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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.   
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 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 
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 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 210-2400C, whereas the temperature of gas-fluid inclusions in quartz-barites-100-1400C. The proper sulfide gold-copper polymetallic mineralization occurred at 300-3500C 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/86Sr=0.705-0.710, 208Pb=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 K2O 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 35-400C 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 220-250C, whereas the temperature of syn-ore epidote-zoisite propylization – 350-400C (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 (III).  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 Küre Complex of Central Pontides, consists of ophiolite volcanics and dunite- peridotite intrusives (Ustaömer, 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 Küre 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 Küre 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 Küre 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 Pb, 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, 
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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 Küre complex (Turkey) evolved as a result transferring the backarc into minor ocean 
setting represented by MORB ophiolite volcanism and serpentinized peridotite (Ustaömer, 
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 m2, whereas the “giant” blocks are spread entirely over the Bolnisi ore district area (thousandths km2). 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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  Key Words: stable subduction, steepening of subducting slab, gold-copper base metal mineralizaion, synvolcanic block faulting,.    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 350-4000 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 
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 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 
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 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 100-1400C, the quartz-chalcedony stockworks at the temperature 240-2500C, whereas the temperature of the gold-copper-base metal ores coincided with epidote-zoisite propylitization is within the borders of 350-4000C (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 m2 , 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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 - -  (Au, Pb, Zn, Cu) .     ,     .     (VAG)   ,        - -  .VMS  -      ,                   (Gugushvili, 2015, 2016, 2017).          ,                 -   .               (Gugushvili et al., 2002, 2014; Gugushvili, 2015, 2016, 2017).            ,         .            , -            .         .         ,  - -   .   -   ,  -    -   .  - -    -    (Gugushvili et al., 2014; Gugushvili, 2015, 2016, 2017).  -         ,             .          . (Gugushvili, 2015, 2016).   ,            ,                    .         .   ,     -   ,  
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  350-4000C  .        5 /  ,      0.8 / ,       - -   .  3.1.              :   .       ,     (  )    (  ) .   " "   .       ,    ,       " "  .       .         " "   .  3.2.           " "        -   .     ,  -  ,           ,       ,       .        ( . 5.).    ,  - ,               .          ,  - -  ,  -   ,     (Gugushvili, 2015, 2017).        " "  ,  .       ( . 3,4).   -    .     ,   ,       ,     
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   .    ,      .         ,     .     ,      1200 -   .    „ “  ,   -     .  ,    „ “    -     .        .     -     .  -  ( )    ( )  ,    91.3-92.4 .  .  -            .    ,    ,    -  ,   86.1-86.6 .  (Moritz et al., 2004; Von Quadt et. al., 2005). ,               „ “  .  3.3.  .     „ “ ,    ,   ( ) ,     .         ,         (  ).     ,     (  ).       .  3.3.1.     .           ,    . , ,                 ,     (Gugushvili et al., 2014; Gugushvili, 2015).            ,   500 -  



