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Uphunnwlbiph plighwiinip phmpwghpp

Upjuunwbpp  Whpjwd b Zujwunwbh  Zwbpwwybumppub b hwpulhg
nwpwdplibph hunhup wdbbwwnbnuh phulwh Juwbqlibph bplpuswpdtph, ipubg
wnwowghnn wlhwnpy] hqudplbph, dwlbpbuwght pwhinmdbubph gpubnpoudbbph,
Eppnppughtt wqpbgmpymubbph  hwduwhp nuunwlbwoppmpub - utighptbphi,
tkpuntin] Uwpninmd, Gghywnnumd b Zwhphmd hpuijuwbwglud  nfwbuinhy
mumubwuhpnipmibitbph npnpwlh wppniiphbpp:

Enypwpwpdh Junwbigh qhwhuwndwb qpuumpjul pupdpugnidp Yuphnp
hpdtwhwpg L, pwbh np bpw phpuwqiwhwwnnudp Yupnn ©oplipl) Gmpuljub b
dwpnuyhtt pkumpubkph swppupugdwd  Ynpnuunbbph, hul] gipuqtwhwnnuip
pipnud b hufjuyubdwduy  dwutph wljig@wh’ hwbqlgbjn] huuwpulmppot
qupqugiwb nkdybph buqbglwbp: Lugph wyddbwljwtimipymbp L
qnpdluljubmpimbp hwljmd mbblh whpbpdby upugdwl, Jwopjwd dwpgljwghl,
mpwlwl, Jwubwynpuwybu tukpgbwnhl  pbumpubbph  YEbopnbwgdwt o
Yuwplnpuiwl hwpwénb phinygph hkn:

Munufimuhpmipymubknh dkpnnbkpp
ZEhnwgnunmpnbiitph nkuwlukpp b oquuugnpdyws Ukpngutph hwdwnnn

gulljp hknbpu b k.

e wublunntwluwl, ubmfunbjnnbwlwl, bpjpupwbuljwb b wy puqlupbnge
wnfjutkiph hujupmy b juwywdl JEpmsmpymi,

e unuppbpulpuwb  Jwlhwpnulh  pmjunpbijhmpmb mbtgnn  hEmuqdwh
upuibtph  (whpnpmuwbluwpbbiph b wppulyjuljuhtt wwwnlkplbph),
nbnugpulijul pupnbqibph Wulnul, tnwywh dnphjwdnpmd b Jhpnsnud,
wlpnhy pEywdphbph, htwpudnp  dwlbpbuughtt owhonnufubph b wy
Jurnigywdpuhl tnuppkph whpunnud,

*  wlpnhy juqudplbiph hpulwlwl ywputnpkph' ipwlighg plunn Yuwlqubph
wnunlbpugnyh  Jwqbhinmnh b Yphindwh  spoppbpwljwbmppub  gbwhwnnul,
wipnpy  pqudplbph - Jupph  pimpugpnud” ugbinpkl Yhpwntyng
hiwubjudwpwbwljul, wplubnubjudwpwbuluh nuownwhl
htnwgnuinmpnititkph,  hbyybue twb hwuwljugpdwh hgnuinnuuygpl,
pmulhtitugbtnnuy bl ((niuwhugdub) b hwghunwlpwmb dbpnnitpp,

e Lpypwowpdtiph Lpypnpruyht wqnlignupnibitiph, Uwubwnpuyg b
unnuibpuhtt U wyp (whgughle EplmypUbph,  hantph gphyugdwl,  wlpnhy
juqudptiph b hpwphwljwbnipjut - htwpunp hnjowqupd - Juygtph
puguhupnnd b gbwhunnnud®  Yhpuntym]  hbdhtibpubipypuputulwb
pupubqugpdul, dkphugnultbph dwbpudwub Gupugpdwt (Qupduspltph
Juqunud, nuuwbijupnud, Epjpupubaljwb b jurnigduspughtt thunnplbph



wrwbdbwgnud, wnpwpynud, b wyb) U phupnuybinh]  Jhpomdngejwb
Ukpnnubpp,

e Uphnuphwgpuljub nbnbljunjulut hudwlupgbph (US2) b pyuyghtt $npulunng
wnjuitiph puquih uinindnul, hunhaghp Qbppnudnpym:

Upjuunnwiiph hhdbwlwh buyjunnwmljp

Uhguujph  dpw  wlunpy juquépblph wqngnipjub  pugwhupandp b
dwljipbuuyght fpwhnnnufbliphg plunn Juuwbgh qbuwhuanudp:

Upjuwwnwiiph hhdbwlwl juinhpukpp

1. Uwjlpbuwghl puunnulbbph papujusmpiub b whinnippub pinipugpmadp:

2. Uljwnhy huquapuliph dbpadwllipbuught wpunuwhwjun]wdnipjub
nuunilbiwuhpmpgnibp:

3. Uhowjuyph ypw  fuqudphkph  wluhympub  ywundunwhbnbwbpwhi
wqnbgnipinibiiph niunulbwuhpnipnibp:

Munph juplnpoupjniip b wpnhwljubngeoibp

Bt wgundwlwl, pk' wpepu Zujwunwibh hwdwp phwljub wnbnbkphg
wdbbwlnpdwbwpuwp  hbnbwbpbbph  hwbghghmd i mdbn  Bphpwpwpdtpp:
Zwpunuinwbh wwndwlub wypupunupbbpp puguihgu upwplp]b Bu wdbpdwi:

Uytiphs ubjudhly winhdnpub dudwbuljuljhg hpmqmpf.\nqa}nl.hhhmg' 1976p.
Qunputh (M7.1), 1983p. Unplwbh (M6.8), 1988p. Uwhwwljh (M7.0), 1991p. (twsugh
(M7.0), 1990p. Onunpup-Uwbehth (M7.3) b 2011p. dwbh (M7.2) bphpwpwpdtipp
qyuynud &b 22 b hwpwlhg wwpwspltph pupdp ubjudhl quwbgh b nhultiph dwuht:

dkpnhhpjuyp poyp b wwhu hwbgl) hhnbnippub, pun nph, bpk whguymd
wntnh kb mbkghk] wnbnuwh Epjpuwowpdtp, wyw  ppubp uwywubh B wypuquymd
tnytybu, hhmhmu.lhu\ ubjudhy Yuwbgh U nhuljtph &2qphn  quwhwndwh b,
huwdunyunwufuiwbwpwp, phuljiph jumojupbjhnipjul, ungbihngput wwuqbgdwb
hitighpltpp quebinud b juhun wihpwdbpn b wpghwljwb:

bpypwowpdbph  hbwbwbpbbpp  Yuwpnn  Lb o (hbl)  wiljwbjpwnbubh b
whuymwubh, hunjuyku bpp wqpkgmput nwpwspaud jw wjbyhuh Epljpopoghi
nkbwshb Juwbgh wnpnip, hyyhuhtt wnndwuywbh b (ouynbhwgh Epljpuywpdh
ophtulp): Zupuunwbh wwpwspp wipnnenht ubjulwyunwubg kb dkbp wupwuwnp
Eip upwth qwhwunlb)] ubjulhly wwonyuwbmpjwb nkpp Jdbp Gpiph  Yugnb
qupquguul hunfup:

Utjudhy nhulp (mdbn bpipwpwpdn] wwplwbwynpjws dwpgiught b
Iynipwiljwb Ynpniunbitph) juqbguwh hwdwp wihpudbin kb dynwunhuwplynudp,
ubjulhly Juuligh quwhunnulp, ubuduljumb  shtwpupmpmbp, phwlynpyuib
nrunignidp b Jununjwpdwb Jwpdhbbbph yuwopouowdnienop:
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Ukjuudhl Junubgh qiwhwinnulp, pihwinip wmludp, Epjpupwbiwljwb pighp £
(Whpwntny Epypuwdhqhlulubp): Uyuintn t, np nuquuupuluwb jupbnpmpmt kb
wnwimu Epljpupwupdbp wnwgwghng wljnhy uquspbbph b bpwbg dwibkpbuughl
gpubinpnulukph munufbwuhpopyndiibpp:

Uhty Uyhwnwyh tpypwpwpdp gbphofuny tp wjt Yupdhpp, np Unyjuumad
htwpunjnp 3B gunn mdbn Epypwpwpdtp, wounjl] bu dwlbpbuuht owhondundp:
Uin Juubgh phkpuqiwhunndwl wpyymbph tht twb Uy punwlh 1988p. Lpijpwowdh
npdwirwpun htinbwhphbpp:

Gnpstnuljub hyminunipymip
Ppujwbugud wohmnnwbph wpymbphbkph &hpnn  dbbudwubmpmbl mbh

gqnpdliuljub bywbwlnipnil: Lokup nputighg Uh pwithup pinhwbpugjws.

e ubjulhl Yunuyngh dwdwbwlught pwpph plyuybned, hhdwwbmd mdby
Epypupwpdbph vdjubikpm],

«  Epypuwpubulub Junubquunp bpimyphbph pobuljuljuh quhunnnudukp,

o wlpnpy] uqjubdpubph wijnhympput b tpw Epypopyughb wqnbgmpjnbkph htin
juyuwd  phwlwb  Juuwbqubph  qlwhwndwh  Jwlwppulh  hhdbudnpdws
pupdpugnul:

Uphnunnumbiph ghnmljub inpmpymbbkpp

Pugwhupm]ly th 22 b hwpwlhg wwpwdpbbph jwpduwdught  guonh
wnubdbwhunnmpnibibpp, gnyg b wipdl) pinghwimp hnmuohu-hwpwyd  ubpdtwb
wupwbbbpnud dudwbuljuyhi b nwupuswlpob hmhnowljubn pyocp:

Zbhwbpypwowpdughnuljmb  hbnwgnnmpmbubpm] wywgmgdly L np
bhpluypguiwpuyhtt wipnhy fuqusplitph hu.lﬂu.lp. npnbg pwpphtt Eb puudnud
Zujuwunwbh  Zwbpuybnmput  wwpwsph  wlnh]  fqlusptbpp, punpny B
Upyub hmpput Epljup dudwbwiwhungustkp b nkqupwpdiph hwdbdunwpun
gubp wpugmpynibikp:

Pugwhupnly k, np Qunlpulj-Ubwb-Uniihp juqiubph (PUUN) Epluybpnd, b
nuwppbpmpmt swpddwh hnphgnbwlwh Yhitbkdwwnhluwgh, nunnudhq pununphyp

thathnjufmud £ puin ubkquktuntbph: Ugi thhnpowlut £ imyghualy dhimygh ukqulbinnh
vwhdwbbbpma:

Zuquntnopbp]ly &, np ®UUR-h Lplujipny 7 wnbqubphbpmd nbknh b mbkgl
htwpwhnanudubp (Wwlkpbuh wunmjwsplbp), npnbp htwpudnpmpmb o wlk
punn htunntnuowpdbph kqpuhwigly 7 fangnp hinlhgnuwy  hnwkppupwpdiph
Juyuguwh dwuhb, Epp kpypuswpdh mdqumpmbn whgky © 7.0-hg (Mw>7.0): 2bwupud
®UUR-h  hmupuwhtt  ubqubtinbbph  Gplugbpn]  hwpunth  3kht pwn mdbn
Epypupwpdbp, hwbpypuywpdughnulut nuunudbmuhmpymbbbpp Jep Bb hwtily
dwlbplnyph hwhunnulubp  hwnbnupwpdbipn] b wpymbpnd - woun]bpugnyh
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dwqupunmnp 6.2-hg (1187p.) hwuun] Mw=7.4: Zwpudu)hb Mnbwphwuwph ubkqublunh
hwdwp, tpp puguljugmud Epb Juinwhbjh vfjugibp, wyb ghwhundig Mw>7.3:

Pugwhwymlly k, np Ephpwpwpdwsht qwdph nmwpwdifub womdm), 22
nuwpudpnul wnwbdtwgyud tpjpusuhwljub ukquUbtinbbpp yupnn b shwinhuwbwg
Epjpwowpdughtt ukqubinntbp: Wpnh| juqudphbph JEpungpdwh qupph dngkp
wnunjl) hwdwywnwupwbnud £ 2wjwunubh 2ubpuybnmpiut wwpudph wijnhd
huqubdpubpht (PUUR-h ophtwlny): Zwilwdugh wyy ungbjh, mdbn Epipwwpdtpp
wlnh kb mubkumd pimpuqphy dwqupnnugibpng, ubqupupdh wpugnupinittipp
tnhnjwlwt L, qpubgmd E bwb ubqubnbbph (Mulybpbuhb pwhonmadiuknph)
Ybpungpnud:

