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Academician George Dzotsenidze (1910-1976)

Forty years have passed since the premature death of the academician George Dzotsenidze - the
founder of the paleovolcanologic investigations in Georgia. The transition from the twentieth to
twenty first century was marked by establishing of plate tectonics as a working theory among the
Georgian geological community. The beginning of his geological career was related to the time
when the theory of geosyncline development of the earth crust was widely applied in geological
interpretations and the plate tectonic was not popular among the scientists of George
Dzotsenidze generation. He was among the first researchers who realized the relevance of this
theory and foresaw actively implementing perspectives of the theory in the future geological
investigations. His last work, which he prepared for publication was based on the plate tectonic
evidencing the innovation character of George Dzotsenidze personalyty. Earlier the mainstreams
of his innovation research were focused on the establishing of relationships between volcanic
and tectonic processes. He was determined to show the relation of alkali volcanism with the
stable tectonic setting and relation of calc-alkaline volcanic activity with mobile geosynclines
zones on example of Georgia. He defined the calc-alkaline, alkaline and subalkaline series for
the Georgian region. It was essential for the future understanding of plate tectonic and volcanism
interrelation and was established on the high scientific level by his pupil Manana Lordkipanidze

on the example of the Caucasus and worldwide.

The 70% of Georgian territory consists of volcanic rocks. Being the university student 20 years
old George Dzotsenidze began studying of various age volcanic series of Georgia and later

established the paleovolcanologic investigations in Georgia and dedicated to this issue all his



life. He founded the Paleovolcanological School in Georgia. The young scientists are continuing
the investigation of volcanic and volcanogenic-sedimentary formations of Georgia. Under
leadership of George Dzotsenidze the paleovolcanological research of his pupils achieved a great

progress.

George Dzotsenidze was the organizer of the science in the Georgia. He was a scientific
secretary, a vice president of the Academy of Science, the Rector of the Tbilisi State University.
At the same time he was continuing pedagogical activity and led the course of lithology in the
state university. During many years he borrowed high position in the government of Georgia and
was a chairman of presidium of the Supreme Council of GSSR. At the same time he was
continuing geological investigations and published fundamental work on the volcanic-
sedimentary formations meritoriously continued and developed by his pupil Merab Beridze, and
on the interrelation of volcanism and mineralization. This publication was awarded by highest
state premium and he was elected as a member of Academy of Science of the Soviet Union. He
was proceeding the guidance of postgraduates and young scientists. In the conditions of the
authoritarian regime he managed to commit a lot of kind and fair affairs. For instance in the
50ies of the last century the famous Georgian scientists — philosopher Shalva Nutsubidze,
linguist Vikol Beridze and philologist Simon Kauhchishvili on the unfair and false accusation
were exiled from university and their scientific degrees were annulled, George Dzotsenidze used
his high state position for their rehabilitation , organized their restitution in the scientific degrees
and university position. Afterwards they did lot of useful and significant affairs for Georgian

state and community.

The Georgian community fairly apprised deeds of George Dzotsenidze. His name was awarded
to one street of Tbhilisi, the capital of Georgia. He left for us a meritorious successor. His son
Zurab Dzotsenidze - professor and doctor of chemistry in the hard period of the incipience of

independent Georgia always supported Georgian state and community.
Prof. V. Gugushvili.

Doctor of geological science.



535009803mbo g0mMyo dmfjgbody (1910-1976)

MmOIMEo §gwo go30s 93509303mL 0mMa0 dmfFgbodol 2oMmo(335¢g00sb. dgmig
1599399606 M3s3YIONGF0 45939OM. 53 MOIMEO Herol Fsbdow by ygmeEmaoE
393509693590 b0 MMM (gdb03s ©HI3Z30MPs S ToL OgBRwAbs 33193900
3900l bgsslbgs stpdo, dsm dmMol 39w 3sbmmwmyosdo. gomeyo dmfjgbody
Logo®mz9gemdo  35¢gM3M3obmMo  33093900L 3393 YdJ0s. ol BdsmdEs od
3960m©do  OHMES  2gMemao©mo  dg3bogmgds  bowro  AEMdIWMMHo  BH9d@mbogol
Dobsdm®mdgo 29mbob3obwme mgmGmosl 953dbgdm©s. 9Lsb0dbsg0s, GMI ymgo
LodFMmms 3938060 Jolo MOMdOL ggmermygddo dbges 03330MIOES SAOWL SHsEO

3MdIOHO  39dbogzs o oDy IxRMdbgdmwo 33eg3900. 53539 OML, FOMGYO
dmfi9b0dol dmem BsdMM™MTo, HMIgebsz 030 godmbodgzggbgdas 98BI ©9339 sboew



3MdIME BHgd@™mbozol 9i3mdbgdms, M3 Aol bmgsGmermen 3496905l s@ILEHWEMIOL.
3060 dmfigbodol bmgsGmOmMds 31 3960Bdobs s BH9dBH™bogol MOMOgHOMdOL
5396580 go8m3w0bs. 356, BodsMmM39wMl 9MEMYPOMMO 30MMYOOL FoQdON DY,
55003065 BB 3 3960Bdol 3930060 gt 3gdBHmbozmm 9MmMIMEgdmsb, bmem
306-339 390 3560DTobs FMd0H 39mbob30bH DMbgdmsb. dolo EsdLabwmEgdss
300-G00% GAGI ©5 LIRGNOI 30D LgHogdol absfowrgds LagsGmzgermb

AIO0GHMM05Dg.  58L  ©@oo  360036gwmds  3Jmbs  3wgodBadd™mbogols o
303956030l MOH0gHMI300M0L  AobLIBM3MsTo, Mog  090aMmId  VOMLYMESE

39bsbm®E0gws doby dmfegzgd 3sbsbs rmMmMJoxksb0dgd 35335L05Bs s JbMmFBoml Lbgs
6930mbgd0L Jogowomby.

Logom39eml 3gMo@memools 70% 399356600 Jsbgdomss sg9dmmo. mao fierols sbszdo
X9 300093 LEAHMPI6ES omeyo dmfigbodgd s0fym Lbbgoolbgs L3Ol 339690
L9MH0gd0L FgbFoges o F98PMI 35 gM33obME 33935l Bomygs®s Logrdzgwro,
Gdgwog 3L Logmabewol dmEmdg 56 99MHY393)05. 856 5MLY LodoGmM3zgermdo
3993395699600 b3MEs s BodoMmmzgwmlb dgi3b0gMgdoms 53509000l F9gMEMYOM
0bLGHOGMGHTo  BsIMIYgo0ds  3NMn3bmemyool  AobymaoErgds. 9bOEIRSBMS
d93b0gM9dds 3993699l 3@ 396mEmyomeo 33093990 Lodo®omnggeomls
AIO0GHMM05DY. 0mEm0 dmfgbodols Lsdgabogdm bgaddmzsbgrmdom dsbbmGmEogws

399M34110396MEMy0mmo 33093900L LOYIEYMAs Jolbo IMHoxqqdol doge.

30m6y0 dmfigbodg Lodo®mggermdo 39360960900 MmMHRB0BIEGMMO 0ym. 030 bbgsolbgs
©OML bW LogoOM3geml  dgabogMgdoms 535009000l Lfsgryero  dogsbo,
3033936090909630, Mmdowobol Lsbgwdfoxzm MboggdLo@g@ol Mgd@meo. 58539 OML
dsb o6 99mPY393H0d 39WoaMA0M0 BMP35(gMds. 030 JOMHYEIMIPS WOMMEMYO0L
36OLL 0d0OLOL Lbobgwdhoxnm Mbogzgdlo@g@do. sl FMsgzsco ol Asbdsermdsdo
93065 s0seo  Lobgardfonm 3mlEGo. 0o 0gm LodsMmzgeml  Mdseegbo  BodFml
36M9H00Mdol 030X MIEMY. 50Lsb0dbsZ05, BT 58 ©EOML sl 5G FgmHY39B 0



3INWMAONOO  33¢093900 5 ddIMod399bs  BbsdgbGowmMo  Bsddmdo
300 39560m96996-0bsergd  Lgodgb@memmyosdo s 3ve3sbobdol 395306 Bg
055b(oM8MIMBsLsD. 53 BsdMMAL  MBomemgbo  Lobgwdfoxzm 36M9dos dogboFs s
30mM20 dmfjgbodg Ls3s3d06MMm 39360969dsms 535009008 Bsdzow 930 s0MROIL.
dobo 33193900  LYOTGbEHMEMY0sd0  FJ0EIMI  POMLYIMWOE  JOIYMIIWS O
3965300565 3oLTs IMox390 MIEGHMMTS Fgemsd d9xM0d9T. 53539 OML 00  MIJGOS
S1306563HgdoLy s FgbogH 85300 bgerddm3s69emdsl. 08 8d0dg 533HMOOEMICO
6951090l 30619030 856 393600 LM 0BO Boddg gobsbmMEogws, M3 08 MHML dobo
©mbol Lobgwdfoxzm Immzsfolmzolsg 30 Lwwsg 6 ogm s©30o. 390dm, §obs
159939960l 50-056 §ergddo godmbgboo Jo®mzgaro 9936096900 - BowMbMmEmlo Foegs
BmEmdodg, 9bsm3gabogdo 3M3me 39m0dg s Bowrmmyo Lbodmb ysmBbodzowo,
dmpamboero  0BgBom @O  FMOIswoDBIdo 3O BMBWPIO0D  I0MLMZ9L
16039ML0GHYBH0IB s Foo BsFMYGOMZ500 BodgEboghm (mwgdgdo. yomMao dm{igbodgd
05300 Fooo Lobgudfoxnm 3mbEo gsdmoygbs Fomo MHJsdOWOEGsE00Lm30L. dobo
doewobbgzom  3s00  s0maobgl  Lsdgbogem  Hmgdgdo, olLobo  osdEIMBYL
mboggMbodgdHdo ©s o  Jodomwo  d93bogMgdolbsmzol s LodoMmmzgwrmls
LOBMYSOMIIMOMIOLINZOL FMSZ5¢0 3603369 M3z560 Logdg PobobmMogargls.

JoOM@ds LBsDMYPsMYOMHOMDIA VOMLYMESE OBILS doGMbo gomGyo dmfigbodol
@35f)e0, dobo Lobgwo dogboFs LodoGM39WML ©YEIJosgdol - MdOEIOLOL GOHM-gOH
J9bsl. 356 oMLgMeo 9993300093 ©IR30G™MIs. dobo 3990 Jodool dgEbogMgdsms
©JAHMOM0,  3OMBJMOO  BMOMHd  dmfgbodg  ©sdMm300909w0  LodoM 39w Ml
39M0:M0:5b9 93996030l MODMEIGL 30MMGdsdo 23900 gPS LOJsOMZI ML o
JoOm39 boEnbl. d5GH™Mbo BmEsdo dsdob yomeMao dmfigbodol poMlgmwo 3993300099,
MmO 3 393609690580, 0lg 9oL LsdbsbmMdo.



3OMG. 3EsEOIIO 31)3)d30o,
39N MQ05-0069Ms Mmool 3936096090505 MJGH™MO

Axanemuk I'eopruii [3ouenunse (1910-1976)

[Ipomuwo copok JieT nocie KOHUMHBI akageMuka ['eoprust [[3ouennze. 3a 3Tu COPOK JIET MbI
MepeluTd U3 IBaaTOro BeKa B IBAIATh MEPBBI U HA UX PyOeKe B T€0JIOTMH BO3HUKIIA TEOPHS
HOBOI I100aNbHOM TEeKTOHUKH (TNIEHTTEKTOHUKA), cMeHuBINas (pukcu3M. Ha ee naesx
OCHOBaHbBI UCCIICAOBAHUS TTOCIEIHUX JIET B PA3HBIX 00J1ACTIX r€0JIOTMUYE€CKOM HaAYKH, B TOM
YUCIe U B ByJIKaHOJIOTUH. ['eopruit J[301eHn 3¢ SABISIETCS OCHOBOIOJI0KHUKOM
MajgeoByJIKaHUUECKUX ucchenoBanuii B ' py3un. OH paboTan B Te BpeMeHa, KOora reojJoraMu
(dbopMUpOBaHHE 36MHOM KOPBI pacCCMAaTPUBAIOCh C O3UIIMI F€OCHHKIMHANBHON Teopun. B
Cogerckom Coro3e «HOBas ri100anbHasi TEKTOHHUKA U OCHOBaHHBIC HA €€ MOJI0KEHUIX
TeOJIOTUUECKHUE MCCIIEIOBAHUS HE ObUIN MOMYJISPHBI B KPYTy YYEHBIX €ro rnokojeHus. OaHako,
nocneAHss padora, kotopyto ['eopruii J[3o11eHn3€ TOTOBII AJIs MyOIMKAIIMHU, ONUPANach
MMEHHO Ha KOHUEMIUU 3TOW TEOPUH, UTO SIBISIOCH HECOMHEHHBIM CBUJIETEIBCTBOM
IIPOTPECCUBHOCTH €ro MbluieHus. HoBaropckas cymHocts necnenoanui 1. J[3onennaze
MPOSIBUJIACH PaHEEe, KOTJa OH YCTAaHOBWII CBSI3b BYJIKAHM3Ma C TEKTOHUKOM Ha IpUMEpe
re0JOru4ecKoro pa3BuTus Tepputopun ['py3un. MM Obliia BeISIBICHA B3aMMOCBS3H IIET0YHOTO
BYJIKQHM3Ma CO CTAOUIILHBIMU 30HAMU 3€MHOM KOPBI, @ U3BECTKOBO-IIEIIOYHON BYJIKAaHUYECKOU
NESATETLHOCTH — C MOOMJIBHBIMHU 30HAMU T€OCUHKIMHANIEeH. Ha OCHOBE re010rnyecKkux JaHHBIX
OH TOKa3aJl paclpe/eeHUE METOYHbBIX, CYOIIeTOYHBIX U N3BECTKOBO-IIIETOUYHBIX CEPUIi B
npenenaax TeKTOHMYECKUX eNUHUI] [ py3un, 4To BIOCIEACTBHE UMETIO OOJBIIIOe 3HAYCHHE TS
YCTaHOBJICHHSI B3aUMOCBSI3U TUICUTTEKTOHUKY M BYJIKAHU3Ma. ITO MOJIOKEHHE OJIeCTSIIIe
pa3BumiIa U JI0Ka3aia ero mpaBoOMOYHOCTh yueHutna I',/[301enni3e, T0KTop reos.-MUH. HAyK

Manana Jlopnkunanuaze Ha npumepe KaBkasza u Ipyrux peruoHOB MHUpA.

70% tepputopuu ['py3un cOCTOUT U3 ByJIKaHWYECKUX TTOpoj. Eie Oyayun cryaeHToM, B

Bo3pacre 20 ner, ['.J[3011eHna3e Hayan U3ydeHne pa3HOBO3PACTHBIX BYJIKAHUYECKNX CEPUM U B
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,Z[aJ'IBHGﬁIHeM IIPOU3BECII UX HaJ'ICOBy.]'IKaHOJ'IOFI/I“IeCKI/Iﬁ aHaJIn3, BOIIPpOCaM KOTOPOI'O IOCBATUII

BCIO CBOIO JXU3Hb.

I',JI3ouennaze ocHoBai B ['py3un najieoByJKaHOJIOTHYECKYIO 1IKoJy. B ['eonornueckom
WHCTUTYTE AKaJeMuH HayK [ py3uu 1Mo ero HHUIMATUBE OBLI CO3/IaH OT/EI BYJIKAHOJIOTHH,
MOJIOJIbIE COTPYIHUKH KOTOPOTO MO/ €r0 PyKOBOJICTBOM MPOJAOKIIIN JIETaTbHbIE UCCIEIOBaHUS
BYJIKaHWUYECKHX (popmaruii Ha Tepputopun ['py3un u 3a ee npenenamu. ['eopruii [[3o1ienunze
ObLT 3aMeuaTeNIbHBIM HayYHBIM PYKOBOAUTEJIEM, IPUBETCTBOBABIINUM U TOOMIPSBIIUM HOBbBIE

HUACU U MHULIMATUBLI CBONX YYCHUKOB U COTPYAHHUKOB.

B 10 e Bpems OH IpUHUMAJI aKTUBHOE Y4acCTHE B ACSATEIBHOCTH 110 OPraHU3alMK HAYKH B
['py3un — ABIIAICSA yYEHBIM CEKPETApEM U BULIE-IIPE3UICHTOM AKaIeMUH HAYK, PEKTOPOM
TOunucckoro rocyaapcTBEHHOr0 YHUBEPCUTETA, TJI€ 10JITME TO/bI Bel KypC JIEKIHH 110

JIMTOJIOTHH Ha I'€OJIOT'MYCCKOM (I)aKy.]'IbTeTe.

B Teuenne MHorbix set ['eopruii /[3ouenua3e 3aHumMal rocyapcTBEHHbINA NOCT NpeaceaaTess
npesunuyma BepxoBraoro Coseta ['py3un, npomoikas 1 Ha 3TOM MOCTY I€0JIOTHYECKUe
uccinenoBanus. Pe3ynbTaTsl X ObLIN ONMyOIMKOBaHBI B (DyH/IaMEHTAIbHON MOHOTpaduu,
MOCBSIIEHHOHN pOJIM ByJIKaHU3Ma B 00pa30BaHUU OCAJOUHBIX TOpo U pya. Pabora Obuta
3aCiIy’KeHHO olleHeHa - ['eopruii [[3o1eHua3e moay4yus rocy1apcTBEHHYIO MIPEMUIO U ObLI

1/136paH JIENCTBUTEIBHEIM 4WiIeHOM Bcecoro3Hon AKa,Z[eMI/II/I HayK.

[MTapannensHo ['eopruii [{3o1eHua3e mpoaomKal pyKOBOAUTh paboTaMi aCHUPAHTOB U MOJIOJIBIX

HAaYYHBIX COTPYAHHUKOB, 3allIlUIIABIINX KAHAUAATCKHUE U JOKTOPCKHUE JUCCECPTALIUH.

Ha BpICOKOM rocy1apcTBEHHOM IOCTY, B YCJIOBHUSX aBTOPUTAPHOTO PEKKUMA, OH CAEIAl MHOTO
JNOOPBIX JIe U MPUHUMAJ CTIPaBEJIMBbIE PEIICHUs, YTO B TO BpeMsI ObLIO OTHIOJIb HE JIETKO Jaxe
JUIS TOCYIapCTBEHHOTO JIesITeNIs ero ypoBHs. Tak, B MATUAECITHIX roJlaX MPOLLUIOro BeKa
BbIIAIOIIMECS y4ueHble - (unocod u mutepatyposen [llansa Hynyounse, s3pikoBen Bykon
bepunze u ¢umnor Cumon KaykuniiBuig, Ha OCHOBaHMH 3aBEI0OMO JIOKHOW MH(pOpMaIIny,
ObUTH 0OBUHEHBI B (hopMan3Me U OCBOOOKIEHBI U3 YHUBEPCUTETA U U3 AKaJeMHUH HAayK C
aHyJIMPOBAaHWEM BCEX yUeHBIX 3BaHMi. ['eopruit J[3omeHunmase, o0namast IMIHBIM MY>KECTBOM U
CTpEMJICHHEM K CIPaBEJIMBOCTH, CIIOCOOCTBOBAI UX peadunuTaunu. OHU BEpHYIIHChH B

YHUBCPCUTET U OBUIH BOCCTAHOBJIEHEI B YUYCHBIX 3BAHUAX, YTO AAaJI0 UM BO3MOKHOCTDH
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IIPOAOJIZKUTE CBOIO IINIOAOTBOPHYIO ACATCIBHOCTE U CACIATh MHOI'O IIOJIE3HOTO IJIA pr3HHCKOI>'I

HayKH.

['py3uHCKas 001IeCTBEHHOCTh BCET/Ia BEICOKO meHmIa 3aciyru ['eoprus [3onenunze. Ero

MMeHeM ObLTa Ha3BaHa OJIHA U3 YIUIl CTOJUIBI [ py3un - ropona Toumucu.

Con 'eoprust [[3onenunze - 3ypabd [[3oueHunse sBisieTcs JOCTOMHBIM HACIETHUKOM CBOEIO
OTIIa KaK B HayKe, TaK M B 00IIeCTBeHHOM kH13HU. OH JOKTOP XUMUYECKHUX HayK, podeccop; Ha
3ape He3aBUCHMOCTH [ py3HH, B CIIOKHBIX YCIOBUSAX OH HMPOSIBUI €05 MATPUOTOM M HCTHHHBIM

TpakJ;IaHUHOM CBOEU PoTMHBI
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and copper. We conclude that the sources of gold and lead are sialic crust. The post-collision
settings are characterized by high grades of gold together with Sb, Mo, W and Hg. The post-
collision setting is characterized by a very thick orogenic sialic crust, so the source of gold and

mentioned rare metals is the sialic crust.

6. In pre-collision setting of geodynamic development and related metamorphism, magmatism,
volcanism, post-volcanic alteration and mineralization alternate temporally. The alternation

depends on steepening of the subducting slab and occurs in three directions: I-along the dip of
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the subducting slab from South to North, II-laterally to deepening from East to West, and III-

temporally in ascending succession.

o In the subduction process the regional metamorphism preceeds production of andesitic melt
and island arc calc-alkaline volcanic activity, coincides with regional zeolite propylitization and
gold-copper—base metal mineralization. During steepening of the subducted slab and incursion of
mantle diapir we have backarc/interarc rifting, tholeiitic—alkali basaltic and shoshonite-
trachyandesite volcanism, which coincides with regional high temperature epidote-zoisite
propylitization and copper-zinc VMS mineralization. The more intense steepening and incursion

of mantle diapir to shallower crustal levels characterized the ocean Abstract

The formation of earth crust in the Paleoproterozoic and Archean was related to the plume
tectonic in the buoyant lithosphere. In Phanerozoic, after forming of hard (nonbuoyant)
lithosphere, geodynamic development is controlled by modern platetetectonic. These two stages
are distinguished by character of metamorphism, volcanism and metallogeny. We tried to show
the Phanerozoic development of the earth crust and its relationship with metamorphism,
volcanism and metallogeny, exemplified on the evolution of Tethys Ocean within the border of

Eurasian continental margin.

Subduction to collision evolution of the Tethys ocean is marked as distinct relation with the
regional metamorphism, volcanism, hydrothermal alteration and metallogeny related to the

western segment of the Eurasian active margin metallogenic belt.

Regional metamorphism and formation of granite-metamorphic complexes are related to the
first stage of subduction occurs before steepening of subducting slab. Further increasing of
temperature and andesite melt fusion led to transition to island arc-calc-alkaline volcanism
coincided with zeolite propylitization and gold-copper-base metal mineralization. The steepening
of subducting slab (rollback, break off, detachment and delamination) and the invasion of the
mantle diapir in the lithosphere induced interarc and backarc rifting, shoshonite-trachyandesite
and tholeiite-alkaline-basalt volcanism with background chlorite-albite and epidote-zoisite
propylitization and copper-zinc-pyrite mineralization. The further steepening of the subducting
slab provoked intensive spreading and minor ocean setting with mantle type volcanic activity

manifested in ophiolite series formation and ultrabasic dunite-peridotite magmatic activity with
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related high temperature background epidote-actinolite propylitization, serpentinization and

copper-pyrite mineralization.

The steepening of subducting slab and related volcanism and metallogeny spatially and
temporally occurred in three directions: along the slab dipping, laterally to dipping and in the
ascending succession. This transformation is related to alternation of intensity of the slab

steepening in various directions as spatially so temporally.

The type of mineralization depends on the scale of participation of sialic, basaltic crusts and
mantle in ore formation. In the island arc setting in gold-copper-zinc-lead mineralization are
involved sialic and basaltic crusts and mantle. The back-arc and inter-arc settings, where
participation of sialic crust is not defined are characterized by copper-zinc mineralization. In the
Minor Ocean setting where sialic and basalt crusts participation hasn’t been determined and
volcanic activity is related to mantle only copper-pyrite mineralization occurs, without zinc, lead
and gold. Therefore the source of gold and lead is the sialic crust, source of zinc is basaltic crust

and source of copper is the mantle.

The collision of Tethys Ocean provokes the Afro-Arabian continent convergence with the
Eurasian active margin, which revealed in the orogenesis, fold-thrust tectonics and synorogenic
granitoid magmatism and was followed by precollision development stage transition into the
postcollision stage. The latter is marked by subduction waning, but of subducted slab continuing

steepening (shearing) with injection of the mantle material and high temperature fluids activity.

On the first stage of postcollision development the fluids are leaching gold and rare metals Sb,
W, Mo and Hg from thick orogenous sialic crust. In postcollision setting the proper sulfide and
low sulfidation gold-bearing mineralization occurs. The proper sulfide gold-base metal porphyry
ores are characterized by high gold grades and low trend of base metals. The gold-bearing low
sulfidation ores are presented by gold-antimonite, gold-sheelite and gold-wolframite quartz veins
and stockworks. The proper sulfide porphyry and low sulfidation ores coincide with rare metals
association (Sb, W, Mo and Hg). This association is the exploration criterion of gold
mineralization. The association of mentioned rare metals occurs as in ore wall rocks, so generally
in ore host rocks and is widespread in the postcollision setting. Accordingly it is generally may

be regarded as a geochemical indicator of the postcollision setting. Whereas the postcollision
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mineralization is overprinted on the precollision rocks and therefore this association is

considered as a geochemical background of postcolision seting.

The next stage of postcollision activity is marked by the shoshonite and tholeiite-alkalibasalt
volcanism and is related to invasion of mantle material in the magmatic chamber after the
subducted slab shearing. The geochemical criteria of this stage volcanites are presented by
shoshonite and tholeeite-alkalibasalts similarly to precollision volcanites, however rifting and

any mineralization hasn’t been defined here.

Therefore, the rearrangement of subduction process at precollision stage of development
controlled of regional metamorphism, volcanism, hydrothermal alteration and metallogeny, from
normal subduction to various grade of steepening. Whereas at postcollision stage subduction is
accomplished, however shearing of subducted slab is continuing and controlled magmatism,

volcanism, hydrothermal alteration and metallogeny.
Introduction

Phanerozoic geodynamic development of the Western Tethysides (Fig.1) was characterized by
north-vergent subduction and steepening of the Tethys Ocean slab, as revealed in the character of
regional metamorphism, volcanism, post-volcanic hydrothermal alteration, and metallogeny. The
geodynamic evolution during the Phanerozoic occurred under conditions of a brittle lithosphere
and was controlled by modern-day plate tectonics. Precambrian geodynamics were related to
plume tectonics with a buoyant lithosphere active during cratonization events that included the
migration of gold, lead, and zinc from the upper mantle to the developing crust, whereas copper
mainly remained in the upper mantle until later migration to the crust during Phanerozoic plate
tectonics. Formation of the modern lithosphere, which consists of sialic and basaltic crust and

rigid upper mantle, took place in the Phanerozoic.

In the destructive subduction zones, ocean plates were subducted into the mantle and this was
followed by melting to form andesitic magma, calc-alkaline volcanic activity and formation of
the basalt-andesite-rhyolitic series magmas that incorporated continental (sialic) crust. It is
noteworthy that melting to form andesite magma occured at temperatures of 1000°-1100°C. It

was preceded by high temperature activity (550-750°C), with hot flows producing almandine-
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amphibolite and granulite metamorphism. During slab subduction, the temperature from

metamorphism to melting of andesite gradually increased.

Along the borders of ocean ridges, the spreading of new oceanic crust coincides with melting of
ophiolites. It was preceded by high temperature almandine-amphibolite metamorphism in the
third geophysical layer and later resulted in the basaltic volcanic activity and dunite-peridotite

intrusive emplacement.

Subduction below active margins is defined by steepening of the downgoing slab that provokes
incursion of mantle diapirs and rifting. The mantle influence is manifested in the character of
magmatism and metallogeny. During normal subduction, without steepening of the subducting
slab and in island arc settings, calc-alkaline volcanism, low temperature propylitic alteration
assemblages and gold-copper mineral occurrences are formed. The steepening of the subducting
slab, by roll-back, break-off, detachment, and (or) delamination, provokes invasion of the mantle
diapir and interarc and backarc rifting. The diapir invasion at various depths results in the
different types of the magmatism and metallogenic signatures. The volcanic activity results in the
formation of the tholeiite-alkali olivine basalt and shoshonite-trachyandesite series rocks, as
well as copper-zinc-pyrite mineralization, whereas subsequent post-volcanic alteration is defined

by high-temperature epidote-dominant propylitic assemblages.

In the settings where mantle diapir intensity is greatest and its emplacement depths are shallow,
spreading becomes stronger and the backarc rifting is changed to a minor ocean setting with
related ophiolitic volcanism and dunite-peridotite magmatic activity, high-temperature epidote-
and actinolite-rich propylitic alteration and serpentinization are common. The mineralization
here is represented by stratiform copper-pyrite ores, without significant lead, zinc, and gold. The

latter is measured only at trace levels.

The described relationships are common for the pre-collision environments and gold-copper-
lead-zinc mineralization indicates various stages of island arc, backarc-interarc, and oceanic
settings. In an island arc setting, sialic and basaltic crust, as well as the mantle, take part in the
ore-forming process, which leads to gold-copper-lead-zinc mineralization. In a backarc-interarc
setting, basaltic crust and upper mantle are involved with the ore-forming processes, with

deposition of copper-zinc ores without gold and lead. The oceanic setting is mainly linked to the
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mantle and is represented by copper-pyrite mineralization. Therefore, the source of gold is sialic

crust, the source of zinc is basaltic crust, and source of copper is the mantle.

Subduction is accompanied by by terrane collision and suturing, and the pre-collision stage is
replaced by the post-collision stage of tectonic activity. The latter results in orogenesis, including
formation of fold and thrust deformational structures and emplacement of granitoid intrusions.
The post-collision metallogeny is linked to the steepening of the subducted slab at great depths
under the orogen and upward migration of high-temperature mantle fluids. The mineralization is
represented here by gold-copper-molybdenum porphyry and low sulfidation epithermal gold-
silver ores that may be accompanied by an association with Sb, W, Mo, and (or) Hg. The
epithermal ores are characterized by high gold grades but with relatively low abundances of base
metals. This metal association for the epithermal deposits is not known in the pre-collision
mineral deposits. The only exception is molybdenum, which is present also in island arc ores;
however, the most significant molybdenum deposits are related to post-collision settings. Gold-
bearing ores are associated with base metal-rich porphyry deposits, low sulfidation epithermal
systems, and quartz-stibnite, quartz-scheelite and wolframite vein and stockwork systems. It is
noteworthy, that porphyry and low sulfidation ore hostrocks are characterized by the widespread
distribution of the above listed trace metals. This association of the trace metals is indicated by

their high geochemical background in post-collision settings.

The various stages of pre-collision events recorded in volcanic and intrusive rocks are
characterized by different Sr and Pb isotope ratios and different trends in REE patterns. At the
same time, post-collision settings show the juxtaposition of rocks from various settings on the
pre-collision stage rocks. Therefore determination of geochemical indicators in fresh rocks of a
post-collision setting is impossible. Thus the trace metals association (Sb, W, Mo, and Hg),
uncommon for pre-collision stage and related to post-collision hydrothermal activity and
represents geochemical indicator of the post-collision process, overlain on the pre-collision
setting rocks and represents geochemical indicator of the post-collision activity. At the same
time, it is a criterion for exploration for post-collision gold mineralization. The leaching of these
trace metals from thick sialic crust of orogenic belts is caused by protracted high-temperature

fluid flows under high pressure conditions and at great depth.
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The subject of this investigation was the Eurasian active margin within the borders of Carpathian
— Balkans, Turkey, Caucasus area, and Iran, which form the central part of the Eurasian
metallogenic belt. The aim of the investigation was the detailed study of the Phanerozoic
geodynamics and its link to magmatism, and post-magmatic hydrothermal alteration and
metallogeny in the region. On the basis of the conducted research and analysis of existing
material, we introduce our assumptions regarding the pre-, syn-, and post-collision development
of the region. We describe the relationship of such tectonic evolution with regional
metamorphism, magmatism, volcanic activity and post-volcanic alteration and metallogeny
during the pre-collision stage, as well as with hydrothermal processes and metallogeny in the

post-collision setting.

1. Relationship of subduction to regional metamorphism, volcanism, post-volcanic

hydrothermal activity, and metallogeny.

The Phanerozoic geodynamic controls on metamorphism, volcanism, post-volcanic hydrothermal
activity, and metallogeny is discussed for the rergion of the Caucasus, Iran, Turkey, and
Carpathian—Balkans. The review of existing data is summarized from recent publications by

I'yrymBuiu u ap (2014), Gugushvili (2015), Gugushvili et al. (2016), and Moritz et al. (2016).

The study region is the well suited for determining Phanerozoic geodynamic evolution as it
controls metamorphism, volcanism, post-volcanic processes, and metallogeny. Related to this
issue, important studies include: Adamia et al., (1977, 2011, 2016); ba6azage u ap., (2015);
lamkpenmmze,lllenrenus, (2005); Gamkrelidze et al.,, (2015); Jamali et al., (2010);
Lordkipanidze et al., (1988); Zakariadze et al., (1983); Gugushvili et al., (2001, 2002, 2010);
I'yrymBunu, (1980); Tvalchrelidze, (1984,1985); Tvalchrelidze, (1987); Cxuptnanze, (1965);
bepunze u byanze, (1977); von Quadt et al., (2005);Moritz et al., (2004, 2006, 2016); Kekenus u
ap., (1993, 2000); HapapevmBunu, (1999); Tartumswm, (1970); J3ouenunze u ap., (1975);
OKay and Tiiysiis, (1999); Okay, (2000); Yigit, (2009); Kazmin et al., (1986, 2000); Giiner,
(1989); Imamverdiev, (2001); Jankovich, (1977); Mypansau, (1987); Pama3zanos, (1992);
Strashimirov et al., (2002); Sosson et al., (2010); ApeBamze u np., (1983). The data from these

publications have been analyzed and used in the present work.
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During subduction of the Tethys ocean slab, terranes were rifted from the Afro-Arabian passive
margin and they migrated northward towards the European active margin. During terrane
subduction and accretion, a series of oceanic basins were closed. The convergence led to
collision and amalgamation of the terranes and basins. Precollision events were terminated by
suturing and closure of the ocean basins. Subduction prior to final accretion was associated with
formation of island arc, interarc, backarc and oceanic basin settings. Suturing terminated the pre-
collision period and marked the onset of the post-collision events after docking of the Afro-
Arabian rocks with the Eurasian continent (Adamia et al., 2016). This latter stage resulted in
orogenesis, formation of fold-and-thrust structures, magmatic activity, and the post-collision

metallogeny.

In the studied region, ages of sutures and any post-amalgamation reactivation vary from Late
Cretaceous to late Eocene (fig.2).The Zagros-Bitlis suture divides the Taurid—Anatolides and
Central Iranian terranes from the Arabian Platform. The Ankara-Ersinjan—Sevan suture (AES)
divides the Pontides, Artvin-Bolnisi, and Lock-Garabakh zones from the Taurid—Anatolide
terrane and Iranian Platform (fig.2). Offset of the AES suture in the Pontides is along the
Intropontide suture (fig.3), which formed during accretion in late Eocene (Guner, 1980; Kazmin

te al., 2000).

The pre-collision setting and related metamorphism, volcanism, post-volcanic activity, and gold-
and copper-rich mineralization predate the suturing, whereas post-collision stage features
formed after suturing. The ages of suturing are varied, but termination of the pre-collision stage

and onset of post-collision corresponds with closure of the ocean basins.

1.1 Relationship between subduction and regional metamorphism.

Regional metamorphism related to the first stage of subduction predates the melting of andesite
melt and calc-alkaline volcanic activity. It is expressed in high temperature amphibolite and
granulite facies assemblages, which along with decreases in fluid temperature, exhibits
retrograde greenschist, zeolite, and phyllite facies. The temperature of regional metamorphism is
350-750°C. At 700-750°C, granite magma forms from melting of the lithosphere and accordingly

granite-metamorphic complexes form. The subsequent temperature rise to 1000-1100°C leads to
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the formation of andesitic melts and calc-alkaline volcanic activity in island arc settings. In the
studied region, as well as other regions of the world. this is defined by co-existing metamorphic

complexes and calc-alkaline volcanic series rocks.

In the Caucasus, within the crystalline core of Great Caucasus range, the metamorphic complex
is dated as Devonian—Early Carboniferrous. In the middle Carboniferrous, Dizi series andesite-
dacite-rhyolite volcanic rocks occur (Amgamus u np., 1977), which are the product of andesitic
magma derived from melting of the subducted slab. Another example is that of the
Transcaucasion Intermontane Block, where rocks of the Paleozoic granite-metamorphic complex
are intercalated with those from the late Paleozoic calc-alkaline island arc volcanic series (Lower

Tuffites) (Skhirtladze 1965, Adamia et al., 2016).

In the Adjara-Thrialeti fold zone, regional metamorphism predates calc-alkaline volcanic
activity. This is supported by huge blocks of almandine-amphibolite metamorphic rocks
emplaced upward into the tholeiites of the West Segment of the Adjara-Thrialeti zone

(Jlopaxunanunze & 3akapuanze, 1978).

Numerous studies confirm that melting to form andesitic magma is preceded by regional
metamorphism (e.g., ['yrymBunu, 1980). Such relationships are well-known in the Lake region
of Wales, where amphibolites dated of 475-420 Ma predate calc-alkaline volcanic activity (Read,
1961). Another example is that of the Hertsinian Belt of West Europe (Moldanub structural
zone), where 340-320 Ma migmatites are intercalated with Carboniferous mollasses comprising
thick thachyandesite volcanic series units (Caton, 1967). Saton (1967) also presents examples
from Scotland, where Lower Devonian calc-alkaline volcanic series rocks overlie the
amphibolite metamorphic facies units. Metamorphism here was related to Caledonian stage
events at 420-400 Ma. The above mentioned volcanic series rocks are intruded by 410-400 Ma
granite stocks. In the western Pacific Ocean arc region, thick andesite volcanic series rocks are

underlain by a belt of regional metamorphic rocks (Miashiro, 1961).

The temperature of regional metamorphism is 350-750°C, whereas the temperature of melting to
form andesitic magma is 1000-1 100°C. Therefore, the regional metamorphism develops

progressively and typically is terminated by generation of andesite magma. As post-magmatic
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metasomatism coincides with and terminates magmatic activity, the regional metamorphism of

the mobile zones predates the andesite melting process.

Many examples may be presented where regional metamorphism predates andesitic volcanic
activity, however the metamorphism is not always terminated by slab melting and andesitic
volcanism. Sometimes the temperature is not exceed the formation of amphibolite and almandine
facies and, subsequently, with lowering of the fluid temperature, these assemblages retrograde

into epidote-amphibolite, prehnite- pumpellyite, greenschist facies.

Similarly, in the third geophysical layer of ocean ridges of constructive zones, high-temperature
almandine-amphibolite metamorphic facies develop (I'yrymBuiu, 1980). The facies originated at
a depth of 6 km, at 4000 bars pressure and at anomalous hydrothermal temperatures of at least
550°C (Aymento u ap.,1973). The metamorphism predates basalt extrusion from mantle in the
second geochemical layer, coinciding with epidote-zoisite propylitic alteration. Thus regional
metamorphism of constructive zones in the third geophysical layer predates ophiolite extrusion
in the second layer. Characters of regional metamorphism in the destructive and constructive
zones are distinguished. In destructive zones it is presented by granulite-amphibolite facies in
ascended section transferred to epidote-amphibolite, prenite-pumpeliite, greenschist and zeolite
facies. In the oceanic setting of constructive zone was not determined low temperature
metamorphites lower than amphibolite facies. It is depended on the stable high temperature heat
flows, related to mantle diapir incursion on the high levels. The heat flow in backarc and oceanic
setting vary in 2.5-8.30 u.h.f. (Miashiro, 1972), whereas in the destructive (island arc) settings,
heat flows are only 0.7u.h.f. (Xarepton, 1978). It is noteworthy that regional metamorphism
characterized by schistose and gneiss structures. Their recrystallization took place without
leaving any signs of protolith composition. At the same time, they are not characterized by

leaching of material and mineralization.
1.2 The relationship of Phanerozoic geodynamics with volcanism and mineralization.

The relationship of Phanerozoic geodynamic development with volcanic activity and
metallogeny is reviewed in details in a monograph by Gugushvili (2015). The results are
compared with data from various regions of the world. The possible sources for gold, copper,

and other base metals in mineral deposits in various geodynamic settings were described. In the
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Phanerozoic, the source of copper must be the upper mantle, source of zinc is basaltic crust,
whereas the source of gold, lead, and trace metals (Sb, W, Mo and Hg) is sialic crust

(Gugushvili, 2015).

The determination of sources of metals in mineral occurrences is important for comprehension of
regional metallogeny. The key for understanding lies in a comparison of Archean-Proterozoic
(Precambrian) and Phanerozoic geodynamic development and metallogeny. Ore formation in the
Paleoproterozoic and Archean was controlled by the buoyant lithosphere and related to plume
tectonics, and characterized by gold, lead, and zinc reconcentration from the mantle to the
lithosphere and granitic cratons (Goldfarb et al.,2001). Thus gold and base metal mineralization
on early Earth was related to formation of juvenile continental crust (Goldfarb et al., 2001,

Groves et al, 2005).

Phanerozoic geodynamics and metallogeny are clearly distinct from those of the Precambrian.
Deposits are formed in the nonbuoyant lithosphere and controlled by recent plate-tectonic
movements. In the Phanerozoic, the modern-day lithosphere was forming and it consists of sialic,
basaltic crust and solid upper mantle. The migration of gold, lead, and zinc from the upper
mantle to the lithosphere was terminated, but copper still remains enriched in the upper mantle.
However, the copper is concentrated with gold, lead, zinc, and related trace metals during

Phanerozoic pre-collision and post-collision mineralization processes.

In the studied region, convergence between the Afro-Arabian and Eurasian continents was
characterized by northward subduction of the Tethys ocean slab. The subduction event was
marked by rifting of terranes from the passive margin of the Afro-Arabian continent and their
north-vergent migration. The subduction was coeval with pre-collision terrane migration, which
was terminated by collision and suturing of the terranes. The first stage of subduction occurred
without steepening of the subducting slab and we refer to this as normal subduction. At the next
stage, steepening of the slab subduction angle was caused by incursion of a mantle diapir and
backarc to interarc rifting. After further steepening of the subduction angle, asthenospheric
mantle invasion and backarc spreading led to development of relatively small ocean basins. An
illustration of such a model is exemplified by the geodynamic development, magmatism, and
metallogeny of the studied region. The northvergent subduction in the study region began in Late

Proterozoic and was terminated by late Eocene collision and suturing.
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The metallogeny linked to normal subduction and an island arc setting was best developed
during Late Jurassic and Cretaceous volcanism in the studied region. This included formation of
the Jurassic Gedabeck, Alaverdi, Shamlug, Chovdar, and Gosha Au-Cu porphyry deposits and
related epithermal deposits, as well as the Cretaceous calc-alkaline volcanic related Madneuli
district orebodies and the Dagkesaman group of deposits. The eastern Pontides are represented
by gold-, copper-, and other base metal-bearing low sulfidation epithermal and Kuroko type
deposits such as Madenkoy, Lahanos, Murgul, Cherapete, Guzelayla, and Derekoy (fig.6).
Normal subduction controlled the gold-copper-base metal mineralization in the Balkans
(Panaguirishte ore district) represented by deposits at Chelopech, Elatsite, and Elshitsa (Moritz et
al.,2004; von Quadt et al.,2005), as well as the Serbian Timok district copper porphyry ores, low
sulfidation deposits at Bor and Maidanpek (Jancovich,1977; Moritz et al.,2004), and copper
porphyry and epithermal deposits of the Romanian Carpathians (Popa I. and Popa S, 2005)
(fig.4). The magmatism, volcanic activity, related metallogeny, and comparative analysis of

deposits associated with normal subduction was also examined by Gugushvili (2015).

In the Bolnisi and Panaguirishte ore districts, a Late Cretaceous incipient stage of backarc
development (Moritz et al., 2004; von Quadt et al., 2005; Gugushvili, 2015), was related to
steepening of the subducting slab, mantle diapirism, and rifting. These events are represented by
the geological development, magmatism, and metallogeny of the region. In the Bolnisi ore
district, Late Cretaceous orebodies (fig.5) include those at Madneuli and Bectagari (Gugushvili,
2015). The Madneuli cluster of deposits is related to normal subduction. The age of
mineralization is 90-88 Ma. The mineral occurrences are mainly classified as porphyry and
epithermal types. They include gold-, copper-, and base metal-bearing sulfides, as well as
sulfide-poor gold-bearing quartz-chalcedony and quartz-barite lodes and stockworks. The
mineralization is zoned from gold-copper -base metal ores at depth to shallower gold

mineralization that lacks sulfides (Gugushvili et al., 2004; Gugushvili, 2015).

The steady state subduction and island arc setting occurred in the Bolnisi ore district
(Georgia) Fig.2. It is exemplified in Madneuli cluster. Here in the Turonian-Santonian rhyodacite
volcanic series (Mashavera suite) occurs the most significant in the Bolnisi ore district Madneuli
deposit with gold-copper-polymetallic and nonsulfide and low sulfidation gold-bearing

mineralization. Here ore forming process of gold-copper-porphyry and epithermal nonsulfide
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gold mineralization are synchronal and revealed in zonality. Lower porphyry zone upward
transfers into epithermal nonsulfide gold mineralization in quartz -chalcedony and quartz-barite
stokworks. Here also, occurs subordinate galena-barite-polymetallic Kuroko type mineralization
[7,1,2].

Island arc setting and steady state subduction here confirmed by geochemical indicators: ratio
of Sr and Pb isotopes (*’Sr/*°Sr=0.706-0.710) (***Pb/Pb**'=18.6, ***Pb/Pb*** =38.7), calc-alkaline
petrochemistry and Au, Pb, Zn, Cu mineralization. The idealized scheme of steady state
subduction with coincide volcanism and mineralization is presented on fig. 2.1.

The deposits and ore districts of the studied regions in west segment of Eurasian metallogenic
belt are characterized by similar geochemical, volcanological, petrochemical and metallogenic
indicators and they would be related to steady state subduction, island arc calc-alkaline
volcanism and characterized by Au, Pb, Zn, Cu mineralization of porphyry, high and low
sulfidation and Kuroko type mineralization. That’s are significant gold-copper-base metal
porphyry and epithermal deposits Bor and Maidanpek of Timok ore district (Serbia), the
porphyry, epithermal and Kuroko type deposits of Eastern Pontides Chaeli (Madenkoy),
Lahanos, Ceratepe, deposits of Locky-Garabakh zone Shamlug, Alaverdy, Tekhut, Gedabek,
Karadag and Chovdar etc.

Later, in Campanian at the Bolnisi ore district, in the Beqtakari cluster the steady state
subduction transferred in incipient stage of steepening of subducting slab, provoked rifting and
incursion of mantle diapir at low levels occurs in subalkaline thrachyrhyodacite and trachybasalt-
alkali olivinebasalt volcanic activity in the Beqtakari cluster. The first stage hydrothermal
alteration here occurs in K-feldspathization with nonsulfide gold mineralization, later substituted
by gold-polymetallic mineralization and synore epidote-zoisite alteration.

At the incipient stage in zone of volcanic activity and mineralization participates the sialic ,
basaltic crusts crusts and mantle. Here occurs gold-copper base metal mineralization, because
sialic crust yet was not rifted out and participates in the zone of rifting. The idealized scheme of
development of incipient stage of steepening is shown at Fig. 2.1I.

Similar consequences is described in Panaguirishte ore district (Bulgaria) related to steady
state subduction and incipient stage of steepening, where the Chelopech high sulfidation gold-
bearing deposit as well as other deposits of this ore district consist high grade of gold [8,9]. The
Chelopech deposit is richest by gold in Europe.
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The further reinforcement steepening of subducting slab revealed in incursion of mantle diapir at
higher level and strengthen the rifting with spreading out of sialic crust from zone of ore
formation and volcanic activity (Fig.2.1II). So, at this stage the sialic crust was not participates in
ore forming. The ores here are represented by copper-zinc-pyrite mineralization without gold and
lead. The distinct example of this setting is the region of Khudes group of deposit (Khudes,
Urup, Daud) in the Forrange of the Caucasus. The mineralization is related to tholeiites of
interarc rift and represented of VHMS copper-zinc-pyrite ores. The mineralization is not
containing gold and lead, therefore sialic crust was not participates in mineralization process.
The source of zinc here must be subducting slab and basaltic crust during rifting and source of
copper was mantle diapir.

The other example of intensive backarc rifting is the Jurassic marginal sea of Southern Slope
of Great Caucasus. Here to tholeiite series (*'Sr/**Sr=0.704) is related group of VMS type
copper-zinc-pyrrhotite deposits (Filiz-Chai, Katsdag, Kizildere and Adange).

The tholeiites are volcanological indicator, whereas Zn and Cu are metallogenic indicators of
backarc setting. Noteworthy, that tholeiites are not known in the setting, where sialic crust
participates in zone of volcanic activity (island arcs and incipient stage of backarc settings).

The further reinforcement of spreading stipulate transforming backarc into minor ocean
setting, where the mantle diapir is incursed at highest level there volcanic activity and
mineralization are fed from mantle (Fig.2.IV). It is exemplified in the late Paleozoic-Early
Jurassic Kiire complex of Central Pontides, consists of ophiolite volcanics and dunite-peridotite
intrusive bodies (Ustadmer, Robertson, 1993) and related Cyprus type copper-pyrite deposits
Ashikoy and Bakibaba. The ores here lack of Au, Pb, and Zn. The Kiire complex consists of
tholeiite-olivine basalts are cut by stockworks of diabase veins. The intrusive bodies are dunite-
peridotite stocks, the petrological indicator of ocean setting. The syn-ore alteration is actinolite-
epidote-zoisite propylitization and serpentenization. The latter is the indicator of hydrothermal

alteration of the ocean setting, whereas metallogenic - indicator is only Cu.

The Madneuli occurrences are separated from those at Bectaqari by a fault. The age of
mineralization in the Bectaqari cluster is 81-79 Ma. The mineralization here includes gold,
copper, and other base metal enrichments, as well as gold-rich quartz—K-feldspar metasomatites

that lack sulfides. Sulfide and nonsulfide gold mineralization in contrast to Madneuli is not



28

characterized by zoning and gold-copper-polymetallic mineralization overprints the gold-bearing
quartz—K-feldspar metasomatites. The sulfide-bearing ores formed coevally with high-
temperature epidote-zoisite propylitical alteration of wallrocks, whereas precursor K-
feldspathization indicates highly alkaline fluids. These features at Bectaqari were caused by
asthenospheric input (mantle diapirism). The sulfide-rich mineralization is controlled by gabbro-
diabase stocks (Gugushvili, 2015). These stocks are the apophyses of volcanic chambers of
erupted later alkaline olivine basalts of the Shorsholeti suite. The Campanian Shorsholeti suite is
made up of alkaline and subalkaline olivine basalts and these rocks overlie the ore-bearing rocks
of Gasandami suite. Thus Madneuli deposits are presumably related to normal subduction,
whereas the Bectaqari cluster is linked to incipient backarc development (fig.5) that was induced

by incipient steepening of the subducted slab and diapirism (Gugushvili,2015).

The gold-copper-base metal ores in Madneuli district differ distinctly in gold grades from the
ores of the Bectaqgari cluster. In Madneuli, the average gold content in sulfide-rich ores is 0.8
ppm, whereas in Bectaqari cluster it is about 5 ppm. Here, impact of mantle contributions and
high temperature fluids on the late subduction and incipient backarc stages is stronger. Gold was
leached during the mineralization process from the sialic crust, whereas, in contrast, such a
process was not as extensive during the normal subduction stage associated with lower
temperature hydrothermal activity.

In the Southern slope and the Fore Range of the Caucasus, an area of strong mantle diapirism
and backarc and interarc rifting, tholeiite-alkali basalt volcanism and stratiform VMS copper-
zinc mineralization took place. In the Fore Range of the North Caucasus it includes Paleozoic
interarc rift-related tholeiite volcanic rocks and the related stratiform copper-zinc Khudes
deposits (Khudes, Urup, Daud). Lower Jurassic backarc rifting in the Southern Slope of the
Great Caucasus is reflected by tholeiitic volcanic units and the stratiform copper-zinc-pyrhotite

Filiz-chai deposits.

Intense spreading and mantle diapirism is reflected by the Kiire complex of the central Pontides.
Steepening of the subducted slab in this region in the late Paleozoic-Triassic under the Eurasian

active margin provoked development of small backarc ocean basins (fig.6).

The Kiire complex consists of MORB-type ophiolites and dunite-peridotite intrusions (Ustadmer,

Robertson 1993, 1997). Their oceanic nature is confirmed by geochemistry of immobile
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elements and they lack economic Pb and Zn mineralization. The Cyprus-type copper-pyrite
deposits at Ashikoy and Bakibaba have been investigated in detail. They comprise only traces of
Zn and Pb. The complex contains serpentinized peridotite, cuammulate gabbro, pillow lavas, and

intercalated massive lava flows with lava breccias cut by diabase dikes.

In the southeastern Turkey, ophiolites divide the Borderfield and Tauride terranes and contains
the Madenkoy (Siirt) and Maden (Elazig) Cyprus-type VMS deposits .This belt comnprises the
eastern flank of the Cyprus ophiolitic belt, and consists of pillow lavas, gabbro-dunite,
pyroxenite, verlite, harzburgite, dunite, and diabase dikes (Engin, 1994).The mineralization is
related to pillow lavas of the ophiolite complex cut by diabase dikes. Mineralization is mainly

stratiform VMS type pyrite-chalcopyrite ores, without economic lead and zinc.

It is noteworthy that these oceanic ores lack lead and zinc enrichments. It is recognized that the

main source of copper in the Phanerozoic is the mantle.

In the 1970s, Hutchinson (1970) indicated that ores formed in oceanic settings do not contain
gold, lead and zinc. Only at the early stage of oceanic spreading, when relics of basaltic crust
become involved in the ore-forming process, minor amount of zinc may be present (Hutchinson,

1973).

In backarec rifts and oceanic settings, gold is known only in trace amounts. This suggestion is also
confirmed by data from Rona and Scott (1993). The authors investigated in detail ore-forming

processes in the oceanic settings and completely ruled out participation of sialic crust.

1.2.1 The temporal and spatial relationship of subduction with volcanism and

mineralization.

During subduction, slabs temporally and spatially tend to steepening and diapirism of various
intensity caused alternation of island arc, interarc, backarc and minor ocean setting, reflect along
and lateraly to dipping, as well as temporally in ascending succession. The shifting of

geodynamic settings is distinctly seen in the Caucasus region (fig7 ).

The first stage of subduction is displayed along the Southern Slope of the Caucasus in rocks of
the Dizi series. These include the Paleozoic calc-alkaline andesite—basalt-dacitic suite, which is

related to normal subduction in an island arc setting (fig.7.I). In the north, on the Fore Range of
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the Caucasus, steepening of the subducting slab resulted in spreading, rise of asthenopheric
mantle, and formation of a Paleozoic interarc setting (fig.7.1). Tholeiitic volcanic activity here
was associated witrh deposition of the Khudes Cu-Zn deposits (Khudes, Urup, Daud). The
tholeiites according to iron fractionation data belong to abyssal type; however, their Ti content
and K/RbD ratio are attributed to island arc tholeiites (Shavishvili, 1983). Such geochemical
dualism is common for basalts in modern interarc rifts (New Georgia, Hebrides). The Khudes
group deposits are characterized by copper-zinc-pyrite ores without lead. The source of zinc is
the subducted slab and spreading basaltic crust, whereas the source of copper is the mantle. It is
noteworthy, that sialic crust was not involved in the mineralization and this was the reason for
the absence of lead in ores. The Paleozoic interarc rifting to the south was preceded by the
northvergent normal subduction of the Paleotethys plate and suprasubduction island arc calc-
alkaline volcanism of the andesite-basalt-dacitic suite of the Dizi series on the Southern Slope of

the Caucasus (Adamia et al., 2016).

The Early Jurassic backarc of the Southern Slope of the Caucasus is represented by a marginal
sea setting (Adamia et al., 2016) — (fig.7.1I). The tholeiitic volcanic activity here is concurrent
with turbidite sedimentation. The associated Filiz-chai deposits (Filiz-chai, Catsdag, Kizildere,
Adange) are stratiform VMS type pyrite-chalcopyrite-sphalerite—pyrhotite ores. Tholeiites are
characterized by a backarc geochemical signature including low total REE, normal chondrite
trend for Nb, Zr, Hf, and Y, and high content of Ni and Ti, which are characteristic of island arc
tholeiites (Lordkipanidze et al., 1979, 1988). The ores of these deposits comprise gold and lead.
The bottom of the Early Jurassic marginal sea during spreading was partly imbricated by sialic
crust. The tholeiitic extrusive events and turbidite sedimentation in the Early Jurassic occurred in
an area of thin continental crust (Lomize and Panov, 2002) and this must have been the source of
gold and lead during the mineralization process. The source of zinc was the subducting slab and
blocks of basaltic crust during the spreading, whereas the source of copper must have been the
mantle diapir controlled by the spreading. The formation of an Early Jurassic backarc and
marginal sea predates Paleozoic—Triassic- Early Jurassic subduction and related calc-alkaline
dacitic-rhyolitic volcanism that formed the Narula suite of rocks. These rocks overlie the
Paleozoic granite-metamorphic complex of the Dzirula salient in the Transcaucasus (Adamia et

al., 2016).
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In the Transcaucasus, calc-alkaline volcanic rocks of the Bajossian island arc alternate with the
Late Jurassic backarc alkali olivine basalt and thachyandesite suite of rocks that are cut by
monchikite and camptonite extrusions (/[3ouenunze, 1948). In the Rioni River depression,
drilling exposed the thick (>2200m) Kimeridge—Thitonian volcanic suite of tholeiites, highly
titanous olivine basalts, and trachites (JIopnkunanuaze, 1980). Lordkipanidze (1980) attributed
these to interplate rifting, which we relate to asthenospheric upwelling. Southwards, in the
Locki-Garabakh zone of the Lesser Caucasus, calc-alkaline volcanic rocks can be related to
normal northvergent subduction with steepening of the slab shifting the magmatism into a

backarc setting and to a tholeiite-basalt composition.

In the Locki-Garabakh zone, significant gold-copper-base metal mineralization occurs in the
Shamlug, Alaverdi, Tekhut, Gedabeck, Karadag, and Chovdar deposits. Deposit types include
porphyry, epithermal, and VMS systems (baba-3ane u 1p.,2015). To the north in the
Transcaucasus, steepening of the subducted slab and rising asthenosphere is recognized by the
Late Jurassic alkali-basalt backarc volcanism. This was preceded in the Locki-Garabakh zone by

Late Jurassic calc-alkaline volcanic activity and mineralization (fig.7.1II).

A similar situation occurred in the Cretaceous (fig.7.IV) in the Transcaucasus, where the
Turonian —Santonian Mtavari volcanic suite consists of picrite-basalts, alkali olivine basalts,
trachyandesites, and trachites and these rocks are cut by ultra-alkaline phonolite extrusions
(d3onennze,1948; oqmamdzowo, 1968). According to petrochemical and geochemical
indicators, these rocks belong to a backarc volcanic series. To the south, in the Artvin-Bolnisi
and Locki-Garabakh zones, a Late Cretaceous calc-alkaline volcanic series is controlled by
normal subduction. Gold-copper porphyry and low- and high-sulfidation epithermal deposits in
the Caucasus, eastern Pontides, Balkans, and Carpathians are related to the subduction. At the
same time these deposits formed, in the Bolnisi district of the Lesser Caucasus and Panaguirishte
(Bulgarian Srednegorie), the Campanian marked the beginning of the first stage of slab
steepening, roll-back, and break-off, and incursion of rising asthenosphere as the setting changed
from island arc to an incipient backarc. It is recorded in the formation of the Shorsholeti suite
and related metallogeny. The suite consists of high-magnesial alkali olivine basalts and
trachyandesites with petrochemical and geochemical characteristics attributed to a backarc

setting. To the north, in the Transcaucasus, the subducting slab was steepened, leading to greater
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mantle influence and volcanic activity as revealed by picrite-basalts, alkali olivine basalts, and

phonolites of the Mtavari suite (fig.7.1V).

The steepening of the subducting slab and related asthenospheric upwelling continued into the
Eocene. This is clearly observed in the area of the Adjara-Thrialeti rift. Eocene slab steepening
and rifting was preceded in the southeastern Pontides and in the Artvine-Bolnisi zone by normal
subduction and island arc calc-alkaline volcanic activity and gold-copper-base metal
mineralization (Gugushvili et al., 2016). At the same time in the Adjara-Trialeti zone, from the
west to the east, steepening of the slab and rising asthenosphere diminished with further

transformation to a more typical subduction angle (fig.8).

The Adjara-Thrialety zone belongs to the mobile system of the Eurasian active margin and
records its pre-collision development. The zone extends to the west to the Black Sea with its
small ocean basins. The onset of rifting in the Adjara-Thrialeti area is marked by Paleocene
turbidites (flysch) that grade upward into an early Eocene shoshonite-trachyandesite volcanic
series defined by the Peranga and Nagvarevi suites. The latter suite belongs to an incipient stage
of interarc volcanic activity, related to the first stage of mantle diapirism. It is imbricated by a
thick series of tholeiite-alkali basalts (Chidila suite), an indicator of interarc rifting related to
intense mantle upwelling during spreading. From the end of middle Eocene to the late Eocene,
revival of the shoshonite-trachyandesite volcanic activity took place and was followed by the
deposition of the Adigeni and Upper Adigeni suites above the Chidila suite that indicated the
waning of rifting. The Adjara-Thrialety is devided into three segments: western, central, and
eastern (Jlopagxkunanuaze, 1980). The described relationship occurs in the western segment. In
the central segment (the Adjara-Imereti ridge and Akhltsikhe depression), the intensity of rifting
was less and rocks of the shoshonitic trachyandesite-dellenite volcanic event are dominant.
Olivine basaltic volcanic series rocks occur only in the lower part of the Likani suite. The
thickness of the Eocene series here is reduced. It was 7 km thick in the western segment, it is
decreased to 4 km here in the central part, and to the east, in the Trialeti ridge area, the average

thickness is only 2.5-3 km where rifting was minor and there was more of an island arc setting.

The geochemistry and petrochemical characteristics of volcanic units in the Adjara-Thrialety
zone indicate there was a waning of rifting from the west to the east, with interarc transition into

an island arc setting (M.Lordkipanidze et al., 1979; Jlopnkunanuaze, 1980). Such a transition is
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suggested to reflect a shallowing of the subducting slab angle from west to east and transition to

an island arc setting with a normal subduction angle in the eastern segment.

The lateral differences of the subducting slab angle in the Adjara-Thrialeti zone also are reflected
in variations in hydrothermal alteration (fig.8). In the western segment, where slab subduction
was most steep and middle Eocene mantle magmatism led to the tholeiite — alkali basalt volcanic
activity, epidote-zoisite and actinolite propylitic alteration asseblages developed.  The
temperature of the hydrothermal fluids, according to the epidote thermometer of Strenses
methodics and homogenization and decripitation temperatures of fluid inclusions in quartz, was
360-470°C (unpub. data, R. Akhvlediani). The high-temperature alteration was recognized in
rocks of the Middle Eocene Chidila suite, as well as in areas underlain by rocks of the Peranga
and Nagvarevi suites. The latter suites consist of units of the shoshonite-trachyandesite series.
Coeval hydrothermal alteration of the Upper Eocene shoshonite-trachyandesite volcanic rocks of
the Adigeni and Upper Adigeni suites, which are overlie with the Chidila suite rocks, includes
lower temperature chlorite-albite and zeolite propylitic assemblages. The chlorite-albite
alteration of the lower part of Adigeni/ suite upper transferred in zeolite propylitization. Thus,
here from middle to late Eocene steepening of slab was relaxed with redusing of fluid
temperature. Such a transition is reflected by the replacement of tholeiitic basaltic volcanism by
the shoshonite-trachyandesite activity and by the chlorite-albite and mainly zeolite alteration.
The temperature of chlorite-albite alteration was 250-300°C and zeolite alteration took place at <

250 °C, whereas the temperature of the epidote-zoisite event was 350-470°C.

In the Adjara-Thrialety zone, the gradual waning of rifting took place laterally as well. In the
western (Adjara-Guria region) and central (the Adjara-Imeretian ridge and Akhaltsikhe
depression) sections rifting and mantle influence gradually slowed. In these areas, minor basaltic
volcanism took place during middle Eocene and was characterized by epidote-zoisite propylitic
alteration (fig.8). The magmatic activity evolved into extrusion of shoshonite-trachyandesite-
dellenite magmas with associated chlorite-albite and zeolite alteration. In the western segment,
the thickness of the tholeiitic basalt is 5 km, whereas in the central segment it is diminished to
several hundred meters and is overlain by 3 km of shoshonite-trahyandesite series rocks. The
high temperature epidote-zoisite propylitic alteration assemblage occurs only in association with

the basaltic Likani suite and formed concurrently with the chlorite-albite and zeolite phases that
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are widespread in shoshonite-trachyandesite-dellenite series (fig.8). The chlorite-albite and
zeolite alteration is characteristic of the period of decreased rifting induced by mantle diapirism
and lowering of temperature. In the eastern segment (fig.8), the shoshonite series rocks are
replaced by andesite extruded during an interarc rifting transition into an island arc setting during
normal subduction (Gugushvili, 2015; Gugushvili et al., 2016). Initial rifting in Paleocene is
represented by flysch-turbidite sedimentation, followed by Eocene volcanism in the island arc
setting. Despite a volcanic series thickness >3 km, the propylitic assemblage here is low
temperature zeolite type, which is characterized by zoning from an analcite-lomontite lower zone
to a B-leongardite-clynoptilolite upper zone (I'yrymBunm,1980). The low temperature regime
relates to termination of mantle magmatism and the great depth of volcanic chambers.
Generation of calc-alkaline magma in the Kuril-Kamchatka island arc setting occurs at 100-230
km depth (®enotos, 1974). In comparison, the level of magma generation at mid-ocean ridges
and the emplacement of mantle diapirs is no deeper than 15-20 km (I'opmkos, 1974). In the
western segment of the Adjara —Thrialety interarc area, a thermal gradient of 120°C/km is
associated with rifting and high-temperature stream, which could be explaned by high level

mantle upwelling.

In the central and eastern segments of the Adjara-Thrialeti zone, where chlorite-albite and zeolite
alteration facies are typically dominant, epidote-chlorite and zoisite are localized at the contacts
between diorite intrusions and volcanic rocks or in skarns in the contact zones with limestones.

These reflect local high temperature areas near intrusions (I'yrymsunu, 1980).

