ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

NEWS OF THE NATIONAL ACADEMY
OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF
GEOLOGY AND TECHNICAL SCIENCES

Ne4
2026



ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

———

CENTRAL ASIAN ACADEMIC
RESEARCH CENTER

—
AL

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN,
SERIES OF GEOLOGY AND TECHNICAL
SCIENCES

4 (478)

JULY — AUGUST 2026

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, 2026



2 Clarivate
Analytics

The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pephepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. ldentifying the zones where strong and destructive
earthquakes originate remains a major challenge in modern seismology because
the mechanisms controlling earthquake nucleation and localization within active
fault systems are not fully understood. A key unresolved issue is the role of the
spatial heterogeneity of the physical and mechanical properties of the Earth's
crust in tectonic stress accumulation and the formation of strong earthquake
sources. Objective. This study aims to identify the spatial and depth-related
patterns of the physical and mechanical properties of the Earth's crust controlling
the localization of strong earthquake sources in the Northern Tien Shan and to
evaluate the role of mechanical heterogeneity in earthquake preparation. Methods.
A comprehensive analysis of regional seismic data and elastic modeling results
was performed. Distributions of P-wave (Vp) and S-wave (Vs) velocities were
analyzed, dynamic elastic parameters, including shear, bulk, and Young's moduli,
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were calculated, and their spatial gradients were determined to characterize crustal
heterogeneity. Results. The strongest earthquake foci are localized mainly within
transition zones characterized by pronounced mechanical contrasts rather than
extreme elastic parameter values. These zones exhibit reduced S-wave velocities,
lower shear modulus values, and elevated elastic parameter gradients at depths
of 8-20 km, indicating stress concentration and increased rock deformability.
The results demonstrate that spatial heterogeneity is a more reliable indicator of
potential focal zones than the absolute values of elastic parameters. Conclusions.
The study substantiates the decisive role of spatial gradients of elastic parameters
as geophysical markers of strong earthquake localization in the Northern Tien
Shan. A conceptual physico-mechanical model of earthquake source formation is
proposed, accounting for the rheological structure of the seismically active belt
and the distribution of mechanical contrasts within the crust.