Uwpnlnjmu hpujubugjus nuundbwuhpoipmbbtph pbpugpnad jugqul) G
Up-2nubpdurh ppowth whwhy whywnbhyerh b hogkph phlugdut quwbqlkph
pwpwnbqbtp, npnbgmd  bbpgpuffe; b Gop  hwpnbwpbipjwd  fuqjuépbtp U
ubqubunmbtp: Ugwgmgyl] b bpuwbg winhimpmbip Twlbpbuwhl rowpondwb
ubpnidh wbkuwlbnhg 22, Uwpnlnjh, 2wjhphh wnwpwspubpnud  hpuljuwbugdud
hwbpypwowpdwghinwljub hbnwgninmpymubbpl woyugnghghtt nuumdwuhpwd
wlnjpy juqudpubph punhwp) (Yuljiptuwht pwonnod wonwgwgbbjne mbwl) (hubn
hwbqunfwlipp:

Unwgunplty £ Uwyhwnwlh  Ephpwpwpdh  dudwbwl  Eplypappughl
dwtpbuughtt pwhnndwb Unnbip® Eplpuwpwpdh dudwbul] gnjugws  pwpundwb
huppnippui ugjuspun]npiub mumdtwuhpmpub hhdwb Jpu:

Yunwp]tp  Eu Ynbljpbn pmgmhm]mnuﬂltp‘ wlwhy]  Juquasputph
woluwwnwbpny  wuydwbwynpjuwd  Epypnppughtt Gppupwbwljwh  Juwbgbtph
wpnwhwpnmpnibkp:  8nyg wpllg Ynbyptn  unnubpbbph ubjudhy dwgnudp:
Gqhujinnuh Udkuhnply 111 nwupnuf hubpypupupdughnwljub
hinwgnunmpmttpp  hbwpwnpmpmb  wdlightt  hwpntupbpt)  hughdhgnoag
huwkpypuowpdtp, twebwynpuybu’ bpwbg bpYpnppuyhl wqpbgmpjul’ hngkpp
enhljuguwb hhuwb Jpu:

Ugjuunnwbiph thnpdwhuwwbnipinp

Upjuunnwlph  wnwbdht  npnyplbpp  bbpluyugly B puquuphy
nbpbpwbubbipnd b wplownwbpwht hwbnhymdubpmd  (Mexayrapogusiii MuTHHET
MATATD, Epesan, 2010; Koudepeninus, noceauensas namsata C. Aunreasna. Epesan, 2001;
Texronnka u leojunamuka KoHTHHenTaabHOH auTOCdepsl. TekToHMyeckoe coBemanwme.
Mocksa, FTEOC, 2003; Connaissance tectonique et sismotectonique de la segmentation des
failles en surface, FORPRO, CNRS Montpellier, France, 1998; Conf. EUG 10, Strasbourg,
1999; International conference: Problems of geomorphology and tectonics in the Alp-
Himalayan mountain zone. Yerevan, 2001; International Symposium MEBE, Paris UPMC
déc 2007; International Colloquium, 2010 Mubarak Public Library Luxor, Egypt; “Problems
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of Geology of the Caucasus ", Thbilissi, 2010; DARIUS programme Milan workshop, Milan,
Italy, 2012; Colossi of Memnon international conference, Luxor, Egypt. 2012; An example of
international cooperation in the Caucasus. American Geological Union, San-Francisco, 2012
L wyb):

Phduyh JEpwpbpu hpuwnwpulpk) Bu Gpkunibhg wilbjh wohwnnpmbibp
hujpklwlul b vhewqquuhb, wyn pv.[nu.[‘ wnwehl jupgh ghrnwljwb wduwgpbpmuad (5
hnnpjwd wkljnnihljuh wuyupbgmu wnwgunnwp huwdwpnn “Tectonophysics™nu): 6
hnmpubbitip nupmgply kb dhgwqquht ghinuljmb dngnjwbdniibpnud:

NMwpnuubijan ypoypltpp

1. Uwjpgufwpwihi  pwjunulhg hbknn  Gpipunghiindhly  pupwt mbkgh; ©
popnjrwlut  qupqugny  wwhgubbng  pdudwhl quznh g
wnuiigphiiph pighwtnp Ynplbinpnpywdm pynip:

2. bBpypwowpdudbn  gnnpibpmd dwlbpbuwght pwhannadibpp upng B
hwinhuwbw) wkquibph  Epypuwpwiulut  gnpdpipwghtph  Ghubdwnhluh b
nhtundhljuygh twuhl Yuyng whnbjundnpub Yphsbibp, npnig Jppnidnpniip
gnyg b inuyhu plwljwl Juinwbgh wounby pupadp dwljupnul;:

3. Uwlbpbuaghtt  powhnnnwlbbpp,  bphpwlknbh  Jhpddwmllpbuughlb  dwuonuf
pugwhwpnbm| Swgnultwpwimpmip, Jujugwd ubjudhl hpunupdmpinbbbph
mdqumpmbp b gpubnpmdubkph  dwdwbwljubpp, mbkbnd b Ghubdwnhy
puquuqubmpmb, npnbg dognhn npnomudp yuwunnmd | ophwljpub Juwmbgh
wuwnhdwbh wruk opjEljnp] qwhwndwtip:

4, Ppujubugjus nunufbwuppmpimbbipp hwununmd Bb puquuphy]
twhbpbuwhtt  pwhinnadbph wouympmbp b wiuh]  juqudplbph
tplypnpnuhl wqnkgnipmblitpp papap bpdud  Ephpbtph (Zuywunal, Twpnyn,
Gghuwnnu, 2ujhph) nuunufbwuhpdws nupudplbpnual:

5. Ukjuuhly Juubgh quwhwndwi b wkjudhly Juwigh pupnbgh junmgudwh
dunfwbwly ykwnp £ gnyg inpybh dvwlipbuughb ubpuioshb pufonmdbbpp b bpubg
EpYpnpnuyht wqpbgmpput nupuddwb wpkwbbpp:

Cunphwljumpnih

Zknhtwljt hp hunnml unphwlwmpmbit £ hwpnbnd  Eppupubuljwb
ghunmpmbbtph goniunp UYwpwhwobjubht b Unbnwbpht 2 2Zudwjuwpubh
nnlpnnp, wpndbunp  Z.5pihwyht, npnblg htwn wwphbbph  hunfuwinbn  puonwghb
htnwgnunmpimblkph  npnp  wpgmibpbbp  pingplduwd b wplwnwbpnul:
Cinphwlwmpmb 22 QUU whunklhynu, tphpupubwlwl ghungpgmbbbph goijuonp
r.Qnpwppmbihly, 22 FUU prpwlhg winud pjpupwbwljut ghwnmpniibtph gnijpunnp
(+. Uk pniywbhb, nnlpnnp U.bhihw-MFepughl, Unbngbhk 2 Zudwjuupubh goljpnnp
Q.0+hghly,  tpypwpwbwlwh  ghumpmttbph  phluwdmbtp & Unbhwbyubhl,
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(r.Swywiihh, 2.Swhhlypwbhl’ Yuplinp pnphppundnepqub b wewlgnipput hwtlup:
2knhtwlu hp Gpujnnwghumpiniib © hwpnbnd Gppwpwbuljub ghunnipndbitbph
pEYuwsn (+.Uhphpwhjwlihl, nph hnpgnpubpl nu dhguwlinnipymip bujuuntghl unygh
w2fuwnwbtiph Ukplw wkupny] Jujubwgnoh:

2Enhtwlyp pinphwluynipimt b hwpntnal bub pughdwnutbpht, wowgunwp
Ly mlghpu;mmmbpl wphuinwbpp plihym Wunpuunwjudnpyub hudwp, htsybu
bwb BSP Ynblwpdh popnp wlnufubphl, mjpkp byuwunbght  wolhunnwbph
Yuyuguutip:

Gniju 1. Bpipwpwiwmfui  phphwimp  wbinblmpmbtbp 2wjwunwih
Zwbipunytinmpjub b hwpulhg nwpusdphtph dvwuhb

Unwghli qunud phpdnud kb bpjpwpubwlul plighwimp wnbnbyngembbbp
Zuwjunnwbh  2wbpuybumput b hwpulhg wupuspbbph  pypupubuljuwb
junmgluspwjht  wowbdiwhwinlmpmbitph  Jwuehi: Ugjh bhpwnmd b
dundwbwluljhg nlnkhnpmbllip nwpwswppowbh  wklunnbwlwh  qupgqugiwb
wununipub, nkljinntw-skpnwgpuljut hunpubph, wjnhy wbpanthljuh (Gwp
1) b bpwbg ubjudhl wpnwhwndusnipjut wnmebdbwhwnmpimbbkph dwohb:

- T e ey s m T =

N RUss 1an

LT
¥

Ljuwp 1. Upwpwlwi uwhg hnwehu wljnpy] wkljunthub (pun Philip et al., 1989;
Avagyan et al., 2005), 1. hhduwlwh Ynquowpdbpp; 2. hhtwub Jpupwpdbpp; 3.
Gypwuhuh hubdwn  pnljubph hwpwpbpuljuwb  jwpdnudubpp; 4. Mw>4.8
tpypwowndtph  nljwy  Ukhowbhquukpp (CMT  Harvard); 5. gnpshpught
ubjudpmpmip 3<Mb<4.9 (USGS-NEIC): Ar. Zwjwuwnwh, D. Gugbunwh, T.
Puhy, EAF. Upbbju Ubhunnpulub juqusp, NAF. 2muhu Bhwwnnpuljwb
luqqudp, P.S.S.F. @undpuy-Ubwb-Uinmbhp hequdp, Z.F. Qugpnuh jugwasp, N.T.F.
Zimupu Pun|phqh ppqudp, G.S.F. dhpununbyju-Uwphnudhy juqusp:
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Qqnifu 2. Swpwdwgpewbh kpljpughbundhly puginh ophmywthnpymbkpp

Epypopy  qund  dmpnpnpughyhbup dnabgdwdp  plitnuplpdnd kb
nwpwdupewbh tplpunhtudhly quownh ophtwyunhmpynibiikpp’ hwplh welibym]
Ephwnwuwpy (phinpnoynn wipinhy juqudpltipni, GPS nikquljupdwh, tpijpwowpdtph P
wnubgplikph wfjuytpny), tphunwuwpn b hbwywpwdwght (pinpnoynn hpuphwh
Ypuuwnbpbpm, Uhhpnhuqubpbbpny, dwpudnplwdp) gupntpnp:

Styunbwlwl jupuwswu-gdnplwghnh qupinh gnighsikpp (ujwp 2) gnyg bl
wnwhu ywupnwpught b dunfwbhwlught hopnjumpiniibtp, joogdws hplboubnoad
Zwpun] huyjuwlwb pinh & Gpwupwlwb Gqph, wybnihbnb Upwpw-Gpuuhwlub
Unihqhwitph qupquguwt htu:

Lhwp 2. a-Ukpdwh  wnpwbgph  hnphgnuuljwi pu:rlmrlpbm putn
dhypnintlpinniuljut (1) b hpwphught Ypuunbpbbph (2) wdpugbbiph: b- ulinuuwh
wnwbgph Jupnh ghuqpodwnd, ghwwpllud wwppbp hwuwlh bppupubuolul
$npumghwitbpnud:

Owpunpnuthg, juqubpltiph Yhubuwinhljuyhg b hpwphiuht Yownbputphg
plunn  plphwipwlwb hmubu-hwpuy  (N-S) ubgqiwb wowbgph  wnwnpub
wuydwbbbpmd gnympymb ndikl Epypnppught’ hymuhu wpbdnunp-hwpwy wplibkp
(NW-SE) b hjnwhu wplbjp-hwpun] wpldnunp (NE-SW) wmunbgplitipp: dpghliitipu
wmuygl] wqnkghy kb bl wowbdhh wnbjunbwlwh qupguglub Gnybpnd
tpmbgny  wwplwbunnpjwd  juemygubph  ugbmhbnb  wqnbp b hhnwgqu
upjudunbpnpiughnt puonh dbwdnpdwd dpu: Unmehlp wylyh bpmbwlpuhg b
tntp mp Mujbngkbmd b Jun  Uhngkbnud, huy  bGpypnpnt mp  Uhnghl-
Onppopuiljwbnul: Zuwbwpup wju ppewtnud nkljunbwlijwb nbdhdp tnfudlp
hhttwjwbnd  Yndwypluhnbhg®  (compressional (thrusting and reverse faulting)),
wpunwhwpnyué hhdbwlwinud Jpupmpdipny b JEpttntbpm], ghyh wpuobuypbupy
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b wpwbuwnblupnb Ynnuywpdbpny] (transtension-transpression producing strike-slip
faulting): <Epohtihu wpnymibpnud, uljqpbwybu minnugdht dnn Mnbunhn-Enpp Yndluu
(Entwpnpwlitpp b Yunnyglbpp Gupwplplightt opngbtn dydwl, wwplwbunpus
Zwpu] huyljuljut pinljh nbugh hynwehu pupddwadp:

Qnifu 3. Uwljbpbuughb pwpnanulbbph ppgubhwpnnadp. 2bw-kppuswpdughnmljub
hEwnwgninnpjmubkp

Gppopy  qumd pubwplymd Bb dwlbipbuwght jpwponnwdubpp,  bputg
puguhupminb, dwgnulbwputimpiub b JEjtwpwinfiwb htn juwyws jubnhpbbpp:
Spdnud b dwljbpbuught Epypoppught pwodwt dngl) Ughowlh bphpuywpdh
hunfwp: Plpynmd b Jwlbpbuwht pwhinndbiph nbqugpdudmpjul dwuehb
ujwpwgpmpmbbbp, wpfmd o Gputg  dwdwbwluht b dwqbhunmuhb
pubwljuljut gnigmbhpukp: Mundbwuhpmpymbbtph hhdwb Jpu phmpugpymd &b
winhy fuqludplbph  duppp  (Gunipuly-Ulwb-Upnbhp fuqdudph  ophliulynd):
Zhdbun]npynud £ ipgwd hunfwhp nuumdbwuhpnipyut whhpudbynnpmitp phwljub
Juwhqubkph  phpuwquwhwnndubphg,  hlyybu  bwb  ghkpugiwhwnnudibphg
untuunthEpne hunfwp:

Lkpguwdwpuyht  wwpwdwppgwbbbpnud  Eppwpwpdbiph  Yplubjhnppub
vhpwluwpkpp Ywpnn i hwubb] wwobjul nqupbph, Eppbdt  ghipuquibghim]
wuniwgpuljut dudwbwljwhuwnmjwsp: puthg Eukn] gundwulwb b gnpshpughl
ubjulhlnipjut nlinnmpitp hwdwh pudupup sk juqubdpltiph wljnpynipnitp
pumpugplint hunfwp: Zbwubjudwpobimppudp vnwgusd wpynibplubpny, ubjudhl
ppunupdmpnbibph  pwppp  pbgpynud £ Jh pwbh  hwqup  wwph wbh
dudwbwljwhwunjwsd b, hiyh wdkbwlupbnpt £ hwynbwpbpdus  Gplpupwupdbpp
quuwhuwnynud b 7.0 dwquhunmnhg pupdp:

Uwlbpbuwht pwoadwl’ uwpybph winugquih hwewlugpdubp qgniquhtn
ngpUtp b bpw mnnulh qbwhwndwb bpdpkpp’ Uwyhwnwlh 1988p. bplpwowpdh
ophtwyny: Ulwpyh hnnubwhwpdwi suhwgpmuup hbnwqumd hbwpunponpnia
Yuw  wnwbwy  nhpnighugh  gnpswihgp  (K)  Qwquuh uwjupyh phdnighn
nlgpuughuh hunfwp:

Zuwkpypurwpdwghnwljul numdbwuhpnupynibiikpp gnyg nidtighl, np @UUR
popnp ukqublwnbbph  (pwgwrmippudp Unu]  ubqubbunh,  nph hudwp
htwbkpypwpwpdtph unfjuubp skt vinwgyt) b nph hwdwp hwpnth © dhugi 1139
P wlwth wtphy tipypupwpdp) tplwjlipny, Jipght 9000 wwpw phpugpm, nknh
kb mukgk htwjuwpnnmuubp, Gpp pipupwpdiph ywqbpnmngp wbgk) £ 7.0 -hg:
®UUN-h hmupuughlt bplp ubiqUbinbbph bplugipny Jhby ugn hwpnbh sth yuwn
mdln  Epypwpwpdbp:  Zhwbpypuowpdughunwljwl  mumdbwuhmpmbbbpp  Jkp
hwlkght Vwlpbnyph jwjnnudblp’ hhwnbquowpdbpn]: Ugwugmgltg nidhy



Epypwowpdtph weljuwympnibip ny Jun kplpupubuljub whgpupmd, niunh b bpubg
pwpdn hujubwubmpnip dnmawlju Eppupubuljut weyuquynud (Wjwp 3):

Uwugmgiud Ywpljh b hudwpk), np @Gudpul-Ubwb-Upmbhp  juqudph
(pugunnmppulp Unwy] ubqubinnh), hisybu bwb @unbhh juquwsph hwpuuyghl b
hpnuuhuughl ubguBintbpp dwljbpbuwghtt mwpnnadbbp B wowewgply (uyuhtiph
punpwp) juquisplitp b): Uwywgmgyty b bwl Uwpnyngh, Uy Znubpiw ppgwiih Uh gupp
haqudputph b Zughphh NMopwnn Mphbu Ywjpupunuph nwpuspmud hwpnbwpipjud
wljnpy juqudptikiph ukqubinnbitiph puhwpy pnypp:

Historical and Instrumental data Paleoseismological data
Avph-Venadzor — MW=5.2 (1989): 5 50 (1936) Mws70
Vanadzor-ArtyanishM¥=6.2 (1187): 57 (1916). 5 1(1910) %, Mwa7d_ %,
"\‘,I PSSF Mwmax=7.0 ‘n'i PSSF Mwmax=T7 4
IhRRRREAT no data Mw>7.3 -
Tsghuk Z o Mwx=6.6 (895, 015): 7.1 (1408) 7 Mo7.1

Lup 3. Mwmimgpulub b gqnpdhpuyht wpupiitpm]  (pun Unp-Uwnnd 2010
Juwnuwngh (Seismic Hazard Assessment, 2011)) L hbwkpypupwpdughnuljmb
unbnupwpdiph  wjjubtpm] @®UUR-h  snpu ubqublnbbph wnunbpugnygh
dwquhwnmunutpp (Avagyan, 2001; Philip et al., 2001):

Nuunufbwuhplwl wpymbplblpp gnyg i wwjhu, np  Gphpwowpdushl
luqiuapltph nwpudiwb womdnyg, 22 nwpudph whnhy uqusdplbkpp hpkig sk
npubnpnud npubu Epypwowpdwhtt ukquUblnbbp (gnmpimb nibh fpwpinnuwlubph
mnwpudmd  hwplwb  ukqUblnbbph  Gplpogbpny):  Skquipwpdbpp Gudpul-Ulnab-
Umbhph b Quebhh juqiudpbbpn] Juunwpymd tb wowdbjpuogbu Yookl
wknuipupdtph dhengni:

Puswbu wwpq nupdwy] nundbwuppmpymbbiph wpymbpmd, Gulpuly-
Ubwb-Umbpp Juqiudph wwpphp  ubkqubbnbbpp  gpulnpmd kb wwppkp
hophgqniwljuit  pwpdnufutph  wpugmpmbbbp:  Skqupupdh  wpwgmpmbbbpp
thnthnhjmd b bwh 2ujwunubh wy wlpnhy jeqiudpbbph nwpplp ubqutnntkph
vwhUwbbbpmd: Phipphdwih b Phiywiinh Ynnuhg wnwewplpjus wlnpy] faqiuaph
Juipph Unphjibphg dhwyh Gplynuut o pujupupnud wyg wupdwbbbphl' pnugpugphs
bpypuwpwpdh Unplip U JEpungpdub dngbip: Zudwdwgb phmpwugphy  dnghph,
hqudplitpp  hhttwlwbmd  Jhinnd  mbkh  wrwewghlp  dwqbhnmnh  poy
thnthnfudwtt (~0.5) vwhdwblbpny bEpypwowpdtp: Ujunuundbhwgyihy, punipugphy
pjpwpwpdh Unpljp wwhwbenud k, np  Gpypwpwpdbpp  Gplinkh  ukgdbinnh
uwhdwlbbpnul, nmunh Ykpugpiwb dnghjp wdbh uy b hulwyuinwumbinad
Zwywunwith Zwhpuybinmpjub winhy pqlusphbph quppht: Zudwaw)b wyny Unnbjh
mudbn kpypupwpdipp nbnh Eb mubkbnud pimpwgphy Twgbhinmnbbpny, vwuljub



wnbknuowpdh wpwgmpnibbbpp Ginnpagnd Bb b gpubgynd £ oubkqubtunttph
Yhpunpoul:

vwpnnnudbpp  ophtiwljbbpp gnyg Eb wwjhu bpwbg UEjhwpwinfwh hbn
Juuyws gdjupmpymibbpp: Uwlkpbuughl pwpunnudibph B dwup, hunfjugbu
dunughtt jud  juuywlguwd wupupbbpnud  gnjugud  Jepulnbbiph gbypnad b
mnnudhghi ny swwn dUnmn  juqludph  hwppmpjudp  Jupbbnbbph phypmd,
Yhubdwwnhljwyny] hhybwwimd wpnwgnmu Eb janppughtt hpugpnipymbp: Uwljugh
Pipwd opplwlulipp punn phyptpnud Yuynud bb ipubg pywgyu) pinypl, plyg npoud,
wjbh Yupnn L wpowhwpmwd  (hbb] wwppbp Yhutdwinhl  hpwdh&ulbipnad:
Gnqupuh  wbkpudwuh  phypnd mbbklp  mngqwdhght dnmn hwppnppudp
Jupbbwnuwght  pununphyny lln:qu.lgmpdl Awpnulnmqjut  ubkqubnuw]npdundp, huly
Ubkdntnjuyh nbquuwund nigqudhghl dnin hwppmpjudp b pny)p wpnwhwjngwd
Jupblwnught mnnuwdhg pununphsm] Ynnupwpd, nph oquihlt b jununul ubnddwb
Juwwnwpubph Abwynpoudp: Bpynt wbnubpbbph jupudnnhbubipod phuwplgnud £
Upujubg tlwl, pugpu JEputnwhl punugphy: Lot ywnlbp Eghuwplgou uob
Onunuwph nbqudwunud: $hnjknngnih nbqudwumy wtjh pupy hpudhdwl k&, nmp
prupbbph wrwbgptbp mbbkb hhdbwlwbnd we ukqUblnuwynpnud b uwuung
Ytpubwnh hnpuwpbt jppudnighibphg dkynud nhuwplpynod £ Juptbn:

Gnqupuih wntqpuiwuh ppudmnmyd pwhndwb hwuppopput gyh hwpuon
wllnulp dwlbpbuh Unin ppujuwbnd hwdwyuwnwupwbmd £ pywugyu (apparent)
Ytiputwnught jaqudpht: Bjwugpu) juqiudph huppmput whldwb Jpurwpdhi Unn
Ybpubn  phunwplpt b otwl Gwdpul-Ubwb-Umbhp  juqudph vnbwphwuwph
ubiqubtunh Gpluytipny:

Zbwmwnupd  JEppdnipimiip hbwpwdnpmpmb wudkg  wnwgwpljing
qupqugdwl htppwlwinipout, npp pugwhwpnnud © hpwlul hubdwnhljub:
Tuqudph hwppnipymbp dkpddwlpbuwght hunndudnul punniibng dbpdninnudhg
nhpp, tpw wphuwwnwbph I-pn thnynud pupdpugud plp dnynud £ ghlwugh  wqun
nwpwdp b dwhpmpyui nidh wqpbgnipjub nwly henud Ukppl’ swslkim] hews plp:
Ujuyhuny munnuadhq jund manudhght dnn Juplbtnughb jqusph U’ thajup, L' Juinn
Juywlgwd gpmiluntbph ghypnd htwpunp b oguebnud dwlbpbiupb mbwg
pywgyu YEpltnwhl wunnybp:

b wuppbpmpmt Gnqupuibh, Ukdpbndiumd ppuljuwbugfwd jupudnnm
kg hbwpunnp bquy] wlbwnhnnpit wpdwbwgpl] YbpAmingnuahq fuowpndwb
huppmpub Ynpugnd b pydwgpuy dheht b thnpp wiljwdp Jiptbinwhb owfondwb
dlwnpoud’  gpwbm]  hwunwnbin]  9nquputh  winpudwuh hwdwp wpjud
Eupunpmpinibp:

Ynnupwpdughtt  jupuwdwht  nbhdhunud  jugudpwgnugdut  dwdwbwy
wnwewgwd bhnjbnnynh pymplbpp (Wwp 4) hpkughg tkpljuwjuginud B ubqbiwub
Juuwpubp, tpubg quuudnpuupmiul we Epbnbughl b (shwpws wplidnunphg 3-py
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pinipp), b wwppbpmpmb @nqupwbh nbqubpnud ghunwplush:  Upwhnqijub
nkqupwpdh htn  hudwgpludp wjunkn  ubqUbtunbbpp whinp £ wewlnmiymi
ynnuowpdh htin mukbwh JEpblnughl poqunphy, wvwlu b hwlwewy gpob
wjuinkn  pmpltpl  bqpulnpan  pwhoanulibphg UEGh dpw ginpdud Eppopn
hpudnunnud ghinwplylg Jupbbnughb jugoud, hul] wowghtinud, npp qubmd. tp
npnpwljh htrunnpmipyub Jpu’ pupjuwsdnipiub qupnh htn hwudwhniby JEpubnwht
Jugnud:

Shnjknnynjh mkqudwuh (Wwp 4) hodwp wnwewplylg pwjundwb Unpbjbn,
puwn nph poiplbpp Gqpudnpnn jpwhinnudbbpp dwibpbuh dmn jud Eplpaprugh
Jupltbnbbp b, jud pugpu) Jupbbnbkp:

B £

7'\
LVjuwp 4. Shnlinminh nbquiwuh juqiusph gqnbwb Eowyuh Unpiinud (a) U
pupuinbgnud  (¢) (1-Jwpbbwn; 2- ipubwn; 3- Yoquownpd; 4- pnjh pupdpugnid),
wnwguplyny  uqiudph  Ungljlkph pnf  phwgpudwbbpp (b): 1- - pipbbph
wnwbgphtppy;  2-  ubqpidwb  wwpwdwpppwbughtt wowbgpp;  3- faqudph
qnunhti (Avagyan, 2009):

Uyhwnulh hwhnindwh hwppmpnibiibph pu ghunwplng phpdjwspunpuwb
nunulbuuhpudp htwpunp nupdwy htbdwnhl b ghtiudhly Jepuljunnmgnudubph
hpuwh Jpw Jbpuluqul) pwpundwt  gnpdpipwgp Ugyhwnwlh  Enpniulwb
ubqubinh Jpw b wnwewplly Epypoppughbt Jwikpbuwghtt pwhnndwh dngh):
Shpmdt) b Uwyhunwlh 1988p. tpypupwpdh uquwh Yhlunpnbwlub ubkqubunh
hwppmppub wnwppkp dbtph b Ynpubnpnodwh phipswspunnpnudp: Ujh poyp niflg
JEpuljumbqhb) vwlbpbumht equidph wyyunmiwi pbpwgpp b Jkp hwik) bpu Epjuyh
Ubjuwbhqup: Lwpbwlwb  ppsJwdpun}npmulibpp wnwewgl) tu  Eplpnpruyght
dwtptuwhb pquwb hupempjub Jpw, dhbyh hhynlknpntught equwb dwltpbu
noipu quip b skt hundpijimd gmuuwpuyght mknuwownpdh ngnmput htn: Zknwgu
plipdjwdpuynpmutikpp wnwewgh) ki hhynljktunpnbwght juquwt dwhbkpku gnipu
qum dundwinul: Lpwihg Jpu JEpunpdud wbjh mp pipdjwbdpunjnpmulp hinlwbp t
nhtunlhly jupjwdnipyut thnthnuntpymtitikph:
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Munufbwuhpmpmbp  gnyg wvdkg, np mdbn  ubjudhl  hpunupdnipepub
dudwiwly  Juqyudph  hwppmpjub  Jpw  hbwpwynp b ghuwplbh
ptpdqwspun|npnulutp, npnup  fuwppbkpit  hhynlbnpnunud  gpubigdus
wpmibipughtt  wmbqupwpdh  JEjunpubphg: Uw  Jiuynud b Eplpupubiuljub
Uppwjuyph, Ynuljpbn dwlibplnyph dAbwpwpndwl pupgmpimbbbph Jwuhl, ny
Uhub Epjupudwdjtn rgnud, wyjb wlipuppuihb npjugqtbpoud:

Sklnntujub bpypupupdbpp, wupwbun]npjws wlnhy] qudplbipng, mubb
Yuunwh Yplbubihmpimb: Opnpwljh dhebphpuowpdughtt dudwbwuljuyhtt nhpnypood
Ymunulpdnny  pupjudmpmbbbpp wyuptbph  ghdwgpoqujwimpub  vwhdwip
qipuquigkjhu  tnphg Yuwrwewghkh fowhnanudukp b Epypupwpdip: Uwalpugh
hpuphwjuimpudp  wwpwbwynpyuwd  jpwhoamdbbph  gnpugnudp juygws
hpwpliught wlinpynmpput  Yplubhopput htn: Unbngkt hpupluwlwbnge)ub
nypnud  hpwphiudhlt Ephpwowpdp wbknh §mbbbw Jhugb Gpu wljnhgnppub
dudwbwly U wybu sh YpYyudh, wjuhbph wju ghypmd Eplpwywpdbph Juubqp
YEpwbnu E:

Eiltny jnph Yuplnpmpintihg nuunufiwuehp b B 22 toupubsph hpupluwgh
wlinhympjudp  hwpmgws, bwb  gpunjhnwghnb  dwguub  juwpnnadbkph
ophtwlukp’  bbpjuywgiuwd  hpwplwshh  guwdwpughth  me (dwghlinughb
bunudpbbpmy b pujwbbpmd: Mwhinmdbubph jhtbfwnhljuotbpp b wwpudiwb
ophtwywthmpnbbbpp gnyg kb nwhu bpwbg dwgiub Juyjusdmpynmbp hpuphwhb
Jwrnyglikph oppwbwdbmpub b bpw YEuwnpnbh Gjwudundp wbnughpph htn®
hwdwp gnyg wwm] wwppkp, bppbidt pwnhwp-hwdwlEunpnt pujupjudmpnl,
Juwuyjwd hpwplught Juenygh  Abudnpdwb jud  dymqiub hbn: Gpubighg
wjugnybibpp - bkpuyugdt) b Bndupnh b Swlhpudh  wwpwjwbnubph
hpwpnijukph  ophtwljubpm):  Wjunbnh  powpinnudukpp hpdbwlwbnd  Gpp
nbnupwpdbipn]  Jupbbnughtt B, wwlugb ghuwpymdubpp gnyg  ndkght
Ytpubwibph  wpwowgdwl  hbwpuwynpmipni, npntp wnwbg bEplpwpwbwlul
Junmgwdpuwhli  unniqupwbmppub, lJupnn  tht  pthnpkguk) b Jipugpdly
nklijnnbwljumb dwqUub: TEppnusnipnibiitpp gnyg mlkghtt bputg Yndykbuwghnt b
munwghnb pinypp nyb hpuplowsht dhpwwypnud:

Luwpiwduwyppiwl  wbknubph npbdnplwghwbpp, Jdwquuyh wnbqupupdiwb
Uhypngbhgmuutpp b bpw dugppdwt hhdtwljwh gugmyJubpp thnjuwgnbim] swhpwhwl
ndh  hlnn  hwbglghmd o ghunwpiuws ny  wbkiuntwlwt  hpupwsht
nEdnpuwghwubph:

Upwqubh jubgkpht ghunwpyws denpunjnpmudikpp, qupquibnud kb quljugh
ququpuyht Jwuh phpwpdwlpfub gqnbugh b dwlbpbnygph  thnlwgpbignippudp:
Upwlp, wwpwdybny hpwpmpbbph jubekpht, dlbwynpmd L oquliwdl jugnud,
npnp npybu  jwbnb mbkh Uk wbimdubp:  Ypowplpfus dengpbph Jund
hwpunnuwlitph  svwhdwbuwhwl Eplupmpmbp b wibhwpun juyp guylubbph
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tkpnpuwh hbw bpwbg quunud b hpwphwshbbph swpphl: Upwlp pun Enpput
onuluwdl juqudph wnwbadhl ubqublunbibp G

Qqniju 4. Gplypupwpdbph whnnuh wepgnipymubtpp

Up qunud phipgaud Eu dhpwuyph  Jpw  Epypwpupdbph  whmpuih
wgnbgmpub pugwhwpnjws ophtnuljilp, vwubunnpuwbu unqubpitph b hnnkph
gnhjugiwl b htwpunjnn EpYpupuipd-hpupniju wiphqbpuyht yuwbph Jepwpbppu:
Snuyg t wpdnud, np dwljipbuunght hwpjonmdubph b mnklgynn Epjpupwpdtph htn
Juupjwd Junwbgp yhwnp Eyipimdygh hwdwihp ding, hwogh webiijm] dheuwnjuyph 4pu
puwbg wgnkgnipnitiibpp:

Ulyunh  Juplnp b wlnh]  Juqudplbbtph  winhympjunfp  hpuhpjwd
bpypnpruhl bplnypbbpp  unqubipbbpp, mqoulubpp, hankph gphlwgnuip b
htwpunjnp hpwphyghtt wipnpjugnudp: - Lwbewyhlt dwipwhwly gnpdphpwughbpp
plipnud Eb huljpuyujub nbnbuwljub Jbwubtibp b dwpgljught qnhtp: Twobwdnpugbu
unnuiipbbpp hwtinhuwinud &b dpnwlwb b didulwupnwmp quubg, hwunljugbu
|Enthtt ubpudwwljnhy Eplypukph hundwp:

Ulwnhy wbklunnbhlugh nbuwblmbhg woun]k] hbwnwppppuljput b wgh
unnubiphlipp, npntip hpwhpwd B Epljpupwpdtpni:

Ulwp 5. M7.5 dwgqbhnmngm] £ 1000
Epypwpwpdh hunfwp unnuibip E 500 - i ]
wnwgwglityn wnunkjugnyh 5 200 ,;S"r’
hEpundnpmipymip Uwltpkuwhh g’ 100 - ’,’:"'
laqwdphg puwn YkPknh (Keefer, 1984, 3 501 ’,f’f,f*

2002) hwdwpu 2004 E, Jhlyntn E 550 ’,' ﬁ’e’- !
Uwpinmbn  unnquiph  (Eqjulp ?’ 1ol ’,’ _';f_.":‘. |
quninjnud £ unlpulj-Ulub-Uymthp % b # /JN
wlnhy  qudphg Umn  144d §
htinwynpmput Jpw, hul unqubiph E P F ’-' ;; i
phymipujht qhugnp wywputpp' 5 7S 7 1
plpuuitbp  4-54d  hbnwdmpmput 8 9577 [ y
pu § o2} ,‘r |

E £k

4 %% 80 w0 d0 80 a0

Magnitude (M,,)

Zwdwfu ugmuduibph puguljumpub wwplwbibpnd ukjudwdht unqubpitpp
nurbnud Ll Jdnnpny opjkljntiip htwubjulwpubwlut numdbwuhpmpymbbtph
hwidwp: Lwh Uninkgnudny] nuunmdfinwoupmty £ Guebne s unnqubipp: Uynmhwiinkipd,
plnhwinmp wolundp gnympjmih mbh bwljwb nwppipmpmb hbwubjudwpubuljwb
hujuinnudtiph b unnubipttph nuunultwuhpnipymbbph dhel: Urwghtt phupnid
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nunfbwuhpnipjul wowplub Ynbptn uquub winpympub gundmpmb
tpypnpn ghypnud®  ubjudwdhlt unnuliph wwpwsph ghgnudughtt wWwndnipniap:
Upjuwwnwipmy  Zwjwuwnwbh,  2ughphh, Uwpnymh  wwpusplubphg  phpjwd
ophuwlubkpny gnyg &b wipjwd unnqubplbph b wiwhy] puqudpltph hwdwpwyh
hwpbwbnpmbp: ] Gwnbhh, b Uwpnnbne unqubpbbph ophbwlitpny (Whwp 5)
wyugmgyus L bpwbg  ubpwdtmpmbp Ywd  ubjudwdht  (hbkm Jbs
hujuwbwlwbmpnibp:

22 wupwdpnd  byyunnwluyht numdbwuhpopeynibibp 3k hpuljubugdty
hnnbph ophjugdwih nuyymppudp, pp nhbudhl] wwplwbbbpnod gnpodmd | gpminh
Yh&wmyp, whghlpn] wdmp, Ywmb Jhdwlhg 9phly whljumb  Jh&wlh:
Ujimuunfbbughy] npubp  punn htwpunjnp kb Gphunwuwpn ufwquijufugh
gphwghgud btunwdplbpmd, npnlp welw b Upwpwwjub, Thpwlhh, Ulbwbh
wjwqubittpnud b wymp: Upuby bu, np jub guwuodwlub Gjupugpmpnibiitp
1840p. Epypwpwpdh dudwbwl Upwpuh hodunid nhuwplwd tpbnypbbph dwuhb,
npnlp bnybwbnud kb hnntiph ephljugdwt htn:

Cunn juplnp b gnyg wwy hanbph gphljugiub ubjudhly swgnulp b ythnply
bwpuy by wowpwgud  gknpbpny Jdwlbpbuughtt gpwjhtt hnupkph  wwpwsdwb,
unnuitipuhll b wpnbquub wuypdwbbbpnd wnwegwgnn opjkljunttph htin:

Eqhywnuh  Udbbhnpby I wwdwpnd  hbwbphpuwpdughnwljub
htnwgnunmpimbbbpp hiwpunpipint m]ght hwpnbwpkpbym hbwbpypuwywpdtn,
twutunjnpuybu tpubg bphpapguihl wgnlgmpput' hogbph ephljuguuwi hhdwb
Ypu: Ppuljwbwgduws puquuphy  fupudnnhbbpmd, haplpmd b ghowplpjos
Ubpjugmutbpmd  hwpnbwpbpdightt ubjulpwntbp, wyugmgllg bpwbg ubudhly
dwgnuip b huwuwwlugpmdbtpm]  gnyg  wpdig welduq dby Epypwpupdh
dunfwhbwljuyhls htnbipugp:

Uwpnynnud hpuwljwbwgdwd wlwhwnhy htnwgnnnipymbibph dwdwbwl
wywgmgykg, np 2004 pulwbh tpypwpwpdhg htwnn Uhgkpypwdnjub wlnudph
Swbwuywphh  gbnpdwédpp, npp upwpdwdp pigmindl] Ep npybu  dwlbphuwghb
howpinnud, hpwliwimd hnnkph ephjwgdwl wpmymbp tp: Yhg Ywnnygukph
hunnuljobph  Ehppun|npnudbubpp mbkth wwppbp wqhdnunbbp, wwluyi hunwl
pugunnpynn wbkqunpjusnipinit b Ynbunpmlpnhy] phnyp. hwdwyunwujpubnad B
pbunyu  Ynbunpmlghwubph  wwppbp  hgqopmpmubbpn]  wwplwbunpdwus
hwgnygukphl, nunh b wwppkp dwipnupjui vwubiph vwhdwbbbpht: Tw bbnbwbp
L bpwhg hhdpp Juqunn wjuqbbiph, npnpuljh junpmpynibbipmd hanbph ophjugdwt,
Yunnygubph pinh woljuymput gwplwbbbpnd dulbpbuh Abwowonmadukph:

[thuu gbwh widhewybu qhnwpkputh ynin ghnwpldwd hnnbiph eppjugdmb
htnlwipny] wrwpwgud ubkjudhuntibph mumdbwuppmpniip b hwuoljugpnudp gnyg
un]tg, np wjl Yupny b (huty 1775p. Lhqpnbh wlbphy Gpypupwpdh fund 1969p. hqnp
Eplypwowndh wpnmip:
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Bqpuljugnipynil

Zwpuunwbh Zwbpuygbnmpymbnd woub] phuljught B Epipupubaljwb
Juubqubpp, npntg pymu’ bwl Eplpuywpdbpp: Chpehtitibpp uwquws kb whinhy
Taqiudplbph htan B dhugl bpwbg Jupph munufbuuehmbundp § hinoapuangnp hwalpwbog
uyuubjhp Jurwbgh swhh b phuliph Wuwgqbgdwh wplpwwnwbpltph pinyph G
suwibbph Jwuht: Uhpwduyph Jpw wlpnp] hquésplbph wqnbgmpnibbiph
Ubpddwltpbuwhtt npubnpmudubph muntdbwuhpmpnip hwbmhuwbmd £ juplnp
Epypupwbmyub bnhp:

Owjpwnpmuhg, juqiudpbph Yhukdunnhljughg b hpwphiughl ramntptphg,
Eplpupwpdiph P winwbgplikph 7 GPS 4kjwnnplbphg phnn pinhwipulwb hymuho-
hwpun] (N-S) ubmpiwl wnwbgph welwmpub wupdwbbipmd gnympnit ok
Epypnpnught’ hynwuhu wplununp-hwpuy] wplikp (NW-SE) b hjmiuhu wiplibp-hupun]
wplununp (NE-SW) wnwbgpubpp: dkpeptiiipl wnun]b) wqptghly kb tnkyp wnwbdhb
nkjunnbwljwb qupquglub thnybpnad b bpubgny] wuydwbognpud inpugnugud
junnyglitpi  wjinthtinlh wqplp &b hlnwqu  popjusunEdnplughnt qugnh
Aunpiwl  Jpur  Gplpuwpwbwluwb  qupqugdui  plpwgpnud,  duygudwpuyh
puwjunmudhg hbtwn, bpjpuphtudhl) gugint mbkgh) E hnhnpulub qu.lpqmgnuf'
wwhywibkn]  juwpjwsuhtt quownh  quunjnp wnwhgplbph  plphwbmp
Ynntnpnyfwdm pynilip:

Epljpupwpdwdbn - gnnptpnud dwlbpbuughlt whnnmdbbpp Yuwpng o
hwinhuwbwy whnwibph kppwpainuljut whgiuh gnpdpupwghlph Yhubuunnhlugh b
nhtwdhljugh dwuhl Jiuynn nbnbljumnpjub Yphsukp, npnbg ybpnisnmpimbp gnyg
b wmwhu  wpunl]p pupdp  Juuwbgh  dwfuwpnul:  2Zbhwbppupwpdughnwljub
nunufbwuhpmpimbbbpp gnyg  wdligh, np @UURL  ponp ubqukluntkph
(pmgupnipjulp Unun] ubqubinnh, nph hunlwp htwbpypuownpdbph wnduyubp sk
unwgk) bEpluybpny Jtpphtt 9000 wwpyw  phpugpmd nbnh  Bb mbkghy
htwhiupnnultp, bpp Eppuwswpdbph dwquhnnmnp wighy t 7.0 ~hg: gwudpp hp
wupnng  Gplwytipny  ppubnpnud b hnphgniwfut - wgwynmijut nkqupwpdh
Yhtikunnhlw, Jhignn bpw manudhq pununphsp thnpnpwfub ©(Jkpitnhg
Juplitn):

Zwpuomnbh  Zwbpuy bnmput wnwpusph wipnhy  juquspukph  Juppht
wnuyk] g hudwyuwnuuppwbnud o dipugpiub dnglip (@UUT-h ophliulyni):
Zudwdwghh  gpu, mdin  bplpwpwpdipp  wnbnh  Bb mbbkinwd  punmipugphy
dwquhinmnubpny, uwwlub wbkquaupdh wpugmpmbbtpp l}lm]'m}m[md hh ]
gpuigynu t ubkqubinnbkph Yepunpoud:

Uwlbtpbuught  jowponnudbpp ppllg dhpddwljbpbumghl - dwomad,
pugwhupnbim] dwgnulbwpwbnipymbp, Yujugwd ubjudhly ppungwpdnepymbibph
htwnbkbupynpymbbtpp b gpulinpnulttpp dudwiwlubpp, mbkbinud b -Yhtibdunhly
puquuquimpni, npnbg &qppwn npnonudp bywunnud  k phuﬂ.ltﬁi{ Yuuligh
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wunhdwbh wnuby] opknphy quuwhwndwbp: Fugwhwpnbkght  uwpunnulubph
Yhutdwnhjwbtph hbtwpunp pywuguy  punypbbpp, wpltg Ughuowlih 1988p.
twlbpbuughtt juqudph wunniwh pbpwgph Ungbp b Ykp hwin]kg bpw Gplulh
prubhqup: Ulqpbuljuts dmunud bpliph vwybpbubl dbungapdsg b, nph
Yhubdwwnhlwh wwppbp tp jeoppuht pwuondw Ghubduwnhljughg® puguhwyjny]ws
Inljuy dbpuwihquny: Uy dwdwbwl nhnobu junppujht jowpndwl fwljunp skp
wnwpwbd k) dhtigh bplyph dwlbpbu:

Swpplp dwquwb  Gpypwpwpdtiph b bpwbg wnwewghnn  Junnygukph
plwgmpmbp Jupbnp b, pwbh np bpwbp mbkb wwpplp ywgbpunmnuyhb blipmd b
Ypyubhmpnit: Zpwplowdhl Epypuswpdbpp hpkug mdqunippudp qquhnpkt ghenud
b hpwphunntljnnbuljwb b, wpwt) by, nkjunbulut swquwt pljpupupdbph,
nunp - Yuplnp b bpypwpwpdwsht Jurnygbph  Swhwynnmpmitp®  Juwbgh
gipuqwhunnulutphg  fpmuunhbm hwdwp: 22-nd ghnwpwd  hpwphaubhl
huwpinnulubph qquih dwup pun Enppub ubjudwshis b (wowgwgl) Bu gignudubiphg),
uwljuytt skt hwinhuwbnud ukjudwsht unnygukp (seismogenic structure) (htiyybu
ophtmu} wnkjunbwlwh Jwhnnulfbbpp), npnbg whinhympmbp wnugwghnud
Epypwowpdbp:

Ubkjudhly Juwbgh qbwhuwndwh U ubjudhl Juuwbgh puwpunbgh Juquiwb
dudwbwl whwnp t gnyg wpbt dwlibpbuught ubjudwsht  owpnmdubpp
tpypwpwpdbph  Gphypnprughtt wopbgmpjuwb  wwpuddwl  wpbugbbipp: Fpwubghg
wnwl) Gpwhwlwihgp unquipbbpb b 22 wwpudpp quinnud § ukjudwwlnhy
gmnnmd, muwh unqubplbpp, Epk tnybhul ubudwshb sk, Ypkp b YpEm b
tpypwpwpdtph wqpbgnupynn: 22, 2ughphh, Uwpnlnih vwupwspipnd hwdwjuwlh
b unnubpubpp b wliwnpy] juqiudpubtph hwpbhwimpniip, nunh hujuobulut k
Upwlg wiphqtpuyhtt Yuwyp: Gwnbhh unquiiph ophtuyn]  wuyugmglly bpw
ubjudwdht pinypp U gnyg wpkg w) unqubpubph ubjulwdhi (hibne ks
hwjuwbwlwbnipnitp:

Ughypnnup  UdbUhnpby [T wwdwpmd  hbwbppwpupdughnwljui
hbnwgnnmpmubbpp htwpwynpmpnib wkght huynbwpbkpbin htwkpypwywpdtp,
dwubunpuybu’ bpwbg bpypnppuyht wgpbgnipput’ hanbph ephiwguwt hhdwh
Ypu: Ldwiwnhy mumdiwuhpnipymbiibpn] hwunwunbghtt hnnkph gphjugdwb
Eplnypukph weljuynpnitip Uwpnlngh Up-Znubpdwgh opgwtinul:

Uljwlhy Juubgh ghwhwinfwh b ubjudhl Juwigh pupubgh Jupnigdwb
dwdwbuly whnp L gnyg vipdbl dwltptiuwht ubjudwdht pwunnudtbpp b Gpubg
Eplypnppug bt wgnbgnppub nupudiub wpkwbkpp:
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O6man xapakrepucTnka paborst

Pafora mocBsmeHa IIMPOKO paclpoCTpaHeHHOH B Mupe, a B ApMeHHH camoil
IHAYHTETHHON TPHPOIHOH OMACHOCTH - 3eMIETPACEHHAM, IMPOSBICHHAM ITOBEPXHOCTHBIX
PaspHIBOB M MX BTOPHYHEIM BoszeiicTeuaM. OGoGureHs! pesyrbTaTsl paboT, MpoBeJEHHEX B
Apwmennu, Mapoxko, Erunre i Tants 8 1992-2012rr.