The rift in the western segment of the Adjara-Thrialeti zone continues to the Black Sea (fig.9)
(Adamia et al., 2016). The small ocean basin itself extends to the west in the Burgas syncline in
Bulgaria, which is underlain by tholeiitic and alkali basalts. (Vasileff and Stanisheve-Vassileva,

1981).The volcanic sequence is similar to that of the Adjara-Thrialetiyinterarc rift.

A similar situation occurs in Azerbaijan, where the middle—late Eocene Talysh backarc continues
to the Caspean Sea (fig.9) (Mamenos, 1998). The Talysh backarc is controlled by Ankara-
Erzinjan —Sevan suture and its formation is related to Tethys ocean subduction and steepening of
the subducting slab. It is bordered by Eocene Alborz-Azerbaijan trachyandesite rocks imbricated
with Cretaceous calc-alkaline andesite-dacite volcanic rocks related to normal island arc

subduction. In the Eocene, during initial slab subduction, steepening of the slab resulted in
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shoshonitic series magmatism. Additional steepening and asthenospheric upwelling resulted in
formation of the Talysh backarc (fig.9), where middle Eocene alkali olivine basalt-phonolite
volcanic rocks, similar those in the Adjara-Thrialeti area, were deposited. These were overlain
by late Eocene volcano-sedimentary rocks that are cut by peridotite, picrite, and gabbro-
peridotite stocks and dikes. The Talysh backarc extends eastwards into the Caspean Sea basin

(Lordkipanidze et al., 1988).

It is noteworthy that in the Adjara-Thrialeti during middle to late Eocene, mantle influence
lessened and subsequently the late Eocene is marked by formation of shoshonite series rocks. In
contrast, in Talysh increased mantle influence in late Eocene led to the formation of a small

ocean basin with emplacement of alkali-ultramafic peridotite stocks.
1.3 Pre-collision metallogeny

The pre-collision metallogeny and volcanism is controlled by subduction and transformation of a
subducting slab. The mineralization is related to the island arc, interarc, backarc, and minor
ocean basin development in a pre-collision environment. The mineralization in these settings is

controlled by the participation rate of sialic and basaltic crust, as well as mantle processes.

In the East Paratethys, Phanerozoic volcanism and mineralization are controlled by north-vergent
subduction of the Tethys ocean slab, which predates closure of the ocean basin and formation of

the late Eocene Ismir-Ankara-Erzinjan-Sevan suture (IAES).

The Creataceous and Eocene mineralization in East Pontides is represented by porphyry
(Guzelaila, Derecoy, Gumushane, Balicoy), epithermal (Tack, Mastra, Koraki, Acbaba), and
Kuroko VMS (Chaeli, Cheratepe, Lahanos, Copubas) type ores (fig.6) It is noteworthy that
porphyry deposits in the East Pontides are gold-poor, whereas high sulfidation epithrmal and
Kuroko VMS deposits are gold-bearing (Yigit, 2009).

Calc-alkaline volcanism and mineralization in the Balkans are also related to north-vergent
subduction of the Tethys ocean slab. Metallogeny is controlled by normal subduction and is
mainly represented by gold-, copper-, and base metal-rich porphyry and epithermal deposits
(fig.4). The most significant deposits in the Panagiurishte distrct include Chelopech, Elatsite,

Elshitsa, and Vlaikov Vrukh. Epigenetic high sulfidation epithermal mineralization in the
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Chelopech deposit is the highest grade major gold deposit in Europe. Significant gold, copper,
and base metal deposits are also known in the Serbian Timok — Bor and Maidanpeck districts. In
contrast to the Chelopech deposit, both the porphyry and epithermal ores of these districts are
rich in gold. The Romanian Carpathians host the significant Bae-Mare and Almaz Stanidja
porphyry deposits, as well as sulfide-poor epithermal gold mineralization related to quartz—
chalcedony and quartz-barite stockworks. The porphyry ores are gold poor and mainly comprise

copper-base metal mineralization.

The shift in geodynamic processes is revealed by metallogeny, volcanism, and post-volcanic
hydrothermal alteration. The gold-copper-base metal mineralization is specifically associated
with various stages of pre-collision tectonism. In the western segment of Adjara-Thrialety zone,
gold-copper-base metal porphyry mineralization is related to late Eocene cessation of rifting and
is controlled by syenite-diorite and syenite stocks that released fluids from deep chambers.
Middle Eocene VMS type stratiform ores are not associated with tholeiitic and alkali basalt
interarc volcanicsm. It is well known that interarc and backarc volcanic activity is characterized
by copper-zinc mineralization, auch as in the Khudes and Filiz-chai rifts (Gugushvili, 2015).
Tholeiite- and alkali-basalt and shoshonite-trahyandesite rocks of the Adjara-Thrialety zone
contain anomalous concentrations of copper and zinc. They were concentrated in the magma but
did not enter the fluid phase. A similar situation is described by Frolova and Burikova (1977) for
basalts of the South Ural interarc rift that are enriched in copper and zinc, but where there is not
known stratiform mineralization. The authors argue that the magma was enriched in the metals,

but these did not pass into a magmatic hydrothermal fluid.

A high content of copper, ten times greater than the Clarke value, characterizes the rocks of the
Adjara—Thrialety shoshonite-trachyandesite series. The copper and base metal mineralization
here is related to sericitization along the margins of syenite-diorite intrusions. The sericitized
rocks are characterized by low copper concentrations (16-34 ppm) and high amounts of lead
(97ppm); therefore, the source of copper must be fresh host rocks. During sericitization, the
copper was leached from tholeiitic basalt and shoshonite-trachyandesitic to form porphyry and
epithermal ores. The sericitized rocks are enriched in lead, whereas basalts and trachyandesites
contain only 9.3-15 ppm lead. In the Adjara ore district, syenite and syenite-diorite stocks have

wide sericitization haloes. The high copper in the volcanic rocks and leaching of the copper
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during sericitization are undoubtedly essential for the formation of these gold-copper-base metal
deposits. The significant role of sericitization in the mineralization process is supported by
chlorite-carbonate precipitation in altered wallrocks of the ores. It could be related to the
leaching of Ca, Fe, and Mg from the host rocks during sericitization in the exocontact zones of

intrusive bodies (I'yrymBunu, 1980).

A completely different source is required to explain lead-zinc participation during the
mineralization process. In volcanic and intrusive rocks, their concentrations approximate the
Clarke value, whereas the sericitized rocks are notably enriched in lead and zinc. They contain
eight to ten times more lead and two times more zinc than primary andesites and trachyandesites
(MBanuukuit u 1p., 1969). Our data confirm a juvenile fluid source for enrichments in lead and
zinc (I'yrymBuin, 1980). Thus, sericitization is part of the ore-forming process for copper, which

is leached from host rocks, whereas lead and zinc are added by juvenile fluids.

We suggest that the source of copper is the mantle, the source of zinc is the basaltic crust, and
source of gold and lead is the sialic crust (Gugushvili et al., 2010; Gugushvili, 2015). The
oceanic setting is favorable for Cyprus-type copper-pyrite mineralization, interarc and backarc
settings for copper-zinc ores, and island arc environments for gold, lead, zinc, and copper
mineralization. Therefore metallogeny may be distinctly related to geodynamic processes. The
oceanic copper-pyrite deposits are represented by statiform mineralization and syn-ore high-
temperature epidote-zoisite and actinolite propylitic alteration. The mineralization associated
with interarc and backarc rifts is related to tholeiitic-alkali basalt volcanic activity and is
represented by copper-zinc ores within zones of high-temperature propylitic assemblages. The
island arc setting controls gold-copper-base metal mineralization, calc-alkaline volcanic activity,
and includes porphyry ores, high and low sulfidation epithermal systems, and locally sulfide-
poor gold deposits related to quartz —chalcedony stockworks. In the island arc settings, Kuroko-
type VMS ores are characterized by high concentrations of lead and gold. Examples include the
Eurasian active continental margin (Gugushvili et al., 2010; Gugushvili, 2015) and other regions

of the world.

In the Bolnisi ore district and in Panagiurishte (Bulgarian Srednegorie), areas characterized by
the transition from island arc to incipient backarc setting, Late Cretaceous gold-copper-base

metal mineralization is present (von Quadt et al., 2005; Gugushvili, 2002, 2015). Sialic and
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basaltic crust are both involved in the mineralization process and the first stage of the mantle
diapirism occuurs. Porphyry and high sulfidation epithermal mineralization in the Bolnisi ore
district is associated with syn-ore high-temperature epidote-zoisite alteration and low sulfidation
epithermal gold mineralization. The latter is controlled by quartz-K-feldspar metasomatism.
High-temperature propylitic and potassic alteration processes are controlled by mantle
upwelling, with a high-temperature fluid carrying gold under alkaline conditions. This
interrelation is confirmed by fluid-rock geochemical modeling (Mernagh and Bierlein, 2008).
The sulfide-poor gold mineralization related to alkali-carbonate fluid activity occurs at 220°C,
with unmixing of CO, and CHy revealed in the K-feldspar and silica alteration. The high-
temperature gold mineralization was associated with sulfide complexing, low acidity, low
fugacity of O,, and CO, phase separation. Copper-base metal ores and epidote-zoisite alteration
occurred at the 350-400°C. In the Bectagari occurrences in Bolnisi, the homogenization
temperature of aquesous-carbonic fluid inclusions in the gold bearing quartz-K-feldspar
metasomatites is 220-230°C (I yrymBuin,2014), whereas the temperature of such inclusions in
the gold-copper-base metal porphyry ores is 350-400°C (CorumBmmm,3ynuausuim, 1959) and it

thus is identical to the temperature of propylitic alteration.

The first stage of hydrothermal activity and mineralization in the Bectaqari depositis was related
to trachyrhyiolite volcanism and the gold-bearing K-feldspar alteration. The next stage is
represented by gold-copper-base metal mineralization, controlled by gabbro-diabasic stocks, and
includes an epidote-zoisite alteration assemblage that overprints gold-bearing quartz-K-feldspar
metasomatites (I'yrymBumu, 2014; Gugushvili, 2015). The gabbro-diabase stocks and veins are
located in the apophises of volcanic chambers, which were the source of the Shorsholeti suite of

alkali olivine basalt erupted during late Campanian backarc rifting (Gugushvili, 2015).

The pre-collision magmatism and metallogeny of the studied region can be related to the north-
vergent normal subduction of the Tethys ocean slab in an island arc setting and prior to final
suturing. Subsequently, as a result of slab steepening and mantle upwelling, the island arc setting
trransformed into an incipient backarc. The increased upwelling and backarc to interarc rifting
led to opening of a small ocean basin marked by ophiolite seqiuences and Cyprus-type copper

mineralization, with traces of lead and zinc and minor gold.
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Calc-alkaline andesitic volcanism, zeolite alteration, and gold-copper-base metal mineralization
were associated with the normal subduction in the island arc setting. During changing slab
subduction angle and waning rifting, mantle-related shoshonite-trahyandesite volcanic activity
was associated with chlorite-albite and zeolite alteration and gold-copper-base metal
metallogeny. During incipient rifting, gold was deposited in the quartz-K-feldspar metasomatites
by migration of alkali-carbonic fluids. During the next period of more intense rifting, low alkali,
high-temperature fluids in the Bolnisi ore district were responsible for gold-copper-base metal
mineralization and syn-ore high-temperature epidote-zoisite alteration. The gold in the fluids was
related to sulfide complexes. Initial steepening of the subducting slab resulted in mineralization
that involved basaltic crust, mantle, and sialic crust. Further slab steepening, leading to break-off,
detachment, and delamination, correlates with intense backarc and interarc rifting with tholeiitic-
alkali basalt volcanism and epidote-zoisite and actinolite propylitic assemblages. At this stage,
sialic crust was not involved in the mineralization process and the ores lacked gold and lead.
Further steepening of the slab and mantle upwelling to shallow levels caused intense spreading
and the backarc setting was transformed into a local ocean basin. Neither basaltic nor sialic crust
took part in the related mineralization and it was controlled solely ophiolitic magmatism and
emplacement of ultramafic intrusions during rise of asthenosphere. The mineralization is Cyprus-
type comprising copper-pyrite ores without gold and lead. Zinc is present in trace amounts. The
Kiire complex of the Central Pontides hosts examples of such Cyprus-type copper-pyrite deposits
at Ashikoy and Bakibaba (Ustadmer, Robertson 1993, 1997), as does southeastern Turkey where
an ophiolite belt includes the Cyprus-type deposits at Madenkoy (Siirt) and Maden (Elazig)
(Engin, 1994).

In the west segment of the Adjara-Thrialety rift, the alkali-basalt volcanic series rocks lack
stratiform VMS ores, which generally form in interarc and backarc rifts. The tholeiite —alkali
basalt rocks here are enriched in copper relative to the Clarke value. The copper probably was
not concentrated in hydrothermal fluid and remained in the magmas. Similar examples are
described in basaltic series rocks of the South Ural interarc rift (®ponosa u bypukosa, 1977).
However, in the Adjara district, significant copper-base metal porphyry mineralization is present.
Here the syenite—diorite intrusive stocks cut tholeiitic alkali basalt and shoshonite-trachyandesite
series rocks, and are characterized by immense halos of sericitization that are ten times poorer in

copper than unaltered host rocks. The copper mineralization might be related to the sericitization.
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However, the sericitically altered rocks are significantly enriched in lead and zinc.The copper-
base metal mineralization is located in the halo of the sericitization. Probably during
sericitization, copper was leached from the country rocks and the fluids causing the
sericitiization were enriched in juvenile lead and zinc. Therefore, sericitization resulted in the

copper-base metal mineralization in the Adjara ore district.

In the studied region, subduction, and related volcanism and metallogeny, changes temporally
and spatially in three directions: up succession, from south to north following the dip of the
subducted slab, and laterally from east to west. Vertical changes are related to fluctuations in
slab subduction dynamics. In Bolnisi ore district, the vertical succession records a history of
normal subduction that switches to incipient backarc formation with related volcanism and
metallogeny. In the Adjara ore district, the up-section sequence indicates slab flattening and
shows middle Eocene tholeiitic-alkali basalt series rocks replaced by a late Eocene shoshonite-

trachyandesite suite (fig.8).

The south to north change in volcanism and metallogeny in the studied region is supported by the
switch from a normal subduction island arc setting to a backarc /interarc rift setting. An example
of such lateral change is the Adjara-Thrialeti interarc rift, which, to the west, merges with the
small Black Sea oceanic basin and the Burgas rift zone in Bulgaria, whereas to the east it is
connected to the East Black Sea oceanic basin. Another example is the Talysh backarc rift,
which is connected to the small Caspean Sea oceanic basin. In Talysh, the up succession change
in middle to late Eocene associated with slab steepening included emplacement of ultramafic
dunite-peridotite intrusions. In contrast, in the Adjara-Thrialeti are in late Eocene, flattening of
slab subduction caused a change from middle Eocene tholeiite basalt series rocks to eruption of

shoshonite-trachyandesite.

The Adjara-Thrialety rift in the middle Eocene weakened from west to east and tholeiitic-alkali
basalts were replaced by shoshonite-trachyandesites. The latter changes to the east into andesite

series rocks of an island arc setting (fig.8).

Thus, geodynamic development at pre-collision stage revealed in character of volcanic

activity, hydrothermal alteration and metallogeny are controlled by alteration intensity of
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steepening and level of mantle diapir invasion as along deepen of subducting slab, so laterally

and temporary way up succession.

2. Post- collision metallogeny, magmatism and hydrothermal alteration

The convergence of Eurasian and Afro-Arabian continents resulted in the closure of the Tethys
Ocean. Under the Afro-Arabian continent stress, the Eurasian margin developed a post-collision
stage (Adamia et al., 2016). After the post-collision stage subduction ceased, but steepening of

the subducted slab under the orogen resulted in intrusive activity and fold-thrust belts.

The steepening of subducted slab under the thick orogenic crust resulted in incursion of
astenospheric material and high temperature mantle fluids. The hot fluids stipulated gold and rare

metals leaching from orogenic crust and post-collision metallogeny.

The post-collision development and mineralization is related to fold-thrust zone and post-
orogenic intrusive activity. It is distinct from pre-collisional. The mineralization includes
porphyry and epithermal gold-base metal ores, low-sulfidation gold-bearing quartz-antimony,
scheelite, wolframite and mercury vein-stockwork mineralization. The porphyry and low-
sulfidation mineralization is associated with rare metals (Sb, W, Mo and Hg). In the studied
region the post-collision setting and related metallogeny was investigated in magmatic belts of
Ahar-Arasbaran, Alborz-Azerbaidjan and Megri-Ordubad, in the Central Iran block and in the
Sanandaj-Sirjan zone (fig.10, 11), as well as in the Main Range of Caucasus and in its Southern
slope (fig7,Y]) so in the Lesser Caucasus and in Menderes massive (Turkey)-(fig6). The post-
collision mineralization in Iran occurs in Cenozoic porphyry deposits of Ahar-Arasbaran
metallogenic belt (fig.10,11) and is represented by gold-copper-porphyry deposits of Sungun
and Mazra, the epithermal deposit of Harvana group (Mivehrud, Anderian, Astarjan, Halfian
etc), Muteh deposit of Sananjan—Sirjan zone, as well as by deposits of the East Iran magmatic

belt-Zarsharan, Akdareh, Kom, Dashkesan etc (fig.10).

All these deposits are presented by gold-bearing porphyry and lode type base metal
mineralization and non-sulfide and low-sulfidation veins and stockworks. They all are related to

Oligocene—-Miocene dacite-granodiorite and granite intrusive stocks cross-cutting Paleozoic and
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Mesozoic rocks. The stocks serve as pathways for deep-seated fluids, which moved along these

stocks and systems of faults and shear zones in the rocks of various ages.

The gold mineralization, as sulfide, so low and non-sulfide ores associates with the above

mentioned rare metals.

At the Mivehrud deposit (Harvana group), the gold mineralization also includes a Sb, Mo and W
association. Gold-bearing quartz-antimony veins and their host rocks are associated with Sb, Mo,
Zn, Pb, Te and Se. The geochemical background of the Harvana group of deposits consists of
Cu-200-253ppm, Au 88-121 ppm, Mo-3.0-5.7 ppm, W-6.3-7.1 ppm, Pb -120-517 ppm, Zn-121-
160ppm, and Sb-7-10ppm.

In the Mivehrud deposit, gold-base metal ores contain Zn-Ag-Sb and Pb-Bi oxides and silver-

bearing quartz-antimony veins

In the Alborz magmatic belt, Central Iran block and in Sanandaj-Sirjan zone gold-copper-
porphyry and gold-base metal lode and stockwork mineralization is controlled by Oligo-Miocene
dacite, granodiorite-porphyry and granite intrusive stocks, which cut Paleozoic and Mesozoic

complexes of rocks (Moritz et al., 2006; Report of Geological Survey of Iran, 2007).

Gold-copper-base metal mineralization associated with Sb, Mo, Hg and W, is known in the East
Iran magmatic belt and is presented by the Carlin type deposit Zarshuran, the Aldareh prospect,
the Dashkesan and Binalud gold-bearing lead-zinc deposits, and the Hash-Zadehan base metal
and gold-antimony ore field, where Paleogene turbidites are cut by Oligo-Miocene subvolcanic
and hypabyssal granitoids, which control mercury and antimonite mineralization. Thus, related to
Oligocene-Miocene magmatic province postcollision gold mineralization of Iran (fig.10) is

characterized by the association of rare metals (Sb, W, Mo and Hg).

The post-collision setting is continuing from Iran to the Lesser Caucasus, in the Meghri-Ordubad
Cenozoic magmatic province, where Oligocene-Miocene stocks are related to significant gold—
molybdenum mineralization associated with Sb, W and Hg. Significant gold deposits at Zod and
Merhadzor inclduing by gold-bearing quartz-antimonite mineralization with Sb and W
(Melikian, 1997), and controlled by granodiorite-porphyry Cenozoic intrusive stocks, occur

along the Sevan-Akera.
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The rare metals (Sb, W, Mo and Hg) and gold post-collision mineralization occur in the fold-
thrust zone of the Caucasus (fig.7.VI). Epithermal lode mineralization is also related to the post-
collision stage. The most significant is the Zopkhito deposit, which is explored and studied in
detail by Sh. Khaduri (reports of Geological Survey of Georgia 1980-1990 years). The
mineralization consists of quartz-antimonite and gold-copper base metal porphyry ores. Ore wall
rock alteration zone consists of silica, sericite and pyrite alteration in association with Sb. Ore-
bearing veins cross-cut Lower Jurassic schists. The gold content in the veins is 4.35ppm, and

silver is 4.15 ppm. The gold reserves exceed 34t, reserves of Sb are 41223t, and silver are 39t.

The formation of the Zopkhito deposit is related to Late Alpine activation (G.Tvalchrelidze,
1984). Post-collision mineralization occurs in the fold-thrust belt of the Great Caucasus ridge and
its Southern Slope. It is known as gold-bearing rare metals (Au, Sb, W, Mo and Hg)
mineralization prospects - Avadhara, Akhey, Notsarula etc. The mineralization is controlled by

Oligocene-Miocene dacite extrusions and granodiorite intrusive stocks.

Another significant orogenic deposit with gold-arsenopyrite—antimonite mineralization is
Lukhumi. It is controlled by shear and fault zones developed in Upper Liassic schist and
limestone. The mineralization occurs as quartz-antimony, quartz-antimonite—realgar—orpiment
and quartz-scheelite stockworks. The gold grade in veins is 5.10 ppm, As is 6.7 wt%, and Sb is
7.37 ppm. The ore reserve is 483000t, including Au at14.40 t, Sb at 2580t, and As at1800t.

In the Caucasus mountain range, the Ocrila—Achapara prospect is controlled by a regional fault
(Okrostsvaridze, Bluashvili, 2008), where gold is associated with Sb and W. The gold
mineralization occurs as quartz-scheelite, quartz-pyrite, quartz-base metal and gold-bearing
quartz veins. Ore wall rocks are silicified, chloritized and sericitized. The gold grade in ores is

with Sb and W.

In the Caucasus numerous rare metal prospects are known. Among them are the Carobi
molybdenum deposit (reserve of molybdenum are 50t), the prospect Notsara with scheelite
mineralization — W-3.5%, Au-2.30ppm (50t W and 18882 kg Au). The mineralization is
controlled by Cenozoic granitoid stocks. There are also mercury prospects —Akhey — Hg-0.34%
(reserve 2546t), Avadhara Hg-0.29%(1353t), and Akhahcha Hg-0.5% (2200t). Antimony is

present in the mercury mineralization. Mineralization is located in the Lower Jurassic schist and



44

controlled by fault zones. The post-collision gold mineralization in association with Hg and Sb is
known at the Menderes Paleozoic massive (West Anatolides), presented by Cungurlu , Emirli
and Halicoy deposits (fig.6). They are controlled by Cenozoic fault and shear zones. The gold
mineralization is associated with Sb, W and Hg (Yigit, 2009). Fault-controlled zone gold

mineralization is also known in the Eastern Rhodopean Ada-Tepe deposit (Marchev et al., 2004).

Thus, the post-collision mineralization in the studied region is everywhere controlled by fold-
thrust zones and orogenic diorite - porphyry and dacite stocks. It replaces the Phanerozoic host
rocks of different ages (from Paleozoic to Cenozoic). The mineralization is represented by gold-
copper-porphyry and low-sulfidation vein-stockwork gold and rare metal (Sb, W, Mo and Hg)
ores. The mentioned rare metals association which comprises as gold-copper porphyry base

metal and low sulfidation ores, widespread in host rocks.

The beginning of the post-collision development coincided with collision and suturing of the
oceanic realms separated by terranes. The ages of the sutures alternate from Late Cretaceous
until Late Eocene-Oligocene. The suturing occurred during subduction of the Tethys Ocean.
Though the real and complete post-collision setting is related to the closure of Tethys Ocean
after the end of convergence and accretion of the Afro-Arabian continent to the Eurasian active
margin. The compression stipulated the orogenesis, fold-thrust tectonics and granitoid intrusive
activity, which controlled gold-copper-base metal, low-sulfidation and rare metal mineralization.
The geochemical indicator of this stage of post-collision development is the association of rare
metals (Sb, W, Mo and Hg) forming background of the mineralization and of its host rocks. The
situation occurred in the studied regions of Iran, Caucasus and Turkey of the Central part of
Eurasian margin. The age of syn-orogenic intrusions is Oligo-Miocene. They coincide with the
association of rare metal indicators of the post-collisional setting. Therefore the termination of
subduction, ocean closure, the related orogenesis and magmatic activity is dated as Oligocene-
Miocene. The next stage of the post-collision process was expressed by Pliocene-Quartenary

volcanic activity.

The relation of post-collision volcanism with geodynamic development is studied in detail by
Dilek et al. (2010). Their study area encompasses Arabia, Iran, the Lesser Caucasus and East
Turkey. They investigated post-collision calc-alkaline dacitic, shoshonite-trachyandesite and

tholeiitic—alkalic basaltic volcanism and detected the spatial and temporal impact of the
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astenosphere on the character of volcanism. The first stage of volcanic activity is Late Miocene—
Early Pliocene revealed in shoshonite — trachyandesite volcanism, later during the Pliocene-
Quaternary began tholeiitic—alkalic basaltic volcanic activity, characterized by an increasing
growth of mantle influence manifested in the tholeiitic—alkalic basaltic volcanic activity. By
petrochemical and geochemical criteria it is similar to pre-collision interarc-backarc volcanism;
however it is not characterized by rifting and is characterized by fissure eruptions from deep-

seated chambers. Mineralization is not related to post-collision volcanic activity.

In the studied region Oligocene-Miocene dacite-porphyry and grano-diorite porphyry
magmatism and gold-copper-porphyry and low-sulfidation gold mineralization precede post-
collision volcanic activity. The mineralization is associated with widespread rare metals (Sb, W,
Mo and Hg). At this stage of post-collision development, the association of rare metals is an

indicator of the post-collsion setting.

The similar situation is characteristic for post-collision setting regions worldwide. The gold and
association of rare metals are detected in the Tethys-Eurasian metallogenic belt exemplified by
the Muruntau group of deposits. In the Altaid orogen at the Late Paleozoic stage of its collision
generation of giant gold deposits (Muruntau, Kumtor, Cholboy and etc.) is related to the final
amalgamation and collage stage in the Tianshan Province (Yakubovich et al., 2002). The gold

mineralization here is associated with Sb, Mo and W.

In the Kumtor deposit we have a Au, W, Cu, Te, Ag, Pb, Sn and Sb association.
In the Muruntau deposit: Au, As, W, Bi, Te, and Cu.

In the Cholboy deposit: Au, Sb, Hg, Pb, Mo, W and Cu.

In the Dauguztan and Amantaitan deposits: Au, Ag, As, Sb, Mo and Cu.

The similar association of gold with rare metals occurs in the Tombstone gold belt of Yukon
(Canada). Here the post-collision mineralization is related to Cretaceous and Jurassic orogenesis
and is controlled by syn-orogenic intrusions (Mair et al., 2006). Post-collision development here
was linked to Triassic - Cretaceous convergence between the North American and Faralon plates,

which led to the collision of oceanic terranes with the continental margin. Here gold
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mineralization goes with Te, Bi, As, W and Sb association and is related to quartz veins in

association with W, Au, Ag, Pb, Zn, Sb (Mair et al., 2006).

Similarly, in the Western Lachlan orogeny, Southern Australia, syn-collision orogenic gold

mineralization is followed by the Bi, Te, As, W, Mo, Sn and Sb association.

Consequently, the most significant gold deposits in association with Sb, W, Hg and Mo are
related to post-collision orogenesis and magmatic activity. Among them are giant gold deposits:

Muruntau (Au-175 Moz), Kumtor (Au-19 Moz), and Zarmitan (Au-11.2 Moz).

It should be mentioned that Sb, W, Hg and Mo are associated with gold deposits related to post-
collision orogenic and intrusive activity and have not been defined in pre-collision backarc,
interarc and oceanic settings aside from molybdenum which participates in island arc setting
mineralization. The latter is not characterized by the tendency of Sb, W, and Hg participation- At the
same time in the studied region such giant Mo-deposits as Kajaran is related to post-collision

setting.

Therefore, the post-collisional process in the studied region consists of two stages. The first —
Oligocene-Miocene is related to post-collision tectonics and granitoid magmatic activity and is
presented by gold-copper porphyry, base metal and epithermal low sulfidation gold
mineralization in association with rare metals (Sb, W, Mo and Hg) and deposits of these rare
metals in particular. The rare metals at the same time are geochemical indicators of postcollision
setting. The postcollision process post-dates pre-collision rock complexes of various ages. The
mentioned rare metals are not characteristic for pre-collision setting and present geochemical
background of the post-collision process. The next stage of post-collision process is marked by
the formation of post Miocene-Pliocene-Quaternary shoshonite-trachyandesite and tholeiitic-
alkali-basaltic volcanic rocks characterized by similar geochemical and petrochemical indicators
to backarc-interarc pre-collision setting volcanic series. However, the post-collision situation is
not characterized by rifting and mineralization. The volcanic activity is controlled by fissure
eruptions from deep magma chambers.

Thus, post-collision gold-copper-base metal metallogeny is characterized by the following

criteria:
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eThe mineralization resulted in porphyry and epithermal vein-stockwork ores and never
stratiform VMS mineralization.

e The mineralization is controlled by fold-thrust zone in orogens and orogenic magmatic activity.
eThe post-collision mineralization is characterized by high gold grades associated with rare
metals (Sb, W, Hg and Mo) as in porphyry and in low sulfidation and nonsulfide ores, so in the
host rocks. The rare metals association is the the exploration criteria for gold mineralization.
eRare metals in post-collision setting are introduced in proper deposits of antimony, scheelite,
wolframite and mercury.

oGold and rare metals genesis in post-collision setting is related to the steepening of the
subducted slab on the depth and invasion granitoid magma and high temperature fluid flows into
the lithosphere. The fluids leached gold and rare metals from thick orogenic sialic crust and
formed porphyry and epithermal vein-stockwork mineralization.

eThe post-collision setting is characterized by a high geochemical background of rare metals
(Sb, W, Hg and Mo). Accordingly the association of mentioned rare metals simultaneously is the
indicator of post-collision setting. It is noteworthy, that in pre-collision setting these rare metals

are not present. The only exception is molybdenum.

Review and analyses of the obtained data
Investigation of metamorphism, magmatism (volcanism), postvolcanic hydrothermal alteration
and metallogeny in the studied region within the border of the Eurasian active margin revealed

the following tendencies:

The geodynamic development consists of pre-collision and post-collision stages. The pre-
collision stage, related to north-verging subduction of the Tethys Ocean during convergence of
the Eurasian and Afro-Arabian continents, began in Late Proterozoic and was continuing until

the Eocene, and ended with collision and closure of the Tethys Ocean.

During subduction, detached terranes from the Afro-Arabian passive margin and their migration
toward the Eurasian active margin. During convergence, as result of separating the terranes and
ocean realms collision, the oceanic sutures were developed. After the ocean collision as a result
of the high stress impact of Afro-Arabian continent on the Eurasian margin post-collision stage

began.
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The geological and geodynamic development is characterized by subduction, which in turns
controlled metamorphism, volcanism, hydrothermal alteration and mineralization at the pre-
collision stage until closing of the ocean. At the post-collision stage, the subduction was finished,
however steepening of the subducted slab was continuing at the depth under the orogeny,
resulting in mantle diapir incursion and high temperature hot stream activity in postorogen fold-
thrust zones with related magmatic activity, hydrothermal alteration and mineralization. The

process ended with shoshonite-trachyandesite and tholeiitic—alkali- basaltic volcanism.

During pre-collision development, its first stage revealed in normal subduction, when the slab
was deepening in the mantle without steepening and mantle diapir incursion. The Phanerozoic
regional metamorphism was related to the incipient stage of subduction before the production of
andesite melt from the subducting slab. Characterized by high temperature hot fluid stream, the
regional metamorphism resulted in the formation of granulite and amphibolite high temperature
facies. The latter upward transferred into epidote-amphibolite and greenschist facies. The
temperature of regional metamorphism varied within 350-750°C at 4000 bar pressure conditions.
At this temperature and high pressure, before production of andesite melt from the subducting
slab and lithosphere, the granitic magma might be smelted and formed of the granite-
metamorphic complexes. Accordingly, the regional metamorphism preceded calc-akaline
volcanism. This concistency is exemplified in the Caucasus where Hercynian metamorphism in
the crystalline core of the Great Caucasus, which took place in the Devonian-Carboniferous.
During the Middle Carboniferous, metamorphic rocks were overlain by andesite-dacite-rhyolite
volcanic series. Another example is known from the Transcaucasus, where Late Paleozoic-
Triassic andesite-dacite calc-alkaline series overlay the Paleozoic granite metamorphic
complexes of Loki and Dzirula salients. The similar succession of regional metamorphism and
calc-alkaline volcanic activity in the Phanerozoic is also known in other regions of the world and
confirms that regional metamorphism precedes the production of andesitic magma from the
subducting slab (I'yrymBunu, 1980). Such sequence is described in the Lake District (Wales),
where amphibolite facies of the regional metamorphism of age 475-420 Ma, preceded Paleozoic
calc-alkaline volcanic activity (Read, 1961). Thus, the Hercynian belt (340-320 Ma) of the
Western Europe (Moldanub structure zone) is overlain by Carboniferous molasses, which
consists of trachyandesite volcanic series (Caton, 1967), as well as in the Pacific Ocean, where

thick andesite series are underlain by a regional metamorphic belt (Miashiro,1972). It is



49

noteworthy, that episodes of metamorphism are not, always terminated by andesite production
and volcanic activity. Therefore the hot fluid stream action not always prevails during the stage
of granulite and amphibolite facies, which transfers upwards into epidote-amphibolite, prehnite-
pumpellyite, greenschist and zeolite facies (I'yrymsunn, 1980). The regional metamorphic rocks,
in contrast to postvolcanic metasomatised rocks, are always characterized by gneiss and schist
structures due to their formation at depth in high pressure conditions. At the same time regional
metamorphism was not accompanied by mineralization, however within the metamorphic
complexes, there are various types of mineralization and ore deposits, but they always are
superimposed and related to later processes. During the ongoing subduction, the temperature of
hot streams increased and began the production of andesite melt from the subducted slab with
calc-alkaline volcanic activity and gold-copper-base metal mineralization. Steepening
(deformation, break off, detachment and delamination) of the subducted slab and mantle diapir
incursion conditioned the interarc or backarc rifting. At the incipient stage of transformation the
shoshonite-trachyandesite volcanic activity occurs, after strengthening of diapir incursion and
rifting began the tholeiitic-alkalic basaltic explosions with related high temperature epidote-
zoisite propylitization and copper-zinc mineralization. The subsequent strengthening of diapir
incursion and spreading back-arc rift transformed into the minor ocean setting with ophiolite
volcanism and ultramafic dunite-peridotite intrusion, epidote-zoisite and actinolite
propylitization and serpentenization coincided with Cyprus type VMS copper-pyrite
mineralization. The described sequence occured in the studied region, similar geodynamic

settings developed in other regions of the world.

The gold-copper-base metal mineralization in an island arc setting is controlled by participation
of sialic, basaltic crust and mantle as a result of subducted slab deepening in the mantle. The
sialic crust does not participate in mineralization of backarc setting and ore forming here is
controlled by basaltic crust and mantle. The oceanic setting development is characterized by
mantle melt activity without participation of basaltic and sialic crust and characterized by
copper-pyrite mineralization. Therefore, we suppose, that the source of gold and lead is the sialic

crust, source of zinc is basaltic crust, whereas source of copper would be the mantle.
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In the Caucasus, there is a distinct spatial and temporal alternation of normal subduction and
transformation of subducting slab with related volcanic activity and mineralization. The
alternation occurred as along deepening of the subducted slab from the South to the North, so

laterally to deepening from the West to the East. Here is fixed the following subsequence:

In the Southern Slope of Great Caucasus in the Paleozoic Dizi series occurs calc-alkaline,
andesite-dacite-rhyolite volcanic suite controlled by normal subduction. Northward in the
Forerange of the Caucasus, the subducted slab steepening with mantle diapir incursion is
characterized by formation of Paleozoic—Triassic interarc rift with tholeiitic volcanic activity

and copper-zinc mineralization (Khudes group of deposits).

The north-verging transformation of the subducted slab is fixed also in Lower Jurassic in the
Southern Slope. Here mantle diapir incursion revealed by backarc rifting and marginal sea with
tholeiitic volcanism and pyrite-chalcopyrite-sphalerite — pyrhotite mineralization (Filiz-chai
group of deposits). In the Transcaucasus (Georgian Block) it was preceded by Late Paleozoic-
Lower Jurassic calc-akaline volcanic activity, also in the Locki-Garabakh zone (Lesser

Caucasus) by Lower Jurassic calc-alkaline basalt-andesite-dacite volcanism of island arc setting.

In the Locki-Garabakh zone, normal subduction and calc-alkaline volcanism occurred also in the
Upper Jurassic, characterized by andesite-dacite rhyolite volcanic series with gold-copper-base
metal mineralization (deposits: Shamlug, Alaverdi, Gedabeck etc). To the North, in the Georgian
Block (Transcaucasus) the steepening of the subducted slab caused backarc rifting and resulted
in Upper Jurassic , thick tholeiitic-alkalic basaltic-trachytic volcanic series. The similar
development occurred in the Upper Cretaceous. In Artvin-Bolnisi zone (Lesser Caucasus)-to
normal subduction in island arc setting is related calc-alkaline-andesite-dacite — rhyolite volcanic
activity and gold-copper-base metal mineralization (Madneuli and Dagkesaman deposits).
Further to the North, in the Georgian Block (Transcaucasus), the subducting slab steepening
revealed in picritic basaltic, alkaline-olivine basalt, trachyandesite and trachyte volcanic activity,

with phonolite extrusions, characteristic for backarc setting.

Transformation of normal subduction occurred in the Eocene as well. The interarc development

of the Adjara —Trialeti with tholeiitic-alkalic basaltic activity to the South in the Turkish
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Pontides and Artvin-Bolnisi zone, preceded normal subduction with calc-alkaline volcanism and

gold-copper-base metal mineralization.

In the Caucasus and in the Bulgarian Srednegorie zone there is a distinct temporal transformation
of the subducted slab in way-up succession and its relation to intensity of diapir incursion. It is

exemplified in the Adjara —Trialeti and in the Bolnisi ore district.

Thus, in the Western segment of the Adjara —Trialeti zone at the incipient stage of rifting in
Lower Eocene shoshonite —trachyandesite volcanic activity occurred. Later in the Middle Eocene
rifting strengthening revealed in the tholeiitic-alkalic basaltic explosions, whereas in the Upper
Eocene slackening and waning of rifting is evidenced by shoshonite-trachyandesite volcanic
activity. The tholeiitic-alkalic basaltic volcanism coincided with epidote-zoisite background
propylitization, whereas in the Upper Eocene shoshonite-trachyandesite series the chlorite-albite
and zeolite propylitization occurred. The background hydrothermal alteration zonality here may

be explained by lowering of fluids temperatures and deeper level of diapir incursion.

The different development occurred in the Bolnisi ore district where in the Madneuli and
Bectaqari clusters temporally in the way-up section the incursion of diapir was strengthening and
its level of invasion was decreasing. The genesis of the Santonian Madneuli deposit is related to
normal subduction and island arc setting, but the adjacent Bectaqari deposit is localized in the
Campanian trachyandesite suite, which is imbricated by Upper Campanian Shorsholeti suite
presented by alkaline basalts and trachy-andesites. According to petrochemical and geochemical
criteria it is related to backarc setting. So, here temporal steepening of subducting slab was
strengthened. The similar development occurs in the Balkans (Bulgarian Srednegorie), where
temporally upwards in the cross section normal subduction according to strengthen steepening of

the slab transferred into the incipient stage of backarc.

In the Caucasus, in the Adjara-Trialety and Talysh rifts is distinctly seen the lateral
tansformation of subducted slab and alternation of related volcanism, background hydrothermal

alteration and mineralization.

The Adjara-Thrialeti lateraly to the west is continuing into the Black Sea minor ocean consisting
of ophiolites. The transformation of interarc rift in the minor ocean setting is related to

intensification of mantle diapir incursion. At the same time the Black Sea minor ocean to the
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west is continuing in the Burgas backarc rift in Bulgaria and consists of tholeiitic-basaltic

volcanic series, related to slackening of diapir incursion.

The similar sequence occurred in Talysh region (Azerbaijan). Here the backarc presented by
tholeiitic-subalkaline basalts laterally to the East is continuing to the Caspian Sea minor ocean
ophiolites. Here we have a similar sequence, as in the Adjara-Trialeti and Black Sea minor
ocean. However, there are some distinctions, as well. In the Adjara-Trialeti Middle Eocene
tholeiitic-basaltic series in the Upper Eocene transferred in the shoshonite-trachyandesite suite,
according to temporal slackening of rifting, whereas in Talysh the Middle Eocene tholeiite-
basaltic series are overlain by Upper Eocene sandstones cut by dunite-peridotite stocks
characteristic to oceanic setting. So , in contrast to the Adjara-Trialeti, there was a temporal

increasing incursion of the mantle diapir.

In the studied region, post-collision setting began after the collision and closure of Tethys Ocean,
characterized by the stress of Afro-Arabian continent on the Eurasian margin. Post collision
metallogeny is controlled by fold-thrust zones and syn-orogenic Oligo-Miocene grandiorite

intrusive stocks.

The post-collision process in the studied region is revealed by two stages. The first Oligo-
Miocene occurs in forming of fold-thrust structures and syn-orogenic magmatic activity. The
second, post-Miocene stage is revealed by shoshonite-trachyandesite and tholeeite-alkalibasalt
volcanism without any mineralization. To the first stage of the post-collision process is related
the significant mineralization controlled by fold-thrust structures and intrusion activity. It is
introduced by gold-copper-base metal and low sulfidation and non-sulfide gold mineralization.
The ores, with the low grade of base metal are characterized by high grade of gold associated
with rare metals (Sb, W, Mo and Hg). The gold-bearing, scheelite, wolframite and mercury
deposits are widespread. The rare metals of this association are not known in pre-collision
setting, only molybdenum among them participates in the mineralization of island arc setting;
however the most significant molybdenum deposits (Karjaran) are controlled by post-collisional
development. The source of gold and rare metals is the sialic crust of orogens. Their leaching
from thick orogenic crust is produced by high temperature fluid streams under high-pressure

conditions. The streams are coming from deep chambers. They are related to post-collision
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steepening of subducted slab. In the post-collision setting occurs high geochemical background

of mentioned rare metals in the host rocks as well.

The post-collision granitoid, granodiorite porphyry and dacite porphyry magmatic activity
widespread in the studied regions of Iran, Caucasus and Turkey with related gold-copper-base
metal and low sulfidation gold mineralization coincides with the association of rare metals (Sb,
W, Mo and Hg) - geochemical indicator of post-collision setting. All these intrusive bodies are
dated as Oligocene-Miocene. It enables us to presume, that post-collision development,
stipulated by stressing of the Afro-Arabian continent on the active margin of Eurasian began in
the Oligo-Miocene. It is confirmed by the age of termination of of AES and Intrapontide sutures
formation is the Late Eocene (Okay and Tuysus,1999). The stress coincides with orogenesis and
brittle tectonics revealed in the fold-thrust structure and mineralization. The post-collision

development is continuing in the Pliocene—Quartenary volcanic activity.

The association of these rare metals is related to the most significant postcollision deposits, as in
Eurasian gold-copper-base metal belt (Muruntau group of deposits in the Tianshan province), so
in the Tombstone gold field (Canada) and in Lachlan orogenic gold deposits (Australia) etc.
Thus, according to the above mentioned data we conclude that rare metals association (Sb, W,
Mo and Hg) is the distinct indicator of the post-collision setting. It is noteworthy, that
geochemical indicators of this stage of post-collisional development are not known, whereas the
pre-collision indicators of island arc, backarc, interarc and oceanic settings are characterized by
distinct geochemical criteria (Sr87/ Sr86, Pb*%/ Pb*™, chondrite and REE contents etc.). At the
same time the geochemical criteria for distinction of pre-collision and post-collision settings is
unknown, because of postcollision processes juxtaposed on the rocks of pre-collision settings.
Rare metal association (Sb, W, Mo and Hg) defines the geochemical background of the post-
collision setting and it is not common for pre-collision. It presents the distinct geochemical
indicator of the first stage of the post-collision development. It is confirmed by data from other

regions with post-collision settings worldwide

Conclusions
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1. The geodynamic development of the studied region at the pre-collision stage and its relation
with regional metamorphism, magmatism, volcanic activity, hydrothermal alteration and
metallogeny is characterized by north-verging subduction and steepening of the subducting slab,
but at the post-collision stage it is related to orogenesis, fold-thrust tectonics, syn-orogenic

magmatism and post-subduction steepening of the subducted slab under the orogen.

2. At the first stage, before melting of the subducting slab and production of the andesitic melt,
during dipping of subducting slab in the mantle, the ascension of hot fluid streams in the
lithosphere resulted in regional metamorphism. At this stage, high temperature almandine-
amphibolite facies was developed. The temperature of regional metamorphism varies within the
limits of 350-750°C. At this temperature the genesis of granite magma and granite-metamorphic
complex formation would have been possible. After production of the andesite melt at the
temperature 1000-1100°C began the calc-alkaline volcanism in an island arc setting. It was

characterized by normal subduction.

The calc-alkaline volcanic series are imbricated on granite-metamorphic complexes. The
regional metamorphism preceeded calc-alkaline volcanic activity and both of them were

controlled by the stage of normal subduction.

3. During subduction, subducted slab was steepening (deformation, break off, detachment and
delamination). The steepening characterized by the incursion of a mantle diapir caused rifting
and formation of a backarc-interarc setting with shoshonite—trachyandesite volcanism at the
incipient stage. The strengthening of the diapir incursion is revealed by tholeiitic-alkalic-basaltic

volcanic activity, copper-zinc mineralization and regional epidote-zoisite propylitization.

4. The subsequent slab steepening and diapir incursion resulted in spreading and transformation
of the backarc in a minor ocean setting with ophiolite, volcanism and ultramafic dunite-
peridotite magmatic activity. They coincided with regional high temperature epidote-zoisite-

actinolite propylitization, serpentization and copper-pyrite Cyprus-type mineralization.

5. Thus, to the various geodynamic settings are related different types of mineralization. At the
same time in mineralization of the various settings are involved different proportions of sialic,
basaltic crust and mantle components. Therefore we conclude that the sources of gold, lead, zinc

and copper are in the Phanerozoic crust and mantle. In the oceanic setting the mineralization is
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controlled only by mantle and is introduced by the copper-pyrite ore. Therefore the source of
copper is the mantle. In the interarc-backarc settings of the ore forming process participates
mantle and basaltic crust. In this case we have copper-zinc mineralization, therefore the source of
zinc is basaltic crust. In the island arc setting in the mineralization process participates sialic,
basaltic crusts and mantle and in this case the ores comprise gold, lead, zinc setting, with
ophiolite volcanism and dunite-peridotite intrusive activity on the regional epidote-zoisite-

actinolite propylitization, serpentinization and copper-pyrite Cyprus type mineralization.

e. The spatial latitudinal transformation of subducting slab with various intensity of incursion of
mantle diapir characterized lateral conversion of oceanic, backarc/interarc and island arc settings,
revealed in appropriate volcanism, hydrothermal alteration and metallogeny similar to the
described alternation related to subduction along the dip of the subducting slab. In the studied
regions the interarc of Adjara-Trialety to the West is continuing in the Black Sea minor ocean.
The latter to the west transferred in the Burgas backarc rift (Bulgaria). In the Adjara-Trialeti, the
Middle Eocene interarc rift was introduced by tholeiitic-basaltic volcanic activity. Eastwards,
with slackening rifting it transferred in shoshonite-trachyandesite volcanism. The latter to the
East transferred in andesitic volcanic activity expressed by wanning of rifting and island arc

setting. In Azerbaijan the Talysh rift laterally passes in the minor ocean of Caspian Sea.

e The transformation of subduction and related processes, also temporally alternate in ascending
succession. In the Western segment of the Adjara-Trialety, the incipient stage of interarc rifting
revealed in the Lower Eocene shoshonite—trachyandesite series. Temporally upward it is overlain
by Middle Eocene tholeiitic-alkalic basaltic series coincided with high temperature epidote-
zoisite propylitization. In the Upper Eocene it is again transferred in shoshonite-trachyandesite
series indicating upward slackening of rifting. In the Talysh rift Middle Eocene tholeiitic series
upward in the Upper Eocene alternate with ultramafic dunite-peridotite magmatic activity,
characteristic for oceanic setting and marking more intense mantle diapir incursion. In the
Bolnisi ore district (Lesser Caucasus) in the way-up section and temporally the island arc

transferred in backarc setting. The same situation is defined in the Bulgarian Srednegorie belt.

7. At the post-collision stage, after closure of the Tethys ocean, the subduction process is
terminated, but under orogeny the steepening of the subducted slab was continuing. During the

Oligocene - Miocene it stimulates the streaming of fluids and production of granite magma from
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sialic crust, activity of granodiorite—dacite intrusions and fold-thrust structure formation. We
conclude that as a result of pressure of passive margin of the Afro-Arabian on the active margin
of the Eurasian continent, we had the real and full post-collision setting in the Oligocene-
Miocene, which is continuing during the Pliocene-Quartenary volcanic activity. These intrusions
and fold-thrust structures controlled post-collision mineralization consisting of porphyry gold-
base metal mineralization and low-sulfidation gold-bearing quartz-antimonite, quartz-scheelite,

wolframite and quartz-mercury veins and stockworks.

The porphyry and epithermal low-sulfidation mineralization and its host rocks are characterized
by rare metal association- Sb, W, Mo, Hg, which are widespread in the hostrocks, control the
mineralization and are exploration indicators of the gold. The mentioned association of rare
metals is not known in pre-collision setting. This association is widespread in the post-collision
setting and presents the geochemical background for the setting. The rocks of the pre-collision
setting are characterized by distinct geochemical criteria (Sr/ Sr*®, Pb**/ Pb”, the REE and
chondrite elements etc.). The post-collision setting is overlain on the pre-collision rocks, so the
mentioned association of rare metals is the distinct geochemical indicator of post-collision
setting and it might be used to confirm the post-collision activity in the region. The mentioned

rare metals are characteristic for post-collision mineralization in the various regions of the world.

In the Caucasus and Turkey (East Anatolia) at the post-collision stage we have Pleistocene-
Quartenary andesite, shoshonite and tholeiitic—basalt volcanic activity. It is according to
geochemical and petrochemical criteria similar to volcanic rocks of the pre-collision settings,
therefore it is confirmed, that at post-collision development in the various sites occured intense
steepening of the subducted slab and incursion of mantle material revealed by the tholeiitic-
basaltic volcanic activity. In conclusion, during the first stage we have granodiorite magmatism
and later after more intense subducted slab steepening we have incursion of mantle material and
shoshonite and tholeiitic — basaltic volcanic activity. However in contrast to the pre-collision

setting, rifting and related mineralization is not known here.
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The investigation of Phanerozoic geodynamic, volcanic activity and metallogeny in the Eurasian
active margin, revealed that at the pre-collision stage geodynamic development started with
regional metamorphism, island arc, backarc-interarc and minor ocean settings, controlled by the
character of volcanism (magmatism), background hydrothermal activity and metallogeny. Thus,
the island arc setting is characterized by calc-alkaline volcanic activity, coinciding with zeolite
propylitization and gold-copper-base metal mineralization. Backarc-interarc settings, revealed in
tholeiitic-alkalic basaltic and shoshonite-trachyandesite volcanism and regional epidote-zoisite
and chlorite-albite propylitization, coincided with copper-zinc-pyrite VMS mineralizatiom. The
minor ocean setting is associated with ophiolite volcanism and ultramafic dunite-peridotite
magmatism, epidote-zoisite-actinolite propylitization and serpentinization and Cyprus type
copper-pyrite metallogeny. In addition, there is a transitional stage from island arc to an incipient
backarc stage of geodynamic development, with characteristic volcanic activity and metallogeny.
At the post-collision stage subduction stopped, but steepening of subducted slab was continuing
according to the tectonic setting of the continents controlled of fluid stream, post-collision
magmatism and metallogeny at the first stage coincides with rare metal (Sb, W, Mo, Hg)
association. The latter is the geochemical indicators of the first stage. The second stage of post-
collision development is revealed by shoshonite and tholeiitic-basaltic volcanic activity,
characterized by the incursion of mantle material by analogous geochemical criteria, as of pre-

collsion setting. But they are not coincided by rifting and mineralization.

Summary

During evolution of Tethys ocean the relation of Phanerozoic geodynamics with volcanism,
hydrothermal process and metallogeny within the limits of Eurasian active margin temporally
and spatially revealed in the following succession of occurrences: at the precollision
(synsubduction) stage evolution of Tethys ocean, on the incipient stge of subduction, before
smelting of calc-alkaline andesite , the regional metamorphism and smelting of granitoid magma
occurred with formation of granite-metamorphic complexes , at the temperature 350-750°C. At
the temperature 1000-1100°C after smelting from subducted slab and lithosphere of andesite
melt, the calc-alkaline volcanic activity was beginning occurred at island arc setting, coincided

with background of zeolite propilitization and gold-copper-base metal metallogeny, presented by
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porphyry and Kuroko type mineralization. The regional metamorphism and island arc calc-
alkaline volcanic activity coincided with hydrothermal alteration and metallogeny was stipulated

by normal subduction, without steepening of subducted slab and mantle material incursion.

The next stage of subduction revealed in the beginning of steepening of subducting slab (roll
back and break off) and incursion of astenosphere occured in volcanism of transition type from
calc-alkaline to shoshonite-trachyandesite, at the first stage and in tholeeite-alkalibasalt at the
second, coincide with rifting. The first stage significant by gold-copper-base metal
mineralization and quartz-K-feldspath alteration transferred at the second stage in the high
temperature epidote-zoisite background propylitization and the stratimorph VMS copper-zinc-
pyrite mineralization without participation of gold and lead, or with their minimal content,

related to relies of sialic crust in the rifting.

The strengthening steepen of subducting slab (break off, detachment and delamination) and
intensification incursion of mantle diapir and intensive spreading, with ophiolite mantle type
volcanism and ultramafic dunite-peridotite invasions, coincided high temperature epidote-
actinolite propylitization, serpentinization and mantle related copper-pyrite metallogeny,
occurred without participation during ore formation sialic crust source of lead and gold and

basaltic crust source of zinc.

The analyse of metallogeny with relation of subduction and volcanic activity show, that source
of lead and gold is the sialic crust, source of zinc is the basaltic crust, whereas source of copper

is the mantle.

At the precollision stage the subduction are stipulated by various steepening of subducting slab
temporally and spacially in the three directitions: along its dipping from North to South, laterally
to dipping along the strike from East to West and vertically-temporally in ascending succession.
It is revealed in alternation of geodynamic settings in the three mentioned direction. The lateral

alternation of the settings was described also in the East Pontides (Delibash et. al.,2016).

Thus, pre-collision and post-collision development are controlled by following, hydrothermal

activity and metallogenic indicators:
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1) The steady state subduction of island arc setting is revealed in regional metamorphism,
calc-alkaline volcanism, zeolite and chlorite — albite background propylitization and Au, Pb, Zn,
Cu mineralization;

2) The incipient stage of rifting alkali and subalkali trachyrhyodacite and trachybasalt
volcanic activity, with background K-feldspathization with related low sulfidation gold
mineralization, (at first stage) and Au-Pb-Zn-Cu mineralization epidote-zoisite synore
propylitization at the second;

3) The backarc-interarc rifting is coincided with tholeiite volcanic activity background
epidote-zoisite alteration and Zn-Cu mineralization;

4) The ocean setting is indicated by ophiolite volcanism, dunite-peridotite magmatism
serpentinization and Cu-Pyrite mineralization.

5) The indicators of post-collision stage are Sb-W-Mo-Hg geochemical signature and high

grade of gold at low grade of base metals in the proper sulfide mineralization.

The closing of Tethys ocean and transmissing of precollision development in the postcollision
was stipulated by convergation Gondvana and Eurasian continents. At postcollision stage process
of subduction is terminated, however the steepening of the subducted slab was continuing. It was
stipulated by ascending stream of fluids and mantle material incursion in the thick orogenous
lithosphere. With postcollision stage is related orogenesis, fold-thrust structures and synorogenic
granitoid magmatism. At the first stage the fluid stream ascending in the thick orogenous
lithosphere , leaching the gold and rare metals (Sb, W, Mo,Hg) and formation of porphyry and
low sulfidation quartz-antimonate, quartz- sheelite and quartz-wolframite goldbearing veins and
stockworks. The high grade of gold in porphyry mineralization are fixed on the background of
low trend of base metals. The rare metals association (Sb, W, Mo,Hg) widespread as in ore wall
altered rocks, so is widely in the orebearing rocks. It represents geochemical indicator of
postcollision process, as well as exploration criterion of gold mineralization. In the studied
region the first stage of postcollision process dated of Oligocene-Miocene are substituted the
rocks of precollision setting ; they represent high geochemical background of mentioned rare
metals, which are geochemical criteria of the postcollision activity. The second stage is
presented by shoshonite-tholeeite —alkalibasalt volcanic activity of Pliocene—Quatenary age and

are characterized by geochemical indicators (ratio of the Sr and Pb isotopes, contents of REE
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and chondrite elements) as of the same rocks of precollision setting characterized by VMS
mineralization. However here rifting was not occurred and the postcollsion series are not consist
of mineralization. Postcollision volcanic aqctivity here related with fault explosions from deep

volcanic chambers. The thick lithosphere of orogens would be prevent of the rifting process
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BomFo-bargB3oL LEHOWYJEHMMJOOL BMOA0MYd5T0, MOMYG6ME BoadME 5dEH03MdLS s
3bB3M0B0)H 56O TMTMdT0.

1533093 ©9a0mbdo  LYGHMOYdOL s Tomo  QOBIGMYGOOL  SbO30  FYMHYJMAL 23056
39OEMY0EIL - 343056 gmEgbMsdg (bsb. 2). BogMHmU-do@wolols byyEmes 4odmymal
GOMO0-565GHME0EIdoLs s 39BGHMOMMO  06M5bol  Ggemgobgdl  sGsdgmOoL
3EoGBMOHToLHRD.  3m03560L  LYBHMOS  (DogMmlbol GOl  2o63@Mmgds)  3ymal
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2015).
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"H009M07-05303000709¢gdols Gglisbgd

RobgeMmBMmwdo  bdMJgool 306039 9BHO3mb,  sbgBod Mo  dE®35M0L
3900 EMd59©g ©° 30OAMGI 3w 3b0Dod©Y, W39300MYIMW0S  MYR0MbYO
39@90mOx0HIoL 3MMEIL0. 080 Ho®IMAb0E0s oMo 3H9d3gHOEHMME0 Sedsbob-
5980dMWOGHMMH0 @O  AMBMWoBH Mo  Bs309Ugd0m,  OMIJWOE  BEMOEIOOL
A99396M53 0L 350bILE ghmo, (3569430906 s FIMEOMNEM S BOWOEGHIM
39@90mm30Dddo 45oOoL. 9@9dMOB0BI0 3538060 Jds LdEOM306MJIMWO Boob
35630530 ©330HZ0L  30639e  gBe3L.  FgBsmOBoBAOL  GH9d3gMsdnGs  350-750°C
RoMRwgd30s. 700-750°C bEds @ommbEIMm©B 3MsBoEM@o BsaBol 3sdmEOMds.
5923965 Yo0d©90S 36M360¢3)-99@9dmMmxzmo 3ma3egdlo, bmwm 39339Mo@wMols s
LomdMo  Bs3s0b  890gmdo  BGEOL  Jgogas®, 1000-1100°C - 89, ofyds
569HBoEGHWOHO I M35MOL 2odMEEMds, 396dMEMs M35 gd0LM30L TobslinsmMgdgEo
3060GMG9  3M9Ww3sbobdom. MOHmameE Lozzwgy Ggyombdo, olg dbmgzgwomlb Lbgs

0930mbg0do3 BodLoMYds F9BHSIMORMEO 3m33wgdlgdol Fmbszlzwgmds 30MEMEGY
300356996 LgM09dmMsb.

39335600L Mga0mbdo, 35335b0Mmbol 3MHOLEHIWME M do, dg@sdmOBMWo 30md3gdlo
©930b6-5006g 35MdMbo MIMOVEYdS, Fs 39MBdMBIo ol ImbEI3L OBl LyMHool
56@9D0@)-0530¢-M0MWONIMH0 379 356mM0 5d@EHo3mds (Anamus u ap., 1977), Gmdgeos
39300600905 96IBOGHMMO FEXPZMOL QTN OMBIL 1O YY30609OYWO OO Eb.
dgmMg 053500  36Mdoos 5309039335008  AMOMITsgmdo. o,  doMEoL
35 9MHMH 3M960@-09¢90mGM M 30339 dlby, 39b@og90mos

8309035¢gmdbmgHho bt 306OIGI 3OWbImo figgds (J3ae GIBGY0),
HMIgo3 3MBINW®S MJOME 3005MYISL 935300 gds (Adamia et al., 2016).

53565-00005¢gmol BomFs Bmbsdo 3060GHMEg 3W3BMO  5JB03mdL ob Mdmms
0930mbmo  d9@s8mOR0BI0, M53 ILEAMOPIdS GHMEgoE9ddo 0O LOWOIOWIL
3953900 5¢39606-508300MmEo@WOHo  39EHdmMBoEHJdOL  Abbgowo  dmzgdol
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Mol ytelptetelsy 5F565-00M05¢gMOL Q5LOZEM L9gadgb@do, 39600
9.0 J0Rsb0dol s 3.BogoM0sdol doge (Jlopakunanunze, 3akapuanse, 1978).

39O 5dols,  Fgodegds 8m30G9bmm  AMO35¢0  BoRoWOMO  IMEMR0IM0
0B IOIGHMO06, OG0 9ILBEGHWMIOL, M sbEgHBOEHWMmO ool Q5TMEOMBSL
13300900 BowoEb,  Fob  MdomEs  MgyombosGo  393)edmOHR0BIo
(T'yrymBuin, 1980). 583500 dmgwgbgdo 3bmdowos »gwlido (rgozol merdo), Loss
508000 gdom [omdmygboo d9@3sdm®mR0BA0, Mol sbs3o 475-420 dwb (gwb
d99L505090s, §ob Mm@ 30OGNMGHI LBodmswm s 95539 J9YIBOMBOL 3366
5JBH03mdsL (Read, 1961). gmeg s5c0m0 36Mmd00s ©LogEgm 93MMm30L 39630649
LoMEGHYdo (8 sbmdol LE®WIGHMOMIo Dmbs), Losg B0ydsE0GJO0, MMIJms
5b530 340-320 8erb (g0, oIRIOMW0s 35MOMbMEo ImEsbom, Mmdgwog ddwsgzm
A&®5d05609BoGHME 33566 LgMosl 90393L (CaToH,1967). x.Lo@™bl dm3gsgl dgmey
35250m03 ImEHsbo0sb, Losa J39s I3MbMMO 30MEHWMEGI 3w 3bMOmo LMoo
0539 5093L6 ©90MmbMwo $8x80dMOoEHJo0m (oMmdm®aqbo 3md3wgdul, GMmgadss
420-400 8¢0b ool fob goboisws 39@98m®mR0BA0L dmwm, 35¢9EMbMMO 9@930. 59539
©OML, HBgIMs0bodbmwo 3M3bmmo LgMHos 45339000W0s AMBOGEHMEo FEM3Id0m,
OMIgwms  sbs30 410-400 b  gwos. oMo SToby, fiybo®o  ™39960L  G35endo

506y, MM Ids36 56EIHBOGMO 3 36mE LgMosl 9398 wI3L Gguomboryy®o
39@90mmHx30HIoL Lo Eygero (Miashiro, 1961).

360B00s, G0 GHgaombrymo dg@sdmGRoBIOL FnOGIMIBOL 39d39Ge¢ s 350-750°C
RO gddo dgemHygmdl, bmerm 56gbo@wmemo 3sgdol 499mEOMmds BwdEE0MYdIo
R0oEsh  1000-1100°C  ¢ool.  Bs8sL5sdg,  odBHoweo  3mbEHobgbBmeo  Jool
dmdowmo  Dmbgdol  Gguombmew  39FH0MORODBAL  5d3b LomdEmo  bs3s0b
b90mJ09wgd0m  256306MHMdYOME0  3OHMYMguo  JodsMmgds, MMIgwos MIgEILo©
56gbo@WEmo 35330l godmemdom LEOWWEIds. 0019 3mEsadMMo dgEoLmds@obdo
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3520600 530300l MbsOMME0s @S LGNGOl  dsl, TmdoMHo  BmbYdOL
6930Mmbs®0o 393)50mOmR0BA0 sdol godmemdol Hobdlitgdo 3Gmiglos.