53 

   .  K-Ar 88 . .       ,  ,    ,    , ,   .           .   - -   .    ,   ,   .  ,    ,      -    . ,            ( . 6, 7).     ,     -      ( . 8.) (Migineishvili, 2005; Gialli, 2013).     ,    -   . -       --   -   .  - -     ,   ( ),    ,  -    .     ,           ,        (Gugushvili et al., 2001, 2002; Gugushvili, 2015).     ,        ( . 6, 7),    .       ,         ( . 6). ,       .   -  ,     ,    .   ,    (  ).              .       ,        .       ,      ,    ( . 9).       .   
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  ,       ,      .    ( . 10)  ,      ,      ,   ,        . ,   -  ,     ,            ,     .      ,        ( .  1:1000  ).      ,  - -  ,     ,   ,    , -   -   ( . 11).  ,  240-341 -   (  631) -   ,  3 /    ( . 12).         ,    - - ,   ,   - . ,  ,      .        .  ,   - ,      ,    .        (Gugushvili, 2015)  -     ( . 13).   - -       -     -  , , -     ,   ,  ,     -     -    .  3.3.2.      .           -  
„ “  .     .    -  ,  
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   (  ),   , - ,       (  ).   , -         ,   , -     -    - -   . , ,     ( . 5).            .        : ,   .        ( . 14).    , ,     ,  - -   . ,  ,  -  , -     .  , , - ,    ,  - -  .    5 / -  ,  0.5%  .          0.9-1.2 / -  ,        . ,     (JMDH-001)  151-174 -       ,    5 /    0.12-1.15% .                   .          (Gugushvili et al., 2014, Gugushvili, 2015).         ( . 15).       ,     -    .      .    -    ( . 15).     ,     ,    ,  ( )  ,  -      -    ,    -    . -  - -  .    ,     
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   ( . 15),       -   .        ,  -      .       .       ( . 15),       , -   ,   . -         .        .  ,      -   ,  ,  --   ,  -  .    -   -   . -       ,    -    .  ,             ,         (Gogoladze, 1999). -           ,      .       .   , -       ,   - -  ,       .              . -        ,     . ,    - -   ,        ,        . ,      .         ( )  ,              .             -    .   
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 ,   -  ,      ( . 15)           .     ,   ( . 16).      - ,   .            - -     .    -      -  ,  - -   -   .    . -     100-1400C , -   240-2500C,  - -  ,  -    350-4000C   (Gugushvili et al., 2014; Gugushvili, 2015).      -      (  . ).     -     ,  - -   .        --  ,     ,  -  -   -   .          (  5 / ),          0.8 /   .      - -      (  4-5 / )     -  20 / -  ,   ,    --  ,       .    ,             (Gugushvili et al., 2014).           (CO2, CH3)  ,  - -   - ,     (Gugushvili et al., 2015).   -         -  ,  
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     ,          (Mernagh, Bierlein, 2008),               .                  ,        ,    ,     .  ,       .     „ “  ,    ,     ,       ,  . ,  ,   ,         (  ) . ,  ,    .    ,    . ,      .   ,    ,        .   ,         (VAG) , ,    , -  ,    ,  .   , ,        .           ,  ,      .   ,       -  ,     ,    , ,        .        ,  ,       . ,    , ,           , 
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        ,  ,   -     ,   , - -  (Gugushvili et al., 2015, 2016, 2017).     -          .    . -             .         -        ,  , , ,    ,           ,       .                .         ,     ,     .          -        .              .         .       , - ,    .          , - -     -  .  -  .       .       -   (  ).  ,            .   ,  ,      -  .      :   -    -  ,   -     .   -  .   
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   .     .       , ,       VMS   .   ,  ,     .    ,  ,  ( )    ,          .    ,     (Gugushvili et al., 2015).         (350-4000C) ,    ,      (  5 / ).  ,    (  )     (250-3000C),        --       (  0,8 / ) .        -   ,  ,      - -         (Gugushvili et al., 2015, 2017).    ( )        „ “   .      -      1200 -  ,               ,    1200 -  .       -   , , , -        ,        .    ,        200 -            ,  ,  
„ “      . ,        , ,     .       ,    -   ,   .     .  ,     
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 ,    (  ).         (  ).          .         .  ,         .    ,  ,   .     ,       .          . ,       ,       -    .     88-90 . ,  - 79-81 .  .     , -    ,    -  ,   .         .          .   ,             -           
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3.          
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3.1      . 

3.1.1.  . 

3.1.2.  . 

3.1.2.1.      . 

3.1.2.2.       . 
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    .       
      

.        
    , , 

   ,  
,       ,     

  .     

  (Gugushvili, 2015; Gugushvili et al., 2016; Gugushvili, 2017; 

Gugushvili & Topchishvili, 2017),      

      .    
       

      . 
         

      .  
      

(  - tumiscense)   (  )   
       , 

       
   (  ).     

         
.   . 

      
,   .  

     
    -  . 

         
 .      

        
. ,      

    . 
        

  ,     
     .   

     -  
,      -   

    .   
  -    -
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,       
(   - ) - .  

   ,    
  ,    , 

       
" " .       

    ;     " " 

      -    
 .  

 

      -  
     

  

 
 

 -      . 
       
 , ,    

         
  (Gugushvili, 2017).    , 

        
,     -  - -

 ,  -    , 
   , Au-Pb-Zn-Cu   -

-  . 
         

 .     .    −   
   , ,       

     ,  -

     .    
     ,  

    ( ) -  
.     -  

    ,      
      ,    

 . 
         
,           
      .    

     .   
       -  

,       -

 .  
  ,     

    ,        
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   -  ,  
   .   
    ,   -

 .    .  
    Au, Pb  Zn,      
 ,         

.     . 
 :  , ,  , -

-  , , , 

, . 
 

XX 

 

  -   
        

      
    .  

  ,    
 ,      
    (Goldfarb et al., 2000; 2001; Groves et al., 

2005).        
 .     

      .    
   ,  –  ,   -  

  (Gugushvili et al., 2010; 2017; Gugushvili, 2015; 2017). 

     ,  
,       .  

         

  - .   ,   
    -  ,  

  .    , 
    ,   

 ,    
,     .  

      (Gugushvili et al., 2016).  

  ,    
. ,       
, -   ,   

  -  ,  - -

  (Au, Pb, Zn, u),   -

-  ,    
      

(Gugushvili, 2015).      
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  ( ,   ),    
  ,    

.         
 -   

      
  .     

     -

 .     
.     , 

 Au, Pb, Zn, u,   -  
.       

- -     
        

   . 
   ,  

      ,  
 ,      

       . 
       

