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PACHPEJEJIEHHUE 30JI0TA U CEPEBPA B PYJIAX
KAIKAPAHCKOI'O MEJJHO-MOJIUBJIEHOBOI'O
MECTOPOXKIEHUA

© 2018&. M.A. ApyTtionsi, A.E. Oranecsin

HUnemumym zceonozcuveckux nayxk HAH PA,
Epesan 0019, np. Mapwana bazpamsna, 24a,
e-mail: arshavir.h@geology.am
e-mail: marah@geology.am
Tocmynuna 6 peoaxyuro 09.11.20172.

MecTtopoxaeHus MeIHO-MOJIuOaeH-IopdupoBoil popmanu ApMEHHH, KPYyITHEH-
LIUM Cpey KOTOPBIX siBisieTcss KamkapaHCKoe MECTOPOXKACHHUE, COACpXKaT B pynax,
KpOME OCHOBHBIX METAJIOB, TaKXKe 30JI0TO U cepedpo. 3a MepHoj HCCIEeIOBaHUH C
1985n0 2012.r. ObLT MOTYYESH MaTepHall O COACPKAHUSIM 30J10Ta U cepedpa B IiaB-
HBIX CyJIb(HUAAX MECTOPOXKICHUS, YTO MO3BOJIMIO BBIBUTH 3aKOHOMEPHOCTH IOBE-
JICHHS 30JI0Ta U cepebpa B MeIHO-MOIHOACH-TIOPUPOBOIl crcTeMe U JaTh HPOTHO3-
HYIO OIIEHKY 30JI0TO-CepeOPOHOCHOCTH HIDKHHX TOPH30HTOB MECTOPOXKIICHHS.

KiawueBble ¢jI0Ba: 3010mo, cepebpo, pacnpeoenenue, pyoa, MeOHO-MO-
AUOOEH080e MecmopodicoeHtue.

Bgeoenue. B nyOnuKanysx MOCIEAHETO TEPUOJA, MOCBSIICHHBIX BBISC-
HECHUIO T'COJIMHAMUYECKUX OOCTAHOBOK, C KOTOPBIMH CBSI3aHO (POPMHUpPOBAHHE
MEITHO-MOJIHOICH-TIOPQUPOBBIX ~ MECTOPOXKACHHH 3aHre3ypckoro  pyaHOTrO
paiiona, ObLI TIOAHAT BOTIIPOC 00 SMUTEPMATBLHOM XapakTepe 30i10Ta Ha Kamka-
panckom Mectopokaenun (Hovakimyanet al., 2015, 2016 2016) u Bpemenu
ero OTJIOXKEHHsI OTHOCHTEIBHO MEIHO-MONOaeH-IopdupoBoii cuctembl (Mo-
ritz et al., 2016)Ecnu ans meaHO-IOp(UPOBHIX U 30J0TO-METHO-TTOPPHUPOBBIX
MECTOPOXKICHUN JIHUTEPMATBHBIA XapakTep 30JI0Ta W CYOBYJIKaHHYECKUH
YpOBEHB ero GhopMupoBanust — Bonpoc AaBHO penrennbiit (Sillitoe, 1993;Kpus-
1oB u ap., 1985;Kopobeiinukos u ap., 2003),T0 m1st MECTOPOXKIECHHI METHO-
MOJHOICH-TIOPQUPOBOTO TUTIA SIPYAHIIIAM TPEACTABUTEIEM KOTOPOTO SBIISETCS
KamkapaHnckoe MeIHO-MOJTUOJCHOBOE MECTOPOXKICHUE, OTCYTCTBHE JaHHBIX
MPSIMBIX HAOIOJCHUI MO BCEMY BO3MOXXHOMY BEPTHKAIBHOMY pa3Maxy oOpy-
JICHEHUS HE TTO3BOJISICT AaTh OJTHO3HAYHBIH OTBET.

Hacrosiimast craThsl, HamuMcaHHas Ha 0a3e HEOMyOJMKOBAHHBIX AHAJIMTH-
yeckux maHHbix K.A Kapamsua (1981-1986.r.) u P.H.Tasua (1986-2010.r.)
MO COJIEPKAHUSAM 30JI0Ta U cepedpa B OCHOBHBIX CYJIb(QHIaX MECTOPOXKICHHUSI, a
TaKXKe JaHHBIX aBTOPOB, UMEET IENbI0 JaTh TPEJACTaBICHHE O 3aKOHOMEp-
HOCTSX pacrpeeeH s 30J10Ta U cepedpa B pynax KamkapaHCKOTo IITOKBEpKa
U CIIOCOOCTBOBAThH BBISICHEHUIO MECTa 30J10Ta B MEIHO-MOJIMOICH-TIOP(PHPOBOT
CHCTEME.

CBeJicHUs1 O 30JI0TOHOCHOCTH DY MECTOPOXKICHUH METHO-MOIUOICH-TIOP-
¢dbupoBoit hopmarnum PA monroe BpeMs B CBSI3U C JUKTYEMBIMU TIPH COBETCKOM



CTPOE YCJIOBHSIMUA CEKPETHOCTH IO KOMIUIEKCY OJaropoJHbBIX, PEIKHX U pac-
CESHHBIX JJIEMEHTOB, HE OTPaaIWCh B HaydHOUW mnuTeparype. OO0OmeHHE
paHee MPOBOAMMBIX HCCIICJOBAHUI MO PACIIPEICIICHHUIO PEIKUX U OJIaropoHBIX
JJIEMEHTOB B pyaHbIX (opmammsax Apmsiackoii CCP mox pykoBOJACTBOM
N.I Marakpstia (1972) mokasano, 9to 30J0TO U cepeOpo HEPaBHOMEPHO
pacmpeneneHsl He TOJNBKO MO OTHACIBHBIM MECTOPOXKACHUSIM METHO-MOJNO-
JeHOBOW (popMarviy, HO U PYJHBIM KOHIIEHTPATaM Pa3HbIX CTa/INH; B Ka4eCTBE
MPOMBIIIJICHHBIX MHHEPATOB-HOCUTENCH OBITM BBIICICHBI XAIBKOIMUPUT |
OOpHUT. PeKOMEHIOBAJIOCH OPraHU30BaTh U3BJIICUCHHE OJIArOPOJIHBIX METAJIIOB
W3 MEIHBIX KOHIEHTpaToB. lIpakThueckas neHHOCTh Arapakckoro u Kamxka-
PAHCKOTO MECTOPOXKICHUH B OTHOIIEHHH OJIATOPOIHBIX METAaJIOB, HECMOTPS
Ha He3HAuMTeNbHbIE KOJIMYECTBa 30Jl0Ta U cepedpa, 00O0CHOBHIBaach OOJIb-
IIMMH 3aI1acaMy MEJIHBIX PYJI, B KOTOPBIX OHU COJIEPIKAINCH.

3amachl METHO-MOIMOICHOBBIX pya KamkapaHCKOro MecTOpOXKICHHs, KaK
W COIyTCTBYIONIMX 3JIEMEHTOB, TEpPEYTBEPXKIAINCh HEOJHOKpaTHO. KMero-
mMecsl B JIUTEpaType CBENEHHS MO 30JI0TO- M cepedpoHocHocTH pya Kamxka-
PaHCKOTO METHO-MOJIMOJCH-TOPGUPOBOrO MECTOPOKIACHUS OTHOCWIHCH K
BepXHUM ropuzoHtam LleHTpanpHoro y4dactka (MarakesH u ap., 1972;®apa-
MmassH, 1974;ITumksn, 1975;Kapamsa, 1978; Akmaesa u ap., 1981).ITo mepe
JKCIUTyaTa Kapbepa B oTpaboTKy BBOAMWINCH CeBepo-Boctounsiid, MsikaH-
ckuii 1 InopkyTCKUil ydyacTKH, KOTOpPbIE Pa3IMYalOTCsl MPEXKJIe BCEro MHTEH-
CHUBHOCTBIO 1 MOP(OIOTUYECKUM THUIIOM OPYJCHEHUs, a TAK)KE BELICCTBEHHBIM
COCTaBOM Y[ M COOTBETCTBEHHO COMYTCTBYIOIIMNX UM 3JIEMEHTOB-CITy THHKOB.

I'eanoacuer 3amacoB mo llentpansHomy, CeBepo-Boctounomy, Mskan-
ckomy u IIlnopkyrckoMmy yuactkam (3unbMad u ap., 1962) —1mo KOHIUIHSIM
195%., ycranosnenusiM ['ocrtanom CCCP, ocHOBBIBAJICS Ha CPEIHUX COIEP-
xauusax 3onora B pyae 0,08%/t, cepedbpa — 3,137/1. Cpenneromgosast m00b4a
O1aropoJHBIX METAJUIOB 10 pazpadaThiBaeMOMY B 3TOT nepuon LleHTpansHOMY
Y4YacTKy Oblla CTaOHMIIbHA, OTKIIOHEHUS] OTMEUYANINCH JIUIIb B CTOPOHY OONBIINX
MoKasarteiei, 4To CBA3BIBAJIOCH ¢ O0OTalleHHOCThIO BEPXHUX FOPU30HTOB MEC-
TOPOXKAEHUS ThunepreHusiM O6opuuToM. CormacHo renmnozcuery 198%F. (Ara-
MUpSH U 11p., 1985),00beanHsIOIEMY BCE YIACTKH B €IWHBIN IITOKBEPK, KOH-
IUIHA 110 3010Ty cHusmmchk g0 0,027F/1, cepebpa — no 1,58&/T, npu BeIXOIE
Au B MenHBbIN KOHIIEHTpaT 2,67/T, Ag — 44T,

Tem He meHee, cornacHo [1.I.Anosny, B pynax Kamxapanckoro mecro-
pOXIeHHs B IpeiesiaXx KOHTYpa MepBoil 0TpaboTKu cocpenoroueHo 49r 3omorta
u 274% cepebpa, mpuueM cojaepskaHue mocieaHero B 1,3 pasa mpesbimiacT
3amachl cepedpa MoJICYUTaHHBIE BO BCEX 30JI0TOPYIAHBIX MECTOPOXKACHUIX PA B
mertom (Amosi u ap., 2003) ITo mocmeaHeMy IepecyeTy 3amacoB M0 COCTOSHHIO
Ha 01.01.2007%. (Ulexsu u ap., 2007)B pynax IITOKBEpKa, MOACYUTAHHBIX IO
kareropusim B+C;, 3amacel 30m0Ta cocraBisitor S9r, cepedpa — 3314,07, mpu
MPOTHO3UPYEMOM BbIxoze AU B MeaHbIN KoHIeHTpaT 3,50/T, Ag — 75/T.

T'eonocuueckoe cmpoenue Kaorcapanckozo mecmopoxrcoenus. Jleraib-
HBIC TEOJIOTHUECKUE HCClieoBanns Ha KamkapaHCKOM MECTOPOXKACHUH, C TEX
Mop Kak OHO ObLIO pekoMeHaoBaHO K pasBeake B.I.I'pymesbiMm B 192%.,



ces3anbl ¢ umeHamu MLIIL. PycakoBa, C.A. Moscecsna, C.C. Mkprtusna, N.I'.
MarakssnHa, [1.C. Caaksana, A.b. Kaxnana, A.B. Ilaka, M.II. Ucaenko, T.A.
ApesmatsH, ['.O. Iumksaa, A.C. @apamaszsna, A.E. AxomsH, K.A. Kapamsna,
P.H. Tasna, a Takxe reoloroB-pa3BeuMKoB M PyJHHUYHBIX reosnoroB — E.II.
3uneMaHa, A.I'. McaxaHsiHa 1 MHOTHX APYTHUX.

IlITokBEepK MeIHO-MOMUONEHOBBIX Pya KamkapaHCKOTO MECTOPOXKICHUS
JIOKAJIN30BaH B MOHIIOHHUTAX BHCs4ero (BOcTOYHOro) Ooka TamTyHCKOro pas-
JIOMa ¥ BHITSHYT B CyOMEpHIMOHAILHOM HAIpPaBICHUU Ha 6,5M mpu mmpuHe
okono 2xkM (Illexst u ap., 2007).Pa3moM mpoXoguT MO KOHTAKTOBOHM ILIOC-
KOCTH MOP(UPOBHIHBIX IPaHUTOUIOB HInkHero MuoreHa (TasH, 1969)c mon-
IIOHUTaMH, BO3PAacT KOTOPBIX IO TMOCIEIHWUM JaHHBIM OTHECEH K pPaHHEMY
onuroneny (Melkonyan et al., 2013Menkoustu u ap., 2014; Rezeau et al.,
2014, 2015; Moritz et al., 2015; Moritz et al., B)1Tosica HEBAAUTOBEIX M
MOMU(PHUPOBBIX TPAHOAUOPHUT-TIOPGUPOB OTPaHUUUBAIOT PYJIBI MECTOPOKICHUS
C BOCTOYHOTO (hyaHra; MeradupoBBIC TPAHOAHOPHUT-IOPGUPHI PAHHETO MHO-
neHa (ApytronsH u ap., 2002).Ha Tepputopun MECTOPOXKICHUS OHU UMEIOT
CyOLLIMPOTHOE M CEBEPO-3alaJHOEe MPOCTUPAHUE, KOHTPOIUPYS OpPYACHEHHE U
MPOCIICKUBASACH KaK B MOHIIOHUTAX, TaK U MOPGUPOBUAHBIX TpaHuTOonAax. Kpo-
Me HHX, B Tpejienax COOCTBEHHO MECTOPOXJICHHS, BCTPEYAIOTCS JIOBOJBHO
MPOTSDKEHHBIC TAHKU KEPCAaHTUTOB U MUHETT CEBEPO-BOCTOYHOTO MPOCTUPAHUS
(ApepmarsH, 1961).

Pynnbrii mrokBepk copMHUpOBaH MPOKWIKOBO-KUIBHBIMU M BKpAIUICH-
HBIMH O0pa30BaHUSIMHU KBapI-MarHETUTOBOH, KBapPI[-IIOJICBOIIITATOBOM, KBapII-
MOJINOICHUTOBOH, KBaPI[-XaJIbKOITUPHUT-MOJTHOICHUTOBOM, KBAPII-XaJIbKOIUPH-
TOBOM, KBapl-MUPUTOBOM, KBAPII-MOJUMETATUIMYECKON CTajui; MOCIEeaYIOIIe
KBapli-kapOoHaTHasl, XaJlleJ0HOBas, aHTHAPUT-TUIcoBas — Oe3pymubl (Ka-
pamsta, ®apamassa, 1960; Mkprusa u ap. 1969). MeaHo-Monmub1eHOBOE Opy-
JICHCHHE TI0 IEePEeCceUCHUsIM MeTa(UpOBBIX TPAHOAHOPUT-TIOP(HUPOB, a TaKKE
XPOHOMETPUYECKUM UCCIICTOBAHUSAM CEPUITUTOB B OKOJIOPYIHBIX MTOPOAAX Mpo-
MBINUICHHBIX CTaJU MUHEpAIH3aliH, ObUIO OTHECEHO K HIKHEMY MHUOLICHY
(Moscecsn, 1941;Mkprusa u ap. 1969;IIumksan, 1975;Kapamsan, 1978).0n-
penerneHusl Bo3pacta MOJIMOJICHHTOB MECTOPOXKICHUS CIIEKTporpaduyeckum
Re-OsmeTo10M, MPOBEICHHBIE B 3TOT MEPHOJI, MTOTBEPKIATH HIKHEMHOIIEHO-
BBl Bo3pacT opyneHeHuss — 23,5%1,2a (DapamassH u ap., 1974).1lo3nHue
onpenencuust — 26,43—-27,2 +0,Wa no 4 MmonmOIeHUTaM TIO3BOJIWIIA aBTOPAM
BBIJICJIUTE OJIUTOIICHOBBIN dTanm opyacuenus (Moritz et al., 2013, 2015, 2016),
YTO IUTO Bpa3pe3 ¢ PaKTUISCKUMU Ie0JIOTHYECKUMU JTaHHBIMHE, TPUBEIACHHBIMU
MHOrMMH ucciaenoarensmMu (Moscecsi, 1941; Mkprusua u ap., 1969; Mos-
cecstH U 1p., 1974 TTumksan 1975;Kapamsn, 1978;u np.).

IllTokBepK XapakTepu3yeTcs HEOMHOPOIHBIM CTPOSHHEM; [0 JiaTepaiu
MEIb OTHOCHUTEIILHO MOJIMOJICHOBOTO OpYJCHEHUs "OTXKUMAeTCs Ha Tepu-
¢eputo, 9TO 0COOEHHO YETKO OTMEYAETCS] B BOCTOYHOM OT TaIITYHCKOTO pas-
JIOMa HAampaBJIeHMH. B 3TOM >ke HampaBJIeHMH HaOIIoJaeTcsl yBEIHYCHUE
MOITHOCTH KBapII-TIOJIMMETATMYECKUX KHI. BHYTpH IITOKBEPKA BBIIEISIOTCS
JUHEWHO BBITSHYTHIE 30HBI C TPOXKHIIKOBO-BKPAIUICHHBIM OpYJCHEHHEM,



oboramennsie Meapio (Mkprusta u ap., 1969; Kapamsau, 1978).C rayounoii
BEPTUKAIbHAS 30HALHOCTh BBIPAXKAETCS B IOCIEJIOBATEIBHOM YBEINYCHUH
MoONHMOJICHAa W YMCEHBIICHWUU COJepKaHusi Mead. Ha BepXHMX TOpH30HTAx
COOTHOILICHHE UX conepkanuii coctaBisuio 9:1 — 7:1 fopuzontsr 2175-20851),
¢ riryounoii (ropuzontsl 2040-19651) ono cHmxkaercs 1o 5 - 4,8:1 TasH u np.,
2003). Kgpapi-moguMeTauIMdeckue JKUIbI MOIIHOCTBIO 70 1,2M Ha foro-
BOCTOYHOM (hJIaHTe MPOCiIeKEHbI 10 ropuzonTa 1900m.

3onomo u cepeopo 6 pyoax wimoxeepka. J1o 70+4IX TOJOB AaHHBIC II0
CoJIep>KaHUIO 30JI0Ta U cepedpa B KOHIIEHTpATaX MeJM U MOJIHUO/ICHA, a TAKXKE B
PYAHBIX MHHEpanax 0a3MpoBalWCh Ha pe3yjbTaTax MPOOHPHOTO, TMO3JHEE —
aTOMHO-a0COPOIIMOHHOTO U CIIEKTPOXMMHYECKOro aHain30B. CUuTanock, 4To
30510T0 U cepedpo KamkapaHCKOro MECTOPOXKACHHUS BCTPEYAIOTCSA TJIAaBHBIM
00pa3oM B BHJIC TOHKOJUCIIEPCHBIX BKIIFOUCHHUH B CYJIb(UIaX WITH MEIbYaNIIINX
BBIJICICHU TEJUTYPUIOB KBapI-MIOJIMMETAUNIMYECKOW CTaJldl — TECCHTa,
meTnuTa, KpenHepura (Marakesa u ap., 1972; ®apamassu, 1974; ITumksH,
1975; Kapawmsia, 1978). Camopoanoe 3051010 BHE 30HBI okucieHus ([TumksH,
1960), mo A.C. ®apamazsny (1958, 1974)ormedanock B pynax KBapi-Tu-
PUTOBOM M KBapIl-MOJIUMETAIIUUYEeCKON craguit Munepanuzanuu. [.O.Jlumksa-
HOM OBUIO YCTaHOBIICHO CAMOPOJIHOE 30JI0TO U B COCTaBE KBAPI-XaJbKOIUPH-
toBoii cramuu (1975). ITosnnee K.A KapaMsHoM camMOpoaHO€e 30J0TO OBIIO
YCTaHOBJICHO B PyJaxX BCEX TIIIaBHEHINIUX MHHEPATBHBIX aCCOIMANNN; MEJKHe
BBIJICJICHUS 30JI0Ta Pa3MepoM J0 SMKM ObUIM OOHApY>KEHBI B pyHax KBapil-
MOJIMOICHUT-XAIBKOIIUPUTOBOM CTaIMH B TECHOM CPAaCTaHUU HE TOJIBKO C Xajlb-
KOIIMPUTOM, HO U C DHAPTUTOM; B KBapIl-XaJIbKOMIMPUTOBBIX PyAax — B MHTEP-
CTHITUSIX 3€PEH XaJTbKOIMUPUTA U OJICKIION Py/bl; B KBapII-TIUPUTOBBIX PyAax — B
BUje BKIo4YeHWi no 10 MKM B MONSX NHPUTA; B pylax KBapil-TOJIHMe-
TAJJTMYECKON CTaJIMU B CPACTAHUSIX C MUPUTOM, C(HATIEPUTOM, XaIbKOIUPUTOM,
OJneKIbIME pyaamMu u Oojiee Bcero ¢ raneHuToM (AkmaeBa u ap., 1981).Takum
00pa3zoM, 30J0TO OTMEYAJIOCh BO BCEX CTaAMSAX MHHEPATH3ALUH 32 HUCKIIOYe-
HHEM KBapIl-MOJIMOICHUTOBOA.

Camopomroe cepebpo ormedanocs I.O.ITumksrom (1975),8 cocraBe Mu-
HEpaJIbHBIX acCOLMAlMi KBapI-MUPUTOBOM, KBAPI-XaAIbKOIIMPUTOBONU U KBapIl-
MOJMMETAIUTHYECKON cTajnii, 0 HAIWYHK cepebpa B COCTaBe KBapI-MOJIHO-
JCHUT-XaJIbKOTIUPUTOBON CTaJuH CBUIETECILCTBOBAIN BBICOKHE COICPIKaHUS
ero B MEIHBIX KOHIIEGHTparax 3Toil cramuu (Dapamassin, 1974).IIpucyrcreue
cepebpa BO BceX MOPOAOOOPA3YIOIIMX MHUHEpalaX MOHIOHUTOB B BUAE H30-
MOpQHOW MpUMecH, KpOMe HAJIMIUS €ro B HEKOTOPHIX Cyibhumax, ooycias-
nuBaio (GopMHpOBaHHE TeOXHUMHUYEcKoro (ona mopoxa mo 1r/T, 4To CKasbl-
BaJIOCh HA IIOKa3aTesie moTephb cepedpa B xBocTax (Akmaesa u ap., 1981).

i XapaKTepUCTHKH OPUCHTUPOBOYHOTO MPEACTABICHUS O CBS3M 30J10Ta U
cepebpa ¢ OCHOBHBIMU METAJUIAMH BHYTPH MHHEPAJILHBIX aCCOIMAIMN pa3HbIX
cTaauii OBUTM MPOAHATM3UPOBAHBI ITY(HBIC MPOOBI PA3HOTO COCTaBa, a TAKKE
HamboJjiee pPacIpoCTpaHEHHbIE Ha MECTPOKICHHUU Cyabdumsl (AKkMaeBa U Ip.,
1981)./Iannsle 110 TTOCIEAHAM 0000IIeHBI B Ta0I. 1.