300093 36535000 3525¢0mol dmygzs6s Fgodangds, GmEs Mgaombrwo 39@sdmmzobdol
930bMm©q00 §job Md3z0L s6IBOGHMEO 39w 356M6 5dBH03MdL, MMI3S sMLB0TBSZ00,
60d gmzgwo domyobo 960 ImozM©gds 1YIdYE0MIOME0 BowoEsb sbgboG Mo
3530l 250MEOMBOMS S 379 3560BTom. DMax 9@ LoMdMOHO bs3sOL bydmddggds
56 509953905 5IRODMWOGHIM0 5 AMBMWOEHMMO Bo30glol BMEO0MYOSL, GMIgwo;
©9s5dofol  Bgs306MH0L390 5085350 LoMdINMGMO  Bs3oEOL MBI BodBMdOL
3Gm3gbdo  GHEMbLBMMIoMEIds  9J30EMEFH-50830dMWoEWO,  30M960@E-38350woEVO,
903569 x30dwgdoly s (39Mo@ME Bs309Lgdd0 (I'yrymsumn, 1980). sbseomyomo,
39969600  Jgoqdol  (3mBLEGHMMIgomwo  Bmbgdo) dguedg  agmxzobozmé  dM9do
396300569000 9505w 39939M5G OO0 50856 06-595803MoGMMHO
393506 R0B0, BMGIOYPImo 6 33 Low®dgbg 4000 dscol FBggzols s 550°C
906080 398396M5¢ MO0l 3063900, SbMTseMMO© Fooeo LoMdMMO bs35OL
b90mddggdom (AymenTo u ap., 1973), ogo Hob «dwn3ol dsbEHorMHo ©os3000sb dgmeg
390xB0H03MNM0 IOHOL BB EHJdOL 58MBMI3935L, OHMIglsg 6 Lggl gdom@-
30P0G-5JBH0bMomMMHo  3OHM30WoGH0BoE0s.  Bsdslosdy,  odog  Mgyombmro
39@90mmx30Bdo dglsdg a9mx30bo3Me dM9do, job Mdrms Igmeg ggmaoBoMMo dMHoL
M3B0ME0E 900l 59mx5MJ3935L. MHgR0mbmeo 39@3s8mMHxa0BIoL bobosmo @glid©mwdsgorw
S 3mbBLEGHOMJ30  Bmbgddo  gMMTbgmoLogsd  2oblibgsgzgds.  @aLliGMWYJ3ore
(3MBIMms O35 E) Bmbgddo oo (oMmdmoagbowos 4MsbMw0E)-50830dMmEoE™MMO
B9309L0M, OHMIYEOE 50F935¢ FOOWTO ROEOIPOL J30OMEA-53B0dMWOGHME, 3609b0@)-
3m0390o@ne, d)3569d30L906m @S (39MWONO  Bs309LgdT0.  3MbLEOWJE0
Dmbgddo, ™395606H 30005609d5F0 5O OO OYIHOO  STBOdMOEGHGODY MRO®
505 3g339M9G MO0 39ESIMOB0GHJO0, Mo3 39B30MMdGIMMOos Borswo LoMdMMO
653500000 s I3069 Lo®IgHy 9gdmFHowro BsbGH0MMO 0s30M0m. LoMBdMMO bs3owo
09395037 5 39956996 30000090500 2.5-8.30 1.6.9.-l Tggbodsdgds (Miyashino, 1972),
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bom ©gbEG®JcoMw, 39bdMms M350 BMmbgddo ogo 0.76.6.9.-L 56O 5©gdoFBH9dS
(Xarepton, 1978). 50Lsb0dbs305, MHMI  MJQR0MbIMMO  F9EHOTMOBOGHJI0, OHMYMEO3

dmd0WE, 0ol Mm3956m6 BMbsdo, oblbgzsz9d00m 3MM30E0EIOOLIYYD, boliosmgds
530dwgdMo3o0 s  4bgolMo  BHgJuGdom, LMo  2s63M0LESgd0m,  Loss
30639500 J560l BEGHMMIEGHOS s FobgME MO F9Ab0EMdS 56 BoJLoMEYdS. 58539
@O, obobo bolinsgds 3M3MbybE 9Ol dos.

1.2. 35656 BMM0o 39mobsdozols 3s3d0Mmo 3me3s60Bdsb,
33193566 36rm39U0056 s F56sMFMIMBISH.

13969MMBMMOHO 29m©0b53030L, 3 39560DToL s FgBOTMygbool MMM 3438060
1533003 M950mbJ0, IGIWMOE OOl SPHIO0Wwo Fmbmy®msxzosdo (Gugushvili, 2015).
900900 89093990 AbmBEoml Bbgs M9ga0mbgddo smfigMow dmbs(39990056 sM0L
99x96M90mo0. Bb35sLb3S 49Mm0bsdo)H 305690530 F5IbFoMMIMdOL 3HMEgldo
dgBoms  [gotrml  dqlobgd  godmgobs 99990 BH9b9b30gdo.  39GIM,
R369OHMBMMOHIo B3oEwgbdol Fysermo bgws FsbGHoss doBbymwo, Mmool fystm -
05BOEGHMMO JgMdo, bmgrm mdhHmb, GHyzools s 0d305m dgBowms (Sb, W, Mo Hg)
D906 LosewmEo Jg@dos (Gugushvili, 2010, 2015).

SN OIuN JJLTYTOTe) d9@owmagbools 3Ol {30mdolomgzols 35bLs3MPMHYdom
3608369035605 3930 F9oOHmb gobloBma®ms 350sbfFoMdmTmdol 3Omaqgldo. {gsmml
25bLsBEZMOL POl Jgele) 560497 -36OHMEIOMDMMOO (369359060900) Qo
73969OMBMMOHO  49Mm©0bs5303M0 2963050 gd0Ls s FgGHowmagbools  MOmogHm
3905690530 “bs 39d9dMmm™.

05056(oM8MIMds  35¢gM3OHMEGHIOMDBMMOO0 O 3MJgMo 3ElEGHOOO COMNMLGBIOML
RMOIoMYdoL 3Mm39bdo 3¢dE 4gmEobsdolsl M353806MHEI0s O FIBIOMmMDYOME0S
OdOmb,  3:m0dgBowgdol  (mmools s GYzool)  Foamo3000  3sbEH00sb
woMBgYOHMIo s gMsboGmome  3Mo@™bgddo (Goldfarb et al., 2001) mdOH™bs o
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30393900l LydsMYdOL g9gbgbolo o 0mzgboo 3mbE0bgbEGWMOO  Jgedol
RMOI0MYOSL 3530060 9ds (Goldfarb et al., 2001, Groves et al., 2005).

36935906000 29Mm©0bs3030L0 o FgBHowmYgbooligeb LEHmos oblbgszgds
7obgOmbMMGo, GmIgos 339 933003  WoOMBGIOML 35300605 Qo
056589000m39 3903 GH9dB™bozomas 3o6306MMdgdMmo. FobgPmbmmEGTo

05659900MM39 Lsbob WomMLEBIOM w339 Bs3MmyYser0ddIos s 9003905 BOSI™MMO S

05BOEGHMEMO JoMdolysb s 8330030 Dgs BsbGH00LYYG. 98 EMHML 339 LS
MdOml, 0030500 omMbgdol MYMOoL @S GHY300L oMo BYS F9bEH00Ib

wommbxgOhmdo, bmemm b3owgbdo x9O 3093 d90mOBs Bgs TobGHosl . oo
O™, GHY305Lm56, 0)M0sLML S 083000 FgEOWGdMD ghrms dmbsfogmdl
R969MHMBMME 360930000 MMO O 3MLEIMODOMEOO BoEIBHoMTMIMdOL 3B 39Ldo.

1533003 ©930Mmb6d0  SBOM-5M50gMOLS S 93MOBoOL  3mbEH0bg6EJOOL  3mb39MAqbE0s
396306MdgdMmos  Ggoolbol  BOow™m39Maab@dwo  Ldmdaool  3OHmEqglom,
OMIgds3  35LO0YIOO  SBOM-5SBMWO  3J0EOEIL  BHgMgobgdol dmfiyzgde ©@s Fsmo
BO©OMgmolizgh doa®oEos godmofigos. Lwyddaool 3Mmaglds, bszzwgs Mgaombdo
3619300DoMM0 256300560905  29B30MMds, MMIGEoE 39560l 3MEoBooms  ©o
A9m90690L M0l LBl RMOHI0MIO0m  EILOYIEES.LYIdYJ300L 3060390
93930 80980bsMgMd®s LMdEM30MYIMWO Bowol EIBMOT>300Ls s ©YEIRTIBEOL
390989 o 3oL 306MHMdOm bMETo® LBdEMEOL 3N MEgdm. T9dIy 9BHO3DY
1O E0MIOMWO  Bool  GHEMBLBMOIsgool  Fggae©  FbGoMMO 03060l
090m36M50 s ULB3MgEobads 09350308 s 0B6BHIMHIMIL  BMOT0MYds  QoBIZOMMVS.
356300 0530601 d90mFMol  890ymao  35dw0gMgdol dggas  L3Mgobyo
d09gMEI0s s 8935030 F30Mg 399569900 30MOOL LEHOOSTO FOWHOU. sfgMHow
30005609090L 9OHMTsbgMOLYSD 2oblb39390mo FoadoG0Bdo s 9GS Maqbos sbesgls
@5 350m3b 5393800900 MmJHM-30Me0dgBOIMH0  FobHIMTMIMds §35d¢93L
39@oms Hgotrcml 2o6LsBL3MOL LydroEgdsL.
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Pom0mpqbowo  dmEgEol  o@MLE®m30s  dgLodergdgos  Bs33g3o  MHJR0Mbol
3906530300 296300560930l o  Fobob  ©H353806MGdMo  FgBomygbools
3520ombBY.  BHgoolbob 39560l  BO©OW™39MgbG o Ldmdaos o 33056
36OMGIOMDMMOHIo 0fjygds s 33096 9gmEgbNcmo  3mWobooms s LYGHYIMH0MHYd0!

LEYYIDS.

Bn®dmw 10 30oLmab, 3MbAMEms GO  30M5MYOLME  ©H35300MGOIEO

39@omy9bos 153393 M90mbdo 835830Mm© odMobsds 39335L0580 BYS 0N
39O3M  30039Gg 3w 3960DIMb  ©s39300609dM  FoEIBFIMTMIMdSTo, 39MIM,
D95 099H)0 S1530L 4gEdY30L, 5¢0939MEOL 853 MPOL, YoGOOMOL, PMZIMOL
3™dsl  mdOHM-b3ogbd3MW0TgBHIMMO  BH0o30L  3MOBOOI S 9g3oMYMHT)L
LodOEMYODY. 39MEIE0 SL530L 3J0OGBY 39 39DMO 5dEH03MdIL 3MBIMDs M3oEME
39M90mdo 99353006090 dobgeol  3356doLy @O @HR3GLTBOL  KAMROL  MIO™-
130¢9bd3M0gE OO0 ©s 3069 LMXRBOEMOHO MJOML 25850bgds  35335B0580,
130eg6d-3mE0dgEOMMH0  3MOBOOIEO ©5  39em3ml  Godol  mgem-
130eg6d3M0TGEHOWMOHO  LHdSMMS XYMNBO  F5©963M0, Ws3sbmbo, dMGYMEo,
B9653939, 30 HBIWS0wWs, ©YMY3MO s BB3gd0 50MbO3wgm 3mbE0Yddo (0b.6sb.6.).
Bm®HIMo  dJEo0m  3MbEGHMmMEmEIds  35¢356900L  3sbs0mE@m0dEgl  dobosbo
50mbol  LsdsEMgdo Bgwwm3gho, gmo@lodyg, gwdogs s Lbggdo, HoMdmoygbowro
3MOR0MOME0 MmdH™-b30WwgbA3MW0TYEITMOO S G30MYIMTMEO TSI ROOYIOO
O™l 45350069000 (Moritz et al., 2004; Von Quadt et al., 2005), bLg®dgomol GHodmzol
850060560 50mbol L30EghI-3MOBOOMEO s 30609 LYWBOEMEO LHOSPMMS KXYMTBO
- 0mM0 S Fo0ib3930 (Jancovich, 1977; Moritz et al., 2004), H30bgmol 350353 900b
130egb63d-3MOBOOIWO S MJOML J30MYHINWO MM ROEM FodsEDJds  B0S-ToMgls
@5 9dsD-BEboXSL  Lodomgdbg (bsb.5.) (J.Popa and, S.Popa, 2005). bm6HdMw

13 305L096 3930060 GdMo FsadoBHODdo, 3 3oboBTo s FgBowMmy9gbos s
LOOIPMMS FJOIMYJOOMO bseoBo 3.2498md30ol (Gugushvili, 2015) IOMISToi sGOL

3obboro.
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dmbolol s  35650M08BHGs  Fobosh  Moombgddo 93056  o@Edo  bmGIMwo
13 YJ300L 39356308 5O BEOEO0530 FooLzes BoduloMEgds (Gugushvili, 2015;
Moritz et al, 2004; Von Quadt et al, 2005), 653 UwBdOMEOMIPIMO goerols
©IBRMOA5305Lm56 Mbs 0gml 3538060900, MMIgEds3  FbEGHOMGO  FsLserols
090m36Ms 5  L3MgEObyo  Aobs3oMMdS. gl Fmzeghs  Gvombol  ygmeEMmAon®
3963005693590, 05835GH0BId0 S FYBHow™MYgb0sdo  25dMOobo@Es. LdEWEOMYdIMO
ROEOL  EIBRMOT5305 @S BBGHOMOO 03060l FgImFOOl  30M39w0  9BO30
39@omy9gbool bollosmdoi s0Lsbs. dcmeboliols 3s@bosb Gsombdo memo dsbosbo 3356do
Bodmyo0ds: 85bgmeols o 39JmozoMolb (bsb.5.) (Gugushvili, 2015). dsbgoyerols
3396dol gm®oMm9ds 1YdMI300L bMEMIME 93l M353d06MHYdS. 335630l godsbgdols
5b530 88-90 Iwb. {geros. 99850bgds JOMOMOOIE 3MOBOMHICY S J3000GMHMW o3
009379336905. 5 806gM5e0Bs300L MMO G030 0Lbgds: Lo3MMMHO3  LYIROGO-
MgO-530wgbd3Me0dgGHOW MO S MIMRO0EM MJOHML 398bds, Mmdgmos 335G 3-
Jo39gmbmem  ©s  339ME-05M0GVI  do®M3goLy @S FBH™3I39M390L 39306 9ds.
3995b905L 5 BMBoEMds SHsLOSMPIL: J39®d BMbs LogMmEMmog L zoEMOO MmdOHM-

30dgBomo dobomss FoMdmygbowo, Bgs - MiMwrom mdOHml dsboom
(Gugushvili et al., 2001; Gugushvili, 2015).

dobgmerol  3356d0 ®E3930m gdoxbgds  B9gJmS39M0L  3396dL.  49FobYBdOL  SLvZO
09Jm539500L  3396dd0  79-81 fewol  19Mawgddos. 3905006905  odog  Logmomcog
LEBOEMHO MJOM-B30¢gBI3ME0TgEIWMMHO Jobgesobsgoomss Ho@mdmpyqbowro,
bomen  Mbregom mdOmb  godsbgds  33950(3-35¢0d35GH e 3g@oLmBso@gdL
393806000905. Lo3Mmm0g b z0©IOHO Qo MMEOBOOM Ol
399500b6905,356b3539000 5BJMEOLAD, 96 bolinsMWYdS BMbIEMdOm, bmerem mdGHm-
130¢9bd3M0gEBHOMOO  2odobgds o MMMl B339 39w0d35BH0GJOBYs
D905090)0. 153903 LR WE FoIBL sbEogl Josbdmoxbg (LobJsbmEO)
3505 3H9339M5GHMOMEO  930QMEG-3M0DOGMO0  3OM30oBH0Ds30d,  MMIgWwos
REWYOEIOOL oo 3I3gMeGHMsby  80y35603690L,  bmerm  Fobsdm®mdgwo
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39w03d3530Bo30s blboMgdol oo EH¥)BH0sbmdsl 5alEMYOL. B9Jmo3956M0L 335609
REWMO0EIO0L 3900 GBH0BMdS ghmol dbMH0g s Fomswo Ggddghsd My dgmegl
dbcm0o3 sLGHIbMLGBIOMo Fsboerol FgdmFMH0m  (030MHOBTom) s0blbgds. LozMmemog
LYEPBOEIO goBsEDGOL 5 FOOMOM-OBIBNMO FBHM3g00 53MmbGHOMEgdl (Gugushvili,
2015). gb 9EH™3gd0 08 39w 356)MH0 3960l 53mBoDYIL FoMdmoaqbgb, MMIosbss
399p™d dmOdmgmob §ggdol GdEg mewog3060560 85Boe@GHgdol sdmxBcmJ393s Jmb..
3993569960 5b530L FmOTmgmol §ygds, MHMIgeos 39GOMmJodomcms 09350 30Lm30L
©53boLosMGOgo BB s LMdEGHMGg Mme03060560 d5BIEEGHIBOMS s bEgDOE-
05D GHJO0MSS 5390990, Mo3DYg 50g3L 39935690 slv30L FoEobTY339w Polobsdols
099050. 5990096  998MIObIMY, Tgodwgds 3035M9MEM®m, GMI dobgmeol  3356dol
39956900l BMO®I0MYdS BmEMmIME 1BEYYJ309L 3930060 Yds, BmErm B9J0535M0b
3396d0L BmMToMmgds 0935030l Lofgol LGOSl J093Mbgds, M3 LBMOYY30MYOMWO
ROWwOoL EIRMOT>300L S Os30M0L JgdmFmol Lsfgolo gBsdom sHOL QsdMF39Io
(Gugushvili, 2015).

MgOM-B30wgbd3mOBoOMEO  4585bgds  FobgMmols @y  dgdmazamol  3396dd0
033000050  96Lb353900s  MmdMml  J99339™dOL  MZslsbMobom.  dobgmeols
3396d30 mgeml 9993390mds Bo3MmeMmog bIWRoE dosbdo Lodmswm 0.8 /@ 6
509953905, bmerm  39JmozoMol  3356d80 ogo  Lsdmerm© 5 /B MOMob.od
10 300L 23096 LEGOEOsDY s 8939030l Lofyol 9@Eed3by 99gdmFMHowo dsbEomeo
oLl 203w9bom s FoPowE9a39MOEGMIOMWO  Be)oEIool  Bgdmddggdol
990930  3MBodwo  Jghdowsb,  Omdgwog o X9O  30©I3  dmbsforgmdl
95056HoM3MIMdOL  3Om3gLdo, MmdOHMmb MRO™ 0bGHIbLoGmo ATMGHMGHIS  bgdM.,

300009 1dvYJ300L bMMIME 9BHO3YY BWMOEIOOL MBOM VO HHJI3YMHOGIMOL
306d90do.
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bbgs 30096905 0Lobgds MRO® 0b6E bLoOO FsbEH0MMO 0530MHODBTOLY S 8935M3w0
@5 06¢)gms6m3Mmo  B3Mgobaol 306MHmdgddo  3o5335b0Mmbol  LsdbMHgm BIOODBY o

BMowm 35335B000 fobsdgby.

133060900  Gool NRO®  06EIPLoWEGO  BHOBISLBMOTs30s ©S  FobGHoWEO
©0530600L  dgamFOHOL  25dw0gMgds  0BBHIMIMIIWNE s Mol 396s  MogEobydo
399m3@0bs, OMIgELsE  bErogl  BHMWIOE-G¥BJOsDBIEGHMMO 3w 3obobdo o
LEAHOSEGH0IMORMwo VMS #Hod0l 09)305-30¢wgbdol 4585@bgds. 98 300050M930Ls
LD 53538060900 BodsEH0DAOL S F06IMIWODBHFOOL FoROOMI© FoFMYJOS
3933500 §obs  Jgool 0bEH®mIMIoMmo MHoxGHO, LLIE GHMWIOGO  3ME3bme
5dBH03mdsL 93538060 9ds  bmyoglol  xamxol  (bmgbo, G330,  ©IMEO)
LEAHOSEGH0IMORM  )M05-30¢IbI3MWPIPIBMO  LsdsEMMs  BMOToMgds.  dgmeY
9525ombL (oMmMoygbli J39009OHo Mol 396s MGoyEobyo 3s335B00L LodbGmgo
19O©OL  Bobsdo, GHMgoBHMMo 3MWw3sboBIom @I LAEHOIBHOIMORMEO  DWMOS-
130egbdols g5d5cbgd0m (o 0D-B0L BdIMMS X YMA0).

30093 MBOM 0bGHIbLomEmo 13MHY0byo s WOs30MHOBI0 (3963 MMO 3MmbEH0WIdOL
309969L  3m83¢gdudo  godmazwobs. o 939030 B3ocy  ™3gbME 300569050
3OI0DIOS . DBYs 35 gMBMME-BHE0sbEdo  93msbools  sdBHome  30009DY
3ogm@Hgomobol  1oeol  bdYYJ3050 LodMWMM©  gobs3omMds 8935030l
GOBLBMOBs300 8306y  ®3996930.  30MMgLb  3mI3wgdlo Ol 39BGHGOCME
3mbE09gddo 3gdsMgmdL (65H.6.). 3900905 MBOMEOEHIOOLAD s 939d9wos MORB-
ol (Bms ™396vMH0 Jgol dsBsEEGHId0 ) ©@d 3MBIMwms O OO(IAT) GHodob
G903 90000 ©d ©Y6OEGE-39600MEGHOGHWWO MW EHOIxRdg 0bGHOBogdom (Ustabmer
and Robertson, 1993, 1997). Qom0 ©3995699M0 09bgds ©ILEHMMYdS 0TMOOIMHO
99996¢9d0L ggmdodoom s L3owgbdol godsbydom, dssbdo Mmool s GHyzool
dmbsfogmdol go6gdy. bL3ogbdol LsdsEMYL o HotBMOEYIBL 5T03MO WS B5300500,
OMIWgdoE ©IGHIMMI©E Mol Jgbfogeromo s  33036MmLOL  Godol  L3owgbd-
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3MmbBgbMMHo dslo®mo Jobomss Fodmoygbowo. ogo Zn s Pb dbmermo 335¢0l
mbgyby d93393L. 3Md3wgdlbo Do6dma9gboros L9gM396E0boBOMYdMwOo
39600MGH0GHJ00m, 3MIMNSGHVIN0  JOOOMMO, F0WMY) W53900m, FoLOMMO W3O
6535009005 W5399MH0 39ROl FMEMmOYIMDOM S 3933)000S QOSBIHBIMO 503900
3Md3gdboon.

L5IBEOY0I-50BMLIZEG )M JgNTO dMMPIM-BOEOLS S (3o3M0YOOL 3H9Mgobgdols
39994mx3  mBoMEo@e  LsOGHYgedo 3303MMmLOL G030l  sbswmyoM©mo  Bsdsmgdos
3bmdowo - Bsgbzmo (LooMEH0) s 356 (gEsB0oYo). gu LodEYgo FoMdMmowy9bl
3303600boL MB0ME0EJOOL SMIMLOZW I BBV O 537dMW0s F30WMY) 539d0m,
3906OM-MboGgdom,  JoMmdugbodgdom,  39MHWOoGBHJdom,  35OEDMMPRO0GIO0D
©M60GHJO0D @O 39339005  EO5B3HYOOL 503900l  3MI3ergdboom (Engin, 1994).
3995006905 35380600 MBOMEOGNMM0 3M33gJLol 30WMmY) Ws39dL, MHMIYELSS
3399096 ©00535H0l ©503900. F0BYMHIOBI305 953 FoMBM©Ygb00s LEGHMSEGHIMOBWO
VMS 3060¢)-45e03m30600¢ )0 3sbom, Gmdgeros o6 8903536 Zn s Pb.

50L560dBs300, MHMI M3996MM0 GH030L 9850bgd0L 3OHMEgLdo 56 IMbsFowgmdl S6
BOsEIMH0 @S O3 BSBIWEHMMO 9o, 25850bgds o9 L3oWgbd-3mEBYIBMG0S BHY300Ls
@5  0mooll  dmbsfowgmdols  go6qdg. gl 3093  geMbgr  sILEHWMGOL,HM™I
1969MMBMMOHTo B30Ergbdol dJoHoMs@Oo fgstrrnr  FsbEH0ss.

X9O 300093 LMo Lym3mbol 70-096 (ergddo  3o@BobLMbAs (Hutchinson, 1973)
550005, O™ 395696 300056090530 SMLYdIME BsEobT0o 56 BMbIFogMdIb s6(3 BHY309
@O O3 Mmoo, 3956900 13gMHgobgo  Fbmm  LYHYol gBHI3BY, MMOLYS
BB G0 Jghdol MgwodBgoo dmbsfowgmdbgb  FosbHo®BmImdols 3Gmgldo,
399660  3Hodol  1B30¢gbdol 2535bgdsdo Mmool  1Ibodzbgm  MomEIbmds
dmbsfoergmdl (Hutchinson, 1973).
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093903790 HogEobyol 3OHMm3Egldo s M395696 300056093580 MJOML Jmbsfiowgmdss
136003690 ms @5 080 FbMEME 335¢00L MbyHY BoJLoMmGds. gu MgBoLo OHMBSLS o
L3mGOL  IMbs39gdOMsE  ILEHWIMEYDS, OMIMGITs3  YGHIWIMs©  Fgobfagargls
3996996 30005690530  B536HoMBMIMdOL 3MmEqlio (Rona and Scott, 1993). 59 LosE GO
Jotdol dmbsfogmds 56 olEMIMYds S Fodolosdg MmdMml FgoOrmbog doM0mMII©
LosEOO Jgedo HoeBmobl.

1.2.1 b ool 3938060 GmmUs ©s LogMigdo
3 3560Hsb s F5¢6HoFMTMd05H

10 YE0MJIOMWO Gows BdEY300L 3MMEgLdo 2oboEOL GHGMIBLEBMEMTs305L MBS
> bog®magdo, OHmamO3 3owol ©sdoMzol  d0dsMmmvIegdom, obg 80dsMmmgdom
(5@ 9M3M5©) ©d0MZ0L B0TsMM, Mro3 30bYds 3693Mm0BOIMHO Q9630mMsGMdOL
93930L 8mbs33¢0gMdd0 3MBIN DS MW IMHO 30050MJO0IB B93563-0bF M6 3M o,
OMIgwo3g  Dmaxg® 39569900 30050900  LEOWMWEYds.  53P39M0  FMbOEZEYMDS
39bLo3MPMHYdom  939x30Mm©  030bgdS  39335L00L  MJRO0MbOL  oasoMDBY,  LOWSS
133060900 Bool GHMIBLRMOT5:305 0LBHYdS MO39 F0TIMMNYGDOOM, HMAMOS
LodbOYMOEIL - BOOWMgmoL3gh,  0ly  WHBHIMOWMMIE IO
503w gm0Ls396 (bsb. 9.).

10 YY(300L 3060390 B30 IRIHOW0s  35335L00L M350 Jgol LsdbOHgmo
NIOOOL  BOYGdJo  EODBOL  LYM0sdo, MHMIGELSE  M3S300MEIdS 35 IMBMIMHO
9569 H0F-35DoFH-I30GHMM0 39w 356MH0  (ygdol BmOIoGmgds, 0g0 HoMmImodgzs
Bn®3mw LdEMEoslmb 393006093 300G 39X 395699H0 5JE03MdOL F9gRo©
@5 3MbIMwms M35 E 306Dl dbsbogl (bob. 7.1.) BO©@owmgmoliznb, 39335b00L

Pobs Jogol Rstywmgddo, LdEOME0MYdMMds Bowsd 0bGHIBLOMHO BHOIBLBMOTSE0S
39603509, HMIgwoi LB3MYObaLs s BsbGHOMEMmO 053060l 9dmFeMmsdo odm3zwobs
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Q5 39633005 35 gMBMMMO sSL53IOL 0BEHIM 0L BMOT0GMYdS (B5b.7.1.).0d BHMW 9o
3003956996 5dGH03MdLMb Bglol KMol Lsdsmms (byglo, MH30, IIO)
B30 gbd-mMOooL  godsbgdss  ©5393d0MgdMo. g BHMgo@gdo  M30bol
53M5930mboMgdoL  F0bg3000  SBOLOIINO  BHMWIoEJOL 093 MM3b9ds. 53539 O™
A0Gobols 999339emdol dobgzom s K/Rb 353569000 obobo 396dmwmms M3se®o
A™M9g0@900L Godl FgqLlodsdgds (Shavishvili, 1983). slgomo 4gmdodo®o ©IsoBdo
©535boLOsMYOY0s M5b5FgMM39 0bEGHIMM3MWO M0GEHGOOL dosDBEEdOLIM30L (b0
XOOK05 ©d 390000900). 53539 @OML Fo0 sHILBOIMYAL 3MBEHbIBEGHMMO MoyEHIdOL
05bo@H0bg P, Ti @5 9b9d99do WomOMmBOEgdol MROM B0 89033900 Mds.
bgLol LsdsMMS X AMBO HoMmBmEygbowos 30w bd-MwMOol godsbgdoom s ogo
56 890353L  (3Y305L. Mmool igobrm o9 godsbgdols 3Mm3gldo LwdEEOMYdMIO
05BIEGHMMO BOEIS 5 BB GO J9gMdos L3Mgobyol 3Gmgldo, bewm L3oggbdol
09000 4o 956GH0MMHO 0530605, 50LB0TBS305, MHMB MHogBHOobYoL 3MmEgbdo of o6
dmboflorgmds Losw®o Jgido (BY300L §godm), sds3 gobsdo®mmds s950bgdsdo
AY300L 96 9OBYIMOS, 0b6FIOIMIM  HOgEH0baL  3oegmbmm©®do  (ob  Mdoms
359mEH9mobol ool BMHo™39M96@wwo b9dJ30s s BY3MLlvYdYMJ30GO
363N ms ©35¢0MM0 300G 301 35600d0. 90990 Bsdmygoods 3933580mbols
LodbOIO FIMHPOL EOBOL bYHOSTo S6YHBOE-35DIE) WI3OGHMO 3 3SBMMO (Hygds
(Adamia et al., 2016).

39335L00L LodbMmgo BgODYY J39000 0OV 89350305 29653065 B3Ol FoMMIYOS
3905300Mds  (Adamia et al., 2016), (bsb. 7.IL). @Gmwgo@dedo 3me3sbobdo o
AGMOHd0oGMwo  1g0dgb@sEool  MobsGmMNos, bmwm gsd50bgds Bowob-Rsol
LOIPMMS XYMNRBT0 (Fo0D-b0, 353930, J0BOIMY, 5639) LEAMEHOIMOGBOS
©@ VMS  3odob  doMoms©  30600@-Jow3m306M0@)-bx3oegM0d-300mEH0bwo
3995006900005 HoMmdmyqgbowo. GHMmwgoBgdo o 89356030Lm30L  TobIBOSMYdGO
390J0d0)MH0 0600035@MM5d00 bolosmgdoshb 39Mdm, REE ©sdseo 899339emdoom,
Ni, Zr, Hf ©5 Y 6063w 3mbo®o@ o dsbsliosmgdwgdom, Ni s Ti 3mbdoerms



84

M39NOH0 GMEgo@gdolmzol odsbslosmgdgwo  Fowowo 8993390 MI0m
(Lordkipanidze et al., 1988; Lordkipanidze et al., 1979). 53 xamx30L Lsds®gdo IOl
mdb0od3bgem 9993339 mdom s BY3o0L  sIMMBOEgdImo  dmbsfowgmdoom
bob050YI056. §39d 0MOME0 49B306s BL30L BLZIMHO L3MYLObAOL 3MMEgLd0 MOSb-
MdSb  OIRIMEO  0ym  Loserymo  Jgddom.  GHmgo@dgool  s0mxd393s o
AGMOHd0O0GMwo 1590d9gbGOE0s J39s 09Msdo 5 300EOBIMYMIPS oMby gdIEO
3M6&0696@ M0  Jogcdol 306Hmd9gddo (Jlommuse u Ilanos, 2002), LHmMHgo ogo Mbos
4mx0oygm 0dmmbs s $9g300b §yomm 130wob-Bsol xamaol Lodsmms Bm®mI0MIdOL
3603990, borwm mvmools fyo®rm LBEMEOMIOMEO Bows s B3MY0bYOL 3MMm(3gldo
51930 BB GO JoPgol derm3gd0s. L30ergbdol fysmm 30 sbEGH0MHO Os30M0Y,
Gdgds3 gb L3OO Fobs3OMmMBY. J39005 0O 1935630l S R365306MS Br30L
RMOI0MOSL Hob MO 35¢gMBMME EHEMOSLYIEN-J39d 0o LdEJE0S S
Aobob 5393006093 o  30M-BBg  OIGOGH-MOMWOMMHO  3M3bmmo  LgMoo,
Omdgwog  bsdemol  ggool  Lobgarfimgdomss  3bmdowo s sdoge  35335b00b
0050539990 35¢gMBMMGO  sbd3OL  doOmol  Bslogol  Mmsbod)-9@sdmemagE
300339gbBgs gobeoggdmeo (Adamia et al., 2016).

50096 353395600L 935890 050MLYIMO 3993566 3BIMEMS MJoWME 30056MJISL

5 30603ME9 9609B0GHMO 39w 3560DA Bgs 0MOMEO 393560308 BHO30L 3 356MHO

5d3H03mds 330l (bsb. 7.1IL) ogo Bgos 0O 539Mo §ygdsdo GHm@g mwo30b0560
05D EHOL S GH®9d0sbgBoEOL [ggdomss Ho®mdmmaqbowro, ®mdgeroi ImbRozo@gdols

@5 3m33GHMb0GHJOolL 9JBHOMB0Gd0Ms 253390000 (3oueHnnze, 1948).

9300690000 GHombol ©936MHg0sdo BoBsMgdMwo dMMmM30L oAz dy oPO0bs
ddgogMo (2200 3-8pg) 3099M0x-GOGHMBMMO B30l FHMEJ0EJO0m, F50WE0EB0560
03060560 05BoEHIO0M 5 BHM9J0EIO0m 53900 310396 m0 [ggdol sOLYGdMds
(JIopaxunanumaze, 1980), HmIgelbog 9. m®mJoxsbody d0@sxzowmsdbme HoxgdmygbgdL
m39300690s. B3960 0639360933000 00 F9bGHOMMO 0530600l  FgaMFOMOL o
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136M9EObAL 9353000 Yds. 00, BsdBOIMOM  WMJ-gsErvdsbol bmbsdo  sgbowo

B30 bdY300L 0939039 3005690590 RO Mm396M963 Mo
G®obLRM®Bs300L 990 Mbs 0gml. LsIBOHYIMOm,Md-go6rsdsbols Bmbsdo Bgws o
3995 0O 300EE9, 3BINWDS M5O SBOIHOEF)-05BOWE)-O30EG-MHOMEO00I)E
099058 86003690m3560  MmdO™-130egbd3ME0TgBHIWMOHO  LHOSWMYOO 9353060 YdS
(05900, 5093900, G9bMBH0, 390050930, Y9610, BM3IM0 s bbgdo). godswbgds
5 3mMBOMHMIO S 93039693 M0 s BMYX GO LEHMSGH0IMORME 3M)OHM3IML G030
3995bgdomss  HoMdmpggbowo (baba-3ame u ap., 2015). Bgs oo 8935030
BOowm  J0dsOHmMEgdom 10300900 Bowol  GHMIBLBMMIs3o0ls
356GHomemo  ©0s306MH0L  8gdm3Fmol  Fggao  Bodmysmods 98096 35335b00L
0050539990l 39Mgobdo, MHmIgwlsg Hob »Mdrms bmmdmwmo bgdd3os dsomliv®-
bs 09OYX J0O-GYOY 3IWIBYN0  9JHogmdom s FgBhampgboom  wmdo-
4565050008 Bmbsdo.

Abasglo 3056905 0Lvbgds 39MEd0 (Bob. 7.IV.). 5o 9809M35335L00L FMsmMT)gmObL
A9M90690830 8935030L G030l GHIOMB-LsbEHMbMGO SLs30L dMszEMOL ggdool Lobgwroom
3bmdowo 3mw3sbmGo LgMmos BoduloMmEYds. 00 FgEIds 303M0E-d5DBIWEHYOOLOYH,
AMGI 03060560 BB Egdologsb, GHModosbgBo@EHgdologsdb s GH®Modo@gooboysb
S 3933900005 NGHMSGHMB) BMbmwodmmo 9Ju@Gmmbogdom ([zonennnze, 1948;
31329930000, 1968). 393HM™J030)MH0 ©S 39Mdodomo 0bE035GHMEMmIO0m 0y0 893503
31396996 Lgeosl 809393690, LsdbOHgmom  sGM306-dmboliols s wmdo-
go®505bol Bmbgddo Bgws (39MEME0 3060-GB9 3MBINWms MmO 33560
19H0gd0S 3BMBOE0. 53 LYH0JIOL BMOT0MYOIL brMMIMo LdI309 93MBEHOMEGBL.
dsl 35300609 MmJOHM-B30W9bA3MORBOMOMMO s MmJOML 930969 M0 306
oo BMEXxk30EOH0  JobgemomobsEos 3933580500,  9MBMLIZzgm  3MmbEogddo,
05396905 o 39M353H0T0. 53539 OML 35335B0580 dMEBOLOL FoEBosD GrooMbly s
3565300093980 (dgscgmols bMHgbgamMog) 39835600 s0fym bMBdEWEOMYOWWO

R0EOolL  GHMBLBMOTS300L (ROVB3s @O ©YBHIBTIBE0) 3003900 9BEe30, OMIgGEds
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35600 Lol JgdmFMs s 396dMEms Moo LoEozool 8935M30L LyHyobo
BGHOO530  QOILZWS  49TMOf305, 5323900  FHOIBLRMOTs300 FOIMWgOL  [ygdol
RMOI0MGO5T0s  odmbo@mwo @ FgBHowmagbosdoz  99m3wobs. 00

3505 8569B0sMmO B @9 mw03060560 BsBIEEGHIO0M s BHEMOJ05bEIBOGHJIOMS
92900 @S 39GMHMJodoMo s 39gmJodoemo  dobslosmgdwgdom 8939603
Lo@oEosl d9gledsdgds. LMdEME30MgdYwds Bowsd BOHEOWMIMNO0m 5d0gMm 35335800l
30505379908 BgOo@MMH05Dg  063HIBLOMMO  BHEMBLBMMTo305  JoboEI®, LSS
133008 3OMEgLJo F9BGHOMMO o3wghs O WOS30MOBA0 MRGM JWOYHO 0YM S

3935660 59BH03mds  303M0F-85BOEJOOL, GG M03060560 dsBowEHJOoL o
1MbMEo@ 0oL ZnOHI0MGd5do 359Mm3w0bs Jmsg®mol igygdob Lobom (Bob. 7.IV.).

133060900 ool GHGMBLGRMOs305 S LMD H35380M9dIO OS30MODIO
90396003 3Mdggds, M3  bsMWs©  odmobsd  9F9MS-MH0sgmoL  MHogEHOL
3525omDY. 99 LB YY306090W0 FoEroL GHMIBLBMOTS300L, OMIJWLSE HoREGHobyo
393006000905  BOABEOY0-50AMLOZEgm  3MBEBH0IOLS s SOMZ06-dMeEbolol  Bmbol
RoOYgddo 9gm39bdo Hob Mdmnm®s bm®mdmwo bBdJ3ool 3Gmi3gbdo 396dmEms
M3PMM0  300-G@g  bgBoGH MmO  3mEIbmeo ojBogmds  ©s  mdOm-
130¢0gbd3Mm0TgE OO0 Jobgmocobsios (Gugushvili et al., 2016). 53539 COML SFo6s-
06M05¢9gmolL bmbsdo ©5LO3EGNOID 50dmbsgegmols 9095Mm0¥IgdI0m
13300900 BOEOL  BHEMBLGEMOT305  BMLEBHEY0S, o3  s0bsbs  FsbEGHomGo
©05306M0L  FgdmnFHol 06@EIbLo3MdOL glmliBgdsHg s Lo®IYHY s dreml 0yo
Bn®dmwo bYdJ300m 033w gds (Bsb. 8).

53565-00005¢gmMOL BMbs 93M53Do0ol 5dBH0MMO 30Ol 36M93ME0BONOO J9630mMsMdOL
dmd0mo LolLEgdol Boforos. ILIZEgMOL396 080 T30 BOZ0L MaMmsboGHMm Bmbsdo
339 9ds, MG SVIMBOZWMHO s ILIZEXMMO F30Mg M3JSBMMO SMBIOOMSS
Po8mpqboo, 0go MoxgEme BEGHMMIEGHMOL FoMmBMmoygbl. MHoxEHObyOL sbsHyobo of
35939691600 RE0dom (GHYIMBI0POEGHJI0M) 5GOL HoMdmygbowo, HMIGE0E 5035w
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FM0wdo 43905 9396900 FmImbo@-GMogdosbgHBo@® 119MH05do 25oEOL (396M9bysls
5 6503560930L 9g09d0) - 0b6FHIMIMIMo 3w 396MMH0 5dBH03MmdOL Lohgol LEHsOosL
Po68mogbl, MMIgeroi 396GH0MMO 0530601 o LoM®MIgbg F9dmFMol doMzge
9393L 9935380600905. 030 GHMEJOB-AME9 003060560 dsDowEHoL dds3M0 Fygdomss
BOQIBIONO  (FOEOEL  {iggds), GmIgog 1330 LEYWYNBOWO  0bGHIOOINLO
HoxGHoL 0600035GHMOL  (ommoagbl s 29630MMdgdMw0s FobGHOWMO  Os306H0L
0b6@9bbom&mo JgamFHrom s B3MYPOBROm. FMogMmEgbol LMY s Bgs gm3gbo
bob0smMYd0s6 3303 FMIMbME) BHEMod0sbgBoG Mo 3 3Ibmmo  sdEHo3mdoo @
Dommpqbowos s0gbols @y 5©0g60LBYs 3w 39690 [ygdgdom, HMIgdo;
053B9 50936 Foosl  §ygdsl  ©@d  MoxGHobaol  JgumbBgdsl  slobogl. .
WmONJoxsbodol  dobgz00  9FM9-0MH0sEgmol Bmbs  Bod  Lgadgbdo  ogmys:
©5LO3XME, 390GV S SVIMBOZE Mo (Jlopakunanuaze, 1980). HBgdmomhgHowo
300050905 5F369-00M05gNOL  BMREGOT0  EILOZWE  bgadgbBHTos  sLsbero.
50dMbo3wgmoL3gb  (396G®o M  19adgbET0(5FoMs-0d9Mgm0L  Jgo s sbawgobol
©93609L05) MH0xEHObYOL 0bEHIBLOZMDdS LB Yds S FMIMbOEWG-GHMOJ0sbgbOEWMGO-
©9960EHMMO 339569600 5dGH03Mmds BFoMdIMBL, FHMEg0E-85BOGHVM0 399356910
19gH0S OLMEGOS s 9 ME0306056 BsBsWEHMOO T 9gMmE9bweo 3N 3Isbmemo Lgdool
dbmEmo ber 43900 ™byHg o3sbols figgdsdo godloMgds. 58 gydgb@do gmEgbr®o
09900L LoddeogMg 3609369 M3bs 03 gdL. Mg LM bgadgbBdo ogo 7 30-L
MEOOL, 5 0go 4 30-b 56 509053)9ds. 9JBOM SVIMVBOZLINOM MO0 INOL 9ol
19639030, 379 356mMm0 bgmool LoddszMg 333 03egdL,00 330-U 56 509TsGHJdS
5 Hommaqbowos 300G 95IBoEHOL LgMoom, M3 MOFEHObYOL BodMMdILS s
3mBdMms M350 5gE030md0l J0db0dbgdgos.

30395603900l 29mdodomemo s 39GHOHMJ0domo  sbslosmgds s 3MeEn360BTol
9090656MmgMds  9F9M0-0EM0sgOol  Dmbsdo @GOGy sehgboro  d.
@mO»Joxsbodols Imbma®msosdo (Jlopakumanumze, 1980), LosOE ©ILOIMGOIMWOS
(ogxGHobaol 05b6smsbmdomo Bod®rmdo QL3OO 192396GH06
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50dMb53M0L306.503MbOgEMM  bgadgbddo  dolbo LEwMwo BsdOmds bgds o
390513 3996dMEMS 635 30O 3J0OGYIB 3360 5gEH03Mdom. B39b0
06@9M3693Ho300m 59335600 236300560935 3530060©J0S  1IBY30MYIOMEO  Boob
AG®obLRM®Bs300L  FgLLEGHYOL  ILZWYIOEID  5VTMBOZEYMIOL3ID WOsMIMBSZgm
1929960 bgdMmEs bMOIMo LdEMIE0s Bowol EIRMOs300L Qo69dg.

13O 30MJOMNO  BOEOL  WOAIOIWNMHO  BHMSBLBMOTo305  5FM-00M0SEGOL
Bmbsdo  s0LsbS, OMAMOE 3 360BToL  bollosmdo, obg Fsbmsb  s353806Mgd
3bGH3W 3966 30OMMYHIME 3OMmEgbdo (Bob. 8.) oligey® Ugadgb®do, Loas
R0wob 063HbLOWMG FHOIBLEBMOBs3050 J3069 LoWMIgbYg FsbGHoMEMO Os30MHOL TgdmFGs
390530003, 35 939680 BHMgod)-BYE9 05BOEHMEO 329 3560BAL sbesgl g30mE)-
3@0Bo@GMOO0 @5  9gBHobmmomm@mo  3OM30WwoE0bsE0s,  MMIWol  BMOIoMIdOL
399396506 360°-470° C  g3stpwqddos. 36mEgbol  G9d3gmodcs  obolsBbugcs
LEGHMIBLOL g30MGHMMO MYMHTIMIYGHMO0LS S 335MET0 FOBYO-boOHO BsbsGrNgdols
9360930353008 s 30mIMygbobsgool Lygmdzgwdy (sbsewodozmbio M. sH3wW9E0sbo).
RMbMOO 50w 3Hgd3gmoGH MO0 3OM30MOEGH0DI305 ©IPIBOE0s FOOELL, o
903956 §ygdsdo s 9390 8gdaMg 396Mobgslsy s bow3s6mg30L Fygdgddo. gl §ygdgdo
9m3mbo®-BHModosbgbo@ Mo  1gMHogdolash  89ygds.  o0ow3H9ga39gMsd o
36MHM300G0Ds30s, MHMIgEoE bWzl  HMWIOG-GGg 05DIEGHWME 3 3560BAL,
D90509g00s 3990000569 39606085 o 65356930l §ygdgdbgs. 99539 ML
9oz dmdmbo@ded s G®9d0sbgBoBHMM 3w 39bMH LgMosdo (5oggbols o
500093960LBgs §990900), HMIgEoE 193D 9093l Foool ygdsl, Bmby®mo dgiEzerol
36MM39L0, MBROM B EJIZIOIGHMIOMO  JLMOOEG-5WBOGMMO S (39MWOEGHWOO
36MHM300GJO0mds HoMdmpygbowo. Bgws gmEgbmMo dmdmbod)-GHModosbgbod®o
3395603900 ;g LoddEegMgbg (2000 3-009) BMBMMI© T933W0E0s JEMmOOG-
Sd0GHMOH0 @ 39MOoGM0  3OM30oG0BIE00m. JMmOOEG)-5d0GHIO0
330300 50960l ygdol dbmem J390s ™bgbg BoJloMmgds. Fsdslosdy,

5] Mo 9m3gbosb  Bgs  9mEgbolyzgb 39ME035MMe® 03 olbdgds
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133060900 Bool  GHMIBFMOTs300l FobBH0MMO go3wgbol s MoxEHObAOL
d9L LGOS, MOLSE 993930060 JdS B0 IOIOL 3H9a39MGMIMOL s3gds s LoMdIMGOO
6950008 gLbGYds. 5033500  MobB0BEY3MMDS  SoLSbS  BMEGOF-d5DOWEHIMO
3M39bMmo  5dBHogmdol  Bsbs;33wgdsdo dmdmbo@e-@Modo-sbgbodmMom,
OIgabss 393806905 Lobgmw356mMo doM0MIOI® 3GINWONMOO
36OHM3M0GH0DI(309. 950539339 5GHwEI M0 930QMG-3020D0GOO
36MM3M0Bs300L,  FoILZWS  JMMOE-IWdOGHOLS s 3gNWomMTdo, 653
©LAHMOM©I0S  LOb3ME36MO B 3HYIZGOOGH MMM 3OMEJLom S  MBOM
505 3JA39MGHMOIMEo  Mgg0dom MHoxEGHobyol dglmbiBgdol 306HMdYdTo s RO
©oE LoE®MIY)dby TgamFMo BsbGHoME 03000l Bgdmddggdsby. Bsdolosdy,
3560M0 253w 9bols gll3gds 508535 FMO0WTo, MMIJWOoE FIdMobsEs JemEMOod)-
SE¥0GIO S (39MOMI6OH BMBMO 3MM30WOoEH0Ds305d0, M0 9ga0 MHoRE0byOL
d9LMLEIOOL, OHMIGEoE FodMobsBs  FmImbo@we 39w 3560DTMb  ©s39380M GO
SI0R)-JMmMOGHO  ©d  39ModI6m  3OM30W0EH0D530530.  JEMOOEG)-5d0GHIO0
36m3003H0B300b 3g039Gs¢mGs 250°-300° C, bmwm 3gmeomwmols<250° C, 85306
OnEILSE  930MG-3m0boGMOHO @S 9dBHObMomH  3OM30oEH0BI300L
399396053765 350° s 470°8c0g 896YgmdL.

53565-00005¢gmMol DMbsdo  HoxEHObROL MobsmMsb TglmliEgds EoGIMITMMOSS
©0b90s. 59 L3OO LYRdgbBHOWIL (5F56M5-3MOOL MYuombo) 396EHMIEMEOL396
(5F565-0996Mmg0L J90, sHsEEoboll Y3MYL0s) 2oaLZWsE MHOgGH0bYOL s JsbGHorMo
3930960l IgblBgdoom  s0blbgds. 5 BIBIYEGHWMMO 3 39boBdo, dbmwmo o
903969900l 439000 ©Mbgbg godmgzerobos (Jlopakumanumze, 1980), GMIglsg sbobsgl
LMLEHOE PodMmbsGMEo BMbMMHO 930ME-3M0DOEWMMO 3OHMIMOoGHODs30s (bsb. 8).
503535¢  FMHodo 030 dMIMboE)-GMod0sbgbo@-gmgbod® 19MH0sdo  goooU,
OMIYLOE  JEMOOG-5WdOGMMH0 S BINOGNM0  3OMM300G0DI30s  SbEagl.
50L60365300, O™ ILOZEME BYad96ET0 BMEJOF-35BoEHMO [iggdol Loddgegtyg 5-
30-05, beerm dobo Low®dg 3-30-0L BsGYEGdTos. 08 EOML, OGMEILSE 396GHMIWNG
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192d9bGHT0 BIBIEHWMO Fygdol (bLgmool) Loddwsghg €Msdwgbodg sLgmewro dgE®ol
096 gddo  d9gMygmdl  (03sbol  iggds), oL 03By 9©g3L  FmIMbo@-GHModo
5bgbo@memo LgMos HMIwol Loddwsgzmg 3 30-b 509gFo@gds. oMW EGI3geMsEOIEO
930QMG-320DOGO0 3MM30W0RH0Ds30s FbMWmE d5Bow GO ggosdos 3bmdogro,
00 ©OML  OMEILSE  JWMOHOEG-5IOGHMO0 ©S MBOM O EJIZIMGHVIOIWO
BIMOGHMO0  3OM3MEoEG0bsE0s  dmgew  LoddWszmgbg  9bs33gdL  FmImbod)-
A®5gd0sbgBoBMe s  ©gwgboBe  LYMosl  (bsb. 8). 9933565, (396GGOMM
192996330 JMEOOE- SWBOGHMMO S (3IMNOMNIOHO  BMEMOO  3OMI0WOEH0DE0Y,
MIgog §oMdmoaqbl olisgar® gadgbmsb 89sMgdom MoxEHobaol dalmliGgdol
06©0353H™ML, Gog MBRO®M o Lo®dgby FgdmFMo FsbEGH0MO ©0s306M0Ls

&99396M5G MO0 Og5080L 930l 3sB396909w00s.

MO 50IMB93w00L3g0, 50FMLIZ O gadgbEdo (¥M0SEgMOL Jgo) dmBmbod ML
936gbo@BWMmo LgMos 96533woL (Bob. 8.), Mg 9VEHMMIIL MOoREHMEo 3w 3560BTol
Bob5(33€0905L 3963 mEms B35 MMom, MHMAgwog bm®dMwm Ldmdaosl 3533060 9ds
(Gugushvili, 2015, Gugushvili et al., 2016). H0x3GHIO 3000560905 COMNMEMYPOMEOSD S
dbmwme  3owgmagbdo  900b0dbgds,  Mbog  HYIMd0OGJOOL  byodgb@oizos
5Q3LEGMOIOL. 9gmEgbdo sbgBoGWE 3MWIBMG  59BH03MIL b3l (39MmOEHIMO
RMbMOHO 3OM300EH0D305, MMIJo3 306-GBI 30I3900BMB ghms© 3MmbIMwms
35MMH0  3000560905L  sbb3L. JoMbgs39 3 IsbmEmo Lg®ools 860d369emgsbo
Loddes3e0LY, Gdgwos 3-30-b 509953900, 36MM300E0BO3E0s 59
505398395 GH OO 3IMOMNIM0  Bo3omss  oMmdmpygbowo. ™vd3s ™30,
RMbMOHO  39MoGH0DIE0s 9 bollosmgds Bmbsermdom - 9B E0d-crMmIMbEOEHMMO
BMbosb, H®MIgros 390E0350M© B-egmbys®o@d)-3e0bm3@owmeomy® Bmbsdo
3oool (IyrymBumn, 1980). ©odsen39gd3geo@ddeo 695080 060 gmol Jgool
Bmbsdo  2963060HMdYOM0s 3MIbMHo 3909008 oo LoEMIom s FsbGHomEo
©05306M0L  bgdmddggdol 56  sOBYOMIO®  3Me3oboBALs s 3MbBHIMEIOBME
36MHm3qLbHY.
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L. ggoomGH™M3z0L dobgzom (Denotos, 1974) ggmu0HBo3MGo dmbszgdgdom 3060EH™ME9
3530l 29b9gM030s  3MMOWgdols s 3vFBsBIoL  Bmbsdo, 100-230 30 LoEIL
353006000905, bam Mo 039956996 J9gdbg dsdol ggbgGmszool ©mby, GMmIgwos
93069 LoEMAgBg F9dmFMHow F5bEGHOMEM OS30ML ©3530060©YdS 15-20 38-U 56 509gToEgds
(Topuikos, 1974). &. bos@gmGHmbols dobgz00m LoMOMOO B5350900 396IMWMS OZoeH
Bmbs8o 0.7 LoPdYOHO 653500l gOHMYML (1Bg) OO, bererm ool oo m3956d0
030 3 Ubgl-b Tggliodsdgds. Tms ®3gobMe J9ggdbg 30 oao 7 Ubg-L omfg3l
0963mG50096GH0 59 160° C/38L wM0l.  53565-005gmol  BmBols LG
Lad96BH3o  MgEAMEMogbBHo  120°  C/33L 50985 gds, Gog 53 LEHGIEHGOls
RMOIoMYdoL  300HMdYdFo oo LoMOMMO 65350l 5MLYdIMDIBY F0y3z560869dL,
Omdgwog  35b6GH0MmO  ©0s30M0L  Fomowr  mbgbg  F9gdmFGoo  Mbs  oymb
396306MdqdMo.

5F565-00005¢gmoll BMboL (396G o S0IMBOggm  bgadgbBHdo  BMbMMO
36MHM300E0D5305 JOMOMIPIQ JEMOOE)-5CI0GIO0 S (39MLOGIO0 Bo30gLYIO0MSS
Pom8mpqbowo, mmadss s0bsB0Tbs305, MHMA 5 OMMOEWWo 0bGHMHY DOm0 JEHM39gdol
3M6@ogdBH0mdoxbg  Bmbgddo 3 3bo@gddo  FowowHgd3gMe@G IO Io  930QME)-
J@mOH0@GMo ©s 30BOGWOO 3MM3MWOGH0DBE0S 5006036gds, brwm 3060439806 5d
Ao30L 0bGHMHMD03900L 3mbESIBHT0 FomoeGH9d39Mo@ o 13sMbgdo Rodlocmgds,
o3 99 06GHMHMD03900L LOMOdMMO o3wgbom Mbs ogml Asdm{3gmeo (I'yrymBunm,
1980).

5F965-00005gmMol gmEgbMo 0b6EHIMM3Mwo HogEol slsgar®o bgadgb@o dsgo
D030L  950IMbOggm J3009 395696 smBJo aMdgrgds (Adamia et al., 2016),
HMIgwog o308 dbG03 9530 B30l L3 M3995696 smBTo gowool (bsb. 9.).
51530l 390 dEAIMINTO 0go 3MYILOL LObIWObMMHOMIL MM YdS, HMIGEO3

AGMJOGHIO0 5 GBI BsDIWEHNIOO 9390000 SMOL 5290)C0 S 5F5MO-MNMOIINOL
HogEolL Aozl 0bGHIMIMIMO MoRGME LEAHM®WIEHMOL Ho®dmoygbls (Vassileff and
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Stanisheva-Vassileva, 1981). 500mls3gomo 9530 B30l smHBo 963565-9HB0o) 96-g3560L
903969900 sLs30L LGN JMEEGHOMEW®Yds, bowm Eolsgwgo Fszo HBO30L vBo
06@®s3mbGHomemo LEGwmemoo (bsb. 3.) (Okay and Tiiysiis, 1999), m&mogzg LyGHMOOL

30@0DoolL dmem 93o30 Bgws gmEgbom MsMowm®gds (Okay and Tiiysiis, 1999; Adamia et
al., 2016).

53565-00M05¢gmMol 8935030l 50IMLOgEgm T30 B30l M3995696 smBTo gowsligerol
dbaogLbo 30005093 OYIBOE0s  sBYMBs0X6T0, To-Bgs gmEgbMo  BHowodob
0935030 3Md9gds LOABGYo 3513001 BOZOL ™3956MH s/BTJo (Mamenos, 1998).
Go0dol 89350303 3MbGHOMEEYds  963565-9MHx0bBob-g356-53900L L@ mEmoo s
dobo  gm®IoMGds  BHJoolLol  bLPMJ30oL s LMOYY30609dwo  Fowrob
G®BLRMOAo3008 353806000 90s. oL LoD JuOBWIMGDS SEDMEF-5BYMOS0X OO
903969960 ImIMbo@E)-GHM9J09bgBoGMO0 33569960 LyMos, MMIgEoE Ms3%g S93L
30BN O ® 300-GYOY 96©IVOG-IGOGNO FXOEIW FNWIBYO figgdab. gb
39565836900 bMMIME 1YdYJ30L 393000Yds. JmEgbdo LdEMEOMYIYWO FGOoDs
39603005 EIBRMOTS305L, BIMIGs3 30039 9BHI3DY  Fmdmbo@co  LyMHools
RMOI0MGOS 25653060Mds, 9990093 9B93DY HOBLRMOT5300L FodE0gMYISLIMIL GOHMO©
356G0M0 253w 9gbs I0gMHYds s FoLMOb ©5393306M9dMETs OS30MTS EdErodol
09396306 BMOIoMmgds  @obsdoGmMds  (65b.9.). VMo gmEgbmco  3mw3sbodgdo
Dom3mp9bowos BEg Mme0306056 35BoEHMEM-RMbmeo@w®Mo 399w 3sbmmo bgHoom,
030 39¢MMJ0d0MEMms© s 39mJ0d0OHO0 BMBOm 5FMO-MO0IWINOL  bITMYOME0S.
50539 OOMU, @oeoddo 8495 9m3gbM0 doBIEEGHMOIIL 153D 50938 Bgs gmEgbMo
300 3956M96996-0bsergdo §ygds, MHMAgwlsg 33900L 396-0ME0GJO0L, 30300EJOOL s
3906M-3900MAH0EJOOL  IBHM3NP0 S ©s03MM0  3m33gdbo.  Bowrodol 89356030
503mb3EG000 WHEIMIESE 391300l BLZoL Mm3gs69H0 BHo3ol s9bom bozgzwgds
(Lordkipanidze et al., 1988). 50bsbodbsg0s, MHMI 0¥ sFo6Ms-00O0SgNTo By
903960L396 BsbEH0MMO 253w9gbs LMLEHPYdS s BgsmEgbo FmImbo@mEmo LyMoomss

Domdmp9bowo, @oeodol 89350380 Bgws gm3gbdo FsbGH0MGMO 493wgbs 09D,
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(o3 390mobody 3939030 3995699600  3000560930LOMZ0L  TobslosMYOYO

MGHM8Ydg 39600MEH0GJO0L FBHM3gdol d90mFMHoom.
1.3. 3693m0Bom®o 39@owmagbos

936500l 5dBHomemo  30oL  3M93mobommo  Fgdowmagbos, 0lg3g  OMYMEOS
3693m0HB0MM0 37 3bMM0  5d303Mmds, 3MBEMMMYdS bLYYdIJE00Ms S BHgooLol
39960l b9dME0M0Io Bowrol GHEMBLGRMEOSE00m. 5sboMMTMdS 93530060 ds
3619300D0MM0 256300560900L 396D B35 ME, 0BEBHMIMISWMH S B3PI
939390L, MMIgwmog 5030l ITIBILOSMPIJWO  49T5@bYds sbeogl. 53 9@o39d0b
39056905  3MBEBHMMW@gds  oobHo®mMAMdol  3MmEgldo  FsbGHomEmo  Fsbaerol,
LOSWOO S BB GO JgMJol dmbsforgmdol mboo.

50dMbO3Egm  39M5EHgmoLbdo  BobgHmBmmwo  3ME3560BTo s FoIBHIMTMIMdS
3MbG®M@©9ds 3Hgmolol m39560L BOHOw™396M96@ OO BBdEJ300m, MMdgwos
Pob 1UHOgds ™399560L obMMZoL s BIS JMEghMO  9b635M5-9MHBObK 96-1g3560L
bEHMOOL BMOHIOMGI.

50dmbo3wgm  3mbEGH0Id0L  FIOEWMWOo ©S 9M3EgbIMo  MmdOmM-L30EgbI3MOHBOMmWIWO
85006(o6M3MIMd 5g Fo0dm©gboos 3mOR0MWWO, §30mgMHIMWO s 3NYOHMIML G030l
VMS 2505069800m. 306053060 1odsmgdl o Homdmowagbgb yomBgmmsoms, gMgzmo,
30M3M8sby, 85¢03Mm0 s Lbgs, 930009MFMl - 330, FoLEGHMS, 3MMS30, 530505 O
©9609300, bmwm 3MOHMm3mb  GHodol  Bsdsmgdl Bogwo, Bges®g3g, wo3sbmlo o
303600500 (bsb. 6.). 5060653005, HMI 3MOBOMIEO LHdIMYDO 57 56 TJO(353L MJOMU,
00 OML MHMEILLE  930mgMTMNEo  (Fo@swlxzoEOHO) ©s  JMOMm3mL  Godob
L5dEMYO0 MmJOHMTgdg9ewros. (Yigit, 2009).

A900bLob BOHEOWM39MHgbEH™ME 1LBdYJ305L 3930060 IOS B3 36gOL J0MOEGH™ME 9
3BdNms ©3500MM0 3 3960HBdo s Fobmsb 39300093 FoIbFIOTMTMDY,

5953 89G>50 ™a9605 bmMFoe Mo 1B YI30000 JMEEBHOMEWYdS O JOOOMOI MJHM-
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130¢9d3ME0TYEHIWIMO, FMOBOOWW s J30MIOIME FHO30L LOdSIOMIdOD  sGOL
Pom08mpqbogo (bob. 4.). o096 360936935605 3565309M0E L Fob0sbO Hy0MbOL
LodOEMYO0 BgErm39Bo, gEoBHLOEY, 9Ed0Es, 3Es03Mm3 3GbOo S BB3YdO. s©LEb0Tbs300,
G0d  49bLO3MMYO00  FEOPIM0S MJOMMO  FoPIWlWROEIMO 93089693 M0
3995006905 Bgerm3ghol LodsmbY, 030 MIOHML 3mEHIbE0SX0m MIEOEILOS 93MM35do.
39@o 3609369356 mgMHM-L30¢gbI3ME0TYE O LodsEMYdL LYMdJmOL BHodm3do
M0 S 35063930 HoMmBMYgb9b, Lol g M39gBRol LodMYGOOLYLD Foblblszgd0m,
OMaMO3 30OR0OMEOo, 0l 9g3omgMdMmo dosbo mdhml d99339w0s. Mdobgomob
396353900 LodsEMgdL JmnMmol 860d369wMm35605 B505-856Mg S 5 TsB-bEoboxs, olobo
3OBOOM ©5 G30YOTINE  MLBMEOBOEM  MJOML  2sdsbgdol dgoEogl.  mgdml
399506905 3350 (3-Jo39MBMMHO S 33950 3-05M0G M FB™M339M390L 35300600 9do,
35806 OHMLsE 98 LEOIMMS 3MOBOOWIWO BMbs MINHMMO VMBS O FOMOMIWOIP
130¢963d-3m0TgE WMo godsbrdoom boliosmgds.

