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Preface

The research is dedicated to the relationship of magmatism and metallogeny at the
background of Eurasian active margin geodynamic development during subduction and collision
of Tethys Ocean. Volcanism and ore formation of various stages of subduction and on post-
collision setting are controlled by geodynamics. The volcanism and metallogeny of various
stages are characterized by geochemical, volcanological, petrological and metallogenic
indicators. These indicators controlled the rates of participation sialic, basaltic crusts and mantle
during geodynamic development, which are shown in detail in the following publications
Gugushvili, 2015; Gugushvili et al., 2016; Gugushvili, 2017; Gugushvili, Topchishvili, 2017. In
the presented work are analyzed the results of conducted investigation of mentioned publications
and supplemented by recently obtained data. The special chapter is dedicated to geological
development and synvolcanic and postvolcanic blocking exemplified on the Bolnisi ore district.
The Cretaceous geological development of Bolnisi ore district took place in the shallow sea
conditions, above the Paleozoic hard substrate. The cretaceous granitoid stocks tumescence the
shallow sea bottom (uplifted blocking) with island emerging. On the islands in subaeral
condition occurred ignimbrite explosion and cauldron subsidence (submerged blocking). So, here
temporally and spatially occurred uplifting and submerging of blocks. The tumescence preceded
the cauldron subsidence. The mineralization preceded ignimbrite ejection and cauldron
subsidence as well. So cauldron subsidence was stipulated location sites of mineralization. At the
ore manifestations the proper sulfide porphyry and low sulfidation epithermal ores characterized
of zonality. During blocking the blocks with porphyry mineralization contacted along fault with
low sulfidation ores. The study of interrelation of blocking with various types of mineralization
is a useful tool for planning exploration in the Bolnisi ore district. Determination of synvolcanic
blocking would be supported by paloevolcanological investigations.

The synvolcanic block faulting in the Bolnisi ore district is related to steady state of
subduction and at incipient stage of deformation of subducting slab and diapir incursion. The
steady state subduction is controlled by island arc setting and calc-alkaline Cenomanian-
Santonian volcanism, whereas mantle diapir incursion, rifting and subalkaline and shoshonite
alkaline basalt volcanism are Campanian. In Maastrichtian volcanic activity was terminated, but
break of and detachment of subducting slab revealed in regional fault divided Bolnisi ore district
in two "giant" postvolcanic blocks uplifted and submerged. From the uplifted block Campanian
volcanic series were eroded, whereas they were preserved in submerged block, which along the
fault bordered with Turonian-Santonian series of the uplifted block. So, the "giant" blocking in
the Bolnisi ore district is postvolcanic and post mineralization.



1. The role of subduction and its relation with volcanism and mineralization
exemplified on the Tethys-Eurasian metallogenic belt.

Abstract

The Tethys-Eurasian metallogenic belt formation was related to subduction of the Tethys ocean
slab beneath the Eurasian active margin. The investigations of western and central segments of the
belt are revealed in the interrelation of subduction with geodynamic settings, volcanism,
hydrothermal activity and mineralization. The steady state of subduction proceeds without
steepening of subducting slab and incursion of mantle diapir revealed in the following indicators:
island arc setting, calc-alkaline, basalt-andesite-dacite- rhyolite volcanic activity, zeolite and chlorite-
albite background propylization, pre-ore silicification, gold-copper polymetallic (Au, Pb, Zn, Cu)
mineralization with syn-ore sericite-chlorite-carbonate alteration.

The next stage of steepening of subducting slab and incursion of mantle diapir occurred in two
stages. The first occured at incipient stage of steepening. It is chacterized by incursion of mantle
diapir and rifting revealed at the beginning in subalkaline and alkaline volcanism of trachy-
rhyodacite and trachyandesite series; with goldbearing K-feldspathization, later transferred in alkali
olivine basaltic and trachybasaltic volcanic activity, gold-copperpolymetallic mineralization with
synore epidote-zoisite propylization as volcanologic, hydrothermal alteration and metallogenic
indicators. At this stage proper-sulfide ores are characterized by high grade of gold. The gold
enrichment here is related to participation of sialic crust and high temperature of gold leaching fluids,
related to mantle diapir invasion. The strenghten of rifting and incursion of mantle diapir at higher
level revealed in spreading out the sialic curst from zone of ore formation and volcanic activity and
transfering incipient stage into backarc rifting. The volcanic activity here was presented by olivine-
basalt and tholeiite explosions. The distinct volcanologic indicator of this stage is the tholeiite, the
indicator of alteration - epidote-zoisite backgroung propylization, whereas indicator of
mineralization is copper-zinc-pyrite ore lack of sourced in sialic crust Au and Pb.

The further intensification of spreading revealed in the incursion of mantle diapir at highest levels
and spreading out the basaltic crust from of zone of ore formation and volcanic activity and
transferring of backarc rifting into the minor ocean setting. Here occured the ophiolite volcanism and
ultramaphic dunite-peridodite magmatism, the latter is petrological indicator of minor ocean and
oceanic settings. Indicator of hydrothermal alteration here is serpentinization superimposed on
dunite-peridotites, whereas the indicator of mineralization is Cu and copper-pyrite ore lack of Au, Pb
as well as Zn sourced in sialic and basaltic crusts ores which are entirely spreaded out from zone of
ore formation and volcanic activity. The only source of Cu here was the mantle.

Key words: island arc, backarc, minor ocean settings, gold-copperpolymetallic mineralization,
volcanological and petrological indicators, indicator of mineralization.
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The formation of Tethys-Eurasian metallogenic belt was related to subduction of the
Tethys ocean slab beneath Eurasian active margin during the Phanerozoic convergence of
Eurasian and Gondvana continents.

The Precambrian origin of lithosphere, differentiation of basaltic and sialic crusts and
granite cratonization was related to plume tectonics (Goldfarb et al., 2000, 2001 Groves et al.,
2005). In the Phanerozoic occured the redistribution of gold and base metals (Au, Pb, Zn and
Cu). The gold and lead are concentrated in sialic crust, the zinc in basaltic and copper mainly
in the upper mantle (Gugushvili et al., 2010, Gugushvili, 2015, 2017). The Phanerozoic
mineralization is stipulated by participation of sialic, basaltic crusts and mantle.

The subduction of Tethys oceanic slab began in the late Proterozoic and terminated by
ocean collision in the Oligocene-Miocene. In the studied region of Central and Western
Segments of Tethys-Eurasian metallogenic belt ( Fig. 1) occured the several stages of
subduction. The stages were controlled by volcanism, hydrothermal alteration,
mineralization and by petrological, volcanogical, metallogenic, as well as petrochemical and
geochemical indicators. The presented work are based on the above mentioned data. The
subduction stages from Paleozoic till Neogene are related with the various periods. At the
same time the alternation of subduction stages are fixed spatially and temporally. (Gugushvili
et al., 2016).

The suduction process could be subdivided into the stages, which are controlled by
character of volcanism, hydrothermal alteration and mineralization. Namely, the steady state
subduction is related with island arc setting, calc-alkaline volcanism, background zeolite and
chlorite-albite propylization, gold-copper-polymetallic mineralization with syn-ore sericite-
chlorite-carbonate alteration, preceded by acid leaching process revealed in silicification.
(secondary quartzite) (Gugushvili, 2015).

The next stage the steepening of subducting slab began with incursion of mantle diapir
which provoked incipient stage of rifting. At this stage the subalkali and alkaline trachy-
rhyodacite, trachyandesite-shoshonite volcanic activity commenced, transferring into the
alkali-olivine basalt-trachybasalt explosions. At this stage occurred the nonsulfide epigenetic
gold, lately transferred into gold-copperporphyry-polymetallic mineralization. The
nonsulfide gold mineralization related to K-feldspathization, whereas the proper sulfide Au-
Pb-Zn-Cu mineralization coincides with epidote-zoisite syn-ore propylization. Noteworthy,
that at incipient stage of slab steepening gold-copperpolymetallic mineralization is
characterized by significantly high gold grades comparatively with proper sulfide ores of the
steady state subduction.

The further reinforcement of the steepening of slab conditioned incursion of the mantle
diapir at highest levels, which stipulated the intensive backarc-interarc rifting with
spreading out the sialic crust from zone of ore formation. The volcanic activity at this stage is
represented by explosions of alkali-olivine basalts and tholeiites. The tholeiites are distinct
volcanological indicator of this stage interarc-backarc rifting, so as the copper-zinc-pyrite
mineralization coincides with high temperature epidote-zoisite, sometimes with actinolite
propylitization. Noteworthy, that after incipient stage, the transmission stage of rifting
occurred. At this stage the sialic crust is not yet entirely spread out from zone of



mineralization and its remnant rests on the basaltic crust. It would be the reason of
participation the subordinate gold and galena in the mainly copper-zinc-pyrite ores
(Gugushvili, 2015).

The further intensification of spreading and incursion of mantle diapir at highest level,
stipulated the spreading of basaltic crust from zone of mineralization, conditioned the
transferring of backarc to minor ocean setting. The volcanic activity at this stage, occurred in
mantle related ophiolites, tholeiite-basalt lava and gabbro-diabasic stocks, as well as here
participates ultramafic intrusive dunite-peridotite stocks coincided with high temperature
propylization and serpentinization.

The petrological indicator of minor ocean setting is the ophiolites and dunite-peridotite
intrusions. The mineralization is represented by copper-pyrite Cyprus type deposits. The
source of copper here is the mantle, whereas Au, Pb and Zn revealed only at trace level, or
are not participate at all. At the same time the transmissing stage from backarc to oceanic
setting was fixed. Here in the mineralization occurred the remnant (relics) of basaltic crust
stipulated zinc participation in the copper-pyrite ores. (Hutchinson, 1973).

The everything is shown in the idealized scheme of northvergent subduction of Tethys
Ocean (Fig. 1). On the scheme we tried to show the role and relation of volcanism and
mineralization at various stages of subduction related with steady state setting, rifting and
spreading.

Below the attempt is made to analyze the relation of volcanism and ore formation with
subduction process exemplified on the deposits of Tethys-Eurasian metallogenic belt.

The island arc volcanism and mineralization related to steady state subduction exemplified
on the Madneuli deposit of Bolnisi ore district. The Madneuli deposit hosts gold-
copperpolymetallic porphyry and Kuroko type mineralization. The deposit is localized in
Turonian-Santonian, calc-alkaline rhyodacitic series (Mashavera suite). The mineralization
was preceded by acid leaching and alteration forming the secondary quartzites. The synore
alteration is introduced by the sericite-chlorite-carbonate association. The porphyry and
epigenetic mineralization is characterized by zonality. The lower gold-copperpolymetalic
porphyry zone upward transferred in the nonsulfide gold mineralization related with quartz-
barite and quartz-chalcedony veins and stockworks. So, here proper sulfide porphyry as well
as nonsulfide epithermal mineralization are the synchronous process revealed in zonality. It
is noteworthy, that nonsulfide epithermal gold mineralization as at the Madneuli, so at
Sakdrisi deposits occurred in quartz-chalcedony and in quartz-barite veins and stockworks.
The temperature of gas-fluid inclusions is quartz-chalcedony veins in 210-240°C, whereas
the temperature of gas-fluid inclusions in quartz-barites-100-140°C. The proper sulfide gold-
copper polymetallic mineralization occurred at 300-350°C and are related to decay of
goldbearing hydrosulfide complexes in low acid fluids. The such relation are confirms by
chemical modeling of fluid rock interaction of transport and precipitation of gold according
Mernagh and Bierlein (2008).

The island arcal calc-alkaline volcanic activity related with steady state subduction
confirmed by geochemical criteria (87Sr/8Sr=0.705-0.710, 28Pb=38, high contents of Cs, Ba,
Th, U, Pb and low Nb and Ta) and by association Au, Pb, Zn, Cu — metallogenic indicator
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(Gugushvili, 2015, 2017). These indicators confirm the sialic, basaltic crust and mantle
participation in volcanism and mineralization. The volcanism and mineralization here
confirm the steady state subduction without steepening of subducting slab and mantle diapir
incursion. The idealized scheme of the island arc setting is shown on Fig. 1 (I).

The incipient stage steepening of subducting slab and incursion of mantle diapir in the
Bolnisi ore district exemplified on Beqtakari deposit located in the trachy-rhyodacite
volcanic series of the Gasandami suite imbricated by alkali olivine basalt and trachybasalt
series of the Shosholeti suite (Gugushvili, 2015). The trachyodacite series are sourced of gold-
copperpolymetallic mineralization, which are characterized by high grade of gold
comparatively with gold-copper-polymetallic mineralization of the Madneuli deposit related
to steady state subduction. In the Madneuli ores the average gold grade is 0.8 ppm, whereas
in Beqtakari ores average gold grade is 5 ppm, sometimes gold content is the 20 ppm and
even 189 ppm.

Here, the subalkaline character of trachy-rhyodacite series and alkaline K-feldspar
alteration are conditioned by alkaline fluids activity related to mantle diapir incursion. The
reinforcement of invasion of mantle material causes alkali olivine basalts and trachybasalt
explosion and emplacement of gabbro-diabase intrusive stocks. The gold-copper polymetallic
mineralization and syn-ore high temperature propylization are related with hydrosulfide
fluids activity at the incipient stage of backarc setting. It is confirmed by geochemical and
petrochemical criteria of alkali olivine basalts, particularly as by high grades of TiO2 content
with high grade of K20 in basic and average volcanics, so as high contents of LREE and HFSE
and depleted HREE (La/Sm)n=289, (La/Yb)n=7.35 (Nadareishvili, 1999, Gugushvili, 2015). At
the same time participation of gold and lead in the mineralization of incipient stage confirms
the sialic crust participation in the ore formation process. The mantle diapir incursion at this
stage revealed in increasing temperature of fluids, confirms by high temperature syn-ore
propylization of 35°-400°C stipulated intensive leaching of gold from sialic crust. The syn-
ore alteration related with calc-alkaline volcanic activity of steady state subduction revealed
in the lower temperature of sericite-chlorite-carbonate association in the Madneuli deposit.
In distinction from Madneuli, at Beqtakari deposit is not determined zonality of the
porphyry and nonsulfide and low sulfidation gold bearing epigenetic ores. Here brecciated
goldbearing quartz-K-feldspar metasomatites are superimposed by proper sulfide
mineralization.

The chemical modeling of fluid-rock interaction of transport and precipitation of gold
(Mernagh & Bierlein, 2008) shown that gold transportation was beginning by alkali-
carbonate fluids. Later, it is continuing by high temperature hydrosulfide solutions and gold
and base metals precipitation is related by decay at hydrosulfide complexes. The alkali-
carbonate fluids temperature at the Beqtakari deposit is 220-250°C, whereas the temperature
of syn-ore epidote-zoisite propylization — 350-400°C (Gugushvili, 2015). It is noteworthy,
that at the incipient stage of backarc rifting the sialic crust participates in the ore formation
process which is source of gold and lead and their intensive leaching is stipulated by
increasing temperature of fluids caused by mantle diapir incursion.
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The idealized schematic illustration of volcanism and mineralization of incipient stage of
steepening of subducting slab is shown on Fig. 1 (II).

The further reinforcement steepening of subducting slab revealed in incursion of mantle
diapir at higher level and strengthening of rifting with spreading out the sialic crust from the
zone of ore formation. So at this stage the sialic crust was not participating in ore forming
and ores are represented by copper-zinc-pyrite mineralization without participation of gold
and galena. The distinct example of this setting is the Khudes group of deposits (Khudes Urup
and Daud) of the Forrange of Caucasus. The mineralization is represented by VHMS copper-
zinc-pyrite ores (Buadze, Kaviladze, 1977) related to tholeiites of the interarc rifting. The
geochemical criteria of the tholeiites are characterized for interarc setting (Shavishvili, 1993)
the gold and lead are not fixed in the ores, so here excluded sialic crust participation in ore
forming process. The source of zinc here is basaltic crust, the source of copper is mantle
diapir stipulated of rifting. The idealized scheme of the Forerange setting is shown on Fig. 1
(II1).

Another example of intensive rifting is the backarc setting of marginal sea of the Southern
Slope of Great Caucasus. Here the tholeiite series located in carbonate flysch occurred the
VMS type, stratiform group of deposits (Filiz-chai, Katsdag, Kizildere and Adange) with
copper-zinc-pyrrhotite mineralization. There only at the Filiz-chai deposit occurred galena
and subordinate gold mineralization. It is probably depends with the remnants of sialic crust
on the basaltic bottom of marginal sea (Lomize, Panov, 2002). However during formation of
the marginal sea the sialic crust mainly was spread out from ore forming zone.
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Fig. 1'. Idealized scheme of interrelation of volcanism and mineralization at various stages of
subduction of the Tethys ocean slab.

I Steady state subduction and island arc setting, II Incipient stage of steepening of subducting
slab, III Reinforcement steepening and backarc-interarc setting, IV Intensive spreading and
minor ocean setting.

1. granodiorite stocks, 2. calc-alkaline rhyodacite volcanics, 3. trachy-rhyodacite and alkali
olivine basalt and trachybasalt volcanics, 4. olivine basalt and tholeiite volcanics, 5. ophiolite
volcanics and dunite-peridotite intrusive bodies, 6. sialic crust, 7. basaltic crust, 8. mantle
diapir, 9. Au-Pb-Zn-Cu mineralization, 10. Au-Pb-Zn-Cu mineralization with high grade of
gold, 11. Zn-Cu VHMS ores, 12. Cu-pyrite Cyprus type ores.

The further reinforcement of spreading stipulated the transferring of backarc into minor
ocean setting evidenced in the Late Pleozoic-Early Jurassic Kiire Complex of Central
Pontides, consists of ophiolite volcanics and dunite- peridotite intrusives (Ustadmer,
Robertson, 1993). The mineralization here in deposits of Ashikoy and Bakibaba represented
by copper-pyrite Cyprus type ores, without participation of Au, Pb and Zn. The Kiire
Complex consist of tholeiite-olivine basalt volcanites and cut by stockworks of diabase veins.
The intrusive bodies are dunite-peridotite stocks, the petrological indicators of ocean setting.
The syn-ore alteration here revealed in actinolite-epidote-zoisite propylization and
serpentinization. The latter is the indicator of hydrothermal alteration of the ocean setting,
as well.

Another example of ocean setting is the oceanic ophiolitic suture in Anatolides devided
Border Field and Taurides. It is the Eastern flank of the Cyprus ophiolites of Trodos Belt. In
distinction from Minor Ocean of the Kiire Complex, which is result of transferring the
backarc into minor ocean setting, it is the suture of the Tethys Ocean. The ophiolites here
content of hartsburgite and dunites, imbricated the gabbro-dunites, pyroxenites, verlites,
pillow lavas and cut by diabasic dike complex. The mineralization of related deposits Maden
(Elazig) and Madenkoy (Siirt) theirs VHMS type stratiform copper-pyrite mineralization is
not consists of gold, galena and zinc. Here, the only source of mineralization was the mantle,
which controlled copper mineralization. The syn-ore alteration here, also, is high
temperature propylization and sepentinization (Engin, 1994).

The idealized scheme of minor ocean setting is shown on the Fig. 1 (IV) exemplified on
the minor ocean development of Kiire Complex.

Conclusions

The subduction of the Tethys ocean slab beneath the Eurasian active margin was revealed
in four stages of geodynamic development within the borders of Tethys-Eurasian
metallogenic belt. These are the following: steady stage subduction, steepening of subduction
slab and incipient stage of backarc-interarc rifting, the developed stage of backarc-interarc
setting and minor ocean setting. Each of them revealed in the corresponding geodynamic
situations, controlled by volcanism, hydrothermal alteration and metallogeny stipulated by
participation of the sialic, basaltic crusts and mantle in various geodynamic settings. Each
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stage are characterized by distinct volcanological-petrochemical, geochemical, hydrothermal
activity and metallogenical indicators.

Thus, the stage of steady state subduction revealed in island arc setting, calc-alkaline
basalt-andesite-acite-rhyolite volcanic activity, zeolite and chlorite-albite background
proylization, gold-copper base metal mineralization of Au, Pb, Zn, Cu indicators, syn-ore
(ore wall rock) sericite-chlorite-carbonate alteration and with preceded of ore forming acid
leaching manifested in the secondary quartzites. The volcanism and mineralization of this
stage are controlled by participation of sialic, basaltic crusts and mantle.

The incipient stage of steepening of subducting slab revealed in two substages. The first is
manifested in the alkaline and sub-alkaline trachy-rhyodacite and trachyandesite volcanism,
K-feldspathization and epigenetic nonsulfide gold mineralization. The reinforcement of
rifting related to alkali olivine basalt and trachybasalt volcanic activity, synore epidote-
zoisite propylitization, gold-copper-base metal mineralization with indicators of Au, Pb, Zn,
Cu, with high grade of gold. In mineralization are participated siailc and basaltic crusts and
mantle. At the incipient stage of rifting and mineralization participated the sialic crust which
was not spread yet from the zone of volcanism and mineralization. The sialic crust here is the
source of gold and galena.

At the next stage of strengthen steepening slab and rifting, the sialic crust are spreaded
entirely from zone of volcanism and mineralization. The backarc setting here revealed in
copper-zinc mineralization lack of gold and galena. The volcanism here mainly tholeiitic and
the tholeiites are the volcanolological indicators of this stage. The syn-ore alteration here is
the epidote-zoisite-actinolite propylitization. The volcanic activity and ore formation are
stipulated by basaltic crust and mantle.

The most reinforcement of steepening and incursion of mantle diapir at highest level and
spreading stipulated backarc transferring into minor ocean setting. The basaltic crust at this
stage was not participated in zone of volcanism and mineralization. Here occurred the
ophiolite volcanism and ultramafic dacite-peridotite magmatism coincide with
serpentinization. The ultramafic magmatism is the distinct petrological indicator of ocean
setting. The mineralization here is copper-pyrite lack of Au, Pb and Zn and its metallogenic
indicator is only copper. The basaltic crust is entirely spread out from zone of volcanic
activity and ore formation. The mantle is the only source of volcanism and mineralization.
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2. Au, Pb, Zn, Cu pre-collision and trace metals association (Sb, W, Mo, Hg)
post-collision metallogenic indicators of geodynamic development

Abstract

Au, Pb, Zn, Cu and trace metals (Sb, W, Mo, Hg) revealed as Phanerozoic metallogenic
indicators of geodynamic development of Eurasian active margin within the borders of
Caucasus, Iran, Turkey and Carpathian-Balkan region. At the pre-collision stage steady state
subduction and steepening of subducting slab were controlled by volcanism and petrochemical
and geochemical criteria. The subduction settings are confirmed by metallogenic indicators. So
the steady state subduction and incipient stage steepening of subducting slab, where in
mineralization parcitipate sialic, basaltic crusts and mantle, Au, Pb, Zn and Cu, revealed as
metallogenic indicators. During the strengthening of backarc rifting sialic crust is spread out and
metallogenic indicators are represented by Zn and Cu and lack of Au and Pb. The further
spreading occurred, in minor ocean and oceanic setting, whereas sialic as well as basaltic crust
entirely are spread out and metallogenic indicator of the setting is solely Cu (lacking Au, Pb and
Zn). Thus in the Phanerozoic precollision geodynamic development sialic crust is the source of
Au and PDb, basaltic crust — Zn, whereas mantle is source of Cu.

At the post-collision stage, when subduction is terminated, however at the process syn-and
post-orogenic mineralization participates the sialic, basaltic crusts and astenospheric material
penetrated along fault zones in subducted slab. The heat flux and protracted high temperature
fluids leaching from thick sialic crust of orogens Au and trace metals (Sb,W, Mo and Hg) and
precipitated them as gold-trace metal mineralization. The latter are not common for pre-collision
stage and they are metallogenic indicators of post-collision development.

Key words: metallogenic indicator, pre-collision and post-collision development, backarc
rifting, island arc setting.

The metallogeny of Tethys-Eurasian metallogenic belt of Eurasian active margin within the
borders of Iran, Caucasus, Turkey and Balkan-Carpathian region ( Fig. 1) give us possibility to
suppose Au, Pb, Zn, Cu and trace metals (Sb, W, Mo, Hg) as indicators of the stages pre-
collision and post-collison development of Tethys ocean during Phanerozoic convergence of
Afro-Arabian and Eurasian continents.

The Phanerozoic geodynamics occurs in the nonbuoyant lithosphere and controlled by
modern plate-tectonic, whereas Precambrian development took place in buoyant oceanic
lithosphere during formation of juvenile continental crust (Goldfarb et al., 2000). It was
influenced by plume tectonics and characterized by high thermal flux and produced highly
endowed Archean and Paleoproterozoic VHMS provinces and orogenic gold mineralization
depended by redistribution of gold and base metals from mantle to granitic cratons in process of
their formation (Goldfarb et al.,2001; Groves et al.,2003). So, in Phanerozoic the redistribution
of Au, Pb, Zn and Cu from the mantle to lithosphere of sialic, basaltic crust and hard upper
mantle was completed. The Au and Pb are concentrated in sialic crust, Zn in basaltic and Cu
mainly rest in upper mantle (Gugusvili et al., 2010; Gugushvili 2015, 2017).

Redistribution of gold-copper-base metal mineralization is related with magmatic-volcanic
activity at the various stages of geodynamic development controlled by steady state subduction
and steepening of subducted slab at the synvolccanic and post-volcanic pre-collision stages and
at the post-collision stage after closure of the Tethys ocean, when subducted slab was steepening
at the stressing the Afro-Arabian on the margin of Eurasian continent, caused the orogenesis,



13

strike-slip faulting and penetration of mantle material in the thick orogenic sialic crust across the
transformed subducted slab (Gugushvili 2015, 2017).

The investigation of geological and geodynamical development of studied region shown the
total spectrum stages of geodynamic setting from island arc, interarc-backarc to oceanic setting.
Every of them revealed in the specific magmatism, volcanism, metallogeny, hydrothermal
alteration and metallogeny.

The island arc setting is characterized by calc-alkaline volcanism with formation of basalt-
andesite-dacite-rhyolite series. The interarc-backarc settings revealed in tholeiite-alkali olivine
basalt volcanic activity at the intensive rifting, alkali-olivine basalt and thrachybasalt volcanism
at intermediate stage of rifting and shoshonite-thrachyandesite and thrachydacite at as the
incipient rifting and so at slackening of rifting process. The further intensification of spreading
occurs in oceanic setting with ophiolite volcanism and dunite-peridotite magmatism. The latter is
the distinguished feature of ocean setting. All of them could be seen in the studied region of
Eurasian active margin. The post-collision development revealed in the granitoid orogenic
magmatism at the first stage and in calc-alkaline and alkalibasalt and thrachybasalt volcanic
activity at the second stage (Gugushvili, 2017; Dilek et al., 2010).

The various settings of geodynamic development are controlled by different participation of
sialic, basaltic crusts and mantle material.

Island arc development and volcanism are determined by sialic, basaltic crusts and mantle
material participation, as well as at incipient and slackening stages of inter-and back arc. The
intensive backarc rifting was controlled mainly by basaltic crust and mantle. The intensive rifting
occurred without participation of sialic crust and its characteristic feature is tholeiite volcanic
activity. As to oceanic setting, it is controlled only by mantle material. The spreading at this
stage and the high level of mantle diapir incursion exclude basaltic crust participation, which is
spreaded entirely. Only at incipient stage of oceanic development, minor participation of basaltic
crust is evident (Hutchinson, 1973).

The source of Au and Pb, so as trace metals Sb, W, Mo and Hg is the sialic crust, source of
Zn-basaltic crust and source of Cu is mainly mantle (Gugushvili et al., 2015, 2017). It is clearly
confirmed in the studied region of Eurasian active margin, so in the various regions of world
(Mair et al.,2006; Moritz et al.,2004; Rona, Scott, 1993; Goldfarb et al., 2001; Moritz et al.,
2016; Yakubchuk et al., 2002).

The metallogeny of Au, Pb, Zn and Cu, so as trace metals (Sb, W, Mo, Hg) of studied region
similarly would be indicators of geodynamic development. They are distincted in the various
geodynamic settings. So, in island arc setting gold-copper-base metal porphyry and
mineralization of high and low sulfidation occurred, as well as Kuroko type stratiform gold-
copper-lead-zinc mineralization. They are controlled by steady state subduction and consist of
Au, Pb, Zn, Cu whereas here during mineralization participate sialic, basaltic crust, and rigid
upper mantle and deepen in the astenosphere slab. The same situation is continuing in the
incipient stage of interarc-backarc rifting, controlled by first stage of steepening of subducting
slab.

At this stage of rifting participates the sialic crust, but incursion of mantle diapir influence, the
higher temperature and alkalinity of fluids stipulated intensive leaching gold and lead from sialic
crust. So at this stage the polymetallic ores are enriched by gold comparatively with goldbearing
ores of steady state subduction characterized by lower temperature of fluids. It is examplified in
the Bolnisi ore district mineralization of Madneuli cluster related to steady state subduction,
whereas the Beqtakari cluster is controlled by steepening of subducting slab with incursion of
mantle diapir. The average gold content in Madneuli polymetallic ores is 0.8 ppm, whereas in
Beqtakari it is 5 ppm and in some places 20 ppm and 189 ppm (Gugusvili, 2015, 2017).
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The similar situation occurs in Panaguirishte ore district (Bulgaria), where the high sulfidation
epithermal and porphyry mineralization controlled by incipient stage steepening of subducting
slab the gold grade is 2.07ppm. (Moritz et al., 2004; von Quadt et al., 2006). The significant
gold-base metal porphyry and epithermal deposits Bor and Majdanpek of Timok ore district
(Serbia) are controlled by steady state subduction and characterized by gold-copper-base metal
mineralization. So, the deposits of Eastern Pontides presented by gold-copper-base metal
mineralization of porphyry and epithermal type and Kuroko type VMS deposits. However the
gold grades here are higher in the ores of Kuroko type. Chaeli (Madenkoy) and Lahanos deposits
represented by Cu,Zn,Pb,Au and Ag- bearing ores occurred in the Cretaceous , dacite-rhyolite
volcanics, so as hybride VMS deposit of Cerattepe hosted in Late Cretaceous Artvin volcanic
complex, comprises a basal zone of high grade Cu sulfide and overlying and flanking Au-Ag-Pb-
Ba bearing zone (O Brien,1997). As well the steady state subduction related gold-copper-base
metal deposits are widespread in the Lesser Caucasus. The most significant among them are
gold-copper-base metal deposits of Locki-Garabakh zone - Shamlug, Alaverdi, Tekhut, Gedabek,
Karadag and Chovdar. They are represented porphyry, epithermal and VMS systems (Baba-Zade
et al., 2016; Kekelia et al., 1993). The grade of Au here 2.7 ppm, Pb 0.3 %, Zn 0.98%, Cu 2 %.

Thus, at the steady state subduction and incipient stage of steepening of subduting slab the Au
and Pb coincide with Zn and Cu occurred in mineralization. At the stage of intensive steepening
slab and incursion of mantle diapir and backarc-interarc rifting the sialic crust spreaded out and
mainly was not participate in the process of mineralization. The gold example of such setting is
the interarc rift of Forrange of the Great Caucasus. Here, tholeiite volcanism coincides with
VMS copper-zinc mineralization without Au and Pb in the mineralization of Houdes group of
deposit (Houdes, Daud, Urup), detaily studied by Buadze and Kaviladze (1977). In the copper-
zinc-pyrite ores source of Zn here is the spread and subducted basaltic crust and source of Cu is
the mantle (Gugushvili, 2015, 2017).

The another example of intensive backarc rifting is the marginal of the Southern Slope of
Great Caucasus with VMS mainly copper-zinc-pyrrhotite mineralization (Katsdag, Kizildere,
Adange deposits) and at one case (Filiz-Chai) consists, also, Au and Pb related by occurrence of
remnants of sialic crust on the basaltic (Gugushvili, 2015). However intensive backarc rifting
and caused tholeiite—alkalibasalt volcanism is not always related with VMS copper-zinc
mineralization. It is exemplified by Middle Eocene Adjara-Thrialeti rift. Here tholeiites consist
copper 200 ppm, ten times enriched clark. So, copper here concentrated in tholeiites and did not
transfer in fluids. The other example is known in the South Ural region where riftogenic
tholeeites enriched of copper and zinc, which was not transferred in fluids (Frolova, Barikova,
1978) and here also is not known the VMS mineralization.

The further intensive spreading and incursion of mantle diapir on the highest level, caused
minor ocean and oceanic setting. In the studied region it is exemplified by Late Paleozoic—Early
Mesozoic Kiire complex (Turkey) evolved as a result transferring the backarc into minor ocean
setting represented by MORB ophiolite volcanism and serpentinized peridotite (Ustadmer,
Robertson, 1993) consists of Cyprus type copper-pyrite mineralization—Ashikoy and Bakibaba
deposits, where Zn and Pb occur only on trace level (Guner, 1980). The other group of Cyprus
type cupriferrous deposits Maden (Elazig) and Madenkoy (Siirt) occurred in the ophyolite belt of
ocean setting in Turkey between the Border Fold and Taurids. The ophiolite consist the
hurtsburgite and dunites, gabro-dunites, pyroxenetes, verlites, pillow lavas, cut by diabase dike
complex (Engin, 1994). Mineralization, as in Kure complex, here is also represented by pyrite
and chalcopyrite VHMS ores lacking Pb and Zn.

Thus Au, Pb, Zn and Cu distribution in the various stages of pre-collision development are the
following: At the steady state and at the incipient stage of steepening of subducting slab Au, Pb,
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Zn and Cu entirely participate in the mineralization of the both settings. However the distinct
prevalence of gold occurs in the incipient stage of backarc-interarc rifting, because of sialic
(granitic) crust yet is not spreading out on this stage and temperature of fluids is higher than at
the setting of steady stage subduction. It would be reason of more intensive leaching of gold
from sialic crust and its precipitation in the proper sulfide ores during mineralization. At the
intensification of rifting sialic crust was spreading out and the copper-zincpyrite mineralization
occurs without Au and Pb, they consist only at trace levels. The source of Zn and Cu is basaltic
crust and mantle. At the further spreading backarc-interarc rifting transferred in the Minor Ocean
and ocean setting with spread out as sialic, so basaltic crust. Mineralization here represented by
cupriferous copper-pyrite ores. It is confirmed that copper source is the mantle.

The collision of Tethys Ocean and pressing the Gondvana continent on Eurasia caused the
post-collision setting in the Eurasian continental margin (Adamia et al., 2016).

The post-collision metallogeny in studied region occur in Southern Slope of Great Caucasus,
Lesser Caucasus, Iran and Turkey. The mineralization is controlled by post-subduction
steepening of subducted slab, orogenesis, brittle tectonics and melting of granitoid magma of
intrusive bodies from orogenic thick sialic crust. The mineralization here is represented by gold-
copper base metal porphyry and epithermal and nonsulfide goldbearing mineralization, enriched
of gold coincide with complexes of trace metals (Sb, W, Mo, Hg), which are not known in pre-
collision deposits, except of Mo, participates subordinately in pre-collision mineralization
(Gugushvili, 2015, 2017). The age of post-collision mineralization is Miocene-Oligocene. In the
Southern Slope of Caucasus the post-collision most significant deposits are Zopkhito, Lukhum,
Okrila-Achapara, Avadkhara, Akhey, Notsarula in Lesser Caucasus - Kajaran, Zod, Mehradzor.
The post-collision mineralization is widespread in Iran. The most significant deposits here are
Harvana group of deposits Miverud, Astargan, Ganarech, Khalfian. The deposits occur also in
the Sanandaj-Sirjan zone, Albortz and in East Iranian magmatic belt. Among them the most
significant are Zarshuran and Dashkesan deposits and Aq-Darreh gold prospect. All of them are
controlled by Oligocene-Miocene granitoid stocks and brittle tectonics. They are related to post-
collision orogenesis and coincide with Sb, W, Mo and Hg trace metal association. The
association substituted the pre-collision host rocks and is geochemical indicator of post-collision
setting (Gugushvili, 2017).

The genesis of post-collision mineralization is related with incursion of mantle material along
faults in the steepen subducted slab caused increases of heat flux and leaching by protracted high
temperature fluids gold and trace metals from thick sialic crust of orogens and precipitated them
as porphyry and nonsulfide godbearing deposits (Gugushvili, 2015, 2017).

The postcollision mineralization is especially enriched by gold and above mentioned trace
metals. Here widespread goldbearing—trace metal veins and stockworks. The deposits such as
Zopkhito consist of gold-copperpolymetallic and quartz—antimonite veins and stockworks with
34 t. gold reserves, 41223 t antimonite and 39 t. silver. Here gold grade in the veins 4.39 ppm,
silver-4.5ppm, whereas in the altered ore wall rock zone gold grade is 3.43ppm, silver-4.15ppm.
So as in the neighbour Lukhumi deposit consist of quartz-antimony and quartz-antimony-realgar-
orpiment-arsenopyrite veins and quartz-antimony-carbonate and quartz-sheelite stockwork, with
gold grade 5.10ppm and Sb-6.37%. The Au reserve here 14.04 t., Sb-2580 t. As well as in the
Okrila-Achapara gold prospect of the Main Range of Great Caucasus the gold associated with Sb
and W occurring in the quartz-scheelite, quartz-antimony, quartz-polymetallic and goldbearing
quartz lode mineralization. Gold grade in the ores here 3-4 ppm associated with Sb and W.

The Harvana groups of deposits (Iran) are characterized by high gold grade of gold-copper
base metal and lowsulfidation epithermal lode and stockworks associated with Sb, W, Mo and
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Hg. The geochemical background of host rocks is Cu-200-253ppm, Au 88-121ppb, Mo-3.0-
5.7ppm, W-63-71ppm, Pb -120-517ppm, Zn121-160ppm, Sb-7.4-10ppm.

In the Alborz magmatic belt, Central Iran block and in Sanandaj-Sirjan zone the gold-copper
porphyry, gold-base metal lodes and stockwork mineralization is associated with Sb, Mo, Hg and
W as well as in the East Iranian magmatic belt Carlin type Zursharan deposit, Aldareh prospect,
Dashkesan and Binalud goldbearing lead-zinc deposits and the Hash-Zadehan base metal gold-
antimony ore field are controlled by Oligo-Miocene hypabisal granitoid stocks and are coincided
by association of trace metals Sb, W, Mo and Hg (Moritz et al., 2006; The Report of Geological
Survey of Iran, 2007). The post-collision setting is continuing from Iran to the Lesser Caucasus
in the Meghri-Ordubad Cenozoic magmatic province, where Oligocene-Miocene granitoid stocks
controlled significant gold-molibdenum mineralization associated with Sb, W and Hg.
Significant gold deposits Zod and Merhadzor of goldbearing quartz-antimonate mineralization
associated with Sb and W (Melikian, 1977), controlled by granodiorite-porphyry Cenozoic
intrusive stocks occur in the Sevan-Akera zone.

The post-collision gold mineralization associated with Sb, W and Hg is known at the
Menderes Paleozoic Massive (West Anatolides), presented of Cungurlu, Emerly and Halicoy
deposits (Yigit, 2009), controlled by Cenozoic fault and shear zones. So, as fault controlled zone
of gold mineralization is known in the Eastern Rhodopean Ada-Tepe deposit (Marchev et al.,
2004).

The similar character of post-collision mineralization is widespread worldwide. The most
significant mineralizing events of gold associated with trace metals (W, Sb, Mo) are known in
Tethyan-Eurasian metallogenic belt related to Late Paleozoic final collision in the Altaid
orogenic system (Yakubchuk et al., 2002). Here the giant gold deposits Muruntau,
Kumtor,Cholboi etc) was formed during the final amalgamation of the collage in Tian Shan
province. The gold mineralization here is associated with trace metals Sb, W, Mo and Hg . The
gold reserves of Muruntau deposit is 175Moz of gold, Kumtor (Au 19 Moz), Zarmitan (Au
112Moz). The similar association of gold with trace metals occurs in the Tombstone gold belt
Yukon (Canada) post-collision deposits controlled by syn-orogenic intrusion. Here gold
mineralization goes with Te, Bi, As,W and Sb association and is related quartz veins stockworks
(Mair et al., 2006). So as in the Western Lachlan orogeny of Southern Australia, syncollision
orogenic gold mineralization is followed by the Bi, Te, As, W, Mo, Sn and Sb association
(Bierlein, Mcnight, 2005).

Conclusions

Thus geodynamic development in the studied regions was related with subduction and
steepening of subducted slab, revealed in volcanism, magmatism and metallogeny. The
mineralization is controlled by Au, Pb, Zn and Cu indicators at pre-collision stage and by trace
metals Sb, W, Mo and Hg association at post-collision setting.

At the steady state subduction and incipient stage of steepening of subducting slab the sialic,
basaltic crust and mantle participated in mineralization occurred in the Au, Pb, Zn and Cu full
spectrum of association. The strengthening of rifting and incursion of mantle diapir the sialic
crust was spread out from zone of mineralization indicated by Zn and Cu.The further
intensification of spreading and incursion of mantle diapir at the highest level stipulated spread
out entirely of sialic and basaltic crust and oceanic setting contains copper-pyrite mineralization
where only indicator is Cu, the other indicators participates only at the trace level.

The subduction was terminated at the post-collision stage, however steepening of subducted
slab was continuing caused by convergence and stressing of Gondvana and Eurasian continents.
At the post-collision the incursion of mantle material is continuing above the steepen slab and
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high flux and protracted high temperature fluid activity with leaching the gold and trace metals
(Sb, W, Mo and Hg) from the orogenic sialic crust and gold-trace metal mineralization. This
association of trace metals is not characterized for pre-collision setting, so they are indicators of
post-collision mineralization and for post-collision setting in general.

3. The synvolcanic and postvolcanic block faulting in the Bolnisi ore district during Upper
Cretaceous subduction at the background of pre-collision development of Eurasian active
margin.

Abstract

The Bolnisi ore district hosts gold-copper-base metal and nonsulfide and low sulfidation
epigenetic gold deposits placed in the Upper Cretaceous volcanic series. The district is the
part of Tethys-Eurasian metallogenic belt developed during the Tethys ocean subduction.
The geodynamic development and associated magmatic, volcanic, hydrothermal activity and
mineralization revealed in the Bolnisi ore district. The first stage occurred in stable (steady
state) subduction with related island arc (VAG) calc-alkaline volcanism. The next stage
revealed in transformation (steepening) of subducting slab coincides with mantle diapir
incursion revealed in the subalkaline trachyrhyodacitic and trachybasalt - alkali olivine
basaltic volcanic activity. Various types of mineralization are related to the definite stages of
subduction. The steady state subduction coincides with zoning of proper sulfide and
nonsulfide mineralization, whereas steepening of subducting slab manifested in substitution
of nonsulfide goldbearing mineralization by proper sulfide gold-copper base metal ores. In
the Upper Cretaceous shallow-marine conditions the synvolcanic and postvolcanic block
faulting occurred. The synvolcanic block faulting revealed in two stages. The first was related
to invasion of intrusive stocks with tumescence of shallow sea bottom and island elevation
(uplifted blocking). The second stage revealed in the subaerial ignimbrite volcanic explosions
on the island terminated by cauldron subsidence (subsided blocking). The mineralization in
of island setting in the Bolnisi district took place in the islands (uplifted block) and precedes
ignimbrite explosions and cauldron subsidence. It was controlled by invasion of intrusive
stocks. The synvolcanic blocking is controlled by distribution of proper sulfide and
nonsulfide ores and their position within the bordered blocks. The mineralized blocks are
distributed in the caldera structures and their faulting is controlled by cauldron subsidence.
At the termination of Upper Cretaceous volcanism the detachment of subducting slab
revealed in the regional fault, which divided the Bolnisi ore district in two “giant” blocks.
One of them was uplifted on 1200 m. From uplifted block Upper-Santonian-Campanian
volcanic series were entirely eroded. It is occurred in the subsided block and bordered along
regional fault with Cenoman-Santonian volcanic series of uplifted block. The block faulting
here would be postvolcanic in contrast to synvolcanic block faulting, controlled by magmatic
and volcanic activity and mineralization. The uplifting of synvolcanic blocks does not exceed
200m and their spreading is hundreds m?, whereas the “giant” blocks are spread entirely over
the Bolnisi ore district area (thousandths km?). The interrelation of synvolcanic blocks and
their uplifting are determined by the levels of distribution of proper sulfide and nonsulfide
mineralization.
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Introduction

Bolnisi ore district is the part of Western Segment of Tethys-Eurasian metallogenic belt
(Fig. 1). It consists of gold-copper base metal and low sulfidation and nonsulfide gold
mineralization, located in the Upper Cretaceous Cenomanian-Campanian volcanic series
(Fig. 2) and represented of two — Madneuli and Beqtakari ore clusters (Fig. 3). Madneuli
cluster (88-90Ma) located in Turonian-Santonian Mashavera suite consists of andesite-dacite-
rhyolite volcanics. The deposits of Beqtakari cluster (79-81Ma) are distributed in Campanian
trachyrhyodacite volcanic series, imbricated by trachybasalt—alkali olivine basalts of
Shorsholeti suite (Fig. 2). The clusters are divided by regional strike-slip fault and localized in
two “giant” blocks (Fig. 4).

The nonsulfide mineralization in the Beqtakari cluster related to quartz-K-feldspath
metasomatites, which are substituted by gold-copper base metal ores. As distinct from
Beqtakari in Madneuli cluster deposits occurs zonality of mineralization. The gold-copper
base metal ores upstears transferre in epigenetic nonsulfide zone consists of goldbearing
quartz-chalcedony and quartz-barite stockworks (Gugushvili et al., 2014, Gugushvili, 2015).

The Cretaceous geological and geodynamic development, volcanism and mineralization of
the Eurasian active margin were stupulated by Tethys ocean northvergent subduction. In the
Bolnisi ore district two stages of subduction are fixed: the stable(steady state) subduction,
when the subducting slab sinking in mantle without transformation (roll back, break off,
detachment, delamination) revealed in volcanic arc (VAG) setting related with calc-alkaline
volcanic activity and gold, copper, base metal (Au, Pb, Zn, Cu) mineralization. At the second
stage the steepening of subducted slab was beginning, accompanied with mantle diapir
incursion and transition of island arc into backarc setting. The transition in the Eurasian
active margin revealed in rifting shoshonite-alkali basalt-tholeiite volcanic activity, VMS
zinc-copper-pyrite mineralization at the developed stage of backarc setting, without
participation lead and gold or with their minimal grades related to level of participation of
sialic crust in the mineralization (Gugushvili, 2015, 2016, 2017).

The geodynamic criteria of volcanic series are controlled by petrochemical and
geochemical indicators, which indicated the level of mantle influence at steepening of
subducting slab or process of steady state subduction and calc-alkaline volcanic activity. The
relation of volcanism and metallogeny exemplified on the Bolnisi ore district observed in the
following publications (Gugushvili et.al., 2001, 2014; Gugushvili, 2015, 2016, 2017).

The Madneuli ore cluster and goldbearing volcanics are controlled by island arc setting,
whereas the Beqtakari cluster is developed at the incipient stage of backarc. Here at the first
stage of Campanian volcanic activity of the trachyrhyodacite volcanic series quartz-K-
feldspar alteration and related nonsulfide mineralization are controlled by incipient stage of
backarc. Here mantle influence revealed in the subalkaline volcanism and alkaline
metasomatism. The mantle influence increased in the Late Campanian at the sulfide phase of
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mineralization controlled by gabro-diabase stocks intruded in quartz-K-feldspar
metasomatites. It represented by gold-copper-base metal mineralization and synore epidote-
zoisite propylitization (Gugushvili et.al., 2014, Gugushvili 2015, 2016, 2017). The above
mentioned gabro-diabasic stocks and veins would be apophysis (offsets) of volcanic chambers
exploded trachy-basalts and alkali-olivine basalts of the Shorsholeti suite. They fixed the
incipient stage of back arc rifting and incursion of mantle diapir (Gugushvili, 2015, 2016).

At the same time the high grades of gold and lead occurred in the deposits of Beqtakari
cluster would be explained by significant participation of sialic crust in mineralization
process and high temperature of fluids at the incipient stage of backarc development related
to mantle incursion. It was the reason of the intensive gold leaching from sialic crust. The
high temperature fluids shown by synore epidote-zoisite propylitization conducted at 350-
400°C.

In the porphyry ores of Beqtakari deposit the average gold grade is 5ppm, whereas in
Madneuli deposit it is averagely 0.8ppm, where syn-ore-mineralization alteration presented
of lower temperature of sericite-chlorite-carbonate association.

3.1. Block faulting in the Bolnisi ore district.

In the Bolnisi ore district two stages of subduction related block faulting revealed. The
first is synvolcanic and the second is postvolcanic, related to detachment of subducted slab.
Synvolcanic blocking is controlled by invasion of granodiorite intrusion stocks, tumescence
of sea bottom and island emergence (elevation) — (uplifted blocks) and by cauldron
subsidence (subsided blocks)). It is the stages of “small” block faulting. The postvolcanic
block faulting is controlled by detachment of slab revealed in the regional strike-slip fault
divided ore district in two “giant” blocks. The mineralization was related to uplifted small
synvolcanic blocking, whereas the subsided synvolcanic blocking after cauldron subsidence
as well as formation of “giant” block were postvolcanic and postmineralization (post ore)
processes.

The mineralization process is synchronal with synvolcanic uplifting block faulting,
whereas it was not revealed during the “giant” block faulting.

3.2. Postvolcanic block faulting

The mineralization in the Bolnisi ore district is located in the two “giant” blocks divided
by regional fault (Fig. 3.4) and represents of two ore clusters — Madneuli and Beqtakari. In
the both ore clusters the calc-alkaline rhyodacitic in the Madneuli and subalkaline
trachyrhyodacitic volcanic activity in Beqtakari are terminated by ignimbrite explosions
(ejections) and cauldron subsidence, determined by rhyolite dome invasion in Madneuli and
trachyrhyolite extrusions in Beqtakari. The mineralization and ore deposits in the both
clusters are localized within caldera structures (Fig. 5). In the deposits of Madneuli cluster as
the nonsulfide gold mineralization, so gold-copper base metal porphyry precedes of the
ignimbrite ejections and cauldron subsidence. In the Beqtakari cluster the nonsulfide gold
mineralization predates ignimbrite explosion, whereas the gold-copper base metal
mineralization, controlled by gabbro-diabasic, stocks occurred after ignimbrite ejections
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(Gugushvili, 2015, 2017). The deposits in Madneuli cluster are hosted by the Mashavera
(Turonian-Santonian) suite (Fig. 6).The Madneuli cluster is located in the uplifted “giant”
block, whereas Beqtakari cluster occurrs in the bordered subsided block built up by the
Campanian Gasandami and Shorsholeti suites (Fig. 4). From the uplifted block of Madneuli
cluster the Campanian Gasandami and Shorsholeti suites, as well as Upper Santonian Tandzia
suite are eroded. The thickness of eroded volcanic series evidenced that Madneuli block was
uplifted at 1200m. Regional fault and giant blocking would be related to Upper Campanian-
Maastrichtian detachment of subducted slab, so the age of the regional fault which caused
the giant blocking is the Late Campanian-Maastrichian and block faulting would be the
postvolcanic process.

