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Summary. In the countries of the South Caucasus and Tiirkiye, the most representative gold-
bearing volcanogenic fields are known in the strata composing fragments of the Pontic-South Cau-
casian paleoarc, which was active during the Mesozoic Era. At that time, the oceanic crust was
subducted under the arc, which was the marginal part of the Eurasian continent. Separate segments
of the arc differed in their geodynamic development, due to which different types of volcanogenic
fields occurred in them. Besides epigenetic deposits, hydrothermal-sedimentary deposits are also
known within the Pontides (Tiirkiye) in the west.

The paper deals with the geological environments of deposits’ occurrence in Tiirkiye, Azerbai-
jan, Armenia and Georgia. Most of them can be attributed to the Kuroko type and differ in the na-
ture of ore accumulation: copper-zinc deposits, which were apparently formed in the conditions of
a deep-sea basin, are known in Tiirkiye, and we have examples of only epigenetic fields to the east.
The Gadabay and Alaverdi ore regions are interesting in that copper, copper-zinc and barite-sulfide
ores are concentrated in the Jurassic volcanic depressions, and porphyry copper fields — Garadag
and Tutkhun are known in the raised wedge-shaped blocks that limit the volcanic depressions. A
mental logical geological and genetic model of volcanogenic fields was created based on the liter-
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fields in specific areas.

ary material, which has been collected for years, as well as our own data.
Fields of volcanogenic nature, despite the fact that they are formed in similar PTX conditions,
have their own “appearance”, taking into account which is extremely important when predicting
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Introduction

The Caucasian folded mountain structure is per-
ceived as the result of interaction of microcontinents
— “fragments” of the Afro-Arabian and Eurasian
lithosphere plates. As a rule, the marginal parts of
microcontinents are composed of sediments of either
marginal marine or oceanic origin that obducted on
them (Fig. 1). According to the composition of the
lithogeodynamic complexes, the southern margin of
the European continent was occupied by an oceanic
basin (Paleotethys) at the beginning of the Hercyni-
an cycle, covering the time from the Silurian to the
Early Triassic inclusive, as evidenced by the North
Caucasian ophiolitic allochthons, Silurian-Devonian
deepwater carbonaceous siliceous-argillaceous stra-
ta, as well as volcanites of the Front Range zone of
the Greater Caucasus, which most likely belong to
the formations of the ensimatic arc (fragments of

which are exposed in the modern zone of the Main
Range of the Greater Caucasus) based on the pre-
dominance of basites in them. There was obviously
an ensialic arc to the south of the latter, on the slopes
of which flyschoids accumulated during the Devoni-
an-Carboniferous, and its root underwent metamor-
phism and granitization. It is assumed that part of
Gondwana (in Fig. 1 — Taurides and Daralagoz
block) was “soldered” to Eurasia at the end of the
Triassic, and later — at the beginning of the Jurassic
— torn away due to the laying of the Lesser Caucasus
branch of the Neotethys. The diagram (see Fig. 1)
shows that the central part of the Alpine-Himalayan
mountain-fold belt consists of microplates: 1) Scyth-
ian and South Caucasian-Pontic (active paleo-
margin of the Eurasian continent); 2) Kirshehir, Tau-
rus and Daralagoz blocks (previously part of Gond-
wana). The continental blocks are separated by su-
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ture zones (sutures), most of which are marked by
ultramafic “mélange”. Passive continental blocks of
Gondwana appear to researchers (Vrielinck, 1994)
drifted on oceanic lithospheric plates.

It follows from numerous publications (Amamus
u ap., 1977; Wuxanu6eiiaun, 1996; Okay, Sahinturk,
1997; Sosson et al., 2010; Vrielinck, 1994; Yilmaz
et.al., 1997) that the most important tectonic events
that predetermined the geological appearance of the
Alpides include: 1) the abruption of the Iranian plate
in the Permian-Triassic from the edge of Gondwana
and its joining to the active Eurasian margin; 2) open-
ing of the Neotethys at the Late Triassic-Early Juras-
sic, possibly its two branches (Biju-Duval et.al.,
1997) in connection with the laying of rift systems;
obduction of oceanic complexes in the Senonian, as
A. Knipper (Monun, 3onenmaiid, 1987) put it figura-
tively, denoting the “death” of the ocean. Due to the
abovementioned events, the main milestones of the
historical and geological development in the Alpine
cycle were also emphasized: the divergence of micro-
plates (Triassic-Early Bajocian), accompanied by the
formation of the Neotethys branches and the activa-

tion of mantle diapirism at the beginning; then their
convergence (Late Bajocian-Early Cretaceous) with
characteristic island-arc andesitoid volcanism on the
edge and rift-related volcanism in the central part of
the South Caucasus-Pontic microplate. Moreover, the
maximum activation of island-arc volcanism in
Transcaucasia falls on the Bajocian-Late Jurassic, and
in the Pontides — on the Turonian-Santonian. Based
on comparative structural-facies analysis, A. Yilmaz
et al. (Yilmaz et.al, 2000) showed the difference in
the geodynamic development of individual segments
of the South Caucasus-Pontic system. The beginning
of the collision (or the beginning of the collision of
continental protrusions of microplates) in the western
and eastern parts of the region was diachronous: if the
“contact” of the South Caucasian and Daralagoz blocks
occurred in the Coniacian (MonuH, 3OHEHIAlH,
1987), then the Pontides with the Taurida occurred in
the Campanian (Dixon, Periere, 1974). Volcanic ac-
tivity was occurred in the residual back-arc sea basins
at the collision stage (Late Cretaceous-Eocene), and
later in the depressions (Eocene volcanites) formed on
the previously formed tectonic structures.
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Fig. 1. The allocation pattern of lithogeodynamic complexes and the main types of metal fields of the central part
(Pontides, Taurides, Greater and Lesser Caucasus) of the Alpine-Himalayan mountain-folded belt
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Hercynian lithogeodynamic complexes: active
margin of the East European paleocontinent: 1 -
continental shelf zones and slopes (andesite-basalts,
carbonaceous shales, limestones, Devon-Carbon,
greenstone alterations, Greater Caucasus); 2 - conti-
nental shelf zones (sandstones, conglomerates, car-
bonaceous shales, andesite-basalts, Carboniferous-
Triassic, greenstone alterations, Pontides); 3 - ensi-
matic island arc (basalts, rhyolites, siliceous shales,
carbonate-rich sandstones, Devonian-Early Carbon-
iferous, Greater Caucasus); 4 - ensialic island arc
(gabbros, sodium granitoids, parametamorphites and
crystalline schists, Pre-cambrian (?) — Early Paleozo-
ic, Greater Caucasus); 5 - activated blocks of the
ensialic arc (collisional potassium-sodium granit-
oids, staurolite and biotite-muscovite schists, late
Paleozoic, Greater Caucasus); 6 - continental de-
pressions (clay shales, sandstones, andesite-basalts,
rhyolites, Permian-Triassic, Greater Caucasus); 7 -
paleomarginal sea - slope and plain of the continent
(carbonaceous shales, sandstones, andesite-basalts,
olistostromes, limestones, Devonian-Triassic, green-
stone alteration, southern slope of the Greater Cau-
casus); 8 - ocean floor (carbonate and siliceous
shales, basalts, peridotites, dunites, rhyolites — in
allochthonous occurrence, Greater Caucasus); pas-
sive margin of Gondwana, and in the Mesozoic Afro-
Arabian, paleocontinent: 9 - shelf zones (clays, car-
bonate clays and sandstones, limestones, locally an-
desite-basalts, tuffites, Paleozoic-Cretaceous,
Kirshehir, Taurus and Daralagoz blocks); 10 - shelf
and continental zones of the Arabian uplift (sand-
stones, clays, limestones, conglomerates, Paleozoic-
Eocene).