Keywords: Northern Tien Shan; strong earthquakes; seismically active
belt; seismogenic layer; physical and mechanical properties; earthquake source
mechanics
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AnHoraumsi. Ozexminici. KymTi jxoHe >KOWKBIH Kep CUIKIHICTEpiHIH OIIaK
aliMaKTapbIH aHBIKTAy Ka3ipri celicCMOJIOTrusJarbl HeTi3ri Mocenenep iy 0ipi 00bII
Ta0bUIab1, ce0e010eICeH 11 KapbLUTBIMIAP OOMBIHAAFbIKEP CUIKIHICI OIIIaKTaPhIHBIH
KaJIBIIITaCybl MEH OpHAajacy MEXaHU3MAEPi aJli TONBIK 3epTTeIMEreH. MaHbI3Ibl
FBUIBIMH MOceJeepaiH 0ipi — TeKTOHUKANBIK KepHEYICpAiH KUHAKTAaIybl MEH
KYIITi JKep CINKiHICTepl OIMAKTapbIHBIH KaJbIITAaCybIHAAFbl JKep KbIPTHICHIHBIH
(U3MKATBIK-MEXaHUKAJIBIK KACHETTePiHiH KEHICTIKTIK OpTEKTUIIriHIH peiiH
aHbIKTay. 3epmme)diy maxcamsl. KympicTeIH MakcaTbl — Contyctik Tsaub-lanb
aiiMarbIHAAFBl KYIITI )KOHE JKOWKBIH JKep CITIKIHICTEepi OlIaKTapbIHBIH OpHAJIAaCyblH
aHBIKTAUTBIH JKep KBIPTHICHIHBIH —(HU3UKAJIBIK-MEXaHUKAIBIK KacHETTEepPiHIH
KEHICTIKTIK JKOHE TEpEeHIIK 3aHABUIBIKTApbIH aHBIKTAY >KOHE CEHCMHUKAIbIK
mpolecTepii JalblHIayJarbl MEXaHUKaJIbIK OpPTEKTUIIKTIH peNiH Oaranay.
Odicmepi. ANUMAKTBIK CEHCMONOTHSIIBIK JepeKTep MEH CepHiMAl MOJICIbACY
HOTHXKeJepi Heri3iHe P- jkoHe S-TONKBIHIAPIBIH KbLUIIAMIBIKTAPHI, CEPITIMILITIK
MOJYJIBJIEpi JKOHE ONapIblH KEHICTIKTIK rpaJueHTTepi 3epTTenii. Vp xoHe Vs
Tapaaybl TaJlaHbII, BIFBICY MOIYJ, KOJIEMJIIK ChIFbUTY MOy koHe FOHT Momymi
ecenrenai. Homuowcenepi. KymTi sxep CUIKIHICTEpiHIH OIIaKTaphl CepmiMaIi
napaMeTpiIepaiH dKCTpeMalIbl MOHACPIHAE eMec, MEXaHUKAJIBbIK KOHTPACTTaphl
JKOFapbl OTIIeNI 30HANaplia OpHalacaTblHbl aHBIKTaNAbl. by aiimakrap 8-20
KM TEpEHAIKTe TOMEH VS MOHJEepiMEH, TOMEH BIFBICY MOAYJIMEH KOHE JKOFaphl
CepIiMAIIK TpaJueHTTEepIMEeH cumaTTanaabl. KeHICTIKTIK OpTEeKTiNK dleyeTTi
OlIaK aiiMaKTapblH aHBIKTayAa aOCOMIOTTIK CepHiMl MmapaMeTpiepre KaparaHua
aKnmapaTTbl KOPCeTKill OOJbII TaObutagbl. KopuimbuiHObl. 3epTTEy HOTHXKENEpi
Contyctik Tsaup-lllanpgarel jkep CUIKIHICI OIIAKTapbIHBIH OpHANACYbIHIA
CepIiMALTIK mapaMeTpiepi rpaJueHTTepiHiH MaHbI3bl POIIIH AJCIACHII.