TloBsreEHe TOYHOCTH OITeHKH OTIaCHOCTH SABJIAETCH BaXXHOM aa);atlef&, ITOCKOJIRKY ee
HeZloONeHKa TIPUBOJMT K HEONPABAAHHHIM MOTEPAM MaTEPHalTBHBIX M YelOBEeYeCcKHX
PECYpPCOB, a IEePeolieHKa - K OTPOMHBIM HEONPABJaHHEIM 3aTparTaM M CHIDKEHHIO TeMIa
paseuTHA obmecTsa. AKTyalbHOCTh M NIPHKIaJHOE 3HaYeHHe PabOTh CBAIAHEI C OTPOMHOMN
BaXHOCTBIO BhINIEHAa3BaHHOH Ipo6iaeMbl, OCOGEHHO B YCAOBHAX C ILEHTPAJH3aUMH

YeJI0BEYECKHX, MaTEPHAIBHBIX H B YaCTHOCTH 3HEPTeTHYeCKHX Pecypcos.

HccnenoBasus H METOZOIOTHA

Kparkuii mepeueHs mpoBejeHHEIX HCCIENOBAHUE H HCITONb30BAHHBIX METOIOB:

e cBop M KpOCC aHANTH3 Te0NTOTHIECKHX, TEKTOHUIECKHX, CeHCMOTeKTOHHYIeCKHUX JaHHBIX;

e p3yveHHe a3po- M KOCMOCHHMKOB PasIHYHOTO PajpelleHusd, TONorpapuyeckux Kapr,
TpeXMepHOe MofleTHpoBaHue peiaseda, obHapyxeHHe W BBJENEHHe aKTHBHEIX
PA370MOB, TOBEPXHOCTHEIX Pa3phIBOB H APYTHX CTPYKTYPHBIX €HHHIL;

e OleHKa OCHOBHHIX ITapaMeTPOB AKTHBHEIX PpasNoMOB (MaKCHMalbHAas MarHHUTY7a
3eMjeTpACeHHil, WHTEpBaJ MOBTOPAEMOCTH, CKOPOCTH CMel[eHMH ¥ T.J.) |
XapaKTEepHCTHKA [OBeJeHHS Ha OCHOBAHHH IIHPOKO HCIOJNB3YEMBIX JAaHHBIX
TaseocefiCMOIOrHYecKUX M apXeoceHcMOTOTHYECKHX TI0JIEBBIX HCCTIeIOBAHMM, a TaKKe
pesyIbTaToB PasTHYHBIX JIATHPOBOK (n3oTOMHBIE, JIIOMHHECIEHTHEIE,
apXeoJIoTHYecKHe);

e OIEHKa M BHABIEeHHe BTOPHYHBIX BO3NeHCTBHH 3eMIETPACEHHH, B YaCTHOCTH
CefCMOTEHHEIX OMON3HeH M JPYTHX CKJIOHOBBIX NPOIECCOB, PadMiKeHUs TPYHTOR,
TPUITEPHBIX CBA3ell BYJKAHM3Ma M AKTHBHOH TEKTOHHMKH METOZaMbl HHXXEHEepHO-
reoJOrHYecKOro KapTHPOBAaHHS, TOLPOGHON JOKYMEHTAIHH Pa3THYHEIX TPHPOAHEIX K
MCCKyCTBeHHBIX ofmaxenmit  (pororpadpmposanue, KapTHpOBaHHe, BEIIEJIEHHE
CTPYKTYPHEIX H TeoJOTHYeCKMX eIHHUI, oT6op ofpasumoB ® T.4.), a Takke
PETPOCIEKTHBHOTO aHAJIH3a;

s cosmanme Gas TMC u umdpoBEIX JaHHBIX, KOTOpHlE CITOCOGCTBYIOT 3HAYHTENBHOMY

COKpalleHHI0 BpeMeHH KOMILIEKCHEIX aHAIHI0B.
OcnoBHas mems paGoTs!

BrisBieHHe M XapaKTepHCTHKA BO3ZIEHCTBHI aKTMBHEIX PA3IOMOB Ha OKPYKAIOWYIO Cpeay H

OII€HKa OTIaCHOCTH IO ITOBEPXHOCTHRIM pasphIBaM.
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Ocuosusie 3aga9u paboTs!
1. Xapaxrepucruka pacnpeeneHus H aKkTHBHOCTh TOBEPXHOCTHBIX PasphIBOB.
2. Hayyenue NpHNOBEPXHOCTHBIX IIPOABIEHHI aKTHBHLIX Pa3lOMOB.

3. HS}F‘ICHHE NMPHYHHHO-CTEACTBEHHBIX BO3NeHCTBHH aKTHBHBIX P4a3jIOMOB Ha cpexy.

BakHOCTh M aKTya/IbHOCTB paboTh

B coBpemenHoif ApMeHHH, KaK H B IIDOLUIOM, CAMBIM ONIACHBIM H KaTacTpodHyuecKHM
TO CBOMM TOCHAEACTBHAM TPHPOJHBIM SBIeHHEM SBIAIOTCA CHIbHBIE 3eMJIeTPACEHMA.
Hcropuyeckne cronuins APMEHMH HEOJHOKPaTHO Paspymianuchk 3emierpsceHusmu. Ilocne
semaerpacennus 893 r. cromuuma [IeuH Gonse He BOCCTAHABAMBAACH, T. AHH OBln
OCHOBaTeJbHO paspymeHd 3emuerpacesueM 1036 r. Bo Bpems camoro cuisHOro
semnerpacenus FOxnoro Kaskasa 1139r. mormGao oxono 230000 uyenosex. Humeurnss
cronuua ApMeHHH paspymranack seMaeTpsceHHaMHu 1679 u 1840 rr.

Yanppanckoe (1976r., M=7.1), Hopmanckoe (1983r., M= 6.8), Cnurakckoe (1988r.,
M= 7.0), Paunnckoe (1991r., M=7.0), Pyr6apcxoe (1990r., M= 7.3) u Banckoe (2011r., M=7.2)
paspyuIMTe bHbIE 3eMIETPACEHHA CBHIETENBCTBYIOT O BBICOKOH CTelleHH celfcMiyeckoi
OIIACHOCTH PETHOHA.

Jlo Hacrosmero BpeMeHH He JIMKBHIMPOBAHE MociecTBus  CHHTaKCKOTo
aemnerpscenus 1988r., B pesynbrare koroporo Geuin paspyuresl okoro 40% mocTpoek Ha
TEPPHTOPHH ApMeHHs.

Ilo panmemM wmentpa CeiicMocToiikoro crTporTensctBa Ciryx6bl  ceficMuveckoii
sautsl MYC 80% sxaunii r Epesana ne ssnstorcs ceiicMocroitkumu. 45% HMEIOT BRICOKYIO
CTeNeHb YASBHMOCTH H TIIPH 3emieTpsaceHHd 7-8 OaLIoB HaxopsTcs 104  Yrposoi
PaspylIeHHs,

PerpocnieKTHBHBLH aHaTM3 CeHCMHYECKHX COGHITHH MMPONLIOrO CBHAETENLCTBYIOT O
BO3MOXKHOCTH KaTacTpoHIecKHX seMIeTpAceHHH M B Gmmxaiimem Gyayuwem. B aroit caaan
NpaBHIbHAS OlEHKAa CeHCMHYEeCKOH ONMaCHOCTH, YMeHBIUIEHHE DPHCKA M IOHMHXKeHHe
YA3BHMOCTH TePPUTOPHI CTAHOBATCH BAXKHEHIIMMH aKTya bHBIMH 33]]a9aMH.

Iocnexcreua semierpAcennit MoryT OBITE HempeACKasyeMBIMH OCOGEHHO TIpH
HATHYMH TaKHX HHIYCTPHATBHBIX H DHEPreTHYeCcKHX OOBEKTOB, KdK aTOMHBIE CTAHIHH,
TUIOTHHEI, XHMHYECKHEe 3aBOJHI M T.I., KOTOPEIE YIPOXAIOT JIOMOJHHTEJIbHBIMH
TEXHOTCHHBIMH KaTacTpodaM.

JUiIs CHIDKEHHs pHCKAa OT CHIBHBIX 3eMIeTpAceHHil Heo6XoJLHMMO peaiH3oBaTh:
MOHHTOPHHT, OIEHKa CeACMMYECKOH ONacHOCTH, CeHCMOCTOMKOE CTPOMTENLCTBO,
uHGOPMHPOBAHNE HaceNeHHs H aAMHHICTPATHBHOTO MEPCOHANA O BO3MOMKHBIX OMAacHOCTHX.
Ouenka ceficMHYeCKOil OIIaCHOCTH ABJIAETCH Ie0J0ornyeckoii (B IIMPOKOM acrekre) 3ajayei.
CraHOBHTCA CTPaTerHYeCKH BUKHBIM H3yYeHHe CefCMOreHHBIX AKTHBHBIX PasioMOB M MX
NIPHIIOBEPXHOCTHRIX TPOABIEHHH.
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Jo Cnurakcxoro seMnerpsacenns 1988r. mpeoGnafano MHenHe 0 HEBOIMOXKHOCTH Ha
KaBkase cmipHBIX 3emierpsicenmii, TeM Gosee CONPOBOXKIAIOUIMXCA  NOBEPXHOCTHBIMH
paspmiBamu. Karactpodmueckwe mocnenctsus CHUTAKCKOTO 3eMIETPACEHHS ABIAIOTCHA
CIeACTEHEM HeJOONEeHKH celCMHUYeCKOH OMacHOCTH.

HcenenoBanus akTHBHOM TEKTORMKHM BaXKHBI JUIA  XapaKTEPHCTHKH IIOBeJEHHS
aKTHBHLIX Pa3/ioOMOB, a TakXe JUId Gonee TOYHOM OINEHKH OITACHOCTH, CPEIHECPOYHOro M

JIONTOCPOYHOTO TTPOTHO3HPOBAHNAA.

IpaxTH9ecKkas SHAYHMOCTD
B GonsmencTse cBoeM MOMyYeHHEIe JaHHLIE HMEKOT NPaKTHYECKoe aHavYeHHe. B oToil 3naan
OTMETHM:
® paclIHpeHHe BPEMEHHOroO psanaa celicMHYecKoro KaTajiora, B OCHOBHOM CHJIBHBIMH
3eMJIeTpACEHHAMH;
®  KOIMYECTBEHHYIO OLEHKY ONACHBIX Fe0JOrHYeCKHX SBIeHHIT;
® 06OCHOBAHHOE MORHINIEHHE YPOBHA IPHPOAHBIX ONMACHOCTel OT aKTHBHBIX PaslToOMOB
M HX BTOPHYHBIX a(deKToB.

Hayunas mosusna paGors

BrisBrensr ocofeHHOCTH pasBUTHA moflelf HaMpsKeHWiT B MOCTKOUTHIHOHHOM JTatle
PasBHTHA B PErHOHe, NMOKa3aHbl ITPOCTPaHCTBEHHO-BpPEMEHHBIC HIMEHeHNs TpH obmem
HaLpPaBJIEHHH CXKATHUA CEBEP-IOL.

ManeoceiicMoorHYeCKUMH HCCTEJOBaHHAMY JIOKA3aHO, YTO JJIA AKTHEHBIX Pas/ToMOR
ApMeHHH XapaKTepHB! OTHOCHTEJIBPHO HH3KHE CKOPOCTH CMEILeHHH M JJIMHHBIE TEPHOJBI
TIOBTOPAEMOCTH CHIIBHBIX 3eM/IeTpACceHui.