Alpine lithogeodynamic: active margin of the
Eurasian paleocontinent: 11 - slopes and plain of the
South Caucasian microcontinent (andesite-basalts,
trachyandesites, terrigenous-carbonate flysch, car-
bonaceous clay shales, granodiorites, Jurassic-Early
Cretaceous, southern slope of the Greater Caucasus);
12 - shelf zones of the Scythian and South Caucasian
microcontinents (andesites, andesite-basalts, clay
shales, sandstones, mottled clays with sulfates, lime-
stones and dolomites, marls, tuffites, Jurassic-
Paleogene, Greater Caucasus); 13 - shelf zones and
slope of the Pontian microcontinent (andesite-
basalts, sandstones, limestones, shales, Early Juras-
sic; conglomerates, limestones, basalts, coral rag,
marls, Late Jurassic-Cretaceous; terrigenous-
carbonate flysch, Late Cretaceous, Pontides); 14 -
Lesser Caucasus ensimatic island arc (andesite-
basalts, rhyodacites, tuffites, sandstones, clay shales,
tonalites, diorites, Bajocian-Early Cretaceous, south-
ern edge of the Transcaucasian microcontinent); 15 -
Pontian ensimatic island arc (andesite-basalts, rhy-
odacites, marls, sandstones, clay shales, Late Creta-

ceous (Turonian-Santonian), Eastern Pontides); 16 -
basins of the marginal paleosea (clay shales, basalts,
rhyolites, gabbro-diabases, Early Jurassic, Greater
Caucasus); 17 - oceanic zones in allochthonous bed-
ding (in the composition of sutures and obducted
thrust plate — ultramafic “mélange”, harzburgites,
serpentinites, gabbros, tholeitic and alkaline basalts,
terrigenous-carbonate flysch with horizons of ophio-
clastic olistostromes, radiolarites; Pontides, Taurides
and Lesser Caucasus); 18 - Lesser Caucasus residual
back-arc volcanic depressions (andesites, rhyodacitic
ignimbrites, rhyolites, trachyrhyolites, limestones,
basalts, granodiorites, Senonian-Danian); 19 - Pontic
residual back-arc volcanic depressions (basalts, rhy-
odacites, trachyrhyolites, coral rags, Campanian-
Danian); 20 - intraplate rift-related volcanic depres-
sions (trachyandesites, trachybasalts, volcanogenic-
terrigenous flysch with olistostrome horizons, gab-
bro-diorites, monzonites, syenites, alkaline gab-
broids and syenites, Eocene, Lesser Caucasus and
Pontides); 21 - superimposed, mainly on pre-
collision structures, marine volcanic depressions
(andesites, trachyandesites, terrigenous-carbonate
flysch, sandstones, clays, Eocene; Pontides, Taurida
and Lesser Caucasus); 22 - flysch troughs (southern
side of Taurus), formed at the beginning of the colli-
sion of the Taurus microcontinent with the Eurasian
continent (sandstones, marls, clays, fragments of

ultramafic, Senonian-Paleogene); 23 - activated
blocks of folded mountain structures (andesites, an-
desite basalts, their pyroclastolites, Neogene-

Quaternary); 24 - intermountain and foredeeps of
folded mountain structures (marine and continental
molasses, Oligocene-Quaternary); 25 - Crystalline
basement of the Eurasian continent (Precambrian-
Early Paleozoic); 26 - Crystalline basement of the
Afro-Arabian continent (Precambrian); 27 - Granit-
oids (pre-collision: a- Early Cretaceous, b- Late Cre-
taceous; c- collision Eocene-Oligocene); 28 - Post-
collision monzonites, syenites, granodiorites; 29 -
Sutures (a- known, b- inferred under recent depos-
its); 30 - Ruptured zone (a-thrust and reverse-thrust
faults, b-near-vertical faults); 31 - Caucasian linea-
ments based on the results of interpretation of space
images; 32 - supposed boundary between the Scythi-
an and Transcaucasian microplates.

Genetic types of fields: 33 - magmatic (chrome
raw materials); 34 - skarn (a- iron ore, b- tungsten-
molybdenum); 35 - hydrothermal plutonogenic (a-
polymetallic, b- copper-porphyry, c- copper-
molybdenum-porphyry, d- gold ore); 36 - hydro-
thermal-sedimentary in volcanic strata (copper with
zinc); 37 - combined hydrothermal-sedimentary and
epigenetic (stockwork) in volcanic strata (a-copper,
b-copper-zinc); 38 - hydrothermal-sedimentary in
clayey-shale strata (a- polymetallic, b- copper); 39 -
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hydrothermal epigenetic in volcanic strata (a- cop-
per; b- polymetallic with baryte; c- polyformational:
copper, baryte, baryte-polymetallic, gold ore in sec-
ondary quartzites; d- properly gold ore); 40 - amag-
matogenic (“telethermal”) (a- mercury, b- arsenic
(realgar-orpiment), c- arsenic (arsenopyrite with
gold), d- gold with antimony, e- lead-zinc in car-
bonate strata, f-baryte); 41 - hydrothermal-
metamorphogenic (tungsten); 42 - sedimentary and
volcanogenic-sedimentary (manganese); 43 - sedi-
mentary (celestine).

Significant fields of the FEurasian active
paleoomargin: 1 - Ashikei (Cu), 2 - Lahanos (Cu,
Zn, Pb), 3- Chayeli-Madenkoy (Cu, Zn), 4 - Murgul
(Cu, Zn), 5 - Chiatura (Mn), 6 - Filizchai (Zn, Pb,
Cu), 7 - Gizil-Dere (Cu), 8 - Madneuli (Cu, Zn, Pb,
Au, BaSO,), 9 - Alaverdi (Cu), 10 - Shamlug (Cu),
11 - Tekhut (Cu), 12 - Meghradzor (Au), 13 - Dash-
kesan (Fe,Co), 14 - Chovdar BaSOs, 15 - Chovdar
(Au), 16 - Zod (Au), 17 - Kafan (Cu), 18 - Kajaran
(Mo, Cu).

Microplates: Eurasian paleocontinent: A -
Scythian, B - Pontic-South Caucasian (B;- Western
Pontides, B, - Eastern Pontides, B; - South Cauca-
sus); Afro-Arabian paleocontinent: C; - Kirshehir, C
- Taurus, C; - Daralagoz (North Iranian). Micro-
plates are separated by sutures. D - Arabian ledge
(its boundary with the Taurus is emphasized by a
system of reverse-thrust faults).

The Caucasus is a relatively well-studied region
and therefore it can be stated that its ore potential is
determined by: plutonogenic hydrothermal (copper,
molybdenum, gold), volcanogenic hydrothermal-
sedimentary (copper, zinc, lead), volcanogenic epi-
genetic (copper, zinc, gold, barium), skarn (tungsten,
molybdenum, iron) and sedimentary (manganese,
strontium) fields. Besides that, “amagmatic” mercu-
ry, arsenic, antimony and lead-zinc (in carbonate
strata), magmatogenic (chromium, titanium), pegma-
toid (tin), greisen (niobium, tantalum) fields and ore
occurrences are known here. Epigenetic gold-
bearing volcanogenic fields of copper and baryte-
polymetallic (Gadabay, Bitti-Bulag, Novo-Gore-
lovka, Gulyatag, Janyataq, Kapaz, Alaverdi, Sham-
lug, Kafan, Akhtala) first (Jurassic) occurred during
the convergence of microplates in the folded moun-
tain structure of the Lesser Caucasus, and copper-
porphyry fields of the Garadag, Damirli, Tekhut
types in the Early Cretaceous (AGmymiaeBa, 2013,
2018; baba-3ane np., 2003, 2012). All of them were
observed in Azerbaijan and Armenia. Epigenetic
copper, gold, baryte-polymetallic fields such as
Bolnisi (Georgia), Dagkesaman (Azerbaijan), etc.
were formed in the back-arc volcano-depressions at
the early stage of the activated collision. In the west,
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in the Eastern Pontides in the Late Cretaceous, vol-
canogenic-sedimentary copper-zinc ores (Chayeli
and others, Tiirkiye) accumulated in intra-arc sea
basins, and large-scale Murgul and other epigenetic
ores fields were formed.