The similar development is described in the Panaguirishte ore district of Bulgarian
Srednegorie. Here also the first stage of volcanic activity presented by calc-alkaline volcanic
series consists of gold-copperporphyry (Elatsite deposit) and highsulfidation (Chelopech
deposit) mineralization dated of 91.3-92.4Ma. Their genesis is controlled by stable
subduction and calc-alkaline volcanic activity. The steepening of subducting slab here
occurred in the block faulting and gold-base metal mineralization dated by 86.1- 86.6Ma
(Motitz et. al., 2004; von Quadt et al., 2005). Here transforming of subducted slab also
revealed in transmissing of island arc setting into incipient stage of backarc and block
faulting.

3.3. Synvolcanic block faulting.

In the Bolnisi ore district occurs two stages of synvolcanic block faulting. The first is
related to steady state subduction and calc-alkaline volcanism and the second to steepening
of subducting slab and subalkaly thrachyrhyodacitic volcanic activity and later at
trachybasalt and alkali olivine basalt volcanism at the incipient stage of back arc setting. The
both of them are characterized with nonsulfide epithermal gold mineralization and gold-
copper base metal proper sulfide ores. At the same time the first is dated by Coniacian-
Santonian and presents synchronal proper sulfide and nonsulfide mineralization revealed in
zonality, whereas the second is Campanian, characterized of substituting of nonsulfide
goldbearing quartz-K-feldspar metasomatites by proper sulfide gold-copper base metal
mineralization related to gabbro-diabasic intrusive stocks.

3.3.1. Synvolcanic block faulting at the steady state subduction stage.

The synvolcanic block faulting of the stable subducting stage was related to invasion of
granodioritic stocks, tumescence of sea bottom and island elevation (uplifted blocking). At
the island took place ignimbrite ejection terminated by cauldron subsidence (subsided
blocking). The formation of uplifted and subsided blocks alternated spatially and temporally.
However at the some emerged islands, the ignimbrite or was not exploded or they are not
subsided and they are remained as uplifted blocks in Cretaceous sea (Gugushvili et al., 2014;
Gugushvili, 2015).

At the area of Madneuli deposit granodioritic stock occurred at the 500m depth. The age
of the stock is 88 Ma. This stock served as a pathway for fluids. The fluids activity at the first
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stage revealed in silicification of dacitic tephra and the dense silicified screen occurred above
the intrusive bodies. The fluids gathered beneath the screen stipulated series of hydrothermal
explosions and brecciation of the silicified rocks (secondary quartzites). The brecciated zones
were cemented by gold-copper base metal mineralization. The orebearing fluids were
penetrated in the secondary quartzites forming disseminated porphyry mineralization.
Upstairs the proper sulfide ores transmitted in the zone of nonsulfide gold mineralization in
the quartz-chalcedony and quartz-barite stockworks (Fig. 6, 7). Thus on the Madneuli
deposit occurred the zonallity of proper sulfide and nonsulfide ores.

At the same time on the Madneuli deposit occurred minor lenses of stratiform barite-base
metal ores (Fig. 8) — Migineisvili, 2004; Gialli, 2013). They are related to the early stage of sea
bottom tumescence and denudation of island surface revealed in origin of intraformation
layers of breccia-conglomerates. Above the breccia conglomerates in tephra were developed
syngenetic barite-base metal and pyrite-melnicovite—ochre-red barite mineralization. The
xenoliths of ochre-red barite occur also in the mineralized hydrothermal breccia pathways of
epigenetic ore fluids of the next stage of epithermal-porphyry minersalization. Therefore the
syngenetic mineralization in Madneuli deposit precedes the epigenetic ore formation.

At the next stage of tumescence occurred the propersulfide porphyry and epithermal gold
mineralization. The process here continued in ingnimbrite explosion and terminated with
cauldron subsidence (Gugushvili et al., 2002; Gugushvili, 2015). On the western flank of the
open pit ignimbrites laterally, along the fault bordered with tephroids, which in open pit
underlain the ignimbrites (Fig. 6, 7). It is evidenced the cauldron subsidence. The cauldron
subsidence is fixed as well by extrusive domes of rhyolites surrounding the caldera structure,
which would be relics of ring dikes (Fig. 6).

In the Madneuli deposit proper sulfide and nonsulfide mineralization are located in the
single subsided block. In other deposits of Madneuli cluster the sulfide and nonsulfide
mineralization are distributed in the bordered blocks. In uplifted block occurs proper sulfide
mineralization, here nonsulfide mineralization partly or entirely are eroded and in subsided
block proper sulfide is bordering with nonsulfide mineralization. It gives us possibility of
determination of block faulting on the deposits. It distinctly exemplified on the Tsiteli Sopeli
deposit, which is located in single caldera structure (Fig. 9) with other deposits and ore
manifestations forming the single ore field.

Here at different deposits according to distribution of proper and nonsulfide
mineralization uplifted and subsided bordered blocks are determined.

On the Tsiteli Sopeli deposit (Fig. 10) on the its eastern block divided by fault from the
central the mineralization is located above the groundwater level, whereas in the central
block mineralization is entirely located below this level. Therefore the gold-copper base
metal mineralization of uplifted eastern block is located above the nonsulfide gold
mineralization of the central block with upward transition into the nonsulfied goldbearing
quartz-chalcedony stockworks (Fig. 10).

The similar situation occurs at the Lower Bolnisi deposit, which is divided by fault on two
blocks (I.Vashakidze, report of 1:10000 scale mapping). In the eastern block proper sulfide
gold-copper base metal mineralization is cementing hydrothermal breccias of silicificated



22

rocks, whereas in the western block nonsulfide epigenetic gold mineralization occurs in the
quartz-barite and quartz chalcedony stockworks (Fig. 11). At the same time here, on the
depth of 240-314 m (well 631) occurs chalcopyrite-pyrite goldbearing stockwork with 3 ppm
of gold (Fig. 12).

On the Tsiteli Sopeli ore field block faulting structure occurs at the Tamarisi prospect.
Here gold-copper base metal mineralization of uplifted block bordered along the fault
silverbearing quartz-barite stockkwork. Here the zone of nonsulfide ores might be eroded
from the uplifted block as well.

The similar situation was determined at the other deposits of the Madneuli cluster. On the
Balichi deposit the gold-copprporphyry mineralization of uplifted block bordering along
fault with nonsulfide gold mineralization in silicificated rocks of subsided block (Gugushvili,
2015). The block faulting structure occurs at the David-Garedji and Catarkaya prospects
located nearby Madneuli deposit. Here gold-copper base metal and nonsulfide silverbearing
quartz-barite and goldbearing quartz-chalcedony stockworks at Catarkaya prospect, whereas
in the bordering David-Garedji subsided block fixed different levels of above mentioned
mineralization (Fig. 13). It is confirmed that Catarkaya's block uplifted and here quartz-
barite level is mainly eroded.

3.3.2. Synvolcanic block faulting at the stage of steepening of subducting slab

The synvolcanic block faulting is continuing during steepening of subductive slab, it is
revealed within the border of NE “giant” block. The steepening here began at the
Campanian. At the first stage it was revealed in granodiorite stock invasions and subalkaline
trachyrhyodacitic volcanic activity (Gasandami suite) and nonsulfide gold mineralization in
the quartz-K-feldspar metasomatites. The second stage revealed in gabbro-diabasic
magmatism and trachybasalt-alkali olivine basaltic volcanism (Shorsholeti suite). The gold-
copper-base metal mineralization was controlled by gabbro-diabase stocks coincided with
epidote-zoisite propylitization. The mineralization and deposit here, also, is localized in the
caldera structures (Fig. 5).

The block faulting here, also, is determined by the distribution of nonsulfide and proper
sulfide mineralization in the neighbouring block. It is distinctly exemplified at Beqtakari
cluster deposits: Imedi, Darbazi and Beqtakari. The area of Imedi deposit consists of three
blocks (Fig. 14). In the second and third blocks here mainly nonsulfide gold mineralization
occurs related to quartz-K-feldspath metasomatites. At the depth somewhere occur the
offsets of base metal ores. At the same time in the first, SW block the proper sulfide
mineralization prevailed coincides with synore epidote-zoisite-actinolite propylitization. The
grades of gold in the ore here is 5ppm, copper — 0.5%, whereas in the second and third blocks
in the nonsulfide ores grade of gold is 0.9-1.2ppm and background of base metals is not
prevailed the hundredths of percent. Noteworthy, that in the second block well IMDH-001
at the depth at 151-174 m cut the proper sulfide zone with 5ppm grade of gold and 0.12-
1.15% copper. The occurrence of proper sulfide ores in the second block at the depth under
the nonsulfide mineralization confirm here setting of block faulting. The similar of block



23

faulting occurs also in the neighboring Darbazi prospect (Gugushvili et al., 2014; Gugushvili,
2015). Thus, here the distribution between bordering blocks of nonsulfide and propersulfide
mineralization at the different levels and erosion of the upper part of the uplifted block gives
us a possibility to determine specific block faulting, though here temporally synchronal
zonality was not established.

The block faulting structure is distinctly seen at Beqtakari deposit (Fig. 15). It is located in
the Lower Gasandami suite imbricated on the Tanzia Upper Santonian series, consists of
andesite-basaltic volcanics. The Lower Gasandami suite is represented by trachyrhyodacitic
tuffs and overlain by breccia-conglomerate intraformation layer (Fig. 15).The formation of
the layer was related with invasion of granodioritic stock tumescence of sea bottom and
emerging of island (uplifted block). The trachyrhyodacitic tuffs were altered by alkaly-
carbonate fluids in quartz-K-feldspar metasomatites. Denudation of the island surface was
revealed in the formation of breccia-conglomerate layers. The breccia-conglomerates and
hydrothermal explosion brecciated zones, the pathways of orebearing fluids beneath the
layer are cemented by gold-copper-base metal ores (Fig. 5). The breccia-conglomerate layer
is overlain by Upper Gasandami suite, and consists of unaltered trachyrhyodacitic tuffs.

The area of Beqtakari deposit is divided by fault in two blocks (Fig. 15).The described
geological situation occurs in the eastern block, whereas at the western block occurs only
Lower Gasandamy suite, substituted by quartz-K-feldspath metasomatites, overlain on the
Upper Santonian Tandzia suite. The breccia conglomerate layer and Upper Gasandami suite
here are eroded. The western block was uplifted towards the eastern. In the western block
drilling cut at depth the gabbro-diabasic stocks and veins. To the latters is related the
propersulfide gold-copper—base metal mineralization coincided with synore epidote-zoisite
propylitization. The mineralization and propylitic alteration superimposed on the gabbro-
diabase and quartz-K-feldspar metasomatites. The gabbro-diabase stock and veins would be
the apophyses (offsets) of volcanic chambers exploded the alkali olivine basalts of
Shorsholety suite (Gugushvili, 2015). Here occurs also the alkali olivine basaltic veins
supposed the volcanic vents of the Shorsholety suite basalts (Gogoladze, 1999).

The gabbro-diabasic and alkali olivine basalt stocks were pathways of high temperature
hydrosulfide fluids provoking the proper sulfide mineralzation of Beqtakari deposit. On the
Beqtakari deposit two stages of fluid activity occurred. The first was related to granodiorite
stocks invasion, quartz-K-feldspath alteration and nonsulfide gold mineralization, the second
— to gabbro-diabase stocks, hydrosulfide fluids activity and propersulfide mineralization.
These stages were temporally divided and gold-copper-base metal mineralization substituted
the nonsulfide goldbearing metasomatites. The gabbro-diabase stocks cut the
trachyrhyodacite of Lower Gasandamy suite, whereas at the Madneuli cluster deposit gold-
copper-base metal mineralization is synchronal with nonsulfide epigenetic goldbearing ores
and there are fixed zonality of propersulfide and nonsulfide mineralization.

Thus, at Beqtakari deposit occur two stages of block faulting. The first is revealed to
invasion of granodioritic stocks, tumescence sea bottom and island emergence, the second to
the blocking after nonsulfide mineralization and dividing area on the westren and eastern
blocks. From uplifted western block into the terphra of Upper Gasandami unaltered suite,
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strewed the xenoliths of denuded quartz-K-feldspath metasomatites. From the western
uplifted block were eroded as breccia-conglomerate layer, so entirely Upper Gasandami suite
(Fig. 15). Here rest only Lower Gasandami suite overlain on the Tanzia Upper Santonian
volcanics.

The block faulting occurs, also in the Sakdrisi deposit (Fig. 16). The deposit disposed in the
bordered zone of regional fault in the NE giant block. In difference from other deposits of
Beqtakari cluster here revealed tendency of zonation proper sulfide and nonsulfide
mineralization. The nonsulfide mineralization is represented by silverbearing quartz-barite
stockworks and goldbearing quartz-chalcedony veins. The gold-copper-base metal
mineralization coincided with synore epidote-zoisite propylitization. Here revealed
temperature zonation. The temperature of the quartz-barite veins were forming on the 100-
140°C, the quartz-chalcedony stockworks at the temperature 240-250°C, whereas the
temperature of the gold-copper-base metal ores coincided with epidote-zoisite
propylitization is within the borders of 350-400°C (Gugushvili et al., 2014; Gugushvili, 2015).
The temperature was determined by homogenization and decrepitation of gas-fluid
inclusions (R. Akhvlediani). The nonsulfide gold mineralization spreads, also, in the ore wall
altered rocks of quartz-chalcedony stockworks, consists of illite-hydrobiotite-siderite
association. Here the propersulfide ores coincided with high temperature epidote-zoisite
propylitization, whereas at neighbour of Madneuli deposit they are coincided by chlorite-
sericite-carbonate association. The synore high temperature ptopylitization at the Sacdrisi
deposit sometimes substituted the hydromica-siderite ore wall altered rocks of the quartz-
chalcedony stockworks.

The proper sulfide ores of Beqtakari cluster are characterized by high grade of gold
(averagely 5ppm), whereas at the Madneuli deposit the average gold grade is not prevailed
0.8ppm. In the Sacrdisi deposit located at the border of regional fault gold grade of gold
copper base metal ores is the 4-5ppm and sometimes increased till 20ppm. So, probable that
at Sacdrisi deposits gold-copper base metal mineralization, as at Beqtakari deposit would be
controlled by gabbroid intrusive stocks. The controlling propersulfide mineralization (with
high grades of gold) gabbroid stocks are known at the neighboring of Sacdrisi, Darbazi
deposits (Gugushvili et al., 2014). However, the further comprehensive studies are necessary
for verify this.

On the deposits of Beqtakari cluster the nonsulfide gold mineralization is stipulated by
alkali-carbonate (CO2, CH3) fluids activity, whereas the formation of gold-copper base metal
ores were related with low acid hydrosulfide fluids (Gugushvili, 2015). The gold transporting
by alkali-carbonate and hydrosulfide fluids and physical-chemical conditions of the gold
precipitation are based on the chemical modeling of interrelation of fluids and ore host rocks
(Mernagh, Bierlein, 2008), which are confirmed at the various goldbearing deposits and
among them in the Bolnisi ore district, as well.

Discussion and conclusions
In the Bolnisi ore district distinctly revealed the pre-collision stage of development
characterized for Eurasian active margin. The stages of stable subduction and steepening of
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subducting slab are controlled by different types of volcanic and hydrothermal activity and
metallogeny. At the same time, the geology of the region is characterized by block-faulting
tectonics. The two “giant” blocks here divided by regional strike-slip fault was resulted by
post-volcanic detachment of subducted slab, whereas the minor block faulting in Cretaceous
volcanic series is the synvolcanic process. The first stage blocking was related to invasions of
granodioritic stocks, tumescence of shallow Cretaceous sea bottom and islands emerging
(uplifted blocks). On the island, in subaerial conditions, intensive ignimbrite ejections
occurred terminated by cauldron subsidence stipulating submerged blocking. Thus,
synvolcanic block faulting is controlled spacially and temporally. The stocks invasions,
tumescence and emergence of islands preceded ignimbrite explosions and cauldron
subsidence.

In the Bolnisi ore district the steady state (stable) subduction and related volcanic arc
(VAG) magmatism, volcanism, hydrothermal activity and mineralization is the Cenomanian-
Santonian, whereas steepening of subducting slab began in Campanian. At the stage of
steepening volcanic, magmatic activity and hydrothermal alteration are controlled by the
scale of mantle influence related to incipient stage of backarc setting and also characterized
of tumescence, island elevation, ignimbrite volcanism and cauldron subsidence. As distinct
from calc-alkaline volcanism of stable subduction, here occurred subalkaline volcanic
activity with nonsulfide mineralization related to quartz-potassium feldspar metasomatites,
substituted by gold-copper base metal ores related with gabbro-diabasic intrusive stocks. At
the same time at the stage related to stable subduction proper sulfide and nonsulfide
mineralization is revealed in synchronal zonality (Gugushvili, 2015, 2016, 2017).

The Turonian-Santonian and Campanian deposits in the Bolnisi ore district are distributed
within structures of cauldrons subsidence. They are characterized by postmineralization
block faulting. In the some deposits related to stable subduction stage proper sulfide and
nonsulfide mineralization are separated within bordered blocks. The uplifted and submerged
block-faulting are distinctly seen in the Turonian-Santonian Tsiteli Sopeli and Kvemo Bolnisi
deposits, in the David-Garedji, Catarkaya, Balichi and Tamarisi prospects (ore
manifestations). There proper sulfide ores of uplifted blocks are bordering with nonsulfide
mineralization of submerged ones. The latter at depth transferred again in proper sulfide
mineralization. As well as in Campanian deposits, related to slab steepening, distribution of
nonsulfide and proper sulfide mineralization occurred in the bordered blocks and their
distribution is informative for determination of uplifting and submerged blocks exemplified
in the Campanian Beqtakari, Darbazi and Imedi deposits. So, determination of the levels of
mineralization in the bordering blocks would be significant for planning drilling and
exploration in the Bolnisi ore district.

Let us return to spatially and temporally developed processes and their relation to
steepening of subducting slab and mantle influence. The steepening began in the Early
Campanian and continuing at two stages. The first stage revealed in the subalkaline and
alkaline volcanism, quartz-K-feldspar metasomatism and nonsulfide gold mineralization. The
next, Late Campanian stage is distinguished by trachybasalt and alkali olivine basalt volcanic
activity, gold-copper-base metal mineralization and high temperature epidote-zoisite
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propylitization, controlled by gabbro-diabase stocks invasion. The proper sulfide
mineralization juxtaposed on the quartz-K-feldspath metasomatites. It is cemented as
breccia-conglomerates in intraformation series, so explosive hydrothermal breccias path
ways of orebearing fluids in the K-feldspath metasomatites (Beqtakari deposit). In contrast to
latter, at Madneuli deposit, related to stable subducting, proper sulfide and nonsulfide
mineralization, is the synchronal process revealed in zonation, whereas at Beqtakari deposit
proper sulfide mineralization substituted nonsulfide quartz-K-feldspar metasomatite. The
mineralization here revealed at two stages: the first related to alkali-carbonate fluids activity
and formation of K-feldspar metasomatites, the second — low acid high temperature
hydrosulfide fluids. The decay of goldbearing hydrosulfide complexes stipulated gold-copper-
base metal mineralization, coincided with high temperature propylitization. The steepening
of subducting slab continues till Late Campanian by formation of alkali olivine basalt
volcanic series, however it was not revealed in intensive rifting and related VMS type
mineralization. Presumably steepening here stopped at incipient stage of backarc setting. The
detachment of subducting slab later revealed in regional fault and dividing Bolnisi ore
district in two postvolcanic and postmineralization “giant” blocks. Along the fault occurred
uplifting of SE block up to 1200m and denudation of Upper Santonian Tanzia and Campanian
Gasandami and Shorsholeti suites. Their total thickness is more than 1200m. In this block
was not eroded only Turonian-Santonian Mashavera suite. At the same time in the NW giant
block the Upper Cretaceous cross section consists of Tanzia, Gasandami and Shorsholeti
suites. Whereas in synvolcanic block faulting the altitudes of uplifting and submerging is not
prevailed 200 m and area of these blocks spread only on hundredths m? , whereas the giant
blocks are spread on the thousand square km-s.

Thus, magmatic and volcanic activity metallogeny and block faulting in the Bolnisi ore
district was stipulated by subduction. At the stages of stable subduction and steepening of
subducting slab in the island arc and backarc settings temporally and spatially took place
blocking of the region. At the first stage of subduction invasion of intrusive stocks revealed
in the tumescence of sea bottom and island elevation (uplifted blocking). On the island in
subaerial condition ignimbrite explosions occurred, terminated by cauldron subsidence
(submerged blocking). The mineralization was related to stock, which served as pathways of
deep ore fluids. The ignimbrite explosions and cauldron subsidence are the
postmineralization (postore) processes. However during cauldron subsidence minor
orebearing blocking was continuing. At the late Cretaceous, coincides with terminating of
volcanic activity the postvolcanic blocking occurs. It was related to detachment of
subducting slab and revealed in the regional fault divided Bolnisi ore district into two "giant"
blocks. The mineralization related to the first stage of synvolcanic blocking are distributed in
"giant" blocks and presented of Madneuli and Beqtakari clusters. Madneuli cluster (88-90Ma)
disposed in the Turonian-Santonian volcanic series of uplifted giant block, whereas Beqtakari
cluster (79-81Ma) in the Campanian volcanic series of submerged block. Campanian
volcanites and mineralization are eroded from giant block of Madneuli cluster. Analyses of
postore synvolcanic and postvolcanic blocking and disposition of mineralization in the
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bordered blocks are essential for planning further exploration and drilling in the Bolnisi ore
district.
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Qs 39653690 oty ™3gbmEo s ™3956mm0 3000560930l 0bOIoEGHMML
Po68mo9bl. 30MMmgMHIMwo Fg33wol 3Om3glol 0bozsG™m®mo 3o o wMbod)-
39600M3H03H90b9 B9 dMEo bgMdgbGHoboBsEoss. 3g@swmaqbmmo 0bozs@mmo
59 B30E9bd-3MBYI6IM0 25350BgdOL L30EghA0s. BsEHYdsT0 56 IMbsfiorgmdls Au,
Pb ©o Zn, ®m3gcmms §gommb Losgrm@o s dsDow@Geo Joddo Homdmoygbl. mMogg
30005650 39GHB0W0s L3MYEObYOM FoEsbHoMAMMIOLS S 3w 3560DToL BMbosb.
5935650, L30ogbdol JMMSIMD {goOHMU 5g FobEGH0MMO Boboems FoMdmoygbl.

1553356dm Loygzgdo: 3MBIMEms G350, 8935030, 930609 ™m3956vM0 FomaMgds,
MO ™-B30¢9bd-3Me0dgE oMo A585bYds, 3 3bMmAqbmMmo s 3g@MmEwmyor©o
0600035@™6 900, 3935w myg69m»0 06035¢™MGMO.

GJoob-9305D0mwo  FgBowmagbmo  LOGHYwol  BMOIoMmds  93MOBoOL
3Mb6E0696@G MO0 sdBHomemo ool J398 GHgoolol ™®3geobol ool  LYdYJ0sl
139300600905  9300Bools @ 2mb3s60L  3mbEH069BBHIOOL  BebgMmbmmwo
306396096300l 3MM39Ld0. WOoPMBRIOML BMOI0MGdS dIBIEGHWMMO S LOSWEOO
Jodol  ©oxgmgbEoMgds s  3Mmsbod Mo 3MsGHMboBIE0s,  36193500M0ME0m
05M0MIYdS S 3¢INO 3H9dB™bo3ol 13530060 gds (Goldfard et, al., 2000, 2001; Groves
et al., 2005), bowm BsbgOHMBMMwosb 0ffygds msbsdgdmag 3wgodgddmbozmmo
39630056M905. 63M3OMEHIOMDMMTo OIS F56EGH00IB WoMMLBIOHMTo MJH@MULS
@5 30m0dgB¢owgdol MHgEolEM0dE0s. MmdOHmbs s GHY300L 3mbEgb@G®moE0s Loswme
Jo6ddo 296bmGmE0gw©s, MMmooLy d5BoswEHMdo, bmwm Lb3owgbdol, doMHomso
bgs 3bG0sdo (Gugushvili et al., 2010; Gugushvili, 2015, 2017). gsbgOmbmMo
39956900l boslosmo  L{imego  Losgrmeo, dsBow@Gmemo  JgMdols ©@s  BsbGoob
3dmbsfogmdomss 2o6306MH™mdgdMwo.

G9goobol m39560L bdIEool 3MMmEgbo 23006 3GMEHIOMBMmMETo ©s0fym @
M03M396-d0m3gbdo m39560L 3000DB0000 ILGMEIS. Bo3zegg Mgaombdo, GMmdgeros
AJoob-9305H0Mwo  LEMEGHYOL  390GHMIWME  ©d ILEZWE  bsfowrls  Imoasgl,
L3300l B5dEgbodg gEHo3o olLobgds (Bob. 1). gl 9@93900 3MbGHOMEIdS
30 39560bdom, 300OHMMNYIOIMWo 3OMEgILOM S F0bYMHIODBI30000 s ILEIOYdS
39O MY0Y)M-379356MMmQ0)M0, 39@oemygborMo 0b03s@MMJd0m, HMIGLMS3
Pomdmygbowo  bsdMmdo  9xumdbgds.  LdMIEool  9BHS3900 3o gmBMHOEIb
B9™a9bmM99g @MH™Mol Lbgssobbs dImbs3zgml 39538060 gds. 53539 ©@OML, OMOL
390339 9mbs339030, LYdMJ309M0 9B939d0L Msbd0dY3MIMEo FMboE3EgMdSS
xodbotqds (Gugushvili et al, 2016). LwmdMaool 3M™Eglo 8909y JoMHOMS©
939399305 450mbs@wo, HMmIWwgdog 39w 3sboBaol, 30OHMMMIMEo 3MMm3gbol s
9069000300l 93930m©  BoJuLoMgdmE  bsbosmdo  4edmgwobs.  396dme,

bGOBdOMMO  bBdEMJ300L  9BHI3L  3MbdIMwms MMM ZoMIMGdS,  30M-BB9



32

3M39bMm0  5dBHo3mds,  @mbmmo  39MomIMHo @S JEXMEMOE-5¢d0GHIOO
363000 G0B30, MmJMM-130wgbd-3M 9B OO0  2505©bgds (Au, Pb, Zn, Cu)
393006000905,  LBobAosbmEMo  F5sbdMToxbg  LYMHOEOEGE-JLMOOE-35MdMbsEGMWO
39@oLbMIsGHMmBom, MHMIGebsg §ob Mdoms 95939 29dmEGHWG30L 3OMm3gbdo FgMESEO
3390303 900L 3MEOI0M9ds (Gugushvili, 2015).

9990033 9393%g 0fgygds LYIB¥M30MYOMEO BOWOL BHEOBLRMMTS305 (owMb3s,
2obwaB3s, ©gwsdobszos, ©9EPBIIBE0), ol FsbBH0MMHO Os30MHOL FgdmFms sbenogl,
Mdgwog  ®ox@obyol  LsHgol BEHIOoSl  53mbEGHMM@GIL.  MHogEobaol 53  gEo3by

31395699600  959BH03Mmds  HBg ©d BdGHMBI  GH®odo-M0m©i30@w6-0mdmbodm®o
3@ 3960bdom  ofilygds @O HGHYOIBIGHMO-BMJ0dsBIWEHMG  50MmRJ39300
LOMEEYds.  godobgds 98 gBHedby MLbwxgoem  930a9bgdIHo  mgdoHml
80696M5¢00Bs300ms s MJOHM-L30wgbd3oMmBOMIMO Fsbom ML Fomdmygbowo.
MmEgoEm  godsbgds  39¢0d35@GH0BoEosL  3953006M@gds,  bmwm  Ls3MmMHO3
bME30MO  2505@bgdol,  Mmdgoz  Au, Pb, Zn, Cu 80b696m5¢r0bsgoomss
Podmpqbowo, 930MmE)-3m0BodMo  Lobdsbmmo  3OHM30EoE0BoEos  Sbeegl.
50L560dBs305, MHMB BowOL  BHOBLRMOTs300L  Lofyol  LEHoosby mddm-b3owgbd-
30039 @GoO0  25850bgds  MmdMml  MBG™  Foowo 899339 ™Md0m  bolosmgds
390050900  LEGHBOW MO  1BOMJ300L  gBHO3MIb 5393806 gdME  Lo3MNEIO]
LYEBOEOH  25350bgBLMB. BB Y30090o  Bowol  GEBLEMGODs300b
399¢09M935LMb  9HMo© FbEGHOMMO ©Os306MH0L MBOHM Fosw ©MbYHY s MBOM
06@9bbomGo  JgmFIGos  ©9395300090M0,  MHMIGEdsg  0bGgblomGmo 89396 3-
0639656390 HoxEH0bao s LosMHO JgMdol 45950bgdol BMbOWIL LOEO Fodsbs
(L3MYObYO)  Fobs3OMMBs. MW IBMMO  5dBH03Mds 98 9BHI3YY  BHMGHINWo3060560

05BIFHIO0MS O GHMEYoBoom  5MoL  HoMmImpygbowo, LHim®Mgw  GHMmwgodgdo
§oM8009696 58 9EHo30L 093560 3M-06@ MMM HoxGHobyol 3w sbmemaom®
0600035@H™ML. Hoxg@obyol 59 9@s3bg 9850bgds L3owgbd-mwmmool 3mwBgsbr©o
9069650 0Bs300mss  FoMdmygboo, MMIgElLsg bzl Fo0ow@9gddgemsdIHIo
930MG-3M0DPoGHMMO s Dmaxgd  9dBHobmwommHo  3OHM3MWOoE0DsE0s.
50L60365300, MM MHOGEHOBAOL LHYob LGSOl s LOMEYMBOW MHOFGEHObYL Fmdol,
390585350 930l MHoxEHobyos BodloMmEYds, LosE Losw Mo Jaddo LOs XM
300093 96 560L go@9b0oEro F5sbHo®mdMBMIOL BMbob s B3BIEHMEG Jgedbg dolo
09w0g@9005 999mMBgboo, Mg d5sbdo Au s Pb @sdm&mBowqdmmo omoqbmdoo
dmbsfoegmdsdo solsbs (Gugushvili, 2015).

13690byoL G90MATS A5I0gMHYdsT S FobEHOMMO Toborols Fomwgl ™Mby
9903650 35063 IMO0L BMbob dsBsw@GHMGmo Jgedol L3Mgobaoa (Fodobs)
396530685, ©5353 2o9mof305 8935030l J30609 39966 30MsMgdsTo QoILZES.
39 3560Bdo 5 F9bEH0MOO MBoMEOEHJOOm, BHMEJOE-05DIWEHMMO  Ws390000
3906MHM-0505HMM0 F3HM339603900m55 HoMdmygbowo. o5 dmbsfogmdl M@z dy
©960¢)-390H0OME0GHYIC0 94™39004, boeom 3006OHM™M93ME0 5JBH03mds
9505w 3H903965@OH0o 36MHM30W0EH0DIEG00Ms Qo L9M396E0b0BIFO0MSS
Pomdmpqbogro. 3oty m3956mM0 3@ 3560DTobs s FsgdoGH0BAOL 39EMMEMY0IHO

06©0353H™mOL  mxzomwodmo @S ©boG-39M0MGOGHMWwo 8530530300
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Po60mo9696,  bmem  go8sbgds  HoMmBmmyqbowos  L3owgbd-3mmbgsbm&o,
330360mLoL o030l dobgmooBsgoom. Cu-ol Fysmrml sg 3sb6Eos Ho0dmoagbl, bowm
Au, Pb @5 Zn 6 Logbhomo 96 dmbsfoemgmdl, 56 dbmermo 335¢ob  ©mbybg
130gLOMEYdS. 53539 MM, 50Bsb0TBZ305, BIMT 3935030 EID ™3JobMO 30005609d5d0
3960535350 9B9303  BoJLOMYS, Booz  39Fobgdol  Bmbsdo  dmbsfoergmdl
dsbormMo Joddol Mgwod@gdo (Hutchinson, 1973), Hm3gedsa b3owgbd-3memBgsbme
39950690530 3)000L IMbsFowgMds gobsdoMmmds.

ym3903g bgdmomddmmo sbobmeos Ggmolol m3gobols BHowmmaqgmagb@mwo
193 300L 0EJsODBOMGdMw Bdgdsdo (bsb. 1), OMIGEBIIG 33900 33963969006
3900653060 45630056900l 3™ E9L00 3w 3560DTol s JobgMmowobszool 3638060
13 YJ300L s BB Y30609OME0 BOWOL FHMIBLROMAS305LMID 3538060 9dw0
0RG0b0L s B3MYE0bYOL LB3HILBIS 9E3DY.

J390mm  gob30bowsgm  LdEMIEool YOO GOHOMBL 3 3560DIMb o
05056(oM8MIMBLmL  (Hgmol-9305BoEo gBowmaqbmmo LsMEHYwol BMMIoMmIdOL
3M63609@ M@ 85350000090D.

3MbdMmms M35 gdol  3en3oboBALs s FobHomIMAMISL  gobgzobowsgzm
dmbolols 35eb0s60 G50Mmbols Fobgryemols Lsdsml dogsomByg. doEbgmEol LydsM
§om8magboeos md®m-130¢9bd-3mw0dgE oMo 3MOBOMMEO s 39YOM3ML GHo3ob
390569000, MHMIGOE WMIIW0DYIMNWos  BHOMB-LsbEGMbMMO SLs30L  306O-EMEB)Y
GO0MEIEOGMO  3M3obn®  Lg®mosdo  (3585396ML  §ggds).  98500Bgosl  LodsMUL
A9IO0GHMM05bg job Mdoms 85939 29dm@GHMBH30L 3OMEgLlo FgMmMOo  335M30EHO0L
RMOI0OHJO0m, 9595bgds BJOIWIOIMW0s FJMMOI© 33903E0GJODY. Fos6IMTox by
LobdobMMo 30 39Lo Domdmygbowos 19OO0EOG-JLMOOEG-35603MbsE Mo
SbME0SE00m. 3MOBOONMO s 9302909GIO0 godsbgds BMbsmdom bsliosmqds.
J39s  mgH™-L3owgbd-3mEodgBHow Mo  JMOBoOMEo  Bmbs  sdszowr  FMowdo
39050l O™ MBMEzoE® godsbgdsdo, HMINE0E 3390 E-Jo39EMbMEM s 33563~
05M0GM  doMmM390Ly s BH™M3390390L  993530060gds,  MMamemE  Lo3MMO3
LEBOIMO0 3MOBOOWWO, 0l 930MIMHTINWO MLIWROEM 2535bIdOL BMOToMYdS
59 LobdOHMbme BMbsErmdsdo godmbo@mo 3MMmEgLos. 3MBINMs Mo MMO 306M-
AMGI 310306900  59BH03mds  LGWVO0WE LBl 393006M©YdS, G5
QLGOS MH0MOS30GHOO 3960-3MA)9 3039603900l 39™g0d0mM0
36M0@gMomdgdom  (¥Sr/%8r=0.705-0.710, 28Pb/2*Pb=38, Cs, Ba, Th, U, Pb dspowo
3993390™d0m, Nb o Ta osdsero 899339mdom). 39@swmygbrmo 0bo3s@mMmgdo
Po@dmopqbowos Au, Pb, Zn s Pb sbmgosgoom  (Gugushvili, 2015, 2017). qb
0600353™M9d0 39w 3560DTols s 4985bgdol 3MMEgLdo Lo MO, BOBIWEHMO
Jotdolbs s 3bGH0oL  Imbsffoergmdols  FoLIBHIdLS s MBI Bg  Foaz3:603693L.
37w3560bdo o BobofoMImdmds o  LGHdoWMHo  bLBdNI3ool  3BMEgLL
39300600905 @5 809E0bsMYMdS 1O ME0MIOMEO  Bool  GHOMIBLBMOAs300b
3960909, GMmIWol EOMLSE FsbGH0MMO ©05306MH0L 9dMmFMs 56 BYdMEs. 53 F0MMYOOL
0©05¢0HB0MYOME0 (195G IM0) 0 MLEGSE0s bab. 1 (I)-Bgs Fodmoygboro.

133060900 RGOl  GHOMIBLBMOTs300L  Lofiyolo  gGHo3ol  Fogowromls
dmbolols 35bosh  ®s0mbdo, oMol BgJ053950M0L  LodsMBY  9MLYdIMO
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300000905, 030 356GH0MM0 0330608  F9dmFMol  LsHyol gBHO3L  TggLodsdgds. o
3993569960 5Ls30L 3ME396MmO LgMos FGHGMIJoMOMPOIEOEIMO 2olsbEadol fiygdomas
Pom0mpabowo, OMIgebsg 093Hg 90938 GHIGIN03060560  d9BITGH0 o
G®5J00sBoBHJo0m 53900 dmOInwgool  §ggds. BHOOJoMH0M©IE0GHYIO0
300395603900 3500033530 D0MGOI0s O 339M(3-39¢0d35E M0 F9BolMmdEH0GHJO0MSS
Bobo33e0gd Mo, GMIgbsg MLbwRoem 9309693 WMM0  mdmmb  3obgMowoBszos
SbEgl. 39e0335GH0B0MmYGOME BHM9d0-I30GHMO GHIBIOL 33390796 2506MIM-EO0dSBLIO
0bGHONBYwo  JBHM39d0, v 39300600  MgOHM-L30¢gbI-3M0dgE IO
3995bgds,  MHMIgeroz  Fvbgmeol 98 BHodol  35350bgdoLash  goblbgeggdom
9600369wm3bso  2900EMJIMYwos  mOmmo.  BEGWBOoWNE 13 YJ305Lmb
05393806098 5bgeol  mdHm-L3owgbd-3meodgdow)®  25350bgdsdo  mJMmUL
3993390™ds Lodmoem 0.8 3/GHMbsl MOol, bmerm dgdmszs®ol dssbdo ogo 5
3/ GH™bol G95009bL, Bmaxg® 30 20 3/EGHMbsl 50gds@gds s 189 g/GHmbslog sfigaL. of
A®5doMH0mI303GH00L BMOGHMEBHg 896900 @O GHIBY 39w0d35@Mmo  g@sLmAsEmbo
3560MH0 0530608 FgaMFMHOBmMIb 353006093 YY) BEOEIOOL 5gE03MdOL
090920 99b@s 0gmb. TbGH0MOO  gogwgboll 0bEHIBLOGOIIE0S  BHEI-MEr030b0560
05DBOFHIO0LS O BHMOJ0dsDBIWEJOOL  5TMAPMJ393oLd O R9¥OIM-O0DSBMO
do63900L5 S B3390l 993mFM5T0 godmobodys
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Bob.1. 3me03960BTobs s A5FobgdOL OHMOYHPMIOL 0©JsoDBoMIdMo bdgds GHgomoliol
039569960 ool bvyddool bbgoalibgs g@e3dby.

I bESBdOWMMHO LMdJ30d @S 3MBIMEMS B MMO ZoMsMgds; 1T LYdEEMYIMWo Gowrols
AMBLBMOTo300L Lofgolo 9@e30; III HEOBLRMOBo300L godwogmgds s 093560 3-06GIMIGIMEo
60gGH0b0; IV 0b@9blom@mo 13Mgobao s Iz0MY M3go6wHo 300MYds.

1. a@sbmomGo@dmwo  d@™3900, 2. 300-GNBg  OHomIEoGMOHo  3ww3sbo@gdo, 3.
&M5JoMH0Mm©30GHMM0, BB 00306056 dsbow@GHMMo s BHGMododsbow@HMMo 3w 3sbo@dgdo,
4. 0306056 05BIEGHMOHO S BHMWIOGHIOHO 335603900, 5. MBOMWOGHMMO 3 35603Jo0
©5 ©60G-39600MGH0GHWo 06GHOHNBMo bgmwgdo, 6. LosgMo Jgddo, 7. dsDBswEGHMMO
J96do, 8. 35600 053060, 9. Au-Pb-Zn-Cu 9595006995, 10. Au-Pb-Zn-Cu 9585006905 mgemml
o0oo 3993339mdom, 11. Cu-Zn VHMS 9505009609, 12. Cu 30m¢bgsbm®mo, 33036mbol odol
05003b0.

39061-0535HMO 3900006 MgMHM-130wgbd-3MmE0dgEom Mo g850bgds @
LoBAobMMHO  BoOEEJI3GOOGHMIOMO  3MM300G0DOB30% 3530060 gdMO,
399506905 053060l F9ImMFMLMb 35380609800 30EOHMBMEB0EIYdOL 993390
3505 3H9339M5GH MO0 REMO0EYOOL  9gdEGH03Mmd0L  Fggaos s 0935Mm30L  Lsfyobo
B3OEO0Md 2o630MIMBGOM0, D53 GBI ME03060560 dsBowEHgdol 39EMHmjodorn®o
@S 39070300 300GHIM0MIGP0Ms3 ILEMM©YdS, 39Mdm@ TiO2, P:0s domowo
0993390 md00  (T02=2.07%, P205=1.2%) o TiO2 gmOgmwosgoom KO dopowo
399333900 Md5Lmb, BMdg s LsdMsEm Jobgddo (Ti02=2.18%, K20=3.3%) (Nadareishvili,
1999, Gugushvili, 2015). 59539 ©@OML, bME3oOH Josbdo ®mdOmbs ©s GHY3z00L
dmbsfogmds  85bHoedmImdol  3Mm3gldo  LosgrmMo  JgMdol  Bmbsfowgmdsby
00935608690L. 8935030l LsHYol LEHOOsBY FsbGHOMO ©0330MHMD 3538060 9dWwo
R0l o0 Ggddgeo@Ms, M3Hgsg LobIsbMMo g30ME-3moboGMMO
36MHM300E0Ds30s  8035600690L, MMl  (gd3geedmes  350°-400°C  gsMwqddo
896ygmdL. 00 LosErmO JgMJosb mdmml 0bEgblom® 2sdmEHMEBHZL 2ob530MHMdYOL.
UEGHOBOEMEO  1dYJ305LMD 5393006090 3MBIMDS  BZOCMO  Z0MIMYOSTO,
bEBOEIMHO 49FobYdOL LOBIsELMEMO B5EsbIMBoxKbg Fg33wrol 3MMEglo 30 WRG®
505 3H9939M5GH IO L9YOOGOG)-JXMOOE-3503MbsEGMwo SBM(305G300055
PoBmpqbowo.  350bgmeol  LodoMLAsE  gsblibgogzgdom o 3mOBoOHMIMO o
MMER0E® s I30M9LIBOIOO0 MJOHML 2odsbgdols Dmbogrmds 56 ©ILEWIMHIdS
@5 Lo3MmE03  LMEBOEOHO  4oB5bgds  3MYJROMYIME  3356(3-39C0T35GH
39GOLM>GHOGIOL  96533w9dL, 3MMEgbo o MmJOHML TFgE39w0  339M3-39¢0T35GH VIO
d9BGoLbMIsGHmBom  ofjygds o 390w Egd3gMeGHIOMIwo  3OHM300EH0DBIE00m
LEOMWOGdS.  3BMdOEEs,  OHMI  MJOHML  GHOBLINOGHMYDS  BHYBI-39ODdMbIGH MO
blboGmgdom bgds ©s MmJOHMb godmegdzs 39w0d3sG0BoEosl 3538060 9ds, brem
MRO® 3505 3H9839M5E Mo mgemb A®BL3MOEL bmbEo 959539
300OHMbMwxzoEOo  bUbsMgdo  aobs3oMmMdIdOL o mddmb  asdmergdlzs 50
3000MHMLYYz00g00L @530 Mol 49B30MMdGPPIMwo  3E0dg@oegdols
39950b9gd5bmsb  gemo. (Mernagh, Bierlain, 2008). 09dms35G0L LodsMDY GHMGI-
3900MbsGMeo  blbs®gdol 3H9d3gmodmes 250° C 8gqlodsdgds, bmerm Lobdsbwmemo
930MG-3M0DoGHWMM0  3OM30oBH0Bs300L  3H9d3gMo@es  350° 400°C  wGOU.
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(Gugushvili, 2015). 50539 ©@OML  5LYBOTBSZ05 0939030 MOGEHOBAOL  Lofgol
U3o@05DY, 3506HsMIMIMdOL 3OMm3Eglbdo X9 300093 Fmbsfowgmdl Losgrmemo Jgddo,
I3 99 9BO3Dg MJOMbY s GYz00L Hgotrml Homdmoygbl, HmIgwms 0bEHgblormm
399G MEB39L  BsbGH0MMHO 030008 899 FMLmD 93930060900 B0 IOOL
A99396M5GMM0L 5H9g35 2obs30MHMOGAL. 3935630L Lofigol LEOOLMD 353006939 o
300 3560D3obs s B56HocBMIMIOL 0EOIWOoBOMGdMWo 1dgdo@ Mo 0 MLEHMSE0s
Bob.1. (II)-dos sbsbwyaro.

13300900 ROl MROM  0b3HIBLOYIMO  BHEOBLBMMTs305L  FobEGHOoMEO
©053060L MBOM o0 EMbgHY F90mFMs s MBOM 0bFHIBLOMOO MoxEHObAo SbEsgl,
OMdgdsg  9509bFoMIMIMO0L  HBMmbosb  LosermMo  Jgddol LMo  L3Mgobyo
399m0f305. 5865, 59 9BHO3BY B5sbFoMTIMIMIOL 3BIM(3gLA0 BosMMO JgMdo 56
0mboflogmdl s o85bgds  Mm0s-L3dogbdol  3meBgEIBMGmO  Bsbomos
PomBmpqbowo, mdhmls s 3HY300L Imboffoegmdols 49693dg. 98 30msG9dol d35530M
355@omb  30335B00L Fobs Jgol BgLol Lodsmms xamno (bvwgbo, MOM3o,
©9M0)  omBmoyqbl, MmIgwos BgEs 35wWgMBMMO  GHMEgoEGWE 3w 3SBMEO
bgMosdo, VHMS GHodol  L30ogbd-oymool  30meBgsbwm®o  8sbol  Lobomoss
Pommpqbowo (Buadze, Kaviladze, 1977). &mwgo@dmdo 399w 3560H30 0b@gce® 3
06@9bbome  MoxGobal  ¢3930060©9ds.  0a0  3gmdodow®o  300EHYMH0)IGO0m
06@9MM39 3005093l sbobsgl (Shavishvili, 1993). sobdo 56 dmbsfoggmdls s63
AY305 5 9OE MmJOHm, o3 39850bgd0L Bmbsdo Loswrmmo Jgmdol Imbofoggmdsl
39960 3bogl. Mmool [go®m 5 dsBsw GO JgMdos, beem L3owgbdobs dsb@EorMo
053060, ®MIYeds3 063 gbLoMMHO MoRE0bYO AoBs30MHMdDS.

063965603990 3005609008 0LEMI300L 0JI0DoMGdIwo bdgds 3ogzslbool
Hoboggol dogomomby sbobwyaros bob. 1 (I1I).

0939030l 3096M00L s 0bFIbLoMOO MOFEGH0bYOL Tgmeg Togowoml 3ogzsbool
LoAbEOYO BIOODY OO0 A9BI30MS B3 FoMTMoPIBL. o BHMWIOBHMO 3MEsbME
190580, MMIgEog 39MdMbsGHME Bwwoddos dmdzgmwo LBEGHMGIMOBMYwo  VMS
G030l LodsEMM XPMRBO 3538060905 (FoEroDBR0, 35300980, 30DOEIMY, 50s6yY).
3995006905 oMM FoMImgbowos B3owgbd-mmos-3oMmEHobmwo dowboom.
dbMEm© BooHBhRsoL LodsMBY BHY3z0s o MmOl dbodzbgerm dobgMowobsizos
9mbofioergmdl, Mog 299mfizgmeo Mbws 0gmb MorEobyol 3GmEglido Loswremo Jgcdol
90g@gdol  dmbosfoggmdoom. 0O 4963065 BO30L BoBowEBHWE RLZIODY J.
wmdobglsy ©@s @. 35bmzol  Fogh  LosgrmMo  JgMdol  BgEod@gool  sOLYOMDSS
©o39bowo (Lomize, Panov, 2002). 35653065 0308 3mM306gdol 36HmiEglbdo Losery®o
J96do L3MYObY0 JOMOMOWI J9E9BOE0 0gm FoEIBFoMTMTMdOL HBMboIb.

1369060l F9dEAMAT>  JodE0gMHYOST B)39M3Wo BORGHOL T30y 39566
30000690590 gooligs AoBs30MHMds, Mo3 39BGMIME 3mbo@gddo 309MgL 2306
35WIMBMMOMH-56M)  0MOMO  MBOMWOGHMO0 33560 @GHdol  3m33egdLob
35250 Bg LEGHMYds (Ustadmer, Robertson, 1997), 2585006905 59 3303G0mboL Godob
130egbd-30eRgEBMOO FsbomMss 93900, Au, Pb ©@s Zn dmbsfowgmdols as69dg
(LSBOEMYDO  5TO3MO @S  B5300505). 3I3gdlo  5390E0s  BHMEYOE-0306056
05BIEHWMOO  3ME3B0GHJOOm, 3933900005 QOSBSDOL  JoMMZ3MS  FEHM3IZNMI0m,
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0bGHONBMYwo FobBs  Ho®Bmygbowos  ©Mbo@-3gMom@GHodwo  I@Hm3zgd0m,
O0Iwgdog 3956600  3005M900L  39BHOMMMYoM®  0b6@OIdGHMML  FoMTmowy9bgb.
LobdoEbmMo  Tg3eol  3OMEgLO  FoEEGHI39MOEGHIOMWO  5JBHObME00-930ME)-
30D0GHMO0 3OM3MWOGH0DsE0s 1YM3gbEH0b0DE0LMB ghmo@. g M39b65L369wo;
399699600 3000560935Mb 3538069090 30OMMYINo 3OM3gLOL 0BOISGHMML
Domdmocoggbu.

395660 3005609001 IgmEg Fo3oodL  Sbo@MEosdo dMOEIH BMEOELS O
A93600090L ImMoL OO0 MBOMEOEFHJOOL M3956M0 bLBMES FoMdmoaqbl. 0o
AOMEOMLOL  LOSOGHYWOL MROMEOEGHJOoL 50IMBIZWINO FBesbyos @y goblbgsggdom
309969L  3m33gduol oty ™3gobolysb, GMmIwol BMOIoGmgds B935M30L  F30MY
3096996 300006093580  BHOBLFMOToMHYOOL  Fgga0s, 00  Ggoobob  m39560L
900G MO-LEGHMOL  FoOdMmoabl.  MmBomEo@gdo o  39M3EdOROGHIOLS O
bo@ ol 3903393, MmIwgdo3 PN MOT T IO 395060 M-Mbo@gdom,
3060mdlgbo@gdom, 39M0EGHIBP0m, OB HPMMO 3:m33gJloms s B3EP0TS WH39dOm.
39956905 3303MMmLOL FHo30L B3owgbd-3mmghgbM@Mos s FoMBmygbowos dsw9b
(0sBogols)  ©@o 8500963 (LoodEOL)  LodoEmgdom,  OMIJW®S  30MOEG)-
Jowgmdomo@ o VHMS @odob b@®mo@odmmameo 4s850bgds o6 8903938 0029m0sbs
@S BY309L. 9dog 9obol gMMIEIH®  FyoOml FobGHos [omBmoygbl, MMmIgerliss
bB3oegbdols  FobgGmooBo3zos 3938060 9ds.  LOBIsEbMGO  FgazEol  IMmEglo
9505 3H9339MoE eI 36300 E0D300m Qo L9M396E0b0BIGOOMSS
Pomdmoygboero (Engin, 1994).