Ycronosnero, uro Ilambax-Cepan-CloHHKCKHIE akTHBHBIH pasioM o Beeil JuHe,
TIPA  TPaBOCTOPOHHEM TOPH3OHTAJBHOM CMENEHWH XapaKTepHayeTcs HIMEHUHBRIM
BepPTHKAIBHEIM KOMToHeHTOM (c6poc, BaGpoc), ¥TO HHOTJA ABIAETCA TAKOBEIM Jaxe B
1pejeax OGHOTO CeTMEeHTa.

Baons Ilambax-CeBan-CioHMKCKOrO aKTHBHOrO pasiioMa B CeMH  ITyHKTax
o6HapyXeHH! TOBEPXHOCTHBIE pasphiBbl. CorlacHoO YCTaHOBNEHHBIM MaTeONOABIKKaM GsUTH
BHIABJICHB! TTAT€OCOOHTHA ¢ MarHuTYAoi Mw > 7.0. HecMOTps Ha TO, 4TO BAOTB CEeBEPHBIX
CerMeHTOB pasioMa He GBUIH HM3BECTHBI CHJBHBIC 3eMJIETPACEHHS, TaleoceiiMHYEKHMH
HCCTeJOBAHMAMH OlleHKa MAKCHMAILHOI MarHuTyasl 6suta nojgusTa or 6.2 (1187r.) xo Mw
>7.4, a ;12 XoHapacapcKOro CErMeHTa, IJle OTCYTCTBYIOT HaJl&KHhie JaHHbIe~ MAaKCHMaThHas
omnenka Mw>7.3.

VcranoBaeHo, WTO C TOYKA 3peHHs DacHpOCTPAHEHHs IIOBEPXHOCTHOTO pasphiBa
BbiJIeTEHHBIE TeOMeTpPHYECKHE CerMEeHTH MOryT H He SBAATHCA CEerMeHTAMH 3eMJIEeTpACEHHI
(earthquake segment). Mopens HanoXeHHs cerMEHTOB HaHGONEe COOTBETCTBYET MOBETEHHIO

aKTHBHEIX pasnoMoB Apmenun (ma npumepe IlamGax-Cesan-CioHMKCKOro akTHBHOTO
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pasnoma), COTMACHO KOTOPOif CHIBHEIE 3eMJIETPACEHHS MMEIOT XapakTepHylo MarHuTyy,
XapaKTepH3YIOTCA M3MEHYMBOCTBIO CKOPOCTH CMeWleHHA II0 pasioMy M HAJTOKeHHeM
TIOBEPXHOCTHBIX Pa3pLIBOB.

Jns Mapokko cocTaBjena KapTa aKTHBHBIX PAajiOMOB H PasiKHMOKeHHS IPYHTOB B
nposuHIuE An-XoceiiMa, Ha KOTOpo# MOKa3aHBl HOBOBBIAB/IEHHEIE PA3TOMBI H cerMeHTsl. C
TOYKH SpeHHA TOTEHIMana IOBEPXHOCTHOTO pasphiBooGpasosarns (capable fault)
HCCIeloBAHUAMH JJOKasaHa MX HanuyHe B ApMenu#, Mapokko u I'anTa.

[Ipexnoxena Mojens BTOPHYHOro paspeiBoobpasopamms npn  ChHTakckoM
3eMTeTpACEHMH Ha OCHOBe aHAIH3a IWITPHXOBOK OT TOABHXKEK, TeoNIOTHYECKHX M
reo)H3HIECKHX JAHHBIX.

BbisiBleHsl KOHKpeTHble OOBEKTH CEHCMOreHHBIX BTOPMYHBIX Ie0JOrHYecKHX
ABTEHHI, CBA3AHHBIX C aKTHBHOCTBIO PpaijIOMOB, JOKA3aHA CeHCMOTEHHOCTh HEKOTOPHIX
onomsueli. Ha ocHoBe maneoceficMonormyecknx paGoT MO pasKHU¥CKEHMIO TPYHTOB B
Erunerckom xpame Amenxoren Il 6510 o6Hapy*eHo U ZaTHpoBaHo 3emnerpscenue (1211-
911 go m.3.).

Kparkoe onmucanue cofep/XaHusA H OCHOBHBIX BEIBOZOB

B mepsoit rnase npusogsrca ofmme CBEAEHHS O TEOJOTHYECKHX H CTPYKTYPHBIX
ocofeHHOCTAX ApMEHHH H NMpHIIETraloliX TEPPUTOpHil, cOBpeMeHHEIe Nahubie 06 HeTOpHH
TEKTOHHMYECKOTO  pasBHTHA  perMoHa, O TeKTOHO-CTpaTHrpadHYecKux  eJMHHIaX,
0coDeHHOCTAX AKTHBHOM TEKTOHHKH U CEHCMMYHOCTH.

Bo BTopoii raase, MynsTHAHCIHILTHHAPHBIM MofaxXofloM obcyxaalorcs ocobeHHOCTH
reoJIHHAMMYeCKOro I0/4, OCHOBaHHBIe Ha OPHEHTALMH OCell HANpPsKeHHH, YYHThIBAS
coBpeMeHHEIe (BhITeKaeMble H3 aKTHBHEIX pasniomoB, GPS manusix u P oceit semnerpacenuit),
a TakKe COBPEMEHHOEe W TaJeoHanpsXeHHs (BhITeKaeMble M3 BYJIKdHHYECKHX KIdCTEpPOB,
MHKPOpPa3JIOMOB ¥ CKJI3JYaTOCTH). YCTaHOBJIEHO H3MEHYHBOE PasBHTHE reofHHAMHYECKOTO
MOJA MOC/ie KOHTHHEHTabHOH KO/UTHSHH TPH COXpaHeHHH obuiell HampaBJIeHHOCTH ocel
rrapusix Hanpskennit. Ilpn obmei cepep-1or CKaTHH B APMAHCKOM HAaropie CyWecTBYIOT
BTOpHYHEIE CEBEpO3allafHOe M CeBEpOBOCTOMHOE HampaBneHHs oceil oxarua. [locnexmsie
Geut  Hambonee BAKHBIMM B OTAENbHBIE TIEPHOJABl TEKTOHHYECKOTO pa3BUTHA, a
HOBONIPOABJAEHHLIE CTPYKTYpPHl CTalH BO3JEHCTBOTaTh Ha JajdbHEHIIEE pasBHTHE IOJA
HAIpsOKeHHS.

B Tperweii riase paGorsl 0OGCYKAAOTCA BOIPOCHl BBEIABJIEHHS I1OBEPXHOCTHBIX
pasphiBOB, MX T'e€HEIHCa M C/IOXKHOCTeH wuHTepnperauuH. [IpuBoasrca jaHHble 0 HX
NPOCTPAaHCTBEHHOM pacTipejleleHHH, 3 Takke KONMYeCTBeHHBbIe JaHHLIE O BPEMeHH H
MArHHTy/e NajxeocobuTHiH.

Tlo Beeit pune [TamBak-CeBaH-CloHHKCKHIl aKTHBHBIR pas/ioM IIPH NPaBOCTOPOHHEM
FOPH30HTAJIBHOM CMEIeHHH XapaKTePH3YeTCAd M3MEeHUHBBIM BEPTHKATBHLIM KOMIOHEHTOM

(c6poc, B36poc), YT MHOTA SBIAETCA TAKOBLIM JaXKe B ITPe/ieNaX OfHONO CerMenTa,
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TTaneoceficMONOTHYECKMMH ~ HCCIeIOBAHMAMH  YCTAHOBJIEHHO, 4YTO BJONB BCex
ocHoBHbIX cermenToB [TambBax-Cepan-CIOHMKCKOrO aKTHBHOTO pa3noMa (kpome Mpagckoro,
rae uccAefOBAaHMA He TPOBOJMINCE) B TOJNOIEHe NPOM3ONLTH NaneoleMIETpPACEHUH C
marsuTygod >7.0.  [lokasaHo, uTO [ AKTHBHBIX pa3ioMOB APMEHHH XapaKTepPHBI
OTHOCHTEIBHO HH3KHE CKOPOCTH CMEeIeHW i ¥ [UIHHEBIE TePHOAb! TOBTOPAEMOCTH CHIBHEIX
3eMJIeTpACEHHI.

Ilpepmaraercs  Mofielb ~ BTOPHYHOTO  TIOBEPXHOCTHOTO  PasphIBOOGPa30OBAHMS
Crnraxckoro semerpsacenns 1988r. B mawanssoM srame Ha moepxHoctH copmmposancs
pasphiB, KHHEMaTHYeCKH OTJIHYAIONMHACA OT OYaroBOr0 paspbiba, YCTAHOBIEHHOTO
doxansHEIM Mexanuamom. [Ipu srom dponT ovyaromoro paspeiBa B 9TOH CTaguH elle He
JOCTHT 3eMHOHA MOBEPXHOCTH.

Ha 6ase uccneposanHuit XapakTepu3yeTcs MOBeeHHe aKTHBHBIX Pa3/IOMOB Ha TIPHMEpe
INTamGak-CeBan-CroHuKCKOTO pastoMa. Jlas aKTHBHBIX pasnoMoB ApMeHun HauOonee
COOTBETCTBYET MO/ENs HATOKEHHA CeTMEHTOB, COTTTACHO KOTOpOoH CHALHBIE 3eMIETPACEHUA
HMEIOT XapaKTepHYI0 MarHUTYAy, XapaKTepH3YIOTCH M3MEHYHBOCTHIO CKOPOCTH CMEIIeHMA
00 pasaoMy M HAJIOXKEHHeM MOBEPXHOCTHHIX pa3psiBoB, (OBGOCHOBEIBAaeTCH BaXHOCTh
TIpOBeleHNHs KOMIUIEKCHEIX HCCIEZ0BAaHHIl ¢ Me/bio HabexaHus HeJOOIEeHKH U TTepeol,eHKH
NIPHPOJHEIX OIACHOCTeH. YCTaHOBIEHO, YTO B CeifcMOONMacHEIX 30HAX IOBepXHOCTHEIE
Pa3PHIBEI MOTYT ABNATHCA HOCHTEIAMH HHQOPMATINH 0 KHHEMaTHIECKHX H AHHAMHIECKHX
TpolleccaX B TeoJOTHYECKOM MPOINUTOM, aHalH3 KOTOPBIX BEABISET Goee BHICOKYIO CTENeHb
IpHpoZHOIl onacHocTH, B TO e BpeMs, IOBEPXHOCTHBIE PasphIBbI B IPHIIOBEPXHOCTHOI
YacTH KOpPBI, BBIABNAA FeHe3uc, CHy celfcMuyeckKHX coOBITHIE H BpeMeHM WX TIpOABIEHHA,
MMeloT KHHeMaTHYecKoe pasHOoOpasHe, TOYHOe onpefiefleHHe KOTOPBIX CHocoGcTByer
Haubonee 06BeKTHBHON OLEHKH CTENeHH NPHPOJHOMN OIaCHOCTH.

IlpoBepgHHBle  WMCCTEMOBaHMA  YKasIBAIOT HA  HANTHYHE  MHOTOYHMCIEHHBIX
TOBEPXHOCTHBIX TEKTOHWYECKHX PA3pHIBOR H MX BTOPUYHBIX IPOABTeHHI B MCC/TeT0BaHREIX
paitonax Apmennu, Mapoxko, Erunra 1 Tanrs.

Ha Teppuropun PecmyGmuknm ApMeHMS pacImpoCTpPaHeHB! NOBEPXHOCTHBIE Pa3phiBBI
HETEKTOHHYECKOTO TIPOMCXOXKIeHNs (ByIKkaHOTeHHEle, TpaBuTannonuse u T.1.). OcHoBuas
YacTh ByTK4HOTEHHBIX PasphIBOB SBJASETCA ceiicMoreHHOMN (MTPOMBOLLTH OT 3eMAeTpPACEHHiT),
OJJHAKO OHH He ABMAITCA CeHCMOreHHBIMH CTPYKTYPaMH, aKTHBHOCTh KOTOPBIX MPHBOIAT K
3eMJIeTpACEHNAM (KaK MpH TeKTOHHIECKHX PasToMax).