The fields show clear connections with certain
volcanites and lithogeodynamic complexes of paleo-
island-arc structures.

It is well known that ore fields are located in the
upper, 10-kilometer “edge” of the Earth’s crust. The
topmost position is occupied by volcanogenic fields
of non-ferrous and precious metals (0 - 1 km). They
will be discussed in this article. The geological posi-
tions of the fields of the Eastern Pontides (Tiirkiye),
Bolnisi (Georgia), Gadabay (Azerbaijan) and
Alaverdi ore regions, as well as the copper-porphyry
fields of Garadag and Tekhut, located in raised
blocks near the Gadabay and Alaverdi (Armenia)
gold-copper pyrite volcanogenic fields will be given
as examples.

Eastern Pontides (Tiirkiye) and

their ore-bearing

It has been found that volcano-plutonic activity
led to the formation of significant accumulations of
gold-bearing volcanogenic and plutonogenic ores of
non-ferrous metals in the Eastern Pontides (Tiirkiye),
which developed in the Alpine period as an island
paleoarc. Moreover, volcanogenic fields were
formed in volcano-depressions, which were parts of
intra-arc sea basins in the Cenomanian-Campanian,
and plutonogenic copper- and molybdenum-
porphyry fields were formed due to the formation of
granitoids in blocks raised relative to the depres-
sions. Commercial fields are Ashikoy, Lahanos,
Kutlular, Chayeli, Murgul, Cherratepe and Guzey-
yayla (Cu, Mo). It should be emphasized that the
Eastern Pontides are the only region of the Pontic-
South Caucasian island paleoarc where hydrother-
mal-sedimentary accumulations of non-ferrous metal
ores have been observed. Examples of these are the
Chayeli (Madenkoy) and Ashikoy fields. The Cha-
yeli field, which geologists call the pearl of the Pon-
tides, contains significant reserves of non-ferrous
metals. The massive sulphide ores (VMS) form a
deposit with 920 m long (along the strike) here; it is
traced to a depth of 650 m; its maximum thickness is
100 m. The deposit is covered by thin (up to 2 m)
jasperlike quartzites as in the field of Kuroko type in
Japan. This layer is covered by a series of interbed-
ded tuffites and basalt covers, above which lie green
tuffs with dolomite interlayers containing foraminif-
era fragments. According to Turkish geologists, the
deposit is divided into two parts by a syn-ore fault.
In connection with it, the body consists of two mu-
tually overlapping “lenses”. Sulfides are represented
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by pyrite, chalcopyrite, sphalerite and in small quan-
tities galena, bornite, tetrahedrite. Yellow (rich in
chalcopyrite) and black (rich in sphalerite) ores are
distinguished inside the body, as in the fields of Ku-
roko type. The sphalerite content exceeds 10% in the
matrix of brecciated black ores. Veinlet-impregnated
mineralization occurs in dacites under the massive
ore deposit. The hydrothermal-sedimentary struc-
ture, which was preserved in the Late Cretaceous
volcanites as an ore deposit, was subjected to repeat-
ed brecciation under the influence of explosive phe-
nomena during the functioning the hydrosystem.
Clastic ores are predominantly located in the upper
parts of the deposit. Massive yellow ores and their
powdery varieties form the lower parts of the body
and are characteristic of the most powerful parts of
the deposit. Massive ores superpose on hyaloclas-
tites, which consist mainly of oriented felsite “frag-
ments”. The abovementioned rocks are overlain by a
quartz-pyrite-chalcopyrite stockwork.

Another type of hydrothermal-sedimentary min-
eralization was found in the allochthon, apparently
displaced to the paleoisland structure from the mar-
ginal sea basin of the Paleotethys. The rocks that
form the allochthon are known in the literature as the
“Cure complex”: their age is Triassic, they consist of
ultramafic tectonic plates, alternating clay shales and
basalt covers, represented by island-arc and oceanic
tholeiites, as well as rocks of the depleted mantle.
According to Ustaomer (Ustaomer, Roberston,
1993), a geological picture similar to the Cyprus one
is observed in places where ore mineralization oc-
curs: serpentized peridotites are known in the lower
part of the section, above which gabbro, a shale dol-
erite complex and greenstone-altered pillow lavas of
basalts are occurred. The lavas that enclose the dol-
erite dykes are covered by clay shales. Copper-
bearing massive sulphide deposits are located under
the latter, on pillow lavas. One should agree with
M. Guner, who attributed sulphur pyrite deposits
refined with copper to the Cyprus VMS type.

Epigenetic sphalerite-chalcopyrite mineraliza-
tion is observed at other exploited fields of the Pon-
tides.

The Turkish and Western European geologists’
works deal with the composition and structure of
volcanic strata hosting non-ferrous metal fields in
the Eastern Pontides (Altun, 1977; Akchay, Arar,
1999; etc.). The base for the Late Cretaceous rocks-
carriers of the fields are andesitic volcanites and
Lower-Middle Jurassic terrigenous rocks (Popovié,
2004), as well as the Upper Jurassic-Cretaceous
complex with minor copper and gold occurrences.

According to Akchay (Akchay, Arar, 1999),
bimodal volcanites, in which VMS are located, are
associated with large calderas and siliceous domes.

VMS were also known at the Murgul, Jerattepe,
Kutluler, Kotarakdere, Hrzit and Lahanos fields. It
follows from the archive and published materials
that the massive non-ferrous metal ores of the Pon-
tides were formed on the seabed of deep-sea basins,
and before the diagenetic transformation of the se-
diments, the ore deposits were “ore hills”. The sea
basins were probably intra-arc, and their bottoms
underwent rifting in the Late Cretaceous, as evi-
denced by the composition of the volcanites, as well
as basalt dikes that intersect both the ore deposit and
the upper basalts and purple tuffs. The rocks overly-
ing the Chayeli ore deposit alter little, except for
diagenetic alterations. Senonian fauna was found in
the pink limestones of the upper series.

Massive ores are gold-bearing: gold is found in
sphalerite in the form of inclusions with size of 200
u. Researchers see vertical, poorly expressed zoning
(from top to bottom) in the ore deposit: sphalerite-
galena-baryte-chalcopyrite; pyrite-chalcopyrite-clay;
pyrite-chalcopyrite-quartz.

It was found that the basalts of the ophiolite
complex belong to the formations of spreading zones
according to their chemical characteristics in the Ku-
re region, at the Ashikoy-Taikopdu field (Chakir,
1995). It is assumed that the spreading zone was lo-
cated in a back-arc basin in the Early Jurassic.

Examples of stockwork-vein fields, very similar
to the Madneuli copper ores (Georgia), are in the
Pontides — Lahanos and Murgul, associated with late
Cretaceous volcanites. Hydrothermal-sedimentary
deposits with “black” and “yellow” ores are known
near Murgul, in the Gizilgaya area (Lethch, 1981),
which were characterized by colloform banded and
framboidal textures. The ore-bearing rocks with an-
gular unconformity are overlain by andesite-dacite
lavas here.

