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BBenenue

Jlo ceromHemHero BpeMEHM HE TEpsieTCs AaKTyalbHOCTh HCCIEAOBaHMN B 001acTH

apxeo- U MNaJICOTCKTOHUKU. OIHUM H3 BO3MOHBIX HaHpaBHeHI/Iﬁ pa3BUTUSL 3TOM Hay‘IHOfI

o0acTu ABiIseTCs U3ydeHne ()EHOMEHA Pa3KIKEHUS IPyHTA.

AKTYaJbHOCTH PadoThI:

HccnenoBanus peHOMEHA pazKIKEHUS TPyHTa Kak BTOpUYHOTO 3¢ (dexTa, BEI3BAHHOTO

CWIBHBIMU  3€MJICTPACCHUSIMU, HMEIOT BBICOKHI IPpUOPUTET HA TEPPUTOPUU ApMeHI/II/I.

AKXTyalbHOCTD M3YUCHHUS 9TOT0 (peHOMEHa B CIEIyIONMEM:

Haxonmsce B celicMuuecku axkTHBHOW 30HE, ApPMEHHUS TIOJIBEpXKEHA YIrpose
3eMIICTPSICCHUH ¢ M>6, W BEpOSTHOCTh BOSHUKHOBEHHS pa3KIDKCHUS TPyHTa 37eCh
BEJIUKA.

Psin HaceneHHBIX MYHKTOB HAaXOAWTCS B HENOCPEICTBEHHOH ONM3OCTH OT MeCT
3a/I0KyMEHTUPOBAHHBIX CBHJETENbCTB (EHOMEHA pa3KIKEHUs rpyHTa. B ciydae
TIOBTOPEHHUS JAHHOTO SIBJICHUS, BOZMOXKHBI Pa3pyIICHUS U KEPTBBI CPEIN HACETICHHUSI.
D¢ GEeKTUBHOTO HMHXEHEPHOI'O PEIIeHUs Ui INPEAOTBPAIICHUS paspyLIeHHH OT
s¢dexTa paKIIKEHNS IPYHTA HE CYIIECTBYET.

DeHOMEH pa3zKWKEHUs] TPyHTa, KaK MapKep MaleOoCeHCMHUYHOCTH, SIBISIETCS OYEHb
HMHTEPECHBIM W BaXHBIM O0BEKTOM A Oymymux ucciemoBaHuil. bonbmioil o6bem
paboT, BBHINOJIHEHBIX MHOCTPAHHBIMHU KOJIETaMH 10 M3y4YECHUIO JAHHOTO SIBJICHHS, U
pa3pabOTaHHbIE METOAWKM JAlOT BO3MOXKHOCTH HE TOJNBKO  BBIIBUTH U
3aJJ0KyMEHTHPOBAaTh HOBOE, pPaHEE HEU3BECTHOE, CEHCMMYECKOe COOBITHE, HO U B
MOJIEBBIX ~ YCJIOBUSIX ~ OIEHHTh  €r0  IPEANOJIOKHUTENBHYI0O  HHTEHCHBHOCTE.
JIOTIOITHEHHBIE KaTaJoTH 3eMIIETPSCEHHH CYIIECTBEHHO IOBBICSAT KAadeCTBO OICHKH
ceifcMu4eckoi OIaCHOCTH U pUCKa.

HccnenoBanus GeHOMEHA Pa3KIKEHHs TPYHTA U €T0 HOCIEACTBHS TOMOTYT IIPOJIHUTh
JIOTIOJTHUTEIILHBIN CBET Ha pa3jINYHbIe HCTOPUUECKUE CEHCMUYECKHE COOBITHSI.

He.]'ll: paﬁOTbI U peuiaeMbie 3a1a4un:

OCHOBHOI! IENBIO AUCCEPTAMOHHON PaOOTHI SBISIETCS BBIABICHHE U M3ydeHHE (PeHOMEHA
Pa3XIKEHUS IPYHTA C LEIbI0 YTOYHCHUS OLCHKH ONTACHOCTU HEKOTOPBIX PETUOHOB TEPPUTOPUH
Apmennu. OCHOBHBIE pelllaeMble 331a4l JaHHOI'O UCCIICIOBAHUS:

IloBTOpHBI aHanM3 MMEIOIIUXCA [JAaHHBIX O paHee 3aJ0KYMEHTHPOBAHHBIX
CTPYKTypax C LEIIbIO BBIACICHUS BO3ZMOXKHBIX CBUACTEIILCTB PA3KIKCHUS TPyHTA.
MakpocelicMH9YecKue HCCIICAOBaHUS 3a(pUKCUPOBAHHBIX HENTYHHYECKUX JIAcK,
00pa30BaHHBIX B pe3yJbTaTe pa3KIDKCHUS TPYHTA, BBUBICHHE HOBBIX TaKUX
OOBEKTOB, OICHKA HA UX OCHOBE HHTEHCHBHOCTH U MarHHUTY/bI 3eMIIETPSICEHHI.
Ot160p 006pasmoB rpyHTa, 1ehOPMUPOBAHHOTO (HEHOMEHOM PA3KIKEHHS TPYHTA, IS
H30TOMHOTO aHAN3a C IENbI0 OINpEIeNICHNUs] OTHOCHTEIBHOTO BO3pacTa COOBITHH,
BEI3BaBIINX (pEHOMEH Pa3KIKEHHS TPYHTA.
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WuTepnperanysi IMONyYCHHBIX TEOJOTHYCCKAX U JIAOOPATOPHBIX JIAHHBIX W HX
CpaBHEHHE C UMEIOIUMUCS KaTajJoraMu HCTOPUUECKUX 3eMIIETPSICEHHM.

Co3pmanme ©0a3pl JaHHBIX 10 MPOCTPAHCTBEHHOMY pACIPENCIICHHIO BBISIBICHHBIX
MOCTENCTBAI PazKIDKEHUsT TPYHTa JUIS ONpEACTCHUs HalpaBlIeHHH OyIymmx
HCCIICAOBAHMM.

3amuniaeMble MOJI0KEHHS:

Capmapamnarckasi CTPYKTypa SIBJISICTCS. AKTHBHBIM  pa3jiOMOM CO  B30pOCOBBIM
MEXaHN3MOM HOJBIKKH U CO CJIeJJaMHU ITOBEPXHOCTHOTO Pa3phIBa M PAa3KIDKEHUS IPYHTa
OT CHJIBHOTO 3eMIIeTpsiceHus, npousouieatero nocie VII Beka 10 H.5.
MHoro4ncineHHbIe Clebpl Pa3KImKEHHsl TPyHTa Ha okpauHe cena HopaTyc cBs3aHbI ¢
3eMIIeTpsACeHreM, pousommeanmM 6onee 6000 et Ha3ax ¢ KHTEHCUBHOCTHIO OKOJIO [X-
X no mkane MSK 64.

@DeHOMEH pa3KWKEHHs TPYHTA, 33JJOKYMEHTHPOBAHHBIH B YETBEPTHYHBIX OOHAKEHHAX
Bosne TI. Cucual, SBISCTCS CBHICTENBCTBOM CHJIBHOTO  3EMIICTPSACEHHS C
unrencuBHOCTHIO X-XI (INQUA, MSK-64), npousowmenumm mexay 878 - 1013 cal AD
n 1485 - 1650 cal AD. Dtor deHOMEH, Kak M OOHApY>KEHHOE YITIOBOE HECOIJIACHe B
MO3HEUETBEPTHYHBIX CIIOSIX CTaJIH PEe3yJIbTaATOM HMOABHXKKHU IO PA3JIOMY IPH CHIEHOM
3eMJIETPSICCHHN.

BrisiBiIeHHBIE aBTOPOM B ApPMEHUM SIBICHUS PadKWDKCHUS TPyHTa MPH CHIBHBIX
UCTOPHYECKUX M JJOMCTOPHYECKUX 3EMIICTPACCHHAX IO3BOJIMIM YTOYHHTH IapaMeTphl
9TUX 3eMJICTPSICEHUH M CEHICMUYECKUH MOTEHLMAN aKTHBHBIX PAa3IOMOB, C KOTOPBIMH
TaK{e 3eMIICTPSICEHHUS CBSI3aHBI.

Hay'maﬂ HOBHU3HA UCCJICIOBAHUA:

MakpocelicMudeckue ucciaeqoBaHus B paifoHe CapaapamnaTckoil CTpyKTypbl TIO3BOJIIITH
33/I0KyMCHTHPOBATh TOBEPXHOCTHBIA Pa3pblB OT CHJIBHOTO 3EMIICTPSICCHHUS, a TAKKe
crnenpl GeHOMEHa padKIKeHUs rpyHTa. I1oqydeHHbIe pe3ysbTaThl MO3BOJIMIN CHETATh
BEIBOJ 00 akrtmBHOcTH CaprmapamaTckod CTPYKTyphl, €€ KHHEMaTHKe M O
MIPUOIN3UTENFHON 1aTe CEHCMUIECKOT0 COOBITHSI.

T'eonornueckne uccnenoBanmst BOmm3n cena Hoparyc (CeBaHckuii OacceifH) BBIIBHIN
CJIe/(bl CHIIBHOTO 3eMJICTPSCCHUS B BUJIE TalKH IIeCKa, BUANMOH MOIIHOCTHIO Oonee 30
CM., BHEJIPEHHOIH B BEpXHHE CJIOU. [ paHyJIIOMETpUYECKHUI aHAJIH3 ITOATBEPHI BBIBOJIBI

MaKpOCEHCMUYECKUX JaHHBIX — JaiKa BHEIPEHHOTo Iiecka sBIisieTcsl d(pQeKkToM
PazKIKEeHHs IpyHTA. Pe3ynbTaThl M30TONHOIO aHAM3a CBS3ANIM JAHHBIA 3¢dexT c
3eMIICTPSICEHUEM,  MpousomenqmmM  jgo  VI-oro  Teicsuenetus 10 H.O.

3alOKyMEHTUPOBaHHbIE OOHAXXEHHWS W WX aHATN3 I[O3BONIA  ONPEAEITHTh
MHTEHCUBHOCTH CEHCMHYECKOTO COOBITHA 3HaueHHsAMH [X-X 1o mxane MSK64.

HoBrle 3amoKyMeHTHpOBaHBIE CBHICTEIBCTBA (PEHOMEHA pa3KWKEHHS TpyHTa B
HECKOJIBKHX KHJIOMeTpax oT ropona CHCHaH, M UX aHAIH3 MOKa3al HaJMYHe CHIIBHOTO
3emyeTpsiceHus. BHeapeHHas [aiika TIeCKa COOTBETCTBOBAJNA 3EMJICTPSICEHHIO C
uHaTeHCHBHOCTEI0 X-XI mo mkane MSK64. [latupoBka 00pasioB MOYBEHHOTO CIIOS
orpannumia paty coObitus Mmexay IX m XVI Bekamum Hamedt spel.  CpaBHeHHe
MOJIyYEHHBIX JAHHBIX C HMMEIOUIMMCS HUCTOPHUYECKUM KaTaJloroM IO3BOJIMIIN CBS3aTh
JAHHBIA (eHOMEH ¢ 3emieTpsicenreM 1406 roaa.

