified tectonic framework of the Tian Shan, and to evaluate the potential of transboundary data exchange for monitoring
ongoing geodynamic processes.

The study will compare time series of gas-geochemical parameters, identify the most informative indicators reflecting
changes in the fluid regime of active fault zones, and assess the consistency of variations recorded by different monitoring
networks. The expected results will provide a scientific basis for the development of an integrated transboundary gas-
geochemical monitoring system for the Tian Shan, contributing to a better understanding of earthquake preparation processes
and enhancing the efficiency of comprehensive geodynamic monitoring across the region.

Author Biography: B.A. Zulpukharova. E-mail: seismology@seismology.kz
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RESEARCH ON ANOMALIES ASSOCIATED WITH
UZBEKISTAN BOYSUN Mw5.3 EARTHQUAKE ON MAY 12
2022

Liu Jing', Valijon Yusupov?, Liang Peng!, Kakharbay Abdullabekov?, Ouyang Xinyan',
Vakhitkhan Ismailov?, Jing Feng!, Zhang Xuemin', Xu Yueren', Alisher Rasulov?

(1. Institute of Earthquake Forecasting, China Earthquake Administration, Beijing100036,
China; 2. Institute of Seismology, the Academy of Sciences of the Republic of Uzbekistan, Tashkent
100128, Uzbekistan, )

Abstract:The preparation process of earthquakes triggers anomalous variations in multiple physical and chemical
parameters across the crust, atmosphere, ionosphere and other geospheres. With the continuous development of observational
technologies, ground-based and space-based observations become two core technical systems for capturing pre-earthquake
anomalous signals. Focusing on the Uzbekistan Boysun Mw5.3 earthquake occurred on 12 May 2022, multi-source measured
data were analyzed to detect the anomalies from differ layers. In terms of hydrochemical responses, water pH exhibited a
decreasing anomaly starting about 20 days before the earthquake and persisted for nearly one month after the event, while
post-earthquake disturbances of CO. and HCOs~ were also observed, demonstrating sustained gas release along fault fractures
during the seismogenic process. Continuous disturbances of magnetic field were captured by ground-based stations in 3-6
May, followed by magnetic field and electron density anomalies detected by Swarm satellite on 9 May. The discontinuous
ionospheric anomalies of electron density observed by ZH-1 satellite were verified by different source data and different
analysis method. Such inconsistent anomalous responses are mainly attributed to the inherent temporal-spatial sampling
differences between continuous ground-based observations and globally covered discrete satellite measurements, as well as
the internal characteristics of the lithosphere-atmosphere-ionosphere coupling (LAIC) process. Multi-parameter comparison
further indicates that the chemical/DC electric field pathway and acoustic-gravity wave propagation dominate the energy
transmission and multi-layer coupling process of Boysun earthquake. This study contributes to a better understanding of
earthquake preparation process and complex physical mechanism of LAIC.

Key words: Uzbekistan Boysun earthquake; Hydrochemical observation; Space-based observations; Multi-parameter
comparison; Seismogenic activity

Author Biography: LIU Jing (1979-), Female, Boffin, mainly engaged in Research on ionospheric disturbances caused
by earthquakes.E-mail:16651175870@163.com
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ON RELATIONSHIP BETWEEN DYNAMICS OF
PARAMETERS OF MODERN GPS POINT MOTIONS AND
EARTHQUAKES

K.K. Kolumbetova

(1.National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan )

Abstract : This article presents the results of a study on the relationship between the “migration” of GPS points forming a
permanent network with continuous 24-hour observation programs and earthquakes occurring within the Tien Shan orogen,
which occupies the northwestern part of the Central Asian mountain system. The research methodology is based on
calculating correlation coefficients between the components of GPS point movements and seismicity parameters (N — number
of earthquakes, E — seismic energy). The analysis makes it possible to assess the relationship between contemporary crustal
movements recorded by GPS observations and variations in regional seismic activity. Particular attention is paid to
identifying spatial and temporal patterns in the behavior of GPS points associated with changes in seismicity. Based on the
obtained results, conclusions are drawn regarding the applicability of continuous GPS monitoring for studying geodynamic
processes, and recommendations for solving relevant problems of space geodesy are proposed.

Author Biography: K.X. Kolumbetova.E-mail: kolumbetova@gmail.com
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INFORMATION PARAMETERS OF BUDGERIGAR BEHAVIOR DURING
EARTHQUAKE PREPARATION

Myrkasimova A.S.

Chief Research Scientist, LLP “National Scientific Center for Seismological Observations and Research”,
Ministry of Emergency Situations of the Republic of Kazakhstan. Almaty, Kazakhstan
e-mail: donka af(@mail.ru

Abstract: The paper presents the results of studies on the motor activity of budgerigars for 2025 and the 1st quarter of 2026, as well as
for April and May 2026. Background and anomalous activity variations were identified. An analysis was performed of the dependence of
anomalous motor activity of birds on atmospheric, geomagnetic factors, and seismic events. The scientific and methodological foundations
of seismic biomonitoring were developed for the first time in the world, in the CIS, and in Kazakhstan by the biologist Serazetdinova B.Z.

[1]. In the 1990s a bio-testing ground was established, housing animals with receptor systems sensitive to geophysical environmental factors,
including seismic ones.

Keywords:Seismic biomonitoring, Budgerigar behavior, Motor activity, Anomalous variations, Birds, Budgerigar.
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VARIATIONS OF THE NATURAL ELECTRIC FIELD IN THE NORTHERN TIEN SHAN AND
GEOELECTRIC PRECURSORS OF EARTHQUAKES

Paszgen 2. Teopernueckne OCHOBBI, METOHOJIOTMSI M TMepedOBble TEXHOJOTUH
NMPOTrHO3MPOBAHUSA 3eMJIeTPSICeHUIT

2.3. Ilpouecchl (GoOpMHPOBAHUSA 0YATOB CHJIBHBIX 3eMJIETPACEHHUI M MeXaHU3MbI
NpeIBeCTHUKOBBIX AHOMAJIM I

BAPUALIMU ECTECTBEHHOI'O QJIEKTPHUYECKOI'O IOJISI HA CEBEPHOM
TSIHb-LHAHE U TEODJIEKTPUYECKHUE NMPEABECTHUKHU
3EMJIETPSICEHUI

ILY. Knaan6exoa, O.M. beaocaonues, E. T. Mbip3adek

TOO «HayuonanvHwlli HayuHblil YyeHMp CEetUCMOI0SUYECKUX HADII0OeHUU U UCCTe008aAHULLY
MHYC PK, 2. Anmamei, Kaszaxcman, seismology@seismology.kz

Tepputopust roro-soctoka KaszaxcraHa sBiseTcs OJHOW M3 CaMbIX
CEHCMOOMACHBIX B KOHTMHEHTAJIbHOW A3MH, Ha KOTOPOW 3a HCTOPUYECKHU
KOPOTKOE BpPEMsI TMPOU3OLIEN PAA Pa3pyLIATENbHBIX 3eMIICTpsiCEHHU. B
MocJieTHee BpeMs B pEruoHe HaOMI0MaeTcs YBEIWYEHUE CEHCMUYECKON
aKTUBHOCTH, 3aperHUCTPUPOBAH psij 3emieTpsiceHuid ¢ M>D, yrto pgenaer
aKTyaJIbHbIM pa3BuTHE METOJIOB KPaTKOCPOYHOIO IIPOTHO3A.
Ceiicmonornueckuit ~ MoHuTtopuHr  CeepHoro  Tsubp-Illansa  BkItO4aeT
MHOTOJIETHHE  PEXKHUMHBIC TE€OICKTPUUECKUE HA3EMHBIE  CKBAKUHHBIE
HaOJII0/ICHHS] Ha CETH KOMILUIEKCHBIX CTaHIIUM, B pe3yjbTaTe aHaIN3a KOTOPHIX
MCCIIE0OBaHA CTPYKTypa BAapHUALIMN E€CTECTBEHHOTO AJIEKTPUYECKOTO MO M
BbIJICTICH psAjn aHoManui. JlnmurenbHocTh Bo3mymieHuit DTII konebnercs B
IIMPOKOM JHamnazoHe (0T MUHYT JI0 TOJa), a aMIUIMTY/1a aHOMAJIU JJOCTUTAET
NepBbIX AecATKOB MB Ha muuausx nmuaou 100-500 M. HakanyHe 3emiieTpsiceHnin
C JOCTAaTOYHO OOJBIIUMU DHEPreTUUECKUMH TIOKa3aTeIsIMU  aHOMAaJIUHU
HaOmoxanuch Ha pacctosHusx 10 100 kuinoMmeTpoB u 0ojiee OT SMUIICHTPA
3EMJICTPSICEHUS], TPOSIBISIIOTCS B BUJIE W3MEHECHUM CPEOHEr0 YPOBHS ITOJISA
(OyXTBI, CTYIIEHHU), B TAK)KE€ B HESIBHOM BHUJIE, BBISABIISIEMbIE MAaTEMAaTUYECKUMHU
METOIAMMU.

PaccmoTpenpl  MeXxaHU3MBI I'€HEpallMM  AHOMAJbHBIX  HU3MEPEHUU
AIIEKTPUYECKOrO MOJsi B ycloBHSIX 3eMHON Kopbl CeBepHoro Tsub-Illans c
y4eToM  (U3MYECKUX CBOMCTB TOpPHBIX TIOPOJ MpPU  BO3JAEHCTBUU
OJHOHAIIPABJIEHHBIX TEKTOHUYECKUX HAIMPSXKEHUN B r€0Cpee, B COOTBETCTBUU
¢ 3akoHOM ['enbMronpna-CMOIyXOBCKOTO, OIPEAEISIOMIAM CBSI3b MEXIY
TOKOM B KaNWJUISIpax v TpaJIMEHTOM JAaBJICHUS, 4 ypaBHEHUE — € 3aKOHOM Jlapcu,
ONPENECTAIOIINM BEIIMYMHY CKOPOCTH TE€YEHMS KHUIKOCTA B 3aBUCUMOCTH OT
PWIOKEHHOTO AaBieHus. [IpexnoreHt Gu3ndeckyro MoIeTb BOSHUKHOBCHUS
OyXTOOOpa3HBIX aHOMAJIUKA €CTECTBEHHOI'O JJIEKTPUYECKOrO IOJs B MEPUOJ
MOATOTOBKM  3€MJIETPSICEHUM, B  CTaAUM  YCKOPEHHOTO  W3MEHEHHS
TEKTOHUYECKUX HaIPSKEHUH, KOTOpas OOBSCHAET, IMOYeMy AaHOMAaJIUU
BO3HUKAIOT HE HA BCEX U3MEPUTENIbHBIX JINHUSX, YyBCTBUTEIbHBIMA KaHAIAMU
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VARIATIONS OF THE NATURAL ELECTRIC FIELD IN THE NORTHERN TIEN SHAN AND
GEOELECTRIC PRECURSORS OF EARTHQUAKES
ABIIIIOTCA T€, B KOTOPBIX IPHUEMHBIE 3JEKTPOJbl HAXOIATCS B 30HaX C
Pa3IMYHON CKOPOCTHIO KAMWIISIPHBIX MOTEHIIMAJIOB TEYCHHUS.

B pesynpraTe mNpOBENEHHBIX HCCIENOBAHUN pealn30BaHa METOIUKA
TeOdIEKTPUYECKUX HaOMIOAeHH, pa3paboTaHbl anropuTMbl 00pabOTKU U
aHall3a JaHHBIX, YTO IO3BOJSET OCYIIECTBISATH BBIACICHUE AHOMAJIbHBIX
BApHAMM TIOJII M NPOBOJAWUTH IIOMCK KPATKOCPOYHBIX AaHOMAlIUuM C
uAeHTU(UKAIIEeN X C KPaTKOCPOUHBIMHU MPEIBECTHUKAMU 3€MJICTPSCEHUH.

Section 2. Theoretical Foundations, Methodology, and Advanced Technologies for
Earthquake Forecasting

2.3. Processes of Strong Earthquake Source Formation and Mechanisms of Precursor
Anomalies
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VARIATIONS OF NATURAL ELECTRIC FIELD IN THE
NORTHERN TIANSHAN AND GEOELECTRIC
PRECURSORS OF EARTHQUAKES

P.U. Kilanbekova, O.M. Beloslyudtsev, Y.T. Myrzabek

(National Scientific Center for Seismological Observations and Research, Ministry of Emergency
Situations of the Republic of Kazakhstan, Almaty, Kazakhstan)

Abstract: The southeastern part of Kazakhstan is one of the most seismically hazardous regions in continental Asia,
where a number of destructive earthquakes have occurred over a historically short period. Recently, an increase in seismic
activity has been observed in the region, with a number of earthquakes with M > 5 recorded, highlighting the relevance of
developing short-term earthquake forecasting methods.Seismic monitoring of the Northern Tien Shan includes long-term
routine geoelectric surface and borehole observations conducted at a network of integrated monitoring stations. Analysis of
these observations has revealed the structure of variations in the natural electric field and identified a number of anomalous
variations. The duration of electric telluric field (ETF) disturbances varies widely, from several minutes to one year, while
the amplitude of anomalies reaches several tens of mV on measurement lines 100-500 m long. Prior to earthquakes with
sufficiently high energy parameters, anomalies have been observed at distances of up to 100 km or more from the earthquake
epicenter. They manifest themselves as changes in the mean field level (bay-like variations and step-like changes), as well
as in an implicit form, detectable using mathematical methods.The mechanisms responsible for the generation of anomalous
electric-field measurements in the crust of the Northern Tien Shan were considered, taking into account the physical
properties of rocks under the influence of unidirectional tectonic stresses in the geological medium. In accordance with the
Helmholtz—Smoluchowski equation, which describes the relationship between electric current in capillaries and the pressure
gradient, and Darcy’s law, which determines the fluid-flow velocity as a function of the applied pressure, a physical model
of the formation of bay-shaped anomalies in the natural electric field during earthquake preparation was proposed. The model
considers the stage of accelerated changes in tectonic stresses and explains why anomalies do not occur on all measurement
lines. The most sensitive channels are those in which the receiving electrodes are located in zones characterized by different
rates of capillary-flow potential variations.As a result of the studies, a methodology for geoelectric monitoring was
implemented, and algorithms for data processing and analysis were developed. These approaches make it possible to identify
anomalous field variations and detect short-term anomalies, with their subsequent identification as potential short-term
precursors of earthquakes.

Author Biography: P.U. Kilanbekova.E-mail: seismology@seismology.kz
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HYDROGEODEFORMATION FIELD MANIFESTATION
FEATURES IN THEOROGENIC REGIONS OF UZBEKISTAN

Rasulov AV

(Institute of Seismology, Academy of Sciences of the Republic of Uzbekistan, Tashkent)

Abstract: Earthquake forecasting remains one of the most challenging and least resolved problems in modern seismology. At
the Institute of Seismology of the Academy of Sciences of the Republic of Uzbekistan, comprehensive studies of earthquake
precursors are conducted using hydrogeoseismological observations of groundwater parameters. Among the existing approaches
to earthquake forecasting, particular importance is attached to the study of changes in groundwater physical, dynamic and
hydrogeochemical parameters reflecting variations in the stress-strain state of the geological environment.The purpose of the
present work was to investigate the features of manifestation of the hydrogeodeformation field in the orogenic regions of Uzbekistan
using long-term observations from the hydrogeoseismological wells “Chartak No. 2” and “Chimion NP-1”. The study was based
on monitoring data obtained during 2000—2025. The analysis focused on identifying the most informative groundwater parameters
and determining the temporal characteristics of their anomalous variations preceding earthquakes.The results indicate that
hydrogeochemical parameters are highly sensitive to changes in the stress-strain state of the geological environment. The observed
anomalies may be associated with changes in deep-fluid migration, rock permeability, water-rock interaction and redistribution of
tectonic stresses. The differences in the sets of informative parameters observed at the two wells also indicate the influence of local
geological, hydrogeological and tectonic conditions on the manifestation of hydrogeoseismological precursors.Thus, the results
obtained demonstrate that the hydrogeodeformation field in the orogenic regions of Uzbekistan is manifested through coordinated
changes in groundwater physical, dynamic and hydrogeochemical parameters. Systematic monitoring of these parameters at
hydrogeoseismological wells can serve as a useful tool for studying earthquake precursors and assessing the preparation processes
of strong earthquakes in seismically active regions of Uzbekistan.

Key words: hydrogeodeformation field, hydrogeoseismology, groundwater, hydrogeochemical anomalies, earthquake
precursors, orogenic regions, Chartak, Chimion
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IMPLEMENTATION OF MEDIUM-TERM FORECAST FOR
MAJOR EARTHQUAKES IN ALMATY SEISMIC REGION

Sailaubayeva Zauresh Aimukhanovna

Abstract: A representative multi-parameter monitoring network dedicated to medium-term earthquake prediction has
been successfully established within the seismically active Almaty region in Southeastern Kazakhstan. The observational
infrastructure comprises 100 seismic stations integrated with extensive geophysical and environmental monitoring networks,
including modular (17 sites) and component-based (6 sites) geomagnetic observation points, electromagnetic radiation (EMR)
recording units (11 sites), natural electric field stations (6 sites), hydrogeodynamic and hydrogeochemical monitoring stations
(15 sites), as well as ground deformation measuring points and 4 permanent GPS satellite observation sites.

This study examines the three-stage forecasting framework implemented in Kazakhstan, which categorizes seismic
hazard assessment into long-term (6-10 years), medium-term (1-2 years), and short-term (1-2 months) horizons. A core
theoretical foundation of this approach is a conceptual model of seismic regime evolution during the preparation phase of
major earthquakes in the Dzungar-Northern Tien Shan region, developed at the Institute of Seismology (now the National
Scientific Centre for Seismology and Research). The model details a distinct stage sequence: initial relative quiescence
following a large seismic event due to partial stress release, localized seismic activation 3-5 years prior to a subsequent major
mainshock (R < 100-150 km), a pre-shock calm phase 1-2 years before the event, and expanding circular rings of elevated
seismicity reaching radii of 300-350 km for events with M > 6.5.

To systematically assess medium-term seismic probability, multiple analytical and quantitative methods are integrated:

1. The Seismic Cycle Method, based on spatial-temporal clustering and quasi-cyclical patterns of seismicity;

2. The Conditional Deformation Method, evaluating cumulative deformation dynamics across major seismically active
fault zones;

3. Formalized Multi-Parameter Analysis, utilizing Principal Component Analysis (PCA) on multi-dimensional time
series (including fractal dimension 4, event count N, Lode-Nadai coefficient p, V'p/Vs wave velocity ratio, anomalous velocity
counts Na, and focal strain indicators) to separate background stress accumulation from medium-term precursor signals;

4. The Ksr Fracture-Density Parameter, measuring the ratio between average distance and length of seismogenic
fractures as a physical stress-threshold indicator;

5. The Activation-Quiescence Method and the RTL Algorithm, tracking spatial-temporal- energy precursor anomalies
along spatial peripheries;

6. Normalized Activation and Load-Unload Response Ratio (LURR), measuring crustal responsiveness during lunar-
solar tidal phases.

The practical application of this multi-methodology is illustrated through annual medium-term forecast maps for 2017,
2021, 2023, and 2024. These maps successfully delineated localized sub-regions with an increased probability of moderate
earthquakes (M=4.5-5.0) while correctly projecting the absence of catastrophic events (M >5.5) within the target zones during
the analyzed years.

The long-term performance of this integrated methodology from 2009 to 2025 demonstrates a forecast reliability rate
of'0.7-0.8 for moderate seismic events. The findings underscore the critical importance of continuous, comprehensive multi-
parameter monitoring for active seismic hazard mitigation and regional risk management in Central Asia.

AnHoTamusa. B celicMoakTuBHOM AJjMatuHCKOM pernoHe  FOro-BocrouHoro
Kazaxcrana ycmemHo co3maHa TpeACTaBUTENbHAas  MHOTOMApaMeTpUYEecKas  CeTh
MOHHUTOpPUHTA, IPpeHA3HAUYEHHAs JUIsl CPEJHECPOUYHOTO MPOTHO3UPOBAHMS 3€MJIETPSCEHUN.
HabmionarenbHas ~ uHpacTpyktypa  Bkitodaer 100  celicMUYeCKMX  CTaHIIMIA,
WHTETPUPOBAHHBIX C OOMIMPHBIMU TeOQU3MUYECKUMH U JKOJOTUYECKUMHU  CETSIMHU
MOHHUTOPHHTA, B TOM YHCJIE€ MOAYIbHBIE (17 IyHKTOB) U KOMIIOHEHTHBIE (6 MyHKTOB) YHKTBI
T€OMarHUTHBIX HAOMIOIEHUH, MyHKTHI PETUCTPAIIMU IEKTPOMarHuTHOro u3nydenus (OMIN)
(11 myHKTOB), CTAaHIIMU HAOIIONEHUS €CTECTBEHHOTO JJIEKTPHUECKOro moisi (6 MyHKTOB),
TUIPOTeOAMHAMMYECKHE M THIPOT€OXMMHUYECKHE IMyHKThI MOHMTOpUHTa (15 myHKTOB), a
Tak)Ke MYHKTHl M3MEpEeHHs AedopMaIriii 3eMHOM MOBEPXHOCTH M 4 MOCTOSHHBIX MyHKTa
cnyTHUKOBBIX GPS-Habmronenuii.



IMPLEMENTATION OF MEDIUM-TERM FORECAST FOR MAJOR EARTHQUAKES IN
ALMATY SEISMIC REGION

B pabote paccmarpuBaeTcs TpexdTanHas cucTeMa MPOrHO3UPOBAHUS, Pealn30BaHHAas B
Kazaxcrane, koTopas moapasaensier OleHKY CeCMUYEeCKOM OMTaCHOCTH Ha JOJATOCPOUYHBIH (6—
10 net), cpeanecpounsiii (1-2 roma) m kparkocpounblii (1-2 mecsmna) nepuoasl. OCHOBY
JTAHHOT'O T10/IX0/1a COCTAaBJISET KOHLENTyallbHasl MOZEIb 3BOJIIOLMH CEHCMUUECKOTO PEXUMa
B MEpHOJl MOATOTOBKH CHJIbHBIX 3emierpsceHuid B J[xyHrapo-Cesepo-Tsanb-lllansckom
peruone, pazpadborannas B Uucturyte ceiicMonoruu (HbiHe HanmoHanbHbII HayqHBIH EHTP
CeiicMOJIOTMM M HucciefoBaHuil).  Mojenp  mpeaycMaTpuBaeT — OMNpEAesICHHYIO
IIOCJIEZIOBATENBHOCTh CTAAMI: HadaJlbHOE OTHOCHUTEJIBHOE 3aTHILIbE I10CJIE KPYIHOIO
CEHCMHYECKOTO COOBITUSI BCJEICTBUE YACTUYHOIO CHSTHUS HANPSHKEHHUM, JIOKAJIbHYIO
AKTUBU3AIMIO CECMUYHOCTH 3a 3—5 JIET 10 MOCIEAYIOIIEro CHIILHOTO IIaBHOTO coObIThs (R
< 100-150 km), a3y npenceiicMruuecKoro 3aTHIlbs 3a 1—2 roga 10 COOBITUS U pacIIupeHue
KOJIBLIEBBIX 30H MOBBIIIEHHON ceiicMUUHOCTH 110 paauycoB 300-350 kM juig codbiTHii ¢ M >
6,5.

JUia  cuCTeMaTH4eCcKOM OLEHKH CpPEAHECPOYHOM BEpOSTHOCTH BO3HUKHOBEHUS
3eMIIETPSACEHUI MPUMEHSETCS KOMIUIEKC aHAJIMTUYECKUX U KOJIMYECTBEHHBIX METOOB!

1. Meron ceilcMMUYECKOr0 LMKJIA, OCHOBAaHHBIM Ha MPOCTPAHCTBEHHO-BPEMEHHOM
KJIACTEPU3ALMH U KBA3UINEPUOANUECKUX 3aKOHOMEPHOCTIX CEMCMUYHOCTH;

2. Merton ycnoBHOU nedopMaliiy, MO3BOJISIONINNA OLEHHBATh TUHAMUKY HAKOIUICHHON
nedopMaIuy B mpeiesiax OCHOBHBIX CEMCMOAKTUBHBIX PAa3JIOMHBIX 30H;

3. ®dopmManu3oBaHHBI MHOIONApPaMETPUUECKUM aHaINW3, UCHOJIb3YIOMUNA METON
maBHbIX KomroHeHT (PCA) s aHanW3a MHOTOMEpPHBIX BPEMEHHBIX PSJIOB,
BKJTFOYAIOIINX (PPAKTAIEHYIO pa3MEPHOCTh A, KOJTHMYECTBO cOOBITHH N, kK03hummeHT
Jlone-Hanau p, oTHOIIEHHE CKOpOCTed celicMuueckux BOIH Vp/Vs, KOIHMUeCcTBO
AHOMAJIBHBIX CKOopocTed Na W ToKazaTreau o4daroBoi jaedopMaiidu, ¢ LEeJbIo
oTAeneHUs  (OHOBOIO  HAKOIUICHWsS]  HANpsOKEHUH  OT  CPeIHECPOYHBIX
MIPEIBECTHUKOBBIX CUTHAJIOB;

4. Ilapamerp miuoTHOCTH TpeumuH Ksr, XapakTepu3yOIU OTHOIIEHNE MEXy CPEAHUM
paccTostHUeEM W JUIMHOM CEHCMOTEHHBIX pa3pblBOB KaK (DM3MUECKHM IOKa3areib
1opora HanpsHKEeHUH;

5. Merop aktuBanuu—3atuiibsa U anroput™m RTL, orcnexnBaroniyue npocTpaHCTBEHHO-
BPEMEHHBIE M DJHEPIreTHMYECKHE  IPEIBECTHUKOBBIE  AHOMAJIMM  BJOJb
MIPOCTPAHCTBEHHBIX NEPUPEPUii;

6. HopMupoBaHHBII TOKa3aTelb aKTUBALMM M OTHOIIEHHWE OTKJIMKA MPU Harpys3Ke—
pasrpy3ke (LURR), xapakrepusyroiniyue peakiuio 3eMHOW KOpPbI BO BpeMs JIYHHO-
COJTHEUHBIX MPUITUBHBIX (as3.