Tabmmma 1
Conepxxanne Au u Ag (r/1) B cynbpuaax KamkapaHCKOro MECTOPOKIECHHS

Au Ag
Cpennee Cpennee Komn.mpo©6

MoinbaeHuT He 00.- ca. - 1,6-2,4 1,92 5
IXanpKOMUPUT Cn.-5,2 2,43 4,6-34 17,5 6
[Mupur He 06.-1,0 0,45 He 06..— 3,2 1,8 4
Ccaneput 1,6 1,6 132,0 132,0 1
[anenur 0-1,2 0,7 401-620 495,5 3
BopHuT 45,0 45,0 409,1 409,1 1

Conepxanne AU B MeIHBIX KOHIIGHTpaTax IO JAHHBIM 3THX HCCIENO-
BaTesel B cpeqHeM coctaBisuio — 1,68/t, Ag — 44,71/t (92omp); orMeuanock
OTCYTCTBHE 30JI0Ta B YHCTBHIX 00pa3lax MOJHOJCHHUTA M HHU3KHUE COACPIKAHUS
cepebpa — 10 2r/t. 3ameTHbIC copepkaHus AU B MOJHO/ICHOBBIX KOHLIEHTPATaxX
— B cpeaaeMm 0,7Ir/t, Ag — 22,45/T (47omp.), mpu OTCYTCTBHH €r0 B MOHO-
MHHEpasax, CBA3BIBAINCH C MPUMECHIO (DIIOTOAKTUBHBIX MUHEPAJIOB — FAJICHUTA
Y TEJUTYpPHIOB.

B 70+1x romax B mpenenax LlenTpansHoro yyactka Ha ropu3onte 2130u
OBUIO BBISBICHO JAalKOBOE TENIO OJIMTOKJIa3-KBapl] JUOPHTOBOIO COCTaBa
(MamkoB u ap., 1975;unynus u ap. 1975)unm kBapeBoro CUEHUT-ophupa
(Kapamsia 1 ap., 1976),k0TOpoe XapaKkTepu30BaIoCh HACHIIIEHHOCTHIO KIIACTH-
YeCKUM MaTEepPHAIIOM M MMIPETHHPOBAHHOCTHIO MUKPOKPUCTAJUINYECKHM IH-
puroM. OcOOCHHOCTH MHHEPAIbHOTO COCTaBa JAWKH MO3BOJIMIIM OTHECTH 3TO
o0pa3oBaHKE K dPyNTHBHO-OPEKYMEBBIM TellaM THIIa0UCCaIbHOTO YPOBHS (op-
mupoBanus (TasH, u ap., 2002).Ilo3aHee 10r0-BOCTOUHEE NAKH Ha ydacTKe
[InopkyT OBUIH BBISIBIICHBI €IIIE JBA TEJIa SKCIUIO3MBHO-OPEKYHEBOT0O XapaKTepa
(ApytionssH u gp., 2004). Bpems ¢opmupoBanus Opekumii I[eHTpaibHOTO
ydJacTKa M0 HAJIWYHMIO B HUX PYIOKJIACTOB KBapI-MOIMOJCHUTOBOM CTAIHU U
nepecevyeHns X, Kak M CaMoro OpeKYHeBOro Tella KBAapL-XaJbKOMHPHUTOBBEIMU
MPOXKUIKaMH, ObUIO OTHECEHO K MHTEPBATY MEXIY KBapIl-MOJUOICHUTOBOM U
KBapL-XaJbKOIMHPUTOBOW CTaIUSIMHU.

HeoObIyHbIM OKa3aauch 00OTalleHHOCTh PYJOKIACTOBBIX MOJIHOICHUTOB
30510TOM — 110 O, 7r/T (Tab.2) mpu npeaensHo HU3KUX ColepkaHusiax Ag.

IMockonbKy pymOKJIAcThl OpPEeKYMEBBIX TeT HE MOIIM OBITh 3aXBadyeHBI
BBIIIIE YpOBHS (opmupoBanus Opexunii (2100-21301), morydyanocs 4to ¢ Iiy-
OWHOI coziepkaHUe 30JI0Ta B MOJHOICHUTAX KBapI-MOJIUOICHUTOBON CTaIUU
BO3pacraeTt, a cepedpa 3HAYUTEIBHO CHMIKACTCS JO TIOJHOTO HCYE3HOBEHHS.
DTO BBI3BIBAJIO ONPECICHHBIC COMHEHHS B JJOCTOBEPHOCTH JIaHHBIX. BmecTe ¢
TeM, oborameHHOcTh AU 00OHAapYKMITach U B SKCIUIO3MBHO-OPEKYMEBBIX Tellax
[II1opKyTCKOTO y9acTKa; B LEMEHTHUPYIOUIEM JIMTOKIACTHl T'HAPOTEPMAIBHO-
XJIOPUTOBOM MATPHKCE IKCIUIO3MH conepkaHus AU BapbHpOBAIM B Ipenesax
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0,3-0,8/1, Ag — 0,29-0,5%/t (comepkanms AU B pydax BEPXHHX T'OPHU30HTOB
MECTOPOKIEHNUS, BKIIOUAOKX 300y okucienus — 0,08/1).

Tabiuua 2
Coneprxanus 3070Ta U cepebpa (r/T) B cynbpuaax KCIIO3UBHO-OPEKIMEBBIX
00pa3oBaHMii
LlenTpanbHblil yuacTok VYyacrok Hnopkyr
MonuOneHur [Mupur Monubnenur
n;,)\loﬁ 14 | 17 | 19 | 20 23 24 12| 16 | 22| 27 28 29 30 31

Au ]0,2990,3340,30|0,217|0,623(0,428| — | 0,06| — | 0,276|0,648|0,700| 0,599/ 0,400
Ag | — - - 0,1200,008) - | —-| - | —| 0,006 - - - -

[Ipumeuanue: naHHbIE MUKPO30HI0BOIO ONPEIEIEHMs], TPOBENAEHHOrO B JlenapraMeHTe MOPCKOH
reonoruu IFREMER,Bpect, ®pannus, npu coxpeiicteun npodeccopa Pomkepa Dxunsna.

Xapaktep pacnpenenenuss AU u Ag B HanOoJjiee paclpoCTPaHEHHBIX MH-
HepajiaX MECTOPOXKICHHS B HHTepBajie ropu3onToB 2150-20561 Obu1 mpoBecH
10 MOHOMHUHEpaJIbHBIM oTOOpaM m3 kojutekimu K.A.Kapamsua. Hccremona-
HusMU ObUTH oxBaueHbI lleHTpanbHbll 1 CeBepo-BocTouHbIN yyacTku MecTo-
poxaenus (1adm.3).

Tabnuma 3
Conepxanus Au u Ag (r/t) B pyasbix MuHepaiax KapkapaHcKoro MeCTOpOkKIEH S
(ropusontsr 2150-2056)).

pumeuanue: X — cpeiHee CONEPIKAHNE; S — CPeIHEKBAAPATHYECKOE OTKIOHeHUE; V — Kodddu-
uueHT Bapuanuu. (Xum. maboparopuss UI'H AH ApmCCP, atoMHO-aGCOOLHOHHBIA METOJ,
ucnonuutens XK. MenuksH).

B aToM uHTEpBae TIIyOMHHOCTH 30JI0TO U cepedpo KpaiiHe HepaBHOMEPHO
pacmpenesieHbl B pyaHbIX MuHepanax (1a0i.3). CpelrHeKBaapaTHuIecKoe OTKIIO-
HEHHE COJICpPKaHHWU 30JI0Ta TPEBBINIACT CPEJHEE COJIEpKAHUE DIIEMEHTa, a
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Cramnn Y P Kos. Au Ag
MUHEepaIu3aliu P aH. X S V X S V
Kpapu- MarseTur 31 | 0,010,019 118,7| 2,09 | 5,36 256,4
MAarHeTUTOBAas
Kpapu- Momu6nennt | 10 | 0,08/ 0,07 87| 349 2,60 745
MOJIMOIEHUTOBAS
Ksapu-monubaeHut-MoaudieHuT 29 | 0,32] 0,03 93,7 4,14 4,81 116,2
XaJIbKOMUPUTOBAs |XaJbKOMUPHUT 29 1,92 1,49 77,6 23,9 27,6615,3
Ksapu- Xankommpur | 8 | 2,10 1,600 76,2 22,9 253 1105
XaJbKOMMPUTOBAS
Ksapu-nupuroBast [[Tupur 39 1,20 0,61 50,8 13,1 16j1 123
Ksapu-canepur- |[Coanepur 3 | 6,36 69,25
raJleHUTOBAast CaneHuT 5 4,28 394,7



k03¢ GUIIMEHTHI Bapyauy AU B MUHEpajiaXx 00HapykuBaroT pazopoc ot 50,810
118,7.IlocnenHee 3HaUYECHUE XapaKTEPU3yeT PACHpEC/ICHHUE 30J10Ta B MarHe-
TUTax MPU €ro MHUHUMAIBHOM coJiepkaHuu. B cynabdumax pasdpoc conepxa-
Huii Au 3HaumtenbHo Mesbiie (V=50,8-93,7). Koaddumments Bapuarmm
XaJIbKOITUPUTOB Pa3HBIX CTAIUI Pa3HATCS B HE3HAYUTEILHOM Mepe MpHU TOM,
YTO XaJIGKOMUPUTHI KBAPI-XaJILKOIUPUTOBOHN cTanuu Oojee oborameHsl AU —
2,10/ B cpaBHEHHH C XAJIBKOITUPUTAMH KBAPI-MOJIUOICHUT-XATbKOTIUPUTOBOM
cramun — 1,92/1. To e MOXHO cKa3aTh W O MonubOaeHuTax. Hambonee
CTaOMIILHO PACTIPE/ICIIEHO 30JI0TO B MTUPUTAX.

Bonee 3nauntensuelii pazdpoc — V=70 — 256,b0HapyKuBacT coaep:kaHue
cepeOpa B MUHEpalaxX, IpuYeM HauOOJbIIHMe 3HaYeHHUS KO3 UIlMeHTa Bapua-
UM XapaKTEpHBI 11 MarHeTUTOB NpU cpefHeM cojepxkanun 2,1r/t. OTtHOCH-
TEJIbHO HU3KUH Vag XapaKkTepeH A MOJIHMOJCHUTOB KBaplL-MOJIHOIEHUTOBOM
cragun (V=70). CpenHexBagpaTndeckoe OTKIIOHEHHE AJ IPEBBINIAET CPEIHIE
3HAYCHUS COJICP)KAHHWU DIEMEHTA 3a HCKIIOUYCHHEM MOJHMOJICHUTOB KBapll-
MOJIMOICHUTOBON CTaauu. XaJIbKOIMUPHUTHI Pa3HBIX CTAJAMNA KakK MO CPEIHUM
cofiepkaHusAM AQ, TaKk M CTaTHCTUYCCKUM IapaMeTpaM €ro pacrpeieicHHs
MOYTH OJTUHAKOBBI. [[MPUTHI ATOTO MHTEpBaja IITYOMHHOCTH IIPU 3HAYUTEIEHOM
pazbpoce coaepKaHUN XapaKTEPU3YIOTCS OOJBIIECH aKKyMyJssiuel cepedpa —
13, Ir/T o cpaBHEHHIO ¢ comepKaHuAMU AQ B TUPUTAX BEPXHUX TOPU3OHTOB.

3HAUHUTETHHBIN pa30pOC CTATUCTHYECKUX ITapaMeTPOB pacIpeaciieHus Oa-
TOPOJHBIX METAJUIOB B OCHOBHBIX PYTHBIX MUHEpajaX, BO3MOXKHO, 00yCIOBIICH
HEPaBHOMEPHOCTBIO TOYCK OTOOpa Mpo0 Kak 10 TOPH30HTaM, TaK M ydacTKam
MECTOPOXKACHHUS,; UCCIICAOBAHUAME OXBa4CH OOJBIION MHTEPBAI TITyOUHHOCTH,
OCHOBHA$ YaCTh MOJHOJICHUTOB XapaKTepH3yeT 3anaJHblii (hJIaHT MeCTOpOXKIe-
HUSA, TOTJA KaK XaabKonupuTthl — LleHTpanbnbiii 1 CeBepo-BocToUHBIN yUacTKH.

WurepBan ropuzontroB 2050-1985 oxpaueH MEHBIIMM KOJHYECTBOM 00-
pastoB. [TockoybKy cpemHue COAepIKaHUs, a TaKKe CTATHCTUYCCKUE IMapameT-
pBI pacnpesiesieHus OJIarOpPOAHBIX 3JIEMEHTOB B CyJb(UIaX pa3HbIX MaparcHe-
TUYECKUX aCCOIMAIUN — XAIBKOITMPHUTAX ¥ MOJTHOJCHUTAX, 3HAUUTEIILHBIX Pac-
XOXKIICHHH HE OOHApYXWJH, OHH ObUIM OOBEAWHEHBI B OTHUX BBEIOOpPKAX
(tabm. 4).

Tabnuna 4
Conepxanus AU u Ag (r/t) B cynbhunax KakapaHCKOro MECTOPOKICHUS
o ropuzonTam 2050-198%

Au Ag
Kou. an. X S \% X S \%
MomubaeHur 19 1,10 0,47 43 5,3 2,5 47
XanpKOmupuUT 15 2,17 1,15 52 32,8 11,8 35,9
ITupur 11 0,78 0,43 55 8,5 2,7 32

Ipumeuanne: (Xum. nma6. UT'H HAH PA, aromMHO-aGCOpOUMOHHBIA METOJ, aHAJIUTHK
A. AnpecsiH).



Koadduument Bapuanmm conmepkaHuii ONaropogHBIX DJIEMEHTOB B
cynmbumax oOHapyXKHBAaeT HE3HAYHTEIBHBI pa3dpoc, YTO XapaKTEepHO
Oonpeit gacTeio 1t cepedpa (Vag = 32-47)u B MeHbIICH Mepe I 30710Ta
(Vaus= 43-55). CpenHekBaspaTiueckue OTKIOHCHHUSI TOPa3[ 0 HUKE CPETHHX
CoJIepyKaHui, uTo OTMeuaeTcs Kak aas Au, Tak u Ag.

Cpennee coaepxanust AU B moiubaenuTax — 1,1/t v npu 3HAUUTETILHOM
MPEBHIICHHA B CpPAaBHEHWH C MOJIMOJICHUTAMH BEPXHHUX TOPU30HTOB OHHU
XapaKTepu3yIOTCS 0ollee MOHOTOHHBIM ero pacmpeneincaueM (V = 43); kpome
TOTO XapakTepHO OTCYTCTBHE CTEPHIBHBIX OT 30JI0Ta MOJHUOJCHUTOB. B BBI-
0OpKY HE BKJIFOUCHBI JaHHBIC MUKPO30HOBOTO aHATHN3a MOJUOICHUTOB BKpAaIl-
nennoro tuma. Cozepkanve AU B MOJHOJCHUTAX, 0OPa3yIOIIUX BKparicH-
HOCTh IO TpaHoaropuT-iophupoBoii maiike CeBepo-BocTowyHoro ydactka Ha
ropusonte 20251 BOIU3M SKCIIO3MBHOIO TeEja, MO ABYM OIPEICICHHUIM COC-
tasiser 0,55-0,6/t, Ag — Ou 0,04F/1; B MonubaenuTe TaMpopupoBoii Jaliku
yuactka [InopkyT comepxanne Au — 0,52/1, Ag — 0,005/t.

[TupuT 3TOrO0 WHTEpBANa TTYOMHHOCTH OOHAPYKHMBAET HECKOJNBKO MOHU-
’KEeHHbIEe conepkanus 30iota — 0,78/T mo cpaBHEHHIO ¢ MUPUTOM BEPXHHX T'0-
pusontoB — 1,2G/T. BMecTe ¢ TeMm, mpu MOUYTH PaBHBIX 3HAYCHHUSAX CPEIHE-
KBaJIpaTHYCCKOr0 OTKJIOHEHHs AU B MOJIMOICHUTE W MUPHUTE pa3dpoc kodddu-
IUCHTA BapHallMil B TIOCJICIHEM HECKOJBKO BBINIE, YTO YKa3bIBaeT HA 3HAYU-
TEJbHBIC TIPEBBINICHUS HAJl CPSTHUMH 3HAYCHHUSIMHU.

CpeznHee cozmepkaHHe 30JI0Ta B XaJIbKOIMPUTE STOr0 MHTEpBala TITyOWH-
HOCTH — 2,1f/T HECKONBKO BBINIC B CPABHEHHUU C COACPIKAHHUSIMHU €r0 B Xallb-
KOMUpPUTax BepXxHUX ropu3oHToB (1,92u 2,1Q/T, pazdpoc conepkaHuii MeHee
3HAYMTENIEH — KO3 GHUIMEHT Bapualuy paBeH 52 (radi. 3).

Cepebpo B MONHOIECHUTE XapaKTEPHU3YETCs] OTHOCHTEIHHO HEOOJBIITNM
comepskanueM 5,3/t npu ko3 duimente Bapuarmu 47, MPEBHIMIAIOIIAM 3TOT
napameTp Ui XaJbKOMUpuTa U nuputa. Huskue 3HaueHus kodh¢uimeHTa Ba-
puauuu conepxxanuii Ag B xanbkonuputax — V= 35,9u B nupurtax V=32 cu-
JICTENBCTBYIOT O CTAOWIBHOM paclpe/Ie/iCHHs MeTala B 3TUX CYIb(uaax.

TeHIeHIIUsT HAKOIUICHHS C TIYyOMHOW 305I0Ta B MOJIMOJICHHTaX MOTBEPXK-
JaeTCs JaHHBIMU 10 TOpPH30HTY 1965M, MOJHOIEHUTHI KOTOPOIO XapaKTepH-
3yr0TCs OoJee TOBBIMIEHHBIM copepskanreM AU ot 1,33/t mo 2,67 /1, B cpen-
HeMm coctaBisist 1,4Q/t (n=7). i HUX XapakTepHbI OHWKEHHBIC COICPIKAHHS
Ag — 1,66-4,98 /1, B cpenrem — 2,63/1.

Hmetomyecs gaHHbIC O CONCPKaHHIO OJIArOPOIHBIX METAJUIOB B CpPEIHE-
TOJOBBIX MEIHBIX KOHIeHTpaTax ¢ 198%. mocraTtouHo BapuadOenbHbl. Huskue
cofepsKaHus 6IarOpPOAHBIX METAIIOB B MeIHBIX KoHIeHTpaTax Au — 0,1-0,5/T,
Ag — 15-35%/1, 3a Beraerom met (1990-1999.r.), XapakTepu3yrONUHecs H3BECT-
HBIM MAJCHUEM TPOU3BOAUTEILHOCTH KOMOWHATA, OONBIICH YaCThIO CBS3aHBI C
HaTpaBJICHUEM pPACIIMPCHUS Kaphepa. Bo Bcex ciaydasx MpH MPOABUKCHUH
Kapbepa B BOCTOYHOM HANpaBJICHHUH, I7I¢ CKOHIICHTPUPOBAHBI MEIHBIC U TTOJIH-
METAJUIMYEeCKUE PYAbl, B MEIHBIX KOHIICHTpAaTaX HAOIIONaeTCs YBEINYCHUE
coJiep>)KaHuil OJIaropoJHBIX METAJUIOB, YTO OTpPaKaeTcs B MECSYHBIX ITOKa-
sarensx: AU — 4,5-F/t; cepebpo 45-76G/T.
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O0cyxneHue U BIBOABI

O030p OIMyOIMKOBAaHHBIX MaTEPUANIOB MO MECTOPOXKICHUSM MEIHO-TIOp-
($upoBOH, 3010TO-MEAHO-OPPHUPOBOI U MeTHO-MONUOAeH-TIOpUPOBOIi Dop-
Malu¥ T0Ka3ajl, YTO B pPyJAax IMOCIEAHEr0 TUIAa CPEIHUE CONICpKaHHs 30JI0Ta
qame Bcero Haxomsarcs B mpegenax 0,005-0,0%/t, peaxo moxoms mo 0,03/t
(Kpusrios u ap., 1985 ,Kopobeiiankos u ap., 2003),4T0 BIOIHE COMOCTABUMO
co cpeaanMm copepkanreM Au 0,027/t ma KamkapaHCKOM MeCTOPOKIECHUH.
MuHepanorndeckue UCClieIoBaHus MOKa3ai, YT0 OCHOBHOW 00beM OJaropo-
HBIX METAJJIOB, KaK M IS MECTOPOXKACHUI MEIHO-MOPGHUPOBOTO THIIA B BHIE
TOHKOW JIMCIIEPCHON NPUMECH COCPEHOTOUYCH B CyIb(PUIAaX MECTOPOKICHUS —
6opuute u xanpkornupute (Dapamaszsu, 1974;ITumksn, 1975;Kapamsn, 1978;
AxmaeBa u ap., 1981).9T10 moTBepkmanochk cOaTaHCHPOBAHHOCTRIO COZIEpIKa-
Hu AU, B MeHbITIeH Mepe AQ, B MEIHBIX KOHIICHTPATaX M XBOCTaX 00OTaICHUS
(Axmaesa u jip., 1981).

AHaNIM3 CTaTHCTHYECKUX MapaMeTpoB PACIpeeNIiCHUs 30JI0Ta U cepedpa B
OCHOBHOM TMPOMBIIIJICHHOM MHHEpaIe-HOCUTENIC — XaIbKOMMPUTE HA BEPXHUX
ropusonTax (2175-20751) yka3piBaeT Ha HEPABHOMEPHOCTD PacCIpeeICHUsT UX
HE TOJBKO B MUHEpajlax pa3HbIX CTaAuil, HO U B XaJIbKOMUPUTAX OJHOU M TOU
ke TlapareHeTu4eckor accounanmu. KoadduueHt Bapuauu 30710Ta B Xallb-
KONHMPHUTaX KBapl-MOJHOICHUT-XaJbKOMUPUTOBOH cTaauun Va, = 77,6 mpu
cpenHeM coxepxkanuu AU 1,9r/1, Vag = 115,3npu conepxanuu Ag 23,3/1. B
XaJbKOMUPUTAX KBapl-XalbKONUPUTOBOW cTaguu Va, = 76,2 npu cpeaHem
cogepxannu Au 2,1r/t, Vay = 110,5mpu cpemnem Ag 22,%/1. Ilo mepe
yrayOneHuss HaONIofaeTcs TEHJICHIMS K CIVIAKHBAaHHIO HEOJIHOPOJIHOCTH
pacrpesienieHust 01aropoHbIX METAJUIOB B XaJbKOMUPUTAX. Tak, B HHTEpBaJe
ropusonToB 2085 — 198fa koaddunment Bapuanmu Vo, = 52, Au — 2,17/,
Vag = 35,9,1pu cpenHeM conepxanuu Ag — 32,8/t.

HepaBHOoMepHOCTD B pacnpenencHud AU, B MeHblel Mepe Ag, HaOr0-
JaeTcss ¥ B MOJHMOJCHUTAX Pa3HBIX CTaJHMW. HYJICBbIE 3HAUCHHS HA BEPXHHX
TFOPU30HAX CMEHSIOTCS B MHTEpBajie ropu3oHTOB 2175-20751 MUHUMAIBHBIMU
COJICp)KaHUSIMH TIPH 3HAYUTEILHOM pPa30poce CTATUCTUYECKUX IapameTpoB.
Tak, B MonuOACHUTAX KBapI-MOJIHOACHUTOBON cTamuu npu Va, = 87,5cozaep-
xkanue AU cocrapiger 0,08/t, mpu Vag = 74,5 conepxanne Ag 3,49/t. B
MOJTHOICHUTAX KBaPI-MOJIHOACHUT-XaTIbKOMUPUTOBON CTANN TOTO YK€ YPOBHS
npu Va, = 93,7 conepxanne Au 0,32/t, mpu Vpg = 116,2 conepxanne Ag
4,14c/r. Momubaerntsl TopusontoB 2050-19851 xapakrtepusyrorcst 0Ooiree
MOHOTOHHBIM paclpeieieHueM 0J1aropoaHbIX 3JeMEeHTOB. Va, = 43, comep-
xkanue Au 1,Ir/t, Vag = 47, Ag —5,8/1. Ha 1965 ropusonte cpennee co-
nepxanue Au 1,4c/T.