3a0KyMEHTUPOBAaHHOE Helalleko oT ropoga CucuaH yIJoBoe Hecorjacue CcjloeB
YETBEPTHUUHBIX TPYHTa SIBUJIOCH PE3YyJIbTATOM IMOABIXKKH IO Pa3jioMy IPH CHUIBHOM
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3emyieTpsiceHud. Ha OCHOBE BBIMONHCHHBIX HCCIICAOBAHUN HaMeueHa CTPYKTYypHAas
cBa3b [Tambak-CeBaH-CroHHKCKOTO pasioma ¢ Xyctym-I uparaxckum paznomoM. Jlist
Oosiee MOTHOTO OOOCHOBaHHS KOTOPOH HEOOXOAMMO TPOBEACHHUE JOMOJHHUTEIBHBIX
pa0or.

MeTom0J10THA:

e [lepexpecHBIil aHANN3 TEONIOTHIECKHUX, T€O(QU3MIECKNX U apXCONIOTHIECKHX JaHHBIX C
LeTIbI0 BBISBJICHHS] HanOojiee MEepCIeKTUBHBIX YYacTKOB JUISl IPOBEICHUS ITOJEBBIX
pabor;

e MakpocelicMHYeCKHe MCCIIIOBAHUS H, KaK CJIEICTBHE, 0TOOP MPob IS 1abOopaTOPHBIX
ananmm3oB (C14, rpanynomerpus);

e llcmonmp30BaHUE COBPEMEHHBIX KOMIBIOTEpHBIX IporpamMm (ArcGIS,Global Mapper,
Adobe Photoshop, Core]IDRAW) ¢ 1ienbio co3ganus 6a3bl JaHHBIX U €€ MOCIEIYIOIIEero
aHanm3a.

HpaKTM‘lGCKaﬂ HOBHU3HA UCCJICTOBAHUA:

e PesynpraThl AHMCCEPTaMOHHON pabOTHI MO3BOISIOT YTOYHHUTH CEHCMOTEKTOHHYECKYIO
MOJIETTb FICCIIETyeMBIX TePPUTOPHH.

e PesynmpraThl AMCCEPTAMOHHON pabOTBI pAcCHIMPAIOT W YTOYHSAIOT CBEICHHUA O
HEKOTOPBIX COOBITHAX HCTOPUYECKOTO ITEPHOAa KaK B CEHCMOIIOTHMYECKOM, Tak M B
apXeO0JIOTHIECKOM OTHOIICHHSX.

e PesynpraThl  AHCCEpPTAIMOHHOM  paGOTHI  MO3BOJNAIOT ~ HAMETUTH  HAMPABICHHS
JaTbHEHIINX UCCIENOBAHMH MO YTOYHEHHIO PACIIONOXKCHUS HEKOTOPHIX M3BECTHBIX H,
BO3MOJKHO, BBISIBICHUIO HOBBIX TEKTOHHYIECKHX CTPYKTYP.

Anpodanusi padoTbI:

YacTp uccleoBaHMHM, IPOBENCHHBIX B paMKaxX AUCCEPTAIMOHHON paboOTHI ObLIH
npezcTasieHsl Ha |1l MexxayHapoHON KOH(pEpeHInH MONoabIX Y4eHbIX «CoBpeMEeHHbIe 3a1auu
reo(U3NKH, HHKCHEPHOH CEHCMOIOTHH U CEHCMOCTOMKOTO CTPOUTEIbCTBAY (HOSIOPB, 2017), Ha
cemuHapax B HHcruryre reomormn upu HAH PA, OpranuzoBanseii TOwmnmcckuit
TOCY/IapCTBEHHBII  YHHMBEpCHTETOM W [ OCyJdapcTBEHHBIH  yHUBepcuUTeToM  ibn
MEXAyHapoaHbI (GopyMm «MojenupoBanne akTHBHOW jAedopmanuu Kopb», AbacTyMmaHH,
I'py3us 28.08.2015-01.09.2015..

Ilo Temarmke naHHOW pa®OTHI OBUIM OMYONMKOBAaHBI 3 CTAaTBU B PEIEH3UPYEMBIX
Hay4YHBIX JKypHaJIax.

CTpyKTypa U 00beM JHCCEePTALNHOHHOIO HCC/IeI0BAHUS:

Juccepranuonnas paboTa COCTOUT U3 BBEJCHHUS, YETHIPEX IJIaB, 3aKITIOYCHHS, CITHUCKA
HCTIONIb30BaHHOIT JINTEPaTyphl, HACUUTHIBAOLIEr0 7 1-HanMeHoBaHuii. Pabota u3noxena na 101-
TH CTpaHMIAX, COOEPXKHUT 52 pucyHKoB. (OOmuii o0beM Tekcta - 99 cTpaHwmi, BKIroYas 2
PHUCYHKOB).

ba arolapHocCcTHu:



Jlannas pabota Oblia BBINOJHEHA B paMKax 0a30BBIX M TeMaTtuueckux nporpamm WI'H
HAH Apwmennu, npoextoB LIA (Laboratoires Internationaux Associés) “IIpupoansie onacHOCTH
U cTpareruu ajganrauuu B Apmenud, HauuHas ¢ 10 000 r no H.3.”, “KpynHble BBICOKOTOpHbIE
o3epa Kak KIIOYEBBIC KOMIIOHCHTH JIOKAIBHOM OSKOJOTHM: W3y4YeHHE IPHPONHBIX U
anTponorenHsix BoznedicTBuii” MHTL] (MexayHapoaHblli Hay4HO-TEXHHUYECKMH LEHTpP), U
“Active Geodnamics of the Caucasus Region" PEER (Partnerships for Enhanced Engagement in
Research). ABtop Omaromaputr Y. KoHHOpa m moneByro rpymmy YHuBepcurera HOxHOIM
®ropusl 3a MpegocTaBiIeHHbIe MaTepHansl noneBsix pador 2002 roxa, E. JK. Abrapsn 3a e€
MOMOIIb B TIpOIecce IOATOTOBKM pykommcH, a Takke C. P. ApakensHa 3a momoms B
cocraBiieHnd GIS 6a3bl JaHHBIX U1 €€ NanpHeWIIero aHanu3a. 3a MOJAEP>KKY M HOMOIIb MPH
MIPOBEACHUN TIOJIEBBIX pA0OT, aHaluM3e pe3yJabTaToB M O(OPMICHHH AUCCEPTALIOHHOTO
HCCIIeIOBaHUS BhIpaXkato Oomnbinyro OmaromapHocTs corpyanukam MI'H u HUK “T'eopuck™:
babasu I'., I'eBopksin M., Urutsan A., u. T. 1..0Ocobast G1aroJapHOCTb afpecoBaHa HayqYHOMY
pykoBomutemo A. C. KapaxaHsHy, KOTOpHIi BHec OONBIION BKIaJ B IOHUMAaHHE
T€OJIOTHYECKUX U Te0(PU3NIECKUX KOHTEKCTOB HCCIIEAYyEeMbIX PETHOHOB, 32 LIEHHBIE COBETHI U
MIPaBIJIBHYI0 MOTHBALHUIO. ABTOP BBEIpaXkaeT INIyOOKYIO IpH3HaTeNbHOCTh aupekropy WIH
Menukcersany X. U yueHoMy cekperapto uHCTUTyTa lllarunsany I'. 3a TBepayro MoaAepKKy U
MIOHMMAaHNUe, NPOSIBICHHYIO UMU Ha BCEX CTaJHsX BBIIOIHEHHUS U NOATOTOBKE K 0pOPMIICHHIO
3aIIUTe TUCCEPTAIIMOHHON PabOTHI.

I'TABA 1. TEKTOHUYECKAS IO3ULUA PECITYBJINKN APMEHUU U
AKTHUBHASI TEKTOHUKA PAMOHOB UCCJIEJTOBAHUS

1.1.00mas XapaKkTepuCTHKA AKTUBHOI TEKTOHUKH APMEHMMH

PecrryGiika ApMeHWsS HaxXOAWTCS B IIEHTPAIBGHON YacTH 30HBI KOHTHHEHTAJIBHON
KOJUTH3MK  ApaBuiickoii u EBpasuiickoii JHTOCHEpHBIX IUIUT; OOJAaCTh HCIBITHIBACT
MEpUAMAHAIIBHOE CKaTHE U IIMPOTHOE PpACTSHKCHUE, CONPOBOXKAAEMBIE HHTCHCUBHBIM
pa3noMoo0pa30BaHUEM, CHIBHBIMH 3eMIIETPSICEHUSMH 1 aKTUBHBIM BYJIKAaHH3MOM.

1.2. OcHoOBHbIE XapaKTEPUCTHKH HCCJIETyeMBbIX Y4aCTKOB

Tt uccrnenoBanus (eHOMEHA pPadKIKCHHS TpPyHTa Ha Teppuropun PA  mocne
[IEPEKPECTHOrO aHAIIM3a ICOJOTHYCCKHX, FeOQU3UYECKUX U apXEOJOMYECKUX TaHHBIX ObLIN
BBIOpaHBI HECKOJIBKO perrHoHOB: Oacceitn ozepa Cesan, Capaapanarckas ctpykrypa u PSSF-3.
Ha  rtepputopun  uccienoBaHuii — paHHee ~— ObutH  3aMKCHPOBaHbI  OGHAXXCHHS,
CBHIETENBCTBYIOMINE O CEHCMHUYECKONW aKTUBHOCTH, KOTOPBIE BIIOCICACTBHU OBLTH M3y<EHBI B
paMKax JuCCepTalMOHHOW pabothl. Kpartkuii 0030p HccienoBaHHM PErOHOB NpPEACTABICH B
JAHHOM MOJIpas/iesie TIaBkbl.

1.3 Ilam6ak — CeBan — Cronukckuii pasznaom (PSSF)



ITam6ak-CeBan-Cronukckuii pasiiom (PSSF) - nambonee kpymHas cucteMa akTHBHBIX
pasnomoB Apmenun. CucremMa pa3iOMOB CO BCEMH CerMEHTaMH nMmeeT ainuHy 470 KM u HeceT
Mopdonornueckue NpPU3HAKM TOJIOLEHOBHIX MPABOCTOPOHHHX CABUTOBBIX IBH)KEHHH C
NIepeMEHHON B30pOCO/HAIBUTOBOH WMIM COPOCOBOH BepTHKANBHOH KommoHeHTod. [Tambak —
CeBan — CIOHHKCKMI pa3ioM XOpOLIO MPOCIEKUBAETCS HAa BCEM CBOEM IPOTSHKEHUH
MHOTOYHCJICHHBIMH MOJIOJBIMA JieopManisiMi peibeda U XapaKTepU3yercs, B OCHOBHOM,
MPaBOCABUTOBOM KHHEMAaTUKOM C TEPEMEHHOM BEPTHKAIBHOM COCTABIAIOLIEH; HAKIOH
IUIOCKOCTH pas3jioMa CyOBepTHKaIbHBIA WM KpyTod ¢ manenneM Ha CB m nmemonctpupyer
OTYETJIMBBIN MeIMKOUAAIBHBIN XapaKkTep.