50396050,  39m0b5d03MMH0  3OMEgLOL  GHEMBLEMEOTs305,  oBMObsBL,  MMAMOS
30395600330, 0oby 3mbG3MW3BMOH 3OMmEgbdo, OHMIGE0E, 93MIM39 FomBmoygbl
39006530300 3963000509008 06©035GH™MOL.  mddm  L3owgbddmeodgd oMo
850006 oMIMIMd0L  3MIM3gboE  939830MmE  SLBbO3L  3MY3MEoBoMEmO  A9B3005M9d0L
bbgoolbgs  9BadL.  5F965-00005egmoll  Bmbol  obogEme  UgadgbGdo  mJem-
130gbd3Mm0TgE oGO dmbgEmooBs30s ReJyICeN 9m39bdo, MogxgE0byol
d9LMLEJOLDD ML H39380MYOMO S 3MBEHOMEYdS L0gboE-EOMMOEGH MO s
LogboGMMo 0bEOWBoo JEHMIJPom, HMIXGO0E OIS 39MJOMB 3530060 JdO
850060560 BEMoEgooL  JodEIMYOJ0s. 5 00  FoMImagboos  3mOROGWWO
39950690000 @ Bgs 9gMmE39b0m  MIMOPEIdS. TS 9gmE9bMMo  BHMWIoB-GMIGI
05D  06GHIMMIM  3M3oboBA o 9O M3egzdocgds  VMS  BHodob
LEAHOSGH0IMORMWO 45FoDJds, MMI3S 0BGHMIMIFWMOO s 1Y3IMINWO  MHOFEHWWO
335600 b35996 53MmbEHMHMEgdL L3oWgbd-mMOOL LEBHMOEGHOIMORM JoIBL, Mo

©LEAHMOIYdS BMglol s BooDBRIOL BsdIOMMS XYMBOL COREHMW @S Q965306
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B030L 253500069000 (Gugushvili, 2015). Boddg 035805, GMI 5F5M9-MDOOSWINOL BHMWJOG)-
AMGY 05D EHMMO S FMIbOEG)-FHM9J0sbgBoGMMO LyMogdol Jsb9d8do bL3owgbdols s
0oool 89933390 Mds  AMOZ9X M 509 B90d 3G MlL. gl 39BEHowgdo
3M6396GHM06M9dMwos 8538500 5 MOGHMIMIE 9O OIO0MEbI6 BEMOEME FsBsTo.
dbaoglbo 3056905 S0HIOHOWO0s @E. BMOMIZL s dM03M3sL IOMIsTo (Pponosa u
bypukoa 1977). LodbGgo Mool 0bGHMIMIomMmo  MHogBEHJIOL  d3BowEHdo
bobosmYds  B3ogbdols s Mool omsero  Fgdi39mdom s SO  FgoEs396
BEAOSEGH0TMORM 258500 gOL. 5T 53EMMGOBSE B05Bb0SM, MMA 59 BoEbOL 56 SOLYDdMDS
396300Mdg0M@0s B30eEgbdols s Mmool Foowro FgdE39wMmd0m dsbow@BHTdo s

HMI9d03 9O 399056 Germoqddo.

bB3oegbdols  Fo@owo 8993390 ™ds  BOJLOMEYDS  5FIM-IMSWIPOL  FTMbo)-
5405609 BoEMEMo LgMool Jobgddoa s 0g0 JWsM 3l 10-x 96 509dsEH90s. L3oegbd-
300dg@omo  95obJoMdmdmds o 53938060930 bgMoo@0bsEgool
36OHmEqLmSb.  BYMHOEOGHOBIE0s 99393000 Gds  LOgbod)-oMMoEWMwo  0bEMWBMWwO
bbgmegdol 3mb@odGHol dmdoxby bmbgdl. mz00 LgMogodmmomgdo bsoliosmgds
130egbdols sdSEO 983390 MdO (16-34 9/3) S BHY300L Fooo GHMgbom (97 a/@).
59056 998m30bsty  LB30egbdol  igoOml 5  Lowo  Jobgdo  Homdmoygbgb.
L9YOHOEOGHOBsEOOL  3OMm3gudo  bEgdms  dobo  QedMGHIBs  F99339o  BHMgod)-
05D EGHMMO 5 FMIMbOEG)-EGE9d05b6aBOGHMMO J969000s6 s Bolio godmengdzs dobol
Lobom. 53539 OML, M300 LYMOEOEHMEOMIO0 FgBS© FOEIM0S BHY3000 (92-97 /@),
08 OML HMEILSG 05BICGHJOO S FHMJ0sbgBOEHIO0 9035396 Fbmem 9.3-15.3 3/
AY305L.  8FsO0lL  Fob0sb ®s0ombdo Logbod-ommo@ ©s Logbod® FEH™3IqdL
L9YOOGOGHOBIEFOOL  BIOIMM  MOJMEGDO  SBEO3L. B30gbdol dswswro  FJ9d339cMdS
9993390 Jo690d0 s doLo  2odmEHG3s LyMoEoEOBsEool 3OMmEgldo  MLsCIMO
86009369em™mgsb0s 53 mgMM-b30ogbI3MW0TgBHO MO LodIEML  BMEOI0MYdSTO.
9505b6(oM3MIMdsdo  LgMoEoEobsgool 3603369 m3zs60 Gmeol Tgbobgd d9¢Y39w9dL
b3ogbdols  dozms  FoobdMToxbg  T9BHILMISBHO0EJIOOL  JEOMOOE)-35MDMbSEH Mo



96

0905003960 Mds. 3500 (omdmdmds 35300090 mos Ca, Fe s Mg -ob 99dm@sbom,

OMIJms o@obs bgdms 89933900 969306 0bGHOMB03900L 3MmbESJEBHIMTox by
19gHOE30GHOBsE00L 3OmiEgudo (I'yrymsuu, 1980).

byen Bbgs odm30©0909gds obobgds do@obfoMdmImdol 3MmEgldo @Yyzos-0vmools
dmbsfioggmdsdo, 85sb399(339¢ 399 3560EJOLS S 3mBoadME 0bGHOWBMw J569ddo.
domo 99933390 mds o  3oM3ol  RoMygddo  godbLo®mEads, 93539  ©OMUL
L9OHOEGOGHMWOoMgdo 3608369 Mm3bs© 9BOPEMYPOME0s 98 FgEowgdoom. olbobo 8-10-
XIO 9@ BAY3095L o MmOXIO 9 0oL FgoEo3L 30MH39wo  SbEIBOGHIOLS o
A®5gd0sbgbo@gddo (MBanuukuil u ap. 1969), Gss B3960 dmbs39dgdomsi ol )M gds
(I'yrymBuim, 1980). gl 8mbs3989d0 s 0boE, M 3Y305-00)m00l JoEbosbo ds®m39d0L
05563mBoxbg BmMbgdo s 0bGHMHMDB03980L 3MbESdEHIMA0Kbg BMbgdo 335M:3-LgMoEOE)-
L3MWOFHMOHO  FGBOILMBBHMBO®  boLOSMPYS, SIVEGHWMIOL  BHY300LS s MIMOOL
099396006 igoOmb gemoqddo (IyrymBunm, 1980) 59235605, 53569-0MH05gmob
130e9g6d-3mME0dgE oM LodOEMYOd0 LgOOEOGH0BIE0S Do60mo96L
055b(oM8mMATMd  3MmiEgLL, OHMYMOE B30 gbdobmzgol  (odmEGH30oL  3MmMmEd@o
39933900 496980096), olig 013960 HO FoHTIMIMDBOL EHY305-00mMO00LMZO.

50 dmMm OML YObYds, HMI 3o gbdol fgs®m BsbEH0ss, MMMOOLY BB GO
Jotdo, bererm @yzools s mddmbo Losgm®o Jgddos ( Gugushvili et al., 2010; Gugushvili,
2015). 399569960 30056905 gobs30MIM3gOL 3303OMLOL G030 130w 96d-3mBgE6YMHO
Lodo™YdOL  BMMT0MGISL, 0BBHEOIMIMEO s 89393 MWO  Z0MaMgds - L3owgbd-
000l 5950b9dsL, bowm 3mbdmmms M35¢MMo Lo@sEos MmdHm-bdowgbd-Eyzos-
000l 35o6(oMmBMIMDsL. 53935050, 5bgdol Fgaqboemdsi  (Bg@owmygbos)
3960LsBE3MAds  FoIBHoMTIMIMBOL  39Mm©0b5d03MNMO  ZoMIMdOm.  m3956MMHO
3000560900l 130g6d-30MPIIBWOO LodsEMgdo FoMdmyqbowos bEGHMSGHOINORMWO
39950690000 @5 LBOBISEMMO  Fo0oEgd3gMGHIOMO  930ME-3MODOGHMMO
5dBHobmwomm®o 3OHM300E0BIE00m. 0BBHMIMIIWMOHO S 093901390 MHOGEHJOOL
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399500069053, OMIgoE M393006M©I05 BHMEIOFH-05DICEGHMEO 3 390MO  5dEH03Md,
Pomdmpqbogos b3oggbd-mwmool 399500690009 Qo Rmbye®o
3505 3H9339M9GH OO 3OHM300E0BsE00m. mOM-L30EgbI3ME0dgE IO
3535006935 9353006905 3bIMWMS MM Z0MMYOIL, OMIJOE JMBGHOMEYdS
30603G9 379w3sboBdom s Fomdmygbowos 3mORoMo, oo - ©s d3oMy
b0 HO Fo5bgd0m S DMEX IO MLBIBOEM MJOML godsbgdomsg, MmIgwos
33903-4503EgEMmbNG  dom3gols s FB™339M390L 3530060 ds. Q9@ STobY,
3MBdNmms B35 30000090500  36MmdOWO0s  3MOMIML  BHodol VMS 505006909,
(Igbog 9bEsgl (39MmomIOHo  3OM3MWOGH0BoE0s. 3MBM3ML  GH030L BsdsEMYdO
boloomgd0sb  BHyzool doswowo  F99339w™Mdom MMl s B30 966
390509000 @5 MgMml Jopowo GHMgbom. ymzqwozg B9dmmddnwo ©gEOwIMHS©
5oL SOHIO0Wo 93MBooL  vJBHOMMO 0oL Fogoomdg (Gugushvili et al., 2010;
Gugushvili, 2015) @5 bmgeroml bbgoaolbgs Mga0mbgddo obiGIMHgds.

39Ms  53obLY, dMWboLOL d5bosh Moombdo @y 35bsgoME@mOTBHGdo  (d)EYIMJOOL
005537 9gm0) 93056  39OENwo  MmdOHM-30egbd3MmmoTgBHow Mo  25d50bgdss
©oygbowo, GmIgwos  3M6IMNms OO0 300050900 ¥9395603Medo
396005353500 9353L T9gbodsdgds (Von Quadt et al., 2005; Gugushvili, 2002; Gugushvili 2015)
@S G0xEMma90gBol  LoHgol  LEsOosL  M353006MEYds, o  FoIbHoMIMIMdSTo
dmbsfogmdl  MHmameE  LoswmMo  Jgedo, olg d5BowGHMOO ©s 0go  BsbGHoMo
©05306M0L FganFOHoL Lofyol g@o3LsE T9gglodsdnds. o WYIB0W0s 3MMROMWMWO ©s
do@owlnwago®o  JobgMowobsoios,  85obdmBoxbg  Bowowr@gd3gMo@ Oy
93000MEG-320B0G-5JBHObMWomNH  3OM30WOBHODIEF0LMB  ghmo s d3oMy
bEBOEOO  MJOML  4985bgds, MMIGLOE 339M3E-3900T35E OO FYEHLMTsGHMDBO
53MbEMMgdL. dmboliols 950b05b M50mbdo 05053933950
3MM300G0BO305 O 390d35EBH0Ds300L 3MMEgLo FsbEGH0MMO 083060l FgdmFEol

353006000905, MMIYEo3 obs30MmMBs Fo0oen3Hga39MoEIMH M0 BEMOEIOO 653500
96mol b3 s GG MJemb d99339¢0 BI0EIOOL 5JEH0ZMBS, B33 ILEIOYdS
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RWMOEIO0oLs O J9Bgdol MOHMOgHOMdOL dgmdodomGo dmEgeomgdoo (Mernagh,
Bierlein, 2008). “lvegom 80696500BoEosl 9939300000905  GH¥)E9-390MdMbo@eo
BUBsGYBOL  59H03mds  ©d MJH™l  edmmgdgs 50 bLBsHIdOosE bogds 220° C
A99396M53 M5B9 CO2 s CHy 500 gdsliomsb gmomo, Gmdgambsg 3oeod3ds@GHoboEos
©5 2539033905 SbEsgL. “BH® BssEHIISgMGHMO™o MmdHmls asdmegdzs 350-400° C
A99396M5GHMM5Bg  bgds, ™mJMmMmLdgda3guero  30OHMLMEa0EMMO, LbLGe 8939
blbo6gd0sb O; sdso 5MR0EH03MmdoLs s CO, sMmOHMJwgdol 3Mm3gldo Ldowgbd-
30dgAHoe  25850b6905Lmb O  930MEH-3MO0BOGHIO  3OMI0WOEBHODIEF0SBMD
9OMS©. 50Lsb0dBsZ05, OHMI dmbolo F5bosbo MooMmbol ¥gJmo39M0L  Ladsmby
35b9H-mboge BsBGMIBI0 BBT-366dMBEHM@O BEroOl 35339Ga¢ s 220°-230"
(IyrymBuim, 2014), 30@60bv)engo@)Oo  blsbols gob®-garommo  Bsbs®ogdol
3993965065 mdHM-130egbddmmodg@ewwe  dssbdo  350-400° C  (Cormmbuim,
SyanamBuiu 1959) @ 99850069008 39b6dbergdo 303000 G0DIE00l  3gddgcmodeas
350-400° C v10060L.

30OMmMYMHINOo 5JGH03MmO0L s 9dsbgdol 3060390 §BHO30 B9JM535MOL BodsEMBY
A®5JoMH0MWOMOH 393566 5dBH03MILMB o MmIOHML  A5Tobgdol  J9di39ew
390335¢0D300LMb ML 353060 gdMO, bowwm Fgmeg 9BO30 FodMM-EOdIBE
052053 0BdMsb s MmJMM-130egbd3Mm0dgEow e d0byxM0BIEOLMIE LobdobmM
930QMG-3M20DOGNO  3OM30E0EH0DIE0LMD ghms©. 030 BYLIWYdIMWos  MmJMml
3993390 339M(3-35¢0035@16 39EHolimdo@gdbg (I'yrymsunu u ap., 2014; Gugushvili, 2015;
Gugushvili et al., 2016). B93mbligbgdwIero odMHM-0sdsBNMHO doM3900 s FEHMIYOO
§o0805009696 300 356M0 3960930L 53MmB0DBYOL.od 3909006 FMA3056900m, BgY©o
399356996030, bgdm®s GHAHIM03060560 35BoGHGdol s8mRMI3935, FmOHTmEgmols

09900L  BMOIoMO0m, OHMIGd0E SILGHYINJOIE 0939030 CHoREOL  SOLYIMISL
(Gugushvili, 2015).
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5023905, L533wg30 M9ga0mbol 3M93mmobomdo  29m©0bsdozs, 0sgds@GoBdo o
39@omyqgbos 353000905 BHJoLoL 39560  Bowol  BOOOWMZ39MHR DG
133098 LEGHMOIOOL  BMOToMYdsdY. bMMIMds  LdEMI30sd  gobsdoMmds
363N ms (35IMH0 3005MGOS O Bl 3938060900 3060-F¥Bg 37w 35boBdo
@5 393owma9b0s. 396339 9BHe3bg LYdOME0MIOMO ROl EGHGMBLGMODs3050
3965300035 sbFH0MMHO ©05306MH0DT0 S 3MBINWMS OO0 Z30MMGIOL 3935030
LoHYolL LBEHOOIBY FoILZWS. FbEGH0MMHO OS30M0BAOL FgdmFMoL 06¢3YbLogosE0sd
3965300035 093503065 > 0bEYIMIM3ZOL BMOT0MYdS. bererm Os306MH0DI0L F9dyMAds
399096950 09350308 3069 ™3gobMO  30msMgdsdEg F00Yzsbs  MBoMmoEHOHO
39w 3560bdom, MwGHOIxEmdg BsadsGHobdom s  3303MHmLol  GHodol  Ldowgbdol
3995069000, HMIgGEoE MMl s BY305L 90(393L 335¢ol EMbyHBY s MMIgEdo
mdOml 999333900y 3060o@mos.  s0bodbmo sl MOHYds (396G GO0
3mbGHogdol  30MMgl 306y m3956wEm0  3m33egdlol  FogoomBy,  GHMIGEos
330360bob 3030l 130w bd-3mBgEIBME BsdsEMOL 5T03MOL s 85308505l Fgoio3L
(Ustaomer, Robertson 1993, 1997) s Lodb6gor-s6mbogzargm mvMdgomols mzomeod®o
LoMEBHYolL s FLGID 53938060900  3303MMLOL  GH030L LsdsEMYdol ds9b3mo
LOOMEHOLY) s B>Eb (9EsBYOOL) BogsomBy - Engin, 1999.

Bn®dmw 1B 30sL M393800©Yds 3MBIMEMS GO0 3005MYOS, J0OEMBY
3bgbo@WMmo 31w 3560D80, 3IMEONMOHO BMBMOO IOM30WOEBHODIBF0S @S MmJOHM-

130¢96d3M0gE OO 2535bgds. LdY(30609dM0  BOoOL  GHEMBLBMMOIs300l
Lofigol  9BHo3bg o ®oxgBobyol 230569 9B3BY o LoM®IGHy FgdmFMow
35630 05300056 5353806093 0s FBMboE)-GModosbgbo@mmo 3w 3569960
543H03Md5  JXMOOE-5WdOGHMIO S (39MLONVIO  3OM3MEOEH0DIG0LMD JPIMO©
MO M-30g6d3MW0TYGHIWMOHO FYBOWMYJb0s. BMYX IO M0BEHObYOL LoHgol 9Es3bY
850056Fo63MIMd0L 3060390 93930 HoMBm©ygbowos mdMmml FobgMowobBszo0m 3356 3-
390335¢ MO 89BoLMIsGoGgddo,  OHMIgwms  BmOIoMYds  GHUGI-390dMboGIEo

9505635 56M9dgwo RWMOEYHOOL ©90mddggdols d909200. ogxGHobyol
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06@9bbogozs30ol 390990 93930 39bLsBEOZOME0s bbEo© AMG9
3505 3H9339Mo@GH Mo blbsmgdol bgdmddggdom, MMIgos ™mJdmb  J9di339e
30OMLYIBO0EYOL Fg0Eo3L, M0353 dMWbolOL F5Ebosb Msombdo dsbsdoMmmds mdem-
130g6d3Mm0TgEOW OO BoEOBHoMTMIMds,  LObT>EBMO oo E9a3gMdG YOI
930MG-320DOGHMO  3OMI00EGH0DIE0LMB  ghHmo. LMOdY30609dMwo  Gowol
AG®9bLRMOA5300L 53 993D Fo6HOTIMIMdOL 3MIM39LT0, FMbsfowrgmdL dsBoswEHMO
Jotdo, 08sbGHos @ X9 3093 LosermMo  JgMdois. ool GEmablgm®mdsgool
3990909358 (03935, ARG, ©IEsd0bs30s) Bm3y3zs 0bGHIbLoMMo ¥9356M 3o
@5 0bGHMIMIWMOHO  MHOBEH0bR0  BHMWIOG-BAJOIDIWEHNMOO0 3w 3bobBTom o
RMbMO0  930MEG-3M0BOGHMOM0 s 9gBHobmmomHo  3OHM3owoGHobsgoom s
130gbd-mMMOoL 3WBIPIBMMO A585bYIdOM. 5 FoIbFoMTMTMdOL 3MMEgLT0 SMOG
dmbsfogmdl Losw®mo JgMdo. 5800 50blbgds 58 30MaEYdSd0 BoobTdo BHygzools s
MdOML 56O 5MOLYIMBS. ROl  GHMIBLBMOIs300L Fgdamdo 0b6@gbLOG0ZsE00LS
35630mH0 053060l 30609 LoMIY)bg J9dmFMOL FggysE JogMEIds B3MYObyo
@5 §om3m0ddbgds ™3gobmemo 30006090, o B5@BHoMTMIMdOL 3Mm3gLdo 339 SMIM
dmbsfogmdl sOE Losw)Mo s sME B5BIEHWMO JgBdo s FobgMmOEoBsEooL
36OMmElo s MBoMWOoRHJIol  BmEOI0MGdS  MEGHMOgmdg  dsdol  0bEMmBMwo
593H0o3mdom  MIMewm©  39BGHOMO  ©0s306ML 353000 YdS,  BMIOL  [gomml
S1GH9bMLRBIOM HomBMmoIbL. godsbgds og 3303MMLOL GHo3ol 30w gbd-3mBgsbMMHo
95bom 50l FoMmdmEygbowo s 00 96 89033936 MJOHMUBs S GHY300L, bomwm Mmoo

dbmEmE 3350l EmbyHg odloMgds.

5F905-00005xgmoll  MHOGBEHMo  DBmbol  EsLsg®  19YadgbEHTdo  BHMWIOB-GIGI
05D 3 356ME LgE0sdo 56 GOl (36Mmdoo B30Egbd-rMOol 3P IBYGO

LEAHOSGH0IMORMwo  VMS  BHodol  dssbo, OmIgmoi  Bmpadss  sbosllosmgodl
0BG 35¢0M 5 89390329 H0REJOL. BHMEJOG-GYBHI0SBICEHMMO LYMH0s 5 deogH
80605 b3owgbdom, MMIgwog 3603369wMm3bo 50gdo@gds JWsMIMW. B3
BobL, L3oErgbdo FsBEGHOMMO OI30MH0EIB O F9IPOL BMOEMO FoBSTo s MBYdS
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05206 0W356030. 5B MP0MHO 30MIMYdS SPVHIOOWO 5J3L F. BOMEMZL LodbGOY,
M50l 06GHOMI OO HOREOL dsDsw GO bgosdo (Ppoaosa u bypuxosa, 1977).

50539 ©OML, 5F5(0OL Fobosb MHy0mbdo EFbmdowros 3608d3bgwm3zs60 dmOFoHMWwO
130eg6d-3ME0TYEOMMHO  godobgds. o Bgws 9gmEgbmdo  Logbod-omModwwo
06@HMHH03900L  JBH™3gdo, MMIGd03 339090  GHMEJOFH-05BowEWEM  Fygdol o
dm3mbo@)-GHMsdosbgBo@wme 3903560390l SNMolOn! 3Mb@odBHdmdoxbg
L9YOHOEFOGHOBIEFOOL  MOYIME00  boLOSMYB0D.  LYIMOEFOGHODSE0d O  TMEMEIMISL
8m0oEogl s 899339 Jobgdmsb FgsMgdom SR IM 2o0M0BYOM0s b3owgbdoo.
130¢gbdols  o85bBgds o, MMAMEE  BBL,  LgMOEoGHOBIEOOL  IBMEILMIE  sEOL
©5353006090)0. 59539 @OML, LYIOOEFOGMEomMgdo F9d3gw Jobgdbg o0 gdom
9005 (HY300ms @S  0Moom.  B30gbd-3modgBHo Mo 4595©bgds
3M6@¢5J@mdoxby LgOOEGoGHODsEGoOL 699030 M 3S0HYdIMWo.
L9OHOE0GOBIE0L 3OMEgLdo bEgdms L3owgbdol yodm@n@E3s 898339wo J5bd0sb,
bome  gewmoEgdo,  Omdgmdog 9bgbbgb  LyMoEo@GHoBsEosl,  0dmsg0m39
390Q00@MIOME0 0y  0993960WMOHO  3HY30005 @O MOVIMOO®. 5356 Qobs30MMDS
3OHB0MH0 B30gbI-300dYESW MO 4585HYOS 5F5M0L F5b0sE Broombdo.

50bsb0dbs300,  MMA  Lo33W93  ®o0mbdo  LPMJ3o0L  bolosmo s AL
5393006900 399 3560B30 O F9EHowmgbos (335¢0905MBL OMLY s Log®mEgdo
bsdo  F0FsOPMENGIOM:  39MEH0IIMS - SPTSZ9¢  FMHodo, 1O YY3060gdOo
RQOEol  ©sdoM30L 0O gdom  LsdbMHgmosb  BMowmgmoliggh o
WSGHYMOMEMISP 50dMbo3e)00©ob 5bO3EgMOLS396. 39630350
9005 GI0m 5RO 5d3L LI MEOMIOMEO ROl  BHMIBLBMOTS300L
39909MgdsL 96 FglmlBgdsl. 39MGH035¢)MH0 80O Gd0® deboliols Fobosb
6o0mbdo, bmMIMwo LdmJzool Imbo3gwrgmds BodloMmEgds °dsgsw  FHowdo,
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LoIG3 3OOGMBY 33D MM0 59BH03MBS O FoLMID 393006900 gBoEMygbos
dmbo33egmdl 8935030l Lofilgolo  LEHO@OOL 3B NG  5dBH0Z3MOLMB o
055b(oMBMIMBsLSD.  sFo0ol  Fobosh  Moombdo 30 spdszo  FMogodo
133060900 ool FHMIBLRMOT5300 BMLBEBHEIdS S F959Mm396WMmO GHMwgod)-
AMAHJOIBIGHMM0 bgM0s, B 9nE96E FmIMboE)-GHMBJ05bYIBOEME LgMHoslmsb
dmbo33egmdlL  (bob. 8.). 9mbs3gwrgmds LogMgdo LEALOYNOIL RMHOEMgmOL )b
3°0m3wobs  bmMIMwo  bPEMJ3o0L ©s  3MbIMEms MmO Lo@wo3oolL
dmbo33egMmdom 89350396,  WIEIMOWMmHO  JMboE3EgMdOlL  93580M  Bogsoml
Do gbL 5FoM5-MH05¢gm0l 0bGHYHIM30, GMIYo3 L3OO J0TSMYWIO0
3530 B30l 930609 30956996 SMBL MIOHMNEIds @S OMMPILOL  COGEGHWWwo Bmbs
(MW s6M900), OMIgGEOoE 50IMbOgEgmol3gb 8530 B30l OLL3W o FzoMg 3965
3B 1)9MHDNEY0S. WOBHIMIMMO BHMIBLRMMTS300L 3093 9O FosWOoNL Fdoerodol
0939630 FoM3Moy9bl, MMIgoi o300l BE30L I306g ™m395696H 5Bl MgMcEYdS.
50539 6OV, b 50060TbML, GMI BHowoddo 503535 FOHOWTo - 39MEH03OIMS Tmo
903960056 Bgs 9m3960L5396 BHGMBLGZMEOs300L 25dW0gMgdoL T9gIRS©, 39960
3000560900l  gagdgb@gdo Bbads ©Mbod)-39MmomEHo@wo 0bdmHBogdol Lobom,
53565-00005¢gMOL OLOZ MO BYTgbEOLHRYD AoBLBZ3900m, Lo 39MEHOIFWIMS©
AG®9bLRMOAs300L JguLBHGdS 0LObGds O BHMEGoE - BIVIYEHWE LYol FmImbod)-
A®5d0sbgboBmMo  iggos 96533 gdL.  9F9MO-DM0WgmOol  MogBo s gmagbdo
©5L53GM0EIL  5VIMBOZEY0L3ND 3900 49B30MMYOME MHOBREH0WIB, GMIgwos
AM90G-GEGJOsBOEGHMOO L9YHOOMS Domdmpqboro dmIdmbogd)-
G®5d0sbgboBmMo  Lgemos  sbs33wgdl  (65b.8.), Mg  Mog@obyol  dgumlEgdol
95639600905, 030 530l  TBEOOZ, WHGHIMIWNOS®  T99M3966  9BIBOEHMO
3003956996 L0530 250sOL, HMIgEoE 3MBINWMS O 35EMH 300560JOSL sSLobagl.

2. 3mb3H3MOBoMMO IgE9mygbos, BsdsEH0obdo
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5 3000MHMMYMH M0 3BmEglo

936500l 5 SBOM-50509MOL  3MbGH0BYBEHGOOL  3mbB39MA9bE0s,  BHgoobol  ™m39560L
©IHMOHZ000 VOIS, SBOM-5M50gOL [bgbol Jgwgas®, 93M9HBooL 30bEH0BIbEHOL
30009%9 2900658039600 3MME9L0 3MLEBHIMWODBONO LEHOOsDY 4930 (Adamia et
al., 2016). 3mbBH3NWoBoNOH 9B3DY ILOYIWES bYdMJ300L 3OHMEgLo, ™MI3,
696900l 4399 LBdOMEFOMYIMWO BOEEOL BHMSBLBOMTSE0S {MAGEEYds, TG do3
M6OHM9699w0 06EOMBMOo 5dGH03mds s bomFs LbargEzomo Lo Eywgdol gmeToMmgds
396530635, ool  GHMBLBMOTs3000  BdEsgzmo MMM gbmwo  Jgddol  J39d,
SLGHYbMLGgH™UL 3900360 299030 Qo 05600096 Hodmbmaro
3505 3H9339M5GH MO0 oMo 653500 [omdmadgs. Fo0ow3gddgeodMvIcno
REXM0Yd0L Hg0mddggdsd 3ds36 MmMHMygbr Loswrme JoMdbg, mJOMby s 083050
39Gowms  398m@GHMG3S  3vdmof30s, o3 3MLEIMWODOoMGmO  30MsMgdOLm30L
©535bsL0sMYGOY F9BoMmA9b05d0 25dMObs@)s.

3LBHIMWODBOMMHO 30560905 S FoIBHIMTMIMds, MMIgwog  bosmFs-bLberg@gom
LEGHOMIGHMOIOL @5 3bGHMOMYIBME  0bGHONDMw  5JBHO3MIL 3938060900,
3obb30390wos 309300 BoMMOLYSE.  godsbgds  FoMdmagbowos  Brames
3MOR0OME0 5 §30mMYMH IO 3H030L MJOM-30w0dgBsE@o Jobgmowmobszoom, olg
93069  bLYwromo  mdOhmbdgdggguo  335M3-56¢0dmbom®mo,  dggwo@co,
30@BOFoGYCo @ 39OEdoLgol  JOEZNE-8HM33003)wo  3d8350bgd00.
3OHBoO S 3009 LYIXBOENIO 45F5EDJIL YM39EMZ0L sbesgl 03000 9GO DS
(Sb,W, Mo, s Hg) sbmE0s30s.bo33wag M9a0mbdo 3mbi@3meoborm®o 300060905 o
bbb 53930060900 dgBowmaqbos I3 os  0MbOL  SbsM-565ldIMI6OL,
5CIMM(3-5HgMHB0K 6O @S FIYMHO-MHYBsOL F5dM6 Lo EHYwgddo, (396EMICMMHO
06560L derm3do s Bobsbox-LoMKRBOL 35¢gMBMWME dg@EsdmOxno@gddo (bsb.10,11),
39335L0Mbol 63560 Jgools s dobo LsdbOHgmo 3gOEOL Bmbsdo (bsb. 7.VI), 3oty
39335L0mbls 5 OLBZW g  9B5BHMWOEYIOL  segmBmE  IgbgMglol  dsbogdo
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(656.6.). 3LBH3MWODOMOO 2585bgds 0605630 3506MBMNOH 3MOROGMEY  LHBSIMMS
LobBHYISL  80939M369ds s [MHIMPYIBOWO0s  SHIM-5MLBIMIBOL  FgE O MYgb©O
LoMEGHYOL  BsdsEM®s  xamnom  (bsb.10,11), HmIgedos dgool  mdmm-Ldowgbd-
3mOR0OME0  BOdsE™gdo bbambo ©@s FoBGS, 356035658 xaMBROL  g3omgMINo
LodOEMYO0 (303900, 96EYMH060, SLEIMA00, 35¢z0560 s bbggdo), Lobsboyx -
LoORSBOL Bmboli dowEgbols LodsM, 50IMLOIZEg 06Ol BoadME®  LOMEHYIEMb
535330690090 BodIEMYdO- DoMTMMbo, 93Mgbo,3mB0, ©s339Lsbo s Lbggdo
(656.10,11). yg9ws gl Lods™ FomBm©agbowos mdhHml 99933390 3MOBOMIWO
353790 30039GHOIOH0 A985©bYd0m s MLMEROE™M s 306 LR IMHO
do®m3Mwo  30bgMoobBs300m.  oLobo 3538000 MEroyM-JomEgbMo  SBs3olb
©30H-3M9bMm@oMGoG M  ©s  gMsbo@mw 0b@HOMBM  JBHM™390L, MHMIIO0;
bbgo@olb3s sLv30L 35EgMBMME s FGOMBMME Josbms 3MB3wgdugdl 33390096.003000 gls
bbgmwagdo  §o60moa9bab Lo®dgmwo  BwoEIdol  2sdBHIMYIWIdL  (pathways).
R0l 65350900 ©MTs 3909006 FMmgobgds o3 ULbgmergdol gboom o
Bs3Gocms Lol gdols s MP3930L  BMbgdol AoLH3M0Z LobgsILbZs sls3oL Jsbgddo. o
HMamO3 B5379M36003 LMEBoEMOL O0lg MBMEBoE® MJOHML Fobgmo0BsEF0l SHBEWHZL
003050 99EOms SBM305300.

90396©ol  LodsEMDBY (35035608 XMz30) ogo HoMImpygboeos Sb, Mo s W
SbmEosgoom.  mgemb 8993390 33903-96GH0dMboGMMO  dsM®3gdo @ B0
950563mBoxbg DBmbs sLmE0MdME0sSb, Mo, Zn, Pb, Te s Se-Lmsb. 35635651 xamz30bL
LodoMMs 89933900 J9Bgdol agmdodomMo gmbo dgogegl Cu 200-253 ppm, Au 88-
121ppb, Mo-3.0-5.7 ppm, W-6.3-7.1 ppm, Pb-120-517ppm; Zn-121-160 ppm, Sb 7-10ppm .
9m39060©oL  LsdsEMDBY 15303 LBYWROMOO MJOHM-3m0d oMo dosbo
0030000  39BHogdmsb ghmo dgogogl  Zn-Ag-Sb-ol s Pb-Bi-ob mJlogdl o
3963bwob 999(339-56GH08Mmbo GO 3mwa3M30@90U.
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5edMmME3oL 353396 LBo®@EYygwdo, 3gbGMIWMOO 06Mbol dwm3bdo s  Lobsbox-
LoMxsbol BMbsdo  MIOMIMOBOOWWO s MJOM-3ME0TYBHIWYOHO  JSOMIMEO O
933390390  JobgMogroBogos 3530060 gds  Mmerogm-dom3gbe  oEo@G™MO,
3M5B6MPOMM0EF-3MOBOOM ©s 3MBOGHMOoEYI 0bGHONBM FBHM3gOL , MMIWwgdos
339996 35 gmBY6-IgBMBMME 39398mOHRM S IBsEgd Jobms 3mB3egdll (0Msbol
39 MA00M0 LHALIbLYYMOL SbYsM0To, 2007; Moritz et al., 2006).

MO ™-b30gbd3MW0TYGHOWMMO A5F5bYds, SbmEoocMgdmo Sb, Mo, Hg ©s W-msb,
3bMdOw0s  50IMBOZgm 06Ol BoadME  LyMGHYgwrdos o HoMdmygboos
BoMINOHBOL  39Oobol  BHodol  LodsEmbY,  93W0Mgbols  Boobysdm3zw0bndsby,
©5399gbobol  LodoEMDBY, B0bseMEOl  MJOMLAIE3g  GY309-0mOool  LBodIMDBY,
5369039 b53-H5gbsboL 3m0dgE OO MJOM-560000MboEE Bsbosb 390, Lo
35egma9bmmo  @wodo 2533000005 MWodM-domEgbmemo B3 IbmGmo o
303500Lv)M0  M3b0GHMO0YdOm, OMIWYO0E 93MBEGHMmMENdI6 39O Ebeolfiywol s
56008mbo@ol 0bgMsoBoEosl. sdg35M5@ 3ME3ME0BoMEO MmdM@l BobgMowoBsE0s
065630 3530060905 0M5bOL MEoyM-FomEgbme Foadme 3GM306305L GMIgELss
5bogl 083050 F9BHowms SbM 0300 FoMdmygboero Sb, Mo, Hg s W (bsb.10).

3LGIMWOBOMHO 3000560905 00560©D 306y 39335050  MIGEEYdS  FgPco-
O350l 3506MBMME 353996 30030630500, Lo FoMmE9b-MmEPoyMEIBMMO SBs3oL
06@GONBM JBH™IJOL MmJOm- Imerodgbol 3b0dzbgwmgsbo  45850bgds 353806 9d.,
OMIgog 93Mmgm3g 9903938 Sb,W s Hg. m@oym-3omEgb® ©ogo@-3mOHzgomeyen
93390056 19396-539M0L LyEMGmsdo 3600369 m3560 MmIHML Lodosmgdo bmwo ©s
39365b1MM0s  36Md0wWo.mJMMl dobgMsoBoEosl sdoi sbsgl Sb oW, ogo mdmmb
3993339 33563 - 560003Mmbo @m0 458500bgd0mss Fomdmeagbowo (Melikian, 1977).

0093000 dg@oems (Sb, Mo, Hg ©@s W) ©@d mdoHml 3mb@zmmobom@mo 8obg6owmobsiEos
3bMdowo0s  35335B0MmboL  BomFo-LbargBzom bmbsdo  (bsb.7,VI). o gdomg@dmwro
doMH3M0 259506905 9353000090 3MBEIME0DBOWEOO 496300050900l LbEoEOsl. 50
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dbcmog 25bL3MMMd0m 360d369eM35605 DMmBboMML Lsds®. BmaboMOML LydSM
5293000 ©S ©YGHIWMm© TguFogeroos d.bsMol dog. dol Joge Bo@sMgdeo
33e930L 89093900  LFoMmM3gML  A9MEEMPOMMO  BoBTSOMZIWML 5690089000
SLEbMo  (1980-1990). 005006905 o  FoMdmygbowos 3350 3-56m0dMmbod Mo
doM3900m s MJMOM-30egbd3Mm0TgEHo G0 FobgMHIXODI300m. FosbdMTox by
3933000 BMbs 35335039000, LYMHOEFOGHODIGFOOD s 30MOEHODIF00® bolSMYdS.

obog mdmmb s Sb-b 899(339w0s. 5563993390 JoMM39080 3390796  J39®s 0VIMHYIEP

10JwwgdL. MmdmOml J9d;339mds domm3qddo 4.35 /@ MOMoL, 3903bwols-4.15 2/@.
dO®L Go6530 53 LYOSMDY 34 BHMBSL 59ToBJds, Sb -41223)., 39OEBOLS-39 BHMbos.

bgbomml  LsdsEML  RBMOT0OYDS 4305053 ME  5dBH030DOEOL 3538060 YdS
(G.Tvalchrelidze, 1984), 3mULE3M@oboMMmO TobgMowobogos 39335B0Mmbol  Fmogz560
Joobs s LsdbMHgm BIOEOL BsMAgddo bomFs-M3930m0 Lo Eygerdos dmdiEgmero.
5 36™d00s 93M9M39 MMM 999339000 033050 TGBHOW ™S 2odobgds ( Au, Sb, Mo, Hg
@5 W) 53500bs60b, sbgol, bmgs®amsls s bbgs 950sbyodm3zmobgdqdby. 2sd50bgdsl
53MmbEMMgdl M0 M-8003969960 I30GHWMO 998G Bogdo Qo
3056Mm©oMM0Eo 06¢OHBMEo IBm3900.

doMM3ME0 3030l MmOHMYg6wo [omdmdmdol Igmeg 36093690356 LsdsML rmbodo
D068 gbL. 2085006905 59 MgOHM-50BGbM30MO0E) - $6M0BMboEH M. 0bgMsoBoEosL
53mbEMMgdl  dbbgmgzols s ME3930L  BMbgdo Bgws WOl ROoJgdls o
306J39080. 2535006905 FoMMm©gb00s 3350 3-5600dMmboE0LS s 335M3-56m0dMmbom-
95 6M-5M0303996G0L  doMM390000 ©O 3350 (3-50600TMmbom-35M0OMbsGHMmo o
339603-0990@MO0 83™339639000. MmdmO™ml 90339wmds dsmm3do 5.10 a/@-b Mo,
As- 6.7%,, Sb-7.37 %,. 3500bols JoGrog0 483000 Embss, HmIgwog Au-14.04 ()., Sb-2580 ¢,
As 1800¢ d9033U.

3933500Mm6%Y, M9a0mb16 H©3935L 193530060 JdS MIMOWS-5653560l F56YdMZ0bgds
(Oxpocusapunze, biayamsunu, 2008). 5o mJem Sb s W-056 sLm30060@9ds, 35850bgds
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Pom0mpqbowos  33563-0990@G 0,  339M3-30M0FH0L,  339M3-3MW0dgBICMOO O
mdOmlb 89933900 3390306 doM3gdom, Fo@ebIMIoxby Bmbs 3933903100,
JmOH0GH0D0MGOMEo 5 FoLGO0EOEGHIOMOo. MmdOHmb 993390 mds dosbdo 3-4 g/
MEOOL.MJOM 353000905  339ME-3000@)-5OLYbM30MOGOL,  gowgbodol o
bBSEgMHOEHOL F99(339¢? doO390L Sb s W-05b sbimEosiosdo.

39339b0Mmbols BomFo-bbeng@zom bmbsdo 003050 9BHOWMS 96535¢00
0505699306905 (36MdoEno. o0 FMmMOL 39M>MdOL FMEP0dEYbOL LdsM, HMIgEo;
9.8% 0m0d©9bl d90393L (8re0dgbols FoMo305 5 50 GHMbL »OOL) , bmEs®sl
950056359Mm3w06905 F99e0@ ol godsbgdoom - W-3.5 %, Au 2.309/¢ (50 & W s 18882 39
Au). 59 g5850b6905L 59 3506MBMMEMO SBs30L FMBOGHMOMWO FBHM3GO0 53MmbGHOMEgBL.
3936M(39gIMW0d, 5MgmM39, 3903EBWOL fywols Bsobysdmawobgdgdo sbgo - Hg-0.34%
(2546 @ 0560gom), o35boGs  Hg-0.29%  (1353¢3), obobhs Hg-0.5% 2200¢).
9069650 0Bs30580 956mM0dMboB 0 IMbsfogmdl. godsbgds M 3SE0BYdME0s J3900
0O 30gdwgddo s MH3930L Dmbgdom 3mbEHMMEEYds. 3mbEIMEOBoNG mdOML
90b9650Bs30s Hg o Sb-0056 sLm30s30980 3bmdoos 396@gmqLol 3ogmBm®
dsb0gdog (L3 gMO b5BHME0Yd0). 030 FoMdmMm©Ygbowos 39GMYMbermls, gdoMerols
5 35¢003Mm0L LYdIMGO0m (B5b.6). olobo 350bMbBMMGO GM393900m s AubgMgz0L
Bmbgdom 3MmbEHMMMEIds. MmJMml JobgMmooBsEos sdog sbmzooMgdreos Sb, W s Hg
(Yigit, 2009). #3930l 6069306 53930060900 MdHML FobgemoeoBsE0s 36MdOE0s
5369m39 503mb3w00 OHMOM3JOT0 5@S-3H39L LodomBy (Marcheyv et al.,2004).

502396050 1533093 ©930Mmb6d0 3MBEZMEOBONOO osbYds Y39 bomFo-Mw39300
Dmbgdoms @ MMM B  gMH9bMPOMM0E-30GH3MOBOOWMWO  0bGHOY Do
93390000 3MbGHOMMY05.030 DI M0s bbgosbbgs sls3ol (3oegmBMGOIb-
3906mBMMM58g) BoBIOMDBMMGH Jobms 3mB3wgdugdby. 4905bgds FoMdmaqbowos
MO M-30g6A3MOROMMEO S F30MILYINBOYIOO J>OPIYI-0333963wI0 MO
@5 0030500 dg@owms  (Sb, Mo, Hg s W) 30bg6Ms0bs3000.0830000 dg@owoms gL
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bME0sE0s  dbogl  MMAMmO3  MdOM-b30egbd3MOROGMEL s 3ME0dYE IO
3995006905, 0lsg 35096899339 Jobms 333 gJLL,OMYME3 JoEBIMB0XDEY BMbsdo ol
dob oM.

3LAHIMWODBOMOHO 30MOS FOMOMIPIP BHJMOLOL Mm3gobols LGOI EIbMMZSL o
SBOM-5M509gmoly S 93MBooL  3mb6E0b6gbEJOOl  3mb39MgbE0sL  M353806M©dY,
Gdgbsg 35B0MmO 30OL 93M3BoOL S3EBH0MO 30IHY dewogmo fBgbo Aobs30MMBYOL.
sl mOmM969Bo  (Foms  FoMdmIMds), bomFo-bLbeg@zomo  Ggddmbmaabybo o
LobmOMygbo  aMsboGmowo,  AMbBMmomGoE - 3mOROOWWO @
©E0GH3MOR0OWWO 06GHONDMWO 59dEH03Mds 93538060705, HMIYE0E 53MBEOMEYdL
MgJOHM-3m0dgBomm)H s mdOHml 9oy LMwaoed @S 003000  Fg@Owms
3995@b6905L. 3mBGH3MODONEMO 256300050900L 53 9EO30L ggmdodo)eH 0b03sEGHMMYOL
003000 d9BHowms 3md3gduo  (Sb, W, Mo, Hg) (o6m0moygbl. 5923500 300056935
15330030 M90MboL FsMAWGdTo 0660, 39335L05L5 s MMOJgdos oYIBoo.
50539 ©@OML, LObMGMYYI6Mwo 0bGHONDBMEO 59BH03MIOL SUs30 Y396 MmEoym39b-
930m(39600 M56MH0VYdS 5 Y39wysb sl 3MbEBHIMWOBoMMHO 30MsM9dol 0bo3sEHMOO,
003000 39BHowms SbME0S(300 SBEH3L. 53gbs, LdJ300l LMD, ™m39560L
LEMWO IHBNMZS O MOMYIBIBoLO @S LMD 5393000  ObGHOM DM
593H03Md5 LOMEYMRO 3MBEIMXOBONO 300560gOL sLEbI3L s olog MmEwoym396-
30m396990000 MsMO0MEYds. b 0800 EILEHMMEIOS, OMI LYEMOHIOOL BMOTOMYOOL
o™ gBs3ois TAES s 0b6G®e3mb@ogdol Lvy@vdgdol dsgowomby bgos-gmagb-
MEoym3gb0m  09MO0MEYds.  3MLZMEoboMGmo  gobgomsdgdol  dgdgao  9BGo30
3bGHom396-89mmbgme 399 3560Hdd0 godmzwobs.

3bGHZM0boMGO  3w3sb0BIol  3ogdoco  gm©0bsdozme 30000609056,
©IAHIMMO® 5MHOL FgUHogwr0wo 0.c00 30, 6.035039M0g30L S 8.0 EYb350b530L
dogé (Dilek et al.,2010). dso 3309308 Md09JBHO dMOEI3L 9MWBYMOL  FHIOOGHMEMOL,
065bl, 93069  393395L0MBL s SVIMVBOZWg  MMEJgML. o Tom  FgolLfagergl
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3L GIM0B0MOHO 3060GHMEI ©I30GIO0, IMIMBOE-GHMJ05bIBOGHMMO s BHMgod)-
A MG 05D EGHMOO 31 3960DTo O 5P IL OMLS s LogMEgdo SLEBHYEMLGYOHMUL
3939bs 3@ 3560Ddol bolosmBg. 39MAm, FsbEGHoMGmO g93egboll 306390 B30
33056  Bomgbme - M)  3Wwomigb)Mos @  IMIMbod-GHEModosbgBod M
3039560330 459m3w0bs. 9909y, 3erom396-0gmmbgmedo, 0fygds BHMgod-G&GI
0306056  35BowGHMMHo 3w 3560Ddo, MHMIgog  FsbGHoMEmo  dsbowrol  MBOM
06@9bbomEmo  ao3wgbomss  ob3oMMdYOMmO @S BHMWIOB-ABHJOIDIWGHMO o
540569 BoGHMO 1gMH0gdol BMOI0MGISTo 2odMmobsES. 030 39EHOMJ0TONMmS©O ©S
390gJ080M0 Fsbsliosmgdmgdom 36M93mwobomO 0bEIMIMIMW-0935M 3w HOREG I
30 39560DL 999Ls3539ds, MMI3S 9 HOREH06H0 sOBO® 96 IVEHWOEIOS S 0Q0 VOIS
39690056 65365 mMo 59Me3Md39390000 5MOL A9630MHMOGOIMO. S©LEb0Tdbs305, ™A
3bBH3M0BoH 3 3560DAL o 96 3530060 JdS Bo@OBHoMTMIMBS b 00 XM SO
56MH0L  299m3wgboo 3mbiGdom3gbmMo 3396960 bgHogdol LMLGHO JOHMPOMOOL
390

1533093 ©930Mmb6d0 3MBEZMEODOME 33BN 5JEGH03MmdL OMTo job MLFMIBL
@0 M396-80m396mMm0 IEOE3MOROOMO @S FMIBMPOMMIOE-3MOBOMHLIO
850530Bdo, HMIgbsg MmgOHm-13096d3mMHBOMOHMEO s MJOH@ML 30609 LR IOHO
055bHoMBMIMds 35380600905, 0030500 FYEHowms Bgdmblgbgdme  sbmE0sE0sLmSb
(Sb, W, Mo, Hg)90050. gl sbm305309, OH™Myme3 500b60dbs, 58 9@s30lL 3mbiE3meobor)®o
300560930l 06035GHMEM0s.

5b65¢Ma0mMm0  LOE¥OE0d  ITsbsllosMYdgEos  bmgeroml  bbgosbbgs  MHgaombol
3LAHIMWODBOMMHO  30005M9d0LIMZOL, MIOHMBs S 083000  TIAHOIWMS  SBMBOSEOS
530JLOMEYOS  BHJPOL-93MDBOMEG GBI MYgbME LsOEHYgerdo OGNl XaMBoL
LOBIPMMS FoPIWONDY. W ES0EIOOL MOMYI6M LoliEgdsdo, H™MIOL BMOIoMIdS
3305635 9mBMmMO  300BosL 3530060905, 5  FORBGHMO  MdOH@ML  LsddEMMS
Po8mdmds  (BMOMBGHOY, 3MIGHMO0, BmEdmo @y bbgs) 353000005 GH056dsbol
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36030630580 FobsEMEMO 585¢05d0Do300l s JMesgol g@s3L(Yakubchuk et al., 2002).
O™ 57 SLm 305305305 Sb, Mo, s W.

39GHMOM0L LYOIMDBY POYJboOos : Au, W, Cu, Te, Ag, Pb, Sn, Sb-0ls 05655619dmds.
dMOH96E oML LEdoEMDBY: Au, As, W, Bi, Te, Cu.

Boendmob Lodsmby : Au, Sb, Hg, Pb cos Zn.

@R DGOV 5 58563)50GIML LodsEMgdbBY: Au, Ag, As, Sb, Mo, W o Cu.

md6emb 30bgMowobBszool dbgoglo 3030060 083050 FgGowms 30033gdumsb oYobs
09930630 (3965d)  GHMABLEGM™boL  MmdOHmb  LoGdGygwdo. o  3mbBIMEBor©o
80b9650Bs30s 539300693905 0O~ (35630 6OHM969Bm6 Qo
3Mb6E®M©gds LobMOMYI6Mwo 0bEHMHMDB039d0m. 29Mm©0BF03MNOO 256305M0s S
393806000905 BOHOWM 539600308 3mbE0696E0L GHEMOoL-3sOEME 363909630
RMIMBOL BoErslbmsb,HMBgdsi 39Bs30MHMds M3956mEM0 Eghgobol s 3mbE0bgbEL
3000l 3m0bBos. mdmml  dobgMowoBszosl sbwsgb Te, ,Bi, As, W o Sb-ol
SbME05305.mJMOML g5950bgds ©3538060©Yds 335ME0L doM©39dL W Au, Ag, Pb, Zn, Sb -
056 sbmEosEosdo (Mair et al., 2006).

dbaogbo 3006905 @S  B0bgMO0Bs30s  OYIboOos  LsTbMHYM-50TMBEgEg
33LAH®O05d0, L3NG WHBRWIBOL MOMYg6do, Losss LOb3MEOBOMGO MmO
3d0b9gMo0BsE0s SbmEosEosdos Bi, Te, As, W, Mo, Sn Sb-09b.

5023905,  3MLEGZMWODOMEG 300056090500  MOMAIBIBOLMD @S MOHMYgbr
06GHOMBM 35T GH0BIMID 935300090 Mos 9360 d3bMmEmgobglo MMl
LodOEMY00, LOIE MMM SbmEosEosdos Sb, W, Hg s Mo. 3500 3m&mol 560056 md®ml
303956G M0 LB MYO0-FMOMBEHY) (Au — 175 8b MbB00L 8983390 MdOm), 39EHMEMO (
19 9ewb «b3os Au) s Bs®do@sbo (11.2 8eb. MmbBi0s Au). s50bsb0dbs300, G®™d Sb, W, Hg

oMo sbMEO0MEYdS 3MLEGHIMWODBOMOH MmOMYIBME s 0BGHOWBMM 5JEH03MOIBMD
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5393006090 O™ LYdSEMPIMSD.  Fomo  Fmbsfogmds 96 BoJloMmgds
3693m@0DBoMO 0939039, 0b6GHIMMIM s ™3gbME 30005Md5d0. Foon JmOob
dbmem© Mo 3mbsfoegmdl 37bdmms ©35¢M0 300560900l g985©bgdsdo, HMIgEos
56 bsllosmgds Sb, W, Hg 09dmbsfioggmdol #H9bogbgoom. 53539 ©MML
mdb003bgemzobgbo ©@s  20gb@GMO®o Mo  Lodomgdo 53533060900
3LGIM0B0O 30056M9OLMSD. S1gGB0S 3K 9MIBO S 5IMSZ0 L3393 Mga0mbdo.

5023965, 3LAHINWOoBoMHO 3OMm3gLo 15331930 MgROMbol BsMYEGddo, 0gmeBs MO
9B935. 30603900 - Mmoym396-dom3gbMMo, 8353806090 0s  3MLGMMMYgb
A99HMPIB0DMb s MB0EHMOM 0bEHOWBM 5JEH0ZMOBMb. ol 993530060
MO ™-b30gbd3MOROMOMEO,  3MWOTIBHIMOMO  ©d  9G30mMYMTswGO 3069
LEBOEIMO0 MJOHML J0bYMHIEOD305, 0030500 FGBHOIWMS SbMEO0SE0SLMD (Sb, W, Mo,
Hg) s Bs3mom®og 58 dg@omms Bodsmgdmsb. gl 0830500 d9@¢oegd0, 59539 O™,
303 OHBONMHO 300050900l 29mJodoE 0bOIoGHMMGIL FoMmBmoyqbab. 58 g@odol
3L BH3M0BoMH0 3OM39L0 YIS Bb3sILBZS SBs30Ly s T9doYgbermdOL
3693mW0DBoMO 30000090500  RMOI0OYOME  Jobms  3mB3wgdugdDy.  vbodbmro
03830500 393ogd0 56 5MHOL EsFobOL0SMYIJO 36930 OBOYIMHO 3005MIGOOBOMZOL
obobo  (oMBmog69b  3mlE3mwobomGo  3OHmEgbol  agmdodon®  mbL.
3bBHIMWoBoHmHo  IMmEgbol  Igmeg  9BHsdo  [omdmagbowos  3mbEdomEgbméo-
3@0m396-0gmmbgmwo dmImbo@-BHeModosbgBod Mo Qo GME90Q)-
AMBYOsDowGHMOO 37 3560DTom. 030 bolOLMPYdS  36193MWODOMOO  3005MYOOL
0639600030 ©s 3935030 HOGEHIO0L  Sbswmyom®o  3Men3sbmmo  LgMogdol
390dodomcmo s 393HMmJodoEmo  0b035GMMGB0m. M3, 00 96  boLOsMOYdS
(0x3GH0bom, 56 890(393L g995@bgdsL s FoMmBMoyagbl My 396M9d0D BodGmsMo
50m53M943930L 3OHMYJAHL.

5023905,  3mbBH3MWoboMo  MmIOHM-B3owgbd-3MmeodgBHowmo  FgBHowmagbos
bob0s0Yds 99990 FobILOSMYdW GO0 :
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39950006905  §oMdm©ygbowos  3MOBOOHMWO  ©d  930mYMHIMWO  JoMHMIMEN-
90™339M399w0 35bgdom. 5 ML 9O SMHOL oPIBOEO LEHOMIGHORMOTMEO
VMS-3030l 806965000Bs30s.

OGO F5obHo®MBMdol 3930000  MmOHMYGbgdol  bomFo-MH39300
LEAOYINBHOIODB O MOMYG6LIEO GEO30L FogM 5903MdILSD.

3UAHIMWODBONH 30056090530  253500bgds  bolosmgds  MmJOHML  Foseo
3993390°Md00 SBM30530580 083050 FgBoms X aRMb (Sb, W, Hg s Mo),
0363 b33YMO0Z LYWGoEY® , oby I300) LYWBOENH ©d YLYWBOEM
95bg0do s 899339 J969000. 50b0dbmEo 083050 FgBogdo o MdO@L
L5d0gdM 3MH0EGHYHOMAL FoMTMo9bab.

3LGIMWOBOH 30005090500 083050 FgBowgdo  FoMdmygbowbo  s®0sb
153960 25850bgd0m. 390dM®, $6M0IMbOEFEOL, 39900, 3MEBOSTOEGHOL S
3963b@0ob Hgeob Lodsmgdoo.

MdOml s 083000  FgBHowms  4gbgBolo  3MBEGHZMODoNE  3oMsMYds30
53530069010 QO Lo®IgbY 1330000 530Eob
GOBLBMOTo300Lb @S FoIEEJI3gMOBHMIOMO  BeoEgdol  Bs3s0L
wommlggOhmdo d90fgzobmsb . 13wmogdo ddwszmo MmOMAEmwo boswwwemo
J96Josb  290m@GHMH396 mdOmbs s 0030000 T9BHOWOL  3MOMBOOYIWO
93000930 doMHM3w-3E™M 339030 358506900l BMMI0MIdOm.

30L3ZM0BOMMO 300050905 bBolosMYds 0bOIsGHME 083000 dgBowrms  (Sb,
W, Hg ©s Mo) 9s0owwo ggmdodor®o gmboom. s8gbs 0830000 dg@¢owoms qb
bME0sE0s, 99539  ©OML  BMAS©I©  3MBEIMODONOO 300056930
06©0353H™M0s.  50bsb0dBsg0s,  BMI  3MY3MOBOMG  30MsMgdsdo,  Fomo
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3000560905 MBOMEOEHMMO 3w 3560DTom I MEEHOIRMAY Fogdo@G0BTom bBoLOsMEYdY,
Aol 9353006095 o0 3HA3YMGHMBIMWO 930 MEG-3M0DOG-5JGH0bMwomIGHo
36MHM300G0Ds305 o 1YM3gbEH0b0BoE0s, braaem 45850bgds B30w9gbd3MmeBIbMGO
9069650030005 HoM8Mygboo. 256MH@S 530Ls, 0LsbYdS 2oMTS35¢0 LSOO
390653035 37963 MWMS M3 MMHO 30005609306 3935030, OHMIGELSE 0930L
dbcmog, dobmzol  ITSBILOIMYdJWO  3MEn3boBTo o FgBHIWMYgbos  SbEsgL.
bmdEd3ool  3MMmEgbo  3mbGH3M@OBoNH  BEGHOI0sDY  ILOWMWES, MNIES o]
133060900 leTuloll A6obLROMIs:300 339w 9do, Gdgo
3505 3H9339M5GH MO LoMIMG-RWOENO  b53o©L  93MBBHOMEgOL,  GMIgbss
1393806905 3mbGHIMWoHB0MMHO FoadsBoBdo s IgBHowmqbos. 3mliE3mwobon®o
3000060900 30639000 9B930 3MbGHMMMWEYds 033000 IgBowms (Sb, W, Mo, Hg)
SbME0sE00m, MHMIGEOoE 93 3056M9d0L 29mdodoe 0bOIsGMML Ho®dmoy9bl, bmerm
3969 9BS30 - dMBMboGHMMH0 S GHMEYOF-05DsWwEHMOO 3w 3560DTom, GMmIgos
3563060 doboerol 898mFMH0Msd J9B30MMBGIMWO s 3693M0DOMGO 3w 3sboBIol
565¢0Ma0M0 39mJodomMo 3003 JMH0939000 boliosmgds.
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0959905

G9goobolb m39560L 9g3mEmEool 3Gm3gbdo BsBgIOMBMmMEo ggmobsdozol 3538060
39@90mOHR0HBINLb, 3 3560Ddmsb, 306OHMmyMHIN 36MH™3E9L90m6 Qo
399 my9gb0slmb 93MBool 5dBHoMEmO 300l FogoomDby, OHMLs s LogMisgdo,
3o0mobsd  dmgmgbsms 9999y 096300 Y30Mdsd0:  93MmE300L 36930 DBOM
(LobLYYBJ30IO) BEBHIOsDY LMdEMEO0L Lsfyol 9Ee3bY, 30M-GM@Eg sbgHBoEmeo
0w356MH0L  godmEMMmdsdEg, 850w GH)d3gMeGIOMO oMo  Bs3sol
00d09g050  29Bs30MHMds  MYoMmbmeo  8gBedmOxnoBdo,  AMIboGHMoMGO  Fogdol
3930@EMds  ©5  3MB0oG-09GH0MORMO  3003egdbgdol  FoGdmBmds 350°-750° C
A99396M5GH M0l 30MMd9dT0.  LdEdEool  3OmEgLdo  39d3geod Mol DML
96ms 1000°-1100° C-3g 0fygds LwydME0MHIIMMO BowoEsE ©s WOoMMLBIHM©E
9369Bo@BWMEOO o830l godmeEMdy, MMAgElsE 93953300905 30M-GM@9 3w 3s60Bdo
@5 3MBINMmS B39O0 30056905, BMBMOHO (3900 NHO  3BIM30E0EGH0DIEF00MY,
MO ™-b30g63-3Y305-MO0L  FYBHowMmAgbooms @S 3MOBOOVIO s JNOMIML
G030b 2535006900m. Mga0mbMwo 393)90mOHR0BI0 s 3NBINWMS B35egd0L 306-G)3)9
393560930, 300OHMMYOHINMo 3OHMELO s FgGowmaqbos 353800 Yds bmEBmwo
10300l 3MMi3gLL, LUId306MYdME0 BowOoL GHOMIBLBMEOTs300Ls s FsbGHowmEmo
053060 F9dmFOHOL gocndy.

B30l d90ymdo 9@s30 LYBd(306090E0 Bowol EGHMmIBLEBMEMTs30000 0fjygds
(290b35,  odlbgmagzs)  SLEBHIBMLBGMMEo  Foboeols 0bgdzoom, Moz 29dMobsES
39600535350 3030l 399 3560Hdd0 30M-G)Egsb FmImbodme-E®modosbgbodm@mdo
306039 9B393Bg @ HMWIOG-BGHJOsBowEGHMOTo  FgmMgbg. 3060390 930
bobosm©gds  MmMM-130¢g6d3MmE0dgEI MO A5Fobgdom, LobagbgB Mo  33563-
390d35¢ Mo 9BoLbmBsGmboom, Mmdgwoz  990yma, G®9bLRM®As300L
399¢09M935LMb OO, Fo0IWEJI3IMGHION BMEME 3OM30OEGHODIF00
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130 gbd-MMOoL 3WBIPIBMMO LEHGIGHOTMOBMWO FJobgmswobsgoom boggzwrgds
O™ s 3HY300L Mbsforgmdol 3s69dg, 56 dsmo dobodsero Imbsfiocrgmdom, Mo
(0533H0bol 363930 LOsEIME@O JgeJol MgEodEHgool sGBYGOIMDIBYS ITMI0WIINWO.

13300900 BOEOL  BHMBLBMOT>300lL  odEr0gMgdol gy  (M®393d,
©9HoRIIBGH0, ©IWsF0bs305) s FBEGHOMMO  Os30M0L  0bFHgblomGmo  FgdmFMo0
396306Md9g0mos  B3MYEOBAOL  odE0gMgds s BsbGHOIMO FH030L MBOME OGO
30 3560bdo Qo ME@GHMRMAY ©9603)-39600MGHOGHM0 dods@0Bdo,
0500w 3H9a39M0GHMOMo  g3om@ - dJGobmwommo  3OHM30oE0bs30o,
b9M396BH0boBogos s FbBGoMMo  L30gbd-3MmWBgEBMMO  TgBowmaqbos. o
399506900l 36MmEqldo 96 IMbsfiogmdl sOE LoseMo Jgddo, mdOHml s GHYzoobL
09060 5 56OE Do MEmO J9gMdo, GMmIgeoE Mmool Hgotrml Fo6dmowaqbl.

393> mygbools 565¢r0Bds 1MdEYYJ300L 3OHMEILMD s 33BN 5dEH03MBBMD
39390630 (3bsym, ®MmI mdOMby s 3HY300l fgomm Loosw Mo Jgedos, Mmool fysmrm
05D MEO TM95, beagom b3oegbdols figo®m sb@ooss.

3693m@obon®  BES©0sbg  bMdMJ300  ©OMLs s  Lbogmgdo  bslosmgds
133060900 Bool GHMIBLRMOTs300L Lb3ssLb3s 0BG blogmdom, Mmdgwos
Lodo 8085MIMNMYd00 498M30bs: 1IdME0MIOMEO ool sdoMm30l oot
LodbMY00L BOLOEMgmMOL39D6, B0l ITOMZ0L WHEHIMIWMS© (JoTsONYdOM)
©S 39030350 Ms©, OOMI0 50Ts35¢  FMHodo, o3, 1533wz Ms0mbdo o3 Lsdo
9005 gdom  29Mm©0bs303MMH0  30005MGOOL  MYOHMOYOHDROIBZE0MS O
9mbs(33¢gMdOm ILEBHMOYOS. 39MEODIT03MMO 3005MGIOL WHEHIMIWMO S FoLMSD

53930060900 gBowmaqbool  dmboggwrgmds  s©fgM0owos  50dmLsgegm
3mbE0gdol Hgaombdog (Delibas, et al., 2016).

3Mb3560Ls s 93M9BooL 3mb39MA96E0sT 29bs30MMds BHgmolols M39560L Eobdmdy,
M6OH™969%Bobo s 30930 BOMMO0 25630M5MJOOL Fooligers 3mbGIMwobo®do. 50
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©OML O BdMJ3ool 3OMmEgLbo, MMAEs 3OS 1IdE0MIOVICO
R0EOol GHMBLRMOTs305, OMIGETo3 259m0(305 BWY0YdOL 553500L s FsbEHoMO
ALl dgohg3s MmMHMYgbgdols 8dEsgM WomMLGYMHMTo. 3mE3ZMMoDoNE LESEOsL
35300600905 MOMA969gd0L, boms ULbwrg@dzomo LEHMIGHMMGdOL BMOToMYds
LObMOMYGDMo  FOBOGHMOEMOWO  Fs3doBH0Bdo.  3MBEIMEOBONmO  3OM3gLOL
30639 9393D9 bgds oMo bs3500900L T90fgzs MmOmMA9bmw wommligggmdo,
65053 29653060Mds MmJMmbo s 083000 IgEHowoms (Sb, W, Mo s Hg) godm@«m@as
LooEMMmO JgMdosb @y 3MOBoOHMwo s I3009 LExzoEMOo JobgMowobsgos.
3OBOOM0 2535006905 o MJMHM-3M0dgEBO O gsdsbgdomss foMmdmygbowro,
GIgoE boboosmgds mdmmlb dowswo Fo3E39wMmd0m  3Mm0dgBomgdol  dIO
960l gmbBYg. 3069 LEXBOEMMO 25d5BYdS M35300MYdS 3350 E-9bEGH0BMbOoMMM
o 33960 (3-0990dM doMmm3gdLs s 93m3396M390L O™l Bomswro 8obgMowobszoom.
003050 39359 md HBgamsbodbmen sLmEosEost (Sb, W, Mo s Hg) 990353L, Gmymes
3mOHBoOMo, ol 930y LbMwxowedo  dssbo. 030  3MEIEIds,  BIMAMEOS
05563mBoxbg Bmbsdo, obg Tosbdgd339¢ Jobgddo s  FoMTMoqbl MmOl
399506900l 15dgd6 3M0GHYMHOMAL. 53539 OML, 0g0 3MBEHIMODONMO 30MMYOOL
390JodoMmo  0bo3zsBHM®0s.  Ls33eg3  M9a0mbdo,  3mbiG3mwoborMo  3OHMmEgLOL
300390 9BHS30  MIMOPEYdS  MmEoym39b-Gomizgbom. 030  HBILIWYOME0S
3619300bomEmo  Jobos bgMHogdby s boboosmgds Blgbgdme 083000 dgGHowms
35050 29mJ0d0mMo gmbom, MMIgEoE 53539 OML FoMmBMoygbl 3mbiB3mwoBor)Mo
5d3H03md0L  29mdodome  Jobsboomgdgwl.  FgmEg  9gAHO30  MIMOMIYds  3Eom396-
dgmmbgom Qo Do6dmoaqbocros dmdMbo@)-BHMg0@-3¥)3JosDo@GHMo
31039699600  59BHo3mdom s bolosmgds 03039 39MJodomemo  06035EGHMMHGO0m
ULGHOMB30MAoL s BY300L  0BMEHM3JOOL  F9RIMEIO0mM, 0030500 FYBHIWDS S
3mbMod Mo  gwgdgb@GHgdol  9993390mdom s Lbgs), MHMIgeoiE  sboliosmgdl
3619300D0MM0 3000009008 HOREMYI6IHMD 35380090 FmIMbod-Gmwgod-
AMGHJOIDIGHMO 3396996 bgHogdl, OHMIgEms3 VMS Godol L3owgbd-mwmmool
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3995000690533 393806000 905. 09939, 36093ME0HBONE F0MMYOST0 96 RoJLOMPIdS S5
(05330630 o 963 3595006905 S 3 3969M0 5JEH03MBS WMTS 39M9006 653
50m039393908L 93930060905, 3MUBEZMEODOME 933D,  MmOHMYgbgdol  Fdws3zm0
WoMBGIOHM, OHMyme 3 BsBL byl Mdwwos GoxEobal s 053060l Foms E™byby
9990 F6sL.