[IpakTHyeckoe NpPUMEHEHUE JIaHHOTO KOMILUIEKCA METO/IOB HILTIOCTPUPYETCS
rOZ0OBBIMU KapTaMu CpegHecpoyHoro nporuosa 3a 2017, 2021, 2023 u 2024 roasl. ITH KapThl
MO3BOJIMJIM YCIIEIIHO BBIACIUTH JIOKAJIbHBIE YYAacTKHM C TIOBBIIIEHHOW BEPOATHOCTHIO
BO3HMKHOBEHHUS YMepeHHbIX 3emierpsiceHuid (M = 4,5-5,0), oZHOBpPEMEHHO NPABUIILHO
MPOTHO3UPYS OTCYTCTBHE KatacTpodudeckux coopiTuii (M > 5,5) B mpenenax 1eneBbixX 30H B
TEUYEHUE aHAIN3UPYEMBIX JIET.

Jonrocpounass 3(pPeKTUBHOCTh JaHHOW WHTETPUPOBAHHOW METOJOJIOTUH 32
nepuoa 2009-2025 rr. AEMOHCTPUPYET HAJIEKHOCTh MPOTHO3a YMEPEHHBIX CEUCMHUYECKUX
coOpiTuii Ha ypoBHe 0,7-0,8. IlomydeHHBbIE pe3ynbTaTbl MOJYEPKUBAIOT KPUTUYECKYIO
BaXHOCTb HENPEPHIBHOIO M KOMIIJIEKCHOTO MHOIONapaMeTpPUYE€CKOr0 MOHMTOpPUHIA MJIs
CHIKEHMSI CEHCMUYECKON OMAaCHOCTY U YIPABJIEHUS PErMOHAIBHBIM PUCKOM B LleHTpanbHOM
A3zun.
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MEDIUM AND SHORT-TERM ANOMALIES AND

FORECAST OF 2026 HAIXI Ms 6.3 EARTHQUAKE IN
QINGHAI

Zhang Zhiwei'?, Feng Lili!, Guo Yingxia!, Zhao Yuhong', Li Qilei', Li Xia!

(1.Qinghai Earthquake Agency, Xining 810003,Qinghai, China; 2.Sichuan Earthquake Agency,
Chengdu 610040, Sichuan, China)

Abstract: Before the Haixi Ms 6.3 earthquake in Qinghai Province on June 16, 2026, there were obvious
medium- and short-term anomalies, such as seismic activity and geophysical field in the Qinghai region, and a
good short-term prediction was realized based on these anomalies. We analyzed the anomalies before the
earthquake retrospectively and summarized the forecasting basis for the time, location, and intensity of the
earthquake, which provides a reference for the short-term forecasting of strong earthquakes in the future. The
results show that: (1) Prior to the Haixi earthquake, there had been a long quiescence of M > 6.0 earthquakes in the
Qinghai region, and the area was under a critical stress state where strong earthquakes might occur at any time. (2)
Against the background of persistent high stress, seismic activity intensified near the epicenter after the break of M
> 3.0 earthquake quiescence in the Haixi area. (3) About nine months before the earthquake, the number of
anomalies in fixed-station geophysical field observations increased significantly, with an obvious expansion of
anomaly coverage. (4) Three months prior to the earthquake, fixed-station geophysical anomalies migrated and

contracted toward the epicenter, dominated by short-term fluid-related anomalies.

Key words: Haixi Ms 6.3 earthquake; Medium and short term anomaly; earthquake monitoring and tracking;

forecast review
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GEOMAGNETIC DAILY RATIO ANOMALY AND
EARTHQUAKE PREDICTION

Aisa Yisimayilit, Zhang Anhe!, Song Chunyan®, Ni Xiaoyin?

(1. Earthquake Agency of Xinjiang Uygur Autonomous Region ,Urumgi 830011, Xinjiang, China; 2.
Fujian Earthquake Agency, Fujian Fuzhou 530003, China)

Abstract: The daily ratio method of the vertical component of the geomagnetic field is used to study the relationship
between the ratio method of the geomagnetic field and the earthquake with Ms 5 or above in Xinjiang from January 1,
2015, to December 31, 2025. The results indicate a strong correlation between the daily ratio method of the geomagnetic
field and earthquakes with a magnitude of Ms 5 or above. Within months after the daily ratio method of the geomagnetic
field shows an abnormal threshold line, the probability of an earthquake with Ms 5 or above occurring in the corresponding
area is high. and draws the following conclusions.

Based on the minute-sampled data of geomagnetic vertical component provided by the National Geomagnetic
Network Center, this study analyzes 43 earthquakes of Ms > 5.0 in Xinjiang, China from January 1, 2015, to December 31,
2025. A total of 32 groups of geomagnetic daily ratio anomalies are counted, and 19 groups are followed by earthquakes.
The anomaly correspondence rate is 59.4%, the false alarm rate is 40.6%, the earthquake missing rate is 44.1%, 21
earthquakes are successfully predicted, and the earthquake prediction accuracy is 48.8%. The dominant corresponding
period is 2 months. Among them, only one geomagnetic daily ratio anomaly appeared before 7 earthquakes, while two or
more anomalies occurred before 13 earthquakes. Multiple anomalies are common before earthquakes, and the false alarm
rate of grouped anomalies is much lower than that of single anomalies. Due to the uniqueness of geotectonic and active
tectonic conditions in Xinjiang, the geomagnetic daily ratio anomalies before strong earthquakes also show regional
characteristics. From January 1, 2015, to December 31, 2025, there were 25 days with geomagnetic storms characterized
by the daily mean Dst index > -70 nT in the global geomagnetic environment, and consecutive storm days were counted as
one event. Among them, six storms triggered over-threshold geomagnetic daily ratio anomalies.

This paper also studies three strong earthquakes above Ms 6.0: the Ms 6.1 Shaya earthquake on January 30, 2023, the
Ms 7.1 Wushi earthquake on January 23, 2024, and the Akgi Ms 6.0 earthquake on December 4, 2025. It is found that the
frequency and spatiotemporal evolution of geomagnetic daily ratio anomalies before these three earthquakes show certain
similarity and repeatability. Before the mainshocks, geomagnetic daily ratio anomalies migrated from distant areas to the
epicenter, with anomaly areas shrinking from large to small or moving toward the locked seismogenic zone. Epicenters are
mainly located at the intersections, concentrated zones, and high-curvature sections of anomaly threshold lines, which is
helpful for predicting the location of future earthquakes before shocks.

By superimposing multiple daily geomagnetic ratio anomalies threshold lines on the same base map, an abnormal
intersection area or a concentration area can be formed. Earthquakes frequently occur in these areas where daily
geomagnetic ratio threshold lines are concentrated or intersect. Combined with the distribution of active tectonic faults,
historical earthquake activity, the multi-parameter abnormal coupling and coordination of electromagnetic disciplines, and
the long-term and short-term prediction of the potential dangerous area of strong earthquake and annual earthquake
dangerous area in Xinjiang, further judgment of the seismic area can effectively reduce the "space-time strong™ error range
of the daily geomagnetic ratio prediction, provide the basis for the determination of the location and time of the subsequent
strong earthquake.

Key words: Geomagnetic ; Vertical component; Geomagnetic daily ratio; Earthquake prediction; Abnormal overlap area



A FH/ANEAR Bt 7¢ 2025 £F 12 H 4 HFT & A Ms6.0 = il 8 /7 52 % 454k

FIRNEEEBRIST 2025 F 12 A 4 HAS® M6.0
W R ATE S F R

MR i, R GeEl, XY, T M6, R &, T 3, imseHk, who4E
CHrssdEf /R FA XKHR R, Bl S8 AR5F 830011)

PE: RPEPEHESMNE, 20254 12 A 4 HHEMAAFE (b4 41.13°, K& 78.400) KA
Ms6.0 HifE, FRIFIREE 10 kmo HIFEZEH SHFNH L SRV R B UM, BT BUERE A=
TSRS S XY ER, 2580 6 UL EHE AT R n i 21 5 22 8 i FE A SC H EE
AL B I3 BN AR IRN T Bh T 1 3R 90 RR ATIRAS 2 o R /N AR e 753056 e R LB X 2024
—2025 FEENIFBNIAT L RESE, FHEEEF R BRI Sl S USRS, AT
AAMENNEREELS. WMAEWMERER: —FEREENGBMLIEEANE, BHE
W/, BT A EL T PR LLEE AN Y, B R TESHELMIE; =
G REB R R — S A X A R s P X, BRI Bk
M5, ANFI B 0 3 AR A3 R B R L X DUIEAS (o 55, Mk & 77 B A & A T
HPBBE I R EE LT . 2024—2025 5 1380 & B/ B W R W, BEE 40T
By, SE oA TES, 5 BTG RIZETY R, KT NI f i IR R AR
fiEe 4B/ BoR, MR LI Bk DUEE N 3, FR A T R E LT . % &R/
YUFTIHAT HRIE AT, AN 1~4 B0 N 13583598 FE 43 308 2 kmy 4 km. 9 km Al 16 km.
FUREE (1~3 [ FHEIEUN, T4 B (2916 km SR AR T IO N R 35 5 AR A0 B 2%
AR, IR R RIR B B I A7 W S 1A O R R % AR A

IR, N R R SR I ) 55, JHRRE s, RIS R E
RIS H S B . 2024—2025 4EF K1 X RANE 137 70 B B IR = L, 4
B 1) S5 25 AR A T R SRR IR X A T Bl K. TN RS R b X SR B AR T E
W icHE .

BRI N, TEHE S, BTAE Ms6.0s T 7R REE

VEZRIA s Wi (1984—), 4o, Bd% TALIT, 30 M M52 45 15 o T 72 . E-mail: dragon127653@sohu.com



STUDY OF GRAVITY ANOMALY CHARACTERISTICS USING WAVELET TRANSFORM BEFORE THE AHEQI M56.0 EARTHQUAKE ON
DECEMBER 4, 2025

STUDY OF GRAVITY ANOMALY CHARACTERISTIGS USING WAVELET
TRANSFORM BEFORE THE AHEQI #6.0 EARTHQUAKE

ON DECEMBER 4, 2025

Chen Li, Ailixiati Yushan, Liu Daiqin, Fang Wei, Zhao Lei, Ding Yu, Wen Yanlin, Han Kai

(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumqi 830011)
Abstract: According to the China Earthquake Networks Center (CENC), an Ms6.0 earthquake occurred on December 4,
2025 in Aheqi County, Xinjiang (41.13°N, 78.40°E), with a focal depth of 10 km. Earthquake preparation is closely related
to material changes in the crust and crust-mantle. The accumulation or release of crustal energy in the years before the
earthquake will cause regional material migration. Gravity changes related to the preparation process can be observed on
the surface before and after most earthquakes with M > 6. The in-depth analysis of the dynamic changes of the gravity field
is helpful to capture the precursory information of strong earthquakes. The wavelet transform method is used to perform
multi-scale separation of the gravity field changes in the southern Tianshan area from 2024 to 2025, and the approximate
field source depth is estimated by combining the radial logarithmic power spectrum analysis to extract the gravity anomaly
information before the Aheqi earthquake.

The results of mobile gravity observation show that the change of gravity field in one year scale is mainly positive,
the magnitude is small as a whole, and the epicenter is located near the zero isoline. The two-year scale change is still
dominated by positive values, and the epicenter is also near the zero contour. The three-year scale change image shows that
the magnitude of the Kashi-Wugqia intersection area increases to form a high-value concentration area, and the epicenter is
still near the zero contour. In general, the gravity field changes at different time scales are all characterized by positive
changes in the southern Tianshan Mountains, while the Aheqi earthquake is always located near the zero isoline of the
gravity gradient zone.

The wavelet transform decomposition of the dynamic change of gravity field from 2024 to 2025 shows that with the
increase of detail order, the anomaly distribution tends to be concentrated, and the anomaly trap range gradually expands,
reflecting the density change characteristics of underground materials from shallow to deep. The fourth-order wavelet
details show that the southern Tianshan area is dominated by positive changes, and the epicenter is still near the zero
contour. The power spectrum analysis of each order wavelet detail is carried out, and the average depth of the field source
corresponding to the 1~4 order details is estimated to be 2 km, 4 km, 9 km, and 16 km, respectively. It is shown that the
shallow gravity change (1~3 orders) is small, while the deep gravity change corresponding to the 4th order (about 16 km
depth) and the approximation term increases significantly, suggesting that there is obvious material adjustment or density
change near the focal depth.

Studies have shown that wavelet transform decomposition can effectively separate gravity anomalies at different
depths, eliminate some noise, and extract reliable anomaly information related to earthquake preparation. The change of
cumulative gravity field anomaly in South Tianshan area from 2024 to 2025 has clear deep physical significance, and the
significant change of fourth-order details may be related to the deep tectonic activity in the source area. This study
provides a gravity field basis for crustal dynamics in the South Tianshan area.

Key words: Wavelet Transform; Mobile Gravity; Aheqi Ms6.0; Gravity Anomaly Characteristic

Author Biography: Chen Li (1984-), Female, Senior Engineer, mainly engaged in research on crustal deformation and
prediction. E-mail: dragon127653@sohu.com
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VERTICAL DEFORMATION ANOMALIES AND SEISMIC
RESPONSE ANALYSIS OF THE CROSS-FAULT SITE IN
NORTHERN TIANSHAN

Ding Yu, Wen Yanlin, Aldark Kadeerbek, Zhao Lei
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)

Abstract: Based on the biannual observation data from 12 cross-fault sites deployed in the northern
Tianshan region during 2012 to 2025, this paper carries out a comprehensive analysis. The time-series
curves of elevation difference variations for each survey line reveal that the Xishan Line has undergone
continuous tensile deformation since December 2022, with a variation of 1.7 mm between April and
September 2025. The cumulative trend rate Dc of each fault from 2012 to 2025 was calculated: the
Kazanwan Line attained a cumulative trend rate of +0.97, indicating sustained slight long-term tension
along the Huoerguos Fault; the Yining County Line showed a cumulative trend rate of -0.72, representing
mild continuous compression of the Kashi River Fault.The cumulative deformation rate curves
demonstrate that the Hongshanzui Line exhibited a small step-up anomalous change in September 2025
(the April 2026 observation showed the deformation had declined back to the level recorded in April
2025), while the Yining County Line has presented successive step-up anomalies starting from
September 2024. Deformation anomalies on the Xishan, Hongshanzui and Kazanwan Lines corresponded
to the Hutubi Ms 4.6 earthquake on March 5, 2026 and the Hutubi Ms 4.8 earthquake on March 7, 2026;
anomalies on the Yining County Line were associated with the Huoerguos Ms4.8 earthquake on June 5,
2026.Analogies with historical earthquake cases indicate that stepwise variations in the cumulative
deformation rate of the Hongshanzui Line occurred prior to the Hutubi Ms 6.2 earthquake on December 8,
2016, with an amplitude approximately three times that observed before the two 2026 Hutubi earthquakes.
Pre-earthquake step anomalies were also detected on the Yining County Line before the Xinyuan Ms 5.0
earthquake on February 11, 2011, the Jinghe Ms 6.6 earthquake on August 9, 2017, and the Jinghe Ms5.4
earthquake on October 16, 2018.The analytical results verify the earthquake-reflecting capability of
cross-fault leveling observations in the northern Tianshan area, which can provide effective data support
for future seismic tendency assessment in this region.

Key words: Northern Tianshan Mountains; Fault-crossing Leveling; Trend Accumulation Rate; Accumulation of

Deformation Rate

Author Biography: Ding Yu (1991-), male, engineer, mainly engaged in mobile observation, crustal deformation, and

earthquake prediction research. E-mail: mynameisdingyu@163.com

— 102 —



H AL 25, 5 AR R H 5 NI

HiRHRdt Ms5.5 BERTRESNTRKL

EELE, 5 R, BREEE, B2, R

Q. HREER ChEMERZMNHE A . Hif, 22N 730000 2. H 8 2N Bk #E
[ K B AR AT 700G, HR, 220 7300000

WE. AW EESRD 2023 4 10 H 24 B2 12 H 1 HHB AR ILE Ms5.5 F1 Ms5.0 HERT R X
kA AR TEARAE, FRB S RE AR S 5 X 2 28 th 2 1] (R N 7E 5Bk o R ECBR L Sl 35y
SRS (M AT, GEATEIRNLEIA . MR FIREALRE & X 5k GNSS S5, it L B e
B TERHE AT R RN, S S T 22 sk 5 IR < PRV v SSY R AR R AR 1 S K FE A
A S S R FE YRR N, R (R 2 AR B (A 5K/ R R R IE 5 M B KT A2 3 kAT 5 L
BB 45A GNSS HEEIAIN R P FIY) R, AR50 78 AT 5 H BN E) 5 X 380K P12 307 1 % 16 1 1)
[l o 45 R TR AR TG IO T R AT ) R G 8 SRR R M R (A2
(AR S A s (A1 72 S AR A (s o/ s 4 A8 A 5 B KA R 3 B AR A e — B, AR R AR
SE PR, 5 GNSS 3R )7 51 U] B XK 30 77 17 5 35 4 RIS T i R 25, %
AR K5 250 S M R GNSS HE 7R I XS4 38 I8 SRR HEAFAE B B A e itk o B 7T 458 T s AE 22
B I FE A R ) — NARRAS AL SR A S S0 4%, I8 5 S A 2 U AR LI Bk # B RS 40 X 384
IIEERAL, ZhARIE R RIS A, DL B AL B TR s A2,

RBIF]: SSY KNSR [ MM GNSS AKEMEE 4 i X A& iz 5h

YEZE WA mieem (1970—) , 9, IERGCTARIN, 32 TSRS W00 AN AL 58 E-mail :
gsd gsd@126.com.

— 103 —



DEFORMATION ANOMALIES AND STRESS EVOLUTION OF Ms5.5 EARTHQUAKE SWARM IN
SUBEI, GANSU PROVINCE

DEFORMATION ANOMALIES AND STRESS EVOLUTION
OF Ms5.5 EARTHQUAKE SWARM IN SUBEIL, GANSU
PROVINCE

Gao Shude'?, Yan Xun?, Chen Yuxin'!, Wu Shanyi!* Chen Shuanggui'

(1.Gansu Earthquake Agency & Lanzhou Institute of Earthquake Research, CEA, Lanzhou
730000, Gansu, China; 2.L.anzhou Geophysics National Observatory and Research Station, Lanzhou
730000, Gansu, China)

Abstract: This study aims to investigate the regional tectonic deformation characteristics before and after
the Ms 5.5 and Ms 5.0 earthquakes that occurred on October 24 and December 1, 2023, in Subei County,
Gansu Province, and to reveal the intrinsic relationship between pre-earthquake deformation anomalies and
changes in the regional motion field. Using spatial analysis methods such as rose diagrams and map
projections, and integrating focal mechanism solutions, surface co-seismic displacement data, and regional
GNSS velocity field data, this study conducts a systematic analysis of the deformation characteristics of
the tectonic structures surrounding the Subei earthquake swarm. At the same time, the study focused on
comparing the pre-earthquake trend-based anomalies and co-seismic step responses recorded in the SSY
tunnel at the Anxi Station and the Xiaoxigou Station in Jiayuguan. It also compared the tensile/compressive
characteristics of the co-seismic strain steps with the patterns of the seismic horizontal displacement field,
and further combined this with time-series slices of the GNSS velocity field to verify the synchrony
between the onset of pre-earthquake anomalies and the timing of deviations in the direction of regional
horizontal motion. The results indicate that the strain records in the boreholes clearly document the
opposing processes of pre-seismic stress accumulation (trend-based anomalies) and intraseismic stress
release (step changes); the tensile/compressive changes in the in-seismic strain step show a high degree of
consistency with the variation patterns of the seismic horizontal displacement field; the onset time of pre-
seismic strain anomalies is synchronized with the time points of significant deviations in the direction of
regional horizontal motion observed in GNSS velocity field time-series slices, and there is a significant
correlation between the anomalous responses at deformation observation stations and the regional tectonic
motion characteristics revealed by GNSS. The findings of this study provide empirical support for the
evolution of stress—strain states during the development of major earthquakes and offer insights and
guidance for subsequent efforts to integrate multi-source deformation data, construct high-resolution
regional tectonic motion models, dynamically invert the evolution of pre-seismic tectonic stress fields, and
predict the location of potential epicenters.

Key words: SSY Tunnel Body Strain Anomaly; Coseismic Strain Step; GNSS Horizontal Velocity Distribution; Regional

Tectonic Movement
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A METHOD FOR DETECTING SEISMICITY RATE CHANGE PRIOR TO
STRONG EARTHQUAKE

Jiang Xianghua, Meng Lingyuan, Han Yanyan
(China Earthquake Networks Center, Beijing 100045, China)

Abstract: We developed a quantitative method to study changes in seismicity rate before strong earthquakes. We call it
the Seismicity Rate Index (SRI). This method uses the stationary Poisson model as a reference. It calculates a cumulative
probability value between 0 and 1 according to the number of events in a time window. This value serves as an index to
measure the level of earthquake activity. The index close to 0 indicates decreasing of seismicity rate, while close to 1
indicates increasing—both represent departures from the Poisson assumption. By applying the method over spatial grids
and moving time windows, we can quantitatively identify local anomalies. We tested this method on the 2021 M6.4
Yangbi earthquake in Yunnan. About 105 days before the mainshock, anomalous grid cells with increased rate appeared
around the epicenter. The anomalous area then expanded, and the anomaly grew stronger until the mainshock occurred. In
one representative cell, the cumulative earthquake number started rising sharply on January 3, 2021—138 days before the
mainshock. We also evaluated the predictive performance of SRI for strong earthquakes in the Sichuan—Yunnan region
over the period from January 1, 2014, to December 31, 2025. During that time, 11 earthquakes of magnitude 6 or larger
took place. R-score results show that the SRI has good short-term prediction capability for this region. Overall, our

findings suggest that the SRI can contribute to short-term earthquake prediction in practice.
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HYDROCHEMICAL CHARACTERISTICS OF
UNDERGROUND FLUIDS IN THE TIANSHAN TECTONIC
BELT AND THEIR EARTHQUAKE PRECURSOR
INDICATIONS

LI Na', WANG Chengguo', MA Rong', YAN Wei', ZHU Wenzhen', JIA Yongbin',
HAN Shiyu!, SAIMAINAIJI Keyimu', ZHAO Ying'?

(1.Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, China;2. Jiangxi
Earthquake Agency, Nanchang 330026, China)

Abstract: Tianshan tectonic belt is a region of high earthquake frequency in Xinjiang, where underground fluids serve
as a critical carrier for earthquake precursory monitoring. This study examines 26 monitoring wells/springs in the key
earthquake surveillance area. Through hydrochemical and isotopic analyses combined with Piper diagrams and Na-K-Mg
ternary plots, we investigated groundwater evolution and evaluated earthquake-reflecting effectiveness across different
tectonic units.The results show that Na' is the dominant cation, while HCOs~, SO+*" and CI" are the major anions.
Hydrochemical types correspond closely to tectonic subdivisions: the Northern Tianshan is characterized by HCO3; - SO
4 — Na type water; the central Tianshan exhibits transitional SO+—Na type water; and the southern Tianshan is dominated
by CI-SO+—Na type water. Isotopes indicate meteoric recharge, with solute sources mainly controlled by silicate weathering.
The waters are predominantly in a state of partial equilibrium, indicating natural sensitivity to tectonic stress.Four sensitive
sites (10Q, 21Q, 25Q, and 60Q) were identified and classified into two types: fault-zone mixing and deep-circulation stable
types. Continuous observations from 2024 to 2026 demonstrate that 10Q responds with HCOs~ drops and Cl™ peaks, 21Q
shows K* low-to-rebound patterns, 25Q exhibits SO+~ and K* anomalies, and 60Q displays distinct K* pre-seismic rise-
to-fall sequences. Anomalies predominantly occur within 5-35 days before earthquakes, with multi-ion synchronous
spikes. The effective response rate for M > 4.0 events exceeds 80%, and cross-station coincident anomalies significantly
enhance precursor reliability. This study provides a scientific basis for optimizing the Xinjiang underground fluid

monitoring network and improving precursory anomaly identification.
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BACKGROUND VALUES OF HYDROGEN AND OXYGEN |SOTOPES
IN FLUID-MONITORING WELLS AND SPRINGS, XINJIANG

Ma Rong, Han Shiyu, Zhu Wenzhen, Li Siyan.