B nmwmputax B wuHTEpBanme ropu3ontoB 2175-207®, V., = 50,8,
Au — 1,2G/1, Vag = 123, Ag — 13,i/r. B nnrepsane ropusontos 2050-1965
Vau =55, Au — 0,78, V pg = 321pu cpentem coxepxanuu Ag 8,5/t.
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[IpoBeneHHble HcCleOBaHUs 1O pacrpenesieHnio AU U AQ B TIaBHBIX
MPOMBIIIICHHBIX Cyib(uaax KampkapaHCKOro MeTHO-MOIUOJEHOBOIO MECTO-
POXJIEHUSI Tald BO3MOXHOCTH BBIJICIIUTH OCHOBHBIE 3aKOHOMEPHOCTH UX pac-
npeaeNeHusl.

1. 3omoto U cepebpo, cyns Mo MX paclupeleieHuI0 B Cyib(uaax, Hepas-
HOMEPHO PacCIpe/IeNICHbl B BEPTUKAIBHOM JHMara3oHe ropu3oHToB 2175-1965.
Ha Bepxumx ropmsontax (eime 2175 ropusonta) AU m AQ 0OHApYKHBAIOT
n30HMpaTeabHOe HAKOIUIEHHe B xanbkommpure (AxkmaeBa u ap., 1981), ma
HIKHAX ropu3onTax (2150-20561) kpomMe XaabKOMHUPUTa OHH aKKyMYJIHPYIOT-
sl TaK)KE B MUPUTE M MOIMOIeHUTE; pudeM ¢ rayouHoi (2050-19851) nako-
MUTETbHAs CIOCOOHOCTh MOJHMOACHUTa W XAIBKONHMPHUTA MPOJOIDKAET BO3-
pactath. CTaOHIbHOE YMEHBLICHHE CTATUCTUYECKUX MapaMeTpOB B ITOM K€
HaTpaBJICHUH TTO3BOJISIET YTBEPXKIATh, UTO HAOIIOMaeMoe pacrpeseneHue AU 1
AQ HOCHT 3aKOHOMEpHBIH XapakTep W 3a(HUKCHPOBaHHbIC HA BEPXHEM ypPOBHE
TCOXUMHUYECKUE CBS3H OTHX DIEMEHTOB C XalbKOIUPUTOM HE SBIISIOTCS
MOCTOSIHHON XapaKTEPUCTHKOHN Py MECTOPOXKICHUSI.

2. O npucytctBuu Au B pynooOpasyromeM (irounae ¢ Hayajga IpOTyKTUB-
HBIX CTaJUi CBUICTEILCTBYIOT IMOBHIIIEHHBIC COJACPKAHUS €0 B “TIIyOUHHBIX”
MOJHOICHUTAX KBAPI-MOJIUOACHUTOBOW CTA/INH, @ 3aKOHOMEPHOCTH pactpejie-
nennst AU u Ag B cynbuIax yKka3pBalOT HA OTPaHMUYCHUE MUTPAIUOHHON 110/1-
BMKHOCTH OJIarOpOJTHBIX METAJIOB B PacTBOpax IO Mepe MPOJBMKCHUS UX K
JTHEBHOW MOBEpXHOCTH. BmecTe ¢ TeM, xapakTep moBeneHus AU u AJ B cylib-
¢umax oTpakaeT MOCTEIIEHHOE MOBBILICHHE posid AU, B MeHbIIed Mepe AJ B
Pyaoo0pa3yromux pacTBOpax HE TOJIBKO Ha TIyOMHY, HO U BO BPEMEHH, OT
paHHUX cTauuii K mo3aHuM. Ha aTo ykaseiBaeT u oborameHHOCTh AU THIPOTEp-
MaJIEHOTO MaTpHKca 3KCIDIO3WBHBIX Opekdmii, Bpemsi 00pa3oBaHHS KOTOPBIX
CBSI3BIBACTCS C TOCTIIPOIYKTUBHBIMHU CTAMSAMH MHUHEpanu3anui (ApyTIOHSH
ap., 2004).

3. OTnoxxeHne MeJHO-MOTUOICHOBBIX IITOKBEPKOBBIX Py MPOUCXOANIO B
temnepatyprom untepsaie 420-250C (Hovakimyanet al., 2015, 20462016)
Ha THmabuccaabHOM YpPOBHE TIIYOMHHOCTH. DTO yCTaHABIMBACTCS IO (BakTy
MIPOPBIBAHUS MOJIMOACHOBBIX Pya BHYTPHUMHHEPATU3allMOHHOW MalKOM, ruma-
OuccanbHBIN YpOBeHb ()OPMHUPOBAHUS KOTOPOH YCTaHOBIICH HA OCHOBAHHHU Psa
MmuHepanornueckux kpurepueB (Tasa u np., 2002; ApytionsiH u np., 2004).
OTMedeHHBIE YCIOBUS JIOKATU3alUU Py HapsAAY C XapaKTepPOM paclpeesiCHHs
ONaropoJHBIX METANJIOB B CyIb(GHUAAX OTPAXarOT CHEHUPHUKY (POPMHUPOBAHHS
PYJHO-METACOMATUYECKOW KOJOHKH MEIHO-MOJHOACH-IOPHUPOBOTO THIIA, B
KOTOPO#I HET MeCTa 30JI0TOPYAHON MUHEpAITU3alHY TUTEPMAILHOTO THTIA.

4. 3HaunTenHHOTO O0OTAlleHUS HIDKHMX TOPHM30HTOB INTOKBepka (HIKE
ropu3oHTal965) AU u Ag TpyIHO OXKHIATh, IIOCKOJBKY (IIPH TOM K€, €CITU He
MEHBIIIEM Pa3BUTUU MHHEPAJIOB KBAPI-TIOJMMETATHYECKON CTaIM) COAepkKa-
HUS UX B 3HAYUTEIILHON Mepe JIMMUTHUPOBAHBI KOHIICHTPAIUSIMU MEIAHBIX PYII,
OTHOIICHHE KOTOPBHIX K MOJHOJICHOBHIM HEYKIOHHO MOHIKAETCS C IIyOWHOM.
Bwmecte ¢ Tem, cTolikoe Bo3pacTtanue comepykanmii AU u AQ B MOJHMOIEHUTAX C
rITyOMHOHM Hapsay ¢ MOHM)KEHUEM 3HAUCHHH CTAaTHCTHYECKHX IMapaMeTpoB B
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3TOM K€ HANpaBJICHUH IO3BOJIACT YTBEPXkIaTh, YTO 3TA TEHACHIMS HOCHT
YCTOHYMBBIN XapakTep, a Bo3pacTaromas 30J0TOHOCHOCTh MOJIMOAEHHTA [0
1,4r/t Au. (cpemmee mo ropusonty 19654) mo3BoNIET paccMaTpHBaTh €r0 B
KadyecTBe MUHepana-HocuTels yxe ¢ ropuzonta 2050u.
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Nnuunk &4 urouer FUCNRUL LURUNULE 1DPUL2-
UNLPATELUSPUL ZULRUYUSI D ZULRULSNR @G NPT

U.U. Zupnipjniiyui, U.B. Zodhwutthuyyub
Udthnthnid

Mnhud-unihpnku-ynpphpuyghtt nplughwyh hwipwjwjptph hwb-
pwpuwpnid pugh hhdttwlwt dbknwnubphg wupnitwlynid Eu bwb nu-
Up b wpdwp: U $npuughugh jungnpugnyt ubpljujugnighsitiphg £
Lwowpuith hwipwuypp: 1985-2010p.p. pupwgpnid pughwiph npw-
pujutnubph hwunwugpdudp hpujutugdws ntuntdbwuhpnipniuib-
ph wpmyniipbtpp hwdwdwyh hwipwiympenid nulne bt wpswph ww-
pnitwynipinitiitinh, poy] b nwjhu hunwljgul) tputg nknupwyju-
dwl wnwtdtwhwnlnipniuutpp b quwhwnt] wowudhtt dhukpwutph
nuljpipnipnitp nt wipbwpwpkpnipniup pun unpnipjut:

DISTRIBUTION OF GOLD AND SILVER IN KADJARAN COPPER-
MOLYBDENUM DEPOSIT ORES

M. A. Harutyunyan, A.E. Hovhannisyan

Abstract

The deposits of copper-molybdenum porphyritic faiores of Armenia,
the biggest of which is Kajaran deposit, contaitdgmd silver, together with
other basic metals. During the research period 1886 to 2012, materials on
the content of gold and silver in the main sulfidéshe deposit were acquired,
which allowed to reveal behavior regularities ofildgand silver in copper-
molybdenum system, as well as to assess the dotd-&iearing of sulfides in
the lower horizons of the deposit.
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20 wwppbph nt dhwgnipniuubph wupnibwlnipniuubpp opkpnud:
Tpwig punpnipmiip wuydwbwynpjws b bnk) hsybu wmwpwusph
Epjpuwpuwtwut dwutwghunwgdwdp, wjtybu b optph hhdtwlui
hhnpnphuhwljwt  jnipuwhwnynipniutipt wpunwgnibint  nibwlne-
pjudp: Pnnp wbwhnhl hbnnwgnunipniuubpp junwpdby B 22 QUG
Bab Zhngpnbphpuphthuljui jupnpunnphuynd hknwgnunnipyni-
utph wjwtinuljwut hhnypnphdhwjwt (Pesnuxos u xp., 1963)u dhqhlw-
phUthwlwl (Camuxmxanosa u ap., 1988)Ukpnnubtpny:
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zhnwugnuunmipnibtbpp Ypoud Bu dnthpophtiquyhtt punype U, pun
Enipjuit, hwinhuwind Eu 2010-2012pp. dbkp Ynnuhg junwpgws tdw-
twnhy wolnmwnwtpubph pupnitwynipniup (aruasas, 2012):

Cunn gqpuljutt nyuyubph, Upugbkpgnt hwipughtt puipnh vwhdwb-
ubpnid dwlbplnipughtt hnuph optipp, npnup wudhowlwunpb juw-
Juws skt hwupwuypwyhtt optph htwn, hhdtwlwiunid ppnt b, husp
pugunpymu £ wyn opbpny puthntiubph (Jugdwdp (Teonorus...., 1974
Uwljuyt, huisyku gnyg Et tnwhu Hepknh opbph hbnnwgnunnipynituukpp,
dhown sk, np hwipwuwipuyhtt optpnid pwpdp ywupnibwlnipmniatbp
niutignn nmwppbpt nu Thugmpniuttpp, fpuntgbnyg wy) hnuptph htwn,
owpnibwlnid Eu wwhwywtk] hpbkug wwpnibwlnipnitubph pwpdp
wipdbpubpp: Lpwtp hhdtwlwinud, dwbwdwtny nkjhtdh pupbuiyguun
nbnuiwubpnud, wpugnpkh bunnd o Bhpuplpybnu] pelustughi
wpghjuywuwnitoh wqnptgnipjutp:

2015p. unwuqjué hhdtwljut wpnniupuk

Lunvwplyly o Upuuw, Swdjnuy ptwuduypbph, Lintwhwp
(Uwinhtiw) gyninh b tpw mmwpwspnid gnpénn wnpniph ogunugnpéynn
hudbnt pungpuwhwd optpp b hwtpwquwypwiht optpp, dwubwynpw-
whu Cwudjninh p. 2 pnyubgph, pugwhwbphg nnipu Eynn 2 dwljbpline-
puyht hnuptph hwipunjuypuyht opbipp:

udbnt pungpuwhwd opkpp punipugpynid k. hhgponljuppntiwwn-
unijdwwn-pinphnuyht, jujghnid-duqutqhnidwghtt juquny, 0,1-0,76 ¢/
punhwinip hwipwjimgdwdp: Uju opbipp ypwlumplnpb sk jpomd
hwtpwhtt yupnh wgptgnipjniup wnunnundwt nkuwljnhg, stwjws np
SO# hnuh dpnnuljut wpjumpmitp junhntwjht swpph tplhpnpy
wnbnnud hnipmd | wpunuty pupwgnn opupnugdwt ywpnghuubph dw-
uhlt

Zwupwjuypuyhtt opkpp punipwgpynud ki pupdp hwbpuwjiwg-
dwdp 0,71-5,6 ¢/ Zhutwubinid niikl uny$uinughlt uqd: @, 2 pn-
Julgphg nnipu kynn gmipp, opplwuly, npp juwniymu k Fhptnh hpd-
twlwb Juuljukphg dklh optipht b 1gynud YHapbnp, nith pH-h 3,6 wp-
dtp, hsp tpwtwlnd L, np hntwlwb duny opnid qunyny dh owpp
wnwppbph nt dhwgnipniuitph hwdwp welw E dhgpughnt pupk-
tyuwuwn dhowduyp: Fputgyk) ki twb punhwinip npunnipjul, wgnunh
NOs dhwignipjuti, dbknwnubtph qquih pwpdp wupnibwlnipnibbtp:
Uwjuytt, gnipu quny tphph duytptu b hwinhwybing hqnp nt htnku-
uhy gnpédnn ppYwustwhtt wpghjuwywnubohl, wyu opkpnid ujuymd k
pH-h yEpwlwuqunidp b, htiywbku gnyg Yupyh uinnpl, dhtish Hephnht
hwutitjp optipmud pununphsutph Juuuuquynp putwljutpp qquihnpku
ujuqgnud ke
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2016p. uvnugwsd hhdtwjwb wpnynitpukpp

Luntpownlyt] nt hknwgnugl) tu Uwpg, Cwdjniy, Upupwjw, Lhn-
twhwip (Uunhtw) ptwjuduyptph jadtnt pungpuhwd, Ypkn ghnp
(Enpuyp puwljuyuyphg dhslh 22 vwhdwihg 44 hnuwpny Jtp), hus-
whu twl Swidjninh hwipwduyph p. 2 pnuigph b pugwhwiphg wp-
wnwhnuny tplnt dwljtplinipwjhtt hnuptph opkpp:

Iudknt pungpuwhwd optpp hhdtwjunid hhnpnjuppniiwn-unty-
dwnwghty, jujghnd-dwqutghnidughtt juqd niuku b 0,1-0,55¢/7 hwl-
pwjtwgnid: Yunpkih k wubky, np wju opkpp skt Ypnid hwipughtt nupnh
wqnlignipmniup b vhwly Jyuynipiniup, np gnyg k mmujhu opuhnugdwt
wpnghutibph wnfuwynipniup, SO hnuu k:

Luniupwupuwt pnjnp Jhnbpnud (7 fEn) b pwiujuljul, b npulju-
Jut wnnudubpny, nhudnd E Yhphny ghinp oph uynit, hhnypnlup-
pntwwn-unibwinughy, Jujghnud-dmqubghnid-twwnphnidwht juqd:
Unyjipwll juymb kb pighwimp hwipwjiugdwl' 0,33-0,37¢/4, opws-
twyht hnuubkph - 7,25-7,62 L punhwinip Ynoynnipjut - 2,12-2,55 wip-
dtpubpp:

zuupwjuypuyhtt optph juqunud hnthnjunipenibtipt wpunwhwn-
Jnud B dhuytt pwbwjujut pununphsh nmunwinidubpny: Ququp
unijdwnughtt k, dwqubqhnid-jujghnidwghtt jud juyghnud-dwqub-
qhnuduyhti: Uwjuyu nhungnid £ hwpwjuiugdwt wipdtph tugnid bw-
lunpn, wphkph ghuwpymdibph hudbdun 2,03-2,18¢/4 bt pA-h wp-
dtiph pupdpwugnid dhtish 4,85: Gupsnid Lup, np wju kplinypp juydws
E udnwpluwt wuwhhtt hwipwuipmd pupwugnn woiwwnwipubph
htnbktuhynipyut tJuquudp:

2017p. uvinugwé hhdtwjw wpnynitpukpp

‘Lunupwnplyt) Eu Unuppe gninh b Cwdiniy wjwbh Gplnt wnpynip-
utph fdbnt pungpuwhwd opkpp, hphnh gnipp Uwbwhhu E/q Yuw-
jupwithg Uhtish Fugpuinuptt hwngusnid (8 Yhw), husytiu bl Cwd-
ninh p. 2 b hht, thwl pnugputphg nt pwghwtphg wpwnwhnung
opbpp:

Iudbknt pungpuwhwd optpp hhdtwjunid hhnpnjwppniiwn-unty-
dwnuyhtt B, juyghnid-dwqubqhnid-twnphnidwght, fud hhgpoljup-
pntwwnwghl, Jujghnid-dwqubtqhnidwghty, 0,095-0,3¢/ hwbpuwjiwg-
dwdp: Ujunkn inyuwbu (kntwhwipuwyhtt wipynitwpbpmipjut wqnk-
gnipniuttp ypuwlnhynpku skt nphngnud:

Lunupwupuwt pnnp Jhnbpnud b pwbwjuljub, b ° npujuljut
wnnidubpny, phuynud £ Yepbnh oph Juynit, hhppnwppntiwwn-unty-
dwnwghty, juighnid-dwqutqhnid-twnphnidwjht juqd: Unyupwt ju-
it ko piphwimp hwipuyiugdwt' dnn 0,3 ¢/, opudliughlt hnutkph
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wupnibwnippub’ 7,25-7,62 b pinhwinip Ynonmput 2,54-2,95 wp-
dtputipp, puy npnud, wyu wpdtputpp skt jupnn hwdwpybp windwy:

Ujuyhuny, htisybu judkjnt pungpwhwd, wytybku £ Fhpln ghnh
optph hwdbkdwwnwpwp dwpnip, ny wnunnungwsd hubkp pun dkp unw-
gus pyujhtt wpdbpubph, Jupnn b hhdbwluwinud wupdwbugnp]ws
1hut) 3 gnpénuikpny.

1. tdntpwpldwt wwhht (Enbwhwbpuwyhtt wpynitwpbpnipjut ny
hqnp gnpéniubnipyjudp,

2. punthnuutnh thnpp pwbwyny,

3. ppywstuyhtt wpghjuywwnitoh Uks hgnpnipjudp b htunkuuhy
gnpéniubnipjudp, hyp pipnud £ wmwupptph nt dhwgnipjniuubph
hwdbdwwnwpwp ny UkS tnwpwsnipjut Ypu wpwg tunbkgdwnp:

Uujwsh wwyugnyg Jupnn ki hwinhuwbwy ginh hwnwlught

tunywspubph nbn-nkn puduljuhtt ¥k, withwjunnptt nkuungtu
Swquwdp hgqnpnipjniutiipp b Unig, ubht hwuting qnytp, hyp punpny sk
phwjut quydwutbpnid tpuig wnwewgdw unpdwy punipwugpbpht:

Unjniuwly 1
Swppbph nt dhugnipnitubkph wupnibwlnipniuttpnp (dg/q) Swdjninh
hwipwjuypujht opkpnid
NnpnoyJwd Pnywigp 2 Uwltplnipuyhtt hnup puguwhwiphg
h If;lzip 20;;12 2015p. | 2016 p. | 2017 p. 20;;12 2015p. | 2016p. | 2017p.
1 NH4 1,40 2,25 0,70 2,00 1,00 0,70 0,50 0,30
2 Na* 48,00 40,00 43,87 58,39 39,31 38,39 31,18 31,04
3 K 2,58 2,40 1,75 2,33 9,23 6,67 5,75 4,50
4 Ca? 173,55 260,23 185,82 273,84 304,00 373,16 326,85 308,07
5 Mg* 208,90 848,61 226,28 665,96 172,80 184,76 188,97 106,74
6 Feosu. 5,94 40,00 20,90 37,40 1,41 0,08 0,07 0,06
7 Cu? 13,76 86,39 4,52 5,49 8,00 107,71 1,95 0,80
8 Zn* 2,69 0,88 1,62 1,86 1,00 0,44 0,86 1,05
9 Pb* 0,12 0,001 0,07 0,55 0,07 0,0077 0,07 0,46
10 Ca* 0,19 0,029 0,06 0,21 0,14 0,038 0,06 0,01
11 F 2,00 1,90 sh np. 2,20 1,80 0,65 shnp. 1,10
12 Cl 12,78 30,78 10,91 13,64 24,14 20,52 17,05 10,23
13| SO+* 1438,60 | 4246,68 | 1481,40 | 3497,75 | 1431,28 | 1784,26 1567,82 | 1160,43
14| HCOs | 1220 [shhugn| 1220 [shhuwpn.| 1220 | 1220 1220 | 61,00
15 NOsz 16,00 20,00 4,00 6,00 40,00 70,00 9,00 12,00
16| NO2 0,02 0,025 [sh hwyntifsh hwynt| 0,08  |sh.hugwnt. | sh hugni. | sh hwyun.
17| PO#* 0,07 [hhuynt| 40,00 [|shhwjnt| 0,07 |sh.hwpnt.|sh hwynt. sh hupnb.
18| HaSiO4 30,00 40,00 40,00 50,00 15,00 30,00 20,00 20,00
19 Ei?l}; 1988,05 | 5620,18 | 203411 | 4617,63 | 207061 | 262059 | 218234 | 1717.79
Cunh.
20| Ynpwu, 25,85 82,82 27,89 68,47 29,39 33,82 31,86 24,15
Ug-hwd/
21 pH 4,29 3,62 4,39 3,00 5,05 5,24 4,85 7,15
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Unniuwly 1I-nud phpynud Eu 2011-12, 2015-17pp. Cwidjninh hupw-
Juwjph p. 2 pjuiigph b puguthwph dwljtplinipuht hnuph gptiph hhr-
nnphdhwlwt dntthinnphiqujhtt hblnwgninmpinitiubph wpnniupubpn:

Unyniuwl 2-mud pEpynud B tnyt opbiph quuughtt yunlwbkhnt-
pintuubpp b gpuig thothnjunipmnibtipp nuppbp dudwbwlubpnid:
Pusyhbu tplnud £ wnpniuwlnud pipduwé wuwnlbphg, pnugph onipp
Juynit unydwnught, dwqutqhnid-juyghnidwghtt k, dwjkpinipught
hnuphip unydunught, Juyghnud-dwghkghnidwgh: Ljuundmd ki
dvhuyt wupnibwlnipniiutph pYuyhtt wpdtputph ny dbé tnunwnid-
Ubp wpwig nuuwiht yuinubbjhnpui hnthnjudwi: Lowbwlnd
np opuhnugdwt wpnghuubpp wmwphttph pupwgpnid pipwinid ku
Juynit YEpwny b puthntughtt Wniph nmwpwsénidp opowlju vhowyuy-
poud Ypnid E dpnnujuts nr Juynit punyp: Uwluyt hqnp pedustught
wpghjuywwnitop b nhjhEdp btywunnd tu iyymph wpuq tunkgdwp
b Epypnppuyht Eqpuuuwlubph hwdkdwwnwpwp thnpp dwljtpbuttph
Alwynpdwt wnunudwt wnpmniphg ny kS hinwynpnipinitubph
Jpu:

Unniuwly 2
Cwudininh hmipwduwynh muwnwsph hwupwduypuyhtt opkiph
nuuwjhlt uwnubkihnipjniup pun nuphubph