CunbHble uctopudeckue semnerpsicenns Ha PSSF npousxoxunu B 9151 ¢ M~6.0, 1407
r.c M~7.0, B 1187 u 1853 rr ¢ M~6.0. Camoe kpynHoe ucropuueckoe semiuerpscenue Ha PSSF
npousouuio Ha cermente PSSF-3 B 1139 r ¢ M~7,5-7,7; 0oHO CONpOBOXXAAIOCH TMTaHTCKUMHU
OTOJI3HSAMH, OOJBIINMHU Pa3pYIICHUSIMU U YEJIOBEUSCKUMH JKEPTBAMH.

1.4. TIpeamecTBOBaBIINE HCCTe0BaHus (eHOMEHA Pa3iKMKEHHs] TPYHTA HA TEPPUTOPUH
ApMeHun

CeifcMOTEKTOHUCTBI HEOTHOKPAaTHO OTMEYalH SIBICHUS, CBS3aHHBIC C Pa3KIKEHHEM
IPYHTa TIPH CHJIBHBIX 3€MJIETPACEHHSX. DTHM SIBJIEHHSM OTBOIUTCS BaXKHAsk POJIb MPUPOIHBIX
(eHOMEHOB, SIBISIFOLIMXCS  WHIMKATOPAMH  CEHCMHYECKHX COTPSCEHHI  OMMpeNeNieHHON
unreHcuBHocTH B 1ikane INQUA EEE (Earthquake environmental effects).

HawuGoiee pacripocTpaH€HHBIC ¥ ONACHBIE SIBICHHS TPU Pa3KIKEHHH TPYHTa TAKOBBI
(puc. 1):

1. Tlorepsi HeCyluel CHIIBI - TIPH STOM 3€MJISI MOYKET Pa3KIKATHCS U TEPSITH CIIOCOOHOCTD
MOICPIKUBATH KOHCTPYKIIUH.

2. Tlecuanble KpaTepsl - BoJa C IECKOM BBIOpAChIBACTCS W3 PACHOJIOKEHHOTO TIIyOke
CKM)KEHHOTO CJIOSI M M3BEPraeTcsi Ha MOBEPXHOCTh ¢ 00pa30BaHUEM MECYAHBIX BYJIKAHOB.
OxkpyXalonuii TPYHT 4acTo paspymiaercss u ocexaet (puc. 1). Hepenko B «kpatepax»
0CTafOTCSI OOJIOMKH CI0eB, Je(DOPMUPOBAHHBIX Pa3KMWKEHHEM TIPYHTa. DTO SIBISETCS
BECKHUM JIOBOJIOM MPH UACHTH(HUKAIIMU JaHHOTO (hEHOMCHA.

3. TopusonransHoe nepemenieHue (spreading) rpyHra. IIpy 3TOM MOBEPXHOCTHBIN CIIOH,
JIBUTasCh Ha IOTPYKCHHOM Pa3KIKEHHOM CJIoe, OTOpachlBacTCsl Ha3aJx M BIepe] IpH
BCTPSIXMBAaHUU M MOXET OBITh CHIIBHO JehopMupoBaH M NoaenéH Ha Onoku. biokn moryt
OTHAIATBHCS U NPHOIMXKATHCSA K ApYr npyry. M3-3a medopmanuy HOBEpXHOCTHBIN CIIOH
MOJKET CKOJIB3UTh BHH3 0 TIOJIOTUM CKJIOHaM (puc. 1)

4. Taxke BO BpeMs 3eMIETPSCEHHH MOTYT 00pa30BaThCS «CEHCMHTBD). OTOT TEPMHUH
HCTIONB3YeTCSl ISl CTPYKTYP, C(HOPMUPOBAHHBIX B PpBIXJIBIX II€CUAHBIX OCAAKaX
BCJIEZICTBUE CEHCMUUECKUX TOMYKOB (puc. 1).



During the earthquake fine sand, silt and water moves up under pressure through cracks and other weak areas to erupt onto the ground
surface. Near rivers the pressure is relieved to the side as the ground moves sideways into the river channels.

Sand Boils ($and Volcanos Power poles are pulled over by their
Sand, silt and water erupts upward under wiros as thay can't be supported in Lateral Spreadin
pressure through cracks and flows out onto the liquefied ground. Underground River banks move toward sach
_— the surface. Heavy objects like cars can sink cables are pulled apart other. Cracks opan along the banks
~——_——__Into these cracks. Sand, silt and water cy 9 d
—— J Cracking can extend back into

the surface
~— L properties, damaging houses.

ine sand and silt liguefies, and wal
pressure increases.

Tanks, pipes and manholes float up in the liquefied ground and break
through the surface. Pipes break, water and sewage leaks into the ground.

Pucynox 1. @enomen pasoicudicenus 2pynma u e2o nocieocmsus

JlaHHBIE 00 MCTOPHYECKHX 3EMIICTPACEHHSX CO BCErO MHpPa IMO3BOJISIOT YTBEPXKIATh,
410 ()CHOMEH DPaKMIKCHUS] IPYHTA B PEAKHUX CIydasX MPOHCXOJHUT IMPU 3EMIICTPSICEHUH C
MarHuTyioii M=5, HO HIDKHEW TpaHuIleli BO3HHUKHOBCHHS JaHHOTO BTOPHYHOTO 3(deKTa
cyHTaeTcs MarauTyaa M= 5,5-6.

Ha Tepputopun ApmeHun (eHOMEH pa3KWKEHHsI TPyHTa OCTAaBaJCS HEH3YYCHHBIM
BIUIOTh [0 MOCIHemHHMX aecsaTwieTuii. [Ipumepst paboT, MPOBEACHHBIX 10 HCCICIOBAHUIO
(eHOMEHA Pa3KIDKCHHs TPYHTa, MpeacTaBieHbl B paborax CremansHa A., KopkeHkoBa A.,
ABarsiHa A.

TJIABA 2. DEHOMEH PA3KAKEHUSI TPYHTA B PAMOHE
CAPJAPAITATCKOM CTPYKTYPBI

2.1. Uccaenyemblii yuactok: Capaapanarckasi CTpyKTypa

B B pa3noe Bpemst ObUIH BBIABUHYTEI MHOKECTBO NPEATIOIOKCHUH O IPOUCXOXKICHUN
u aktuBHOCTH Capmapanatckoit cTpykTypsl (I"'abpuensan 1959,1981; Acnansan 1958, Kapaxansn
u 1p., 2004). JIns oneHku ceicMuueckoi omacHOCTH yyacTka AADC ObLIH CO3[aHbI pa3HbIC
ceiicMuueckue Monenu. B mepBelii pa3 ynommHanme o CaphapamaTcKod CTPYKType, Kak O
BO3MOXKHOM  aKTMBHOM  pa3jioMe, BCTPEYaeTcsi B  CEHCMOTEKTOHMYECKOH  MOJEH,
pasapaborannoit kommanmei «['eopuck» (Kapaxamsn u np., 2004). Capnapanarckas
cTpyktypa B Mozenu SM-Georisk momy4unna norenian M=6.6. [Ipu BbionHEHHN pabOTHI 11t
AADC B 2010 romy ObUTO mNpHUHATO pemieHHe ydecTh CapJapamaTcKyro BYJIKaHO-
TEeKTOHHYECKYI0 CTPYKTypy MpH pa3paboTke CEHCMOTEKTOHHYECKOW Moaenn ApMEeHHH ¢
paccMOTpeTh ee Kak JIMHEeHHYI0 CeHCMOTeHHYIO 30HY, OJHAako mnpucBouTh CaprapamnaTckoid
CTPYKTYpe HU3KHH paHT JOCTOBEPHOCTH.

HoBple naHHBle O BO3MOXXHOW TEKTOHMYECKOW akTHBHOCTH CappapamaTckoit
CTPYKTYpBI OSIBIIINCH B KoHIE 2011 roxa, mocie katacTpopudeckoro 3emieTpsiceHus B Bane B
HosiOpe 2011 roma (M=7.1). Ilo mpocsbe Hamux Komier w3 yHuBepcuTera MoHmenbe 11
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(®pannyst) ObLIM MpoBeneHB! ceccMoHHble HaOmoxeHus Ha 4 GPS myHkrax B Apapartckoit
nonuHe. HaOmromenust mpoBomwiuch B HosOpe-mekabpe 2011 roma OZHOBpEMEHHO Ha
tepputopusix Typuun, Vipana u ApMeHHH, B KaXXJI0H CTpaHe CHJIaMU HAIlMOHAJIBHBIX KOMAaHII.
Anann3 pe3ynbTaToB HAOMIONEHWH CBHAETEIHCTBYET O SBHOI co-celicMmYeckoil (coseismic)
MOZBMXKKE BJOJIb CEBEPHOrO UM BOCTOYHOro (¢uanra CaprapanaTckoil  CTPYKTYpBI.
OnHOBPEMEHHO C CO-CEHCMHYECKMMHU IIOJBIDKKAMU B IOKHOM 9acTH ApapaTcKoil IOJHHEI
ceificmuueckass cerb HWHctutyta Treonmorum HAH PA  3adukcmpoBana MOBBIIICHHYIO
CeHCMHYECKYIO aKTHBHOCTB B BUJIE POSI 3eMIICTPsICeHUH ¢ MarHuTyaoi 2.0 - 3.7.

2.2. ®eHOMEH pa3KIKeHHsI TPYHTA HAa BOCTOYHOM M 3anaaHoM (uianrax Capaapanarckoii
CTPYKTYPBI.

B 2009 romy uemanmexko ot AprumtuxuHwin (40° 937'N 43° 59.397' E) paboueit
TPYIIION OBLT 3aJOKyMEHTHPOBAH BEPTHKAIBHBIM KOHTAKT MEXIY aJUIIOBHEM OTIOXKEHHI PeKu
naneo-Apakc W O3epHBIMH OTJIOXKEHUSAMH (pHc. 2). BepTukainbHas reoMeTpus KOHTakTa He
OCTaB/SIET COMHEHHMH B TOM, YTO OH SBIISIETCS HMOBEPXHOCTHBIM pa3pbIBOM OT CHJIBHOTO
3emiieTpsceHus. [10BepXHOCTHBIN pPa3phIB CBEPXY MEPEKPHIT HEOONBIIUM CIOEM CKIOHOBBIX
OTJIOKEHUH.

N W .
e PuCyHOK 2. HO@eprOCmelu paspsvle om CUlbHO20 3emMliempsceHusl.

d 1 - cospemenHblll CKIOHOBLUL KOAMOSUL, 2 - QLTIOSUATbHLIE
omuoodicenusi pexu Apaxc, 3 - osepHvie omuodcenus, 4 - 0010MOK
Kepamuiecko2o cocyod ypapmeKkozo 603pacma.