(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang,
China)

Abstract: To accurately identify seismic fluid precursory anomalies and establish a hydrogen and oxygen isotope
background baseline for Xinjiang wells and springs that meets local monitoring requirements, thereby compensating
for the lack of systematic regional background surveys, this study systematically measured and analyzed the 6°H and
580 compositions of 24 water samples from northern Xinjiang and 15 from southern Xinjiang, collected from
seismically monitored wells and springs in and around the Tianshan Mountains. All water samples were measured
with a liquid water isotope analyzer (Picarro L2130-i), with the results reported relative to Vienna Standard Mean
Ocean Water (VSMOW); the analytical precision is better than £1%o for 6*H and +0.1%o for 8'*0, and standards
were inserted into every batch for quality control. Local meteoric water lines (LMWLs) were then fitted, deuterium-
excess values were calculated, and the isotopic compositions of northern and southern Xinjiang were compared,
thereby establishing a regional background baseline. The results show that across the whole of Xinjiang, 6'*0 ranges
from —16.88%o to —7.43%o and 6*H from —123.32%o to —42.96%o., with the two values highly correlated (R?> = 0.9275);
the LMWL is defined as 6*°H = 7.786'*0 + 10.24. Marked differences exist between northern and southern Xinjiang.
In the north, the mean 6'*0 and 6°H values are —12.07%o and —84.13%o, respectively, and its LMWL (6*°H = 7.875'%0
+ 10.89, R?* = 0.9274) approaches the global meteoric water line, indicating that recharge is dominated by high-
altitude snow and ice meltwater with weak evaporation. In the south, by contrast, the mean values are —10.55%o and
—71.03%o, and the LMWL exhibits a markedly lower slope and intercept (6*H = 7.316'0 + 6.08, R? = 0.8996),
displaying the evaporation-line signature typical of arid regions and a dual end-member structure consisting of a
depleted Pamir end-member and an evaporative basin end-member.These findings provide a quantitative basis for
anomaly identification, recharge-source discrimination, and seismic precursor extraction within the subsurface fluid

monitoring network of Xinjiang.
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STUDY ON CHARACTERISTICS OF GRAVITY FIELD
CHANGES BEFORE AHEQIMs6.0 EARTHQUAKE!

Nie Jiawang, Zhao Lei,Ailixiatiti Yushan, Liu Daiqin, Abudutayier Yasen, Ding Yu, Aerdake Kadeerbieke

(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumqi 830011, Xinjiang, China)

Abstract: The western segment of the South Tianshan Mountains, situated at the junction
between the Tarim Basin and the South Tianshan orogenic belt, is characterised by intense
tectonic activity and frequent strong earthquakes. The accumulation of crustal stress and the
migration of deep-seated materials trigger dynamic responses in the surface gravity field.
Accordingly, identifying pre-earthquake anomalies through mobile gravity observations has
become an important technical tool for regional seismic hazard assessment. Using multi-epoch
mobile gravity data acquired in the South Tianshan region from April 2020 to March 2025, this
study systematically investigates the spatiotemporal evolution of the gravity field in and around
the source region of the 2025 Aheqi Ms 6.0 earthquake. The analysis employs gravity field
differencing, cumulative change extraction, and time-series analysis of representative survey
points, covering both annual and long-term timescales, with the aim of elucidating the intrinsic
link between gravity anomalies and the seismogenic process of strong earthquakes.The main
findings are as follows:

Spatial distribution - The Kalpin block south of the Aheqi epicentre and the Kashi -
Wugia tectonic junction exhibit concentrated gravity changes with pronounced gradients. The
gravity contours are oriented approximately orthogonal to the regional master faults, indicating
that gravity variations are directly controlled by regional tectonics and closely correspond to
deep material transfer and stress adjustment.

Temporal evolution - During the 2 - 4 years preceding the earthquake, the amplitude of
gravity changes around the epicentre increased continuously, matching the pattern of
accelerating stress accumulation. In contrast, the gravity field remained relatively stable in the
final year before the event, entering a quiet pre-seismic adjustment phase.

Tectonic association — The alternating positive-negative transition zones and the zero-
contour lines of the gravity field in the Wushi - Aheqi area show a close spatial correspondence
with the seismogenic structure. Such gradient belts and alternation zones typically mark the
critical loci of crustal stress concentration and energy buildup, which are more prone to strong
earthquake occurrence.

The partitioned evolution of regional gravity anomalies comprehensively reflects the post-
seismic adjustments from the 2020 Jiashi MS6.4 and 2024 Wushi Ms 7.1 earthquakes, as well
as the long-term preparatory process of the 2025 Aheqi Ms 6.0 event. It further corroborates
that positive-negative alternating belts and high-gradient zones are predominantly distributed in
active tectonic regions with elevated seismic hazard. This study enhances our understanding of
gravity-field responses during the seismogenic processes of strong earthquakes in the western
South Tianshan, offers practical value for effectively identifying pre-earthquake gravity
anomalies, and provides a solid scientific basis and technical support for seismic risk
assessment and medium-to long-term earthquake forecasting in the region.

Key words:Aheqi Ms6.0 earthquake; Gravity field change; Mobile gravity; Southern Tianshan
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SHORT-TERM DEFORMATION VARIATIONS BEFORE STRONG
EARTHQUAKES AND THEIR CORRELATION WITH SEISMICITY

Niu Anfu, Wang Haitao

(China Earthquake Networks Center, Beijing 100045,China)

Abstract: The characteristics of deformation anomalies before strong earthquakes and their spatiotemporal distribution
patterns against the background of orderly migration are key to identifying reliable earthquake precursors and revealing
earthquake preparation mechanisms. To establish quantitative correlations between deformation anomaly variations and
earthquakes at different time scales, this report analyzes the patterns of strong earthquake activity from a larger spatial
perspective. Since 1995, the Tibetan Plateau has entered a new round of strong earthquake active period, during which M8,
M7, and M6 earthquakes exhibit certain regular spatiotemporal distribution patterns. For example, since 2008, the Ms7.1
Yushu, Ms7.0 Lushan,Ms7.0 Jiuzhaigou, and Ms7.4 Maduo earthquakes have been spatially concentrated along the eastern
boundary of the Bayan Har block, showing co-circular (or co-elliptical) distribution and counterclockwise migration
characteristics.This report systematically investigates the spatiotemporal distribution characteristics of short-term
deformation anomalies before these strong earthquakes. The results show that, against the background of orderly strong
earthquake migration, short-term pre-seismic deformation anomalies are typically oblique to the seismogenic faults and
maintain relatively stable quantitative relationships with the earthquakes at different time scales. Combined with the mid-
to-upper crustal Q-value structure revealed by seismic wave techniques and regional crustal movement characteristics,
further analysis indicates that both the short-term pre-seismic deformation anomalies and the orderly migration of strong
earthquakes along block boundary zones may be jointly controlled by deep crustal fluid activity. Finally, a conceptual model
of the coupling relationship among deep crustal material flow, seismicity, and surface deformation anomalies is proposed,
aiming to deepen the understanding of the significance of crustal deformation observations and to explore the possibility of

short-term quantitative earthquake prediction.

Key words: Tibetan Plateau; Strong Earthquakeke Migration; Short-term Deformation Variations; Correlation

Discrimination; Deep Material Flow
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Shen Tuo!, Wu Weiwei '*, Meng Guojie', Liu Tai', Zhang Lupeng!, Tang Jin?, Xu Xiwei *

(1 Institute of Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China;
2 Petro China Research Institute of Petroleum Exploration & Development, Beijing 100083, China; 3
School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China)

Abstract: On 28 March 2025, a major My, 7.7 right-lateral strike-slip earthquake ruptured the Sagaing Fault in Myanmar,
causing significant casualties and infrastructure damage. The long-term stress evolution of the Sagaing Fault since 1897 has
been strongly influenced by coseismic and postseismic Coulomb failure stress change (ACFS) perturbations associated with
this event. These stress changes are evaluated using the PSGRN/PSCMP software combined with a multi-layered viscoelastic
model. Our results indicate that the earthquake significantly loaded the northern and southern tips of its rupture and several
adjacent faults (e.g., the Kyaukme, Loi Kwi, Lancang and southern Nantinghe faults), with ACFS increases exceeding the
commonly used 10 kPa earthquake-triggering threshold in some areas. Postseismic viscoelastic relaxation is projected to
further enhance stress accumulation in these regions over the coming decades. The exceptionally long coseismic rupture
(~500 km) observed in this event significantly exceeds predictions from empirical magnitude-scaling relationships,
highlighting the unique propensity for long, narrow ruptures on structurally mature fault zones. Comparisons among multiple
coseismic slip models further show that models with larger magnitudes provide systematically better fits to far-field GNSS
observations, whereas smaller-magnitude models fail to reproduce the observed deformation field. Furthermore, analysis of
the historical earthquake sequence reveals persistent Coulomb stress accumulation on the northern segment of the Sagaing
Fault, indicating a potential for future large earthquakes (Mw 7.3~7.7). This research provides critical insights into stress

triggering mechanisms and refines the seismic hazard assessment for central Myanmar.

Key words: 2025 Myanmar earthquake; Sagaing Fault; Coulomb stress evolution; Coseismic Coulomb stress; Coseismic
displacement field
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INFLUENCE OF SEISMIC WAVES ON PERMEABILITY AND
STABILITY OF THE AQUIFER IN NEW WELL 30

Wang Chengguo’, Ma Rong!, Yan Wei', Jia Yongbin', Zhu Wenzhen', Han Shiyu’, Li Na',
Zhao Ying"?

(1. Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, China; 2. Jiangxi
Earthquake Agency, Nanchang 330026, China)

Abstract: This study is based on well water level data from New Well 30 in Xinjiang, covering the period from 2008
to 2025. It systematically analyzes the co-seismic response characteristics triggered by multiple distant strong earthquakes.
Additionally, it explores the long-term effects of seismic waves on the permeability and structural stability of well-aquifer
systems using M tidal factors and phase continuous observation data. The results indicate that the co-seismic responses
exhibit two patterns: stepwise increases and decreases. The stepwise increase occurs only within a distance of <500 km
from the epicenter, while the stepwise decrease is primarily found in the intermediate to far field (500-2500 km). The
amplitude of these responses shows a positive correlation with earthquake magnitude, suggesting the presence of a
"magnitude threshold" between 6.3 and 6.7. Following the 8.0-magnitude Wenchuan earthquake in 2008, the M> tidal
factor decreased from 0.139 mm/puGal to 0.124 mm/pGal and has not recovered significantly since then, despite no
noticeable changes in tidal phase. This suggests that low-frequency surface waves from distant earthquakes have increased
aquifer permeability and led to irreversible or semi-reversible changes in the well-aquifer structure. Although several
subsequent strong earthquakes caused significant instantaneous water level changes, they did not result in sustained
anomalies in tidal factors. This indicates that the Wenchuan earthquake acted as a "shock stabilization" event, clearing
sensitive fractures or blockages and allowing the system to enter a more stable state. This research provides new
observational evidence for understanding the coupling effects of seismic waves with subsurface fluids and the long-term

dynamic evolution of aquifers.

Key words: Xin30 well; Coseismic response; Tidal factor; Shock-stabilization; Permeability change; Wenchuan
earthquake
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GRAVITY FIELD CHANGES PRIOR TO THE HAIXI Ms 6.3
EARTHQUAKE IN QINGHAI ON JUNE 16, 2026

Wei Shouchun

(The Second Monitoring and Application Center, China Earthquake Administration, Xi’an 710054,
Shaanxi China)

Abstract:On June 16, 2026, an Ms 6.3 earthquake struck Haixi Prefecture, Qinghai Province. According to the China
Earthquake Networks Center, the epicenter was located at 37.80° N, 95.56° E, on the southern margin of the Qilian
Mountains seismic belt in the northeastern Tibetan Plateau. This region represents the compressive thrust boundary between
the Qilian Block and the Qaidam Block. The earthquake was preliminarily identified as a thrust-type event, with the Da
Qaidam-Zongwulongshan fault zone as its seismogenic structure. In recent years, moderate-to-strong earthquakes have
frequently occurred near the Zongwulongshan fault zone, including the 2003 Delingha Ms 6.6 earthquake, the 2004 Ms 6.2
carthquake on the Zongwulongshan Fault, the 2008 Ms 6.3 earthquake (Li et al., 2010), and the Ms 6.4 and Ms 6.2 earthquakes
in August 2009. All these events occurred near the junction of the Da Qaidam Fault-Zongwulongshan Fault. Such seismic
sequences reveal that the northern Qaidam Basin-Zongwulongshan fault zone is currently tectonically active, where
moderate-to-strong earthquakes show obvious clustering characteristics and periodic recurrence.

Based on regional mobile gravity observations, this study systematically analyzes the spatiotemporal evolution of the gravity
field during the seismogenic process of the 2026 earthquake. The results indicate that gravity field variations well reflected
the precursory information of this Ms 6.3 earthquake. The pre-seismic gravity evolution underwent a complete evolutionary
process: starting from regional gravity anomalies, developing into a prominent four-quadrant pattern, and finally
experiencing sign reversal prior to fault rupture. Significant four-quadrant distribution of gravity variations formed centered
on Delingha during September 2022 - September 2024. From September 2022 to September 2025, the amplitude of gravity
differences decreased slightly, while the positive gravity variation area expanded and intensified; meanwhile, the center of
the four-quadrant pattern migrated toward Da Qaidam, consistent with the location of the eventual epicenter. During the final
stage from September 2025 to June 2026, the gravity variation pattern reversed: the previous northwest-negative and
southeast-positive distribution transformed into northwest-positive and southeast-negative. Shortly after this reversal, the
Haixi Ms 6.3 earthquake occurred on June 16, 2026. The pre-seismic gravity variations exhibit good correlation with the
earthquake, and the epicenter lies within the anomalous risk zone delineated by annual gravity seismic hazard assessment.
This verifies that regional gravity field variations have unique advantages in predicting the epicenter locations of future
strong earthquakes. By elaborate data processing and in-depth analysis of mobile gravity data, investigating the
spatiotemporal evolution characteristics of gravity fields before and after the Haixi Ms 6.3 earthquake bears important
practical significance for revealing the seismogenic mechanisms of strong earthquakes and capturing earthquake precursory

signals.

Key words: Haixi Ms 6.3 earthquake; mobile gravity; gravity field changes; Zongwulongshan fault
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STUDY ON SPATIOTEMPORAL CORRELATION BETWEEN GRAVITY
DISTURBANCES AND TROPICAL CYCLONES IN XINJIANG

Yang Lujia, Zhang Zheng,Ou Xuehui
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)

Abstract: To isolate environmental disturbances in continuous gravity data and extract precursors, this paper investigates
the spatiotemporal correlation between gravity disturbances and tropical cyclones in Xinjiang by combining cyclone
archives and continuous gravity data with meteorology. We compiled cyclone parameters, derived atmospheric loading
models, and analyzed the intermediary effect of Central Asian cyclones. Based on fluid and elastic dynamics, mapping
equations for microseisms were established. Results show that high-frequency gravity disturbances in Xinjiang highly
coincide with the peak of intense cyclones. The disturbances exhibit high-frequency amplitude jumps, asymmetric trumpet-
shaped envelope amplification, and wide-band spike-like patterns in the frequency domain. Cyclones generate microseisms
and remote atmospheric and hydrological loading, causing baseline drift. The conclusions provide criteria for precursor
identification.

Key words: Continuous Gravity Observation; High-frequency Disturbance; Tropical Cyclone; Microseisms;
Atmospheric Loading
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MEASUREMENT AGREEMENT AND DATA CONTINUITY AFTER GAS
CHROMATOGRAPH REPLACEMENT

Zhang Wei, Zhao Ying, Li Xinyong, Zhang Pengcheng, Wang Chengguo
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)

Abstract: Objective: To quantify measurement discontinuities caused by gas chromatograph replacement in
seismic-fluid monitoring and to determine whether data from the SP-3400 and Agilent 8890 can be connected using an
interpretable and independently validated relationship. Methods: Ninety days of parallel observations from Urumgqi Springs
04 and 10, covering 1 December 2024 to 28 February 2025, were checked record by record before modeling. Predefined
quality-control rules were applied to multicomponent synchronous anomalies, exact zero values, isolated outliers, and a
duplicated data segment. H> was excluded from quantitative agreement analysis because both instruments reported zero
throughout the Spring 10 series and zero values dominated the Spring 04 series. Agreement was assessed using
Bland-Altman bias and limits of agreement (LoA), empirical-quantile LoA, tests for concentration-dependent bias, and
7-day circular block-bootstrap confidence intervals. Candidate continuity parameters were estimated from December
2024-January 2025 data and independently validated using February 2025 data. Results: Biases for CH4 at Spring 04, CO2
at Spring 04, and COz at Spring 10 were +1.814, -2.295, and +1.268 percentage points, respectively, corresponding to
relative biases of +20.3%, -17.4%, and +17.5%. A ratio relationship with k = 1.197 was selected for CHa at Spring 04,
whereas shift relationships with b = -2.610 and +1.230 percentage points were selected for COz at Springs 04 and 10.
Validation MAE decreased by 47.0%-62.0%, while post-adjustment RMSE remained 0.906-1.837 percentage points. He
and Ar showed concentration-dependent bias, temporal drift, or detection-limit uncertainty and were unsuitable for
fixed-rule splicing. Conclusion: Continuity parameters after instrument replacement should be established separately by
site, component, instrument configuration, and applicable concentration range, and should be used only after raw-record
checking, agreement assessment, temporal-stability testing, and validation on subsequent observations. Adjusted values are
suitable mainly for reducing baseline steps in long-term records and should not replace original daily values for detecting
small short-term anomalies.

Key words: Seismic fluid; Gas chromatograph; Instrument replacement; Agreement assessment; Bland-Altman analysis;

Data continuity
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AHEQI M#6.0 EARTHQUAKE

Zhang Zheng!, Yang LulJia!,Ding Yu !, Li Guirong ', Pang XinBai'

(1. Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumqi 830011, Xinjiang, China;
2. Urumgqi Institute of Central Asia Earthquake, China Earthquake Administration, Urumgqi 830011,
Xinjiang, China)

Abstract: The South Tianshan region, influenced by the far-field effect of the India—Eurasia collision, experiences frequent
moderate—strong earthquakes. The December 4, 2025 Aheqi Ms6.0 earthquake occurred near the rupture zone of the 2024
Wushi Ms7.1 event, representing another significant shock in the nappe tectonic setting of the South Tianshan basin—
mountain junction. Investigating crustal deformation and gravity field anomalies prior to this earthquake is crucial for
understanding regional strong earthquake nucleation and improving multi-parameter precursor identification. Using GNSS
displacement time series from the Crustal Movement Observation Network of China (CMONOC) and continuous gravity
records from Wushi station, we systematically analyzed the spatiotemporal evolution of crustal motion, baseline length
changes, and the gravity M2 tidal factor. GNSS data were processed with GAMIT/GLOBK 10.7 referenced to ITRF2014,
and the tidal factor was derived by standard harmonic analysis. Results show that the WUSH-XJBC baseline exhibits a
long-term shortening rate of —1.558 mm/a, consistent with the regional north—south compressional setting. From 2023 to
2025, the baseline shortened by more than 24 mm cumulatively, far exceeding the background level before 2022, indicating
accelerated tectonic strain loading prior to the earthquake. In 2024, synchronous displacement anomalies at WUSH and
XJBC stations (up to ~30 mm in the E-W component and ~20 mm in the N-S component) reflect a coherent regional stress
perturbation. Around September 2025, intensified high-frequency baseline fluctuations and deformation anomalies suggest
a transition from steady-state accumulation to unsteady pre-seismic adjustment. The peak anomaly of the M2 tidal factor
shows a good temporal correspondence with Ms=5.0 earthquakes in Xinjiang since 2008; a pronounced positive anomaly
also appeared before the 2025 event, roughly synchronous with the GNSS-detected deformation acceleration. The temporal
synergy of these multi-parameter anomalies indicates relatively consistent pre-seismic responses in GNSS deformation and
the gravity tidal factor. Joint analysis can effectively reduce the ambiguity of single-parameter anomalies and improve the
reliability of precursor identification. This study provides joint geodetic and gravity constraints for strong earthquake hazard
assessment in the South Tianshan, and offers a reference for regional multi-parameter integrated monitoring and anomaly

diagnosis.
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PRECURSOR IDENTIFICATION AND PREDICTION IN
NORTHERN TIANSHAN: A NEW APPROACH BASED ON
SLOPE DIFFERENCE METHOD

Zhao Lei, Ailixiati Yushan, Ardake Kaderbieke, Abudutayier Yasen,
Nie Jiawang, Ding Yu

(Earthquake Agency of Xinjiang Uygur Autonomous Region,Urumgi 830011, Xinjiang,China)

Abstract: Extracting high-fidelity seismic precursor anomalies from massive geophysical
observation data is a key challenge in improving earthquake prediction capabilities. This study
introduces the "slope difference information method" and conducts systematic retrospective
tests to locally adapt and optimize its key parameters (background window, current window,
dynamic threshold), forming an optimal parameter scheme applicable to multi-source
observation data in the northern Tianshan region of Xinjiang. By dynamically calculating the
difference in local slopes between the background window length and the current window
length, a time-series curve with a mathematical expectation of zero is constructed. This method
requires no preset model, effectively suppresses long-period interferences such as annual
variations, and sensitively reflects short-term anomalies including abrupt changes and turning
points, facilitating automated identification. The study systematically processes multi-source
daily mean data and optimizes parameters through retrospective tests, establishing optimal
parameter schemes for different observation techniques. Applying this method, deformation
and gravity anomalies were successfully extracted from several months to one year before
moderate-to-strong earthquakes, including the 2016 Hutubi M6.2 and 2017 Jinghe M6.6
earthquakes. The anomalies are spatiotemporally closely related to major active fault zones and
exhibit an evolutionary pattern of “medium-term gravity anomalies — medium- to short-term
GNSS and deformation anomalies.” Statistical tests using the R-value score show that all data
sources pass the significance test, with the north-south component of GNSS demonstrating
particularly outstanding predictive performance. This study indicates that the slope difference
information method is effective and reliable in complex tectonic regions. Through parameter
optimization and multi-source information fusion, it can provide quantitative support for
medium- to short-term earthquake prediction.

Keywords:Slope Difference Information Method; Northern Tianshan; Precursor Anomaly; Multi-source Data,
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Science, University of Science and Technology of China, Hefei 230026, China; 5. College of
Civil Engineering and Architecture, Xinjiang University, Urumgqi 830047, China; 6.China
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Abstract:On January 23, 2024, an M 7.1 earthquake struck Wushi County, Xinjiang, with the NE-striking sinistral
compressional Maidan Fault identified as the seismogenic structure. Based on the "field-source interaction"”
framework and high-precision mobile gravity data from Southern Xinjiang (March 2020 — January 2024), this study
investigates the spatiotemporal evolution of the gravity field, crustal apparent density changes, and time-series
responses near the epicenter. Results show that the gravity field evolution closely relates to the triggering mechanism.
During the seismogenic phase, the regional gravity field exhibited a four-quadrant pattern, with the epicenter near the
center and the high-gradient zone. Prior to the event, the gravity field reversed from negative to positive, reflecting
shear stress concentration due to deep material migration, consistent with the Coulomb failure criterion.
Multi-temporal apparent density inversion reveals that equivalent source-derived density changes in the epicentral
crust ranged from -1 to +3 kg/m?, correlating significantly with surface gravity anomalies (80 pGal), confirming the
effectiveness of the equivalent source method in extracting tectonic signals and highlighting mass migration and
stress accumulation as key physical drivers. Time-series analysis at five near-epicenter points shows a gradual gravity
increase, accelerating in the immediate pre-seismic period, with a maximum change of 103 pGal, suggesting that
directional migration of deep high-pressure fluids caused a sharp density increase, ultimately triggering fault
instability. This multi-dimensional gravity analysis systematically reveals the coupled evolution of gravity, density,
and stress fields during the Wushi earthquake preparation, enhancing understanding of strong earthquake
mechanisms and validating the value of time-varying gravity fields for identifying precursors and delineating hazard
zones.

