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2 Clarivate
Analytics

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

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

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. The article is devoted to the analysis of the seismic situation in the
territory of Zhambyl region. To ensure the safety of the population, it is important
to specify the level of seismic hazard, which is associated with the rapid growth of
urbanized areas. Conducted Regional and local seismicity of the Zhambyl region
were studied. The earthquake representativeness is estimated by accumulating
the number of earthquakes over different observation periods. Macroseismic
manifestations of strong earthquakes and patterns of attenuation of the intensity
of concussions in the study area are studied. Maps of earthquake epicenters and
epicenter densities were constructed, which led to the conclusion that the main
seismic activity is observed in the southern and southeastern parts of the region,
confined to the Kyrgyz and Talas Alatau ranges, with the western end of the Ile
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Alatau and with the transition to the Shu-Ili Mountains. In the eastern and western
parts of the Zhambyl region, seismic activity is moderate, while the northern part
of the territory is characterized by a relatively low level of seismicity. Maps of
probabilistic seismic hazard assessment (VSO) for the territory of Zhambyl region
in MSK-64(K) scores were developed using the Open Quake Engine software. Maps
are presented in two versions: a) - with a probability of exceeding the estimated
intensity of earthquakes of 10% within 50 years (the average period of occurrence
of earthquakes of 475 years); b) - with a probability of exceeding the estimated
intensity of earthquakes of 2% within 50 years (the average period of occurrence of
2475 years). Thus, the seismic potential of the Zhambyl region is quite high — the
possible magnitudes of strong earthquakes with foci in these zones are up to 6.5,
while the intensity of concussions in the south of the region can reach up to 8-9
points. Maps of probabilistic seismic hazard assessment (VSO) for the territory of
Zhambyl region in MSK-64(K) points have been developed and can be used in the
development of building codes and regulations during construction.

Keywords: earthquake, seismicity, seismic regime, isoseists, seismic generating
zones, seismic hazard
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AnoTtanus. Makaia YKamMObUT 00JTBICHIH/TaF bl CEHCMUKAIIBIK YKaF Tali bl TANayFa
apHaJFaH. X aJIbIKThIH KayiTICi3/1iriH KAMTaMachI3 €Ty YIIIiH CEeHCMUKAIBIK KayiMTiLTIK
JICHIeiiH HAKThUTAY ©3€KTi Macee OOJIBII TaObLIA b, OUTKEHI ypOaHU3aIMsIIaHFaH
ayMaKTapAblH KbUIIaM ecyi Oalikananbel. JKaMObLT aiiMaFrbIHBIH aiiMaKTHIK JKOHE
KEPTUTIKTI CeHCMUKANBIFBI 3epTTenreH. JKep CUIKiHICTepiHiH OKIAiriH Oaramay
opTypii Oakpuiay Ke3eHJAEpiHAerl CaHBIHBIH >KUHATYBl OJICIMEH JKYPri3iji.
KyarTsr skep cinkiHiCTepiHIH MaKpOCEWCMUKAIBIK KOPIHICTEpi JKoHE Tepoeric
WHTEHCHUBTUIITIHIH oJIcipeyi 3aHIBUIBIKTAphl 3epTTenmi. JKep CinkiHiCTepiHiH
SMUIICHTPIIEPI MEH AIUICHTPIIEP THIFBI3IBIFBIHBIH ~ KapTadapbl  KYPBUIBIIL,
OHBIH HETi3iHAe alMaKTBhIH OHTYCTIK JKOHE OHTYCTIK-IIBIFBIC OOJiKTepiH/Ie
CEHCMUKAIIBIK OCJICeHIUTIK OalKalaThIHBl TYpaslbl KOPBITHIHJIBI JKACaJJIbI, OV
oencenninik Keiprei3, Tamac Anmaraysl, [ne AnarayslHBIH Oarhic cinemjepi MeH
Lly-Ine TaymappiHa >kakplH OpHanackaH. JKamObUT OOJBICHIHBIH MIBIFBIC JKOHE
Oarpic OemiKTepiHAe CEHCMUKAIBIK OSIICEHUTIK OpTallla, ajl COJNITYCTIK Oeirinae
CaNBICTRIPMAJIBl TYPJE TOMEH CEeHCMHUKANBIK JeHrei Oaikamansl. Open Quake
Engine Oarmapiamanbik >kacakTaMachlH TaiiaiaHa OTHIPEIN, KamMObUT 0ONBICH!
ayMarblHJa CEUCMUKAIBIK KayinTUTKTIH bIKTEMan Oarackl (CKU) kapramapbt
MSK-64(K) 6amnapeiana xacanisl. Kapra exi Hyckaaa YChIHBUTFAH: a) — 50 b1
IITHIE Xep CIIKIHICIHIH ecenTeNreH WHTeHCUBTUTriHIH 10%-1aH ackim Kety
BIKTUMAJIIBIFBIMEH (3KEp CLIKIHICTEpiHIH OopTaiia KalTajaany ke3eHi 475 xKbi); 0) —
50 KBUT iIIHAE JKEeP CITKIHICIHIH €CenTeNTeH MHTeHCUBTLUTITIHIH 2%-/1aH achIl KeTy
BIKTUMAJIIBIFBIMEH (OpTaiia Kairanany ke3eHi 2475 sxbur). Ochinaiima, XKamObut
OOJIBICHIHBIH CEHCMUKAITBIK TIOTSHITMAIBI ©T€ KOFaphl — OChI alMaKTap/aFbl KYIITi
Kep CUIKIHICTepiHiH MarHuTynajiapel 6,5-ke JeHiH JKeTyi MYMKiH, al OOJBICTBIH
OHTYCTIK Oeutirinae TepOenic MHTEHCHUBTNIN 8-9 Oamnra AeliH JkeTyl MYMKiH.
YKamOBLT 0OTBICKIHBIH ayMaFbl YIITiH BIKTUMAJ CEMCMUKAIBIK KayiNTUTIK KapTaiapbl
(CKU) MSK-64(K) 6anmapbIaia KypbUIbII, KYPbUIBIC HOPMaJIapbl MEH €pexKeliepiH
o3ipIey Ke3iH/ie malijaanbuTybl MYMKIH.