BaxHbIM 0OCTOSITEJILCTBOM SIBIISICTCSI HAJIHUYHE KE€paMUKn

ypaprckoro Bospacta (VIII - VII Bexka mo PX) B o03epHBIX
OTJIOKCHUSIX, PAa30pPBaHHBIX W  CMEIICHHBIX MOBEPXHOCTHBIM
Pa3pbIBOM. DTO OOCTOSITENBCTBO TTO3BOJSET YCTAHOBHUTD, YTO MEPUOL
VIII-VII Bexa no PX siBisiercs npea-aaToil CUIIBHOTO 3eMJISTPSICEHUS

e s Ha Cappapamarckoii cTpykrype. Ha cxemartmueckom pucynke 2017

roga (puc. 2) OTYETIMBO BBIACNACTCS CMEIICHHE, BUIUMAS

BEpTUKaIbHAs aMILIMTyJa [0 KOTOPOMY COCTaBiseT 1-1.2 M, 4YTO NO3BOJSET paccuuTaTh

OPHUEHTHPOBOYHYIO MarHUTYIy 3emieTpsicenus 1o 3apucumoct Wells and Coppersmith (1994)
NpHOJIU3UTENHHO B 6.5.

B 2017 roay MHOH, IpH MOAAEPIKKE MOETO PyKOBOAUTENS, HA 3aM1aJlHOM U BOCTOYHOM

¢nanrax CappapamaTckoil CTPYKTYpbl OOHapy)KeHbl KpYIHBIE [JallKd pPEYHOro IecKa,

BHEJIPECHHBIC B 3aJICTaIOIIHE CBEPXY O3epHbIe oTioXeHus (puc. 3).



Liguefaction

PMCyHOK 3. ﬂaﬁku PEeUHO20 necKa u 2ajlbKu, 6H€dp€HHbl€ 6 03€epHble ONJIOHCEeHU

UroObl MPOBEPUTH, MOTYT JIM JAWKU IMecKa OBITH CIEACTBHEM PAa3KIKEHHS TPyHTa
MIPU CHJIBHOM 3€MIICTPSCEHHM, ObI MPOBEJEH aHalM3 HUX TPaHyJIOMETPHYECKOTO COCTaBa.
JlaHHBIE TpaHYJIOMETPUYECKOTO TecTa OBUIM HCHONB30BAaHBI JJISI HMOCTPOEHHS Trpaduka Ha
MOTEHIMAIBHOE Pa3)KIKeHUe IpyHTa o Merody Tsuchida v mokasanu BBHICOKYIO BEPOSTHOCTh
BO3HUKHOBEHHS ()EHOMEHA Pa3KMKEHHS TPYHTA.

IMonepex 3amagHoro ¢uanra CapaapamaTcKod CTPYKTYpbl B MECTaX pa3BHUTHSA
TIOBEPXHOCTHBIX Pa3pbIBOB ¥ Pa3KMKEHHs TPYHTA ObLIM IPOBEICHBI TPH NPOQHIIS IeopasapHoit
ChEMKH C wucnoss3oBaHneM reopazapa SIR 3000. T'eopamapras ceemka 3aduKcHpoBania
OTYCT/IMBbIE AHOMAJIMH B O3CPHBIX OTJIOXKECHHAX, XapakTepHble I OJIM3MOBEPXHOCTHBIX
Pa3pBIBHBIX HapyIICHHUI.

3akioueHnne:

JlaHHbIE, OTyUeHHBIE P n3ydeHnn CapaapanaTckoi CTPYKTYpPbI, CBUAETENBCTBYIOT
O TOM, YTO OHa SBIISIETCS AKTHBHBIM Pa3jIOMOM CO B30POCOBEIM MEXAaHH3MOM MOJABIKKH U
CEMCMOTeHHOH 30HOI ¢ moTeHnuanroM M= 6.6-7.0 u co crefamMu HOBEPXHOCTHOTO pa3phiBa U
Pa3KIDKEHUsT TPYHTa OT CHJIBHOTO 3€MIICTPSICEHHs], NMpoH3oLIeuero B mepuoa Mexay VIII
BekoM u Il Bekom 1o PX.

Ha ocHOBe M31105)KeHHOTO (HOPMYIHpPYETCs 3alUIaeMoe TI0JI0KEHHE AUCCEPTALUH:

Capnapanarckass CTPYKTypa SBIS€TCS AaKTUBHBIM pa3JioOMOM CO B30pOCOBBIM
MEXaHU3MOM TOJABIKKH U CO CIIeJaMU TOBEPXHOCTHOTO Pa3phlBa M Pa3kKIKEHUS TPYyHTa OT
CHIIBHOTO 3eMIIETpsiceHus, mpousolueamero nocie VII Bexa g0 H.3.

I'JIABA 3. DPEHOMEH PA3KWKEHUS TPYHTA B PAMOHE BACCEMHA O3EPA
CEBAH

3.1 O6mue ceenenus o 6acceiine ozepa Cepan
B paiione 6acceitna o3epa CeBan HaxoauTcs ['aBapareTckuii pasjioM U JBa CerMeHTa
[Nambak-CeBan-CroHHKCKOTO pazinoma. C 3THMHU pa3ioMaMu OBUTH CBSI3aHBI MHOT'OYHCIICHHBIE
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HUCTOPUYECKHE W JOMCTOpUYECKHE 3emieTpsiceHus. Takke Ha JIMHUM pasjeleHus Maioro
Cesana u bonpmoro CeBana Haxoautcest Hopatycckuit Ban (Hopartycckas mepeMsrika).

Ha 3anagnom Gepery o3epa, K BOCTOKY OT I'eramckoro xpe0Ta, B HalpaBJICHUH CEBep-
10T BEITsIHYTa ["aBapareTckas BraguHa (OZXHOCTOPOHHUI IpabeH), 3all0THCHHAs YeTBEPTHIHBIMI
OTJIOKEHHUAMH. B IleHTpanbpHOl YacTH BNAAUHBL, BAOJb €€ OCH, U3-M0Jl COBPEMEHHOTO aJlTIOBUS
BBEICTYIIAeT aCUMMETPUYHAs IPsfia, CI0KEHHAsI BEPXHEIUTHONEHOBBIMA JTaBaMK (MMIIaHOBCKUH,
1968). [lo3nHeiimme ucciegoBaHUs MMOKa3aiH, 4To ['aBapareTckas BIajnHa - 3TO 30HA U3 TPEX
BETBeil COPOCOBBIX PAa3IOMOB, KaX/1asi U3 KOTOPBIX HMEET UTHHY OKOJIO 50 KM.

[Nambak-CeBaH-CIOHUKCKHH TIPaBOCIBUTOBBIN pa3noM (Hambojee AaxkTHBHBIA B
ApmeHnH, BrepBble BelgeneH B 1968 r. MunaHoOBCKUM), SIBASIOIIUICS HanOojee akKTUBHBIM B
ApMeHHUH, pa3BeTBISIETCS y ceBepHOro mobepexns ozepa CeBaH Ha jBa cermeHta. OnmuH U3
cermenToB PSSF 2 mporsruBaercs mo ceBepo-BOCTOUHOMY Oepery o3epa, CMELIasch K 0Ty OT
HaJBUIOB OQHOIUTOBOW CYTyphl WIM HHOTAa OOHOBISIA uX. Brtopoit cerment PSSF-3
MIPOTATUBACTCS Yepe3 THO 03€pa, MOSBISIACH BHOBD HA €r0 I0r0-BOCTOYHOM Oepery . 3amamHblit
Oeper o3epa chopmupoBan 30H0# ¢ mpoctupanueM C-FO cuctemsl cOpocoBbix 'aBapreTckux
pa3oMoB, 00pa30BaBIINX I'PaOEHOBBIE U TOPCTOBBIE CTPYKTYPHIL.

Ha gme Manoro CeBana BblmensieTcs OTYeTiHBas crpykrypa “pull-apart basin”
obpaszoBaHHass Mexay cermeHTamu PSSF-2 m PSSF-3. JlnuHa cTpyKTYphl B pa3HBIX 4acTsX
coctapnsier oT 11 go 15 kM, a mmpuHa Komebnercs Mexay 5 u 7 kM. Ha 3amamHoMm ¢anre
“pull-apart basin” HaxoauTCs OKpyriias genpeccus ¢ MakcumansHoi 1t CeBaHa riryounoit 80
M; IIOTpy>KEHHUE CKJIOHA B 3TOM MecTe cocTapisieT 80 M Ha paccrossHuu 740 M.

Hoparyc — Kanarexckuii pa3nom O0bu1 BIepBbI€ BblAEIEH MunaHoBckuM. Briocienctsuu
JaHHBIA Pa3ioM MHOTOKPATHO M3ydaics reojyoramMu u B 2017 roy, mocie HOBTOPHOTO aHAIN3a
JAHHBIX U TPOBEACHHS MHOTOUYHMCICHHBIX KaK Ha3eMHBIX, TaK M MOABOJHBIX MOJEBBIX paboT
rpymmnoit A. ABarsiHa, ObLI cIefaH BbIBOA 0 TOM, uTo Hopatyc — Kanarexckuii pas3iom uMeet
cOpPOCOBYIO KHHEMATHKY,  €r0 aKTHBHOCTB CBSI3aHA C BYJIKAHHYECKHMU MPOIECCAMHU.

C roro-BocToka BmaguHa Mamnoro CeBaHa otzaeneHa oT BmaauHbel bonbmoro CeBana
acumMerpuyHold  Hopatycckolt mepembrukoi  (Hame)xauHCKOW — INepeMBIYKOH, COTJIacHO
MunaHOBCKOMY), BBIPDXXCHHOH B pelibedpe MOIBOJHOM TPsIOW MEKIY MBICAMH ApPTaHHII U
Hoparyc. Ceiiuac Hoparycckas nepembluka IepecedyeHa KaHbOHOM C IPUOJIM3UTEIBHON
riryounoit 8-10 merpos. Iladenronsn K. H., Munanosckuii E. E., Acmansn A. T. cunramu
KaHBOH CIJICCTBHEM dpO3MM pekH, BTekaromeid B Manbiii CeBan u3 bompmoro. D. XapassH
(2005) u C. Inpyzsu (1969), coemunss SnuueHTps Apapartckoro 3emierpsicenus (1840),
Jeunckux 3emnerpscennii (IX Bek), [apHuiickoro 3emnerpsicenust (1679) u 3emnerpsiceHuit
1905 roma Bo3ne ropoxa I'aBap, cuumranu npuuMHO oOpazoBaHus Hopamycckoil mepeMbraku
Azat — CeBanckuil pasnom (ITupyssH, 1969). B pesynprare HemaBHUX HCCICIOBaHUI OBLIO
YTOYHEHO DACIIOJIOKEHUE SIHICHTPOB A OONBIIMHCTBA ITHUX 3emierpsicenuid. K Tomy sxe
KOHIIETIIIWSL BEIJICTICHHS Pa3IOMOB IIyTeM COSIHMHEHHMS SIUIEHTPOB ycTapena. Brienenne Azat
— CeBaHCKOTO pa3loMa Ha OCHOBE OTMEUCHHBIX BBIIIE IOCIEAHHX MAAHHBIX HE OTBEYAET
COBPEMEHHBIM CEH{CMOTEKTOHHMYECKUM IPECTaBICHHSM.
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3.2 MarantomeTpnieckue ucciaenoanusi 2002 roga.