Key words: Wushi Earthquake; Time-Varying Gravitational Field; Apparent Density Inversion; Gravity Anomaly;

Earthquake Precursor
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ANALYS IS OF REGIONAL GRAVITY FIELD EVOLUTION PRIOR TO THE
JIASHI MS6.4 EARTHQUAKE IN THE SOUTHERN TIANSHAN

Zhu Zhiguo
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)

Abstract: To investigate the seismogenic mechanism and geophysical field evolution in the Bachu-Jiashi region of the
southern Tianshan, this study utilizes gravity data from the Kashi-Jiashi mobile gravity observation network (2015 - 2021)
and continuous GNSS observations from the "Crustal Movement Observation Network of China." It systematically
analyzes the spatiotemporal variations of the regional gravity and crustal deformation fields prior to the Ms6.4 Jiashi
carthquake on January 19, 2020, and explores the correlation between gravity changes and GNSS strain fields and their
implications for seismic activity. Gravity data were processed using LGADIJ software for classical adjustment, constrained
by three absolute stations (Tashkurgan, Wushi, Kuqa), with corrections for solid tides, atmospheric pressure, instrument
height, and zero drift, achieving an accuracy better than 10.4 X108 m « s™2. The results show that: (1) The one-year-scale
gravity changes clearly recorded a systematic evolution process before and after the earthquake: "local gravity anomaly —
inflection of the 'zero' contour and anomaly reversal — high-gradient zones and weak four-quadrant pattern — positive
recovery," reflecting phased crustal material migration and energy accumulation-release. From 2015 to 2018, the southern
Tianshan mountainous area north of the Kalpin Fault showed positive cumulative gravity changes while the Tarim Basin
showed negative changes, with a maximum difference of 170 X 1078 m * s7, indicating continuous energy accumulation.
From 2018 to 2020, the gravity field reversed across the Kalpin Fault: the mountain area transitioned to negative changes
and the basin to positive changes. The epicentral region exhibited "zero" contour bending and high-gradient zones, and the
Ms6.4 earthquake occurred in January 2020 during persistent reverse gravity changes. After the earthquake (2020 - 2021),
the positive-negative difference narrowed to approximately 70X 1078 m * s™2, suggesting regional stabilization. (2)
Cumulative gravity changes indicate that the gravity anomaly reversal was controlled by the Kalpin Fault, the tectonic
boundary between the Tarim Basin and the southern Tianshan. The gravity contours near the fault are highly consistent
with the fault strike, and earthquakes all occurred at "zero" contour inflections and steep gradient zones. Combined with
GNSS observations, the area of enhanced positive gravity anomalies overlaps with the extreme compression zone,
reflecting that under the remote effect of the India-Eurasia collision, northward compression of the Tarim Block led to
continuous crustal shear stress accumulation, with deep material upwelling causing density changes. When stress reached
the critical value, slip occurred along the Kalpin Fault, followed by stress release and gradual gravity recovery. These
findings provide a scientific reference for medium- to long-term seismic hazard assessment in the southern Tianshan

seismic zone.

Keywords: Tianshan Orogenic Belt; Jiashi Ms6.4 Earthquake; Gravity Field Variation; Kalpin Fault
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Determination of crustal surface wave parameters in the Tian Shan
from the Wushi earthquake on 22.01.2024 using GNSS data
Sergey Kuzikov

(Research Station of the Russian Academy of Sciences in Bishkek city, Head of Laboratory 720049,
Bishkek-49, Research Station RAS, Kyrgyzstan. ksi-63@yandex.ru)

Abstract:

On January 22, 2024, at 18:09:04 UTC, a strong (M7) earthquake occurred in Wushi County, China, located 25 km from the
border with Kyrgyzstan. The mainshock epicenter was situated at a depth of 13 km and localized at the junction zone between the
southern margin of the Tian Shan mountains and the Tarim Basin.

While studies of modern crustal movements typically utilize daily GNSS coordinates, it is now feasible to determine crustal
displacements at one-second intervals during earthquakes and other rapid geophysical events. The Wushi earthquake induced surface
co-seismic displacements that were recorded in 1 Hz three-dimensional GNSS coordinate time series. The Bernese GNSS Software
and PRIDE were employed to compute station positions every second over a 25-minute period. It is important to note that different
software packages rely on distinct coordinate calculation algorithms, which may yield varying positions or even generate spurious
displacements. Consequently, specialized processing techniques for coordinate time series are necessary to reliably detect co-seismic
surface motions.

Analysis of the 1 Hz coordinate time series from GNSS stations located 90-800 km from the epicenter revealed surface
displacements with variations reaching up to 8 cm. The arrival times of low-frequency surface waves were successfully determined,
and these waves are more clearly manifested in the horizontal coordinate variations. The amplitude (14—82 mm) and propagation
velocity (2.0-3.2 km/s) of the surface waves were found to depend on both the epicentral distance and the wave propagation direction
across different sectors of the Tian Shan. Therefore, constructing distribution maps of surface wave amplitudes and velocities will
enable the identification of hazardous zones characterized by elevated values of these parameters.

Furthermore, an investigation into the effect of GNSS data sampling frequency demonstrated that intervals of up to 10
seconds still permit the recording of surface motions from strong earthquakes at distances up to 800 km. Nevertheless, rigorous
analysis of co-seismic surface displacements requires GNSS measurements with a sampling rate of >1 Hz.

Keywords: TianShan, 2024 Wushi earthquake, 1 Hz GNSS coordinates, co-seismic crustal displacements, surface waves,
amplitude and velocity.
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Abstract: PhaseNet and related deep-learning pickers are trained almost exclusively on global archives, and their
applicability to the legacy Central Asian archives remains unknown. We test this by training PhaseNet from scratch on
KAZbench-Alatau, a three-component dataset from the Almaty region (Northern Tien Shan, Kazakhstan; 96 stations, 2005—
2025), using event-based splits (730,205 training traces; no leakage) and 100 s windows, and by benchmarking a pretrained
global model on the same test set. An in-domain PhaseNet trained from scratch recovers ~85% of P arrivals within 1 s (MAE
0.3 s), versus ~11% for a pretrained global model — a strong (~8%) domain shift; S-phase picking is left to future work. This
shows deep phase pickers are viable for legacy Central Asian data when trained in-domain, enabling automatic P-picking for
legacy archives.
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Abstract: PhaseNet and elated deep-learning pickers are trained almost exclusively on global
archives, and their applicability to the legacy Central Asian archives remains unknown. We test
this by training PhaseNet from scratch on KAZbench-Alatau, a three-component dataset from the
Almaty region (Northern Tien Shan, Kazakhstan; 96 stations, 2005-2025), using event-based
splits (730,205 training traces; no leakage) and 100 s windows, and by benchmarking a
pretrained global model on the same test set. An in-domain PhaseNet trained from scratch
recovers ~85% of P arrivals within 1 s (MAE 0.3 s), versus ~11% for a pretrained global model
—a strong (~8%) domain shift; S-phase picking is left to future work. This shows deep phase
pickers are viable for legacy Central Asian data when trained in-domain, enabling automatic P-
picking for legacy archives.
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Abstract: Deep-learning phase pickers have transformed seismic monitoring, yet they are trained almost exclusively on
global archives (STEAD, INSTANCE, DiTing) and degrade sharply on the legacy data that dominate Central Asian networks,
leaving the region without an Al-ready labeled corpus. We introduce KAZbench-Alatau, the first benchmark seismic
waveform dataset for the Almaty region (Northern Tien Shan, Kazakhstan). It comprises 1,042,518 three-component records
from 96 stations over 20052025, with 1,037,003 manually reviewed P and ~1,006,000 S arrivals (magnitude 0.0-3.45) and
leakage-free event-based splits. In baseline tests a model trained on these data recovers ~95% of P arrivals, whereas a picker
pretrained on global data reaches only ~1%, revealing the severity of domain shift. KAZbench-Alatau offers a reproducible
foundation for regional and legacy-archive seismic machine learning.
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Abstract:This work presents a Python-based approach for automated quality control and processing of
strong-motion records. The workflow includes reading digital accelerograms, checking metadata and
channel consistency, verifying component orientation, harmonizing record lengths, and preparing
waveforms for further parameter calculation. The procedure reduces the risk of inconsistencies that may
occur during manual preparation of multi-component records and provides a reproducible basis for
calculating peak ground-motion parameters and significant shaking duration using the Husid method. The
proposed workflow improves the reliability and uniformity of strong-motion datasets and supports their
subsequent use in seismic hazard assessment, site-response studies, and engineering seismology
applications.
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Abstract: This study presents a methodology for identifying industrial explosions and mining-induced collapses in seismic
event catalogues of Kazakhstan, based on statistical analysis of the temporal distribution and energy class of anthropogenic
events. Using data from the International Seismological Centre (ISC) and the Incorporated Research Institutions for
Seismology (IRIS) for 2025, we found that ~80% of industrial explosions occur on working days between 08:00—18:00, with
energy class mostly K=5-7 (97% of registered explosions); their share of the overall seismic event catalogue was about 14%.
A four-step filtering algorithm (time of day, day of week, energy class K>8, spatial verification against known quarries) was
validated on Zhezkazgan deposit data: 62% of K>8 events were classified as induced collapses, 87.5% confirmed by
geomechanical monitoring. The approach complements, rather than replaces, spectral discrimination methods and is
comparable to international practice in explosion—earthquake discrimination.

— 138 —



NAEHTUOUKALIVS ITPOMBILIJIEHHBIX B3PBIBOB 1 TEXHOI'EHHBIX OBPYIIEHUN /1A
KPATKOCPOYHOI'O AHAJIM3A CEUCMHWYECKON ObCTAHOBKH HA PYJHBIX
MECTOPOXIEHMAX KASBAXCTAHA

NAEHTHOUKANNWA TPOMBIIITEHHBIX B3PBIBOB U TEXHOI'EHHBIX
OBPYHIEHUMU IJISI KPATKOCPOYHOI'O AHAJIN3A CEUCMHUYECKOU
OBCTAHOBKH HA PYJAHBIX MECTOPOKAEHUAX KASAXCTAHA

Iammmos P.A.Y, Vctexoa C.A .2 Ilynakos J1.}0.3, XKana6aes /1. B.*
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um. K.W. CatnaeBa, r. Anmatsl, Kazaxcran; 3.IIOUL] YpO PAH, r. Ilepmsb, Poccus;
4.KasHUTY um. K.H. Carnaesa)

BbiBoabI : Ha MecTopokeHMsX TONE3HbIX HCKomaeMmbix PecryGnuku Kasaxcran (PK) ¢ IiuTensHbIM CPOKOM
9KCIUTyaTalluy, TakuxX Kak JKe3kasraHckoe MEIHOE MECTOPOXKICHHE, MaccoBOe paspylieHue MexaykamepHsix (MKL) u
OapbepHbIx (BL) mennkoB npuBOIUT K (GOPMHUPOBAHUIO TEXHOTECHHBIX 3eMJICTPICCHHIMA.

OnHOIt 13 KITIOYEBBIX MPOOIIEM MPH aHAIN3€ TEXHOTCHHBIX OOPYIICHUH 0CTaéTCs OTAENECHHE OJIE3HOTO CHIHANIA
OT TEXHOJIOTHYECKUX B3PBIBOB, KOTOPBIE COCTABIISIIOT 3HAUUTEIIBHYIO JIOJIO B KaTajorax celicMuieckux coostrii. CornacHo
JIaHHBIM 13 MexayHapoaHoro ceiicmonorudeckoro neHrpa (ISC) u cucremsr IRIS (Incorporated Research Institutions for
Seismology), B 2025 roxy ObUTO 3apeructpupoBaHo 2757 NPOMBIIUICHHBIX B3PBIBOB, YTO COCTaBIsIeT OoKoyo 14% Bcex
CEHCMUYECKHUX COOBITHH.

JInst OBBIMIEHUS] JOCTOBEPHOCTH BBIJETIEHHS IPUPOIHON CEHCMUYHOCTH MPH PEIICHUH 33/1a4 KPAaTKOCPOUHOTO
aHaNM3a CeHCMUYECKOH 0OCTAHOBKY Ha MECTOPOXKICHHUAX MOJIE3HBIX NCKOMAeMbIX PEUI0KEHa METOANKA HICHTH()UKAIH
MPOMBIIUIEHHBIX B3PHIBOB M T€XHOTE€HHBIX OOPYIICHHH B KaTanorax CEHCMHYECKHX COOBITHI, OCHOBaHHAs HA aHANN3E
CTaTHCTUYECKHX 3aKOHOMEPHOCTEH MPOCTPAHCTBEHHO-BPEMEHHOTO paclpefeleHnss TEXHOTeHHBIX COOBITHII M HX
JHEPreTHYECKUX XapaKTePUCTHK.

3agava paszeneHus INPOMBIIUICHHBIX B3PBIBOB M TEKTOHMYECKHX/TEXHOTGHHBIX 3EMJIETPSICEHHH IO JAHHBIM
PETHOHAIBHBIX CeTeil MOHHUTOPHHTAa B MHPOBOH CEMCMOJIOTHH pelIaeTCsl MPEUMYIIECTBEHHO METOJAMH CIIEKTPalbHOM
JUCKPUMHHALMK (OTHOIISHHUS aMIUIUTY] pa3HbIX THIOB BoiH — P, S, Pg, Lg, cnexTpanbHas MOAy sinus, COOCTaBICHHE
(haKTHUECKOro 0YaroBOTrO CIIEKTPa C PACUETHBIM, 3HAK IEPBBIX BCTYIUICHWH IO CeTH cTaHIwii). B pabGorte mpeacrasieH
B3aMMO/JOTIOJTHSIOMINH, BBIMUCIUTENHHO MPOCTON MOAXO0J, OCHOBAHHBII HA CTATHCTUYECKHX 3aKOHOMEPHOCTSIX BPEMEHH
BO3HUKHOBEHHS U YHEPTeTHIECKOTO Kiacca coObIThs. OH MOXKET IPUMEHATHCS KaK CaMOCTOATENBHO HA HAYAIBHOM JTare
(UIBTpaIMM KaTajgora, Tak ¥ B COUYCTAaHUH CO CHEKTPAIbHBIMU METOJaMU.

VYcTaHOBIEHO, YTO B KaTajore IPOMBIIIICHHBIX B3pPBIBOB MPEOONTaNaloT COOBITHUS HU3KHX M CPEIHUX
SHepreTHyYeckux kiaaccos: B 2025 roxy Ha kinaccesl K = 5—7 npunuiocs 97% Bcex 3aperucTpUpOBaHHBIX B3PBIBOB, TOTJa KaK
coObiTis Kitacca K > 9 cocraBunu nums okono 0,8% karanora B3pBIBOB, YTO IMOJUEPKUBACT CTATUCTUUECKYIO PEAKOCTH
BBICOKOYHEPT€THYECKUX IPOMBIIUICHHBIX B3PBIBOB M 000CHOBBIBAET HHPOPMATHBHOCTH BEIOPAHHOTO TOPOTOBOT0O 3HAYECHUS
K > 8. HauGospmiee ymcio B3pHIBOB 3aperHCTpHpoBaHO B Afaiickoit m JKamObuickoil o0iacTsax (kKapbepbl Ha
MecTopoxaeHmsx JKanatac, YcmeHoBka, Ariiatac); aHadM3 paclpelelieHHs COOBITMH 10 YacaM CyTOK ITOKa3al
MOBBIIICHHYIO INIOTHOCTH B3PBIBOB OKOJIO 3, 8 M 14 4acoB M0 MECTHOMY BPEMEHH C XapaKTepHBIM MHTEPBAJIOM MOpsaKa 6
4acoB, a aHAJM3 TI0 JTHAM HeJleNH 3aKCHPOBAJl Pe3KOe CHIDKCHUE YHCIIa B3PHIBOB B BBIXO/IHEIE THH.

Ha ocHoOBe BBIIBIEHHBIX 3aKOHOMEPHOCTEH pa3paboTaH J4eTHIPEXIIAroBbIil alTOPUTM (QHIBTPAINH CEHCMIYECKIX
cobOpitii: (1) mpoBepka BpemeHHM CcyTOK (HOuHO#M wuHTepBan 22:00-06:00 mnoBbIIIAET BEPOSTHOCTH TEXHOTEHHOTO
o0py1eHus); (2) mpoBepka IHs HelelH (COOBITHE B BHIXOAHOM JIeHb KiacCH(DUIMPYETCs Kak BeposTHOe oOpyuieHue); (3)
npoBepka dHepretuueckoro kinacca (K > 8 mnpu HECOOTBETCTBMM KPUTEPHUSAM B3pbIBA [0 BPEMEHH HIH [JHIO
KIacCUUIMPYETCsl Kak BeposTHOEe oOpyuieHue); (4) mpoCTpaHCTBEHHash BepHU(UKAIUs — COMOCTAaBICHHE KOOPAWUHAT
COOBITHI C M3BECTHBIMH KaphepaMy U pyAHUKaMH 11 coObTHi ¢ K > 8, mpomsomenmux B pabodee Bpemsi.

Anpo6aryst MEeTOJIMKH Ha JaHHBIX JKe3Ka3raHCKOTo MeCTOPOKICHNUS IT0Ka3aa, 9To U3 52 celicMIIeCKUX COOBITHI
¢ K > 8, 3aperucrpupoBannsix B 2025 roxy, 32 coObrtust (62%) ObUTH KiIaccH(UIUPOBAHEI KaK TEXHOTCHHbBIE 00pYIIEeHNS,
n3 KoTopbix 28 (87,5%) moATBep kIeHBl TeOMEXaHMYECKUMH TAHHBIMH MapKIIeHIepCKOH CiIy>kKObl O YaCTHIHOM MIIH
MOJTHOM Pa3pyILIeHUH HeTUKOB. [lokazaTenbHO Takke, YTO HanboJiee YHEPreTHYEeCKH 3HAYMMBIE CEHCMHYECKHE COOBITHS
2025 rosma, MMEIOIIME BBIPAKEHHYIO TEKTOHHYECKYIO IIPUPOJY, MPOCTPAHCTBEHHO YIAJCHBI OT pa3pabaThbIBaeMBbIX
MECTOPOXKJICHHH, 4YTO IOATBEPXKIACT HEOOXOAMMOCTb 00s3aTeNbHOH HPOCTPAHCTBEHHOW BepHU(UKALUMHM — Kak
3aKJIIOUUTENBHOTO I1ara alropuTMa.

IIpennoskeHHBI ITOIXOJ CONOCTaBMM C MHPOBBIM OIBITOM HICHTH(QHKAIMN TEXHOTEHHBIX CEHCMHUYECKHX
HCTOYHUKOB: METOJMKAMH CIIEKTPAIbHOW JUCKPUMHHAIMKM B3PHIBOB U 3eMIICTPSICEHHMI, celicMmueckoil Tomorpadueit
MOBPEXIEHHUI MacCHBa IIPH B3PBIBHBIX Pab0Tax M aHAIN30M MarHUTYAbl TEXHOTCHHBIX 3eMJIETPSICEHHH, allpoONpOBaHHBIM
B TOM uHcie Ha Marepuanax JKeskasranckoro u JKaman-Aiibarckoro mecropoxaenuil Kasaxcrana, a Takxke HaTypHBIMU
SKCNIEpUMEHTAaMU II0  PETHCTpallid  B3pHIBOB B BOJOHACBHIIEHHBIX TPyHTaX M pe3yibTaTaMd  HM3y4YeHHUS
ceiicMoTekTOHMYecKoil 00cTanoBku TsHb-111aHs U conpenenbHBIX TEPPUTOPHIA.
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NAEHTUOUKALIVS ITPOMBILIJIEHHBIX B3PBIBOB 1 TEXHOI'EHHBIX OBPYIIEHUN /1A
KPATKOCPOYHOI'O AHAJIM3A CEUCMHWYECKON ObCTAHOBKH HA PYJHBIX
MECTOPOXIEHMAX KASBAXCTAHA

OCHOBHBIM TIPEUMYILIECTBOM HPEIONKEHHOH METOAUKH SBISIETCS IIPOCTOTa M BOSMOXKHOCTD €€ aBTOMAaTH3aI[HN
0€e3 IPHBJICUYEHHNS CIOKHBIX MaTeMaTHIECKUX MOJENEH, Y4TO MO3BOJISET Peal30BaTh e€ B paMKax JIEHCTBYIOIINX CHCTEM
celicMonorndeckoro MoHuTopuHra Kasaxcrana, Biiodast nporpamMMHoe obecniedeHne GeoDAS, DIMAS u SeisComp.
OrpaHHYeHHs] METOJMKH CBS3aHBI ¢ BO3MOJXXHBIMH JIOKHBIMH Cpa0aTHIBAHUSMH ITIPH HEIITaTHBIX B3PHIBaX, a TaKkKe B
Clly4asiX OTHOCHTENIBHO HEOONBIINX 00PYLICHNH, IPOUCXOAIINX B THIIMYHOE JUIS B3PBIBHBIX paboT BpeMs. B cBs3u ¢ 3THM
HpeCTaBIsIeTCs 1e1eco00pasHbIM, U AaKe HEOOXOUMBIM, €€ KOMIUICKCHPOBAHHE C TEOMEXaHHYECKUMHU U CIIEKTPaIbHBIMU
METO/IaMH.

HamnpasneHusiMH  JaJIbHEHIIMX HMCCICAOBAHUH SBISAIOTCS (OpMalibHAas CTATHCTHYECKas OLICHKA TOYHOCTH
KTacCH(UKAIMU (JJONN JIO’KHOIIOJIOXKUTENBHBIX M JIOKHOOTPHIATETIBHBIX PE3yJIbTaTOB) Ha PacIIUPEHHOH BBHIOOpKE
MECTOPOXK/ICHUI M JieT HaOmofeHHi, a Takke KOMIUICKCHPOBAaHHME NPEUIOKEHHBIX BPEMEHHBIX W JHEPreTHYECKUX
KPHUTEPHEB CO CIIEKTPATEHBIMA METOIAMH TUCKPUMHHAINH HCTOYHHKA.
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SATELLITE-BASED ANALYSIS OF THE M7 AND M5 EARTHQUAKES IN THE TIAN SHAN
DURING JANUARY AND MARCH 2024, CONSIDERING REGIONAL TECTONIC CONDITIONS

AHauau3 3emJiieTpsiceHuil maruuryaoin M7 u M5, npousomeammnx
B Tanb-1llane B ssnBape u maprte 2024 roga, Ha OCHOBE
KOCMHUYECKHMX JAHHBIX € YY4€TOM TEKTOHUYECKHUX YCJIOBHH.

Gulbanu Daurbayeva!, Zhapsarbay Sultanbekov!, Kuanysh Togisov?, Dimitar Ouzounov>*

Galina Khachikyan'

(1. National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan; 2.
Satbayev University, Geophysics and Seismology, Almaty, Kazakhstan; 3. Potomac Falls, USA; 4.
Institute of Physics of the Earth’s Interior and Geohazards, HMUC, Chania, Greece)

AOCTpaKT:22 smBaps 2024 rona 3emierpsiceHue MarHutynod M7.0 mpowsomuio B Cpennem Tsmb-lllane B
norpaHnyHoOM pernone Kuras u KeIprei3ctana, BeI3BaB TpsiICEHUE B AJIMaThl C HHTEHCUBHOCTBIO /=5 no wixane MSK-64. 4
mapra 2024 roma 3emnerpscerne M5 mpomsomnuio B CeBepHom Tsub-lllane na rpanune Keipreiscrana u Kaszaxcrana,
KOTOpOE TaK)Ke BHI3BAJIO TPSICEHUE B AJIMaThl C MHTEHCHBHOCTEIO /=5.

CoGpiTe M7.0 OBUIO TPOAHAIM3MPOBAHO C HCIOJIB30BAaHUEM HOHOCQEPHBIX W METEOPOJIOTHYECKUX JAHHBIX H3
CIYTHMKOBOI'O ammapara Swarm M KiauMmaruueckoro peanaau3a MERRA-2 cooTBeTcTBeHHO. BbineneHsl cUrHaTyphl
(oOpassI-ipeiBecTHUKK) HaJ odaroM M7.0 3emuerpsiceHus, npousomeniiero 22 saBaps 2024 r. Ha NEHTpaTbHOM TsHB-
[[Tane Ha npurpanuuHoil Teppuropuu Kurtas m Kupruscrana, KoTopoe NposBUIOCH B TI'. AJIMaThl ¢ MHTEHCHBHOCTBHIO
cotpsiceHnid [=5 OGautoB mo mkaige MSK-64 mo maHHBIM reoU3MUECKHX CIIyTHHKOB Swarm W METEeOpOJOTUYEeCKUX
CIYTHHKOB Suomi, K IpeIBECTHUKAM OTHECEHBI:

- YBEIHMYCHHE 3NIEKTPOHHON KOHIIEHTPALMM HAJ SIHIEHTPOM IPHMEPHO 3a CYTKH U B JEHb 3E€MIETPSCEHUS II0
CPaBHEHHMIO C IPEIBLIYIINMHI THIMHU;

- TIOSIBJICHHE B MOHOC(epe MeIKoMaciTabHOH HEOJHOPOAHOCTH, KOTOpasi Havaua pa3BHBATHCS HAJl SHHIEHTPOM 3a
CYTKH J10 3eMJIETPSACCHUS U JOCTUITIa MAKCUMyMa B JICHb OCHOBHOT'O CEHCMHUYECKOr'0 TOTYKa;

- yBeNMUeHUe B aTMoc(depe 3a CYTKU U B JICHb 3eMJIETPSICEHNSI KOJTMYECTBA a9PO30JIbHBIX YaCTHII, KOTOPOE MPOXOIMIO
OJTHOBPEMEHHO C MHTEHCHBHOM KOHJICHCAIMEH BOSHOTO Mapa ¥ yBEIUUSHNEM CKPBITOH TEIUIOTHI.

