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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 Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH 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 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d 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).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Relevance. The seismic hazard in Almaty remains a critical issue due
to the city’s location in an active tectonic zone. The development and continuous
updating of seismic microzoning (SMZ) maps are essential for ensuring safe urban
planning and construction. The increasing number of identified tectonic faults and
expansion of high-intensity seismic zones highlight the need for reassessment
of existing approaches. Goal. The aim of this study is to analyze the seismic
situation in Almaty, review the development stages of seismic microzoning maps,
and evaluate the justification for including local tectonic faults and imposing
construction restrictions within their zones. Methods. The study is based on the
analysis of historical and modern SMZ maps, comparison of different mapping
stages, and review of existing scientific publications. Instrumental observations,
geological and tectonic data, as well as regulatory documents (including SP
RK 2.03-30-2021) were used to assess changes in seismic zoning and fault
identification. Conclusions. The latest SMZ map shows a significant increase
in the number of tectonic faults and expansion of high seismic intensity zones.
However, the justification for including local faults and restricting construction
within their influence zones remains debatable. The author suggests conducting
additional studies to specify the position and characteristics of faults, after which
a more scientifically grounded decision regarding construction limitations in
fault zones can be made. A distinctive feature of the new map compared to the
previous one is the increase in its total area due to the addition of new sites, and,
accordingly, the area of 9- and 10-point zones, and, most importantly, the increase
in the number of tectonic faults. On the map, 27 tectonic faults pass through
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Almaty, along which experts have recommended excluding development within
300 meters (the exception is the 500-meter-wide Zailiysky fault zone). The author
of this article discusses whether it is worthwhile to show such local faults on
the construction and installation work map and restrict development within them.
The article analyzes existing publications on this topic and expresses her opinion
regarding the questionability of the local faults identified on the map and their
zones of influence, within which development is restricted.

It is proposed to conduct additional research to clarify the planned position of
the faults, and based on their results, make a decision about the fault zone in the
city.

Key words: Earthquake, seismic hazard, seismic microzoning, tectonic faults

Funding. The studies funded by Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan under Program No. BR 24992763.

For citations: Nurmagambetov A. On Seismic Hazard of Almaty and Tectonic
Faults in the City. News of the National Academy of Sciences of the Republic of
Kazakhstan, Series of Geology and Technical Sciences. 2026. No.2. Pp. 309-318.
DOI: https://doi.org/10.32014/2026.2518-170X.630

©HypmarambeTtoB 9., 2026.
CelicMONOTHSITBIK OaliKay KOHE 3€PTTEY YITTHIK FHUIBIMHA OPTAIIBIFBL,
Anmarel, Kazakcran.
E-mail: nalkuat@mail.ru

AJIMATBI KAJIACBIHBIH, CEHCMUKAJBIK KAYIITLIITT 3)KOHE
KAJIAJIAFbI TEKTOHUKAJIBIK KAPBLIBIMJAP "KAMJIbI

Hypmaram6eToB OJKyaT — TeOJOTHsA-MUHEPAJIOTUS FBUIBIMJIAPBIHBIH JOKTOPEI, Ipodeccop,
0ac FBUIBIMH KBI3METKEp, YJITTHIK CEHCMOJIOTHSUIIBIK OaKbLIay >KOHE 3epPTTEy FBUIBIMH OPTAJIBIFEI,
Anmarsl, Kazakcras,

E-mail: nalkuat@mail.ru, https://orcid.org/0009-0004-4379-6608.