Tyiiin ce3nep: Conrycrik Taup-llanp, KymTi kep CinkiHici, celCMUKAIBIK
Oenceni Oenjiey, CeCMOTeH/TIK Ka0aT, (PU3MKaIbIK-MEXaHUKAIBIK KOPCETKIIITED,
OILIAKTHl MEXaHHKa
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AHHoOTauus. AxmyanvHocmy. BpIsBIeHNE 30H BOSHHUKHOBEHHS CHIIBHBIX U
Ppa3pyILIUTENIbHBIX 3eMJIETPSICEHU I 0CTAETCS OJTHOM U3 INIaBHBIX 33/1a4 COBPEMEHHOU
CEHCMOJIOTHH, TTOCKOIBKY MEeXaHU3MbI (DOPMHUPOBAHMS W JOKAIW3AIUNA 0YaroB B
30HaX aKTUBHBIX Pa3JIOMOB M3y YE€HBI HE BIIOTHOM Mepe. OTHUM U3 Han0oJ1ee BayKHbIX
1 TUCKYCCHOHHBIX BOIPOCOB SABJISETCS POJIb IPOCTPAHCTBEHHOM HEOAHOPOAHOCTH
(U3NKO-MEXaHUYECKUX CBOMCTB 3€MHOM KOpBI B MpoIeccax HaKOIUICHUS
TEKTOHMYECKHUX HANPSHKECHUH 1 (OPMUPOBAHUS 09AarOB CHIIHHBIX 3eMJICTPSICEHHN.
L]ens. BeIABUTH 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO pacIpeneieHus (Hhru3uKo-
MEXaHUYECKUX CBOWCTB 3€MHON KOPBI, ONPENEISIONINX JIOKATU3alUI0 04aroB
CWIBHBIX M pa3pylIUTeNbHBIX 3emieTpsceHnii CesepHoro Tsaup-lllansa, a
TaK)Ke OLIEHUTh POJb MEXAaHMYECKON HEOJHOPOJHOCTH TEOJOTMYECKOW CpeJbl
B IPOIECCax IMOAMOTOBKH CEHCMHUYECKHX COOBITHH. Memoowl. WcciaemoBaHbl
MPOCTPAHCTBEHHBIE W TIIYOMHHBIE 3aKOHOMEPHOCTH (HOPMUPOBAHUA (PHUIUKO-
MEXaHUYECKUX CBOMCTB 30H BO3HUKHOBEHHUs 3emieTpsiceHud. Ha ocHoBe
PETHOHANTBHBIX CEMCMHUYECKHX JaHHBIX M PE3YJIbTaTOB YIIPYTOrO MOJEIUPOBAHUS
MpoBeAEH KOMIUIEKCHBIM aHanmu3 ckopocTel P- m S-BomH, Moaynel ymnpyroctu
U WX TPOCTPAaHCTBEHHBIX TIpagueHToB. lccriegoBanbl — pacnpezeneHus
ckopocTel mpoaonabHBIX (Vp) u momepedHbix (VS) BOJH, a TaKKE PaCCUUTAHBI
TUHAMHYECKHE yIPYyTHE MTapaMeTphl, BKII0Yas MOAYIb CIABUTA, MOy Ih 00BEMHON
yrpyroctd u moaynbs FOHTra. Pesynsmamul. YCTaHOBIEHO, YTO OYard Hamboiee
CWJIBHBIX 3E€MIIETPSICEHHH JIOKAIU3YIOTCS MPEUMYIIECTBEHHO B TIEPEXOTHBIX
30HaX C BBIPAKEHHBIMH MEXaHHMYECKMMH KOHTpPAcTaMH, a HE B 00JacTsIX
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SKCTPEMaJIbHBIX 3HAYCHHUM YNpyrux MnapaMeTpoB. DTH 30HBI XapaKTEepPU3YIOTCA
MTOHMKECHHBIMHU CKOPOCTSAMH VS, CHHKCHHBIMH 3HaUCHUSIMU MOAyisl casura (G)
Y TIOBBIIICHHBIMU TPAJAMCHTAMU YIPYTUX CBOWCTB Ha TiiyOmHax 8—20 KM, 4TO
CBHJICTETLCTBYET O KOHIICHTPAIIMH HAPSKCHWH M BBHICOKOU Ie(POPMUPYEMOCTH
nopox. IlpocTpaHCTBEHHAss HEOJHOPOTHOCTh (DU3UKO-MEXaHUYECKUX CBONCTB
sBIseTcs Oosnee WHMOPMATHUBHBIM HWHIAMKATOPOM ITOTEHIIMAJIBHBIX OYaroBBIX
30H, 4eM aOCOJIOTHBIC 3HAYCHUS YMPYTUX XapaKTEPUCTHK. Buisoov:. Hayunas
HOBHU3HA WCCJICIOBAHMS 3aKIOYAaeTCI B 0OOCHOBAaHUU POJIH MPOCTPAHCTBEHHBIX
TPaIMEeHTOB YIPYTHUX MapaMeTPOB KaK Teo(PU3NIESCKUX MapKEPOB JOKATH3AIINH
oyaroB cuibHbBIX 3emierpsiceHui! CeepHoro Tsub-lllang. Ilpemnoxkena
KOHIIETITyallbHAs  (PU3UKO-MEXaHW4eckas Mojaens (opMmupoBaHus  odyara
3EMJIETPACEHHUS, YUMTHIBAIOLIAS PEOJIOTUYECKOE CTPOEHHUE CEeUCMOAKTHUBHOIO
Mosica U pacupeecHue MEXaHUUECKUX KOHTPACTOB B 36MHOM Kope.