VYauteBast pe3yNbTaThl, KOTOPHIE IIOKA3bIBAIOT, YTO KpymHBIE (M>7) 3eMieTpsiceHns] PEANOYNTAIOT TIPOUCXOIUTh
TIOCJIe TEOMAarHWTHBIX Oyph B MPOJONBHBIX OOJIACTSX, KOTOPBIE HAXOAWINCH B TOJMSIPHOM Kaclla Ha MOMEHT Hadaja
MarHuTHBIX Oypb, MBI M3yUYHIH COCTOSIHHUE COJHEYHOH M T€OMarHWTHOW aKTWBHOCTH JI0 W BO BPEMsI pacCMaTPHBAEMBIX
3emuierpscenuii B Tsaub-11lane. Pe3yapTaTsl mokasanm, 9TOo T€OMAarHUTHBIE OypH MPONUCXOAMIN CO BPEMEHHBIM HHTEPBAJIOM
10 78 mHel 10 ceHCMUUYECKUX COOBITHI, YTO COOTBETCTBOBANIO 3aJaHHBIM KPUTEPHSM ISl TAKMX 3eMJIETPSICEHHs. A IMEHHO,
BO BpeMsI HaJajla THX T€OMAarHUTHBIX Oypbh MarHUTHBIE JIOKAJIbHBIE MArHUTHBIE BPEMEHA B paifoHax OyIyIIHX SMUIEHTPOB
Obut B HTepBasie M1t=08-16 h, B KOTOpOM pacrookeH NONSPHBIHA HHK.

AHanu3 TeppUTOPUH, 3aTPOHYTOH 3eMIICTPSICEHUSIMM, C HUCIIOJIb30BAaHHEM pPE3yJIbTATOB MOAEIUPOBAHUS CKOPOCTH
murocdepsl BAONb CyOmupoTHOrO reotpaBepca Tsaub-lllans Ha monrore 77°E (lammmos u ap., 2005), mokasan, 4To B
WHTEpBAJIC JONTOTHI, TJe MPOUCXOMWIN ceiicMuueckne coObrtust M7.0 u MS5.0, 3eMHas kopa HaXOZMTCS TOJ CIIOEM
BBICOKOTEMITEPATYPHOH MaHTHH. J[pyTUMH CIIOBaMH, B 3TUX OOJIACTSAX TOPIYMIA MAHTHIHBIN MOTOK (MaHTHITHAS KUIKOCTB)
puOIIKaeTcs K Kope. DTOT pe3yIbTaT HOATBEP)KAAET HAlly HPEXHIOI0 TUIIOTE3y O TOM, YTO T€OMarHUTHBIE OypH MOTYT
BJIMATH HA aKTUBHOCTb BOCXOAAINX ITOTOKOB )XUAKOCTH, KOTOPBIC BIIOCJIICACTBUU CHOCO6CTBy}OT Pa3BUTUIO 3eMHeTpﬂCCHHﬁ.

Omo  uccnedosanue uacmuuno Gunancupyemca Hayunoim xomumemom Munucmepcmsea HayKu U 8blCUIE20
obpasosanus Pecnyonuxu Kaszaxcman 6 pamxax npoekma #IRN — BR31714753.

KuioueBnle cjioBa: Tanb-11lans, 3emieTpscenns, HOHOC(EPHBIE TPEBECTHAKHA, TEOMATHUTHEBIE OYPH.

Author Biography: Gulbanu Daurbayeva. E-mail: banudaurbayeva@gmail.com
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SATELLITE-BASED ANALYSIS OF THE M7 AND M5
EARTHQUAKES IN THE TIAN SHAN DURING JANUARY
AND MARCH 2024, CONSIDERING REGIONAL TECTONIC
CONDITIONS

Gulbanu Daurbayeva', Zhapsarbay Sultanbekov'!, Kuanysh Togisov?, Dimitar Ouzounov>*
Galina Khachikyan'

(1. National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan;
2. Satbayev University, Geophysics and Seismology, Almaty, Kazakhstan; 3. Potomac Falls, USA; 4.
Institute of Physics of the Earth’s Interior and Geohazards, HMUC, Chania, Greece)

Abstract: On 22 January 2024, an M7.0 earthquake struck the Central Tianshan along the China-Kyrgyzstan border,
causing seismic shaking in Almaty (Kazakhstan) with an intensity of [ = 5 on the MSK-64 scale. A second event (M5.0)
occurred on 4 March 2024 in the Northern Tianshan along the Kyrgyzstan—Kazakhstan border and produced a similar shaking
intensity in Almaty. These earthquakes provide an opportunity to investigate possible lithosphere—atmosphere—ionosphere
coupling (LAIC) processes in an intracontinental tectonic setting. For the M7.0 earthquake, ionospheric observations from
the Swarm satellite constellation and meteorological data from the MERRA-2 reanalysis revealed several short-term
anomalies preceding the main shock. Characteristic signatures (earthquake precursor patterns) were identified above the
source region of the M7.0 earthquake that occurred on 22 January 2024 in the Central Tian Shan along the China—Kyrgyzstan
border. The earthquake produced seismic shaking in Almaty with an intensity of I = 5 on the MSK-64 scale. The analysis
was based on observations from the Swarm geophysical satellite constellation and Suomi meteorological satellite data. The
following potential earthquake precursors were identified:

An increase in electron density above the epicentral region approximately one day before the earthquake, with
elevated values persisting on the day of the main shock compared with the preceding days. The development of small-scale
ionospheric irregularities, which emerged over the epicentral area about one day before the earthquake and reached their
maximum intensity on the day of the main seismic event. An increase in atmospheric aerosol concentration during the day
preceding the earthquake and on the day of the event, occurring simultaneously with enhanced water vapor condensation
and increased latent heat flux. To investigate the possible role of space weather, we analyzed solar and geomagnetic
conditions preceding both earthquakes. Following the concept proposed by Ouzounov and Khachikyan, we found that
geomagnetic storms occurred within 78 days before both seismic events. At the onset of these storms, the future epicentral
regions were located within the magnetic local time sector MLT = 08-16h, corresponding to the polar-center sector
previously identified as favorable for the occurrence of large earthquakes. The tectonic framework was further examined
using lithospheric velocity models along the sublatitudinal Tianshan geotraverse at 77°E. Both earthquakes occurred above
a high-temperature upper mantle zone, suggesting the presence of ascending mantle fluids beneath the seismogenic crust.
The coincidence of lithospheric conditions, ionospheric and atmospheric anomalies, and favorable geomagnetic forcing
supports the hypothesis that geomagnetic disturbances may modulate mantle fluid migration and contribute to earthquake
preparation processes. Although the proposed mechanism requires further validation using a larger statistical dataset, the
results demonstrate the potential of integrating satellite observations, space-weather parameters, and tectonic information for
studies of earthquake preparation in the Tianshan region.

Key words: Tianshan, earthquakes, ionospheric precursors, geomagnetic storms.
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Development of an Al-Assisted Regional Seismic Dataset for
Central Asia: Framework and Initial Results

Imashev Sanzhar

Abstract:

The increasing use of artificial intelligence in seismology has created a growing demand for large, high-quality
regional datasets suitable for training and evaluating machine learning models. While several benchmark seismic datasets
have been developed worldwide, Central Asia remains underrepresented despite its high seismic activity and complex
tectonic environment.

This study presents the framework and initial results of an Al-assisted regional seismic dataset being developed
for Central Asia. The project integrates earthquake catalogs, waveform archives from regional seismic networks,
theoretical travel-time calculations, and deep-learning-based seismic analysis tools into a unified processing workflow.
For each earthquake-station pair, standardized three-component waveform segments are extracted and supplemented with
comprehensive metadata describing event parameters, station characteristics, source-receiver geometry, and theoretical P-
and S-wave arrival times.

Artificial intelligence plays a key role in dataset generation and quality control. The SeisDetNet model is used for
automatic event detection, identification of problematic waveform segments, and validation of both earthquake and noise
records. The RSNet phase-picking model provides automatic P- and S-wave arrival estimates, which are further evaluated
against theoretical travel-time predictions and compared with results from widely used models such as PhaseNet and
EQTransformer. The resulting workflow enables automated assessment of waveform quality and phase-picking
consistency while reducing the need for extensive manual inspection.

Initial results obtained from the pilot dataset demonstrate the feasibility of the proposed approach and highlight the
potential of Al-assisted data curation for regional seismic monitoring. The developed framework provides a foundation for
future machine-learning applications, including earthquake detection, phase picking, event relocation, magnitude
estimation, and seismic hazard studies across Central Asia.
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ASSESSMENT OF IMPACT OF OIL PRODUCTION ON
FORMATION OF INDUCED SEISMICITY IN WESTERN
KAZAKHSTAN

Ishpekbayeva A.K., Maulitova S.E.

(National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan )

Abstract: Western Kazakhstan is the country's largest oil and gas producing region, hosting major hydrocarbon fields such
as Tengiz, Kashagan, Karachaganak, and Zhanazhol. Although the region is characterized by low natural seismicity, intensive
hydrocarbon exploitation has significantly altered the geodynamic state of the subsurface, increasing interest in the study of
induced seismicity.Induced seismicity is associated with long-term oil and gas production, which leads to reservoir pressure
depletion, stress redistribution within rock formations, and compaction of productive reservoirs. An additional factor is water
injection for pressure maintenance, which changes pore pressure and may reactivate pre-existing faults. As a result, even
minor changes in the stress field can trigger local seismic events.

International experience confirms the relationship between hydrocarbon production and induced seismicity. Well-
known examples include the Groningen gas field in the Netherlands and the oil-producing regions of Oklahoma, USA, where
reservoir pressure changes were accompanied by a significant increase in the number of recorded earthquakes. These cases
demonstrate the importance of continuous geodynamic monitoring in areas of intensive hydrocarbon development.In
Kazakhstan, induced seismicity remains insufficiently studied. However, the occurrence of several seismic events in the oil-
producing regions of Western Kazakhstan highlights the need for comprehensive investigations. Particular attention should
be paid to the spatial relationship between earthquakes, major oil and gas fields, active faults, production volumes, and
operational conditions.

A comprehensive assessment of the geodynamic environment requires the integration of regional seismic network data,
microseismic monitoring, GNSS observations, remote sensing techniques, and geological and structural analysis. The
combined interpretation of these datasets makes it possible to identify active deformation zones, evaluate stress-state changes
within the Earth's crust, and improve geodynamic monitoring systems.Therefore, investigating the influence of oil production
on induced seismicity represents an important research area in modern seismology and geodynamics. The results can
contribute to geodynamic risk assessment, improved industrial safety of oil and gas infrastructure, and the development of
more effective monitoring systems for hydrocarbon fields in Western Kazakhstan.

Key words: Induced seismicity; Oil production; Western Kazakhstan; Oil and gas fields; Geodynamic monitoring;
Induced earthquakes
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(1. State Key Laboratory of Precision Geodesy, School of Earth and Space Sciences, University of
Science and Technology of China, Hefei, China; 2. German Research Centre for Geosciences, Potsdam,
Germany; 3. Global Seismological Services, Golden, CO, USA)

Abstract: Despite decades of study, the detailed geometry of the Connector fault at the Alaska—Canada border remains
poorly constrained. We investigate the rupture complexity and directivity of the 6 December 2025, Mw 7.0 Hubbard Glacier
earthquake using hypocenter relocations, moment tensor inversions of the mainshock and aftershocks, and finite-fault
modeling. We model seismological data using bootstrap and Bayesian-based probabilistic inversion. Observations indicate
that the mainshock rupture was complex, nucleated with a right-lateral strike-slip mechanism and propagating northwestward,
ultimately terminating in a restraining bend. Source inversion of the mainshock reveals shallow right-lateral oblique-slip on
a fault striking 303° and dipping 63° NE. Relocated aftershocks delineate an ~60 km-long seismic zone characterized by
strike-slip mechanisms along the ruptured area and reverse/thrust at the left stepover of the fault. Our results provide a
detailed mechanism for a buried Connector structure and highlight the role of fault bends in controlling rupture evolution.
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Nicolo Parrino, Salvatore Stramondo
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Abstract: Intraplate deformation spans a broad tectonic spectrum, from active orogens such as the Tianshan,
which accommodate tens of mm/yr of distributed shortening, to reactivated cratonic rifts and stable cratons at
the geodetic noise floor. Most frequently, they share unresolved hazard problems, such as the interseismic
signal being near-zero, recurrence intervals reaching 10°—10° years, and due to their structural complexity, the
seismic cycle itself being almost never observed. Geodesy resolves the coseismic rupture in minutes; the
geological archive integrates deformation over millions of years. The cycle falls in the gap between them. We
ask one question. Can the deformation field of a single large intraplate earthquake serve as a spatial unit of
long-term fault activity? If it can, the long-term geomorphic record of surface deformation, accumulated over
many cycles, is a direct multiple of the coseismic field, and the recurrence structure of the fault becomes
quantitatively accessible.

Intraplate settings answer this question cleanly because of a chain of physical conditions. The near-zero
interseismic signal leaves the coseismic event as the dominant observable at most timescales and persists where
erosion rates are low enough to preserve geomorphic markers over numerous cycles. Tectonic relief standing
above the erosional baseline is itself evidence that cumulative slip has concentrated in space: the landscape we
observe could not exist unless successive ruptures stacked coherently, so spatial coherence is a physical
requirement, not a starting assumption. Deep-source contributions to surface deformation, such as
asthenospheric flow and glacial isostatic adjustment, act at wavelengths well above 100 km, spectrally
separated from the coseismic near-field signal at A ~20—-80 km, which is set by fault depth. The preserved
geomorphic markers, therefore, can encode the coseismic cumulative faithfully, free of the postseismic
viscoelastic relaxation that contaminates equivalent markers at subduction zones and transform boundaries,
where it acts at the rupture wavelength. Thus, it is possible to separate coseismic from deep-source deformation
in the physical domain.

We formalize this as a testable proposition, the characteristic earthquake family: a set of events sharing fault
geometry and kinematics such that their cumulative deformation field stays spatially coherent across geological
time. To test this hypothesis, we jointly invert the coseismic deformation field with long-term paleo-geodetic
markers in a Bayesian framework. The markers are paleo-shoreline indicators, marine terrace inner edges,
fossil tidal notches, lacustrine paleo-shorelines, and strath fluvial terraces, which record coseismic base-level
perturbations propagated upstream as knickpoints.point migration and extend the approach to continental
settings with no coast. The diagnostic is k, the number of characteristic cycles recorded by each marker level. A
k that is spatially stable across marker levels of different age means the cumulative pattern has not changed
shape, only scaled, and confirms the family; a k that diverges maps where and how the pattern varies,
constraining the admissible envelope of recurrence scenarios for multi-source hazard assessment.

We test the framework on the Kachchh intraplate fault system, where we jointly invert the coseismic InSAR
deformation field with a flight of paleo-shoreline angle levels and are now analysing whether k holds stable
across them. The ideal test case for the characteristic family hypothesis demands a well-imaged intraplate
rupture, datable geomorphic markers, and near- zero interseismic noise. The Tianshan meets each criterion: the
Maidan Fault provides a well-imaged coseismic rupture and dated river terrace sequences offset by the same
fault constrain its late Quaternary slip history. We propose it as the natural next laboratory for the characteristic
family hypothesis, and we invite the Tianshan community to join the test.

Key words: Characteristic earthquake family; Paleo-geodetic markers; Joint Bayesian inversion
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QUALITY-AWARE MULTI-COMPONENT ERROR
FRAMEWORK FORINSAR SEISMOGENIC SOURCE
MODELING

Salvatore Stramondo, Nicolo Parrino
(Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy)

Abstract: Intracontinental seismicity encompasses a broad spectrum of tectonic settings from active orogens such as the
Tianshan, accommodating tens of millimetres per year of crustal shortening across High-Complexity-of-Connectivity fault
networks, to post-orogenic extensional provinces such as the central Apennines, reactivated craton rifts, and stable cratons
operating at the geodetic noise floor. Across this diversity, seismogenic sources are frequently elusive: landscape evolution
integrates the competing action of tectonic uplift and climatic erosion, while moment budgets are distributed across structurally
complex fault networks, hampering the parametrization of individual seismogenic structures. Synthetic Aperture Radar
Interferometry has become the most accessible and globally consistent tool for mapping crustal deformation in these settings,
providing a critical pathway toward characterizing seismogenic sources even where their surface expression is limited, ambiguous
or elusive. Crucially, this diversity of settings also implies archetype-specific error regimes, from topographic phase bias and
unmodelled atmospheric gradients in active thrust belts, to thermal decorrelation and unwrapping failures where tectonic signals
approach the instrumental noise floor, yet standard InSAR products deliver a single uncertainty scalar that treats them
equivalently.

Those errors represent a critical gap that persists along the processing chain that connects satellite acquisitions to geophysical
source modelling, which we term the downstream gap. Standard InSAR processing chains deliver displacement maps
accompanied by a single uncertainty scalar derived from interferometric coherence via the Cramér-Rao Lower Bound. This
scalar captures thermal decorrelation but ignores systematic error contributions that dominate at longer spatial wavelengths:
unmodelled atmospheric signals, geometric residuals from DEM uncertainty and baseline geometry, and high-frequency phase
unwrapping artifacts. Existing correction approaches that rely on external atmospheric reanalysis products introduce additional
uncertainty that is not propagated downstream, compounding the problem rather than resolving it.

We present a Proof-of-Concept framework that aims at addressing this gap by modeling per-pixel InSAR uncertainty through
four physically independent and internally estimated components, combined in quadrature: interferometric phase noise, an
Unmodelled correlated residua, a geometric error term proportional to the perpendicular baseline (cDEM), and a local spatial
texture term that identifies unwrapping instabilitie. A key point lies in the estimation of GUNM without recourse to external
models: a radially averaged Power Spectral Density is computed from high-coherence pixels, a power-law curve is fit in log-
log space, and spectral breakpoints are detected where the slope changes significantly. Because atmospheric turbulence and
tectonic deformation occupy distinct spatial wavelength ranges, this supervised spectral analysis allows an empirical noise floor to
be defined and GUNM to be estimated directly from the data.

The multi-component uncertainty map enables a fitness-for-purpose classification: a pixel is serviceable for downstream inversion
only if its total uncertainty cTOTAL falls below a tolerance threshold T scaled to the interferometric phase sensitivity of the
sensor. The framework further exports the covariance structure of the error budget, separating spatially correlated (cUNM,
6DEM) from uncorrelated ((CRLB, SLOCAL) components. This information allows downstream codes to construct a realistic
data covariance matrix, preventing the pseudo replication that occurs when multiple spatially correlated observations are
incorrectly treated as multiple independent constraints, and reducing the effective dimensionality of the inversion to its true
information content.

The framework aims at demonstrating that quality-aware processing can recover honest displacement fields from data previously
considered marginal. The output requires only four additional data columns plus a scalar correlation length, is fully compatible
with existing inversion codes without modification, and is designed to be portable across intracontinental settings wherever
archive SAR data precede modern quality standards.

Key words: InSAR uncertainty; Downstream gap (processing-to-inversion); quality-aware processing
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Abstract: The INGV GeoSAR laboratory, situated in Rome (Italy), is a research infrastructure dedicated to the processing,
analysis, and interpretation of Synthetic Aperture Radar (SAR) data for geological and geotechnical applications. The
laboratory specializes in the interpretation of ground deformation measurements derived from Interferometric SAR (InSAR)
techniques, integrating remote sensing observations with geological and geotechnical knowledge to investigate deformation
processes across different spatial and temporal scales. In addition to deformation monitoring, the GeoSAR laboratory also
exploits SAR imagery for change detection analyses aimed at identifying and monitoring both natural and human-induced
environmental changes. These activities include developing methodologies for detecting marine plastic litter, such as floating
plastic islands, within the framework of the Space It Up project, for environmental monitoring.

Recently, the GeoSAR Laboratory applied SAR data to investigate two significant earthquakes that affected the Asian area:
on January 7, 2025, a Mw 7.1 earthquake struck Dingri County (Southern Tibetan Plateau), while on March 28, a Mw 7.7
seismic event hit central Myanmar. Following such strong earthquakes, rapid and accurate assessment of coseismic
deformation and characterization of fault systems are crucial for understanding regional seismicity and supporting emergency
response efforts. In this study, the GeoSAR Laboratory employed Synthetic Aperture Radar (SAR) techniques and inverse
modeling to investigate fault parameters—including strike, dip, depth, and slip distribution—for both events. To achieve a
comprehensive understanding of the Dingri earthquake, the GeoSAR Laboratory used SAR data from multiple sensors,
including Sentinel-1 (European Space Agency) and ALOS-2 (Japan Aerospace Exploration Agency). For the Myanmar
earthquake, the GeoSAR Laboratory utilized Sentinel-1 acquisitions. The GeoSAR Laboratory applied a combination of
SAR-based techniques—Pixel Offset Tracking (POT), Multiple Aperture Interferometry (MAI), and conventional
Interferometric SAR (InSAR)—to enhance sensitivity to different displacement components and ensure robust fault model
inversion.

The results reveal a complex seismic source in the Southern Tibetan Plateau, involving the quasi-simultaneous activation of
four distinct fault segments with normal faulting on a north-south structure, consistent with regional tectonic extension. For
the Myanmar earthquake, the analysis indicates widespread crustal deformation, with rupture propagation extending
approximately 500 km along the strike-slip Sagaing Fault and a maximum coseismic slip of about 5 meters. These findings
contribute valuable insights into the earthquake rupture processes, which can provide useful data for seismic hazard
assessment in these tectonically active regions.

Key words: INGV GeoSAR Laboratory; natural and anthropogenic phenomena; the 2025 Mw 7.1 Dingri earthquake; the
2025 Mw 7.7 Myanmar earthquake
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Abstract: To constrain how deep-learning phase pickers behave under adverse, out-of-distribution conditions, we
assembled a benchmark of 846 manually reviewed events from a compact local network in Central Asia, dominated
by low-magnitude seismicity recorded at noisy stations over local to regional distances. Four detectors were
evaluated under a single protocol: the DiTing seismic foundation model (DT-SFM), PhaseNet, EQTransformer, and
a tuned STA/LTA baseline, all scored against the same manual reference picks. Ranked by P-phase F1, DiTing
(0.307) leads, followed by the tuned STA/LTA (0.161), PhaseNet (0.127), and EQTransformer (0.077): only the
foundation model surpasses the classical detector. Recall declines sharply with epicentral distance; the missed
arrivals of PhaseNet are largely recoverable by lowering its probability threshold, whereas those of EQTransformer

are not. Timing accuracy is comparable across methods, so detection rather than timing is the discriminating factor.

Key words: Seismic phase picking; Earthquake detection; Deep learning; STA/LTA; Central Asia
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MEASUREMENTS INTO SEISMOLOGICAL MONITORING
FOR EARTHQUAKE PRECURSOR ANALYSIS

Yersayin Dostay
(National Scientific Center for Seismological Observations and Research, Almaty 050060, Kazakhstan)

Abstract: The nature and mechanisms of earthquake occurrence have been studied for a long time; however, the problem
of their detailed prediction remains unresolved to this day. For the regions of Central Asia - China, characterized by high
seismic activity, significant population density, and developed infrastructure, the development of integrated monitoring
systems aimed at identifying possible precursors of seismic events is of particular importance.

Under conditions of limited informativeness of direct methods, increasing attention is being paid to the study of indirect
indicators of seismic activity. One such indicator may be variations in the Earth's magnetic field caused by deep tectonic
processes and changes in the stress-strain state of the geological environment.

This study considers the application of SmartMag magnetovariational stations for recording the Earth's magnetic field
at stationary observation points of the National Scientific Center for Seismological Observations and Research of the
Republic of Kazakhstan in order to assess the relationship between magnetic field variations and seismic events. A significant
stage in the development of the observation network has been its modernization carried out since 2023: at 10 observation
points, outdated magnetometers were replaced with new SmartMag systems, while the measurement cycle was changed from
1 minute to 1 second. This made it possible to significantly improve the temporal resolution of observations, sensitivity to
short-period variations, and the overall informativeness of magnetometric data.

Modern SmartMag hardware and software systems provide magnetometric observations both in real-time mode and in
autonomous mode with high sampling rates (up to 10 Hz) and sensitivity (0.02 nT), creating conditions for analyzing
magnetic field variations across different period ranges. The presence of an integrated high-precision GNSS receiver
additionally allows for obtaining data on ground surface movements and using them in combination with magnetometric
observations.