Swph Pnyutgp 2 Uwljipinipwghtt hnup
pugwhwiiphg
097 095
2011-12 Leo——————— Moor =
" Mg56Ca 28 " Cad6Mg 44
2
sotos 50795

Mﬂ -
2015 283 0q48Mg39

M -
>80 g78 Cald

50498

50%99 Myg—————
Ca49 Mg46

2016 M, g ——————
=03 a1 960 Ca30

50%94

50%99 My ————
“ Ca60Mg34

2017 M, ,———
*82 Mg75Cal9

2011-2012pp. Ywwnwpdws hbknwgnuumipnitubph  wpynitpnid
hwpquplty tht hwipunjwjphg eptpny npny puqunphyiph gnipu
phipynn pwtwlubpp (Mlaruaas, 2012): Zudbdwnnipjut hwdwp unnpl
pEpynud Eu wyt dwdwiwy b wydd unmugws njuubpp (wn. 3): Lokup,
nn hwoquplutpp junwpydt) b pun bdnpwpdwb yuhht gputgdus
ntphwnutph, hull gpuip phuwn hothnpudnid Bu nmuptljut jupduwspnid:
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Ujuytu, 2015, 2016 b 2017pwlwuttphl, tdnipwpldwi wuwhht p.2
pojuiigph oph nhphnp Ywquly © 10p4pf, 3p4pg W 2p4ph b dw-
Ybpbkunipughtt hnuphup 4,4pf, 2;4ph b 4;/4pf hudwyunwupiw-
twpwn: Zwoquplyl) Eu twb (nidqus wnkph pwbwljubpp, npnup nnipu
ki pipynud wyu optpny: Uwnwgwé pybkpp unyuybu phpynud Eu
wr). 3-nid:

Unmniuwl 3
Cuwdninh hwtipwjuwjpuyht optipny npny dbkwnwunubph (4q) b jnisgws
wnknh () gnipu phpdnn putwynipmniutbpp mupklub jupduspny

Pnultgp 2 Uwltpinipughtt hnup
Utwnwnubp puguihwliphg
2011- 2015 2016 2017 | 2011- | 2015 2016 | 2017
12 12
Fe 1124 | 12600.0 | 2000.0 | 1200.0 | 133 90.0 40.0 | 2400.0
Cu 2603,6| 24200.0 | 430.0 | 200.0 756 | 13600.0 | 120.0 | 400.0
Zn 508,1 | 280.0 150.0 | 600.0 9,5 5.6 54.0 | 1200.0
Pb 22,7 0.3 7.0 35.0 6,6 0.9 64.0 70.0
Cd 35,9 90.0 6.0 9.0 13,2 50.0 4.0 18.0
[Ratatjiity - 1770.0 | 1920 | 290.0 - 332.0 138.0 | 217.0
wnkp, wn.

udknt pungpuhwd b thplinh optpnud pughwinip wndwdp pu-
nuyphsutph Junwbquynp pwtwlnipniuutp skt hwughwynid b bpwip
hhttwlutnud skt gkpuquiignid ZZ-nud punnitidwé tnpubpp (udbym
nunbuwljui ..., 2002): Uuljuju ghnynd bt bwb pugwunnipiniubp:
Ujuytu, 2015p.-htt qpuigyt] £ jundhnidh qupnitwlnipjub poyju-
wnphkih wpdtph gipuquignid 1,5 wiqud Lintwhwip (Uwnhtw) gni-
nnid oquuugnpdynn pudkint opnid: 2016p.-htt junuhnidh unpdwit gqk-
puquiignn wpdtpp LEntwhwupnid Ypludl) b Zudwpu Yplhuulh wi-
quu ghipuquignid unpdwjhg gpuigyt] £ Uwupg gninnid oqunugnps-
Ynn tpynt wnpniputiphg dkyh jadtnt pungpuhwd 9pnid:

Uju wwpph unpdwt ghpuquignn wwpnitwlnipmnibtubp  Eo
gputgybk] Yepinh opkpnid 2016p.-ht tdnipwpluw 4 Yhwnbpnd b
2017p.-htt dkl Yhnmd: Zwoyh wnbbny Jugdhnidh nnpuhlmpjui
pupdn wunhdwp, Jupsnmid kup, np wthpwdtown £ hpujwwgul npw
wupnibwlnipnitubph swpnibwluljut Unthwnnphtiquihtt hkwnwgn-
nnmpniutbp b juquulibpybl] wnunundwb wnpnipubph gnpéniubne-
prut uwhdwtwhwldwb vhpngunnidubp:

Nuownpnipjut wpdwh ku twb Yhpinh optipmd wqnunh dhwgnt-
pintutiiph ny UkS pwtwljutpny, puyg dpnnuljut (pugh thinphwn-hnuhg)
wnluynipjniup: Uw tnybybu wywgnyg £ wgnun wupnibwlnn opqu-
twlwb Wniptpny oph dhgnigk b ny kS pwtwljutpny, puyg owpnibiw-
Juljut wnyunnnndwie
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Ugnuh vhugnipjut dks putwlutp gpuiugymd tu hmipuduypu-
jhtt optipnud (wr. 1): Puswbu wyn pwbwlubpp, wjiybu £ qpubgdwut
pupdp hwdwpwlwunipniup junund Bt wbnpnungkt qquh wqnpk-
gnipjniutibiph dwuhti: Lhinphw-hnth thnpp pwtwljutpp b ny donnujut
wnluwmipiniup hhdtwljuinid Jupny o juydws (huk] opp wnun-
unnidhg wudhowytku htinn tpw wpwq opuhnugdwdp vhush thwnpuwn-
hnt, hull punn wnpuhlnipjutt wunmhdwih wqnunh dhwgnipmnibiubpp
Juqunid ki hkwnlyug puppp. NO,>NH,;>NO; ™ (Kpaiitos u ap., 1987):

Gpuuinipmnia

udknt nutnbuwjui wywitwlnipjut gpuninutph b opudwwnwupupdwh wypnip-
utph wwithnwpuwljut ywhywidwi gnunpiubp. 22 vwthnwpuljut juinbbbp b
unpubp, 2002p., N2-111-U2-2, 120 L:

I'eonmorust Apmsiackoit CCP. 1974, T.VIIl. Tuaporeonorus. M3n. AH ApmCCP. E., 392¢.

Kpaiinop C.P., llIen B.M. 1987. ['coxumus MOA3EMHBIX BOJA XO3SHCTBEHHO-TTUTHEBOTO
Hasnauenus. M., “Henpa”, 237 c.

Pe3nuxoB A.A., Myiunkosckas E.I1., Cokono U.10. 1963,MeTobl aHaMH3a TPUPOJHBIX BOJI.
T'oc. HAYYHO-TEXHUIECKOE U3J1. INTEPATypPhI [0 Te0JIOTHH U oXpaHe Heap. M., 404c.

CannxmkanoBa P.M.-®., T'unsoypr I''M. 1988, [lonsporpads! 1 ux SKCIUTyaTaunust B mpax-
THYECKOM aHaju3e U uccienoBanusx. M., "Xumus”, 160c.

IMMarunsin T'.B. 2012,3ko010roreoxuMmudecKas XapakTeprucTUKa U OLEHKA COCTOSIHUSI HEKOTOPBIX
y4acTKoB AmnaBepickoro pyaHoro paitona. M3s. HAH PA, Hayku o 3emine, 1. 65, N 3,
¢.60-69.

Quuifununy U, Unwpkyymb, U, Ujmguub

PE3YJIbTAT I'MIPOTEOXMMHYECKHUX MOHUTOPUHTOBBIX
HUCCJIEJOBAHUH B AJIABEPJICKOM PYJIHOM PAMOHE (2015
2017%r.)

I'.B. lllarunssx, I1.C. 3akapsu, IHI.A. I'asna3zapsax, P.I'. Cadapsan
Pesrome

B crartee mpuBOIATCSA pe3yabTaThl MOHHTOPHUHIOBBIX THAPOTCOXHMH-
YEeCKHX MCCIICAOBAaHMK B mpenaenax AJaBepICKOro pyaHoro paiiona 3a 2015-
201%r. Lenpto 3TuX paboOT SBISAIOCH BBISIBICHHE CTENICHW BIHSIHUS TOPHO-
PYAHOH NPOMBIIIICHHOCTH Ha OKPY’KAaIOIIyIo cpedy M ero oueHka. Mccuemo-
BaHbI TPECHBIC MUTHEBBIC, PYAHUYHBIC BOABI TEPPUTOPHH, a TAKKe BOIBI P.
Jleben, T.K OHM SBISAIOTCA HanOoJyiee YyBCTBUTEIBHBIMH HOCHUTEISAMHU KaK aHT-
POIIOTE€HHOTO, TaK M MPUPOJHOTO BO3ICHCTBUS. Y CTaHOBJIEHBI Hamboiee pac-
MPOCTPaHEHHBIE KJIACChl BOJI, OLIEHEHA CTENEHb BIUSHHUS TOPHOPYAHOW Ipo-
MBILUICHHOCTH Ha Ka4€CTBO 3TUX BOI.
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ON THE HYDRO-GEOCHEMICAL MONITORING RESULTS OF THE
ALAVERDI ORE AREA (2015-2017)

H.V. Shahinyan, Sh.S. Zakaryan, Sh.A. GyulnazaryarR.G. Safaryan
Abstract

The article presents the hydro-geochemical momigpriesults of the
Alaverdi ore area (2015-2017). The goal of theseks/is the exposure of the
mining industry influence level on the environmamid its assessment. Fresh
drinking waters, mine waters of the territory, adlvas the waters of the Debed
River are examined, since they are most perceptibteiers of the anthro-
pogenic and natural impact. Most widespread clastegters are determined
and the mining industry influence level on theséensais assessed.

23



22 QUU Skpklwghp, Ypunnypniiblp Epgph dwupl, 2018, 71, Ne 2, 24-29

UPUPULP HhUSNUDPSUSPL UYUQU LD EUUEh FULSRS BY,
SNUDNCP SUOC NULNRLUUNRESNRLLENNY YUY USHL
ThUSNUPSLEPS B4, LIULS 2L ULVUSHL SULUSEUUYLEN NS
INUINCLUSPHL SULSNR @D USUSNRUL

© 2018p. .U. Ujuquui, U.Y. Ulpwnguu

22 QUU Gplpupwimlul ghnnipmnibikph pliuinfnnin
0019, Epluul, Uwipouwy Punpudjul . 24%
Zwdbywé F pudpugpnijent i 19.10.2017.

znmjudnud phpdnud & Uhuhwih ghwnndhnwiht wjwquih Bpluph
pupdp b dnudnph gwdp wupnibwynipniuubpny ghwnndhnughtt b tpw
hpwphiughtt mwpwnbuwly wwwpubph Jpu jupnpuwnnp dkpnnubpny jw-
nupjuws hupunugdub wphtwnwbipubph wpyniipubpp:

zZwpuwnwgnidhg htun unwgquws $nudnpuljutt nwiymptpp hpkig
npuljuljutt gnigmuhputpny (pnyubph Ynnuhg P20s mipugdwb pwhwlndy,
Fe203 gwép wupnitwlmpjudp) hwupdtp pujupupnd ki dnudnpulub
wuwpupnuiympkphtt tkpujugynny MEkwnwlut vnwinupnh ywhwbetk-
pht: Nuundbwuhpnipjut wpyniipbpp gnyg wykght, np thnpdwpydus
tpnnp purduljuiht EpEywh &

Zwgnigughtt punkp. HYhwnndhnwhtt wjuqut, pupwugdus nhuwnn-
dhwnwjhtt muywpbbkp, hwpunwgnid, ssUpwppluiht Ukpnn, Munwiynip:

ZEknwugnuunipjut tyuunwliu £ Epuph pupdp b $nudnph gudp
wupnibwlnipjut jujuht nhunndhnubphg b tputg mwupunbuwl-
utiphg hwpunwgdwt dbpnpubpny unwbw] fupnwiynip, npp pudu-
pupnud £ $nudnpuyhtt yupupunwiyniptpht tbpuyugynn MEnwljub
unwbnwupunibphti: b wnwppipnipnit gnynipinit niubkgnn dkpnnubph,
utn Ynnuhg ogunuugnpéyty b ddUpwppyuyhtt (wnwghtt whqud) b wnw-
pryuht Ukpnnubpp:

LoJws byyunnwh hpwljuigdw hwdwp whwnp E juwnwpyk (hpn-
Inqu-unpunhgpudhwljut, phdhwlwb, dhubpuwjw-yhnpugpudh-
Jul, uyklhunpw], nkunghin-unpnijunipuyhtt ntumdbwuhpnipni-
ubp:

Uhuhwth nhwnndhunuwhtt wjuquip gnignid £ Qpnunwt-@nphu
phwnndhwnwpbp wjuquind:  Fhwnndhnwht wnwewgnidubpp
gunuymd ku yEphtt wyihngku-snppnppujut hwuwlh hpwphw-nhwwnn-
dhwnuyhtt $npdughwyh Juqunid: dSnpdwmghuyh hqnpnipniip muwnwb-
Ynud k 350-400U: Unuhtuhuinpuwnhy mkuwljinhg qnuynid £ Uhuhwth b
Udwutwljh @nphuh opowlikpnud:

Uhuhwth nhwwnndhnwpbip wjuquinmd $nudnp wupnibwlnn
wwwpbbpp hhdbwuwinud jEtnpniugws tu hpwppuowpkinpu-nhw-
wundhunuyhtt untpdnplughwynid, npt wpwehtt wqud whgwwnyt) £ 6.
Uduquuh Ynnuhg (Asakan, 1994): Unipdnpldwughwjh hqnpnipmniup
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hwutinud £ 190d: Unipbnplwmghuyh Jupduspnid quuynn nhwnndh-
wnuwjhtt wywpubph htwn qgniqujgynid Eu Epupwugyus nnidbkp, wjw-
qupupbp, hpwppiughtt thnoni, wbdquyht, wbtdqu-nhwwnndwihtt b
Untpunphinthn phuwnndwihtt wmywnpukp, npnup niubkt puqupunuyght,
wunkqhunw-puqunuyht, pughinuwjhtt b nhnjthnwhtt juqutp (ABaxss,
1993):

Epluph pupdp yupmitwnipjudp dnudnp yupnibwlnng wuyup-
ubkpp hhdtwjuwind quuynud &t hpwphwpknpu-nhwnndhwunwght
unipbnpdwghuyh dhohtt b yiphtt dwubpnud:

LoJws wmyyupttipmud hpktg nipnyt mbint mukh tpluph pupdp b
dnudnph gudp wupnibwlnipnittpny nhwunndwjht b ppubg juwn-
unipy hpwppiughtt mwpunbuwlubpp (hpwppowghtt thnoh, whdqu,
whuqu-hpwppiwghtt thnoh, wywquyhtt ghuwnnduwjhtt wyupubp): Uju
wwwpbbpp ubpuyugws Eu okpnbpnyg (uly.), skpnhlyubpny, Ynuy-
phghwubpny: Chpunbpt niukt hhdbwlwinid hnphgnuwlwut nbknw-
npnud, hgnpmipniup 10-60ud, P:0s-h wwpnibwlynipjniup 5.2-8.85%,
hulj Fe203" 21-43% (wnniuwly):

Unniuwly
Bplupe-dnudpnpuyhtt ghunnduyhtt b hpwpjuwnhwnndwht wywpubph
phupuijuit uqup

Onemenr | SiO, [Al,03|TiO,|Fe0s| FeO|CaOMgQ CO, | P,0s|MnO| N&:O|K,O[SGs|HO|n.n.n| X

NN mpo6
1 |15.80(/7.20|0.20/35.80 0.94 - | - | 7.40| 8.8515.12 0.40|0.301.8Q0.1Q 6.10{100.01

2 37.00(11.27/0.55|21.70 0.28|3.78§1.70 2.64 | 5.20 0.03| 1.40|1.10 - |4.6§ 8.55|99.88

3 |26.38|10.91/0.39/36.51] 0.51{2.821.35 0.88 | 6.2§ 0.88| 1.50|0.402.000.1¢ 9.12{100.03

4 |25.00/6.90(0.40{43.00 0.50|1.30 - | 0.50| 7.2Q 2.30| 0.40(0.302.500.20 9.00|99.50

—_

. Epljup-dnudpnpuyhtt phunndughtt juybp

2. Bplup-bnudnpuyhtt phunndught judtp

3. Bplupwugywsd hpuphiwghtt thnont $nudpnpuyhtt phunndughty
wuwup

4. Bplup-bnudnpuyhtt juy-wjuquyhtt phunndughtt wywp

dnudnp wupnitwlnng gnunt hqnpnipmitp nuwnwiynd E 2-hg
20-25d 1 nwpwdynid k dhtigh 800-900U: Ljwinh niuktuyny, np Epjuph
pupdp wupnibwlnipjudp hwupniun Yntypighwubph hwpunwugdut
wplnwwnwbpubph dwuhtt njjujubpp nruwpwiduws ot (Uduquul,
Ulpwuyut 2015), unnplh wnwehtt whqud ubkpjuyugunid tup dhuyh
phuwwnndhwnughtt b tpw hpwppwghtt mupunbtuwl wywputph hwppu-
nwgdwt hbnnwgnunipiniuttph wpyniupubpp: Uthpwdtown | wky, np
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B SR R b i
Ul. Gpljup-dnudnpughtt juduwghtt nhwnndhwnubp (a)

$nudnp wuwpniwlnn nhwwnndhwnwghtt b bpw hpwppwghtt wwpuwnk-
uwl wywpubpnud Epupp tkpuywind £ unydhnubph, hhnpopuhy-
ubkph, unybwnbph, juppntwnubph b uhjhuwnbukph dtiny, npntg ke
wnwyk] nwpwénid nith Epuph hhnpopuhnp: Uhuhwth nphwwnndh-
nuwjhtt wjuquinid phwwnndughtt oppudminutph qupqugdwi hwdwp
Epjupn hwdwpynud E pwwnn juplnp gnpént: dpw hwdwp k) phwwnn-
Uuyghtt gpnintikpp h wwpphpmpynit Y wkuwh ephuninikph hw-
dwpynud b Epjupe uhpnn opquithquutp: Zuynuh k, np phdwnndwht
ophuninubph hwdwp Uké nhip £ ownnud (nusth Epupn, npp jupbnp |
ny Uhwyt ophuninkph qupqugdwi hwdwp, wy twb ghwnndhwnwght
b tpw hpwphwyhtt mwpunbuwl wywptbph hwpunugdwt phpwg-
pnid: by yhpwpkpnid E Epjuph hhnpopuhnh b (nwskih Epjuph wnw-
owgnidutiph wpwbdbwhwwnlnipniiubphtt tkpw hnpjuénid npubg
skp minpunwupunid, puth np wyn ynipbpp Pruwputws ku (Asakas,
Tammamsumm, 2013): Zupunugdwt tyuwnwli b pupdpugul) P20s-h b
heotigiti Fe203-h wupnitwljmpiniubpp: Fu junwpynd £ hwpunwg-
dwb ypngbunid ndqup msynn dnudpwnughtt dhubpwjubphg htown
1nwdynn dnudpwinuyhtt dhtkpuwutiph (Untinjuwighdnudun b wyjt) wmug-
dwl ounphhy:
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Qnympjnit mikh hwpunwugdwi wwppkp bquwbwlubp’ (phuhw-
Y, ptpdhly, Hnnnughnt, dwqhuwlwb, vbybkpughnt b nip.): ‘Logus
Enuwbwlubphg wdktwnwpwsywsédnp ppduyht Ukpnnu k, nph dudwbwy
oquuugnpdynid Eu $SUpwljutt pent, wnuppnt b wy) ppniubp: Zwuppu-
wnwugdwd hwdwp ppniubph phnpmipniip jupedws b $nudpnp wqupne-
twlnn wywpubkph dhtbpuw-ybnpngpubhwlju, phhhwljui, mtpu-
nnip-unpnijnnipuyghtt b wy]p  wpwbdbwhwnlnipnitubphg: Utp
udnpubph hwpunwgdwt hwdwp Yhpwundl] £ wwppbp junnipmit
niitignn  SSUpwppyuyhtt (npp Yhpwndl] E wpwohtt wbqud) U
wnuppyuht dkpnnubpp: Zupunugdwt wpjpwnwiptubpp juwnwpyty
Eu nwppbp obpdwunmhfwuubph wuwjdwbbbpnud: Ldnipubph mwpw-
nbuwl] dpwlynidubphg htwnn (ppénid, ppyny dowlnid, dhjpnpnd b
wyjt) unwgyl] tu P20s-h b Fex0s-h wwppbp Ynughnpughwbpny
hunwiyniptp (nwdnyph duny : Unwugdws funwiynipbpnid P20s-h wyw-
pnitwlnipnitip dhish hwpunwgnidp Bnkp £ 5.20-8.85%, hwpuwnw-
gnidhg hkn 50-60%, Fe:xOs-h wupniulmipnip dhish hupuwnw-
gnudp 20-45%, hwpunwgmidhg htnn dplsh 1.5-2.5%: Uwnwug]us
hunwiymptph npujujut quwhwwndwi hwdwp wdnubpp hopdwpl-
Jb] b niumdbwuphpyl) ko twb Zujuunwuith niqunintunipjut tw-
huwpwpnipjutt wgpnphdhwjut  Swpwnipjul  jupnpunnphuynid:
UwnugJud wpynibplbpp hbnlyuga 5o prgubph Yngdhg P2Os-h jni-
pugynn pwbwlnipnibttpp juqut) Eu 45-50% (punhwunipp 50-60%),
hulj Fe203-h pwtwlmipjniup hotj E dhtglh 1.5-2.5%: Uju wndjujukpp
1hwupdtp pudwpupnid Ei MEbnwlubt vnwinupnny twpunbujus
Inupnpuljutt yupuwpuruwiyniptph yuwhwieutpht: Ujuytu, hwuwpuly
uniybppnupwnh hwdwp pnyubph Ynnuhg P:0s-h jnipugdw pui-
Lwnipyniip 18-20%, huly Ypuwlh untybpbnuduinh hudwp 42-45%:
zuny k ok, np ppduyhtt Upuljdwt dudwtul] hwnjuwybu §sUpulju
pRUnY, Epp R2Os-h wwpnitwlnipniup dks £ (hunwd, Jupny E wnw-
owbw] nhkwnpngpunughwih tplnyp, nph dudwbwl untybpdnudw-
nnd pupdpwinid £ P20s-h ndduwp nidynn dnudwnuwghtt dhukpwjubph
pwlwlnipiniup: Zwjnth E np bpb Fe203:100/ P20s hwpwpbpnipiniup sh
ghipuquignid 8.5-12.0-hg, wmyw ntwnpngpunughuwh tplinype wbknh sh
niukunid: Ujunbkn hwoygh £ wntdws, np P20s-h nhwnpngpunughwh
Ubkdnipynititbpp Jbpp tpdwé hwpwpbpmpjut vwhdwbtbpnid swn
whipwl kb (Zuyy.UUZ Ephpupwinieini, hwwnnp VII): Ukp niunidbw-
uhpnipniuubkpp gnyg nytght, np tkpuyugdus dnudbnphinubpp hpkug
P:0s—h pupdp wuwpnibwynipjudp skt Gupwplynid nknpngpunw-
ghujh pupnitqus Gphup-pnudnp hwpwpbpnipyut swhwuhpubpht:
“Yw pjunid E tputihg, np tkpuyugdus dks putwlnipijut Epjup ww-
pnitwynn $nudnphunwghtt myupttipp upptpynud tu hpkg phuhw-
Jul, dhubpuuw-ybnpngpubhwlut, vinpnijunipught, htyybu twb
tpyuph dhukpwjubkph pbulghnt pugnitwlnipnitubpny: dw E yguwn-
Swnp, np tpluph pwpdp b $nudnph gudp pwbwlnipjniutibp wupnt-
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twlnn ntuntdbwuhpdws wywpubpp htipwn hwpunwgynid tu b unnwug-
Jué ppnuiyniptpp hwdwywnwupwinid Eu pupdp Jupgh, Ypliuaulh
untyipdnudwnhtt hwjuwuwp wupupunwiyniptphtt: Uy YEipy wuws,
nudnyph duiny unugdws jpnwiyniptpp tdwbwnhy Eu jplhtwlh une-
whpdnudwwnht b upny Eu tpwt hoppwphub): dEpphtiu tkpjuynidu
hwipuwybwunnipmnit £ ubpypynid ntuwunwith Fwotnipiniihg b bpw-
uh Pujwdwlut Zwipuybnnipniihg:
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Quuifununy & Unkpulyub

HOJYYEHUE ®OCP®OPHOI'O KOHUHEHTPATA U3
BBICOKOXEJIE3UCTBIX U HU3KOPOCPOPHBIX I'NIMHUCTBIX
JTAATOMHUTOB 1 X BYJKAHUYECKUX PASHOBUIHOCTER
CUCHUAHCKOT' O JIMATOMHATOBOI'O BACCEWMHA

T.A. ABaksin, C.B. MkpTusiH
Pesrome

B cratee mpuBeneHbI pe3ynbTaThl HCCIEIOBAHUS HEKOTOPBIX J1TabopaTop-
HBIX METOJOB OOOTAIICHHS BBICOKOXKEIIE3UCTHIX M HU3KO(POCPOPHBIX THATO-
MHUTOB, & TaKXe TJIMHUCTHIX AMATOMHTOB W WX BYJIKAHUYECKHX Pa3HOBHI-
HOCTEH.