Tyiiin ce3mep: >kep CIiNKiHICI, CEHCMHKAIBIKTBIK, CEHCMHKAIBIK PEKUM,
M30CeHiCTep, CeCMOTEeHEPaTOPIIBIK allMaKTap, CEHCMHUKAIBIK Kayin
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Annorauus. CraThsi TMOCBAIICHA aHATU3y CEHCMUYECKOW OOCTAaHOBKU Ha
tepputopun XKaMmObicKko# o6mactu. C yd€ToM OBICTPOTO pocTa ypOaHH3UPOBAHHBIX
TEPPUTOPUIN aKTyaJIbHOM SIBISIETCS 3ajlaua yTOYHEHUs] YPOBHS CeHCMHUYECKOU
OIACHOCTH AJIs1 o0ecreueHus1 0e30nacHOCTH HaceseHusl. M3ydeHsl pernoHanbHas
W JIoKajbHas celicMuyHOCTh JKamObuickoro peruoHa. IlpencraBuTenbHOCTH
3eMJIETPSACEHUI OlLleHeHa 10 JAMHAMUKE HAKOIUIEHWS HX YHUCla 3a pa3inyHble
Nepuoabl HaOMIoAEeHUH. PaccMOTpeHbI MakpoCeCMIUUECKUE MTPOSIBICHUST CHIIbHBIX
3eMJIETPACEHNH ¥ 3aKOHOMEPHOCTH 3aTyXaHUs HHTEHCHUBHOCTH COTPSICEHHA.
Ha ocHOBe MOCTPOEHHBIX KapT 3MULEHTPOB U UX MJIOTHOCTH YCTAHOBJIEHO, YTO
OCHOBHAsI CEHCMMYECKas aKTUBHOCTh HAOJIONACTCA B FO’KHOM M IOr0-BOCTOYHOM
YacTsX peruoHa, MpuypodeHHBIX K XpeOram Kuprusckomy, Tamacckomy Amnartay,
3amagHbIM  okoHuaHusiM Wne Amaray u Ily-Mnuiickum ropam. Boctounas
W 3amajgHas 4yacTH oOONacTH XapaKTepHU3yIOTCS YMEpEeHHOW cellcMHuuyecKon
AKTMBHOCTBIO, a CEBEPHAsi — OTHOCHUTEIbHO HU3KUM ypOBHEM celcMUIHOCTH. C
WCTIOJIh30BaHWEM TporpaMMmHOT0 obecrieuennsi OpenQuake Engine paspabortansl
KapThl BEPOSITHOCTHOM OLIeHKH ceficMuueckoi onacHoct (BOCO) B 6annax MSK-
64(K): a) mpu BeposITHOCTH NPEBBILICHUS PACYIETHON HHTEHCUBHOCTH COTPSICEHUI
10% B Teuenue 50 ner (mepuox mosropsieMocTr 475 net); 0) Npu BEpOSITHOCTH
npesbiienns 2% B teuenne 50 ner (mepuon moBropseMocTu 2475 ner). Takum
obpazom, ceficMudecknii moTeHIan JKaMObBIICKOH 00JIaCTH JOCTAaTOYHO BBICOK:
BO3MOKHBIE MAaTHUTY/bI CHIIbHBIX 3¢MJICTPSICEHUI JOCTUTAIOT 6,5, a IHTCHCUBHOCTh
COTpsICEHHH Ha fore permoHa — 1o 8—9 Oamnos. Pazpaborannsie kapret BOCO
MOTYT OBITh MCIIOJIB30BaHBI TIPH MOJATOTOBKE CTPOUTEIBHBIX HOPM M MPaBUI IS
MIPOEKTUPOBAHUS COOPYKEHUI Ha CEHCMOONACHBIX TEPPUTOPHUSIX.