3500 md900

33193990 Bo@oM@s Olmo39wol Lsdgaboghm gmmazbmwo gmbool FR/81/9-152/14 s
SCOPE-b (839035605), 33¢093000 130mbol JB7620-118901 osbsamdom s 3obsblryéo
MBHMb3gYmBom. FoEMdsl 39bo GHLMOggwol Bmbool 3Mmgd@ol dmbsfiowy
9330935090 6. 80a0bgodzowl, o. ¥gModgl, . BbmEL, L. bomiodzowml, 9.
313993008 s M. Bogge0dz0ml 0sb5ddOMAMdOLsmN30lL, mbsigdms sbsewoBdo
9mbsfogmdolomzol s ©oLIMLOOLMZ0L. ABLHIMIMYIO00 FoEEMOIO 356 .
Dodo6005L0, OHMIGTs3 ©IHAIMGds A5T0fos [ogbol 2oxMmMTGOOL MmMYb0BYdsdo ©s
LoboMgdwm  MHB9g3900Lsm30L 33009306 3MM3gLbdo; Tmos  5sdosls  MYyoMmbmeo
39000l dMbs3gdms  5b5e0BoLmM30L. FoEMds  K9bgErodols Lob. ggmermyool
0bLEGHOGMGHOL  3MmWgagdl  33093900L  3OM3gLA0  QhgMEP0  IbTIMYBOOLIMZOL
bbgoolibgs Lo30mbgdbg oLZMLosdo dmbsfoergmdolomgol. dbmOL OO sEEMds
dmgsobligbm foabol M9godBHm®mdL 6. AMEEARIOBL, M. dOOEL @S . BIJoM0SIL
d6MmIob  3O0GH030o 565 0BoLIsM30L s 3MTBEHIMGOOBsMZOL, MHMIECGdTS3 OO
G0 F95L6MH)egl 5OBYOYIEO Fslogol LOMYIEY™Ma3sdo.
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TOunucckuit I'ocynapctBeHHblit YHuBepcuteT nuMenu W. J[aBaxummBuim,

WuctutyT I'eonornn umenu A. /[xanenunsze

B. 1. I'yrymiBuiun

HPEKOJIJII/I3I/IOHHaSI N NOCTKOJJIM3MOHHAA reoAMHAMHUKA 3BOJIOIIMHA OKE€aHa TeTI/IC, BO
B3aMMOCBSI3U C PErMOHAJIbHBIM MeTaMOpq)l/l?.MOM, BYJIKAHU3MOM M MeTaJIJIOFeHHeﬁ, Ha

npumepe EBpasuiickoil aAKTHBHOI OKPaUHbI
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[Tocesimaercs akanemuky ['eopruto C. J[3onenuze,

OCHOBOIIOJIOKHUKY aJI€OBYJIKAHOJIOTUH B ['py3un

Penakroper:  Puwapn Nomadap6, I'eomornveckas Cyxoa CILIA
Pob6ept Mopui, KeneBckuii YHUBEpCUTET

I'ypam 3akapuanze, Tounucckuii ['oc. YHuBepcuter

Toumucu, 2017
PE3IOME

l'eonmuuamuka (GopMUPOBaHUS3EMHOM KOPHI B MaJEONpPOTEpo3oe U Apxee 00YCIOBICHO
TUTIOMOBOM TEKTOHHMKOW B YCIOBUAX IUIACTHYHON nmuTochepsl. B daneposoe, ¢ oOpasoBaHueM
TBEpAOH NTuTOC(ephl T€OJUHAMUYECKOE Pa3BUTHE CBS3aHO C COBPEMEHHOH MIEHTTEKTOHUKOM.
Etn nBa 3Tana reoJuHAMUYECKOrO pa3BUTHUSL B KOPHE OTIMYAIOTCS APYT OT JApyra Mo XapakTepy
MeTtamopdu3mMa, MarmMaTu3Ma U MeTauIoreHuU. MBI MOMBITATNCH MMOKa3aTh (GaHepo30iickoepa-
3BUTHE 3€MHOW KOpPBI M €ro CBsI3b ¢ MeTaMop(u3MOM, BYIKAaHH3MOM W MeETaJIOTEHUEH Ha

IIpuMepe 3BOJIIOLMMN OkeaHa Teruc, B npenenax EBpasuilckoi KOHTUHEHTAIbHON OKPAaUHBI.
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DBONIONUS F€OJUHAMHUKM OKeaHa TeTuc, HauMHasg OT Ipolecca CyOIyKLUHU 10 MOJHOTO €ro
3aMbIKaHUs, HEMOCPEIACTBEHHO OTpa3ujach Ha OCOOCHHOCTSAX XapaKTepa peruoHaibHOIro
MeTamophu3Ma, BYIKAaHU3MA, TUAPOTEPMATBHON JCSITEILHOCTH M METAJUIOTeHHH EBpasuiickoi
KOHTUHEHTAJIbHOM  OKpaWHbl B  IMpeJeiax  3amajJHoro  cerMeHra  EBpasuiickoro

METAJIJIOI'€HHUYCCKOI'O I10s1Ca.

C mepBbIM 3TanoM cyoaykiuu (0e3 TpaHchopmanuu CyOAyIHMpPYEeMOW IUIMTHI) CBsI3aH
peruoHanbHbIil MeTaMophu3M U (HOPMHUPOBAHHE T'PAHUT-METAMOPPHUUECKOr0 KOMILIEKCa, 3a
KOTOPBIM C BO3pacTaHHUEM TEMIIEpaTypbl CIeIyeT BBHIIUIABICHUE AaHJE3UTOBOTO pacIljiaBa W3
CyOayIMpyeMoOl TUIMTBI W WM3BECTKOBO-IICIOYHONW BYJIKAHHW3M OCTPOBOIYKHOTO THIA C
COIYTCTBYIOIIEH  IICOJMTOBOM  MPOMMIMTU3AIMEH H  30J0TO-MEIHOMOIMMETATHYECKUM
pynooOpa3oBanueM. Bmecte ¢ TpanchopMmariuei cyoayupyeMoit minThl (negopmanus, pa3phis,
JCTAaYMEHT, JISIAMHHAILIHAS), B TPOIECCE €€ IMOTPYKEHUS B MAHTHIO, MPOUCXOJUT WHBEKIUS
MaHTUHHOTO Juanupa B JUToc(hepy, MPOSBUBIIASCS BO BHYTPUIYTOBOM-33{yTOBOM pU(THHTE,
HIOMIOHUT-TPAaXUAHAC3UTOBOW M TOJICUT-IIEIOYHO0A3aIbTOBON BYJIKAaHUYECKOW JIEATEILHOCTH,
XJIOPUT-ATBOUTOBOM ¥ SMUAOT-IIOM3UTOBOM MPOMWINTH3AIME U MEIHO-IIHHKOBOKOJIYEIAHHOM
opyneHeHuu. C TMOCHEIYIOIMUM YCHJIEHUEM TpaHChOpMAIUd  CyOAYIIUPYEMOW  TUIUTHI
OJM3IIOBEPXHOCTHOE BHEJPHHEC MAHTHWHOTO JUANKpa BBI3BAIO WHTCHCHBHBIA CIPEAWHT W
o0Opa3oBaHHe MATEOOKEAaHNYECKOH OOCTAHOBKM C MAaHTUHHBIM BYIKAaHHU3MOM O(HOIUTOBOTO
TUMAa W YJIbTPAOCHOBHBIM JTYHUT-TIEPUJOTUTOBBIM MarmMaTu3MOM C BBICOKOTEMIIEpaTypHOI
AMUAOT-aKTHHOJIUTOBON TIPONWINTHU3ANMCH W CEPIICHTUHU3ANUEeH W MEIHOKOIYCTaHHBIM

OpYJIEHEHUEM.

Tpanchopmaniusg cyoaynupyemMoil INIMTHI U CBSI3aHHBIE C HEH SIBICHUS MPOSBUINCH BO BPEMEHU
Y NIPOCTPAHCTBE B TPEX HAMPABIICHUSX: BAOJb MTOTPYKEHHS TUIUTHI, JATEPAIBHO €€ MOTPYKEHHUIO
U BEPTUKAIBHO, BO BPEMEHU — OT HUXKHEr0 YPOBHS K BEPXHUM 30HAM I'€OJIOTMYECKOr0 paspesa.
Ha pa3HbIX ypOBHSX BO BpPEMEHHM M MPOCTPAHCTBE (PUKCUPYETCS HM3MEHEHHE MHTEHCHBHOCTU
TpaHcpopMaIiy, BEIPaXKEHHOE B COOTBETCTBYIOIEM BYJIKaHU3ME, MPOIIECCe THAPOTEPMATBHOTO

HU3MCHCHUA U MUHEpATIU3al[UH.

Tun opyneHeHusr ompenemnseTcs ydacTHUeM CHaJUdecKOH, 0a3allbTOBOM KOpHl M MaHTHH. B
OCTPOBOJIYXXHBIX YCIIOBHUSIX, TJI€ B TpoIlecce pyAooOpa3oBaHUsl Y4acTBYIOT U CHAlUYecKas U

0a3zanpTOBas KOpa, a TakKXC MaHTu4d, (I)OpMI/IpOBaJIaCB 30JI0TO-CBUHIIOBO-MCAHO-ITMHKOBAasA
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MuHepanuzauusa. C UHTpaAyroBOi U 3alyroBOi 0OCTaHOBKAMH, IJI€ Y4acTHE CUAIMYeCKON KOPbI
He (QuKcHpyeTcs, CBI3aHO MEIHO-IIMHKOBOE OpyleHeHHe. B MamookeaHndyeckoil 0OCTaHOBKE B
mporiecce pyAooOpa3oBaHUs HE Y4YaCTBYeT HM 0a3albToBas, HU CHaJM4YecKas Kopa, a
MUHEpaJIM3alusi TaM, CBsi3aHHAass C O(HOIMTOBHIM BYJIKAHU3MOM MAaHTUHHOTO THIIA,
Mpe/icTaBjIeHa JIMIIb MEAHOKOIUEIaHHBIM Opy/AI€HEeHHEeM 0e3 ydacTus LIMHKa, Meau U 30j0Ta. 13
BBIIIIECKA3aHHOTO CJIEAYeT, YTO HMCTOYHHMKOM 30JI0Ta U CBHHIIA SIBIISICTCS CHAJIMuYecKas Kopa,

HCTOYHHUKOM IIMHKA — 0a3aIbTOBEIH CHOﬁ, HCTOYHHUKOM XK€ MCIU — MaHTUA.

3amplkaHHe oOKeaHa TeTHC 3HaMeHyeTcs crpeccoM Adpo-ApaBUHCKOrO KOHTHHEHTA Ha
EBpasuiickyio aKTUBHYIO OKpaWHY, YTO IMPOSBHJIOCH B OPOTEHE3WCE, B CKJIATIATO-PA3TIOMHOM
TEKTOTeHEe3¢ W CUHOPOICHHOM TI'PaHMTOMJHOM MarmMatu3dme. Ha 3Tom dtame 3aBepiumaercs
MIPEKOJUTM3NOHHAsA 00CTAaHOBKA U HAUMHAETCS MOCTKOJUTU3UOHHOE Pa3BUTHE. 3aBeplIaeTcs TakKe
U Tporiecc CyOIyKIIMH, OJHAKO MPOAOJDKaeTCss TpaHchopMarus (IpoOiieHne) cyoaynupyemMon
IIJINThI n CBsIDAHHAas C Hel HNHBCKIUA MaHTHUIHOT'O Marcpuraia u AKTHUBU3alIusg

BBICOKOTCMIICPATYPHBIX (1)JIIOI/I,I[HBIX IIOTOKOB.

Ha mepBoM 3Tane mpoucxoAuT BbIIIETaYMBAHUE W3 MOLIHOM OpPOT€HHOM CHAJIMYECKOW KOpPBI
3oMotTa W peakux MerawwioB (Sb, W, Mo, Hg). Iloctkommn3noHHble cyabQuaHbIE
MECTOPOXKJCHHS XapaKTEePU3YIOTCS BBICOKMM COJEpXAaHHUEM 30JI0Ta Ha (pOHE HMU3KOIO TPeHAa
MOJINMETAIIOB. Manocynb(puaHbIE e MECTOPOXKACHUS 30JI0Ta 371€Ch CBA3AHBI CO IITOKBEPKAMU
30J10TO-aHTUMOHMTOBBIX, 30JI0TO-BOJIb(MPAMUTOBBIX U 30JI0TO-IIEEIUTOBBIX KBAPLEBBIX KUII.
3nech cyiabQuIHBIE, KaK U MaJoCyIb(UAHbIE MECTOPOXKACHUS CONPOBOXKIAIOTCS acCOLMAIIUEH
penkux MetamuioB (Sb, W, Mo, Hg), sBistonMcs NOUCKOBBIM KpUTEpUEM Ha 30JI0TO. JTa
accolManusl HaJO0K€Ha KaK Ha OKOJIOPYIHBIE 30HbI, TaK M Ha PYAOBMEIIAIONIUE NOPOABI U
pacrnpocTpaHeHa Ha OOIIMPHBIX IUIOIMIAAIX B MOCTKOJIIM3MOHHON oOcTaHoBKe. CienoBaTelbHO,
9TU METaulbl OJHOBPEMEHHO SBIIAIOTCA TIE€OXMMHUYECKUM HWHIUKATOPOM IOCTKOJIIM3UOHHOMN
cuTyauuu. BBuay TOro, 4ro IMOCTKOJIM3MOHHOE OPYJIECHEHHE HAJIOKEHO Ha IOpOAbI
MPEKOJUTM3MOHHON OOCTaHOBKHM, JaHHAas accolMalus SBISIETCS TeOXUMHUYECKUM (OHOM

MMOCTKOJIJIM3MOHHOT'O ITPOIECCa 3TOro srara.

CJ'ICJIy}OIIII/Iﬁ OTall TOCTKOJIIM3WOHHOI'O pasBUTHUA MNPCACTABICH IIOIMOHUTOBOM U TOJICHUT-
H_[CJIO‘{HO62[33.JILTOBOI>'I BYHKaHquCKOﬁ ACATCIIbHOCTBIO. On CBs3aH C I[pO6JIGHI/IeM

CyOaylMpyeMoi TUIUTHI M TPOHUKHOBEHHWEM B BYJKAHWYECKHWE OYard MaHTUIHOTO MaTepHuala.
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IlomoHUTE M TOJICUT-1ICIIOYHBIC 0a3anbThI JaHHOI'O J9Tama I0 ICOXUMHUYCCKHM KpUTCPUAM
aHaHOFHQHBIHOﬂO6HBm4BynKaHHTaMﬁHpeKOHHHSHOHHOﬁ O6CT3HOBKH,OHH3KO 34€Ch, B OTJIMYHC

OT MIPEKOJUTM3UOHHON 00CTAaHOBKH, HE HAOIIOJAI0TCS HU PUGTUHT, HU MHUHEPAITH3AII Y.

Ilpenucaosue

daneposoiickas reonuHaMuka 3amaaHblx Tetucua (puc. 1) oOycioBieHa CyOAyKIUEeH W
TpaHcopmaret  cyomynmupyemod  1umThl.  OHa  KOHTPOJIMPYETCS  METaMOp(PHU3MOM,
BYJIKAHU3MOM, IIOCTBYJIKAHUYECKOW THAPOTEPMAIbHOW aKTUBHOCThIO M MeTajuioreHuen. C
(danepo3oss 3eMHas KOpa COCTOMT U3 TBepHoil nuToceppl W TreoAMHAMUKa CBs3aHa C
COBPEMEHHOM TEKTOHUKOW JUTOC(EpHBIX IUIMT, TOTJa KaK JOKeMOpHiickas reoJuHaMHKa B
OCHOBHOM ObLIa 00YCIIOBIIEHA TUTFOMOBON TEKTOHHUKOH B YCIIOBHAX IUTACTHYHOW JIUTOC(epsl. Ha
3TOW cTaguu mpoucxoamia muddepeHIranus KOpbl ¥ MaHTHH ¥ (OPMHUPOBAHUE TPAHUTHBIX
KpatoHOB. [Ipomecc KpaToHMU3aluMu COMPOBOXKIAICS MHUIpalMeld 30J10Ta, CBMHUA U LMHKA U3
BEpXHEH MaHTHH B KOPY, @ M€Jlb, B OCHOBHOM, OCTaBajach B BEpXHEH MaHTUU U €€ MUTpallUs B
KOpY IMpOUCXOJMIa B yCIOBHUSX (aHepo3oiickod mueiTrekToHuku. CoBpeMeHHasl J1urocdepa,
chopmupoBaBiasics B paHepo30e, COCTOUT U3 CHATMYECKON (TPaHUTHOM) U 0a3aJIbTOBOM KOPHI C
TBEpAON BEpXHEHl MaHTHEl Ha KOHTHHEHTaX M W3 0a3aJbTOBOM KOPBHI U BEPXHEW MAHTHHU B

OKCaHax.

B necTpyKkTUBHBIX 30HaX MPOUCXOAMUT MOTPYKEHHE OKEAHHMYECKOW IUIMTHI B MaHTHIO H
BBIIUIABJIEHUE M3 HEE aHIE3UTOBOIO pacIljlaBa C M3BECTKOBO-LIEIOYHON BYJIKaHUYECKOU
aKTUBHOCTBbIO,  (opMuUpOBaHHEM  AU(PPEepeHIUPOBAHHBIX  0a3ajbT-aH/I€3UT-PUOIUTOBBIX
BYJIKAHUYECKUX CEpUH U € HMX MPUPOCTOM K KOHTHHEHTAJIbHOW Kope. BrluiaBneHue
aHJE3UTOBOM Marmbl mpoucxoaut npu Temmeparype 1000-1100°C. B mporecce cyOmykium
ATOMY MPEIIECTBYET perHoHanbHBIA MeTamopdusMm (B mHTepBase Temnepatyp 350-750°C) c
00pa3oBaHMEM BBICOKOTEMIIEPATYPHBIX I'PAaHYIMTOBOW M amMpUOOIUTOBOM (anuid, BIJIOTH 10
BBIIJIABJIEHUS TPAaHUTHOW MarMbl. [Ipu cyOyKIIMM B IECTPYKTHBHBIX 30HaX - OT MeTaMmopdu3mMa
70 BBIIUIABJICHUS aHJE3UTOBOTO pacIulaBa MPOMCXOAUT POCT TeMIEpaTypbl. AHAIOTUYHO, B
KOHCTPYKTUBHBIX 30Hax, B IpeJlenax OKeaHWYeCKHMX XpeOTOB, B MpPOLECCe CIPEIUHTra, Mocie

BBICOKOTEMIIEPATYPHOTO  ajlbMaHAWH-aM(UOOIUTOBOIO pEeruoHalbHOro Meramoppusma B
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TpeThbeM Treo(PU3MUEecKOM CII0€ OKEaHWYECKOW KOpbI MPOMCXOAUT BBIIJIABICHHE 0a3aJIbTOBOM
MarMpl ¢ QopMuUpOBaHHEM O(UOIUTOB U C YIbTPAOCHOBHOM JTYyHUT-NIEPUIOTUTOBOM

MHTPY3UBHON aKTUBHOCTBIO.

Ha akTUBHBIX KOHTHHEHTAJIBHBIX OKpawmHaX CYOAYKIIMH COMYTCTBYET TpaHChopMaIus
CyOaylMpyeMoil IUTUTBI ¢ BHEAPEHHWEM MAHTHUHHOTO auanupa U ¢ pu@TuHroM. MaHTHitHOE
BIIUSIHUE OTPaXEHO HA XapakTepe mMarMaTui3Ma v MeTtayuioreHuH. C HOpMallbHOM CyOAyKIIMEi,
npoucxojsuieil 0e3 TpaHchopManuu CyOAyUHMPYEeMOM IUIMTHI, CBsi3aHAa OCTPOBOJYKHAs
00CTaHOBKa, M3BECTKOBO-IIEIIOYHOU BYJIKAHU3M, (dhoHOBas HHU3KOTEMIIepaTypHas
MPONMUWIUTH3AIMS U  30J0TO-MEIHONOIUMETAIIIMYECKOE PYyI000pa3oBaHUEe, IPEACTABIECHHOE
nopUpOBBIM U SMUTEPMATBbHBIM THIAMH U cTpaTUMOpdHBIM opyaeHenueMm Tumna Kypoko. C
TpaHcopmaleil cyoaynupyeMon IUIMTHl (3aru0aHue, packo, JETauMEHT M JIeJaMHHAIIMS)
CBS3aHO BHEAPCHHWE MAHTHHHOTO Auamupa ¥ pUGTUHT ¢ (GOopMHpOBAHWEM 3aJyTOBBIX U
BHYTPUIYToBBIX pu(TOB. BHEApeHue auanupa Ha pa3HBIX INIyOMHAX OTPAa3WIOCh Ha XapakTepe
MarmMatusmMa U MeTayyloreHuH. BynkaHudeckasl NesSTENbHOCTh MPOSIBIIIACh B (OPMUPOBAHUU
TOJICUT-IIETIOYHO-0JINBUHOBO0OA3AIbTOBBIX U IIONIOHUT-TPaXUaHAE3UTOBBIX cepuil. OpyneHeHue
3l€Ch, B OCHOBHOM, TIPEJICTaBICHO MEIHO-IIMHKOBOKOIUEJAHHBIM THIIOM, a (oHOBas
MOCTBYJIKAHWYECKAs AKTUBHOCTh - BBICOKOTEMIIEPATYPHOI AMUIOT-LIOU3UTOBOM
nponwintuzanuerd. C Bo3pacTaHUEM WHTEHCHUBHOCTH BHEIPEHUS MaHTHIHOrO Auanupa
3aJlyroBOM PUPTHHI MEPEXOAUT B CTAIUI0 MAIOOKEAHHMYECKOH OOCTAaHOBKH C O(HOIUTOBHIM
BYJIKaHM3MOM M  yJIbTPAOCHOBHOM MAarMaTH4eCKOW aKTUBHOCTBIO C  CONYTCTBYIOLIECH
BBICOKOTEMITEPATYPHOMI SIUIOT-IIOU3UT-aKTUHOJIUTOBOM MPONUIIUTU3AIEH u
CEepIEeHTUHU3ALMEH, C MEIHOKOMYEAaHHbIM opyAeHerneM Kumpckoro Tuma, KOTOpOe He

COACPIKUT 30JI0Ta, CBUHIIA U TUHKA, 1100 OHHU (bI/IKCI/Ip}/IOTCSI JIMIIb Ha YPOBHE CJICOOB.

Bce BbllIecKa3aHHOE CBS3aHO C ATAlOM MPEKOJUIM3HMOHHOTO Pa3BUTHUSA. 31€Chb METaJNIOTEHUS
OTpakaeT pa3Hble OOCTAHOBKM JAHHOT'O 3Tara — OCTPOBOAYKHYIO, BHYTPHJIYTOBYIO, 33 TyTOBYIO
U OKeaHW4eckylo. B ocTpoBomyXxHON 00cTaHOBKE, rie B (POPMHUPOBAHUH OpYyIECHEHUs
y4acTBYIOT Kak cHainudeckas MW Oa3anbToBas Kopa, TaK M BEPXHSsI MaHTHS, IpelicTaBieHa
30JI0TO-MEJHO-CBUHILIOBO-LIMHKOBass ~MHUHepanu3auusa. B 3aayroBoM U  UHTPaIyroBOM
pyanooOpa3oBaHUM, B OCHOBHOM, Y4acTBYIOT 0a3aibTOBasi KOpa U BEPXHsS MaHTUS U Opy/AECHEHHE

COCTOHUT M3 MCIH U IIHMHKA, oe3 COACPIKaHUA CBHHIA W 30JI0TA. B okeaHnnueckoii 00CTaHOBKE C
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MaHTUMHBIM MarmMaTH3MOM CBS3aHO JIHIIb MCIHOKOJIYCIAAHHOC OPYACHCHHUC. CJ'ICI[OB&TCJ'II)HO,
HCTOYHHUKOM 30JI0Ta W CBHUHIA B IIPOLECCC pyz[oo6pa30BaHI/I;1 ABJICTCA CHaJIMYECKas Kopa,

HCTOYHHUKOM IIMHKA — 0a3zanpTOBas KOpa, UICTOYHUKOM MCIU — MaHTH.

CyOnmykiusi 3aBepliaeTcs KOJUIM3HEHW OKeaHa W CYTYPHpPOBAaHUEM. 3aTeM HayMHACTCS dTal
MMOCTKOJUTM3UOHHOTO Pa3BUTHS, C KOTOPBIM CBSI3aHBI OPOTeHE3UC, (POPMUPOBAHUE CKIIAIYATO-
pPa3IOMHBIX CTPYKTYp M TPaHUTOUIHAS HWHTPY3UBHAS JAESITEIBHOCTh. [lOCTKOIIM3HOHHOE
pyznooOpazoBaHue  OOYCIOBJICHO  JAJIbHEHIIEH  MOCTCYOAYKIIMOHHOW  TpaHchopmarueit
CyOMyIIMPOBAHHOM TUTUTHI HA OOJIBIINX TITYOMHAX, ITOTOKOM BBICOKOTEMITEPATYPHBIX MAHTUHHBIX
bmouoB u  GopMHpOBaHHEM  30JI0TO-MEIHOMOIMMETANINYECKOW  mopdupoBoid U
Manocynb(GUIHON SMUTEPMATbHON MHUHEpAIU3allUd C COMYTCTBYIOIIEH peaxomeTanbHOu (Sb,
W, Mo, Hg) accounanueii. OpyneHenue xapakTepu3yercsi BBICOKUM COJAEP)KaHUEM 30JI0Ta MpU
OTHOCHUTEIILHO HH3KOM TPEHJE MOJUMETAIUIOB. I MPEKOJUTU3UOHHOTO PYyI000pa3oBaHUs HE
XapakTEepHO ydYacTHE JI@HHOW AacCOlMallMy PEeIKUX MeTauioB. VckiroueHuem sBIseTCs
MOJIMO/ICH, yYacTBYIOIIUNA B OpPYAEHEHUU OCTPOBHBIX NYyT, OAHAKO HauOojiee 3HAUYUTEIbHBIC

MCCTOPOKKACHUA MOJ'II/I6I[eHa KOHTPOJIMPYROTCA MOCTKOJIJIN3MOHHON 00CTaHOBKOIA.

B mocTkomuM3MOHHOM O0OCTaHOBKE 30J0TO MPHUCYTCTBYET Kak B HOJMMETAIIIMYECKOM
CyTb(pUIHOM pPyH00Opa30BaHUM, Tak M B 0e3CylbPUIHBIX U Malocyab(UAHBIX KBapII-
AHTUMOHUTOBBIX, KBapl-IIEETUTOBBIX U BOJb()PAMHUTOBBIX XWIax M IITOKBepkax. Cremyer
MOAYEPKHYTh, YTO KaK CyIb(PUAHBIC, TAK U MAJOCYIb(UIHBIE PYbI COIepkKaT accoruanuio (Sb,
W, Mo, Hg), koropas pacrnpocTpaHeHa Ha OOMIMPHOM IUIOIIAAM, NPUMBIKAOMEH K
OKOJIOPYZHBIM 30HaM. B mocTKOMIM3MOHHON 0OCTaHOBKE, HAJOXKEHHOM Ha MPEKOJTU3UOHHYIO,
3Ta accolMalMsl XapaKTepus3yeTcsi BBICOKUM TeoxuMHuueckuM (oHoM. M3BectHO, uTO
BYJIKAHMYECKHE U MarMaTH4eCKHe MOPOJAbl Pa3IUYHbIX OOCTAaHOBOK MPEKOJTU3MOHHOIO 3Tara
XapaKTepU3yIOTCs OIpPEeNeHHBIMU T€OXMMUYECKUMH HHJIMKATOPaMM, K KOTOPBIM OTHOCSTCS
COOTHOILLIEHUS U30TOIOB CTPOHLMS U CBHHIA, TPEH] PEAKO3EMENBHBIX JIEMEHTOB, COEPKAHNE
XOHApUTOB U Ap. [locTkomM3noHHas 00CTaHOBKA B OPOreHaxX HaJIO0XKeHa Ha MOPObl Pa3IMUHbIX
3TanoB MPEKOJUIM3UOHHOTO Pa3BUTHSI, CIEAO0BAaTENbHO, 3/1€Ch HEBO3MOXKHO ONPEIENINUTh
WH/IUKATOPhl TEOXMMHUYECKOW OOCTAaHOBKM B CBEXHMX (IEPBUYHBIX IOpPOJAX), MOITOMY He
XapaKTepHBIN Ul MPEKOJUTU3MOHHOTO 3Tana KOMIUIEKC JaHHBIX PEIKUX METAIJIOB, CBA3aHHBIN C

FHHpOTepMaHBHOﬁ AKTUBHOCTBIO W OPYACHCHHEM IMOCTKOJJIM3MOHHOI'O OJTala, ABJIACTCA
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T'COXNMHNYCCKUM HHAIUKAaTOpOM IMOCTKOJIJIN3NOHHOM 00CTaHOBKHU u KOHTPOJINPYET
IMOCTKOJINIM3BMOHHOE OPYACHCHHE, HAJIOXKCHHOC Ha IPEKOJUIM3HMOHHBIC ITOPOBI. OI[HOBpeMeHHO

OH ABJIACTCA ITOMCKOBBIM KPUTCPUCM HaA 30JI0TOC OPYACHCHUC.

BelmienaunBanue peakux METAUIOB JaHHOW accOLMAllMM BMECTE C 30JI0TOM M3 MOLIHOMN
CHAJIMYECKOM KOpPBI OPOTE€HOB OOYCIIOBJIIEHO ITIOTOKOM BBICOKOTEMIEpPATYpPHBIX (DIIOMIOB B

YCJIOBHUAX BBICOKOT'O JABJICHUA.

B nameit pabore paccMmarpuBaercs Tepputopus EBpasuiickoii akTMBHON OKpauHBI B Mpejenax
Wpana, Typuuu, KaBkaza u Kapnaro-bankanckoit o0ractu, ¢ KOTOpOHl CBsi3aH LEHTPaIbHBIN
cerMeHT EBpa3uiickoro MeTajuIoreHH4YecKoro nmosica. B 3TomM permoHe ocoOeHHOCTU
(haHepo30HCKOl TeoIMHAMUKH, MarMaTu3Ma, MOCTMarMaTHIeCKUX MPOILIECCOB M METAJNIOTCHUH C

JaBHUX I1OP ABJIAIOTCS 00BEKTOM ACTAJIbHOI'O U3Yy4YCHU.

MBI HOIBITAINCh, HAa OCHOBAHWH HAIIMX JAC€TaJIbHBIX pa60T B JTAHHOM PETHUOHE U, OIIHMpPAiACh HA
AHAJIN3 JIMTCPATYypPHOI'0 Marepuala, C(bOpMy.]'II/IpOBaTB Hallyu HIpEACTaBJICHHUA O IIponHeccax
INPCKOJJIMBMOHHOI'0O MW IMOCTKOJUIM3MOHHOI'O pPa3BUTUA W HUX CBA3H C MCTaMOp(I)I/I?»MOM,
MarmMaTmu3smMom, BynKaHHHeCKOﬁ JACATCIIBHOCTBIO, IMOCTBYJIKaHUYCCKHUM mnmponeccom u

METaJUIOT€HUEH.

1. Cesa3p cyoaykumu ¢ MeraMoppu3MOM, BYJIKAHM3MOM, IOCTBYJKAHUYECKOM

FH}IpOTepMaJILHOﬁ AKTHBHOCTBLIO H METAJLJIOTeHUeH.

®aHepo30MCKyI0 T'€OJUHAMHUKY W €€ MO3TallHyl CBS3b C MeTaMop(U3MOM, BYJIKAHU3MOM U
MOCTBYJIKAHUYECKUMH TIpolieccaMd Ha EBpa3uiickoil KOHTMHEHTAJIbHOM OKpaWHE MBI
paccMaTpuBaeM, ONMPasCh HAa HAIIM MHOroJieTHUEe uccienoBanuii Kaskaza, Upana, Typuuu u
Kapmaro-bankanckoro pernona. ®DakTHYeCKWid Marepuan U OOCYXKIEHUE PE3yIbTaTOB
HCCTIEIOBAaHUN B OCHOBHOM MPEJCTaBIEHBI B OIMYyOJHWKOBAaHHBIX 3a TMOCJIEIHHE TOIBI paboTax
(CyrymBunu u ap. 2014; Gugushvili, 2015; Gugushvili et al., 2016, Moritz et al; 2016). Jlanabrii
PETHUOH SIBJISETCS MOIXOASIIUM OOBEKTOM ISl M3y4eHHs (haHepO30MCKOro reoIMHaMUYECKOTO
pa3BuTHus, MeTamop(dusMa, BYJIKAHOJOTHH, MOCTBYJKAHUYECKHUX IPOIECCOB U METAJUIOTCHHH.

HccnenoBanust B 3TOM HaNpaBJICHUH OTPa)KEHbI BO MHOTHX paboTax (Hamp. Adamia et al., 1977,
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2011; 2016; ba6azane u ap., 2015; I'amxpenunze, lenremms 2005; Gamkrelidze et al., 2015;
Jamali et al., 2010; Lordkipanidze et al.,1988; Zakariadze et al., 1983; Gugushvili et al., 2001;
2002; 2010; T'yrymBumu 1980; G.Tvalchrelidze, 1984; 1985; A.Tvalchrelidze, 1987;
Cxuptnanze, 1965; bepunze u byaaze, 1977; von Quadt et al., 2005; R.Moritz et al., 2004; 2006;
2016; Kekenus u np.,1993; 2000; HamapeitmBunau, 1999; Tatumsunm, 1970; H./[3ouenuaze u
ap., 1975; Okay and Tiiysiis, 1999; Okay, 2000; Yigit, 2009; Kazmin et al., 1986; 2000; Giiner,
1989; Imamverdiev, 2001; Jankovich, 1977; Mypansu, 1987; Pamazanos, 1992; Strashimirov et
al., 2002; Sosson et al., 2010; ApeBam3e wu nap., 1983). JlamHple 3TUX pabOT HaAMHU

IIpOaHaAJIM3UPOBAHBI U UCIIOJIb30BAHbI B HAIIUX WCCIJICIOBAHUAX.

B npouecce cyOayKuuu M KOJIM3UMU OKeaHa TeTuc mpoMCXOIMsl OTPHIB TEpperHOB OoT Adpo-
ApaBUHCKON MacCMBHOM OKpauMHbl M MX Murpauus K EBpasuiickoil akTuUBHON oOkpauHe. B
nporecce CyOaQyKIMy U KOHBEPIeHIIUH 3TH TEPPEHHBI pa3/esisuin BETBH okeaHa. KoHBepreHuus
npuBeJa K KOJUTM3HH BETBEW C 00pa30oBaHUEM CYTyp MEXIY TeppeiiHaMu. DTUM 3aKaHUMBACTCA
3Tan MPEKOJUIM3MOHHOIO pa3BUTUA. B mpouecce cyOayKuuu INpeKOUIM3UOHHOE pa3BUTHE
peruoHa MposBUIOCH B (HOPMUPOBAHMM OCTPOBOJYKHOM, MHTPAIYroBOM, 3aayroBoi W
oKkeaHHu4eckux oOcraHOoBOK. dDopMmupoBaHHE CYTyp 3aBEpIIAeT MPEKOJIM3UOHHOE pa3BUTHE U
3HAMEHYET Hayajo MOCTKOJUIM3MOHHOTO JTama, KOHTPOJIMpPYyeMoro naeieHueM Adpo-
ApaBuiickoro koHTHHeHTa Ha EBpasuiickuit (Adamia et al., 2016), uTo mposiBUIIOCH B OpOreHese,
B (hopMUPOBaHUM CKJIQAYaTO-Pa3PBIBHBIX CTPYKTYpP, OPOT€HHONM MarMaTHYeCKOW NesITeIbHOCTH

U B IOCTKOJUIM3MOHHOM PYJ000pP30BaHHUH.

B ncciaenyeMoM perroHe Bo3pacT CyTyp M MX OTBETBICHMH (pHC. 2) KosebneTcs B mpejenax ot
MO3JHEMENIOBOTO JI0 TO3JHE30IIeHOBOro. 3arpoc-butnncckas cyrypa paszgenser ApaOckyro
mnatdopmy ot TaBpua-Anatonuiickoro u llenTpansHo-HpaHckoro teppeitHoB, Xoit Bauckas
cyrypa (oTBeTBieHue 3arpocckoil) pasznmenser Mpanckuii 6mox ot TaBpua-AHaTONHMHCKOTO
TeppeiiHa. AHkapa-Op3uHkaH-CeBaHckas cyTypa pasnenser Ilontunsl, ApTBuH-bonHHCCKYIO
u Jlok-Kapabaxckyto 30Hb1 0T TaBpua-Anaronuiickoro 6:10ka u Upanckoit miuatdopmsl (puc. 2).
B Tlontunax orBetBieHneM AHKapa-Op3uHIkaH-CeBaHCKOW CyTyphl (puC. 3) SBISETCS CyTypa
WNuTeprnonTHa, KOMIU3us KOTOPO# 3aBepiiniack B BepxHeM dotene (Gliner, 1980, Kazmin et al.,

2000).
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[Ipekomnu3noHHass OOCTaHOBKAa M CBs3aHHble ¢ Hed  MeramMopQu3M, BYJIKaHU3M,
[IOCTBYJIKAHUYECKHUE TIPOLECCHl M  30J0TO-MEAHONOJIMMETAIIIMUYECKOe PYyA000pa3oBaHUE
MPEIIIECTBOBATH (OPMHUPOBAHUIO CYTYp, IOCTKOJUIM3MOHHBIM JK€ JTal HACTyNWiI TIOCie

3aBepieHus u 3ambikanus okeana Teruc (Gugushvili, 2015).

1.1 O B3anMocBS3M CyOQYKIIMH C PeTHOHAJBHBIM MeTaMOp(pUu3IMOM

B ¢danepozoe ¢ mepBbIM 3TAanmoM CYOIYKIHMH (IO BBIIUIABICHHUS AaHIE3UTOBOTO pacIUlaBa U
M3BECTKOBO-IIIEJIOUHOTO  BYJKAaHM3Ma), CBSI3aH IIPOLIECC PETHOHAJIBHOrO MeTramopgusma,
IIPEJCTABICHHOTO BBICOKOTEMIEPATYPHBIMH ~allbMaHAWH-aM(PUOOIUTOBOM M TIpaHyIUTOBOM
danusiMM UM 3€JIE€HOCIAHLIEBBIM METaMOp(U3MOM C MOHMKEHHEM TeMIepaTrypbl (IIIOHIOB.
Metamoppusm 00ycioBiieH (DIFOMIHO-TEIUIOBBIM IMOTOKOM B TMpoIlecce IEpBOro dTara
MOTPYKEHUsI CyOayIMpyeMoii IJIMTH B MaHTHIO. Temrmeparypa MeTamopdu3mMa yCTaHOBJICHA B
npeaenax 350-750°C. IIpu temmneparype 700-750°C mpoucxoauiio BBIIIJIABICHUE TPAHUTHOM
Marmel U3 sutochepsl. Takum oOpa3oM hopMupoBaicss rpaHUT-MeTaMOP(UIECKUN KOMILIEKC, a
C JaJbHEeWmUM moBblIeHWeM Temnepatypel A0 1000-1100° HaumHanoch BBINJIABICHUE
aH/IE3UTOBOIO pacIulaBa C IOCIEAYIOUIEH BYJIKaHUYECKOH NEATEIBHOCTBIO OCTPOBOAYKHOIO
tuna. Kak B uccieayemMoM permoHe, Tak U B JPYTrUX peruoHax Mupa (GUKCUPYeTcs dyepeioBaHue

MeTaMOp(bI/ILIGCKI/IX KOMITJICKCOB C U3BECTKOBO-IICJIOUYHBIMU BYJIKAHUYCCKUMHA CCPUAMMU.

Ha Kagka3ze wmeramopduyeckuil KomIuiekc Kpucramamdeckoro sjapa bombmoro Kaskaza
IaTUpyeTcs JI€BOHOM—PaHHUM KapOOHOM, ero ¢dbopMupoBaHue MpeLIeCTBYET
CpeAHEKapOOHOBOMY  H3BECTKOBO-IIEIOYHOMY  aHAE3UT-AALUT-PUOJIUTOBOMY  BYJIKAHU3MY
OCTPOBOJYXXHOTO THMa. Jlpyroii mnpumep aHaJIOTHMYHOIO B3aUMOOTHOILIEHUS H3BECTEH B
MEXTropbe 3aKaBKasbs, 1€ MaJICO30MCKUN TPaHUT-METaMOP(PUIECKUN KOMIUIEKC J[3UPyiIbCKOTO
MAacCHBa MEPEKPHIT MO3IHENA0JIE030MCKON HAPYITBCKON U3BECTKOBO-IIEIOYHON BYJIKAHUYECKOMN

CBHUTOM, 00pa30BaHHON B OCTPOBOIYKHOI oOcTaHoBKe (Adamia et al., 2016).

Mo0:KkHO NPUBECTH MHOKECTBO IIPUMEPOB U U3 IPYTUX PETHOHOB MUPA, KOTOPBIE MMOATBEPKAAIOT,
YTO MPOLECCHl PETHOHAIBHOTO MeTaMop(hu3Ma MPOUCXOAMIM 10 BBIIUIABICHUS aHJE3UTOBOM
MarMel U3 CyOAYLMPOBAHHOM IUIMTHI W JO OCTPOBOAYKHOH BYJIKaHMYECKONW aKTHBHOCTH

(TyrymBumu, 1980). [TogoOHbIe B3anMOTHOIICHHS U3BECTHBI B Yanbcee (JIelikckast 001acTh), T/1e
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NpeACTaBICHHBIM ambuOoIuTOBON (arueii, pernoHaabHbIi MeTamopdusm, Bo3pacta 475-420
MJIH.JIET, TPEAIIECTBOBAI  H3BECTKOBO-IIENOYHON  aHJIE3UT-PUOJIUTOBOM  BYJIKAaHUYECKOU
nestenpHocTH (Read, 1961). pyroit npumMep u3BecteH B repuuHckoM mnosice ((MonganyOckas
CTPYKTypHasi 30Ha), rae MurMatutel Bo3pacta 340-320 MIIH.JIET NEPEKPBHITHI MOJAcCOn
KapOOHOBOTO BO3pacTa, COJEp Kallel MOIIHYIO CEpUI0 TPAaXHaHIe3UTOBBIX BYIKaHUTOB (CaToH,
1967). J1.Caton (1967) npuBomut emie oauH npumep u3 llloTnanauu, rie HIOKHEICBOHCKAs
M3BECTKOBO-IIENIOYHAsI CEpHsl BYJIKAHUTOB PACIOJOKEHA HaJ KOMIUIEKCOM aM(uOOIUTOB,
WCIBITABIINX PETUOHAIBHBIA METaMOPPU3M MO3AHEKAICOHCKOTO JTarma, BO3PAacT KOTOPOTO
420-400 muH.ieT. JlaHHasE M3BECTKOBO-ILEIOYHAS CEPHUSl CEUETCS] TPAHUTHBIMHU IUTOKAMH C
Bo3pactoM B 410-400 mun.ier. Kpome TOro ycraHoBieHO 4TO B THXOOKEAaHCKOM KOJIbIIE
MOIIIHAsl aHJE3UTOBAasi CepUsl BYJIKAHUTOB pACIOJOXKEHA HAJ TIO0SCOM PETHOHAIBHO

MeTtamopduzoBaHHBIX Topos (Miashiro, 1970).

Kak wu3BecTtHO, Temrieparypa (GOpPMHUPOBAaHUS PETHOHAIBHOTO MeTamMophu3Ma HAXOIUTCS B
npeaenax 350-750°C, a BeIIaBiIeHUE aHAE3UTOB Ipoucxoaut rpu Temmneparype 1000-1100°C.
Orcroga cremayeT, 4Yro B MOOWJIBHBIX 30HaX CYOIOYKIMS TIPOUCXOIWT C BO3JCHCTBHEM
MPOTPECCUBHO BO3PACTAIOIIErO TEIUIOBOTO MOTOKA, W MPOILIECC 3aBEpIIAeTCs BBITLIABICHUEM
aH/Me3UTOBOM Marmbl. Ecnum mocTMarMaTthyeckuil MeTacomMaTo3 CHHXPOHEH U 3aBepllaeT
BYJIKAHHUYCCKYIO AKTUBHOCTB, TO peFI/IOHaJ'IBHI)II\/JI MeTaMOp(l)I/ISM npeaAmICCTBYCT BBIINIJIABJIICHUIO

MarMsl.

MoXHO TIpUBECTH €IIe MHOTO TPUMEPOB TJI€ SMU30JbI PETHOHAIBLHOTO MeTaMop(uzMa
MPEAIIECTBYIOT aHJI€3UTOBOM BYJIKAHUYECKOW aKTUBHOCTH, OJHAKO CIEAYET OTMETUTh, YTO OHU
HE BCEr/ia 3aBepIaloTCs BBHIMIABJICHHEM MarMbl U3 CYOAYIUPYEeMOW IUIUTHI M JUTOCHEPH U
BYJIKAHUYECKOU JeATEIBHOCThIO. MHOTIa BO3/EHCTBHE TEIJIOBOTO TIOTOKA HE TPEBBIIIACT
ycinoBuil (hOPMHUPOBAHKS TPAHYJIUTOBOM U aM(puOOIUTOBOM (hammii Mmetamopdu3ma, KOTOphIE B
MPOLIECCE BOCXOSAIIETO TEIIOBOTO MOTOKA C €r0 OCTHIBAHUEM TPAHCPOPMUPYIOTCS B DIHUAOT-
aMm(puOOIUTOBYIO, TMPEHUT-MYMIEIUIUTOBYIO, 3€JICHOCIAHIIEBYI0 U  IIEOJIUTOBYHO  (hamuu

(TyrymBumm, 1980).

AHAJIOTUYHO, B KOHCTPYKTHUBHBIX 30HaX OKEAaHHMUYECKUX XpeOTOB, B TPETheM TIe0(PHU3NUECKOM
clloe, Ha IiIyOMHe 6 KM, B YCJIOBUSX @HOMAJIBbHO BBICOKOIO TEIIOBOIO NMOTOKAa (POPMHUPYIOTCS

BBICOKOTEMIIEpaTypHbIE anbMaHAUH-aM(PUOONMHUTOBBIE (ammu MeTamopdu3Ma TpH JTABICHUHU
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4000 6ap u muHuMansHOU Temreparype 550°C (Aymento u ap., 1973). Meramopdusm 31ech
MPeIIECTBOBAN U3BEPXKEHUIO U3 MAHTHUU 0a3albTOB BTOPOTO re0(pU3NYECKOro C0si, KOTOPOMY
COIMYTCTBYET OMUJOT-LIOM3UT-aKTUHOJIUTOBAST MPONUINTH3AIMS, CJIEeI0BaTeIbHO U  3/1eCh
pETHOHANBHBIN MeTaMOp(PHU3M TPETHEro reo(PpU3UIECKOro CIOs, MPEIIISCTBOBAT M3BEPIKEHUIO
ouonuTOB, (HOPMHUPYIOIIUX BTOPOH reoPu3MdecKuii cioil. PernoHanbHbli MeTamopdu3m B
JNECTPYKTUBHBIX U KOHCTPYKTHBHBIX 30HaX pa3inyeH. B NecTpyKTUBHBIX 30HAX OH MpPECTaBIICH
rpanyIuT-aMmbruO0IUTOBON danueir, 1O  BOCCTAHHIO nepexomammMii B Oojee
HU3KOTEMIIEpAaTypHbIE SMUA0T-aM(UOOIUTOBYIO, TPEHUT-ITYMIICJUTUUTOBYIO, 3€JICHOCIAHIIEBYIO
U 1eoquToByl0 (ammu. B KOHCTPYKTHBHBIX 30HAX, B OKEAHUYECKHX YCIOBHUSX CTCICHBb
MeTamopdusMa opoJl Hibke am(puOOIUTOBOI HEe OOHapyeHa. JTO CBA3aHO C CO CTAOMIBHO
BBICOKMM TEIJIOBBIM TIOTOKOM, OOYCIIOBJICHHBIM MAaJIOTJIyOMHHBIM MAHTHUHHBIM JAHATIHUPOM.
BennunHa TEmIOBBIX MOTOKOB B THUIOBBIX OacceiiHaX M OKEaHWYECKHX TPOrax KojeOiercss ot
2.5 no 8.30e.1.m.(Miashiro, 1972). B necTpyKTHUBHBIX OCTPOBOAYKHBIX 30HAX TEIJIOBBIE TOTOKH
paBubl 0.7e.1.m1. (XarreproH, 1978). CnemyeT OTMETHTb, YTO PErHOHAIbHBIE METaMOP(UTHI,
KaK B MOOWJIbHBIX, TaK U B OKEAHUYECKUX 30HAX, B OTVINYUE OT MPOIMUIUTOB, XapaKTePU3YIOTCS
CIIaHLIEBOM M THEWCOBOM TEKCTYpOM M B HMX He (PMKCHpPYETCSs HU MHUHEpaJIbHBIM COCTaB, HU
CTPYKTypa MEPBUYHBIX MOPOJ. B OTIWYHME OT MPONWIMTHU3ANMHA PETHOHAILHBIA METaMOPPU3M
XapaKTepu3yeTcs JIHIb BHYTPEHHUM IepepanpeaeeHueM KOMIIOHEHTOB U C HUM HE CBS3aHO

pynooOpa3oBaHue.

1.2. ®anepodoiickasi TIeOIMHAMHMKA, BYJKAHHU3M, IOCTBYJKAHHYECKHH Ipomecc H

pyaoodpa3zoBaHue

B3aumMocBs3p (haHepO30HCKOM TreoJMHAMUKH, BYJIKAaHU3Ma M METAIJIOTEHHHM B HCCIEIYyEeMOM
peruoHe neraibHO onucaHbl B MoHorpaguu B.I'yrymsumu (Gugushvili, 2015). ITonyuenHsie
pe3yNbTaThl COMOCTABIIEHBI C JAaHHBIMU U3 APYTUX PETMOHOB MHpa. BBISBIEHBI TEHIEHIMH IO
HUCTOYHUKY METAJJIOB B IIpoliecce pynooOpa3oBaHMs B pPa3iIMYHBIX TI€0JIMHAMUYECKHX
obcranoBkax. [Ipeanomnaraercs, 4ro B (haHepO30€ HCTOYHUKOM MENU SIBISIETCS BEPXHSS MaHTHSA,
MCTOYHHUKOM ITMHKA — 0a3anbToBasi KOpa, HCTOUHUKOM 30J10Ta, CBHHIA U PeIKUX MeTaioB ( Sb,

W, Mo, Hg) — cnannuaeckas kopa (Gugushvili, 2010; 2015).
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CymHocTh (haHepo30MCKOIl METaNIOreHUH OTpaXKeHa B YCTAHOBJIEHWH MCTOYHMKA METAJUIOB B
nporecce pynoodpazoBanus. Kiou k omnpeneneHuto (paHepo30HCKOro HCTOYHMKA METaJlJIOB
CIIAyeT HCKaTb B COINOCTABICHUH AapXEHCKO-POTEPO30MCKOro (MpexkamOpHiicKoro)

(haHepO30HCKOTO TeOIMHAMUYECKOTO PA3BUTHS U METAJIIOTCHHH.

B maneonporepo3oe u apxee pynooOpazoBaHHUE CBA3aHO C IUTFOMOBOM TEKTOHHMKOH B YCIOBHUSIX
dbopmupoBaHus IIacTUYHOM JsmTochepsl. OHO OOYCIOBICHO MHUTpAIMeld 30J0Ta, CBHHIA W
IIMHKA U3 MaHTUU B (hopMupyromytocs auTocdepy u B rpanutouabie kpatoHsl (Goldfarb et al.,

2001, Groves et al., 2005).

danepo3oiickas reoJUHAMHKA U METAJUIOI€HUs B KOPHE OTIMYAIOTCA OT NpekamOpuiickoil. OHu
CBSI3aHBI C TBEpPAOW JHUTOCHEPOd U ONPEACTAIOTCS COBPEMEHHOW IUICHTTEKTOHUKOH. B
¢danepozoe yxe Obula copmupoBaHa muTocepa COBPEMEHHOTO THUIIA, COCTOSIIAsl U3
cHaJInYecKoil M 0a3anbTOBOM KOpBl W M3 TBepAoill BepxHel maHTuu. K 3TOMYy BpemeHu yxe
3aBepUIMJIaCh MUTpAIUsl 30JI0Ta, CBHHIIA U IIMHKA U3 BEpXHEH MaHTHH B JIUTOC(eEpy, OJHAKO
MeZlb ellle OCTaeTcsl B BepxHell ManTuu. OHa BMeCTe C 30JI0TOM, CBUHIIOM, [IUHKOM U PEIKUMU
MEeTaJjlaMi  y4acTByeT B  (DaHEpO30HCKOM NPEKOUIM3MOHHOM M MOCTKOJIM3MOHHOM

Pya000pa3oBaHUU.

B wuccnenyemom permone koHBepreHuus Adpo-ApaBuiickoro u EBpa3suilckoro KOHTHHEHTOB
o0ycCJIOBJI€Ha CEBEpOBEpreHTHOW cyOaykuueil okeaHa Teruc. B mpouecce cyOaykuuu
MIPOUCXOJWJI OTPBIB TEPPEHHOB M UX MHUIpalusi B ceBepHOM HampsieHud. C cyOnykuuein
CBSI3aHO MPEKOJUIM3MOHHOE PA3BUTHE PETMOHA, 3aBEPLUICHHOE KOJUIU3HEH ¢ 00pa3oBaHUEM CYTYp
MEXy TeppeiiHaMu U MOJIHBIM 3aMbIKkaHHeM okeaHa Teruc. IlepBblii aTan cyOayKIMN MPOXOANIT
6e3 TpaHchopManuu CyOAYLHPYEMOM IUIMTHI, MOITOMY MbI TaKyl CYOJIYKIIMIO YCIOBHO
Ha3piBaeM HopManbHOW. C HEll cBs3aHa OCTPOBOIY)KHas OOCTAaHOBKA MPEKOJUTU3HOHHOTO
nporecca. Ha crmemyromem stame, B pe3yibrare TpaHchopmaruud CyOomyIupyeMon TITUTHI,
BHEAPEHHUs] MAaHTUHHOIO JHanupa M CIpeauHra (hOpMUPYIOTCS BHYTPUIYTOBbIE M 3aJ1yTrOBBIE
pudTel. C nanpHeled WHTEHCU(UKAIMEW BHEAPEHHUS TUanupa U YCUJICHHEM CIpEeAMHIa
MIPOUCXOIUT MpeoOpa3zoBaHHe 33JAyroBOro pUPTHHTa B MaJOOKEaHWYECKYI0 OOCTaHOBKY.
CBsi3aHHBIE C JTHMH OOCTaHOBKaMH BYJIKAHU3M W MCTAJUIOTCHHA ITO3BOJIAIOT OIPCACIINTD

HCTOYHHUK MCTAJIJIOB B 30JI0TO-MCIHOIMOJIHMMETATTIIMNYCCKOM pyHOO6p330BaHI/II/I.
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Pe3y.]'II>TaTI)I HN3YUCHUS ITPOLECCOB MeTaMop(bI/ISMa, BYJIKaHM3Ma U MCTAJJIOI'CHUHN B ACIICKTC HUX
CBsA3U C ICOAMHAMUYCCKHUM Pa3BUTUEM HCCICAYEMOI'O0 PETHOHA, OIMKMChIBAIOTCS B pa3pa60TaHH017I

HaMH MOJICIIN.

CeBepoBeprenTHasi CyOqyKIMsl HAYMHAETCS B TIO3HEM MPOTEPO30€ U MPOIOIHKAETCS BILIOTH JI0
BEPXHETO 70IeHa. B TaHHOM pernoHe 0COOEHHOCTH METAJNIOTEHHH, CBS3aHHOW C HOPMAJIbHOM
CyOnyKIIMe M OCTPOBOAY)KHOM OOCTaHOBKOHM, YETKO OTpakeHbl B pya000pa3oBaHUU
BEPXHEIOPCKOI0 M MenoBoro BylkaHu3Ma Kapkaza. Tak, MeCTOpOXIEHHsS BEPXHEIOPCKOTO
Bo3pacta Kemabex, Anasepau, [llamnyr, Kapanar, YoBgap u ['oma mpenacraBieHbl 30710TO-
MEIHOMOPQHUPOBEIM M SIUTEPMAIbHBIM  opyldeHeHneM. C  H3BECTKOBO-IEIOYHOM
BYJIKAHUYECKON aKTUBHOCTBIO BEPXHEIO0 MeJa B OCTPOBOJYXKHBIX YCIOBUSAX CBSI3aHBI
MECTOPOXKJICHUST MaJHeylbCKOro pyaHOro ysiaa M JlarkecamaHckas IpyIina, COCTOSLIME U3
30JI0TO-METHOIIOJIUMETANINIECKO ¥ MallocylbQUIHONH  30JIOTOPYAHON  MHHEpaTU3aIiH
(Gugushvili, 2015). B Bocrounsix [loHTHIAX MeIHOMOIMMETAUINYECKHE MOPPHUPOBBIE WU
30JI0TO-METHOIIOIUMEeTalInueckue MecropoxkaeHus tuna Kypoko - Manenkoii, Jlaxanoc,
Mypryn, Yeparene, ['tozenaitna u ap. (Okay and Tiiysiis, 1999; Yigit, 2009) xapakrepusyroTcs
30JI0TO-MEHOIOJIMMETAJUTNYECKOU MHHEPAITU3ALHEH. HopmansHoit cyonykuuein
KOHTPOJIUPYETCS U 30J10TO-MeAHOonophupoBoe pynoodpazoBanne bankan-Kapnarckoi obnacTw,
npeacTaBiIeHHoe MecTopokaeHusMu Yenoned, Enmatcure, Enmmna w ap. (pyaHslit paiioH
[Tanarropumre; Moritz et al, 2004; von Quadt et al, 2005), MegHonoppupoBble H
Masocyib(uHble snuTepManbHble MecTopoxaeHus Cepockoro Tumoka — bop n Maiinannek
(Jankovich, 1997; Moritz et al., 2004), menHONOPGUPOBBIE U 30JI0TOPYIHbIE SMUTEPMaIbHBIE
6e3cynbhuansie MmectropoxaeHus baite Mape u Anmas-Cranumka (puc. 4) (I.Popa and S.Popa,
2005). CsszaHHBlE C HOPMaJbHOM CYONYKIMEH BOMPOCHl BYJIKAHW3MA, METAJUIOTEHUH H
ocoOeHHOCTe mpoleccoB pyaooOpa3oBaHUsl paccMaTpuBaioTcs M B pabore V.Gugushvili
(2015). B bonnucckoM u IlaHarropuinTCKOM pYAHBIX pallOHaX MPEANoaaraeTcs Mepexo
OCTPOBOJYKHOW OOCTaHOBKM B HAYaJbHYIO CTAJUIO 3aJ[yTOBOW, YTO JIOJDKHO OBITH CBSI3aHO C
nepopmarnmeit  cyOAynupyeMol IUIMTBI M MHBEKIMEW JManupa, OTPA3MBLIMXCS Ha
re0J0rM4eCKOM pPa3BUTHHM, MarMaTu3Me U METaJUIOreHHH. B pesynbTare sToro B bomHucckoM
PYIHOM paiioHe 00pa30Bajoch JIBa PYAHBIX y3la — MagHeynbckuii u bekrtakapckuii (puc. 5)
(Gugushvili, 2015). ®opmupoBanne MaaHEyIbCKOTO y3ja CBS3aHO C JTAllOM HOPMaJbHON

cyonykuuu. BospacT pynooOpazoBanus 3aechk 88-90 muH net. OpyneHeHHe NPEUMYIIECTBEHHO
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noppupoBOro M SMUTEPMAIBHOTO THUIA U MPEACTAaBICHO COOCTBEHHO CYyIbGUIHOW U
6e3cynbhuIHON MHUHEpalIu3aleil B 30J0TOCOAEpXKAIIMX KBapIl-XalleJOHOBBIX U KBapll-
0apUTOBBIX XKHIIAX U MTOKBEepKax. OpylIeHEHNE XapaKTepU3yeTcsl 30HATBHOCTRI0. HIKHSS 30Ha
MpPEJICTaBICHa COOCTBEHHO CyIb(PHUIHON TOPHUPOBOH 30JI0TO-OJIUMETAUTNISCKON PYIOH,
BepxHssA — Oe3cynbpuaHOi 3o0J0TOpynHONM MuHepanu3auuen ( ['yrymBunu u ap., 2014;

Gugushvili, 2015).

Manneynbckuii y3en oTaeneH oT bekrakapckoro pasziomom (puc. 5). Bospact opyneHenms
bekrakapckoro y3ma 79-81 mun.gier. OpyaeHeHHE W 371eCh TMPEJICTABICHO ABYMS THIIAMU
MUHepan3auuu: 1) coOCTBEHHO CYIb(QHIHON 30JI0TO-TIOTMMETAIUTHYECKON U 2) 6e3CynbhuaHOMI
30JI0TOM B KBapl-KaJHINNATOBBIX MeTacoMaTtutax. B oTnuume oT MamgHeynbCcKoro ysia 3/ech
OpyJICHEHHE HE XapaKTepU3YeTCs 30HAJIbHOCTHIO U 30JI0TO-TIOJMMETANINYECKOE OpYACHEHUE
HAJIOXKEHO Ha 30JI0TocojepKauie KanummnatuTtbl. COOCTBEHHO CyJIb()UIHOMY OpYJIEHEHUIO
COITyTCTBYET CHHpYIHas BBICOKOTEMIIEpATypHas SMHUAOT-LOH3UTOBas mpormiautuianus (350-
400°C), cBUICTEIBCTBYIOIIAST O BHICOKOM TeMrieparype (IroHI0B, TOT/Ia KaK MPEANISCTBYOMIAS
KaJIMIINAaTH3alMs CBA3aHA C BBICOKOW IIEJIOYHOCTBIO pacTBOpa. Beicokas Temmeparypa u
IIETIOYHOCTH (UIIOUJIOB O0OBSACHSETCA BHEJPEHUEM B JIMToc(hepy mMarepuana U3 acTeHoc(epsl —
muanupu3smMoM. CoOCTBEHHO cynb(pUAHOE OpYICHEHUE 3]1eCh KOHTpOJHUpyeTcss radopo-
nuabaszoBbiMu mTokaMu (Gugushvili, 2015). OTu mroku ABiIAOTCS anodu3aMy BYJIKaHUYECKOTO
oyara, W3 KOTOPOTO TIPOHW3OLUIO HW3BEP)KEHHE MICTOYHBIX  OJIMBUHOBBIX  0a3alibTOB
BEPXHEKAaMIAHCKON  MIOPLIONETCKOM  CBUTHI,  3ajeraroliedl  Haj  pyAocoiepKauiei
TpaxupuoauToBoil cepueld. lllopmionerckas cBUTa COCTOMT M3 IIETOYHBIX M CYOIIETOYHBIX

OJIMBHHOBBLIX 0a3aJIbTOB U aHI[e3I/IT-6333J'H)TOB 3aayTrOBOI'O THUIIA.

W3 BbIIIECKAa3aHHOTO ClEAyeT, 4To (OpMHUpPOBaHME pyabl MaJHEYyIbCKOrO Yy3/1a CBSI3aHO C
HOpMaJbHOU cyOnykiueil, bexrakapckuii ke pyaHbIM y3en ¢GopMUpOBajJCsS Ha HaydalbHOU
CTaguM 33JyroBOro pU(THHIra, CBSI3aHHOTO C jaedopmarueid cyOaylIUpOBaHHON IUIUTHI U ¢

Ha4aJIbHBIM 3TalloM BHEApEeHUs MaHTuiiHOoro nuanupa (Gugushvili, 2015).

3oo0To-MeHONOP(HUPOBOE OpyAeHHHEe B ManHeynbckoM U BekTakapckoM y3i1ax 3HAYUTENbHO
OTJIIMYAIOTCS 10 COJEpXKaHHI0 30510Ta. B MajHeynbckoM y3iie coiepkaHue 30710Ta B CPEIHEM
0.8 r/t, B bekrakapckom ke OHO paBHO 5 r/T. 37echb B Hayasie (HOPMHPOBAHHS 3aAYrOBOM

00CTaHOBKM TOJI BIMSHHEM MaHTUHHOTO MaTepuaia Bo3pacTajia Temmneparypa (IrouaoB, 4TO
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croco0cTBOBaIO Oojee HHTCHCHUBHOMY BBIHOCY 30JI0Ta M3 rpaHI/ITHOﬁ KOpEBI, KOTOpas €IIc

ydacTBOBaja B Ipoliecce pyaoo0pazoBaHusl.

WuTeHcuBHas TpaHchopMmanus cyOAyIUMpyeMOill IJIMTHI M CBSI3aHHOE C HEW BO3pacTaHue
MHBEKIIMA MAHTUHHOTO AHMANUpa MPUBOAWT K BHYTPHIYTOBOMY W 3aJyroBOMy pUDTHHTY C
TOJICUT-IIEI0YHO0a3aIbTOBBIM ~ BYJIIKAHU3MOM M CTPaTUMOPGHONH MenHO-IMHKOBOW VMS

MHHEpaIU3aIUEH.

[Ipumepom gaHHON 0OCTAaHOBKM MarMaTH3Ma U MHUHEPAIHU3AIMH MOXKET CIIY)KHTb MHTPayroBOH
pubtunr IlepemoBoro xpebra KaBkaza, rA€ ¢ NaICO30HCKON  TONEUT-PHUOIUTOBOM
BYJIKAHMYECKOH JEATCILHOCTHIO CBSI3aHBI CTPATHMOP(HBIC MECTOPOKICHUS XYIECCKON TPYIIITBI
(Xynec, Ypyn, Hayn). pyrum npuMepom SIBISIETCS HIDKHEIOPCKUM PUPTHUHT B 30HE FOKHOTO
ckiaoHa ['maBHoro xpe6Tta bombmoro KaBkasa ¢ ¢opmupoBaHHeM OKpPaMHHOTO MOpS C
TOJICUTOBBIM BYJIKAaHHU3MOM H CTPATUMOP(GHBIM METHO-IIMHKOBBIM pyaooOpa3zoBanuem (Duimns-

qaiickas rpyIina MECTOPOKICHHI).