In conclusion, we state that gold occurrences are
also known in the Eastern Pontides, for example,
Behkesik (Yigit et al., 2000) and Maradit (Popovié,
2004) in Late Cretaceous volcanites, as well as in
Eocene quartz diorites. The commercial value of
gold occurrences has yet to be determined.

Bolnisi ore region (Georgia) and

its ore-bearing

The Cretaceous volcano-tectonic depression of
the Bolnisi ore region was laid in the back-arc resid-
ual sea basin at the end of convergence, and was fi-
nally formed at the beginning of the collision of the
South Caucasian and Iranian lithospheric micro-
plates. The depression is filled with Albian-
Campanian volcanogenic-terrigenous deposits, with-
in  which three complexes are distinguished
(Hazapos, 1966; Kekenust u ap., 1993; I'yrymsunn
u np., 2002, 2018; babda-3azxe u ap., 2015).
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In the opinion of the authors (Ha3zapos, 1966),
copper, baryte-polymetallic and gold (in secondary
quartzites) mineralizations of different ages are
combined at the largest Madneuli field, where ini-
tially only baryte and later copper and gold ores
were mined: at the small Tsitelisopelskoye - copper
and gold, at Sakdriskoye — gold and baryte-
polymetallic; at David - Garejinskoye — baryte, ba-
ryte-polymetallic and gold-silver. The example of
Madneuli (Kekenust u np., 1991, 1993) shows that
ore accumulation was preceded by the stage of
formation of a metasomatic column, the upper parts
of which are occupied by monoquartzites — solfata-
ric formations, the lower ones — by quartz-sericite
metasomatites, and the flanks and deep horizons —
by propylites. Two ore levels are clearly distin-
guished under the screen of lava domes at Mad-
neuli (Kekenus u ap., 1993): the upper one is bary-
te and baryte-polymetallic, and the lower one is
copper-pyrite. Gold-bearing quartzite bodies are
occurred on the upper and partially lower layers.

Georgian geologists have carried out a large
volume of thermobarogeochemical studies at the
fields of Bolnisi region. According to previous re-
searchers (ApeBamze, 1989; Kekeliya et al., 1993),
two-phase gas-liquid inclusions in quartz of copper
pyrite ores were homogenized at 320-370°C (max-
imums — 350-420°C), copper-zinc ores at 280-
300°C, in baryte of polymetallic barytes at 260-
270°C, and in barytes of baryte ores proper at
120°C. According to cryometric studies of fluid
inclusions, the salinity of the solutions that deposit-
ed copper and polymetallic ores was low and equal
to ~ 40 gram-equivalent of NaCl per liter of solu-
tion. The solutions were chloride-sulfate potassi-
um-sodium, contained nitrogen and CO,. Heavy
hydrocarbons and methane were also observed
(Kekenmus u ap., 1993), the total concentration of
which did not exceed 4 mol%. The data on the iso-
topic composition of sulfur are following: the §*S
values deviate slightly from the meteoritic standard
in sulfides: the 3%*S values fluctuate within the
range of +10 to +20% in most sulfates. Data on
carbon, hydrogen and oxygen isotopes are ambigu-
ous and can be interpreted in favor of the participa-
tion of both meteoric and magmatic waters during
the ore-forming process. So, the values of & *C in
calcite and fluid inclusions are grouped around the
values of -7.1 £2.1% and +0.3 £1.6%; the isotopic
composition of hydrogen (6D water) in fluids var-
ies within the range of -70 -90%, and modern wa-
ters of the region from -50 to -70%; & '*0 in quartz
of copper ores varies from +10.35 to +9.25%, and
in baryte of baryte-polymetallic ores within the
range of -1.07 to -1.53%.
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It should also be stated that industrially sig-
nificant volcanogenic fields are located in the up-
per parts of the blocks of Turonian-Santonian ef-
fusive-sedimentary rocks in the Bolnisi region, in
places where the latter are complicated by extru-
sive and lava domes. The blocks are bounded by
faults of NW and NE strike, which are magma and
ore excurrent.

The authors of this paper have data (I'yrymsumm
u ap., 2002) on the isotopic composition of stronti-
um and the concentrations of rubidium and stronti-
um in rocks located near volcanogenic fields. It
turned out that the basalts of the Bolnisi region
(*’Sr/%%Sr = 0.704910) could be the products of dif-
ferentiation of the undepleted mantle, and the rhy-
odacites at the Murgul field (Tiirkiye) could have
originated in the lower crust (*’Sr/*Sr = 0.707739);
the rhyolites of the Madneuli field - in the lower up-
per crust (¥’Sr/*Sr=0.710269). The crustal source of
the rhyolite and ignimbrite magmas is also indicated
by the europium ratios (for rhyolites — Eu/Eu*=0.65-
0.68, ignimbrites — 0.52-0.58) established in them,
as well as the enrichment of the rocks in light REE
and large-ion lithophylic elements.

It seems appropriate to present geochemical da-
ta (I'yrymBumu u ap., 2002) on the rocks hosting the
Rapu-Rapu field (Philippines), published in the sci-
entific literature (Sherlock et al., 2003). The massive
sulphide deposits of the Rapu-Rapu fields are spa-
tially associated with dacites that have undergone
greenstone transformation. This field is of the Kuro-
ko type. Researchers (Sherlock et al., 2003) believe
that the REE-rich volcanic rocks of the Rapu-Rapu
field were formed during the active rifting of an oce-
anic arc or a Jurassic back-arc basin. It is interesting
that there is a known Canatuan field also in the Phil-
ippines, which was formed in the environment of an
immature arc that is confirmed by a sharp decrease
in the content of light REE in acidic and basic rocks.
The data presented for the Bolnisi ore region
(T'yrymBunu u np., 2002) shows that the Zr/Y ratios
are higher (for dacites 9.5-11.2; for rhyolites 2.7; for
basalts 3.7-4.1) and we are probably dealing with a
more mature paleo-arc.

Gadabay ore region (Azerbaijan) and

its ore-bearing

It is located in the axial zone of the Shamkir
horst-uplift, complicated by the Upper Jurassic-
Lower Cretaceous Hajikend-Dashkesan superim-
posed trough. Its disjunctive framework consists of
two faulting systems: the early, northwestern and the
later, northeastern. The first of them also includes the
Main Gadabay Fault zone, which can be traced in the
southwest of the region (AOmymmaesa, 2013, 2018;
baba-3ane, 2003; baba-3ane, A6mymaesa, 2012).
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A special place in the structure of the ore region
is given to its central part, where the famous Gada-
bay gold-copper pyrite ore field is located, con-
trolled by a volcano-dome structure and complicated
by radial faults. Bitti-Bulag, Novo-Gorelovka,
Maskhit and other gold-copper pyrite, gold-copper-
arsenic, gold-copper-polymetallic ores fields are also
located here, which represent together the Gadabay
ore-magmatic system.

The ore bodies of the Gadabay field, described
as stocks in the literature, are morphologically more
likely to be flat lenticular bodies, which are confined
to the upper horizons of the rhyolite and rhyodacites
strata. Part of the ore bodies is concentrated in the
early Bajocian main volcanites. These strata are bro-
ken by dikes associated with the formation of ande-
site-basalt-plagiorhyolite and basalt-andesite-dacite-
rhyolite formations, as well as comagmatic Mesozo-
ic plagiogranites (Atabey-Slavyan intrusion) and
gabbro-diorites, quartz-diorites, etc. (Gadabay intru-
sion), which according to the entire complex of fea-
tures, can be combined into a volcano-plutonic asso-
ciation.