AnHoTanus. Maxkana AJMaThl KaJIachIHBIH CEMCMUKAIBIK KaFIaiibIH Tanaayra
apHajiFaH. AJMaThl Kajachl YIIH op0ip Ke3eHAE jKacajfaH CEeUCMUKAJIBIK
MUKpOaydaH/ay KapTanapbl KapacTbIpbulFaH. AJFall peT MyHAal KapTajapibl
Kacay SKyMbIcTapel 1953 sxpurmaH Oacrambi, AJMaThl KanachklHa apHajFaH
«BpeMeHHbIX YKa3aHUi M0 3aCTpoiike ropoja AnMa-Artay arayibl yaKbITIIA EPEexKe
JKacaJFaH. AJMarbl KaJlaChIHBIH CEMCMHUKAJIBIK KAayilTUIr >KOFapbl OOJIybIHA
OaliIaHBICTBI, Kajla ayMarblHJa CEHCMHUKaJbIK MHKpOAylaHAay IKYMBICTAPHI
aNJarbl yaKbITTa apHaibl MEKeMeNep/iH KAaThICYbIMEH KOCHIMIIA KEelICH/ I
3epTTeyJIEepPMEH IKaIFacTBHIPBULIBL. by 3eprTeynep HOTHXKeCiHAEe KapTaHBIH
JKaHa BapUAHTHI JKACAIBIN, OHJIA aJFalll PeT Kaja ayMarblHaa ceHimzi (OipiHm
KaTETOPHUSIIBI) KOHE JKopamMalt OeITiHTeH KapblIbIM OelieMAepi KopceTireH. AliTa
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KETETiH KOWUT, OJ Ke3e Kaja ayMarbl alTapibIKTail YJIKEH eMec JKOHE Jie TYHT1
Me3riie Oipmama «ThIHBI OonarbiH. COHJBIKTaH, TYHIT ME3TUINIE JKOFaphl
ce3iMTanpl reo(U3UKaIbIK acrmanTapMeH JKYMBIC iCTeyre MYyMKiHAiK OONaThIH.
Kaprajga kepcerinren »xapblibiM Oenemaepi KypbUIbIC KYMBICTapblHA emoip
meKTey OOMMaNThIH SFHU KYphUTBIC epexenepinne (PCH) mynmaii mekreymep
KenTipinMereH. KamanbrH OYTiHTI TaHAaFbl COHFBI CEMCMHKAIIBIK MUKpOAyIaH/1ay
kapracel 2021 oxbuiel dkacanbim, icke Kocburmel (CIT PK 2.03-30-2021).
Makanajga Kajna yuriH opOip Ke3eHJe jKacalfaH CEHCMHUKAIIBIK MHKpOAylaHAay
KapTaJIapbIHbIH KepiHicTepi kenTipuireH. Kasipri KoJgaHbICTaFbl CEHCMUKAIBIK
MUKpoOay/JaHJay KapTachlHbIH Oacka KapTajlapra KaparaHlla epeKIIeNiri Kaia
ayMarbIHa KEHIiHT1 Ke3le KOCBUIFaH JKaHa ydackesepre OailIaHbICThl KapTaHBIH
ayIaHbl, dcipece Kajia ayMarblHaFbl TEKTOHUKABIK KapbUIbIMJIAP CaHbIHBIH OCYi.
Kaprama 27 TeKTOHMKAIBIK JKapbUIbIMIAp KOPCETLUIII oHE onapabl Kyanait 300
METp €Hi ayMarbIHa emI0ip KypbUIbIC )KYMBICTAPBIHBIH JKYPri3yre OOJIMalThIHBI
ycoiHbUIFaH (0ys1 ycwiHbIc e araymel xapeuibiMaa 500 merpre TeH). Makana
ABTOPBI OCBI OAPIIBIK KEPTUTIKTI )KAPBUIBIMJIBI KapTaia KOpCeTil, oap/sl Kyanai
300 MeTp EHAUTIKTE KYPBUIBIC »XYMBICHIHA TOKTATy AVPHICTIAa JETeH CYpaKka
ayarr i3xeii. O yIriH aBTop 0CHl TAaKBIPHIIIKA apHIaFaH 0acka Ja MaKajaiapra
capariray ’acar, 3 MiKipiH Ougipes.

ABTOp MakajaJaa KeTepuIreH CypakKThl XKaH-)KaKThl capajail KeJin, KOChIMIIa
KEIICH 1 3epTTeyiep >KYPTi3il, JKepriliKTi >KapbUIbIMIApAbIH Kajda ayMarbIHIIa
OpHaJaCyblH TYOEreilsli 3epTTer, OJap/blH CEHCMHMKAJIBIK KayilTUIIMH HAaKThI
aHBIKTAY/Ibl YChIHAIBI.