KnrwueBbie caoBa: CeBepubiii Tsaup-l1llans, cuibHBIE 3eMIICTPSICEHUS,
CEHCMOAKTHBHBIHN NOSIC, CEHCMOTCHHBIH CIIOH, PU3NKO-MEXaHUYESCKUE TapaMeTpPhl,
MEXaHHKa odara

Introduction. The generation of strong earthquakes remains a central problem
in modern seismology, tectonophysics, and geodynamics. Despite significant
progress in the study of spatiotemporal patterns of seismicity, the physical
mechanisms that initiate focal failure remain the subject of active debate. In
intracontinental orogenic regions such as the Tien Shan, earthquake processes are
determined not only by the regional stress field but also by the complex mechanical
structure of the earth's crust, including rigid blocks, weakened fault zones, and
areas of intense fracturing (Abdullaev, 2002).

The seismogenic layer in such regions represents a mechanically heterogeneous
environment within which tectonic stresses accumulate and redistribute. The
Northern Tien Shan is one of the most seismically active inland regions of Central
Asia. Numerous strong earthquakes with moment magnitudes Mw > 6.5 are
recorded here, posing a serious seismic hazard (Abdullaev et al., 2025). Despite a
significant number of studies, the role of the physical and mechanical parameters
of the Northern Tien Shan seismic belt and the seismogenic layer in influencing
the processes of strong earthquake foci has not been sufficiently studied, especially
quantitatively.

The aim of this work is to identify fundamental patterns in the formation of
physical and mechanical parameters of the foci of the strongest earthquakes in the
Northern Tien Shan and to assess their role in the mechanisms of initiation and
development of focal destruction.

Literary review. Foreign and domestic researchers have studied the formation
of strong earthquake foci in continental orogenic regions. This research is a key
objective of modern seismology and geophysics. Particular attention has been paid
to regions with high tectonic and seismic activity, such as the Northern Tien Shan,
where complex interactions between deep and near-surface processes occur.
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Research into the source zones of strong earthquakes has historically focused
primarily on the analysis of macroseismic manifestations and seismic wave
parameters. Today, with the development of instrumentation and digital data
processing methods, it has become possible to study the internal structures
of seismogenic belts and zones in greater detail, including the distribution of
longitudinal and shear wave velocities. Variations in the elastic parameters of the
medium have been studied in greater detail within the framework of elasticity
theory, which has shown that wave propagation parameters are closely related to
the physical and mechanical properties of rocks.

Modern research has demonstrated the important role of the rheological properties
of the lithosphere in the formation of strong and catastrophic earthquake foci.
Therefore, within the framework of rock rheology, the processes of stress accumulation
and relaxation, which determine the conditions for the transition from an elastic state
to brittle failure, have been examined. Numerous studies have established that the
seismogenic layer (seismically active belt) is confined to depths of 5-25 km, where
conditions of maximum tectonic stress concentration are realized.

In this regard, the concept of mechanical heterogeneity of the environment
as a key factor in the localization of strong and catastrophic earthquake foci has
received significant development. A number of studies have shown that zones
with reduced shear wave velocities (Vs) and contrasting shear modulus values are
potential areas for the accumulation of deformation energy. Publications (Tuliani,
1983; Tuliani, 1999) present a computational method for calculating the physical
and mechanical parameters at earthquake foci of varying magnitudes, which made
it possible to obtain numerical values for these parameters. It is also noted that
such heterogeneities can be caused by both lithological features and the presence
of fault structures and fluids (Tuliani et al.,2003).

The regions of Central Asia, particularly the Tien Shan, are characterized
by a high degree of tectonic segmentation, a complex block structure of the
crust, and high seismic activity, which determines the diversity of earthquake
focal mechanisms and the spatial variability of their physical and mechanical
parameters. Currently, numerical and elastic modeling methods are actively used.
These methods allow us to reconstruct the distribution of stresses and strains in
the lithosphere, as well as assess the influence of geomechanical and physical
processes during the destruction of the environment and the occurrence of a strong
earthquake.