The main ore bodies of the Gadabay field (Karl-
shtok, Fedorov-stok) are confined to the most raised
parts of the blocks at the intersection of a semicircu-
lar fault with a submeridional disturbance extending
along the central part of the field. The formed blocks
of the field were re-displaced relative to each other
in the post-ore stage during renewed tectonic move-
ments, along which part of the Fedorov-stock was
faulted. The ore bodies in the footwalls have a pre-
dominantly pyrite composition with an admixture of
chalcopyrite. Solid, massive structure of pyrite ores
are replaced downwards, through veinlet, veinlet-
impregnated ores, by practically barren hydrother-
mally altered rocks. The pyrite core of the ore bodies
is laterally enveloped by copper-zinc ores, especially
in the apical part. So two commercial types of ores
are distinguished at the field: early pyrite ores and
superimposed copper-zinc ores, which are broken in
time, but spatially combined by the stage of ore
mineralization. The latter was preceded by a stage of
intensive metasomatic alteration of the ore-bearing
rocks.

Of natural interest is the assumption of multi-
level of Gadabay field. The abovementioned is rein-
forced by the fact that pyrite mineralization is found
in the lower volcanogenic strata outside the Gadabay
ore field in the samename and other ore regions of
the Somkhito-Karabakh island arc (Bitti-Bulag,
etc.).

The general morphology and structural peculiar-
ities of the Garadag-Kharkhar group of porphyry
copper fields are determined by the Maarif-Garadag
ore-controlling fault of the northwestern direction, as

well as diagonal ore-conduit faults, to which crush-
ing and shear zones, small zones of eruptive brecci-
as, subvolcanic and hydrothermal formations are
confined. The zones of increased fracture adjacent to
these faults turned out to be a reservoir of Late Ju-
rassic (Early Cretaceous) stockworks of gold-
bearing Cu-Mo-porphyry mineralization.

Alaverdi ore district (Armenia) and

its ore-bearing

Copper-bearing stock-like ore bodies are con-
centrated in the late Bajocian horizons of siltstones
and sandstones in the Alaverdi region, and vertical
vein-like ones are in rhyodacitic hyaloclastites and
effusives of andesite-basalts of the early Bajocian
age. Vein bodies are marked by narrow zones of
quartz-sericite-chlorite metasomatites. Besides that,
the Tekhut copper-porphyry field is located near
Alaverdi.

According to the K-Ar method, the age of the
Tekhut phaneritic intrusions is Neocomian (133£8
million years). The background (phanerite) igneous
rocks, as well as the porphyry bodies, are essentially
sodium and high-alumina and belong to the tonalite
group (Kekemus u np., 1991, 1993).

According to V.Z.Yaroshevich (Spomesuy,
1985), who studied gas-liquid inclusions, the fluids
from which the ore substance precipitated were chlo-
ride-sodium-potassium, highly concentrated (50-20
wt% or 30-40 g/kg in terms of NaCl); mineral for-
mation occurred in the range of 400-220°C, the pres-
sure could exceed 100 kbar; sulfide sulfur at the
Tekhut field is characterized by a small dispersion of
the §**S value and is close to the meteoric standard;
sulfate sulfur (anhydrite) is heavier relative to sul-
fide sulfur by 13.5%. The oxygen isotope composi-
tion of the water inclusions varies from 3.0 to
-4.1%, which may show some dilution of magmatic
waters (fluids) by meteoric ones.

The Alaverdi ore region, which covers the ex-
treme southwestern part of the Somkhito-Kafan tec-
tonic zone of the fragment of the paleo-island-arc
structure, is composed mainly of Bajocian-
Bathonian and Late Jurassic-Early Cretaceous vol-
canic complexes in its central part. The Alaverdi
volcanic structure was formed as a result of at least
three powerful phases of volcanic activity (baba-
3aje u ap., 2015). It is important to emphasize that
the differentiation trend of the Early Bajocian vol-
canites is located in the transition zone between the
tholeiitic field and the calc-alkaline band on the
AFM diagram (Kexemus u ap., 1991, 1993), and the
trends of the later Middle Jurassic volcanites are
within the calc-alkaline band. According to general
geological data, four groups of endogenous fields of
non-ferrous metals are distinguished in the region
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(Comko, 1971). It is assumed that the earliest are
baryte-polymetallic ores confined to the apical part
of the Akhtal intrusion. The Alaverdi copper field
was apparently formed in the late Bajocian-
Bathonian, and the Shamlugh field in the late Juras-
sic, since the massive copper-pyrite stocks are
screened by late Jurassic rhyodacites here. The re-
cent mineralization of the subduction stage of the
development of the paleo-island-arc structure is the
abovementioned copper-porphyry Tekhut field,
which shows a paragenetic connection with the Ear-
ly Cretaceous tholeiitic complex (Kekemus u np.,
1991, 1993). It follows from the available data (tem-
peratures of homogenization of gas-liquid inclusions
in quartz ores (ApeBanze, 1989; Kekemus u np.,
1993) that the Alaverdi field was formed at tempera-
tures of 205-280°C, Shamlugh at 185-210°C, and
Akhtal at 170£200°C. N,, CO; among the gases in
the inclusions, and a small amount of water were
observed. High concentrations of SO4*, Ca, Na were
observed in aqueous extracts from gas-liquid inclu-
sions of ores of the Gafan field, which is an ana-
logue of the Alaverdi field. In addition, significant
concentrations of heavy metals were revealed in
aqueous extracts, besides common cations (K, Na,
Ca, Mg).

The isotopic composition of sulfur of sulfides in
the fields of the Gadabay and Alaverdi ore regions is
almost close to the composition of meteoric sulfur.
Pyrites of the early quartz-pyrite stage of mineral
formation are characterized by the value of
83S=4.9%o, and 1.2-1.5%o in the chalcopyrite-pyrite-
sphalerite stage, which can be explained by the
lightening of sulphide sulfur due to the accumulation
of **S in baryte and anhydrite. The sulfur isotope
composition of chalcopyrite 2.6%0 and sphalerite
4.2 %o and 7.2%o testifies to the staged formation of
the ores of the Gadabay field. The isotopic composi-
tion of oxygen in quartz from copper fields of the
Gadabay ore region was equal to +8.9-+11.3%,
Mekhmana ore region (Azerbaijan) to +6.9-12.8%o,
Paragachay copper-molybdenum field (Daralagoz
block, Azerbaijan) to +9.7%o, Alaverdi ore region to
+10.3-+0.5%o0. Hydrogen of water from fluid inclu-
sions (Alaverdi field) is characterized by 3D values
equal to -75+0.5%0. New data on the isotopic ratios
of sulfides sulfur and oxygen from quartz taken from
fields in the Bolnisi, Gadabay and Alaverdi regions
should be added to this. The analyses were carried
out in the USGS laboratory (Denver, USA). The
homogenization temperatures of gas-liquid inclu-
sions in quartz from epigenetic fields of the Lesser
Caucasus were determined in the same laboratory.
The homogenization temperatures of liquid inclu-
sions from copper ores were found to be 315-325°C
at Madneuli, 295-305°C at the Gadabay gold-copper
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pyrite field, 300-320°C at the Kapaz and Tulallar
gold-pyrite fields (AG6mymmaeBa u map., 2021), 315-
335°C at the Tutkhun gold-sulfide field (Azerbaijan)
(Babazadeh et al., 2024); 245-250°C at the Akhtala
polysulfide field (Armenia), 325-330°C at the
Tekhut copper-porphyry fields (Armenia), and 340-
345°C at the Garadag-Kharkhar group (Azerbaijan)
(baba-3zane u ap., 2015).