Tyiiin ce3mep: KepciiKiHici, CEWCMHUKANBIK KayilTiTiK, CEHCMHUKAJIBIK
MUKpOayJaHay, TeKTOHUKAJBIK KapblUIbIMAAP
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O CEMCMHMYECKOM OITACHOCTHU TEPPUTOPHUU 1. AJIMATBI
N O TEKTOHUYECKHUX PA3JIOMAX B TOPOJIE
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AHHoTauusi. Axmyansnocms. CTaTbs TOCBsIIEHA aHAIU3y CceHcMHUYECKOi
CUTyallUl Ha TEPPUTOPHUH Topona AJMAaThl, XapaKTEpHU3YIOLIETOCS BBICOKOM
CTETEHBIO CEMCMUYECKOM OaCHOCTH. B yCIIOBUSIX aKTUBHOT'O TPaJI0 CTPOUTEIIHHOTO
Pa3BUTHS U POCTA AHTPOIOICHHONW HArpy3ku 0COOyI0 3HAYMMOCTb NPHOOpeTaeT
YTOYHEHHE TIapaMeTpoB  ceilicMudeckoro  MuKpopaiionupoBanus (CMP)
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W KOPPEKTHAasi MHTEpPIIpEeTalusi TEKTOHHYECKUX CTPYKTYp, BIHMSIOMHUX Ha
0e30macHOCTb 3acTpoiKku. [lens uccredoganuss — aHANHM3 HBOJIOLHMUA KapT
CEeHCMHUYECKOr0 MUKPOPaOHUPOBaHUS ropoga AJMaTkl, OLIEHKA JOCTOBEPHOCTH
BBIICNICHUS TEKTOHNYECKUX Pa3JIOMOB M 000CHOBaHNE HEOOXOAMMOCTH yTOUHEHHUS
UX IPOCTPAHCTBEHHOIO IIOJOXKEHHUS JJsl NPUHIATHS TI'PagoCTPOUTEIBHBIX
pemennii. Memoowt. Paccmotpens atambl popmupoBanns kapt CMP, HaunHas ¢
MIEPBBIX UCCIIEIOBAHMIA, MPOBENEHHBIX B 1953 TOy, 3aBepIIUBIINXCS pa3padOTKON
«BpeMmeHHBIX ykazaHuil mo 3acTpoiike ropona AnmMa-Ate». B mocnemyromue
ro/lbl WCCIICJIOBAaHMS OBUIM DPACHIMPEHbI 3a CYET NPUMEHEHHUS KOMILIEKCHBIX
reo()U3NUecKnX, WHXEHEPHO-TEOJIOTHYECKUX U HMHCTPYMEHTAJbHBIX METOMIOB C
MPUBJICYCHUEM CIICIIMAJIM3UPOBAHHBIX opranu3anuil. [TpoBesi€H cpaBHUTEIbHbBIN
aHanu3 kapT CMP pa3nuuHbIX NE€pHOAOB, BKIIOUAs 1EHCTBYIOLTYI0 HOPMAaTUBHYIO
KapTy, BBeAEHHYIO B 3kciuTyaranuio B 2021 roxy (CII PK 2.03-30-2021). B pabote
WCTIOJIB30BaHbl apXUBHBIE MaTepHAIIbI, OIyOIMKOBaHHBIC HayYHbIE UCCIICIOBAHNUS
1 HOpMAaTHUBHBIE JIOKYMEHTHI. Pesynvmamel u 661600bi. YCTAaHOBJIEHO, YTO HOBas
kaptra CMP cymiecTBeHHO OTIMYAeTCsl OT IMPENbIAYIINX BEPCHM YBETHUYEHHEM
0XBaTa TEPPUTOPHUU IOPOJIA, PACIIUPEHUEM 30H CEHCMUYHOCTH MHTEHCUBHOCTbIO
9 m 10 GamnoB, a TaKKe 3HAYUTEIBHBIM POCTOM KOJIMYECTBA BBISBICHHBIX
TEKTOHMYECKHX pa3loMoB. Ha coBpeMeHHOH KapTe BbIIENeHO 27 pPas3ioMOB,
BJIOJIb KOTOPBIX PEKOMEHJIOBAHO OIPAaHWYEHHE 3acTPOMKM B Ipejenax IoJIoc
mupuHoit 10 300 M (mna 3awmnwmiickoir 30HBI - g0 500 m). Ilokazano, 4To B
MpeNbIIyINX HOPMATUBHBIX JIOKYMEHTAaX OTPaHHUYEHHUS CTPOUTEIhCTBA B
30HaX pasjIoOMOB OTCYTCTBOBAJIM, HECMOTpPs Ha UX Hajuuue. B crarbe npoBenéH
aHaJIU3 CyLIECTBYIOIIMX MyONUKalMi 10 JaHHOM mpoOiemarnke U 00OCHOBaHA
JMCKYCCHOHHOCTB BOIIPOCA O JOCTOBEPHOCTH BBIJICJICHUS JIOKAJIBHBIX Pa3lOMOB
U IIMPUHBI 30H UX BAuAHUA. OTMeueHO, 4YTO Ype3MepHas JeTaau3anus
Pa3IOMHOM CTPYKTYpBI 03 JOCTATOUHOTO Te0O(PU3NUECKOr0 U TeOJUHAMUIECKOTO
MOJTBEPKACHUSI MOXET TPUBOJUTH K HEOOOCHOBAaHHBIM OTPaHHYEHUSM
IpafoCTPOUTEIBHON AEATEIBHOCTU. B CBA3M ¢ 3TUM mpeasiaraercsi IpoBeIeHHE
JOTIOJTHUTENBHBIX KOMIUIEKCHBIX HCCIICAOBAaHUM, HAlpaBICHHBIX HAa yTOYHEHHE
TUTAHOBOTO MOJIOKEHHU S TEKTOHUYECKUX PA3JIOMOB, IIOCIIE YETO CICAYET IPUHUMATh
00OCHOBAaHHBIC PELICHUST OTHOCUTENILHO YCTAHOBJCHHS 30H OrPaHUYCHUS
3aCTPOMKHU Ha TEPPUTOPUH rOpoja.