  .     
 -    , 

 ,  -

     
 -     

.  ,       
       

   ,      
         

  ( )  ,     
      (Gugushvili, 2015). 

        
      ( )   

         
.       
, -    -  . 

    -  ,   
     

  .   
     

 , -  ,   
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  .     . 
 Au, Pb  Zn    ,    

  .   ,     
    ,      

    (Hutchinson, 1973),  

     . 
      

    ( . 1),    
        

        
       .  

        
-       

  .  
         
    , 
 - -     

  .    -  -

   (  ).   
      

 .  ( )   
 - -  .  

   .  -

-        
 ,   -    . 

  ,     
     . 

 -    
    ,   

  (87
Sr/

86
Sr=0,705, 

208
Pb/

204
Pb=38,  

 Cs, Ba, Th, U  Pb     Nb  Ta),   
  Au, Pb, Zn  Cu (Gugushvili, 2015; 2017). 

    ,    
,         

.        
        

.  ( )    
  .1 (I). 
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. 11. я  я   я  

 я      I - я я  я ; II - я я 
  ; III -    -  ; IV -    

я . 1. –  , 2. – -  , 3. – 
 , 4. – -    , 5. –    -  , 6. 

– я , 7. –  , 8. –  , 9. – Au-Pb-Zn-Cu , 10. –  - Au-Pb-Zn-Cu    , 11. – Zn-Cu VHMS , 12. – -   
 . 

 

   ,    
   ,     

   .    
     , 

       
 .     

 -     
 .    
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 -   .    
- -  ,     

      . 
 - -  , 

  ,    0,8 /  , 
          5 / , 

  20 /    189 / .    
     , 

    .   
        

    -    .   
  -     

 .   

  ,  ,  

    -  
.       ,  

     
  :   TiO2  P2O5 

(TiO2=2.07%, P2O5=1.2%),    TiO2    
K2O      (TiO2 =18%, K2O=3%; Nadareishvili, 1991; 

Gugushvili, 2015).        
        

.       
 ,     

  (350- 400
0 ).  

      
 .   ,    

,       
 - -  .    

 ,      
       
.       

 -  .    
  -    

     
.  ,    -

       
,       

     
        

    (Merragh, Bierlein, 2008).  
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    -   
 2500 ,     -  

  350-400
0  (Gugushvili, 2015).  , 

    ,     
,    ,   

  ,      
 ,    . 

     
       . 1 (II). 

         
     ,   

        
.          

 ,     -

 ,       . 
        

    ( , , ). ,  
     -

-  VHMS  (Buadze, Kaviladze, 1977). 

         
      (Shavishvili, 

1993).        ,    
    .     

 ,   -  ,   
.  

      
      .1 (III). 

 

.1.  
       

        .  
   ,    , 

    ( - , , 
, ).     - -

 .   -    
    ,      

         
    (Lomize, Panov, 2002).   

    ,  ,  
    . 
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 ,    
-     

    (Ustaomer, Robertson, 1977 ). 

       
 ,    (    ). 

      ,  
  .     -

,     
.  - -  

     ( ) 
 .    

   .  
       
,        ( ) 

      .  
      ,  

       ,  
    .    

  ,      
   .   

   ( )   ( ), -

       . ,  
    ,     ,  

   .    
    (Engin, 1994). 

      
    ( . 1, IV)  
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2. ,    
     
   

 

 

 

      
, ,   -   ,  

     
 (Au, Pb, Zn  Cu)    (Sb, W, Mo, Hg).   

       
   ,  

     .  
       

 ,      , 
   ,    Au, 

Pb, Zn  Cu.         
 .      

  Zn  Cu.      
 .      

   ,    
  . ,    

   Au  Pb   , 
 Zn −  ,   Cu − . 

      , 
        

   ,     
    
 .       

      
       (Sb, W, Mo, Hg)  

 -  .   
      ,   

     
 . 

 

 :  ,   
 , ,  . 

 

* * * 
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  ,     
    , ,   -

  ,       
(Au, Pb, Zn  Cu),   ,    (Sb, W, Mo, Hg) −  

,     
 . 

    
,    ,  

  ,     
       

  .       
 VHMS     ,  

         
 (Goldfarb et al., 2000; 2001; Groves et al., 2005).   

    Au, Pb, Zn  Cu    
.        , 

 -  ,  ,  ,    (Gugushvili et 

al., 2010; Gugushvili, 2015; 2017; Gugushvili & Topchishvili, 2017). 

        
       

   -    
     

 .       
,   -    
     

, ,      
     (Gugushvili, 2015; 2017). 

      , 
     : , 

,   .    
     

,    . 
    - - -

 -  .    
        -

-  ,  - -   
   -     

-     -  
       . 

       
      -
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 ,   
  .      

    .  
       