Iocne kucnOTHOM 0OPaOOTKU MOTyYEHBI KOHIIEHTPUPOBAHHBIC PACTBOPHI C
conmepxkanuem P,Os 50-60% u Hum3kum cogepxanneM FeO; - 1,5-2,5%.
IMocnesHre MO CBOMM OCHOBHBIM KA4eCTBEHHBIM IOKA3aTesiM /yCBOSIEMOCTH
P,Os pacrenumsMu, comepXaHuiO keje3a/ COOTBETCTBYIOT TpeOOBaHMSM,
MpeabABIsieMbIM K (ochopHbIM ymoOpeHusiM. PaspaboranHbiii MeTon obora-
IIICHHS IO CBOUM ITOKAa3aTENsIM SIBIISICTCS BeChbMa 3(()EKTUBHBIM.
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THE ACQUISITION OF PHOSHPOROUS CONCENTRATE FROM
HIGH-FERRUGINOUS AND LOW-PHOSPHOROUS ARGILLACOUS
DIATOMITES AND THEIR VOLCANIC VARIEITES OF SISIAN
DIATOMACOUS BASIN

T.A. Avagyan, S.V. Mkrtchyan
Abstract

The article presents the research results of teerSdiatomaceous basin
high-ferruginous and low-phosphorous diatomiteanrient through laboratory
methods. After the acidizing, concentrated soliionth the content of s
from 50-60% and insignificant content of,Pg— 1.5-2.5% were acquired. The
latters, togetgher with their basic quality indarat (assimilability of FOs by the
plants), as well as with their content of ferrurompletely correspond to the
requirements presented to phosphorous fertilififige used enrichment method
is much more effective.
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SEISMIC ACTIVITY STUDIES AND SEISMIC RISK ASSESSMEN T
FOR SOME OPERATING DAMS IN ARMENIA
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The problem of induced seismicity related with @pien of reservoirs is essential
in geophysics and earthquake engineering, espedi@ll the reservoirs, which are
constructed in seismically active regions. As thwle territory of Armenia is situated
in very high seismoactive zone seismic risk assessif dams is very important task
for Armenia. We have collected and analyzed the dat the current reservoir's and
dam’s situation and then pointed out the main factioat determine the risk’s levels.

Our investigations, performed for the three mostggeous homeland large dams,
are based on the main principles of total risk ysial for dams, presented in the
recommendations of International Committee of Ldbgens (ICOLD). In this paper it
has been also shown, that the number of microesaies increase after reservoir
operation, causing changes of seismic regime ierokd regions.

Keywords: induced seismicity, dams, microearthquakes, seisutivity,
risk assessment, ICOLD

Introduction

As it is known quick growth of the nhumber of natuaad technogeneous
catastrophes has been noticed in recent yearssaadesult a population and
economic losses in many countries and society, dneggl become more
vulnerable to natural disasters.

The incidents at dams may happen due to seepdgaridation, body and
abutment area, internal erosion of piping, overtogpdam slumping, slides,
construction drawbacks, problems at downstream noe;maintence of de-
mands of exploration notes and earthquake impadcbdihg and Dam Failure,
1996).

Most of 83 dams (large and small) in Armenia ateased in highland
areas of 1500-3000m altitude. The majority of daans embankment ones.
Armenian dams are mostly situated in an area wgh litologic, tectonic and
geomorphologic heterogeneities (Khondkaryan, 1988gsyan, 2008).

Armenian Upland is one of the most active segmehslpine-Himalayan
seismic belt, which is related to the collision eaf Arabian-Eurasian plates.
This region is seismically very active.

According to the new seismic zonation map of tmattey of Armenia the
level of seismic hazard is evaluated with expegtedind accelerations of up to
0.5g and which is corresponding to 9-10 seismicaictp on MSK-64 scale.

30



However, almost all dams were mostly designed spoeding to seismic
hazard level of 7-8 on the MSK-64 scale.

Today it is generally accepted that significaneresir-triggered earthqua-
kes can only occur in regions with high tectoniesses in the earth crust, i.e.
the causative fault that can produce an earthquadleady in near failure
conditions, so that added gravity stresses and pa®sure propagation due to
reservoir impounding and can trigger the seismiergy release (ICOLD,
2003).

According to ICOLD Bulletin 72 for sites in hazatcthss IV (PGA>0.25¢g
and active fault closer then 10 km from site) sefgaconsideration of MDE
(Maximum Design Earthquake) OBE (Operating Basistitemake) and RIE
(Reservoir Induced Earthquake) are required (ICGRD2005).

For this task the following groups of factors aiscdssed: (1) geological
and structural factors; (2) factors resulted froamdsite (3) flooding. A risk-
analyzing method identifies the weak element omelats of a complex dam
system. Safety can be increased by means of imp@veof these elements.

This paper outlines the main principles of totakranalysis of dams based
on the recommendations of International Committekasge Dams (ICOLD),
discussed some issues of conventional methodsraradiuces the results of a
study which was performed for the three large ddmsArmenia: Azat,
Akhuryan and Tolors.

1.Seismic activity around reservoirs area

Comparison of the pre-impounding and the post-imping seismic acti-
vity is necessary in order to resolve the anthrepay seismicity from back-
ground activity. The main difference between a masetriggered earthquake
and a natural earthquake is that the reservoigdrigd earthquake has a rela-
tively high likelihood of occurring within the fitdew years after impounding
of the reservoir or when the reservoir level hashed its maximum elevation.
These earthquakes have often a shallow focus aidegpicenters are relatively
close to the dam sites or the reservoir (Ibrahi®®91 Torcal, 2005). After dam
construction the filling of the reservoir creategravity stress field, which is
immediately added to the pre-existing tectonic sstes. The field of pore
pressures follows, propagating in depth, graduddlgrease the initial effective
stresses due to the action of the primary tectetness field and of the added
weight of water in the reservoir (ICOLD 72, 200%ALD, 2003). In our
studies we observed data which had been recordéguhvwi0 km and 50 km
regions around the reservoirs site during instrualgreriod (since 1962) using
a new homogenized catalogue (with magnitude Ml)ebasn the National
Earthquake Catalogue created in the National SufgeySeismic Protection
(NSSP, www.nssp-gov.am), International Seismolddgiemter Catalogue (ISC,
http:/www.isc.ac.uk/) and Catalogue of the Insétwf Geological Sciences
(IGS).
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1.1Reservoir AZAT

The Azat reservoir is built on the Azat River.dtdituated in Ararat region
in the central part of Armenia. The Azat dam is anttment earthfill dam. Dam
height is 76m. The reservoir impounding startedl96. It is used for irrigation
purposes. The downstream population is about 8®@sand. The design seis-
mic resistance of the dam is 1=8 in MSK scale. Adowg to the new seismic
hazard map the territory of reservoir is locatedhia zone with amax=0.4g
(1>9).

The study area is characterized as a very actigengeregion,due to Gar-
ni-Elpin and Yerevan active faults. Azat dam ighe area where two historical
strong earthquakes occurred: the Dvin earthqual®®® M=6.8 and the Garni
earthquake in 1979, M=7.0 (Karakhanyan, 2008).

For the pre-impounding period the mean number athgaakes with
M>3.5 per year occurring inside a 50 km radial za&m®& events. The yearly
average number of earthquakes that take place glihi@ post-impounding
period is 33 events (six of them with M>4.0). ItsBown, that the number of
microearthquakes increased after its operationsisguchanges of a seismic
regime in observed region (Fig. 1).

Numberof EQs

1982 1504 1584 1508 1570 1572 1574 1978 1578 1580 1582 1584 1588 1588 1590 1592 1554 1558 1558 2000 2002 2004 2008 2008 2010 2012

Time

Figure 1.The time histogram of earthquakesin afelnd around the Azat reservoir site.

1.2 Reservoir TOLORS

The Tolors reservoir is built on the Sisian Rivitris situated in Syuniq
region in the southern part of Armenia. The Toldasn is rock fill dam with a
central clay core. Dam height is 69 m. The reserimpounding started in
1974. The downstream population is about 15 thalisdhe design seismic
resistance of the dam is I=8 in MSK scale. Accagdimthe new seismic hazard
map the territory of reservoir is located in th@eavith amax=0.4g ¥9).

Tolors dam is in the area where two historicalrggrearthquakes occurred:
the Syuniq earthquake in 1407, M=6.5 and the Zangearthquake in 1931,
M=6.3.The largest earthquake recorded in the ingnial period was Zangezur
Il earthquake in 1968 with magnitude M=4.9.

For the pre-impounding period, the mean numberaothguakes per year
occurring inside a 50 km radial zone is 2 evenk® Yearly average number of
earthquakes that take place during the post-imgagnderiod is 14 events.
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During only one decade after the impounding of theervoir several events
with M>3.5 occurred. The largest one occurred iB2L%vith M=4.2. After

impounding of reservoir in study area the numbemifroeathquakes increased
(fig.2), but with four years delay after impoundiexplained by the fact that the

seismicity in this area is mainly associated witbrep pressure diffusion
(Sargsyan, 2009).

Numberof EQs

Time

Figure 2.The time histogram of earthquakes in &felam around the Tolors reservoir site.

1.3 Reservoir AKHURYAN

The Akhurian reservoir is situated in Shirak regiorthe northern part of
Armenia. The Akhuryan dam is gravity dam which lheig 59m. The reservoir
impounding started in 1982. The downstream popanat about 100 thousand.
The design seismic resistance of the dam is 33K scale. According to the

new seismic hazard map the territory of reserwilocated in the zone with
amax=0.4g {9).

Numberof ECs

Figure 3.The time histogram of earthquakes in 88ekm around the Akhuryan reservoir site.

The main faults in study area are the followinghaAkyan, Pambak-Sevan,
Jeltochenrensk and Spitak. In this area occurredLéminakan earthquake in
1926, M=6.0 and during instrumental period the datgSpitak earthquake in
1988, M=7.0. For the pre-impounding period the meamber of earthquakes
per year occurring inside a 50km radial zone i®dénts. After impounding of
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reservoir in study area the number of microeathgsiaincreased: average
number per year is 37 (fig.3).

2.Seismic Risk Assessment of Azat, Akhuryan and Tarls dams

As the whole territory of Armenia is situated inryehigh seismoactive
zone, the seismic risk assessment of dams is wgsnt and important.The
main principles of total risk analysis of dams &sé&d on the recommendations
of International Committee of Large Dams (ICOLDjsalissed some issue of
conventional methods and introduces the resultsa oftudy, which was
performed for the Azat, Akhuryan and Toloros dams.

The total (potential) risk associated with dams sists of structural
components and socio-economic components. Thetwtallccomponents of
potential risk depend mostly on storage capacity @mthe height of the dam,
as the potential downstream consequences are fim@irto the mentioned
values. Socio-economic risk can be expressed lmn@der of the persons, who
need to be evacuated in the case of danger andotant@al downstream
damage. It is possible to rate the total risk byigiveng the mentioned
components associating the larger weighting fatbothe dams with larger
storages and entailing larger potential downstrdamage (ICOLD 72, 2005,
ICOLD, 2003).

The following table 1 is convenient to rate the&k rassociated with dams.
Four risk factors are separately weighted as lowdemate high or extreme
ones:

Tablel. Risk factors: weighting pointes

Risk factor | Extreme | High | Moderate | Low
Contribution to risk: weighting points

Capacity >120 (6) 120-1 (4) 1-0.1 (2) <0.1 (0)
Height >45 (6) 45-30 (4) 30-15 (2) <15 (0)
Evacuation >1000 (12) | 1000-100 (8)| 100-1 (4) None (0
requirements

(number of

peoples)

Potential High (12) Moderate (8) | Low (4) None (0)
downstream

demange

The weighting points of each of the 4 factors, shhamthe parentheses in
the table 1, are summed to provide the total askdr as

Total risk factor = capacity + height +number ofopke+ downstream
damage.

The risk class of the dam based on the total askof as followed (ICOLD
72, 2005, ICOLD, 2003).
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Table 2. Classification of total risk of dams

Total Risk Factor Risk class
(0-6) Low

(7-18) Moderate
(19-30) High
(31-36) Extreme

In the case of the possible disasters at resenbiis necessary to do the
following special calculations:
» the determination of the amount of peoples, whalrteebe evacuated
in the case of danger;
» the assessment of possible economic damages (igs|dionstructions,
roads, bridges and others).

Table 3.Risk factors and corresponding weightingesfor the Azat, Akhuryan,

Tolors dams

Contribution Values| Risk | The |Risk|Value§ Risk | The |Risk|Values| Risk | The [Risk
to Risk factor |weight|clasg factor |weight|clasg factor |weight|clasg
(weighting valueg valueg valueg

points)

Azat Tolors Akhuryan

Capacity, 70 High 4 96 High 4 525| Extrerme 6

km®

Height, m 76 | Extreme 6 69 | Extreme¢ 6 59 | Extrem¢ 6
Evacuation| 82.200| Extreme 12 15 00QExtremg 12 100000Extremg 12

No of

persons

living
downstreant

Potential |ExtremgExtremg 12 High | Extreme¢ 8 High | Extreme¢ 12
Downstrean|

damage
|Tota| Risk| |Extremq 34 ||v | | High | 30 |||| | |Extremq 36 ||v |

There are the different methods for solution of tiwticed tasks. For
example, we used the “Volna-2” special calculafoogram for the assessment
of the results of the failures of the dams and mitsedownstream damages. As
it is shown in Table 3 the total risks for Azat,|ds and Akhuryan dams
depended on the structural components and socimeuoal components
having high-risk values.

3.Summary and conclusion

Sudden failure of a dam are result of earthqua&strdying of dams follo-
wed by inundation of population in downstream arfesces to pay special
attention to the seismicity of the region the ddmit in. Many of the large and
small dams in Armenia are located in zones of lsiglsmicity. It is shown that
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the number of microearthquakes increase aftempigsation causing changes of
seismic regime in the observed region. In gendra, clear that a relationship
exists between seismicity and reservoir water |lewlich probably modifies
the pre-exiting tectonic stress field and pore gwess, but no specific mecha-
nism for the induced seismicity has yet been idieqti

According to the definition by International Comsien of Large Dams
(ICOLD), the dams with heights more than 15 megard reservoirs with more
than 3 million cubic meter water capacity, are dde®d as the large and are
high risk objects.

Taking into account the high population densityAinmenia and the fact
that residential areas exist downstream from mdnthese reservoirs, makes
the ensuring of reservoirs safety an urgent is3le main reasons of the
incidents on the dams in the world are based otattleof information by the
experts on regular monitoring of the dam’s currrathnical parameters and
some special characteristics of its condition.

Emerging from the fact that the earthquakes cabegiredicted in the near
future, the most appropriate approach is the assggsof the dam risk will be
to allow then install the special water alarm systeat the most dangerous
dams. In this case a large number of people thatidee saved from flooding
caused by possible failure of a dam and econonmitadas will be decreased.
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UG3UURPY *6dhUP &4 UGBUUDRY (YhUYP FLUZUSNRUL
2U8UUSULP NNT cUzUANr04YNN, QL UULULUESE ZUUUL

L. U. Uupquyui
Udthnthnid

Qpudpwpubph owhwgnpsdwdp wwydwbwynpyws hwpnigdus
ubjudhynipyutip, tpljpuphghuyh b hudkubpuyght ukjuuninghugh Yu-
punpwgnyt fjuinhpubphg E, hwnjuybu wt opudpwputph hwdwnp,
npnbp Jupnigqué bkt pwpdp ubjudwwljnhy opowtubpnid: Lwuh np
Zujuwunnwth nwpwspp qpbipt wdpnnempjudp quuynud k pupdnp ubju-
uhly Junwbgh gnuinid, wwwndwupubph ubjudhl rhuljh quwhwwnnudp
o Juplnp juughp E: Uktp hwduwpl) b JEpnistp Gup ubkpluyghu
opudpwputph b wuwujuwputph YEpwpkpu) ndjuivtpp, wjunthtnb
ptpk] Bup wytt hhdtwlwb gnpénuubkpp, npnup npnonid Eu nhuljh dw-
Juppulp: Uju wphwnwipnmid dbp Ynndhg punpdus 22 tpkp wdk-
twjunonp opudpupbph hudwp Junupdt) b iphy phuljh qguhwnnod
hhdtudtny Ivnpgnp NMwundupubph Uhowqqujhtt Yndhwnth (ICOLD)
wnwowplnipnitubph b ywhwueubph Ypu: 8nyg E wnpdus twl, np
niunidtwuhpynn opwdpwptbph nmwpwsputipnmd opudpwuphubph sw-
hwgnpénidhg htinn nhnynud E pnyy) Epjpuowupdtph putujujui we,
npp pipnud £ wju oppwtittpnid utjuhly ntidhuh thnthnpunipjut:

OIIEHKA CEUCMHUYHOCTHU U CEHCMHUYECKOI'O PUCKA JIJIS
HEKOTOPBIX 9KCIUITYATUPYEMBIX BOJJOXPAHUJINIIL
APMEHNMH

JI.C. CapkucsiH

Pesrome

[IpoGnema HaBeACHHOM CEMICMUYHOCTH, CBSI3aHHOM C SKCILTyaTaIluei BOJ0-
XpaHWJIMI, UMEEeT BaXKHOE 3HaueHWe B reodusmke M WH)KEHEPHOW celicMo-
JIOTUHM, OCOOEHHO MAJISl TUIOTHH, KOTOPBIE CTPOSITCA B CEHCMHYECKH aKTUBHBIX
obmactax. [lockonmpKy Bca TeppuTopus ApPMEHWH pacToOjiOXKeHa B 30HE BHI-
COKOW CEHCMOaKTUBHOCTH, OIIEHKA CEHCMHYECKOTO PHCKA IUIOTUH SBISCTCS
OJTHOM M3 BaXXHBIX 3a7a4. Mbl coOpalii ¥ MPOAHATU3UPOBAIN JAaHHBIE O TEKY-
IEM COCTOSHHWH BOJOXPAHWIUI M IJIOTHH, a 3aTeM yKa3aJiu OCHOBHBIC (ak-
TOPBI, OTIPEACTISIONINE YPOBHH PHCKA.

Hamm uccnemoBanusi, MpoBeIEHHBIE [UISI TPEX CAMBIX OMACHBIX TUIOTHH,
OCHOBaHBI Ha MPUHIMIIAX OOIIEro aHajau3a PUCKOB JJIS TUIOTHH, TpeACTaBIIeH-
HBIX B PEKOMEHAANUAX MEXIyHapOJHOTO KOMHUTETa KpPYIHBIX IDIOTHH
(ICOLD). B stoii paboTe Takke MOKa3aHO, YTO KOJUYECTBO MUKPO3EMIICTPS-
CCHMII BO3pacTaeT IIOCIC HAMOJHEHUU pe3epByapa, BBI3BIBAS H3MCHCHHS
CEHCMUYIECKOTO PeKUMa B HAOIOTaEMBIX 00JIaCTSX.
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The Javakheti Volcanic Highland, located in thet@dnCaucasus, is part of the
Arabia-Eurasia continental collision zone. Thisaaie characterized by increased
seismic activity and volcanism where earthquakéibigion is diffuse. In this study,
source mechanisms of earthquakes using digital feavedata recorded by seismic
stations of the Armenian, Georgian, and adjacemsnse networks have been
investigated. The focal mechanisms of a set ohgaekes that occurred within 2005—
2017 with high reliability, based on the polaritiytbe first motion of the P-wave have
been constructed. The azimuth, angle of incideand, polarities of the P-phase were
used to obtain initial focal mechanism solutionsreAlocation for selected seismic
events during this time period was also performed.

The fault plane solutions of the recorded earthgaakere used to determine the
actual fault geometry, faulting type, and streggme of the study area. We combined
all of the reliably determined focal mechanismsoasrthe dozens of earthquakes to
investigate the current crustal stress status eénJdwvakheti Volcanic Highland. The
solutions of the different mechanisms vary betwsteike-slip, thrust, and normal, but
are mainly thrust for the time period 2005-2017.

The thrust and strike-slip stress regimes are obddn the study area.

Key words. Javakheti Highland, focal mechanism solutions]tfalane,
strike-slip fault, thrust fault, normal fault, stseregime, stress tensor.

INTRODUCTION

According to Zoback, knowing the patterns and vemes of a region’s
stress field is critical for understanding the lomad regional effects induced by
large-scale plate tectonics and the subsequentraafion field (Zoback, 1980).
Along this line of reasoning, the primary goal bist study is to use focal
mechanism solutions to investigate the currenttalusiress field states and
tectonic regime of the Javakheti Volcanic Highland.

The Javakheti Volcanic Highland is characterizedséigmic and volcanic
activity, where earthquake epicenters are diffusidyributed. In this study we
determine focal mechanism solutions for a set dhgaakes that occurred from
2005-2017 based on the polarity of P-wave firstiomtusing the digital
waveform data recorded by the Armenian, Georgiamd adjacent seismic
networks. Only earthquakes for which the numbepdfrities is equal to or
greater than 12, and azimuthal gaps are less th@n &and events with low
RMS, have been included in the analysis.
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For the calculation of focal mechanisms from finsbtion polarities, we
apply the software package FA2004 of Lander (Lan@604). Analysis of
earthquakes focal mechanism using inversion methtida/s us to determine
active stress states; therefore, in this study weduDelvaux and Speerner
(2003)’'s methodwhich allows us to determine the best-fit regiopahcipal
stress directions (compression, intermediate, andian)cl, 62, ands3, and
the relative magnitudes of the stress axes (R2-d3)/(cl-63)). The
WinTensor program (Delvaux et al., 2003) was useddetermine the
orientation and shape of the stress tensor. Stmémstations were found to be
the maximum ¢1) and minimum principal stresses3f; from this, the region’s
stress regimes were determined.