KuroueBble ciioBa: 3emiieTpsiceHue, ceiicMuueckast OracHOCTh, CEHiCMIUEcKoe
MHUKPOPaOHUPOBAHUE, TEKTOHUUECKUE PA3JIOMbI

Introduction. According to the official map of seismic zoning of Kazakhstan
(Construction Norms and Rules of the Republic of Kazakhstan), the seismic hazard
level of Almaty is estimated at 9 points, which is the initial or design seismicity for
the city. Then, based on this assessment, the seismic hazard of the city territory is
specified by drawing up a seismic microzonation map (SMZ).

In geological and structural terms, the territory of Almaty belongs to different
tectonic blocks in terms of structure and history of geological development: the
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Almaty Depression, the Boroldai Rise and the elevated stage of the piedmont
counters (Geophysical, 1975). The peculiarity of the tectonic position of the city
and the high degree of seismic hazard requires special attention to the design and
location of housing and industrial construction facilities, for the preparation of the
General Plan of the city's development considering seismic hazard.

Literature Review. About the history of research on SMZ. The history of
seismic microzonation mapping of Almaty city territory dates to the early 50s of
the last century. For the first time such works in the republic were started in 1953
and ended with the creation of "Temporary guidelines for the development of the
city of Alma-Ata".

In 1962, S.V. Medvedev (Professor of the Institute of Physics of the USSR
Academy of Sciences, Moscow) made a scheme of seismic microzonation based
on engineering and geological data (Figure 1a), where the territory of the city is
divided into 9- and 10-point zones (Medvedev,1962).

In 1958, the Institute of Geological Sciences of the Academy of Sciences of
the Kazakh SSR initiated purposeful research on seismic microzonation mapping,
which was largely experimental and methodological in nature. Based on the
results of these studies, in 1962 the first map of microseismic moray zonation of
the territory of Alma-Ata (Kazanli D.N., Antonenko E.M., 1960) was drawn up,
which served as a basis for the first normative document approved by the Gosstroy
of the KazSSR - Republican Construction Norms (RCN)-10-62. It should be noted
that both maps (compiled by S.V. Medvedev and in the IGN of the Academy of
Sciences of the KazSSR) practically coincide.

The works on clarification of the map of the SMZ of Alma-Ata continued in
1965-1967 with the involvement of other organisations, and in 1970 a clarified
version of the map of the SMZ was published, which was included in RCN-10-70
(Antonenko et al.,1976).