 ,  -  -   -

     (Gugushvili, 

2017; Dilek et al., 2010).  

      
 ,    .  

,         
     ,   

,    .    
      .  

     ,    
  .    

   .     
         

 .       
       

(Hutchinson, 1973). 

     (Au, Pb, Zn  Cu)    
 ,    ,   : 
    Au  Pb ,  ,  

 - Sb, W, Mo, Hg;  Zn -   ;   
 -  (Gugushvili et al., 2010; Gugushvili, 2016; 2017).   

     ,     
   (Mair et al., 2006; Moritz et al., 2004; 2016; Rona & 

Scott,1993; Goldfarb et al., 2001; Yakubchuk et al., 2002). 

 ,         
    .   

       .  
   -  , -  

 ,     . 
       

 Au, Pb, Zn  Cu.    ,  
  ,         

,       .  
        

  ,     
     .      
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  .     

  ,      
      ,   

      
 .      
 ( )  0.8 / ,     

     5 / ,     20 / ,  
  189 /  (Gugushvili, 2015; 2017).  

       -

  . ,     
( ),       

   ,  
   2.07 /  (Moritz et al., 2004; von Quadt et al., 2005).   

 -      (  
 )    .  

       -

   - -  
,  ,   VHMS  

 .       
  -  ( )  ,   Pb, Zn, Cu, Au  

Ag     -   
.  
   ,   

  ,    , 
    ,    

  Au, Ag, Pb, Ba (O'Brien, 1997).      
   - -  

 -   - , , , 

,     ,   VHMS 

        2.7 /    
Pb−0.3%. Zn−0.98%, Cu−2%. 

,         
       

   (Au, Pb, Zn  Cu).     
       

         
,        .   

       
 .      -

 VHMS      , 
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      ( , 

, ; Buadze, Kaviladze, 1977).      
  ,    -   

 .  
       

    ,     
 , , ,  ,   

-           
  , , - ,     

       (Gugushvili, 2015).  

 ,       
    VHMS -   

  .      -

,    200ppm ,   10   
 . ,      

      .    
    ,     

  ,        VHMS 

-   (Frolova, Burkova, 1977). 

      
      .  

       
-     .  

        
,  ,   MORB  

  (Ustaomer, Robertson, 1993). 

      – 

   ,   Zn  Pb    
  (Gruner, 1980).     - 

 ( )   ( )       

 ( ).      , 
, ,        

  (Engin, 1904).   ,   
,  -      , 

  .  
, Au, Pb, Zn  Cu      

  :    ,  
     Au, Pb, Zn  Cu 

   ,     
    ,     

.       
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     .   

        
  ,  -   Au  Pb    

 .  Zn  Cu       
 .       

 .  ,    
     ,   

  ,   
   .  

       
   ,    ,    
,   .     

  ,      
       

.   - -  
    .    

       (Sb, W, Mo, Hg).  
       
   , ,     
,      (Gugushvili, 2015; 

2017).  

      
 - .        

     , 
, - , ,   .    

   , ,   . 
       -  

   ( , , ,  
 ).       -  

,     -    
(  , ,   - ).   

   -    
 ,       

   (Sb, W, Mo, Hg).     
      

   (Gugushvili, 2015; 2017).  

      
        

  .    
    . 
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   (Gugushvili, 2015; 2017).  

    , 
    ,  

 .    
-  -  .   

      , 
  -    

  34  , 41223    39  . 
    4,39 / ,  - 4.51 / .   

        – 3.43 /    4.15 /  
.       -

  - - - -  
   - -   -

 .     5.10 / ,  - 6.3%. 

  14.04 ,  - 2580 .    Sb  W  
  - ,     

    - , - , -

   .     3-4 / .  
        

  - -    
 .      

 Sb, W, Mo, Hg.      
200-257ppm Cu, 88-121ppm Au, 3.0-5.7ppm Mo, 63-71ppm W, 120-157ppm Pb, 

121-160ppm Zn, 7.4-10ppm Sb.  

   ,    
  -    -  

      Sb, W, Mo, Hg,   
-   -   : 

, , ,    -

   .    
 -    

    Sb, W, Mo, Hg-  (Moritz et al., 2006; Report of 

Geological Survey of Iran, 2007). 

      ,  
-   .   -

  (    )  

 -     
  Sb, W  Hg- .     
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,   -  ,  
- -  ,   Sb  W 

(Melikian, 1977).    -

 . 
      Sb, W  Hg-  

     (  ).  
 ,    (Yigit, 2009)  
    ,   

-  ( ; Marchev et al., 2004). 

     
   .      

      
       

  -  - , ,   . 
      Sb, W, Mo, Hg.  : 

  175Moz,    - 19Moz,  o  - 

11.2Moz. 

        
    ( ),   

     (Main et 

al., 2006).    Te, Bi, As, W Sb     
 .     