Oxygen isotope ratios from quartz of copper
and copper-porphyry ores of the Madneuli (Geor-
gia), Gadabay, Bitti-Bulag, Gulyatag, Janyatag,
Damirli, Garadag-Kharkhar group, Paragachay
(Azerbaijan) and Tekhut (Armenia) fields may show
the participation of magmatic waters during the ore-
forming process (Tetinop, 1982). The sulfur isotope
ratios from sulfides are ambiguous at the epigenetic
deposits of the Lesser Caucasus island paleoarc, but
the authors of this article believe that most of the
sulfur had a magmatogenic source. We state here
that these data do not contradict the results of ther-
mobarogeochemical studies previously carried out in
the laboratory of the Caucasian Institute of Mineral
Resources.

Geological and genetic model of gold-bearing
volcanogenic fields of non-ferrous metals in
paleoisland-arc structures

Volcanogenic fields are concentrated in geolog-
ical complexes that were formed during the interac-
tion of oceanic and continental plates. This is usually
a zone of active continental margins, under which
oceanic crust subducts. Active margins at certain
stages of geological history were fragmented and are
perceived as “accumulations” of microplates.

Back in the 80s of the last century, many scien-
tists (AOpamoruy, Kiymun, 1987; Murtuen, ['apcoH,
1984; Rona, 1986) emphasized blocks of the Earth’s
crust that corresponded (taking into account the
principle of actualism) to fragments of both passive
and active continental margins. It is possible to rec-
ognize geological formations Within the fragments
that contain certain ore accumulations. In our case,
we are dealing with the Alpine fragments of the Pon-
tic-Lesser Caucasus island arc, which is character-
ized by both volcanogenic-sedimentary and epither-
mal fields (epigenetic), known in the literature as the
Kuroko type (®panknun u np., 1984). One of them
was an ore accumulation environment and acted as
either physical or geochemical barriers for the ore-
bearing system, while others were considered as a
source of ore matter and also as a source of energy
supply. These metallogenic categories are intensive-
ly used in genetic constructions. The concept of
“ore-generating system” is also often used. It should
be perceived as a set of interacting elements acting
in a given relationship as a whole (Troxtun, 1988).
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The integrity of such systems is determined by their
emergence, the so-called cognitive properties. F.A.
Letnikov (JIetnukos, 1993) emphasized that geolog-
ical systems of different levels (The Earth as a
whole, the components of its “levels”, for example,
magmatic and fluid systems) have synergetic or, in
other words, self-organizing properties.

The ore process is identified with the develop-
ment of a high-energy geological system, practically
open to its mobile components. The following act as
macroelements of dissipative fluid systems: 1) fluid
formation areas (there are scientists’ controversial
and contradictory opinions about them (Uyxpos,
1976); 2) their movement paths; 3) discharge areas
with structures (physical) and geochemical barriers,
where the accumulation of ore matter occurs.

This paper proposes a mental-logical model of
the development of ore-generating systems and, first
of all, that part of it that is responsible for the precip-
itation and coning of ore components. The model
identifies those features-factors that are necessary
and sufficient for the conduct of ore-forming pro-
cesses. In order to substantiate the logic of the pro-
vided constructions, besides general geological data,
thermobarogeochemical data and isotopic ratios of
the leading ore-forming elements are used. It is im-
portant to emphasize (ba6a-3ane, 2000) that the ge-
netic model should be perceived as a kind of abstrac-
tion, which takes into account mainly not the exter-
nal similarity of individuals (deposits, ore bodies),
but the standard nature of the processes occurring in
the system.

According to geophysical data (Punrsyn, 1981),
the root parts of magmatic bodies under island arcs
with developed sialic crust are usually located at
depths of 60-80 km. Since these depths correspond
to the lower crust, researchers (bemoycos, Kpu-
BeHko, 1983; PunrByn, 1981; Yumiu, 1983) assume
a connection between orogenic series magmas and
partial melting of amphibolites.

Traces of intensive hydrotherm activity — hydro-
thermal changes in rocks and ore accumulation are
usually observed under the volcanic dome (for ex-
ample, Madneuli) or above the Chayeli dome. The
idea of a magmatic source of fluids in volcanogenic
fields has lost its appeal in recent decades due to the
difficulties associated with the need to explain the
involvement of significant volumes of water during
the hydrothermal process. The mechanism of fluid
separation is thought to be a relatively short-term
phenomenon. “Traces” of the latter in magmatic
bodies are expressed by autometasomatic alterations,
equal distribution of submicroscopic individuals of
oxides and sulfides in silicate crystals or in the inter-
granular space of rock-forming minerals. The results
of isotope-geochemical studies of volcanogenic

fields incline researchers to the conclusion on a large
content of meteoric waters in hydrosystems
(CunsikoB, 1986). Experiments also show a small
content of magma water in hydrosystems, not ex-
ceeding 0.0005% of the total mass of water (I"puuayk
u ap., 1984).

It is well known that there is a relationship
between ore components and their content in ore-
bearing rocks (bapanos m mp., 1990; ®apdens,
1988). Moreover, hydrothermally altered rocks
near ore accumulations are characterized by a
deficit of metals. Experimental work (I'puuayx u
ap., 1984; Hodgson, Lyndon, 1977) on the ex-
traction of elements from rocks under PT condi-
tions corresponding to the functioning of fluids
also confirms the possibility of considering ore-
bearing magmatic and sedimentary formations as
a source of metals.

Hydrothermal solutions with ore elements are
similar in salinity to seawater, and at the same
time they are enriched in comparison with sea-
water by several orders of Fe, Ag, Pb, Cu and Zn
(Mottl et al., 1979). The initial redistribution and
separation of ore components is associated with
the crystallization conditions of magmatic rocks
with a specific component composition. Spherical
acetates of oxide-ore segregations of liquation na-
ture have been revealed (IIpoxomnies, IIpokomniies,
1990) in the basalts of mid-ocean ridges, and ear-
lier in siliceous formations. Sulfides have also
been observed in the form of “drops” in the im-
pregnations of clinopyroxene and feldspar in the
ore subalkaline effusives of the rift valley of the
mid-ocean ridge (Axumues, Illapamos, 1993).
These ore liquates contain nickel-pyrrhotite,
sphalerite, chalcopyrite, silver, albite and potassi-
um feldspar. As some researchers (Hopros,
Katra, 1982) believe, the further migration path of
ore elements in volcanic regions is determined by
the involvement of sea and formation meteoric
waters in the convective flow due to a decrease in
their density under the influence of the thermal
anomaly of intrusions introduced into volcanites.
Aggressive heated waters acquire the properties
and composition of ore-bearing fluids, interacting
with intrusions and volcanites.