B gerBéproii r1ape IPHBOJATCS JAHHbBIE O BIOPHYHOM BO3/IEIICTBHN 3eMIIeTPACEHHIT i
Pa3peiBooOpasoBaHHs Ha OKPYXXKAIOIIYIO Cpefly, B MAcTHOCTH, O CeHCMOreHHBIX OMON3HAX,
PamKMMOKEHHH IPYHTOB H BOMOMHBIX TDHITEDHRIX CBA3elf MeXTy 3eMJIeTPICeHHAMH H
ByaKaHH3MOM. [IpoBeséHHBIE HCCIEJOBAaHMA BHIABMIH HAaJHYHMe MHOTOYMCIEHHBIX
MOBEPXHOCTHAIX DasphlBOB H HX BTODHYHBIX IIPOABIEHHH B H3yYeHHBIX paiiomax. Ha
npumepe I'apiuiicKkoro ononsHa KoKaasBaeTcs ero ceficMorensocts, Ha reppuropuu xpama

Ameuxorena [Il-ro pokasano cymecTBopaHMe ¢eHOMEHA PazKHIOKEHUS TPYHTOB H
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NaTEpAJIBHOTO CHPEJMHTA, YTO TPHBEIO K 3HAMMTENbHRIM paspylleHHAM. AHaJIOTHYHBIE
AB/IEHMS BRLABJIEHHH B npoBuuUKE Anx-Xoceitma (Mapokko), Ijie foKasaHo reHeTHYecKas
CBa3h HEKOTOPHIX IOBEPXHOCTHEIX pasphiBOB ¢ PasKHMOKEHHEM TPYHTOB, a Takxke
yCTaHOBNEHBl BOIMOXKHEIE 3eMJIETPACEHHA, BhiapaBumme 3ToT denoMen. Pexomenmyercs
KOMIUIEKCHOE H3y4YeHHe ONAcHOCTed OT IOBEPXHOCTHBIX DPa3phIBOB M 3eMJIETPACEHHH C
Y9ETOM RBTODHYHBIX Bo3flelicTBHif, a MpHM KapTHPOBaHHH CelcMHYECKoil ONMacHOCTH
BRIZI/ICHHE TIOBEPXHOCTHBIX CefiICMOT€HHBIX PpasphlBOB H  apeajoB HMX BTOPHYHOIO
BO3IeHCTBUA.
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General characteristic of the work

This work ("Subsurface manifestation of active faults in environment") concerns the
most significant natural hazards in Armenia - earthquakes associated with active faults,
manifestations of surface ruptures and their secondary effects. It also includes the results of
studies on the same topic that have carried out in Morocco, Egypt and Haiti.

Improving the accuracy of risk and hazard assessment is an important task because of
its underestimation leads to unnecessary loss of material and human resources, and
overestimation - to huge unnecessary cost and reduce the rate of development of the society.
The above-mentioned issues show the relevance and importance of carrying out
seismotectonics studies taking account the increasing centralization of human material and

energy resources in general.

Research and methodology

A synthetic list of studies and methodologies is presented as follows:

+ Gathering of and cross analysis of geological, tectonic, seismotectonic and other data;

+ Studying of aerial and satellite images of various resolutions, topographic maps, three-
dimensional terrain modeling, active faults, surface ruptures and other structural units and
mapping;

+ Evaluation of the main parameters of active faults (maximum magnitude, earthquake
recurrence interval, slip rates, etc.) and the characteristics of behavior based on
paleoseismological field studies using the results of various dating constraints (isotopes,
fluorescence, archaeology);

+ Assessment and identification of secondary effects of earthquakes, in particular seismogenic
landslides and other slope processes, soil liquefaction, interactions between volcanism and
active tectonics using engineering and geological mapping, detailed documentation of
various natural and artificial outcrops (photography, mapping, identification of structural
and geological units, sampling, etc.), and a retrospective analysis;

+ Building up of GIS databases and data that contribute to a significant gain of time for
complex analyzes.

The main objective

Identification and characterization of active faults impacts on the environment and
assessment of hazard related to surface rupture.

The main objectives:

1. Characteristics of the distribution and activity of the surface ruptures.

2. The study of near-surface manifestations of active faults.

3. The study of the causal effects of active faults on environment.
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The importance and relevance of the work

In modern Armenia, as well as in its past, the most dangerous and catastrophic natural
phenomena are strong earthquakes. The historical capital of Armenia has been destroyed
repeatedly by earthquakes: In 893AD, the capital Dvin was no longer restored and has been
abandoned; in 1036AD, the city of Ani was totally destroyed; in 1139AD, an earthquake in
South Caucasus - considered as the strongest historical earthquake - killed about 230.000
people. The current capital of Armenia was twice destroyed by earthquakes in 1679AD and
1840AD.

To those historical earthquakes, we can add the following instrumental events:
Chaldran (1976, M = 7.1), Norman (1983, M = 6.8), Spitak (1988, M = 7.0), Racha (1991, M =
7.0), Rutbar (1990, M = 7.3) and Van (2011, M = 7.2). These damaging earthquakes attest of
the high degree of seismic hazard in the region.

Note that the effects of the 1988 Spitak earthquake — during which about 40% of the
territory of Armenia was destroyed — are still visible in the natural and urban landscapes.
According to the Center of Earthquake Engineering of the Seismic Protection Service of
Ministry of Emergency Situations, 80% of the buildings of Yerevan are non resistant to the
present seismic hazard level. 45% of buildings have a high degree of vulnerability, and an
earthquake of 7-8 intensity (~ M6-6.5) would probably destruct them.

The retrospective analyse of the past seismic events shows that strong earthquakes
occurred and are possible in the near future. Therefore, a correct assessment of seismic
hazard, risk mitigation and vulnerability reduction are urgent tasks.

Moreover, the presence of industrial and energy facilities such as nuclear power
plants, chemical plants, dams, etc., increase the potential of destructions and damages that
can be associated with earthquakes and lead to technogenetic disasters.

To mitigate the risk associated with large earthquakes, it is necessary to implement:
monitoring, hazard assessment, antiseismic construction, information and education of the
population and administrative staffs. Seismic hazard assessment is a geological (in wide-
sense) task. It is becoming strategically important to study the seismogenic active faults and
their near-surface manifestations.

Prior to the Spitak 1988 earthquake, the common opinion was that no strong
earthquake — especially surface-rupturing event-could occur in the Caucasus. And we must
admit that the terrible consequences of the Spitak earthquake were due to the
underestimation of the seismic hazard.

Therefore, studies of active tectonics are important to characterize the behavior of
active faults, and to assess properly the seismic hazard for a medium- and long-term
forecasting.
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The practical significance
Most of the data obtained during this work are of practical importance. We summarized
some of them:
* Expanding the seismic catalog - mostly by large earthquakes - in time;
* Quantitative assessment of geological hazards (earthquakes and their secondary effects);
* Better knowledge of the natural hazards concerning active faults and their secondary
effects.

The scientific novelty of the work

The stress field evolution in the region during the post collisional period is revealed,
showing the spatial and temporal changes under the general direction of north-south
compression.

Our palaeoseismological research proved that the active faults in Armenia are
characterized by relatively low slip rates and long recurrence periods of strong earthquakes.

Determined that Pambak-Sevan-Syunik active fault have right-lateral horizontal
component in its all length, but variable vertical component (normal and reverse), which is
observed sometimes even within the same segment.

In seven locations along the Pambak-Sevan-Syunik active fault, we revealed recent
surface ruptures. By establishing paleo-displacements, we determined several past-
earthquakes with a magnitude of Mw> 7.0, Along the northern segments of the fault where
strong earthquakes were not known, palaeoseismological studies enabled to increase the
maximum magnitude from 6.2 (1187AD) to Mw = 7.4. As concerns the Khonarhasar
segment, where no reliable data existed, we could estimate a maximum magnitude of Mw>
7.3

We show that from the point of view of surface rupture propagation, established
geometric segments can not be earthquake segments. The overlap model is more consistent
for the active faults segments behavior in Armenia (i.e. the Pambak-Sevan-Syunik active
fault). This model suggests that strong earthquakes have a characteristic magnitude, that the
slip rates along the faults are variable, and that a surface rupture along a fault segment can
overlap a neighboring segment.

In Morocco, we established new maps of active faults and soil liquefaction features for
the Al-Hoceima province.

From the point of view of surface rupture potential (capable fault), our studies show
their occurrence in Armenia, Morocco and Haiti.

A model of the secondary surface faulting during the Spitak 1988 earthquake is
proposed based on the analysis of fault plane striations, geological and geophysical data.

The objects (e.g. landslides) of earthquake secondary effects are identified. Based on
palaeoseismological investigation, we show soil liquefaction features in the Egyptian temple
of Amenhotep I11, and dated the associated earthquake.
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Brief description of contents and main conclusions

The first chapter provides an overview of the geological and structural characteristics
of Armenia and adjacent areas, the recent data on the history of tectonic evolution of the
region, the tectono-stratigraphic units, and particularly the active tectonics and seismicity.

In the second chapter, we discuss the geodynamic field using a multi-disciplinary
approach based on the orientation of the stress axes. We used active faults, GPS data, and P
axes of earthquakes to characterize the modern strain and stress fields. We used volcanic
clusters, micro faults and folds to characterize both modern and paleo-strain and stress fields.

After the continental collision, we identified spatio-temporal stress field variations
within a regional constant general stress field. With the general north-south compression in
the Armenian highland, there are secondary northwestern and northeastern compression
axis directions. These latest directions were important in some periods of the tectonic
evolution, and the newly formed structures start to influence the farther stress field.

The third chapter deal with the questions of surface ruptures identification. Their
genesis and interpretation are discussed. The data on their spatial distribution, the time and
magnitude data of paleo-earthquakes are provided.

Along the entire length of the Pambak-Sevan-Syunik active fault, we identified a
right-lateral displacement with a variable vertical component. Qur palaeoseismological
research established that along all major Pambak-Sevan-Syunik active fault segments (except
Mrav segment that was not studied), paleo-earthquakes of a magnitude >7.0 occurred during
the Holocene. We show that the active faults in Armenia are characterized by low slip rates
and long recurrence periods of strong earthquakes.

Based on the analysis of fault plane striations, geological and geophysical data, a
secondary surface faulting model is proposed for the Spitak 1988 earthquake. We showed
that an initial surface rupture formed at the surface during an early surface-rupturing stage,
showing a different kinematics than the focal mechanism at depth. At this stage the rupture
front from depth has not yet reached the earth's surface.

The active fault behavior of the Pambak-Sevan-Syunik fault system is characterized.
For the active faults in Armenia, the overlap model is most consistent than the active faults
segments behavior. According to this model, earthquakes have a characteristic magnitude,
the slip rates along the fault are variable and their ruptures overlap from one segment to
another.

The importance of multi-approach research in order to avoid natural hazard
underestimation and overestimation is shown. It is established that in seismic zones, surface
rupture may give information about the kinematic and dynamic processes in the geological
past, and in most cases their analysis reveals a higher degree of natural hazards.
Characterising the magnitudes and the timing of the seismic events and their diversity of
kinematics contribute to a better assessment of the seismic hazard.
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The work indicates the presence of multiple tectonic surface ruptures and their
secondary effects in the studied regions of Armenia, Morocco, Egypt and Haiti,

On the territory of the Republic of Armenia the surface ruptures of non tectonic
origin are identified (volcanogenic, gravitational, etc.). The main part of the volcanogenic
ruptures are seismogenic (induced by earthquake), but not the seismogenic structures, which
can produce earthquakes (as in case of tectonic faults).

The fourth chapter presents data on the secondary earthquake and faulting effects on
the environment. The investigation revealed the presence of numerous surface ruptures and
their secondary effects in the studied areas. Seismogenic nature on the example of Garni
landslide is proved. The phenomenon of soil liquefaction and lateral spreading in the temple
of Amenhotep III (Egypt) is discovered. Similar phenomena identified in the Al Hoceima
province (Morocco), where some genetic connection of surface ruptures with liquefaction
are established.

A multi-approach of the earthquake hazard study induced surface ruptures, taking
into account the secondary impacts is recommended. The seismic hazard map needs to

contain surface ruptures and the areas of their secondary effects.
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