33069 m3969960 3015609008 0Js0BoMGdIMwo Bdqgds obogrgm bob.1 (IV) 30969l
83069 39569960 30133egdLols FoooNBY.

do®005@0 5336900

9365BoMwo  53BHoMcmo  3oob J39d sbEGH0sdo  BHgmolol  ™39560L  gowols
133008 89RO B0L-93MDBOME0 F9BHOWMPIBMGO LEOEHYWOL Bocygddo,
399003395 290658039600 256301560900l Mm@Mbo JoMOMIO gBHO30: B0 IO
bBd300L,  LYYPPEME0MIOMO GOl  GHOBLFZMOIs3o0ls S 09396 3-
06396050390 MHoxgEobaol  Lsfyolbo LG, 8935M3-06GH)MsM3Mwo  HogEobyol
396300560900 gBHS30 @ 930609 ™3995699M0 3000509gds.  MOMMGEo  Fomsbo
SLOBMYos  3MB3MYGHM  29Mm©0bs303M6O  30msMgdsdo, MMIgwog  I3MBEGHMMW DS
303956030, 30OMMYHINWO  5JGH03MmO0L s FosbHoMmMIMdOL bsllosmom s
3963060MdgdMos 3 3oboBdols o AdFobgdol  3MmEgldo  Lbgoolbgs
3906530316 300056090530, Lo,  BIBIYEHMMO  Jgedobs s FsbGoob
dmboflorgmdom.  ®omMgMo  gBHedo  boslosmgds 93580 3 3obmermym-
39GOMMR0O0, 39GHOMJ0d060, 49mdodoEo, 30OMMYOHTINWO 5dGH03MmO0Ls ©s
399 my96v)MH0 060353MMGOOm.

L39d0EMMO 1Y3YJ300L 9gAHOI3L 39300603 3B DS MISWNHO 0D,
3060-G@9 05D E)-56009H0EG)-M0MPI30GHMO0 3w 3560Dd0, GmbmMo 3gmeomemo
@S JEMO0EG-5d0GHM0  3OM30W0oE0Ds30s,  MmdOHm-L30¢gbd-3me0dgE oo
39956905 Au, Pb, Zn, Cu-ol 0bogzs@mMgdom, 350s6dmdoxbg LBgMoE0E-Jm®od)-
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3900Mbs¢Meo 993300l 3MHMmEgLlo s godsbgdols HobdLmgdo 85539 A90MGHMGH3S
39mM50 33503039001 BMMI0MGO0m.  25050bgds @O 3N 3boBdo 98 9BHO3BY

3Mb6EOM 935 LSOO, BB EHWOO 9ol s FsbEool Imdsforgmdoom.

133060900  GBoEol  LEHgolo  BHMBLRMOTs300lL  LEI©os ™M  9FEI35©
b0OE0gwEYds.  3063gwdy 0go  foGdmygbowos  GGY @ LHRGIGI G®ddo-
(M0MEIGOGNO0 S BHM97d0sbgbo@dMmo  3Mm3560BTom, 390353 0BOEF00m o
mdOml  Mbremgzom 93039693 M0 godsbgdom.  MogEobyol  godwogMgdsl
13938060905 &v)GJ-m0306056 dsBoBHMHO s BHM9J0dsBIEHNMMO (Bmdmbod o)
313960030,  LBobIsbmMmo  g30MEG-3MOBOGMMO  3OMI0WOEH0DsE0s,  MOHM-
130egbd-3m0dgBowemo (Au, Pb, Zn, Cu) 2595006905 mdeml dsmso 8993390 Mmd00m.
3995006900l 36MHmEgLdo dMbsfowgmdl dsbow@Hmemo Jgedo, BsbGos s LosewMo Jgddo,
OMIgog 98 9BHO3YBg  X9O 300093 Imbsfomgmdl  MmogEobaol  3HmEglls s
05056(oM3MIMd0L BMbsdo s MmJOML s 3HY300L fgosOrmb Homrdmoygbl.

13300900 BOEOL  GHGMBLGRMOIs300Ls s MOFBEHObYOL  ode0gMHgdOlL
990pamd 933Dy, LosErmEmo JgMdo Foosbs go@sbowos 3Me3sbmEo 3960930l
RMOHIoMJd0Ly s F5bHoMIMIMBOL BMmbosb. 0935M3ME 30056l o Lb3ogbd-
0100l 30bgMH9E0BI300 993930060, MmJOHML s FHY300L Jmbsfogrgmdols o69dy.
39356030 MO0 BHMWIOEBTIMH0S S HMWIOFB0 53 9BHO30L 3 35bmEMa0©
0600035@™ML  (omBmoygbl. LobsbmGmo Tg33ol  3MmEglo  930ME-3M0BOG)-
5dBHobmwomm@mo  3OM30oGH0Bs305s. 3w 3boBdo s FobHoMTIMIMds o
05BOEGHMOO J9HJobs s FobEH00L dMbFogMdOmss 25630MMdgdMwo.

b3 M30090M0  Bowol  BHOMBLFMOTs300L  FgdYMITS  2od0gMHdSD
06@&9bLbomMo L3MYEObao s 19350308 Mm3956996 3056JOST0 FoILZES A9BISOMmMDS. 5
dsBowGHMmo  J9ghdog 506  mbofforgmdls  go8500bgdol 3Mm3gbdo s doGsbowos
13609060  FoIBFsMTMTMOOLS s 3M3boBIol  BMbosb.  3Mw3560Bdo
MBOMEOEGHIO0S, ME@GHMoRwMdg ©1960¢-39600MEH0GHIWO 05935¢0Ddob
dmbsfoemgmdom s bdg3zo  LgM39gbBHobobsgoom.  LHmOgo MG Mexdy
05205¢)0Bdo  §oMTMmoabl 3996900 30560900l  93vB0m  39GHOHMMMYOMO
06000353H™Mb. 250506905 Joan3m306M0@)-30wbgsbm®mos, Au, Pb, Zn-ols dmbsfowrgmdols
390939 5 doLo JOHMOIMMNO 9B MAIBMMO 06035GHMMO Cu-05 3w 3560Bdols o
85005606330l BMbob dsbow@Hemo Joddol LEMEo 1B3MHYE0byol JoMHMdYdTO.
50239650, 59 39 3560BA0LS s Q9F>HIBOL JoMOMs© Hgotrml FobEHos HoeBmoygbl.
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2. Au, Pb, Zn, Cu @5 033050 3g@semms 3md3ggduo (Sb, W, Mo, Hg)
39065303600 33630156900l 060 3sEMEMGdO

Mgbomady

9365Bool  5JBHoMo 30Ol 39335L00L,  0MBOL,  MMOHJJPOL @S JOM35E)-
do 356900l M90mbgddo Bo@o®mgd o 33¢93900L 99930 ©E0bs, Mmd Au, Pb,
Zn, Cu s 00305m0 dgEHogdo (Sb, W, Mo, Hg) 93930690006 29m0bs3032960
396300560900l 3O MEgLoL Ag@omygbr)® 0b035GHMMYds®. 36930ME0HBOMEO LEHOEOOL
bGHOd0EMMO 13 YJ300L S BBY30MYIOMEO Bool GHMIBLRMOAs300L 9BS3BY
39m©065303MM0 296300009006  3OMEglo  3MBEGHOMMW©gds 3w 3560DTom,
39GOmgodonmo  ©s  3gmdodomco 3003 gM0dgdom ©s  39FHOwma9bmco
06©00353™6M930m. bZd0wMHO bYdEMJ300L 3OMEILT0 s BBEYYEOMIOWO ool
G®obLRM®Bs300L  LEHYob 9EHo3Bg, MMLE 29350bgdoL 3MM3gldo dmbsfowgmds
LosEM0, BsBoGHWOO JgMdo s FsbGos dgEowmygbme 0bozs@m®mgdl Au, Pb, Zn,
Cu §o630mop9696. ®oxE0byol godwogMgdsd LoswMo Jgmdolb LEMwo b3Mgobyo
3965306035, 58 9B3YBY  FgBHowmaabme  0bo3sGHMOmgde FbmwmE Zn s Cu
339306905, 2595006930l 3OMm3Egldo Au s Pb-U dmbsfogmdol go69dy. bLdMgobyol
090pamdo 5d@0gMgds 33069 39566 S 3956996 300056093500 s0LObY. T MM
LOSWMMO s BIBIEHMOO Jodo 39Bboos 1B3MHYIObYom S v06 TMbsfforgmdls
3995006900l 3MM39gLdo s Cu gemIEIMm 393>Mma96we 0603sGHMOL Fomdmowyqbl.
50335650, BBgOMBMMEo 49mobsdodM@o 4963009008 3OmEgldo Au s Pb-U
D96 Losgr Mo Jgddos, Zn-ob Fyodrm - dsBsEHWOO Jgedo, baem Cu-b fyserm 30
9ob@oos.

30LGHZM0BOMMO 6300060900l gBHe3bY, GmEs  LMPdMIEool  IGMEgLo
OLOMEEY, Foasd MOMYI6Mo Lob - s 3mbGTogdMMo godsbgdol 3MmiEgldo
9mbsfogmdl Los MO, dIBITEGHMEMO JgiJo s SBEIBMLBIMML Tobowns, BITgEdss
9950005 g985bgdoll  Bmbsdo  LBYY30M9OMWO  Rowol  3mbGLYdOMJ30OO
AG®obLRM®As300L  T99YA0©, LAHMILOL T  sALB3OIME  1LYdYEOMYOVIE
530530 gobgbowo 393930l goliizdog, Jomswo LomMdGmOo 653500l s boby®mdwogs®
0mddgo 3500 398396M9GH OO Bjogdol  Bgdmddggdom  mMm9bgbol
9d93M0 LOIWOHO J9MJ0L bEYdmEs MIOHMLS s 083050 dgEowwms (Sb, W, Mo, Hg)
390G MB35 5 500 259Megd3s MJOM-0830500 FGEHIWMS g535¢bgdol Lsboom. 0dz0sm
dgBoms g SbmEosgos 9B s®olL  @iTsbslosmgdgo 36930 BoIMHO
396300560900LmM30L s oLobo  3MBEBZMODoMEMO  3OMEgLOL  FgBOMYIbE o
390gJ030)6 060353 MMOL Fo0dmo9bab.

153396dm  LoGygzgdo:  IgBHomaabmmo  0b035GHMMO, 3093 0BOMMO @
3LGIM0DB0MH0 35630156905, M0REH0BA0 s 3MBINWDs MFSWMOO Z0MSMYOS.

9365Bool  39@omaabmMo  LEOGHYoL BsMRwgddo  BoBHMIOMEo 331093930l
Lo®3xydz9wbg 0MBOL, 35335L00L, MMOJIPOL S B5E396-35M35F ool MgaombTo (Bob.

1'), 33960590 Mdm, HMI MJOMLS s BIOHOIO ommbgdol (Au, Pb, Zn, Cu) s 0d305m
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39Gowms 3m33wgdlbo (Sb, W, Mo, Hg) 936015D00Ls s 5360M-5650900L 3mb6@E069b3 900l
3063960963006 ©s  GHgoobol ™39560L LMBdEGEools @S 3MEoBool  IMmglido,
$o60m50039696 29Mm©0b5303M0 BEOE0g00L 9w mMYgbmE 0bEOIoEMMIL.
13969MMBMMwo  49m©obsdozs dY4seo wommbxngmml 306Mmdgddo ™Msbsdgtmay
309039dAHMb0300 3mbGHOMEgds, bmm 3693590600 39Mm0bs3o3s 3esliEo®o
®39609600  wommbygmml  306Mmd9dd0, 0993960 Go  3mbEH0bgbEGHwMMmo  Jgedol
RMOI0MGd0L  3MHMmEgLldo  39630MHMOGIMWOos 3 dgdol  Ggddmbogom, bsoliosmgds
35050 LOMOMMO 65350, HMIJLSE 3930060©IS SOJJMIWO S 3OMEIOMDMIWO
MO ™-3modgdoweo VHMS 3606m306(30980L5 @5 m6mMmagbmwo mdhml 253506900
RMOI0MYOS, MJOMLS S 3003 gdol OLEHMOdYE0S BsbEH00IB AMboEHMmOE
365@™bgddo (Goldfarb et. al., 2000, 2001; Groves et. al., 2005). bgm3mmEgOHMBMdo
©LOMES F6EH00D WoMMbBIOHMTo (LosEw GO, dsDsWEHMOO Jgdo s Fgsmo
B9s 356E00) Au, Pb, Zn s Cu Hyool@®modmaos. mdmmbs s ¢gzool 30mb39bGMagos
3obbmM309m©s  LoswmGmo  JgMddo, mmmoobs - dsBsEGHWGTo, bmem b3owgbdo,
dOMOMIPIW, IZOMZWS Bgs 3sbGH0sdo (Gugushvili et al., 2010; Gugushvili, 2015, 2017).

Mdemb s 130 gbd-3m0dgxE OO J0obgMIEO0BOGOOL AoIBIFoWgds Fodwme -
310396996 5J@H03MmdL 993538060905, 29Mm0b5T03MM0 23630056930l bbgzoolbgs
939399 5 3mb6GHOHMW IS BEBSdOWMEO LIdIE00Ms s 1YIBPEFOMIOO Gowob
G®obLRMOBs300m 3601930 0DONMO  gBHO30L  Lob3MW3bMG s 3MUBZMW3ISBMO
L3905 HY S 3MBEIMXOBONOO 630050930l 9BS3BY, HJPOLOL 39560l IbIMZ0L
3909290, ®MmELsg LMdEMJ3ool 3MMEgLo  EILOMEIES, I3 SBOM-5M5dJMOL
3Mb6E0696@0L  LEG®MgLOL TgEIRd©, 93MBoOL  sdBHoWE 30gHY LMOYY306MHJdMOo
ROOL GHOBLRMOTs300 4MINEGdS, HMIGETs3 Pobs30MMds MmOMybyBolo, B3935~
bbeg@z000 GgddH™mbozs s sbBHIbMLEgOHo  dsbogrol FJgdmFMs  sdlbgmgmwo
(HOBLRMOHIOMGIMwo) BdEOMEOMIIMNO  Bowol  493e0m  MmOMABmeE  ddEezm
Looer® Jg®ddo (Gugushvili, 2015, 2017).

1533093 M50Mb30 M MYPOIMHO S FJMEObIT03MMO 49630M56M9d9d0L 33¢g30L
0909290, ©oy9b0o 046  2gMm©0bs303MEHO  256305MGOOL  9B939d0l OO
139dB®0:  3MBIMMS O350, 8)390M3-06@JMMINWO s ™3996ME0.  gmzgwo
doomgobo  bobosmgds  B3g3oxn03MEo  BsadsGHobdom,  3Mw3bMMo  odEHozmdom,
3000MHMMYOHIME0 3OHMELOMS S Bx@swMmygbooom.

3MBINms O35 MM0 3000560905 boLOSMYdS  30M-BEg  BoDBIEE-5bgDOE
©I30H-M0MWONMMH0 39 3560D0m. 06@M63-093503)0 300050905 bolinscgds
AM90@-030605D5w GO0 3 3560Bom  0b3HYbLoMHO  “HoyEobyol  9Ee3by,
AMA9  ME030605BsEHMOO0 @S  BHM9JodIBIwEHMMO  3MEn3bmMo  of@ozmdoom
GoRGobaol  4oMsTo35¢  9gBHI3HYy s FmIMboG)-GHEogdosbgbod o o
G5JoMm0MIE0GHIO0 39w 3560DT00 MHoxEH0byol Lsfyob 9@s3%g s dolo TglbmlGgdols
360Hm3qLdo. MogEHobaol d98amdo 49d0gM9gds B3MYIEObaLL S M39BsME 30005693580
3903wobs @5  bobosMPYdS  MBOMWOGHMHO 3 3bobdom s MbOG-
396000MGH0GHMWo  doads@Gobdom, MmIgwog ®3gobmMo  30msMdoL  0bOIoGHMML

Do60mgbL. y39ws gl 30sMds IYRJHO0S 930M5BOOL sdBH0MMO 30O by33wg3
90mbdo.
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3LBHIMOBOIMH0  2963056Md0L 300390 9BEO30  49dM3W0bEs  MOMY9EME
3M9B0GMoEMeE 358530BdTo, beaerm gmeg 9B930 - 300-GBg ©5 GHIAJ-d5BoWE)-
A®5J005BoEHME 33956996 5gE0gmdsdo (Gugushvili, 2017; Dilek et al., 2010).

3906530360 3563005609000 9393900 3MmbEHOMEI0S BLOSW IO, B3DIW GO
Jotdolbs s BsbEHool dmbsforgmdol Lbgsolibgs @mbom. 396dmwms M3 ©o
303560030  2ob30MMIGOME0s  LosEMo,  BdIBIEGHMMO  Jghdol s  BsbGool
dmbsfloggmdom, olggg, ®mameE 063ghom3-0935M3Mwo  30m6mgdols  Lafilyolo o
d9bmbBHGdoLs s BogMMOOL  LEHSOYd0.  B9g39MIMEo 0BG blomemo  MogEobyo,
doM0MII®, 3MBGHOMEEIOS d5BIEGHMMO JgMJoms s FobGH00m. Tob 56 sboliosmgdL
LosEOO Jgedol IMbsforgmds s ol 0603oEHMML (Boboliosmgdgwl) GHME oGO
3139699600  9dBHogmds  [o®mdmoygbl. o3  Tggbgds  ™3gobmm  30005M9dL, 030
30bGHOHMgds IBMWMmE 356300 Boborol dmbsfiowgmdoom. 53 g@o3ol L3Mgobyds
@5 356300 ©053060L Fooe Mmbgbg 999mF©od QodMMOEbS dBoBIEHWEMmO J9gMdol
dmbsfoegmds, MmAgwog Joosbs B3MYEObads o0@bs. TbmwmE ™39569960
3000560900l LEHYol  BEBHOOsDBYS  oPIPOEO  dsDoWwEHMOO  Jgtdol  MgEod@gdol
dmbsfoergmds (Hutchinson, 1973).

Au, Pb, Zn @5 Cu-bl §go6>m Losgrmed, 3sDsw@Hme dJgdddo s 3s6@0sd0,
399009650650 bsHowqds: Au s Pb §ysdm, obgzg Gmam s 0330500 g@swgdol - Sb,
W, Mo, Hg, 6oL bosewrmemo Jgedo, Zn-ob fgsOrm 85Bosm@mMo Jgcmdos, bmeom Cu-bos
d0MO0Mso© dsbBH0ss (Gugushvili et al., 2010; Gugushvili, 2015, 2017), Gs3 93580M©
LAHMOEIdS  BMamO3 533930 MgR0Mmbol  FsgoeomDy, obg dbmxzmoml Lbgs
M930mbgddo (Mair et al., 2006; Moritz et al., 2004; Rona, Scott, 1993; Goldfarb et al., 2001;
Moritz et al., 2016; Yakubchuk et al., 2002).

Au, Pb, Zn s Cu s 00300000 39@ocgdols dg@¢owmaqbos Lozgwrgg MHgaombdo
3906530360 35630056900l 335300 06035GHMML FoMdMoqbl. om0 2obsfoergds
bbgo@olb3s 49065303796 305690530 2o6lb3939890s.

316dMms 359080 MmgdOH™-L309bd-3me0dgEOMHO 3MOHROMMEO S 3069
@ 30wl nomeo mdhml  3obgMowobszos @ 3NOm3ml  Godob
LEAHOGH0IMOBMO  MmJOM-b30ghd-BY305-00Mo0L  4odobgdss oY IboO.
3995006905 59 LGB0 MEMO B30l 9300 JMBEHMMEEIds s dgoEo3L Au, Pb,
Zn o Cu-U. 5g 3595006900L 3MM3gld0 Imbsfogmdl Loswm@o BB GO JgMdo s
dgoc0 bgs 396FH0s. 034039 30M369ds 4MIJYdS 0bFGHIM63-09350390 CHOREH0bYOL
LoHYolL LFHOOsBY, MMIgEoE BBYY30MJOMEO Bool GHMIBLRMOIs300L 30M39wo,
Lohgolo gBEe3om 3MBEGHOMEWYds. 98 9gBHO3BY MoxGHObado x96 30093 IMbsffoergmdls
LoseMo Jgedo. 3sB6GH0HO 0530600l JgdmFMOL gogergbom s 0DBMHIds BE0IdOL
AMBH0BMBdS s BHYI3GOGHMES, 05853 296530MMds BosEIMEMO JgMHJosb ™mJMML s
AY300L 063HgbLoMEO 29dMGHMEZS. 98 9BHO3DY 3M0dgEowH dosbdo mJMmmls s
AYyzoolb  dmbsfogmgmds  86033bgemazbs 0BMEIds  LEBowMmO  1LYdYJ3o0L
36OMELMID 539380090 25350bgdILMIb  FgoMgdom, MMIgoi  boliosmgds
RWMOEIOOL MROM VWO 39a39MGMO0m. gl 390 VGO Ids dMEboLol
950060560 M50Mmbol Foa5e0mMBY, Losi Fobgmeol 3356000, HMIEOL FMOTOMGdS
1G9d0MMO 1dEMJ300L 3MMEILL 35380600, B39O0l 3356d0sb FgsMmgdom,
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LoQS3 F0bgMICPODIE0S (29950B7ds) 1IdWYE0MIOMEO FOEPOL BHMIBLZOMIS3000 s
356¢0MHo 0530608 90mFM0m  3MmbGHMMEEIds. MmdOH™ML  LydMswem  F90339wMds
9506990l 3te0dgEowwe F5sbdo Lodmsm 0,8 2/@-b 96 509353 9ds, 00 MM,
HMgLOE 09J0053500L 3356dd0 0go Lsdsem® 5 /G- MEOOL s Moy dgdmbzgzgddo
20 3/B-b 5 Dmgyx g 189 2/B-Log 50h9g3L (Gugushvili, 2015, 2017).

Abaoglbo  305Mgds  0LIBHYdS  396353)-B5E 3969000l Mgaombdo.  35Bsg0MM0TEH L
95006056 M50mbToi (3 9M9gm0), Losg ooz YOO  930mgMHdMmo s
3MOR0OME0 459506905 LBEHIBOEMMO 1B YIJ30000 S BdEOMEOMIdMIO Fowol
AG®bLRMOs3000  (2o0b30m) 3MBBHOMEEYds. MmdOHmb  899339wmds  2.07  a/G-b
m6ol (Moritz et al., 2004; von Quadt et al., 2005). Lg@dgmToi 9o 360d369cmgzs60
MJO-300w0dgBHOG0  3OBOOMMO s 93omYMINwo  BsdS™MIdO  dMEO
050005639305  3bmdoo  (BHodmzol  dobosbo  Gsombo), olobo  LEsdow Mo
1330000 3MbGHOMEEIGdS s HoMdmygboos mdMHMm-13owgbd-3meodgd oo
3905bg00m.  MOJgooL  vIMLOZWge  3mbEGH0YdTdois  3bMmdowos L3odOEME
133058096 s 30M-GMBg 3 3b0BIMb  ©H35380MGOIO  MJMM-b3ogbd-
300d9x@GOOH0 30OHB0OI0, J30mIMTIMNEO S 3MOMIML GHodolb VMS bosdsmgdo.
odemb 999339 mds 5 MBOM  Foo0d  3MOMIML  Bodol  25350bgdsdo  Bogwo
(0500963m0) 5 5356mbiol Lodomgddo, Losz Pb, Zn, Cu, Au s Ag-U 999339w0
050560 39OEMX IE3OGH-MOMWONVIO 3MWIBMO LbgMosL M35380MEYds. SGMZ3060L
930mb30 23056 39OEM 3 356ME 3033 gJldo BMBOEs BgMEHI3L 300MOIO
LodO@M, MHMIGoi3 99gds B30ogbd-lEaoEMMO 396EMIWOHO0 DBMboH ©s Au,
Ag, Pb-Ba 89933900 83096993056 (O'Brien, 1997).

L3930 1B E0LME V353806 MIHM-B30Wgbd-3ME0TgE WMo
L5BIPMIOO BIOMME SOOL Fo3M(39egdo 3009 35335L0MbOL BoMAWGOTO. T
3600369035600 MmJ0-go6r0dsboll Bmbol Lsdsmms X3RO F5TMPO, SE39MO,
AIPNA0, 390930,  YoMOOIVO @S  BM3sco. olLobo  Fomdmpgbowbo 5056
3OHB0MH0, 930009H M0 s VMS 316Hm3ml ¢odol dobgdowobsgoom (Baba-Zade et
al., 2015; Kekelia et al., 1993). md®mb 999339 mds dobgddo o 2,7 o/&, Pb-0.3%, Zn-
0.98%, Cu—2%-b s0fg3L.

50235650, BEGd0MMO LvdEYJ300lL 3MMmEgbdo s BUYdY30MYdMO FBowol
G®9bLRMOBo300L Lofigol 9Eo3BY 49050bgdsdo Au s Pb dmbsfoergmdl Zn s Cu-msb
9OM5©. 5dOME0MJIMYWO Bowol 06@gbLOMOO FHGMIBLRMOAs300L 9Bo3by, BsbEHor®o
©053060L MRO® 063GHIBLOMTs JgamMFMT M0xEH0BAOL 3GMm3gbdo LosEMMo Jgedol
LEMWOo B3OYEObYO A6530MHMBS O 0o 5O IMBsfoEgMdL goBsbgdols 3GMmEqldo.
5023900 3000900l 3963 F535oml  FoMdmopqbl  39335L00l  fobs  Jgob
06¢9M5M3M9wo HoxEo. o5 GHMEIoGO 3w 3560BAL sbesgl VMS Godol bdowgbd-
000l J0bgmoeoBs30s, MMIgedos O3  Au s O3 Pb 96 dmbsfowgmdl. gL
©LEAHMOIY0S BMEgloL BsdsEMMS XYMBOL FoaoomNBY (byglio, MO, MGMM30)
(Buadze, Kaviladze, 1977). 59 130gb3d-002m00l 300¢BRgsbe 9458500690500 0m¥mools
09060l ®oxg@obyol 3OHmaEglbdo dsBswEMMmo Jogddo HomBdmoygbl, bmwmm L3owgbdol
D906 H0x330b0L godmdfz930 356E0MMHO ©0530600.
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06@9bloEmo 8935603290 HOGEHObYOL FoQs0mO 35335B0Mbol LEABOYPO FgMOL
39653065 Bg5s. oL 93530060090 B30 gbd-0MM0s 30MMEHOBOL 25050bgds (35300590,
30DoWw@gmg, 5s6g9). oM SToLY, 5 239d3L BooBRsOL  Bodsm, MMIgEoE3
130 gbdls O MMMOSLMSD gOHMO, Au-U s Pb-byg Fgo3o3L. domo dmbsfoergmds
5393006909905 LosOO JgMdol MYod@BHgdmsb doBoEHWE Joddbg, GMIgwos
9mbsfiorgmds 39653065 B30l HogEobaol 3Mmi3gldo (Gugushvili, 2015). 53539 OML
50Lsb0dbs305, MM 0bEgbLoMO 393560 3-063HgMM3M GOGGHObal ©s GHMEgodH IO
33960D3L ymzgemmzol s6 3538060905 VHMS b3dowgbd-mwomool 5d500b9ds. 580b
Bomgan 35a5eoml 959m 396900 sLs30L 5FMS-00M0SgMOL MHogEO HoMmIMoy9bl,
LoO3 BHMWIOBHJd0 89035396 200ppm Cu-b, HMAOL 9993390 M 3¢l SMHYIO
569353909, B3 BsbL, 59 B30Egbdo oMM BHMWYoGHdTo JMMIWOIOMPS S
5O 29OOMPS B0 YdJ0, dgmMg, Abs3LO o500 3BMBOW0S LsdbEOYID VSOl
M930mbdo, Loss3 MoxEHMEIBMOMH0  HMEIo@gdo  2950oEMgdmwos Cu ©s Zn,
HMIWYdoE 9O oIE0Mm©bIb RWMoEdo s 9453 9O SMOL 3bmdowo VMS @Godob
906965¢00bs30s (Frolova, Burikova, 1977).

136M90byol  F90amd 063IBLOROZIE0L @S  FBGHOMMO 083060l Toow
©Mb9xgdbg Jg0mFOH5L, I30609 03956 s M3JobME 30050059y J03Ys35Mm. L3393
(930630 58 300000900l oQooml  MMJgTo 43056  ZoegmbmMo - MY
dgbmbmM©o 30090 3m33gduo“  FoMTmoygbl. 93  3mA3gduol  FoMIMTMdS
393006000905  99356M30L 930609 39966 305690530  goOLZELL,  GMIgo;
Potdmabgowos MBOME0EJO0m, MORB Ao30b 05BIWEHOM o
19H396EGH060BoMGOMo  3ghomEGHoBgdom (Ustadmer, Robertson, 1993), ®mdgwog
990393L 33036MHmLoL o308 B30 96d-3meBIBME g5850bYdIL 5803MmOl S 85308505l
LodOEMY0do. 5 Zn s Pb 35005680 dbmerm 3350l mbgbg dmbsfoergmdl (Giiner,
1980). 33036MHMLOL G030l B30 ghdol LsdsMYdo BoIh (JsBoyo) s Boybzmo
(Loo®EO) 3bMBdOOos dMMPIH BowrEOLS s F9YMH0YdOL LEBOZsMHDY (MMEMJ900).
MxBoMo@gdo 5 89039396  35OHEdMMR0GHJOLS 5 ©MBOGHIOL,  AOdOM-EMBoEHIOL,
3060mgdbgbo@gdl, 39ME0EIOL S 30WMmY) Ws390L, MHMIWGIOE OVSDBMMO 03900
3™33gdbom 9GOl 533900 (Engin, 1994). 2095006905 ooz 309696 3033engduol
AbgogLO, HoMmBmogbowos Joan3m30M0@d)-3mwbgsbmmo VHMS @odolb godsbgdoom,
OMIgeog 96 9903938 Pb-b oo Zn-U.

50239605, Au, Pb, Zn s Cu 36093m0H06M0 4563005609000 Lbgoslbgs 9¢edby
399009365065 bosfowqds: bGodoE MO LdEMI3ool s BBE(3060JdWO Bowols
Lohgolo  BHEOBLROMI>300l 9BHe390Bg Au, Pb, Zn s Cu LbLEOMws dmbsfiowrgmdls
39950069008 mG039  9BH3BY.  0MIP3s,  MIOmb  9993339emds  Bool  Lafiyobo
GOBLBMOAs3008 9BO3Bg 8600369 mgbo 50 gdoBgds ™Ml FgoE39wMdSL
bGO¥OMMO BdEMI300L 9gBedbg. gb sdMF39gMos LosEw Mo JgMdosb mdoOml
390mGHMBH30L 063)9blogmdom 13 Y30MOMEo Bowol Lsfyolbo GHOMmIBbLBMOAs300b
36MHm3qLdo. MogEobyol d90ymdo 0b@gblogozsEool 89wgys®, Lo MO JgMdo sMOM
dmbsfogmdl Hox@obydo s 3oL J99yo, B30 gbd-mmool godsbgdsdo Au o
Pb-ll dmbsfioegmds dbmerm@ 3350l mbgbg xzodloMgds. Zn s Cu-l fgsOmb
dsbow G0 Jgdo s 39bFGH0s HomBmoagbl. 9dpamdds L3MYE0byds gobsdoMmds
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093503-063) M6 30 MHog@obyol oMy m39566M 3006090500 GHMIBLGZOHMIS30s. o7
306965003008 3MM3gLOL MY 0EIL oIy LOSEIMEMO S BB EHNMMO Jgedo
5 995006905 Fo6dmygbowos B3owrgbdol 3mBgIbMMHO Fobgdsmobsgoom, Gos
130egbdols AsbEomE Hysrml 5oLEMMIIL.

1533093 M930mbdo 3mLE3MEOBONOO JobgeooBsE0s 3MEIIYdS 39335B00L
LodbMYMO  BIOEOL, 30609 39335B0MmboL, 0MBOLS s MYYOJIPOL  BHYMHOEHMEOOsDY.
3935006935  MmOHMYgbgdol  GoMmawgddo  3MbEGHMME©gds  19dE30690Mo  Foerols
3bELIOJ30IO0 GHOMIBLBMMTHF00M, 0g0 M353800IdS 39300 GJdEMbogsL s
Mm6OHMg6900L 8dEoz3M0 LosMo JgMdosb AsdMIM35M0  FMIBoEHMoEMMO  doadol
06GONBM  Lbbgmegdl.  o8s@bgds o  FoMdmygbowos  mddHm-L3oggbd-
30039 @OOH0 3MOR0OWO s §J300gMHTMwo dobgMswoBs30000 s MBWROE®
@5 930607 LBMWRoEMOH0 mdoOml 4s850bgdom. mMmozg G030l dosbo 0TS
MO0 s 9903936 083000 IgGowms (Sb, W, Mo, Hg) 3033qgdLl. 083000 dg@Eocms
9B SbMEosE0s 96 5MHOL  dBsbolinsmMgdgo  3693Mm0BOIMHO  25350bgdOLIMZOL.
3900b53¢ollL dbmem Mo §s63mo@qbl, GMmdgmoi dmbsfogmdl 3693meoBorH
9500690303, ™MI3S, 89090900 ©IFIMOROWGdMEo MomEgbmdoom (Gugushvili, 2015,
2017). 3b330BoIM0 253506900l ss30 153393 MY0mbIo M odmEgb-domgboom
05M00EI0S. 39335b0MboL LodbMgm BgMHDHY s Jgol Fotywgddo 360dzbgeM356
3bBH3M0B0O LodIEMYdL HoMmdMo©gbgb Bmzbomm, wmbmdo, 3m3M0s-5B5356M9,
5350bo601, 9bgo s bmEsdMws, 30609 3933500530 - 39X9M5DO, 5356530, BMPO o
99365BMmEM0. 3mbEIMOBONOO 253500905 BIODM® MOl Q93O EIXIOMEO 065630.
030  §96MH3m©ygb0o0s 35635658  LodsEM™Me  XyMBom (8039600,  SBEIMbO,
9600560, gobsrgbo s 3oex0sbo). 98 G030l sdsbgds 3bmdoos Lobsbox-
LoMxsbol Bmbsdog, 95WdMOEI0 S SVIMLOZEgm 0MBOL FoadMH LoG@Eygwdo -
0@ gbols, BoTgMmsbol, sddglboboll s sb-sMgbols LodsgmdBg. yzges gl LEdSM
M@0M396-domzgbmMo  sbogol  ®msbodmomo  JBHM3goom  ©d  HPV3930000
A99AH™b030m 3:mbGHOHMEYds. 0Lobo 3MbBHIMWOBONH MOMYIBYHBOLL 353060 ds
5 2985006905l sbewsgl Sb, W, Mo, Hg 083000 39@sems sbmEosos. gb sbmEosagos
BIOO©IO05 36093Mm0boN©mO [oMmdmImdol o339 Jobgdbg o FoMdmoygbls
3bEIM0BOMHO 30150900l ggmdodo® 0bozs@m®mlL (Gugushvili, 2015, 2017).

3L 3HZM0BoMMO 45950069d0L 29bgBoLO 2o630MHMBYBOME0s FsbEGHMMO Foloerol
039306 s Abgmg30L BMbgdol goliizdog dgdmFMom bdEMEOMIdIo Gowob
AG®bLRM®As300L  3OIM39Ld0. FsbGH0MO  Bsbogrol FgdmFMoL do3wgboo bgdms
35050 gd396M5¢ OO BLomMdMMO 653500l HoMdMImds s bobaMdwog dmddgwo
850539339 GHMOMX0  BW0EIO0m, MJOML ©S 0bOZIGHMEM 0830500 TYBHIWMS
3°0mFGHMBH3s  mOMYGbgdol  3dezmo  LoswMo  JgMdosd s  dmERoMMWwo
930m9M3M0 MY BoE® ©S I30609 BLMELRB0EYOHO MJOML s 53 0330500 FgBHIW DS
LodOEMYOOL BMMToMgds (Gugushvili, 2015, 2017).

3bGIM0BoHO 25050006905 2oblogMMMYd0m EO0IM0S MIOHM™MO, MMIGELs;
SbEogl 06@035@MM 0830500 FgBOwms SLm30s30s. 0go HoMdmpyqbowos mdem -
003000 d9BOms o3 93HM339603900 LodIEMgdom, o FmMol 35335B05d0,
99Go© 9600369cmz960s  BmBbomml  Losdom,  FoMdmpyqbowo  mdMm-3owgbd-
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30dgAHOIMM0 s 339M3-9bm0dmbod Mo  mddmb 993390 doMM3900MS O
93 ™33903900m, OMIgwos 9903936 34 ¢ mdeml, 41223 ¢ sb6modmbo@l s 39 @
39603bwL. 5 MMM 9993390Mds ds639080 4,39 3/3-b 1MoL, 390Ebaobs - 4,51 o/@)-
b, b 35096dmoxbg Bmbsdo mddml 990339 mds 3,43 3/ BHMbss, 39O 3ol 4,15 a/@).
dmdoxbg wmbmdol Lodsmy 33903 - 9600dMboGOL, 339503-96M0MbOE)-(M95EASM-
516003039bF-50bM30MmOGHOL  MmdOHml 89933900  dSMP3JO0m  SMOL  H3JOMWO O
339603-960000mb0@)-3500mbs@G o @y  33963-099woGOHo  IBH™M339039000  SMOL
Domdmp9bowo. mdeml 8993390 mds 50630 o9 5,10 3/H-b, beaewm Sb—-6,37%-b »dob.
MdOmL do6og0 14,04 Gmbos, 56m0dmbo@ols - 2580 @). 51939, 330 SB35Vl MMM
050056350Mm3w06905Bg, OHMIgoi 39335V0Mmbol Fegz56 Jgbgs WwmIsEwoboMgdmwo,
O™ SbME0MGOME0s Sb s W-Lmsb 3356(3-0990G M, 3350 3-560000mbo@w®, 33565-
300d9g@o6 ©5 MJMMmbdgd33ge 339030l dsMm39gddo. mdmml d9d339wmds o 3-4
/&b mMob.

3563565L Lodomms XaRoL LEdIEMYdO (0M560) bolosMYds MMMl Fooero
399339003000 MJMM-30wg6d-3M0dgEI M ©s 830Mg LMXBOEYIO 9g3oMYMHT
doM3900ms S IBH™MIZIN3JO00 53900 9595bgdsd0.  MmdOHm  SLM30609dMW0s
0600035@H™M 0930000 d9¢owqdmsb Sb, W, Mo, Hg. 8500560993339 Joboms ggmdodor®o
13mbo d9o3o3L 200-253ppm Cu, 88-121ppb Au, 3.0-5.7ppm Mo, 63-71ppm W, 120-517ppm
Pb, 121-160ppm Zn, 7.4-10ppm Sb.

5edMME30L BoadMe Lo®GYgardo, 396@GMIWMOO 06Msbols derm3do s Bobsbox-
LoOxsbol  Bmbsdo  mdHM-L30Egbd-3MmE0dgE oI,  MIOHM-3Mm0TgEO OO
doMM3ME0 S IFB™M339M3MW0 358500b9gds sbmEoMgdeos Sb, W, Mo, Hg-Lomasb, obggg,
OM6O3 50IMBO3go 0MBOL sdGmHo LoMEYwol 35MHoboll GHo30lL FYyz05-0mool
L50IMYO0 - DMTNMB0, sEIMGHO, ©TJgLsbo @S BObsEMEO s 350-Dogbobols
MdO-56000mboGmemo  3mwodgdommmo  dsbosbo  ggwo. gl Lodsmgdo
3MbG®MM©9ds Mmwoam396-800m39699M0 303500)M0 FMboEMOMEO FEHM3IJPOm
SbmEoMgdeos Sb, W, Mo, Hg-bovsb (Moritz et al., 2006; Report of Geological Survey of
Iran, 2007).

30LGHZMO0DBOMOO 30MoMgds 060D 3069 35335L00L  FgAMO-MMHOYOSOL
3906mBmM  Bodme  30m30630580  gMdgrgds.  vdo3  moym39b-domgbmemo
3M5b0GHMo©MEo  9BH™3gO0  953mbEGHOMgdL 36033690 mz9b  mdMHM-0mE0dEgb®
3995695l (39x 96960 @5 9356530), SbMEoMgdMl  Sb, W ©@s Hg-Losb. md®mmb
3600836903560 Lsdsmgdo Bmo s 993MHOEBMMO, MmIOHM-335603-5600dMboE GO
399500690000 5MOL 53900 S SLMEFOMOIE0s Sb s W-Lmsb (Melikian, 1977). oo
3Mb6E®M@©gds 3Mm56MPOMMOEH3MOR0MMEO 3506MBMmMMO 0bEGMNBMwo EM™39dom
19356M-5396M0L Bmbsdo.

3bEIM0BoNHo mJOml Jobgmocobsgos Sb, W s Hg-bLoob sbmEosiosdo
9969MgLol 35gMmBMMGO Sbs30L Jobogzdos 3BMBOEIO (sLOZgMO bsEHME0EYd0).
090 §96MHIMygbowos 3MbaMEEMl, 3o¢03mol s 9dgMeol Lsdsmgdoo (Yigit, 2009).
3995695l 53MBEBHOM@gOL  350bmbBMMGO  HE3930Ls s AubgMg3z0L  Bmbgdo.
3906mBMmMMH0  ©H03939000  3mbGHOMEE0s  mJOML  FobgmooBsE0s  sImMbogzwgom
OM3900b, 505-3g30L Lodsmbga (Marchev et al., 2004).
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3bBHIMWoBoMMHo  25850bgdol  sbsermyomMo  3OHmEglo  FoMommE  SMOL
3936039 gdwo  bmxzwomdo. MdOHml @ 0030000  FGEHOWmS  oblogMMgdom
3600836903560  80bgMooBszos  (36MmdoEos  3Hmol-93MeBommo  dg@owmygb)©o
LoMEGHYOL  BMOI0MGdOL  BobseMHo  3oDooL 43006  ZoegMBMMEO  9ES3DY,
3 3HO0©JOOL  MmOMYgbme  LobEGHgdsdo (Yakubchuk et al, 2002). o &o0s63560b
36030630580, BobsEMMO 3MEsgol 9BO3DY 9000bsMgMdEs MJOML Q096G IOO
LodOEMYOOL BMOT0MYdS - FOMBEIML, 398EMMOL, BEWdMOL s Bblsms. MMM sdoa
SbME0MGOM0s 033050 d9ESgdmsb (Sb, W, Mo, Hg). 316b@Eomb Lodombg mdemmb
956530 175 Moz (dowomb «bizosl) oL, 3MmaGHmOby - Au-19 Moz, Ds®do@sbol
Lodo@MBY - Au-11,2 Moz. mdOHmbs @5 0830500 gBoms 965MmA0OH0  SLME0sE0d
1304L0MYOIE0s 0493mb6T0, GHMIBLMBbOL MJOML LyMEHY o (39bss) (Mair et al., 2000),
boo3g  3MBEAZMWODBONGmO  25350bgds  LobmOMYgbmo  0bGHOHNMHBMWwo  JEHM3gdom
3MbGHOM©gds. 0o le, Bi, As, W @5 Sb-Losb o0l sbmzo®gdmwo s 335G30L
ds63900L 333963900055 {o®dm®gboo. Lobzmmobom@mo memmyqgbmwo mdmmb
3995006905 Bi, Te, W, Mo, Sn @5 Sb-Losb sbmgosgosdo LsdbMgom s3bEHMswool
5L53wg0 REIBOL MOMYgbToEss 3bmdoo (Bierlein, McKnight, 2005).

do®005©0 15336900

5023905, 1533w93  M9a0mbdo  g9m©obsdozmemo  36M93MmO0BONmO o
3LBHIM0BoMMH0 496300690, LdEMI3ool 3OMEgLmD s LdEMEOMYdIMWO
R0E0ol  BHMBLRMOTo305LM6  5MOL  ©s353006M09dO. 0go 0bIbYds 3w 3560DTdo,
05205¢)0Baby @S  gBowmygbosdo, Gmdgwos Au, Pb, Zn s Cu 0bozsgoom
3MbGHOMWgds 3693 0BoH gBHedbg s 093050 Ig@owms Sb, W, Mo s Hg
LM E30SE00m - 303 3MEOBOVIH 3000560)9050.

LGB0 MMO  1B¥YJ300L @S LB MEOMHIOMEO  Fowol  GHMBLFMOIs300l
Lofigol 9Bo3Dg 39050bgd5d0 LosEI GO, BB EHMEMO JgMdo s FsbGHos s Au, Pb, Zn
> Cu LEOwMwo UB39dBHMo Fmbsfowgmdl. dsbGHomEmo  ©o0s30Mol  dgdmFMols s
(0533060l 35909 gdsLmOb 9O, 9850bgd0L BMBOID LosEw o JaMdol godsbs
(bL3MgObgao) bgds s  FobgMooBszos Zn s Cu  06EO3SEGHMMIPIOMSS
Pom3mygboeo. L36Y0byoL 9dyMmdds godw0gMgdsd s BsbGHOWEMmO 03060l By
©Mb9xgdbg 899mFM3, 3595006900L DMb0B Lo MO s BB GO JgMdol LHero
136M9EObyo s 3069 m3956MM0 S M3JBMMO 3005MYOS FoBI3OMMDS. 25350bYdS 7
130eg6d-30eBY6M0S s Cu 06EO35GHMOOM BOLOSMEYdS.

3LAHIMWOBoNH 933D LdEMJgool 3OMmEglo  ILEOYIWYOIME0S, I3,
13300900 Bool GHMIBLBMOTs300 M3JoBMMO 3MWODBOOL EILOEGISLID
MmOMPbM s 3mLGMOMYIDM  gBHedby  aMdgegds,  FsbGomMo  Fsboerol
099030096 9OHmo, Gods3 F509w0 LoMBdMMO 653500l HoMmIMIMDS s babaMIogzs
9mg090 3500 Hgd396M0GHIOI0 REOEIOOL 9d3H03Mds S IdWH3M0 MOHMYgbMWwo
LOOWMO J9OHJoIL MmIHMUs s 0dz05m gBsems (Sb, W, Mo, Hg) 9s0m@Gm@3s o
MO ™-003000 9EICMS odsbgds 4obs30MmMdy. 0830500 FgBHowms gl 3M33egdlo SO
5oL sdobsloMYOGO 3693MODBOIMHO 30MIMGOOLIMZ0L S 00 3MUBIMOBOIHO
3995006900L5 5 BMYsO®, 3MEIMLWODBOMOO 3005MYOOL 06EOISGHMOL FoMBmoyqbU.
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3. Lobgmm3sbmMo s 3mLEG3mmw3shymo dem3oMgds  dmebolol dsbosb
Ms0mbdo  Bgomobol ™3g3560l  bBgIEsMEMmo  Lydnydsool 3Mmiagldo, 93msBool
54300 30000l 3693ME0BoMO 35630m5MgdOL BmbbY

Mgbomady

dmboliols d5bosbo Mms0mbo Bgs FIMOEMW 336w LgMosdo obaoggdmwo
1B30gbd-3mo0dgBHowmmo s NMIMWRoEM ©S I30609 LMEBoEMOO  Mmgmml
9303969360 LoBIPMYOOMSS Domdmpgboo.oyo &900L-936M5Doo
39O my9gb©Ho  Lo®EYwol 89950096wmdsdo Tgol, OGMIOL  JgMEMAOOHO s
3906530360 2563000560905 BHgmobob m39560L L3300l 3OMEILL 35300MYds.
Qs 36Om3gbo 3 3s60Bdom,  Fogds@Gobdom,  30OMMIOHINWO  5JGHO3MOI0MD
850056foM3MIMmd0m  dbolol Fobosh Moombdoi solsbs. Lwddzool doM3zgwo

93930 LGB0 ME BMBdEYIJ30500 @S 3MBINEMS M35WdOL 30M-GEg 3 ISBMO
5J3H03mdsdo  godmgwobs. 9999y  9BH93By  LYPOMEOMIPPMEO  Gorob
AGOBLBMOo300L (90099635, golizmds) s FsbGHOMMO Os30MHOL F9gamFMSL LdEHWYEGEY
A®5JoMH0MIEOGHWOH0 ©s  GM5JodsBIG-BGg  Mm0306056  dsBowEHMGo
39356030 sbogl. bBdEJ300L 39630500l bbgosbbgs g@odl Lbgsolibgs
bolosmols  as85bgds  935380Mgds.  LEGHWBoMMO  bd©MIgool  3OmEglbdo
LYEBOEOO 5 NLMYWROEM  J9Fobgds  LObJOMbMos @S BMboMdsTos
39039600, bawm LdE0MgdIo ool IBMMTSE00L 9Es3DY, MM aoMm
39956900l MmgOHM-L30Egbd-3me0dg@Bow Mo  FobgGmoobogoom  Bsbo3zergds
SboLoomMYOL. LB MEool  3MMEglo  BIOEMo  mbgwo B30l 30MM09dTo,
dMm306905L gobs30MMBYOL. 5 MmO LobgMdOL derm30Mgds 3eobgds: Lob3z e 3s6w9MHo
@5 3mbGH3M 39569960, Lob3zME 3OO dWMI0MmYds OMBS s LOZMEJA0 MO GES35©
b (3090935, 30639000, 06GHON Do JEM39d0l gdmFGmL Mbgwo Br3zoL BL3gOOL
5993905L  (BHowgdobgblio) s 3963w gdol  BFmOIoMmYdL (5993900 dMIHd0)

1393006000905, gmMg 930 36w gdbg  LYdsgOHoaboddMOEBWW  5gEH03MOL,
OMIY0E 390IOYo hod3939000 LOMEEYds (SOOI dEM3IYd0). 458500bgd0L
30mEgbo 5  JoM0MOEI©  3MBIMmgdbg  808@obsMIgMdL.  0go  0gboddGmoEwo

50m®94393900L5 O 39eEIMMo Bog393900L [obaufemgdo 3MMmiEglos s 0bGHOMHBYwo
d3™3900L FgdmFHom  JMbEHMMEgds. Lob3zmE36MH0  dEMI0MmIBOL  oblOBEO3M
doM0MOI©  MBMEBoE®  ©d  LY3MmE03  LwaoMmo  gsdsbgdol  dmdoxby
0m390do  gobofloegdol  Loywdgzgubg  bgMbgds.  29850bgdmo  derm3900L
MON0YIOHMOL FMI0EIOMEGOS 39X IOMEo BJ3939000 JMBEGHOMEEYdS.

D 39030 3993960BTol  @ILILOMEL  LBdYEOMIOMETS  FOosd

©9AHSRAIPGH0  (olgmds o BJ3939)  39b0Es©s, o3 MYyombocry®  MEZ935d0
39900bs@s, OHMIgEdsg 0mEbolol d5bosbo Ms0mbo M "Q0asbEHMM" dem3s® Ao3gm.