The conducted research is aimed at the accumulation and analysis of data for the development of integrated
methodologies for identifying possible earthquake precursors and improving the efficiency of geophysical monitoring. The
practical significance of the work is determined by the possibility of using the obtained results not only in collaboration with
scientific centers but also in cooperation with industrial companies engaged in integrated geophysical studies and geological
exploration within the territory of the Republic of Kazakhstan.

Key words: Earthquake precursors; Seismological monitoring; Integrated monitoring; Geomagnetic field variations;
Mmagnetometric observations; Magnetovariational stations
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AOcTpakTHBIN

[Ipupoga u MexaHU3Mbl BOZHUKHOBEHUS 3€MIIETPSCEHUN HM3ydaaucCh JaBHO, OJHAKO
npoOjemMa X JETaTbHOTO MPOTHO3UPOBAHUS OCTACTCA HEPEIICHHOW M MO ceil neHb. s
pernoHoB llentpanbHoil A3um - Kurail XapakTepU3yIOLIMXCS BBICOKOH CecMUYEeCcKOi
AKTUBHOCTBIO, 3HAUUTEJIbHON IIJIOTHOCTbIO HACEJEHUS M Pa3BUTOM HHQPPACTPYKTYpOH,
pa3paboTKa HHTErPUPOBAHHBIX CHCTEM MOHUTOPUHIA, HANpPABICHHBIX Ha BBISBICHUE
BO3MOXKHBIX MTPEIBECTHUKOB CEHCMUYECKUX COOBITUH, UMEET 0c000€E 3HAYCHHE.

B ycnoBusix orpaHuyeHHOW HH(POPMATHUBHOCTU MPSMBIX METOAOB BCE Oobliee
BHHUMaHUE YJIEISIeTCsl M3YyUYEHUIO KOCBEHHBIX IIOKa3zareled CelCMUYECKOM aKTHUBHOCTH.
OpHUM M3 TaKuX MOKa3aTesnel MOTyT ObITh KOJleOaHUst MAarHUTHOTO 10JIs1 3€MJTH, BbI3BAaHHbIE
[NIyOMHHBIMH ~ TEKTOHHYECKUMH  TpoOIeccaMM U W3MEHEHUSMU  HalpsHKEHHO-
Je(OPMHUPOBAHHOTO COCTOSIHUS T€0JIOTHUECKOM CPeIbl.

B nanHOM wMccienoBaHUMM paccMaTpUBAETCS MPUMEHEHHWE MarHMTOBAapUALIMOHHBIX
ctaHUMid SmartMag sl perucrpalud MarHUTHOTO TMOJds 3eMJIM Ha CTalMOHApHBIX
HaOJMIOIaTeNIbHBIX MYHKTax HalnoHalbHOrO HAyyHOro LEHTpa CEWCMOJIOTMYECKUX
HaOmroeHuit u uccnenoBanuii Pecniy6nuku Kazaxcra ¢ 11esb1o OlIeHKH B3aMMOCBSI3U MEXTY
BapHalMsIMU MarHUTHOTO TOJISI U CEHCMUYECKUMU COOBITHSIMU. BaskHBIM 3TarioM B pa3BUTUN
HaOJIrI01aTeIbHOM CeTH cTaja ee MoJepHu3auus, nposoaumas ¢ 2023 roga: B 10 myHKTax
HaOJII0/IEHUs yCTapeBIlINEe MarHUTOMETPBI ObLIIM 3aMEHEHBI Ha HOBbIE clcTeMbl SmartMag, a
LUK U3MepeHUid OblT M3MEHEH ¢ | MUHYTHI Ha 1 cekyHay. DTO MO3BOJMIO 3HAUYUTEIHLHO
YIIy4IIUTh BPEMEHHOE paspeleHue HaOJI0IeHUH, YYBCTBUTEIHHOCTh K
KOPOTKOIIEPUOINYECKUM BapHalUsiM U 0OILIyt0 MH(OOPMAaTHBHOCTb MAarHUTOMETPHUYECKUX
JTAHHBIX.

CoBpeMeHHBIE TPOTpaMMHO-aINapaTHbIe KOMIUIEKChl SmartMag oOecrieuyuBaroT
MarHUTOMETPUYECKUE HAOIIOICHNS KaK B pEeXKHME PEaTbHOTO BpEMEHH, TaK U B ABTOHOMHOM
peXHUMe ¢ BBICOKOM yacToToit nuckperusanuu (10 10 ['m) u uyBcTBUTENnbHOCTHIO (0,02 HTM),
co3/aBast yCJIOBUS JJI aHAIN3a U3MEHEHUM MarHUTHOTO TIOJISl B Pa3JIMYHBIX TEPHUOINUECKUX
nuana3zoHax. Hammume BcTpoeHHOro BbicokoTouHOro I'HCC-mpuemHHMKa IONOIHUTEIBHO
MO3BOJISIET MOTyYaTh JaHHbIE O MEPEMEIICHUAX 36MHON MOBEPXHOCTH U UCIOIb30BaTh UX B
COYETaHUU C MAarHUTOMETPUUYECKUMHU HAOIIOICHUSIMH.

[IpoBoaMMBIE HUCCIIEJOBaHMS HANpaBieHbl HA HAKOIUIEHWE W aHAIMU3 JAaHHBIX JUIs
pa3pabOTKW  KOMIUICKCHBIX ~ METOJHMK  BBIABICHHS  BO3MOXKHBIX  IPEJIBECTHHKOB
3eMJICTPSICEHU H  TOBBIIICHUS A(OPEKTUBHOCTH  Tre0dU3UYECKOTO0  MOHHUTOPHUHTA.
[IpakTuyeckas 3HAYMMOCTb pPAaOOTHI OMpEAEISIeTCSs BO3MOXHOCTBIO — HCIIOJIB30BAHMS
MOJIyYEHHBIX PE3YJIbTATOB HE TOJBKO B COTPYJHHUYECTBE C HAYYHBIMHU LIEHTPAMH, HO U B
COTPYJHUYECTBE C IPOMBIIUIEHHBIMH KOMIAHUSAMH, 3aHMMAIOIIMMUCA KOMIUIEKCHBIMU
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TECHNOGENIC SEISMICITY DURING UNDERGROUND
MINING OF SOLID MINERAL RESOURCES: A CONCEPT FOR
INTEGRATED MONITORING AND RISK MANAGEMENT FOR

INDUSTRIAL FACILITIES (CASE STUDY OF KAZAKHMYS
MINES, REPUBLIC OF KAZAKHSTAN)

Zhengis Taukebayev, Bekbolat Tashev, Bolat Sultanbayev, Dariga Suleimenova

(National Scientific Center of Seismological Observations and Research, Almaty 050060
E-mail: taukebayev.zh@seismology.kz)

Abstract: Technogenic seismicity associated with underground mining poses a significant threat to industrial facilities and
infrastructure in mining regions. The mines of the Kazakhmys Corporation (Zhezkazgan, Kazakhstan) operate under conditions
involving more than 200 million m3 of mined-out space; however, comprehensive geomechanical monitoring using modern
methods has not yet been implemented at these sites. This study substantiates the concept of the first integrated monitoring
system in Kazakhstan that combines microseismic observations, satellite radar interferometry (INSAR/SBAS), and numerical
geomechanical modeling. The proposed approach is adapted to the room-and-pillar mining system and is based on verified

international experience in managing mining-induced seismic risks, enabling a significant reduction in risks to personnel and
industrial infrastructure.

Keywords: technogenic seismicity, rockbursts, microseismic monitoring, INSAR, SBAS, geomechanical modeling, room-and-
pillar mining system, mine-induced seismicity, Kazakhmys, geomechanical risk management.
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Abstract: To investigate the practical performance of cold atom absolute gravimeters (here in after referred to as
quantum gravimeters) in crustal deformation monitoring and geodynamic research, and verify the observational
reliability of domestic quantum gravimeters, continuous station gravity observations are carried out using the self-
developed RAI-g quantum gravimeter in this study. The instrument completes one acquisition of absolute gravity
data at a sampling interval of 6 seconds. The domestic RAI-g quantum gravimeter realizes the absolute measurement
of gravitational acceleration based on the interference mechanism of cold atom matter waves and possesses the
capability of long-term uninterrupted stable observation. Benefiting from prominent merits including high detection
sensitivity, the absence of long-term zero drift, and support for autonomous instrument calibration, this equipment
is capable of outputting high-precision and well-continuous gravity observation time series. Combined with matched
data correction algorithms, various observational disturbances induced by environmental variations and celestial
movements can be effectively eliminated. Raw gravity observations are contaminated by multiple interfering signals
such as solid earth tides, ocean tides, atmospheric pressure and polar motion. In this research, multi-layer corrections
are implemented on observation datasets by adopting the WDD model, the FES2014b ocean tide model, a barometric
admittance coefficient of 0.3 pGal/mBar, as well as polar motion parameters released by the International Earth
Rotation and Reference Systems Service (IERS). The corrected measured data are compared and validated against
monitoring records from the classic free-fall FG5X absolute gravimeter deployed at the identical observation site.
The relevant conclusions are presented as follows: The raw continuous observations acquired by the RAI-g quantum
gravimeter at the Altay Gravity Station, as well as the corrected values after corrections for tidal effects, Atmospheric
pressure variations, polar motion and other disturbances (a constant offset has been deducted from all datasets) are
illustrated in Figure 1. As demonstrated in Figure 1, the observational data measured by the quantum gravimeter are

mainly distributed within the range of —150 puGal to 100 pGal, exhibiting a highly concentrated data distribution.

Key words: Quantum Gravimeter; Absolute Gravity; Gravity Data Correction; Allan Deviation; Observational
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Li Guirong' 2, Huang Wang" 2, Li Xinlu®
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Urumgqi Institute of Central Asia Earthquake, China Earthquake Administration, Urumgqi 830011, Xinjiang,
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Abstract: To clarify the spatiotemporal distribution characteristics of surface deformation in the Xinjiang Hutubi gas
storage and quantitatively determine the correlations between gas injection-production operations, surface deformation and
subsurface medium variations, and to ensure the safe and stable operation of the gas storage, this study takes the Xinjiang
Hutubi underground gas storage, the largest core infrastructure of the West-to-East Gas Transmission Project in China, as the
research object. Combined with its seasonal peak regulation mode of gas injection in spring and summer and gas production
in winter, high-precision observation methods including precise leveling measurement, time-series InSAR technology, GNSS
observation and airgun source monitoring are comprehensively adopted to monitor the periodic and irregular surface
deformation of the cap rock in the reservoir area. The three-dimensional kinematic spatiotemporal images of surface
deformation under variable injection-production pressures are obtained, and the mechanical correlation of deformation as
well as the activity characteristics of underground faults are explored. The results show that:The surface deformation of the
Hutubi gas storage is dominated by injection-production pressure changes rather than regional tectonic movement. The two-
phase monitoring data in 2024 show that slight surface uplift occurs in the central and western parts of the gas storage during
the gas injection period, while minor subsidence appears in the eastern part. The ten-year fault monitoring data confirm that
the vertical activity of the Hutubi Fault is stable at 1-2 mm. The abnormal variations at individual monitoring points are
caused by local disturbances, with no signs of tectonic activity. Time-series InNSAR monitoring results clearly verify that
surface deformation is highly synchronized with the injection-production cycle. From 2015 to 2024, the average annual uplift
rate at the center of the gas storage is approximately 14 mm, and the cumulative maximum uplift of some measuring points
reaches 133.4 mm, presenting an overall seasonal pattern of uplift during gas injection and subsidence during gas production.
Meanwhile, the gas storage exhibits asymmetric deformation characteristics, with periodic subsidence in the eastern zone
and continuous uplift in the western zone, which is mainly controlled by fault morphology and formation
heterogeneity. GNSS monitoring clarifies the mechanical influence of injection-production operations on faults. During the
gas injection stage, the internal measuring points of the gas storage show accelerated northward movement and vertical uplift,
with a maximum uplift of 20 mm. Cross-fault monitoring reveals an extensional strain of approximately 12 mm in faults
during gas injection, which proves that there is a significant mechanical coupling effect between the reservoir and the
surrounding faults. Air gun source monitoring indicates that the shear wave velocity of subsurface media within 6 km of the
gas storage boundary presents seasonal periodic variations of 0.1%—-0.3%, decreasing during the gas injection stage and
gradually recovering during the gas production stage. Such variations are closely related to reservoir pore pressure changes
caused by shallow pore pressure fluctuations, which also define the influence scope of gas storage operation on subsurface
media. Aiming at the crustal deformation and seismic activities induced by pressure changes during the gas injection,

production, and balance periods of China’s largest Hutubi underground gas storage, this study carries out monitoring on the
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periodic irregular surface deformation of the gas storage cap rock based on high-precision space geodetic and seismic
observation technologies. The three-dimensional kinematic spatiotemporal characteristics of surface deformation in the gas
storage area under pressure changes during injection and production processes are obtained. Combined with the variation of
gas well pressure, the deformation mechanical relationship is analyzed, and the activity characteristics and stabilizing effect
of underground fault slip rate during the safe operation of the gas storage are clarified. The research conclusions can provide
a scientific basis for the safe operation and maintenance, disaster risk assessment, and stable operation guarantee of the

Hutubi gas storage.

Key words: Gas Storage; Crustal Deformation; GNSS; Time-series InSAR; Seismic Monitoring
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Abstract: This paper systematically reviews the distribution of continuous GNSS stations in the South
Tianshan-Pamir region. Based on multi-phase networks including CMONOC, Xinjiang CORS, the
National Catastrophe Prevention Project, Belt and Road stations, and upgraded project stations, combined
with regional tectonic settings and seismicity, it analyzes the current status and existing problems of
GNSS observations. The region, located at the western syntaxis of the India-Eurasia collision zone at the
junction of five major mountain ranges, exhibits the most intense tectonic deformation in continental
China and hosts the world's most active intra-continental intermediate-depth seismic belt, with 25 M>=7
shallow earthquakes since 1800 at ~11+/-1 year intervals. GNSS velocity fields show rapid crustal
motion and high shear strain concentration. Despite rich research outputs, problems persist: vertical
velocity fields are lacking; GNSS stations in key hazard zones and along major faults remain sparse or
absent; overseas observation data are limited, weakening constraints on regional deformation monitoring;
interpretations of physical processes and dynamic mechanisms remain insufficient; stations converted
from mobile to continuous mode under the Catastrophe Prevention Project and other programs are
numerous but have short observation records, inadequate for characterizing regional crustal motion or
refining the coupling between faults movement and earthquakes; some stations still operate as single-site
observation with periodic data collection, limiting monitoring timeliness; and batch processing of
growing data volumes reduces precision. This paper explores: how can multi-source data fusion construct
a high-precision 3D crustal deformation field for the region, revealing fault locking states and strain
accumulation patterns for quantitative seismic hazard assessment? Methods include GNSS-InSAR fusion
for 3D deformation fields, DEFNODE fault-plane inversion for locking depth and slip deficit rates, 3D
viscoelastic finite element modeling for strain partitioning and deep-shallow structural coupling, and
Coulomb stress change models for evaluating co-seismic and post-seismic stress transfer. Expected
outcomes include: the first high-precision 3D crustal deformation velocity field for the region; locking
depth, slip deficit rates, and seismic moment accumulation rates of major active faults; and quantitative
assessment of regional strain energy distribution and seismic hazard. The findings provide new
constraints for studies of present-day tectonic deformation of the Tianshan orogenic belt, scientific
support for seismic hazard mitigation and socioeconomic security in Xinjiang, and a demonstration
framework for cross-border seismic hazard cooperation research in Central Asia.

Key words: South Tianshan-Pamir; GNSS; 3D Crustal Deformation; Fault Locking; Seismic Hazard

Author Biography: Li Guirong, Female, Senior Engineer, mainly engaged in research on crustal deformation and
GNSS observations. E-mail: 258565765@qq.com

— 160 —



o [ 3 7 B 2 65 B A TRl B 20 R

P E R SRR R R AL AR

AN, TAENE,  R=IE
(R E L E R ERYFAT 72T, b5 100086)

WE. TEMERESMEARENTR (ChinArray) [H 2010 SEE 510K, S528 4 ISR S0 H
FEEBEWI, BB 2 720 AN BEAH S G, R TESDII 2 4, SRECT mR RS Y
Bl AFBIRE A T AR AN, T E PR R A O AR RGE S, AT
A [ K i B R 2t X e RS AR 284 . Hb RIS AN AN B0 ) e AR AR A T R DR IR R, X
THRI R B B f 2L 2 7 1 Bk Sk b FR W00 H 2 — . B AT IEZEHERE R - T HRIPLT 2027 £ERTTE
HHE VU SERL 2 350 AU, J19 2029 ERTSRBLIE SIS A5 M A B IR T . [FIRF, R
MRS 5. b, JEVA/R, ENEE. RS AR E G, B R R I A By
MEE RGN, T IXET R R R T . W0 UR CHR R s S5 T b SO @ A 45
FREREHIE [F) R, FFEDON . NUEEE RN EO FUAR A 8 S S

— 161 —



CHINA SEISMIC ARRAY PROJECT AND PRELIMINARY RESULTS
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RESULTS
Li Li, Ding Zhifeng, Yuan Songyong

(Institute of Geophysics, China Earthquake Administration, Beijing 100086)

Abstract: Since its inception in 2010, the China Seismic Array (ChinArray) project has completed four phases of
large-scale mobile seismic array observations, deploying a total of 2,720 broadband seismic stations, each operating
continuously for two years and acquiring high-quality continuous waveform data. All data have undergone rigorous quality
control and standardized processing, and are openly shared with the global community through the International
Seismological Data Center. These data provide valuable fundamental information for studying the fine crustal structure,
seismicity, and deep geodynamic processes of the Chinese mainland and its surrounding areas, making the project one of the
most influential land-based seismic observation programs worldwide. Currently, the ongoing Deep Earth Project plans to
deploy an additional 2,350 stations in western China by 2027, with the goal of achieving comprehensive structural
exploration of the western crust by 2029. In parallel, the project actively promotes joint observations with neighboring
countries including Central Asian nations, Mongolia, Nepal, India, and Pakistan, aiming to deepen understanding of active
tectonics in the Tianshan and Himalayan regions and to enhance regional earthquake disaster prevention and mitigation.
Preliminary results have already revealed key tectonic issues such as the uplift of the Tibetan Plateau and the destruction of
the North China Craton, and have provided important data support for understanding the mechanisms of strong earthquakes

like the Wenchuan and Jiuzhaigou events.
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CONSTRAINED BY HIGH-RATE GNSS

Li Xuechuan, Zhan Wei, Chen Changyun
(The First Monitoring and Application Center, CEA, Tianjin, China 300180)

Abstract: On February 6, 2023, two devastating earthquakes of Mw7.8 and Mw7.6 struck southeastern Tiirkiye in
succession, causing massive casualties and economic losses. The Global Navigation Satellite System (GNSS), with its high
sampling rate and absence of drift, has become an important tool for rapid inversion of coseismic displacement and rupture
processes. In this study, we processed 1 Hz observations from 59 high-rate GNSS stations near the epicenters using the
Precise Point Positioning (PPP) technique, and systematically analyzed the coseismic displacement characteristics, early
warning magnitude estimation capability, and dynamic rupture processes of the two events. The results indicate that: (1)
Both earthquakes induced significant permanent horizontal coseismic displacements, with a maximum displacement of 45
cm for the Mw7.8 event and 30 cm for the Mw?7.6 event. Stations on opposite sides of the fault exhibited opposite
displacement directions, and stations located along the rupture direction showed considerably larger displacements than those
perpendicular to it, consistent with the kinematic characteristics of left-lateral strike-slip faulting. (2) Using the peak ground
displacement (PGD) extracted from the coseismic displacement time series, the earthquake early warning magnitudes were
estimated based on existing empirical PGD-moment magnitude (Mw) regression relationships. The results show that all
tested formulas overestimated Mw by approximately 0.2 units relative to the actual magnitudes, indicating that these
empirical regressions are significantly influenced by regional geological conditions, station distribution, and focal
mechanism variations, and lack a physical basis. Caution is therefore required when applying them directly to different
earthquakes. (3) By employing a sliding window filtering method to extract coseismic displacement time series, the rupture
distributions of the two earthquakes were inverted. The Mw7.8 earthquake produced four distinct rupture patches with a
rupture duration of approximately 112 s, and the final moment magnitude stabilized at 7.8; the Mw?7.6 earthquake formed
three distinct rupture patches with a rupture duration of about 106 s, and the moment magnitude stabilized at 7.5. Both
earthquakes generated significant surface ruptures, with a maximum coseismic displacement of approximately 10 m. This
study demonstrates that high-rate GNSS can effectively capture the near-field coseismic displacement field of large
earthquakes, providing reliable data for source mechanism determination and rapid magnitude estimation. However, the
regional limitations of existing PGD-Mw empirical formulas should not be overlooked, and future efforts should focus on
developing physically based real-time magnitude estimation models. Furthermore, the sliding-window-based dynamic
rupture inversion approach can accurately reveal the spatiotemporal evolution of rupture, offering valuable insights for
earthquake emergency response and disaster assessment.

Key words: Kahramanmaras Earthquake; High-rate GNSS; Coseismic offset; Moment magnitude
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(1. Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China;
2. Earthquake Agency of Shanghai Municipality, Shanghai 200062, China)

Abstract: In order to quantitatively compare the observation data quality between superconducting gravimeters and
gPhone gravimeters in Xinjiang, as well as the response of background noise to seismic events, this study employs the
Seismic Noise Magnitude (SNM) evaluation method. Using continuous gravity observation data from the second half of
2025 collected by three superconducting gravimeters at Wenquan, Urumqji, and Wugia stations and four gPhone gravimeters
at Kuerle, Ruoqiang, Wushi, and Yutian stations, the SNM values were calculated using data from the quietest five-day
periods for each station to systematically compare the background noise levels of the two instrument types in the seismic
frequency band (200~600 s), and to analyze the SNM response characteristics before and after the Ms 6.0 Aheqi earthquake
on December 4, 2025.

The results indicate that the background noise level of superconducting gravimeters is significantly lower than that of
gPhone gravimeters. In the second half of 2025, the SNM values for superconducting gravimeters range from —0.26 to 0.98,
which is superior to the global New Low Noise Model (NLNM) reference level, whereas the SNM values for gPhone
gravimeters range from 2.85 to 4.55, substantially higher than those of superconducting gravimeters. Following the M; 6.0
Aheqi earthquake, all stations exhibited significant SNM increases, showing strong coseismic responses. The absolute SNM
increments for gPhone gravimeters range from 2.58 to 7.27, and the SNM increment shows a significant negative correlation
with epicentral distance; the closer to the epicenter, the more significant the background noise enhancement. The increments
for superconducting gravimeters range from 0.38 to 1.59, relatively smaller than those of gPhone gravimeters. After the
earthquake, the SNM values of superconducting gravimeters (1.33~1.75) remain significantly lower than those of gPhone
gravimeters (5.68~10.12), reflecting the lower background noise and relative stability of superconducting gravimeters.

It can be seen that different instruments exhibit distinct response characteristics to seismic noise. gPhone gravimeters
are more sensitive to high-frequency seismic signals, while superconducting gravimeters demonstrate lower self-noise and
higher stability, making them suitable as benchmarks for long-term regional background noise monitoring. This study
provides a reference for utilizing SNM indicators in seismic precursory anomaly recognition, station observation

performance evaluation, and optimization of multi-instrument joint observation schemes.

