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Abstract

This article focuses on geological-structural position and formation conditions of gold-containing deposits of
Mekhmanian ore-magmatic system (OMS) according to tectonic position of deposits, material composition of
ore-bearing and ore-hosting intrusive complexes, specifics of mineral composition, quantity and correlation of
main and associated components. There is a new data allowing to estimate formation conditions and matter
sources of OMS deposits. Productive mineralization has been determined which occurs by two stages: 1)
quartz-molybdenite, quartz-chalcopyrite; 2) quartz-chalcosine-pyrite-chalcopyrite,
sphalerite-galena-gold-rare-metal.

At first stage concentrators of gold are pyrite and chalcopyrite, and its content is non-uniform, and at second
stage gold-containing are represented by galena, sphalerite and also fahl ores and tellurides. We distinguish three
gold-bearing associations according to mineral composition of ores, they are: quartz-molybdenite-chalcopyrite,
quartz-pyrite-chalcopyrite and quartz-galena-sphalerite.
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1. Introduction

According to literature data (Baba-zade et al., 1990) proper porphyry copper (Au — 0,3-0,4 g/t) and
copper-gold-porphyry (Au — 0,5-3 g/t) types are revealed among deposits of the Lesser Caucasus porphyry
copper family. Porphyry copper deposits besides the main commercial components Cu and Mo often contain a
number of associated components by economical quantities and such elements as Bi, Te, Re, Au and Ag take
leading a leading role among them and considerably increase total value of ores (Davidson, J., et al., 2007; Dilek,
Y., et al., 2009). These deposits are accompanied by numerous polymetallic, gold-silver, pyrite orebody-satellites
and placer deposits. Analysis of published materials on porphyry copper deposits shows that they are an
important source of copper, molybden and gold in world market. These metals form the basis of mining industry
of USA, Canada, Chili, Argentina and Peru. In CIS countries gold-bearing porphyry copper fields include
deposits of Kazakhstan (Kounrad, Koksay, Aktoray, Chatyrkul), of Uzbekistan (Almalyk), Azerbaijan (Garadag,
Khar-Khar, Paragachay, Demirli), Armenia (Kajaran, Tekhut, Agarak), of Ural (Salavatskoye, Green Dol, of
Trans-Baikal (Shakhtamik, Davedinian), of Chukotka (Peschanka). Geological study of gold in porphyry copper
orebody of Mekhmanian ore district can be found in many works (Baba-zade et al., 1990; Popkhadze, N., et al.,
2014: Richards, J.P., 2009), howeverat present degree of gold content of mineral associations is still not clear
perfectly and this is the reason for writing this article.

General description of ore-magmatic system (OMS)

Mekhmanian OMS located in south-east part of Lock-Garabagh insular arc on crossing of Agdam horst uplift
with transverse Dalidag-Mekhmanian uplift can be characterized by telescoping of different type mineralizations,
in some cases it is expressed by combination of porphyry copper mineralization with later superimposed
sulphide mineralization, and in other cases—by considerable concentration sulphide mineralization which at
distance form commercial accumulations of veined types ores. Formation of porphyry copper ores deposits of
Lock-Garabagh zone including Mekhmanian OMS occurred under island-arc conditions in close connection with
volcano-plutonic association in narrow interval of time: Late Jurassic-Early Cretaceous (Baba-zade et al. 1990,
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1999). Porphyry copper deposits of this ore district are spatially conjugated with deposits of other genetic types,
in particular gold-copper-sulphide, polymetallic and less ore-gold. Gold-ore mineralization often telescopes on
porphyry copper ores, and also concentrating at some distance can form own deposits of veined type
(Gyzylbulag, Gulyatag, Khatynbeili, Eddikhyrman ore occurrence).

Mekhmanian OMS consists of complex of Middle-and Upper Jurassic volcanogenic and granitoidintrusives
volcano-plutonic complex breaking them and also Lower-Upper Cretaceous sedimentary rocks. Mekhmanian
(Janyatag) granitoid intrusive of the Upper Jurassic-Lower Cretaceous age is confined to north-east slope of
Agdam horst uplift and it is traced in general Caucasia direction at distance of 15 km by average width 5 km.