C nmocnenyroIuM  ycUJIEHHEM TpaHchopMalud CyOAyHMpYeMOM IUIUTHI  (JE€TauMeHT,
JieTaMHHAIMS) CBS3aH MHTCHCUBHBIN CIIPEIMHT, BBI3BAHHBIN OJIM3IIOBEPXHOCTHBIM BHEIPEHUEM
MaHTUIHOTO Juanvpa U 3HaMEeHyoUIud (OpMHUPOBAHHE MAaJoOro OKEAHWYECKOro OacceiHa.
XopouuM npumMepom 3toro sieisiercs komivieke Krope B Llentpansubix Ilontunax (puc. 6). On
¢dopmupoBasics B IO3JAHEM Iajie030€-paHHEM Me3030€ B  pe3ylbTare JAajbHenien
TpaHcpopMmaluu  cyOaynupyeMol IUIMTBI OKeaHa TeTHC, YyCHUJIEHUS CIpeAuHra H
peoOpa3oBaHus 3a1yroBoro pudra B Masnslii okeanndeckuii 6acceitn. Kommnexke Krope cocrout
u3 oduonutos, coaepxkamux 6azanbTel (MORB), octpomyxusie Toneutsl (IAT) u nyHuUT-
NEPUOTUTOBBIE YyIbTpaocHOBHBIe MHTPY3uu (Ustaomer, Robertson, 1997). Nx oduonurosas
CYIIHOCTHb TOJATBEPXKAACTCS TEOXUMHEW HWMMOOWIBHBIX OJEMEHTOB, a TaKKe MEIHO-
KOJYEJaHHBIM OpyJdeHeHHeM O0e3 ydacTusi CBUHIA M IuHKA. KoMmImiekc colepkur
MecTOpoXKJIeHUs AnMkol u baknbaba ¢ MenHO-KoIUYeAaHHBIM OopyaeHeHneM Kumpckoro Turma,

rae Zn u Pb npucyTCTBYIOT JIMIIb HA YPOBHE CIIEOB.

AmnanoruuHo, B 1oro-soctouHoit Typruu, mexnay bopaep-pungom u TaBpugamu pacnosoxeH
o(uonnTOBBIH Mosic, conepkamuil opyaeHenne Kunpckoro tuma B MECTOPOKICHUAX MaJjeHKon

(Cumpt) m Manen (Onaszur; puc. 6). DTOT TOsiC SABIsAETCS BOCTOUYHBIM (prianrom Kumpckux
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OQHOIUTOB U COCTOUT U3 0a3aIbTOBBIX NWLIOY-JaB, TabOpO-TyHUTOB, MHPOKCEHUTOB,
BEpJIUTOB, rapuOypruToB M TYHUTOB M CEUETCS KOMIUIEKCOM aaek nuabdazoB (Engin, 1991).
MecToposKJeHHe paclooKEeHO B MHUJUIOY-JIaBaX O(HOIUTOBOrO KOMIUIEKCA M MPEACTaBICHO

MIUPUT-XAJIbKOIIMPUTOBBIM OPYAEHEHUEM 0€3 COJepKaHus CBUHIIA U LIMHKA.

Y4uThIBasA, 4TO B MpoIecce pya0o00pa30BaHusl B OKEAHWYECKOH 00CTaHOBKE HE y4acTBOBAJIa HU
CHaJMuecKasi, HM 0Oa3anbTOBas KOpa, 3TO MOXHO paccMaTpuBaTh Kak IOATBEP)KICHUE

MaHTUHHOI'O HCTOYHHKA MEIHU B (baHCPOSOC.

Eme B 70-pix romax mpouuioro Beka P.Xatumncon (Hatchinson, 1973) ycraHoBui, 4to B
OKEaHWYECKUX YCIOBUAX MEIHOE OPYIECHEHHWE HE COJEPKUT HU CBUHIA, HM IHMHKA. JlUmb Ha
HA4yaJIbHOM JTalle CIPEAMHIa, KOI/a PeJIMKThl 0a3ajabTOBOM KOpPHI €Ille€ Yy4acTBYIOT B IpOILECCE

pyz[oo6pa30BaHI/I;1, B OPpYACHCHNUU q)HKCpreTCH HC3HAYUTCIBHOC KOJIMYCCTBO IMHKA.

B opynenenusx 3amyroBoro pudTHHra M OKEAaHMYECKOW OOCTAaHOBKM ydacTHE 30J10Ta
HE3HAUYMUTEJIbHO, OHO OTMEYaeTCs JIMIIb Ha YPOBHE CIIEJOB. DTH JaHHBIE IOJITBEPKIAAIOTCA
takke uccnenopanusimu [1.Pona u C.Ckotra (Rona, Scott,,1993), neransHo U3y4UBIIHX MTPOIECC
pynooOpa3oBaHUsi B OKEAHWYECKUX YCIOBHSX. OTCYTCTBHE 371eCh CHAIMYECKOW KOPBI

IIOKa3bIBACT, YTO UMCHHO OHAa ABJIACTCA OCHOBHBIM HCTOYHUKOM 30JI0TA.

1.2.1 Caa3p cyOayknum BO BpeMeHHM U NPOCTPAHCTBE € BYJIKAHM3MOM H

pyaoo0pa3oBaHueM.

Tpanchopmanusi HopManIbHON CYOIYKIIMM BO BPEMEHHM M MPOCTPAHCTBE C BYJIKAHM3MOM, KaK B
HalpaBJIEHUN TMOTPYKEHMsSI IUIMTHI, TaK U JIaTepajbHO TMOTPYXKEHUIO , BbIpa3uiach B
YepeI0BaHUH 3TANOB MPEKOJTU3MOHHOIO MPOIECca — OT OCTPOBOAYKHOTO K BHYTPUAYTOBOMY U
3a[yTOBOMY, 3aBEpIIAIONMIEMYCS MaJOOKEaHWYECKONM OOCTaHOBKOW. DTOT TMPOIECC XOPOIIO
nposiBuics B ycioBusx KaBkasckoro permona. 3aech TpaHchopManus cyOaylUpyeMOn IITUTHI
(bukcupyercss B IBYX HaIlpaBJICHUSX C IOra Ha ceBep (BIOJb CyOAYKIIMU) U C 3amajia Ha BOCTOK

JaTepanbHO CyOMYKITHH.

HepBBIfI oTal CYGIIYKLII/II/I BBISABJICH B MMAJICO30€ B NIpCALCIax IOxno0TO0 ckitona bonpmoro Kaskasa

B Jusckoil cepun. C HuUM cBsA3aHO (HOPMHUPOBAHHME HM3BECTKOBO-ILIEIOUYHONW aHIE3UT-0a3aIbT-
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JAIMTOBOM CBHUTHI B OCTPOBOAYKHOM oOcTaHOBKe (puc. 6. I) K ceBepy, B npenenax IlepegoBoro
XpeOra KaBkaza, cyOaynupyemas IUIMTa MpeTepresa HHTEHCHUBHYIO TpaHC(hOpMalnio ¢
MHBEKIMEH MAaHTUHHOTO AMANIUPA , CO CIPEAMHIOM U C (OPMUPOBAHUEM MHTPATYTOBOTO pUQTA.
311ech C TOJIEUTOBOM aKTUBHOCTBIO CBA3aHO (POPMHUPOBAHUE CTPATUMOP(PHOTO METHO-IIMHKOBOTO
pynoobpaszoBanus (Xyaecckas rpymma MectopoxiaeHuin — Xynec, Ypyn , Hayn). Tomeuts
COOTBETCTBEHHO (hPAKIIMOHUPOBAHMIO JKeJIe3a OTHOCATCS K aOMCCAIbHBIM TOJIEUTaM, OJHAKO 1O
COZICP)KAHUIO TUTaHAa M cooTHomeHHI0 K/Rb OHM COOTBETCBYIOT TOJNEHTaM OCTPOBHBIX OYT
(Shavishvili,1983). ITlomoOHBI Te€OXMMHUYECKHHA Iyalnu3M XapaKTepeH Uil COBPEMEHHBIX
BHYTpuAyroBbix pudtoB (Heio J[xopmkus, 'edpuas), B TO e BpeMsi OHU XapaKTEpU3YIOTCS
Oonee HU3KUM cojaepxkaHueMm P, T; U nerkux JIUTOPUIOB HEXKEIU KOHTUHEHTAIbHBIE PUQPTHI
(Shavishvili, 1983). MecTtopoxxneHuss XyIeCCKOH TPYIIBI COCTOST W3 METHO-IIMHKOBOTO
OpYJIEHEHHS U HE cofiepkKaT CBUHIIA. VICTOUHMKOM IIMHKA 3/1€Ch SBJISETCS CyOLylipyemast IinuTa
u 0azanpTOBas KOpa B MpOIECCEe CIPEIUHTa, UICTOYHHKOM K€ MEAM — MaHTUWHBIA auanup. B
mpolecce py10o0pa3oBaHus 371€Ch HE y4acTBOBajla cHajlndecKasi Kopa (MCTOYHUK CBHHIIA), YTO
1 00YyCIIOBIIIO OTCYTCTBHE CBHHIIA B py/axX. 3ayroBOMY pU(THUHTY B MAIE€030€ MPEIIECTBOBAIA
CEBEpOBEPreHTHas CyOQyKIMs U HaACYONYKUHOHHBIH OCTPOBOJYKHBIM, U3BECTKOBO-ILIEIOYHON

ByJIKaHU3M B J[n3ckoii cepuu (puc. 7. I).

Ha FOxHoM ckioHe KaBka3a HMKHEIOPCKUH 3aayroBoil pudT mpeoOpa3oBaics B OKpaHHHOE
Mope (Adamia et al, 2016). ToneuTtoBOMYy BYJIKaHHU3MYy COIYTCTBOBala TypOHIUTHAs
CeIMMEHTaIs, OPYACHEHHUE 3[1eCh CTPATUMOP(PHOIO THIMA U MPEACTABIEHO B OCHOBHOM ITUPUT-
XaJIbKOMUPUT-CHaIepuT-nupoTUHOBON pyaol ( mectopoxaeHus dunuz-yaiickoil rpynmnsl -
Owinsz-vaii, Kanpnar, Kuzunnepe, Ananre u np.) ToneuTsl XapakTepU3yrOTCSI TEOXUMHUYECKUMU
MHIMKATOpaMH 3aJyroBelXx pupToB — HU3K0oe cojaepkaHue REE, HOpMalbHO XOHIPUTOBBIM
tperaoMm Ni, Zr, Hf , u Y , Torna xak Ni u Ti XxapakTepu3yroTcsi BBICOKUMHU COAECPKaHUIMM,
MPUCYIIUMU OCcTpoBpoBoIyKHbIM TosieuTaMm (Lordkipanidze et al., 1988, Lordkipanidze et al.,
1979). Mectopoxaenuss Puin3-4yaliCKoOil TpyNIbl XapaKTEpU3YIOTCS MallbIM COJEep KaHUEM
30JI0Ta ¥ CBUHIA. JIHO OKpamHHOTO MOpSI B NpOLIECCEe CHPEAMHra, ydacTKaMu ObLIO MOKPBITO
CHAJIMYECKOM KOpoH. M3BepkeHue TONEUTOB M TypOMUIUTHAs celaMEeHTalusi B paHHEH ope
MPOUCXOJWIA B YCIOBUSAX YTOHEHHOM KOHTHHEHTaidbHOW Kopbl (Jlomuze u IlanoB,2002).
NMeHnHO OHa, BEpOSITHO, SBISETCS MUCTOYHMKOM MAaJOro KOJMYECTBAa 30JI0Ta M CBUHIA B

nporecce (OPMUPOBAHUS ITUX MECTOPOXKACHHM. MIcTOUHNKOM IMHKA OblLTa 0a3aabTOBast KOpa U
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cyOayrupyemMas IinTa, MCTOYUHUKOM K€ MEIM — MAaHTUUHBINA JUAnUp, 00yCIOBUBIIUN CITPEAMHT.
DopMHUPOBAHUIO HWIKHEIOPCKOTO pHQTa MPEAIIeCTBOBAIA BEPXHEMAICO030MCKO—TPHUACOBO-
HIDKHEIOpCKasi HOpMasibHasi CyOQyKIUsS W CBSI3AHHBIM C HEW HW3BECTKOBO-IIEIOYHOM JaIUT-
PHUOIUTOBBIN BYJIKaHU3M. J[alluT—pUONIHUTOBAs cepust HIDKHUX TY(Q(HUTOB B MEKTOPHOM MacCHBE
3akaBKa3bsi, M3BECTHAsl IOJ Ha3BaHWeM HapynbCkoOW CBHUTBHI, 3ajieraeT HaJ MajJe030UCKUMH

rpanuTousiamMu J[3upynbckoro maccuBa (Adamia et. al., 2016).

Onucanne B3aUMOCBSI3M  TpaHChOpMalMK CyOAYHUpPYeMil IUIMTBI C BYJIKAHU3MOM U

pynooOpa3oBaHUEM HUKHEH I0PBI OTpaxkeHbl Ha puc. 7. 1L

Ha Manom KaBka3e BepXHEIOPCKHI BYyJIKaHM3M, CBS3aHHBIA C HOPMAalbHOM CyOAyKLMEW,
MPEJICTAaBICH M3BECTKOBO—IEIOYHOM aH/e3UT-0a3aIbT- AU T-PUOIUTOBON cepuen
octpoBogyxHoro tuna (puc. 7. III). C meit B Jloku—Kapabaxckoit 3one Manoro Kakaza
CBSI3aHBI 3HAYUTENbHBIE 30JI0TO-MEIHOMOIUMETAIUIMUECKUE MECTOPOKICHUS MOp(GUPOBOrO U
AMUTEPMaIbHOIO THUIIOB, a Takxke crparumopdusie Tuna Kypoko (Llamnyr, Anasepau, Texyr,
Kenabek, Kapanar, Yosnap u ap.; babazame u ap., 2015). B 3akaBka3zckomM MeXropHOM OJIOKE,
Ha 0alloCCKON M3BECTKOBO-IIIEIOYHONW CEpUHU 3ajeraeT BEpXHEIPCKas MeCTPOLBETHAs TOJIA CO
IIeJI0YHO-OJIMBUHOBOOA3aJIbTOBOM M TPaxMaHIE3UTOBOW BYJIKAHUYECKOM Cepueil, KOTOpyIo
CEKyT JKCTPY3WM MOHYMKHTA M KamnToHuta (/[3ouenunze, 1948). OHa 1Mo METPOXUMHUUCKUM
KpUTEPUSIM OTHOCUTCS K BYJIKAHMYECKOW aKTMBHOCTH, CBS3aHHOM C 3aJyroBoi 0OCTaHOBKOM.
[Tozgnee nmo marepuanam OypeHus B PuoHCkoHM nemnpeccuu BbisiBIeHa MoinHas (qo 2200 m)
BEPXHEIOPCKAsl BYJIKaHUYECKas TOJIA, COCTOSALIass M3 TOJEUTOB, BBICOKOTUTAHHUCTBIX
OJIMBMHOBBIX 0a3allbTOB U TPaxXuTOB, (GopmupoBanue kortopoil M.Jlopakunanumze (1980)
CBS3BIBAET C BHYTPUIUIMTHBIM pudToreHezom. CoryliacHO Halled UWHTEepHIpeTanuu OHa
oOycioBiieHa TpancpopManue CyoynupyeMoi INThI, MHHEKIIMEeH MAaHTUHHOTO TUaIipa U CO
CIPEIMHTOM, SIBJSISICH PE3yJbTaTOM TpaHC(hOpMAMM HOPMaJIbHON CYOAYyKIIMM B 3aJlyrOBOM

puQTHHT, TposiBUBIIEHCS Ha tore, B JIoku-Kapabaxckoii 30He.

AHanoruyHas IOCJIeI0BaTeNbHOCTh TepexojJa HOPMAIbHOW CYOQyKIIMU B TpaHCHOPMAIUIO
cyOmyrupyeMoi MminuThl HaOmogaeTcss U B BepxHeM meny (puc. 7, IV). 31ech B 3akaBka3zckoM
MEXTOpHOM OJI0Ke (PUKCHPYeTCsl TYPOH-CAHTOHCKAsl CEpHsi, M3BECTHAS 1MOJ] HA3BAaHUEM CBUTHI
MrtaBapu. OHa COCTOMT W3 MNHUKPUT-0A3aJIbTOB, MICNIOYHBIX OJUBUHOBBIX 0a3aabTOB,

TPaxMaHJE3UTOB U TpaxuToB. Ee cexyT ynbTpaluenounsie 3KkcTpy3un ¢ononuta (/[3omenumse,
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1948, I'yrymBuiy, 1968) 1 o neTpoXUuMUYECKUM U T€OXUMUYECKUM KPUTEPUSIM OHA OTHOCHUTCS
K 3a1yroBeiM cepusimM. FOxHee, B ApTBuH-boHrcckoit 1 Comxut-Kapabaxckoii 30HaX U3BECTHBI
BEpXHEMEJIOBbBIE W3BECTKOBO-IIEIOYHBIC OCTPOBOIYHBIC BYJIKaHUYECKHE cepuu.
dopMHUpOBaHUE 3TUX CEPHI KOHTPOJHMPYETCS HOpManbHOU cyOmykuuen. C HUMH CBS3aHBI
30JI0TO-METHOMIOP(PHUPOBAs U DMHUTEPMANbHAS 30JIOTOPYIHAS HHU3KO- U BBICOKOCYIb(PUAHAS

MuHepanu3anus kak Ha KaBkase, Tak u B Bocrounbix [lontunax, bankanax u Kapnarax.

Ha Kagkaze (bomnucckuii pyasslii paiioH) u Ha bankanax (Ilamarropumre — bosrapckoe
Cpenneropue) yxe B KaMIIaHE Ha4aJCsl HOBBIM dTan TpaHCPOpPMALUHU CYyOAYIHPYEMOW TUTUTHI
(3armbaHue, packoil), BBI3BABIIMA HMHBEKIUIO MAHTHWHOTO MaTepuansa ¢ IepexoaoM
OCTPOBOJYXKHOW OOCTAaHOBKM B HayallbHYIO CTaJUI0 3aAyroBoil. OJrta TpaHchopMaius

MPOSBHIIACH B (POPMUPOBAHUH HIOPILIOJIETCKON CBUTHI U B Py1000Pa30BaHHH.

HlopioneTckast cBUTa, COCTOSAIIAs M3 ILIETOYHBIX OJUBUHOBBIX 0a3albTOB M TpaxUaHJE3UTOB,
NETPOXUMHUYECKH M TEOXUMMUYECKH COOTBETCTBYET 3aayroBoil obOctaHoBke. CeBepHee ke, B
3aKaBKa3CKOM MEKIOpHOM OJoke, cyOmymupyemas IDiMTa Oblla TOABEp)KEHA eme Oojee
WHTEHCUBHOW TpaHCQOpMallMM C YCWJICHHEM MAaHTHUIHOIO BIMSHUS W AWANUpU3Ma. 37ech
BYJIKAHUYECKask aKTUBHOCTb NMPOSBUIACH B (POPMUPOBAHUHU CBUTHI MTaBapH, NpecTaBICHHOM

HI/IKpI/IT-6aBaJ'ILTaMI/I, ICJIOYHBIMH OJJMBMHOBBIMHA 6333J'ILT3MI/I, TpaxuTaMu U q)OHOJ'II/ITaMI/I.

Tpancdopmaruss cyOayuupyemMoil TIUIMTBI M CBA3aHHBIM C HeH MaHTUHHBIA JUATMPU3M
MPOJIOJDKAJICA U B DJ0IEHE, YTO BHUJHO Ha mpumepe Akapa-Tpuanerckoro pudra. 3aech
Tpachopmaruu CcyoaynupyeMon IUIMTHI, ONpenenuBlied pudTuHr, Ha Ore — B BocTouHBIX
Ilontupax u B ApTBUH—DBOJIHUCCKOW 30HE THpeAllecTBOBANa HOPMajbHas CYOAYKIHUS C
U3BECTKOBO-IIIEJIOUHOM  OCTPOBOAYKHOM  BYJIKAHMYECKOM aKTUBHOCTBIO U €  30J0TO-
MeaHonopduposoit munepanuzanuen (Gugushvilli et al., 2016). B camoii Amxapa-Tpuanerckoit
30HE C 3amajla Ha BOCTOK TpaHcopmalusi IUIMThI MU HMHTEHCUBHOCTh WMHBEKIMU JHanupa

MOCTETIEHHO cllabeeT U MPOUCXOAUT NMEPEX0]l B HOPMAIBbHYIO CYOAyKIHIO (pHC. §).

Amxapa-Tpuanerckas 30Ha  SBJSIETCS.  COCTaBHOM  YacThl0 ~ MOOWJIBHOW  CHUCTEMBI
MPEKOIN3UOHHOTO pa3BUTHUs EBpasuiickoid akTUBHOUM okpauHbl. K 3anmagy oHa mpopoixkaeTcs B
O0e3rpaHuUTHYI0O 30HY UYepHOro Mops, TPEIACTABICHHYIO 3alMagHbiM W  BOCTOYHBIM

MajooKeaHH4YecKUMH OacceiiHamu. 3oHa siBiserca pudToBOod cTpykTypoi. Hauano pudtunra
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3/1eCh MPECTABICHO MAICOLEHOBBIM (uUIEeM (TypOUAUTHI), KOTOPBIA B BOCXOSIIEM pa3pese
MEePEeXOJUT B HHUKHEIOICHOBYIO IIOMIOHUT-TPAXUAHJE3UTOBYIO Ccepuio (IepaHrckas H
HarBapeBCKasi CBUTBI) — TPOAYKT HAYalbHOH cTaauu (OPMHUPOBAHUS BHYTPUIYTOBOTO
pUQTHHTa, CBA3aHHOTO C IEPBBIM 3TAllOM BHEAPEHHS MAHTUHHOTO IHanupa Ha OOJbIION
riyoune. Beliie cienyer MOIIHAS TOJEUT — LIEJIOYHO-OJUBUHO0A3aIbTOBAsT YMMIIbCKAsT CBUTA
— MHJIUKATOP BBIPAKEHHOTO MHTPAAYTOBOTO PUPTUHIA, BEI3BAHHOTO MHTEHCHUBHBIM BHEJPEHUEM
MaJIOrNIyOMHHOTO MAaHTUHWHOIO Juanupa. B KOHIlIE CpeqHero 301€Ha U B BEPXHEM DOLICHE
BYJIKAHMYECKAass  aKTUBHOCTb  BO3BPALLAETCSl K  LIOLIOHUT-TPAXUAHAE3UTOBOMY  THUILY,
MPEACTABICHHOMY B 3aJIETAIOIIMX HAJl YUAWIBCKOM aJIUT€HCKOW U HAIaJUT€HCKOM CBUTAX, YTO
3HameHnyeTr ocnabnenne pudtunra. Ilo manaeim  M.Jlopakunmanunze (1980) Amxapa-
Tpuanerckas 30Ha mojpasjeieHa Ha TpU cerMeHTa: 3amaaHblid, LlenTpanbHblii 1 BocTouHbIN
(puc. 8). BoleonucanHble JaHHBIE OTHOCATCA K 3amajaHoMmy cermMeHTy. K BocToky ot Hero, B
LentpansHom cermente (Amxapa-imepernHckuii Xpeber U AXanlMxcKas JETpeccHs)
MHTEHCUBHOCTh pu(THHTa ocnabeBaeT M MpeodianaeT MIOMOHUT-TPaXUuaHIe3UuT-/1eJUICHUTOBAs
BYJIKAHMYECKas JEeSATEIIbHOCTb. T0JIenT-0a3aibToBasi Cepusi BBIKIMHMBAETCA U (UKCHUpYETCs
JUIIb B HUKHEM 4aCTH CPEIHEIOLEHOBOM BYJIKAaHWYECKOM CEpUH, B JIMKAHCKOM CBHUTE. B sTOM
CETMEHTE MOLIHOCTb CPEJHEIOLEHOBOW CBUTHI 3HAUMTENIBHO yMeHbIIaeTcsa. Ecim B 3amagHoM
CETMEHTE OHa paBHA 7 KM, TO 3Jech nocturaer jumb 4 kM. Eme BoctouHee B Bocrounom
CerMeHTe, B npejenax TpuaneTckoro xpeoTa, CpeHsst MOIIHOCTh CBUTHI HE TIPEBBIMIAET 3 KM. U
OHa TMPEACTAaBICHA W3BECTKOBO-IICIIOYHON aHIAE3UTOBOM CEpHEH, CBUICTEIbCTBYIOLIECH O

3aTyxaHMM pU(TUHTA U Tepexo/ie 3alyTOBOM B OCTPOBOAYKHYIO OOCTaHOBKY.

[Iponiecc BynakaHMUECKOM AeATENbHOCTH B AJpkapa-TpHaneTckoil 30He W MEeTPOXMMUYECKHE U
IE€OXMMUYECKHE OCOOCHHOCTH BYJIKAaHUTOB JIETAlbHO pAacCMOTPEHbl B MOHOrpaduu
M.JIopaxunanuaze (1980), B KoTOpoif OOOCHOBAHO MOCTENEHHOE OciadiieHue pU(THUHTA C
3amajla Ha BOCTOK M TIOJIHOE €ro 3aTyxaHue B BOCTOYHOM cermMeHTe ¢ IepexoioM B
OCTPOBOIY)KHYIO OOCTaHOBKY U HW3BECTKOBO-IIEIIOYHYIO BYJIKAHHYECKYIO JESTEIHHOCTD.
CornacHo Hamiell WHTepHpeTaliy, TaKoe pPa3BUTHE CBA3aHO C OcCiabiieHueM TpaHchopMaruu
cyonyuupyemMoil miaMThl B Ajkapa-TpuaneTckoil 30He ¢ 3amaja Ha BOCTOK U C HOpMaJbHOU

cyonyknuei 6e3 nedopmaruu cyoayrupyeMoit mnTsl B BoctouHOM cerMeHTe.
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JlarepanbHasg TpaHchopManus CyOnyLUMpPYyeMOW IUIMTHI HPOSIBWIACH B XapakTepe caMoro
BYJKaHU3Ma U B CBSI3aHHOM C HUM IIOCTBYJKaHWYecKoM mporecce (puc. 8). B 3anannom
CerMeHTe, Ine TpaHchopMalus IIUTH 00ycIoBUiIa OJM3MOBEPXHOCTHYIO HHBEKIHUIO THANUPA,
TOJICUT-IIEI0OYHO0A3aIbTOBBIA ~ BYJKAaHU3M  COINPOBOXKIAETCS  JMUIOT-IOM3UTOBOM |
AKTMHOJUTOBOW IPONMUIIUTU3AIMEH, TemIiepaTypa GopMupoBaHus KoTopoil (B mpenenax 360-
470°C) ompezneneHa 1Mo METOAY 3MUA0TOBOM TepmMomeTpuu CTpeHca M IO JEeKpenuTaluu U
TOMOT€HM3allui Ta30BO-KMJKHUX BKIIIOUEHMH B KBapue (aHaiuTuk P.AxBnenuann). ®oHoBas
BBICOKOTEMIIEPATYPHAsl MPONWINTH3ALUS YCTAHOBJIEHA B CPEIHEIOLCHOBON YMIUIBCKON CBUTE
U MOACTUJIAIONIEH €€ NEPaHICKOM M HarBapeBCKON HM)KHEIOLIEHOBBIX CBUTAX, XOTS B IIOIIOHUT-
TPaxUaHJE3UTOBOM BEPXHEIOLEHOBOM cepun (agureHckas M HaJaJUIeHCKas CBUTHI),
3ajierarolieil Hajl YUANIbCKON CBUTOM, (POHOBBIH Mpolecc ruApoTepMaIbHOIO U3MEHEHUs OoJiee
HU3KOTEMIIEPATypEH U MPECTABIIEH XJIOPUT-aJbOUTOBOM M IIEOJUTOBON MPONUIMTU3ALMEN 1O
BCEM MOIIHOCTH BEPXHEIOLCHOBOM LIOIIOHUT-TPAXUAHIAE3UTOBOM cepuu. [IpuMeuaTenbHO, 4TO
XJIOpUT-aIbOUTOBAsT MPONMWINTU3ALMS (UKCUPYETCs JIUIIb HAa HMKHEM YPOBHE aJMI€HCKOU
CBUTBI, CIIEJOBATENIBHO, 3/I€Ch OT CPETHEr0 K BEPXHEMY HOLEHY B BEPTHUKAIbHOM HAIpPaBICHUU
M0/Ipa3yMeBaeTcsl 0CJIadIeHne MaHTUIHOIO BIMSHUS U PUPTUHTA, YTO OOYCIIOBIEHO Ma/leHuEM
TeMIeparypsl QUIIOMI0B U TEIUIOBOTO pexuma. Takas 1ociieJoBaTeIbHOCTb MTPOSBUIIACH TAKKE U
B CMEHE TOJEeUT-0a3aJIbTOBOM BYJIKAHMUYECKOW JEATETbHOCTH Ha IIOIIOHUT-aHJIE3UTOBYIO, C
KOTOpOI B OCHOBHOM CBfi3aHa LE€OJIMTOBas mnponwiutu3anys. CMeHa B BEPTUKAIBHOM
HalpaBJIECHUH W BO BPEMEHU OIUOT-IOM3UTOBON NPONWIMTHU3ALMU XJIOPUT-aIbOUTOBOU H
LIEOJIMTOBOM CBUJETENILCTBYET O IMepexone ¢ ocjabieHueM pu(TUHra B CPABHUTEIBHO
HU3KOTEMIIepaTypHbIN (POHOBBIN MPOIECC U3MEHEHUS! U OTHOCUTENIbHO HM3KOTeMIIepaTypHBIN
TEIUIOBOW PEXUM, UTO CBSI3aHO ¢ Oojee IIyOMHHOW MHBEKIMEW Tuanupa |, ciIel0BaTelbHO, C
ociallIeHueM TEIUIOBOIO pPEeXHMMa B BOCXOSIIEM pa3pe3e. Bce 3To BbeIpasmiioch B CMeEHE
BBICOKOTEMITEpAaTypHOH mpornuanTH3ammn  (350-470°C)  xmoput-ansoutosoit (250-300°C)
neonuroBoi (<250°C). Kak ormeuanoch Bbile B AJpkapa-TpHaraeTcKoil 30HE IMOCTENEHHOE
ociabnenue pudTuHra HaONMIOJaeTCs W C 3amaja Ha BOCTOK (B JIaTepajbHOM HAIpPaBJICHUH).
[lepexon ot 3amanHoro cermenta (Amxkapa-I'ypuiickuii pernon) x LlenTpansHomy (Amxkapa-
NwmepetnHckuil xpeber u Axanuxckas Jenpeccusi) 3HaMEHyeTcsl ociabiieHueM puTHHTa U
MaHTUWHOTO BIMSHHUS, a TakXKe TPOSIBICHUEM OJMBHHOOA3aJbTOBOTO BYJKAaHH3Ma C

COIYTCTBYIOMIEH cl1a00 BBIPAKCHHON IMHUIOT-IIOM3UTOBON MpONMWIMTH3auel (puc. 8) muiib Ha
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HIWKHEM ypoBHe cpenHero soneHa (Jlopakumanumze, 1980). B Bocxopsmiem paspese 3a
OJIUBUHOBBIMH  0azajbTamMH  CJEAyeT  MIOMIOHUT-TPaXUaHJE3UT-AC/UICHUTOBasT  cepus
(TatumBumm, 1970) ¢ ¢GoOHOBOW XJIOPUT-aNbOMTOBOW W IICOJMTOBOM MpomwiIHTU3anuei. B
3amaJHOM CErMEHTE MOIIHOCTh TOJEUT-IIEN0YHO0a3aIbTOBOM CEpUM JIOCTHIaeT S KM,
6azanbToBOM cepun LleHTpasibHOTO cermMeHTta (JMKaHCKas CBUTA) — BCEro JIUIIb HECKOJIbKHX
COTEH MEeTpPOB (pHC. §), a MOLTHOCTh IIONIOHUT-TPaXUaHIE3UT-/1€JNIEHUTOBON CEPUH MPEBbIIIACT
3 kM. BricokoremneparypHasi (pOHOBasi SMUAOT-LIOM3UTOBAS MPOMMIMTU3AIMUS HE BBIXOJUT 32
Ipeseibl JIMKAHCKOW CBUTHI, TOIZla KakK XJOPUT-aJIbOMTOBAsl M LIEOJIMTOBAs MPONWIMTU3ALNS
MPOsIBIICHA B IIONIOHUTOBOW CEpUU IO Bcel ee mourHocTu (puc. 8). CrenoBareiabHO, XJIOPHUT-
anpOuTOBass M IEoNUTOBass (POHOBAs MPONMMIUTH3ALUS SBISIETCS WHIUKATOPOM OCTablieHus
pUGTHHTa W TaJEHUS TEIUIOBOTO PEXKMMA, CBSI3aHHOTO C Oojee TIIyOMHHOW WHBEKUIHUEH

MaHTUIHOTO JUanupa o CPAaBHEHUIO € 3araHbIM CETMEHTOM.

Eme Bocrounee, B Boctounom cermente (Tpuanerckuii XpeOeT), MIONMIOHUTOBYIO CEPHIO
3aMeIlaeT aHJe3UTOBas. DTO CBHUJETEJILCTBYET O MpeoOpa3oBaHMU PU(PTOBOrO BYJIKAHHW3MA B
OCTPOBOJYKHBIN, KOTOPHIN cBsi3aH ¢ HopManbHOU cyOaykumen (['yrymBumm, 1980; Gugushvili
et al.,, 2016). Jlutomormuecku Hauajgo pUPTHUHTA 371€Ch NPOSBWIOCH JIMINL B TAJCOIICHE,
BBIPA3UBIIMCh B TypOUAWTHON (QuumieBoil) ceaumeHTauuu. B 3oleHe aHAe3UTOBOMN
BYJIKAHUYECKOM JIeATEIIbHOCTH COIMYTCTBYET L€0JUTOBas (DOHOBas MPOMMIMTH3ALMS, KOTOpas
BMECTE C aHJE3UTOBOW BYJIKAHWYECKOH aKTUBHOCTBIO CBHJETEIBCTBYET 00 OCTPOBOAYKHOU
oOctaHoBke. HecMoTpss Ha 3HAUMTENBbHYIO MOLIHOCTh AaHJE3UTOBOM cepum (CBBILIE 3KM),
(oHOBas MPONMUIUTHU3ALMS 31ECh MPEACTaBIeHa HU3KOTEMIEPaTypHbIM LEOJUTOBBIM THUIIOM C
(buKcupyroIeics 30HAIBHOCTBIO — aHAJIBIMM-JIOMOHTUTOBAsI 30HA MO BOCCTAHHIO MEPEXOIUT B
B-neonrapaut-kauHonTUIOAMTOBYIO (I'yrymBunu, 1980). HuskoremmnepaTypHblil pexuM B 30HE
Tpuanerckoro xpedra 00ycnoBieH OOJbIION INTyOMHON BYIKaHMYECKUX OYaroB U OTCYTCTBHEM

BJIASTHAST MAHTHHHOTO Auarurpa Ha BYJIKaAHU3M U HOCTBy.]'IKaHI/I'-IeCKI/Iﬁ mpomnecc.

ITo reodpusnueckum nanubM (Penotos, 1974) renepariust U3BECTKOBO-IIEIOYHON MarMbl B 30HE
Kypun wu Kamuatku mnpoucxoaur Ha riyoune 100-230 kM, Torma Kak B 30HE
CpeAHEOKEaHUYECKHX XpeOTOB YpOBEHb TI'€HEpallMd Marmbl, CBA3aHHOW C MaJOTJIyOWHHBIM
MaHTUHHBIM JuanupoM, npumepHo 15-20 xm (Iopmikos, 1974). Ilo manneim T.XareproHa

(XareptoH, 1978), TemsoBble MOTOKM B OCTPOAYKHBIX 30HaX COOTBETCTBYIOT (.7 enuHuue
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teroBoro notoka (ETII), Torma kak B 3amyroBoii oocranoBke oHa paBHa 3 (ETII). B 3one
CpeIMHHOOKEaHn4eckoro xpedrta TteroBoit motok gocturaer 7 (ETII) ¢ TemmorpamueHToM
160°C/km. B 3amagnom cermente Amxapa-Tpuanetun tepmorpaaueHT paBeH 120°C/kM, yTo
CBUJICTEILCTBYET O JOBOJBHO BBICOKOM TEILIOBOM IOTOKE, OOYCIOBICHHOM MAaJIOTTyOHMHHBIM

MaHTHUHHBIM Auanurpom.

B Llentpaisnom u BocrouHoMm cermentax Ajpkapa-Tpuanetuun (GoHOBas MPONMIATHIAIMS
IIPEJCTABICHA, B OCHOBHOM, XJOPHUT-AJIbOMTOBOW M ILI€OJIMTOBOH (aiuel, OIHAKO 31ecCh, B
IIPUKOHTAKTOBBIX ~ 30HaX C JUOPUTOBBIMH  MHTPY3MBaMH  BYJIKAHUTBl  MCIBITBIBAIOT
BBICOKOTEMIIEPATYPHYIO 3MUAO0T-XJIOPUTOBYIO M LIOU3UTOBYIO MPONWINTU3ALUIO, @& B KOHTAKTaxX
C M3BECTHSKAMHU — BBICOKOTEMIIEPATYpPHOE CKapHOOOPAa30BaHUE, YTO, ECTECTBEHHO, CBSI3aHO C
TEIUIOBBIM BIIMSHUEM UHTPY3UBHBIX Tel Ha (oHE Oojiee HU3KOTEMIIEpAaTypHOU MPONMINTH3ALUN

(T'yrymBumnu,1980).

3anaaHblii cermeHT Amkapa-Tpuanerckoro 3aayroporo pudra mnpojoimkaercs B Boctounsiii
MajiookeaHndeckui 6acceiin Yeprnoro mops (Adamia et al.,2016), KOTOpBI CO CBOEH CTOPOHBI
IpoJoJkaeTcsd B 3anaJHOYepHOMOPCKUI ManookeaHudeckuil OacceiiH. [locnennuil k 3amany
nepexoautT B bypracckuil CUMHKIMHOPUYM, KOTOPBIM COCTOMT M3 TOJIEUT-LIEIOYHO0A3aIbTOBOM
CepUM U NPEICTaBIseT MEJIOBYI0 BHYTPHIYTOBYIO pU(PTOBYIO CTPYKTYpPY, HOJOOHYIO AJpKapa-

Tpuanerckoii (Vassileff and Stanisheva-Vassileva, 1981).

Bocrouno-YepHomopckuil okeaHndeckuil OacceiiH KoHTpoiupyercss Ankapa-Ep3unmpkan-
CeBanckoit cyrypoi, 3anagHo-UYepHnomopckuit sxe — cyryport Uatpanontun (Okay and Tiiysiis,
1999; 2016; puc. 3). Ilocnegnuii 3Tan KOJUIM3UU ITUX CYTYp JAaTUPYETCS BEPXHUM DOIICHOM

(Adamia et al.,2016); Okay and Tiiysiis, 1999; 2016).

AHaNoOruyHoO Tmepexony BHyTpuayroBoro pudra Amxapa-Tpuanetun B YepHOMOpcKHii
okeaHndeckuil 6acceitH, TanpIckuid 3a1yroBoil pudT MpoaoIKaeTcs B Majblii OKEaHUYEeCKUN

Oacceiin Kacniuiickoro mopst (M.Mamenos, 1998).

3agyroBoii pu¢dt Tamblma Takke KOHTpoiHMpyercs AHKapa-Dp3uHIKaH-CeBaHO-AKEpCKOM
CyTypoil U ero (OopMHpPOBAHUE CBSA3aHO C CyOMyKIMeW W TpaHchopMmanuen cyOmyrupyeMon
wnThl okeaHa Tetuc. C rora oH rpaHuyuT ¢ Andopu-AsepOailzkaHCKOI H01IEHOBOM IIOIMIOHUT-

TPaXUaHAEC3UTOBOM BYJIIKAHUYECKONM CEpUEH, KOTOpas 3ajeraer Haj MeJIOBOM, H3BECTKOBO-
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IISTIOYHOW aHJIe3UT-IAlIUTOBOM CEPHEH, CBSI3aHHOW C HOpPMaJbHOM cyOaykmueid. B sorene
cyOayuupyemasi IUMTa IMpeTeprena TpaHchopMalnio, Ha MEpPBOM 3Tane OO0YCIOBUBIIYIO
(hopMUpOBaHHE MIOIIOHUTOBOM CEPUH, HA CIEAYIOIIEM XKE ITale, ¢ yCUICHUEM TpaHCchopManuu
MaHTUHHOTO BJIMSIHHS JAMANKPA, CIIOCOOCTBOBANA 3aJ0KEHUIO TabIIICKOTO 3alyroBOro pudra
(puc. 9). CpenHedoleHOBbIE BYIKaHUTHI Tambllla MPEJCTABICHbI CepUel  IIETOYHBIX
OJIUBUHOBBIX OazanbToB u (onommroB (M.Mamenos, 1988). Ilo mneTpoxumMudyeckum u
Te0JOTMYEeCKIM KPUTEPUSIM OHA Mo100Ha Axkapa-TpuaneTckoi, OJJHAKO HaJ CPEIHEIOICHOBOM
IeI09H00a3aIIbTOBOM cepueld Tampila 3ajeraer BEpXHEIOLEHOBAS BYJIKAHOTEHHO-OCAI0YHAS
TOJIIIIA, KOTOpasi cedeTcsl MTOKAaMHM U JallkaMu MepuioTuTa U radopo-nepupotuta. Ciemyet
OTMETHUTH, YTO eciii B Akapa-TpuaneTuu B BEpXHEM JO0lLIEHEe MaHTHUIHOE BIUsSHUE ociabeBaeT
U BYJKAHU3M IIPEACTABICH WIOIIOHUTOBOW cepuei, To B Taipllnie B BEPXHEM HOLIEHE OHO
BO3pAcTaeT M BBIPAKAETCS BO BHEAPCHHHM XAPAKTEPHBIX I MaJOOKEaHHYECKHMX OOCTaHOBOK

YIBTPAOCHOBHBIX IIEPUAOTHTOBBIX HITOKOB.

1.2.2. [IpekoNIU3MOHHAS METAJJIOTeHUS

[Ipexomm3nonHas MerauioreHus: EBpa3uiicKON aKTMBHOW OKpPaWHBI, KaK M BYyJKaHUYECKas H
MIOCTBYJIKAHUYECKas aKTUBHOCTb, KOHTPOJHUPYIOTCS CyOnyknMed U TpaHchopmarueit

cyOayuupyemMoil mnuThl okeana TeTtuc.

Pynoobpa3zoBaHue CBS3aHO C  OCTPOBOJYXHBIMH, HMHTPAJyrOBBIMHM, 3aJyrOBBIMH U
OKEaHWYECKMMM JTanamMHl MPEKOUIM3MOHHOTO pPa3BUTHUS C COOTBETCTBETCTBYIOIEH UM
MUHEpalu3alrel, 3aBUCSAIIEH OT ypOBHS y4dacTHsl B Ipollecce pyao00pa3oBaHMsS MaTepuaia

MaHTHH, a TAKXKC CHAJINYECKO# U 0a3aIbTOBOM KOPBI.

B Boctounsix [TonTHIaX METOBast U S0IIEHOBAs BYJIKAHWYECKAsi aKTUBHOCTD U PyJI000pa30BaHKE
00YCIIOBJICHBI CEBEPOHAIPABIICHHOU HOpPMaJIbHON cyonyKiuen OKeaHa Tertuc,
MPEIIECTBYIOUIEH 3aMBbIKaHUIO OKeaHa U (HOPMUPOBAHHUIO BEPXHEIOIEHOBON AHKapa-2p3epyM-
CeBaHCKOH  CYTYpBL. MenmoBoe M DOIEHOBOE  30JI0TO-MEIHOMOJMMETALINYECKOE
pyaooOpa3oBaHUe 37e€Ch MPEACTAaBICHO NOP(GUPOBBIM U JMUTEPMAIBHBIM OpPYACHEHUSMHU, a
Takke crpatudopmuoit VMS wmunepanuzanmeit tuma Kypoko (puc. 6). IlopdupoBbivu

MECTOPOXKICHUSIMUA  sABisitoTca  [rosemaiina, lepekour, ['romymane, bamukiu u  1p.;
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snutepManbHbIMH — Tak, Mactpa, Kopak, Ak6aba, Jlepekoii; k MecTopoxkaeHusMm VMS Ttuna
Kypoko otHOocsatcs Yaemu, Yeparene, Jlaxanoc, Kompybam. CremyeT OTMETHUTBH, 4YTO
noppupoBeie  MECTOPOXKICHHS HE  COAepXkar 30JI0Ta, TOrJa Kak dIUTepMabHBIC

(BBICOKOCYIBGUAHBIC) U MecTOpokAeHHS TUa Kypoko so1motoHocHH (Yigit, 2009).

C ceBepoBepreHTHON CcyOaykime okeana TeTuc CBsI3aHBI TaKKe HM3BECTKOBO-IIEIOTHON
BYJIKaHU3M U pynooOpa3oBanue bankano-Kapnarckoro pernona, KOHTpoJIupyemMble HOpMaabHOU
cyOayK1Heii.30J10TO-MeTHOMOINMETAJUINYECKOE OpPYICHEHUE 3/IeCh MPEACTABICHO B OCHOBHOM
nmoppupoBEIM W dnuUTepManbHbIM  THnamu  (puc. 4). Hawubomee 3HAUMTETHHBIMU
MecTOpoXxAeHusIMU pyaHoro panona Ilanartopumnre (bonrapckoe Cpemneropne) SBISIOTCA

UYenoneu, Enmmurca, Enatcure, Bnaiiko Bpyx u nip.

Ocob6eHHo Oorata 30J10TOM 3MUTEpMalIbHAs BBICOKOCYIb(GUIHAS 30Ha MeCTOpOxIeHus Yemnorney,
TOrAa Kak nopdupoBas 30Ha 3TOr0 MECTOPOKIAeHU 30J0Ta He coaepxut. B Cepockom Tumoke
KPYIHBIMU 30JI0TO-TIOJIMMETAIUIMYECKUMHU MECTOPOXKAeHUsAMU sBisitoTcs bop u Maiinannek. B
OTJIIMYUE OT MecTopoXxaeHus: Uemnomned 37eck moppupoBbIe Pyabl, TAKKE KaK M AUTEPMaIbHEIC,
Ooratbl 3050TOM. Mectopoxaenus bae-Mape n Anmas Cranumxka Pymbinckux Kapnar toxe
COCTOAT M3 JIBYX 30H — COOCTBEHHO MOP(UPOBOIl U 3MUTEpPMaIbHO; MOCHeAHsAS NpecTaBiIeHa
6e3cynb(UIHON 30JI0TOPYIHOM MMHEpaau3alell B KBapll-Xallel0HOBbIX U KBapIl-0apUTOBBIX
HITOKBEpKaxX. 3/1eCb NOPYHUPOBaAs 30HA MEIHONOJIMMETAIUIMYECKON PYABI 30JI0Ta HE CONEPIKUT.

OHO KOHIIEHTpUpPYETCS JIMIIb B BepXHel 3nutepmanbHoii 30He (I.Popa and S.Popa, 2005).

Wrak, Tpanchopmanus reoquHaMHUYECKOr0 Mpolecca Ha MPEKOJIITM3MOHHOM 3Talle ONpeessieTcs
0COOEHHOCTSIMM ~ XapakTepa BYJKaHM3Ma M TOCTBYJIKAHMYECKOW JAEATENbHOCTH. 30JI0TO-
MEIHOMOIMMETAIUIMYECKOE  pydooOpa3oBaHHME  Takke  OTpakaeT  pasHble  JTaIlbl
MPEKOJUIM3MOHHOTO  pa3BuTha. B 3amangHom cermenre Ajmkapa-Tpuanetun  3070To-
MEIHOMOIIMMETa/NINYecKass MHHEpalIu3alisl B BEPXHEM D0IEHE CBs3aHAa C OcilabJieHneM
pUPTHHTA U KOHTPOJIUPYETCS CUEHUT-IMOPUTOBBIMH U CUEHUTOBBIMU MHTPY3UBHBIMH HITOKAMH
— MPOBOJHHUKAMM PYAHBIX (IIOUIOB U3 ITYOMHHBIX MarMaTH4ecKUxX odaroB. B naHHoMm ciydae
MUHEpau3alus OTHOCUTCA K NOpGUPOBOMY THUIYy M JAaTtupyercs BepxXxHUM soneHoM. Co
CPEIHEAOLEHOBBIM  TOJEUT-0a3aJbTOBBIM  BYJIKAHU3MOM  HHTPaAyroBoro pudra 37ech
crpatuMopdHoe pynooOpasoBanue VMS He cBsf3aHO, TOTAa Kak 3aAyroBOW W MHTPAJyroBOM

BYJIKAHU3M OOBIYHO KOHTPOJIUPYET CTPATUMOP(GHYIO METHO-IIMHKOBYI0 MHHEPAIH3ALUIO, YTO



160

MOATBEPKIACTCA Ha mpuMepe pudtoBoro pymoodpazoBanus Xynaecckod u DuimcyanicKou
rpynn  mectopoxaenuin  (Gugushvili, 2015). Jleno B TOM, 4YTO B TMOpOAax TOJIEUT-
IeTI0YH00a3abTOBBIX U HIOMIOHUT-TPAXHAHJE3UTOBBIX cepuil Amkapa-TpuaneTnn copepxkaHue
Mean (mo 200 1/T) 3HAUMTENBHO NPEBBINIACT KJIApKOBoe. Meab KOHIGHTPHUPYETCS B
HECTPYKTYpHOU opMe B MarMe ¥ oYeMy-TO He MepexoquT Bo (uironaHyo ¢azy. AHaIOTHYHOE
spineHre onuckiBaeTcss T.DponoBoit m U.bypukosoir (1977) B HOxkHOypanmbckux OazanmbTax
BHYTPHIIYTOBOTO pHU(TA, XaPaKTEPUIYIOIIUXCS BBICOKHM COJIEpKAHMEM MEOd U IMHKa 0e3
NPU3HAKOB  CTPATUMOP(HOTr0  OpyneHeHHs. ABTOpPHl  IOJAararOT, YTO  OTCYTCTBHE
cTpaTuMOp(dHOTO pya000pa30BaHUs U 3/1€Ch O0YCIOBIEHO BBHICOKHM COJIEp:KaHHeM B Oa3anbTax

HECTPYKTYpPHOU Mequ, He nepexoadieii Bo pmouanyio dasy.

Bricokue copepikanusi Menu (UKCUPYIOTCS TaKXKe B IMOPOJAX IMIOMIOHUT-TPaXUaHIIE3UTOBOM
cepun  Amxkapa-TpuaneTuu, TMPEBBINIAIONIME B  JCCITh pa3  KIApKOBBIE  3HAYCHUS.
MeaHOmoIMMEeTaINTNIeCKOe pyIoo0pa3oBaHUe 3/IeCh CBS3aHO C IMPOILECCOM CEPUIUTHU3AINN
MIPUKOHTAKTOBOM 30HBI CHEHUT-AMOPUTOBBIX HUHTPY3UBHBIX Teil. CaMu K€ CEpULIUTOJIUTHI
XapaKTepU3yIOTCs HU3KUM cojepxkanreM meau (16.34 r/T) u BBICOKUM TpeH1oM cBUHIA (97 1/T).
CrnenoBaTelbHO, ICTOYHUKOM MEAM B JAHHOM cCllydae sIBIISUIMNCH CBEXHE TOpoJbl. B mporecce
CEpUIIUTU3AINN Meb BBIHOCHIIACH W3 BMEMIAIONINX ITOPOJA — TOJIEUT-0a3aJbTOB M IIOIIOHHT-
TpaxuaHJe3UTOB, MepeoTaarasch B Buje pyasl. CepULIUTONUTE 0COOEHHO O0raThl CBUHIIOM (92-
97 r/T), Torna kak B 0azanpTax M TpaxHaHAE3UTaX €ro CoAepKaHHe COOTBETCTBYET JHIIb 9.3-
15.3 1/1. Opeonbl CEepUIMTU3AINK, CBS3aHHBIE C CHEHHUT-IUOPUTOBBIMH M CHEHUTOBBIMH
ITOKAaMH, BeChbMa OOIIMPHBL. BbICOKOE coaepkaHWEe MEIW BO BMEMIAIONINX MOPOJAX,
HECOMHEHHO, JOJDKHO OBLIO UrpaTh 3HAUUTENBHYIO pollb B  (OPMHpPOBAHUH 30J0TO-
MEIHOIMOIUMETANTNYECKOT0  MecTopokaeHus. O  OONbpIIOW  pONU  CEPUIIMTU3AINU
CBUJCTENHCTBYET TaKXKE Yy4acThe B MPUKOHTAKTOBOM 30HE MEIHBIX KW XJIOpPUT-KapOoHaTa,
KOMIOHEHTHl KOTOphiXx — Ca, Fe m Mg BBIHOCWINCH M3 BMENIAIOMIMX MOPOJ B MPOIECCe

cepunutuzauuu (I'yrymsumm, 1980).

CoBepiieHHO TIO-MHOMY BelIM ce0si B TMpollecce pyaooOpa3oBaHMsi CBHUHEN W IMHK. Bo
BMEIIAIOMIMX TMOPOAaX OHH COJepXaTcsl B TMpeaenax KIAPKOBBIX BEJIMYMH, TOTJa Kak
CEpULIUTONUTHI 3HAUUTEIHHO O0oralieHbl ’TuMu MetaiamMu. OHu coaepxkar B 8-10 pa3 Gombiie

CBHHIIA U1 BABOC OoubIIIe IMMHKA 110 CPABHCHUIO C MEPBUYHBIMH aHAC3UTAMH U TpaXUaHAC3UTAMU
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(MBanuukuit u np., 1969), yto noareepxaaetcs u HamuMmu gaHHbIME (I'yrymBuim, 1980). Otor
MaTepuaig, a Takke TOT (aKT, YTO OKOJOPYAHbIE 30HbI CBUHI[OBO-IIMHKOBBIX JKWJI H
MIPUKOHTAKTOBEIE  OpPEOJIbI  CHCHHUT-TUOPUTOBBIX HWHTPY3UBOB  XapaKTEPU3YIOTCS  KBapil-
CEpUIIUTOBBIM METACOMATO30M, CBHICTEIHCTBYIOT 00 FOBEHWIHHOM MCTOYHHKE CBUHIIA M IIMHKA
B pyanbix ¢mounax (I'yrymBumm, 1980). CnepgoBatenbHo, B  (OPMHUPOBAHUM MEIHO-
MOJIMMETAINTMYECKMX ~ MECTOpOXAeHUW  Akapa-TpuaneTuu  cepulMTH3ALMS  SBISIACh
Pya000pa3yomuM MPOIEecCoM Kak Juisi Meau (IPOAYKT BBIIMICIAYMBAHUS W3 BMEIIAIONIUX

MOPO/JI), TaK U JJIsl CBUHIIA U IMHKA (FOBEHWJIbHBIA UCTOYHHK).

Ha ocHoBaHMM aHanmu3a JUTEPATypHOrO MaTepuaia U COOCTBEHHBIX JIaHHBIX, IPEJIOJIaraeTcs,
YTO UCTOYHUKOM MEAM B MpOIlecce pynoo0pa3oBaHUs SIBISIETCS MAaHTHUA, IMHKA — 0a3ajabTOBas
KOpa, a CBUHIA U 30J7i0Ta — cuanuieckas kopa (Gugushvili et al., 2010; Gugushvili, 2015). C
OKEaHWYEeCKOH OOCTaHOBKOW CBSI3aHO (POPMHUPOBAHME METHOKOIUEAAHHBIX MECTOPOKICHUN
Kurpckoro Tuma, ¢ 3aayroBoil 1 HHTPaIyroBOi 00CTaHOBKAMH — METHO-IIMHKOBOE OpY/ICHEHHE,
a C OCTPOBOAYXHOW CHTyalMeil — 30J0TO-MEIHO-CBHHIIOBO-IIMHKOBOE pPYyI000pa30BaHUE.

CJ'IG,I[OBaTeJ'IBHO, COCTaB PyAbl KOHTPOJIUPYETCS reonHHaMqucxoﬁ 00CTaHOBKOIA.

MenaHoKoTUeJaHHOE OPYACHEHHE OKEaHWYECKHMX OOCTaHOBOK IMPEICTaBICHO CTPATUMOP(PHBIMU
VMS pynamu u CONYTCTBYIOIIEH OPYIAEHEHUIO SMHUA0T-IIOM3UTOBOM M aKTUHOJUTOBOM

MPONWIATH3ALUEN U CEPULIUTU3ALAEH.

OpyneHeHrne UHTPATYTOBBIX U 3aAyrOBBIX PU(TOB, CBA3aHHOE C TOJEUT-IIEIOYHO0A3aTHTOBBIM
BYJIKAHU3MOM, XapaKTEPHU3YETCs] METHO-ITUHKOBBIM PyJI000pa30BaHUEM CTPATUMOPGHOTO THUIIA
u  (GOHOBOM 3MHUIOT-LIOM3UTOBOW M  SOUAOT-XJIOPUTOBOM mpomuiuTH3anueil. 3070To-
MEIHOMOIMMETAIUIMYECKOE PYL000pa3oBaHKe, CBSI3aHHOE C OCTPOBOAY)KHOHM cHUTyaruei,
KOHTPOJIUPYETCS] HM3BECTKOBO-IICTIOYHBIM BYJIKAHHU3MOM U TPEACTaBICHO MOPHUPOBBIMH,
SMUTEPMATBHBIMU BBICOKO- M HHU3KOTEMIIEPATypPHBIMH pyJIaMH, a TaKxke O0e3CynbpuIHbIM
30JI0TBIM ~ OPYACHEHHEM, CBS3aHHBIM C KBapIl-XalIEeJOHOBHIMU M  KBapil-0apUTOBBIMH
mrokBepkamu. [IoMuMoO 3TOro, B OCTPOBOAYXHON 00CTaHOBKE (HOPMUPYIOTCS CTPATHMOPQHBIC
pyasl Tuna Kypoko ¢ COMyTCTBYIONIEH IEOIUTOBOM MponuiuTU3anueil. OHu XapakTepHu3yrTCs
BBICOKAM COJIEp’)KaHHEM CBHHIIA, CPAaBHUTEIHHO C ITMHKOM M MEAbIO, U BBICOKUM TPEHIOM

30JIOTOCOACPIKAHUS.
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Bce BblleckazaHHOe eTalbHO PacCMOTPEHO Ha npumepe EBpasuiickoil akTMBHON OKpauHbI

(Gugushvili, 2015; Gugushvili et al., 2016) 1 moATBep ACHO B pa3HBIX pErHOHAX MUpA.

Kpome TOro, B mo3gHEMENOBBIX 30JIOTO-MOJUMETAIUNINYECKUX OpYyACHEHUs X bomaHucckoro
pyaHoro paiioHa u llaHaropumire, CBS3aHHBIX C MEPEXOJHBIM 3TallOM OCTPOBOAYKHOU
00CTaHOBKM B HadaJbHYIO cTaauto 3aayrooit (von Quadt et al., 2005; Gugushvili, 2002; 2015),
B Ipoliecce PyAooOpa3oBaHUs YYaCTBYIOT CHalMyecKas W 0a3anbToBas Kopa, TaKKe Kak U
HAYyalbHBIM ATalm BTOPKEHUS MAHTUWHOTO JUanupa. 34ech BBIBICHBI MOPPUPOBOE U
BBICOKOCYNb()HTHOE OpYACHEHHS C COIYTCTBYIOIIEH BBICOKOTEMIIEPATYPHOH  SIUAOT-
LIOM3UTOBON TMPONMUIUTH3ALMEH, a Takke 0e3Cyab(UIHOE 30J0TOE OpPYIECHEHUE, CBA3AHHOE C
KBapl-noJieBommnaToBsiM Metacomato3oM (Gugushvili, 2002; 2015). BeicokoTemneparypHas
MPONMUINTHU3AIMS U KAUIINATU3alMs B IaHHOM cliy4ae 00yCJIOBIIEHBl HHBEKIIMEH MaHTUITHOTO
Uanupa, o0ecreyrBIIEr0 aKTUBHOCTh IIEIOYHOTO 30JI0TOCOepXkallero ¢uirouaa Ha IEepBOM
3Tare ¥ BHICOKOTEMIIEPATYPHOTO (PIIFOUIHOTO MOTOKA — Ha BTOpOM. Takasi mociie1oBaTeabHOCTh
COOBITUN TMOATBEPKAAECTCA U TEOXUMUYECKUM MOJETUPOBAHUEM B3aHMMOJCHCTBHUS MOpoAa —
pactBop (Mernagh, Bierlein, 2008). MonenupoBaHueM YCTaHOBIEHO, 4TO Oe3cyibbuaHas
30J10Tasi MUHEpAIU3alusl CBSi3aHA C aKTUBHOCTHIO IIEIOYHO-KApOOHATHBIX PAaCTBOPOB. 30JI0TO
ornaragock npu Ttemneparype 220°C ¢ BosroHoMm CO, m CHy m ¢ comyrcTByromen
KaJluInatu3alnMed W OKBapleBaHWeM  BMemarommux  nopoi.  OtioxeHue  Oosee
BBICOKOTEMIIEPATYPHOTO  30J10Ta  MPOUCXOAWIO U3  CIHA0OKHUCIBIX  TUIPOCYIh(UIHBIX
30JI0TOCOJIEPXKAIUX PACTBOPOB COBMECTHO C MEIHOINOIMMETAIUINYECKUM PYA000pa3oBaHHEM B
ycioBuAX HU3KoH ¢yrutuBHOCTH O, M BozroHa CO; B pe3ynbTaTe pacnazia 30710TOCOIepKaIUX
THJIPOCYIb(PUIIOB C comyTcTBYoMEl BeicokoTeMmnepaTypHoit (350-400°C) snuaoT-110M3UTOBOM
nponwiath3anuer. Crienyer OTMETHTh, 4YTO Ha MECTOpOXKJIeHMH bekrakapu bomHHCCKOrO
pyIHOTrO paiioHa TemIepaTrypa LHIeJI0YHO-KapOOHATHOTO (UIIOH1a B Ta30BO-KHUIKUX BKIFOUEHUAX
cocrapisier 220-230°C (I'yrymBunu u ap., 2014), a 3HaueHus TeMIepaTypbl ra30BO-KHIKHX
BKJIIOUEHUH B  30JI0TO-MEIHONOJUMETAINIMYECKUX pyJax M TemIepaTypsl Ipoliecca
MPONWIATH3ALUHN, COIYTCTBYIOIIEH OpPYACHEHUIO, aHajormyHbl u  paBHbl 350-400°C

(I'ornmBwunm, 3ynmuamsunm, 1959).

[lepBbIit  dTanm THAPOTEpPMATbHOW aKTUBHOCTH U pyaooOpa3zoBaHusi Ha bektakapckom

MECTOPOXKICHUU BOIHUCCKOrO pyIHOro palioHa CBA3aH C KAMIIAHCKOW TPaXUPHUOIUTOBOU H
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TPaxuJAlUTOBON BYJIKAHUYECKOM AESITEIbHOCTHIO M KBapIl-KAJIMIIIATOBHIM METACOMATO30M C
0e3cynbPuIHBIM 30JI0TOM. BTOpo#t sTtanm — ¢ rab0po-auaba3oBbIM MarMaTH3MOM M C 30JI0TO-
MEIHOIOJMMETAIUIMYECKOM  MUHEpaJIM3alUed C  COIYTCTBYIOIIEH CUHPYAHOM  3IHMIOT-
LIOW3UTOBOM MPONUIUTU3ALNEH, HAJIOKEHHOM Ha 30J0TOCOJEpMkALIME KBapL-KaJIUIIIATOBbIC
metacoMatutsl (I'yrymBunu u nap., 2014; Gugushvili et al., 2015, 2016). ['abOpo-anabdazoBbie
IITOKU U SKUJIbI, KOHTPOJIUPYIOIIHUE 30JI0TO-METHONOIUMETAIIINYECKOE OpYACHEHUE, SBISIOTCS
anodu3amMu ByJTKaHUYECKOTO Oo4ara, u3 KOTOPOro MO3Xke, B BEpXHEM KaMIlaHE U3BEPraliuCh JIaBbl
IICJIOYHBIX  OJIMBHHOBBIX  0a3aJIbTOB  IIOPIIOJIETCKON  CBUTHI, CBHUACTEILCTBYIOIIUE O

BO3HUKHOBEHHUU 3aayroBoro pudta (Gugushvili, 2015).

Wtak, ucxoast u3 BBILICIIPUBEACHHBIX JAHHBIX MO MPEKOJUIM3MOHHOMY PYyA000pa30BaHUIO U €r0
CBS3M C T€OAMHAMMYECKUM DPa3BUTHUEM PETHOHA, MOXXHO 3aKIIOYHUTh, YTO MPEKOIM3MOHHAS
TUHAMUKA, MarMaTu3M U METAJUIOTCHHUS KOHTPOJIUPYIOTCS CEBEPOBEPreHTHON CYOAyKIIMEH 10
Koz u QopmupoBanHuss cyryp. C HOpManbHOW CyOIyKIMEH CBsi3aHa OCTPOBOY>KHAsS
00CTaHOBKAa, HW3BECTKOBO-IIEJIOYHOW  BYIKAaHU3M U  30J0TO-MEIHOMOIMMETAUINYECcKas
MetaioreHusi. Ha  ompenenenHHom — 3Ttame  cyOAyKuuMuM — cyOoaynupyemas — IUIMTa
TpaHchopMupoBasiach, 4TO OOYCIOBHJIO MHBEKIIUIO MAHTHHHOTO Auanupa ¢ (HOpMHUPOBAHHEM
3aJlyrOBBIX W HHTPAIYroBBIX PUPTOB C IIOMIOHUT-TPAXUAHJE3UTOBOM BYJIKaHUYECKOU
NesTeNbHOCThI0 HA HadaJbHOM JTame pudTUHra, a Ha 3aBEPIIAIONIEM MPOSBUIUCH TOJEHT-
IeI0YH00a3aIbTOBBI  BYJKaHU3M W MEIHO-IIMHKOBass MuHepanuzanus. [locnenyromas
WHTeHCU(PUKaUs TpaHcPopMalluu U AUANKMPU3MA OMpEeia Mepexoa 3aayroBoro pudra B
OKEaHWYECKYI0 OOCTaHOBKY C€ O(HOJUTOBBIM BYJKAHU3MOM UM  MEIHOKOJIYEIaHHBIM
opyaeHenueM Kurmpckoro Tuma ¢ coiepkaHMeM CBUHIA M LHMHKAa HAa YpPOBHE CIENOB U

MHWHUMAJIBHOT'O COACPIKAHUS 30JI0TA.