96m0 dErm3o dgmeol dodsmom 1200 8-Bgs 9H9390Mw0. 55939040 dMm30b Bgos
LOBEBHMbYM0-358356M0 Lgmos gOHMBoomss dmblbowo. 030 @O  derm3do
399mMBs 5 39300 9doxbgds 59939890 dEM30L GHOMB-LobEMbMMo M 3566
09900L. 53 G030l  dEM306M90s  3MbBHZMIbMMe©  d030Bb0gm, Lobgmw356MHo
B 3900L5996 49BLH393900m, MMIgoE 33096 (35MEWWO FodwM-39w356:9MH3OMEILL
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1393006000905 S MMIGEMIBsE 985bgdOL 3OMELOS ©935300M9dME0. goblblszgd0m
3bG3MW396MO dem3900L5y96, LBl 3569M0 dEPM3gdOL O35BMBOL Lodswegms
bbgomds 200 3-U 96 5098539ds, B0 FoMMO SLYMIEO  339OMIGHME0  IYGGHOMOO
0bmIgos s  LOB3MIBMGO  dEM3oL  MOMOYOPNITMIOEIOMEGdS S TS0
LoToEgMs Bb3sMds 1303 LYIROPNIOO S MLBYIEPBOEM 2535EbIdOL EMbgms
bb3omdob LBog3dz9wbHY 4obolsbEzMYdS.

153356dm  Lo@yggdo: ULE0owwOO  bdvd3os,  LwdME0MYdMmo  gowob
GObLRMOB5300,  MJOM-B30wgbd-3mEodg@ow Mo  25350bgds,  Lobgmen 39690

dEM306905, 30L3H3I396MM0 dEPMI0MYDS.

dglsgsemo

dmbololl 85bosbo  Gsombo@gmol-93msbomwo  dgBowwmaabm®mo  LoGEywol
396G mEmo  19gadgbGol (Bsb. 1) 89dspabgwo Bsflowros. ogo  mgOHm-Ldowgbd-
3m0dgAHOMOM0 @ MJeml Mimezo® s 330609 LBMEBOEIONO0 4985©bgd0MSs
PomOmopabowo. 0go  Jowsd  MdOEroLOEIL  LsdbMHgm-sbsgergmom 50  39-do
900905M9MBL S (3503790 SB53ZOL 3N 3oBME 1YMH0ST0s WM IsE0DYOIEo s Bgbmsb-
39935699600 393969900  ygdgdomss  9g9do  (bsb. 2). dsbosbo Gsombo ®mGo
950060560 33960055 Ho®mBmygboo - dobgmwrols s dgdmazs®ol (Bsb. 3). gl mMo
339%6do  ®930mbose®o  MHM3930005  ROYMRBOWO  ©d MG "20a50@WE"  dewm3bdos
39005390 mo  (bsb. 4) Fobgmeol 3356d0L A98obYdOL sbv3zo 88-90 Beb.{geroo,
0990539500l - 79-819¢b.{gero. obgmemols 3356d0  GHMYOMB-LIBEGHMbME  FsdogzgGmals
09905000 3B 0o, 6H™Igero3 36qB0E-530¢-MO0MO0MO
31039603005 93900, 39J03560L 339600 Lsdomgdo 30 JOMOMII®
3oLBOTOL 3533566 BHEOJOMOME0M-I30GHWIO 3 IbME Lgeosl M353806MH Y0,
Omdgwog  dmOdmegomol  Gv@Eg-meo306056  BsBowEGHMOO ©o  GHEMJ0dsBowEHMO
09900055 250085OMWo (bsb. 2-4). 39Jm03560L 3356dd0 298506905 Homdm®qbogos
9303969360, MMEz0E® S I30609 LYIPROIOO MMMl obYMHIODBI300m 33503-
3903353 )M 39GoLMsGHoE9ddo. 030 Bobo3300900s mdmm-b3oegbd-
30099 @omo  J0bgMowobs300m.  89J0035M0lYs0  2oblbgeggdom  dosbymarols
3396d0b LsdsEM™Mgdd0, 4505069008 DBmboermds BodloMgds. Ls3MMmOgZ, Ly roOO
MO ™-530¢9bd-3Me0dgE S IMH0YToHYdS 50d535¢ FOowdo "5 ROM
930396930 MJOMb 2595006930l BMbsdo gowool, GMmIgwois 3395M3-JoEIEMmbMO
@S 33903-05M0FM doMM390Ls @S IBH™M3I396M390L M393d06M©ads (Gugushvili, 2014,
2015).

936500l 5JBH0MMO 30OL  AIMEOMPOMMO S IMODSTOIMMO  263000509dY,
39w 3560bdo0 s BooboMdmBmds 396330 BobgmMmBmwo g@s3ol  bBdMJzool
36OHMEL0MSs J9B30MHMDYdIMO. dcrboliols 3oebosb Moombdo Lvmdmdzool 3GMmiglol
60 LGOS BOJLOMEYdS. 39MIME, BM®IMEo (LEHBOWMMO) BYdYJ30s, OMIOob
©OMLYE BMOOME30MJIMWO Bows FsbEG05d0 0d0MGdS  GHEBLBRMODs300L  (Fowmbas,
3oU3M3s, YABIIBEGHO S WIWHT0bSE0s) P36M9dY. LB YIJ300L 539BHO3L 3 396MO
6350900l (VAG) g3m®306m900l 360m3gbdo 993538060905 3060G9@) 329w3s60bdo o
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MdOM-30w9bd-3modg@owo (Au, Pb, Zn, Cu)dobgMowobsios. 990pamd ofjygds
1133060900 BOEOL BHEMBLBMOT>305, MMIgWLsE F9bGH0MMO 0s306MH0L T9dmF6o
393006000905. 59 93o3bg 3bIMds Moo (VAG) 3000560905 3935603000 03300909,
MIgog 9305Bool sdGHoMe 3009Dg MHoxE0bado s IMIMBOE-E¥)GHYOSBIWEHO-
AM90@GH6 3290356003005 godmbo@ . VMS odol 099;mos-30¢gbd3mebgsbd
399569056  GPIMO© 89390308 A9630MPOME LGOS DBY, MJOMLS ©s BHY300L
dmbsffoggmdol 206989 56 dsmo dobodsermmo dmbsfogrgmdom LooswrmMo Jgedols
3995006900l 36Om3gbd0 dMbsforgmdol  FoldBHBdMb 393806do (Gugushvili, 2015, 2016,
2017).

33956030l 49m0bsdozMmo 300G IO0Mgd00  3M3sbMo  LgMogdol
39G™™JodomMo s 390J0doMH0 06035@GHMMGO000 FoboloBOZGms, HMIgwoi sLobogl
1133060900 BOEOL GGOBLFRMOIsE05LS S FobMsb ©H353806MGOME FobEGHoMGO
3939bol Mbgl 56 LEGHdOEIMMO 1YdYJ300L 3MMEILL s 30O-GMB 39 3ISBMO
59BH03Md5L. 33560 5dBH03MmdOL s FYEHowMYgbool MMMOIOHTMIOEIOVICGdS
133008 3OMEILMID dMEboboL Fobosbo M 0Mbol Fogowomby gobbowros
39999 IOm3qddo (Gugushvili et al., 2002, 2014; Gugushvili, 2015, 2016, 2017).

dmbolol  dsbosd  Mvombol  Fobgmols  3396do o Foebdgd ;3390
30395603900 39963 O35 MMHO 30MIMGO0 3MBEHOMEIdS, 5806 HMEILSS
099053500l 3356308  BMOMBToMGdS  89396030L  Lofyol  LEoOosL  93953d06Mgds. o
3oLObEHAOL  ygdol BMOToMGOOL s 35836MmO 3ME3bMGOO  5dBH03MmdoL 3oz
L3OO BY BHMOJOMOMPOIEOGIOO 3w 3560DT0, 3350 3-35¢0835@HMO FgELMIsGHMDBO
@5 3oL 3930060930 MLEBOoE® MJOML JobgMoobsEos B939M30L Lofyobo
UEHOO0M 3MBEHOMEENdS. 5 FsbGH0MMO 253 gbs LYdEMBY 31 3b0BIdo s GBI
39GOLM>GHMBTo  209M3w0bEs.  FobGH0MMO  2o3gbs  0BMHEYds 33056 3983564960
ImOHInwgmol  §ygdol gmOIoMgdol  3OHmEgldo, GMIgwos  GMogodsBIG-GMAI-
03060560 35BsEHmMo LgMoomss Ho@mdmygbowo. 25350bgdol dgmeg - LszMmemog
bLoegoOo  gobs, OMIgog 33903-3900d35@Gm0  89@obmIs¢o@gobgs
DIOPIIONIENO A9OOM-E00SDBMHO B 390000 JMBEGHOM®W@gds. 00 MmJOMm-b3owgbd-
300dg@omo  JobgMowobsgooms s  bobdsbmmo  g3oME-3MoBoE©O
36MHM300E0D300mss foMdmygboero (Gugushvili et al., 2014; Gugushvili, 2015, 2016,
2017). ©90mbligbgdmeo 2536MMm-0sdsDMMH0 JFBHm3900 s dsM©39d0 Fo6dmoa9bab od
3395699600 39600L 53x530DYIL, LooIbsE BIs 398356wMTo BHMEg Mmw030b0560 o
G©5gd005BoGHGO0L 5dMmx3d3939 S FMOTMEgmobL §ygdol BmMOIomgds bgdms. obobo
539096 89350390 M0xEGH0BAOL s BsbEHOMMO Os30M0L FgaMFMHOL SO
9®93L. (Gugushvili, 2015, 2016). 53539 ©@OML 50LSB0TBS305, MM dgJmo35M0L3356d0L
LodOEMIODY  LO3MMOO3  LmegzoEwed  35sbdo  mdOHmL s  GHYzo0L  FoEowro
3993390°™d900 BoJLOMYdS, M53 Fgodegds S0blbsl Losery®o Jgedol 360369 m3zs60
dmbsfoemgmdom  3osbfomdmdmdol 3MmEgbdo s BoEIOoL  FoMOo
A99396M5GHMMHom  BsbGH0oMMmO  253egboll  89gEe® 89390308 BMEOToMgdoL  Lofyob
UGHOOHY. 5356 53 9BO3BY LosEMMO J9OJosb ™mdMml 0bEHgbloMo sdmEGHGH3IS
3965300M3s.  BMoIdOL oo 3HgI3geoG MDY, o 05sbdmoxby Pbmbsdo
LobIoEbMMHO  930ME-3MO0DBOGWMO  3OMI0WOBHODBIE0S3  F0335608693L,  HMAOl
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A99396M53Ms 350-400°C 3560 gddo dgMyggmdl. 89dm03560L Lodsml 3mGmBoMYE
955680 mgMml 9993390 Mds LTS M 5 /G “YOOOL, bmerm Jobgreol Lodsmby
030 LSdMoEm© 0.8  a/GHmbss, o LobIsbmo  Fgazeol  3O™mEglo  MBOM

0503993965 Ow LIMOEOE-JWMOOE)-35MDMbIEME SbME0s30530 odmgzEobs.

3.1. dewm306Mgdol 3Mm3glio dmembobol dsEbosb MsombTo

0mboliols d5bosd Moombdo LdYYJ305Lmsb 393006090 o  dEM3IOM9dOL
MO0 9330 2o9Mm3w0bs: OBz IBMMO s 3MBBHIZNWIBMEMmO. Lobzmw3s6Mo
0@ M3060900L  9gBHO30  AMbm©om®oG Mmoo  0b@GHOWBMwo  JBHm3zgdol  FgdmFGoom,
G0dobgblom s 39bIMEMs $H9390000 (5993900 BEM3IIO0) @S 39 OYHVICNO
B5939390000 (©5d0MHVIMO dEM3900) 3MbGHMMMEYds. gl gBEsdo "930Mg" dEm3gdoL
RMOHI0MY35d0s LMo,  JMBEZMWIBMOO  dEOM3gOOL  gBe3o  LvdYY30MHYIIO
Rool  ©9AHSRIGPGH0m  3MBEGHOMM©ds,  OMIgoi  M9R0MmborE  ©:3935300
3903w 9gbowo, 58 ME3930m dMboLoL FoEbosbo Mvombo MM "Q0asbGHMO" derm3s
0YmRo.

3995006900l 36OHm3gLbo LobgM 36O derm3gdol sH93900L 9BO3L 13538060 Yds.

9505b6{oM3MIMds 56 3000690 390 IME0 Bod (393900l F9909Y @ 9O3 "30a6EG0"
03900l BMMOI0MHOOL UBoOsBY.

3.2. 3mb3H3MeE 356vMH0 dem306H9ds

dmboliols 35bosb Gsombdo godsbgds MYA0MbMEo MM39300m FoymazoE MmMH03Y
3029563 6" 33805 M3 0HGOIMWo s OO Fobosbo 3356domss Ho®dmagbowo
- 0500690l s 89J0035M00.

dmbolol  dsbosbo  ®somboll  mMogg  3396d00,  OMAMOE  30O-GGI
H0MEO30GMO0, oLy  LMdGHGI  G®9JoMHomIzo@dco  33ebmeo  od@Eogmds
03b03d3M0EH 900l  58MRJ393000 O 39WIOHMo  Bod39300  LEOWMWEYds, GMIJOo;
d5bgmeol  3356dol  derm3zdo  Momwom@o  9duBHOHHBogdol FgdmFMom, bmem
099053500L 3356d0L derm3do GHModoMommwomMo gJuEGHOWBoOm 153 Fodobgds
5 LodoMgdo MmM03g 3396d30 350y 9dTdos dmdigmero (bsb. 5.). Bosbgrmerolizzsbdol
Lodomgdbg  go8500bgool  3MMm3gbdo, MMAMOE  MmdOHM-L3owgbddmMzoMmwo, olg
93099690 mdemb Mirgom s 330y BR300 godsbids fob MLmgdL
03b03dM0E900L  50mRJ3935L s 39gH e Bod(39390L.  dgdmozotols  3356dol
LodOEMYODY MBMEBoE™ MMM godscbgds 0gb0ddMOEHJOOL sdMmRBJ3930L Hobalogdo
360Hm3qLos, bem  mdOmMm-b30gbd-3mmodgEowao  JobgmowoBs30s,  MMAGWLSS
3906MHM-0505HDM0 FEHMIJOO 530MbEHOMEOL, 046030MH0EME0 sdmMmxd3930L d90yMTo©
339bobgds (Gugushvili, 2015, 2017).

9obgMerols s 09dm39M0L  Bobosbo 33560900 ™M dmdoxbg "a0asbEHme"
0em3dos dmd3gmo, OGmdwgdog 9. 8595396056 bgmdol golizmog Mgaombseryy®o
03930005 39gmxzowo (bsb. 3,4). 85bgrmol 3356d0LLYdIMYdO EHMOME-LobEHMbMO
05853905L  9gdsdos  gobmagligdmwo.  Fobgmerols  3356do  sHBoE  derm3dos
dmd3gmmo, bmwm  dgdmszscol  3356do, dmdoxbg dermzol 398356960  Slszol
3oLbsdoL  ygdsdos  2obmagligdeo, MMIgwos BgEs 3993560 FmGHImEgmob
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0990000 5M0L A5GRMIO. Fobgmerols 3396dol G99(33900 dEM30, SHBOWYIE deErm3l
D068 9bL 09dm535(0l derm30l J0dsMmm. 3583560 AoLsbEsdols s FMEOTMEgmOL

0990900 59 9OHMBoom sGOL dmbLlboo, Bgs LEbEGHMbMGO FHsBIool §ygdol Bsmgzeoom.
9HMPOMYOMEo 339569900 gMHool LoddEezmols dsmzseobfjobgdom, dswbgrmerol
0 M30 M9200b5e Mo MH3930L golHizmog 1200 3-00 GOV sDoWMWO. MHYroMmbrywo
GO3035 ©O  »30395063M0  dErm3gdol  BMMIoMYds,  LdEOYE0MHIIMWO  Boob
©9005358356996-0558GHM0bGHMI ©939RIGBEGHMD Mbs 0gml ©s353806M9dME0. 5J9sb
39903006569, H9a0mbMwo MH®3930Ls s ,FOFIBEGHMMO™ dem3gdol FoMIMTMdOL SLs303
©9005358356996-055UGHMObE 05 O dEMZ0MGd3 3MLEZMWISBMMH0 3OMEqLos.

abao3L0 2963056935 50HIMHOW0s dMWYsMIMOL LMYODMYMOOIL 35B580MM0T L
85006056 ®50mbTo. odog 31w 3boBIoL 3063900 9BH30  3J0O-GBg 3360
900 MOl FoMdmgbowo. sl MJOHM-L3oWgbd3MmOBOOMEO  (gEoBLOGI) ©d
0dOmb  dopswlnego®o  (Bgarm3dgho)  Lodsmgdo 353000,  MMIGEmS
RMOI0MGO0L 5530 91.3-92.49¢b.{gwl Ggqlsdsdgds. 0go 3060-GE9 39w 3960Bom o
3MBdNmms MW NOHO 3056090000 3MBBHOMEEIds s BEBNVOWOO 1IdYJ3000m
5MH0L 296306MdYGOMOo. 1vdEYE0MHJOINWO Bowrol GHEMIBLBMOT>300L F9IAS©, 9753
dMm3MEo  ©sbs)g3Mgds  BodloMEYds,  3MOBOOW S 9G3oMYIMINW  MgOm-
30d9AHOE 353500b6705LMb 9OHMOE, MHMIGEms SBs3o 86.1-86.60¢b.{gros (Moritz
et al, 2004, Von Quadt et. al, 2005). 50235605, UwBdME0MJOMO Gowob
G®9bLRMOB53050 54533 2990305 396IMEMS B3SO0 30MMYOOL 39356308 LoHyol
1390530 4o@OBZES S ,R0RBEHMOO” de™ 3900l FMOI0EMYDdS.

3.3. LobgM 356MO dewm3oMgds.

dmbobol 350b0sd Gs0mbdo 3mBEBZMWIBMG ,30356GHWO derm3oMgdsl, {ob
MdEmEs  LBob3zMIBMGo  dEPM3oMmgds,  OmameE  bm®Imwo  (LEHIBOEWMMO)
bBd©EJ300L, 0Ly  LMPMEOMIPMo ool  GEMBLEMGOIs3zool  3MmEgLdo.
LOb3MW3BMMO  dWM30MGOs  F9FM3gME0s  BBHIdOWMHo  19dYJ300L  9BedbY
3M5bM©oMMoEMwo 0bGHOMHMHB03900L F9dmFMr0m, B30l BLZIOOL FHomdobgbloo s
by BE3sdo 363 gdol BmOI0MYdI0m (5593900 dEM39d0). 53 3MBIMgdbY
03b03dM0FWMwo  50mBMJ393990  bIOMES, OHMIWId0E  J9IOHIo 39300
LOHMPOJIMES (FOOHWMO BEPM3Yd0). AbRo3LO F0M5MYdS 1IdPWYF0MIOMEPO Forol
G®9bLRMOAs300L 933D 3 BoJLoMIdS.

3.3.1. bobgwyEn3s6vyMmO deMI0MmYds LiEsdOEYIMO brdEMI300L 9Bs3bY.

G0dobgblmsb @ 39w BJ(393900096 39300090 sH9g39dO o
30O dEXPM3gOol BmOI0MGdS, OMBs s LogmEgdo dmbszzergmdlL. mwdso,
50L60dbs305, MMI sH9390 3063 gdBg  0ab0FdMOGHMO  sTMBOJ393900 S
3OO B3J393900 Y30wob ©o Ym3gwmzol 56 bEgdmEs s gb 3Nbdrwgdo
3903, D350 599390 dem3gds© MBgdMm©bgb (Gugushvili et al., 2014; Gugushvili,
2015).

9506970l LEdOML GHIMOEMM05DY BH0AolYbLlo s 396dMEgdol FoOTMIMdDs
3656Mm©0MmMH0EMmo dBH™30L J90mFM0m sMHOL gobdoMmmdgdMwo, Mmdgwos og 500 3-ob
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LoE®mAgHBg dMOM3000 BoJLOMEYds. dobo K-Ar 5153088 dwb. fgwos. gl d@mzo
oMo BEOEIOOL 29TBHOMYOJ0S S FoMMIB, 30039 93o3BY, 0bGYbLoYGO
3933903905  9MOL 53533060900,  OHMIGdsg  IGMIL  og3Bg  ddwsgzmo,
3933903900, 9330030 9360960 FoMdmagzs. ol J390 ORMM30ds  BEYOEYIDS
30OMMIMOINMOo  5x39mJgd900L  LgMos s 3M9JR0gdoL BMOT0MmYds  obsZ0MmMBL.
5x89gmgqdoL  36M9dhogdo MmO m-L3oEgbd-3meodg@omyMo  dsboo  (39996@@gds.
3MOR0OME0 45850b9ds 9993339 33903039030, BbHobfiero Bsbol Lsboom, o
RONDBY3 3M(39IY0S. 503o35¢ FMHowdo, Ly3MM03 LEBoMO sbols BB,
0539 930396900 YLYwgoEm  mgdmb 8983390 33503-JoEIRMbO0
9%™3396M39006 Bmbs  Imbigal. 5933500, FobgMEol  LYdsEMDBY  L3MHGOZ
b BOIOHO s MBMEPBOoE® MJOML 9033900 Fobgdol BMboswMds RBoJloMgds
(Bsb. 6, 7).

50539  ©MML,  85bgmeol  LYdsMbBy  F3oMg  LOAIWH3EMOL  BIMOE)-
30039 @oO0 dobol LBHMOGOINORMWO Wobbgdoz GOl sy bowo (bsb. 8.)
(Migineishvili, 2005; Gialli, 2013). obobo &o0dobgblbol 3039 g3l )393006©9ds,
HMIgbs3 969300 S dMYJR0s-3mbAMTGMHEJOOL BMOToMmgds dm3yzs. dgdhos-
3062 mdgM53go0 33ws3 BLZ0m 08sMYds S GHYRMSTo Lobly0dbEIE30MMO 306M0d-
39wbo3m303)-05M0GM0 @5 B3M0EF-30e0dgBHOIWNMHO  3585bgds  BoJLOM©YDS.
05600&-090b03Mm303)-856M0F M@ F50s6d0 MBOOLRIMO ds®oG0 BmMmbsfoegmdl, Hmdwol
Bo®gbgdo  (Jugbmeromgd0),30OMMIMIMNWO  s83gmdgdol  d6gdhogddo  agbzgds,
HIgoE 3MOHBOOI-930009MHINWo 45350bgdom ML HoMImygbowo. mbmoliggmo
0500@0L  JugbmeEomMgdol IMbsfiorgmds SolEMGOL, MHMI Fobgrol LsdsmBy
LobLYEOTgbBHIEOMOO  godsbgds  ffob  MULHMgds  IMOBOOHME s  g3oMYMHIM
906965¢00Bs30sL, MMIgELsg 036030M0EJd0L 9Judembos s JowrgdH o BodEgazs
dmbg3l (Gugushvili et al., 2001, 2002; Gugushvili, 2015).

95bgMol  LYdSEML  39M0gMOL  EILHZIOH  BWIbaDY,  0b0ddMHOEGYdO
WHGHYMOMEMmO© 9gdoxbgds Fo0 J390 obog ¥ BHgndmoEgdl (bsb. 6, 7), M3
39WgOH e Bogd3935L  s@oLEGHWMIOL. 39 gm o Bod3g3s o  HOME0mgdol
998GHOMB0gdoL  9dmFMoms3  BoJLoMEIdS, OMIWIBOE  JIWPIOMEO  3MWHIRLOL
9096086909 GMEMMO 0306 ME0dEgdL Fomdmowyqbgb (bsb. 6).

50235650, 8500bgol LodosMBY dErM3gdOL sHY3900L MO gBEe30 BodLoMEYdL.
306390 9BS30 3699R05-3Mmby™IgMo@ ool BMOHIoMmgdom, bmerm  EGowdgbligblol
dgmmg  9AHS30,  0ab0ddGOGHMo 3B mEo  5dBHogmdoom  ILEWOHYDdS.
03603d3M0FWMwo 39 3560Bdo 30, 39O BsJ393000 LEOWMEEIdS (IJOOHIWO
0@ M3900).

95bgMeol  LodoEMDBY  LS3MMOMO3  LYPROPNOO ©s MLIMEGOEM  MJOMU
39933900 3535006905 90 OO dErm3do 5™l dmd3goero. dobgmeols 3356dol
bbgo BodomgdBg dem3gdol sbs)g3egds olbobgds, MHmIgwoa dmdoxby dewm3zgddo
3995006900l BMbormdols mbgms Lyxdz39wHY ILEIOYDdS. 5d0L 83550M Fogsoml
Poogwo  bmgwolb  Losdsm  FoMdmoaqbl, ®mdgmoi Ubgs  Lodsmgdmsb o

950056350Mm3w069093056 9OHMo©, JoWIAHME LEHOYIGHMMITos dmdisgmwo (Bsb. 9).
9O»s© obobo Fomgwo Lmgxgwol Fsbosd 39wl Fomdmoygbgb. o sMLYdIM
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bbgoollbgs  ®d09dAHbYg,  Ls3MOO3  LYWROMOO ©s  MBIEgoE®  dJoEbgdol
Bmboermdoll  Logmdzgnbyg, sHoMwo @  ©sdoOWOo  dEM3JOOL  sOLYdMDS
©ILEGHMOYBS. 00090 BMBEOL LodsEMDBY (bsb. 10) SETIMVBLgE 9o derm3do, GMmIgeos
390G MOHO dEPM30D MHP33900 MOV QoYMROWD, 25d50bgds 4M6EOL fywgdol
©mbgbg s BoJloMEYds, bmwm 39bGHMIME dwm3bo, 45950bgds doosbo
30763 0L Fygdol mbols §g3qd sGol dmd3goIero. BLomobsm, s5dMLOzEW MmO derm3ol
MO M-30dgAoOo  25950bgds, MHMIgoiE sSHBoEMEos 396GHMIMMO  dErm3ol
3035600, 396G MEM0 d™M30L ML a0EM MMMl godsbgdols IEHm339m 3D Fowess
3960900 s oL 90dsgsew  FHowdo, MLbIEgoE™ MmJOHML dobol IEHm3zgm 30
dmbal.

565¢Ma0mm0 G0 BoJloMEYds J399m derboliols LsdsEmbyE, GMIgeros
039300 9OOL MO dMISO  oYmxowo (0.359530dg 1:1000 5393308 sbgo0d0).
50dmbogwgo  dermzdo  LBO3MmM03  Lywgouymo  as8sbgdss  3bmdowo,
Podmpabowo  mdHm-L3owgbd-3meodg@omOo  Jobgemomobsgoom,  GMIgwos
33903039008 300MHMMYMIME  369JRoSL 5399963JOL, bmwm oLz e  derm3do,
MMrgom  ademb 93096930 3985©bgds,  339M(3-35M0GM  ©d  335M3-
Joer3gombméd dEm33960390L M3953806Mgds (bob. 11). 53539 ©MOMUL, of 240-341 T-ob
LoMIgbg  (dMMPowo  631) 306003)-J5ww3M30M0GHMWwo  FBHM339030 BoJLOMEYdY,
GIgoa 3 /G O™l 9903030 (bob. 12).

Poogwo  Lemgmol  8sbosh  39wbg  dermzmEo  LEHOIGHMOS  MsBsGolols
0505b6390m3w0b6905Bg3  ©a0bgds, Loog sBoMw  dwm3do  mdOHm-L3oggbd-
300d9g@o6 45850b9gdsl, M393000 9doxbgds derm3o, 39M3berol 99333900 3350 3-
05M0GMO FBH™M3I300300. 9453, OMAMOE BBL, sDBoWMWOo dEPM30EB MiMwaoM
doboll Bmbss  FmMgisboro. 9bserMYomMo 3000560935  Jobgeols  3356dol  Lbgo
LodOEMYODY3 9MOL IYJBOWO. Bd3OFOL bEdIEMDY, sDOWMWO dermzo MmJHM-
b30gbd3mOmROMMEo  godobgdom, ME393000  gdoxbgds  MLMwao®  MmIOH™L
399506900l 99933900, BxMM5O 335M(303JO0M 5290 dEm3L.

d@m3MM0 LAM®MIEGHOS 835530Mm© BoJLoMEYdS FobgEol Lsdsml (Gugushvili,
2015) 9mlsDdE3mg I30m-35MgX0LS O 39B96 3500l BoobsdM3w06709dbY (Bob. 13). o
399635058 mgHm-B30gbd-3me0dgEow )M 25950bgdol s MLzoEM 39MHEbEol
899339 339ME-BIOOGNW ©d> MO 899339 33903-JowEIRMENO HM339M390L,
dmdoxbg, @300-goGgxol  dm3zdo  sOLYOVIE  49ToBYdLMID  Fgsmgdom,
3obLbg0390wo ©Mby MFoM3m, MoMs3 ILGHMOPYdS, BMT  J5GIMIH0L  dEPM3O
SH0MW0S IZ0M-F5MGX 0L dEM30L 0O S 339 3-05M0G IO ™Mby dmblbogos
9JOHMBo0m.

3.3.2. Lobg369MmO dErm3oMYds BMBdMEOMIIMO BoErol GHMBLBMMIsz00l
9393%g.

LobgMW3sbMMo  dEM30Mds aMdggds  LMOEY30609OIMWO ROl
G®obLyMTozool  3Mm3gbdo s 93530Mm© M3 obs  BOOOWM-50dMb3eIHO
»303BEMM0“ dewm3ol FMoggddo. o Bowol GMmIBLBMEOTo30s 399356wMT0 0fjygds.
306039 93Ho3bBg 020  3M9bM-oMmOOFGME  oads@oDddo,  BHMOJoMOMPIEGOGHIO
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3935601930  godm3zwobs  (golobsdol §iygds), bmem dgmeg gBHe3by, FodMm-
QO0505DMO  3530530DTd0, BHMOJ0OIBIWEHMO ©S GBI 0306056 BB ©
300395600330  (GmOHImegmol igqos). GEMbLEOHMIs300l 30M39e  9BHO3mb, 33956 3-
39w0d353HO  G9@oLMBsGHOBIMD  MmdOHML  Mimgzo®m s dgocdg  LYYIROIOHO
906965 0Bs30s 9MHOL 53538060900, bmerm gmMg 9BHO3DBY, 29OMM-O0dSHBLOO
059053 0bdo 3505 3H9339M5E Mo LobdsbMo 930QME-30DoGE
36300 E0DoE0SL Qo g6 ™-5309bd-3M0dgE oM 906965 0Bs30sL
53MBBMMgdL. 258506905, 9453, 39IO BEMMIEGHOMGOITo SOOL WMIsE0HIdOo
(Bsb. 5).

B M3MMH0 39dBH™bols 9953 MBMXRoE™ s 1O3YNMOZ LYYIROPIOHO 4535bIdOL
0m390do 29650 gdols Lyxdzgdy 030mbgds. 58 FBGHOZ MZ5eLHROBM Fogowomls
Do60mogbl 8903900l 335600l Bodsmgdo: 0390, IMBSDBO s 39JMe356M0.
0990 bdsEML BHIMOGME0S BT dEMISE 5MOL sbsHI3MgOmEo (bsb. 14). Igmeg s
dgbodg  derm3do,  JOMOMOIPIE, MLMROE™M  MJOHML  FobgMOEODBs30s  SMOL
Po@dmopqbowo,  OHmIgwog  339M3-3908353)-bgMoEoGVI  Fg@OLMIsEHOEHIOL
©1393806¢0905. 57, J395 ™bgbY, 339M3-3950T35GHIO FgGILMToG0GHY0T0, 1O6-1Bdb
30039 @om0 d5bol 53mx80bdo BodloMEYds. 53539 OML, 30M3gw, LodbMgo-
©5LO3Egm dm3do, Bs3MMM03 LWROWMOHO FobgMoeoDsE0s FoGdMBL, ™6IY30
930ME-3m0DoG-5dGHobmnwomnmMo 36300 GH0DOE00m. mdeOHml
39933900 d5350056d0 o 5 2/G-b 509g3L, Lo gbdol 0.5% 899339wMdOL BMEDY. 98539
©OML Jgmeg s dgLsdg dewm3bdo MivExzom ®mJemb d99339emds 0.9-1.2 o/3-b
MOOOL, boem  3modgBowgdol Bmbo o 3OHMEI6GHOL  Fgolgl 6 50goGds.
50L60db65305, MHMA dgmMg derm3zdo dmdeoeds (JMDH-001) Lop®dgdo 151-174 3-ob
063963530 2500533900 LO3IMMGOO3 LW RoOO  25d5bgdol Bmbs, GMIgeros
9903936 5 /¢ Mgdmbs s 0.12-1.15% bL3ogbdl. sbgomo Bmbols Mimeaom dosbols
39933900 d9mMg Bmboll LOY®IYHY SMLYIMBS dEPMINOO  65[93MIPOOL LML
5Q3LEGHMM9OL S oL LObHMRIOXM® FoMmBMPA9bOE 56T 96EJOL 5BoaM9BL. deM3MMO
565936900l ALAS3L0 30MMYDS IBEWIMEYOS IMBSDOL FgMEg BoEobYSTM3E0bgdOL
dogomombga (Gugushvili et al., 2014, Gugushvili, 2015).

390Lo3MPMYdom  F3980ME  0300bYds  BWMIMMO  BFI3MGOS B0 39M0L
Lodomlb dogoomBy (bsb. 15). ogo 3983569960 sLs30L golivbsdol Jagws fygdsdos
WMISW0HYIMWwo, MHMIgog 03Hg 95093l GHo6dool  9bIBOEGE-dsBswEHMO by
LOBBHMbMO  Fygdsl. golobsdol  J3gws §Ygds  BHMOIJoMOMPIEGOGHIN0  GHMIBIO0MSS

529000. 35Lbsdol d39s §9ygds d69dR0s-3mbaMTgMEHIBdOL LB O YD
(Bob.  15). 50  @ILGHOL  BMOHI0MYOST  35339BME B350,  gMbmomMo@wo

06@OMBogz0L 90mFMoL 999gad© , HMIgwos Loe®dgdo dMOVOoWom BoJLoMEIDd.,
399630l (derm3zol) 5593905 o6530MHMdS, beagm GHvydg-35603mbsdwo gwrogdol
©90mgddg9dsL G65JoMH0MI30EH WG A&MB90bHY 339603-3903353 M0
39@oLMIsGH0GHJO0L BMOI0MYOS 3538060090, 36Ol BYPI30MOL ©YbIsE0SD
0699B05-30mb20d9MoEgdol QsLBGHOL 3MOHIOOMGOS 399m0fj300. 069ghos-
3Mbaemdgo@gdo 8939095390 os  MmdMm-3owgbd-3mwodg@owmMo  dsbom. gl
9oob0  5399963HIOL  9aM9gM39,  30OMMITIMNEO  973JNJJOoL  dMJR0gOLE  J39
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2oLobsdol fygdsdo (Bob. 15), GMIgwoms olzMog FosbToGHIMIOIO B0 IYOO
50m90bgds @5  ¥69dR05-3MbaMmIgMEdol @iLEBSA0  3ME9IEYds.  dMIROS
306 Mm@ gdol oGl 193D 50093l 2oLEbEsdol Bgs §ygds, MHMAgEoi GHMSJo-
©I30GHIM0 BHIBIO0MIS 59O O 36 FJ0EO3L 25d5bYBdSL.

097053500l Bsdoml  BgM0EGHMM0s  MHP3JZ3000 MO  BWMISWOOS  JOYMBOEOO.
D99M0HIO0Wo 29 MP0MHO 30MMgds 50IMLBIZE dErm3do BoJlo®mgds (Bsb.
15), bmwm @isbegmm@Mo dermzo Fomdmoygbowos Gsbdool {iygdsby gowogscvyeo,
3396M(3-3903353M0 393)oLmsE0Ggd0m BsbE3wgdMwo, J390s 2olisbadol (ygdoom.
069JP05-30mbaMmIgMHEH00L LGS o  2oLobsdol  Bgws ygds o Tmblbogros
9OMBoom. 030 P derm3l FoMdmoagbl sH93900 S©IMLOZEMMO dErm3ol
900s6mm. 59539 MM, LM dem3do dMOPZ0m LOMMIGIO 453390000 AOFOIM-
©O0505HM0 IBH™MIJO0 5 doM3900, MHMIdLLE LO3MMEO3, LMEXRoMOO MmJeem-
L30gbd-3modgBowmo  JobgMmowobogos 353000 ds, LobIsbME  g3oME)-
300G 3OHM300EGH0DE0LMIL 9OHMO©. 3OM30E0EH0DBIF0s O 25d5BYdS QodCIM-
©O0505HM6 Lbgmembg s 3390 3-350835GH6 9EoLbMIsGH0GHI0DYs BYLIIIMWO.
3906M1-0505HMM0  BbgMEgdo 03 390 3956MMH0 3960900l 53mB0BYOL Fodmowygbgb,
Lo0IbsE  FMmOIMmgmol  §ygdol  GHGHY-m03060560  BIBIEEHIOOL  5TMEI3930
bgdms. oM 5oLy,  39Jm035M0L  LYdSEML  BHYMoGHMM0sDY  3bmdowos
O dmegmol iggdolb sbosewmyom®o Gm@g me03060560 dsBow@gdol dEHm3gdo ©o
do63900, MMIwgdoi doBbgMwos  dmdmegmol  ggdol  doBogr@Hgdol  53mdY356
373566 ggargds (Gogoladze, 1999). 3506MHM-0sdsBYOOLS s BB M03060560
dsBowGHol  9BH™m3go0  Fo0o3H9d396M0GOHwo  30OMLMMWBOEIOO  BEYOEIOOL
39939690 qdL oMoy gbl, HMAGOMbs3 19093500l bo3MMMH0Z LM BOMMO
95056(oM3MIMBsd 9393006093 90. 09Jm535M0L BodsEMDBY BWMOIMHO 5JEH03MdOL
M0 93930 LEGHWIMHYdS. 30039000 FMIBMEOMOOEMM FEM3IgOL, 335M3-39¢0T35¢ 6
39@oLMAsGHMBLS s MMEBoE® MJOML  obgmooBsE0sl  )393006MYds, bmerm
3969 - 29506M-0505DMO FE™390L, 30OMLMWROEMOO RBEMOEIOOL 5dEH03MdLS
5 1O3MMMH03 LMWROE FobYMHIEODIE0SL. b MO GEHO30 OMBT0S QOMOTMNEO S
bo3603 b0 MOHO 3995006905 9303969300 Mgl 999339
39BoLMIsBH0BHIOBgs  BIOOWYIMNWO.  AIOOM-EOVIBNMO  FogdsBH0Bdo @S GBI

03060560 5B GO 39 3569M0 593H03MdY, BHMOJoM0M©OEOGWMO 3 356OH0
5d3H03md0L  9Bs30L  d90amaB0s.  oblbgeggdom, dobgmeol 3356d0L  LdoMYdDY

MO ™-530¢9bd-3m0dg@ oMo  dobgMoE0Bs300L 3MMEqLo, MLBMEBOoE®  MJOML
9303969360 g585bgd0lL MsbsEMHMM0s s o Bs3MMM0Z, bYIEBOYIH FoEbYdOLS
@5 M R0M MmJOHML godsbgdols Bmbowmds godlocmgds.

50935650, 89Jm535M0L BodsEMDBY dM30MGdOL MO0 gBEo3o obobgds. 306039w0
3M5bMm©oMmMo@GMwo 0b@MmWHBool F9dmFMol F9gas® GHowdolgblbs s 3MbIMol
(0em30l) 9H93905L 353806090, bmwm Fgmeg MbvIEngoE™ 49d50bgdol d9dyma
03009056 @5 LOdSEML  BHYMHOGHMOOOL LG S SMAMBOIZEIME  dEM3IOIP
©gMmRL. MH3930L  oLH3M03 599399 O  OBOZWMO BEPMIOID  5MWIMLIZ GO
0m30L bgs AoLobsdol Mdsbm GHMagddo IBoJLOMGIMWO 3350 (3-3500T35¢ )OO
d9BoLMIsBHoBHgool  Jugbmwomgdo  (330MmS.  IBOZWYOHOBLMIOEID  gBHmboom
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dmblbogos,  MmMmamOE  g5950bgdmwo  BdMYJhos-3MbaE0TsMOEHIO0L  @ILEGYS,  obg
d0000bs  golobsdol bgs Fygds (bob. 15) o o TbmemE  Gobdoob bgs
LoBEBHM™bMOO ygdsbg gobersggdrIemo 4olsbsdol {ygdss dgdm®mbgbowro.

O M3MMH0 ©65(936M905 R0JLOMEIdS 956939, LoyMobol Lsdsmby (bsb. 16).
030  39bEaqdos  Mgaombwo  MHM3930L8  Bmbsdo  RM©OWM-50dmMlsgwgmom,
399356996 goL56@s0L §ygd5d0. 39J053560L 3396d0L BBZS LodIMYGOOLYLD gobLLZs39d00
5 b goem  25850bgdols o Lozmom®og  Lyywgoé  mdhHm-L3owgbd-
30dgBHO6 253500069058 FmMHol BMboswmdol  FHgbwgsos obobgds. MimezoE™
3995006905 3960 3bolidndE3geo  339ME-05M0FGH™MWo dm33gM3gO0mss HoMdmygbowro
mdOmlb 999339000  3390(3-J93E9MmbMM0  dommzgdom,  bmwem  mddOm-L3owgbd-
30099 @oIOHO 806965 0Bs30s LobI>bH 9300MG-(300DoGMO
303000 G0D305L 3538060 90s. 5g FoMBm©Ygbowo Bmbormds 3H9d3gcsd e os.
393603-056M0FGHWo  dom3900L BMOHI0MGOOL  3$gd3geod s 100-140°C 356 qdd0y,
339M3-Jo3gmbmMo d3™3396M30Ls 240-250°C, beem g6 ™-L3oggbd-
30dgAHOMM0 2535006 gdol  BmOToMmgds,  MHMIGWLLE  930MEGH-3M0DOGHIM0
303000 @0bs30s sbsgl 350-400°C gstpargddo dgeyqmdl (Gugushvili et al., 2014;
Gugushvili, 2015). Dmbgdol #9gd39MHo@IMs BogOOLOL Lods™mbY FoBoLEDBMIMS FoBLM-
0bogho  Bsbsrmgdol  3mBmygbobogools s ©93M9303Ho300L  Loywdzgw by
(565¢00GH03Mbo ©. 5H3Wg0sb0). MigoEm MmOML 9302969@ M0 BobgMOEOBIE0S
339033 39MbMM0 JE™33963990L d5sbdmoxbg Bmbsdog 3G 39w gds, GMIgwos
003)-3000MOMO0ME0E)-BOEINOGHME0 SBMEF0SE00Msd HoMmBm®qbowo. gsblibgszgdom
dobgerol 3356d0L Lo3PMH03 LYIEPBOIOHO 4535BIdOL FoI6MTOXDY JErMGOE)-
L9OOEO0GH-39MdMbsGHMWo  BMboLsh, o LobIsbMMo  FoLow3gd3gMsE IO
3MM3MWoBH0Bs30s  BodloMEIds,  MMIgoE  BB-MBb  33503-Jo3gE™bNO
9500563mBoxbg  30OMJsOL-LoEIMOBHME  DMbIL  9B533wOL.  BgJe3oM0OL  3356dob
L5303 LYEBOEIMHO  Fosbo  MmdOHMml  owswro 99339 mdom  bsllosmgds
(Lodmom© 5 @/H), bmem Fobgmeols Lsdombg 93 GHo30lL Tosbdo  mgemmls
3993390™ds  LodMomE 0.8 /@ 96O 509953)9ds. Mgaombmwo M3930L dmdox by
boyMobol LsdsEMDBY MJOM-130¢9bd-3Mm0dgE SO0 4585BJds MJOHML Foowo
3993390°™d00 (L5 ME 4-5 /F) boLOIMPYdS S dgMdM™L F90339wMds BIB-MdI6
20 2/&-UL 5093V, 9996 259MIE0bsMg LogsMOMs, MM LoygE®MOLOL LodIMBY MJMMm-
130eg63d-30TgEHOWMOHO A5F5DYdS, B9J0535M0L LodIML ABYOZLOI FIOMMOEWIO
06@GONBMwo IB™390000 JMBEGHOMEW©ds. BogMobol dmdoxby sMdsBOL LodsmBY,
3906OHMO0EMYo JBHMm3900 o0 E9a39M9GIOI 3MM30WOBH0DIE0SL s Bs3Mmeog
bk H J5obdo MMMl Jomoer F9d339MdIL 53mbEHMM@gdL (Gugushvili et al.,
2014).

09Jo53500L  3356d0L  Lodomby  mdOHml  g3009MHINMN ML ROEM
9069650305l gobs3oMmmdgdL BBy JoMOMbsGmo (CO2, CHs) dgwpagboemdols
REWM0Y00, bom O ™-130¢9bd-3Me0dgEHow© 3995006905l -
30OMLYIB0IO0, BMLESI© 05939 BE0EIOoL sdBHogmds (Gugushvili et al., 2015).
O™ GHOBLEMOGHOMGOS B¥YBI-390DMbIGHMEO S 30EOHMLMEBOEMMO blbsMgdom
bgdms ©s dobo  sdmergd3zol  BoBo3MG-JodowEmo  306MHMdYBO,  BEMOIdOL
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A99396M5GHMOSLmMb @  Jodoe 9900w MdsLmsb 30380680,  ILEYIMYdS
REMO0EIYOOoLy s 35639933390 J9Bgdol M0 gMHMMBOL JodomMo TMmEIEoc@gdol
boggmdzgandyg (Mernagh, Bierlein, 2008), Hm3gwog 36930m@obommo 353500b6900L 9@edols
mdOHmBdgd339¢ bbgosabbgs LsdsMmgdol doaoeomBy LEGMOEIds s Fs0d JmMob
dmboliols obosb Moombdogs.

©oL3MBos S A0MO0MSEO 336900

dmboliols 35bosb My0mbdo 835830Mm© 0LEHYds 93MBOOL sdGHOMEMmO 30EOLLsM30L
©535bolosMGdgo  39m0b5d03MMH0  A9B30EGBOL  3MY3MWODBoMMO  LEOEOY,
Hdgog BEGIO0W OO 1¥BEYII300L s BBY3060JOYWO FoEEOL BHMIBLBMMTS300L
93539099, 960003569m0LoYs6 goblbzsggdmwo GHodol 3w 3560Bdom, 3oEeMmmycMdmwo
5J3H03md0m s  d9BOXmagboom  3MbGHOMWgds. 98539 ©OML, 5  Mg0Mmbol
3INWMAOMNOHO  BMOI0MGOS  d™M3OO  9dBHMbogomsg  BolosmEYBs.  dEMINGO
©565(936M905 @5 MO0 ,308563WOO0 dm3ol FMOIoMYds, MMIgEoi MIYoMbYwo
39300 3MbEGHOM®W©Yds, 1IdYE0MGOMEO BOWOL 3MBEZME36MMH0 ©YESBRTIBEHOL
39009205, bmm 35603700 393560 BgMool dzocg dm3gds© ©obsfiggzMgds,
1063396 MM 3OMEgLOS. 0g0, 3060390 9BEe3DY, 3MBOEGMONMWO 0bEHOMHB03gdOL
3990 3F6ML, 39OEMwo mbgeo D®30L BL3GMOL FH0Tobgbl s 3996w ms BMOToMYdL
(0erm3gdol  sHg390s)  393006Mgds.  3MBIMEgdDY,  LdoghH e 30MHMdYddo,
03b03dM0EHMWo  3MIbMGo  5gBH03mds  ofjygds. 0go 39 IOImo  Bod(3939000
LEOMEYGOS, HMIYE0E dM3gO0L HTOMZHL 2o6530MHMDYIL. 583565, LoB3MIbmEmO
0 M300905 OMLYS s LBogM3gdo BodLoMYds. 0bBHOMDBMwo JEHMIJOoL F9dmFeo,
Godobgblo s  3Mbdmwms  sD939ds, Fob  MUHOIPL  0aboddMOGHWME 3w 356MH

20300 ©> I B>J33000-
dmbobol dsEbosb Mo0mbTo, LEGHBdOWMMo LydI300l 3OHMELo s Folomsb

053530060900 3M3ebmMmo  G3owqdol  (VAG)  0spds3H0bdo,  3oemn3sbobdo,
30OMMYMIMO  59BH03Mmds @S F5sbHomIMTMBS, 1gbMBsb-LobEmbom msmoMgds,
bom BdmEo0gdwo 3owols G6Mmoblgm®mds3os, 399356mMTdo ofjygds. 53 9@s3bBYg
37w3560bdo,  0s3d5@GH0Bdo, 30OMMNIOIMNWo  3OMmEgbo s FoBHoMBMTMds
39bGoMMmo  353cgbols  FoLIEHIdM  JMBBHOMEgds. 030  GHOBLFMEOIs300l  Lofyob
UGHOOL 35380M©YdS O 9453 39B30MMBdGIMos BE3zoL GLIGMHOL GHowdolgblom,
3MBdMms 9H93900m, 0ab0TIOOEGHMIWO 3 356)MH0 SJGHOZMO0M S JOLEIMMEO

Bod(39390900.
dmbololl  sbosd  Moombdo,  LEHWVOWWMEGO  LdEMJ3os @S  FSLMSD

053938060930 30MMm3gbgdo  bgbmdsb-LobGHmbom  MMOMPYds, bmwm  Bowob
GOBLROMBs300  398356HTo  0fygds, ool  GHEMBLBMOIsgool  3MmEgLdo
390 3560D30, Bog35@H0Bd0, 30OMMYMIME0 5dBH03MOS S FgBowmaqbos FsbEHoGo
3930960 sldEod0m 3MBEGHMMEYDds. 5 080 893560308 LYol bEOOSL 935300 YdS
@ GHowdgbgbbom,  396dMEgdol  BMOIoMGdom, 0aboddGOEGHWMWO  3ME396GO
5J3H03Md0 O J9WIOH o Bsd(39390000 3MBGHOMEEIds. T3S, o BsbGH0MO
393960b 9909390, 39 3560HBA0L, 30OMMYHTNWO 5dEH03MdOL s GBI MYgbool
boLosmo goblibzs30gds LEOd0W M 1YdI30sLMD s353806MGOMWO FMM39LYOOLYYD,
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Lo MLBMIEBOOM S BO3MNNM0Z LMWROPE DY BMBsEMdS sbslinsmgdls, 0d
©@OML, OMEILSE 398356MmTo  3356(3-39¢0835GH M0 FgEOLMTdE oGO0 MM ROEM
MdOml  250500b9%0m, BbsE3wgdMos  bY3MOOZ3  bYIEPB0EIOO, MmIO™-B3owqbd-
30393 s@o 80bgMowwobszoom (Gugushvili et al., 2015, 2016, 2017).