IIpoBenennas marnutomerpudeckas cbemka 2002 roga u e unrepnpurtanus B 2015-
2017 romax BepiBHia pasznoMm CC3 mpoctupaHus BROJIb BOCTOUHOTOo Oopra CapHKamHCKOM
rpsasl. ABMMyT TNpOCTHpaHus BBIABIEHHOro pasnmoma - C3 320-330°, yro coBmamaer ¢
asumyToM mnpocrtupanus Hoparyc — Kanarexckoro pasnoma. HUKakux CBHAETENBCTB IPYTHX
Ppa3noMoB npodusiMH He ObLI0 0OHAPYKEHO.

HoBast Bepcuss npuumHbl 0Opa3zoBanuss Hoparycckoil mepmbluke Oblia BbIABHHYTa
uccienosarenbckod rpynmoi A. Kapaxansaa B 2016 roxmy, koTopas HpeIIoiOXMiIa, YTO
Hopatycckas mepembruka Moria oOpa3oBaThCsl BCIEACTBHE PACTSHKEHHS HPH 0Opa30oBaHHUU
CeBaHCKOU CTPYKTYphI Oaccelina “pull-apart”, a kanboH B 1eHTpe Hoparycckoii mepeMbIuku
TOYHO coBmajgaer ¢ nuHMeil cermeHta PSSF-3. Bpino BBICKa3aHO NPEANONIOKEHHE, YTO OH
00pa3oBaH BCIICJCTBUE BEPTUKAIBHBIX CMEIIeHMH Ha 3ToM cermeHte Ilambak — CeBaH —
CIOHHKCKOTO pa3ioMa. BrocmeacTBnu 3TOT KaHBOH CTall PyclIOM pEKH, BTEKaromed u3
Bonpmoro Cesana B Mansrit CeBas.

3.3 denoMeH pa3:kn:KeHHS TPYHTa B 6acceiine o3epa CeBan

B 2002 romy Ha okpamHe cema Hoparyc ObutM HaiiieHBI CTPYKTYpPBI, KOTOpBIE
BIOCJIEACTBUM MHO, IPU MOJJEPKKE HAYYHOTO PYKOBOIUTEINS, ObIIN MACHTH(HIIMPOBAHBI KaK
ciensl padxmkeHus rpyHra (liquefaction). [laiiku mecka, BHEAPEHHOTO B BEpXHHE CJIOH,
COOTBETCTBYIOT BCEM IOJICBBIM KPUTEPHAM (hEHOMEHA Pa3KIKEHHS IPYHTA, OITHCAHHBIM BBILIE.

Pucynorx 4.
Pasorcusrcenue epynma na
o™ ~  oxpaune cena Hopamyc. 1. a -
I N cnotl cospemenHol nouswl; 2. b

N W

b ol f - - coucmole 8YJIKAHUYECKUE
omanodcenus; 3. ¢ - OKamanHasi
Mmenxas canvka; 4. d -
2UHUCTIbIE OMTIONCCHUSL
CesaHna ¢ MOHKUMU NPOCIOAMU
meghpoi; 5. e - gyikanuyecKue

OMILOJICEHUSL € BKTIOYEHUEM
00710MKO8 PA3IUYHBIX HOPOO U3
omnooicenuti Cesana; 6. f -
008an cO8peMeHHOL NoYGblL. 7. ¢
- 3anoaHumenb mpewunsl
PA3ACUICEHUSI SPYHMA U3
MENKO3ePHUCMO20 NecKa U

HeOKAMAHHBIX 00JIOMKO8
nopoo.

1E 20 3 4E0 S5 600 7

Oo6naxenune 1 (puc. 4). Ha ¢ororpadum 2015 roma scHO wuaeHTHUIHPYETCS
TPEIIUHA B TPYHTE, a TAKIKE CMEIIEHHE M0 Pa3ioMy OT 3eMIIETPSICEHUS. AMIUIUTYAa CMEIICHHUS
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CJIOEB B JaHHOM OOHaxeHuH Oosiee 1 meTpa. IloneBble KpUTepuu MAGHTHGHUKAIMU (EeHOMEHa
Pa3KWKEHUS TPyHTA IMOJHOCTHIO COOTBETCTBYIOT 3aJOKYMEHTHPOBAHHOMY OOHAKCHHIO. DTO
M03BOJISIET YTBEPXKIaTh, YTO B JAaHHOM pailOHE CHIBHOE CcelicMMYecKoe COOBITHE BBHI3BAJIO
(heHOMEH pPa3zKIKEHMSI TPYHTa U CMEIICHHE CJIOEB 3a CYET TOPU3OHTAIBHOTO INEePEeMEICHUS
IPYHTa 110]] BIUSHUEM CHJIBI TSDKECTH.

Obnaxenne 2 (puc. 5). U3 obOHaxkeHus 2 ObUIM B3ATHI NpOOBI UL
TpaHyJIOMETPHYECKOT0 aHanmm3a W s m3oromHoro aHammsza Cl14  (puc. 3.10 6).
I'panynomerpudeckuii aHamu3 ObUT mpoBeneH B yaboparopuu ['eonormyeckoro daxysbrera
EI'Y. Aramuz ¢paxmuii mo merony Llycuapl mokaszan BBICOKYIO BEPOSTHOCTh BOSHUKHOBEHHS
a¢dekra pazKmKeHNs TPYHTA.

Wzotonneni anamm3 C14 Obul mpoBeneH B J1abopaTtopuu yHHBepcuTera [nasro, a
3aTeM ObLT oTKaMMOpoBaH MHO# mpu momornn Okcdopackoro kambkymstopa mist C14 (OxCal
4.3). BasaTble 00pasiipl MOMOIJIM YCTAaHOBUTH MPE-AaTy U MOCT-AaTy COOBITHS, MOBJIEKIIEro 3a
c000# (heHOMEH pazKIKEHUS TPYHTA. 3eMIICTPSICEHHE MPOU30IIIO B mpoMmexyTke oT 30959
+331 cal BP no 7288 + 20 cal BP.

Pucynox 5. Paszocusicenue epynma na
oxpaune cena Hypaoyc. 1. a - cnoii cospemennoi
nouswl; 2. b - ciou gyakanuveckou meghpul,
nepemeuianule ¢ osepuvimu omuoxcenuaimu Cesana
npubpedicholl payuu; 3. ¢ - ClLOU 8YIKAHUYECKOTL
me@pul; 4. d - KpynHozepHucmas memHas
gyIKanuyeckas megpa; 5. e - yepnas cioucmas
MeNKo3epHUCmAs gyaKanuyeckas megpa; 6. f-
00NIOMKU NEeCUaHHUKA,; 7. - Mecma 635mus 00pasyos
ons ananuzoe C14 u epanynromempuu.

Ao

/288120 /
' calBP/ /
o/ /

TlomoGHOro  pasmepa  TPEIIMHBI ~ OT
PamKWKCHUs: TPyHTa BO3HHKAIOT BO  BpeMs
TOPH30HTAIBHOTO CIPEIUHra IPYHTA MPH CHIIBHBIX
semureTpsicennsix.  COrnmacHoO — MEKIyHApOIHON
mkane wHTeHcHBHOCTH INQUA (Michetti et al.,

[ 2 (b 3 el 4 w5 w6 mm7Rol 2004): “YacTo MMeET MECTO Pa3iKIDKEHHE U IIONbEM

BOIBI; 3((BEKThI “KUIICHUsI TTecKa” TUaMeTpoM 10 3 M; siBHbIC 3P dexTsl poHTAHUPYIOIIEH BOIbI
B CTOSMMX BOJAX; 4acTbli OOKOBOW CIPEAMHI M NPOCajKH (OllyckaHue Ha Oosee yeM okono 30
cM) ¢ 00pa3oBaHHEM TpEIIMH MapaJUleNbHO 30HAM OeperoBbIX JHHHI (OeperaMm pek, o3ep,
KaHAaJIOB, MOPCKUM T00EpekbsM”. BOSHUKAIOT Mpu HHTEHCHBHOCTH [X-X).

3aki0ueHne:;

Ha oxpamne cema Hoparyc (HMKCHPYIOTCS MHOTOYHCICHHBIE CIEIbI Pa3KIKSHHS
rpynra (liquefaction) ot 3emierpsiceHust ¢ HHTEHCHBHOCTBIO OK0J0 IX-X 6asioB mo mikane
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MSK 64. B3steie 00pa3ipbl U X pe3yJIbTaThl CBUACTEIBCTBYIOT O TOM, YTO 3a()MKCHPOBAHHOE
3eMJIETpACEHHE MPOU3OLUIO B MpoMexyTke BpemeHHu oT 30959 +£331 cal BP mo 7288 + 20 cal
BP.
Ha ocHOBe M3110)K€HHOTO (OPMYIIPYETCS 3aIUIAaeMOe MOI0KEHUE UCCEPTALHN:
MHoro4uciaeHHble cleqbl Pa3KKeHNs IPyHTa Ha okpanHe cena HopaTyc cBsi3aHbI ¢
3eMiIeTpsceHreM, npomomeamuM Oonee 6000 nmer Hazax ¢ WHTEHCHBHOCTBIO OKolo IX-X
6amoB o mkane MSK 64.

IJIABA 4. PEHOMEH PA3KHKEHUS TPYHTA B PAHOHE IT'OPOJIA CUCUAH
4.1 CucuaHCKHUIi y4aCTOK HCCJIeI0BaHUIi: 00LIHe CBeIeHHs

HccnenoBannblii okosio ropojga Cucuan ydacTok Haxoautcs Ha CIOHMKCKOM Harophbe,
KOTOpoe 00pa3yeT IOro-BOCTOYHYIO OKpamHy BYJIKAaHWYECKOW 30HBI PecmyOmuku ApmeHus.
CIOHHKCKOE Haropbe M3y4eHO MHOTMMH aBTopaMu. OOBEKTOM HX U3y4eHHs, B YaCTHOCTH, ObLIO
Kapkapckoe mrato mromazsio okono 40 km?. Ero abcomoTras BeicoTa coctaBmsieT 2650 — 3206
METpOB. B OCHOBHOM IIaTO CIOKEHO YETBEPTUUHBIMU BYJIKaHMYECKHMH mopoaamu. Ilo
Kapkapckomy mnato mpojeraer Ttpacca Tperbero cermenrta [lam6ak-CeBaH-CIOHHKCKOTO
pasnoma (PSSF-3). Cerment PSSF-3 IMTam6ak-CeBaH-CIOHUKCKOTO pa3iiomMa CKpBIBAETCS IO
BOJIaMH Y 3amajgHoro mnodepexbss Manoro CeBaHa M BBIXOAWT Ha Cylly depe3 65 KM y foro-
BocrouyHOoro Oepera Bombsmoro Cesana. Pasznom, mepecekast BynkaH XoOHapacap, TSHETCS K
Bynkany Ilopak u toxkHee oOpasyer cTpykTypy pull-apart. Pa3peiBHOe HapylieHue
pacmpocTpaHsieTCss MO IIOBEPXHOCTH, CIO)KEHHOH UYCTBEPTHYHBIMH  BYJIKaHHYECKUMHU
00pa30BaHMSIMH U TOJIOIEHOBBIMH JIABOBBIMH ITOTOKAMH, H3BEPTHYTHIMHU ByJIKaHOM [lopaxk.