  Bi, Te, W, Mo, Sn Sb,      
  (Bierlein, Mc'Knight, 2005).  

 

  

 

,       
        

 .    ,   
       

    (Au, Cu, Zn, Pb),   c   − 
   (Sb, W, Mo, Hg). 

        
      , 

        - Au, Cu, Zn, Pb. 

         
        

   Zn  Cu.    
        ,  

        ,  
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 ,    

  Cu. 

     ,   
     ,    

 ,       
      

,       
 ,     

       (Sb, W, Mo, Hg)  
 -  .    

        
     

. 
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3.       
        

 

 

     - -  
   ,   

  .     -

  ,    
  .       

,    ,   
      

 .       
    ,  -

    .    
      

       
-    .  

     .   
       
,        

    – - -

.  ,     
    . 

       
 .       , 

    ( )   
 (  ).      

   .      
       (  

).       
.     

.     
       

 .        
  .   

     
 ,     , 

      " " . 
         1200 . 

-        
 .         
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-    .    
 ,     

  -    
 . 

   ,   
   200 ,      

 2,         
 (  ).      

       
    . 

 

 :  ,   
, - -  ,  

. 
 

 

 

       
-   ( . 1).    - -

,     
  -    ( . 

2)      –    
(  .4).   (  88-90 . )   -

  ,   - -

 .    (  79-81 

. )     ,  
-     ( . 

2).          
" "  ( . 4). 

       -

 .   - -

 .    , 
     

.  - -    
    ,   -

  -    (Gugushvili 

et l., 2014; Gugushvili, 2015).      
,     ,   

  .       
 :  ,   ( , 
, , )     
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.     , -  
  - -  (Au, Pb, Zn, Cu) . 

      , 
   ,   
    .    

    ,  - -

  ,   (VMS) -

 .     
       ,    
 –       (Gugushvili, 2015; 

2016; 2017). 

     
   ,   

        
  .    

        
  (Gugushvili et al., 2002; 2014; Gugushvili, 2015; 2015; 

2016; 2017). 

        
 ,       

   .     
     

, -      
,     . 

         
  .      

.      ,  
-  ,  -  

.   - -  
   -   

(Gugushvili et l., 2014: Gugushvili, 2015; 2016; 2017). -  
 , - ,    , 
      . 

        
  (Gugushvili, 2015; 2016). 

     
   ,     

       
     ,   

  .     
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  .     
  -   
  350-400

0 . 
       
 – 5 / ,    -  - -   

    0.8 / ,     
  - -  . 

 

3.1.      

 

         
.      

,  – ,    
 . c    

  ,   , 
  (  )   

(  ).      
" " .    

 ( )  ,   
 ,      " " 

.      . 
     

 .     
  .     

     (" " 

),        
.  

 

3.1.1.   

 

        
" " ,    ( . 3, 4).  

    –   .   
  ( -    
    )   
,        
  .      

   ( . 5).     
  ,   - -

 ,     
.      
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   ,  - -

   -  
,     (Gugushvili, 2015; 

2017).      -

   ( . 8).     
 " " ,   –     
 ,      

  ( . 4).       
 ,      ,  . 

    1200 . , 
        1200 . 
     -    

-  , . .  
   .   

      .  
      -

  ,  -  
( )   ( )   91.3-

92.4 . ,     -

  .   
        - -

 ,  86.1-86.6 .  (Moritz et 

al., 2004; von Quadtt et al., 2005).     
        
 .  

 

 

 

 

 

3.1.2.1.      
 

 

       " ". 

     ,  
      (  ).  
      

  (  ).    
      ,   

     ,    
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     (Gugushvili et l., 2014; Gugushvili, 

2015). 

      
  500 .    88 . .    

  .     
        

    . ,   
 ,       

  (  ). 
     

- -  .  ,   
      ,  
  .      

  -   -   ( . 6, 7). 

 ,     
     . 

 ,       
 -   ( . 8) (Migineishvili. 2005; 

Giali, 2013).       , 
      

 - .     -

     -

  -  (    ) 
.  -      
   ,  

     -

 . ,  
     

 . 
       

    .  
  ,  

 (Gugushvili et al., 2001; 2015).    
  ,     , 
      ( . 6, 7). 

      
,     ( uc. 6). 

      
      .  

       
   ,    , .  
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     ,  
   ,    .  

      
      .    

     .  
     , 

       
    ( . 9),    . 

  ,      
   ,   
   . 

    ,  
  ,      

,        . 
, - -    

       
,       

 ( . 10). 

      
,     ( . ,    

1:10 000 ).      -

-       
 ,       

   -   -  
 ( . 11).  ,   240-314  ( . 631) 
 -   (3.0 / )  

( . 12). 

       
   .  - -

       
  -     ,  

 -     . 
       

  .    - -

       
      

(Gugushvili, 2015). 