0mboliol  dobosbo  Ms0Mmbol  BHWOMB-LsbGHMEMMO s 399356960  sLs3oL
L50SEOMYO0 35 IOM0  bJ(393900L LEHMIIBHIOYOT0 sMOL FMmJ3gMeEo. FsMM30L
©535bsLOsMYOY0S 3B TOEEMEMO dEPMI0MYds. BHYMME-BsbEHMBMMO ss30L (3939w
LodOEMYdDY  Bo3MMM03  LYMIEBOYINO ©d MLIMWROEM  FodsEbgds  gMMTsbgmols
dmdoxbg 0™ 390803 BoJLOMYdS. SHY390IO S IFOOHVIO BEPM3JOOL YYOHOGOH)
©59M 3000939 gds 3580MEO 030mbgds BHMOMB-LobEHMbMGO SLs3ol fomgwo bmgeol
5 93990 deboliols bLadoEMYdDY, O30 FoMIXOL, 35BHIMIO0, doe0Fol, MsTsMOLOL
@5 Ubbgs  85056350m3w0b69093bg,  Loos  9H9300e  dwm3gddo  Logmomeog
LEBOEIMH0 25350bgds g8oxbgds sdomMwo deEm3gdol MLaoMm 25350bgdsL,
O0dgbsg  Low®dgdo  33eog  Ls3MMEM03  LBMEBoEMOMO  4585©bgds  9Bs33wgdL.
3993569960 5b530L  LMBEOMEOMJIMWO BOEOL  BHEMIBLBMOT>30LME 3538060 gdM
LodOEMYdo3 MIMEBOoE™ s Bo3MMM03 Lwwagowmo dobgdol  obsfowgds
530gLloMYOMos  dmdoxbg derm3gddo. Tomo  goboflogds  odog  0bBMOTsEME0s
599390990 @S OO0 B39O0l ILOYPIBSW, M3 ILEHWMPYdS 358356090
Sb530L  09dM5356M0L, IMBSDBOL O 099gEOL  LHdSMYdOL  ogowonby. dmdoxby
0@390do 25850006900l  MO™M0YIMHPNEITM30I0Egdol  MboL  go633935L OO
36003690mds 5943L d9dbs-d0gd0m0 s ¥MOM30m0 1¥FMToMmgdol LHMGs© sQ9d30Ls
5 Ho®mdommgzolmzob.

dm@Mmb  3MOMHbgm  1BEOMIOMEO ool  GHMIBLBMOIs300m o
3563H0mem0  253gbol 99y OMLY s LogMEgdo 396300090 IBM3gLYOL.
ROWOL  BHOBLRMOT>305 50O 359356mE@To 0fjygds o MO 9G35 bm®mEogwEYds.
300390 gHha30  FoMdm@pgbowos GHAY @ LABGNGI 3NWIsBoBIom, 33oM3-
3903353 M0 d9@oLmAsGmbom, Mimwnowm mdeml dobgMsobsgoslmsb ghms.
3969 9B930 bobosmMYds 2305635335660 FMJ0dIBIWEHMOO S GBI M0306056
BB GO 3w 3560DBTom, MmgHm-3owgbd-3mewodg@ow Mo d0bgMswoBs300m ©
3505393395 MOME0  9§30MEG)-3M0BOGHMM0  3OM30MOGHODIBF00M. 0go  QoOMIM-
©O0505HOH0  IBHM3JO0m  3MBGHOMEEYds.  Ls3MmEO03  LYIROOO  Q5TobYdS
DIOOIIONMos  339OE  390d3sBH e 9g@obmIsBo@Bgobg. 00  53999639dL
30OMMIMOIMNO  58gNJgool  0M9Jh0gOL  3350(3-39¢0T35GHIO  FgBOLMTdsE0GJOT0
(09940753500 LYOSM). 5Fob  BadoMmoldoMmm, doEbgMEol  LsdsEMDBY  Lo3MGO]
LMo MOHo s YLwgom  3sdsbgdol  3OHMmEglo  MIbEIMMMW0s @
DMboErmdsdos  2odMbsEGMo.  39J0035M0L  LHdSEMDY 30, OMAMOE  ©30bsbgm,
153MMM03  LMBOEYOO  25F5DJds  6533wGOL VYW BOM  339MF-39C0T35EH VG
39BGOLMIsBHOGHIOL.  MmJOHML  goBsbgds o MmO  9BHe3s©  bmOE0gEEIds: 306390
393006000905 G¥BHI-390dMbEH M0 B30 dol HBgImddggdom 3356M(3-390d35G M
d9BOLMAsBHMBL,  bmeom  Fgmeg - bbGHeo© 99939  300OMLYMECB0EO
o0 3H9339M9GHMOHME  BWOoEIOL. 300MOMLMYWROEIOOL  ITWST  MmgOm-
130 9bd3mOHBOOO 90b9650Bs30s 39b5306M™d5. dsbs [olsTsAteelsFyl0)
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3505 3H9339M5GH MO0 3OM30WOEBH0Ds30s  dBWO3L.  LydEME0MYdIwo ool
GOobLROMAs300 2300635935600  dMIgJrgdmEs. 3B BBy  mwo30b0560
0500l §ggdol  mE®I0MYds0g F0a30y396s, MI3s, 020 396 0300
LEOMPYMGBo HORGH0BAIg s VMS GHodob LigMo@ogm®mdme dobgcmowwobszosdoy.
AGOobLRMOAs300L  3OMEgLo 5, OMAMOE  BsbL, 893956030L  Lofyol LGSOl 56
3oL(30Q900s.

0935030L M0x3EH0BAOL LEHYoL LEOO5DY, BsEIBHMTMIMdOL 3BrM39bd0, LoseIMHO
(36560 ME0) Jgddol 3603369wm3560 dmbsfoergmds ©aliEIMHYds, MMIgEmsbsg 50
93930L  LMYWROMOO  49FobIOOL  LEAHOOSHY MOl Fo®owo  F9I(339W MBS
5393006900, 2595006930l 3OmiEgbdo  mdemb  {gommlb,  LoserMo  Jgddo
Do0mogbl  (Gugushvili et al., 2015). 5d LosEwGo Jg@dosb 3sbEH0MMO OI30M0M
3963000900 Fo0oEgd3geoE IO Bwrrjogdol (350-400°C) Bgdmddgwgdoo,
mdOml 0bGHIbLomMo 2odm@EMB3s bgds, GMIgEdss mJeml dorswro 399339w0Mds
39653060035  (1odowmE 5 §/B). 90539 OOML, 396dMWwms MO 30MoMgdST0
(0500690l 3396d0) MBOHM B EHYIZYMoGIOMEo BlbsMgdol bgdmddggdom (250-
300°C), LosEIMEMO JgPJod MIOHML F5TMEHNMBHZ0L 0bGHIBLOZMDS Bo3gdos s MmJem-
130¢96d-30dgEOEE FosbTo MJOHML MROM EdsE F9d;339w™dsdo (BodwgsEMmE
0,8 /@) s0bsbs. 8939630L LHgol LEHOOsDBY BEMO0YdOL 3Hgd3gMoGWIMS FbOLIBPIM
Lobd>EbMMO 930ME-3MOBOGHIMHO FoLsEE9B39MGIOIWO FOIM30WOE0DSE300m, 00
©OML, OMEILSE 3MBIMNEMS OO 30005090500 LOBASEMO JEMMOE-1gMHOE0E)-
3900MbsGMEo  B5@obdmdoxbg DBmbs MAIOHM  ©IBSEEHJB3GMGHIOMIWO B0 IJIOL
B90md8909d0m 560L gob3dommdgdwo (Gugushvili et al., 2015, 2017).

133060900 Bool YEHIBTI6ES (RoL3MAsT) MYa0MboeMo MP3I3d
dmbolol dsEbosbo Mo0Mbol MG ,20856@MO dEPMIs IBS[I3MYOS 296530MMDs. 5356
399m0f305 93 ®03930L  ASLH3M0Z  LodbMHJM-50FMLOZ MO Fobgmeols  3356dob
39933900 denm3ol 1200 3-s60 9H93905, MHMIGEdsg 4odmofz0s bgs LEbEGHMbME®O
Gd6dool §ggdols o 398356mE0 golisbsdol @s I gmol ygdgdol gbmwoiEos
5993900 dWM30056, MHMIgEms XSIMMO LoddWszmg 1200 - 509dsBgds. 3
0em3d0 96309 LOEOE FoIMMBs FBMEM® FHVIOMB-LIBEHMbMMO Bsds39M5L
09905, 85906, MM©LYE, POOOEWM-EILOZEMEM dwm3do bgs 3FIOEMWOo  FOHOWOo
GSBdool  §iyg00sb  ofjygds, MMAGELSE MogBg  AoLEbEsdols s FMEOIMEgmOb
3993569960 (1490900 50093L. Gro3 J9qbgds Lob3z 36O dEOMI0MGOL, 5 SBY390Bs
©5d0M35L GOl Lodosegms Lb3sMds 200 3-U 96 509do@Jds S MZ0m 53 dM3GOOL

RBOMOGE  dbGMo  339MOGHMOo 9GOl BoMRWqddos, 03 O™,  OHMEILSS
»303DGHMO0”  dM3gOol  GPoMmO  SLBYMEO  339OIGHME0  30¢MIgEGHOOm
3960LsBE3MId.

50235650, dmbolbol Fobosbo Msombol MHgyombdo LwydIzool  3MMmEgLo
39053000390 5053 0DAL, 3w 3560DAL, FgEOEMYgbosl @S BsbMsb 393806
0@m300905L.  BEBoWwMOO  bLPNYJ3o0L s LdEMEOMIPIMYWO  Fowrob
GObLRMOAs300L6 9BS3BY,  3MBIMms OGO  ©d  0b6FGHIM63-09350 390
396300560900l 36m3gLd0, Lob3z3bMMmO dEPM30MYds BOJLOMPYdS. 00 OMLY S
bogM3gdo  dMbo33wgMBL. 306039 gBHe3DbY, FsdMMHo JBHM3gOooL TJImFMd by
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be35do, 3996d9wgdol 5593905 obs30MHMds  (sHBoEMEo BdEM3gd0). 3MbIMEgdbY
1B59OMIE  306MdGOT0  036030MOEGHJIOL  SFMBGMIZ93s 39O Bog3939000

LEMWOGOS  (EJOOWMWO  BEM3IYD0).  2535bgdoL  IMMEglo  FoxdMGo  IBHMIGOOL
090m3M0l @  sDBoEMEo  deM3900L  BMEOI0MGIL 393006 IdS. 36N gdDY
03b03dM0EH00L  S0MRMJ3930 ©O  39YOHIo  Bod393d  29d5bgdol  F9dpmdo
36MHmEqL0s. 58539 OOML, 35¢EIMMEOo BJ3I3900L 3MOMEILJ0 9ds@bgdmEo Bmbydol
93069 deM 3905 ©965(936905 Mg gds. Lob335699MH0 dEPMI30MGds BgOEIMEOL
0L, 391 3560HTol EILIOMWL, 3MLGHZNWIBMMO dWMm30Mgd0m 033eGds. 0yO
133060900 B0l YEBHIBIIBEL 353000 gds, MG dmMeEbobol dobosb
6o0mbdo  MHga0mbmr MH39350 2odmzmobs. 98 ME39300 BdMEboLol Fobosbo
50mbo MmO J0RBGHMO dM3IO© SMHOL A9YMBOWO. 5Fsbgds, MMIWOl FMOToMmGdS
1063 396MM0  BdBEM30MIBOOL 3060390 9BHI3L 99393006Yds, J0RBGHME dEMIGOTos
3obsffogdmemo  mGo  dobosbo  3356d0L - FobgMeols s BgJms39M0L  Laboo.
9506920l 3356d0b g9850bgdoL sbs30 88-900b. Fge0s, 39dm03560b - 79-818¢b.{gwb
d99L505990s. d5bgMols 3356d0 vH9390ME 0BG dem3do, GHYIOMB-LoBEHMbNG
303956996 LgMHosdos dmdEgmowo, bmwm dgdmsezsol 3356do - sdoGme derm3zdo,
39935696 31396996 LbgMosdo. dsbgmerols 3356dol Fgdi39eo 2oabod Mo derm3o
SH0ME05 097053500l derm3ol 80dsMrm. 35935690 335603900 s 2odobgds
95bgmol 89933390 302bsGM0 3356306  dmblbowos gHMBoom. dmEbolol
95006056 Mo0mbdo, Lobgzme35699M0 s 3MBEZMW3569M0 3mLEBsEbIMHO dEM30MgdOL
@5 dm3oxbg dewm390d0 298506900l sbseoBo dgBo 3603369em3z5605 dgdbs-dogdols
5 03000 BodwYdomgdol sR9dz30LmM30L
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B.A.I'yrymBunu, T.M. bepuaze, T.I'.Uxotya, C.A . Xyuumsuiu, P.P.Murunenmsuimn

Bynkannyeckue U METaUIOTEHHYECKHME WHAMKATOPBHI ATAIlOB I'€OJUHAMHYECKOTO
pasBuths  EBpasnWiiCKOM  aKTHMBHOM  OKpPauHbl W CHHBYJIKAHHYECKOE H
MOCTBYJIKAHMYECKOE OJIOKMPOBaHKE Ha npuMepe boiaHuiickoro pyaHoro paioHa.

Penakropsr: A.I'.Teamupenunse, [1.11.3akapas

2018
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Conepxanue
IIpeaucnosue

1. Posb cyOnyKImu B Tpoliecce ByJIKaHW3Ma W pynooOpa3oBaHHs Ha mpumepe GopMUPOBAHUS
Teruc-EBpa3uiickoro MeTaioreHu4ecKoro mnosca.

2. MeTaJ'IJ'IOI‘eHI/ILIeCKI/IC, BYJIKAHOJIOTHYCCKUEC nu I'COXHUMHUYCCKUC HHAWKATOPbI
MMPCKOJINIMBMOHHOI'O U IMOCTKOJIM3UOHHOI'O PAa3BUTUS EBpaBHﬁCKOﬁ KOHTHUHEHTAILHOM OKpauHhbI.

3. CHHBYJKaHMYECKOE U IMOCTBYJIKaHUYECKOe OJoKHpoBaHuEe B BomHUICKOM pyaHOM paiioHe Ha
¢done BepxHEMeNoBOU CyOayKInK okeaHa Tertuc.

Pesrome

Berynnenue

3.1 Ipouecc 6iokupoBanus B boaHuiickoMm pyaHoMm paiione.

3.1.1. IlocTBynkanuueckoe OJIOKUPOBAHUE.

3.1.2. CunBynkaHnuueckoe OJOKHUpOBaHUE.

3.1.2.1. CunBynkaHn4ecKoe OJIOKMPOBAHKE Ha 3Tane CTaOMIbHON CYOTYKIINH.

3.1.2.2. CuHBynkaHu4ecKoe OJIOKHPOBAHUE HA 3Tane TpaHC(hOopMaluu CyOaAyKIIMOHHON IIJIUTHI.
Jluckyccus 1 OCHOBHBIE BHIBOJIBI.

3axiro4eHne

Pucynknu

Jluteparypa
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IpeaucaoBue

PaboTa mocesiiiena mpoGiemMaM B3aMMOCBSI3M MarMaTHU3Ma U METaJUIOTe€HHUU
Ha ()OHE I'eOJIMHAMHYECKOTO Pa3BUTHS aKTUBHOW okpauHbl EBpaszuu B mpolecce
cyOnykumn W Kojuim3uu okeaHa Teruc. Ha pasHpIX 3Tamax cyOAyKIIMM M Ha
MTOCTKOJUIM3UOHHOM CTaguu BYJIKAaHW3M U PYyJ000pa30BaHHUE KOHTPOJIHPYIOTCS
reoJIMHaMUKON. BBIABICHBI XapaKTepHbIE MJisi ATHUX JTaloB BYJIKaHU3M U
METaJUIOTEHUSI W ONpElNeNieHbl HMX TIE€OXMMHYECKHE, BYJIKAHOJIOIMYECKHE,
METPOJIOTUYECKHE M  METAJUIOTEHWYECKUE HWHIUKATOPBI, KOHTPOJUPYIOIIHE
ydacTue, posib 1 MacITabbl CHAIMYECKOM U 0a3aabTOBOM KOPBI, a TAK)KE MAHTUU B
IpoLEeCcCCe TI'eOJUHAMHUYECKOro pa3BUTHs. JlaHHbIE MpoOieMbl ObUIM JI€TalbHO
ocsenieHbl paHee (Gugushvili, 2015; Gugushvili et al., 2016; Gugushvili, 2017;
Gugushvili & Topchishvili, 2017), a Hacrosimas paboTa TOCBSIIEHA AHAIU3Y
pPE3yNbTATOB ATUX MCCIIEOBAHUI U COJEP>KUT HOBBIE IaHHBIE. B OTIENbHOI T1aBe
paccMaTpUBAOTCSI IPOLIECCHI T€OJOTMYECKOIO Pa3BUTUS U CUHBYJIKAHUYECKOIO U
MOCTBYJIKAHUYECKOIO OJIOKHPOBaHMs Ha npumepe bonHucckoro pyaHoro paioHa.
B Meny reonorndeckoe pa3BUTHE U BYJIKAHUYECKAs AESATENBHOCTD IPOUCXOINIIH B
YCIIOBHSIX MEJKOIO MOps Ha JKECTKOM IMajneo30ickoM (yHaameHnte. BHenpenue
MEJIOBBIX T'PAHUTOMIHBIX HWHTPY3UBHBIX IITOKOB OOYCIOBMJIO BCIIyYHMBAHHE
(TrOMHUCCEHC - tumiscense) MOPCKOro AHa (BO3JapIMaHue OJIOKOB) U (POPMHUPOBAHUE
OCTPOBOB C MOUIHBIMHU M3BEPKEHUSIMU UTHUMOPHUTOB B CyOa’spasibHbIX YCIOBUSX,
YTO CHOCOOCTBOBAJIO OBICTPOMY OMYCTOIICHUIO BEPXHEW YaCTH BYJIKAHUYECKHX
OYaroB U KajbJepornpocenannio (morpyxkeHuto 0JiokoB). Bce 3To mpuBeno k
CUHBYJKaHUYECKOMY IPOLIECCY BO3AbIMAHUS U NOTPYXKEHHs OJJOKOB BO BPEMEHU U
IPOCTPAHCTBE. TroMuccenc IIPEAILIECTBOBAI KaJIbJEPOITPOCEIaHHUIO.
PynooOpa3oBanue ke  NOpeaUIeCTBYeT  HM3BEP)KEHUIO  UTHUMOpPUTOB U
KaJIbIEpONpOCEIaHuI0, 00yCIIOBUBIIEMY OJOKMpOBaHuE pynomnposiBieHuid. Ha
PYJONPOSIBICHUAX OPYACHEHHE NPEJCTaBICHO 30HAJbHOCTBIO COOCTBEHHO
CynbpUAHBIX TOPPHUPOBBIX W DIHUTCHETUYECKUX - MaAJIOCYJIbPUIAHBIX PY/I.
brnoxupoBanue Takoro opyJeHeHHsI MPUBEIO K KOHTAKTy 0J0KOB MOPp(UPOBBIX Pyl
¢ ManocyibpuaHbIMU. M3yueHne B3aMMOOTHOLIEHUSI OpPYACHENbIX OJIOKOB OyJneT
CIOCOOCTBOBATh TUIAHMPOBAHUIO TOMCKOB M Pa3BElKUM B bBOJHHCCKOM pyIHOM
paiione. CreoBaTeNbHO, THUI U XapaKTep CHUHBYJIKAHUYECKOIO OJIOKMPOBAHUSA
YCTaHABJIMBAETCS B MPOIIECCE MATICOBYJIKAHUYECKUX HCCIIEIOBAHUM.

B BosiHucKOM pyaHOM palloHe CUHBYJKAHHUYECKOE OJOKMPOBAHME CBSI3AHO C
JTaramMu  CTa0WJIBLHOM  CYOAYKIIMHU, C HAYaJbHBIM JTamoMm jedopManuu
CyOnynupyeMoil TUIMTHI ¥ BHEAPEHHEM MaHTHitHoro nuamupa. Co cTaObuibHON
cyOnykuuend cBsi3aHa OCTPOBOAYKHAas CHTyaluss C H3BECTKOBO-LIEIOYHBIM
BYJIKQaHMU3MOM, a C Jedopmanueid cyOaynupyeMoil IUIUThl - HadaldbHAs CTaus
pudTHHTa U CyOIlIeIoYHasl BYJIKaHUYECKas NEATEIbHOCTh. 3/1€Ch OCTPOBOAYKHAS
0o0CTaHOBKAa W H3BECTKOBO-LIEJIOYHOW BYJIKAHU3M JATHPYIOTCA CEHOMaH-
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CaHTOHOM, PHUQTHUHI K€ U CyOlIeNoYHas BYyJIKaHUYECKass JAESITEeIbHOCTb
(TpaxupuoJauuTOBas Y  MIOUIOHUT-IIENOYHOOA3anbTOBasl) - KammaHoM. B
MAaCTPUXTE BYJKAHMUYECKas JEATEIBHOCTh MPEKPAIACTCS, IPOUCXOAUT PACKOI U
JETAUMEHT CyOAyLUpPYeMOW IJIUTHI, MPOSBUBIIMECS B PETMOHAIBHOM pasiioOMe,
pasgenuBiieM bonHUCCKWNM pyOHBIA palloH Ha JBAa MOCTBYJIKAHUYECKHUX
"ruranTckux" Omoka. C mpunogHATOro OJ0Ka KamaHcKas ByJKaHUYECKas Cepus
BMECTE C PYJOM CMBITA DPO3UEH; OHA COXPAHWIACH B ITOTPYKEHHOM "'THUTaHTCKOM"
OJI0Ke M BJIOJb pa3jioMa MPUMBIKAET K TYPOH-CAaHTOHCKH BYJIKAHUYECKOW CEpUu
MPUIIOTHATOrO OJIOKA.

Poab cyOnyknuu B mpomnecce BYJIKAHU3MA H 30J10TO-NMOJTHMMETALIHYECKOTO
pyaooOpa3oBaHus Ha npumMepe (¢popmupoBanus EBpa3suiickoro
METAJIOTeHUYECKOI0 MosIca

Pe3rome

®opmuposanue Teruc-EBpasuiickoro MeTaqioreHU4eCKoro mnosica CBsi3aHo ¢ CyOIyKIueH.
HccnenoBanne  3amaJHOro  CerMeHTa IOsca  BBIABUIO  3aBHCUMOCTh  OCOOEHHOCTEH
pPErHOHAIBHOTO  MeTaMop(du3Ma, BYJIKaHM3Ma, TUAPOTEPMAIbHBIX IpPeoOpa3oBaHUN U
METAJUIOTEHUH OT TMPOLECCOB CyOAyKuumu IauThl okeaHa Teruc mnox EBpasuiickyro
KOHTUHEHTANbHYI0 okpauHy (Gugushvili, 2017). C o»3tanom cTaOWIbHONW CYOAYKIIUH,
npoucxonauBiIeld 0e3 TpaHchopManuu CyOAyHUpPYeMOM IUIMTBI M BHEAPEHHs MaHTUHHOTO
IUanupa, CBA3aHbl OCTPOBOJAY)KHas OOCTaHOBKAa C H3BECTKOBO-LIEIIOYHBIM 0a3anbT-aHIe3UT-
PHOJALIUTOBBIM BYJIKaHU3MOM, (DOHOBas XJIOPUT-aNbOUTOBAs M LI€OJUTOBAs MPONMMIMTHU3ALNA,
(dbopMHpOBaHHE TPEIPYAHBIX BTOPUYHBIX KBapuUUTOB, Au-Pb-Zn-Cu opyneHeHUs] U CEpUIUT-
XJIOPUT-KapOOHATHBIM METaCOMAaTO3.

[Tocnenyromas ctaaus cBsiz3aHa ¢ TpaHCpopMalueil cyo1yupyeMoi MIUThl U BHEAPEHUEM
MaHTUIHOro Auanupa. OHa COCTOUT U3 ABYX 3TanoB. [IepBelii U3 HUX — HaYaJIbHBIN MPOSBUIICS
BO BHEJPEHUU MAHTUHHOTO AWANUpa, pUPTUHTrE, B CyOLIEIOYHOM U IIEIOYHOM BYJIKaHU3ME C
(dbopMHpOBaHHEM TPAXUPHOIUTOBBIX U TPAXMAHAEC3UTOBBIX BYJIKAaHMYECKUX CEpU, B KBapll-
KaJIMIIMAaTOBOM METAacoMaro3e ¢ MalloCyab(UIHBIM 30JI0TBIM OpyAeHEeHHeM. BTopoii e 3tamn
3HaMEHYeTCs U3BEPKEHHUEM IIeJIOYHOOTUBHUHOBBIX 0a3alIbTOB U TPaxuba3aabTOB, 30JI0TOPYIHON
MOJINMETAININYECKOW MUHEepalu3aluued ¢ CHHPYAHON (OKOJOPYIHOW) AHHAOT-IIOM3UTOBOM
nponuinTH3anued. MHIuMKaropoM BTOPOro JTama SBJISETCS  30JI0TO-TNIOJIMMETAUINYECKOE
OpyJIEHEHHE C BBICOKUM COJEP>KaHUEM 30JI0Ta, YTO OOYCIIOBICHO YYaCTHEM CHAIIMYECKON KOpBI
B mpouecce pu(TUHTa M BBICOKOW TeMIepaTypoi (IOUa0B, CBA3aHHOW C MPOHUKHOBEHHEM
MAaHTUHHOIO THanupa.

C ycunenueM pu(THHra NPOUCXOAMIO BHEAPEHHE MAHTHUHHOTO HANupa Ha BBICOKHE
YPOBHH, BBI3BaBIIIEE CIPEIMHI CHATMYECKON KOPHI U3 30HBI BYJIKaHHW3Ma U pyA000pa3oBaHUs U
nepexoji HayaJlbHOW CcTaauud pUQPTUHTa B 3aAyroBod pudrt. BynkaHusm »3Toil craguu
XapaKTepu3yeTcs H3BEP>KEHUEM OJMBUHOBBIX 0a3zanbToB M TosienToB. [locienue sBIsOTCS
BYJIKAHOTEHHBIM ~MHJUKAaTOPOM 3TOro JTama BMecTeé C (OHOBOH 3MUIOT-IIOM3UTOBOM
IMPONWINTH3ALMEH, TOTAA KAaK METAJUIOTCHWYECKHH WHAMKATOp 34ECh IPEICTaBICH MEIHO-
LMHKOBOW MUHEpATU3ALUEN.

JlanpHeiee yCHJICeHHE CIPEarHTa, 00yCIOBICHHOTO BHEAPEHHEM MAaHTUMHOTO AHANUpa
Ha caMblii BBICHIMH ypOBEHb JUTOC(hEpHI, MPUBENO K CHPEIUHTY 0a3albTOBOM KOPBI M3 30HBI
BYJIKaHHU3Ma M pPynooOpa3oBaHUs M K IMepexoay Oekapka B MaIOOKEAaHWYECKYI0 OOCTaHOBKY C
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O0(pHOINTOBBIM ~ BYJIKaHM3MOM M JIyHUT-NIEPUAOTHTOBBIM  MarMaTU3MOM,  SIBJISIOLIMMCS
NETPOJIOTUYECKUM  HMHIMKATOPOM  OKEAHMYECKOW  OOCTaHOBKM.  VHaMKatopom  xe
TMJIPOTEPMAIBHOM AKTUBHOCTH 3/€Ch SIBJIAETCS CEPIEHTUHM3AlMsA, HAJOXKEHHas Ha JyHUT-
MIEPUIOTUTOBbIE MarMaTuThl. MeTaUIOreHHYeCKU WHIAMKATOp IMpeacTaBieH Meabto. B
OpYIECHEHUH 3/1eCh HE y4acTBYIOT Au, Pb 1 Zn, HCTOYHUKOM KOTOPBIX SIBJIAETCS CHAINYECcKas U
0azanmbTOBasi KoOpa, B pEIyNbTaTe CHpPEAMHra BbIHECEHHAass W3 30HBI BYJIKaHH3Ma U
pynooOpa3oBaHusi. MaHTHsI 3/1€Ch €IUHCTBEHHBIN HCTOUHUK MEJIH.

KiroueBble ciioBa: ocTpoBHast jayra, Oekapk, MaJOOKeaHW4YecKas OOCTaHOBKA, 30JI0TO-
ME/IHO-TI0JIMMETATIINYECKOE OpyJEeHEHue, BYJIKAHOJIOTHUECKUH, HETPOJIOTHUECKUH,
METaJIJIOTEHUYECKHU I, UHIUKATOP.

XXX

Ocob6ennoctu ¢dopmupoBanusi Tetuc-EBpazuiickoro MeTaJIOT€HUYECKOTO
nosica OOYCIIOBJIEHO CYOIYKIIMEH OKEaHWYeCKOW IUThl oOkeaHa TeTuc mon
EBpa3zuiickyt0 KOHTUHEHTaJIbHYIO OKpaMHy B TIPOIIECCE KOHBEPreHIIUU
koHTHHEHTOB EBpasuu ['oHBanb! B haneposoe.

[Ipoueccsl popmupoBanusi autochepsl, auddepeHnranus CUaTUIecKon H
0a3aJbTOBOM KOpBI, KpaTOHU3AIMsl TPAHUTOB JaTUPYETCs MpeKkamMOpueM u
CBSI3BIBAIOTCSA C TUTFOMOBOM TekToHUKoM (Goldfarb et al., 2000; 2001; Groves et al.,
2005). C mno3mHero mpoTepo3oss U (aHepo30s HAYAIOCh COBPEMEHHOE
IUIEUTTEKTOHMYECKOE pa3BUTHE. B HeompoTepo3oe 3aBepuiniiach peaucTpuOyIus
30JI0Ta W TMOJUMETAIOB U3 MaHTUU B JjuTocdepy. 30JI0TO U CBHUHEII
CKOHIICHTPUPOBAINCh B CHAIMYECKON KOpe, IIMHK — B 0a3ajibTOBOM, a MeIb - B
BepxHeid Mantuu (Gugushvili et al., 2010; 2017; Gugushvili, 2015; 2017).
OpyneHeHue B MaJie030€ OIpEAeseTcs y4aCTHEeM CHAJIMYEeCKOH, 0a3albTOBOM
KOpBI, a TAaK’K€ U MAHTUU B MPOIECCE PyI000pa30BaHMUS.

CyOnykuusi okeaHa TeTuc Hayajgach B MO3JAHEM MPOTEPO30€ U 3aKOHUYHUIIACH
KOJUIM3UEW B OJUIOLEH-MHUOLIEHE. B ucciaenyeMoM paroHe, pPacloIOKEHHOM B
LEHTPAJIbHOM M 3amagHoM 4vacth Teruc-EBpa3suickoro mosica, yCTaHOBJIEHO
HECKOJILKO JTaloB CYOMYKIMH. OTH JTanbl KOHTPOJIUPYIOTCS BYJIKAHU3MOM,
TUAPOTEPMAIIBHBIMM ~ MPOLECCAMU M XapaKTepoOM OpYACHEHHs, a TaKkKe
MOATBEPAKIAEHbI T€OXUMUYECKUMHU, BYJIKAHOJOTMYECKHMMHU M METPOJOTHUYECKUMHU
WHIUKATOpaMH, Ha KOTOPBIX OCHOBAaHO JaHHOe wuccienoBanue. CyOmyKius
MPOUCXOJIWIIa TTO3TAHO OT majneo30s A0 HeoreHa (Gugushvili et al., 2016). Oto
OTIpeNeNIICTCS  XapaKTEepOM BYJKAaHU3Ma, THUIAPOTEPMAIBHOTO TMpoliecca U
opyaeHeHus. Tak, »Tanm CTaOWIBHOM CyOIyKUIMHM CBSI3aH C OCTPOBOJY>KHOMU
00CTaHOBKOM, N3BECTKOBO-IIIEJIOUYHON BYJKAaHUYECKOU JEATEILHOCTHIO, C (DOHOBOM
[[EOJIMTOBOM U XJIOPUT-aJIBLOMTOBOM  MPOMUIUTU3AIMEH, C  30JI0TO-MEIHO-
NoJIMMETAJUTMYEeCKON MuHepanuzamue (Au, Pb, Zn, Cu), 1 CHHpYIHBIM CEPULIUT-
XJIOPUT-KapOOHATHBIM METACOMATO30M, KOTOPOMY MPEAIIECTBOBAIIO JIOPYIHOE
KHCJIIOTHOE BHINIETa4YuBaHue C (HOPMUPOBAHWEM BTOPHYHBIX  KBApIIMUTOB
(Gugushvili, 2015). Ha mnocnenyromem »3Tane HaduMHAETCA TpaHCPopMaIus
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cyoayuupyeMoil mimThl (3arubaHue, pa3pblB U JETAUMEHT), ¢ KOTOPOMl CBSI3aHO
BHEJPEHUE MAHTUIHOIO JManupa, KOHTPOJUPYIOIIET0 HayajdbHYI0 CTaIuI0
pudpTuHra. Ha »ToM 3Tame Hadajao ByJKaHM3Ma XapaKTEpU3YETCs ILIEIOYHOM U
CyOI11e7I04HOM TPaxXupHOJALIUTOBO-IIOIIOHUTOBOM BYJIKAHMYECKOM
NEATENbHOCTBI0 W 3aBEPUIACTCS W3BEPXKEHHSIMU  LIEJIOYHBIX  OJIMBUHOBBIX
0azanbToB M TpaxubazanmbToB. OpyIeHEHHE JTOrO 3Tama MpPeACTalCHO
6e3cynb(UIHON AMUTeHETHYECKONW 30JI0TOPYIHOM MHHEpanu3alue U 30J10TO-
MeaHonopdupoBsIM OpyaeHeHHeM. be3cynbpuanas MuHEpanu3alus CBsi3aHa C
kanmnatuzanueii. CoOCTBEHHO CylIb(UIHOMY OpPYIECHEHHIO ¢ MHUHEpPAIU3aLHEH,
coaepxkameir Au, Pb, Zn, Cu, comyTCTByeT CHHpPYJHAas 3HUAOT-IIOM3UTOBAS
nponwintuianud. Ha HauaneHOM 3Tarne TpaHcopMmanuu cyoaylUupyeMOn MIUThHI
30JI0TO-MEHO-MIOJIMMETAININYECKOE ~ OPYACHEHHE  XapakTepusyeTrcs  Oosee
BBICOKMM COJIEP’)KaHHEM 30JI0Ta 10 CPAaBHEHUIO C COOCTBEHHO CYJIb(UIHBIM
OpYJIEHEHUEM 3Tara CTa0MIbHON CyOayKIHH.

VYcunenune TtpaHchopManuu CyOnyIHpPYeMOW IUIUTBHI, CHOCOOCTBYIOLIEE
BHEJPEHUI0O MAHTUWHOrO auanvpa Ha Oojiee BBICOKUH YypOBEHb, OOYCIOBHIIO
MHTEHCUBHBIM puUdTUHT, (HOpMHpOBaHHE 3aAyroBOHl OOCTAHOBKM U MOJHBIN
COPEIMHI CHAJIMYECKOM KOPbl M3 30HBI BYJIKaHW3Ma M PyA00Opa30BaHUS.
Bynkannueckass AesTE€NbHOCTh HAa JAHHOM JTale MpPEACTABICHA OJMBHHOBBIMU
O0azanpTaMu M TojdeuTamMu. VIMEHHO TOJIEUTHI SIBISIOTCS BYJIKAHOJIOTHYECKUM
WHJIUKAaTOPOM OeKapK-UHTEPAPKOBOTO pudTuHTra ATOTO JTarna,
XapaKTEePHU3YIOLIErocs OpYyJI€HEHHEM, IPEICTaBIEHHBIM MEIHO-
IMHKOBOKOMYEJAHHOW  MHHEpaIu3alied C  COMYTCTBYIOIIEH  CUHPYIHOM
BBICOKOTEMIIEPATYPHON 3MUAOT-IOM3UTOBOM NPONUINTU3AUUEN TPU y4YaCTHUH
aktuHoymTa. ClemayeT OTMETUTh, YTO MEXIYy PU(PTUHIOM HayaldbHOM CTaguU U
MOJHOLIEHHBIM PU(TUHIOM C TOJHBIM CHPEIMHIOM CHAJIWYECKOM  KOpBI
¢ukcupyercss puTUHT MEPEXOJHOrO H3Tama, IAe CHaJIWYeckas Kopa euie He
MOJHOCTBIO BBIHECEHA U3 30HBI pyAooOpa3oBaHUs U Ha 0a3aJbTOBOM Kope
MIPUCYTCTBYIOT OCTAHIIbI (PEIUKTHI) CHATUYECKON KOPBI, UTO U ONPEAEIISIET MAJIbIE
cozepkaHus 30510Ta U cBuHLA B pyne (Gugushvili, 2015).

[locnenyroiee ycuineHne COpeldHra U BHEJAPEHWE MAHTHUMHOIO JAMAnupa Ha
Hali0oJyiee BBICOKHI ypOBEHB MPHUBENIO K CIPEIUHTY (BBIHOCY) 06a3albTOBOM KOPBI
U3 30HBI Py1000pa30BAHMS U ONPENIETUIIO Mepexo]] Oekapka B MaJOOKEaHUYECKYIO
o0cTtaHOBKY. BynkanusM B JaHHOM cilydae 3HAMEHYETCS MAaHTUWHBIMU
opuOIMTaMH, TOJEUT-0a3aJIbTOBBIMHU J1aBaMU W rabOpo-11ada30BbIMU IITOKAMHU.
3/1ech y4acTBYIOT U YJbTPAOCHOBHBIE JYHHUT-TIEPUIOTUTOBBIE IITOKH, TOT/Ia Kak
TUAPOTEPMANIbBHAs ~ AaKTUBHOCTh  BBIP@XEHA B BBICOKOTEMIIEPATYPHOMU
MPOMIIATU3ALMH " CEepPHEHTUHU3ALMH. Bynkanonornueckum U
METPOJIOTMYECKUMU  WHIUKATOPAaMU  OKEAHWYECKOW OOCTAaHOBKU  SIBIISIOTCS
OQHUONUTOBBIN  BYJIKAaHW3M,  JOyHUT-TIEPUIOTHTOBBI  MarMaTusM, a K
METaJUIOTEHUYECKUM HWHJIUKATOpaM OTHOCUTCA Me€Ib B MEJIHOKOJYEIAHHOM
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opyaeHenun Kumnpckoro tuma. VICTOYHUKOM Meau 3/1€Ch SBISIETCS MAHTHUSL.
Conepxxanue Au, Pb u Zn 1100 BOBce HE YCTaHOBJIECHO, JINOO (GPUKCUPYETCS JIUIIb
Ha ypoBHE cieoB. CileayeT TakKe OTMETUTh, YTO YCTAHOBJICH MEPEXOHBIN dTan
oT Oekapka B OKEaHMYECKyl0 OOCTaHOBKY, KOIJla B 30HE OpPYJCHEHHUS eIle
YY9acTBYIOT peauKThl 0OazanmbroBoM KOpbl (Hutchinson, 1973), oOycmoBuBime
MaJioe CoJIep>KaHue IIMHKA B METHOKOJIYEAaHHOM py/Ie.

Bce  BbIIeCKa3zaHHOE ~ OTPaXE€HO B MACAIM3UPOBAHHOM  CXEME
CEBEPOBEPreHTHOM CcyOAykuuu okeaHa Teruc (puc. 1), Ha KOTOpPOH MBI
MOMNBITATUCh TOKa3aTh B3aMMOCBS3b BYJKAaHW3Ma M OPYACHEHUS B MPOIECCe
re0IMHAMUYECKOT0 Pa3BUTUSI HA Pa3HBIX 3Tamax CyOAyKIMU U TpaHchopMaluu
CyOyIIMPOBAHHOM TUTMTHI HA PA3HBIX CTAAUSAX pUDTUHTA U CIIPEIUHTA.

Jlanee Mbl TombITAEMCS MMOKa3aTh HA KOHKPETHBIX MpUMepax (HOPMUPOBAHUS
Tetuc-EBpa3suiickoro MeTaJJIOTEHUYECKOTO I0sica B3aUMOCBSA3b CYOJYKIIUU C
BYJIKAHU3MOM U PYJ000pa30BaHUEM.

BynkaHu3M OCTpPOBHBIX AYI W CBSI3aHHOE C HUM PyA000pa3oBaHUE HaMU
paccMaTpuBaeTcs Ha npuMepe MaHeynbCcKoro MECTOPOXKICHMUS,
IPEICTABIIEHHOTO 30JI0TO-MEAHO-TTOJIMMETAIUTMYECKUMU TOPHUPOBBIMU pyIaMH U
opynenenrnem tuna Kypoko. OHO pacnosioxeHO B TYPOH-CAHTOHCKOM M3BECTKOBO-
IIEJIOYHOM BYJKaHWYECKOM cepum (MmalraBepckas cButa). Ha mecTopoxaeHun
OPYJICHEHHUIO TPEIIECTBOBAIO KHUCIOTHOE BbIlleauMBaHue ¢ (HOpPMUPOBAHUEM
BTOPUYHBIX KBapUUTOB. OKONOPYIHBIN (CHHPYAHBIA) TMPOLECC HW3MEHEHUs
MPEJCTABICH  CEPUIUT-XJIOPUT-KapOoHaTHOM  acconuanueit.  Ilopduporoe
AIIUTEHETUYECKOE OPYACHEHUE XapaKTepru3yeTcsl 30HATbHOCThIO. HukHss 30510TO-
METHO-TIOIMMETAINTNYECKass 30HA IO BOCCTAHUIO TEPEXOIUT B Oe3cylnbPpumaHoe
30JI0TO€ OpYJIEHEHHE, PACIIOJIOKEHHOE B KBAPI-0APUTOBBIX KWJIAX M IMITOKBEPKAX.
Kak cobctBeHHO cynpduaHOEe, Tak U SIUTEpMabHOE  Oe3CcyabdumaHOe
pynooOpa3oBaHMe€ BBIPAKEHBI B  30HAJBHOCTHM  CHHXPOHHOTO  MpoIlecca.
OctpoBoayxHas U3BECTKOBO-IIIEJIOYHAs ByJIKAHUYECKass  pUOJAIUTOBAs
aKTUBHOCTh CBSI3aHA CO CTAaOWJIIBHOW CYOJyKIMed, 4YTO MOATBEPKIACTCS
F€OXUMUYECKUMU  KPUTEPUIAMU (87Sr/86Sr:O,705, 208pp2%Ph=38,  BBHICOKHE
coaepxkanus Cs, Ba, Th, U u Pb Ha ¢one Huzkoro coaepkanust Nb u Ta), a Takxke
METaJUIOTeHUYEeCKUMHU HHAKaTopamu Au, Pb, Zn u Cu (Gugushvili, 2015; 2017).
OTH UWHIUKATOPbl CBUACTEILCTBYIOT 00 yd4acTHUH, pOJM W  MaciTadax
CHAJIMYECKOM, 0a3albTOBOM KOpPbl W MAaHTUM B IIpollecce BYJIKAHU3MA U
pynooOpa3zoBanus. Bynkanusm u pyaooOpa3oBaHUE 3/1€Ch CBS3aHBI C MPOIIECCOM
cyonykiuu 6e3 aedopManuu CyoaylUpPyeMOM IUIUTHI M BHEJIPEHUS MAHTHUHHOTO
muanupa. MaeanmsupoBaHHas (CxemMaTHYecKas) WLUTIOCTpPAIS 3TOW OOCTaHOBKH
npencrasiaeHa Ha puc.1 (I).
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Puc. 1'. HpeanusupoBaHHad cxeMa B3aMMOCBS3M ByJIKaHM3Ma OpyJeHeHUd Ha
Pa3HBIX CTAAUAX CyOAYKIMY IIJIUTH OKeaHa TeTHC

I - CrabunbHasg cyOmyKIusa M OCTpoBOAYxkHas oocraHoBka; 11 - Hawansnasa cragus
TpaHchopmanuu cyoxynupoemoit 1wiutel; III - Ycunenme tpamchopmanuu u
3a/lyTOBOM-MHTpagyroBoit  pudtunr; IV
MaJIOOKeaHuJYecKas 00CTaHOBKA.

1.

- VInTeHCHBHBII cHpefUHT U

— TPaHOAMPHUTOBBIE IITOKH, 2. — M3BECTKOBO-IEJIOYHBIE BYJIKAHUTHI, 3. —
TPaXUPHOJALMUTOBbIE BYJIKAHUTH, 4. — OJMBHHOBO-0a3a/JbTOBBIe M TOJEHTOBEHIE
BYJIKaHUTHI, 5. — 0QHONIUTOBEIe BYJIKAHUTHI ¥ AYHUT-TIEPUJOTUTOBBIe NHTPY3UH, 6.
— cuasnyeckas Kopa, 7. — 6azanpToBa KOpa, 8. — MaHTHIHBIN guanup, 9. — Au-Pb-
Zn-Cu opyzenenue, 10. — opyzenenue - Au-Pb-Zn-Cu c BeicOKuM copepkaHuEM

sosnora, 11. — Zn-Cu VHMS pyger, 12. — mMemHO-KOTYemZaHHOE OpyZeHeHHe
Kumnpckoro tuma.

Oran nedopmanuu CyOqyUHPOBAHHOM IUIMTHI, CBSA3aHHBIA C HadaJbHBIM
ATAllOM BHEAPEHUS MAHTUHMHOIO IHANMUpPA, MOKa3aH Ha NpuMmepe bekrakapckoro
MECTOPOXKICHUS BOJHHUCCKOrOo pyAHOro paioHa. 34€Ch BYJIKAHUYECKAS CEpUs
KaMIIaHCKOT'O BO3pacTa MPEACTABICHA TPAXUPUOAAUTOBON TaCaHAAMCKON CBUTOM,
KOTOpasi IEPEKPhITa LIEJIOYHBIMU OJIMBUHOBBIMU 0a3aJlbTaMU U TpaxubOa3abTaMu
IIOPIIOJIETCKON CBUTHI. TpaxuprHOAALIMTOBBIE BYJIKAHNUThI KAJIUIIIIATU3UPOBAHBI U
3aMEIIEHbl  KBapl-KAJIUIINATOBBIMM  METacoMaTuTaMu ¢  0e3cynbpuaHon
30JI0TOPYIHOIN MUHepanu3anueil. KanummnmaTu3npoBaHHble TPaXxUIalUTOBBIE Ty(Pbl
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cekyTcsi Tab0po-anuaba3oBbIMU MHTPY3UBHBIMH 1ITOKaMU. C MOCIEIHUMH CBsI3aHA
30JI0TO-MEAHO-TIOJUMETAIUINYECKAsT MHUHEPAIM3ALUsI, KOTOpas B OTJIMYHE OT
MaHeynbCKOoro OpyJIEHEHHs ASTOr0 THUIA 3HAYUTENIBLHO oOoramieHa 30JI0TOM.
ManHeynbckoe 30JI0TO-MEAHO-TIOJTUMETAIIINYECKOE OpYAECHEHHUE,
KOHTPOJIMPYEMOE CTa0MIbHOM cyOaykiuei, conep:xxut B cpenneM 0,8r/T 3010Ta,
TOTa Kak B pyAax bekrakapu ero copepkaHue COOTBETCTBYET B CpeaHEM ST/T,
uHorna mpesbimas 20r/T u gocturas 189r/T. 3mech MICNIOYHOW KaJIMINTIATOBBIHA
METacoMaTo3 SBIIACTCS  pPE3yJbTaTOM aAKTHBHOCTH  INEJIOYHBIX  (ITFOUOB,
CBSI3aHHBIX C BHEIPEHHEM MaHTUHHOrO auanupa. UHTeHcudukanuss MaHTUHHOTO
BIIMSIHUSL BBIp@KEHA B M3BEPKCHUM IIEJTOYHBIX OJMBUHOBBIX 0a3alibTOB U
Tpaxu0a3aJibTOB U BO BHEAPEHUU Tab0po-auaba3oBbIX MTOKOB U Kuid. C 3TUMHU
IMITOKAMU  CBSI3aHO  30JIOTO-MEIHONMOP(HUPOBOE OpYJACHEHHWE U CHUHpYJHAs
BBICOKOTEMIIEpATypHAasI MPONWINTU3ALIHS. Opynenenue 00yCJIOBIICHO
AKTUBHOCTHIO BHICOKOTEMIIEPATYPHBIX (DIFOUIOB, CONECPKAIIMX TUAPOCYIbPHUIbI, B
pes3ynbTaTe  pacmaja  KOTOpPhIX  o0pa3yeTrcss  30J0TO-TOJIMMETAIIMYECKOe
OpyJeHeHHe. OTHU TMPOIECChl CBA3aHbI C HAYaJIbHOW cTaaued Oekapka, 4YTO
NOATBEPKAACTCA  METPOXMMHUUYECKUMH M TEOXUMUYECKHUMHU  KPUTEPUSIMU
IIEJIOYHBIX OJIMBUHOBBIX 0a3albTOB: BBICOKUM cojepxkanueM TiO, u P,0s
(Ti0,=2.07%, P,0s=1.2%), a Taxxe xoppensauueit TiO, ¢ BEICOKUM coAepKaHUEM
K,0 B cpeanux u ocHoBHBIX nopoaax (TiO, =18%, K,0=3%; Nadareishvili, 1991;
Gugushvili, 2015). OnHOBpeMEHHO COJIep)KaHKUE 30JI0Ta U CBUHIIA B CYJb(UIHBIX
pylax CBUJACTEIBCTBYET 00 yYacTUU CHAJIMYECKOW KOpbl B  Mpoliecce
pynooOpa3zoBanus. Ha HavanbHOM craguu (opmMupoBaHHs OeKapKa BbICOKAS
TeMIeparypa ¢barouoB, 0 yem CBHJIETEIIbCTBYET CUHpYyIHAas
BBICOKOTEMITeparypHasi npommmrusanust (350- 400°C). BbicokoTeMmepaTypHbie
barouael  CIOCOOCTBOBAIM ~ MHTEHCHMBHOMY  BBINIEIAYUBAHUIO  30JI0Ta W3
CHAJTMYECKOM KOpBl. B ocTpoBOAYKHOM OOCTaHOBKE, CBSI3aHHOM CO CTaOMIIbLHOM
CyOnyKIMen, CHHpYAHBINA TIPoliecc CyIb(OUIHOTO OPYICHEHUSI TIPEACTABICH OoJiee
HU3KOTEMIIEPATYPHOU CEPUITUT-XJIOPUT-KapOOHATHOM acconnanueii. B otmuyme ot
MaiHeyIbCKOTrO MECTOPOXKICHUS, Ha beKTakapCKOM HE YCTaHOBJIEHA 30HAJIBHOCTD
noppUPOBBIX PYJI C 30J0TOCOAEPKAIIUM Oe3CyIb(OUIHBIM U MaJIOCYJIb(UTHBIM
opyaeHenrneM. CoOCTBEHHO CyJlb(pUAHOE OpyACHEHHE 34EeCh HAJI0XEHO Ha
OpeKYMpOBaHHbIE KBapIl-KAJIMIIIATOBbIE MeTacoMaTuThl. [Iporecc HaunHaeTcs ¢
dbopMupOBaHUs 30JI0TOCOJCPIKAIIMX KBapI-KAJUIINATOBBIX METACOMAaTUTOB U
3aBEpIIAETCd  BBICOKOTEMMEPATYypHOU  MNPONMUIUTH3aUUEed U NOPPUPOBBIM
opyneHeHrem. Kak M3BECTHO, TPAHCHOPTUPOBKA 30JI0TA MPOU3BOJUTCS HIETOUYHO-
KapOOHATHBIMU PACTBOPAMU M  30JI0TOOTJIOKEHHUE CBSI3aHO C  MPOIIECCOM
KAJIWITATA3AAN,  TOTJAa  KaKk  TPAaHCIOPTHPOBKa  30jI0Ta B Oosee
BBICOKOTEMIIEPATYPHBIX YCIOBUSX POUCXOUT B CTabOKUCITBIX
TUAPOCYIB(UIHBIX PACTBOPAX W OTIOXKEHHE 30JI0Ta BMECTE C IMOJIMMETAUIaMU
oOycnoBieHO pacmagoM 3Tux ruapocyibdumaoB (Merragh, Bierlein, 2008). Ha
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bekxTakapckoM MeCTOpOXKACHH U TeMIlepaTypa IIe0YHO-KapOOHATHBIX PACTBOPOB
cocramser 250°C, Torma Kak TeMmIeparypa CHHpPYIHON OSIHIOT-HOH3HTOBOM
npormuTi3anuu oteedaet 350-400°C (Gugushvili, 2015). Crenyer moa4epKHyTh,
YTO HA HAYaJbHOUN cTaguu pudTHHTra, B mponecce popMupoBaHuil bekTakapckoro
MECTOPOXKACHUS, €IIE YYaCTBYET CHAIMYECKas KOpa, SBIIAIOMIASCS HUCTOYHUKOM
30J10Ta W CBHHIIA, BBIIIEJIAYUBAHUE KOTOPBIX CBS3aHO C BO3PACTAHHEM
TEeMIIEpaTypbl PacTBOPOB, OOYCIOBJICHHBIM BHEAPCHHEM MAHTHWHOTO IHAMHAPA.
Nneanu3upoBaHHas cXxemMaTH4ecKas WJUTIOCTPALIMS BYJIKaHU3Ma u
pynooOpa3oBaHus HA HAYaJILHOM cTaauu Oekapka nmokazana Ha puc. 1 (II).