K rory ot Bynkana [Topak HaOmomaroTCsl Ba MapajuleNbHbIX CEIMEHTa pa3jioMa, KOTOpbIe
HMEIOT CIBHTOBYIO KHHEMAaTHKY CO COpOCOBOI KOMITOHEHTOH. BricoTa ackaprioB BapbHpyeT B
cpenHeM oT 2 110 3 M, a IoKHee JOXOIHT 10 AecsATka MeTpoB. Ha mannom yuactke PSSF paznom
(dopmupyer cTpyktypy pull-apart.

Xycryn — I'mparaxckuii pa3iaoM B JaHHOM PeruoHe OBLT MPOCIEXEeH OT cena Tare Ha
CeBepo — 3amajie 10 peku Apakc Ha Iro-BOCTOKe, Ha MpoTsbkeHuu Oosnee 80 kM. B ceepo-
3aMaJHOM HAaIPaBJICHUH Pa3loM YXOIWT IIOJ MOJOAbIe JaBbl. PaznoMm mmeer B30pOCOBBIi
XapakTep C OIMYIIEHHBIM 3alafHBIM M TPUIOAHATHIM BOCTOYHBIM KpPBUIBSIMH. AMIUIUTYAa
cMeleHus 6onee 1 kM.

4.2 ®eHoMeH pa3KH:KeHHUsI TPYHTA HeJaJeKo OT cela ATHTY

B 2002 rony rpynnoit U. Konnopa u3 ynusepcureta IOxHoit dnopuasl Henaneko ot cena
Aruty ObUIH OOHapy)XeHbl OOHa)KEHWs, Ha KOTOPHIX OTYETIMBO ObLIa BHAHA Jaiika Iiecka,
BHEIpPEHHas B BEpXHUE cioW. IlodyuyeHHbIC HaHHBIE HE OBUIM IPOAHATM3UPOBAHBI M
omyb6nukoBansl. B 2017 roay pgaHHble OOHaKeHUs OBUIM IIPOAHAU3HPOBAHBI ABTOPOM
cobMectHo ¢ A. Kapaxansaom. HWadpopmamms u  ¢ororpadpum 2002 roma Obutm
MHTEPIPETHPOBAHBI KaK CBHCTEILCTBO (PEHOMEHA Pa3KMKSHHUS IPYHTA.
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BoccraHoBuTh KapTHHY coObITHS, 3adukcupoBanHoro B 2002 roxmy, Mo HMeEOMUMCS
JaHHBIM HE TPEACTaBISUIOCH BO3MOXKHBIM. [lo3Tomy, B 2017 roxy MHOH, B cocTaBe IPYIIIBI
MOEr0 pPyKOBOAMTENS, OBUIM MpPOBEICHBI IOJIEBbIE pPAabOTHl HAa JTOM OOHaXeHWH. bpuia
COCTaBJIEHA CXEMaTHYECKas 3apHCOBKA OHOTO U3 0OHaxkeHHH (puc. 6).

N

108 2 (5] 3060 4 W0 5 (€ 6= 700 898 9 =10=11[f
Pucynox 6 . 1 — Jlatika (cunna) enedpennoeo necka. 2 — Cyenunok, 3 — Peunvie omnosicenus
6 6uoe canvku, 4 — Cuewennvlii cnot, 5 — CuewjeHnblil C0U 8yaAKaHuyeckou megpul,6 —
ITnockocme cmewenus, 7 — Obsanuswutics nousennviil ciou,8 — Kypeanot, 9 — Hanpasnenue
cmewenus, 10 — Hanpaesnenue snedpenus necka, 11 — Kanan eneopenus necka

Ionessre pabotsr 2017 roa U COCTABIECHHBIN CXEMAaTHIECKHH PHCYHOK ITOKA3alH, 9TO
(eHOMEH pa3KIKEeHHS TPyHTa Hejaleko oT ropoga CHCHAaH HMeeT BHAMMYIO MIMPUHY
BHeApeHus 24 MeTpa, a BBICOTY Oosiee 5 meTpoB. [1o100HOTO pasMepa Aailku OT paz3KMKECHUS
TPyHTa BO3HHKAIOT BO BpeMsS TOPU30HTAIBHOTO MEpPEMENeHUs TpPyHTa IPH CHIBHBIX
3emierpaceHusax. CornacHo MexxayHapoaHoi mkasne nareHcuBHocTH INQUA EEE.

B mpomecce moneBeIx paboT HamMu OBUIO 3aJOKyMEHTHPOBAHO M€ HECKOJIBKO
CBUJICTENIECTB PA3KIDKEHHUs TPyHTa B paiioHe ropoma Cucwmad. V3 omgHOro n3 oOHa)KeHHH,
YCJIOBHO HA3BAaHHOTO BTOPBIM, AJsi M30oTomHOoro aHamm3a Cl14 Hamu ObLT B3ST oOpaser w3
MAJICOTIOYBBl HaJl BHEIPEHHBIM ciioeM mecka. OOpasen ObUT OTHpaBICH B aMEPHKAHCKYIO
nabopatopuro Beta Analytic Inc. 1 8 2017 roay 6buta nomydena gara 1485 - 1650 cal AD mus
BEIOPaHHOTO CJIOA. DTO MOCT-JaTa 3eMIICTPSCEHHS, BBI3BABLIETO pa3KIDKEHHE TIPyHTa Ha
obHaxkeHnsax 1 um 2. Taxoke ObUT B3AT 00pasel MajeornouBbl H3-NOJ OOPYIICHHOTO y4acTKa
cTeHsl kpernocTd Yitn. [To aHHBIM HOJIEBBIX HCCIEIOBAHUM paspyllieHHe CTEHBI MPOU3OIILIO0
BCJIE/ICTBHE CHIIBHOTO 3eMieTpsiceHns. [lomydeHHbIH pe3ynbTaT JaeT Ipea-AaTy 3eMICTPSICCHUS
- 878 - 1013 cal AD.

Bo Bpemsi moneBbix pador 2017 roma ObUIO BBIICICHO TaKKe OOHAXKCHHUE, YCIOBHO
obo3HaueHHOe HOMepoM 3 (puc. 7). 3mech cCIOM BYJIKAHHYECKHMX OCAAKOB M O3EPHBIX
OTJ'IO)KCHI/Iﬁ, NpEACTAaBJIICHHBIX B BUAC I'aJIbKH, 1O BOS)IeﬁCTBPIeM 3EMJICTPACCHUS CMECTUIINUCD,
H3MEHUB yToJ MaJeHUsl C TOPH30HTAIBHOTO HA IOYTH BepThKambHBIA. B 10 MeTpax 3amagHee
ObLTa 33JOKyMEHTHPOBAHA Jaiika pa3XKmKeHHs rpyHTa. BHeApEHHBIN C10#t mecka o6pa3oBai Ha
TIOBEPXHOCTH «II€CUaHbIi kpaTtepy. 13 ciost maneo-nouBsl Haj KpaTepoM ObuIa B3sTa mpoda It
Cl14. B 2017 rongy maboparopust Beta Analytic Inc. mpemocraBuia pe3ysnbTaThl H30TOIHOTO
a”anm3a - 1726 - 1814 cal AD. lanHsIil pe3yabTaT NPaKTHYECKU MICHTHYEH MOITydYeHHOMY Ha
obHaxxeHnu 1. [1o MoeMy TpeAnonaokeHu0, JTaHHBIX N30TOMHOTO aHanu3a C14 1ocTaTouHbl ATt
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YTBEPKACHUA, YTO 3aI[OKyMeHTPIpOBaHHLIﬁ Ha OOHaXCHHSIX (beHOMeH Pa3KKUKCHUA TI'PyHTaA

SIBIISICTCSL BTOPUYHBIM 3 dexToMm 3emmerpsiceHus 1406 roxa.

Pucynox 7. Obnascenue 3. Cnesa - datika paszoicudiceHust 2pynma (8vioenena oenvim
NYHKMUpOM) ¢ 0010MKamu emewaiowux nopoo. Mecmo oméopa npodoi, 635moii U3 naieonoyasl
ona ananuza C14, ommeueno kpacroii 36e3001. Cnpasa - yenosoe Hecozuacue cloes.

4.3 BbIBOIBI:

DeHOMEH Ppa3KIDKeHUs] TPYHTA, 3aJ0KYMEHTHPOBAHHBIH Ha OOHAKCHUSX BO3JIE
ropoga Cucual, SsBISETCS SIBHBIM  CBUJETENBECTBOM  CHJIBHOTO  3€MIICTPSICEHHST  C
unrencuBHOCThIO X-XI (INQUA, MSK-64).

OOHapyxeHHOEe Henaneko OT ropoxa CHCHAaH YIJIOBOE HECOOTBETCTBHE CIIOEB
CBHUAETENBCTBYET O HAJIMYUM CKPBITOrO DPasjioMa, SBIAIOLIErocs HCTOYHHUKOM CHIIBHOTO
3emieTpsiceHus. IIpuuuHOi ()eHOMEHA Pa3KIKEHUS TPYHTa MOIJIO MOCIY)XKHTh 3eMIICTPACCHHE
Ha JIAHHOM pasJioMe.

W3oronuslii ananu3 opranuky naneornodss! (C14) oTHOCHT faHHOE COOBITHE K HEPHOIY
or 878 - 1013 cal AD mo 1485 - 1650 cal AD. CoryiacHO KaTajxory HCTOPHYECKHX
3emuerpsicenuii (Seismic, 2011) B maHHOM perunoHe ¢uxcupyercsi semuerpscenue 1406 ronma
MarHuTynod 7.0. ABTOp CKJIOHEH NPHUIHUCHIBATh 33J0KYMEHTHPOBAHHBIE CBHUJICTEIHCTBA
(eHoMena pazkmKeHus rpyHra 3emieTpsicennto 1406 roga. JlanpHeiinne MakpocelicMuueckue
HCCIICIOBAHUSI MOTYT IPHUBECTH K YTOUHEHHIO SIHLEHTpa 3emuerpsacenus 1406 roma u
(buKcaly ero Ha BBISIBICHHOM Pa3JioMe.

Cunraro, 4TO yKa3aHHbBIX JAHHBIX JOCTATOYHO JUIS YTBEPXKICHHSA O HPEAIOaracMoM
npogomkeHnu [Tam6ak-CeBaH-CIOHHKCKOTO paziaoMa XycTyn-I HpaTaxCKUM pa3ioMOM.

Ha ocHOBe n3110xkeHHOr0 (OPMYIUPYIOTCS 3aLIUINAEMOE TTOJI0KEHNE TUCCEePTaLUH:
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DeHOMEH pa3KWKCHHS TPYHTA, 33JJOKYMEHTHPOBAHHbIM B YETBEPTUYHBIX OOHAKCHHIX
Boane T. CHCHaH, SBJISETCS CBHACTEILCTBOM CIVIBHOTO 3EMIIETPSCEHHUS C MHTCHCHBHOCTBIO X-
XI (INQUA, MSK-64), npousomenumm mexay 878 - 1013 cal AD u 1485 - 1650 cal AD. Dot
(eHOMeH, Kak M OOHApyKEHHOE YIJIOBOE HECOIVIaCHE B IO3JAHCYCTBEPTUYHBIX CIOSX CTAIH
PE3yNIBTaTOM MOABIKKH 110 PA3IOMY TIPH CHIIBHOM 3€MJICTPSICCHHN.