Due to the high degree of seismic hazard of the city territory, further works
on seismic microzonation were continued with the application of a wider range
of studies and with the involvement of the organisation Ministry of Geology of
the KazSSR. The main data on the geological and tectonic structure of Alma-Ata
and its surroundings were obtained during geological surveys (Kulikovsky K.T.,
Chabdarov N.M.). Geophysical works to study the structure of the Earth's crust
and identify tectonic fault zones on the territory of the city and suburbs were
carried out using aeromagnetic, gravimetric survey, seismic survey by the method
of exchange waves, deep seismic sounding, seismological observations with
"Earth" equipment (Akishev T.A., Shatsilov V.I., Rosenblat M.M., Popov K.A.,
Malinin E.G.). It should be noted here that the city was then relatively "small" in
area and "quiet" at night, which allowed for instrumental observations with the
installation of high sensitivity instruments.

Materials and Basic Methods. To clarify the position of tectonic faults, parallel
geodetic (levelling) observations were carried out at the Alma-Ata geodynamic
polygon created in 1967 (Atrushkevich P.A., Ostropiko P.A., Peredero V.S.). The
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levelling tracks were mainly oriented in meridional direction and crossed inferred
faults.

Based on the results of these studies, a new version of the seismic microzonation
map (RCN 10-70) was drawn up in 1970. It showed, for the first time, fault zones
(first-order faults) and zones of inferred faults confidently identified within the
city. However, no restrictions on construction in fault zones were introduced in the
building code of Republican Construction Norms (RCN) (Figure 1b).

In 1976, the Institute of Seismology was established as part of the Academy
of Sciences of the Kazakh SSR, in connection with which research in the field
of seismic microzonation was further developed. Given that many issues were
not resolved in the previous maps, such as the role and plan position of fault
zones, boundaries between zones with different grades, etc., the research was
continued with the involvement of new directions: hydrogeological studies on
groundwater (V.F. Shlygina), assessment of engineering-geological and seismic
characteristics of soils (M.T. Adikov, V.I. Shatsilov, V.V. Podkolzin, V.V. Musin,
V.M. Beloslyudtsev), new interpretation of the consequences of the destructive
Vernen earthquakes of 1887 and Kemin earthquakes of 1911 (A. Sydykov, A.
Nurmagambetov). Methodologically, for the first time, a fundamentally new
approach was proposed, the essence of which is to summarise the incremental
scores with smoothly decreasing initial scores (Erzhanov et al.,1982).

Results and Discussion. As a result of the conducted complex studies, a new
map of seismic microzonation of Alma-Ata and its suburbs was drawn up in 1981,
which was included in RCN-10-83 (Figure 1c¢) (Republican, 1983). For the first
time, RCN-10-83 introduced a clause prohibiting the placement of new buildings
and reconstruction of existing buildings and structures in the zones of possible
manifestation of tectonic faults on the daytime surface.

Figure 1 - Fragments of seismic micro zonation maps of Almaty
a- 1953 (Medvedev,1962 ); b — 1970 (Antonenko et al.,1976); ¢ — 1983 (Erzhanov et al.,1982).
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Map of SMR 2021. After the collapse of the USSR, research on seismic
microzonation of Almaty was not developed for some time, although the city
continued to be actively constructed. Issues related to the issuance of conclusions
on seismic conditions of newly built-up areas were handled by a specialized
organization Kazakh State Institute for Engineering Surveys and Land Management
(KazGIIZ) (Beloslyudtsev V.M.), which carried out point engineering and survey
works at the request of construction companies.

In 1995 the map of seismic microzonation was republished with some additions
by KazGIIZ, on the basis of which the building standards Construction Norms of
the Republic of Kazakhstan (SN RK) B.2.2-7-95 "Building of Almaty city and
adjacent territories taking into account seismic microzonation" were approved
(Development, 1995).

Practically since the release of the SMZ map in 1983 up to 2012 the city
was built without a new map (only considering point additions of KazGIIZ). An
attempt to create a new map was made several times, (in 2012 and 2014), but the
work was interrupted due to the lack of full funding for the work. Only in 2018,
due to the annexation of new areas to the city, the work on creating a new map
was started. For this purpose, the executors involved all available archival and
reporting materials, additional engineering and geological surveys were carried
out in the newly annexed areas. As the authors write, the map was calculated
using a new methodological approach. In 2021, a new seismic microzonation map
of Almaty (SP RK 2.03-30-2021) was commissioned to replace the 1983 map
(Figure 2a) (Development, 2021).