Buenpenne nuanupa Ha Oojiee BBICOKMH ypOBEHB JHUTOC(HEPHI CBSI3aHO C
yCHJICHHEM TpaHchOopMaIui CyoaylUupyeMou TUIUTHl U pUPTUHTOM, B PE3YJIbTATE
Yero NPOCXOAUT  TMOJHBIM  CHOPEOUHI  CHAIIMYECKOM  KOpbl W3  30HBI
pynooOpa3zoBanus. Ha maHHOM sTare cuaimudeckas Kopa yKe HE y4dacTBYeT B
npouecce  pyAooOpa3oBaHus, U OpPYIACHEHHE  COCTOMT M3  MEIHO-
IMHKOBOKOJTYEJIAHHON pylAbl, B KOTOPOM HE MPUCYTCTBYIOT 30JIOTO U CBUHEII.
[Ipumepom 3T0it 00CTaHOBKHM MOKET CIYKUTh XYJECCKas TpyIa MECTOPOXKICHUM
[TepenoBoro xpe6ta bonbmoro Kaskaza (Xymec, Ypym, [Hayn). 3aecs, k
BEPXHEMAICO30MCKON TOJIEUTOBOM BYJIIKAHUYECKOM CEpUHM MNPUYPOUCHO METHO-
nuHKOBO-KomyenanHoe VHMS  opyaenenue (Buadze, Kaviladze, 1977).
ToJIeuTOBBIN BYJIKaHU3M CBSI3aH C MHTPAYyTOBbIM MHTEHCUBHBIM PUPTHUHTOM U MO
r€OXMMUYECKUM KPUTEPHUSIM OTHOCHUTCSI K MHTpaayroBoi oocrtanoBke (Shavishvili,
1993). B pyzne 31ech He IPUCYTCTBYIOT 30JI0TO U CBUHEII, YTO UCKITIOYAET y4acThe
CHAIMYECKOM KOPBI B 30HE py/1000pa3oBaHus. MICTOUHMKOM LIMHKA 3/1€Ch SIBIISIETCA
0a3anbTOBasi KOpa, a MEIU - MAHTUHHBIN quanup, oOyCIOBHUBIINN WHTEHCHUBHBIN
pudTUHT.

Nneanu3zupoBaHHasi cXxeMa BHYTPHAYTOBOro puTHHTAa Ha MpUMEpPE
[TepenoBoro xpedta bonwimoro Kaskaza npeacrasnena na puc.1 (III).

Puc.1.

JlpyruM TNpuUMEpOM HWHTEHCHUBHOTO pU(THUHTA B 3aJyroBOM OOCTaHOBKE
ABJISIETCA I0OPCKOE OKpanHHOE Mope Ha fOxHoM cknone bonbmoro Kaskaza. 3nech
K TOJEUTOBOW BYJKAHMYECKOW CEepUH, PACIOJIOKEHHOW B KapOOHATHOM (iuie,
OpUypoOuY€Ha TpyINa CTPATUMOPPHBIX MecTopoxaeHud (Punmuz-yaii, Kaugar,
Kuzunnepe, Ananre). OpyaeHeHHe B OCHOBHOM MPEICTABICHO MEIHO-IIMHKOBO-
IUPOTUHOBON pynou. Jinme Ha OWIN3-4aliCKOM MECTOPOXKIACHUU U3BECTHA
HE3HAYMTEIbHAs MUHEpAIU3allds CBUHIA U 30JI0Ta, YTO JOJKHO OBITH CBSI3aHO C
ydacTueM B mpolecce pu(TUHTA PEIUKTOB CHAIMYECKON KOphl Ha 0a3albTOBOM
nHe ropckoro okpanHHoro Mopss (Lomize, Panov, 2002). B mpouecce
(GopMupOBaHHA OKPaMHHOTO MOpsS CHaJM4ecKas Kopa, B OCHOBHOM, Oblia
BBIHECEHA CIIPEIMHIOM U3 30HBI PyJ1000pa30BaHUA.
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JlanbHeiliee ycuieHue cupenara o0yCcIoOBUIIO IEPEX0/1 3ayroBoro pudra B
MaJI0OKEaHHYECKYIO 00CTaHOBKY, 4TO MOATBEPKAACTCS MIPUMEPOM
MO3HENATC030CKO-PAHHEIOPCKOM  accolMai  O(UOJMUTOBBIX  BYJIKAaHHUTOB
komiiekca Krope Ilentpanbubix Ilontun (Ustaomer, Robertson, 1977 ).
OpyneHeHue NpeACTaBICHO MEAHOKOUenaHHoW pynoi Kunpckoro tuma 06e3
ydacTusi 30JI0Ta, CBHHIIA W IMHKA (MecTopokiaeHuss Ammkoit u bakubaba).
KoMmmiekc cocTouT U3 TONEUTOB U OJIMBUHOBBIX 0a3aJbTOB, PACCEUYCHHBIX
IITOKBEPKOM /11Ma0a30BbIX Jkuid. WHTpy3uBHas (asa COCTOUT U3 IYHUT-
MEPUAOTUTOB, SBISIOMIMUXCA IETPOJIOTMYECKUM HWHIUKATOPOM OKEaHUYECKOU
00CTaHOBKH. BricokoTemmiepaTypHas AKTUHOJIMUT-3IHI0T-IIOU3UTOBAS
NPONUIIUTU3ALMS U CEPIEHTUHU3AIMS OTPAXAIOT OKOJOPYAHBIA (CHUHPYIHBIN)
nporuecc VU3MCECHECHHM. CepneHTUHU3AIMA ABJISIETCS WHJIUKATOPOM
T'HJIPOTEPMAIIBHOTO MPOIecca OKEaHNYECKOW 00CTaHOBKH.

K apyrum npumepam okeaHHYeCKOW OOCTaHOBKM OTHOCHUTCS O(UOJIUTOBAsS
CyTypa, KoTopas pacrnoyioxkeHa mexay bopnaep @unnom u TaBpunamu (AHaToms)
U TpeacTaBisieT BocTOuHbIM (uanr Tpomocckoro odguonuToBoro mosca. B
OTJIMYHE OT MAJIOTO OKeaHn4yeckoro Oacceiina komiuiekca Krope, chopmupoBanoro
B pe3yJibTare TpaHcPpopMaluu OeKapKa B MAIyl0 OKEAHUYECKYI0 OOCTaHOBKY, OHA
SIBJISIETCS PEJIUKTOBOM cyTypor okeaHa Teruc. ODUOMUTHI 37€Ch MPEICTABICHBI
rapiOypruTaMu U JyHUTaMU, KOTOPBIE MEPEKPHITHl MUPOKCEHUTAMU U BEPIUTAMU
M pacceueHbl J1Ma0a30BbIM KOMIUIEKCOM. MeIHOKOIUYEeIaHHOE OpYJEeHEHUE
MpeAcTaBiIeHo MecTopoxaeHusmMu Manen (Enasur) u Manenkoit (Cuupt), nupuT-
XaJIbKOMUPUTOBBIE PYAbl KOTOPBIX HE COJAEpPAT CBMHIA U IIMHKA. 3/1€Ch, TAKKE
KaK ¥ B KomIuiekce Krope, eIMHCTBEHHBIM UCTOYHUKOM PYJIbI SIBISIETCS MaHTUS, C
KOTOpON CBsA3aHa MuHepanuzauus Menu. CHHpYAHBIA IPOLECC MPEICTaBIECH
BBICOKOTEMIIEPATYPHOM MPONMINTH3AMEN U cepnieHTuHH3anneit (Engin, 1994).

Nneanu3upoBaHHasi cxeMa MaJIOOKEAaHWYECKONW OOCTAaHOBKH MpE/CTaBIIeHA HA
npuMepe MaliookeaHudeckoro komriekca Krope (puc. 1, IV)
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2. MeranjioreHn4ecKue, BYJIKAHOJOTHYECKHEe M TreOXHMH4YeCKHe
HHAUKATOPHI  NPEKOJUIM3MOHHOT0 M NOCTKOJUIM3HOHHOIO  Pa3sBUTHSA
EBpa3uiickoii KOHTUHEHTAJbHOH OKPAUHBI

Pe3rome

Hccnenopanus EBpa3niiCKOM KOHTUHEHTAJIBHOW OKpauHbl B IpEAesax
KaBkaza, Upana, Typuum u Kapnato-baJkaHCKOro pervoHa IMOKa3aiv, 4YTO
METaJUIOTEHUYECKUMU HWHIUKATOPAMH T€OAMHAMUYECKOTO PA3BUTHS SBIISIOTCA
usetHeie (Au, Pb, Zn u Cu) u peaxue metamisl (Sb, W, Mo, Hg). Ha »stanax
CTaOWJIBHOW CYOAYKIMHM M TpaHcpopMaluu CyOAyLUpPYEeMOM IUIMTHI MpPOLEcC
re€0IMHaMUYECKOr0 Pa3BUTHS KOHTPOJIMPYETCS BYJIKAHU3MOM, NETPOXUMUYECKUM
U TEOXMMUYECKHM KPHUTEpUSAMH M METAUIOTEHWYECKHMMM WHAMKaTopamu. Ha
JTamax CTa0WIbHOM CyOAyKIMM M HaudajJbHOW cTaguu TpaHchopMmanuu
CyOayLpyeMOil IJIUTHI, KOI/Ia B MPOILIECCE OPYIEHEHUS YUacTBYIOT CHAIMYECKas,
0a3anbTOBask KOpAa U MAaHTUS, METAJUIOT€HUUYECKHE MHANKATOPHI MIPEeICTaBICHbI AU,
Pb, Zn u Cu. Ycunenue pupTUHTa IPUBOAUT K CIPEIUHTY CHATHUYECKON KOPBI U3
30HBI pyanooOpa3oBaHusa. Ha 3ToM sTame MeTamIOreHUYeCKMMH HHIUKaTOpaMu
craHoBiTcsA Jmmb Zn u Cu. [lanpHeliiee ycwIeHUE CHPEIMHIA IPOSIBISACTCS B
MaJIOOKEaHM4EeCKO 0O0CTaHOBKe. 371eChb M3 30HBl OPYJIEHEHUS] TOJHOCTBIO
BBIHOCHUTCSI Takke 0a3zanbToBas KOpa, W €IMHCTBEHHBIM METaJUION€HUYECKUM
MHJUKATOPOM IpeAcTaBieHa Menb. ClienoBaTenbHO, B Mpoliecce (paHepo30MCKOro
re0JIMHaMUYECKOr0 pa3BUTHUSI UCTOUHUKOM Au U Pb sBisercs cuanuueckas kKopa,
UCTOYHUKOM Zn — 0a3anpToBas Kopa, a UCToOuHUKOM Cu — MaHTHS.

Ha craguu mocTKOMIM3UOHHOTO pa3BUTHI IIpoLEcC CyOAYKIIMH 3aBepIIaeTcs,
OJIHAKO B Ipoliecce pynooOpa3oBaHMs y4acTBYIOT cHalmdeckas M 0Oa3anbToBas
KOpa ¥ Marepuaid acTeHocepbl, NPOHUKHOBEHHE KOTOPOTrO B  30HY
pynooOpazoBanusi ~ OOyCIIOBJIEHO  TMOCTCYOJNYKIIMOHHOM  TpaHcopManuen
cyOayuupoBaHHOM TMTHL. [lo BO3ZHUKIIMM B pe3yjbTaTe cTpecca pasjioMaM
riyOWHHBIE BBICOKOTEMIIEpATypHble (IIOMABI  BBIIIEIAYUBAIM U3  MOILHOM
CHAJIMYECKOM KOPBI OPOreHOB 30JI0TO M penakue meramwisl (Sb, W, Mo, Hg) ¢
(dbopMHpOBaHUEM 30JI0TO-PEAKOMETAIBHOTO oOpyAceHeHus. JlaHHas accoruanus
pEAKHMX METAJUIOB HE XapakTepHa ISl MPEKOJUIM3MOHHOTO pPa3BUTHs, U OHU
ABJISIIOTCS ~ METAJUIOTEHUYECKUMHU U TECOXMMHUYECKUMHU  WHIAMKATOpAMHU
MOCTKOJUTM3UOHHOTO MpoLecca.

KuroueBble ci10Ba: METaUIOTEHUYECKUN WHIUKATOP, NPEKOJUIM3UOHHOE H
MOCTKOJUIM3UOHHOE pa3BUTHE, pU(TUHT, OCTPOBOIYKHAsE 00CTaHOBKA.

k ok ook
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B pesynaprare paboT, TpOBENEHHBIX B Tpenenax — EBpasuiickoro
METAJIOTeHNYecKoro mosica B mpenenax Kapkaza, Upana, Typuuu m Kapmaro-
banmkaHCKOTro pernoHa yCTaHOBJICHO, YTO KOMILUIEKCHI 30JI0Ta M IIBETHBIX METAJIIIOB
(Au, Pb, Zn u Cu), ¢ ogHOli CcTOpOHBI, U peakux metawioB (Sb, W, Mo, Hg) — ¢

IPYTOu, ABIISIFOTCS METaJUIOr€HUYECKUMU WHIUKATOpaMu CTaJui
re0JMHAMHYECKOT0 TpoIiecca.
daHepo3orcKas reoiMHaMHUKa KOHTPOJIUPYETCS COBPEMEHHOU

MJIEUTTEKTOHUKON, TOra KaK JIOKeMOpPHIICKas TeoIMHAMUKa, XapaKTepru3yronascs
YCJIOBHSIMU TUTACTHYHOM JUTOChEphI, B Tporiecce (GOpMHUPOBAHUS FOBEHUIHLHOU
KOHTHHEHTAJbHON KOpPbI 00YCJIOBIIEHA IUTIOMOBOW TEKTOHHKON C MCKIIOYUTEIBHO
BBICOKUM TEIJIOBBIM MOTOKOM. C Hell cBa3aHO (OpMHUpPOBAHUE apXEHCKUX U
nporepo3oiickux VHMS mnpoBHHIIMIA W OPOTr€HHOrO 30JI0TOIO OPYACHEHUs, a
TaK)Ke JUCTPUOYIMS 30J0Ta W TOJUMETAJUIOB M3 MAHTUU B TPAHUTOUIHBIC
kpatonbl (Goldfarb et al., 2000; 2001; Groves et al., 2005). B HeompoTeposoe
3aBEPIIAIIACh PEAUCTPUOYIIMS IBETHBIX MeTaioB Au, Pb, Zn nu Cu u3 MaHTUU B
mutocdepy. KoHleHTpamusi 3070Ta ¥ CBUHIA MPOU30IILTIA B CHATMYECKON KOpe,
IIMHKA - B 0a3aJbTOBOM, a MeIu, B OCHOBHOM, B BepxHed manTuu (Gugushvili et
al., 2010; Gugushvili, 2015; 2017; Gugushvili & Topchishvili, 2017).

IlepepacnipeneneHre OpyAE€HEHHUS 30J0Ta U LBETHBIX METAJUIOB CBS3aHO C
MarMaTU4eCcKON M BYJIKAaHUYECKONW aKTUBHOCTBIO U KOHTPOJHUPYETCS Pa3IMUHBIMU
dTarnamMy  reoJMHAMUYECKOTO  pa3BUTHS - CTaOWJIBHOM  CyOayKuued u
TpaHchopMmaiueit cyonyuupyemoit TTATHI MPEKOJUTM3UOHHOTO 151
MOCTKOJUIM3UOHHOTO 3TanoB. C 3aMmblkaHUWEM OKeaHa Teruc mpouecc CyOayKuuu
3aBepIiaercs, OJHako  jJaBieHue  Adpo-ApaBUIICKOTO  KOHTHHEHTa  Ha
EBpasuiickyto okpamHy o0O0yclIOBIMBaeT TpaHChHOpMAIUIO CYyOayIIUPOBAHHOM
IUIUThI, OPOT€HE3UC, AU3BbIOHKTUBHYIO TEKTOHHKY U MPOHMKHOBEHHE MarTepualia
acteHocdepsl B MOIIHYI0 oporennyto kopy (Gugushvili, 2015; 2017).

B pe3ynbpTare reosloriueckoro U reoAMHaMUYeCKOTO UCCIIEI0BaHUS PETHOHA,
BBISIBJICH TOJIHBIN CIIEKTpP 3TANOB T'€OIMHAMUYECKUX MPOILIECCOB: OCTPOBOYKHBIH,
BHYTPUJIYTOBOM, 3aJyroBOM H  MajoOKeaHuWyeckuu. Kaxnapli u3  HHX
XapakTepuzyercss  cnenupuyeckod ~ MarMaTM4eCKOd M BYJKaHUYECKOM
NEeATEeIbHOCTHIO, THAPOTEPMATIbLHON aKTUBHOCTHIO U METAJIJIOTCHUEH.

C  oCTpOBOIYXKHOM  OOCTAaHOBKOW  CBsizaH  OaszaibT-aHIAC3UT-IAIUT-
PHUOJIMTOBBIM M3BECTKOBO-IIEIIOYHOW BYyJIKaHW3M. HWHTpamyroBas W 3aayrosas
00CTaHOBKM BO BpeMsi (a3bl MHTEHCHBHOTO pU(PTUHTA CBSI3aHBI C TOJICUT-
OJIMBUHOBO-0a3aJIbTOBBIM BYJIKAaHU3MOM, W II€JIOYHO-OJMBUHO-0a3aJbTOBON U
Tpaxu0a3aibTOBON BYJIKAaHUYECKOW NEATETLHOCTHIO - HAa TIEPEXOJAHOM JTare |
HIOIIOHUT-TPAXUAHJIE3UTOBBIM U TPAXUPUOAAUMTOBBIM BYJIKAHU3MOM - Ha
HaYaJIbHOM dTare pu(TUHTA U HA CTAJUH €TO 3aTyXaHMUsI.

Ycunenne pudTHHra TPOSBWIOCH B CHOpPEAWHTe ©  00Opa30BaHUU
MaJOOKEaHUYECKOW OOCTAaHOBKM C O(HUOJUTOBBIM BYIKAaHU3MOM U JIyHHT-
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NEPUIOTUTOBBIM MarMaTu3MoM, SABJISFOIIUMUCS NETPOJIOTUYECKUMHU
UHAMKATOpAaMH OKEaHW4eCKOW oOcTaHOBKM. Bce 3TH 3Tambl yCTaHOBIIEHBI B
UCCIIEYEMOM peruoHe EBpa3suiiCkor akTUBHOW OKPAWHBI.

[lepBblii 3Tanm MOCTKOJUIM3MOHHOTO Pa3BUTHUS MPOSBUICS B OPOrE€HHOM
TPAHUTOUJHOM MAarMaTu3Me, BTOPOW - B H3BECTKOBO-IIEJIOYHOW M IIEJIOYHO-
0a3aabTOBOM M TpaxuOa3albTOBOM ByJIKaHWYECKOW nesrenbHOCTH (Gugushvili,
2017; Dilek et al., 2010).

DTanbl re0AMHAMUYECKOTO Pa3BUTHSI KOHTPOIUPYIOTCS Pa3IMUYHBIM YPOBHEM
y4acTHsl CHAJIMYECKOM, 0a3anbTOBOM KOpbl W MaHTHUU. OCTpOBOMYKHBIH
BYJIKAHW3M, KaK W BYJKAaHWU3M HAYaJIbHBIX CTaauii puU(TUHTa WHTPAAYTOBOU U
3alyTOBOM OOCTaHOBOK M CTaJWii €ro 3aryxaHus, OOYCIIOBJIEH Yy4acTHEM
CHAIMYecKoi, 0a3aibTOBOM KOpPhl M MaHTHHM. VIHTEHCHUBHBIA 3aJyroBol u
UHTPAAYyroBol pUGTUHT KOHTPOJHMpPYeTcs 0a3anbTOBOM KOpoM M MaHTHen. Jls
HEr0 HE XapaKTEepPHO Y4YaCTHUE CHAIMYECKOM KOpPbI, €ro UHIAMKATOPOM SIBJISETCS
TOJICUTOBAs BYJIKAHWYECKasl JeATenbHOCTh. (OKeaHWdeckas xKe O0O0CTaHOBKa
KOHTPOJIUPYETCS JIMIIb y4acTUEM MaHTUU. BHeApeHue MaHTUHWOro Auanupa Ha
BBICOKME YPOBHU NIPU MHTEHCHUBHOM CIIPEJUHTE BBIHOCUT 0a3ajbTOBYIO KOPY M3
30HBI ByJIKaHW3Ma. TONBKO JIMIIb Ha HayaJdbHOM cTaguu (OPMUPOBAHUS
OKEaHMYECKOM OOCTAaHOBKM YCTAaHOBJIEHO yYacTHE PEJIMKTOB 0a3ajbTOBOM KOPBI
(Hutchinson, 1973).

Hctounuk 30m0ta 1 nBeTHBHIX MeTauioB (Au, Pb, Zn u Cu) B cuanmieckou u
0a3albTOBOM KOpe, a TakKe B MaHTUM, MPEACTABICH CIEIYIOMHUM 00pa3oM:
cuajguyeckasi Kopa sBIsieTcsl ucTouHueoM Au u Pb u, xpome TOro, peakux
meTtaioB - Sb, W, Mo, Hg; uctounuk Zn - 310 0a3ajibTOBas KOpa; UCTOUYHUK K€
meau - mantus (Gugushvili et al., 2010; Gugushvili, 2016; 2017). Bce 3t0
MIOATBEPKAAETCA KaK Ha IPUMEPE UCCIEAOBAHHOIO paliOHa, TaK U Ha MaTepuaiax
npyrux peruoHoB mupa (Mair et al., 2006; Moritz et al., 2004; 2016; Rona &
Scott,1993; Goldfarb et al., 2001; Yakubchuk et al., 2002).

Metamiorenust 30J10Ta, a TAKKE LBETHBIX U PEIKUX METAJUIOB B U3YUYCHHOM
palioHe SBISETCS MHIUKATOPOM T'€OJAMHAMHUYECKOTo pa3Butus. VX pacnpenenenue
B pa3HBIX TEOJMHAMHYECKHUX OOCTaHOBKAaxX otinyaercs aApyr ot japyra. C
OCTPOBHBIMH JIyraMU CBSI3aHbI 30JI0TO-MIOJIMMETAIUIMYECKOe TOpPupoBoe, Majio- U
BBICOKOCYNIB(UIHOE  OpYyJICHeHuEe, Kak W opylaeHenue Tuna Kypoko.
Musnepanuzaiys 37eCh KOHTPOJUPYETCS JTaloM CTaOWJILHON CYOAYyKIIMU U
coaepxkut Au, Pb, Zn u Cu. B opyneHeHnn y4acTByeT cuajandeckas, 0a3aibToBas
KOpa ¥ MaHTHs, KaKk U B HayaJbHOW CTAaJuM 3a4yrOBOM M MHTPALYyrOBOU
00CTaHOBOK, T/ CHAJIMYecKas Kopa MPUCYTCTBYET B 30HE pudtunra. Bueapenue
MaHTUWHOTO JHUANKPa Ha dTOW CTAANKM OOYCIOBIMBAET BO3PACTAHHUE TEMIIEPATYPHI
U MEJOYHOCTH (ITIOUJIOB, YTO CIOCOOCTBOBAIO MHTCHCHBHOMY BBINICIAYHBAHUIO
30JI0Ta U CBUHIIA U3 CHAIIMYECKOW KOpbl. Ha 3TOM 3Tame 3HauMTeNbHO BO3pacTaeT
COAEPkKAHHUE 30JI0TA U CBUHLA B IMOJAMETAJUIMYECKOM PYyIE IO CPAaBHEHUIO C
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OpY/ZICHEHHEM TIpU CTaOWUIIBbHON CYOQyKIIMHM B OCTPOBHBIX Jyrax C aKTUBHOCTBIO
0oJiee HM3KOTEMIIEpaTypPHBIX PACTBOPOB. DTO MOATBEPKAACTCS Ha MpUMEpe
MaHeynbCcKoro pyJIHoOro y3ia, popMUpOBaHUE KOTOPOTO CBSI3aHO CO CTAOMIBHOU
cyOnykuued B OTIMUME OT bekrakapckoro pyaHOro y3ia, TIe OpyICHEHHUE
KOHTpOJIMpYyeTcs TpaHchopManed CyOnylupyeMod TIUIMTBI C BHEIPEHUEM
MaHTUlHOrO juanupa. CpenHee coaep)kaHue 30i10Ta B MaaHEyJabCKOU
cynbumaaon (mosmmMeramnaeckoit) pyae 0.81/T, Torma Kak Ha MECTOPOKICHUU
beprakapu oHO B cpeiHEM COOTBETCTBYET ST/T, B psiae ciaydaeB nocturas 20r/T, a
unorna u 1891/t (Gugushvili, 2015; 2017).

AnanoruuHasi cuTyanus HaOmOgaeTcss W B JIPYrHMX peruoHax Tertwuc-
EBpa3zuiickoro MetamuioreHu4eckoro nosica. Tak, B pyaHoM paiione [lanarropuire
(bosrapus), rae BICOKOCYIbGUIHOE SMUTEPMATIBLHOE U MTOPGUPOBOE OPYIACHEHUE
KOHTpOJUpyeTcs TpaHchopmalment cyoyllupoOBaHHOM TUTUTHI, 30JI0TOCOIEPKAHUE
B cpenneM paBHo 2.07r/T (Moritz et al., 2004; von Quadt et al., 2005). B CepOuu
Ha 30JI0TO-TIOJIMMETAUIMUECKUX MecTopoxkaeHusax bop n Maiinanek (Tumokckuii
PYIHBI pailoH) OpyACHEHUE KOHTPOJIUpYyeTCcs CcTabuibHOM CyOnykiuend. B
Bocrounsix ITlontumax Typrum co crabuibHOW CyOmyKIIME M H3BECTKOBO-
HIEJIOYHBIM ~ BYJKAHM3MOM  CBA3aHBI  30JI0TO-MEIHO-TOJUMETANINYECKHUE
noppUpoBbIE, SMHUTEPMaIIbHBIE MECTOpOXJeHusd, a Takke VHMS opynenenue
tuna Kypoxko. 3onoroconepxkanue 3nech 0ojiee BBICOKOE Ha MECTOPOXKACHUSX
tuna Kypoxko - Haenu (Manenkoit) u Jlaxanoc, rie conepxaiiee Pb, Zn, Cu, Au u
Ag OpyJIEHEHHE CBS3aHO C MO3HEMEIOBOM HALUT-PUOJMTOBOM BYJIKAHUYECKOU
cepueil.

C 1NO31HEMENOBBIM BYJKAHUYECKUM KOMILUIEKCOM, MPEICTABICHHOM B
AptBuHckoM peruone Typuuu, cBsi3aHO rubpugHOE MecTtopoxaeHue Yeparene,
CoCTosAIIee M3 METHOCYIb(PUIHON IIEHTPATLHON 30HBI, COAepKalel Ha (aaHrax
opyaeHenue ¢ Au, Ag, Pb, Ba (O'Brien, 1997). B npenenax Manoro KaBkaza co
CTaOMIIbHOM cyOnyKien CBSI3aHbI 30JI0TO-MEAHO-TIOJTMMETAINTNYECKUE
mectopoxaeHus: Jlokcko-Kapabaxckori rpynmel - Hlammyr, Anasepau, TexyTw,
I'enabex, Kapamar u YaBmap c¢ mnopdupoBbiM, smnutepMmanbHbiM 1 VHMS
opyaenennem tuna Kypoko ¢ conepixaiiee 30J10To B pyae 2.71/T U coepKaHUusIMU
Pb—0.3%. Zn—0.98%, Cu—2%.

HUrtak, B mporecce cTaOWUIBbHOW CYOAyKIIMM W Ha HadaJlbHOW CTaauu
TpaHchopMalMK CyOqyIIMPYEMOM IUIMTHI y4acTBYET BECh KOMILIEKC I[BETHBIX
MeTaioB U 3o0J0Ta (Au, Pb, Zn u Cu). Ha ctaguun nHTeHCHBHOW TpaHcpopManuu
CyOqyLIMPOBAHHOM MUIMTHI 00Jie€ MHTEHCUBHOE BHEAPEHHWE MAHTUHWHOTO JHUANUpa
OoOyCJIOBMJIO TOJHBIA CHPEIUHT W BBIHOC CHAMYECKOW KOpBI B Ipoliecce
pudTHHTa, ¥ OHA YK€ HE YYacTBYeT B IMPOLIECCE OPYACHEHHS. DTO XOPOIIO
MOATBEP)KIAETCS Ha TmpuMepe wuHTpaayroBoro pudra IlepemoBoro xpedrta
bonpmioro KaBkaza. 31ech € TOJEUTOBBIM BYJIKAHU3MOM CBSA3aHO MEIHO-
nuHKoBoKomyenannoe VHMS pynooOpazoBanue 0e3 ydacTus CBHHIIA U 30J10Ta,
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IpPUMEPOM KOTOpOTro siBIsieTcs XyJecckas Tpynmna MectopoxiaeHuil (Xynecw,
Hayn, Ypym; Buadze, Kaviladze, 1977). B naHHOM ciyyae MCTOYHMKOM IIMHKA
ABJsIach 0a3zanpTOBasi KOpa, a MCTOYHUKOM MEAM - BBI3BABIIMA PUGTUHT
MAaHTUWHBIA JUATIAD.

[IprMepoM MHTEHCHUBHOTO 33 {yTOBOTO PUGTUHTA MOXKET CIY>KUTh OKPAUHHOE
Mope FOxHoro ckiona bonemoro KaBkasa, ¢ KOTOpbIM CBSI3aHO PyJa000pa3oBaHue
MectopoxaeHuit Kapanar, Ananre, Kusuigepe, Xots 31ech, Ha MECTOPOXKICHUH
O@unns-Yaii BMecTe ¢ MEIbI0 U IUHKOM YYacTBYIOT B IIOJ{YMHEHHBIX KOJIMYECTBAX
30JI0TO W CBHHEI], YTO, MO-BUJAMMOMY, CBS3aHO C HPHUCYTCTBHEM PEIUKTOB
CHATMYECKOU KOpBI Ha 0a3aibTOBOM AHE okpanHHOTO MOpst (Gugushvili, 2015).

Cnenyer OTMETUTb, YTO C HWHTEHCUBHBIM 331yTOBbIM M HWHTPAAyTrOBBIM
pUGTUHTOM M TOJEUTOBBIM ByJiKaHuzMoM VHMS MenHO-IIMHKOBOE Opy/ACHEHHE
CBsI3aHO He Bcerza. [IpumepoM 3Toro sBiseTcs CpeIHEI0LEHOBBIN pudT Amxkapa-
Tpuanertuu, Tonentsl KoToporo coaepxkat 200ppm meau, yto B 10 pa3 npeBbiliaet
KJIApKOBBIE 3HAaU€HHs. BeposATHO, 37€Ch MeIb KOHLIEHTPUPOBAJIACH B TOJIEUTOBOM
pacmiiaBe W He nepexoawsia Bo QuironjHyro ¢a3zy. pyroil monoOHbI mpumep
u3BecteH B pernoHe lOxxHoro Ypana, rne puToreHHble TOJEUTHl 0OOTaIICHbI
MEIBI0O U IIMHKOM, HE MepeleamnumMu Bo (aroupl U Takxke orcyrcreyer VHMS
MenHo-1nHKoBoe opyaeHenue (Frolova, Burkova, 1977).

JlanbHeimass WHTEHCU(UKAUs COpEeIMHra M BHEIPEHUE MAaHTUWHOIO
JUanupa Ha BBICOKHME YPOBHM OOYCIOBWJIM MallOOKEaHMYECKYH0 OOCTaHOBKY. B
HCCJIEYEMOM PErMOoHE€ MNPHUMEPOM BO3HUKHOBEHHSI 3TOM OOCTAHOBKH SIBIISETCS
MaJIe030MCKO-paHHeMe3030icknil  komruieke Krope B Typuuu. ®dopmupoBanue
TOr0  KOMILJIEKCA CBA3aHO C  MEPEeXoJOM  3aayroBod  OOCTaHOBKH B
MaJ0OKEaHHUYECKYI0, TIpe/icTaBleHHy0 oduonutamu, 6azansramu tuna MORB u
cepnieHTHHU3UpoBaHHbIMU ~ niepugoTotamMu  (Ustaomer, Robertson, 1993).
KoMIuiekc comepKuT MeAHOKOJIYENaHHOe opyAcHeHue Kwumpckoro tunma —
mMecTopoxaeHus Amukoi u baku6aba, B kotopbix Zn u Pb comepskarcs juiib Ha
ypoBHe ciefoB (Gruner, 1980). Mennble MECTOPOXKAECHUS KHUIPCKOrO THUMA -
Manen (Enazar) u Manenkoil (cumpT) u3BecTHbl Ha rpanuue bopaep @uina u
TaBpun (Typuust). PynoBmemaromnue opuonThl 31€Ch COCTOAT U3 raplOypruToB,
JTYHUTOB, MHUPOKCEHWTOB, BEPJIUTOB M MNWLIOY JIaB M CEKYTCS KOMILIEKCOM
nuaba3oBbix gaek (Engin, 1904). Opynenenue u 371ecChb, MOJAOOHO KOMILUIEKCY
Krope, npeactaBieHo XaJIbKONUPUT-KOTYEAAHHON PyAOM M HE COIAEPKUT IIMHKA,
CBUHIIA U 30J10Ta.

Urak, Au, Pb, Zn u Cu Ha pa3inu4HbIX 3Tanax MPeKOJUIM3UOHHOTO Pa3BUTHS
pacpoCTpaHsIOTCs CISAYIOMUM 00pa3oM: Ha dTare CTaOMIbHOW CyOAyKITMH, Ha
HavyaJbHOM cTaauu TpaHchopmauuu cyomymupyemoil miutel Au, Pb, Zn u Cu
IIOJIHOCTBIO YYacCTBYIOT B OPYJEHEHUHU, OJTHAKO COJAEPKAHHUE 30JI0Ta 3HAYUTEIHHO
BbIIIE HAa HAYaJbHOW CTaauMU TpaHCPopMalMk, 4YeM Ha JTamne CTaOuIbHOU
cyoaykuuu. OTO OOBICHSIETCS MHTEHCHUBHOCTHIO BBILIEIAYUBAHUS 30JI0Ta M3
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CHATMYECKOM KOPbI BHICOKOTEMIIEPATYPHBIMUA PACTBOPAMU HAa HAYaJIbHOW CTaJlUU
TpaHchopMalMK B pe3yJibTaTe BHEAPEHU MaHTHITHOTO nuanupa. C nocueayromen
uHTeHCU(UKaIel puTHUHra TPOUCXOIUT CIPEAUHT CHATIMYECKOW KOPBI U3 30HBI
pynooOpa3oBaHus U 3/1€Chb, B MEHO-IIMHKOBOU pyAe Au u Pb yuactByroT nuib Ha
ypoBHe cienoB. Mctounnkom Zn u Cu B 3TOM ciydae sBseTcsl 0a3aIbToBas Kopa
u MmaaTus. [locmenyromuii cipenHr cmocoocTByeT Tpanchopmanuu pudTrHra B
MaJOOKEaHU4eCKyl0o o00cTaHoBKy. Ilpu »sTOoM, U3 apeasa MuHEpalIu3alUU
MOJIHOCThIO BBIHECEHA CHAlIMYecKas U 0Oa3ajnbToBasg Kopa, M OpYICHEHHE
[IPEICTaBICHO MEIHOKOJIYEAAaHHON MHHEPAIU3ALNEH, 4TO ABJIACTCS
MOATBEPKACHUEM MaHTUMHOTIO UCTOYHHUKA MEH.

B uccnenyemMom pailoHE NOCTKOJUIM3MOHHOE OPYACHEHHE PACIOJIOKEHO Ha
IOxxnOM cknone boapmoro KaBkasa, a Takke B OpOreHax, Ha TEppuUTOpud Manoro
Kapkaza, Upana u Typuuu. Be3zne oHO KOHTponupyercs MOCTCYOAYKIIMOHHOU
TpaHcopmanmen cyoayupOBaHHON IUIUTHI, Pa3JIOMHOW TEKTOHUKON U CBS3aHO C
BBIIUIABJICHUEM M3 MOIIHOW CHAJIMYECKOM KOPBI OpPOTE€HOB T'PAHUTOUIHBIX
uHTpy3uil. OpyJeHEHUE MPEJICTABICHO  30JI0TO-MEIHO-TIOJIMMETAJUIMNYECKON
nop¢$upoBOM U AMUTEPMAIBHOMN 30J0TOPYAHON MUHepanu3auuend. O0a Tuna pyabl
Ooratbl 30JI0TOM U COJIEpkKAT KOMIUIEKCHI pefkux metamwio (Sb, W, Mo, Hg). Ota
accolMalysl peAKUX METauIOB HE XapakTepHa I IPEKOJUTU3HOHHOTO
OpYACHEHHS 3a HUCKIIOYEHHUEM MOJIMOAEeHa, KOTOpbI, XOTSd MU B MOAYMHEHHOM
KOJIMYECTBE, MPUCYTCTBYET M B MNPEKOIM3HOHHBIX pynax (Gugushvili, 2015;
2017).

Bo3pact MOCTKOMIM3MOHHOTO OpPYAEHEHUST B  HCCIEAYEeMOM pailoHe
natupyercsi oquroneH-muoneHoM. Ha FOxxnom ckinone bombioro KaBkaza u B
npenenax xpedTa MOCTKOJUIM3MOHHBIMH MECTOPOXKACHUSIMU SIBJISIIOTCS 3OIXUTO,
JIlyxymu, Oxpuna-Auanapa, ABaaxapa, Axeil u Houapymna. Ha Manom KaBkaze
OHM INpeACTaBIEHBI MecTopoxaeHussMU Kakapan, Arapak, 301 1 MexHa3op.

ITOCTKONIN3MOHHOE OpYIEHEHHE IIMPOKO MIpencTaBieHo W B Mpane - 310
MecTOpoXxAeHUsT XapBaHckod rpynnsl (Muepyn, Acrapran, Auaepuas, ['anapex
u Xanpumu). Opynenenus: 3Toro tumna u3BecTHsl U B Cananaamx-CapakaHCKOM
30He, AunbOopickoil 30He W B Bocrouno-MpanckoM marmaruueckoMm mosice
(mecTopoxknenuss Mirotex, 3apuiypan, [amkecan u Ax-Jlapex). Bce oHu
KOHTPOJUPYIOTCSI TPAHUTOUJIHBIMU IITOKAMHU OJIUTOLIEH-MHOILIEHOBOTO BO3pacTa U
Pa3IOMHOM TEKTOHUKOM, CBA3aHBI C IOCTKOJJTU3MOHHBIM OPOTE€HE30M U COJIepKat
acconuanuio peakux metamioB (Sb, W, Mo, Hg). Dta acconuanus HajoXeHa Ha
OPEKOJUTU3UOHHBIE ~ BMEMIAIONIME  MOPOJAbl M SIBISETCS  T'€OXMMHUYECKUM
WHJIUKATOPOM MOCTKOUTM3HOHHON 00cTanoBkH (Gugushvili, 2015; 2017).

['eHe3nuc NOCTKOJUIM3MOHHOTO  OPYIEHEHHsS CBSI3aH C  BHEAPEHHUEM
MaHTUWHOIO Marepuaja IO 30HaM pPas3JIOMOB B IMPOLECCE MOCTKOLUIM3MOHHOU
TpaHcpopmaIu CyOoIylMpOBAaHHON IUIMTHL. BHenpeHne mMaHTHITHOTO MaTepuaia
0OyCJIOBJIECHO BO3HMKHOBEHHEM BBICOKOTEMIIEPATYPHOIO TEIUIOBOIO MOTOKA.
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BricokoTemmniepaTypHbie  (QUIIOMABl MPOU3BOIWIM BBIIIEIAYMBAHUE 30J0Ta U
WHJVMKATOPHBIX PEIKUX METAUIOB M3 MOLIHOM CHAMYECKOW KOpPbI OPOrE€HOB C
dbopMupoBaHueM  MOPPUPOBBIX U JBINUTEPMAJBHBIX  30JO0TOPYIHBIX U
peIKOMETaIBHBIX MaJIOCYIbGUIHBIX MecTopokaeHui (Gugushvili, 2015; 2017).

[IOCTKOMIIN3MOHHOE  OpPYAECHEHHE  HCKIIOYUTEIBHO  OOraTto  30JI0TOM,
KOTOPOMY  CONYTCTBYET  acColMalds  PEAKUX  METa/lIOB, HWHIUKATOPOB
MTOCTKOJUIM3UOHHOTO  mporecca. HIMpokuM pacnpocTpaHEHUEM  IOIb3YHOTCSA
30JI0TO-PEIKOMETANIbHBIE KWJIBHO-IITOKBEPKOBbIE MecTopoxkaeHus. Ha Kapkaze
HauOoJee 3HAYUTEIbHBIM MECTOPOXKICHUEM JTOTO THUMA SBISETCS 3O0MXUTO,
MPEJCTABICHHOE 30JI0OTOCOJICPKAIIMMH  KBAPIL-AHTUMOHUTOBBIMU  KUJIAMU U
ITOKBEpKaMu cojepkamumu 34t 3o070Ta, 412231 antumonuta u 39t cepebpa.
Conepsxanue 3o5o0ta B xkuiax 4,391/t, cepedpa - 4.51r/1. Beicokue coaepkaHus
30J10Ta U cepedpa GUKCUPYIOTCSA U B OKOJIOpYAHOM 30HE — 3.431/T 3070Ta U 4.151/T
cepebpa. Ilpurpanuunoe MectropoxiaeHue JIyXyMu TakKe COCTOUT W3 KBapil-
AHTUMOHHTOBBIX W KBapI-aKTUHOJIUT-pEAIbrap-aypUnurMEHT-apCEHOMUPUTOBBIX
30JI0TOCO/ICPKAIIMX  JKHJI M KBapl-aHTUMOHHUT-KapOOHAaTHBIX M KBapil-
IICETUTOBBIX ITOKBepKOB. Coneprxkanue 30i10ta B pyae 5.10r/t, cypbemsl - 6.3%.
3anacsl 3050Ta 14.041, antumonurta - 25801. 3o10T0 accouuupyercst co Sb u W u
Ha pypaonpossiaeHun Oxpuia-Auanapa, pacroJiOKEHHOM B 3alaJHONW 4YacTd
xpebta bonbmoro KaBkasza B KBapI-aHTUMOHHUTOBBIX, KBAPII-1IEETUTOBBIX, KBAPII-
MOJIMMETAIIMYECKUX M KBaplUEBbIX *kujax. CoaepikaHue 30J0Ta B kuiax 3-4r/t.

B Xapganckoii rpynne MmectopoxaeHuid Mpana BeICOKHE coAepKaHus 30J10Ta
YCTAaHOBJIIEHbl B 30JI0TO-MEIHO-TIOJUMETANIMYECKOM U MaloCyIbPUIHOM
SIUTEPMAIBHOM OPYJCHEHUHU. 30JI0TO 31ECh ACCOLUUUPYET C PEAKOMETAIBbHBIM
komriekcoM Sb, W, Mo, Hg. I'eoxumuueckuii ¢oH BMEIIAIONUX TOPOJI COACPKUT
200-257ppm Cu, 88-121ppm Au, 3.0-5.7ppm Mo, 63-71ppm W, 120-157ppm Pb,
121-160ppm Zn, 7.4-10ppm Sb.

B Anbboprickom MarmatuyeckoM komiuiekce, B LlentpampHoM HMpanckom
onoke u Cananmxkan-Cuppkanckoil 30He lpaHa 30710TO-TIOJMMETAUIMUECKOE
KWIBHOE U IITOKBEPKOBOE OpYJI€HEHHs accouuupoBansl ¢ Sb, W, Mo, Hg, kak u
MEJTHO-ITMHKOBBIE MEeCTOpOkAeHUsT BocTouHo-MpaHCcKkoro MarMaTuieckoro mosica:
3apmypan, Aungapex, [amkecan, bananygy wu Illax3amexanckoe 30570TO-
AHTUMOHHUTOBOE TMOJUMETAINIMYECKOe pyJaHOoe moje. Bce 3Tu MecTtopoxiaeHus
KOHTPOJIMPYIOTCSI OJUTOIICH-MUOIIEHOBBIMA THMAOMCCATbHBIMU TPAHUTOUTHBIMU
MTOKaMH U accoruupyrotes co Sb, W, Mo, Hg-om (Moritz et al., 2006; Report of
Geological Survey of Iran, 2007).

[TocTkomnu3noHHas oOCTaHOBKa ycTaHoBieHa W Ha Masom Kagkase, B
Merpu-Opay0anckoii MarMaTH4ecKo MPOBUHUMU. 3AE€Ch 3HAUUTEIBHOE 30JI0TO-
MoHOIEHOBOE oOpyneHeHne (MmectopoxaeHus KamxapaH wu  Arapak) Takxke
KOHTPOJUPYETCS  OJINTOLEH-MHUOILICHOBBIMU ~ TPAHUTOUAHBIMM  IITOKAMU U
accounuupyercss ¢ Sb, W u Hg-om. 3HauuTenbHbIE MECTOPOXKIEHUS 301 U
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Mexpanzop, pacnonoxeHHble B (CeBaHO-AKEPUHCKON DJ0HE, NPEICTABICHBI
30JI0TO-KBAPII-AHTUMOHUTOBBIM OpPYAEHEHHEM, ACCOLMUPOBAaHHBIM co Sb u W
(Melikian, 1977). OHU KOHTPOJHMPYIOTCA KaWHO30MCKUMHU T'PAHOJUOPHUT-
nop(UPOBLIMU IITOKAMH.

[TocTkOIMM3MOHHOE 30J10TO€ OpyAeHeHue B acconuanuu co Sb, W u Hg-om
M3BECTHO B MeHepecCKOM Maaeo30MCcKoM MaccuBe (3amaaHbie AHATOIUIbI). JTU
MectopoxaeHuss Kynrypiy, Xanukoid u Omepnu (Yigit, 2009) KoHTpOaMpyroTCS
KafHO30MCKUMHU pa3loMaMu U 30HaMH JIPOOJICHUS, aHAJOTUIHO MECTOPOKICHUIO
Ana-Tene (bankansr; Marchev et al., 2004).

AHAJOTHYHBIM MPOLECC MOCTKOJUIM3MOHHOW MHHEpAIU3aldd [IUPOKO
pacnpocTpaHeH Bo BceM mupe. Hambomnee 3HauMTeNbHOE OpYJEHEHHE 30JI0Ta C
peAKOMETANIBHOM accoluanuet chopMrpoBaIOCh HA MO3IHENAIC030MCKOM dTarie
buHaTbHOW  KOJTM3UM  AJNTaiCKOW  OPOTrE€HHOM CHCTEeMBbl B  THUTAHTCKUX
30JI0TOpYHBIX MecTopoxaeHusix Taub-lllansa - Mypynray, Kymrop, Hanboit u np.
30J10TO€ OpYJICHEHHUE U 3]IeCh accolmupoBaHo co Sb, W, Mo, Hg. 3anack! 30:10Ta:
Ha Mypynrtay 175Moz, Ha Mectopoxnaenun Kymrtop - 19Moz, Ha 3apMuUTOH -
11.2Moz.

[logoOHass accouumanus 30J0Ta M PEIKUX METAUIOB (UKCHpPYETCS B
TomOconckoM 3omotopyaHom mnosice FOkona (Kanaga), rie mMOCTKOJUTM3HOHHOE
OpYJI€EHEHHE KOHTPOJMPYETCS CUHOPOTCHHBIMU MHTPY3UBHBIMH IIToKamu (Main et
al., 2006). Ono accoruupoBano ¢ Te, Bi, As, W Sb u coaepxutcsi B ITOKBepKax
KBapueBblX Kuil. CHUHKOUIM3UOHHOE OPOrE€HHOE  30JI0TO€  OpYJEHEHUE
acconuupoBanHoe ¢ Bi, Te, W, Mo, Sn Sb, uzectHo u B JlawianackoMm oporeHe
HOxno# ABctpanuu (Bierlein, Mc'Knight, 2005).

OcHOBHBIE BBIBO/bI

Hrak, npekouM3nOHHOE U MOCTKOJUIM3UOHHOE PA3BUTHE B UCCIIEIOBAHHOM
pPErHOoHEe CBSI3aHO C TMpoIeccaMu CYOAYKIIMU M MOCTCYAYKIIMOHHOHW aedopManuu
cyOnynupoBaHHOW 1UTh. OHO TPOSBHIOCH B BYJIKaHU3ME, MarmMaTu3Me u
METAUIOTEHUM W KOHTPOJIUPYETCA Ha MPEKOJUIM3UOHHOW CTaAuMU HHAUKAIMEH
30J10Ta U IIBETHBIX MeTaiu1oB (Au, Cu, Zn, Pb), a Ha TOCTKOUIM3UOHHON CTaAUU —
acconyanueit penkux meramion (Sb, W, Mo, Hg).