3AKJIIOYEHHUE
5.1 ®eHomMeH pa3:KUKeHHsI TPYHTOB U CeCMOTEKTOHUKA.

Capnapanarckas CTPYyKTypa, IpHHHMas BO BHHMaHHE OTKpPBITHII Bompoc €€
BO3HMKHOBEHUSI M OTCYTCTBHE 3aJIOKyMEHTHPOBAHHBIX CHIIBHBIX 3EMJIETPSCEHUH, MHOTHMHU
YUYCHHBIMH pacCMaTpHBallach, Kak MOTpeOeHHBIN IpeBHUH pas3noM. [Ipu oneHke ceficMHYecKoit
omacHoct 111 AADC CappapamaTckoil CTpykType OBII TPHCBOGH HH3KMH paHT
JocToBepHOCTH. HoBBIE JaHHBIE, MONY4YEHHbIE MHPU IOMOIIM T'EONOrO-reOPU3NUECKUX U
nabopaTopHBIX PabOT JOKa3alnd akKTHBHOCTH CapaapamaTcKoro pa3iioMa M MO3BOMIN MPOBECTH
BEPOSATHYIO TPAcCy JTAHHOTO Pa3jioMa.

CpaBHHBas pa3Mepsl BHEIPEHHS 3aJOKYMEHTHPOBAHHBIX CBHUJIETEIHCTBX (HEHOMEHA
Pa3kKWKEHUs TPYHTa, MOXHO CcAeNaTh BBIBOA O mnoTeHuuane CappapamaTckoro pasjioma.
JanpHelne nccaeoBaHus B JAHHOM PETHOHE Te0JIoro-reo(pu3nuecKUMHI METOJAMH TTOMOXKET
YTOYHHUTH TPACCY pasioMa.

BrisinenHble Ha okpanHe cena HopaTyc cBuaerenscTBa (peHOMEHA pa3KIDKSHUs TPyHTa
TOBOPAT O HAINYMM CHIBHOTO 3emierpsiceHms. CelicMudeckas yrposa s OacceifHa o3epa
CeBaH sBIsIeTCS KpaiiHe BaKHBIM BompocoM. IIpoienanHas pabora yiydminia HOHUMaHHUE
MEXaHM3MOB AaKTHBHBIX pa3llOMOB OacceifHa. ABTOp CUMTaeT HEOOXOAMMBIM HPOIOJDKEHHE
uccnenoBaHuil 6eperooit nuHMK o3epa CeBaH ¢ LeNbl0 OOHAPYKEHUsS HOBBHIX AedopMaruii,
BBI3BAHBIX Pa3)KIKEHHEM I'PYHA, a TAKKe U3 ICTATFHOTO U3Y4eHHUSI.

@DeHOMEH pa3KIKeHUs TpyHTa BONU3M roposa Crucuan CIOHUKCKOTO aBTOHOMHOMHOTO
OKpyra SBISieTCS  CBHJICTEJIBCTBOM CHJBHOTO  3eMIICTpsCEHMS. JleTalbHble MOJICBBIC
uccienoBaHus W u30TONHBIN aHanmu3 Cl14 mo3BomwiaM JaTh NPHOIM3HUTEIBHYIO OLCHKY
HMHTEHCUBHOCTHU 3EMJICTPSICEHHS U €r0 JaTUPOBKY.

ConocTaBuB PE3YJbTAaTbl U30TOINHBIX aHAJIU30B, B3ATBIX U3 OGHa)KeHI/Iﬁ HECOAJICKO OT
roposa CHCHaH, ¢ UMCIOLIUMCS HCTOPHYECKUM KATaJOrOM, aBTOP MpHIIENT K BBIBOLY, YTO
(eHOMEH pa3KIKEHHUS TPYHTa BO3HUKIO KaK BTOpUYHBINA 3¢ ekt 3emnerpscenus 1406 roma
(M=7.0). ogHako JaHHYIO HHPOPMALHIO HEOOXOJUMO YIOCTOBEPHUTH IIPH IIOMOIIH JAIBHEHIIINX
HCCIIeIOBaHUI JaHHOTO PErHOHA.

CymMMupysl  pe3yJbTaThl  BBIIIOJHEHHBIX aBTOPOM  MCCIICAOBAHUI  NPOSBICHUH
CEHCMHMYECKOT0 Pa3KIKCHHS TPYHTA Ha TEPPUTOPHH APMEHHH, MOXKHO YTBEp)KIATh, 4TO, BO-
INEPBLIX, OHU IMO3BOJIUIIA OIIPEACIINTDL UIIU Ooiee JOCTOBEPHO OLEHUTH MOILIHOCTD, U 1aTHUPOBKY
HEKOTOPBIX CEHCMHYECKHX COOBITHH M YTOYHHTh CCHCMHMYECKHH IOTEHIHAN OTACIBHBIX
aKTUBHBIX Pa3JIOMOB M CEHCMHMYECKUX 30H. Bo-BTOpBIX, paboTa aBTOpa HAIJISAHO ITOKa3ala, YyTo
U3y4Ye€HUe CENCMUYECKOTO Pa3akKMKEHNUS I'PYHTA KaK UCTOYHHUKA NOIIOJIHUTEIIBHBIX BO3ﬂ€ﬁCTBHﬁ
3eMJICTPSICCHHIT Ha 4eNOBeKa M Cpeny ero OOWTaHus, HYyXKIaeTcsi B JONOJHHTEIbHBIX
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HCCIIC/IOBAHUAX, KOTOpBIC JIOJDKHBI OXBaTblBaTh HE TOJNBKO CEHCMOTEKTOHUKY, HO U
yriryOnéHHOE N3ydYeHHe YeTBEPTUIHBIX OTI0XKEHHH U THAPOT€OJIOTUH.

5.2 BoIBOABI H peKOMEHIALMH:

*  OueHKa CelCMHYECKOU OIIACHOCTH OCTAETCsl aKTYaJIbHOM 7Sl TEPPUTOPUHM APMEHHU 110 CeH
neHb. HoBble MeTOAWKH, TO3BOJISIONINE IOMONHHUTH KATajoT 3eMIICTPSICEHHH, CYIIECTBEHHO
TIOBBICSIT KAa4eCTBO OLIEHKH CeHCMUYecKoro prcka. MeHoMeH pazKIKeHHs1 TPYyHTa Kak MapKep
MaJICOCEHCMUYHOCTH, SIBISICTCS OYEHb WHTEPECHBIM M BAXHBIM OOBEKTOM OISl OymaymIux
UCCJIEIOBAHUH.

e JlamHple, mnoiy4YeHHBle npH wn3ydeHuH CapAapamaTcKoil CTPYKTYpHl, OJHO3HAYHO
CBHJETEIBCTBYIOT O TOM, YTO OHA SIBIAETCSA aKTUBHBIM Pa3JIOMOM CO B3OPOCOBBIM MEXaHU3MOM
MOJIBUKKHU U CEHCMOTEHHON 30HOM ¢ moTeHIuanoM M= 6.6-7.0 u co ciegaMu MOBEPXHOCTHOTO
pa3pblBa M Pa3zKIKEHHS TPYyHTa OT CHIBHOTO 3EMIICTPSICEHHUS, MPOU3OMIEAIIEr0 B IEPHOJ
mexay VI Bexom u I Bexom o PX (Yuactok Capaapanarckoil CTPYKTYpHI).

* Ha okpaune cexa Hopaxyc ¢puKcHpyIOTCS MHOTOUHCIICHHBIE CIIE/BI Pa3KIKEHHs TPyHTa OT
3eMJIETPACEHHS C UHTEHCHBHOCTHIO 0KoJo IX-X mo mkane MSK 64 (bacceiin o3epa CeBan).

e Pe3ynbTaThl W30TOMHOIO aHalKM3a OTOOPAaHHBIX MPOO CBUAETENBCTBYIOT O TOM, YTO
3a()KCHPOBAaHHOE Ha OKpamHax cena HoparTyc 3emierpsiceHre MpOM30III0 B MPOMEXYTKE OT
30959 £331 cal BP no 7288 + 20 cal BP (bacceiin o3epa CeBaHn).

* DeHOMEH pa3KWKEHHs TPyHTa, 3aJOKYMEHTHPOBAaHHBIH Ha OOHa)KEHHSAX BO3JE Tropoia
Cucuas, SBISETCS SIBHBIM CBUAETEIBCTBOM CHIIBHOTO 3€MIIETPSACEHHUs ¢ MHTEHCUBHOCTBIO X-XI
(INQUA, MSK-64) (PSSF-3).

*  OOGHapyxeHHOe HeflalleKo oT ropoja CHcHaH yIiioBoe HECOIIacHe CIOEB CBUICTEIBCTBYET
O HaIM4YMU CKPBITOTO pa3jioMa, SBISIOLIErOCS HCTOYHHUKOM CHJIBHOTO —3eMJICTPSICEHHMSI.
[Tpnunnoii 0Opa3oBaHus (PeHOMEHA Pa3KIKEHUS TPYHTA MOXKET BBICTYIIATh 3eMJIETPSICEHHE Ha
naHHoM pasiome (PSSF-3).

* Uzoromubni aHanu3 opraHuky naneornouBbl (C14) OTHOCHT 3aJOKYMEHTHPOBAHHOE B
Cronuke cobsitie K epuoay ot 878 - 1013 cal AD mo 1485 - 1650 cal AD. CornacHo karayory
HCTOPUYCCKUX 3EMIICTPSCCHUN B JAHHOM peruoHe (ukcupyercs 3emierpsicenue 1406 roma c
MarHutynoid 7.0. ABTOp CKIOHEH NPHUNUCHIBATh 33TOKyMEHTHPOBAHHBIC CBHUCTEIHCTBA
(eHOMeHa pa3KIDKeHHs IpyHTa 3emieTpsicenuro 1406 roga. lanpHeimue MakpoceicMUUECKe
HCCIENOBaHUS MOTYT IPHBECTH K YTOYHEHMIO SIHUIEHTpa 3emierpscenus 1406 roma u
¢ukcaiuu ero Ha BeisiBIeHHOM pasiome (PSSF-3).

* IlponenanHas paboTa W MONYYCHHBIC JAHHBIC MO3BOJIIOT MPEAIONIOKHUTh HPOIOIDKEHHE
[Mam6ak-CeBan-Cionnkckoro pasiaoma Xycryn-I'mparaxckum — pasnomoM. JlanmbHeimme
HCCJICIOBAHUA B JaHHOM PETrHOHE MOIYT IOATBEPAUTHL WU ONPOBEPrHYTH AAHHYIO TEOPUIO
(PSSF-3).