Key words: Superconducting gravimeter; Seismic noise magnitude; Background noise; Aheqi Ms6.0 earthquake
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DYNAMIC MONITORING AND EVOLUTION ANALYSIS OF
IN-SITU STRESS FIELD IN DEEP TIGHT GAS RESERVOIR
DEVELOPMENT ZONES VIA DENSE SEISMIC ARRAY

OBSERVATIONS
Wang Bin!, Zhang Hui?*?, Zuo Kezhen', Wang Zhimin>?, Wang Xin>3, Wang Xun'
(1.Institute of Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China ;

2.Petro China Tarim Oilfield Company, CNPC, Korla 841000, Xinjiang, China ; 3.R&D Center for Ultra
Deep Complex Reservior Exploration and Development, CNPC, Korla 841000, Xinjiang, China)

Abstract: The Baicheng Sag is located in the piedmont compressional structural belt in the northern
Tarim Basin. Its deep formations host high-pressure fractured tight sandstone gas reservoirs, where the
regional tectonic stress is inherently maintained in a critical equilibrium state. Industrial activities
including large-scale hydrocarbon production and subsequent aquifer water influx continuously perturb
the virgin in-situ stress field. In this paper, multi-period seismic observation datasets, focal mechanism
solutions and seismic wave velocity parameters are integrated with natural seismic stress inversion
methods to systematically investigate the dynamic evolution of deep in-situ stress fields throughout the
entire hydrocarbon production cycle. The results reveal that seismic activity and formation physical
properties including P-wave velocity, S-wave velocity and Vp/Vs ratio vary regularly as production
proceeds, and seismic activity generally migrates from east to west. Mechanisms are analyzed in
combination with reservoir characteristics and production history: the reservoir is predominantly
gas-bearing. Natural gas significantly reduces P-wave velocity while exerting negligible influence on
S-wave velocity, which leads to high Vp/Vs anomalies within the original gas-bearing zone. During the
mid-to-late production stage, water influx intensifies, and formation water gradually displaces pore
natural gas. Meanwhile, reservoir fractures undergo compaction and consolidation under in-situ stress.
The increase in S-wave velocity outpaces that of P-wave velocity, resulting in a persistent decline of the
Vp/Vs ratio within well blocks. Invading formation water diffuses outward along faults, raising water
saturation in surrounding strata. The P-wave velocity rises more prominently in peripheral areas, which
ultimately gives rise to an increasing Vp/Vs ratio in these regions. Hydrocarbon production can be divided
into three stages: the original tectonic stress equilibrium stage, the stress adjustment stage during dry gas
production, and the stress reconstruction stage dominated by reservoir water influx. Production-induced
pressure drawdown and gas-water fluid displacement drive the gradual westward migration of in-situ
stress, and local stress concentration emerges in the KS8 well block. The evolution of in-situ stress
exhibits strong coupling with rock compaction, fracture opening/closing and fluid migration, jointly
forming a response mechanism of “human-induced production - fluid evolution - rock matrix
compaction - stress redistribution” . The findings provide theoretical basis and technical support for
efficient development and dynamic reservoir evaluation of deep tight gas reservoirs in this area.

Key words: Baicheng Depression; Hydrocarbon Development; Focal Mechanism Solution; In-situ stress field; Dynamic

evolution
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EXPLAINABILITY ANALYSIS OF PHASE PICKING BY A FINE-
TUNED PHASENET MODEL FOR RUSHAN EARTHQUAKE SWARM

Wang Peng!, Dai Zonghui?, Wang Qinglin?, Xu Changpeng?, Zheng Jianchang?, Kong Xu'

(1.Shandong Institute of Petroleum and Chemical Technology, Dongying 257061, Shandong, China;
2.Shandong Earthquake Agency, Jinan 250102, Shandong, China)

Abstract: To investigate why regional fine-tuning improves PhaseNet phase picking in the Rushan earthquake swarm, we
compared the original SeisBench model with a locally fine-tuned model using reviewed phase reports and continuous three-
component waveforms. P-wave positions were randomized in 30-s event windows, and integrated gradients identified
waveform segments contributing to the predicted P- and S-phase peaks. In randomized-position tests, mean absolute
deviations decreased from 0.664 to 0.248 s for P and from 0.488 to 0.243 s for S. The proportion of attribution concentrated
near the manual arrivals increased by 0.103 for P and 0.182 for S. Repeated tests and waveform replacement experiments
gave consistent results. Some large deviations were linked to neighbouring events or competing phases in the same window.
Regional fine-tuning therefore improves both pick accuracy and the use of waveform information near the target phases,

supporting the interpretation and review of automatic picks in dense earthquake swarms.

Key words: Rushan earthquake swarm; PhaseNet; Phase picking; Integrated gradients; Regional fine-tuning
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Xiong 4, Yang Jiuyuan®, He Kefeng'
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Oklahoma, Norman 73019, USA; 5.College of Surveying and Geo-Informatics, North China University

of Water Resources and Electric Power, Zhengzhou 450046, Henan, China)

Abstract: The 2024 Mw 7.0 Wushi earthquake was the largest instrumentally recorded event within the Kepingtage fold-
and-thrust belt (KP.FTB), yet its seismogenic mechanism and regional tectonic controls remain unclear. Based on Sentinel-
1 InSAR observations and GNSS velocity fields, this study integrates interseismic, coseismic, and postseismic deformation
constraints to investigate the multi-stage kinematics and tectonic implications of the source region. Our results show that the
Aheqi Foreland Basin (AFB) does not merely exhibit localized subsidence or boundary fault activity, but behaves as a
relatively coherent tectonic unit. Its interseismic deformation is characterized by coupled lateral extrusion and tectonic
subsidence. Based on this finding, two new insights are proposed. First, the oblique rupture of the Wushi earthquake was
controlled by the long-term plunging extrusion of the AFB, which may have promoted strain concentration along the basin
margins and adjacent fault systems. Second, the along-strike segmentation of the KP.FTB cannot be explained solely by
variations in sediment thickness. The relatively low tectonic activity of its eastern segment is not anomalous, but instead
reflects regional strain being partly absorbed and redistributed by the plunging extrusion of the AFB. This interpretation
extends the traditional view that mainly attributes the along-strike segmentation of the KP.FTB to sediment-thickness
variations, and provides new constraints for understanding tectonic deformation and strong-earthquake generation in the
foreland region of the Southern Tianshan.

Key words: Tianshan Orogenic Belt; Wushi Earthquake; Seismic Hazard; InNSAR; GNSS
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SPECTRAL-SHAPE-BASED AUTOMATIC
IDENTIFICATION OF LOW-PASS CORNER FREQUENCY
IN STRONG-MOTION RECORDS
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(1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering
Mechanics, China Earthquake Administration, Harbin 150080, China; 2. Key Laboratory of Earthquake
Disaster Mitigation, Ministry of Emergency Management, Harbin 150080, China)

Abstract: The low-pass corner frequency (LPCF) defines the usable high-frequency band of strong-motion records and
is important for FAS/EAS databases. LPCFs are often selected by SNR thresholds or visual inspection of Fourier
amplitude spectrum (FAS) shape. SNR is easy to automate but requires representative pre-event noise, whereas FAS
inspection identifies the transition from physical decay to a noise plateau but is subjective. We propose an automatic FAS-
LPCF method using Konno-Ohmachi smoothing, logarithmic spectral slope, and main/significant decay segments. Tests on
3746 Wenchuan single-component records show that b=5 best agrees with PEER reference LPCFs; 3482 records (93.0%)
fall within a factor-of-two range. The method works for complete and pre-event-missing records. Different LPCFs weakly
affect conventional scalar measures but clearly affect high-frequency FAS/EAS tails. It provides a reproducible quality-
control tool for Fourier-domain ground-motion data products.

Key words: Low-pass corner frequency; Fourier amplitude spectrum; Effective amplitude spectrum; Automatic
identification; Strong-motion records
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(1. Institute of Seismology, China Earthquake Administration, Wuhan 430071, Hubei, China; 2.
Innovation Academy for Precision Measurement Science and Technology, Chinese Academy of
Sciences, Wuhan 430071, Hubei, China)

Abstract: The gPhone gravimeter is a high-precision spring gravimeter characterized by high temporal
resolution and good continuous observation capability. It has recorded significant earthquake-related gravity
signals during multiple moderate-to-strong seismic events. Existing studies have mainly focused on the
time-domain characteristics of coseismic gravity signals or responses within individual frequency bands. However,
systematic comparative analyses of gravity signal characteristics across different frequency ranges remain
relatively scarce. In particular, under regional-scale network conditions, the spatial differences in frequency-band
characteristics of gravity signals among different stations have not been sufficiently discussed.To clarify the
frequency-band characteristics of gravity signals before and after the 2024 Hualien Mw7.4 earthquake, this study
utilizes observation data from six gPhone gravimeters in Fujian Province, China. Gravity data from 48 hours
before and 24 hours after the earthquake are selected, together with 20 days of background data as a reference.
After preprocessing steps including solid-tide correction, atmospheric effect correction, and band-pass filtering, the
Welch method is employed to compute power spectral density and amplitude spectral density. The gravity signals
before and after the earthquake are comparatively analyzed within the 1 - 100 mHz frequency band. The study
frequency band is further divided into three sub-bands: 1 - 3 mHz, 3 - 30 mHz, and 30 - 100 mHz, and the energy
variation characteristics of the co-seismic and background periods are statistically analyzed for each sub-band. The
results show that the Hualien Mw7.4 earthquake induced identifiable spectral energy enhancement in regional
continuous gravity observations. The amplitude of energy enhancement and its spatial consistency vary
significantly across different frequency bands: the energy enhancement in the low-frequency band is relatively
large but exhibits strong inter-station discreteness, whereas the energy enhancement in the high-frequency band is

relatively small but shows better consistency.

Key words: Hualien Mw 7.4 earthquake; Contimuous gravity; Gravity signals; Spectrum analysis

Author Biography: Xiaotong Zhang (1990-), Female, Assistant Research Fellow, mainly engaged in research
on processing of continuous gravity data. E-mail: 386741838@qq.com

— 178 —



DEVELOPMENT OF Vs3o MODEL AND MAPPING BASED ON SITE MEASUREMENTS IN
MAINLAND CHINA

DEVELOPMENT OF Vs;o MODEL AND MAPPING
BASED ON SITE MEASUREMENTS IN MAINLAND
CHINA
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Abstract: Vs;o, the time-averaged shear-wave velocity in the upper 30 m, is widely used to characterize seismic
site conditions in ground-motion modeling, seismic hazard and risk assessment, and seismic zonation. Over the past
several decades, extensive engineering construction and seismic microzonation projects in China have generated a
large amount of site investigation data. However, much of this information has remained scattered in engineering
reports and archives and has not been fully utilized for regional-scale site characterization.

In our work, more than 14,000 Vs30 measurements from engineering boreholes and strong-motion stations across
mainland China have been digitized and organized to support the development of measurement-based Vs3o models
and maps. In 2022, we developed the topographic Slope-based CoKriging (SCK) model, which integrates measured
Vs3o0 values with topographic slope through their spatial auto- and cross-correlations. Unlike conventional proxy
models based solely on empirical regression, the SCK framework explicitly considers the spatial correlation of site
conditions and preserves measured Vs3o values as constraints.

The SCK model was subsequently refined by incorporating the surrounding topographic environment, improving
the spatial distribution of selected neighboring measurements, and extending the effective modeling distance. Using
7,939 Vs30 measurements, including data from strong-motion stations in data-sparse regions, we produced an updated
Vs30 map for mainland China at 30 arcsec resolution (~900 m). Comparison with the USGS global Vs3o mosaic
indicates generally consistent estimates in the eastern plains, while notable differences occur in mountainous and
basin regions. The SCK map better reflects regional terrain and geological characteristics and avoids artificial
boundaries associated with categorical proxy models.

Our ongoing developments further incorporate geological age and depositional environment as additional site-
condition proxies. Particular attention is given to preferential sampling bias, because engineering measurements tend
to overrepresent accessible flat terrain. A secondary-variable-based debiasing approach has therefore been developed
to improve the representativeness of Vs3o statistics. Together, these efforts establish an evolving, measurement-
constrained framework for regional and national-scale site-condition modeling and provide a basis for improved

seismic hazard assessment, ShakeMap applications, and seismic microzonation.

Key words: Vs3o; site condition; cokriging; topographic slope; site measurements; preferential sampling; mainland
China
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EXPLORING TOPOGRAPHIC SLOPE-BASED PROXIES
FOR Vs30 ESTIMATION IN VOLCANIC TERRAINS USING
ARMENIAN Vszo MEASUREMENTS: A Vs;o MAP FOR
ARMENIA

Zhou Jian!, Jon Karapetyan?, Li Li', Wang Yongzhe', Wang Chao', Tian Xin!, Sargis
Hayroyan?, Roza Karapetyan?

(1. Institute of Geophysics, China Earthquake Administration, Beijing 100081, China; 2. Nazarov Institute of
Geophysics and Engineering Seismology, Ministry of Education, Science, Culture and Sport of the Republic of Armenia,

Gyumri 3115, Armenia)

Abstract: In ground-motion prediction equations (GMPEs) and other earthquake engineering researches, Vsso (the
averaged shear-wave velocity of soil to 30 m depth) is acted as the primary site condition parameter affecting ground motion
amplification. For regional mapping of Vs3o, topographic slope is widely employed as a proxy because it is readily available
and straightforward to implement; for example, the USGS ShakeMap system is supported by a slope-based V3o map, and
many countries have adopted similar approaches in developing national Vs3o products. However, slope-Vs3o correlations
derived largely from sedimentary terrains may not be transferable to volcanic regions, and volcanic-specific relationships
remain insufficiently studied.

In this study, we use 250 in situ Vs30 measurements from Armenia to investigate the slope-Vs3o relationship in volcanic
terrain. We find that, within volcanic regions, Vs3o exhibits a negative correlation with topographic slope, opposite to the
commonly observed pattern in non-volcanic regions, where steeper slopes are typically associated with stiffer sites. We
further evaluate this behaviour using independent data from volcanic areas in Hainan, China, and observe a similar tendency,
suggesting that the negative slope-Vs3o relationship may reflect a broader characteristic of volcanic terrains rather than a
phenomenon unique to Armenia. Using the empirically derived slope—Vsso spatial statistics, we develop slope-based
cokriging models (SCK) for Armenia and map Vs3o across Armenia by modelling volcanic and non-volcanic regions
separately. The resulting map indicates generally high Vs3o values, dominated by ~450-900 m/s, consistent with the
widespread distribution of volcanic rocks. In contrast, the USGS global mosaic Vs3o product used in ShakeMap, without
volcanic-specific treatment, shows substantial underestimation in Armenia, particularly in capital Yerevan.

This study provides a systematic assessment of volcanic-terrain slope-Vsso behaviour and delivers the first Armenia-
wide Vs3o map constrained by local site measurements. The map supports GMPE development, seismic-hazard assessment,
and risk applications in Armenia. The prevalence of high Vs30 values also suggests that existing site-classification schemes
emphasizing low-Vs30 thresholds may not suit to distinguishing site-condition variability in Armenia. More broadly, the
pronounced contrast between volcanic and non-volcanic slope-Vs3o relationships highlights the need to update global slope-
based Vs30 models in regions with extensive volcanic coverage. We expect this work to serve as a starting point for more

sophisticated research of V3o modelling for volcanic terrains.

Key words: Vsso; Site Condition; Map; Topographic Slope; Volcanic Terrain; Armenia
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EXPERIMENTAL EVALUATION OF METHODS FOR
IMPROVING THE SEISMIC RESISTANCE OF BUILDING
AND CIVIL ENGINEERING MODELS

Nataliya Surovtseva'?, Tanatkan Abakanov?

(1. National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan; 2.
International Educational Corporation, Almaty, Kazakhstan)

Abstract: Experimental studies are among the most reliable methods for measuring the dynamic response
of buildings and structures to seismic loading. The present study aimed to experimentally assess the
effectiveness of various seismic strengthening techniques applied to small-scale models of a soil slope, an
earth dam, and a single-story building. The experiments were carried out using a seismic shaking table
developed by the authors at the International Educational Corporation.The shaking table tests demonstrated
that reinforcing the soil slope with stabilizing piles connected by beams significantly improved its
resistance to dynamic loading. The reinforced slope remained stable under excitation frequencies of up to
8 Hz, whereas the unreinforced model exhibited progressive deformation and slope failure at considerably
lower loading levels. Experimental investigations of earth dam models confirmed the dominant influence
of water saturation on seismic performance. Failure of the saturated dam model occurred at ground
accelerations of 70-90 cm/s?, whereas the dry model withstood accelerations of 430—480 cm/s? before
failure. Reinforcement of the upstream slope using polymer-based strengthening elements substantially
enhanced the seismic stability of the model and increased its capacity to withstand dynamic excitation. The
shaking table tests of the single-story building model demonstrated the effectiveness of geogrid
reinforcement of the foundation soil. Following reinforcement, foundation settlement decreased from 9
mm to 5 mm. Analysis of the recorded accelerograms revealed improved dynamic performance of the soil—
structure system under simulated seismic loading. The experimental findings are consistent with previously
published shaking table investigations on reinforced slopes and embankment dams, confirming the
effectiveness of engineering reinforcement techniques for improving the seismic performance of soil
foundations, slopes, and earth structure. The proposed experimental approach and obtained results can be
applied to the design, rehabilitation, and seismic upgrading of buildings and geotechnical structures located
in earthquake-prone regions of Kazakhstan.
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OKCIIEPUMEHTAJIBHAST OHEHKA METOZOB HHOBBIIIEHWS CEMCMOCTOMKOCTH
MOJEJIEN 3JAHMN 11 COOPYXKEHUN

SKCHEPUMEHTAJIbBHASI OHEHKA METOJI0OB
HOBbIIIEHWSI CEUCMOCTOUKOCTHU MOJEJIENA
3JAHUU U COOPYXEHUUN

H.B. CypoBuesa'., T.Jl. AGakaHos?
(1.HanmroHansHBIN HAYYHBIH IIEHTP CEHCMOJIOTHYECKUX HAOIIOACHUH M UCCIICIOBAaHUM, T.
Anmarsl, Kazaxcran; 2.MexayHaponHas oOpa3zoBaTelibHas Kopropauusi, I. Aamarsl,
Kasaxcran)

DKCIepUMEHTAIbHBIE HMCCIIEOBAHUS SIBIAIOTCS OJHUM W3 HamboJiee TOCTOBEPHBIX
METOJIOB OLEHKH JAMHAMUYECKOM PEAaKLUU 3JaHUH M COOPYKEHMM Ha CEHCMHUYECKUE
Bo3neicTBus. Llenpto Hacrosimielr paboThl  sABIsIAch AKCIEPUMEHTAJbHAs OLCHKA
3G GEKTUBHOCTH PA3IMUYHBIX CIIOCOOOB IMOBBILICHUS CEHCMOCTOMKOCTH ManoMacIITaOHBIX
MOJIEJIE TPYHTOBOTO OTKOCA, 3€MJISHOM IUIOTMHBI M OJHO3TAXHOro 31aHus. VcnbTaHus
IPOBOJMIINCE C HCIOJb30BaHHEM celicMoraropMel, pa3pabOTaHHOM aBTOpamMH B
MexayHapoaHoit oOpazoBaTenbHON Kopropanuu [1]. Mcneitanus Ha ceiicMoruiaTtgopme
[OKa3aJld, 4YTO AapMHPOBAaHHWE TIPYHTOBOI'O OTKOCAa CTAaOMWJIM3UPYIOLIMMHU  CBasiMH,
00BbETUHEHHBIMHA POCTBEPKOBBIMHU OalIKaMH, CYIIECTBEHHO IOBBIIIAET €T0 YCTOHYNBOCTD K
JUHAMMYECKUM BO3JCHCTBUSM. ApPMHMpPOBAHHBIH OTKOC COXpaHsI YCTOMYMBOCTH IIpU
yacToTax BO30yXkaeHus a0 8 I'm, Torgja Kak HeapMUpPOBaHHAs MOJENb HCHBIThIBAJIA
nporpeccupyonme aegopMaluyd ¥ paspyliajgach NMpH 3HAUYUTENBHO MEHBIIUX YPOBHSIX
JUHAMHYECKON Harpy3ku. OKCIEepUMEHTaJIbHbIE HCCIEAOBAHUA MOJENIEeH 3eMIISIHON
IUIOTUHBl TMOATBEPAWIIM OIPENEISIONIEE BIUSHUE BOJOHACBHINIEHUS HAa CEHCMUYECKYIO
YCTOMYMBOCTh COOpPYKEHHS. Pa3pylieHue BOJOHACBHIIIEHHOW MOJAENIH MPOUCXOIHWIIO MpHU
yckopeHusix ocHoBaHus 70-90 cm/c?, Torja Kak cyxasi MOJENb COXpaHsIa YCTOWYMBOCTD
BIJIOTh 10 yckopeHuil 430-480 cm/c>. VYcuieHne BepXOBOro OTKOCA MOJIUMEPHBIMU
apMUPYIOIIMMHU DJIEMEHTaMU CYIIECTBEHHO IIOBBICUJIO CEHCMHUYECKYIO YCTOMYHMBOCTH
MOJIEIM U €€ CIOCOOHOCTh BOCIPUHUMATh WHTEHCHBHBIE JMHAMHUYECKHE BO3/IEHCTBUS.
HcnplTanus MOAETM OJHOITAXKHOTO 3AaHUsA Ha celicMoruiatpopMe MOATBEPAMIH
3 PEeKTUBHOCTh apMUPOBAHUSI TPYHTOBOTO OCHOBaHUs reopemeTkon. [locie ycunenus
OocaJKka OCHOBAaHMS YMeHbHWiIack ¢ 9 10 5 MM. AHaiIM3 3aperHCTPUPOBAHHBIX
aKceseporpamm Mokasaj ylIy4llleHne THHaAMUYeCKUX XapaKTePUCTUK CUCTEMbI «OCHOBAHHUE—
COOPYKEHHME» IIPU MOJIETUPOBAHUHN CEUCMUYECKUX BO3/IEHCTBUM.

[TonydyeHHble AKCIEpUMEHTaIbHbIE PE3YNbTAThl COTJIACYIOTCA C OMMYOJIMKOBAHHBIMU
HCCIIeIOBAaHUSIMU, BBIOJIHEHHBIMH Ha ceificMoruiaTgopmax A apMUPOBAHHBIX OTKOCOB M
3eMJISIHBIX TUIOTHH, NOATBEpKAas 3()()EKTUBHOCTh WH)KEHEPHBIX METOJIOB YCHIICHHUS,
HaIPaBJICHHBIX Ha TIOBBIIIEHUE CEHCMOCTOMKOCTH T'PYHTOBBIX OCHOBaHHWM, OTKOCOB U
3eMJISIHBIX coopyskeHul [2—4]. IIpeanoskeHHbIi SKCrIepUMEHTaIbHBIN MTOAXO0/1 ¥ TIOJTyYEHHBIE
pe3yabTaThl MOTYT OBITh HCHOJB30BAHBI TPU MPOEKTUPOBAHUU, PEKOHCTPYKIHH H
ceiicCMMUeCKOM YCWIEHHH 3JaHHWH, COOpPY)KEHHH M TE€OTEeXHHYECKUX OOBEKTOB,
PacrojoKEHHBIX B CECMOOMNAacHbIX paiioHax Ka3axcraHa.
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PRACTICAL EXPERIENCE IN SEISMIC RISK
REDUCTION: THE CASE OF THE KAPCHAGAY
HYDROPOWER PLANT IN KAZAKHSTAN

Nataliya Surovtseva'?, Tanatkan Abakanov?, Gennadiy Nigmetov>, Oleg Beloslyudtsev',
Zauresh Sailaubayeva'! , Perizat Kilanbekova!

(1. National Scientific Center for Seismological Observations and Research, Almaty, Kazakhstan; 2.
International Educational Corporation, Almaty, Kazakhstan; 3. All-Russian Scientific Research Institute
for Civil Defense and Emergencies, Moscow, Russian Federation)

Abstract: The Kapchagay Hydropower Plant (HPP), one of the largest hydraulic structures in Kazakhstan,
is located in a seismically active region. This study was conducted after an abnormal drop in the water level
in the Kapchagay Reservoir was discovered during its operation. A comprehensive investigation was
conducted to identify the causes of water losses and assess the operational and seismic safety of the facility.
The program included seismic hazard assessment, synthetic accelerogram generation, seismic risk
modeling, vertical electrical sounding (VES), underwater inspections, and stability analyses of the riverbed
and saddle dams. Based on geological, geophysical, and seismotectonic data, the characteristics of
potentially hazardous seismogenic zones were refined, and design seismic loading scenarios were
developed. The results showed that the Zailiysky seismogenic zone represents the most critical seismic
source for the site, producing a peak ground acceleration of 205 cm/s?, corresponding to an intensity of 8
points on the MSK-64 scale. Stability analyses confirmed that both dams satisfy the safety requirements
for Class II hydraulic structures at the recommended normal retaining water level of 479 m. VES
investigations identified seepage-related anomalies, which were subsequently confirmed through
underwater inspections. Pressure grouting of the weakened zone eliminated abnormal water losses and
improved the reliability of the hydraulic structures. The study demonstrates the effectiveness of integrating
seismic hazard assessment, risk analysis, geophysical diagnostics, underwater inspections, and engineering
remediation within a unified framework for hydraulic structure safety management. The scientific
significance of this study lies in the development and validation of an integrated methodology for
evaluating the seismic safety and technical condition of hydraulic structures located in seismically active
regions. The novelty of the proposed approach is the combined application of seismic hazard assessment,
synthetic ground-motion modeling, individual seismic risk analysis, geophysical investigations, and
underwater inspection to solve a single engineering problem. The consistency of these independent
methods enabled reliable identification and verification of a hidden seepage zone and supported the
selection of effective remediation measures. The proposed methodology can be applied to improve the
safety assessment and management of earth dams and other hydraulic structures in seismic regions.