Large-scale ore genesis, according to materials
collected from the World Ocean (I'punbepr u np.,
1990; EnpsnoBa, Mupnun, 1990; EnbsHoBa, 1999;
Pona, 1986), is carried out sequentially during the
process of: 1) crystallization of magmas; 2) interac-
tion of surface waters that have acquired “aggres-
siveness” with volcanites; 3) stable functioning of
the physicochemical barrier in the area of
hydrotherm discharge (whether it is the seabed or
the near-surface zone of the Earth’s crust).
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Volcanogenic fields of non-ferrous metals are
characterized by the following peculiarities:

1. Both sedimentary-hydrothermal and veinlet-
impregnated fields are confined to volcano-depres-
sions. The former are confined to their axial zones,
the latter occupy the near edge parts and are con-
trolled by extrusive domes. The component compo-
sition of the ores depends on the petrochemical
characteristics of the ore-bearing volcanites and their
comagmates. Baryte-polymetallic mineralization is
preferentially associated with sodium-potassium
rhyodacites, and copper-zinc (Kpusmos, 1989) min-
eralization is associated with andesite-basalts and
sodium rhyolites;

2. The fluids that formed the volcanogenic
fields were weak acid sodium chloride, with low
salinity (OBuunHuKOB, 1988; CuHsikoB, 1986;
Opanknue U ap., 1984; baba-zame, 1999, 2000).
Low salinity of fluids is also characteristic of mod-
ern sulfide accumulation in the World Ocean
(boptHukoB u ap., 2004; bopTHuKOB, BuKEeHTHEB,
2005). However, brines (up to 30 mol% - equiv.
NacCl at a temperature of 200-400°C) have also been
observed for some fields of sulfide formation
(boptHuKkoB, Bukentses, 2005). Data on the Lesser
Caucasus fields do not contradict this (baba-3ane u
ap., 1990; ba6a-3ame, 1999, 2000; Kekenus u nap.
1991; 1993).

It is shown in the work (Yardley, Bruce, 2005),
which summarizes the data on crustal fluids, that
temperature is one of the main factors affecting the
concentration of metals in the solution. Metals Fe,
Mn, Zn, Pb in solution are most likely in chloride
complexes. For example, for zinc ZnCl" and Zn C1*4
(Seward, 1984). The concentration of the abovemen-
tioned metals also increases with the chloride con-
centration. Metals are most likely concentrated in
brines — in evaporites, from which Pb-Zn fields of
the Mississippi-Missouri type are formed.

According to researchers (®pankiauH u mp.,
1984), the maximum temperatures of ore deposition
are comparable to the boiling temperatures of the
solution. The “base” of hydrotherm evaporation with
temperatures over 270°C is located at depths of 300-
400 m in areas of modern volcanism (CHHSKOB,
1986).

According to the data on the Lesser Caucasus
region, the maximum homogenization temperatures
at copper fields were equal to 410-390°C, and at ba-
ryte-sulfide fields ~280°C (fpomesuu, 1985). Ac-
cording to our data, the maximum fluid pressures at
epigenetic fields of nonferrous metals in the Lesser
Caucasus, as well as the diagrams (Shepherd et al.,
1985) used to determine the pressure approached
150-200 bar, and mineral formation occurred at
depths of 400-600 m from the paleosurfaces.
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3. The known data on the isotopic composition
of hydrogen and oxygen of fluid inclusions in
quartz, baryte and calcite of volcanogenic baryte-
polymetallic ores were previously interpreted in fa-
vor of a high content of meteoric water participation
during the ore-forming process. Meteoric water
could be inferior to magmatogenic water for copper
ores (KpuBuos u ap., 1987; ®panknun u ap., 1984;
SApomesud, 1985).

The results we obtained for determining oxygen
isotopes in the laboratory of the US Geological Sur-
vey (Denver) also do not contradict these data.

4. The data on the isotopic composition of sul-
fur in sulfides and sulfates, as already mentioned,
are ambiguous: the isotopic composition of sulfur in
sulfides approaches the composition of meteoric sul-
fur, and sulfates are heavier by 14+3%o.

5. Boiling of fluid at most fields with hydro-
thermal-sedimentary deposits did not occur at all or
possibly, occurred before the thermals reached the
seabed, thereby facilitating the preparation of ore-
conduit systems. The most favorable conditions for
the stable accumulation of hydrothermal-sedimen-
tary ores were created at the bottom of sea basins,
the depths of which varied within 2-3 km (bopt-
HUKOB, Bukentses, 2005; Stackelberg, 1985).

It should be stated that according to the modern
data, the hydrothermal-sedimentary deposits formed
due to the “black smokers” were formed following
the completion of the accumulation of andesite-
dacite-rhyolite complexes (deposits, as result from
observations at fields of Kuroko-type, are located on
rhyodacites domes). The mineral zoning that we see
in hydrothermal-sedimentary deposits is explained
by the redistribution of ore-forming components as a
result of the destruction of “hills” and their diffusion
from lower to upper levels during the process of
“washing out” of ores by fluids (Hannigton et. al,
1986). An example is the modern ore structure in the
Pacific Ocean, on the Explorator Ridge, where high-
temperature sulfides underlie layers of lower-
temperature Fe-Mn sulfides, baryte and silica. Ac-
cording to G.D.Grichuk (I'puuyk, 1999), the anhy-
drite-pyrite structure (they proposed a thermody-
namic model) is eventually replaced by a later silica-
sulfide substance. The occurrence of anhydrite in the
“ore mounds” is explained by the involvement of sea
waters in the discharge zones. Seawater is heated,
resulting in anhydrite deposition (Uepkames u ap.,
1999).

The levels of mineral formation in epigenetic
fields are generally comparable to the zones of
“black smoker” pipes, the boundary anomalous
physicochemical parameters of which caused the
simultaneous crystallization of anhydrite and iron
sulfides. These conditions correspond to zones of
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hydrosystems with minimum activities >PO», coinci-
ding with the lower boundary of the baryte stability
field at equal activities of HoS — SO4? (®pankiun u
ap., 1984). The zonal distribution of metals in baryte-
sulfide deposits can be explained by: 1) different sta-
bility of complex compounds (OpumHHHKOB, 1988;
OpankiauH U 1p., 1984); 2) greater dependence of
the solubility of copper minerals on temperature
compared to the solubility of sphalerite and galena
(®pauxiaun u ap., 1984); 3) dependence of metal
deposition on concentration of S, Higher concen-
trations of H,S are required for precipitation of
copper and zinc than for lead at equal concentra-
tions of metals in the solution; 4) action of the hy-
drosulfuric barrier, the effectiveness of which is
determined by low concentrations of S (Kpaiinos
u np., 1988).

It can also be assumed that }'S is sufficient
for copper precipitation in fluid discharge zones,
while lead, zinc and silver tend to pass the hy-
drosulfuric barrier with a alteration in ligand. Ex-
cess anion precipitator (a known phenomenon in
analytical chemistry) acts as a solvent for the
complexing agent.

Ch.Heinrich (Heinrich, 2005) stated that mag-
matic waters with low salinity are able to transport
gold under high temperature conditions. His conclu-
sion is based on physical and chemical studies. One
of the main conditions is a sufficient amount of H»S,
which acts as a ligand (bisulfate complex). C. Hein-
rich’s paper (Heinrich, 2005) deals with Au-Cu
porphyry fields, but, in our opinion, the results of
this author’s research can also be used in the case of
gold-bearing fields such as Madneuli, Dagkesaman,
Tulallar, Chovdar, etc.