KiroueBble ciioBa: 3eMJIETPSCEHUE, CEMCMUYHOCTh, CEMCMUYECKUNA PEKUM,
HU30CEUCThI, CEHCMOTEHEPUPYIOIIUE 30HbI, CEHCMUYECKas OMaCHOCTh

Introduction. The specifics of the natural conditions of the Zhambyl region
are such that none of its residents are immune from the seismic hazard and the
associated risk of a strong earthquake. In modern conditions, the relevance of
this problem is growing due to population growth, the construction of high-rise
buildings, and the increasing number of objects of strategic importance and the
development of settlements in the region. The official map of the general seismic
zoning of Kazakhstan was created in 2017. According to the map 80% of the region's
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territory is affected by earthquakes with the intensity of shaking the earth's surface
from 6 to 8 points. Thus, to ensure seismic safety of the population, it is necessary
to conduct detailed seismic zoning of this territory. Studies of the regional and local
seismicity of the Zhambyl region were carried out according to the catalogues of
strong and weak earthquakes.

In this paper, the seismic hazard assessment is carried out using modern
methodologies and analysis tools, as well as the most complete and up-to-date
information available for the territory under consideration. Conducting analysis
in a probabilistic setting and for quantitative parameters is a new direction for
Kazakhstan. For solved this aim was used the Open Quake Engine program («Open
Quake Engine» software) - an open software for calculating seismic hazard and risk.

Materials and methods of research. The information base of the research was
catalogues of strong and weak earthquakes in the Zhambyl region and adjacent
territories, which were compiled from macroseismic and instrumental data. Reliable
macroseismic data have been available since the second half of the 20th century.
Regional instrumental observations of the Zhambyl region and adjacent areas have
been carried out since 1927, and detailed observations (by a network of highly
sensitive stations) have been carried out since 1950. Studies of the regional and
local seismicity of the Zhambyl region were carried out according to the catalogues
of strong and weak earthquakes in the south and south-east of Kazakhstan compiled
at the National Scientific Center for Seismological Observations and Research
based on the data of the Republican Seismological Network, in addition, the
unified catalog of Tien Shan earthquakes (Dzhanuzakov et al., 1997), created by
seismologists of Kazakhstan, Kyrgyzstan and the Seismological Bureau of the
XUAR of the People's Republic of China, as well as a catalog of earthquakes in
Central Asia (Earthquakes in Northern Eurasia in 1992-2000, 1997-2004). Further
refinement of the earthquake catalog was carried out within the framework of the
international projects CASRI and EMCA (Mikhailova et al., 2003). To assess the
seismic hazard, we used the "Representative Earthquake Catalog", released in early
2022 as part of the CASHA (Central Asia Seismic Hazard Assessment (CASHA))
project. The listed data made it possible to create a single earthquake catalog for
the study area. It should be noted that in some catalogues, the classification of
earthquakes by magnitude is performed using magnitude, and in others-using
energy scales. To switch from energy efficiency (according to Rautian) scales
to the magnitudescale, the relations of their interrelation obtained in the works
(Mikhailova, et al.,1986;1999):

K=1.8 MLH+4.0 (M<5.5); (D)

K=1.5 MLH+5.6 (M>5.5)

K=5.44+1.52 MS (K>12.6);

MS=1,0MLH - 0,1;

K =2.13 MPVA + 0.66;

where K=IgE (J) is the energy class of the earthquake; MS is the magnitude
determined from the vertical component of the surface wave using medium-period
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equipment; MLH is the magnitude determined from the horizontal components
of the surface wave using medium — period equipment; MPVA is the magnitude
determined from the vertical component of the longitudinal wave using short-
period equipment in the near (MPVA) zone.