Key words: Seismic Risk; Hydraulic Structure; Synthetic Accelerograms; GIS-based system "Extremum"; Vertical
electrical Sounding; Injection Cementing
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[IPAKTUYECKHIA OITBIT CHIKEHNS CEMCMUYECKOT'O PUCKA HA TIPUMEPE
KAIMYATANUCKOUN I'DC B KABAXCTAHE

NMPAKTUYECKHUM ONBIT CHUXKEHUS CEUCMHUUYECKOI'O PUCKA
HA IIPUMEPE KAITYATAMCKOM I'C B KABAXCTAHE

H.B. Cyposuesa'.2, T.Jl. A6akanos I'.M. Hurmetos®, O.B. Benocmoues',
3.A. Caitnay6aesa', [1.A. Kunan6ekosa'

! HaroHanbHBIN LIEHTpP CEHCMOJIOTHYECKUX HAOIONCHNH 1 HccnenoBanuii, Anmarsl, Kasaxcran;
2 MexnyHapoHast oOpa3oBaTesbHas Kopropaus, Anmarsl, Kazaxcras.
* Beepoccuiickuii HayIHO-HCCIIEIOBATEIbCKI HHCTUTYT TI0 TIpo0IeMaM IrpaIaHCKOW 00OpOHHI U
ype3BblUalHbIX cuTyauuii, Mocksa, Poccuiickas ®enepanus

Annoranus. Kanuaraiickas ruaposnextpoctanuus (I'9C), spidromascs OAHUM U3
KpYIIHEHIINX TMAPOTEXHUUYECKUX COOpykeHni Ka3zaxcraHa, pacronoxkeHa B CEHCMUYECKH
aKTUBHOM peruoHe. Hacrosiuee uccienoBaHue ObUIO BBIIIOJHEHO IOCIE BBISABICHHS B
IpoLecCe DJKCIUTyaTallUd AaHOMAJbHOIO CHWDKEHUs YpOBHA BoAbsl B Kamgaraiickom
BOZOXpaHmiuILe. I yCTaHOBJICHMS IPUYHMH OTEPH BOJBI U OLEHKU KCITyaTallMOHHON U
ceiicMu4ecKkoil 0Oe3omacHOCTH 00BEKTa ObUIa peayin30BaHa KOMIUIEKCHAs MporpamMma
uccienoBanuii. OHa BKIIOYAla OLIEGHKY CEHCMHUYECKOM OIACHOCTH, IOCTPOEHUE
CUHTETUUYECKUX aKCEJIeporpaMM, MOJEIMPOBAHUE CEHCMUYECKOTO0 pPHUCKA, BEPTUKAIbHOE
lekTpuueckoe 3oHaAuMpoBanue (BD3), moxBoaHble o00cieoBaHMS, a TaKKE pPaCUETh
YCTOMYMBOCTH PYCJIOBOM M JOTOBOM MI0TUH. Ha OCHOBE Te00rnyeckux, reopu3nueckux u
CEMCMOTEKTOHMYECKUX JIaHHBIX OBUIM YTOUHEHB! XapaKTEPUCTHUKHU MMOTEHIUAIBHO ONACHBIX
CEMCMOTeHHBIX 30H M Pa3pabOTaHbl pacueTHbIE CIIEHAPUU CEHCMUYECKOTO BO3JCHCTBUS.
YcTaHOBIIEHO, UTO HanboJiee ONacCHbIM CEHCMUYECKUM UCTOYHUKOM JJISi pACCMaTPUBAEMOTO
oOBbeKTa SBISETCS 3amiMiickas celicMOoreHepupylomas 30Ha, CIOCOOHAas TI'€HEpUpPOBaTh
MakCUMallbHOE YyCKOopeHue rpyHTa 205 cM/c?, 4YTO COOTBETCTBYET HWHTEHCUBHOCTH
ceiicMuueckoro BozzaelcTBua 8 OamioB mo mkane MSK-64. Pacuersl ycTOH4YMBOCTH
NOJATBEPAMIN, 4YTO 00€ IUIOTHUHBI Y/IOBJIETBOPSIOT TpeOOBaHUSAM  OE€30MacHOCTH,
MpeIbABISEMbIM K THUIPOTEXHUUYECKUM coopyxeHusM Il kmacca, mpu pexkoMeHIyemMoM
HOPMaJbHOM MOANIOPHOM YpoBHE 479 M. MccnenoBanus metogqom BO3 no3Bonaunin BEISIBUTH
aHOMaJIbHbIE 30HBI, CBA3aHHbIE C (QUIbTpalMed BOJbI, HAIMYME KOTOPBIX BIIOCIIECICTBUU
ObUIO  MOJTBEPXAEHO pe3yibTaTaMM MOJBOJHOIO  oOcienoBaHus. VIHBEKIMOHHOE
LIEMEHTHUPOBaHUE OCIa0JEHHOrO0 ydacTKa O0ECIeyWIo YCTPaHEHHE aHOMAJBHBIX NOTEPh
BOJBI U TOBBIIIEHNE HAJEKHOCTH THIPOTEXHUUECKUX coopyxkeHui. HaydyHas 3HaunMMocTh
HCCIIEIOBaHMS 3aKJII0ouaeTcsl B pa3paboTke U anpoOanuy KOMIUIEKCHOM METOAMKHU OLIEHKH
celicMu4ecKoil 0€30MacHOCTH M TEXHUUYECKOTO COCTOSHUS THAPOTEXHUUECKUX COOPYKEHHH,
PACIIOJIOKEHHBIX B CEMCMHUYECKH aKTHBHBIX pailoHax. HoBM3HA IpemioKeHHOro Mmoaxoaa
COCTOMT B COBMECTHOM IIPUMEHEHHH METOJOB OLIEHKH CEHCMHYECKOH ONacHOCTH,
MOJIETTUPOBAHUSl CUHTETUYECKMX CEMCMUYECKUX BO3JCHCTBUI, aHAINM3a WHIUBUIAYaIbHOTO
CeMCMUYECKOT0 pHUCKa, re0(U3NUECKUX HCCIEIOBAaHUI U TMOJBOJHOIO OOCIEIOBaHMS IS
pelieHns eAMHOM HH)KeHepHOM 3agauu. CoriacoBaHHOCTb pPE3yJbTAaTOB, MOJYYEHHBIX
HE3aBHCHUMBIMH METOJAMHM, I103BOJIMJIA JOCTOBEPHO BBIABUTH W NOJATBEPAUTH HAIMUUE
CKPBITOM 30HBI (PUIBTPALINH, @ TAKXKE 000CHOBATH BHIOOP 3P (EKTUBHBIX BOCCTAHOBUTEIBHBIX
MmeponpustThii.  [IpemnokeHHas ~ MeToAMKa  MOXeT  OBITh  WCIOJBb30BaHAa  JUIA
COBEPLICHCTBOBAHMS OLIEHKU O€30MaCHOCTH M YNpPaBJIEHUS TEXHUYECKUM COCTOSHHMEM
36MJIIHBIX IUIOTUH W JPYI'MX THAPOTEXHUYECKHX COOPYXKEHHH, DKCIUyaTUPYEMBIX B
CEHCMUYECKUX pailOHaX.

Kniouesvie cnoea: ceticmuueckuti puck, 2uOpOmMexHu4ecKoe coopylcerue, CuHmemudecKue
axkcenepozpammbl, — 2eOUHPOPMAYUOHHASL — cucmemMa  «IKCmpemym»,  BepmMUKaAIbHOE
a/1eKmpuyeckoe 30HOUposanue, UHbEKYUOHHOE YeMeHMmUposanue.
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HccnenoBanue ceiiCMIUECKOT0 pUCKa MO pe3yIbTaTaM MaclopTH3AIUH KUI0T0 (poHaa roposa AJIMAaTh

HccaenoBanne ceiicMMYeCKOro PUCKa 1o pe3yjabTaTam
NACMOPTH3AIUHM KUJIO0r0 (POHIa ropoaa AIMaThl

V A LapinE S !, Aldakhov?, S K Sazanbayev!, K A Turekulova!, A F Ramazanov'

AOcCTpaKT: Bmepsbie B ropojie AnMAaThl BBHIIONHEHA TIOJHAS TACTIOPTU3AIMS MHOTOKBAPTHPHOTO KUJIOTO (GOHAA, B PaMKax
KOTOpoit oO6caenoBaHo cBbire 10 ThIc. 3ganuil. OnpeneneHa CTpyKTypa )KWIoro GoHAa ¢ BBIIEICHUEM IPYIIT 3JaHIH 110
KOHCTPYKTHBHBIM CX€MaM, BHIITOJHEHA OLIEHKA UX CEHCMOCTOMKOCTH M SKCILTYyaTal[HOHHOHN HaJeKHOCTH.

Ilo pesynpraraM HacmopTH3allMU BIEPBBIE MONYYEHBI KOJMYECTBEHHbBIE OIEHKH BEPOSATHOCTH OTKa3a ISl PAa3IMYHBIX
KOHCTPYKTHBHBIX THIIOB 3[JaHH{ U pa3pab0TaHbl pacueTHBIE 3aBUCHMOCTH JIJIsI ONpeieIeHHsI ceficMuieckoro pucka. [Ipu pacuerax
UCTIOJIF30BAHBI JaHHBIE KapT O0IIEero celicMuueckoro 3ouupoBanus Pecyomuku Kazaxcran.

IIpoBenena omeHka ceficMUUecKkod YSI3BUMOCTH 3JaHHH Ha OCHOBE MX KIACCH(HKAIMU B COOTBETCTBHH ¢ EBpomeiickoif
Makpoceiicmudeckoil mkanoir EMS-98. JlonoaHUTENbHO BBINOIHEHA OLEHKA 0XKUAAaeMOM IOBPEXIAaeMOCTU IO ceiicMuueckoi
mkane MSK-64(K), npumensemoii B PecnyOmuke Kazaxcran. Xapakrtepuctuku ymiepba B pamkax mkairsl MSK-64(K)
OIIPE/ICNICHBI C UCIIOIb30BaHHEM COOTHOILICHUH, TPEATI0KEHHBIX POheccopoM XaKHMOBBIM.

BeImonHeHo conocTaBieHHe pe3yIbTaToB, MOTyYeHHBIX 110 00EMM METOAUKAM.

OmpeneneHo KOIMYEeCTBO MHOTOITXKHBIX KUIBIX 3JaHUH PA3IMYHBIX KOHCTPYKTHBHBIX THIIOB, PAcCHONOKEHHBIX B 30HAX
TEeKTOHMYECKUX Pa3IoMOB. Ha OCHOBE CTATHCTHYECKHX JAHHBIX O MOCIEACTBUSIX CHIIBHBIX 3€MIICTPSCEHHH, MPOM3OMIENINX B
Pa3IUYHBIX CTPAaHAX MHPA, BHIIOIHEHA OIIEHKA BO3MOXHOTO YHCIIAa HOTHOMINX MIPU PACUETHOM 3eMIIETPSCEHHH B TOPOAE AJIMATHL.

Tonyuena uHTErpagbHas OLCHKA HaIEKHOCTH (BEPOSITHOCTH 0€30TKa3HOI paboThl) MHOIOATAKHOTO JKIWIIOTO (hOHIAa ropoaa
Anmarsl. [Toka3aHo, 4TO CHOC HECEHCMOCTOMKHX IepeBSHHBIX 3aHHUH 03BOJISIET IIOBBICUTH OOIIIYI0 HAJISKHOCTH MHOTOATAKHOTO
JKHII0ro (oHIa nouTH Ha 15 %.

YcTaHOBIIEHO, YTO HAaHOOJBIIEH CeICMIYECKOH OMTAaCHOCTHIO XapaKTePU3YIOTCS 3aHMs C Hapy KHBIMH HECYIITUMH CTCHAMH U
BHYTPEHHHM KapKacoM; 3/1aHUs ¢ HECYIIUMHU CTEHaMH M3 KHUPIUYHOI KIaJKd M COOPHBIMHU KelIe300€TOHHBIMU MEePEKPHITUSIMU;
IByX- 1 0oJee 3TaKHBIC 3[JaHUS C HECYIIUMH CTEHAMH M3 KMPIUYHOHN KIaAKN U AEPEBSHHBIMU IEPEKPHITHAMHE; OJHOITAXKHBIE
3/IaHUSI ¢ HECYIIUMHY CT€HaMH U3 KHPIUYHOHN KIaJKH U AePEBIHHBIMU OAlOYHBIMH MEPEKPHITUSIMU IIPH HOPMAJIBHOM CLETIICHHN
kiaagku menee 120 xIla (1,2 krc/cm?), a Taxke JAepeBSHHbIC 3MaHHsA MOCTpoiku 1950-x romoB, Bo3BedeHHBIE Oe3 yuera
AQHTHUCEHCMIYECKUX TPeOOBAHHI.

Pe3ynbTaThl HCCIe1I0BaHUM, BBINOJIHEHHBIX C HCIIOIb30BaHUEM LIKaJ ceicMuueckoi nHTeHcuBHOCTH EMS-98 1 MSK-64(K),
MOKa3aJIM, YTO HAMMEHBIIYIO CTEIIEHb TOBPEXIaeMOCTH UMEIOT 37IaHHsI CO CTAIBHBIM KapKacoM.

[Momy4yeHHbIe pe3yJIbTaThl KOJINYECTBEHHOM OLIEHKH CEHCMUUECKOT0 PHCKa MOTYT OBITh HCIIOIBb30BaHbI IPH Pa3paboTKe CXeM
palMOHANEHOTO MCHOIB30BaHUS TEPPUTOPH, TPATOCTPOUTENEHOM ITIAHUPOBAHUH, SKOHOMHYECKOH OLIEHKE FOPOJICKUX 3eMellb, a
Taroke U1 MHQOpPMAanMOHHOTO obecmedeHuss paboT, CBS3aHHBIX C OIEHKOH CeHCMHYECKOH OIACHOCTH M CHIDKCHHEM
celicMMUYEeCKOro prcKa B TOPOJICKOM cpere.

KuarwueBble €JI0BA: macmopTusanys 31aHMi, CEfCMHMYECKHH PHCK, HAJEKHOCTb, BEPOATHOCTh O€30TKA3HOH pabOTHI,
celicMuueckas ysi3BUMOCTb, IOBPEXAaeMOCTb, IOBTOPSAEMOCTb 3€MIICTPSICEHUH, TEKTOHNYECKHE PA3JIOMBI.

Author Biography: V A LapinE S. E-mail: lapin_1956@list.ru
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SEISMIC RISK ASSESSMENT BASED ON THE BUILDING INVENTORYOF THE RESIUDENTIAL
HOUSING STOCK IN ALMATY

SEISMIC RISK ASSESSMENT BASED ON THE BUILDING
INVENTORYOF THE RESIUDENTIAL HOUSING STOCK IN
ALMATY

V A LapinE S !, Aldakhov?, S K Sazanbayev'!, K A Turekulova', A F Ramazanov'

Abstract: For the first time, a comprehensive building inventory of the multi-apartment residential housing stock in the city of
Almaty has been carried out, covering more than 10,000 buildings. The structural composition of the residential building stock was
determined by classifying buildings according to their structural systems, and their seismic resistance and structural reliability were
evaluated.Based on the inventory results, quantitative estimates of the probability of failure were obtained for various structural
building types for the first time, and analytical relationships were developed for quantitative seismic risk assessment. The
calculations were performed using data from the General Seismic Zoning Maps of the Republic of Kazakhstan.The seismic
vulnerability of buildings was assessed based on their classification according to the European Macroseismic Scale (EMS-98). In
addition, the expected level of building damage was evaluated using the MSK-64(K) seismic intensity scale adopted in the Republic
of Kazakhstan. Damage characteristics within the MSK-64(K) framework were determined using the empirical relationships
proposed by Professor Khakimov.A comparative analysis of the results obtained using the two methodologies was performed.The
number of multi-storey residential buildings of different structural types located within tectonic fault zones was determined. Based
on statistical data from the consequences of major earthquakes in different countries, the potential number of fatalities resulting
from a scenario earthquake in the city of Almaty was estimated.An integrated assessment of the reliability (probability of failure-
free performance) of the multi-storey residential building stock in Almaty was obtained. The results demonstrate that demolition
of seismically deficient wooden buildings would increase the overall reliability of the city's multi-storey residential building stock
by nearly 15%.It was found that the highest seismic risk is associated with buildings having exterior load-bearing walls and an
internal frame; buildings with masonry load-bearing walls and precast reinforced concrete floor systems; two-storey and taller
buildings with masonry load-bearing walls and timber floor systems; single-storey buildings with masonry load-bearing walls and
timber beam floors where the normal masonry bond strength is less than 120 kPa (1.2 kgf/cm?); and timber buildings constructed
in the 1950s without seismic-resistant design provisions.The results obtained using the EMS-98 and MSK-64(K) seismic intensity
scales indicate that steel-frame buildings exhibit the lowest level of expected seismic damage.The quantitative seismic risk
assessment results can be used for land-use planning, urban development, economic evaluation of urban areas, and decision support
for seismic hazard assessment and seismic risk mitigation in the urban environment.

Key words: building inventory, seismic risk, structural reliability, probability of failure-free performance, seismic vulnerability,
building damage, earthquake recurrence, tectonic faults.
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Abstract: Established in 2024 through Istanbul Technical University and Tiirkiye Is Bankas1 collaboration, ITU-
MATAM (istanbul Technical University, T. Is Bankasi Marmara Active Fault Hazard and Risk Application and
Research Centre) serves as a premier research centre advancing earthquake hazard and risk assessment. To overcome
the limitations of classical active fault mapping, MATAM integrates cutting-edge infrastructure spanning
multidisciplinary domains. Its advanced capabilities include dedicated Mineral Preparation, OSL Dating, Stable
Isotope, and ICP/MS laboratories, alongside a marine geology/geophysics facility established via EMCOL
cooperation housing ITRAX and MSCL instruments. Furthermore, terrestrial mapping utilizes LiDAR-equipped
JOUAV CW 15-1 VTOL systems for sub-meter data, while high-performance computing centres drive seismic
scenario modelling. Complemented by custom-designed, low-cost accelerometers forming an independent local
network, MATAM establishes a rigorous empirical and computational framework for comprehensive earthquake

research.

Key words: Active fault mapping; Research centre infrastructure; OSL dating; UAV-LIiDAR; HPC; Seismic

Hazard and Asessment
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EVACUATION BASED ON BIG DATA: A CASE STUDY
OF WUSHI M7.1 EARTHQUAKE ON JANUARY 23, 2024

Li Shuai,Li Bo,Bai Yan,Gulizipa Mulati,Hou Xinyu
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)

Abstract: To rapidly assess the seismic capacity of buildings after an earthquake, scientifically delineate safe and
dangerous zones, guide residents to evacuate properly and take shelter nearby, and minimize casualties, this study
comprehensively considered factors such as year of construction, number of stories, story height, seismic fortification level,
site category, distance to active faults, and road traffic conditions to establish a multi-factor comprehensive evaluation
index system. By combining qualitative and quantitative approaches, the seismic capacity of buildings was
comprehensively assessed and classified into three levels—compliant with seismic fortification requirements, suspected
insufficient seismic capacity, and severely insufficient seismic capacity—thereby achieving a spatial classification of the
seismic performance of buildings in the affected area. On this basis, GIS spatial overlay analysis was used to overlay the
classified seismic capacity of buildings with spatial elements such as seismic intensity attenuation, active fault distribution,
and road accessibility. Meanwhile, combined with numerical simulation methods such as the discrete element method
(DEM) and finite element method (FEM), the damage states of typical building structures under both rare earthquake
intensity and fortification intensity were simulated and evaluated. The safe and dangerous zones under different
fortification levels were then calculated, evacuation routes to nearby shelters were delineated, and the layout of temporary
resettlement sites was optimized, resulting in a graded map for the safe evacuation of residents in the affected area.
Xinjiang has a complex geological structure and is prone to frequent earthquakes; it is therefore particularly important to
scientifically assess the seismic capacity of buildings before an earthquake and to provide safe evacuation guidance
afterward. On January 23, 2024, an M7.1 earthquake occurred in Wushi County, Xinjiang. In this earthquake, most
self-built houses in Yamansu Township and the eastern part of Aheqi County, located in the intensity VIII (8-degree) zone,
suffered severe damage or collapse. Based on the collected building data, calculations and analyses were carried out using
the methods described above. The results indicate that the proposed method can reasonably reflect the spatial differences in
the seismic capacity of buildings in the affected area and can clearly identify dangerous buildings requiring priority
attention and relatively safe shelter sites, providing intuitive support for grassroots emergency organizations and residents’
self-rescue. It can effectively guide residents to avoid dangerous zones and quickly reach nearby temporary shelters,
reducing the secondary risks caused by blind evacuation, and providing a scientific basis for post-earthquake emergency
evacuation organization, shelter planning, and rescue force deployment. This study is of important reference value for
improving the efficiency of earthquake emergency response and disaster mitigation.

Key words:Building seismic capacity; Finite element analysis; Safe evacuation; Wushi earthquake
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URBAN SEISMIC DAMAGE AND SEISMIC FORTIFICATION IN XINJIANG
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Wen Heping, Tan Ming, Li Shuai, Alimujiang Yalikun, Zhao Jiangtao, Li Bo, Luo Ju

(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi, 830011, Xinjiang, China)

Abstract: Since 1990, the maximum seismic intensity encountered by cities in Xinjiang has been Intensity VII. Seismic
damage records in this century show that towns in the thrust-nappe fold regions in front of the Tianshan and Kunlun
Mountains face the possibility of experiencing ground motion exceeding the seismic fortification level. According to the
Seismic Ground Motion Parameter Zonation Map of China (GB 18306-2015), 49.6% of Xinjiang's total population resides
in areas with basic seismic ground motion parameters of 0.1g to 0.15g, 44.8% in areas with 0.2g, and only 3.6% in areas
with 0.3g and above. This indicates that the risk of population-concentrated areas being subjected to ground motion of 0.3g
or higher is relatively low.

Due to revisions in seismic ground motion parameter zonation and seismic fortification standards, 81% of buildings in
Akqi County, which is now designated for 8-degree fortification, were originally built to meet the 7-degree fortification
standard. During the M7.1 Wushi earthquake in 2024, the surveyed seismic intensities in Akqi and Wushi counties reached
Intensity Vlland IntensityVIl respectively, with bedrock instrumental intensities of 7.4 and 6.2. Acceleration response
spectrum analysis shows that Akqi Town experienced seismic damage significantly exceeding its design ground motion,
yet the fortified buildings only sustained slight to moderate damage and withstood the over-design ground motion. The site
ground motion in Wushi Town was at least equivalent to its fortification level, with fortified buildings showing mainly
slight damage and a few moderate damages, demonstrating excellent seismic performance.

The 2013 Urumgqi M5.1 earthquake and the 2015 Pishan M6.5 earthquake are typical urban direct-hit earthquakes.
Under the M5.1 earthquake, the comprehensive seismic damage intensity of Urumqi urban area (fortified for VIl degree,
0.2g) was determined as Intensity VI. Self-built houses and old brick-concrete structures suffered varying degree of
damage, while the main structures of fortified buildings remained intact. During the 4£6.5 Pishan earthquake, the seismic
intensity in Guma Town (the county seat, fortified for VIl degree, 0.1g) reached Intensity VI, causing extensive damage to
old multi-story brick-concrete buildings: 15% of them sustained moderate or above damage, with a few severely damaged.
Only individual components of frame structures were damaged, mostly with slight damage.

In conclusion, relative to local building fortification standards: the fortified buildings in Urumgqi remained structurally
intact under frequent earthquake ground motion; those in Wushi Town mainly sustained slight damage under basic design
ground motion; and in Guma Town and Akqi Town, where the encountered seismic intensity exceeded the fortification
standard, the fortified buildings achieved the goal of "no collapse under major earthquakes". Therefore, guided by the
seismic ground motion parameter zonation map, the seismic fortification of buildings in the three cities in Xinjiang has
generally fulfilled the seismic damage prevention objectives of "no damage under minor earthquakes, repairable under

moderate earthquakes, and no collapse under major earthquakes".
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Zhang Zhenbin, Chao Dongyu
(Earthquake Agency of Xinjiang Uygur Autonomous Region, Urumgqi 830011, Xinjiang, China)

Abstract: For a long time, the primary focus of these stations has been on seismic monitoring as their
foundational activity, leading to the establishment of a largely fixed operational model. However, due to funding
shortages, inadequate training of personnel, and varying levels of effectiveness in science popularization efforts,
the staff have not given sufficient attention to science popularization activities; as a result, the science
popularization work related to earthquake prevention and disaster reduction has remained relatively
underdeveloped. Following the reform and functional restructuring of the Central Station, along with the growing
public demand for earthquake-related services, earthquake science popularization has gradually become an
important task for the Central Station, and the implementation of such science popularization initiatives has been
placed on the official agenda. Nevertheless, this process requires time to enrich, refine, and strengthen the
earthquake prevention and disaster reduction science popularization efforts conducted by these stations.To better
understand the characteristics of tourists and their preferred travel destinations across different time periods,
targeted public awareness campaigns should be launched—such as placing earthquake preparedness brochures or
displaying large-screen educational videos in densely populated areas like tourist attractions. Additionally,
partnerships can be established with major travel websites to promote earthquake science knowledge, enabling
travelers to quickly grasp the regional disaster risks, acquire fundamental earthquake-related knowledge, and learn

how to effectively take shelter, perform self-rescue, and provide mutual aid during an earthquake.
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