Conclusions

It can be concluded that ore fields of paleo-
island-arc structures, in particular the Pontic-Lesser
Caucasus arc, should be expected in the following
geological settings: in vents and on the slopes of
paleovolcanoes located in volcanodepressions: ore
bodies in siliceous parts of volcanogenic-sedimentary
strata or above them (in the case of hydrothermal-
sedimentary deposits); as a rule, the ores are covered
by basic volcanites, but there may be exceptions.
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The ores of the Lesser Caucasus fields are clear-
ly epigenetic: veinlet-impregnated and vein mineral-
ization is superimposed on hyaloclastites and tuffites
in the Gadabay and Alaverdi ore regions; veinlet-
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30JIOTOCOAEPKAIIUE BYJIKAHOI'EHHBIE MECTOPOXJEHUSA IBETHBIX METAJIJIOB
MAJIOT'O KABKA3A 1 BOCTOYHBIX IOHTUA U UX TEHE3UC
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Pesziome. B crpanax lOxnoro Kaskasa u Typuun Hambonee mpeacTaBUTEIbHBIE 30J0TOCOJAEPIKAIINE BYJIKAHOTEHHBIE MECTO-
POXJIEHUS N3BECTHBI B TOMIIAX, crararomux ¢parmenTs [TonTuiicko-lOxHOKaBKa3CKOH Maneo yry, akTHBHO (DyHKIIMOHUPOBABIIEH
B TEUEHHE ME3030ICKOTO BpeMeHH. B 3TO BpeMs moa oyry, KOTopas SBISIICH KpaeBoi 4acTbio EBpaszuiickoro KOHTHHEHTA, CyOIyIIH-
poBasiack okeaHndeckast kopa. OTAeNbHbIe CETMEHTHI YTH Pa3IHdaIich CBOUM Fe€OJUHAMUYIECKIM PAa3BUTHEM, B CBSI3U C 4EM B HUX
BO3HUKAJIM Pa3HOTUIIHBIC ByJKaHOTE€HHBIE MecTopokieHus. Ha 3amane, B npenenax Iontun (Typuust), HOMEMO SHHT€HETHUECKUX,
H3BECTHBI ¥ THIPOTEPMAIIbHO-0CAI0YHBIC 3aIeXH. [IprMepoM MmocieTHIX MOXKET CIIyKUTh MecTopoxaenue Yaenn (ManeHkoit).
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B cratbe BkpaTIie 0XapaKTepH30BaHBI I'€0JOTHUECKIe 00CTAaHOBKU HaxokAeHHs1 MecTopokaeHuit Typuunu, AzepOaiikana, Ap-
MeHuHU U ['py3un. boabuHCTBO U3 HUX MOTYT OBITh OTHeCeHb! K TUITy Kypoko u oTiinyaroTcst XapakTepoM HakoIUIeHUs pya: B Typ-
[IUM U3BECTHBI METHO-L[THKOBBIC 3aJIe)KH, COPMHUPOBAHHbIE, O-BUANMOMY, B YCIOBHSX INIyOOKOBOIHOIO OacceifHa, a BOCTOUHEE —
MBI UMEEM IPUMEPHI JIHIIb SNUTCHETHYECKUX MecTopoxkaeHuid. Kpome Toro, B bomHucckoM paiione paspadaTtsiBaeTcss MaaHeyib-
CKO€ MECTOPOXKAEHHE, KOTOPOE SBIISIET cO00# MpUMep MOIN(OPMAIIIOHHOTO MECTOPOKICHHUS U TOITOMY YHHKAIBHO.

I'sinabeiickuii 1 AnaBepAckuil pyaHbIe pallOHBI, HHTEPECHBI TEM, YTO B HUX B IOPCKHX BYJIKAaHOICIPECCHIX COCPEIOTOUYCHBI
MeHbIe, MEIHO-IIMHKOBBIE W 0apUT-CyNb(GHUIHBIC PY/Ibl, a B MPHIOAHATHIX KIMHOBHAHBIX OJIOKaX, OTPaHWYMBAIONINX BYJIKAHOIE-
MIPECCUH, M3BECTHBI MeAHO-TopdupoBeie MecTopoxaeHus — Kapagarckoe u TyrxyHnckoe. Bee mecropoxknennst ['sgaGelickoro u
AJaBepICKOTO PyIHBIX PallOHOB, BKIIIOYAsi MEIHO-TIOP(UPOBEIE, SBISIOTCS MIPOMBIIIIEHHO 3HAYMMBIMH.

Ha 6a3e coOpaHHOTO JIMTEpaTypHOro MaTepuaia, KOTOPBIH HAaKaIUIMBAJICS B TEUCHHUE psijia JIET, a TAaK)Ke COOCTBEHHBIX TaHHBIX,
OblIa CO3/1aHa MBICIICHHAS JIOTHYECKasl F€0JI0r0-TeHeTHIecKast MOJIeJb BYJIKAHOT€HHBIX MECTOPOXKICHHUH.

MecTopoXIeHuUs BYJIKAaHOI€HHOW MPUPO/BI, HECMOTPS Ha TO 4TO opMupyroTcs B cxoaublx PTX-ycnoBusx, HMEIOT CBOit «00-
JIHK», ydeT KOTOPOro KpaifHe BaxKeH MPH MIPOTrHO3UPOBAHUY MECTOPOXKIACHHUI B KOHKPETHBIX paifoHax.

Knrouesvie cnosa: mecmopooicoenue, pyonulii paiion, naneodyea, exarouenue, Gaiouod, u30mon.

KiCiK QAFQAZIN VO SORQI PONTIiDLORIN OLVAN METALLARININ
QIZILSAXLAYAN VULKANOGEN YATAQLARI VO ONLARIN GENEZiSi

Babazado V.M.1, Abdullayeva S.F.!, Novruzova S.R.., ibrahimov C.R.2
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Xiilasa. Conubi Qafqazda, o climlodon Tiirkiyads, mezozoy erasinda aktiv olan Pontid-Canubi Qafqaz paleoqévsiiniin fragment-
lorini togkil edon tabagelorde qizilsaxlayan vulkanogen yataqlar miisyyen edilmigdir. Homin dovrlerde okean qabigi Avrasiya
materikinin marjinal hissasi olan qdvsiin altina gomiilmiisdiir. Qdvsiin ayri-ayr1 seqmentlari geodinamik inkisafi ils forqlanirdi, buna
g0ra do onlarda miixtalif tipli vulkanogen yataqlar yaranmisdir. Qarbda, Pontidlor (Tiirkiys) daxilinds, epigenetik yataqlardan basqa
hidrotermal-¢6kma yataqglar1 da mévcuddur. Sonunculara misal olaraq Cayeli yatagini (Madenkdy) gostormok olar.

Mogaloado qisaca olaraq yataqlarin Tiirkiys, Azorbaycan, Ermonistan vo Giirclistanda yaranmasinin geoloji miihitindon bohs
edilir. Onlarin boyiik okseriyyasti Kuroko tipine aid edils biler ve filizliliyin zenginliyine gors forqlenirlor: Tiirkiyads, cox guman ki,
dorin sulu hovzods formalagmis mis-sink kiitlalori formalagmisdir, sorqds iso bir yalniz epigenetic yataqlar1 goriiriik. Bundan basqa
Bolnisi rayonunda istismar olunan Madneuli yataginin poliformasion tipa malik olmasini gabul etmaliyik va bu sababden unikaldir.

Gadabay va Allahverdi filiz rayonlar1 onunla maraq dogurar ki, burada yuranin vulkanodepressiyalarinda mis, mis-sink va barit-
sulfid filizlorin camlagmislor, vulkan depresiyalarini mshdudlagdiran yuxari qalxmis paz sokilli bloklarda ise mis-porfir yataqlari —
Qaradag vo Texut — molumdur. Godobay vo Allahverdi filiz rayonlarinin molum yataqlari, o ciimlodon mis-porfir yataqlari, sonaye
ohomiyyatlidirler.

On illarls toplanilan fond materiallari, eloco do aparilmis todqiqatlarimiz osasinda vulkanogen sahslorin mental montiqi geoloji-
genetik modeli yaradilmisdir.

Vulkanogen mensali yataqlar, oxsar geoloji seraitde amolo gelmolerine baxmayaraq, 6ziine mexsus olan xiisusiyyatlers malikdir,
bu iso konkret rayonlarda yataqlarin proqnozlagdirilmasi zamani nozars alinmalidir.

Agar sozlar: yataq, filiz rayonu, paleoqivs, daxilolma, fliiid, izotop
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