BACKGROUND

The Javakheti Volcanic Highland is one of the majismic hazard zones
in the Lesser Caucasus (Balassanian et al., 199 & al., 1980). The
Highland is located in the central Caucasus, arghrs of the Arabia-Eurasia
continental collision zone. Based on global positig system (GPS) data, the
Highland is characterized by N-S compressional nfB¥byear) and W-E
extensional (3.7mm/year) fields (Davtyan, 2007).

The most important fault system adjacent to Jauakhéghland, is
Pambak-Sevan-Syunik fault system (PSSF), repraeddmtea 400+10km long
NW-SE right-lateral strike-slip fault (Karakhanyat al., 2016). The present
long-term horizontal slip rate along the fault earbetween 0.5 and 3—4mm/yr
(Philip et al., 2001), which is consistent with t8&S-measured 0.3-3mm/yr
(Reilinger et al., 2006; Karakhanyan et al., 20IB$SF-1 segment located
immediately to the south of Javakheti Highland withArmenia changes
direction from NW-SE to W-SW-S direction.

The main fault in the studied area is NW-SE 77 lomgl Javakheti fault
located to the north of the PSSF-1 segment thatjeiay studied in 2007—
2012 with colleagues from Georgia, the United Statend France
(Karakhanyan et al., 2012). The fault is orientedhte N-NW and consists of
individual segments with clear left-stepping geamefrault kinematics is
represented by right-lateral strike slip with amat-fault component. The fault
formed distinct scarps, deforming young volcanid atacial sediments. The
largest displacements recorded in the central gfdtie fault range up to 150—
200m by normal slip and 700-900m right-lateralhaf&khanian et al., 2016).

The study area is characterized by long-lastingcelie-Quaternary volca-
nic activity, clustered mostly within Javakhetin@sari, and volcanic ridges that
represent continuums of volcanic cones extendedfd%5km, and SW-NE
for 35km, accordingly (Lebedev et al., 2003). Tlrairygest manifestation of
volcanism has been found in the Samsari Ridge coefi by K-Ar age
determinations (Lebedev, et al., 2003) and receAr knd “°Ar/*°Ar dates by
Nomade et al., (2015) and correspond to time ialdretween Middle and Late
Pleistocene- Holocene (0.8-0 Ma), (Lebedev et 2003) distinguishes four
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episodes of magmatic activity — Early Pleistoce®@0(700Ka), Early-Middle

Pleistocene (~400Ka), Middle Pleistocene (320-170Kaate Pleistocene-
Holocene (<50Ka) — and suggests that some sectdredSamsari Ridge are
potentially hazardous from the viewpoint of vol@annrest.

METHODOLOGY AND DATA FOR FOCAL
MECHANISM SOLUTIONS

In this study, new focal mechanism solutions anestroicted for 58 earth-
quakes (M> 3.0) that occurred between 2005 and 2017 in thakheti Vol-
canic Highland (Fig. 1). The digital waveform ddia these events was
extracted from the database of the Armenian anddieo seismic networks.
Additional information from the surrounding regidrsdations was also extrac-
ted as digital waveforms from the database of Ipo@ated Research Institu-
tions for Seismology (IRIS, Washingtdnttp://ds.iris.edu/d¥/

A re-location for 58 selected seismic events dutltig same time period
(2005-2017) was performed using the HYPO71 ProgEarants which fulfilled
the following conditions were selected and the @btk are at least very clear
more than 12 P-wave phases, good azimuth coverag&tions and keeping
only events with low RMS.

For determining fault plane geometry, the first imotpolarity technique
was applied to the earthquak®&sénenckas u ap, 1960). The FA2004 software
package (Lander, 2004) was used for determininglfocechanisms. This
software depends on the azimuth, angle of incidesiog polarities of P-phase.
Any P-wave ray path leaving the source can be ifilethtby two parameters:
the azimuth from the source, and the angle of incidence&, which is a
function of the distance), between the source and the recording station.

Earthquake focal mechanisms were determined gewaldtr from the
orientations of the P and T kinematic axes bisgdtie angles between the fault
plane and the auxiliary plane. They can also berdebed by the orientation of
one of the two nodal planes and the associatedvslipor. From this, focal
mechanism solutions are constructed for selectethqpekes with 2 nodal
planes (Strike, Dip, Rake parameters, Compressi¢pland Tension (T)
kinematic axes).

STRESS TENSOR INVERSION METHOD

The current state of the crustal stress field weterchined for the study
area.

Using inversion methods to resolve earthquake fowadhanisms allows us
to determine the active stress state; thereforethim study we apply the
Delvaux and Speerner method (2008hjch allows us to determine the best-fit
regional principal stress directions]l, 62, ando3, and the ratio R=og-
o01)/(c3-01) with F (the average degree of misfit), as wallta estimate the
associated uncertainty in the solution (Delvaurlet2003). Heres1, 62, and
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o3 indicate maximum, intermediate and minimum ppati compressive
stresses, respectively (wherg>62>63).

The ratio R is a measure of the value of the inggliate principal stress
(c2) relative to the maximumc{) and minimum €3) stresses, and it thus
constrains the shape of the stress ellipsoid. Tloeementioned method
proposes a grid search method of inverting focathmgisms to obtain the
stress tensor (focal mechanisms stress inversieaml BNSOR), in which stress
field parameters are systematically tested agathst focal mechanism
orientations, and the calculated misfit dependsttmn orientations of fault
planes and slip directions indicated by earthquedeal mechanisms. The
system compares the values of the misfit functmmefach pair of focal planes
in order to separate actual movement planes fragnathxiliary plane. This
function minimizes the deviation between the obsdrand theoretical slip
directions on the plane, minimizes the normal streasd maximizes the shear
stress magnitude on the plane, in order to faver ship on that plane.
WinTensor software allows also determining the aioa of maximum and
minimum horizontal stresses (SHmax and SHmin).

According to the direction of the compressional @edsional kinematic
axis, 3 distinct regions were defined in the stadga. Stress regimes were
determined for these defined regions.

The stress regime can be expressed numericalliebgttess regime index
(R, defined in Delvaux et al. (1997b). The mairess regime is a function of
the orientation of the principal stress axes amdstiape of the stress ellipsoid:
extensional, strike-slip and compressional. Fohezcdhese three regimes, the
value of the stress ratio R fluctuates betweenddlaiwhen the value is close to
0.5 (plane stress), the stress regimes are saim tpure' extensional/strike-
slip/compressional.

RESULTS AND DISCUSSION

The fault plane solutions of the 58 recorded eardkgs (M:3.0) (fig.1)
were used to determine the type of faulting and dtress regime of the
Javakheti Volcanic Highland.

The analyzed earthquakes have a variety of focahamsms, and the fault
planes of those events have different compressiondéatation distributions.
Analysis of focal mechanism distribution indicateat the stress status of the
crust varies across the study area.

The focal mechanism solutions of these events dstraie the present-day
tectonic activity in this area. The distributiorfstiee different mechanisms vary
between strike-slip, normal, and thrust, but arenipahrust (fig.1). 16 events
give pure normal faults and normal faults with nmirstrike-slip component,
with the fault planes trending NE-SW. These evenmisiarily occurred in the
north-eastern part of the study area, concentratgdin the territory of
Javakheti ridge.
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O EQ epicenters

Faults

Borders

- Volcanoes

Figure 1. Fault plane solutions of the selected 58 earthcquttle occurred in the study area
between 2005 and 2017, with:M3.0

26 events are characterized by thrust fault meshaiwhich are related to
the active faulting in the study area. The P cosgion axes coincide with the
general compression direction of the Caucasus me@iending from NE to
SW). 16 events are associated with strike-slip (f&8Mts, trending primarily
N-S.

Distribution of types of mechanisms can be seatigrangles based ternary
diagram (fig.2).

SS

B (plunge)

Figure 2. Ternary diagram of 58 earthquakes that occurreddrstudy area between 2005-2017
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Triangle diagrams are simply a quantitative graghigethod for using the
dip angles of T, B and P axe&%,(6g anddp) for displaying focal mechanisms.

It is possible to plot a unique point representimg orientation of the T, B,
and P axes because any three mutually perpendicedtors having dip angles
o1, 0 anddp satisfy the identity

sin®o +sin%0g + sin%dp=1

If we define x= sindr, y= sindg, and z= sindp this identity is just the
equation of the spheré+y*+z°=1. Since all the angles are between 0 and 90 °,
at the vertices of the triangle the dip anglesfe The vertices of the triangle
represent earthquakes with vertical T axes (thmesthanisms), vertical B axes
(strike slip), and vertical P axes (nhormal) (Frash(C., 1992).

Azimuth of !Enp axes

270 0

180 MaxFrog:1.8.

180 MexFreg:1.33

Figure 3. Focal mechanism data represented as P, T axesvé\ingdicate the tectonic regime.
Inset figures show the rose diagrams of P and $ aKentations.
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The focal mechanism orientations are shown by thess axes, P, B, and
T (AZ, PL), that are perpendicular to one anothEhe P- and T-axes
orientations are classified according to the tactoggime assignment proposed
by Zoback, using the plunges of these axes (ZoleacK., 1980). Kinematic
Compression (P) and Dilatation (T) axes directiorepresented in (fig.3),
indicate dominant sub-meridian directions for P saxand sub-horizontal
directions for T axes. According to the orientatiasf the P- and T-axes, the
region experiences NE-SW compression, and NW-S&den

Focal mechanisms of earthquakes are the primara deted for
investigating the regional tectonic stress fielchefiefore, to evaluate the
orientation of the stress responsible for the gaidke events, a fault-slip data
inversion was performed using nodal planes andw&giors determined from
the focal mechanism solutions.

In order to analyze the stress variations througtimiregion, stress tensor
calculation are performed for three subgroups, Wwhice defined based on
location (fig.4; a,b,c).
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Figure 4. Stress Regimes determined for the three subgiioups study area.

The first subgroup includes the eastern part of Xaeakheti Highland.
Here, a strike-slip tectonic regime is observethaterritory of Javakheti Ridge
area. This subgroup has the greatest number diceattes characterized by
strike-slip and normal faulting tectonic movemesit (NE-SW),63 (NW-SE))
consistent with the strike-slip regime of the reg{fig.4a).

45



The northwestern part of the study area has madimiyst fault types of
focal mechanisms, which are related to the N-Sdiren parallel faults. The
maximum principal stress orientations are foundads (NE-SW), 63 (NW-
SE)), consistent with the thrust regime of thewadfig.4b).

The third subgroup includes earthquakes locatédarsouthern part of the
study area. These events, distributed along théhswgestern segment of the
Pambak-Sevan-Syunik active fault, are mostly of ttireist focal mechanism
type movementol (NW-SE),c3 (NE —SW)), consistent with the thrust regime
of the region (fig.4c).

Thus, a strike-slip stress regime is observed & dhstern part of the
Javakheti Highland, which is characterized by NE-&Mpressional and NW-
SE dilatational zones. In the study area’s nortbevaspart, which includes the
Javakheti fault zone, a thrust stress regime withdial compressional field is
observed. It coincides with a fault kinematics lustarea. As for the southern
part of the study area, a thrust stress regime avitidial compressional field is
also observed, which is characteristic of the |&aadmatic features.

CONCLUSIONS

« Analysis of the distribution of focal mechanismsnamstrates the
present-day tectonic activity in the study areae Holutions of the
different mechanisms vary between strike-slip, $hrand normal, but
are mainly thrust. Normal faults with minor strikBp components have
fault planes trending in the NE-SW direction. Thers characterized
by thrust fault mechanisms are related to the zmnactive faulting
within the study area, trending NE-SW, and thekstslip (SS) faults
primarily trend in the N-S direction.

* The events characterized by strike-slip faultingchamisms largely
occurred in the north-eastern part of the studg,aaong both sides of
the Javakheti Ridge, where there are supposedsfatite that the
events with normal faulting mechanisms are coneésdr within the
Javakheti Ridge area. This indicates that strike+slechanisms can be
linked to the supposed faulting activity, while mal faulting
mechanisms can be linked to the volcanic activitythe Javakheti
Ridge area.

« The kinematic Compression (P) and Dilatation (Tésawf fault planes
have been determined to be dominant sub-meridiegcttbns for P
axes, and sub-horizontal directions for T axes. oMding to the
orientations of P- and T-axes, the region expeasndNE-SW
compression, and NW-SE tension.

» Stress regimes were determined for the Javakhdtavi@ Highland.
The northeastern part of the study area is charaeteas a strike-slip
stress regimeo(l- NE-SW;063-NW —SE). The northwestern part of the
study area, which includes the Javakheti fault zandhrust stress
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regime with a radial compressional field is obsdr¢gl-NE-SW; ¢3-
NW-SE). It coincides with a fault kinematics ofdlarea. The southern
part of the study area, a thrust stress regime avithdial compressional
field is also observeds-NW-SE;53-NE —SW), which is characteristic
of the local kinematic features.

The parameters of the earthquakes focal mecharmkricns are presented
in the table below

~| | S1E(8|8

. < > “ 7| e =
1 | 16.12.2005| 04:02:2811.16|43.894.3| 12(270.8 43.6|47.99209 08 | 104 61 | 26| 116/2.5| TF
2 | 24.05.2006| 03:17:1%41.08|44.11{3.7| 08| 107 | 77 | -116347 51 | 201 27 | 140 50 | 0.5 NF
3 | 28.12.2006| 22:52:1|911.28(43.84 3.6/ 12| 36 75 18| 16801 | 259 23 | 168 78 | 1.5 SS
4 | 24.07.2007| 19:31:23%1.24|43.744.1/ 05| 326 | 54 | 113| 04006 | 292 70 | 38| 128/ 2.5| TF
5 | 09.07.2007| 09:33:0%41.09(43.884.0/ 10| 123 | 42 91| 0303|203 87 | 32| 122[2.5| TF
6 | 18.06.2008| 11:04:3141.33|44.163.7|07| 355| 37| -10Q127 79272 09 | 1 91| 0.5 NF
7 | 05.05.2010| 14:58:221.38|43.893.5|/11| 197 | 60| 179 05820 | 157 22 | 62| 152/ 1.5| SS
8 | 27.09.2011| 08:58:93%1.36(43.994.4| 12| 156 | 73| 164.®23 02 | 113 22 | 23| 113 1.5| SS
9 | 23.07.2011| 02:49:2441.36|43.54 3.6/ 08| 34 24 65| 32B22 | 169 65 | 138 48 | 2.5 TF
10| 06.09.2011| 00:35:4441.37|44.04 3.5/ 16| 256 | 88 33| 02621 | 126 24 | 21| 121{1.5| SS
11| 22.02.2011| 01:24:371.36|43.87/3.5[ 15| 40 65 20| 35R05| 259 311|171 81 | 1.5 SS
12| 11.12.2011| 14:26:341.35|43.713.4| 12| 2 64 | 93.9089 191|280 71 | 88| 178/ 2.5| TF
13| 20.05.2012| 23:07:2641.00{43.93 3.5/ 18| 198 | 51 | 104| 27805 | 164 78 | 97 71 2.3 NF
14| 05.03.2012| 11:12:501.11|43.883.4{ 09| 124 | 38 82| 04p07 | 255 81 | 39| 129 2.5| TF
15| 06.09.2013| 16:35:2641.36|43.843.8/ 10| 120 | 34 76| 04D12 | 255 76 | 38| 128/ 2.5| TF
16| 25.10.2013| 23:45:0141.44|44.043.5{08| 62 | 70.7| 50 (180 17| 289 48| 6 96| 2.5 NS
17| 08.08.2013| 06:20:2741.28|44.043.5| 05| 137 | 72| 164 00401 |095 23| 4 94| 1.5 SS
18| 18.10.2013| 18:57:1|840.83|43.97/3.2{ 10| 236 | 49 86| 32004 | 112 85 | 149 59 | 2.5 TF
19| 08.08.2013| 06:38:3%1.23|44.023.2| 15| 136| 76 | 167.0002 01 | 093 19 2 92| 1.5 SS
20| 17.10.2013| 15:04:4640.95(43.983.3/ 08| 233 | 44 83| 14801 | 047 85| 148 58 | 2.5/ TF
21| 25.01.2013| 20:56:4310.97|43.893.3| 12| 227 | 40 73| 14906 | 030 77 | 148 58 | 2.5 TF
22| 07.09.2013| 00:34:49%1.39(43.863.0| 15| 358 | 49 93| 08604 | 298 85 | 86| 176[2.5| NF
23| 05.06.2013| 16:12:921.18/43.893.1| 15| 116 | 27 781 0319 232 71 | 33| 123/ 2.5| TF
24| 26.05.2014| 10:57:4441.08(44.134.0/ 13| 100| 80 | -116347 51 | 218 27 | 140 50 | 0.5 TF
25| 09.03.2014| 11:31:3441.49|43.633.5| 16| 157 | 75| 159 20603 | 114 25 | 25| 115 1.5| SS
26| 25.08.2014| 22:11:2811.20|43.783.2| 18(325.5 52.5| 115|038 05 | 296 69 | 36| 126/2.5| TF
27| 08.11.2014| 08:04:43%11.41(43.873.0| 05| 358 | 59 90| 08814 | 268 76 | 88| 178/ 2.5| NF
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28| 14.04.2014| 00:02:5%11.43|43.933.0/ 05| 306 | 43 | 146479 15|288 52 | 5| 95| 2.5 NS

29| 16.03.2014| 14:28:9141.37|143.963.0{ 10| 353 | 71 | 90.q082 26 | 264/ 64 | 81| 171{2.5| NF

30| 24.03.2015| 16:00:5%1.08/43.893.9|12| 87 | 71| 85| 18026350 64| 3 | 93| 2.5 TF

31| 25.05.2015| 23:49:0441.30{43.973.6/05| 357 | 71| 75| 09925245 61 |107] 17 | 2.5 TF

32| 08.01.2015| 21:39:421.18/43.763.5/ 05| 325 | 61.8/113.4039 14 | 278 65 | 34| 124 2.5| TF

33| 18.07.2015| 17:14:171.26/43.923.3| 09| 155| 68 | 26| 28501 | 015 33 | 105 15 | 1.5 SS

34| 27.10.2015| 16:18:2641.41|43.993.2| 12| 196| 57 | 36| 14102 | 049 48 | 140 50 | 2.5/ NS

35| 19.04.2015| 03:41:470.92|44.303.0/ 12| 165| 38| 35| 1118|356 54 | 105 15 | 2.5 NF

36| 12.07.2016| 10:14:0341.37|44.044.8| 18|350.9 89.2| -161(217 13| 125 12 | 36| 126/1.5| SS

37| 21.07.2016| 15:17:4%1.36/44.0144.3| 10| 173 | 69 | 149 22605 | 132 37 | 44| 134/ 1.5| SS

38| 19.10.2016| 03:17:5641.36|144.043.7| 12| 172| 62| 18| 12508 | 030 32 | 123 33 | 1.5/ SS

39| 17.10.2016| 08:11:041.39|44.033.7| 20| 198 | 74| -55| 14649 |262 21 | 164 74 | 0.5 TF

40| 15.08.2016( 17:41:2141.13{43.923.6| 10| 106 | 20| 72| 03026 | 225 63 | 25| 115/2.5| TF

41| 13.07.2016| 15:34:4%1.34/43.5§3.6|/ 10| 10 | 26 | 89| 2819|102 71 |101 11 | 2.5 TF

42| 12.07.2016( 10:16:0141.36{44.033.5{ 14| 11 | 89 | -164234 12 | 144 11 | 55| 145/ 1.5 SS

43| 13.07.2016| 03:17:1/¢41.38/44.043.4| 15| 161 | 55| 170| 02418 | 125 30 | 29| 119 1.5| SS

44| 05.01.2016( 12:24:0911.43{43.893.4{ 10| 170| 25| 83| 08520 | 275 70 | 84| 174/ 2.5| NF

45| 24.03.2016| 03:54:0910.93(44.383.2| 10| 252 | 39 9 | 2128 | 099 38 | 24| 114 2.5| TF

46| 02.03.2016| 03:43:9%1.41|43.953.2| 08| 97 | 71.7|137.4155 14 | 052 42 | 150 60 | 1.5 NS

47| 16.03.2106( 21:02:1010.99(44.443.1| 10| 147 | 76.4/124.7211 23 | 093 47 | 22| 112/2.5| TF

48| 04.08.2016| 11:26:4%1.36/44.023.1| 12| 274 | 71| 162| 14201 | 232 26 | 142 52 | 1.5 SS

49| 04.08.2016( 21:07:031.40{44.033.0{10| 14 | 71| 21| 14p03 | 236 24 | 146 56 | 1.5 SS

50| 24.03.2017| 01:24:041.47|43.933.7|05| 315| 47 | 156| 18316289 44 | 9 | 99| 28 TF

51| 24.03.2017| 01:30:3%41.48|43.943.0|05| 321 | 39| 156| 1§721|302 47 | 15| 105/2.5| TF

52| 18.04.2017| 06:49:3440.99|44.143.1/ 19| 314 | 35| 153 18123 |302 50 | 10| 100 2.5| TF

53| 18.04.2017| 08:28:5%1.40|44.083.0{09| 348 | 43| 101 25003 | 358 82 | 70| 160/ 2.5| NF

54| 09.05.2017| 06:32:4%1.32|43.91/3.1| 08| 1 58 | 64 |11p10 (223 66 | 113 23 | 2.5 NF

55| 09.05.2017| 11:07:2441.26|43.983.6| 10| 20.8| 51 | 69.9(125 04 | 230 74 | 126/ 36 | 2.5 NF

56| 04.07.2017| 06:21:1140.93|43.943.7/05| 350 | 18 | 71| 27628109 62 | 90| 0 | 2.5 TF

57| 15.08.2017| 05:12:040.93|43.923.2| 08| 349 | 42| 65| 27606 | 168 73 | 94| 4| 25 TF

58| 11.01.2017| 19:29:041.37|43.953.2| 12| 11.6|59.5| 95.9|09§ 15| 298 74 | 96| 006|2.5| NF
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QUY UL 2(ULNUSPL AULAMTUYULYUYE LU UOUSPU YUTSh
UNULRLUZUSUNRESNPULULESE GLUlUTULNTED DNTUL
UTGULPQU LGP 2UCYUNYh YbLUNUUUR 2005-2017 00

duuuuuuucruLk ZUUUr

E.E.Uwhuljjut
Udthnthnid

Ugjuwnwtipnid hpwljwbwgyt) £ Quwhuph hpwppwghtt pupdpu-
Juiinulnud 2005-2017 ppll pupwgpnid qputgué tplipuwowndtnh $n-
Yuy dkjuwthquutph hwydupl: Oguugnpsyt) b Zwjwunwth, dpuu-
wnwih, hywyhku twb hwpwlhg dnru ubjudhl fuyubbbph Ynnuhg
qpuiigqwd tpypwpwupdtph pughtt wihpughtt wuwnlkpubpp: Snljurg
dbjpwthquubpp hwoqupyyty Gu P wijhph wnwghtt Untinph tpwuh dk-
pnnh Jhpwndwdp: Lowdsmudubpp wpygt) ko P wjhph pbbnwgdwi, ubju-
Uhly Juyuwuh tquundwudp wqhuntnwhtt wiljjub, htyybu twb wihph
widwlt wuljjut ndjujubph hhdwt Jpu: Uju Epipuowpdbpp, npnug
hwdwp hwyqupldt) ko nluy dkjpwthquubpp, hpujubwgdt) £ awub
Eyhytunpnuutph b hhynltunpnuubph Jekpuhwyyuply (re-location):

Mumdtwuhpynn gnunt jupjwswyhtt nkdhuh quuwhwwndwb hw-
dwp oqunugnpdyk) ki yEpnuojuy Epypupowndtph uquut hwppenipniu-
ubtph nudnidukpp:

Qujuluph puwpdpujuunuynid Epjpuowpdtpp punipwugpynid tu
oupddwtt nwppbkp mhyh Yhubdwnhlwiubpny (Ynnuowpdwyht, Jtp-
ubkwnpuyht, Jupubwnpuygh), puyg s dudwbwjuhwngush hudwp
ghipulpppnid Eu Jhpubnpughtt mhwh dbjowthquny Epipuwowpdtpp:
Lwpwduyhtt nkdhdp gnuuint vuwupplp hwndusubpnud hwounpydty &
Ynnupwpduyht b JEputnpwiht whugh:

OCOBEHHOCTH IOJISA HAITPSIKEHUM J)KABAXETCKOI'O
BYJKAHNUYECKOI'O HAT'OPbS, ONPEAEJEHHBIE 11O
®OKAJIbHBIM MEXAHU3MAM 3EMJUIETPSICEHU 3A IIEPAO/]
2005-201AT.