   -    
. - -    -

     
    -    
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    ( . 13).  
       -  

,  ,  . 
 

3.1.2.   

 

       
 .      

 -   ,  -  
      

   -     -

       
.      

   -   
 .    -   
      
,    -    

  -    
 -  ,   

-   . 
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3.1.2.2.      
  

 

     
  .     

  .    .    
       

  (  )   
   -  .  

   -    -  
  (  ). - -

   -  
    -  

,        
  ( . 5).    

       . 
       : 

,   .     
   ( . 14).     ,  

,     -  
.   -     

 .    SW   
     - -

 .       
5 / ,  0.5%,           

  0.9-1.2 /        
   . ,    ,  

 154-171   TM DH – 001    
,  5 /    0.12-0.15% .   

      ,   , 
     .   

      (Gugushvili et al., 

2014; Gugushvili, 2015).  ,    
       
 ,        
   ,   ,  

       
 . 

       ( . 
15),    ,  

   -  . 
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   -  ( . 15), 

      ,  
      (  ). 

       
-   ( )  -  

.       
 - , ,      

   -   ,  
- -   ( . 5).  -

   ,   
  . 

       
 ( . 15).       
,          

    , 
 -  .  

 -     
  .   ,     
,    -    .  
  - -    

  -  , 
   -  ,     -

 . -      
  ,    

   (Gugushvili, 2015).    
    –    

  (Gogoladze, 1999). -   -

     
 ,    

  . ,   
     .  

    ,   -  -  
,        

  .      
  - -     

-     . -

      
.       - -
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    . 

,       
.      , 

     ;  –  
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 Fig.1. Map of the Western Tethysides (Stampfli et al. 2001) 

 minor ocean, backarc, marginal sea vms mineralization 

 subduction related porphyry, epithermal and kuroko type mineralization 

 postcollisionorogenic and intrusive related lode and porphyry mineralization  . 1.    (Stampfli et al., 2001)      . 1.    (Stampfli et al., 2001)  я    
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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 .2.     , .  . 
.2. я    ,  Ш. . я  
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  Fig. 3. Geological map of Bolnisi ore district (according Vashakidze, Gudushauri, 2006; Popkhadze et al., 2013). I Madneuli cluster, II Bectaqari cluster. .3.     . .3. я    . 
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  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 - Mad euli cluster’s deposits, 1  - Gasa da i cluster’s deposits, 1  – faults .4.       . .4.    я   .   
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  Fig.5. General map of the Bolnisi mining district. Scale 1:200 000. .5.     ./ .5. я    . 
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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 quartz-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. .6.   . .6.   я.  
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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. .7.   ( )  . .7. я   я ( ).   
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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. .8.     ( , 2005). .8.   Ц  я.  
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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. .9.      . 

и .9. хе атиче кая ка та Цители опель кого кальде оп о еда ия. 
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  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 .10.    . 

.10.   Ц   я.  
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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. .11.     (1:10000). 

.11. я  (1:10000)   я.  
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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 quartzite, 6 - Silicification, 7 - Oxidation, 8 - Pyritization, 9 - Pyrite-chalcopyrite stockwork, 10 - Quartz-barite goldbearing veins. .12.        (631-   ). .12.       я). 
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  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. .13. -       . .13.    -    

я я.  
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  Fig. 14. Geological map and cross-section of Imedi deposit. Scale 1:1000. .14.       (1:1000). .14. я    (1:1000) я .  
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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. .15.       (1:2000). .15. я    (1:2000)  я. 
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 Fig. 16. The block structure of Sak

drisi deposit. 
 . 16.    

 . 
 . 1

6.
 

 
 

 
я.

 
   

R e f e r e n c e s 
 

Adamia Sh., Chabukiani A., Ckhotua T., Enukidze O., Sadradze N.,2016.Tethyan Evolution and 

continental collision in Georgia. Geological Societyof America Special Paper, 

v.525,doi10.1130/20/2016.2525(16). 

Baba-Zade.V.M., Kekelia S.A., AbdulaevaSh.F.,Kekelia M.A. 2015.Goldbearing sulfide 

deposits of Island arc paleosystems,their metallogenic characteristics and conditions of 

geodynamic development,Baku.275 p. 

Bierlein F.P., Mcknight S., 2005. Possible intrusion-related gold systems in the Western Lachlan 

orogeny, South-East Australia.Society of Economic Geologists Inc. Economic Geology 

v.100.p. 385-398. 

Buadze V.I., KaviladzeM.Sh., 1977. The Sulphur isotopes and genesis of sulfide deposits in the 

Urup ore district.NorthCaucasus, Geologyoforedeposits N4, p.76-88.  