CnenoBaTenbHO, C HOpPMANIbHOW CyOIyKIIMEed CBsi3aHa OCTOPOBOIYXHasi 00CTaHOBKA,
M3BECTKOBO-IIETIOYHOW aHAEC3UTOBBIA BYJIKAaHU3M, (OHOBas IICOJTUTOBASs MPOMUIMTHU3AIMS U
30JI0TO-M€JHO-CBUHIIOBO-IIMHKOBOE OpyJeHeHne. Ha HagampHOM 53Tare TpaHcpopmanuu U Ha
3aBepIIaIIeM »JdTane puGTUHTAa C TIAyOMHHOW WHBEKIMEH Juamupa CBs3aH IIOMIOHUT-
TpaxuaHAEe3UTOBBIN ByTKaHU3M, (JOHOBAS XJIOPUT-ATLOUTOBAS M IIEOTUTOBAS TPOITMITHTH3AIIMS U
30JI0TO-MEHOMOIUMETANINYeCKoe pyaooOpasoBanue. B  BomHmcckom pymHoM — paiioHe

(mectopoknenne bekrtakapu) Ha HadaabHOW CTaauk pUQPTUHTA BBISIBJICHBI JBa JTama
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pynooOpa3oBaHus: TEPBBIM MPEACTaBICH 0e3CYIb(MHIHON 30JI0TOM MHHEpalu3alueld B KBapll-
KQJIMIIIATOBBIX METacOMaTHTaX, (OPMHUPOBAHHUE KOTOPBIX CBS3aHO C IIEIIOYHO-KapOOHATHBIMHU
(barougaMu ¥ BTOPO — ¢ BO3JICHCTBUEM CIIA0OMIEIIOYHBIX BBICOKOTEMIIEPATYPHBIX PAacTBOPOB C
30JI0TOCOJCPKAIMUMU TUIAPOCYIb(UIAMH U 30J0TO-TIOJUMETAIUTMYECKON MUHEpalu3aiuen ¢
CONYTCTBYIOIICH CHUHPYIHOW ANUJOT-IIOM3UTOBON MPOMWIMTH3AIMEN, HAJIOKEHHOM Ha

30JIOTOCOACPIKAINE KBaP-KaJIUIIIIaTOBbIC METaAaCOMATUTHI.

[Tocnenyromas nHTeHCUpUKaILUs TpaHchopManuu cyOIynUpyOIIen MIUTH (Packo, J1eTauMEHT
W JellaMUHAIMs) TIPUBEIM K HWHTPAIYrOBOMY U 33aIyroBOMY pPUMTHHTY C TOJICHT-
IEJI0YHO00A3IbTOBBIM BYJIKAHU3MOM M (POHOBOM 3IMHIOT-IIOM3UTOBOU, IMHIOT-XJIOPUTOBON H
AKTUHOJUTOBOM MPONWINTU3ALUU U MEIHO-IIMHKOBO-KOJIYEJAaHHOMY OpPYACHEHUI0. 3/1eCh, B
mporecce pyAooOpa3oBaHusl HE yUaCTBYET CHaTu4eckas Kopa, 4eM U OOBSCHSETCS OTCYTCTBHUE B
pyae 3o0j0Ta W CBHHIA. B pe3ynabTare MNOCIEAYIOLIETO YCWIEHMsI TpaHcpopMaluu
CyOnyIMpyeMoOi IUTUTBI C MAaJIOTITYOMHHOW WHBCKIUEH Iuanmupa YCHIUBACTCS CIPEAWHT H
BO3HUKAET OKeaHW4yeckasi oocraHoBKa. B pynooOpa3zoBaHuu yke HE y4acTBYET HU CHAIMYECKas,
HU 0Oas3anbToOBask KOpa, W MIPOIECC MUHEPAIM3AlMKU CBS3aH HEMOCPEICTBEHHO C MaHTHITHBIM
IUAUpoOM — HCTOYHUKOM acTeHocepbl. OpyleHeHHe IMpeACTaBICHO B 3TOM cllydae
MEIHOKOJYETaHHOW pyanod Kumpckoro Tuma um HE COAEPKUT HHU CBUHIA, HU 30JI0TA, & LIMHK

COACPIKUTCA JINIIb Ha YPOBHE CJICIOB.

B 3amagnom cermente Amxkapa-Tpuanerckoil 30HBI METHO-IIMHKOBOE cTpatumopdroe VMS
OpyJIeHEHUE, XapaKTepHOe Al MHTPAAYTOBBIX M 3aJyrOBBIX PU(TOB, HE CBSI3aHO C TOJEUT-
IeI09H00a3aIbTOBOM cepueit. JTa cepusi 6borata HECTPYKTYPHOU MEbI0, COAEepkKaHHEe KOTOPOU
BO MHOTO pa3 MpPEBBINIACT KJIapKoBbie 3HadeHUs. OtcyrctBue VMS opyneHeHus oOBbACHSIETCS
TeM, 4TO MeJb U3 JUaInupa, Mo-BUIUMOMY, He nepexoaniia Bo GaouaHyio ¢a3y u octaBajiach B
MarmMaTu4eckoM pacruiaBe. OgHako B AJDKAPCKOM PYJHOM pailOHE H3BECTHO 3HAYUTEIBHOE
nopdupoBoe MeITHOMOIMMETAIUTHUECKOE OpYACHEHHE. 37eCh C BEPXHEIOIICHOBBHIMU CHEHUT-
JTUOPUTOBBIMA ~ WHTPY3WBHBIMH  INTOKAaMH, CEKYIIUMH KaK CPEIHEIOLCHOBYIO TOJEHUT-
IeJI0YHO00a3aJIbTOBYIO TOJIIY, TAK U BEPXHEIOLIEHOBYIO IIOMIOHUT-TPAXUaHIE3UTOBYIO CEPHUIO,
OOOTaIlleHHYI0 HECTPYKTYpPHOM M0, CBSI3aHBI OOIIMPHBIE OPEOJIBI MPUKOHTAKTOBOU
CEepULIMTU3AIINU, TIpoIleccaM KOTOpPOWM TMOABEpkKEeHBI Oonbinne o0Bembl Topona. Ilpu 3TOM

CCPULHUTOJIMTEI IO CPABHCHUIO C BMCIIAOIIHUMU IOPOJaMH pa3 B JCCATH O6€HH€HBI MEIBO U



165

3HAYUTENIBHO OOOTalIeHbl CBUHIIOM W ILHMHKOM, a MEIHO-IIOJIMMETAININYECKOe OpYACHEHHE
JIOKQJIM30BaHO JIMIb B Opeojax CepUIMTH3alMU. B mporecce cepulUTU3aLMU MPOUCXOIUI
BBIHOC MEJIM W3 BMEHIAIOUIUX MOPO/JI, @ PAaCTBOPHI, IPOU3BOASIINE CEPUIIUTU3ALNIO N3HAYAIBHO
ObUTH 00OTAaIEHBl IOBEHWIHHBIMA CBHHIIOM M IUHKOM. [l0o-BHAMMOMY, BCE 3TO OMPEACIUIIO
(dbopMupoBanue MOpPUPOBOro METHOMOIMMETAIUIMUECKOTO OpYyIEHEHUSI B AJDKApCKOM PYIAHOM

paiioHe.

B wuccnenyemoMm perunoHe xapakrtep CyOQyKIMM M CBS3aHHOTO C HEW BYJIKaHH3Ma U
METaJUIONCHUU NIPOSIBUJICSA BO BPEMEHU U IIPOCTPAHCTBE B TPEX HAIPABJICHUAX: BEPTUKAIBHO, 110
BOCXOJSIIIEMY pa3pe3y, C lora Ha CeBep, BAOJb IOIPYKEHUS CyOAyLUPYEeMOW IUIMTHI U

JaTepaIbHO MOTPYKEHUIO — C BOCTOKA Ha 3ama/.

B BepTHKarbHOM HampaBiIeHHHM HAOIOJAETCS yCWJIeHHEe JuOO0 ociabiieHue TpaHchopMaum
cyonyuupyemoir miautel. B BomHHMCckoM  pyaHOM  palioHe HOpMaibHas — CyOIyKIMS,
XapaKTEePU3yIOIasAcsd OCTPOBOLYKHOW BYJIKAHWUYECKOW JEATEIBHOCTBIO M METAJNIOTCHUEH,
BEPTUKAIBHO, B BOCXO/ISIIEM pa3pe3e MepexoAUT B HaualbHYIO CTaIUIO 3aJyTOBOTO pUPTHHTA C
TPaxXUPHOJIUTOBON BYJIKAaHWYECKOM aKTHBHOCTBIO U pynooOpasoBaHueM. B Amkapckom ke
PYIHOM paifoHe TpaHchopMmalys CyoayIMpyeMoi IUIUTHL U BHEJAPEHHE MAaHTUHHOTO JAManupa B
BOCXOJISIIIIEM pa3pe3e ciabeeT, M CpelHEe’OLEHOBas TOJEHT-LIeTOYHO0a3aIbTOBAs CepUs
CMEHSETCS BEPXHEIOLEHOBOW IIOMIOHUT-TPaXUAHAE3UTOBOM. UepenoBaHne yCTAHOBIIEHO TaKkKe
B HaIlpaBJICHUHU C IOTa Ha CEBEp, BJOJb MOTPYKEHUsI CyOaylMpyeMOl IUIMTHI, TJ€ HOpMallbHas
CYONYyKIIMsSI C OCTPOBOJIYKHOW CHUTyalMed TmepexoauT B 3aayroByro. Ilpumepom ke
JaTepaJbHOro YepeoBaHus 00CTaHOBOK siBiseTCs AJkapa-TpuaneTckuil HHTpaayroBoit pudr,
nepexoasamuii B Bocrouno-UepHomopckuii okeannueckuil 6acceiit, a Takxke bypracckuit pudpt
(bosrapus), Ha BOCTOKE COCIUHSIIONTUHCSA C 3amagHo-UepHOMOPCKHM MaJllbiIM OKEaHUYECKHUM
Oacceiinom. Eme onHuM mnpuMepoM JarepalibHON TpaHcpopmanuu ssisercs TambllicKkuit
3ayroBoil pudT, B BOCTOUHOM HAIpaBJICHUH MEPEXOAALINA B Maiblil OKeaHWYeCKuid OacceiiH
Kacnna. Crnenyer otMeTuTs, 4to B Tainblile, B BOCXOIALIEM pa3pe3e OT CPEIHETO K BEPXHEMY

J0LIEHY, YCWJIMBAETCsA Ipolecc TpaHCHOpMAaMM U MOSBISIOTCS 3JIEMEHThl OKEaHMYeCKON
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00CTAaHOBKM B BH/IC BHEIPEHUS TYHHT-TICPHIOTUTOBBIX MHTPY3UBHBIX IITOKOB, B OTIIMYHE OT
Apxapa-TpuaneTckoro 3amajHOro CerMEHTa, IJI€ B BOCXOMAIIEM pa3pe3e HMEIH MeECTO
ocnabneHue TpaHcpopMaluu M AMANMUPU3MA M CMEHA TOJICUT-0a3albTOBON CEpPHH 3PEIoro

puQTa HA MOMOHUT-TPAXUAHEIUTOBYIO.

B cpemnem »nsomene Amxapa-Tpuanerckmii 3penbiii  pudT, TpeACTAaBICHHBIA  TOJIEUT-
IIeT09H00a3aIbTOBOM CepHeld, B pe3ysbTare ocialiieHus pU(THUHTa 3aMelaeTcst B 3amaHo-
BOCTOYHOM  HAIIPaBICHUHM  INOUIOHUT-TPAaXMAaHIEC3UTOBOH, a Jajmee —  aHJIC3UTOBOH

BYJIKAHUYECKOU Cepuel OCTPOBOAYKHOM 00CTaHOBKH (puC. 8).

2. [loCcTKONIM3MOHHASL METAJJIOTeHHSI, MATMATU3M H
THAPOTEPMAJILHBIN Mpolecce

Konseprenuus EBpasuiickoro u A¢ppo-ApaBHilcKOro KOHTUHEHTOB 3aBEpIIMIIach 3aMbIKaHUEM
okeana Teruc. B pesynbrare naBneHuss Adpo-ApaBUilCKOro KOHTHHEHTa Ha EBpasuiickwii,
reoJMHaMHUYECKOe pa3BUTHE MEPEXOAUT Ha MOCTKOJUIM3HOHHYIO craguio (Adamia et al., 2016).
[Ipouecc cyOaykuuu OblT 3aBEpIIEH B Hayajle MOCTKOJUIM3MOHHOIO JTama, OJHAKO IOJ
OpPOreHOM TMpoJoJDKaiack TpaHchopMmanus CyOayHMpyeMoOl IUIMTBI, € KOTOpPOMl cBs3aHa
OpOreHHass MHTPY3MBHAas AaKTHUBHOCTb U (OPMHPOBAHHE PA3JIOMHO-CKIAI4YaThIX IIOSICOB.
Tpanchopmaniug mauTel 00yciaOBHMIA IMOJA MOUIHOW KOpPOHl OpOr€HOB HHBEKIUIO Marepuala
acTeHocepbl M IOTOK BBICOKOTEMIEPATypHBIX (QUIIOMI0B M3 MaHTUU. Bo3saelicTBue
BBICOKOTEMIIEPATYPHBIX (UIIOMI0B Ha MOUIHYIO CHAJIMYECKYI0 KOpPY B OpOreHax OOYyCIOBMIIO
BBIIIIETIAYMBAHNUE 30JI0Ta U PEIKUX METAJUIOB, YTO MPOSBWJIOCH B METAJUIOIEHHMH, XapaKTEPHOU

AJId ITOCTKOJUIM3UOHHOI'O OTaIla pa3sBUTHUA.

[TocTkomnu3noHHas O0OCTaHOBKAa U PyA00Opa3oBaHuE, CBA3aHHBIE C OPOr€HHONW HMHTPY3UBHOMN
aKTUBHOCTBIO U PaA3JIOMHO-CKJIAI4aTbIMU CTPYKTYpaMH, OTJIMYAEeTCS OT MPEKOUTU3UOHHOM.
IloCcTKOMIM3MOHHOE  OpYIAEHEHHME  IPEACTABIEHO  KakK  30J0TO-NOJIMMETaNINYECKON
MUHepain3anueil mopGupoBOro M SHOUTEPMATBHOIO THMA, TaKk M 0e3Cyab(UAHBIM WM
MajoCylb(MUIHBIM  30JO0THIM  OpPYJEHEHUEM, CBSI3aHHBIM C  KBapl-aHTUMOHHUTOBBIMH,

LI€eTMTOBBIMHU, BOJIL(PPAMUTOBBIMA U PTYTHBIMH IITOKBepKaMu U kuiamu. [loppupoBomy u
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Manocyib(GpUIHOMY OpPYIEHEHHUIO BCErjia COMYTCTBYET acCOLUaIUs peaKkux MmeramioB (Sb, W,

Mo, Hg).

B uccnenyemoM pernoHe NnocTKOJUIM3MOHHAs OOCTAaHOBKA M CBs3aHHAs C HEM MeTalJIOreHus
u3ydanach B Marmatuueckux mnosicax Mpanckoro Axap-ApacOapana, AnbGopc-AsepbaiimkaHa,
Merpu-Opnybana, B llentpambHo-Mpanckom Omoke u B Canangamk-CupmKaHCKUX
naneo3oiickux metamopdutax (puc. 10), B 3oHe KaBkasckoro xpedra u ero FOxHoro ckiona
(puc. 7), a Takke B MeHAEPECCKOM Iaje030MCKOM MaccuBe 3amaaHblx AHatoiup (puc. 6).
[TocTkomnm3nonHoe pynooOpasoBanue B lpaHe MpencTaBieHO 30J0TO-MEAHOTIOP(PHUPOBBIMU
MecTopoxkaeHusiMu CyHryH u Maspa, 3nUTEpMalbHBIMH MECTOPOXACHUSIMH XapBaHCKOU
rpynnsl (Musepyn, Anaepuan, Acraprad, XaiduaH u ap.), MIOTEXCKUM MeCTOPOXKJIEHUEM
Canannamx-Cup/pKaHCKOM 30HBI, MECTOPOXKACHUSAMH, CBsi3aHHBIMU ¢ BocTtouHo-Mpanckum
MarMaTu4yeckuM mnosicom — 3apurypad, Aknapex, Kom, [lamkecan u ap. (puc. 10). Bee atu
MECTOPOKIEHUS COCTOST U3 30JI0TOCOAEPKAIMX NOP(UPOBBIX U KUJIBHBIX MTOJIMMETAININYECKUX
pyd, a Takxke Oe3cynbGUIHON M Malocyiab(UAHOM IITOKBEPKOBOW 30JI0TOCOAEpXKAIICH
MUHepaJIn3aLuu. Bce  OHM  KOHTpPOJIMPYIOTCS  OJIMIOLEH-MHMOLICHOBBIMH  JAIUT-
IPaHOIMOPUTOBBIMM U IPAaHUTOUIHBIMU UHTPY3UBHBIMHU HMITOKAMHU, CEKYILIUMHU Pa3HOBO3PACTHBIE
M1aJI€030MCKO-ME3030MCKiE KOMIUIEKChl MmopoA. CaMu e IITOKH SIBISIFOTCS MPOBOJHUKAMU
MOTOKa (PIIFOUIOB U3 TIYOMHHBIX 04YaroB, TEKYIIMX MO MX NPUKOHTAKOBBIM 30HaM U BJOJIb 30H
IpoOJeHHss U pa3jIoMOB B PAa3HOBO3PACTHBIE BMEILIAlOIIME MOPOABI. 3/1eCh, KaK COOCTBEHHO
Cyab(GUIHON, Tak M 0e3CyIb(UAHON 30JI0TOM MUHEpAIU3alUMU COMYTCTBYET pEeAKOMETaIbHas
accormarus. Ha mecropoxxnenun Musepyn (XapBaHckasi Tpymnmna) oHa npeactasieHa Sb, Mo u
W. 3onoroconepxaiine KBapl-aHTUMOHHUTOBBIE JKUJIBI MU HMX OKOJIOPYAHBIE 30HBI COJEpXKaT
accolManuio, coctosuryw u3z Sb, Mo, Zn, Pb, Te u Se. I'eoxumuueckuit GpoH BMEIIAIOIIHX
nopox MectopoxkaeHuil XapBaHckod rpymnmbl coaepkur Cu—200-253ppm, Au—8-121ppm,
Mo—3.0-5.7ppm, W—6.3-7.1ppm, Pb—120-517ppm, Zn—121-160ppm, Sb—7-10ppm (puc. 10). Ha
MECTOpOKIAeHUH MuBepya 30J0TO-MOMMMETaUINYEeCcKasi pyJa, MOMUMO acCOLHUAIUU PEAKHX
JJIEMEHTOB, COJECPXKHUT Takke Okcuapl Zn-Ag-Sb u Pb-Bi u cepeOpo-aHTUMOHUTOBBIE

BOJIb()DAMUTHI.

B AnGopckom MmarmarmueckoMm mnosice, B LlenTpanbHo-HMpanckom Onoke um B CanaHnamx-

Cup/pKkaHcKoi  30He  30J0TONOPGHUPOBOE M 30J0TO-TOIMMETAIUTMYECKOE  KHIBHOE U
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LITOKBEPKOBOE  OpPYJIEHEHHE  CBSI3aHO  C  OJIMTOLEH-MUOLIEHOBBIMM  JAllUTOBBIMH,
IPaHOJUOPUTIOPGUPOBBIMU  TPAHUTOUIHBIMM ~ UHTPY3MBHBIMM  LITOKAMH,  CEKYLIMMH
MAJIE030MCKO-ME3030CKHEe KOMIUIEKCH MeTamopduyecknx u ocanouHbix mopog (Otyer

reojorudeckoi ciryx0s1 Mpana, 2007; Moritz et al., 2006).

30JI0TO-TIOTMMETAINTNYECKOE OpYyACHEeHHEe, accoruupoBanHoe ¢ Sb, Mo, Hg u W, usBectHo B
Bocrouno-Upanckom Omoke (puc. 10), B mpemenax MECTOPOXKACHUS 3apilypaH, Ha
pynonposiBieHun Axaapex M Ha MectopoxiaeHud [lamkecan, Ha bunamynckoMm 30510TO-
CBUHIIOBO-ITMHKOBOM MECTOPOXKJICHUM W B 30JI0TO-aHTHMOHHUTOBOM PYIHOM IOsice Xalll-
3anexaH, Ijie MajJcOreHOBBIN (UIMII CEYeTCs OJUTOICH-MHUOIICHOBBIMH CYOBYIIKAHUYCCKHUMH H
runabuccanbHBIMU ~ TPAHUTOUJIHBIMU  IITOKAMH,  KOHTPOJUPYIOUIMMH  PTYTHYIO U
AHTUMOHHUTOBYIO MUHepanu3anuto. CiaenoBaTeNbHO, MOCTKOIM3NOHHOE 30JI0TOE OPYACHEHHE C
comyrctBytomeir Sb, W, Mo wu Hg accommamnuei, CBS3aHO C OJIMTOIEH-MHOIICHOBOM

MarmaTudeckou mposuHiuei Upana (puc. 11).

[TocTkomm3uonHas obcraHoBka TsHeTcss W3 Hpana B Merpu-Opay0aickyro KaHO30MCKYIO
MarMaTU4€CKyro MpPOBUHIUIO. 3I[€CI) C MHTPY3WBHBIMH IITOKaAMH OJUTOLCH-MHOLCHOBOT'O
BO3pacTa CBS3aHO 3HAYUTEIHLHOE 30JI0TO-MOJINOIEHOBOE OpyACHEeHUe, conepkamiee Sb, W n Hg.
Kpome toro, B CeBaH-AKEpPHHCKOW CYType C OJIUTOLEH-MHOLIEHOBBIMU JAIUT-MOPPUPOBBIMH
IITOKAaMU CBsI3aHBI OOTaThI€ 30JOTOPYJIHBIE MECTOpPOXKIeHus 301 u Mepxamzop. 30510Toi
accolMalu M 37eCh COMYTCTBYIOT peakue MeTaibel Sb u W. DTH  MecTOpoXIeHUs

MIPEJICTAaBIICHBI 30JI0TO-KBAPI-aHTUMOHUTOBBIM opyZeHeHueM (MenuksH, 1977).

[locTkonM3nOHHAsT MHMHEpalu3alMs 30J0Ta M PEIKMX METAIJIOB H3BECTHA B Pa3IOMHO-
ckimaguatod 3oHe KaBkaza (puc. 7, VI). 3nece Haubosee 3HAUUTENBHBIM —SBISETCS
MECTOPO’KJeHHE 30IIXUTO, COCTOSIIEE U3 KBAPI-AaHTUMOHHUTOBBIX JKUJI U IITOKBEPKOB U 30JI0TO-
MOJINMETAJNINYEeCKoro opyaeHeHus. Mectopoxaenue aeranbHo usydeHo 1. Xagypu u um xe
npousBezieHa JetanbHas cheMka (Otdersl ['eonoruueckoro ympasienus ['py3un 3a 1980-1990
r.r.). OxonopyaHas 30Ha HM3MEHEHHUs MpPEJCTaBICHA OKBapIIEBAHHWEM, CEpPUIMTU3ALUCH U
MUPUTHU3AIMEH C BBICOKUM COJEp’KaHUEM 30JI0Ta U CYpPbMbl. PyIOHOCHBIE JKHUJIBI CEKYT
HIKHeropckue ciannbl. Conepikanue 3o050Ta B xwmiax — 4.35 /1, cepebpa — 4.5 1/1. 3amnacsl

30JI0Ta HAa MECTOPOXIeHUH — 6oiiee 34 T, cyppMbl — 41223 T, cepebpa — 39 T.
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@opMHUpPOBAHUE MECTOPOXKACHHUS 3OMXHUTO CBS3aHO C IO3JHEANbIIUNCKON aKTHUBH3aLUEH
(I'.Teamupenunze, 1984). IlocTKoMIM3MOHHAS MUHEpAIM3aIMs JIOKAJIM30BaHA B IMpejenax
CKJIa4aTo-pa3ioMHOU 30HbI bonbioro Kaekasa u ero HOxHoro ckioHa. 37ech U3BECTHO TaKKe
30JI0TOCOEpIKalee OpyAeHeHHe peakux metaiwioB Ag, Sb, Mo, Hg u W nHa pynonposiBieHusix
Axeil, Amanxapa, Homapyna u gp. OpyaeHeHHEe W 3[e€Chb KOHTPOJIUPYETCS OJIUTOICH-

MHOLICHOBBIMHA JALIUTOBBIMH MHTPY3UAMU U I'PAHOJUOPUTOBBIMH MHTPY3UBHBIMHU IITOKAMMU.

JlpyruM  3HAa4YUTENbHBIM MECTOPOXKIEHUEM 305l0Ta sBisgercs Jlyxymckoe, ¢ 30510TO-
apPCEHOMUPUT-TTUPUTOBBIM OpyAcHEHHEM. MUHepanu3aius KOHTPOJIUPYETCS 30HaAMH JIPOOJICHUS
U pa3IOMOB B BEpXHEJEHAacCKUX ClaHLax U u3BecTHsAKaX. OpyleHeHue MpeiCTaBIeHO KBapll-
AHTUMOHHUTOBBIMHU, KBapl-aHTUMOHUT-KapOOHATHBIMH U KBapIl-IIEEIUTOBBIMH IITOKBEPKAMHU.
Copepxanue 30m0Ta B xunax — 5.10r/t, Mmpimbsika — 6.7%, cypbmbl — 7.37%. 3anacel pyabl —

483000 T; pyna comepxut 14.04 T 30;m0Ta, 25800 T — cypbmbl 1 1800 T — MBIIIBSIKA.

B 30one bonbmioro KaBkaza pernoHalbHBIM pazioMoM KoHTposmpyercs Oxpuia-Adanapckoe
pynomnposieienue (OkpocuBapunze u  bayamBwim, 2008). OpyneHeHue mpencTaBiIeHO
3oiorocofepxkamuMu  (Au—3-4  r/T)  KBapU-IIEENIUTOBBIMM,  KBaplEBbIMH,  KBapIl-
MOJUMETANTNYECKUMHU kujaMu. OKOJOpyZIHBIE 30HBI OKBApIIOBaHBI, CEPUIMTU3MPOBAHBI U
XJIODUTU3UPOBAHBL.  30JI0TO  COAEp)KaT  KBApI-MHUPHUT-apCEHOIIMPUTOBBIE M TaJECHUT-

chanepuToBbIe KUIBI B accormanuu ¢ Sb u W.

B cknamuaro-pa3inoMHoi 30He KaBka3za M3BECTHO MHOIO PYyIOIPOSIBICHUN PENKUX METAIIIOB.
Cpenu HUX: KOHTPOJUpYEMble KaWHO30MCKMMU TpaHOAUOPUTOBBIMU InTOKaMu KapoOckoe
MECTOpOXKIeHHe MouubAeHa ¢ coiepxkanueM Mo—9.89% u c¢ ero 3amacom 50 T; mIeenuToBOE
pynonposisieane Homapyna (W—3.5%, Au—2.30 /1), a Takxke pTyTHBIE PyIOTPOSBICHUS Axeit
(Hg—0.34%; 3amacer — 2546 T); ABanxapa (Hg—0.28%; 3amacer — 1353 T); Axaxua (Hg—0.5%;
3amacel — 2200 T1). Bo Bcex pynomposBICHUSX Yy4acTBYeT aHTHUMOHHUT. OpyneHeHus

JIOKAJIM30BAHbI B OPCKUX CJIaHIAX U KOHTPOJIMPYKOTCA 30HAMU Pa3JIOMOB.

[TocTkomM3MOHHOE 30JI0TOPYAHOE OpyaeHeHwe B acconmanmmun ¢ Hg um Sb wum3BecTtHO B
MenaepecckoM maneo3olckoM MmaccuBe (3amagHble  AHaronunabl). OHO  TpeACTaBICHO

MecTopoxkaeHusIMU KyHrypay, Xanukoi u OMUPIM U KOHTPOJIUPYETCS KaltHO30MCKUMH 30HAMU
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npobsieHust U pa3iaoMoB. 30J10TOe OpyJdeHeHHe U 37ech accouuupyercs co Sb, W u Hg (Yigit,

2009).

30HOT0py,I[Haﬂ MHUHEpaAIU3alus, KOHTpPOJIUpYyEMasA 30HaAMH pPa3jIOMOB, OIlMCaHa TaKXE B

Bocrounsix Pogomnax, Ha mecropoxxaenuu Ana-Tene (Marchev et al., 2004).

WTak, NOCTKOJJIM3MOHHOE OPYAECHEHUE B HCCIEAYEMOM pPETHOHE KOHTPOJIMPYETCS 30HAMU
pa3ioMoOB M JPOOJICHHS M OPOTCHHBIMHU T'PaHOIUOPHUT-JAIIMTOBBIMH InTOKamu. OpyaeHeHHe
HAJI0XEHO Ha Pa3HOBO3PACTHBIE (OT MaNe030s 0 KalfHO30s1) KOMILJIEKCHI TIOPOJ] U MPEACTABICHO
30JI0TO-METHOMOIMMETANINYECKON U MalloCyIbGUIHON 30110TO-penkoMeTanbHoi (Sb, W, Au u
Hg) muHepanusaumeil. Orta accouuanus peAKUX METaNIOB COINpPSKEHA € 30J0TO-MEIHO-
MOJUMETAIUTUIECKUM U MaJloCyJIb(UIHBIM SMUTEPMAIBHBIM 30JI0THIM OpPYJICHEHHEM, KOTOpPOE
COJICP’KUTCS TaK’K€ U B OKOJIOPYAHO M3MEHEHHBIX 30HaX M 3a MX IpeaelaMH BO BMEUIAIOIINX

rnmopoaax.

Havano moOCTKOMIM3MOHHOTO pa3BUTHSI CBSI3aHO C KOJUIM3MEW pa3[eNsdiolnuX TeppeilHb
OKEaHMYECKHUX 30H U UX CYTypHUpoBaHUs. Bo3pacT 3THUX CyTyp - OT MO3IHEr0 Meja A0 MO3IHEro
so1ieHa-oauronena. CyrypupoBaHue mpoucxoamiio Ha (pone cyoaykiuu okeana Teruc. OqHako
MIOCTKOJUIM3MOHHAs OOCTaHOBKa CBs3aHa, B OCHOBHOM, C IIOJIHBIM 3aMbIKaHHMEM OKEaHa U
KoHBeprenuueit Agpo- Apasuiickoro u EBpa3zuiickoro KOHTHHEHTOB M 0OYCIIOBJIEHA MOIIHBIM
CTpeCcCCOM MacCUBHOW OKpauWHBbI Ha akTUBHYIO — EBpasmiickyro. Co cTpeccom CBsi3aH OpOTeHes,
CKJIa{4aTO-Pa3IOMHBI TEKTOTeHE3, CHHOPOT€HHAas TPaHOIUOPUT-TIOpGUPOBAS H  JALUT-
nophupoBasi, a TaKKe TPAHUTOWUIHAS WHTPY3UBHAS AKTHBHOCTH, KOHTPOJIHUPYIOIIHE 30JI0TO-
MOJUMETANTNYECKOE M MaJoCyab(pHUIHOE 30JI0TO€ pYyJ000pa3oBaHUE U PEIKOMETAIbHOE
opyleHeHue. ['eOXMMHUYECKUM HHIMKATOpPOM JaHHOTO JTama SBISIETCS acCOLMAIMs PEeIKuX
MetamwioB (Sb, W, Au u Hg). Oto dukcupyercs B ucciemyeMoMm peruone B mpenenax Mpana,
KaBkaza m Typumn. Bo3pacT CHHOpPOr€HHOW HWHTPY3MBHOM aKTUBHOCTH BE3J€ HaTUPYETCs
OJIMTOIICH-MHOIIEHOM U BCIOJYy OHa CONPOBOXAAETCS AacCOlMalued peIKUX METaliIOB —
MH/IUKATOPOB TOCTKOJUIM3MOHHONW 00cTaHOBKU. ClieoBaTeNbHO, 3aBEpLICHHE CYOIYKIHH,
3aMBIKaHHE OKeaHa, OpPOTEHE3 U CBS3aHHAs C HUM MHTPY3MBHAsI aKTUBHOCTh MMOCTKOJUTU3MOHHON
OOCTaHOBKM  JaTUPYETCS  OJUTOLEH-MHOLEHOM, 4YTO  TOATBEP)KIA€TCS  BEPXHEIOICH-
OJIMTOLICHOBBIM BO3PACTOM 3aBEPLIAIONIETO ATana GopMupoBaHus cyTyp — MHTpanoHTUICKON U

AHkapa-Op3uHkaH-CeBaHCKOM.
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B pernone n3BecTHa Takke U MOCTKOUIM3MOHHAS BYJIKaHUUYECKAs JESATEIbHOCTD, CBA3b KOTOPOU
C TEOJMHAMMYECKUM pa3BuTueM JeranbHO u3zydeHa MW./lunexom, H.MmamBepaueBbiM u
HI.Antynkaskom (Dilek et al., 2010). OOBEeKTOM HuX HCCIEIOBAaHUS SBISUIACH OOIIMpPHAs
nepuapadckas Tepputopusi B Mpake, na Manom Kapkaza u Bocrounoit Typuuu. Mmu u3yuena
MOCTKOJUIM3MOHHAS! U3BECTKOBO-ILIEJIOYHAS TallUTOBAs], IIOMIOHUT-TPAaXUAHI€3UTOBAsT U TOJIEUT-
IeJI0YH00a3aJIbTOBAsT BYJIKAHUYECKAs JESTEIbHOCTh M YCTAHOBJICHO BIIMSHUE acTeHochephl Ha
xapaktep ByinkaHu3Ma. [lepBblil 3Tam 3TOro BIMSHMS IPOSBUIICS B MO3AHEM MHOLIEHE-PaHHEM
IUIMOLIEHE B IIONIOHUT-TPAaXMAaHJE3UTOBOM BYJIKaHuU3Me. Brocnenctsuu, B IUIMOLECH-
YETBEPTUYHOM BPEMEHHM HAuajioCh W3BEPKEHHE TOJCHUT-IIEIOYHO0A3aNbTOBOM MarMbl, U 3TOT
3Tan cBsi3aH ¢ 0oJiee MHTEHCUBHBIM BIMSHHEM MaHTUHHOrO Marepuana. Takum oOpazom, Oblia
copmupoBaHa IUTMOLEH-YE€TBEPTUYHAS TOJICUT-IIETIOYHO0A3aTbTOBO-TPAXUAH IE3UTOBAS
BYJIKAHMYECKas CEpHsi, KOTOpas MO NETPOXUMUYECKMM M T€OXMMHUYECKHUM XapaKTepUCTUKAM
aHAJIOTUYHA TPEKOJUIM3MOHHOMY BYIKAHM3MY HMHTPAAYTOBBIX W 3ayroBBIX PU(]PTOB, OIHAKO
31ech PUPTUHT HE YCTAaHOBIEH, M BYJIKaHMYECKass AaKTHBHOCTh CBS3aHA C TPEUIMHHBIMU
U3BEPKEHUSIMU U3 TIYOMHHBIX Marmaruyeckux ouaroB. Creayer OTMETUTh, 4YTO C
MOCTKOJUIM3MOHHBIM ~BYJIKAHU3MOM HE CBSI3aHO pyJooOpa3oBaHue, JuUOO pyaa eme He

06Hapy>I<eHa 10 IpUYHUHE cnaboit SPpOAUPOBAHHOCTHU IIIMOUCH-UCTBECPTUIHBIX BYJIKAHHUTOB.

B onuceiBaecMoM PCTruOHE BBIABJIICHBI ABA 3Talld IMOCTKOJIJIM3UOHHOTO MarMaTrui3ma. HepBHﬁ nus3
HUX, I[aTI/IpyCMHﬁ OJIMI'OLICH-MUOLCHOM, TIPOABUIICA B rpaHOHHOpHTOBOﬁ PIHpr3HBHOI>i
AKTUBHOCTHM W MHTCHCHUBHOM IIOCTOPOIr€HHOM TCKTOI'CHE3C, C KOTOPBLIM CBA3aHO 30JI0TO-
MCIHOMMOJIUMECTAINIMYCCKOC U SIMUTCPMAIBHOC 30JIOTOPYAHOC U PECAKOMETAJIBHOC OPYACHCHHA.
I'eoxummyeckum HHAUKATOPOM 3TOr0 dTalla ABJIACTCA acconalusa peAKUX MCETaAJIJIOB (Sb, MO,
W, Hg), HIUPOKO pacClpoCTpaHCHHAs B PETHUOHC IMOCTKOJUIM3MOHHBIX MPOOECCOB MarMaruiMa mu
TCKTOI'CHEC3ad, HAJOXKXCHHBIX Ha PA3HOBO3PACTHBIC KOMIUICKCHI IIOPOI, C(i)OpMI/IpOBaHHBIX B

MIPEKOJUTU3UOHHON 00CTaHOBKE.

Bropo#i sTam cBsizZaH C MOCTMHOIEHOBOW BYJIKAHWYECKOW MESITEIBHOCTHIO — HU3BECTKOBO-
MIETOYHOW (MalMTOBOM) W IMOMIOHWUT-TPAXUAHIE3UTOBOW M TOJEUT-IIETOYHO0A3aTbTOBOM,
F€OXMMHMUYECKHE  HWHIUKATOPHl  KOTOPOM  aHAJOTMYHBI  XApAaKTEPUCTUKAM  BYJIKAHHUTOB

HpeKOHHH3I/IOHHOI>'I 00CTaHOBKH.
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Wrak, B ucciieyeMOM pEeruoHe MOCTKOJUIM3MOHHOM BYJIKaHUYECKOW aKTHBHOCTH HPEAIIECTBYET
OJIUTOIICH-MHOIICHOBBIA  TalUT-MIOPGOUPOBBI ¥ TPAaHOJUOPHT-IOPPHUPOBBI  MarMaTu3M |
30JI0TO-METHOTIOP(PHUPOBOE  30JI0TO-MAIOCYIbMUIHOE PYI000pa30BaHUE C COMYTCTBYIOIICH
accouuaiuet peakux meramwion (Sb, Mo, W, Hg). Dta acconumanus u sBIS€TCS UHIUKATOPOM

HpeKOHHH3I/IOHHOﬁ 00CTaHOBKU IIEpBOro sTalia.

AHanoruyHasi CUTyallMsl INOCTKOJUIM3MOHHOIO IIpolecca pydooOpa3oBaHUsl XapakTepHa JUIsl
pPa3IMYHBIX PETHOHOB MHpa. Acconuanus 30J10TOT0 OPYACHEHHS M PEAKUX METAIIOB
¢ukcupyercst B Teruc-EBpa3uiickoM METaUIOT€éHHYECKOM T0siICe Ha MPUMEPE MECTOPOKICHHUN
MypyHTaiicKO#i rpynisl, (GOpMUPOBAHHE KOTOPHIX CBSI3aHO C MO3AHENANIC030MCKON KOJTU3UEH.
3necb, B Tsasp-lllaHbckol  NPOBHHIMM  OOpa3oBaHME  TUTAHTCKUX  30JOTOPYIHBIX
Mmectopoxxaenuit  (Mypynray, Kymrtop, Yonboit u 1p.) cBA3aHO C (HUHAIBHBIM 3TAIOM
amanbramuzanuu U koiutaxka (Yakubchuk et al., 2002) u 3050TO€ OpyACHEHHE 3/1€Ch TaKKe

accoruupoBano ¢ Sb, Mo, W, Hg.

Ha Kymropckom mectopoxaeHnu ycranoBiaeHa acconuaius Au, W, Cu, Te, Ag, Pb, Sn, Sb.
Ha mecropoxnenun MypynTtay: Au, As, W, Bi, Ta, Cu.

Ha mecropoxaenun Yonboii: Au, Sb, Hg, Pb u Zn.

Ha mectopoxnenusx layrysray u AManTaiitay: Au, Ag, As, Sb, Mo, W u Cu.

AHanoruyHas B3aUMOCBSI3b  30JI0TOTO OpYIEHEHUS C KOMIUIEKCOM pEAKHX METAIUIOB
ycTaHoBieHa B TomOCTOHCKOM  3oJoTo-pynHoM  komriuiekce  FOkona  (Kananma).
[TocTkonnM3MOHHAs MMHEpalu3alMs 37eCh CBsi3aHa C IOPCKO-MEJIOBBIM OpOI€HE30M H
KOHTPOJIMPYETCS CHHOPOTE€HHBIMH WHTPY3UBaMM T'paHUTOMIOB. ['eoguMHamMuueckoe pa3BUTHE
00yCJIOBJIEHO TpPUACOBO-MEJIOBOM KOHBepreHiueil KkoHTUHeHTa CeBepHOM AMEpUKH C
@apaTOHCKOMN TUIMTOM, YTO BBI3BAIO KOJUIM3UIO OKEAHWYECKOI'O TeppeilHa MU KOHTHHEHTAJIBHON
OKpauHBI. 30JIOTOPYIHONW MUHEpaIM3allii COMyTCTBYyeT accoummamus Te, Bi, As, W, Sb.
30J10TOpYIHOE OPYAEHEHUE B >KHJIaxX KBaplia 37ech accouuupyercsa ¢ W, Au, Ag, Pb, Zn u Sb
(Mair et al., 2006). AHanoru4yHble MPOLECCHl U CBSI3aHHAS C HUMHU MUHEpPAIN3allus BBISBICHA B

IOro-BocTounoii ABcTpanuu, Iie MOCTKOJUIM3UOHHAS 30J10Tasi MUHEPAIN3AIUsA aCCOLMUPYETCS

¢ Bi, Te, As, W, Mo, Sn u Sb.
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Ntak, ¢ NOCTKOJUIN3MOHHBIM OPOTr€HE30M M OPOI€HHBIM MHTPY3UBHBIM MAarMaTU3MOM CBSI3aHbI
HauboJee 3HaUUTEIbHBIE 30JI0TOPYAHbIE MECTOPOXKACHHUSI, B KOTOPBIX 30JI0TO aCCOLIMUPYETCS CO
Sb, W, Mo u Hg. Cpeau HUX W3BECTHBI TMTAaHTCKUE MECTOPOXKAECHMs 30s10Ta: MypyHnTay (175
miH. yHIl. Au), Kymtop (49 mun. yHu. Au), 3apmutan (11.2 muH. yHI. Au). [IpumeudarensHo,
yto Sb, W, Hg u Mo accounnpoBaHbl ¢ 30J0TBIMH MECTOPOXKICHUSIMHU IMOCTKOUIN3UOHHOTO
oporeHe3a M HHTPY3UBHOM JESATENBHOCTBHIO, TOTJAa KaKk HX ydacThue He (QUKCUpyeTcs B
MIPEKOJUTM3UOHHBIX OCTPOBOY)KHBIX, 33yTOBBIX WHTPAIYTOBBIX H OKEAHUYECKHX 00CTaHOBKAX.
Cpenu HUX muiib Mo y4acTBYeT B OPYACHEHUU OCTPOBOYKHOW OOCTaHOBKH, JUISI KOTOPOU HE
xapakTepHa TeHaeHuus yyactus Sb, W, Hg. Onnako, rurantckue MectopoxxaeHus Mo cBsi3aHbl
C MOCTKOJUIM3MOHHOM 0OCTaHOBKOMW, KAaKOBBIMHU B HCCIIEAYEMOM perruoHe sBistoTcs Kamkapan u

Arapak.

CrnenoBarenbHO, IOCTKOJUIM3UOHHBIA — IIpOLlECC B IpeleNax OIMCHIBAEMOIO  PEruoHa
XapakTepu3yeTcss ABYyMs OJTanaMu pa3BUTHUS. llepBblid, OJMIONEH-MHUOLEHOBBIM CBSA3aH C
[IOCTOPOTEHHBIM TEKTOHOI'€HE30M U I'PAaHUTOMIHOW MHTPY3UBHOW aKTUBHOCTHIO. C HUM CBsI3aHA
30JI0TO-MEIHONOP(hUpPOBas U SNHUTEPMaibHAs MaJoCyab(GUAHAS 30J10Tas MHHEpAIU3aLUs C
accouuanueil peakux meramuioB Sb, W, Mo u Hg u ¢ popmupoBaHreM ux caMOCTOSITENbHBIX
MGCTOPO)I(ZIGHPlﬁ. OTH MeTaJjIbl SIBIISIIOTCS OAHOBPEMCHHO HMHAHWKATOpaAMM MOCTKOIITN3NOHHOMN
00cTaHOBKHU. [IOCTKOJUIM3MOHHBIM IMpOLECC 3TOr0 ATana HaloKEH Ha KOMIUIEKC pPa3HbIX MO
COCTaBy M BO3pacTy MOPOJ MPEKOIIM3MOHHONH OOCTaHOBKH, U MEPEUUCIICHHBIE BBIIIE METAJIbI,
HCXAPAKTCPHBIC JIA STOM 06CTaHOBKI/I, SABJIIIFOTCI T'€OXUMHUYCCKUM (1)0HOM HaAJIOXCHHOI'O
MOCTKOJIJIM3MOHHOIO Ipolecca. BTOpol 3Tanm MOCTKOJIM3MOHHOIO IIpoliecca HpPeJCTaBICH
IUTMOLEH-YE€TBEPTUYHBIM BYJIKAaHU3MOM, XapaKTEPHU3YIOIUMCS IIOMIOHUT-TPaXUaHA€3uTOBbIM U
TOJICUT-IIE€I0YHO0A3aJIbTOBBIM COCTaBOM, a TaKXKe NETPOXUMHUECKUMH U TE€OXUMHUYECKHUMH
MHJVKAaTOpaMH aHAJIOTMYHBIX BYJIKAHWUYECKUX CEpUH OCTPOBOAYKHBIX, MHTPAAyrOBBIX H
3ayTOBBIX PHUQPTOB TPEKOJTU3HMOHHBIX OOCTAaHOBOK. BynkaHuW3M SBIsSETCA MPOJAYKTOM
TPEIIMHHBIX M3BEPXKEHUH W /i HEro HE CBOMCTBEHHbI HHU pPUGTUHT, HU Kakue-I1udo

OpY/ICHEHHUSI.

IlocTKOMIM3NMOHHAA 30J0TO-MEIHOMOIMMETAINYECKas U PCAKOMCTAJUIbHASA MCTAJJIOTCHUA

XapaKTCPUIYCTCA CICAYIOIIUMU KPUTCPUAMU:
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* OpyleHeHe MPeACTaBIEHO B OCHOBHOM NOP(GUPOBBIMU M KUJIBHO-IITOKBEPKOBBIMU PYIaMHU.

31ech OTCyTCTBYET cTpatuMopdHas VMS muHepaim3anusi.

* B3anMoCBSI3aHHOCTh py,H006p330BaHI/I${ CO CKJIaq4aTO-pa3JIOMHBIMU CTPYKTYpaMH OpOIr€Ha u C

3TaIroOM MOCTOPOTE€HHON MarMaTU4e€CKONM aKTUBHOCTH.

. Kak B mopdupoBbIX Cyab(UAHBIX pyaax, Tak U B MaJOCYIb(UAHBIX U 0e3CYyIbQHUIHBIX,
OpyJIeCHEHUE B TMOCTKOJUTU3MOHHONW OOCTAaHOBKE XapaKTePU3YETCS BBICOKHM COJEPKaHUEM
30J10Ta B aCCOLIMALIMU € Tpynnoi peakux Metamwio (Sb, W, Mo, Hg) u ux BbICOKUM TPEHIOM BO
BMEMIAIOMINX MOPOAax. DTH peKue METaIlIbl B JaHHOW 00CTaHOBKE MOTYT CIY>KUTh TOMCKOBBIM

KpPUTEpPHEM Ha 30JI0TO.

* B mocTKOUIM3HOHHOM OOCTaHOBKE Q)opMpreTc;I TAaKXXE OpPYACHCHUC PCAKUX MCTAJUIOB,

MPECTaBICHHOE MECTOPOXKICHUSIMH aHTUMOHHTA, IIEeNTUTa, BOJIb(paMa U pTYTH.

* T'eHe3uc 300Ta W PEOKUX METAUIOB B TOCTKOJUTM3MOHHOH OOCTaHOBKE CBs3aH C
TpaHcopmarel CcyOqynMpOBaHHONW TUTMTBI Ha OONBIIMX TIyOMHAaX W BO3HMKHOBCHHEM
BBICOKOTEMIIEPATYPHOTO TMOTOKA (DIIIOMI0OB, HW3BIEKABIIMX U3 MOIIHONW CHATHYECKON KOpPbI
OpOTEHOB 30JIOTO U PeAKHue MeTalyibl ¢ (popmupoBaHHEM NOPGUPOBOTO U AMUTEPMATHHOTO

KHUJIbHO-IITOKBEPKOBOT'O OPYACHCHUA.

* ITocTKO/UIM3MOHHAs OOCTAaHOBKA XapaKTEPU3YeTCs] BBICOKUM I'€OXMMHUYECKUM (POHOM penkux
metaioB (Sb, W, Hg, Mo), accouuanusi KOTOPbIX OJHOBPEMEHHO SIBISIETCS U UHAUKATOPOM
MOCTKOJUTM3MOHHOM 00cTaHoBKH. CienyeT OTMETHTb, YTO HMX ydacTHE HE YCTaHOBJIEHO (3a

HUCKIIOYCHHUEM MO) B IIPCKOJNIM3HOHHBIX 00CTaHOBKaX.

O0o3penne n aHAJIN3 Pe3yJIbTATOB

Ces3p MeTamopdpu3Ma, MarmMaTu3Ma (BYJKaHHW3Ma), MOCTBYJIKAHMYECKOH TUApOTEepMaibHON
aKTUBHOCTH M 30J0TO-MEIHOIMOJIMMETAIUINYECKOTO PYI000pa3oBaHusl € TI'eOAMHAMHUYECKUM
pasButueM Ha EBpa3suiiCKOM axKTUBHOM OKpauHE MCCIEIyeMOr0 peruoHa IpOsSBWIACH B

CIIENYIONIUX TCHACHITUX:
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['eonnHamuueckoe pa3BUTHE BBIPA3sWIOCh B OCOOECHHOCTAX (OPMHMPOBAHUSA Ipe- MU
MIOCTKOJIJIM3UOHHBIX 00CTaHOBOK. IIpekomnm3moHHas craaus cCBsi3aHa C CEBEPOBEPreHTHOM
cyonykmueil okeana Teruc B mporecce koHBepreHuuu EBpasmiickoro m Adpo-ApaBHHCKOTO
KOHTHHEHTOB. CyOnyKuus Hayajlach B TO3JHEM IPOTEPO30€ M 3aBEPIIMIIACh KOJUIM3HEH H
IIOJIHBIM 3aMbIKaHMEM OKeaHa TeTuc B Mo3qHEM 30leHe. B mporecce cyOqyKkunu mpoucxoui
OTPBIB TEpperHOB OT AQpo-ApaBUHCKOW IMaCCUBHOW OKpPaWHBI, MX MUTPAlUs K aKTUBHOU
okpanHe EBpa3suiickoro KOHTUHEHTA U KOHBEPIeHIUS, YTO IPUBEIO K KOJUIM3UHM OKEAaHMYECKHUX
BETBEH MeXIy TeppeiHamu ¢ (OPMHUPOBAHHEM CYTYp. 3aMbIKaHHE M KOJUTU3US OKeaHa ObLIH
Oo0yCJIOBJIEHbl ~ MOIIHBIM  JaBleHHEM AQpo-ApaBHICKOIO KOHTMHEHTAa Ha  OKpauHy

EBpaSHﬁCKOFO 1 Ha4yaJoOM MOCTKOJUIM3UOHHOM CTaJuu Pa3BUTHA.

[Ipekomn3noHHOE T€0JOrHYecKOe U TI'€OJIMHAMHYECKOE Pa3BUTUE OIMPEAEIISUIOCh IMPOLIECCOM
Cyonyknuu U Tpancopmanueit cyoaynupyeMoi minTel. Ha mpekoutn3noHHON CTauu, BILIOTh
0 TOJHOTO  3aMbIKaHMsI  OKeaHa, MeTamMopdu3M, MarmMatu3M, ByJIKaHUYECKas U
MOCTBYJIKAHUYECKasl aKTUBHOCTh, a TaKkKe pynooOpa3oBaHHE pPETyIUPYIOTCS MPOIEcCOM
cyonykuuu. Ha MOCTKOMIM3MOHHOM CTaauu TMpoliecc CYOAYKIIMU 3aBEpIIAETCs, OJHAKO
Tpanchopmaius CyoaylupyeMon TUTUTHI MPOAOKAETCs Ha OONBIION ryOUHE, TI0JT OPOTEHOM B
pesynbTate naBieHus Adpo-ApaBHIICKOTO KOHTHMHEHTa Ha oOKpaumHy EBpaswmiickoro. Ona
COTMPOBOXKAANACh WHBEKIMEH MaHTUHHOTO auanvpa ¥ OOYCIOBIEHHOTO WM BO3JEHCTBHEM
GbarouaHO-TemoBoro motoka. C MepBBIM ATalnoM MOCTKOJUIM3HOHHOM AKTUBHOCTH CBSI3aHbBI
KOHTPOJIUPYIOIIME  PyA00Opa3oBaHUE TPAHUTOUJHBIA MarMaTu3M H  TEKToreHes (C
(OopMHpOBaHMEM CKJIAJ4aTO-pa3lIOMHBIX 30H), KOTOpPbIE HAa BTOPOM 3Tale 3aBEpLIAIOTCS
IIOLIOHUT-TPAXUAH/IE3UTOBOM U TONEUT-IIET0UYH00a3aIbTOBON BYIKAaHUYECKON AESITENEHOCTHIO.
[Io mneTporeoXMMHUUYECKHUM KPUTEPHUSIM OHHM AHAJOTUYHBI BYJIKAHUTAM MHTPAIYTOBBIX U
3aJlyrOBBIX PUPTOB MPEKOJUITM3MOHHON OOCTAaHOBKH, OJHAKO IMPEICTaBISAIOT COOON MPOTYKTHI
TPENTMHHBIX U3BEPKCHUN W3 TIIyOMHHBIX MarMaTHYeCKHX O4YaroB 0e3 MpH3HaKoB pU(TUHTA U

pynooOpa3oBaHws.

Havano mpexoyIM3MOHHOTO pa3BUTHS CBA3aHO C HOPMAIbHOM CYyOIyKLHEH, ¢ MOrpy:KeHHEM
CyOylIMpyeMoii TUITUTHI B MaHTHIO 0e3 ee TpaHchopMalui U UHBEKIIMM MaHTUHHOTO auanupa. B
(aHepo3oe ¢ 3TUM 3TanoM CyOAYKLMHU CBS3aH IMpOLeCC pernoHaibHOro Meramopdusma. Ha

HAYyaJIbHOM CTa/uu, elle /10 BHIIUIABIEHUS aHIAE3UTOBOIO paciuiaBa U3 CyOIylUpyeMOH MIUTHI U
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autochepsl, Ha OONBIION TTyOMHE, B YCIOBHUSAX BBHICOKHX JABICHUH U BBICOKOTEMIIEPATYPHOT'O
(IIIONAHOTO TOTOKA, CBA3aHHOTO C CyOAyKIMel, HaunHAeTCs] PEerMOHAIBHBIN MeTaMoppu3M ¢
(GhopMUpOBaHHEM TPAHYJIMTOBOM U aIbMaHIUH-aMPUOOTUTOBON Qaruii, Nepexoismux B
BOCXOJIIIIEM  paspe3e B  Ooiee  HHU3KOTEMIEpPATypHbIE  AUHIOT-aM(pUOOIUTOBYID H
3€JIeHOCNAHIEeBYI0 (anun Meramopdu3ma. Temmeparypa perHoHaIbHOTO MeTamophuzMa
cootBeTcTBYeT 350-750°C, naBnenue — 4000 Oap. Ilpu sToil Temmeparype, 1O BbIILIABICHUS
aHJIE3UTOBOTO pACIlIaBa, M3 CYOAYLHMPYEMOH IUIMTHI U JUTOC(EPHl BBHIILUIABISIETCS TPAaHUTHAS
MarMa, B pe3yjJbTaTe dYero B TPOLECCe PErHOHAIBHOTO MeTaMop(u3Ma MPOUCXOIAMT

(hopMUpOBaHHE TPAHUT-METAMOP(PHISCKUX KOMILICKCOB.

Wrak, pernoHanpHblii MeTaMop(du3M MpeIIecTBOBAI BBIILIABICHNUIO aHJI€3UTOBOIO paciulaBa U
M3BECTKOBO-I1IEJIOYHOM BYJIKAHUYECKON aKTUBHOCTH, YTO NOJATBEp:K1aeTcs Ha npumepe Kapkasa.
3nech (OpMHUPOBAHHUE TEPLUUHCKOTO METaMOP(PHUUECKOro KOMILJIEKCA B KPUCTAJUIMYECKOM sIJIpe
bonbmoro KaBkasa natupyercst 1eBoH-kapOooHOM. B cpennem xe kapbone, Ha KOkHOM ckiloHe
I'maBHOrO KaBka3ckoro xpe0OTa 3a 3TUM LMKIOM MeTamMopdu3Ma CIIeAyeT aHAe3UT-PHOIUTOBBIHI
BYJIKAHU3M OCTPOBOJYKHOTO THHa. [[pyroil mpumep u3BeCTeH B 3aKaBKa3CKOM MacCUBE, I'Ji€
[I03IHENAJIE0301CKO-TPHAcOBasl  aHJIE3UT-JALIUTOBAs HM3BECTKOBO-ILIEIOYHAS BYJIKAHUUYECKas
cepusi 3ajeraeT Ha IMale030MCKOM TI'paHUT-METeMOpPPHUUECKOM KoMIulekce J[3MpyiabcKoro
MaccuBa. [logoGHas mocnenoBaTeNbHOCTh  MeTamMopdu3Ma U M3BECTKOBO-ILEIOYHOTO
BYJIKAHM3Ma, KOTJIa BHIIJIABJICHUIO aHAE3UTOBOM MarMbl B IpoLecce CyOAyKIIUU MPEeAIECTBOBA
peruoHanbHbIl MeTaMophu3M, U3BEeCTHA B (haHepo30€ pa3HbIX perrnoHoB mupa (I'yrymsuim,
1980). ITpumepom sBisiercst okpyr Jleik (Yamic), rae popmupoBanue ampuboauToBoi (aruu
peruoHanibHOTO MeTtamopduszma (Bo3pact 475-420 MIIH. JIET) MPEAIIECTBYET Majae030HCKOMY
M3BECTKOBO-IIeT0uHOMY ByikaHusmy (Read, 1961). [Ipyroii npumep u3BecteH B ['epuuHcKOM
nosice 3anaaHoit EBponbl (MonganyOckasi CTpyKTypHasi 30Ha), IJle MUTMAaTHTBI BO3PacToM B
340-320 miH. JIeT NepeKphIThl KapOOHOBOW MOJIACCOM € TpaXWaHAE3UTOBOM cepueil BYJIKaHUTOB
(Caron, 1967). HwxHEICBOHCKHE W3BECTKOBO-IEIOYHbIE BynIKaHUThl B IlloTnanmaun
MEePEKPHIBAIOT PErHOHATBHO METaMOP(PHU30BaHHBIA KoMIuleke, ucnbITaBmmii 420-400 miH. jeT
HazaJ MOCIeTHUN — KajemoHckui stan Meramopdusma (Caton, 1967). B Tuxookeanckom
KOJIbLIE MOII[HAsI CEpHsl aHJIE3UTOB MEPEKPHIBACT 0JI€ PETHOHANBHBIX MeTamophuToB (Miashiro,
1972). Onnako, 3MU3076I METaMOP(PUIECKON aKTUBHOCTH B Tpollecce CyOMyKIIMM HE BCET/a

3aBCPIIAOTCSA BBIIJIABIICHUEM aHHe3HTOBOﬁ MarmMel 1 BYHKaHHqCCKOﬁ aKTUBHOCTHIO. B Takux
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cllyyasiX BO3JIEHCTBME TEIUIOBOIO IIOTOKAa HE MPEBBbIIAET YCJIOBUH  (opMHpOBaHUSA
IpaHyIMTOBOH M aM(puOOINTOBON (auuii, nepexoisluX B BOCXOASIIEM pa3pe3e B SMUAOT-
aM(puOOTUTOBYIO, IPEHUT-ITYMIICJUTMUTOBYIO, 3€JIC€HOCIAHIIEBYIO, LIEOJUTOBYIO U (PHIUIUTOBYIO
¢amuu (I'yrymsunm,1980). Pernonanbable MeTaMOp(UTHL, B OTJIMYHE OT MOCTBYJIKAHHMYECKUX
METACOMATUTOB, XapaKTEPU3YIOTCs CIIAaHLEBOW M THEHCOBOM TEKCTypaMH, YTO OOBSICHSAETCS

mpoueccomMm MeTaMop(l)I/I?:Ma Ha FHY6I/IHC, B YCJIOBHAX BBICOKOI'O JaBJICHHA.

C wMeramopdusmMoM He cBsi3aH mpolrecc pynooOpazoBanusa. Cpeau  peruoHaNbHBIX
METaMOp(UTOB W3BECTHBI PA3IMYHBIC PYIONPOSBICHUS U MECTOPOXKIEHHS, OJHAKO BCE OHH
HAJIO)KEHBI Ha METaMOP(UTHI U SABISIOTCS PE3yJbTATOM BO3ACUCTBHUS MOCTMETaMOP(PUIECKUX

IIponIcCcCoB.

Ha cnenyromem stane HOpMaibHOH CyOQyKIMH BO3pacTaHHUE TEMJIOBOTO MOTOKA OOYCIOBHIIO
BBIIJIaBJIGHUE U3 CyOAyLIMpYeMOW IUIMTHl aHJAE3UTOBOTO paciljaBa, H3BECTKOBO-IIEIOYHOM
BYJIKaHU3M U 30JI0TO-MEJHO-CBHHIIOBO-IIMHKOBOE py/l000pa3zoBaHUe. 3aTeM CleayeT JTail
TpaHchopmaru cyoaynupyeMoi tmThl (aedopmarus, 3arubaHue, Packoi, IETAYMEHT U
nenamuHanus). Jedopmanus o0ycioBieHa NPOHUKHOBEHHEM B JIUTOCHEPY MaHTHIHOIO
JManupa, € KOTOPBIM CBSI3aHBl HWHTPAAYTOBOW M 3aAyroBOd pUPTHUHT € IIOLIOHUT-
TPaxUaHJE3UTOBBIM BYJIKaHU3MOM Ha HAuyaJbHOM JTare. YCHJICHHE TpaHC(OopMalluu, a Takxke
UHBEKIMHA MaHTUWHOTO Juanupa W pU@TUHra CIOCOOCTBYIOT —IPOSIBICHHUIO  TOJIEUT-
1eJI0YH00a3aJIbTOBOM BYJIKAHMYECKOM NEeSITEIbHOCTH c COIYTCTBYIOIIUMU el
BBICOKOTEMIIEPATYPHON  SNUAOT-LOM3UTOBOM  MPONWIMTH3ALMEM W MEJHO-LIMHKOBBIM
KOJIYelaHHBIM pynooOpazoBaHueM. [locaenyromniee BHEIPEHNUsE MAHTUHHOTO IJIFOMa 00YCIOBUIIN
WHTEHCUBHBIN CIIPEJMHT U TpaHC(OpMAIIHIO 33yroBoro pugta B MaJOOKEaHUYEeCKUi OacceliH ¢
O(QHOJIUTOBBIM BYJIKaHU3MOM, YJIbTPAOCHOBHBIM JAYHUT-NEPUAOTUTOBBIM MarMaTu3MoM, SMHI0T-
LOM3UT-AaKTUHOJIUTOBON  NPONWJINTU3ALMEH, CEPHEHTHUHU3UIMEN U  MEIHOKOIYETaHHOU
muHepanu3auueit Kunpckoro tuma. IlogoOHOe pa3BUTHE MPOLECCOB YCTAHOBIEHO KaK B
UCCJIEIOBAHHOM PETHOHE, TaK M B JPYrUX palloHax MHUpPa B aHAJOTHYHBIX I€OJJMHAMHUYECKHX

00CTaHOBKAaX.

B octpoBoaykHOI 00cTaHOBKE Py1000pa30BaHNe KOHTPOJIUPYETCS y4acTUEM KaK CHATH4eCKON
1 0a3aIbTOBOM KOpBI, TAK M MAaHTHH, BBHJy TOTO, YTO CyOIyIHpyemas IUTUTa B TMpoIiecce

BBITUIABJICHUA aHAC3UTOBOI'O pacCIiljiaBa MOTrpyKacTCsd B MAHTHUIO. Ha 3pen0171 cTauu 3aayroBoro
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pudTuHTa B pyA000pa30BaHUU HE YYAaCTBYET CHalM4ecKas Kopa, U OHO KOHTPOJIHPYETCS JIMIIb
ydactueM 0a3anbTOBOl KOpbl M MaHTHHU. B pynooOpa3oBaHUMM OKEaHHMYECKOH OOCTAaHOBKU HE
y4JacTByeT HU 0a3aibTOBas, HU OKEaHWYecKast KOopa, OHO KOHTpOJHpyeTcst MaHTHen. Mcxons u3
BBIIIENIPUBEACHHBIX JAHHBIX, OCHOBHBIM MCTOYHMKOM CBMHIIA M 30JI0Ta SBJISICTCS CHAIMYECKas

KOpa, UICTOYHHUKOM IIHMHKA - 0a3aIbTOBEIN CHOﬁ, a M€U - MaHTU.

Ha npumepe kaBKa3CcKOro pervoHa sICHO JEMOHCTPUPYETCSA, YTO XApaKTep BYJIKAHUYECKOU
AKTUBHOCTH U 30JIOTO-MEIHOIOJIUMETANINYECKOr0 Pya000pa30BaHus CBA3aH C YepeOBaHUEM
BO BpEMEHU U MPOCTPAHCTBE C MOTPYKEHUEM CYOqyLMpyeMOM IIMTHI C IOra Ha CeBep U

JJaTCpaJIbHBIM - C BOCTOKA Ha 3amal.

3/1ech BBISBIIEHA CIEAYIOLIAs IOCIENOBATEIbHOCTh cOObITHI: Ha FOxkHOM ckioHe Bosbiioro
Kagkasza, B /lu3ckoil cepun y4acTBYIOT MaJI€0O30MCKUE BYJIKAHUTHI aHAE3UT-JAalUT-PUOIUTOBOTO
cocTaBa, CBSI3aHHBIE C HOpMallbHOU cyOnykuueit. K cesepy, B mpenenax I[lepemnoBoro xpedrta
KaBkaza, B pesynbrare TtpaHchopManuu IUIMTHI C HWHBEKUWEH auanupa, GopMupyercs
MaJI€030HCKO-TPUACOBBI HHTPAJIYTOBON PUQPT C TOJECUTOBON BYJIKAHWYICCKOU JCSITEILHOCTHIO U

MEIHO-IIUHKOBBIM OpyAeHeHneM (Xyzecckasi rpyIna MeCTOPOKICHHU ).