9.9. CaakdaH

Pesrome

JxaBaxeTckoe BYJKaHHMUECKOE HArophbe, pacnoioxeHHoe Ha LlenTpaasHOM
Kagskaze, gBnsercst 4acTbi0 30Hbl KOHTHHEHTAJIbHON KoJmu3uu ApaBuu u EB-
pasum. OTa 00JacTh XapaKTEPU3YETCS IOBBIMIEHHOW CEHMCMHYECKOW aKTHB-
HOCTBIO U BYJIKAHU3MOM, TJI€ paclpeieieHre 3eMIIeTPSICEHIH PacCesTHHOE.
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B manHOM mCCnenoBaHUM MBI H3y4aeM MEXaHHM3MBI 09aroB 3eMIICTPSICEHUN
C HCIOJIb30BaHUEM ITU(POBBIX BOITHOBBIX JAHHBIX, 3aPETUCTPUPOBAHHBIX Ceiic-
MHUYECKUMH CTAHIUAMM apMSIHCKOW, TPY3MHCKOW M CMEXHBIX C HHUMH Ceiic-
MHUYECKUX ceTeld. MBI CTpOMM (POKATBHBIC MEXaHWU3MBI JUIS TPYIILI 3eMIle-
Tpscennid, mpousomreqmux B mnepuox 2005-2017r, ¢ OonbiuM ypoBHEM
HaJCKHOCTH, Ha OCHOBE MOJISIPHOCTH IEPBOro BCeTymeHuss P-Bomubl. [ns
MOJTyYeHHUs] MEPBOHAYAIBHBIX PEIIeHUH (OKATBFHBIX MEXaHH3MOB HCIIONB30-
BaJINCh a3UMYT, YTOJ HakJOHA M NojspHOCTH P-}a3sl. brino mpoBeneHo Taxxe
TIePEOTIPENCIICHHEe MECT I BEIOPAHHBIX CEHCMHUYECKHX COOBITHH 3a NaHHBIN
BPEMEHHOU Nepuo.

Pemienus miockocTH pasznoMa s 3aperuCTPUPOBAHHBIX 3€MIICTPSICEHUM
NPUMEHSUTUCH JI ONPENCICHUs] pealbHOW T'€OMETPUH Pa3lIOMOB, THUIA pa3-
JIOMOOOPa30BaHUS U PeKIMa HAIPSHKEHUH Ha MCCIIETOBAHHON TEPPUTOPHH.

Mb1 00beTUHIITN BCE HAJIE)KHO 33JJOKYMEHTHPOBAHHbBIE (OKAIBFHBIE MeXa-
HU3MBI 110 JECSTKaM 3eMIIETPSICEHUH C IeNbI0 N3YYEeHHS TEKYIIEro COCTOSHUS
HampspKEHUR B Kope B mpefenax J[»aBaxXeTCKOTO BYJIKAHUYECKOT'O HArophbsl.
3emnerpscenus JkaBaXxeTCKOTO HAropbs XapaKTePU3YIOTCS Pa3IUYHON KHUHE-
MaTHKOH (CABHTH, B30POCHI, COPOCHI), HO [T YKa3aHHOTO MPOMEXYTKa Bpe-
MEHH MPeodIaaaroT 3eMIIETPACEHUS C MEXaHU3MaMH B30pocoBoro tumna. B pas-
JUYHBIX y4acTKaxX 30HBI CYIIECTBYIOT pa3HbIE PEKHUMBI HANPSKEHUH — CIIBU-
TOBBIEC U B3OPOCOBEIE.
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8nyg k wpjws, np 22 ubjudwwluhy nmwpuspnid Gpjpudwquhuwljui
nuionh wplhwonpuyhlt b nkjunbwdwgihuwlwt quphughwitpp hwinku u

quihu Ybpunpdus dum], husp powbqupnid b opk Ukhh U pk Ujniuh
wnwidhti-wnwtidhtt ntuntdtwuhpnipnibthphi:
Uowlygt L dkpnn npuip nwpwbgwntint hwdwp:

Zwhgniguyhl punkp. nkjnntudwuquhuujut nuown, wplwonpuyht

Juphwghwitp, tpypwpwpdtp, opufwut Juphwghwitp, Uplh wlnh-
Ynipinil, bppuowpdtph jutjpuwnbunid:

Zuunwwnyws L, np Gpljpudwqhuwljut nusnh (6UY) thnthnpow-
Juwb pununphsp hhdtwjuwinid wuydwbwynpjws t Upbh wqntgnt-
pjudp, npp ghunwpldubt guujugws Jhnnd hwunwnnit sh dund
Bpiph wwunynh b Upbh wlnhynipjubt thnhnnipyut yundwnny:
Opwlwt wuppkpnipnit niikignn wyn nuownp hwynth k npytu wpbhw-
opwyht Juphwghw: Uwhnit thnthnjumpjudp ghunwplynn opuljui
Juphwughwt Ynsynid E Juynit (Sq), hull upwhg wdyhnninpuhwdw-
huwghtt wtjuymt wwpwdbnpbpny wwppbipynn uphwughwt' wulw-
it (Sd) (Arosckwuii, 1978): Loklp, np witljuynit quphwghwbph wwuwn-
Suinp hwinhuwinud Eu Uplh Jpu, dadwbul wn dudwbwl nhngnn
hpyhdwljutpp, npnug vnbndwsé dwquhuwlut nyuownp Gplyhp L hwu-
uniud dh pwtith opnud, Eppbdt unbnstiny «dwmquhuwlwb thnpnphlutp»:
Uplwopuyhtt Juphwghwyh Juynit jud whjuynit Juppwgény opkpp
twjuopnp npnoynid ku Gpyph dwquhuwljwinmipjut b punhnwhputph
nwpwddwt htuhnnunmd (M3MUWPAH P®), nph wifjuutiph hwdwdwjt
Ukl wdugu pupwugpnid Juynit opkph phyp muwnwiynid k 5-10-uholi:

dtpohtt 25 wwphubphtt dkp Ynnudhg Juunwpynn thnhnpjuwulu
nuownh nutumdbwuhpnipniiubpp gnyg Eu wwhu, np huwdbdwnws
Jtpnhhojw) htunhwnninh wdjuutph htwn, 22 mwpwspnid, supwupdu
pupwgpnid, wljuhwynnpkt dks pwbwl Eu Juqunmd wplhwopuwjht
Juphwghuyh wbluynit opkpp, npnbp, npyhu ophtwswthnipinil,
twjunpynud b wybt Epjpuowpdtpht, npnig opwpubpnid Yninwuldus
nbkljunntwlut jupnudubph wqnbgnipniup Uks £ ghunwupydwt jhnnd
(Oranecss, 2016): ‘fpwt hwljunwly thnthnpjuwjut dwquhuwljut nuownh
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wplwopuyhtt hwmighun Juphwghwubph puwtwlp thwuwnwghnptu phy
E b Epphdu B wdwb quphwghw sh ghuwplynd dkl mwubopjuljh
pupwugpnid: Ujny wnbuwljinhg tpkup, np tjuunynd £ wyuwnbnbljw-
nynipjnit knutwlh wnbkumpjut hwjjulwut hEkpntunmwhwnnpnnid-
ukpnud, Epp huynidnud E gindwquhuwjut nuonh jumniinipjut dw-
uht, wjb nlypnud kpp thwunwgh wyn opp nhuwplyty E kpypundwgih-
uwljut pupnh wtjuynit Juphwghw:

SEjunntwdwquhuwlwt nuownh (TE) opmljutt yuphwghwuknh (St),
wdy hnnipuhwdwhwht puimpwqgptpp owwn dnn G (Sq) b (Sd)
Juphwghwubkpht, htsh hhwnbwupny Jtpohtibpu hwinhuwind &
phwut pwbqupnidutp TE nuonh wwpwdbwnpbph quwhwndwb
dudwtiuly: Fuwjut ppwbqupnidubpp skqnpugubint tyuwnwlyny dhty
wydd, Epjpuwowpdtph nkjunntwdwquhuwjut twhwbywubpt whpw-
wnbnt hwdwp oquuugnpsyt) tu Epjpudwqihuvwjut nuonh opwlju
Uhohtt wpdtpubpp: Uujuy hwuwnwgh ymph ybEpndnipniup gnyg k
wnwjhu, np TE nquownh thnthnpudwt wuppbpnipniup jupnn L wnbnu-
Ynpyt) dwdkph Uty (Oranecsn, 2016): Zkmbwpwp whpudtownnipnit £
nununid tpw Juppwgsh ntuntdbwuhpnipiniip opyu plpwgpnid, husp
httwpwynp k, pt ntukuwtp nhndws (Su) Juphwughwhg ukppht b wip-
wnwphtt wnpipttph unbnéws Juphwghwubpp mwpubownbint k-
ponhlju:

Ukpuyugynn wohiwnwiph tyyuwnwlj £ gnyg wmwy, np 22 -
pwéwopowunid punhwunip opwljwb Juphwghwjh dke dks wnbuw-
Jupuwp Yohn niubkt nkjunntwdwqhuuljut quonh Juphwughwibpp
npnup Jupkh b hudwuyuwnwupwt dbpngny tmwpubgwnt] wphw-
opwjhl Juphwghwjhg:

Juphwghwukph nwupuigwndwt tpanp

Eplyph dwqihuwlub nupnh foihnuwljut pununphsh juqunid
nhunwplynn Juynit (Sq) b wuuynit (Sd) Juphwghwbpp sunn wp-
wnwphtt wnpmnipubpp hhdtwuwind juquuynpynd Eu hntnudbtpw-
jmud: Uy), Ukpphtt wnpyniptkp, npntp Jupnn Bt unbnst] wujuynit thn-
thnjumipnitubp wpbwopwhtt Juphughwyh dky, wdwyhnninpuhwdw-
Juuyhtt hwdwpdtp wuwpwdtnptpny, husyhuhtt ghungnud E Sd Juphw-
ghuyh dudwtwy, nnbu hwjyntwpbpgws sku:

Unynpupwp opwljwutt Juphwghwil 22 tmmwpwbwppowith wnwppkp
JEnbkpnud ghunwpyynud E tnyuwlwt wmbupny, wujup tpu juynit
jud wbluynit (huknig: Pugupmipnit Bb juqund wyb hnbkpp,
npnip qunuynud L Epjpultnlh jphunn wthwdwubkn fEjnpuwhwnnp-
nuijutnipjudp gnuinhukpnid (Orarecan 1990), npinkn mkjunntwdwquh-
uwut hbnwgnuumipmitubph hwdwp, npybu jutnt, nhunwpldub
Ytwnkp skt puunpynud, htysp ywhwieymd £ punpnmitjws hpwhwgny
(Tonoskos B.II., Banos H.A., Ilymoskun M.M., llaniupo B.A., 1977r.):
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Zujuunnwith Zuupuybnnipjut nupwspnud, Jipeohtt 30 tnwphtk-
pp BUM-h hunmyghwih phd Jkhunph dngnyuihlt ywhmdubphg
unwugué wndjujubph YEpnidnipmitp Juynmd £ uwyt dwuht, np
wjuynit opwlwt Juphwghw nupyw pupwugpnid Yplugnid £ wydbih
hwdwh, pwt hpwlwinid Uplh winhynipjut hnthnjumpjudp wwg-
dwbwynpyus wuuynit Juphwghwt k, npp wpunwpht thnthnpjuujut
nuownh dwuhtt dbp wuwwnlbkpugnidubphtt sh hwdwywnwuwinid:
buswytu gniyg E mipywé (Oranecan, 2016) wpumnwpnid thnthnpuwljub
dwquhuwljuwb nuonh whluniimpnitp, npybu ophtiwswthnipinil,
twpunpynud E Eppuwowpdtphtt b gpubinpynid ogwpuitiph Juquwnp-
dwl pipwgpnid, hwmnjuybu tputg YEpetwthny ipnd, wudhowuybu
twunpybny tplypwownpdh opywts, hsp hhup k tmwjhu Eupunptnt, np
nuw huwjwiwpwup yuydwbwynpjws b Epjpuoupd juquwynpnn opw-
funid b tpwt hwpwlhg Epypultnh mwpusputipmd plpwgnn wpn-
ghutitiph htwn: Bpt uwdwt Eupwunpnipjniup &hpn £, wmyw Sq-h wmujw-
miumipnitp Eppupwunpdhg wnwe whwp k, np juyydws 1huh wnklunn-
twdwquhuwlw nuownh (TE nuownh) yuphwghugh (St) htinn b hknbw-
puip GUY-h opwljwt yuphwghwb hpkthg whwp E ubpuyuguh wpth b
ubkljnntuljub jupnudubph wqnbgnipjut htinhwip: Ujuhipt ghngnn
Juphwghwl

Su =Sq + ST (1)

npp thwuwnnpbt tkpjuyugunid k, wjuybu wuws, mbjnntwwpbwght
opwlwt Juphwughwt: Uju yuwndwnny b Sq Juphwughw wpunwhwg-
unipjut hnjuupbt mpudwpwbwluwb b oqgunuugnpst) nhunwplynn S
Juphwughw wpunwhwjnnipniip:

Su-hg ST-u mwpwtigwntint hwdwp wiuhpwdbon k niubkbw) wydjuyg
ukqnuhl, Sq-ht puinpn) opwljutt Juynit yuphwghuwh brnwntught Ynnp:
Ldwl §np vnnwbwnt htwpwynpnipnit ptdbntimd Eu tplpwowpdht
twjunpnnn wyt opkpp Epp nphnynd k juynit Sq quphwghw b Juynit
nbjuntwdwquhuwlut nuon  (nkjnnutwdwquhuwlut  wunnpp):
Ul.1-mud ubpujugdws ku tdwbwwnhy optiph 2004p.-h ddbknuyht uk-
qnuhtt i 2005p.-h qupuwbwghtt ukqnuht punpny Sq-h Ynpkpp, npnig
uhtppnt wpdbpubtph dhohtiikipny Jurnigyty kb wyjuy ukqnh hwdwp
Ewnwntwght Ynptpp (uy.1, sTanon ):

GUM-h opwljut nhwnynn Juphwghwhg® Su-hg hwtkng twwn-
twyghtt Ynph uhippnt wpdbputipp junwbwip wjt nuonh Juphwughwl,
npp wuwwndwn k nupdk Sq Juphughwih wnuydunuw hwdwnp:

Sq Jyuphwghuyh ubgnuuwghtt punpny Ynpbp unugdus tu (Zwuynp-
jutt, 1975) wojuwwnwupnid, npntup Jepwpkpnid ki thnthnjuowjut -
wnh pununphsubphte: Zhdpkp jut Eupwnnptint, np wyy wohuwnwipnid
ubpljuyugdws wphwopuyhtt yuphwghwubph wdyhnniyp dudwbwlh
npupwugpnid whwp k np thnjows (huh hp dkdnipniup, guydwbwynpdus
wnluwyghtt wnhynipjut hnthnjunipjut hbkn: Ujp yqundweny Sq-h b
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UY.1 Bpypudwugiuhuwljw quonh Juynit optiph Ynptpp dAdtnuyght, quphwbugh
ukqnuubphl b tpuig dhgngny unugus hwdwywwnwujuwt binwniwght Ynpbpp:

ST-h mwpwbpwwndwt hwdwp wthpwdbyn bt nmubkuw; BUY-h phy
htnughugh Jkinnph ungmh opwljut Juphwghuh Enwntught
Ynpp Ynulptn dbp dudwbwjubph hwdwp: Upy tyguunwlng Sz Ju-
nhwghuwjh Ynptphg uhppnt ding hwukny brnuntwghtt Ynph wpdtp-
ukpp Junwbwtp nkjunntwdwuquhuwlwt qpuonh Juphwughwb (ul.2,
ST Ynpkpp): Pusybu Eplinud £ 24.12.2004-ht Eplpudwqhuwlwb quy-
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UY. 2 pjpudwquhuwljut gupnh wplwopuyh yuphwghugh wnuyundui
ophtwlukp:

wnh Juphwghwt nhunynud £ wjhpwdl, nph min-p h wmwppbpnipinit
wnplwopuyhtt Juphwghwjh 12:00-ht ophtiwswthnptt mbtnh nitbbwne
thnjuwpbt ghnynud E 4. 16:00-ht: dwdwuwlh dbke opwlwt Juphw-
ghwjh min-h twdwt wundw mbnuownpdp tppkp httwpwynp sk pugun-
nph] wpurwphtt wnpniptbpny, wewyt) bu Uplh winhynipjut thnthn-
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hunipjudp: Uju puguwnpynud k St-h d. 9:00-hg dhtgh 17:00-u 24uS; k-
Snipjudp nhunynn pupwdl thnthnpuntpejudp:

30.12.2004-htt nhnnJws nwownh (Se) Juphwghwt wdpnpowuybtu
hwlniniyw £ wplwopuwjhtt Juphwghwjh dwuht dbkp yuwnlkpugnid-
utipht: d. 12:00-ht nhwnynn wphwopuwjhtt Juphwghuwjh min-h thnjpuw-
pku ghunynud E maximum, npp hsybu nbkubtnud Gup htnbwip k St-h
d.9:00-18:00-p nhwnyws 20 uSy Ukdnipjudp pupwdl thnthnjunipjut:

04.05.2005-h opwljutt Juphwghwt wnuyunyt] k St thnthnpuwljut
nuownh d. 9:00-htt ujujws pUpwdl thnthnpunipjut ywwdwnny, npp
nlik k dhtsl d. 18:00-U, niuktwyny 50uS] wdwhwniy: Uju pughwnby k
Sq Juphwghwjh ninhn phtknugdwt ophttwswth whljdwb qnpépupwgp,
nnh htwnbwipny k) d. 09:10-hg dhtsh d. 180:0-1 S nupnnid nhnlby
pUpwdl thnthnjunipnit: Unbnsynid £ myuynpnipnil, np Se-h wép
hwiunhuwind E wplwopuwjhtt Juphwghwih hwljunupd phiknugdwt
pup, npp hp dkdmipjudp tplhnt wbqud ghpuquugnid £ Sq-h (knw-
|ntwyhti Ynnph) ninhn piknwgdwt plhg:

Unuwyl) dwipudwut Jbpnistint dudwbwl] mtutind Gup, np Su
nuownnid nhunynn hnthnjumpmnibtbpp phjungpus kb St hnthnowlut
nuownh Ynnuhg: Ophtwl® 04.05.2005p.-htt Su-h Ynph dnwn ¢.01:55-ht
gpuigdt] k 5,79 uS) dbkdbmipjudp U 1,5 dwd wnbnpnipjudp pupwdl
Juphwghw, npp wljthwynnpbt hnbwph k 01d.50p-ht St-mud gpuatig-
Jwsd 8,64 uS) Ukdnipinil niutgnn pupwdl Juphwghugh:

Unwyl] hunbkuuhy U juwguuwpnbn Bt nkjuntudwquhuuljut
nupnh  wqpgnipyniipp nhugnn  opwljwt  Juphwghuyh Jpw
08.05.2005-hti: Pugyytiu mnbkutinid Lup 0:00 d-hg dhtsl d. 10:00-u nhndws
nuownp (Se) b St-u dwdwbwlh Uty pupwinud Eu uhuppnt thnihn-
hunipjudp, npnup punhwwnygty Eu 4. (15:00-18:00)-p: Ujp dudwbwljw-
huwwnjwénmd gputgyl) tu vh pwuh hwpmnip uS;-h hwutnn hdwni-
uwyhtt wpdbpukp, npnup htwnbwip Eu Epypuytnbh HEjupudwugqup-
uwjut nuonh htnkuuhy fwpwquypdwl, husp punpny L twjuuyun-
puunjuws, 4 duquhnninny b npuuhg pupdp opwpukphl, ubkjudhly
hwipJushg wnwy, upwig Ypotwmhniy ipnud: Zudwdwju ubjudwinghw-
Jut juwnwngh (10.05-11.05) 2005 dudwbwjuhwwnygwsnid nhnnwupldbp
E ubjudhll wugnpp b htnbwpwup wnbkjuntwdwgquhuuljut wugnpp,
npht hkwnlk] i 4,4 U 5,0 ogwubph dwquhwnninubpny Epypupwpdtpn:
08.05.20057.-htt nkjnnuwdwquhuwljut nguonh phtwdhlwub ny vhuyh
wnuyunk) k Sq-h min-h wuwhp, wyb nEjuntwdwqhuujut qusnh
huwyniuwjhtt paununphsp hp pugupdwl] wpdtpubph dkdnipyudp (1000
uS)) pnnuipljty £ Sq-h wpdbpubpp:

Ljupugpyusé gnpéptipugp dhwpwbtwl] pugunpynid £ wmklunn-
twdwquhuwlwinipjut b (FEnh mbumpnitiibpny (Nagata, 1969; Reid,
1911), npnug hwdwduwyu , ubjudhly hwpjushg wowy, nhuynd £ nky-
nntwljut wpwdquljut jupnidubph wthwdwubn wbjdwt wpngbu
Epypuwowndh opwpiibpnid b opwipuwyhtt gninhkpnud:
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Unptph pughwinip wnbkuphg (uly.2) tpund k, np Se-h b St-h Unwn
thnthnjunipniitbpt mukt hwjuwowl tywl, nptt wppk gnnipmi
niubkgnn puquuphy thwuwnbph htwn (Orarecan, 2016) Yyuynid E St-h
npulut wpdbip nmubkbwnt dwuht: Uyn puwbip pwn wydkh guyunih
tplunwd £ Epp puttmpynud Gup Su b ST Juphwghwutpt winwudht optiph
hwdwp, npuntn pungdyniud b wyt pninp wnudunnudubpp, npnup nhwn-
Ynud kS nuonnid wudhgwwbu twpnpntinyg ubjudhl] hpunwpant-
pntutipht: Ljwphg tpunwd £, np Se-h Ynpbpp mhuwn wwuppipynud
22 wplhmuphwgpuju juyunipjuip punpny wplwopuwyhtt Juphwghw-
utiphg: Puguljuynd ki wplwopwjhtt uphwghuwjhtt pinpny min-h
wuwhbpp, jud § nknuowpddws b dudwbwlh dbe: 2kt wnwtduw-
und ninhn b hwlwnupd phpwgdwt hwwnduwsubpp, npnup wupg
Eplnud Bty 1-nud:

Puquuphy tdwbwwnhy nbupbphg ty.2-mud tkpuyugdusd snpu
nhwyuwyhtt oppttmljubpp gnyg L wwhu, np mEjuntwdwquhuwlub
nupunh Juphughwjh wwndwneny Su -md nhunjnn puquuphy opkph
wdwtwwnhy jupun wujumt wdwyhnnguhwdwpwhtt punipwughpp,
pny] sh twhu ubjudwwlnhy mwpwswopewunid qpuiigky Sq-h, wyy
nwpwéwopowth wojiwphwgpuljwt juwjtnipjutp punpny Juphw-
ghut: Gpt wyny wnuunnudubphtt gnudwpynud B twb Epypultnth
EEjunpudugihuujut funuqupdut duqihuwljut pununphsh wg-
nhgnipinitiubpp, wyw Sq-h wdpnnowljw mbkupp uvnwbwp punund |
pupnugniyu uunphp: tw k) hkug quwndwn £ hwtinhuwind ubjudw-
wljnnhy gnuinid wpbhwopuyhtt Juynit Juphwghuyh (Sq) optph putiwlyh
wjuquut hwdwnp:

Ujuyhuny wlthwjwn k, np Se-h Ynph wnkupp phjugpdus £ TE-h St
Juphwughwyh Juppwgény: Suppkp dudwbwlubpnid tdwtwnhy pug-
dwphy ophtwljukp gnyg Lu wnwihu, np ubjudwwlunhy gnunhubpnid
dhownn sk, np htwpwynp E qpuigk] Sq-h opwlui Juphwghwttpt
wnwig wnuyunnidubph:

UpJwé ybpnidnipnitp gnyg £ wnwhu, np Gpyjpudwuquhuwuljut
nuonnd nhunn thnthnjuwlwh puqungphsp S -p, ukjudwwlnhy gn-
nnud, Uksudwuwdp, hwinhuwinud E wpunwphtn thnthnfuowljwi nusinh’
Sq-h b ubkppht (hmpnpiwljwi nuowh' St-h gmuiwpughtt qugwp: 2h
pugunynid, np tdwb ophtiwswthnipiniup punpny Jupnn L (hut) puy-
hwiupwwbtu pnjnp ubjudwwljnhy gninhukph hwdwn:

Gqpuljugnipni
Udthnthbnd wju wppuwnwiph Ybpnidnipjutt wpyniuputpp ju-
phih £ wuby, np 22 ubjudwwljnhy gnuinmd Epjpudwuquhuwljut nuownh
thnthnpiwlwt pununphsp, niuktwny opwjwt wwppbpmipmnit, wd-
pononipjudp sh tkipjuyuginid wplhwopwjhtt yuphwghwi husyku po-
nniiws E dhty wydd: Uju hwiughuwinid b Eplynt wmupptp quowntph
gnidwp, npnug wnpnipubpp qniuynud kb htyybu hntinudtpuynid (Sq),
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ugiybu £ jhuuinudbpuynd (S1): (1) gnudwph dke tphpnpn gnidwpbht
hp dbdnipjudp hwdbdwnwlwt £ wnwghtih, hul] nkjunntwljut wy-
nhy gnpépupwgubph dudwbwl twb ghpuquugnid E upwi: (Sq)-h
wnuyunnidubph wdyhnniqwhwdwhughtt punipwghpp hhdtwlw-
unud pljunpyuws k St-h hmdwywunwuput wupwdtnpbph wjnhyne-
pjudp: Smpphp dwdwbwlutpnud v, 2-mud tkpuyugdusubph tdwbw-
wnhy pwuquuphy ophtwlutp gnyg Eu wmwihu, np ubjudwwlnhy gn-
wnhubpnid dhown sk np httwpuwynp £ gputigl] Sq-h opwjut yuphwghw-
ubkipt wnwig wnuwyunnudubph:

Unwdht-wpwtdhtt Jbpniskind wnujunyws optkph Juphw-
ghwttpp tjuwnnd Bup, np mEjnntwdwquhuwlwb nuownh Ynpkph St
wdy hnnnijubpp hwjunwl YEuophtt nhnynn Sq wdwjhnninubph min-
utiph, niukt max wpdtputp dwdp 8:00-hg 20:00-h vwhdwbbpnid, npp
gnyg k vnwjhu tpwtg jujudwénipiniup opwljwt wwuppbpnipniihg:

Luttupluwsd puquuphy ophttwljukp gnyg tu wnwhu, np ubkjudhl
hwpywbshg wpwe ST nuonnid pupwinid ki ks wdwhnnigny tow-
tuthnfu Juphwghwibp, npoip Jepunmjyn] Sq Juphwghuyhti ghin-
Ynn Su Juphwughuwjh dke unbndnmid L wthwdwubn, wuljwint thnihn-
hunipjniutitp:

“Thuynn gnudwpuyhtt thnthnpuwjut quowp, pun tpu Enipjul,
Jupbkjh £ wiquil] nkjuntwwpbwihtt opwjut Juphughw b tpwhw-
Uty SqT uhuynny:

Uju wplumwnwtiph gnpstwljwt wpyniupp hwnjuwbu jupbnp k
pdojuljmtt Swnwjnipjniuttphtt Epp wuhpwdbyn E npuk dhowdwnnt-
pintl juwwpbk] hhwytpwunntuhl, vhpunwinpwihtt juunhpttp nmiukgnn
hhyuinutph hwdwp: Endwquhuwluw nuownh opwljut yuphwghuygh
Juyni, Jud wijumnit hpuuwt yunibpp juyguwunh gdhon Ynndun-
nnoyt) wyn hhywinubphtt hwdwywnwupw oqunipynit gnigupbpbint
gnpdépipugh dudwbwl: Uy mbuwltnhg Juphp b qqugynid hwdw-
yuwnwujuub swnwmpnit Abwynplnt, nph jupnigyuspnid whwp k
hwdwgnpdulgkt pdholjutipt n1 tppwdhqhljukpp:

Cunhwbpwgubiny ukpluwyug]ws Wynipp Yupkh £ hwunt) np®

L.Bpjpudwuquhumjut guonnid nhwnynny opwjhtt Juphwghwi
hwiunhuwind £ wplwonpuwjhtt bt mkjunniwdwqhuwlwt Juphwughw-
ubkph gnidwp;

2. Onthnfuwljub Epjpudwqhumlju puonh wpbwonwjht Juphw-
ghwt mkjnntwdwquhuwljwb nguonh opwyhtt uphwghuwjhg mwupub-
owwnknt hwdwp dpwlyt) k unp dkpnnhlu;

3.SEjunntwdwquhuwljut opuwjhtt yuphwghuwh Ynph wnhy dwup
uljuynid k£ ¢.09:00-ht b yEpowtinid 18:00-ht:

Cupunpyuép gnpstwljuinid wnwyl] oquuwugnpsdbtih nupdubiny
hudwp wuhpwdtown E niunidtwupply St-h wjnhynipjut b Epypu-
owipdtph oowjuutph wwpwdbwnpbph dhol httwpwynp $niulghntiug
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Juup, hgp pny Junw quwhwnk] Jkpohuibphu dkdnipnititptt pun
ST-h wjnnhynipjut swthh:

Zinhuwlp sunphwluwnipmit £ huyninid Ukjudhl wwonuwune-
pjutt Zjntuhuwght Swnwynipjub gjluwynp ubjudwpwi 2. 9. Uupquyu-
uht ubjudhly wjuyutipp uhpwhndwp YEpwyny wpudwnnptint hwdwn:
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T'EOMATHUTHOTI'O TOJIA

C. P. Oranecsn
Pesrome

HOKa3aHO, YTO B HAIIEM CCHCMOAKTHBHOM PEruoHe COJTHCYHOCYTOYHAA
Bapuanys reOMarHuTHOIO MoJist U Bapuald TCKTOHOMArHUTHOTO IMOJIA IMPOAB-
JIAIOTCA CYMMApHO,4YTO MCHIACT UX MU3YYCHHIO B OTACIIHOCTHU. Pa3pa60TaH METON
UX pa3aciiCHUs.

SEPARATION OF TECTONIC MAGNETIC FIELD DAILY
VARIATIONS FROM GEOMAGNETIC FIELD SOLAR DAILY
VARIATIONS

S.R.Hovhannisyan
Abstract
The article shows that the geomagnetic field sd&ly variations and the
tectonic magnetic field daily variations appear marily in our seismically

active region, which hinders their study in isaatfrom one another. A method
of their separation is developed.
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22 QUU Skpklwghp, Ypunnypniiblp Epgph dwupl, 2018, 71, Ne 2, 61-63

GhPSUYUL vNLhYU

he 5th IGCP630 “%Tmcp 630:

Permian-Triassic climatic & environmental extremes and
biotic response

2017p. hnljubtdptph 9-hg 13-p 22 QUU Gplhpwpwbwlwb ghwnnt-
pintuttiph htunhnninp juquutpuybp Ep «MEpd-Sphwu vwhdwth
Y pdwyuljut, opowju vhowduyph b jEtuwpuququinipjub unpnily
thnthnunipnibiutpps phdwny 5-pn IGCP 630 vhpwqquijhtt ghvnudnnny
b nuownwyhtt ukdhtiwp:

Unudbpwiuhtt dwutwlgl) tht 30 ghntwljuubkp 13 tpypubkphg:
duyng dnph (Onphl), Quuquijuwnnit gninh Qubwjush Jupdusp) b
dtnh gbnh wjuquinid whpd-inphwu  bundwspubph dkpjugdub
hwndwsubtpnid hpwljwbwgyt) kp quownwyhtt ubdhtiwp (Epkp op):

Ghunwdnnynyp btyuwunwlunignjus tp whpdh dudwbwluopeow-
uinud dwuuwjuwlwt fwhwgnipnitiubph jutnppht, htyp hwdwpynid k
poinp dudwbwlubph wdbbwdkd wnbwnp: Uju hpunwpdnipyudp k
wwgpynid Nkpd b Sphwu Eppuwpwiwlut dudwbwlwopowiutnh
uwhdwtp (wyt pwdwnid £ twl Mwjtngn) b Utkqngn) tpunbkdwikpp):
Zuuwlp punn 2017p. Uhpwqquyht upnununpunhqpubhuljub vwin-
nulh 251,902 + 0,024 ju wwwph k:

Bplphp Unpnpulh wuwwudnipyut wdkbwjinonp wnbwnubphg dkhh
wpnniupnid dnjuyhtt mbkuwljubph 96% b gudwpuyhtt nntwowpwynp
Ykunwithkph 73%-n nybiswugh) ku: dhpughk) i dhpuwnubph nuuh onipy
57% ghntp b 83% whuwljukp: Cunn ghwntwlwbukph btplhpwuqunh
yuwnunipjut MEpdh dudwbuuopowiinid nknh niikgws wdbkiw-
uwpuwthtjh wykpwsnipiniut pun tpjpupwbwlut hwyqupyh nbik k
«lkl] whbpupp» 60 hwqup nuph: Twubwgbnibpp kipugpmd ku
dwuwjulub nsiswgdwt dh pwpp httwpwynp wuwwdwnutp, hyybu
ophtwl Uhphpwlwt yjuwndnpdnid hpwphiwghtt ks wljnhynipjnip,
Ukl ud dh pwth junonp dknbnphwnttph wuynudp, Gpyph pujunudp
wuwnbkpnhnph htw, éndh hwnwlimd dkpwth hwujwupswlh hqnp wp-
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nwtbnnudp, spowlju vhpwuyph wunhdwbwpwup thnthnpjunipjniuk-
np, Uunpuhw - éndh oph b dpuninpunh phthwlwb juquh thnthnpunt-
pmitltp dwubwnpuybu pplusih wipujupupmpnth, §jhdwh
thnthnhunipjut hbnbwupny odyjhwtnuh hnuwtpubph W/wd éngh dw-
Juppulh thnthnpumpemittbp b wy:

Unwyt) nmupwsdws £ uytt Jupusdp, punn nph wnknh yquwndw-
np Enk] E Upphpulwt yjundnpdnid dnwn 260 Ui mwuph wnwy, hpw-
pluwght Uks whnhynpinitp htgp Yupnn Ep hubghguly <hpwpliught
Aunwi» gkpunguyht Epkljinny: Ukdhtwph spowluljibpnid patwplyty
ku Qhttwunnwthg dhsh Gypnyuw tdwbwnhy wywpubph ntumdbw-
uhpnipjut wpyniupnid wyu juunhpubph onipe unnwgus unp wnyjug-
ubpp:

Ginyputph hwdwpenun wdithnihndubpp hwuwbbh Gu wpqus Juy-
pnud:

https://www.researchgate.net/publication/320467445_IGCP630_C
ONFERENCE_PROGRAM _Armenia

Bplopu Ynudtpwiuhg htinn (9, 10 hnljnbkdpkp) nuownuyhtt ukdh-
twp hpujutwgutnt tywwnwlny (11, 12, 13 hnjnbdptp) funtdpp dkY-
utg Onphtt (duyng 2np) b Upwpwwnh dupgh Qubuquljunnit (Qutwu-
sh lpywap) b <knh qlunh wimquit (Anh Gunpdudp):

Twpwnught mnkgnygp hwuwbih £ upgws juypnid:

https://www.researchgate.net/publication/320426260_The_Permia
n-Triassic_transition in Southern Armenia

L.Uwhuljjut
22 QUU Gphpupwbwlwl ghunipnibabph phunfunnin

2018p. hmujuwp-dwjhu wdhuttphtt 22 @UU GYb-md wnbnh &b
nikgh| ghunwlwb ubdhtwpbp htnlyuy phdwibpng

1. ZmuJuph 26-ht «wupwduyptph tpjpuwpwiulut Junuwig-
ubph Wwjwugbkgnuip YEuwnbjuninghwljwt b hEinwqubdwb
Ubkpnnubpny»
Oklnignn Qb Qknphtwdhljugh b kphpupuiulub Juwbg-
ubkiph jupnpuwnnphuyh ghw. wohiwwnnn S. Lopuwpyub

2. Uwpup 16-htt «dphpwhwing-lwpwpwunh qnuugh jpipugh hw-
uwljh dwquunhwnubtph ywkwnpninghwui»
Oklnignn BAP Ntwnpnnghugh b hgnuinuyuyght kphpupubne-
pjul jupnpuwnnphuwgh Ypuubp ghn.wohiwnnn L. Upuyurl

3. Uwpwnh 22-htu «FLhubnhjulwb tpljjununmpni wagyuh htiwn»
Oknigny 22 QUU Unjknijyup Jhbuwpwim pjub hunpunn -
nh wpwownwp ghwn.wphuwwnnn, wypnd. L Ewyhulnunupub

4. Uwpuh 29-htt «2Z-nud unnuipubph wunndwwnwugdus dnth-
wnnphugh hwdwljupgh spugpuyhtt wywhnynidp»
Okymigny BAP  Bplpunbntjunduiwi  jwpnpunnphugh
Swpunwpuqgbn U.Swpuwuyul
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5. Uynphth 13-htt «NMuwjbnubjudwpwbwlui b Unpdninghufjuie
niunidtwuhpnipjniittp Qudpwlj-Ulwt-Unithp wljunhy
luqyudph Lwppup-Onmly thoy-uhwppenid»

Qtlnignn BRP Qtnphtwdhluyh b Epjpupuwbtulju Junwg-
utph jwpnpuwwunnphugh Ypuubp ghnwppwnng U Uwpwnp-
pnuul

6. Uwjhuh 17-ht «Quywjuph hpwppiwghtt pupdpuuiunuyh b
hwpwlhg nwwupwsdputph ubkjudhl nkdhup b jupduwswyht yuy-
nh wnwtdtwhwwnlnipmniuutpp»

Oknigny B Ghnwplubnnghuyh b gndnthinphugh jupn-
puwnnphuwjh ubjudninghwljut fjudph Ypuubp ghn.wphiwnnng
E.Uwhwljui
U.p. gjnbtdptph 3-hg dhtsh pjunbkdpbph 7-p 22 @UU-nwd witnh
Yniuktm «Uyhwnwlh Epypwowpd, 30 wmwph wbg. thnpd b hbkpw-
Uuplitp» Uhowqquiyhlt ghnudnnnip’ thpdud 1988 p. wnbknwgh kpl-
nuowndh:
Uwbpudwubbpp http://www.geology.am/am/conference
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22 QUU Sknklwghp, Ypunnypmniiblp Epyph dwupl, 2018, 71, N° 2, 64-65
QbhSNkhE3UL UNCNrUSLEN

CUMULT 2092U0LUEUR UURLSUL
(1926-2018)

2018p. dwyhuh 1-pt Juwpudwi]tg 22
QUU tpypupwiwlut ghunmipnitubph
httunhwniniinh  wpwowwwp ghwnwlwh
wphuwwnnn, bEpypupwbw-hwipupwbiw-
Jwlt qhuinipnibibph golunp, 2002
Juunuluynp Epjpupwt, ntuwunw-
uh Puwlwt ghumpmitubph wlwnk-
Uvhuyh hujuwjut wigud Cwdwpy Zny-
hwtutuh Udhpjutp:

C.z. Udhpyutp sudl) L 1926p. 2vUZ

Upnwpulh ppowth Ywpph  ginnud:
1944p. wjwpunt) £ dhptwljupg nupngp
b wohiwwnwiuph ywbwldt] Ohwtwdut
gninh nupngnid, npyku niunighs: Loyt
wnwpnid gnpulnsyty £ Undbunnwlut pwbwl b Swnwyt) dhtish 1950p.:
Pubwlnud pupbjuhnd Swnwnipjutt hwdwp T.2. Udhpuwip wwp-
qhuwwnpyt) Edwupnulut b hnphjjubwlut dknu)utpny:

1950p. C.Udhpjutt punmudbk] £ Gplwth ywhunwljwt hwdwjuw-
puwih Epjpuputuljut dwlnyntn, npp gipuquugnipjudp wjwpunty
k 1956p. unwbwny hudbubp-tpypupwi-hknwhinygh npuljuynpnud:
Lnyt puluwiht btw wopiwwnwiph t wigk] Gpjpuputuljut ghwnnt-
pintiubph htunhnninnd’ hwenppwpwp qpuntgubiny wnkhy-tpy-
puwpwih, Ypunubkp, wjug ghnwpjwwnnnh, Cnidwbyuth g¢/h puquyjh
Juiphsh (1976-2005), Ognuljup hwtwénutph jwpnpuwnnphwih quphsh
(1986-2005pp.), wnwownwn ghnn.wphiwnnnh wuownnuubpp:

1962p. Unuljyuynid T.2. Udhpjuip yuownwwutkg hp phljuwdniw-
juwb wwnbbwpnunipmitp, npp whpdws Ep Unpph (Qnnh) nulno
hwiupwyuyph dhukpwinghwjht, Ephpuphdhwhly, Swgnidbwpwinipyw-
up: Lw hwynbwpkptg b ntuntdtwuhptg hwupwyuyph hwdwp vh owpp
unp, wyy pYnd hwqyugnun dhtukpwjubp: Unwugws wdjujubpp juy-
unpkt oquuwugnpéytghtt Unpph hwbpwdwyph ntumdbtwuhpdwt b
wpynibwpbpulut  swhwgnpddwtt  wopwwnwbpubph  twpwwywn-
puwuwndwt pupwugpnid:

Zknmwqu wwphubpht C.2. Udhpjutp hpwjwbwgpkg Zwjwuwnwih
Zuupuybwnnipjul mupwsph nulnt hwipwuyptph b Epbwlnudutph
Epypupwbwjut juenigyuwsph b ynipwluwb juquh dwbpulplhun
niunidbwuhpnipynititlp, npntg wpynipubpp hhdp hwinhuwgut
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upw nniunpujut wnkbwpnuniput hwdwp (1974p.): U woluw-
unipjniinid wnwehtt whquud npdkg nulnt hwipwjuyptph b Eplhw-
Ynudutiph $npdwughntt npuuwlupgnidp, wupqupwigtkg tputg nbnp
dUbnwunujhtt hwpwduypbph ghubwnhulwbt swppnid, putwplytghte
nuljnt hwipwuwyptph hwjntwpbpdwt hbkpwujwpttpp Zuyjuwunwih
wnwpwdpnid, npp punipwgqpytg nputiu hknwuwpwyht nuljpbp dwpg:

C.Z. Udhpywup htnhtwy b hwdwhbtnhtwl L onipe 160 ghnnwuljui
wpuwwwipubiph, wyy pynid 5 dktwgpnipiniuubph, dwubwynpuybu
b Smbwgnid uvnnugus «wyjuljut MUZ nuljnt hwipuyhtt $npdw-
ghwtkpp» (1984p.):

1976p. «wqugmnin b wqupy wwpptpp ZMUZ hwipuyhtt $npdw-
ghwubpnid» dbbwgpnipjutt hwdwp ghunipjut ptwgquuonid T.2.
Udhpyutp hwdwhtnhtwfubph hkn wpdutuguy Zujuunwih Mhwnw-
Jub dpguwtwljh: Lpw hknwgnuumipnitubph wpnniuputpp puquhgu
oquiugnpdyt] ki wpnunpulul  Juquiulbpynmpmubkph Ynqdhg
tyuwuwnkiny nuljnt dhtbpujuwyhtt pruquh pugupdwljdwin:

Ghunwhbnwugnunujut wyoltwwnwbpubphtt gnigpipug w qpunyty
E twl dwilju]upduljui gnpéniibmpjudp 1976-1977pp. EN2 bplpu-
putwlut dwlnynbnnd yuuwjuink] b «Uhubpugpuphw» wnwp-
Jute:

C.2. Udhpjutip puquhgu hwuinbku k Yk qilnignidutipny dhowqqu-
1ht, hwdwdhnipbtwlul, hwipuwybnwlui junphppuljgnipniuuk-
pnid: Lw puwnpyk] B hwbpwduypbph swgmidtwpwinipyut Uhowg-
qujhtt wunghwghwjh wunud, (niuwunwbh ptwjub ghnnipniuutph
wljunbdhwjh hujujut winwd:

Eplupudju wpymbtwdbn woppwnwtph hwdwp C.2. Udhputp
wyupghwwnpyly k22 QU0 gqunyngpbpny (3ndtunwghp, dwunwlu-
ghp): 1985p. puquujuunwl b pindtwynp ghnwwpunwunpuljub gnp-
dntubinipjutt hwdwp tpwb sunphytg «ZWUZ Juuunuljuynp Eplpw-
puly wuwunjwynp Ynsnudp: Uppnipjut b ghuumpjut phuquyun-
ukipnud ubpnpws wjwunh hwdwp T.2. Udhpjutp 2015p. yupghw-
npykg «Utwmuhw Chpwljugh» dknuny:

Puquujuunul, fFmbwgws ghntwljuth, wqiuhy pwunupugnt b
hwdbun dwpynt’ Swjwpy 2ndhwitbup Udhpuih hhownwlp dhown
Jun jutw bpwt fwtwsnnubph hhonnnipniuttpnid:

22 QUU Gpjpupwbwlui ghunipniiutph hitunhwnnin
22 QUU «Ghnnmipjniuuknp Gpyph dwuh» mbntuqph

Judpugpnipini
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