Dilek I., ImamverdievN.,Altunkaynak S., 2010. Geochemistry and tectonics of Cenozoic 

volcanism in the Lesser Caucasus (Azerbaijan) and the peri-Arabian region: collision 

induced mantle dynamic and its magmatic fingerprint. p.536-578. 



115 

 

Engin T. 1994. Metallic minerals, “Geology and mineral resources of Turkey.Mineral Research 

and Exploration Department”. Ankara. p.1-48.  

Frolova T.I., Burikova L.A. 1977. Geosyncline volcanism exemplified by Eastern Slope of Ural. 

Moskov State University, Moskov, p. 263. 

Gialli S. 2013. The controversial polymetallicMadneuli deposit, Bolnisi district, Georgia: 

hydrothermal alteration and ore mineralogy // Unpublished M.Sc. thesis. 

UniversityofGeneva. p. 43.  

Gogoladze D.P. 1991. The roots of Upper Cretaceous volcanism of South-East Georgia.Thesis of 

geology-mineralogy canditate of science, Tbilisi. 36p.  

Goldfarb R.G., Hart C.J.R., Miller L., Farmer G.L., and Groves D.I. 2000. The Tintina gold belt-

a global perspective in Tacker, T.L, and Smith M.T.Eds., TheTintina gold belt: Concept, 

exploration and discoveries: Vancouver, British Columbia and Yukon Chamber of 

Mines. Special volume 2, p 5-34. 

Goldfarb R.G., Groves I., Gardol S. 2001.Orogenic gold and geologic time: a global synthesis. 

Ore Geology Reviews, 18, p.1-75. 

Groves D.I., Goldfarb R.J.,Robert F. and Hart C.J.R. 2005. Gold deposits in metamorphic belts: 

Overview of current understanding, outstanding problems, future research and 

exploration significance: Economic Geology, v.98. p. 1-29.  

GugushviliV.,BukiaA.S., GoderdzishviliN.N., JavakhidzeG.D., ZakaraiaD.P., MuladzeI.U., 

ShaviShviliI.D, ShubitidzeJ.S., ChokhonelidzeM.J. 2014.Bolnisi ore district: geological 

development and structure, genesis of mineralization, economic potential and 

perspectives according to data for april 2014//Ed. M.P.Natsvlishvili.Caucasus Mining 

Group , Tbilisi, 55p.(inRassian). 

Gugushvili V., Hart I., Natsvlishvili M., Akhvlediani R. 2001. Origination of the gold 

mineralization and wall rock alteration at the Sakdrisi deposit (Bolnisi mining district). 

Bulletin of the Georgian Academy of Science, 163, N1, p 96-99. 

Gugushvili V.I., Kekelia M.A., Moon Ch., Natsvlishvili M.P. 2002. Crustal and Mantle sources 

of Cretaceous volcanism and sulfide mineralization in the Bolnisi ore district 2002 // 

Proceeding dedicated to the 90th Anniversary of G.S. Dzotsenidze. New series. V. 117. 

Georgian Ac. Sc. Geological Institute. Tbilisi. p. 412-419. (inRussian). 

Gugushvili V.,PopkhadzeN., Beridze T., Khutsishvili S. 2010. Sources of base, precious and rare 

metals during the Tethyan evolution of the Caucasus and Pontides.Proceedings of the 

XIX CBGA Congress. Thessaloniki, Greece, Special volume 100, p 333-341. 

Gugushvili V.2015.Precollision and postcollisionmetallogeny of gold-copper-base metal ores at 

the Phanerozoic evolution of Tethys Ocean, Sh.Adamia, R Goldfarb and  R.Moritz  

eds., Iv.Javakhishvili Tbilisi State University, A. Janelidze Institute of Geology, Tbilisi, 

2015, 131p. 

Gugushvili V. 2017.Precollision and postcollision geodynamic evolution of the Tethys Ocean 

and its relation with regional metamorphism hydrothermal activity and metallogeny 

along the Eurasian continental margin. Eds.: R.Goldfarb, R.Moritz, G.Zakariadze. 

Iv.Javakhishvili Tbilisi State University, A.Janelidze Institute of Geology, Tbilisi, New 

Series, vol. 129.180 p. 

Gugushvili V., Beridze T., Khutsishvili S., Migineishvili R. 2016.Phanerozoic metallogeny of 

the Caucasus region during the Tethys ocean subduction and at post-collision stage. . 

Bulletin of the Georgian national Academy of Science, vol. 10.no.3. pp.79-89. 

GugushviliV., TopchishviliM. 2017. Correlation of the role of sialic, basaltic crust and mantle 

with Phanerozoic volcanism and metallogeny in the Caucasus and adjacent regions of 



116 

 

western segment of Eurasian active margin on the back ground of geodynamic 

development. Bulletin of Georgian National Academy of Science.vol.11.no4. p.74-81. 