Ha »tane cyOaykuuu W Ha HadyallbHOM CcTaauu  TpaHchOpMALMU
cyonyuupyeMoi IMinuThl B (POPMHUPOBAHUU OPYJICHEHHUS! Y4aCTBYET CHUAIMYECKas,
0azanbTOBask KOpa U MaHTUSI C TIOJIHBIM CIIEKTPOM MHAMKATOpoB - Au, Cu, Zn, Pb.
C unTeHcudukanuei BHEAPEHUS] MAHTUIHOTO JUANUpPA U C YCWICHHEM pudTHUHTa
MPOUCXOANT CIPEIUHT CHATMYECKOW KOPBI W3 30HBI PYyJ000pa3oBaHUsA U
uHauKaTopamu nponecca sBisorcas Zn u Cu. C [nanbHEWIIMM  yCUJIIEHUEM
CIIPEMHIa W BHEAPEHUS MAHTUWHOTO IHANMPA HA CaMbld BBICOKMM YPOBEHB, U3
30HBI OPYACHEHUS MPOUCXOAUT TOJIHBIN BBIHOC TakKe W 0a3a’lbTOBBIA KOPHI, B
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pesynbrate  4ero  GOpMHUpYETCSs ~ MalloOOKeaHW4yeckas  OOCTaHOBKa  C
MEIHOKOTUEIAaHHBIM OpYyJICHEHHUEM, TJe CIMHCTBEHHBIM METaJUIOTCHHYECKUM
uHAUKaTopoM siBisieTcst Cu.

[Iportecc cyOmyKIMu 3aBepiiacTcsl Ha IMOCTKOJUTM3MOHHOM JTare, XOTsS B
pe3ynbTaTe KOJUTM3WW OKeaHa W BIUSHUS CTpecca, mpousBoaumoro ['oHBaHOW Ha
EBpasmiickyro okpanHy, Ha OPOT€HHOM W TOCTOPOTEHHOM dTamax IPO0JDKASTCS
TpaHchopmarsi CyOayNMpPOBAaHHONW TUTMTHI C TMPOHUKHOBEHHEM MAHTHIHOTO
Marepuana, BO3HMKHOBEHHEM BBICOKOTO TEIIJIOBOTO IIOTOKA M AaKTHBHOCTBIO
BBICOKOTEMIIEPATYPHBIX (DITFOWIOB, OOYCIOBUBIINX BBINICIAYMBAHUE U3 MOITHOM
OpOTE€HHOM CHaIMYeCKOM KOpbI 30JI0Ta U peakux MetaoB (Sb, W, Mo, Hg) ¢
dbopMHpOBaHHEM 30JI0TO-PEAKOMETATHHOTO OPYACHEHHS. DTOT KOMILIEKC PEIKUX
META/VIOB HE XapakTepeH [JIsl MPEKOJUTM3MOHHONW OOCTAaHOBKHM U  SIBJISICTCS
UHIUKATOPOM  TMOCTKOJUIM3MOHHOTO  OPYJEHEHHUS U  IOCTKOJUIM3MOHHOU
00CTaHOBKH.
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3. CuHBYJKaHN4YeCKOE M MOCTBYJKAHN4YeCKOe 0JIOKHpPoBaHUe B bosHucckom
PYAHOM palioHe B NpoLecce BEPXHeMeJI0Boil cy0aykuuu okeana Teruc

Pe3rome

bosHMCCKMIA pyaHBIA paililOH COCTOUT U3 30JI0TO-MEAHO-TOJIMMETAILNTAYECKUX
U MaloCyab(QUIHBIX  30JI0TBIX  MECTOPOXKJEHUHM,  JIOKAJIW30BAHHBIX B
BEPXHEMEJIOBOU ByJIKaHUYECKOM cepuu. OH SBISIETCA COCTAaBHOW 4acThio Terwuc-
EBpa3zuiickoro MeTaJIOTeHUYEeCKOro IMosca, CHOPMUPOBAHHOTO B Mpoliecce
cyOnykuun okeana Teruc. ['eoguHaMuyeckoe pa3BUTHE U CBSI3aHHBIE C HUM
MarMaTu4deckasi, BYJIKaHMUYeCKas W THUAPOTEpMalibHAas aKTUBHOCTb, a TaKXKe
IOPOLECCHl METAJUIOTEHUH OOYCIOBWJIM OCOOEHHOCTH TEOJIOTMH boJIHHMCCKOTo
pynHoro paiiona. IlepBas cramusa CyOAyKIMu Hayaidach CO CTaOMJIBHOTO
NOTPY>KEHUs CyOIyIIMpyeMO# IUTUTHI B MaHTHUIO, COIPOBOK/Ia€MOI'0 M3BECTKOBO-
HIEJIOYHBIM BYJIKaHHU3MOM B OCTPOBOAYKHBIX ycloBUsX. Ha cnemyromei craguu
TpaHchopmManusl CyOnylnupyeMoOM IUIUTBI C COMYTCTBYIOIIMM  BHEIPEHUEM
MAHTUWHOTO JUanupa NpOsSBWIACH B CYOIIEIOYHON TpPaxXUpPHUOIALUTOBON U
TpaxuOa3albT-IIEJIOYHON OJMBUHO0A3aIbTOBON BYJIKAHHMYECKOUW nesTenbHOCTH. K
npoleccaMm CyOyKIUHA NPUYPOUYEHbI pa3Hble TUIbl opyAeHeHus. Co cTaOMIbHON
cyOnyKIuen cBs3aHa 30HAJIBLHOCTh COOCTBEHHO CYIb(UIHOTO U 0€3CyNIb(PUIHOTO
OpY/ACHEHMH, TOr/Ja Kak B Ipoliecce TpaHC(hopManuu MPOUCXOAUT 3aMELIEHUE
0e3cyabOUAHOTO OpyACHEHUS] COOCTBEHHO CYJIb(PUIHBIM — 30JI0TO-MEIHO-
NoJIMMETAIIMYecKkuM. B Meny, B mpolecce TeO0JOTMYECKOK  pa3BUTHUSA
(uKCHpyeTCs  CMHBYJKAaHMYECKOE M  IOCTBYJIKAHUYECKOE  OJIOKUPOBAHUE.
CuHBYJKaHMYECKOE OJIOKMPOBAHWE BO BPEMEHU M IMPOCTPAHCTBE IMPEICTABICHO
IByMs dTanamMyd. Ha miepBOM H3 HUX BHEIPSIOTCS WHTPY3UBHBIE IITOKH,
0oOyCJIOBUBLINE BO3/JbIMAHHUE MOPCKOTO JHA (TIOMHUCEHC) C O00pa3oBaHHUEM
OCTpOBOB (BO3/IbIMaHue 0J0KOB). MuHepanu3aius B bonHUCCKOM paiioHe cBsA3aHa
UMEHHO C MPUMOAHATHIMU OjokaMu. BTopoil »Tam OJIOKMpOBaHUS TPOSBUICA B
AKCIUIO3UA WUTHUMOPUTOB HA OCTPOBAX M B KaJIbJIEPONPOCEAaHUH (TOTPY>KEHUE
6moka). OpyneHeHue 37eCh MPEIIICCTBOBATIO HW3BEPKCHUIO WUTHUMOPUTOB U
Kanpaeporpocenanno. OHO KOHTPOJIMPOBAIOCH BHEAPEHHEM HWHTPY3UBHBIX
IITOKOB.  XapakTep CUHBYJKAHUYECKOTO  OJOKUPOBAHUS ~ KOHTPOJIUPYETCS
pacnoyio)KeHUEM COOCTBEHHO CYJIb(UIHOTO M 0e3Cylnb(UIHOTO OpYJIECHEHUS B
rpaHnyanux Osokax. OpyneHenbie OJIOKA pacloioXKeHbl B KajbAepax U HX
0JIOKMpOBaHME KOHTPOJUpYeTCa Kaubjaeponpoceganuem. Ilocne 3aBepiueHus
BEPXHEMEJIOBOM  BYJKAHMYECKOW  JIESITENIbBHOCTH  MPOM3OIIEN  JI€TaYMEHT
CyOayIMpyeMOil TUTHTHI, BEIPAXKEHHBIN B (POPMUPOBAHUHN PETHOHATBHOTO Pa3jioMa,
pasnenuBuiero bomHuUCCKWMN pyAHBIM pailoH Ha JBa 'THraHTCKuUx' OJlOKa.
Bo3apiManue OJHOrO M3 HUX IO OTHOIIEHUIO K Jpyromy pasHo 1200 wm.
BepxHecaHTOH-KaMITaHCKas BYJKAHUYECKasi CEPHs MOJHOCTBIO CMBITA 3PO3UEH C
npunogHsaToro Ojoka. OHAa coXpaHWiIach B OMYHIEHHOM OJOKE M TPAaHUYUT C
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TYpOH-CAHTOHCKOW CEpHUel NPUIIOAHATOr0 OJoKa. OTOT TUIl OJIOKUPOBAHUSA
ABJIIETCS MOCTBYJIKAHUYECKUM, TOIJAa KaK CHHBYJIKAHUYECKOE OJIOKMpOBaHHE
KOHTPOJUPYETCS MO3JHEMEIOBOM BYJIKAaHO-MarMaTHYECKOW JESITEIBHOCTBIO U
IPOLIECCOM MUHEpAIA3aLUH.

B oranuMe OT NOCTBYJIKAaHMYECKOrO, JWANa30H CHUHBYJIKaHUYECKOIO
omokupoBanuss He mpesbimaer 200 M, U OTAeNbHbIE OJOKH PachpOCTpaHEHBI Ha
COTHHM M’, TOTJIa KaK I'MI'AHTCKHE OJIOKM OXBAaTHIBAIOT BeCh BOJIHHCCKHMII Py/IHBIH
paiioH (TbicsuM KM). B3aMOOTHOIIEHMSI CHHBYJIKAaHMYECKHX OJOKOB M UX
BO3JIBIMAHUE OMPEEISIIOTCS YPOBHEM PACIOJIO0KEHHUSI COOCTBEHHO CYIb(PUIHOTO U
0e3cyIbPpUAHOTO OPYACHEHU B COCETHUX OJIOKAX.

KiioueBble ciioBa: craOuibpHas CcyOnyKuus, TpaHchopMaius CyOoaylnupyemMon
IUTUTBI, 30JI0TO-MEIHO-MOJIMMETAIUINYECKas MUHEpaIu3alus, CyOBYJIKaHHMUYECKOE
OJIOKUpOBaHUE.

BCTYIIVIEHHUE

bonHuccknid pyIHBIM padioOH SIBIAETCA YACThIO LIEHTPAIbHOIO CETMEHTa
Teruc-EBpaszuiickoro mosica (puc. 1). OH coCTOMT U3 30JI0TO-MEIHO-
MOJIUMETAJUIMYECKOr0,  MalocyldbGUAHOrO0 W 0e3CylIb(UIHOTO  30J0TOTO
OpY/ICHEHHS] BEPXHEMEJIOBOM CEHOMAaH-KaMIIaHCKOW BYJIKaHWYECKHI cepuu (puc.
2) ¥ TpeACTaBIEH JIBYMs PYIHBIMH y3l1amMu — ManHEyJnbCKUM M bekTakapCKkum
(puc .4). Magueynbckuii y3en (Bozpact 88-90 MIIH.JIET) pacrojioKeH B TYpPOH-
CAaHTOHCKOW MAaIIaBHPCKOW CBUTE, CIIOKCHHOW BYJIKAHUTAMH AHAE3UT-IAINT-
PHOIMTOBOTO cocTaBa. MecTtopoxkaeHus bekrakapckoro ysma (Bospact 79-81
MJTH.JIET) TPUYPOUYCHBI K KAMIAHCKOW TPaxXUPHOJAIMTOBON CEPHUH, MEPEKPHITOM
TpaxuOa3adbT-MEIOYHON OJMBHHOBOOA3aIbTOBOM IIOPIIOICTCKOW CBUTOM (pHC.
2). OTu y31bl pa3lielieHbl PErMOHaJbHBIM Pa3JIOMOM W PACIONIOXKEHBI B JBYX
"ruranTckux " Oyokax (puc. 4).

bescynbduanoe 3010T0e opyneHenne bekrakapckoro ysia CBsi3aHO C KBapIl-
KaJMIINaloBbIMU  MeTacoMaTuTaMu. [locnenHue 3ameniarorcs 30J0TO-MEIHO-
NOJIMMETAJUIMYECKUM  opyleHeHneM. B orimume ot bekrakapckoro,
MECTOpOXkAeHHEe  MaaHEeynbCKOro  y3ja  XapakTEepHU3yeTcs  30HAIbHOCTHIO
OpyAeHEeHHUs. 371eCb  30JI0TO-MEIHO-TOJIMMETAUIMYECKOE  OpYJECHEHHE IO
BOCCTAaHUIO TEPEXOAUT B 0e3Ccyiab(UIHYI0 30HY, COCTOAILLYID M3 KBapli-
XaJIEeIOHOBBIX U KBAPI-OApUTOBBIX 30JI0TOCOJAEp AKX TOKBepKOoB (Gugushvili
et al., 2014; Gugushvili, 2015). ['eonoruyeckoe U reoAMHAMHYECKOE Pa3BUTHE B
MeJy, TakKe€ KaK BYJIKaHU3M WM OpYyJCHEHHE, OOYCIOBJICHBI CEBEPOBEPTCHTHOU
cyonykuuein okeana Ternc. B BoaHucckoM pyaHOM paliOHE YCTAaHOBJIEHBI JBE
cTaauu CyOmykiuu: ctabuibHas cyOmykius, Oe3 Tpancpopmanuu (3arubaHue,
pasyioM, I€TaYMEHT, JAeJIaMUHAlIMs) MOTPYKAIOIIEeHCs B MAaHTHIO CYOIyILIMPYyeMOid
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wmTel. C Hell cBsA3aHa OCTPOBOAYX Hasi OOCTaHOBKA, HW3BECTKOBO-IIEIOYHOU
BYJIKAHU3M U 30JI0TO-MeJIHO-TIouMeTauueckoe (Au, Pb, Zn, Cu) opynenenue.
Ha cnenyromeit cragum ¢ TpaHchopManmein cyOaynupyeMon — IIIUTHI,
oOyCJIOBHBIIEH BHEApPEHHWE MAHTUHHOTO JHANUpa, MPOUCXOJUT TEPEX0]l
BYJKAHUYECKOW OYrd B 3aAyroByro oOctaHoBKy. Ha EBpa3suiickoil akTUBHOM
OKpauHe TpaHcpopMaIys MPOsSBUIIACH B pU(PTHHTE, B MIOMIOHUT-IIEI0YHO0A3aTbT-
TOJICUTOBOM BYJKAHMYECKOW NESITEIBHOCTH, B cTparuMmopdHoit (VMS) memHo-
IMHKOBOKOJMYENAHHOW  MuHepamm3auuu. Ha pa3Butom stane 3aayroBou
00CTaHOBKH B OPY/ICHCHUH HE yYaCTBYIOT 30JI0TO U CBHHEII, JIMOO UX COJICPKAHUE
MHUHUMAJIbHO — B 3aBUCUMOCTH OT y4yacTus cuanuueckoit kopel (Gugushvili, 2015;
2016; 2017).

Kpurepuu reonmHaMuyeckod OOCTAaHOBKM BYJIKAHM3Ma KOHTPOJIHPYIOTCS
NETPOXUMUYECKHUMU U T€OXUMUYECKUMU UHANKATOPAMHU, CBUETEIbCTBYIOIIUMHU O
J0JIe MaHTUWHOTO BIUSHUS B Mpolecce CTaOWIbHOW  CyOIyKUMH U
TpaHchopMalu CyoaynupyeMon IUIMThl. B3anMOOTHOIIEHHS] BYyJIKaHU3MA H
METAJUIOTEHUH B DBOJHUCCKOM pyJIHOM paioHE AETalbHO pacCMaTpPUBAIOTCA B
cnenyromux nyonukanusx (Gugushvili et al., 2002; 2014; Gugushvili, 2015; 2015;
2016; 2017).

Ha MagneynbCckoM pyZHOM y3iI€ pyAOCOIEpKAIIUe BYJIKAHUTHI CBSI3aHBI C
OCTPOBOJIy’KHOM 0OCTaHOBKOM, TOrJa Kak Ha bekTakapckoM OHU KOHTPOJIUPYIOTCS
HayalbHOW cTagued 3aayroBoro pu@TUHra. 37ech MEpBbIM 3Tam KaMIaHCKOW
BYJIKAHUYECKOM aKTUBHOCTH MPEACTAaBIEH TPAXUPHUOJAIMTOBON BYJIKAHUYECKOU
cepuei, KBapIl-KaJMIINAaTOBbIM METACOMAaTO30M U 0e3CyIb(OUIHON 30J10TOPYIHON
MUHEpaIu3aIuen, KOHTPOJIUPYEeMO HadadbHOM CTajueil 3alyroBOM OOCTaHOBKHU.
MaHTuiiHOE BIUSIHUE B JAHHOM CIy4yae MPOSBUIOCH B CYOIIIETIOYHOM BYJIKAHU3ME
U UIEJOYHOM MeracomaTo3e. B mo3gHeM KaMmaHe MaHTUMHOE BIIMSTHUE
Bo3pactaeT. OHO BBISIBUIIOCH B CyIb(PuaAHON (a3ze opyJaeHEeHHUs, KOHTPOJIUPYEeMOn
rab0po-auabda3oBbEIMU IITOKaMH, CEKYLIUMH KBapI[-MI0JIEBOIINATOBBIE
MeTtacoMaTuThl. OpyJeHEeHHE MPEACTABICHO 30JI0TO-MEAHO-MOINMETAIINYECKOM
MHUHEpaJu3aluerl €  CHHPYIHOW  SIHUAOT-LIOUM3UTOBOM  MPONUIMTH3ALHUEN
(Gugushvili et al., 2014: Gugushvili, 2015; 2016; 2017). I'a66po-aunadba3zoBbie
IITOKKA 37€Ch, IO-BUIAMUMOMY, SBISIOTCA amnogu3aMu BYJKaAaHHYECKOTO ovara,
OTKyJa MPOUCXOJIUIIO U3BEPKEHUE IIECTIOYHBIX 0a3aJbTOB MIOPIIOJETCKON CBUTHI.
OHu (GUKCUPYIOT HAuYaJbHYIO CTaIUI0 3aJyroBOrO0 pUPTHUHTA W HHTPY3IUIO
MantuitHoro auanupa (Gugushvili, 2015; 2016).

Mectopoxxaenusi  bektakapckoro  y3jia  XapaKTEpPHU3YIOTCS  BBICOKUMU
COJIepKaHUSIMUA 30JI0TA W CBUHIIA, YTO OOBICHSIETCS 3HAYUTEIHHBIM Yy4aCTHEM
CHUAJIMYECKOM KOpbl B TMPOLIECCE OPYACHEHUS U BBICOKOTEMIIEPATYPHBIMU
¢GarongaMu Ha HayalbHOM CTaJAuMd 3aAyroBOMl OOCTAHOBKHM, CBSA3aHHOM C
BO30YXJICHEM MaHTUWHOTO nuanupa. Beicokas TemrepaTtypa (QIrOu0B SBIISIIACH
MPUYUHON HHTEHCUBHOIO BBIIIEIAUYUBAHUS 30JI0Ta M3 CHAJIMYECKONM KOpbhI Ha
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HadaJIbHBIX ~ cTagusix pudtunHra. O  BbeICOKOW  Temmeparype  (irounmos
CBUJIETEIBCTBYET CUHpY/IHAs AMUIO0T-LIOU3UTOBAS PONUITUTU3ALIHS
TeMmiepatypHoro yposHs 350-400°C.

B nopdupoBbix pygax bekTakapckoro MECTOpPOKIEHHUs CpelHee COJEepKaHne
30710Ta — 5T/T, @ Ha MagHEYIbCKOM - B 30JI0TO-MEIHO-TIOJIMMETAIUTMIECKON pyae
OHO B cpefHeM cOOTBEeTCTBYeT 0.8T/T, U CHHPYIHBIE METACOMATHUTHI MTPEACTABICHBI
0oJiee HU3KOTEMIIEPATyPHOU CEPHUITUT-XJIOPUT-KApOOHATHON acCOIHAITUEH.

3.1. baokuposBanue B BoJIHHCCKOM pyIHOM paiioHe

B bonnucckoMm pynHOM paiioHe C CyOAyKIMEH CBsi3aHbl JBa 9Tara
OomokupoBanus.  IlepBplifi W3  HHUX  MNPEACTABIEH  CUHBYJKAHUYECKUM
OJIOKUPOBAHUEM, BTOPON — IOCTBYJIKAaHMYECKHM, CBSI3aHHBIM C JETAYMEHTOM
cyoayuupyeMoil miauthl. CHHBYJIKaHUYECKOE OJOKMpPOBAaHHE KOHTPOJIHUPYETCS
UHTPY3USIMU  TPAHOJUOPHUTOBBIX  IITOKOB, TIOMHCEHCOM MOPCKOTO  JHa,
o0pa3oBaHHEM OCTPOBOB (NPUIONHATHIE OJOKH) U KaJbAEPONPOCEIaHUEM
(morpyxennble Onoku). Ha »sTtame kanpaepompocenanus (GpopMHUpOBaINCH U
"mManbie"  Onoku. [locTBynkaHumyeckoe  OJIOKMPOBAaHHWE  KOHTPOJUPYETCS
JeTauMeHTOM  (pa3pblBOM)  CYOAYKIIMOHHOM  IUIMTHI, MPOSIBUBIIEMCS B
PETHOHAIBHOM pa3jioMe, pPa3JeNvBIIMM pPYIHBIA palioOH Ha JBa 'TUTAHTCKHX'"
0si0ka. OpyJleHEeHHE CBSI3aHO C MPUIMOAHITHIMU CHUHBYJIKAaHMYECKHUMHU OJIOKAMHU.
Kanpneponpocenane M MNOCTBYJIKAaHMYECKOE  OJIOKUPOBAHUE  SIBIISIOTCS
MOCTPYAHBIMM ~ TpolieccaMu. MuHepanu3aluss CHHXPOHHA C 0Opa3oBaHUEM
IPUIIOJHATHIX CUHBYJKaHUYECKUX OJIokoB. PynooOpa3zoBaHue He CBsI3aHO C
KaJIbJIEPOIIPOCEIaHUEeM U C TOCTBYJIKAHUYECKUM OJIoKMpoBaHUEM (''TUraHTckue"
0JIOKM), OJTHAKO MOCJIETHIE KOHTPOJIUPYIOT PACIIOJIOKEHUE OPYACHENBIX OJIOKOB B
IPOCTPAHCTBE.

3.1.1. IlocTByJKaHN4YECKOE OJIOKUPOBaHUE

Opynenenue B DBOJIHMCCKOM pyIHOM pailloHE pacrojoXeHO B JABYX
"rUraHTcKkux' OJIOKaxX, pa3/iefIeHHbIX PEeTrHOHAIbLHBIM paziiomMmoM (puc. 3, 4). OHo
IPEICTAaBICHO ABYMS PYJIHBIMH y3i1aMu — ManHeynbckuM 1 bekrakapckuMm. B Hux
BYJIKAHWYECKas  JIEATEIbHOCTh  (M3BECTKOBO-IEJIOYHAS]  pHUOJAIUTOBAas B
ManneynbckoM u cyOmienovyHas B bekrakapckom) 3aBepiiiaeTcss UTHUMOPUTOBBIMU
U3BEPKEHUSAMHU, KalbJECPONPOCEIAHUEM U IKCTPY3UEH pHOIUTOB B MaaHeynu u
TpaxupuonutoB B bekrtakapu. OpyaeHeHHE M MECTOPOKICHHUS O0OUX Y3JI0B
pacnoyiokeHsl B Kaibaepax (puc. 5). B MaaHeynabCKkOM pyIHOM  y3i€
Oe3cynbhuaHas  30J0TOpyIHAas MHHEpaliu3alus, KaKk U  30J0TO-MEIHO-
MOJIMMETAIITNYECKOE OPYACHEHUE, MTPEIIECTBOBAIN N3BEPKEHUIO UTHUMOPHUTOB U
Kanpaeponpocenanuto. Ha bekrakapckom pyaHoMm y3ne  6e3cynabpuaHOe
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pynooOpa3oBaHKe MPEANIeCTBOBANIO IKCIIO3UM HUTHUMOPHUTOB, a 30JI0TO-MEIHO-
NoJIMMETAJUTMYecKass MUHEpaIu3alus KOHTPOJIUpyeTcss radopo-nnada3oBbIMU
IITOKaMH, BHEJIPEHHBIMU Mociie u3BepkeHuss UrHuMOputoB (Gugushvili, 2015;
2017). Mectopoxnenuss MaaHeynbCKOTO y3/1a JIOKAIM30BaHbl B TYPOH-
CAaHTOHCKON MamaBepckod cBuTe (puc. 8). MagHeylbCKUN y3€ll pacroyIokKEeH B
MNPUIIOAHATOM "TUTaHTCKOM'" Oyioke, a bekrakapckuil — B TpaHUYAIEM C HHUM
MOTPY’KEHHOM OJIOKE, COJEep)KalllUM TacaHJaMCKYH0 M IIOPIIOJIETCKYIO CBHUTHI
KaMIlaHCKOTo Bo3pacTa (puc. 4). C npunoguaroro 6jioka MagHeylIbCKOro y3ijia 3T
JIBE€ CBUTBI, TAK)KE€ KAaK M BEPXHECAHTOHKAsl TaHA3UNCKAsl CBUTA, CMBITHI 3PO3UEH.
MomHOCTh 3pOAUpPOBaHHON ByJikaHudeckoil cepum 1200 m. CrenoBarenbHO,
Manneynbckuit 6J10K 10 oTHOIIeHHIO K bektakapckomy mpumogusat Ha 1200 m.
PernonanpHbIil pa3ioM M TMTAHTCKOE OJOKMPOBAHUE IO-BUIUMOMY CBSI3aHBI C
[03/IHEKaMIIAHCKUM-MaaCTPUXTCKUM JI€TaUMEHTOM, T.C. TMTaHTCKOE
OJIOKUPOBAaHUE SIBISETCS MOCTBYJKaHUYECKUM mpoueccoM. IlonoOHoe pasButue
onucano B [lanarropumrckoM pyaHoM paiioHe boarapckoro CpenHeropbs. 31ech
nepBast (aza BYJKAaHUYECKOM aKTHBHOCTH TAaK)XE IpEICTaBlIeHa H3BECTKOBO-
MICJIOYHON BYJIKAHUYECKON cepueil, cojepkaiieid 30J0TO-MeaHOnophupoBoe
(Enarcute) u Bbicokocynbhuanyo (Yemomneu) MuHepanuzanuio Bo3pacta 91.3-
92.4 MIH.JIET, KOHTPOJIUPYEMYIO CTaOWJIbHOW CYOIyKIIMEH U HM3BECTKOBO-
HIEJIOYHOW BYJIKAHUYECKOM JesITeNbHOCThI0. TpaHcdopManus cydoayuupyemon
IUIMTBlL W 371eCh TMpOsiBUIach B OJIOKOBOM TEKTOHHUKE M 30JI0TO-MEIHO-
MOJIMMETAJUIMYECKOM MUHEpaIu3aluu, gatupyemoit 86.1-86.6 mun.net (Moritz et
al., 2004; von Quadtt et al., 2005). 3xecy TpancpopMalus CyOyLHUPYEMOU TIUTHI
OposiBUJIaCh B MEPEXOJI€ OCTPOBOIYKHOH OOCTAaHOBKM B HayalbHYIO CTaUIO
3alyroBoro puTuHra.

3.1.2.1. CunByJKaHuYecKoe OJOKHPOBAHME HA CTAAUM CTA0OWIbHOM
cyopykuuu

B bonnucckoM pyaHOM pailoHEe YCTaHOBJIEHBI JBE CTaauu "OJIOKUHra'".
[lepBasg cBsizZaHa C MHTPY3USIMU TPAHOAMOPUTOBBIX IITOKOB, TIOMHUCEHCOM
MOpPCKOTO JHa M C BO3HMKHOBEHHEM OCTPOBOB (MpunoaHsTeie Onoku). Ha
OCTpOBax  MPOUCXOAWIO  M3BEPKEHUE  HMTHUMOPUTOB C  MOCIEIYIOIIUM
IPOCEIaHUEM KalpJep (IOrpyeHHble 0sokn). POPpMHUPOBAHUE MPUIIOAHATHIX U
HOTPYKEHHBIX OJIOKOB UYEPENOBAJIOCh BO BPEMEHHM M IPOCTPAHCTBE, OJHAKO Ha
OCTpPOBax HE BCErja MPOMCXOJIUJIO M3BEPKEHHE UTHUMOPUTOB, U OHU OCTABAIIUCH
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npUNOAHATEIMU Oslokamu B MesnioBoM Mope (Gugushvili et al., 2014; Gugushvili,
2015).

Ha ManHeynbckoM MECTOPOKIECHUU TPAaHOJMOPUTOBBIN IITOK PACHOJIONKEH
Ha rryoune 500 m. Bospact storo mroka 88 MiH.JIET. DTOT IITOK SIBIISIICS
MPOBOAHUKOM TIYyOMHHBIX (GaronaoB. ['maporepmanibHas aKTMBHOCTh B Hayaie
MPOSIBUJIACH B OKBAapLEBAaHUM JAALMTOBOM Te(pphl ¢ OOpa30BaHHUEM ILJIOTHOIO
OKBApPLOBAaHHOTO 3KpaHa HaJ UHTPY3UBHBIM IITOKOM. DIIOW/IbI, CKOIUIEHHBIE HAJl
ATUM 3KPAHOM, OOYCIOBHIIA CEPHUIO THAPOTEPMAIBHBIX B3PHIBOB U OPEKYUPOBAHHE
OKBApPLOBAaHHBIX MOPOJ (BTOPUUHBIX KBAPLIUTOB).

bpexkunpoBaHHbBIE TUAPOTEPMAIBHBIMUA B3PbIBAMHU 30HBI CLEMEHTHPOBAHBI
30J10TO-MEHO-TIoJIMMEeTAIIINYecKo  pyaoi. Kpome Toro, pyaHbie (ironsl
IPOHUKAIM BO BTOPUYHBIC KBAPIUTHI BBINIE OPEKYMPOBAHHBIX 30H, (HOPMHUPYS
paccestHHbIe nTopdupoBsie pynabl. [To BoccTaHni0 COOCTBEHHO CYIb(QUAHBIE PY/IbI
HNEPEeXOAT B KBapI-XaJlleIOHOBbIE M KBapl-0apUTOBBIE IITOKBEPKH (pHC. 6, 7).
Takum oOpazom, Ha MaaHEyIbCKOM MECTOPOXACHUU  YCTaHABIIMBAETCSA
30HAIBHOCTH COOCTBEHHO CYJIb(PUIHBIX U 0€3CyIb(PUIHBIX PY/I.

Kpome toro, Ha MagHEeyIbCKOM MECTOPOXKACHUHM y4aCTBYIOT Majble JIMH3BI
cTpatuMopdHO OapuT-nonumeTammdeckor pyasl (puc. 8) (Migineishvili. 2005;
Giali, 2013). OHU KOHTPOJMPYIOTCA pPaHHEW CTaJAWed TIOMHUCEHCAa MOPCKOIO JIHA,
JE€Hylallueid MOBEPXHOCTU OCTPOBOB U (POPMHPOBAHHMEM HHTPa(OPMALIOHHOTO
ciost  Opekuus-KOHTJIOMepaTroB. B 3aneraromie Hajg dSTUMH  Opekuus-
KOHIJIOMEpaTaMu Teppe MPOMCXOAWIa CUHT€HETHYHasl cTpaTumMopdHas Oapur-
MOJIMMETAIINYECKAas: U MUPUT-MEITbHUKOBUTOBAS (C OXPUCTBIM KPacHbIM OApUTOM)
MuHepanu3anus. KceHOMMThl 0XpUCTO-KpacHOro OapuTa UMEIOTCS B OpYACHEON

SIUTEPMATBHOW  OpEeKUYMH  TUAPOTEPMAIBHBIX  B3PBIBOB,  SIBIISIOLIEHCS
IIPOBOJTHUKOM JMHUTCHETUYECKUX PYAHBIX (DIIOMIOB CTaAWM SIUTEPMATBHO-
nopdupoBoro pya1000pa3oBaHuUs. CrnenoBarenbHO, CHHI€HETUYECKas

MUHEpanu3anus Ha  MagHeyJIbCKOM  MECTOPOXKIECHHUM  MpEAlIecTBOBala
AMUTEHETHYECKOMY PYJ000pa30BaHUIO.

C mocrnenyromieid cragueld TIOMHCEHCA CBs3aHAa COOCTBEHHO Cyb(huUIHAS
nophupoBas u dSOUTEpMajbHas 30JI0TOpyAHas MuHepanm3amus. [lo3gaee
TIPOUCXOIHIIO U3BEPIKCHHE UTHUMOPHTOB, 3aBepIIaronieecs
kanpaepornpoceaanueM (Gugushvili et al.,, 2001; 2015). Ha BocTtounom ¢ianre
Kapbepa WTHUMOPHTHI JIaTepalibHO, BIOJH pa3jioMa TpaHWUYaT C Tedpoumamu,
KOTOpbIE Ha Kapbepe BOCTOYHEE NOJACTUIIAIOT UTHUMOpUTHL (puc. 6, 7).
Kanpaeponpocenanne ¢ukcUpyeTcss TakKe OSKCTPY3USIMH PHOJIUTOB BOKPYT
KaJIbJIEPhI, SIBIIIOLIUXCS PEJIUKTAMH KOJIBIEBOM Jalku (puc. 6).

Ha MaaHeynbckOM  MECTOPOXACHUHM  COOCTBEHHO  Cynb(puaHas U
6e3cynbbuaHas MUHEpaIU3alysl paciooKeHa B €IMHOM MorpykeHHoM Osoke. Ha
JIPYTUX MECTOPOXKICHHUSIX MaaHeyIbCKOTo y3ia cyilbdumHoe u 6e3cynbpumaHoe
OpyJIeHEHUE HAaxXOJATCS B COCEIHUX, TPaHMYAIIMX JpYyr ¢ JIpyroM, Ojokax. Ha
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IPUMOTHATHIX OJ0KaX YCTAaHOBJIEHO COOCTBEHHO CYIb(UIHOE OpYJIEHEHUE, TOTaa
Kak Oe3cyib(QuIHbIE PYIbl MOJHOCTHIO, JHOO YAaCTUYHO CMBITHI 3po3ueii. B
NOTPY>KEHHBIX OJoKkax Oe3cynbpuaHas MUHEpaIu3alus KOHTaKTUPYET BIOJb
pazioma ¢ COOCTBEHHO CYJIb(PUIHON PYION MPUMIOAHATHIX OJIOKOB. ITO JajI0 HAM
BO3MOKHOCTh OIPEACIIUTh OJIOKOBYIO CTPYKTYpy Ha MECTOpOXIEeHHsIX. Bce
BBIIIIEOTMEUYEHHOE YETKO BBIPAXKEHO Ha lluTenuconenbCKkoM MeCTOPOXACHUH,
KOTOpO€ BMECTE€ C JPYTMMH MECTOPOXICHUAMH U  PYAONPOSBICHUSMU
JIOKAJIM30BAaHO B €IMHOU Kaybjaepe (puc. 9), cocTaBistoeld eAUHOE PYAHOE TOJIE.
31ech Ha MECTOPOXKIEHUSAX, B COOTBETCTBUM C PACIOJIOKEHHEM COOCTBEHHO
cynabGuIHOrO U 0e3CyIb(PUAHOTO OpPYJICHEHUS, YCTAHOBICHBI B3aWMOOTHOIICHUS
PUIOTHATHIX U MOTPYKEHHBIX OJIOKOB.

Ha Boctounom Onoke Llurennconenbckoro MeCTOPOXKIACHHS, pa3lelIeHHOM
Pa3IOMOM OT LEHTPAIBHOTO, OPYACHEHHUE PACIIOJIOAKEHO BBIILIE YPOBHS MTOA3EMHBIX
BOJ, @ B UEHTPAJbHOM OHO JIOKAJM30BAHO I[IOJI TPYHTOBBIMU BOJIAMH.
CrnenoBaTesbHO, 30J0TO-MEIHO-TNIOIUMETANINYECKOE OPYIAEHEHUE MPUIIOIHITOIO
BOCTOYHOI'O OJI0OKa HAXOAUTCS BbIIIE 0€3CyNb()UIHOTO OPYACHEHUS [IECHTPAIbHOIO
0JI0Ka, TMEPEeXOJIIero MO BOCCTAHMIO B 30JI0TOCOAEpKaIuK Oe3Cynb(uIHbIN
mTokBepk (puc. 10).

AHanornyHass ~ cuTyauMss  ycTaHoBieHa uU  Ha  KBemoOoJiHHCCKOM
MECTOPOXKACHUH, pa3/ieJeHHbIM Ha JBa Onoka (M.Bamakuaze, oT4eT mo chemke
1:10 000 macmraba). B BocToOuHOM OJOKE COOCTBEHHO CYJb(HUAHAS 30JI0TO-
MEJHO-TIOJIMMETAINIMYECKAs] pyJa LUEMEHTUPYET TUApOoTepMaibHble OpEKUYHHU BO
BTOPUYHBIX KBApPLMTAaX, B 3alaJHOM k€ OJoke 0e3Ccynb(uIHOE IMUTCHETHYECKOE
30JI0TO€ OpYACHEHHUE TPEICTABICHO KBapIl-XaJIeJOHOBBIMU U KBaPIl-OapUTOBBIMHU
mrokBepkamu (puc. 11). OgHoBpemMeHHO 37ech, Ha Tiyoune 240-314 M (ckB. 631)
PACIIOJIOKEHO XaIbKOIMUPUT-IIMPUTOBOE 30J10TOcoepxkaliee (3.0r/T) opyneHeHue
(puc. 12).

briokoBbie  CTpYKTYyphl  (QUKCUPYIOTCS Takxke W Ha Tamapucckom
pynonposBieHur Llurenuconenbckoro pyaHoOro mois. 3AE€Ch 30JI0TO-MEIHO-
MOJIMMETAITTUIECKOE OPY/ICHEHNE TIPUIIOHATOTO OJI0KAa TPAaHUYUT BIOJb pa3ioMa
¢ cepeOpocojiepKaluM KBapil-0apuTOBBIM IITOKBEPKOM B MIOTPYKEHHOM OJIOKE, U
OHO MO-BUANMOMY 3POJUPOBAHO C MPUIIOTHATOTO OJIOKA.

[loxoxass curyauuss BbISIBI€HA W Ha  JIPyTUX  MECTOPOXKIACHUSX
Mapgneynbckoro pyaHoro ysina. Ha bamnduckom MecTOpOXIEHHUM 30J0TO-MEIHO-
NOJIMMETAJUTMYECKas MUHEPATU3alKsl PUIOIHATOrO OJI0KA M0 Pa3jIoMy IPaHUYUT
c Oe3cynbhuIHON 30JOTOPYAHOM MHMHEpAIU3ALUECH TMOTrPYKEHHOro OJioKa
(Gugushvili, 2015).

brnoxupoBanne HaOmonaercs Ha J[laBug-I'apemxckom u  Karapkaiickom
PYIONPOSBICHUSX. 30JI0TO-MEIHO-TIOJMMETAJUIMYECKOE OPYJEHEHWE M KBapl-
XaJIIEAOHOBBIN 30JI0TOCOIEpKALUI IITOKBEPK Ha Karapxkaiickom
PYJIONPOSIBICHUH M Ha MpUrpanundHoM JlaBun-I"apemxckom morpykeHHOM OJoKe
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bukcupyloT pasnuuHble ypoBHHM MuHepanuzauuu (Puc. 13). Kartapkaiickoe
OpY/ZICHEHHE PACIIOJNIOKEHO HA TMPUIIOAHITOM OJIOKE M 37eCh KBapll-OapUTOBBIN
YPOBEHb, B OCHOBHOM, CMBIT 3PO3HEH.

3.1.2. CunByJKaHHYeCcKOe 0JIOKHPOBaHUE

B bomHucckomM — pyaZHOM ~— paliOHE — YCTaHOBJEHO  JBa  JTama
CHUHBYJKaHUYECKOTO OiokupoBaHus. [lepBrlil cBA3aH cO CTaOMIBHON CyOmyKIIHeH
U U3BECTKOBO-IIEJIIOYHOM  BYJIKAHWYECKOM JAESATENBHOCTBIO, BTOPOM - C
TpaHcpopmale cyoayupyeMon MmiInThl ¢ CyOIIeNIOUHBIM TPaXUPHUOAALUTOBBIM
BYJIKAHU3MOM M TMO3[HEE - C Tpaxuba3aJbTOBOW M IIEIOYHOM OJIMBUHOBO-
0a3abTOBOM BYJIKAHMYECKON JESATENbHOCTbIO HA paHHEW CTaauu 3aJyroBOrO
pudtunra. O6a »dTama XapakTepusyrloTcs O0e3CylbPUAHON SNUTEPMaTIHLHOM
30JI0TOPYIHON MUHEpalu3aluuei U 30J10TO-METHOMOIUMETAINUYECKUM COOCTBEHHO
cyabGuIHbIM opyAeHeHueM. [lepBblii 3Tam JaTUPyeTCsl KOHBSIK-CAHTOHOM U
IOpPEICTaBICH CHUHXPOHHBIM COOCTBEHHO CyJb(PUIHBIM U  0e3cyab(uIHbIM
OPYZACHEHHEM, TOIJAa KakK BTOPOM - KaMIIAHCKUM JTall XapaKTepU3yeTcs
3aMEIICHUEM 30J0TOHOCHBIX KBapIl-KaJIUIIIATOBBIX METACOMAaTUTOB COOCTBEHHO
Cylb(UIHON 30J0TO-MEIHOMOIUMETAIIINYECKON MUHEpAIU3alUe, CBS3aHHOU C
rab0po-a11abda30BbIMU UHTPY3UBHBIMH ILITOKAMHU.
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3.1.2.2. CunHByJkaHu4Yeckoe OJIOKHPOBAHME HA CTaAuu TpaHchopMmanuu
Cyonynupyemoii mimTbl

CunBynKaHMYeckoe  OJOKMpOBAaHHME  MPOAOJDKAIOCH B IIpolecce
Tpancpopmaru cyoayuupyemoil miautel. OHO (uKcHpyeTcs B Ipeaenax
rurantckoro CB 6noka. Tpancdopmanusi Hadanach B kammnaHe. [lepBbrit sTam ee
CBS3aH  C  BHEAPEHHEM  TPAaHUTOMJHOTO  IITOKA W CyOIIEI0YHOU
TPaxXUpPHUOJAIIMTOBON JEATENbHOCThIO (racaHgaMcKas CBUTa) M 0e3cynb(uaHOM
30JI0TOM MUHEpaIu3alell B KBapll-KaIuIINaTOBbIX MeTacomaTuTax. Clenyromuii
dTam CBSI3aH C rabopo-auaba30BbIM MarMaTH3MOM M TpaxubOa3allbT-IIeTOYHBIM
OJINBUHOOA3JIbTOBBIM  BYJKAHU3MOM (ILIOPIIOJIETCKAsi CBUTA). 30JI0TO-MEIHO-
MOJIMMETAJUTMYECKOE ~ OpPYJEHEHHWE  KOHTpoJupyercs  radbopo-anada3oBbIMU
IITOKaMU u COMYTCTBYIOIIEH OpPY/ICHEHHIO AMUI0T-IIOU3UTOBOM
nponuinuTuizanuet, OpyJeHeHne U MECTOPOXKIEHUS W 3]IeCh JIOKAJIM30BaHBI B
KaJIbJIEPHBIX CTPYKTypax (puc. 5). brokupoBaHue onpeaenseTcs: pacnoioKeHueM
6e3cybPUAHOT0 U COOCTBEHHO CYJb(PHIHOTO OPYJIECHEHHS B COCEIHUX OJIOKAX.
DTOT mpoliecc 4YeTKO (PUKCHUpYyeTcss Ha MECTOpOXKACHHSIX bekrakapckoro ysia:
Nmenn, J[lap6asu wu bekrakapu. Ha momanu Mectopoxaenuss HWmenu
ycTaHoOBJIeHO Tpu Onoka (puc. 14). Bropoil u Ttperuit OnoKH coaepkaT, B
OCHOBHOM, 0Oe3CyJb(puIHOE OpYJCHEHHE 30JI0Ta B KBapIl-KaJIUIINIATOBBIX
Metacomatutax. Ha rmyOuWHe Koe-T/ieé BBISIBJICHBI OTBETBICHHUS COOCTBEHHO
cynbpuaHorn muHepanmzauuu. Ha mnepBom e SW Onoke mnpeBaaupyer
COOCTBEHHO  CyIb(OUJHOEC  OpYyJACHEHHWE C CUHPYIHOM  SIUJIOT-1IOU3UT-
aKTUHOJMTOBOW mponuiuTriamnueii. ComepkaHue 30J0Ta B pyJe NepBoro Ojoka
St/t, menu 0.5%, Torma Kak BO BTOPOM M B TpeTbeM Oji0Kax B 0e3CynbhuIHOM
pyae coxepxkurcsa 0.9-1.2r/t 3omoTa Ha (QoHE coaepkKaHUS IOJTUMETAIIOB HE
Oonee cOTBHIX JoJiel mporeHTa. [IlpumedartenbHO, YTO BO BTOpOM OJIOKEe, Ha
rryoune 154-171 m ckBaxxuna TM DH — 001 ceuer coOctBeHHO CyabdumaHOE
opyaeHeHwue, comepxaiiee 5 r/T 3omota u 0.12-0.15% menu. Hannuue co6cTBEHHO
cynb(umaHON pynbl Ha TIIyOMHE BO BTOpPOM OJiOKe, moja Oe3cynb(pumaHou pynowH,
MIOJITBEPIKIAET OJOKOBYIO CTPYKTYpPY Ha 3TOM OOBEKTe. AHAIOTHYHAs OJOKOBas
CTPYKTypa BbISIBIIEHa Ha coceiHeM Mmectopoxkaenuu Jlap6aszu (Gugushvili et al.,
2014; Gugushvili, 2015). Takum o6pa3om, pacrnoyiokeHue O0e3CcynbGUIHOU U
COOCTBEHHO CYJb(PUIHON MHHEpAIM3alUM MEXKJIYy COCEIHUMH OJOKaMH Ha
Pa3IMYHBIX YPOBHSAX, a TAaKXKE JPO3HMsl BEPXHEHW YacCTH TPHUITOTHATHIX OJIOKOB
MO3BOJISIIOT ONPEISIUTh ClelupuIeckoe OJIOKMpPOBAaHHE, HECMOTPS Ha TO, YTO
3eCh OTCYTCTBYET CHHXPOHHAs 30HAJIBHOCTh COOCTBEHHO CYIb(UIHOTO U
6e3cynbPpuaHOrO pyn1000pa30BaHMS.

brokoBast cTpykTypa BbIsBIeHa U Ha bekrakapckoMm mecTopokiaeHuu (puc.
15), pacnosoXeHHOM B  HWJKHEraCaHJAaMCKOM  CBUTE, MEpPEKpbIBAIOIIEH
BEPXHECAHTOHCKYIO TaHA3UHCKYI0 CBHUTY aHJIE3UT-0a3aJbTOBOIO  COCTaBa.
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Hwxueracangamckas CBUTa TpEACTaBlICHa TPAaXWPHUOJALUTOBBIMU Tyhamu u
nepeKpbiTa Mex(GOPMAIIMOHHBIM CJI0eM OpeKuus-KoHrjaomepartoB (puc. 15),
dbopMHpOBaHHE KOTOPBIX CBSI3aHO C BHEJAPEHHEM TPAHUTOMAHOTO IITOKA, C
TIOMHCEHCOM MOPCKOT'O JIHa W BO3JbIMAHHEM OCTPOBa (MPUMOAHATHIN OJOK).
TpaxupuomanutoBbie Tydsl W3MEHEHBI W MPeoOpa3OBaHBl O] BO3ACHCTBHEM
MIEIOYHO-KapOOHATHBIX ~ pacTBOPOB  ((IrOMIOB) B KBAPI-KAJIMIIIIATOBBIC
METacoOMaTHUTHI. J[eHymanusi MOBEPXHOCTH OCTPOBA MPOSBHIIACH B (POPMHUPOBAHUN
Cosi OpEeKYUs-KOHTIIOMEPATOB, KOTOPHIC, KaK M PACIOJIOKEHHBIE TOJl HUMHU
MPOBOJTHUKN PYIHBIX PACTBOPOB - 30HBI B3PBIBHBIX OpEKYMiA, IOJIBEPTIINCH
30JI0TO-MEAHO-TIOIUMETAINYECKON neMmeHTauuu  (puc. 5). Crnoil  Opexuus-
KOHIJIOMEPATOB  MEPEKPHIT BEPXHETacaHIaMCKOM CBUTOM, COCTOSIIEN U3
HEU3MEHEHHBIX TPAXUPHUOAIUTOBBIX TY(POB.

[Tnomans bekTakapckoro MeECTOpPOXKIIEHHS pas3jejieHa pa3jioMOM Ha JiBa
61oka (puc. 15). OnucanHoe T€0JI0TUYECKOE CTPOECHHUE OTHOCHUTCS K BOCTOUHOMY
0JIoKy, TOrJa Kak B 3amaJHOM OJioke OOHa)X€Ha JIMINb 3ajierarolas Haj
BEPXHECAHTOHCKOM  TaHJ3UWCKOM  CBUTE€  HIDKHEracaHjamcKas  CBUTA,
Ipe/iCTaBIICHHAS KBapII-KaJIHUIIATOBBIMHU MeTacoMaTUTaMHu. Crnoit
MEXK(POPMAITMOHHBIX OpEeKYMSI-KOHIJIOMEPATOB UM BEpXHEracaHJaMcKasi CBHUTa
MOJTHOCTBIO CMBITHI 3po3ueid. B 3anagHom Onoke, MPUMOAHATOM MO OTHOIICHUIO K
BOCTOYHOMY, Ha TJIyOMHE MOJCeYeHbl rabOpo-auabda3oBbie MTOKU M Kujabl. C
MOCJIEIHUMHA  CBA3aHO  30JI0TO-MEAHO-MOJIMMETAIMYECKOE  OPYIACHEHUE C
COIMYTCTBYIOLIEH CUHPYIHOU AMUI0T-IIOM3UTOBOM MPONMWINTU3AIUEN,
HaJIO’)KEHHOM KakK Ha radOpo-n1nabda3oBble IMITOKM, TaK M HAa BMEIAIOIIME KBapIl-
KaJIMIIIATOBbIE METAaCOMAaTUTHI. ['a00po-11ada30Bbie MITOKH W KUl SBIISIFOTCS
anmouzaMy BYJIKAHUYECKOTO OdYara, H3BEpraBIIero IIeJOYHbIE OJIMBUHOBBIC
6a3anpThl mopioneTckoit cButhl (Gugushvili, 2015). 3nech Takke yCTaHOBJICHBI
KWJIBl MEJTOYHBIX OJMBHUHOBBIX 0a3aJbTOB — MPEJIOJIaraeMble Kepijia BYJIKaHOB
mopiioneTckoi cBuThl (Gogoladze, 1999). ['ab0Opo-nuaba3oBbie W IIEJIOYHO-
OJINBUHOOA3aJIbTOBBIC IITOKH SIBIISTUCH MPOBOJHUKAMHU BBICOKOTEMIIEPATYPHBIX
rUApOCYIbPUAHBIX  (IOUIOB, OOYCIOBHUBIIMX  COOCTBEHHO  CyJIb(UIHOE
opyacHeHue bekrakapckoro MectopoxiaeHus. HMrak, Ha  bekrakapckom
MECTOPOXKJICHUH TPOSIBWINCH JBE CTaauu (IIOUAHON akTUBHOCTU. I[lepBas
CBsI3aHa C BHEJPEHUEM I'PAaHUTOUIHBIX IITOKOB, a BTOpas - ¢ rab0po-auada3oBbIMU
IITOKAaMH, K KOTOPBIM NPHYpPOUYCHA aKTUBHOCTH THAPOCYIb(DHUIHBIX (IOUI0B U
COOCTBEHHO Cynb(pUIHAS MUHEpalu3alusi. OTH JBE CTaauud pa3jeieHbl BO
BPEMEHM U 30JI0TO-MEAHO-TIOJUMETAIIINYECKass MUHEpaau3alus HaJloKeHa Ha
KBapIl-KaJIMIIINATOBbIE METacoMaTUThl ¢ Oe3cynbdumubiM 3070TOM. ['abOpo-
nuaba3oBble IITOKH CEKYT TPaXWPHUOMAIUTOBYIO CEPUI0 HIDKHETACaHIaMCKOU
ceuThl. Ha MecTopoxaeHusix ke MaaHeyJIbCKOr0 pyAHOTO y3Ja 30JI0TO-MEIHO-
MOJIMMETAIINYECKAsT ~ MHUHEpalu3aiisl  CHHXPOHHa  C  0e3CcynbpuIHbIM
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AIUTCHETUYECKUM 30JIOTBIM OpYACHEHHUEM U 371eCh (UKCUPYETCS 30HAIBHOCTH
COOCTBEHHO CYJIb(GUIHBIX U 0€3CyNb(GUIHBIX PYI.