Ultimately, although progress has been made in research into the patterns of
physical and mechanical parameters at the foci of strong earthquakes, a number
of unresolved issues remain. First, the spatial distribution of elastic parameters
and their gradients within seismically active belts remains insufficiently studied.
Second, their role in the occurrence of strong and catastrophic earthquakes has not
been clearly elucidated. Third, the contributions of absolute values of physical and
mechanical parameters to understanding the nature of their occurrence, compared
to their spatial variability, require further clarification.
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Thus, an analysis of existing research has shown that a key focus in modern
seismicity research today is the transition from descriptive analysis of earthquake
foci, strong earthquakes, and catastrophic events to identifying patterns of their
formation based on a comprehensive consideration of the physical and mechanical
properties of the environment. This is particularly relevant for the Northern
Tien Shan, where high seismic hazard requires a deeper understanding of the
mechanisms of focal processes.

Geological and tectonic structure of the Northern Tien Shan in terms of the
development of major earthquake foci. As is well known, the Northern Tien Shan
is an actively deforming intracontinental orogen formed as a result of the ongoing
collision of the Indian and Eurasian lithospheric plates. Current deformations are
driven by a system of deep Paleozoic faults, reactivated in the Cenozoic. The main
structural elements of the region are large crustal blocks separated by a system of
northeast- and sublatitudinal-trending reverse-thrust and strike-slip faults. These
structures control the spatial distribution of seismicity and earthquake focal depths.

The seismogenic layer of the Northern Tien Shan spans depths from a few
kilometers to approximately 25 km. Below this boundary, a transition from brittle
failure to ductile rock flow occurs, corresponding to the brittle-ductile transition
zone. Most strong earthquakes are concentrated in this deep region. Figure 1 shows
a map of the main active faults (slips, thrusts, and normal faults) of continental
Asia and the Northern Tien Shan, which form modern seismically active belts and
zones. Figure 1 shows that all modern fault zones in Asia, fully activated during the
Holocene, define the main seismically active belts and zones where catastrophic
events are currently occurring, representing a region of geodynamic instability.
While tectonic processes in the Earth's crust occur continuously, geodynamic
processes, particularly seismic ones, occur intermittently, with a certain cyclicity
and periodicity (Abdullaev, 2002).
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Figure 1. Map of the main active faults (slips, thrusts and normal faults) of continental Asia, which
form modern seismically active belts and zones (according to Trifonov V.G., 1987) 1 - strike-slips,
2 - thrusts and reverse faults, 3 - normal faults, 4 - with an unknown direction of displacement,

5 - zones of shear deformations.
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Figure 2. Histogram of the distribution of hypocenters of earthquakes in the Northern Tien Shan
(A); continental Asia with M >6.0 (B) and a model of free water distribution by depth in the Earth’s
lithosphere (B).

While numerous weak seismic events in the upper crust (up to 10 km) are
caused by a simple, widespread mechanism called "hydraulic fracturing," the
confinement of major and strong seismic events to the granite layer is explained
by two phenomena: the exceptionally strong physical and mechanical properties
of granitoids, with their high shear and shear resistance and therefore high load-
bearing capacity, and the simultaneous presence of significant amounts of free
fluids, which create anomalous stresses in dislocation zones. Due to their increased
plasticity and "creep," basaltic layers do not accumulate sufficient stresses to
generate strong earthquakes.