When studying the seismic situation, the reliability of conclusions significantly
depends on the representativeness of earthquakes for different periods of observation,
separately for strong and weak earthquakes. At the same time, great importance is
attached to the assessment of the K-minlevel, which is associated with the practical
majority of seismic events in the Zhambyl region in the earthquake catalog since the
early 50s, since this level changes over time due to changes in seismic observation
systems. Data on strong earthquakes are more reliable due to their presence over
a longer period of time. The estimation of their representativeness in the Zhambyl
region was carried out by accumulating the number of earthquakes for different
observation periods, which correlates well with the main stages of development
of seismological observations in Central Asia and Kazakhstan. To estimate the
representativeness of weak earthquakes, the following parameters of the seismic
regime were used: time series of earthquakes with foci of different energies (Nk),
graphs of the accumulation of earthquake numbers with different K(XNk) and their
ratios (XNk/ENk+1).

In this paper, the seismic hazard assessment is carried out using modern
methodologies and analysis tools, as well as the most complete and up-to-date
information available for the territory under consideration. Conducting analysis
in a probabilistic setting and for quantitative parameters is a new direction for
Kazakhstan, which continues to develop and improve methodically, taking into
account the world achievements implemented in the Open Quake Engine program
(Open Quake Engine) - an open software for calculating seismic hazard and risk.
This software is developed, maintained, and distributed by the Global Earthquake
Model Foundation (GEM), which uses the methodology (VSO) originally proposed
by Cornell (Cornell, 1971), but using the methodological formalism of Field et al
(Field, et al, 2003).

Results. Elements of tectonics. The region is susceptible to strong earthquakes
with foci located both on the territory of the region itself and beyond. Local foci are
confined mainly to mountainous areas in the south of the region, which belong to
the so-called young tectonic structures”. Tectonic movements here are very intense,
which creates an increased level of seismic activity. The Karatau Mountains in the
west of the region, which belong to the ancient (Caledonian-Hercynian) folding,
which has already passed its active phase, are more calm in terms of seismic
activity. "Overgrown" and consolidated faults predominate here, so the level of
seismicity is relatively low (Bekzhanov, et al., 2000). The Shu-Ili Mountains in
the east of the region are also tectonically part of the very ancient Caledonian fold
of the Central Asian Fold Belt. The centers of "transit" earthquakes are associated
with seismically active zones in Uzbekistan, Kyrgyzstan and the Almaty region of
Kazakhstan.
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Seismic history of the region. According to information (Nurmagambetov, et
al., 2006), the first reliable mention of a strong earthquake in the Zhambyl region
dates back to March 22, 1865. The source of this earthquake was located in the
foothills of the Kyrgyz range at a distance of ~25 km from the village of Merke.
In the epicenter, the intensity of Earth's surface tremors was ~ 8 points, and in the
village of Merke-7-8 points.

The devastating Belovodsk earthquake, which occurred on August 3, 1885 with
its epicenter in the northern foothills of the Kirghiz range, as a result of which the
settlements of Kirghizia Belovodsk and Karabalty were completely destroyed, was
manifested in the territory of Zhambyl region with an intensity of concussions up to
6-7 points. So, in Merka, it appeared with an intensity of 6 points, and in Zhambyl-5
points. The most reliable information is available about the Tashkent earthquake of
January 31, 1908 with a magnitude of M=5.3, which was recorded by the Tashkent
seismic station operating at that time. Its epicenter was located at a distance of ~15-
20 km south of Zhambyl (now Taraz), where the intensity of concussions was 7
points, and in the city itself it manifested with an intensity of 6-7 points.

On October 30, 1930, in the west, and on September 27, 1937, in the east of the
region, significant earthquakes occurred with approximately the same intensity in
the epicenter (about 6 points).

Since then, until 1971, strong earthquakes with foci in the region and near it
were not observed. However, at different times, transit earthquakes were felt here,
the epicenters of which were located in adjacent seismically active zones. The
most significant event in the seismic history of the Zhambyl region is the strong
earthquake of May 10, 1971. Its epicenter was located on the southern outskirts of
the city of Zhambyl, in the zone of junction of the Kyrgyz ridge with the city of
Karatau (Fig. 1a). This earthquake was felt in the vast territory of Central Asia. In
the epicentral zone, it appeared with an intensity of up to 7 points.