The SMZ map set includes 14 maps, including a map of active tectonic faults
in the territory of Almaty and its vicinity (Figure 2b).
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A distinctive feature of the new map compared to the previous one (RCN-10-
83) was the growth of the total map area due to the addition of new areas, and
accordingly the area of 9- and 10-point zones, and most importantly, the number
of tectonic faults increased to 27.

Tectonic faults on the city map. On the map, 27 tectonic faults run through
Almaty, along which the width of 300 metres experts recommended to exclude
development (the exception is the Zaili fault zone with a width of 500 metres).

In classical geological literature, faults (discontinuities) are understood as
tectonic disruption of rock continuity with displacement of parts separated by
the discontinuity relative to each other (in other words, zones of juxtaposition or
boundaries of crustal blocks). They play a crucial role in the geological history
not only of a particular region, but of the planet as a whole. Faults are present
everywhere and everywhere, the Earth's crust is something like a broken plate.

Faults vary greatly in their size: length, width, penetration depth, and seismic
activity. They can be local, regional, and deep. Local faults are mostly reflected
only in the sedimentary cover and are characterised by shallow depths. Regional
can be traced many kilometers deep into the Earth's crust down to the basaltic
layer, while deep faults form a break in rock continuity and extend into the upper
mantle (Ibrahimovi¢,1978).

Seismic activity (seismogenicity) of faults is usually determined by the
confinement of earthquake sources to them. Most of these are regional and deep
faults, hundreds of kilometres long and tens of kilometres wide, which can serve
as seismogenic structures. As for local faults, given their size and shallow depth,
they are practically never seismogenic.

How localised faults manifest themselves during earthquakes?

There is very little information about it in the literature. It is known only about
the formation of a fault (shear) more than 29 km long, which crossed the post.
Kum-Dag (Turkmenistan) during the earthquake in 1983 with magnitude M=5.4.
In homogeneous engineering-geological conditions with intensity on the territory
of Kum-Dag settlement equal to 8 MSK in the fault zone (strip with length about
100 m), intensity increased by 0.5 MSK (Rupture, 1985). As for the width of the
zones of possible influence of faults, there is also a lack of complete information
about this.

The question arises as to whether it is worth showing such localised faults on
the SMZ map and restricting development within them. There is no unambiguous
answer to this question. Negative attitude to tectonic discontinuities during IDA
is reflected in scientific publications, recommendations and normative documents
(Influence...,1973; Recommendations...,1980). Researchers note that it is
important to assess the degree of engineering hazard of each particular rupture
(Tectonic, 1982; Nurmagambetov et al., 1981; 2017). Unfortunately, on the ground,
especially in built-up areas, this is very difficult, sometimes impossible to assess.

It should be noted that it is very important to study the so-called tectonic
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nodes (fault intersections) during SMZ. It is they that have anomalous seismic
and engineering-geological properties and can lead to the formation of seismic
dislocation and activate processes dangerous for structures. Such phenomena were
encountered when studying the consequences of the Verny 1887 and Kemin 1911
earthquakes on the territory of Verny, where the intensity of shaking exceeded 9
on MSK scale, and in some places, water fountained from the cracks (Shatsilov,
1989).

Conclusion. 1. The 9- and 10-point zones shown on the latest SMZ map
of Almaty (SP RK 2.03-30-2021) are calculated according to the generally
accepted methodology using available experimental engineering-geological and
seismological data.

2. Most of the tectonic faults shown on the Almaty SMZ map are localized
faults and the confinement of weak and micro-earthquake sources to them has not
been proven by anyone to date. In addition, there is no reason to believe that in the
event of a strong earthquake, they will be subject to large movements.

The exception is the Almaty fault, which crosses the territory of the city in
the sublatitudinal direction and is confirmed by a complex of methods, although
its seismogenicity is not proved, but it showed itself during the destructive
earthquakes of the past years.

The Zailiyskiy fault, limiting the zone of mobile traps, by a few features (length,
depth of penetration, confinement to them the sources of weak earthquakes) belong
to the regional faults capable of generating strong earthquakes. The origin of the
Vernen earthquake of 1887 is confined to this zone.

3. Thus, the faults identified on the map and their zones of influence, within
which development is restricted, require confirmation. In connection with the
instruction of the President of the Republic of Kazakhstan to conduct a "Special
seismological study" in Almaty, it is proposed to include a paragraph “On
clarification of the provisions of tectonic faults on the territory of the city using
modern methods and technology".
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