Figure 2 shows that the maximum number of strong earthquakes (M > 5.0)
and the main seismic energy are confined to depths of 15-30 km, less often 40
km, i.e. to the granite layer. From a physical point of view, this is an area of
rapid transition of a certain volume of the geological environment from one quasi-
stable state to another, which can be called a region of instability or a focus of
tectonic or seismic stress development. Such a transition is accompanied by the
transformation of a certain potential energy of the elastically deformable medium
into kinetic and thermal energy. This results in multidirectional rapid rupture
displacements, which are usually called an earthquake focus. An earthquake
focus is a local linear region in the earth's crust or upper mantle, where elastic
stresses accumulate and are suddenly released in the form of a rupture along a
fault. The main physical and mechanical parameters of the source include: seismic
moment (M ) - a measure of the overall "size" of an earthquake; The source
radius, shear, and stress, and the released stress—the reduction in stress at the
source during rupture; the propagation velocity of longitudinal (P) and shear (S)
waves, reflecting the elastic properties of the medium; the quality factor (Q) and
spectral parameters associated with internal friction and energy dissipation in the
source and surrounding medium. These quantities determine the seismic radiation
spectrum and the mechanical energy of the rupture.
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Materials and Methods. The study utilized regional and global earthquake
catalogs, including events with magnitudes Mw > 4.0 over a long period of
instrumental observations, as well as those with magnitudes greater than 6.0.
The arrival times of longitudinal (P) and shear (S) waves recorded by local and
regional seismic networks were used to analyze the velocity structure of the Earth's
crust. Recent laboratory measurements of crustal rocks recovered from deep
levels of seismic zones (e.g., subduction complexes) show that P- and S-wave
velocities, low porosity, and material density are closely related to the zone's
susceptibility to rupture: stiffer regions can serve as zones of strong tremors. These
elastic parameters are critical for estimating the critical length of faults on which
large earthquakes can initiate. One of the key parameters of focal mechanics is
the released stress—the measurable change in the stress state before and after
rupture. Analysis of dynamic parameter catalogs (source radius, released stress,
seismic energy) shows that: stress-drop can vary in different regions and depends
on geodynamic conditions (e.g., Tien Shan); before strong earthquakes, average
values of released stress often decrease, and the b-value (a characteristic parameter
of the frequency distribution) increases, indicating non-stationarity of the seismic
regime before a major event. Modern seismic tomography and models show that
sources are not simple flat faults; their structure can be complex, three-dimensional,
and include multiple segments. In subduction zones: large sources are located in
areas of high seismic wave velocities, reflecting rigid blocks; The presence of low-
velocity anomalies and elevated Poisson's ratio may indicate fluid accumulations
and mechanical heterogeneity, which influences the initial excitation of a rupture.
Recent reviews emphasize that fluid pressure, permeability, and hydrogeology
of fault zones significantly influence the mechanical stability of a fault source:
fluids can act as triggers for the onset of slip or, conversely, increase friction with
changes in pore pressure; models incorporate changes in permeability and fluid
pressure during fault preparation and recovery cycles. This area of research is
considered one of the most relevant in earthquake physics, as interfacial processes
(solid-liquid) can significantly alter rupture dynamics.

Modern dynamic models take into account the nonlinear mechanical properties
of the fault surface and the surrounding medium: fault propagation is considered
as a complex dynamic process with deviations from simple linear mechanics,
taking into account plastic elastic behavior, multiscale fracturing and cohesive
properties; multi-peak dynamic responses and mixed mechanisms (tension +
shear) are observed in experimental dynamic loading models, which reflects the
complex nature of the material failure and the rupture process under load (Afonso
etal., 2013; Aki, Richards, 2002). Source parameters (seismic moment, stress drop,
source radius, spectral features) are fundamental characteristics closely related
to the mechanical properties of the source and the surrounding medium. New
measurements of wave velocities and structural anomalies allow us to refine the
models of stress distribution and rupture readiness. The role of fluids, hydrogeology
and mechanical heterogeneities increases the focus on complex source models

16



ISSN 2224-5278 4.2026

that go beyond linear mechanics. Further development of 3D dynamic models
that link large-scale geodynamics with small-scale fault mechanics; integration of
observational data (seismic tomograms, stress-strain measurements) with source
parameters; in-depth study of the role of fluids, temperature effects and mechanical
heterogeneities in the cycle of earthquake preparation and failure. Velocity models
were used to calculate the main elastic parameters under the assumption of an
isotropic linear-elastic medium. The shear modulus (G), Young's modulus (E) and
Poisson's ratio (v) were determined by the standard relationships: G =pV ?, (1);
v= _‘”ﬁ (2); E=2G (1+v), (3), where ( Vp ) and ( Vs ) are the velocities
2V

of longitudinal and shear waves, ( p ) is the density of the medium.