13 years later, on February 2, 1984, residents of Zhambyl felt another strong
underground shock, but with much less force than in 1971. Its epicenter almost
coincided with the epicenter of the May 10, 1971 earthquake. This time, the
intensity of the concussion was one point less than in the previous one, and mainly
old buildings that had deformations from the earthquake of May 10, 1971 were
affected.
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Fig. 1-Diagram of the distribution of concussions as a result of an earthquake (isoseist maps): a-May
10, 1971; b-May 23, 2003.
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On May 23, 2003 in T. Ryskulov region was another strong earthquake, named
Lugovskoe. Its epicenter was located in the area of Lugovoye station and it was
an extremely important event in seismic life not only in Zhambyl region, but also
in Kazakhstan as a whole. The significance of this earthquake was determined
primarily by the severity of its consequences. As a result of the earthquake, three
people were killed. In a limited area within the epicentral zone, the intensity of
its manifestation on the Earth's surface reached 7-8 points. After the main impact,
many aftershocks occurred, the number of which reached 40 in the first day alone
(Fig.1b).

Based on the analysis of the above data on the manifestation of strong
earthquakes, a scheme of consolidated isoseists is constructed, reflecting the total
picture of the distribution of the observed concussions on the Earth's surface (Fig. 2).
The basis of this scheme consists of isoseists of both local and transit earthquakes,
which manifested themselves with the greatest intensity in the territory under
consideration.

Thus, during the period from 1865 to the present, one earthquake occurred in the
territory of Zhambyl region with the intensity of concussions in the epicenter [ =8
points, one-with the intensity in the epicenter 1 =7-8 points, two-with 1 =7 points,
and five earthquakes with I = 6 points. In addition, numerous transit earthquakes
were felt with the intensity of shaking the earth's surface of 6-5 or less points.
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Fig.2 Map of the maximum concussion intensity observed on the territory of the region (figures
— concussion intensity in points)

Modern seismic environment. A strong earthquake is a rare event and it is very
difficult to assess the level of the current seismic situation in a particular area.
Weak tremors come to the rescue. Based on them, you can quickly accumulate
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observational material that is sufficient for statistical conclusions. This material can
be compared with data for strong earthquakes and find common patterns for both.
In addition, a detailed study of the entire population of earthquakes, both strong and
weak, can help in assessing the degree of seismic hazard for individual territories
and in developing methods for predicting strong earthquakes.

Seismic stations annually register many weak tremors in the region, the foci
of which are unevenly distributed. As we can see from the figure (Fig.3), with
such a chaotic arrangement of epicenters of weak shocks, it is very difficult to
identify certain patterns in their distribution. In general terms, it can be concluded
that the main seismic activity is observed in the southern part of the region, in the
eastern and western parts it is moderate, and the northern part of the territory is
characterized by a relatively low level of seismicity.
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Fig.3 Map of earthquake epicenters with K=7.6+12.5 (M<4.8) from 1961 to 2024

A more visual picture of the spatial distribution of seismicity is provided by the
map of the density of earthquake epicenters (Fig. 4). This density map shows the
epicenters of major earthquakes that have occurred. As you can see, the highest
density of epicenters is characterized by the southern regions of the region, confined
to the zone of the Kyrgyz ridge. Local maxima of epicenter density are observed
in the areas of the Shu-Ili Mountains, near the village of Merke, Taraz and khr.
Karatau. The Shui Valley is characterized by the lowest values of epicenter density.
The lines of maximum density of epicenters are oriented in the near-latitude, north-
eastern, and north-western directions. Near-latitude epicenter density anomalies are
mostly confined to the Kyrgyz Ridge and extend eastward to the Ile and Kungei
Alatau ridges. The density lines of the epicenters of the northwestern strike are
quite clearly visible in the west (Karatau Cr.) and in the east (Shu-Ili Mountains).

248



ISSN 2224-5278 5.2025

Fig. 4 Map of the density of earthquake epicenters with epicenters strong M>4.8 from earliest times
to 2022

As we can see from Figure 4, in those places where strong earthquakes occurred,
the density of epicenters of weak tremors is relatively high. This is one of the
fundamental patterns of the spatiotemporal distribution of weak earthquakes.