Ha ocHOBe M3710X€HHOTO cbopmynnpyeTca 3alIIIacMOo€ MOJOXKEHUE TUCCEPTALIUNA:
BrisBriennnie aBTOpPOM B ApMeHHI/I SABJICHUA PA3KMIKCHUA T'PYHTA PU CUIIbHBIX UCTOPHUYICCKUX
U TOUCTOPUYECKUX 3EMIIETPIACECHUAX TIO3BOJIUIIN YTOUYHUTHL NMapaMETPhl 3TUX 36MJ’ICT‘p${CBHVIﬁ 14
CEeCMHUYECKHIA TTOTEHITUAT aKTHBHBIX Ppa3jioMOB, C KOTOPBIMHU TaKUE 3EMIICTPSACCHUS CBSA3AHBI.
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Soqnunipjull wunmhdwbn: Gppupwbwlwb, tpipudhghjuljub b htwghnwlwi
nfjuubph puswal hwdbdwnnipniip dudwbtwljulhg hwdwlwpgswjhtt Spugptph
Yhpwodwdp pny; B owndlp duwlbpyl] htnlyjuy  Gopulugmpiniubbkp oo
wnwowplnipniuubpp.

Nugnywinjng npoiyphbpp.

e  Uwppupuywwunh junnigjuspp hwinhuwiunid E wjnhy juqusp, wnbnuowpdh
Jtpubwnpuyhtt kjuwihqund b dp.w. VI guphg htun wbnh niukgus nidbn
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Eppwowpdhg wnwowgws dwybplinypughtt juquub b gponitnh  9phlugdwi
htwnptpny:

Unpuunniu gninh Suypudwunid quuiigus gpoiinh oppjugdwt puquuphy
owtikpp yuwyulgdws tu vh Ephpwowpdh htiwm, npp wbknh k niukgh] wyth put
6000 vnunh wnwyg b nidqunipjudp quuwhwwnyty E Udnwn IX-X MSK 64 uminnulny:
Uhuhwi pwnuwph unwn snppoppujut bunduspubph  diplugnidubpnid
qpuigqué b thwunnwgpjus gpmitinh gphljugdwi Epunypp Jyuynid £ nidbn
Epypuwowpdh dwuht (1=10-11 puwn INQUA, MSK-64), npp wbinh t niikghy .. 878 -
1013 p. (pYugpws nmuptphy)/ b U.e. 1485 - 1650 p / pyugpdus mwuptphy/ dholi:
Uy tpunypp, hswbu bwlb niy snppnppuljut hwuwlh okpnbpnud gpuiigqus
wblpnitughtt whtbhppuotwlnipnitp, wuydwbwdndus o ok fuqusph
Epluypny nidtn tpljpuwowndh dwdwtwly wnknh niikgus mbknupwpdny:
zZbnhttwljh  Ynnuhg Zugywunwbnid  hwynbwpbpyws  gpoiiinh 9ophliugdwt
Eplnypubpp, npnup wmbnh &b niukgh) nudbn quundwlui b hwhwyundwulub
tpypupwpdtph  dudwbmy, pmy ko wdly &pgpnk) wyy  Epypupwpdtph
wuwpudbnpbpp b wyt wjnhy fuquspubtph ubjudhl ukpnidp, npnig htwn tpwp
Juwyuygdws Lu bnky:

Bqpujwugnipnihaubp b wpwewplm pyniuttp

Un wyuop ubjuuhl) Yinwtigh quuwhwwnnidp wpnhwljwt jutnhp b dunud Zujuunwh
hwdwp: Unp dbpnnubpp, npnup pnoy; o wwhu puguly Gpypuwowpdtph
Juwnwngp, bfuybu pupbjuybint Eu ubjudhly nhuljh quwhwndwb npuljp: Npybtu
wubknubjudhynipjutt  Jwplbtp, gqpnitnh ophljugdwt Gpunypp swthwqubg
htwnwppphp b juplnp wpwpw E hinwqu ntunidowuehpoipgniaibph hwdwp:
Uwppupuyuwnh  JupnigJusph  nuunidbwuppdwt phpugpmd unnwugdus
nfjuitpp  dhwipwbwlnpt  Jiuynid But wyt dwup, np  Jupnigduspp
hwinhuwind t whnp] uqlusp nkquowpdh Jiphtnpuyht dkuwihquny b
ubjudwsh gninh’ M= 6.6-7.0 kpnidny U dp.w. VI U Il qupbph dhol nkinh
niukgws nmidbn Lpypwowpdhg wnwowgws dwlkpbnypuyht juquui b gpniuawnp
onhjugdut htwnptpny (Uwppupuywnh jupnigdusph nknudwu):

‘Unpunniu gjninp  Swypudwunid gpuitigynid kit MSK 64 uwtinnquiny onipg 1X-X
nidqunipjnit  nitkgnn  Epjpwowpdhg  wnwowgus  gpoiinh  9phlugdwi
puquuphy towtbp (Uhwhw (&h wjuqui):

bPgqnunyuyhtt  hwuwlh npnpdwt hwdwp  Ybipgdws  udnipubph  whwihqh
wpnniipbpp Yyuynud B, np Unpunnniu qjninh hyntuhu-wplibjjub Swypudwuncd
gpuugdud pljpwpwndp wnbnh b niikgh) 30959 #331 (cal. BP) uhuigh 7288 + 20 (cal.
BP) wwph wnwy (Uhwtw (£h wdwuquiy):

Uhuhwt punuph dnnuluypmid dbplugnidutph dbe thwuwnwqpus gpniunh
onpjugdwt tpunypp hwinhuwinud £ nidbn Epljpupwupdh hunnwl Jyuynipnt,
nnb nilighy E X-XI nidqunipini puin INQUA, MSK-64 uwiinnuljutph (PSSF-3):
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e Uhuhwt pwnwphg ny htonmt  huwynbwpbpqué skpinbph  wllnitught
wttkppuotwlnipniup Yyuynid £ puptus uqusph wnjuynipjut Ywuhl, npp
nidln  Gpypwowpdh wnpmip b otnhp Uyp juqusph Jpu wnbnh mubgus
Epypwowpdp Yuwpnn bt (pul) gpoitnh ophugdwb  Eplnyph wnwewgdwi
wuwndwnp (PSSF-3):

e Zuwhnnh opqutwlui yniph hqnuinwyuyht YEpnudnieniup (C14) poy) k vuwhu
Ytpugpty Untuhpnud qpuiigué ppunwpdnipiniip d.p. 878 — 1013 wmwpkpyhg
Uhtsh U.p. 1485 — 1650 nnwupkphyu pijus dudwbwljuopowtht: Cunn yuwndwljwh
Epypwowpdtnh Juwwwingh, wfjuw; wnwpwswoppwunid qpuugjus L 1406p.
Epypwowpdp, npt mubkgh] t 7.0 dwquhwniy: Zknhtwlp hwiws b Jkpugply
gpntunh  oppllugdwt hwunwgpdus Yyuynipniuttpp 1406p. Lpypwowpdhu:
zhnwqu dwlpnubjudhl hbnwgnuinmipnibubpp jupny Gu poy) wwy dogpnky
1406p. tnypwowndh tyhlkunpnup b gpuitigh) tpw mbknunhppp hwyntwpbpus
uqyusph ypw (PSSF-3):

e Juuuwpjws wojuwwnwipp b vnwugdus wnfjuitpp poyp th nmwhu Bupunpbp
unpnijunipught. juwh  dwuhtt Qudpwly-Ulwb-Umnitph b uniuwnnith-

Qhpwpwnh Juquéputph thol (PSSF-3):
Makaryan Khachatour Vardani

ANALYSIS OF SOIL LIQUEFACTION EFFECT: NEW EVIDENCE ON THE SEISMIC
ACTIVITY OF THE SARDARAPAT STRUCTURE, PAMBAK-SEVAN-SYUNIK
FAULT AND LAKE SEVAN BASIN

Abstract

As a secondary effect of strong earthquakes, soil liquefaction phenomenon has been
recorded in different regions of Armenia. Until now, there has been no engineering solution to
protect built structures against this effect. Presently, new studies of the phenomenon may enable
considerably improved understanding of the risk for engineering infrastructure. Under this
study, soil liquefaction effects were studied in some regions of the RA, which allowed
supplementing the earthquake catalogue and improving the quality of seismic risk assessment
considerably. By means of cross-correlation of geological, geophysical and archeological data,
using advanced sets of computer software, it appeared possible to make the following
conclusions and recommendations.

Defended Statements

e The Sardarapat structure is an active fault with reverse-fault slip mechanism and signs of
surface rupture and soil liquefaction caused by a strong earthquake, which occurred after the
7t century BC.

e Many signs of soil liquefaction on the outskirts of the Noratous Village are related to an
earthquake that occurred more than 6000 years ago and had intensity about IX-X on the
MSK 64 scale.
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Soil liquefaction phenomenon documented in Quaternary exposures near Sissian Town
bears evidence of a strong X-XI intensity earthquake (INQUA, MSK-64) between 878 -
1013 cal AD and 1485 - 1650 cal AD. This phenomenon, as well as the angular discordance
of bedding recorded in Late Quaternary layers, was determined by a displacement along the
fault during a strong earthquake.

The soil liquefaction effects caused by strong historical and pre-historical earthquakes
identified by the author in Armenia enabled an improved assessment of parameters of those
earthquakes and of the seismic potential of the active faults they were associated with.

Conclusions and Recommendations

Seismic hazard assessment has remained an urgent issue for Armenia up today. New
techniques to enable supplementing of the earthquake catalogue may upgrade seismic risk
assessment quality considerably. As a paleoseismicity marker, soil liquefaction phenomenon
is an object of interest and high importance for future studies.

The evidence produced in studying the Sardarapat structure bear clear evidence that it
represents an active fault with reverse-fault sense of motion and a seismogenic zone with the
seismic potential of M=6.6-7.0 and signs of surface rupture and soil liquefaction in an
earthquake that occurred between the 7™ century and the 2" century BC (the Sardarapat
Structure Site).

On the margin of the Noratous Village, many signs of soil liquefaction caused by an IX-X
intensity earthquake (MSK 64 scale) were recorded (Lake Sevan basin).

The results of isotope analyses of the collected samples indicate that the earthquake
identified on the Noratous Village outskirts occurred in the interval from 30959 +331 cal BP
to 7288 + 20 cal BP (Lake Sevan basin).

Soil liquefaction phenomenon documented in the exposures located near Sissian Town bears
clear evidence of a strong earthquake with intensity in the range of X-XI (INQUA, MSK-
64) (PSSF-3).

The angular discordance of strata identified not far from Sissian Town attests to the presence
of a concealed fault that was the source of strong earthquake. Earthquake on this fault could
have been responsible for the soil liquefaction phenomenon (PSSF-3).

The isotope analysis of paleo-soil organics (C14) relates the seismic event documented in
Syunik to the period between 878 - 1013 cal AD and 1485 - 1650 cal AD. According to the
historical earthquake catalogue, a 7.0 magnitude earthquake in 1406 is recorded for this
region. The author believes that the documented evidence of soil liquefaction effects could
be ascribed to the earthquake of 1406. Further macroseismic studies may help to improve
the localization of the 1406 earthquake epicenter and its localization along the identified
fault (PSSF-3).

The conducted study and the data produced suggest that the Pambak-Sevan-Syunik Fault
could have its extension as the Khoustoup-Ghiratagh Fault. Continued investigation over the
considered region might help to support or disprove this hypothesis (PSSF-3).
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