Nrak, Ha bekTakapcKOM MECTOPOXKIEHUU BBISBICHBl [JIBE CTaguid
onokupoBanus. IlepBas cBs3aHa C BHEAPEHUEM T'PAHUTOUJIHBIX IIITOKOB,
TIOMUCEHCOM MOPCKOrO JHa M (OPMHpPOBAHMEM OCTPOBa; BTOpas — C
OJIOKMpOBAaHUEM YK€ Tocie 0e3Cynb(OUaIHON MHUHEepaIu3aliil U C pa3eieHUEeM
IUIOMIAM MECTOPOXKJIECHHMs Ha JBa Osoka: 3amaiaHbldi M BOCTOYHBIA. C
MPUIIOAHATOTO 3aMmagHoro OJ0Ka B Tepy BepxHEracaHAaMCKOW CBHUTHI CHITAINCH
00JIOMKHM (KCEHOJIUThI) KBapIl-KAJHUIIINATOBBIX MeTacoMatuToB. C 3amajgHoro
0JI0Ka CMBITBHI 3pO3Hel KaKk MHTpadopMallMOHHbIE OPEKYHsA-KOHTJIIOMEPATHI, TaK U
MOJTHOCTBIO BEpXHeracanjaaMckas cButa (puc. 15). 3anagHbiil 0J0K COCTOUT JIUIIb
U3 HIWKHEraCaHJAaMCKOM CBUTBI, pAaCIIOJIOKEHHOM Ha BEPXHECAHTOHCKOMU
TaHJ3UMCKOU CBHUTE.

brnokxupoBanue npoucxoauno U Ha CakApUCCKOM MECTOpOXkaeHuu (puc. 16),
pacnosiockeHHoM B NE  "rurantckom" OJoke B TNPUTPAaHUYHOM 30HE C
PETHMOHAIIBHBIM Pa3jOMOM. B oTimune OoT Ipyrux MecTopoxkaeHUil bekrakapckoro
pyOHOTO y3Jla 3/1eCh HaMeyaeTcsl TEHAEHUUS 30HaJbHOCTU COOCTBEHHO
cynbunHoit u OescynbuaHoit pyasl. bescynbpuanas muHepanuzanus 37€Ch
MIPEACTABICHA CEepeOpPOCOAECPKAIIMMHU KBAPL-0apUTOBBIMU U 30JI0TOHOCHBIMU
KBapIl-XaJleIOHOBBIMU  IITOKBEPKAMHU.  30JI0TO-MEIHO-TOIMMETAITNYECKOMY
OPY/ACHEHHUIO COIYTCTBYET CHHpPYAHAs 3MUAOT-UOU3UTOBAs MPONUIUTU3ALUS U
HaMEyaeTcsi TeMIlepaTypHas 30HAJIBHOCTh. Temmeparypbl 00pa3oBaHHUS KBapll-
GapuTOBBIX KM cooTBeTcTBYIOT 100-140°C, KBapI-XaIEOHOBBIX IITOKBEPKOB
240-250°C, a Temmeparypa (OPMHPOBAHHS 30J0TO-MEIHO-TIOINMETAILINIECKOM
MUHEpAJIM3allMd U COMYTCTBYIOIIEH 3MUAOT-IOM3UTOBOM MponuiauTuzanuu 350-
400°C (Gugushvili et al., 2014; Gugushvili, 2015). W3mepeHnus temmneparyp
IPOBEJIEHBI I1a OCHOBAHMM METOJAa TOMOTEHW3ALMM W JEKPUIIMTH3ALUU Ta30BO-
KUJKUX BKItOUeHU (aHanuTuk P.A.AxBiaeauann).

bescynbpuaHoe 30710T0e OpyIEHEHUE COJEPKUTCS U B OKOJOPYIHOM 30HE
KBapIl-XaJIIeJIOHOBbIX  IITOKBEPKOB, TMPEACTABICHHOW  WUIUT-TUIPOOUOTHUT-
cugeputoBoil accoruanueii. CoOOCTBEHHO CYJIb(QUIAHOMY OPYIEHEHHUIO 3/€Ch
COMYTCTBYET 3MUIOT-IIOM3UTOBAS MPONUIUTH3ALMUA, a CYIb(UIHOE OPYIEHEHUE
ManHeynbcKkoro MECTOPOKACHUS COMPOBOXKIAETCS XJIOPUT-CEPULIHUT-
KapOOHATHBIM CUHPYIAHBIM u3MeHeHueM. CHHpynHas BbICOKOTEMIEpaTypHas
nponuiuTuianus Ha CakIpUCCKOM MECTOPOKIEHUHU ydacTKaMu HaJO)KeHa U Ha
TUAPOCIIOANCTO-CUICPUTOBBIE OKOJIOpYAHbBIE METacOMaTHUThI KBapli-
XaJILEIOHOBBIX IITOKBEPKOB.

CobctBeHHO cCynb(huaHBIE Pyabl bekTakapckoro ysiga XapaKTepH3yHOTCS
BBICOKMM COJIep’)KaHMeM 30J0Ta (B CpeaHeM Sr/T), B TO BpeMs Kak Ha
ManHeyIbCKOM MECTOPOKIEHUU CpPEIHEE COJEpKaHUE 30JI0Ta HE IPEBBIIIAET
0.8r/T. Cakapucckoe MECTOPOKICHHE PACIOIOKEHO B MPUKOHTAKTOBON 30HE
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PErHMOHANILHOTO pasiioMa; COJEp)KaHue 30JI0Ta 37ech 4-5ppm, XOTS HHOTAA
nocturaet 20r/T, a B 0JlHOM ciiydae naxke u 189r/t. Bo3amMokHO, 30J10TO-MEIHO-
MOJIMMETAJUIMYECKOE  OpPYJIEHEHHWE HM B OTOM  Ciy4ae KOHTPOJUPYETCs
rabOpoUIHBIMU IITOKAMH, ¢ KOTOpbIMU Ha coceqHeM c Caknpucu-Zlap6azckom
MECTOPOXKICHUH CBsI3aHA COOCTBEHHO Cynbdumnas muHepanusanus (Gugushvili et
al., 2014). OgHako 3TOT BBIBOJ JOJIKEH OBITh MPOKOHTPOJUPOBAH JATbHEUIINMU
uccaenoBaamsiMu. Ha wmectopoknenmsix bekxrakapckoro ysnma OescymnbhumHas
30JI0TOpYIHAS MUHEpAIU3aIis CBS3aHAa C AKTHBHOCTHIO IIEIOYHO-KapOOHATHBIX
pacTBOpPOB, TOTJa Kak (hOPMHPOBAHUE 30JI0TO-MEIHO-TIOTUMETAINIMYECKON PY/IbI
00yCIJIOBJIEHO BO3JICICTBHEM CTa0OKUCTBIX  (PIIFOMIOB, coJepKaIlnX
ruapocyinbdunasie komiuiekesl (Gugushvili, 2016). TpancnmopTupoBKa 30J0Ta
MIEJIOYHO-KAPOOHATHBIMU U THUAPOCYIb(PUAHBIMU PACTBOpAMH U (PU3UKO-
XUMHYECKUE YCIOBUS €r0 OCaXAEHUS OCHOBAHbI HA XUMUYECKOM MOJIETUPOBAHUU
B3auMoiericTBUs (Biron1oB U pyaoBmeniatonux noposa (Mernagh, Bierlein, 2008),
YTO TOATBEPKIAECTCS HA 30JIOTOPYJIHBIX MECTOPOKICHHSX, B TOM YHCIE M Ha
npuMepe bomHuccKoro py1HOro paiioHa.

I[I/ICKyCCl/IH U BBIBOABI

B bonnucckoM pynHOM pailoHE NOpPOSIBUWIACH MNPEKOJUIM3UOHHAS CTaaus
pa3BUTHUSI, XapaKTepHas 1151 EBpa3uiickoil akTUBHOW OKpauHbl. DTambl CTAOMIBHOM
CyOnyKIMHU U TpaHCHOPMALIMK CYOAYLUPYEMOU IJIUThI KOHTPOJIUPYIOTCS Pa3HbIMU
MPOSIBICHUSIMM ~ BYJIKAHWUYECKOM W THAPOTEPMAIBHOM  NESITENBHOCTH WU
OCOOCHHOCTSIMU ~ MeTajuloreHud. OJHOBPEMEHHO T'E0JIOTUYECKOE  pa3BUTHE
peruoHa XapakTepu3yeTcs mpoleccaMd OJOKOBOH TEKTOHMKH. boJlHHCCKMA
PYIHBIA  paiiOH  pa3lelieH pPErMOHAIBHBIM  Pa3jiOMOM,  CBSA3aHHBIM  C
MOCTBYJKAHMYECKUM JIETAUMEHTOM CYOyIIMPYyEeMOM TIJIUTHI, HA JIBa 'TUTAHTCKUX "
0JI0Ka, TOT1a Kak Majloe OJIOKHPOBAHUE SIBJIIETCS CUHBYJIKAHUYECKUM IPOLIECCOM,
COMYTCTBYIOIMUM (OPMHUPOBAHUIO MEJIOBOM BYyJKaHWuYeckou cepun. I[lepBas
cTanus OJIOKMHTa CBSi3aHAa C BHEJPEHUEM TI'PaHUTOUIHBIX IITOKOB, TIOMHUCEHCOM
JTHA MEJIKOTO MEJIOBOI0 MOPSI M C BO3JIbIMAHUEM OCTPOBOB (ITPUIOIHATHIE OJIOKH).
Ha octpoBax, B cy0ad’paibHbIX YCIOBUAX MPOUCXOIUIIU  HM3BEPKEHUS
UTHUMOpPUTOB,  3aBEpIIAIOIIMECS  KaJlbJIEPONpPOCEAaHUEM,  O0YCIOBUBILIUM
npocenanue OnokoB. WTak, CHHBYJKaHMYECKOE€ OJIOKMpOBAaHHME B  MeEIy
KOHTPOJIMPOBAJIOCH BO BPEMEHUM M IPOCTPAHCTBE: BHEIPEHHUE WHTPY3UBHBIX
IITOKOB, TIOMUCEHC U BO3JbIMAHHE OCTPOBOB MPEIUIECTBOBAIN UTHUMOPHUTOBBIM
M3BEPKEHUSIM U KaJIbJEPOOOPa30BAHUIO.

B Bonnucckom pyaHoM paiioHe crabuiibHasi CyOqyKIUsl U CBS3aHHbBIE C HEH
octpoBoaykHbli (VAG) marmaTu3M, ByJIKaHU3M, THAPOTEPMaIbHASA AKTUBHOCTD U
pyaooOpa3oBaHue NATUPYIOTCS CEHOMaH-CaHTOHOM,; Tpanchopmanus
cyOayuupyeMoil manThl Havajgach B kammnane. Ha cragum TpancopManuu minuThl
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BYJIKAHWU3M, MarMaTu3M U TUAPOTEPMAIIbHBIA MPOIECC KOHTPOJIUPYIOTCS
MacimTaboM MaHTUHWHOTO BJIMSIHHS, C KOTOPHIM CBSI3aH MEPEXOJ OCTPOBOJY>KHOU
00CTaHOBKM B HayallbHYI0 CTaauio 3aayroBoro pudtuHra. Ha sTom »stame
IPOJI0JIKAETCS TIOMUCEHC, BO3/IbIMAHUE OCTPOBOB, UTHUMOPUTOBBIN BYJIKAHU3M U
KaJIbJICPOIIpOCEAaHUE, OJHAKO H3BECTKOBO-IIEJIOYHON BYJIKAHU3M CTaOWJIBHOM
CyOnyKIMH  CMEHAETCS  IIEJIOYHOM  BYJKAHUYECKOM  JI€ATEIbHOCTBIO U
O0e3cynbPpuaHON  30JIOTOPYIHONM MHUHEpalIW3alield, CBS3aHHOM C  KBapIl-
KaJUIINMAaTOBBIM ~ METacoOMaTM3MOM U BHEJIpeHHeM  rabOpo-amada3oBbIX
WHTPY3UBHBIX IITOKOB, KOHTPOJIUPYIOLIUX 30JI0TO-MEAHO-IOIUMETAIINYECKOE
OpY/ACHEHHE, HATIO)KEHHOE Ha KBapIl-KaJUIINaTOBble MeTacoMaTuThl. [Ipu aToM, Ha
CTaAuM CTAaOWJIbHOM CyOIyKIIMM COOCTBEHHO cCynbpuaHas u Oe3cynbhuaHas
MUHEpAIM3allMd CUHXPOHHBI M XapaKTEpU3yrTCs 30HaiIbHOCThIO (Gugushvili,
2015; 2016; 2017).

B DBoJIHHCCKOM pyAHOM paiiOHE MECTOPOXKICHHS TYPOH-CAHTOHCKOTO H
KaMIIaHCKOTO BO3pacTa pacIloJOKEHbl B CTPYKTYypax KaJbAEPOIPOCENAHUs U
XapaKTEPU3YIOTCS OCTPYIHBIM OJIOKUPOBAHUEM. Ha HEKOTOPBIX
MECTOPOXKACHUSIX, CBSI3aHHBIX CO CTaOWIBHOM CyOAyKuued, COOCTBEHHO
cynbpuaHoe u 0e3cyib(UIHOE OpPYACHEHUSI PACIOJIOXKEHBI B IMPUTPAHUYHBIX
osokax. IIpunogHsAThIE M MOrpyXEHHbIE OJOKW YETKO (UKCHPYIOTCA B TYpPOH-
CaHTOHCKMX MectopoxaeHusx Lurenuconenu, Ksemo bomnucn wu Ha
pynonposiBienusix JdaBua-I'apemxu, Katapkas, banuuu u Tamapucu. CoOCTBEHHO
Cylb(uaHble pyabl TNPUIOAHATHIX OJOKOB TIpaHMyaT ¢  Oe3cyibpuaHon
MUHEpanu3auueid Ha norpyxeHubix. llocmegnue Ha riyOMHE mEepexonsiT B
COOCTBEHHO  Cynb(HUJIHOE  OpYyJICHEHHE. AHAJOTMYHO, B  KaMITAHCKHUX
MECTOPOXKACHUSIX, KOHTPOJUPYEMBIX TpaHchopMalued CyOoayuupyeMoil ITUTHI,
COOCTBEHHO cynb(uaHoe U Oe3CcylnbPUAHOE OpYIECHEHUS PACIOJIOKEHbI B
rpaHUYalIuX APYT C APYroM OJIOKax, 4TO MOATBEP)KIAaeT XapakTep OJOKWHTa Ha
npuMepax KaMmmaHCKUX MecTopoxjaeHui bekrtakapu, J[lapbazu u HWwmenu.
CrnenoBatenbHO, ONpeAeieHUe YPOBHS MUHEPATU3allMi B MPUTPAHUYHBIX OJOKax
SBJISICTCSI BEChbMa BAKHBIM TSI TINITAHUPOBAHUS OypeHHsI ¥ TIOUCKOB B bosHHCCKOM
PYZIHOM paroHE.

Pa3BuTre mpoueccoB BO BpPEMEHHM M IMPOCTPAHCTBE B HX B3aUMOCBS3H C
TpaHchopMalven cyOoaynupyeMol MIIMTBI MU MAHTUHHBIM BIUSHUEM BBISBIISIET
CJIENYIOLIYI0 TOCIeA0BaTeNIbHOCTh. TpaHcopmanus CyOqyKIMOHHOM TIJIUTHI
HayaJlacb B paHHEM KaMmIaHe M MposiBUIach B JABYX crTaausx. IlepBas u3 HHX
XapakTepu3yercss  CyOIIeNOYHBIM M WICJIOYHBIM  BYJKAHM3MOM,  KBapll-
KaJIMIINAaTOBBIM METAacOMAaTo30M M 0e3CyNb(UIHON 30JI0TOW MHHEpaTU3alUeH.
Crnenyromasi TO3IHEKaMIIaHCKasl CTaausi NPOSBUIACh B Tpaxuba3albTOBOW U
IIEJIOYHON OJMBUHOBO-0a3aJIbTOBOM BYJIKAHUYECKOW JESATENHOCTH, B 30J0TO-
MEIHO-TIOJMMETAINIMYECKOM  OPYJICHEHUHUH, BBICOKOTEMIIEPATYpPHOM  SIUIOT-
HOM3UTOBOM NPONMINTU3ALINY, KOHTPOJIMPYEMOM ra00po-11adazoBoii
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UHTPY3UBHON aKTUBHOCTHIO. COOCTBEHHO Cyib(UIHOE OPYICHEHHE HAJIOXKEHO Ha
KBapl-KaJIMIIINATOBble MeTacoMaTuThl. Ha bBekTakapckomM MeECTOPOKICHHUU
cynbuaHas pyna IEMEHTUpYeT Kak  HuHTpadopMallMoHHble  OpeKuus-
KOHTJIOMEpaThl, TaK U 30HBI THAPOTEPMAIILHBIX SKCIUIO3UBHBIX OpEeKYHil B KBapil-
KJIMIINMATOBBIX METAaCOMATUTAaX, SBIISIIONIMXCS MPOBOJHUKAMHU PYJIOHOCHBIX
dmronnoB. B otnmume ot bekrakapckoro, Ha MaaHEYIhCKOM MECTOPOKICHUU
CBA3aHHAas CO CTaOWJIBHOM  CyOAyKumeil CcoOCTBEHHO cCynbpuAHAI U
OescynbpuaHas  MHUHEpATW3ausa  SBISETCS  CHHXPOHHBIM  TMPOIECCOM  C
XapakKTepHOM 3OHAIBHOCTBIO, TOTJa Kak Ha bekrakapckomM — COOCTBEHHO
Ccynb(uIHOE OpYyICHEHNE HAJIO)KEHO Ha KBAPIl-KAIWIIIATOBBIE METACOMATHTHI C
6e3cynbPuAHBIM 30JI0TOM. MuUHepanu3aius 31eCh NPOSBUIACH B JIBYX CTaJIHsX.
[lepBas cBsi3aHa C AaKTUBHOCTBHIO  IIEJIOYHO-KapOOHATHBIX  (IIIOUIOB €
dbopMHpoBaHWEM KBapIl-KAJIMIIINATOBBIX METAaCOMaTUTOB, a BTOpas — CO
CTa0OKHUCIBIMU  BBICOKOTEMIIEPATYPHBIMU  THUAPOCYIb(PUAHBIMA  PACTBOPAMH.
Pacman 3050Tocoaepkaimux ruApocyibPUaHbIX KOMIUIEKCOB 00YCIOBHII 30JI0TO-
METHOMOJINMETATUTHYECKYIO MUHEPATA3ALNIO0 c CUHPYIHOU
BBICOKOTEMIIEpATYpHOU mnponuinTu3anuend. TpaHchopmanus cyoayrupyeMon
IJTUTHI TPOAOJKANIACh 0 TO3JHEr0 KamiaHa U 10 (opMHpOBaHUS IIEIOYHO-
OJINBUHOBO-0a3aibToBOM cepuu. OnHaKo, 37€Ch HE MPOSBWICS WHTCHCUBHBIN
pudtuHr ¢ conmyrcTByommM VMS opynenenueMm. BepositHo, TpaHcpopmainus
IJTUTHI TIPEKpaTWIach HAa HAYaJIbHOW CTaJAuMu 3aAyroBoro pudtuHra. leraumeHt
CcyOonyuupyeMol TUIMTHI TO3JHEE BBIPA3WICS B PETHOHAIBLHOM pasjioMe,
paznenuBieM bonHucckuil pyAHbIA palloH Ha JBa "TUTaHTCKuX' Ojoka. Bronb
paznoma SE 650k 6601 ipunonuar na 1200 M ¢ aeHynanueid BEpXHECAHTOHCKON —
TAaHJ3UMACKOW W KAMIIAHCKOM — TracaHJaMCKOM WM MIOPIIOJETCKOM cBUTaMH. X
oOmasi MomHOCTh TpeBbimaer 1200 m. JIumb TypoH-CaHTOHCKAas MallaBepcKas
cBuTa He OblIa cmbiTa 3posueii. Ha NW '"ruranTckom" Oioke TracaHgamMckas W
HIOPIIOJIETCKAsi CBUTHI HE 3aTPOHYTHI 3po3ueil. B mpoliecce CUHBYJIKAHUYECKOTO
OJIOKMpPOBaHUS OJIOKW MPUTTOAHATHI JuITb HAa 200 M U UX TUIOMIAAh HE TPEBBIIIACT
COTHU Mz, TOrJa KakK IUIO[AAb 'TUTaHTCKUX' OJOKOB [JOCTUIAeT THICSYU
KBaJPaTHBIX KUJIOMETPOB.

Nrak, B peruoHe bomHUCCKOrO pyAaHOro palioHa MarMarudeckas
NEeSATEIbHOCTh, BYJIKAaHM3M M METAJUIOT€HUs, a Takke "OJOKUHI" OOYCIIOBIIEHBI
npoueccoMm cyOnaykuuu. Ha stamax ctaOuiabHON CyOAyKIMHM M TpaHCPOpMaliu
CyOnynmupyeMoil IUIMTBI, B OCTPOBOAYXXHOW M 3aIyroBod 0OCTaHOBKAax
MPOUCXOAMIO CHUHBYJKAHUYECKOE OJIOKUPOBaHWE pailoHa BO BpEMEHU U
npoctpaHcTBe. Ha mepBom 3Tame BHEAPEHHE HMHTPY3UWBHBIX IITOKOB BBI3BAJIO
BO3JIbIMaHHE MOPCKOTO JHA M 00pa3oBaHME OCTPOBOB (NMpUIIOAHATHIE OsokH). [1a
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OCTpOBaxX, B CyOa’palibHbIX YCIOBUSX IPOUCXOJUIIO H3BEPKEHUE UTHHUMOPHUTOB,
3aBepIalleecs: KajlbJaeponpoceaaHueM (morpyxeHHsie  Osoku). I[lpomecc
pynooOpa3oBaHMsl CBsi3aH C BHEJIpPEHUEM IITOKOB M C (OPMHUPOBAHUEM
npUNOAHATEIX OJokoB. IITOKM CHy>KWJIM TPOBOJHUKAMHU TIIYOMHHBIX PYIHBIX
¢mronnoB. M3BepkeHHEe WTHUMOPUTOB U KaJIbIEPONPOCEAAHHUE  SBISIIUCH
MOCTPYIHBIMM  MpPOIECCaMH, OJHAKO BO  BpeMs  KalibJiepooOpa3oBaHUs
MPOJOIIKAIOCH OJIOKMPOBAaHUE PYIHBIX 30H B Majble OJIoku. B koHIle Mena, Ha
CTaJuU 3aBEPILICHUS BYJIKAHUYECKOW JEATEIbHOCTH, HAYMHAJICS CBSI3aHHBIA C
JETAaYMEHTOM  CyOQymMpyeMOdl  IIUTBI  TOCTBYJIKAHWYECKHH  OJOKHHT,
00yCIOBUBIIMI  (POPMHUPOBAHUE  PETUOHATIBLHOIO  pa3jioMa,  pa3AeIUBIIETO
Bonnucckuii pyaHbiii paiioH Ha JiBa "ruranTckux" 0yoka. OpyaeHeHue, CBA3aHHOE
C JTaloM CHUHBYJIKAHMYECKOTO OJIOKHHTA, PACIOJIOKEHO B JIBYX 'TUTAHTCKUX'
0JI0Kax, TPEJCTaBICHHbIX B BUJe MaaHeyiabckoro u bekTtakapckoro pyaHbIX
y350B. Bo3pact opynenenus MaaHeynbckoro y3na — 88-90 wmuH.JleT, a
bekrakapckoro — 79 81 muH.1eT. MaaHEyNnbCKUU y3€ll pacrojioKEH B TYpPOH-
CAaHTOHCKOM BYJKAHMYECKOW CEpUU MPUIIOAHATOr0 '"THUTaHTCKOro" OJoKa,
bexTrakapckuii ke — B KaMITAHCKOW BYJIKAHUYECKOW CepUU MOTPYKEHHOTO OJIOKA.
KammnaHnckue ByJIKaHUTBI W OpPYACHEHUE JACHYAUPOBAHBI C THUTAHTCKOro OJIOKa,
cogepxkamero  MaaHEyJIbCKMM  PYIHBIM  y3€ld.  AHaIM3  MOCTPYIHOIO
CHUHBYJKQHUYECKOTO W TIOCTBYJIKAHUYECKOTO OJIOKMHTa U  PaCMOJ0XCHUS
OpYyJIEHEHHUs] B TMPUTPAHUYHBIX OJIOKAX HMEEeT OOJIbIIOE 3HAYEHUe s
MJIAHUPOBAHMS TTOMCKOBO-Pa3BEIOYHBIX padboT U OypeHusi B bojHUCCKOM pyaHOM
paiioHe.

3AKJIIOYEHHUE

dopMUpOBaHUE 3aMaJHOTO CErMeHTa EBpa3suiiCKOro MeETauioreHUYeCKOTO
nosica CBsi3aHO ¢ (haHEepPO30MCKON CEBEPOBEPIeHTHON CyOyKIne okeana TeTuc
noa EBpa3uiickyt0 akTHBHYIO OKpaWHy Ha MPEKOJUIM3MOHHOM »J3Talme U ¢
3aMbIKaHHEM OKeaHa B pe3yJibTare KoHBepreHuuu EBpasum u ['oHjBaHbl - Ha
MOCTKOJUTM3UOHHOM dTane. ['eomuHamMuika mporiecca OTpakeHa B OCOOEHHOCTSIX
ByJIKaHM3Ma, MarmMaTu3Ma W METaJUIOT€HUH, XapaKTEPHBIX JISI Pa3HbIX ATalloB
CyONyKIIMM W JUIi  TOCTCYOMYKIIMOHHOTO  MEpHoJia  MOCTKOJITU3MOHHOM
00CTaHOBKHM.  DJTambl  CYOAYKIMH  ONPEACSAIOTCS  BYJIKAHOJOTUYECKUMH,
METPOJIOTUIECKUMHU, TEOXUMHUUYECKUMU W METAUIOTEHUYEeCKUMU HWHIUKAaTOpaMH,
OTPKAIONIUMUA Y4aCTHUE CHAIMYECKON M 0a3ajbTOBOM KOpPbI MU MAaHTHH B 30HE
ByJIKaHU3Ma U pyaooOpaszoBanusi. Mcrounukom Au u Pb sBisercst cuanudeckas
KOpa, ICTOYHUKOM Zn - 6a3anbToBasi, a ICTOYHUKOM Cu - MaHTHSI.

Co crabmibHON CcyOmyKIued cBsi3aHa OCTPOBOAYXKHas 00CTaHOBKA,
M3BECTKOBO-IIEIOYHON 0a3alIbT-aHIe3UT-PUOIAIIUTOBEIN BYJIKAaHU3M U 30JI0TO-
MEJIHOMOJIMMETAIUIMYECKAasT MUHepanu3anusa ¢ acconuanueit Au, Pb, Zn u Cu,
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ABJISIIOIICHCS ~ METAUIOTEHMYECKUM  MHAMKATOpOM  JIaHHOW  0OCTaHOBKH,
oTnpeeIsieMO ydyacTHEM CHAIMYECKOM, 6a3aIbTOBOM KOPbI 1 MAHTHH.

C mHauvanpHOM cramuel TpaHchopMmalMu CyOayHUpYyeMOMl IUIMTHI U
BHEJIPEHHEM MAaHTUWHOIO JIMANHMpa CBS3aH HAYAJIbHBIM 3Tam  3aAyroBOIO-
WHTPAAYyroBoro pudTHHTA, CyOIIETOYHON TPaXHpUOAAIMTOBBIA-ITOIIOHUTOBBINA
BYJIKAHU3M U 30JI0TO-ITOJIMMETAJUIMYECKAasi MUHEPAIU3ALNS ¢ METAJIOT€HUYECKUMHU
unaukatopamu (Au, Pb, Zn u Cu). Ha »3Toil cTaguu B mpoiiecce ByJIKaHU3Ma U
pyooOpa3oBaHHs BCE €IIE Y4YaCTBYET CHAJIMYECKass KOpa - UCTOYHHK 30J10Ta H
CBHHIIA.

Ha crnenytomem stame, ¢ ycuieHueMm TpaHC(hOpMallMd M UHTECHCHU(PUKALIUU
BHEJPEHUS MaHTHUWHOTO Juanupa Ha OoJjiee BBICOKUM YPOBEHb, C YCHJIEHHEM
pupUHTra CBs3aH CIPEAMHI CHAJIWYECKOM KOpbl W3 30HBI BYJKaHH3Ma U
pynooOpa3oBanus. BynkaHu3Mm 37€Ch B OCHOBHOM TOJIEUTOBBIM, U OH SIBJISETCS
BYJIKAHOJIOTMYECKUM HMHJIUKATOPOM JaHHOW OOCTaHOBKH, METAIJIOTEHUYECKHE K€
WHIUKATOphI IpeacTaBieHbl Zn u Cu.

C nanpHEWIIUM ycuUJIEHMEM TpaHchopMaluuu CyOqylupyeMol IUIUTHI C
BHEJIPEHUEM MAHTUHHOTO JUanupa Ha camblii BBICOKHMI YPOBEHb, MHTEHCUBHBIN
CIOPEIUHI MPUBOAUT K WHTEHCUBHOMY BBIHOCY M 0a3ajbTOBOM KOpPBI U3 30HBI
OpyJeHEeHUsI U K TpaHchopMaluuu 3aayroBoro pudra B MalOOKEAHHUYECKYIO
00CTaHOBKY €  O(HOJUTOBBIM  BYJKAaHU3MOM,  JYHHUT-NEPUIOTHUTOBBIM
MarMaTu3MOM, c CEepIIEHTUHU3ALNEN - BYJIKAHOJIOTMYECKUMU U
METPOJIOTUYECKUMH WHIUKATOPaMU OKEAaHMYECKOW OOCTaHOBKHM, a TaKXe K
(GOpMHpPOBAHMIO  MEIHOKOTYENAHHOTO  OPYIAEHEHHUs,  XapaKTEpHU3YIOLIErocs
€AMHCTBEHHBIM METAJUIOTEHUYECKUM HWHAMKATOPOM, NPEICTABICHHBIM MEJbIO,
MUCTOYHHUKOM KOTOPOU SBJISIETCSI MAHTHSI.

OnucanHble B MCCIEAOBAHHOM palloHe OOCTAaHOBKM MPOCIEKUBAIOTCA BO
BPEMEHM U MPOCTPAHCTBE KaK BJIOJIb MOTPYKEHUS CyOqylIUPYyEeMOH IUIUTHI, Tak U
0 JIATEPAJIA U 110 BOCCTAHUIO BIUIOTH JO 3aMbIKaHUs OK€aHa TeTHC B OJUIOLEH-
MHOLICHE.

Ha mnocTKkoMIM3MOHHOM 3Tane TreoJUHAMUYECKOrO pa3BUTHS CyOTyKIUsS
3aBEpIlEeHa, OJHAKO MPOAOJDKAEeTCs TpaHchopMalus CyOnyuupyeMoM IUIUTHI B
pe3ynbpTaTre KOHBEpreHiuu U nasiieHusa ['onnBanbsl Ha EBpasuro. 1o BO3HHMKIIIMM
paszioMaM U 30HaM JpOoO0JIeHHs B MOIIHYIO MOCTOPOTE€HHYIO CHAIMYECKYIO0 KOPY
POHUKAIOT BBICOKOTEMIEPATYPHbIE (PIIFOMIBI M BBIIEIIAYUBAIOT U3 HEE 30JI0TO U
peaxkue metaiisl (Sb, W, Mo, Hg), dopmupys nopdupoBbie 1 3MUTC€HETUUECKHE
opyaeHeHus 3o0j0Ta. Kak mopgupoBbie, Tak U SMUTEHETUYECKUE PYIbl COAEpPKAT
accolMalMy PEeIKUX METAIOB, NPOHUKAIOUIMX B OKOJOPYAHBIE 30HBI U 3a HX
Ipeaensl BO BMEIAoNIue nopoasl. JlanHas acconuanust BJIIETCS TEOXUMUYECKUM
M METAUIOTEHHYECKHUM  HMHIWKATOPOM  MOCTKOJUIM3MOHHOM  OOCTaHOBKH.
IToCTKOIIM3MOHHBIE OPYACHEHMS XapaKTEPU3YIOTCS HCKIIOYMTEIBHO BBICOKAM
COZIEP’KAaHMEM 30JI0Ta KaK B MCCJIEAOBAHHOM PalOHE, TAK U B APYTMX PETHOHAX
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mupa. TakoBBIMM SBISIOTCS NOCTKOJUIM3MOHHBIE THUIAHTCKHE 30JIOTOPYAHBIC
mecTopoxkaeHust — rpynnsl  MypyHray  (Tssb-llanp),  mecTopoxaeHus
Tom6cToHckol rpynmnbel FOxon (Kanama) u  3010TOpyZIHBIE MECTOPOXKJIECHUS
3anagHo-Jlaunanckoro oporena (FOxxnass ABcTpanus). Bece oHu acconmupyroTcest ¢
peaKkoMeTanbHbIM KoMIiekcoM (Sb, W, Mo, Hg).

Ha npumepe bosHMCCKOro pyaHOro panloHa CHHBYJIKAaHUYECKOE W
MOCTBYJIKAHUYECKOE OJOKHMPOBAaHUE TaKXKE CBA3aHO C CyOayKuued u ¢
TpaHcopmarmein cyoayuupyeMoil mauTbel. CHUHBYJIKaHUYECKOE OJIOKUPOBAHHE
OOyCJIOBJIEGHO TIOMHCEHCOM MOPCKOIO JIHA B MEJIKOM MEJOBOM MOpE,
MPOUCXOIAIIMM B PE3YyJbTaT€ BHEAPEHUsS WHTPY3UBHBIX TI'PAHOIUOPUTOBBIX
IITOKOB C 00pa3oBaHUEM OCTPOBOB (MpuHogHATHIE Onoku). Ha ocropoBax, B
cyba’pajbHBIX  YCJIOBHMSIX  IPOUCXOAMIIO U3BEPIKEHUE UTHUMOPUTOB,

3aBeplIAIOIIEeCs KaJIbJIEPOIIPOCEAaHUEM (morpyxeHHbIe 0JI0KNM).
PynooOpa3oBanue CBs3aHO C T'PAHOJUOPUTOBBIMHU IITOKAMH Ha MPUIIOTHSATHIX
0JI0Kax. OHO  mpeamiecTBOBaJIO  WUTHUMOPUTOBOMY  BYJIKaHU3MY U

KaJIb/IEpONPOCEIaHUIO, MPOLIECC KOTOPOTO CHOCOOCTBOBAJ OOpPAa30BaHUIO MaJIbIX
OpyIlEeHEeNbIX OJIOKOB BHYTPH KalbJIEpHBIX CTPYKTYp. CHHBYJIKaHHYECKOE
OJIOKMpOBaHUE MPOMCXOAMIIO KAK HA CTaAUU CTAOWIBHOW CYONYyKIIMM, TaK U Ha
sTane  TpaHchopmauuu  cyOayuupyemoil  1umThl. OgHAaKo — 3aBEpILECHHE
BYJIKAHMYECKOW JEATEIBHOCTH B BOJHHCCKOM PYJIHOM palOHE B IMO3JIHEM METY
3HAMEHYETCS JETAYMEHTOM CyOOyuupyeMoW IUIMTBI C BO3HUKHOBEHUEM
PETHOHANBHOTO Pa3JIOMa, pa3AciMBLIErO DOJHUCCKHMI pPYyIHBIM palioOH Ha J1Ba
"TMraHTCKUX" OJIOKA, B KOTOPBIX PACIOIOKEHO JIBa PYAHBIX y3i1a - MagHeyIbCKHii
u bekrakapckuii. biok ¢ ManHeyIbCKUM pyAHBIM y3J10M ObUT mpuUnoaHsAT Ha 1200
M Haja bekrakapckum. Bo3pacT pynoBMEIArOIIMX BYJKAHUTOB MaJHEYIbCKOrO
y3Ja TYpPOH-CAHTOHCKMI, OH BJOJIb pa3jioMa KOHTAKTUPYET C KaMIaHCKHUMH
PYJIOBMEIIAIOIMMME ByJKaHUTaMu bekrakapckoro y3na. C 6ioka ManHeynbckoro
y371a ICHYJMpOBaHA KaMITAaHCKAsl BYJIKAHUYECKasl cepusi ¢ MOMHOCTHIO B 1200 M.
CrnenyeT OTMETUTh, UTO C MOCTBYJIKAHUYECKUM OJIOKHPOBAHHUEM PYI000pa3oBaHue
He cBsA3aHO. OHO KOHTPOJIUPYETCS CHHBYJIKAHUYECKUMHU OJIOKaMHU, HAXOSIIMMHUCS
BHYTPH "THUTAaHTCKUX' OJIOKOB, IJIOIIAJb KOTOPBIX TOCTUTAET COTEH KMZ, TOr/1a KaKk
IUIOIIA/[b MJIBIX GJIOKOB, IPHITOAHATHIX JUIIb Ha 200 M, He IIPEBHIIIACT COTHH M.

BJIATOJAPHOCTHU

Uccnenosanus punancupoBanuchk HarmonansubiM Gonaom I1lota PycraBenu
(ITpoexkr 81/9 152/14). Astopsl OnarojgapsaT kosuier WMHcTUTyTa Teojioruu
Tounucckoro I'oc. VYHuBepcuTeTa MW COTPYJHUKOB Tpynmbl MaaHeynbCKON
KOMITAaHUU 3a y4acTHE B TOJIEBBIX pabOTax, AMCKYCCHUH M COTPYIHUYECTBO. MBI
OmarofapHbl TaKke MokTopy reoi.-muH Hayk JI.II. 3akapas 3a penaktupoBaHue
TeKcTa, a Takke E. ['yrymBunu u P. Harenumsuim 3a yyacThe B UCCIEIOBAHUSIX.
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Figures

Fig.1. Map of the Western Tethysides (Stampfli et al. 2001)
o minor ocean, backarc, marginal sea vms mineralization

subduction related porphyry, epithermal and kuroko type mineralization

g postcollisionorogenic and intrusive related lode and porphyry mineralization
Bob. 1. sbogmgo Ggomolol ®<3s (Stampfli et al., 2001) s IgEowwmygbools
2396BMm@509dmwo bdgds
Puc. 1. Kapra 3amagusrx Terucuz (Stampfli et al., 2001) u 06061eHHas cxema
MeTaIJIOTeHU U
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Fig. 2. Lithostratigraphic column of the Bolnisi ore district (after Sh. Adamia)

1. Paleozoic crystalline substratum. 2. Intraformation conglomerates. 3.Cenomanian-Turonian
Opreti and Didgverdi suites — alternation of rhyo-dacite, andesite tuffs and limestones. 4-5.
Turonian-Lower Santonian Mashavera suite — rhyodacite tuffs, hyaloclastites tephroids, lava
flows (4) and ignimbrites (5). 6. Upper Santonian-Campanian Tandzia suite — andesite-basalts
and their tuffs. 7-8. Campanian Gasandami suite - alternation of rhyolitic and rhyodacitic tuffs,
volcano-sedimentary rocks and marls (7) ignimbrites (8). 9. Campanian Shorsholeti suite - alkali-
olivine basalts and andesite-basalts. 10. Maastrichian Tetritskaro suite - limestones

B5b.2. dmebolol 3560560 H50MbOL OMMLEHMSE0YMIR0wo B3gE0, 3. 505T0sl
dobggzom.

Puc.2. JIuroctparurpadudeckas kosoHka boraucckoro pygHoro paiiona, mo II.A. Agamus
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Fig. 3. Geological map of Bolnisi ore district (according Vashakidze, Gudushauri, 2006;
Popkhadze et al., 2013). | Madneuli cluster, Il Bectagari cluster.

Bob.3. dmeboliol J5eb0sb0 H50MbOL gmEmaomEo Mw3s.
Puc.3.I'eonorunueckas xapra bomHucckoro pygHOTo paioHa.
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NW 40 km SE

Astenosphere

Fig. 4. Cretaceous stage of geodynamic development Deposits of Madneuli ore cluster (1-5): 1)
Tamarisi, 2) Tsitelsopeli, 3) Kvemo Bolnisi, 4) Madneuli, 5) David Garedji; Deposits of Becktakari
ore cluster (6-12): 6) Sakdrisi, 7) Imedi, 8) Darbazi, 9) Becktakari, 10) Samgereti, 11) Bneli-Khevi,
12) Grma-Khevi.

1 - Basaltic crust, 2 - Paleozoic granite-metamorphic substratum, 3 - Andesite-basaltic series of
the Middle and Upper Jurrasic, 4 - Turon-Coniacian Rhyodacitic volcanic series, 5 - Turon-
Coniacian VAG, granodioritic intrusives, 6 - Lower Santonian ignimbrites, 7 - Campanian
rhyodacite volcanites, 8 - Campanian ORG granodioritic intrusive, 9 - Campanian ignimbrites, 10
- Campanian gabbro-diabase intrusives, 11 - Campanian alkali olivine basalts (Shorsholeti suite),
12 - Madneuli cluster’s deposits, 13 - Gasandami cluster’s deposits, 14 — faults

Bob.4. debolol 85bosbo Moombol 49mobsdodmMo gobgzoms®mgdol (3oMEMWwo 9@S30.

Puc.4. MenoBoii aTan reoAuHaMHUYeCKOTo pasBUTUA bosHucckoro pysHoro paiioHa.
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General map of the Madneuli mining district
Scale 1:200 000

Tetri Tskaro

- :
e Falt /q/(r Bektakari are chuster /‘ Campanian submerged caldera (71-73 hMa)

C/‘: hadneuli ore ¢ huster /("‘ Lovwner Sartonian submerged caldera(36-87 Ma)

Fig.5. General map of the Bolnisi mining district. Scale 1:200 000.
65b.5.8m@boliols dosbosbo Gsombols bmyso M3s./
Puc.5. O6mas xapra boiruncckoro pysHoro palioHa.
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Fig.6. Cross section of Madneuli deposit.

1.Granodiorite intrusive, 2. Rhyolite extrusive dome, 3.Sericitization, 4.Silicification,
5.Argillitization, 6. Ignimbrite, 7.Gold-copper-porphyry ore in hydrothermal breccia, 8. Gold-
copper-porphyry disseminated poor ores,9.Gold-barite base metal ores (in veins and
hydrothermal breccia), 10. Copper-zinc ores, 11.Goldbearing nonsulfide gold mineralization in
guartz-chalcedony veins and stockworks, 12. Nonsulfide gold mineralization in the quartz-
barite veins and in cement of brecciated quartzites, 13. Xenolith of base metal ore in volcanic
gorge, 14.Faults.

Bob.6. 3o0bgmeols Lsdsml FMHowo.

Puc.6. Paspe3 MasHey1bCKOTO MECTOPOXAEHUS.
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Fig. 7. Geological map of the Madneuli deposit (open pit). Scale 1:10 000

1-Rhyodacite extrusive, 2-Ignimbrites, 3-Argilitized tuffs, 4-Silicification, 5-Chlorite-sericite-
carbonate synore alteration, 6-Gold-copper-pyrite mineralization, 7-Gold-barite base metal
ores, 9-Goldbearing quartz-chalcedony stockworks, 10-Goldbearing quartz-barite stockworks,
11-Faults.

Bsb.7. 3500690l LsdsmU (3560960) g MP0IHO O)3s.

Puc.7. T'eonoruyeckas kapra MazHeyIbCKOTO MeCTOPOXZEeHU (Kapbep).
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Fig. 8. An idealized section through the Madneuli deposit (Migineishvili, 2005)

1 — Tuff of the first package; 2 — Lower silica-rich body; 3 — Breccia-conglomerate of the second
package; 4 — Tuff of the third package; 5 — Upper silica-rich body; 6 — Tuff of the forth package;
7 — Tuff of the fifth package; 8 — Extrusive body; 9 — Ignimbrite; 10 — Inferred fault; 11-12 —
Syngenetic stratiform ores: 11 - Barite-sphalerite-pyrite; 12 — Quartz-barite; 13-15 — Epigenetic
breccia ores: 13 — Quartz-barite; 14 — Barite-sphalerite-pyrite; 15 — Quartz-pyrite-chalcopyrite;
16-19 — Epigenetic vein-disseminated ores: 16 — Quartz-barite; 17 - Barite-sphalerite-pyrite; 18
— Chalcopyrite-sphalerite; 19 — Quartz-pyrite-chalcopyrite; 20 — Contour of oxidized ores.
6ob.8. Bobgmeol Ladsml 0gsEobBoMIdMEo FMowo (dogobgodzowo, 2005).

Puc.8. Cxemarnyeckuii paspes LlurenrncomnenscKoro KaabgepornpocejaHus.
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Fig. 9 Skhematic map of Tsiteli-Sopeli cauldrone subsidense

1 - Border of cauldrone subsidense, 2 - Ore deposits, 3 - Rhyolite extrusive domes, 4 -
Aglutinate, 5 - Ignimbrite, 6 - Alluvium, 7 — Fault.

65b.9. fomgwo Lmgwol 3segemwo Bsgdzgzol bggds@meo rmgzs.
Puc.9. CxemaTtnyeckas Kapta LiutennconenbCKoro KanbgeponpocesaHums.
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Central block

Fig. 10. Schematic section of Tsiteli Sopeli deposit

1- Alluvium, 2 - Quaternary dolerites, 3 - Ignimbrites, 4 - Argillized tuffs, 5 - Silicification, 6 -
Sericitization, 7 - Gold-copper-pyrite mineralization in hydrothermal breccia, 8 - Gold-copper-
porphyry mineralization, 9 - Gold-

basemetal mineralization in hydrothermal breccia, 10 - Goldbearing quartz-chalcedony
stockworks, 11 - Granodiorite (VAG) intrusive, 12 - Faults, 13 - Level of underground water
65b.10. foomgmo Lemxgwol bdgds@wmemo FOHowo.

Puc.10. CxemaTtuyeckuii paspe3 Llurenn Conersckoro MECTOPOXIEHUS.
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Fig. 11. Geological map of Kvemo Bolnisi deposit. Scale 1:10000

1-Quarternary alluvium, 2-Tertiary dacite porphyry, 3-Tertiary plagiogranite, 4-rhyolite, 5-
andesite, 6- ignimbrite, 7-silicificated rhyodacitic tuffs, 8-argillizated rhyodacitic tuffs, 9-gold-
copper-base metal minerlization, 10-nonsulfide gold-silver mineralization, 11-well N631, 12-
faults.

Bob.11. 4399m dmeboliols ggmermyom®o M35 (1:10000).

Puc.11. 'eonoruyeckas xapra (1:10000) Ksemo bonuucckoro mecropoxzenus.
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Fig. 12. Column of western block of Kvemo Bolnisi deposit (core of well #631)

1 - Dacite tuffbreccia, 2 - Rhyolite-dacite tuff, 3 - Argillitic tuff, 4 - Siltstone tuff, 5 — Brecciated
guartzite, 6 - Silicification, 7 - Oxidation, 8 - Pyritization, 9 - Pyrite-chalcopyrite stockwork, 10 -
Quartz-barite goldbearing veins.

65b.12. 43990 dmboliols Lsdsml LW IOHO dMIOL {JMEMAO0OO FMHowo (631-9
FodOH0oEol 39060).

Puc.12. l'eonoruyeckuii paspes sanaguoro 6;1oka Ksemo bonHucckoro mectopoxenus).
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Catarkaiya

-

2 David Garedji

Fig. 13. Schematic cross-section on the David-Garedji and Catarkayia occurrences

1 - Dacitic tuffs and tephroides, 2- Silicificated rocks, 3 — Argillites superimposed by potassium
feldspathization, 4 — Silverbearing quartz-barite veins, 5 — Quartz-chalcedony veins and
stockworks with nonsulfide gold, 6 — Gold-copperbase metal mineralization, 7 — Fault.

B5b.13. ©53000-g5M9gx 0L 5 35&9M3505L BoEIBASTMZe069gdgd0L Liggdsd o
39NMA0YO0 FOHOWO.

Puc.13. CxemaTuueckuii reonornueckuit paspes Jasuz-I'apemxckoro u Karapkaiickoro
PYZOIPOSABIEHUS.
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Fig. 14. Geological map and cross-section of Imedi deposit. Scale 1:1000.
Bob.14. 0990 LOdIPML QJMEMAO0YOHO M¥935 S FHowro (1:1000).
Puc.14. I'eonorugeckas xapra u paspes (1:1000) mecropoxxaenus menu.
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Fig. 15. Geological map and crossection of Beqtakari deposit. Scale 1:2000

1-Alluvium, 2- Andesite, 3-Rhyo-dacite tuffs (Upper Cretaceous subsuite), 4-Intraformation
breccias-conglomerate (Lower Gasandami subsuite), 5-Quartz-potash feldspar metasomatites
(Lower Gasandami subsuite), 6-Intraformation breccias-conglomerates (above Tandzia suite), 7-
Andesite-basalts (Tandzia suite), 8-Granodiorite, 9-Nonsulfide gold mineralization, 11-faults, 12-
Line of crosssection.

65b.15. 39J053560L LEdIPMY QJMEMAO0OHO B935 S FHowo (1:2000).

Puc.15. I'eonornueckas xapra u paspes (1:2000) bekTakapckoro MeCTOpOXAeHNUS.
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