Indicators of the level of current seismic activity in the region as a whole and
individual seismically active zones are parameters of the seismic regime, which
are estimated using the earthquake repeatability graph (Sydykov, 2004; Sadykova,
2012). Figure 5 shows graphs of earthquake frequency for the Northern Tien Shan
territory as a whole and for individual zones for which there are sufficient initial
data for plotting. As can be seen from this figure, the graphs are straight in the
range of energy classes K=8-13. The level of seismic activity in the eastern part of
the Kyrgyz Range is comparable to the level of seismic activity in the territory of
Ile-Kungei Alatau.
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Fig. 5. Graphs of earthquake frequency for different seismically active zones of the region
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Discussion

Assessment of the level of seismic hazard is aimed at identifying the seismic
generating zones, determining the parameters of their seismic regime, and finally
calculating the seismic effect on the earth's surface created by them. These studies
are based on a detailed and comprehensive study of the deep structure of the Earth's
crust, seismotectonics, regional seismicity, and engineering seismology.

In the practice of seismic hazard assessment, two approaches are used:
deterministic and probabilistic. The deterministic campaign was the standard
and was used in Kazakhstan in earlier times, until the end of the 20th century.
In the 21st century, the second approach is mainly used — probabilistic, which
brings the domestic methodology closer to the international one, which has long
been generally accepted in many countries when assessing seismic hazards. The
methodology of seismic hazard assessment based on the probabilistic approach
applied to seismically active regions of Kazakhstan is described in some detail
in a number of publications (Silacheva et al, 2023; Allen et al, 2012; Bindi et al,
2011). In general terms, it is reduced to determining the maximum seismic impacts
expected with a certain probability in a given territory in a given time interval and
due to the frequency of earthquakes.

Following this methodology, using the Open Quake Engine software (Open
Quake Engine software), taking into account linear and areal sources, probabilistic
maps of the seismic hazard assessment of the Zhambyl region were obtained for
two probability levels of 10% and 2% over 50 years in points of the MSK-64(K)
scale, which are presented on a scale of 1:1,000,000 in Figures (Fig.6 a, b).

b)

Fig. 6 - Maps of seismic hazard assessment for the territory of the Zhambyl region in points of the
MSK-64(K) macroseismic scale with a probability of exceeding the calculated intensity: a -10% for
50 years (average repeatability period of 475 years); b-2% for 50 years (average repeatability period

of 2475 years)

As can be seen from the map for the 475-year repeatability period of seismic
shocks (Fig.6a), the maximum intensity of concussions (9 points) occurs in a small
area south of. Merke village (western dip of the Kyrgyz ridge) and in the north-east
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of Kordai village (Shu-1li Mountains). The less intense (8-point zone) is extended
in a north-northeasterly direction. The map for the period of occurrence of seismic
shocks of 2475 years (Fig.b) differs markedly from the previous one, where the
zones of shocks occupy large areas. So, the area of the 7-point zone practically
extends up to the northern borders of the region.

Conclusion

To study the nature of seismicity and its manifestation in the territory of Zhambyl
region, an information seismological database was formed based on macroseismic
materials and regional catalogs of earthquakes of various levels. The sufficient
length, uniformity, and high quality of these data made it possible to analyze the
patterns of seismicity occurrence on large spatio-temporal scales, and the computer-
readable form of catalogs made it possible to use various methods of mathematical
statistics for their analysis. Spatial and temporal patterns of earthquake occurrence
are investigated not only within the Zhambyl region, but also on a larger scale -
within a single seismically active belt, which is more appropriate when studying the
nature of the seismic process, and which is difficult or even impossible to do with
only local or regional studies. Analysis of macroseismic consequences of strong
earthquakes and maps of isoseists of the region under consideration and adjacent
seismically active zones according to historical data showed that in the historical
period of time, the magnitude of seismic impacts in the territory of Zhambyl region
reached 7-8 points. A comparative analysis of the results on the spatial distribution
of the density of foci of numerous weak earthquakes and epicenters of strong
earthquakes (M>4.8) showed that the latter are confined to areas with high densities
or to their marginal parts. The seismic hazard assessment of the territory of Zhambyl
region was carried out in a probabilistic setting and for quantitative parameters
using the Open Quake Engine - an open software for calculating seismic hazard and
risk, which is a new direction for Kazakhstan.

Thus, the potential seismic hazard of the territory of the Zhambyl region is
determined by the seismogenic zones in the south and southeast of the territory,
geographically connected with the Kyrgyz and Talas Alatau ranges, and the western
end of the Ile Alatau range, which passes into the Shu-Ili Mountains. The seismic
potential of these zones is quite large — possible earthquake magnitudes, with foci
in these zones, reach up to M=6.5, while the intensity of concussions in the south
of the region can reach up to 8-9 points.
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