C ceBepoBepreHTHON TpaHchopmalei cyOayrupyeMon IUIMTHl B HIDKHEW tope (B mpejenax
lOxHoro ckmona bonbmoro KaBkaza) cBsi3aHa UWHBEKIMS MAHTUHHOTO JUanupa U
BO3HHUKHOBEHHUE 33{yTOBOT0 PU(Ta U OKPAMHHOTO MOPSI C TOJIEUTOBBIM BYJIKaHU3MOM U C MUPHUT-
XAITBKOTMUPUT-CPATEPUT-TUPPOTHHOBBIM Opy/JICHEHUEM (Dunuz-yvaiickas rpyrina
MectopoxaeHuit). Ha rore, B npenenax Mexropesa 3akaBkasbs (I'py3uHckas ribeida) u JIOkcko-
Kapab6axckoit 30up1 Manoro KaBkaza pudTuHTY mMpealmiecTBoBalla HOpMalbHasi CYOIYKIUS U
MO3/JHETaNIC030MCKO-PaHHEIOpCKass 0a3anbT-aHIe3UT-JAlUTOBAs BYJIKAaHUYECKas aKTUBHOCTH

OCTPOBOJY>KHOTO THUIIA.

B Jlokcko-Kapabaxckoil 30He  M3BECTKOBO-LIENOYHAs  BYJIKAHUYECKass  JESTEIbHOCTD
MpOAO0JIKANIACh B BEPXHEHN IOpe. 37€Ch OHA MPEACTABICHA aHAE3UT-JAllUT-PUOIUTOBON CepUeii, ¢
KOTOpPOI  CBSI3aHO  30JI0TO-METHOTOIMMETAJUINYECKOE PYya000pa3oBaHue (MECTOPOKACHUS
Hlamnyr, AnaBepasl, Kamabex u gp.). Cesephee, B mnpenenax Mexropbs 3akaBKa3bs
cyOnynupyemasi IIMTa MoABEpriiach TpaHChOpMAalUK U ¢ HEel CBA3aHO (POPMHUPOBAHNE MOIITHON

TOJIEUT-11IETI0YHO0a3aJIbTOBO-TPAXUTOBOM BYJIKAaHUYECKON CEpHH 3ayTOBbIX PU(TOB.
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AHanornyHo, B BepXHeM Meny ApTtBuHO-bosHHMCccko# 30HBI (Manbiii KaBka3z), ¢ HOpManbHOM
cyOayKuMel CBsi3aH aHJE3UT-AAlUT-PUOIUTOBBIM OCTPOBOAYXKHBIH BYJIKAHU3M M  30JI0TO
MEIHOMOJUMETATIINYECKAS MHHEPAIU3ALMS (Manneynbckoe u JlarkecamaHnckoe
Mectopoxkaenus). CeBepHee, B mpenenax [py3wHCKON TibIObI (3aKaBKa3CKOE MEXTOpPhHE)
cyOayuupyemasi IjuTa IMpeTepresia MHTEHCUBHYIO TpaHC(POPMAIUIO ¢ MpUCYIIEH 3aJ1yrOBBIM
pudTaM  NUKPUT-0a3aJIbTOBOM, IIEIOYHOW  OJMBHHOBO-0a3albTOBOM W TpaxWaHIE3UT-
TPaXUTOBOW  BYJKAHWYECKOW  JEATEIBHOCTHIO C  YIBTPAIICIOYHBIMA  (DOHOITHTOBBIMHU

3KCTPY3USMH.

Tpanchopmanusa cyOayuupyeMoil IUIMTHI HposiBWiIach U B 3oueHe. DopMupoBaHuio Ajkapa-
Tpuanerckoro pudTa C TOJEUT-IIETOYHOOA3aTBTOBOM BYJIKAHMUYECKOW JIE€ATEBHOCTHIO, B
npurpaHnuHbix paioHax Typeukux ITontun u ApTBUH-BOIHMCCKOI 30HBI, B BEpXHEM MeNy U
J0LIEHE NPEJIIECTBOBAJ CBSI3aHHBIM C HOpPMaJbHOM CYOAYKLIHMEH H3BECTKOBO-IIEIOYHOM

BYJKAHHU3M U 30JI0TO-MEIHOMOIMMETAIUINIECKOS Py 1000pa3oBaHue.

B npenenax Kaskaza u bonrapckoro CpenHeropbss B BOCXOSILEM pa3pe3e YCTaHOBJIEHO CO
BpeMeHeM ocialieHue TpaHcQopMmaluu CcyOaylUpyeMOl IUIMTHI M MHBEKIMH MaHTUIHOTO
auanuvpa. OTO TNOATBEpXkAaeTcs Ha mnpumMepax Ajpkapa-Tpuanerckoil 30Hel U bomHMCCKOTrO
pyaHoro paiiona (AptBuH-bonnucckas 3ona). B 3amagHom cermente Amkapa-Tpuaneruun B
HUDKHEM 30LIeHE, B Hayajle pUPTHUHTA MPOSIBUIICS IIOMIOHUT-TPaXUaHAe3uToOBbINM BynkaHu3M. C
YCUJIEHUEM B CPEJIHEM 30LieHE pU(PTHUHTa CBS3aHA TOJEUT-IEI0YHO0a3aIbTOBAs JIEATENbHOCTD,
KOTOPOH COMYTCTBYET BBICOKOTEMIIEpaTypHast (POHOBasi SMUAOT-IIOM3UTOBAs MPONUIUTU3ALUS.
B BepxHem »oomeHe ocnabneHue puUPTUHTa OOYCIOBMIIO LIOUIOHUT-TPaxXUaH]1€3UTOBBIH
BYJIKQHU3M, U (DOHOBBIN MPOLECC U3MEHEHUs IMPEICTaBIEH XJIOPUT-AIbOUTOBON U 1I€0JIUTOBOM
nponuinTuzanuei. Temneparypa 30HajIbHOCTH (DOHOBOIO Ipoliecca CBs3aHA BO BPEMEHHU C
NaJIeHUeM TeMIepaTypbl TEIJIOBOTO IMOTOKa M Oosiee TIYOMHHOM MHBEKIMEW MaHTHUHHOTO

Auanuvpa.

Jlpyrasi mociiefoBaTelbHOCTh (uKcupyercs B BonHucckoM pyaHOM paiioHe, B BOCXOISIIUX
paspe3ax ManHeynbckoro u bekrakapckoro pyaHbIX y3JI0B. 3/1€Ch MAaHTHUHHBIN JUATUPU3M BO
BpEMCHHU YCHUJIMBACTCA B BCPTHKAJIBHOM HAIIPABJIICHHUU U FJ'Iy6I/IHa €r0 MNPOHWKHOBCHUA

YMCHBIIACTCA.
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®opmupoBanue MagHEYIbCKOTO  MECTOPOXKIIEHHS CAHTOHCKOTO BO3pacTa CBSI3aHO C
HOpMaJbHOW CYOAYKIMEH U C OCTPOBOAYKHOW OOCTAaHOBKOH, TOrJa Kak CMEXKHOE C HUM
bexTakapckoe MECTOPOXAECHHUE JIOKAJIU30BAaHO B KaMIIAHCKOM TpPaxUAALUTOBOM TOJIIIE, HAal
KOTOpPOW 3ajieraeT BEpXHEKAMITAHCKas IIOPIIOJIETCKas CBUTA, COCTOSMIAs W3 IIEJIOYHBIX
0a3aJIbTOB M TPAaXHAHJIE3UTOB, XapaKTEPHBIX I 3aayroBbix pudToB. CienoBaTelbHO, 3/1€Ch, B
BOCXOJSIIIEM paspe3e ycuwiuBaeTrcs TpaHchopmanusa cyoaynupyemoir muuthl. IlogoOnas
curyarust pukcupyercst u B bonrapckom Cpenneropbe (Ilanartopuiire), rie B BOCXOMISIIEM
paspese HopMasbHas CyOayKIus B pe3ynbTare JedopManuu cyOayupyeMoil IINThI IEPEXOJUT

B HAYAJIbHYIO CTAJIUI0 PA3BUTUA 3aAyTOBOTO pI/I(I)Ta.

B kaBka3ckoMm peruone, Ha npumepe pazButus Amkapa-Tpuanerckoil u Tambiickoil puQToBBIX
30H, IPOCJICKUBAECTCS JIaTepalibHas TpaHchopMalys CyOaylupyeMO IIIUTHI U CBA3aHHBIX C HEl
BYJIKQHM3Ma, IMOCTBYJIKAaHHUYECKOTO IMporiecca U pyaooopasoBanus. Akapa-Tpuanerckuii pudt
JaTepanabHO, B 3aIIaJHOM HAIPABICHUU MEPEXOJUT B MPEACTaBICHHBIA odrommnramMmu BocTouHo-
UepHoMopckuii Majiblii okeaHWdeckuil Oacceiin (puc. 9), Torma kak 3amagHo-UYepHOMOpPCKUil
MaJsiblii OKEaHWMYeCKU OacceliH COeIUHSETCS C 3aAyroBbIM pudToM Bypracckoro CHHKIMHOpUS
(bosrapust), cocTosiero W3 TOJIEUT-0a3aJIbTOBOM CEPUH, YTO OOBICHSAETCA JiaTepabHBIM

3aMaAHOBECPICHTHBIM ociabaeHueM BHCAPCHUA MaHTHUHHOT'O Auarupa.

AHanoruyHas cuTyanus npociexuBaetcs u B Tanbine (Azepbaitmkan, puc.9). 3aecs 3aayroBoi
puQT ¢ TONEUT-0a3aIbTOBBIM BYJIKAHU3MOM MEPEXOUT JaTepaibHO Ha BOCTOK B O()PMOIUTOBBIM
Manblii okeaHmdeckuii Oacceiin Kacmwmiickoro mops (puc.9). Opnako, ecnmu B Amxkapa-
TpuanerckoMm pudTe B BOCXOASIIEM pa3pe3e CPEAHEIOIEHOBAs TOJEHUT-IIEIOYHO0A3aNbTOBAS
CCpusad B BECPXHEM D0LCHC 3aMCIIACTCSA HIOHIOHI/IT-TanI/IaH)IGSI/ITOBOI\/'I, 4TO CBUIACTCIILCTBYET 00
ocnabneHuu pudTuHra, To B Tayble HaJ CPeAHEIONECHOBHIMU TOJEUT-0a3aabTaMU 3ajieraeT
BEPXHEIOIICHOBAas OCAJ0YHAs TOJIA, KOTOPYI CEKYT JYHUT-TIEPUIOTUTOBBIC IITOKH
okeaHnueckoro tumna. CienoBaTensHo, 31€Ch, B OTIIMYNE OT Apkapa-Tpuaneruu, B BOCXOSAIIEM

paspese HamedaeTcsl yCUIICHUE BIUSHNAS MAHTHIHOTO THAIHpa.

IIOCTKOJIM3MOHHOE Ppa3BUTHE HCCIENLYEMOIO PETHOHA HAYMHAETCS TO0CHE KOJUIM3UM H
3aMbIKaHus okeaHa Teruc m oOycnaBiauBaeTcs naBieHueM AQpo-ApaBHIICKOr0O KOHTHHEHTA Ha

OKpanHy EBpa3Hf/'ICKOFO . IlocTkoimu3uoHHas OOCTAaHOBKA KOHTPOJIUPYCTCA  PA3JIOMHO-
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CKiIaq4aTbIMHU CTPYKTypaMH W CHHOPOI'C€HHBIMH OJIMI'OOCH-MHUOLICHOBBIMH HWHTPY3HUBHBIMU

IIITOKaMH.

[TocTkOIM3MOHHBINA MPOLIECC MPEACTaBICH ABYMs ATanamu. [IepBblil, JaTUPyEeMbIil OJIUTOLICH-
MHOLIEHOM, CBSI3aH C Pa3JIOMHO-CKJIAJA4aTbIMU CTPYKTYpaMHU M C OPOT€HHOW HWHTPY3UBHOMU
AKTUBHOCTBIO. BTOpO#l »3Tar, NOCTMUOUEHOBBIA, MPOSBUJICA B AaHAE3UTOBOM, LIOIMIOHHUT-
TpaxuaHAC3UTOBON U TOJEUT-IIEIOYHO0A3IPTOBON BYJIKAHUYECKON NIEATEILHOCTH, C KOTOPOM
HE CBsI3aHO pyAooOpa3oBanue. Ha mepBom 3Tame ¢GopMHpyeTcss 3HAUUTEILHOE OpYACHECHHE,
KOHTPOJIUPYEMOE TEKTOHOT€HE30M M MHTPY3UBHOW aKTUBHOCTHIO. OHO MPEICTaBIICHO 30JI0TO-
MEIHOIMOJIMMETAUTHICCKUMU ¢ SIMUTEPMATBLHBIMA MaJIoCylIbQUIHBIME U  0e3CyIb(OUTHBIMA
30JI0TBIMH MECTOPOXKJICHUSMHU C pyJdamH, OOraThIMH 30JI0TOM Ha ()OHE HHM3KOTO COJEp>KaHus
nonumeTaiioB. OpyJAeHEHUIO 3/1€Ch CONYTCTBYET acCOLMalUs peAKux mMeTaiuioB -- Sb, W, Mo,
Hg. IIupoko pacnpocTpaHEHbl H 30JIOTOCOAEPKAIIME AHTUMOHHUTOBBIE, LICEIUTOBBIE,

BOJIb()PAMUTOBBIE U PTYTHBIE MECTOPOIKICHUS.

JlanHast accouuanusi peAKuX METAJUIOB HE XapaKTepHa AJIsl IPEKOJIM3UOHHOTO opyaeHeHus. 13
3TUX PEIKHUX METAJUIOB JIMIIbL MOJMOJEH y4acTBYET B pyAaX OCTPOBHBIX AYT, OJIHaKO HauOoiee
3HaYMTeNbHblE MecTopoxaeHuss MmonuOaeHa (Kamxapan u  Arapak) ¢opMmupyooTrcs B
MOCTKOJIJIM3MOHHON 00CTaHOBKE. MICTOYHMKOM 30510Ta M PEIKMX METAJJIOB SIBISETCS MOIIHAS
CHaJInYecKass Kopa OpOTE€HOB, W3 KOTOPOW OHHM BBIIIENAUMBAIOTCS BBICOKOTEMIIEPATYPHBIM
MIOTOKOM  (IIOWJ0B B YCIOBHUSIX BBICOKOTO JABJIEHUS, BOCXOJSIIMM M3 TNIyOMHHBIX
MarMaTHYeCKUX  oyaroB, (OPMHUpPOBAaHME KOTOPBIX CBA3aHO C  MOCTKOJUIM3MOHHOM
TpaHchopmaner  cyOqyIMpOBaHHOM  IUIMTBL. B MOCTKONIM3MOHHOW  OOCTaHOBKE
HCCJIEIOBAHHOTO PErMOHA YCTAHOBJIEH BBICOKHI T€OXMMHYECKMH ()OH OTMEUEHHBIX PEIKHX

MCTAJIJIOB KaK B pyAOBMCHIAIOIIUX 30HAX, TaK U IIXUPOKO 3a UX MIPEACTIaMU.

[TOCTKOIM3UOHHBIN  IPaHUTOUJHBIM, TPAaHOIUOPUT-NOPGUPOBBIN, U  JAUUT-TOPHUPOBBIiL
MarMaTH3M PacHpOCTPaHEH Ha OOIMIMPHOM IUIOIIAAN UCCIIEAYEMOro peruoHa B mpeaenax Mpana,
Kapkaza u Typuuu. C HUM cBsi3aHa 30JI0TO-MEIHONOJMMETAIUINYECKAas U MallocyibhuaHast
30JI0TOPYy/THAasE MUHEPATU3AIKs ¢ COMYyTCTBYIONICH acconuanueit peakux metamioB (Sb, W, Mo
n Hg) u reoxuMuuecKkux MHANKATOPOB MOCTKOJUTM3MOHHON 0OCTaHOBKH. DTH UHTPY3UBHBIE Tela
BE3/I€ JATUPYIOTCA OJIUTOLEH-MHUOLIEHOM. OTO JAeT BO3MOXHOCTb MPEAMNOJIOXKUTh, YTO

MOCTKOJIJTM3UOHHBIN Tpoliecc, 00ycIOBICHHBIH cTpeccoM Adpo-ApaBUIICKOTO KOHTUHEHTa Ha
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AKTHBHYIKO OKpauHy EBpaSHﬁCKOFO, Ha4dajiCsad B OJIUTOLUCH-MHOLICHE U IIPOAOJIKACTCA B TCUCHUU
HHHOHCH—quBepTHqHOﬁ BynKaHH‘ICCKOﬁ ACATCIIBHOCTH C COIIYTCTBYIOIIHMM OPOI€HE30M H

TEKTOT'€HE30M, C KOTOPBIMHU CBsI3aHO (DOPMUPOBAHHE CKIIa19aTO-PA3IIOMHBIX CTPYKTYD.

JlanHast accouuanus peAKuX METAIOB CBs3aHa C OOraTeHIMMU TOCTKOJUIM3HOHHBIMU
30JI0TOPYJIHBIMU MECTOPOKJIEHUSAMH Kak B EBpa3zuiickoM 30J0TO-MEIHOMOJIUMETAIINYECKOM
nosice (rpymma wmectopokaeHuit Mypyntay B Tsaub-lllanbCkoil TNpOBUHIIMK), TaK U B
Tom6cToHCKOM 3050TOpynHOM Tosce (Kanaga), B JlaumaHCKUX OpOTEHHBIX MECTOPOKIACHHSIX
3omoT1a (ABcTpanust) u ap. CiaenoBaTenbHO, BCE BBIIIECKA3aHHOE MO3BOJIAET MPEANOIOKUTh, YTO
accommanusi peakux wmetamoB (Sb, W, Mo, Hg) sBusercs 4YeTKMM T€OXUMUYECKUM

HHAUKATOPOM IMOCTKOJIIM3MOHHON 00CTAaHOBKH.

Craenyer OTMETUTh, YTO JO0 HOCJIEIHEr0 BPEMEHHU AJIS MOCTKOJUIM3MOHHOM OOCTAaHOBKHM 3TOTO
JTana HaJeXHble TIEOXMMHUYECKHE KpPUTEpUM H3BECTHbl He ObUIM, B OTJIMYME OT
IIPEKOJUIU3UOHHBIX ~ OOCTAaHOBOK -  OCTPOBOJYKHOM,  3aayroBoil M  OKEaHUYECKOH,
XapaKTEePU3YIOLIUXCS YETKHUMH TE€OXUMHUYECKUMU HMHIMKATOPAMHU *’st/*°Sr,  Pb**°/Pb*™;
COZIep)KaHWE XOHJPUTOBBIX M PENKO3EMENbHBIX JJEMEHTOB M 1p.). AHaAJOTHYHBIMU
MHIMKATOpAaMH XapaKTepU3YIOTCS W TOCTKOJUIM3MOHHBIE IMOCTMHUOLIEHOBBIE BYJIKaHUYECKHE
CepUM HCCIIEJOBAHHOIO peruoHa. BBuay TOro, YTO NEpPBbIH, OJMIOLIEH-MUOLIEHOBBIN
MTOCTKOJUIM3MOHHBIM 3Tal B HCCIEIyEMOM PErMOHE HaJOXKeH Ha MOPOAbl MPEKOJITU3HOHHOIO
JTana, u accoruanus peakux metawioB (Sb, Mo, W, Hg), onpenenstomnias reoxumMudeckuii GoH
MIEPBOTO ATalra He XapaKTepHa JUIsl MPEKOJIM3MOHHOW 00CTaHOBKH, €€ MOXHO paccMaTpuBaTh B
Ka4yecTBE YETKOTO MeOXMMHUYECKOr0 MHAMKATOpa MepBOro 3Tana MOCTKOUIM3MOHHOM CUTYaIUH.
DTO TOATBEP)KAAETCS JaHHBIMH OTHOCHTEIBHO ITIOCTKOJUIM3MOHHBIX OOCTaHOBOK JIPYTHIX

PErHOHOB MHUpA.

OCHOBHBIE BbIBO/IbI

1. danepo3oiickoe TreoOAMHAMHUYECKOE Pa3BUTHE HCCIEIyEMOT0 PErMoHa U €ro CBs3b C
pPErHOHAIBHBIM MeTaMOp(HU3MOM, MarmMaTu3MOM, BYJIKAHU3MOM, IMOCTBYJIKAHUYECKUM
IpOIECCOM U  METaJIOTeHHEeN OO0YCIIOBIIEHBl CEBEpOBEPIeHTHOM CyOayKuuen Hu

TpaHchopmanueit cyoynupyeMoi IIUThl Ha IPEKOJUTM3MOHHON CTalH, C OPOTEHE30M,
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pa3IOMHO-CKJIaq4aTol  TEKTOHUKOM, €  CHHOPOI€HHBIM  MarMaTU3MOM  Ha
MOCTKOJUIM3MOHHOM ~ cTaguM M €  HOCTCYOQyKIIMOHHOM  TpaHcdopmarueit

CyOAyLIMPOBAHHOM IIUTHI.

Ha mepBom stame cyOnyKIHH, B MpoIecce MOTPYXKEHUs CYOIyIHPOBAaHHOW IUTUTHI B
MaHTHIO, JO0 BBHIIUIABJICHHUS aHJIE3UTOBOTO paclulaBa, MPOUCXOIAWI PETUOHAIBHBIN
MetamMophu3M, CBS3aHHBIH C NPOHUKHOBEHHEM B JuTochepy (IouIHO-TEIII0BOrO
noroka. Ha »Tom oatame, mnpu  Temmeparype 350-750°C, hopmMupoBaIUCH
BBICOKOTEMIIEPATYPHBIC ~ TpaHyJuTOBass W  anbMaHAuH-ampuOommToBas  danuu
Metamopdu3Ma ¥ TPOUCXOAHWIIO BBHIUIABJICHHEC TPAHWUTHOH Marmbpl, a TaKkKe
(dbopMupoBaHHE TPaHUT-METaMOP(GUTOBBIX KOMILIEKCOB. C BO3pacTaHUEM TEMIEPATypbl
o 1000-1100°C  BwImIaBIseTCS aHIe3uTOBasg MarMa Y Ha4YMHAETCI W3BECTKOBO-
IIEJIOYHAsl BYJIKAHWYECKAsl JIEATEIbHOCTh OCTPOBOAYXKHOM CTaauu, OOYCIIOBIICHHAS
HOpMaJbHOU cyOaykuuen. M3BecTKOBO-1€I0YHAs BYJKAHUYECKasi Cepusl HaJOXeHa Ha
IpaHUT-MeTaMOp(PHUUECKHE KOMILUIEKCHl. PernoHanbHblii MeTaMopdu3M MpeaiecTBoBal
M3BECTKOBO-IIETIOYHON BYyJTKAHMYECKON aKTUBHOCTH U 00a mpolrecca KOHTPOJIUPOBAIUCH

HOPMAaJIbHOU CYOTYKIIHEH.

OCTpOBOI[y')KHOMy N3BCCTKOBO-LICJIOYHOMY BYJIKAHU3MY COIIYTCTBYCT (bOHOBaH OCOJIHUTOBAsA

MPOMUIUTU3AIUA U C HUM CBSA3aHO 30JI0TO-MEAHO-CBHUHIIOBO-IIMHKOBOC pyz[oo6pa303aHI/Ie.

3.

Hanee, B mporecce CyOQyKIIMM HAayMHAETCs TpaHCPopMalus CyOayLUpyeMOil IIUTHI
(mepopmaniusi, packoyi, JAETAUMEHT U JIeJlTaMUHaIUs), OOYCIOBUBINAS HWHBEKIHIO
MaHTUHHOTO Juamupa ¥ MHTPAAYTOBOM H 3aAyroBOM pUPTHUHT C MIOMIOHHUT-
TpaxHaHAE3UT-IATUTOBBIM  BYJIIKAHU3MOM Ha HadalbHOW craguu. C  yculieHueM
MPOHUKHOBEHUS JUAINMpa CBsI3aHA TOJICHT-IIEIOYHO0A3aIbTOBAs  BYJIKAHUYECKAS
NEATETBHOCTh € ANUJIOT-IOU3UTOBOM  (OHOBOM  MPONMUIUTH3ANMEH W MEIHO-

IMUHKOBOKOJIYCAAaHHBIM OPYACHCHUCM.

JlanpHelmass WHTEHCHBHasl TpaHchopMalus CyOAyLHUpYeMOW IUIUTBI U BHEApPEHUE
MaHTUHHOTO Jauanupa OOYCIOBMIIM CHpPEAMHI W MEpexoJ| 3aJyroBoro puQTHUHTa B
MaJIOOKEaHUYECKYI0 OOCTaHOBKY C O(HOIUTOBOM BYJIKAHMYECKOW AaKTHBHOCTBIO H

YIBTPAOCHOBHBIM AYHUT-ICPUAOTUTOBBIM MAarMaTu3MoM, COIPOBOKIAAECMBIMU ISIIUAO0T-
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HOH3HT—3KTHHOJ’IHTOBOI>1 HpOHHHHTHSaHHeﬁ, CepHeHTI/IHI/BaHI/ICI\/'I 1 MCIHOKOJIYCIaHHBIM

opynenenuem Kumnpckoro turma.

S. Wrak, ¢ pa3nuuHbIMU F€0JUHAMUYECKMMHU OOCTaHOBKaMHM CBSI3aHBbl OIIPECIIEHHbIE TUIIBI
opyaeHeHusi. B To ke BpeMms, B reOJMHAMHUYECKUX OOCTAaHOBKAX YCTAHOBIICH DPa3HBIM
YPOBEHb y4YacTHsl MAHTHUH, a TAK)XKE CHAJIMYECKOM U 0a3aJibTOBOM KOpbL. AHaINU3 3TOH
uHGOpMalUK JaeT BO3MOXKHOCTb IPENIOJIOKUTh, YTO MCTOYHMKOM 30J0Ta, CBHMHIIA,

MEJHU U IMHKA SIBJIAIOTCA (baHepo30171<:Ka;1 KOpa U MaHTHA.

B okeanunueckoil oOCTaHOBKe, e B Ipolecce pyAooOpa3oBaHUS y4yacTBYET TOJBKO MAaHTHS,
dbopmupyeTcss MEIHOKOTYEAAHHOE OpyAeHEeHHe Oe3 ydacTHs 30J0Ta, CBHHIA W IIMHKA, YTO

CBUIACTCIILCTBYCT O MaHTHHHOM MCTOYHHKE MEOU.

B unTpagyroBoil u 3aayroBoil 0OCTaHOBKAX B IMPOIECCE OPYIACHEHHUs y4acTBYIOT 0a3aabTOBas
KOpa U MaHTHUsI, B PE3yJIbTAaTe Yero OPMUPYETCS METHO-IIUHKOBOE OpYACHEHUE. ITO YKa3bIBACT

Ha TO, YTO UICTOYHHUKOM IIMHKA SABJISACTCA 0azanbTOBas KOpa.

B OCTpOBOI[Y)KHOI\/’I 00CTaHOBKE B nmponecce OpyACHCHUA YUACTBYCT CHUAIINYCCKAA U OazanbpTOBas
KOpa, a TaKK€ MaHTHUs. Pyna 3A€Chb COLCPIKUT 30JI0TO, CBUHCL, TUHK WU MEAb, T.C. HCTOYHUKOM

30JI0Ta U CBUHIIA ABJISICTCA CHAJIMYCCKAadg KOopa.

B mocTkomiu3uoHHON 00CTaHOBKE (OPMHUPOBATHCH SHUTEPMaJbHbIE MECTOPOKACHUS C
BBICOKUMHM COJICPKAHUSIMHU 30J10Ta B aCCOIMAIIUM C KOMIUIEKCOM peakux MeramioB (Sb, W, Mo,
Hg). Iloctkomnmm3uonHass 0OCTaHOBKA XapaKTepU3yeTCs MOIIHOM OPOreHHON CHAIMYECKOU

KOpOﬁ, YTO HNOATBCPIKAACT CBA3b HCTOUYHHKA 30JI0Ta U PCAKUX MCTAJJIOB C CHAJINYECKON KOpOI>'I.

6. B mpexkommM3nOHHOM OOCTaHOBKE CYONYKIMsS W CBsI3aHHbIE C HEW MeTraMopgusM,
MarMaTH3M, BYJKaHU3M, [TOCTBYJIKAHUYECKUN MpoLecC U pyAo0o0pa3oBaHuE YepeayoTCs
BO BPEMEHM M MPOCTPAHCTBE B TPEX HAIPABIICHUSAX: C IOra Ha CeBep, M0 HalpaBIECHUIO
MOTPYXEHUS CYyOAYIUPYEMOU IUIMTHI, MO MPOCTUPAHHUIO MOTPYKEHMs, JaTepaibHO, C

BOCTOKA Ha 3aIriaa U BEPpTUKAJIbHO, BO BPpCMCHU U 11O BOCXOAAIIEMY pa3pe3y.

e B mpornecce morpyXeHusl IUIMTBI, B OCTPOBOJYKHBIX YCJIOBHUSAX PErMOHAIBbHBIN
MeTamMmophu3M  MPEIIIECTBYET  BBIJIABJICHUIO  aHAE3UTOBOrO  paciuiaBa |

M3BECTKOBO-IIIEIOYHOMY BYJIKAaHH3MY C (DOHOBOW IICOJIMTOBON MPONUIUTU3AIUCH U
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C 30JI0TO-MEJHOIOIMMETANINYECKUM opyaeHeHueM. Jlanee, Kk ceBepy MPOUCXOTUT
TpaHcopmalus cyoynupyMon IITUThI, CONPOBOXKIaeMasi HHbEKLIUEeH MaHTUHHOTO
auanupa, OOyCIOBHBINAS HHTPAAYTOBOM M 3aayroBod PHPTHUHT C MIOMIOHUT-
TPaxXUaHAC3UTOBBIM U TOJICUT-IIETOYHO0A3aIbTOBBIM BYJIKAHU3MOM, C (DOHOBOH,
0ojee  BBICOKOTEMIIEPATypHOM  XJIOPUT-AILOUTOBOM U SIUIOT-IOU3UTOBOMN
MPOMWINTH3AIMENR U C MEAHO-IIMHKOBBIM VMS pymooOpaszoBanuem. [lanpHelimee
yCHJIEHUE TpaHCHOPMAIUH IUTUTHI, C BHEIPCHUEM MAaHTHIHOTO JHANUPa 0 MaJbIX
[IIyOWH, TPUBEIIO K CIPEAUHTY U MaJOOKEaHUIECKOW 0OCTaHOBKE C O(HOIUTOBEIM
BYJIKAHHU3MOM, YJIBTPAOCHOBHBIM M JIYHUT-NIEPUAOTUTOBBIM MarmMaTu3MOM, C
AMUAOT-IIOM3UT-AaKTUHOJIMTOBOM TMPONMUIUTH3AUEH U CEepHeHTUHU3AlUe U C

MCJIHOKOIYCAAHHBIM OPYACHCHHUEM KI/IHpCKOFO THIIA.

e JlarepanbHas TpaHcopmanus CyOnyHHpyeMOW IUIMTHI C WHBEKUIUEH Iuanupa
pa3HOl MHTEHCHMBHOCTM U YPOBHS IO TMPOCTUPAHUIO TOTPYKEHUS TaKkKe
00ycIIOBMIIa YepeTOBaHHE T10 JIATEPAIA OCTPOBOAYKHOM, HHTPAIYTOBOM, 33 yTrOBOM
U OKEaHMYECKOW OOCTAaHOBOK C AaHAJIOTHYHBIMU BBIIICONUCAHHBIM SIBICHUSIMHU
BYJIKaHHW3Ma, MarmMaTru3Ma, NOCTBYJKAHMYECKOTO IIpolecca U METauIOreHHUEH,

Pa3BUBABIIMMUCS BJI0JIb OTPYKEHUS CyOqyIIUPYEMOH IITUTHI.

B npenenax uzyuaemoii Teppuropun Amxapa-TpuaneTckuil UHTPaAYTrOBOW pUPT COSAUHSAETCS C
MaJbIM OKEaHWYeCKUM OacceiiHoM YepHOro Mops, KOTOpBIH 1O NMPOCTUPAHUIO MEPEXOIUT B
Bypracckuii 3agyroBoit pudt (bomrapusi). B Amxkapa-Tpuanerckoir 30HE CpeIHEIOICHOBBIM
UHTPAAyroBo pudT, NpPEeACTaBICHHBIH TOJEUT-IIEI0YHOOA3aIbTOBBIM BYJIKAHU3MOM, B
BOCTOYHOM HAIIpaBJI€HUM, B pe3yibTare ocjabieHus pudTUHra, 3amMemiaercs MIOLIOHUT-
TpaxuaHJe3UTOBON BYJIKAHMUECKOH €ATEIbHOCTBIO, €II€ BOCTOYHEE ero 3aMeIlaeT aHAe3uTOBas
BYJIKAHMYECKasl CEpusl, YTO CBUIETENILCTBYET O 3aTyXaHUM pU(TUHTA U TIEpeX0/ie UHTPayroBOi
00CTaHOBKH B OCTpOBOAYXHYIO. Ha BocTOoke ke, B A3zepOaiimkane, TasbIIICKUNA 3a1yroBOM

pI/I(I)T JIaTCPaAJIbHO CMCHACTCA MAJIBIM OKCAHUYICCKUM Oaccetinom Kacmus.

] Tpanchopmanus cyOayuupyeMoil IUIMTBI M CBA3aHHBIE C HEM Mpolecchl
4epeaylTcs BO BPEMEHHM M B BOCXOAAIEM paspe3e. Tak, B 3amaJHOM CEKTOpe
Amxapa-Tpuanerckoir 30HbI (Amkapa-I'ypuiickuii pervoH), HavajgbHas CTajaus

(dhopMupoBaHHUS pudrta MpeAcTaBIeHa HIKHEI0IIEHOBOM LIOIIOHHUT-
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TpaxuaHAE3UTOBOM cepued, B BOCXOIAUIEM pa3pe3e ¢ Hel uepenyercs
CPEIHEROIEHOBAsT  TOJEUT-IIEN0YHO0a3anbTOBass cepusi ¢ (OHOBOW AMUIOT-
LIOM3UTOBON IPONWIMTH3ALMENH, @ B BEPXHEM HOLEHE 3a HEHl clleyeT IIONIOHUT-
TPaxHaHJE3UTOBbI BYJIKaHHU3M, CBHICTEILCTBYIOUIMHA 00 ocialneHuu pudruHra.
Heckonbko wnHOe uepenoBanue HabOmonaercss B 3oHe Tanbiiickoro pudra, rae
CPEIHEI0LECHOBBII TOJEUTOBBIM BYJKAHMU3M B BEPXHEM JOIIEHE CMEHSETCS
YIBTPAOCHOBHBIM JYHUT-IIEPUIOTUTOBBIM MarmMaTu3MoM OKEaHN4ECKOI
O0OCTaHOBKHM, YTO YKa3blBa€T HA YCHUJICHHE AKTUBHOCTH MAaHTHIHOTO auamnupa |
MaHTuiiHoro BiusiHus. B bBoiaHucckom pyaHoM palioHe BepTUKaIbHO (B
BOCXOJSIIIEM pa3pe3e) U BO BPEMEHU CAHTOHCKAash OCTPOBOAYXHasi OOCTaHOBKA
TpaHCc(HOPMUPYETCSl B KAMITAaHE B 33IyTOBYI0. AHAIIOTUYHBIC SIBICHUS (PUKCHPYIOTCS

u B bonrapckom Cpenneropbe (pyasblil paiion [lanartopuiire).

7. llocne 3aMplkaHusi okeaHa TeTHC, Ha NMOCTKOJUIM3MOHHOM 3Tale pa3BUTHUS, IPOLECC
CyOAyKIIMH 3aBEpIIACTCs], OJHAKO MOJ OPOre€HOM, Ha OOJBIIMX TyOMHAX, B pe3ylbTaTe
MoOIIHOTO  jAaBieHuss [ongBanel Ha  okpamHy  EBpasum,  TpaHcdopmaius
CyOAyUMpPOBaHHOM  IUIMTHI  TOpoaosbkaercs.  CBsi3aHHBIM € 3TUM  MOIIHBIN
BBICOKOTEMIIEPATYPHBI  (DIIIOMIHO-TEIIIOBOM  MOTOK  OOYCJIOBWJI  BBIIUIABIICHUE
TPAaHUTOUJIHOTO paciulaBa € TIPaHOAUOPUT-JALUTOBBIM MarMaTu3MOM  OJIMTOLEH-
MHOIICHOBOTO BO3PacCTa, COMPSHKEHHBIM ¢ (POPMHUPOBAHUEM CKIIAI4aTO-PA3IOMHBIX 30H B

OporeHe.

Mag1 npeamnojaaracM, 4ro B pPE3YyJIbTATC CTpPECCa IMaCCUBHOM OKpaWHbl Ha AKTHUBHYIO, HA4YaJIO
IMOCTKOJUIM3BMOHHOT'O IponecCa AaTUPYCTCA OJUIoOnCH-MUOLOCHOM, a Cro IMIpoaOIKCHUEM

SABJISICTCA IINIMOIICH-YCTB epTHqHBIfI BYJIKAaHHU3M.

WNHTpy3uBHBI MarMaTu3M M CKJIaT4aToO-pa3IOMHbIE 30HBI KOHTPOJUPYIOT MOCTKOJUIM3HMOHHOE
pynooOpa3oBanue. Pyna mnpeacraBieHa Kak HOPPHUPOBON  30J0TO-MEIHOMETAIUINYECKOM
MUHEpalu3alue, Tak 1 MaIOCyIb(OUIHBIMUA 30JI0TOCOJCPKAIIMUMU U KBAPI-AaHTUMOHUTOBBIMH,
KBapIl-MIE€EeTUTOBBIMH, BOJIH(PAMUTOBBIMH U PTYTHBIMU JKUJIAMU U IITOKBEpKaMu. OpyaeHEHHUIO
- Kak noppupoBOMy, TaK U SMUTEPMAIBLHO-MAJIOCYIb(QUIHOMY CONYTCTBYET pEIKOMETalbHAs
accormarust (Sb, W, Mo, Hg), pacnpoctpaneHHass Ha OOIIMPHBIX IUIOMIA[AX BMEUIAIOIINX

nopoa. OHa KOHTPOJIUPYET 30JI0TOE OPYAEHEHUE, SIBISISICh [IOUCKOBBIM IPU3HAKOM Ha pyay, U HE
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XapakTepHa ISl TPEKOJTU3UOHHBIX 00CTaHOBOK. EMHCTBEHHBIM HCKITIOUCHHEM sBIIsIeTCs Mo,

YYaCTBYIOIIUH B OCTPOBOIY>)KHOM OpyJIeHeHHH. J{aHHas acconuanus Ha OOIMMPHBIX TUIOMIAASMX B

MMOCTKOJUTM3UOHHBIX OOCTaHOBKaX W, B IIEJIOM, CO3[]aeT UX reoxumuieckuii (oH. M3BecTHO, 4TO

CBEXHE, HCH3MEHEHHBIC TIOPOJBl Pa3IUYHBIX OOCTAaHOBOK MPEKOJUTM3UOHHOTO  dTama

XapPaKTEPU3YIOTCSA YETKUMH TEOXMMHYECKUMU KPUTEPHUSIMH - COOTHOIICHHEM H30TOIMOB
87a../86 206 rpy1.204

ctponnmst U cBuHNa (*'Sr/”Sr, Pb™"/Pb™), comepkaHuEM PEAKO3EMEIbHBIX W XOHJIPUTOBBIX

3JIEMEHTOB U JIp.

[TocTkomnu3noHHass 0OCTaHOBKA 3TOr0 3Tala U CBS3aHHBIE C HEW IMPOLIECChl HAJOXKEHbI Ha
MOPO/bl  MPEKOJUIM3UOHHBIX OOCTAaHOBOK, IIO3TOMY AacCCOLIMAlMsl OINpPEAENCHHBIX PEeIKHX
METAJIJIOB 3/1€Ch MPEJICTABISeT YETKUN IeOXUMUYECKUI MHIUKATOP, U el MPUHAJUICKUT ocolast
pONib i yCTAHOBJICHHS MOCTKOJUIM3MOHHOM OOCTaHOBKM B pervoHe. BrlenpuBeaeHHas
accouuanus penkux Mmeramwio (Sb, W, Mo, Hg) B pa3nuuHbIX pernoHax Mupa cCBsi3aHa C
MIOCTKOJUIM3MOHHBIM PYJ000pa30BaHUEM (30J0TOPYAHbIE MECTOPOKIACHUS rpynmnsl MypyHTay
Tanp-1llansckoit npoBunumu ILlentpansHoit Asum). ToMOTCOHCKOE 30J0TOPYAHOE TIOJE

(Kanana), Jlaunanckas rpymnmna MecTopokIeHui 30510Ta (ABCTpaius) U JIp.

Ha Kaskaze u B Typuun (Bocrounas AHaronusi) u3BecTHa MOCTKOJUIM3MOHHAS aHJE3UTOBA,
IIOMIOHUTOBasT M TOJEUT-0azajbToOBas  BYJIKaHMYECKass  JEATEIbHOCTh  IJIEHCTOLIEH-
YETBEPTUYHOI'O BO3pACTa, MO METPOXUMHUYECKUM MPU3HAKAM aHAJIOTUYHAsI MPEKOUIU3HOHHOMY
BYJIKAHU3MY, YTO HABOJUT HA MBICIb O MAaHTHUMHOM BIMSHUU. MOXKHO MPEANONOKHUTh, YTO U
3/1eCb, Ha OIIPEACICHHOM »JTale BEPTUKAIBHO, B BOCXOJSIIEM pa3pe3e M BO BPEMEHHU
IIPOUCXOJWIO NPOHUKHOBEHUE M0/ OPOT€H MAaHTUHWHOIO MaTepuaja, BBIPAXEHHOE B TOJIEHT-
0a3aJIbTOBOM BYJIKaHWYECKOM AKTUBHOCTU. 3/1€Ch I'PAHOAMOPHUTOBBIM OJMTOIEH-MHOLIEHOBBIN
MarMaTu3M U MO3JHEMHOLIEHOBBIA AaH/IE3UTOBBIM BYJIKAHU3M IMPEIIIECTBOBAIM BHEAPEHUIO
MaHTUHHOTO MaTepHalla, ONMPEIeNUBIIErO MIOMOHUT-TPAXHAaHAE3UTOBYIO U TOJIEUT-0a3aIbTOBYIO
BYJIKAHMYECKYIO EATEIBHOCTh. JTOT METPOXUMHUUECKHUM COCTaB XapaKTepPEH AJI1 UHTPalyTrOBBIX
U 3alyTOBBIX PU(PTOB MPEKOTM3UOHHOW OOCTAHOBKH, OJHAKO TOJ MOIIHOM OpOreHHOW KOpoi
PUGTUHT HE COCTOSJICS, W TPOUCXONWIM JIMIIb TPEIIMHHBIE W3BEPKEHUS W3 TIIYOMHHBIX

MarMaTuideCKux o4aros.
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N3ydenue paHepo30iickoil reoAMHAMUKH BO B3aMMOCBSA3H C BYJIKAHU3MOM U METaJJIOTeHUEeH Ha
IpUMepe AaKTUBHOM OKpauHbl EBpa3uy BBIABWIO, UYTO TIE€OJAMHUMHUYECKOE pa3BUTHE Ha
NPEKOJUTU3MOHHOW  CTaAMKM  OOYCIIOBIIEHO TMPOLECCOM CYOAYKIMHM U TPOSBISIETCS B
pErHOHAIBHOM MeTaMop(dU3Me ¥ B BOSHUKHOBEHUU OCTPOBOJIYKHOM, 33 yTrOBOM, HHTPAyrOBOU
U OKEaHMYeCKONM OOCTaHOBOK, Kax/Jas U3 KOTOPbIX KOHTPOJHUpYETCS MPUCYIIUM el
BYJIKAHMU3MOM (MarmMatu3moM), (GOHOBOW THUIPOTEPMaIbHOW AKTUBHOCTHIO U METAJJIOTCHHUEH.
OcTpoBonykHass 0OCTAaHOBKA XapaKTEPU3yETCs U3BECTKOBO-IIEIIOYHBIM BYJIKAaHU3MOM, (DOHOBOM
LIEOJUTOBOM MPONUIUTU3AUMEN M  30JI0TO-MEIHOINOJUMETAINYECKONM METaJUIOTEHHER; C
BHYTPHUIYTOBOU U 33yrOBOI 00CTaHOBKAaMU CBSi3aHa TOJEUT-IEI0YHO0a3aIbTOBAs U HIOIIOHUT-
TpaxuaHJe3UTOBasl BYJIKAHUYECKasi IESITeNbHOCTb, (POHOBAS AMHUAOT-IOM3UTOBAS U XJIOPUT-
aIBOUTOBAS TPOMIIIMTU3AIMS U METHO-IIMHKOBoe VMS opynenenue crpatumopduoro tuma. C
OKEaHWYECKOH 00CTaHOBKOMW CBSI3aHBI O(HOIUTOBBIN BYJIKAHU3M U YITPAOCHOBHON MarMaTusM,
BBICOKOTEMIIEpATypHAas SMHUI0T-OU3UT-aKTUHOJIUTOBAS IPONMINTU3ALMUSA U CEPIIEHTUHU3ALUSA U
MEJIHOKOIYEJaHHOE OpyJeHeHue. B pervoHe mnposBWIach TakKe I'€OJUHAMUKA IEPEXOJIHOMN
CTaJNH OT OCTPOBOAYKHOUM BO BHYTPHAYTOBYIO C XapaKTEPHBIM JJIS TIOCIEHEN BYJIKaHU3MOM U
MeTtayuioreHued. Ha mocTKOITM3MOHHON CTaJiuK caM MPOIECC CYOAYKIIUU 3aBEPIIUIICS, OJTHAKO
MPOJOJKUIIACh  TpaHchopMalus  CyOAyImUpyemMol  IUIMTBI, €  KOTOpPOHM  CBSi3aH
BBICOKOTEMIEPATYPHBIN  (PIIFOUIHO-TEIIIOBOM  MOTOK, OOYCIOBJIEHHBIH MPOHUKHOBEHHEM
MaHTUMHOTO Marepuaina. [lepBblii 3Tanm MOCTKOJUIM3MOHHOTO PAa3BUTHS KOHTPOJIUPYETCS
accormarei peakux metamioB (Sb, W, Mo, Hg), sBustomeicss HHANKATOPOM TEPBOTO JTara.
Bropoit ke »Tam mposBUIICS B IIOMIOHHUTOBOM U TONEUT-0a3alIbTOBON BYJIKAaHUYECKOU
NeSTeIbHOCTH, 00YCIIOBICHHOW MPOHUKHOBEHHEM MaHTUHHOTO MaTtepuaia. ByiakaHusM BTOpPOTro
JTana XapakTEepU3YyeTCsl TCOXMMHMUYECKMMHU KPUTEPUSMH NPEKOJTU3UOHHON BYJIKAHUYECKOU

NeSITeIbHOCTH 3a1yTOBOTO U UHTPALyrOBOro pu(TOB.

3aKjIouYeHue
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danepo3oiickas reoJMHAMUKA U €€ CBA3b C PErHOHAJIbHBIM METaMOP(PU3MOM, BYJIKaHU3MOM,
THJIPOTEPMAIIBHBIM TPOLIECCOM M METAJJIOTeHHEH B IpoLecce IBOJIOLUM OKeaHa Teruc , B
npenenax EBpa3uiickoil aKTHBHON OKpaWHbI, BO BPEMEHHM U IPOCTPAHCTBE Obljia BBISBIICHA
CIIEAYIOIas TIOCJIEJOBATEIbHOCTh COOBITHI: Ha MPEKOJUIM3UOHHOW (CHHCYOAYKIIMOHHOM)
CTaJUM 3BOJIIOLMU OKeaHa TeTHc, Ha MepBOM 3Tare CyOMyKIHH, 10 BBIIABICHUS U3BECTKOBO-
IEJI0YHOT'0 aH/Ie3UTOBOI'0 PACIUIABA, IPOSBUIICA PETMOHAIbHBIN MeTaMOP(GHU3M U BBIIIJIABICHHE
TPAaHUTOMIHOTO paciiaBa ¢ (OPMHPOBAHHMEM T'PAHUT-MATAMOP(PUUYECKUX KOMIUIEKCOB.
Temneparypa oOpasoBammsi KOTOphix B mpemenax 350-750°C. Tlocie BbIIIABICHHS W3
cyOayuupyeMoi inThl U TuToc(epsl aHAE3UTOBOTO paciuiaBa npu Temnepatype 1000-1 100°, ¢
HAyajioM M3BECTKOBO-ILEJIOYHOW BYJIKAHUYECKOH JEATEJIBHOCTH  CBSi3aHa OCTPOBOAY)KHas
0o0CTaHOBKa, (DOHOBas IICONUTOBAs NPONHIUTH3ALUA M 30JI0TO-MEIHOIOIUMETAIUINYECKAs
METAJJIOTEHUS] NPEJCTaBICHHAas OpYyACHEHUAMHU mopdupoBoro Ttumna u THHa Kypoko.
PernonanpHblii MeTtamMopdu3M U OCTPOBOJYXHAs HM3BECTKOBO-ILEIOYHAs BYJIKaHUYECKas
NeSITeNbHOCTh C  COMYTCTBYIOIIEH TIHMAPOTEPMAIbHOM aKTUBHOCTBIO M  METaJUIOT€HUEH
00yCIIOBJICHBI HOPMAJILHOW CYOAyKIHen 0e3 TpaHchopMaluyd CyOmyIUpyeMoW TUTMTHI u 0e3

HMHBCKIIUHN MaHTHHHOTO Marepuaja.

Crnenyrouuii sTan cyOQyKIIMM 3HaMEHYETCsS HayalloM TpaHchopManuu cyOaylupyeMoi IIMThI
(3arubaHue U pa3phIBbl) C MHBEKIMEH acTeHOC(hEphl BHIPAKECHHON BYJIKAaHU3MOM IE€PEXOJHOTO
THIA OT U3BECTKOBO-LIEIIOYHOTO B HIOIIOHUT-TPAXUAHAE3UTOBBII HA IIEPBOM 3Tale WU TOJIEUT-
IeJI0YHO00A3aJIbTOBBIM, C BBIPAKEHHBIM pU(THUHIOM Ha BTOpoM. IlepBblii 3Tanm 3HameHyeTcs
30JI0TO-MEHO-TIOJMMETAIIIMYECKOH MEeTaJUIOreHUeH, KBapl-KaJIWIINAaTOBBIM METacOMaTOo30M,
BTOPOH - BBICOKOTEMIIEPATYPHOU 3MUAO0T-LIOMH3UTOBONW (POHOBOM MPONMIUTHU3ALMEH U MEAHO-
[IUHKOBO-KOJTYEJAaHHOM CcTpaTUMOp(HOI MUHepanu3auei 6e3 ydacTus 3010Ta U CBUHIIA, JH00
C UX MUHMMAQJIbHBIM COJEP)KAHUEM, CBS3aHHBIM C Y4aCTHEM DPEIUKTOB CHAIMYECKOW KOPBI B

YCIIOBUSX pUTUHTA.

C ycunenueMm Tpanchopmanuu CyoaynupyeMoOi TUIUTHI (pa3phIB, JETAUMEHT U JeTaMUHAINSA) U
MOIITHOTO BHEJIPEHUS MAHTUHWHOTO JWanupa, 3HAMEHYETCS YCWICHHE CIpEeAuHTa, C
O(QHOTUTOBBIM BYJIKAaHM3MOM MAHTUWHOTO TUIA U YIBTPAOCHOBHBIM JYHHUT-TIEPUAOTUTOBBIM
MarMaTu3MOM, C BBICOKOTEMMEPATYPHOU SMHUAOT-aKTUHOJIUTOBOM MNPONMUIUTU3ALMEH U

CEepPNeHTUHU3AMEH M  MaHTUWHOW METHOKOIYETAHHOW  MeTalyloreHHer 0e3 ydacTtus B
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IIponecce OpyaCHCHUA CHAJTNYECKON KOpPbI HCTOYHHKA CBHUHIIA U 30JI0Ta H 0a3aabTOBOM KOPBI —

HCTOYHHKA IIWHKA.

AHanmm3 MeTaJJIOreHUH BO B3aMMOCBSI3U C mponeccom CY6,ZLYKHI/H/I u BYHKaHquCKOfI
ACATCIIbBHOCTBIO IIOKa3ajl, 4TO HMCTOYHHKOM CBHHIA MW 30JI0Ta ABJIACTCA CHAJIMYCCKas Kopa,

HCTOYHHUKOM IIMHKA-- 0a3aJIbTOBLIN CJIOI>'I, TOraga Kak MCTOYHHMKOM MCOU ABJIACTCA MaHTHA.

Ha npexonnu3noHHON cTaguu CyOAYKIMs BO BPEMEHU U MPOCTPAHCTBE OIPEENISAETCS pa3HOM
MHTEHCUBHOCTBIO TpaHCPoOpMaIlMK CyOAyIUpYyeMOW TIJIUTHl KaKk II0 HalpaBJICHUIO €€
MOTPYXKEHHUSI C CeBepa Ha IOT, TaK M BJIOJIb MPOCTUPAHMS JIATEPaJbHO C 3amajia Ha BOCTOK U
BEPTUKAIbHO 110 pa3pe3y BO BpPEMEHH, 4YTO 3HAMEHYETCS B3aUMOIIEPEXOJO0M pa3HbIX

re0JIMHAMHYECKUX OOCTAaHOBOK B MCCJIEAYEMOM PailOHE 1O TPEM HAMPBIICHUSIM.

JlaTepanbHbIil B3auMoNepexo] 00CTAaHOBOK M CBA3aHHOM C HUM METaJUIOTCHUU HAOII0JaeTCs U B

Bocrounsix [Tontuaax ( Delibash et al.,2016).

C xonBeprenuueil ['ongsanel ¢ EBpasueil cBs3aHbl 3aMblkaHuE OKeaHa Teruc U mepexon
MPEKOJUTU3MOHHOTO PA3BUTHUS B MOCTKOJUIM3HMOHHBIN. 371ech 3aBeplIaeTcs mpolecc CyOayKuuu,
OJTHAKO TMPOJOJKAeTcs TpaHchopMalus CyOqylnupyeMod — IUIMTHI, OMNpenessionias MOTOK
(b1r0M0B ¥ MPOHUKHOBEHUE MAHTUMHOTO MaTepuaia B MOIIHYIO TOJIILY OPOT€HHOU JTUTOC(hEpHI.
C NOCTKOJIM3MOHHOM CTagued CBA3aH OpPOTEHE3UC, pPa3IOMHO-CKJIaquaThle CTPYKTYpbl H
CUHOPOTEHHBI TpaHUTOUAHBIA MarMaTu3M. Ha mepBom sTame NMpoMCXOIUT NPOHUKHOBEHHE
(GIIIOUTHBIX MOTOKOB B TOJIY OPOI€HHOM JMTOC(EpHI, ¢ BBILIEIAYUBAHUEM 30J10Ta U PEAKHX
metaiioB (Sb, W, Mo , Hg) u3 cuanuueckoit kopel ¥ (OpPMUPOBAHHE MOPPHUPOBBIX U
MajoCylb(UIHBIX  KBapL-aHTUMOHHUTOBBIX, KBapIl-IIEEIUTOBBIX, KBapl-BOJIb(PPaMUTOBBIX
30JIOTOHOCHBIX JKMJ M IITOKBEPKOB C OOraToil 30JI0TOpYyAHOM MuHepanu3anued . Bricokoe
coJiepkaHue 3070Ta (QuUKcHpyeTcss Ha (OHEe HU3KOTO TPEHAAa MOJUMETAIOB. Accolanus
peaxux meramioB (Sb, W, Mo , Hg) mmpoxo pacrpocTpaHeHa Kak B OKOJOPYIHBIX 30HAaX, TaK U
3a IpeAelaMM BO BMemiaronmx mnopojax. OHa SBISETCS TEOXUMUYECKHM HWHIUKATOPOM
ITOCTKOJUIM3UOHHOTO TPOLECCa U MOUCKOBBIM KPUTEPHUEM 30JI0TOTO OpyAEHEHMs . Tak Kak B
KaBka3ckoM pernoHe NepBbI OJUTOLEH-MUOLIEHOBBIM 3Tall MOCTKOJUIM3HMOHHOIO Mpolecca
HAJIOXKEH HAa MPEKOJUTU3MOHHYIO TOJIIY M OH 3HAMEHYETCS BBICOKMM T€OXMMHYECKHM (OHOM

OTMCUYCHHBIX PEAKHX METAIJIOB, KOTOpBIfI SIBJISICTCSA I'€OXUMHNYECCKUM KpUTCPUEM
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MOCTKOJUTU3MOHHOM ~ aKTMBHOCTH. BTOpoil 3Tam e 3HaMEHYeTCs  IIOIIOHHT-TOJICUT-
IIET09H00a3aJIbTOBON J€ATSILHOCTBIO TIMOIIEH-YSeTBEPTUYHOTO BO3PACTa U XapPaKTEPH3YETCs
rCOXUMHUYCCKUMHU HHAWKATOPAMU ( COOTHOLICHUEC H30TOIIOB CTPOHUHWA W CBUHIA, COACPIKAHUC
PCAKO3CEMCIIBHBIX W XOHIAPUTOBBIX BHGMCHTOB) AHAJIOTUYHBIMA  JII  AJAaHHBIX  I[MOPOJ
MPEKOJUTM3UOHHON OOCTAHOBKH, CBSI3aHHBIX C pudToreHezoM. OmHAKO 31eCh PUPTUHT HE
buKcHpyeTCsT M € BYJIKAHUYECKOW JEATCIBHOCTHIO HE CBS3aHA MHHEPAIM3alUs. JTH
BYJIKQaHWYECKHE cepur 00 Oe3pyaHbl, THO0 OpYJACHEHHE 3/1eCh HE OOHApPYXKEHO B CBS3H CO
c1aboil  3pOJMPOBAHHOCTHIO. ByskaHMueckash >K€ aKTHMBHOCTh CBsi3aHA C TPCHIUHHBIMH
U3JIUSHUSIMA U3 TJIYOMHHBIX BYJIKAaHHYECKUX o4aroB. MoimHas auTtocepa OpPOreHOB Ha

IMOCTKOJUIM3UOHHOM 3TaIlC, BEPOATHO, IIPCIIATCTBOBAJIA pI/I(bTI/IHFy.

buaaromapuaoctu
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Pycragenu P. MurunenmBunu, T bepunze, C. Xynumsunu, T. Uxotya, E. I'yrymBunu, P.
YarenumBuian 3a MJI0JOTBOPHOE COTPYAHUYECTBO, AHAJIU3 JAHHBIX M JUCKYCCHUU IO Pa3HbIM
BOIpOCcaM B Ipoliecce paboThl. Xouy ocobeHHO nmobnaronaputh Jl. 3akapana, 3a IIEHHbIE COBETHI
U 32 HEOLIEHHMYIO MOMOIIb B opranusauuu odopmienus kauru u Illora Anamua 3a aHamu3
JaHHBIX MO pernoHalbHOM reosioruu. S mpusHareneH kojeram WHctutyra ['eonorum um. A.
Jlxanenuaze 3a OOJIbLIYIO MOMOILB B IMpoLecce padOThl U JUCKYCCHM IO Pa3HBIM BOIPOCAM.
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3akapuaz3e 3a KpUTHUECKUI aHamu3 paOOThI U IMOJIe3HbIE KOMEHTApUH, ChITPaBIINE OOJBIIYIO

pOJIb B YITYUIIICHUH TIPEICTABIICHHOTO MaTepuaa.
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F1G. 1. MAP OF THE WESTERN TETHYS AND GENERALIZED SCHEME OF METALLOGENY,
AFTER STAMPFLI, 2001.

O MINOR OCEAN, BACKARC/INTERARC, MARGINAL SEA VMS MINERALIZATION.
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VMS MUHEPAJIM3ALHSA, 3AAYTOBBIX U BHYTPUIYTOBBIX PUOPTOB U OKPAUHHBIX
MOPEN.

0 ISLAND ARC PORPHYRY, EPITHERMAL AND KUROKO TYPE MINERALIZATION.
39963990ms G35¢0gd0L 3nMHBoMHMWOo, 93009MHFME0 ©s 3MOMIML G030l 3505bYds.
OCTPOBOJIY)KHOE MOP®UPOBOE U SIIUTEPMAJIBHOE OPYJIEHEHUE U MUHEPAJIAZALIUAS
TUIA KYPOKO.

A POSTCOLLISION OROGENIC AND INTRUSIVE RELATED PORPHYRY AND LODE AND

STOCKWORK MINERALIZATION.
30LE3MHBoHo mOHMag690 ©s 06GHOMBOMo ©s 06GHMMH03700756
0535390690390 3OO0 S sMHM3N-03M339MIMo 358500bgds.
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IMOCTKO/VIM3MOHHOE OPOTEHHOE U CBSI3AHHOE C UHTPY3UBAMM NOP®UPOBOE U

SIIMTEPMAJIBHOE KHJIBbHO-IITOKBEPKOBOE OPYJAEHEHHE.
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Fig. 2. Schematic map of the main tectonic units of the Caucasus and adjacent areas. After
Sh.Adamia et al., 2016.
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Fig. 3. Tectonic map of north-eastern Mediterranean region showing the major sutures and

continental blocks. After Okay&Tiiysiis, 1999.
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Fig. 4. Schematic geological map of the Srednegorie, Timok , Banat and Apuseni region with

porphyry and epithermal mineralization, after von Quadt et al.,2006.
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Cxemarnueckas reosiorudeckas kapra perioHoB Cpenneropbsi, Tumoka, banata u Anycenu u

MeTaJlJIOTeHU4ecKasi cxeMa nopGupoBOro 1 SMUTEPMATILHOTO OPYACHEHHUS.
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Fig. 5. Schematic map of the Bolnisi ore district (according Vashakidze, Gudushauri, 2006;
Popkhadze et al.,2013).1. Madneuli ore cluster, II Bectaqari ore cluster.
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Fig. 6. Geotectonic scheme of Turkey with metallogeny of sulfide deposits after Engin

(Engin,1994)

Deposits: 1- Murgul, 2 - Madenkoy, 3 - Lahanos, 4 - Guzelayla, 5 - Derekoy (Kircaleli), 6 -
Cutlalar, 7 - Akdagmeni, 8 —Bakibaba (Kiire),9 - Ashikoy (Kiire), 10 - Arapchan, 11 - Balya, 12
— Demirbocu, 13 - Altinoluk, 14 — Kulakchitligi, 15 - Bozkur, 16 - Aladag, 17 - Hyuilu, 18 -
Derekoy (Kaizery), 19 - Keban (Elazig), 20 - Maden (Elazig), 21 — Madenkoy (Siirt).
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Fig. 7. Precollision and postcollision development and metallogeny exemplified on the Caucasus

region.

1.subducted slab, 2.basaltic crust, 3-sialic crust, 4-calc-alkaline volcanic series, 5-shoshonite
series, 6-tholeiite and alkali olivine basalt series, 7.VMS mineralization, 8-granodiorite
porphyry, 9-fold-trust zone, 10-faults. BS-Black Sea, CS-Caspean Sea, GC-Great Caucasus,
SSC-Southern Slope of Caucasus, TC-Transcaucasus, AT-Achara-TRialety, LS-Lesser
Caucasus, EP-East Pontides, BSMO-Black Sea Minor Ocean, T-Talysh

Precollision mineralization: ¢ -Au, Pb, Cu, Zn; o-Pb,Zn ; o -Zn,Cu; -Zn,Cu,Pb;

Postcollision mineralization: ¥ - Au,Cu,Zn,Pb associated Sb,W,Mo,Hg; Mo,Cu,Au.
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MOTPYXKEHUS CyOnyLupyeMoi IIUThl Ha npumepe KaBkaszckoro pernosa.
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Fig. 8. Schematic map and cross section of the Eocene volcanic series of Adjara-Thrialety zone.

1. Ophiolites, 2. Tholeeite and alkali basalts, 3.Shoshonite-trachyandesite series, 4. Andesite
series. 5. Epidote-zoisite propylitization, 6.Chlorite-albite propylitization, 7. Zeolite
propylitization, 8.Gold-copper-base metal mineralization. I - West segment, II - Central segment,

III - East segment.
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SCYTHIAN PLATFORM
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Fig. 9 Schematic map reflects the E-W lateral geodynamic transformation of subducted slab
above IAES suture , shown the character of the Eocene volcanic series in the East Pontides and

Lesser Cauacasus

1 - Ophyolites, 2 - Alkaline olivine basalts and tholeiites of bakarc settings. 3 - Eocene
calcalkaline volcanic series of island arc, 4 - Shoshonite series, 5 - Cretaceous calc-alkaline
series of island arc. BS - Black Sea, CS - Caspean Sea, GC - Great Caucasus, SSC - Southern
Slope of Caucasus, TC - Transcaucasus, AT - Achara-Thrialety, LS - Lesser Caucasus, EP - East
Pontides, BSMO - Black Sea Minor Ocean, T - Talysh.
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Fig. 10.

Main tectonic elements and Mesozoic-Cenozoic magmatic belts of Iran (after Stocklin, 1968, and
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Alavi et al., 1997) and location of gold occurrences, prospects, and mines in Iran: 1 - Kharvana,
2 - Mianeh, 3 - Zarshuran-Agh Darreh, 4 - Kervian, 5 - Dashkasan-Baharlu, 6 - Ahangaran, 7 -
Astaneh, 8 - Zartorosht, 9 - Gandy-Abolhassani, 10 - Kuh-e Zar, 11 - Chelpow, 12 - Qal’eh Zari,
13 - Shalir (locations are from Lescuyer et al., 2003, except location 4 from Heidari et al., 2006,
location 6-8 from www.gsi.ir, and location 9 from Shamanian et al., 2004). Ang-Miocene
Angouran Zn-Pb-Ag deposit linked to metamorphic core complex exhumationin the Sanandaj-
Sirjan zone (Gilg et al., 2006). B. Simplified tectonic map of southwestern Iran, showing the
subdivision of the Sanandaj-Sirjan tectonic zone. There is still a matter of debate about the
attribution of the Ophiolite, Bisotun, and Radiolarite subzones; Mohajjel et al., (2003) include
them in the Sanandaj-Sirjan tectonic zone, whereas Agard et al., (2005) group them in a separate

zone of Arabian affinity termed the Grush zone. After R. Moritz et al., (2006).
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Mes30-kaiiHO30lCKHe TeKTOHUUYECKHE eMHUIBI MipaHa 1 nokann3anus 30710TOPYJHbIX

PYIOMPOSIBICHUIA U MECTOPOKIACHHIA.
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Fig.11.Geological scheme of mineralization in Ahar-Arasbaran metallogenic belt, after Jamali et

al.,2010.
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