Güner M. 1986. Geology and massive ores of the Küre area, Pontic ranges, northern Turkey: 

MTA. Bull 93/94 p.65-109.  

Hutchinson K.W. 1973.Volcanogenic sulfide deposits and their metallogenic 

significance.Econ.Geology 68,p.1223-1246. 

Lomize M. and Panov D. 2002.Amagmatic initial stage of subduction at the Crimea-Caucasus 

margin of the Tethys.”Geotectonica”, N 4.p.78-92.  

Kekelia S.A., Ambokadze A.N., Ratman I.P. 1983. Volcanogenic deposits of nonferrous metals 

of the island arcs and methods of their prognostication. “Metsniereba”, Tbilisi. 154 p. 
Mair J.L., Goldfarb R.J., Jonson C.A., Hart C.J.R., Mash E.E. 2006. Geochemical constraint of 

the genesis sheelite dome intrusion-related gold deposit, Tombstone gold belt, Yukon, 

Canada, Economic Geology, v.101. p. 523-553. 

Marchev P., Singer B.S.m, Jelev D.,Hasson S., Moritz R., Bonev N. 2004. The Ada Tepe 

deposit: a sediment hosted, detachment fault-controlled, low-sulfidation gold deposit in 

the Eastern Rhodopes, SE Bulgaria. SchweizerischteMineralogische and 

PetrographischeMitteilungen 84, p. 59-78.  

Melikian L.S. 1977. Geology and structure of the mineralization of Zod deposit. Dr.ScThesis. 

ArmenianAcademyofScience, p 45.  

Mernagh J.P., Bierlein F.P. 2008. Transport and precipitation of gold in Phanerozoic 

metamorphic for chemical modeling of fluid-rock interaction // Econ. Geol. vol. 103. 

pp. 1613-1640.  

Migineishvili R. 2004. Type and characteristic of Madneuli gold-copper deposit (Georgia). 

Proceeding of A. Janelidze Geological institute, New Series.vol.119. p.755-769. 

Moritz R.,Kouzmanov K., and Petrunov R. 2004.Late Cretaceous Cu-Au epithermal deposits of 

the Panagyurishte district, Srednogorie zone. Bulgaria: Swiss Bulletin of Mineralogy 

and Petrology, v. 84. p.79–99. 

Moritz R., Chazban F.,Singer B.S.2006. Eocene Gold ore formation a Muteh, Sunandaj-Sirgian 

tectonic zone, Western Iran: a result of late stage extension and exhumation of 

metamorphic basement rocks within the Zagros orogeny. Societe of Economic 

Geologists, Inc. Economic Geology, v.101, pp. 1497-1524. 

Moritz R., Melkonyan R., Selby D., Pophkadze N., Gugushvili V., Tayan R.,Ramazanov V. 

2016. Metallogeny of Lesser Caucasus: from arc construction to postcollision evolution. 

Society of Economic Geologists.Inc. Special Publication 19. pp. 157-192. 

NadareishviliG.1999.Cretaceous volcanic formations of Georgia.Proceedings of Geological 

Institute Ac.Sci of Georgia, Tbilisi, p.179-195. 

O’Brien, B. P. M. 1997. The geology and genesis of the Ceratepe volcanogenic Cu-Au-Ag 

deposit and its place in the geological development of the Artvin volcanic complex, 

Artvin, northeastern Turkey: Unpublished PhD thesis, Queen’s University, Ontario, 
Canada, p. 559. 

Von Quadt A., Moritz R., Peycheva J., Heinrich C.A. 2005.Geochronology and geodynamics of 

Late Cretaceous magmatism and Cu-Au mineralization in the Panaguirishte region of 

Apuseni-Banat-Timok-Srednegorie belt. Bulgaria. // Ore Geology review. V. XX. p. 1-

28.  

Rona P.A. and Scott S.D. 1993. Preface of the Special Issue on Sea from hydrothermal 

Mineralization: New Perspectives. Economic Geologyp. 88.1933-1976. 

Shavishvili I. 1983.Variscun volcanism in the Caucasus. IGCP Project N5, Newsletter, p. 169-

179.  



117 

 

Ustaömer T. and Robertson A.H.F. 1993. Late Paleozoic - Early Mesozoic marginal basins along 

active continental margin of Eurasia: evidence from Central Pontides (Turkey) and 

adjacent regions. GeologicalJournal. N.28. p.  219-238. 

Yakubchuk A., Cole A., Seltman R. and Shatov. 2002. Tectonic setting, characteristics and 

regional exploration. Criteria for gold mineralization in the Altaidorogenic collage: The 

Tian-Shan Province as a key example. SocietyofEconomicGeologistSpecialPublication 

9. p. 177-201. 

Yigit O. 2009. Mineral deposits of Turkey in relation of Tethyanmetallogeny: implication for 

future mineral exploration Economic geology, v.104.  p.177-201. 

 