To identify zones of mechanical contrasts, spatial gradients of elastic
parameters were calculated. The relationship between mechanical characteristics
and seismicity density was assessed using correlation analysis with verification
of the statistical significance of the results. Other key criteria for localizing large
earthquakes include: an increase in crustal thickness, an increase in the plane of
ruptures per unit block volume, and the intensity of neotectonic movements (+
displacements mm/year). To calculate other physical and mechanical parameters,
a computational methodology published in [2-4, 21-22] and the formulas provided
therein were used. These formulas were used to calculate the physical and
mechanical parameters at the foci of the strongest earthquakes in the Northern
Tien Shan; the calculations are presented in Table 1 (Abdullaev et al., 2025).

In this work, machine translation of text was used to better understand the
essence of the research problem.

Results and discussion. Numerical values of the physical and mechanical
parameters of the foci of the strongest earthquakes in the Northern Tien Shan for the
period 1900-2026 were obtained (see Table 1). Velocity models reveal pronounced
lateral and vertical heterogeneity within the seismogenic layer. The foci of strong
earthquakes are predominantly localized in zones of reduced shear-wave velocities,
where the reduction in Vs reaches 12-18% compared to the surrounding blocks.
Minimum Vs values are observed at depths of 10-15 km, which corresponds to the
region of maximum concentration of strong earthquake foci. The shear modulus
(G) and Young's modulus (E) are characterized by significant variability both with
depth and in plane. It has been established that strong earthquakes are not confined
to zones with uniformly low or high elastic parameters, but are localized near
the boundaries between mechanically rigid blocks and weakened fault zones. A
statistically significant correlation was revealed between the density of earthquake
foci and the shear modulus gradients (r = 0.65-0.72). This indicates that spatial
contrasts in mechanical properties play a key role in the initiation of focal failure.
Table 1 below presents the numerical values of the physical and mechanical
parameters at the foci of the strongest earthquakes in the Northern Tien Shan,
showing the temperature (T © C) values at the foci, viscosity (1), shear and normal
stresses, strains, elastic modulus, etc. By analogy with computer technology
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in (Abdullaev et al., 2025), similar calculations of physical and mechanical
parameters for the strongest earthquakes with M>7 were carried out. Table 1 shows
the numerical values of the obtained parameters. These values were obtained
for the first time and can serve as a guide in the numerical assessment of other
strong earthquakes. The obtained results confirm the model according to which
the accumulation of tectonic stresses occurs within mechanically rigid crustal
blocks, while rupture initiation occurs in adjacent weakened fault zones. Reduced
values of the shear modulus and increased Poisson's ratio (v) promote unstable
sliding and the development of focal failure. Similar patterns of earthquake foci
localization near elastic contrasts have been identified for the San Andreas Fault
System, the forearc regions of Japan, and the Tibetan Plateau. This indicates the
universal nature of the identified mechanical patterns. Based on the obtained data,
a conceptual model of the focal point of a strong earthquake is proposed, in which
rupture is initiated in a zone of mechanical weakening located at the boundary
with a rigid crustal block in the brittle-ductile transition region. This structure
ensures the simultaneous accumulation of stresses and the conditions for their
unstable release.

Conclusions. Strong and very powerful earthquakes of the Northern Tien Shan
are localized within the seismogenic layer at depths of 820 km.

The foci of strong and powerful earthquakes are confined to zones of sharp
spatial gradients of physical and mechanical parameters.

Reduced shear wave velocities and reduced shear modulus values are reliable
indicators of mechanical weakening of the medium.

Mechanical contrasts between rigid blocks and fault zones play a decisive role
in the initiation of focal destruction.

The identified patterns are universal in nature and can be used in seismic hazard
assessment.
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