Results U-Pb dating of Mekhmanian intrusive (quartz diorites, granodiorites)-154+147MA (Geology of
Azerbaijan, 2005) and also Rb-Sr isochronal dating of Kokhb-Shiokh intrusive complex — 164+156MA
(Melkonyan, 2004) show their Upper Jurassic age but not Middle Jurassic.

In endo- and exocontact zone of intrusive and also along faults host intrusive rocks and volcanogenic rocks are
metasomatically changed — silicification, sericitization, kaolinization and carbonatization accompanied by
porphyry copper ore deposition which mainly is connected with development of Middle- and often high
temperature facies of secondary quartzites. Host intrusive rocks significantly differ by silica acidity value, and
mineralization is confined to rocks with less density, frequently to silicified diorites, quartz diorites and different
facies of secondary quartzites with density 2,00-2,60 g/sm’. A significant decrease of porphyry copper
mineralization can be found in exocontact zones of intrusives represented by hydrothermal-metasomaticfacies of
secondary quartzites and this is along with other features can be used as an important criterion for prediction of
porphyry copper mineralization.

Intrusive massives consist of rocks including diorities, quartz diorites and also aplite-like plagiogranites and
veined derivatives such as — granodiorite-porphyry, sienite-diorite, quartz-diorites and rhyolite-daciteporphyrites,
lamprophyres cross-cutting them. In areas with development of porphyry copper mineralization medium acid
varieties of intrusive prevail (Geology of Azerbaijan..., 2003).

Nearly all porphyry copper areas of Agdam horst-uplift are concentrated within Demirli and Khazynchai ore
fields which along with ore fields, which include such deposits as Mekhmanian polymetallic profile, Gyzylbulag
gold-copper-sulphide profile and Khazinadag copper-sulphide profile, form Mekhmanian ore district.

Demirli ore field covers Janyatag intrusive with its exocontact zone and area which northward of Gabartychai
river, and Khazinchai — area southward (Baba-zade et al., 1990; Geology of Azerbaijan, 2005) (Figure 1).
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Figure 1. Geological map of Mekhmanian ore district (Compiled on materials of Lesser Caucasian geological
prospecting expedition)

recent, alluvial, deluvial deposits; 2- maastricht. Monolithic pelitomorphiclimestones; 3- albanian. Tuff
sandstones, tuff breccia, marl; 4- tithonian. Fragmental limestones; 5- kimmeridgian. Tuff conglomerates, Tuff
breccias, Tuff gravelstones; 6- oxfordian. Fragmental-sandy limestones; 7- callovian. Tuff sandstones, tuff
gravelsotnes; 8- bathonian. Tuff conglomerates, tuff sandstones, tuff breccias, porphyrites, quartz porphyrites; 9-
granodiorites, granodiorite-porphyres. Tectonic faults; 10- Known faults; 11- assumed faults; 12- faults marked
according to complex of distance data (geophysical, aerospace).

Anomalous areas: 13- on CP; 14- on positive anomalies of magnetic field which correspond to buried intrusive
bodies of medium composition; 15- areas with multiplicative geochemical anomalies on the secondary aureole:
Cu x Mo x Ag + Pb + Zn + Co (more than 500x10"'% on background of 50x107''%). Deposits and occurrences:
16- porphyry copper (1- Demirli; 2- Khachinchai; 3- Kazanchin; 6- Agdere); 17- Complex ores; (4- Gulyatag; 5-
Gyzylbulag; 7- Mekhmanian); 18- copper-sulphide; (8- Khazinadag).

2. Gold Mineralization of Porphyry Copper Ores Deposits

The problem of study, prediction and assessment for Cu-Mo porphyry deposits in the Lesser Caucasus not only
important today but is complex according to polygenesis of ore deposits represented by complex Cu x Mo, and
also Au, Ag — elements of platinum group, polymetals, rare and rare earth elements. Such deposits are
accompanied by numerous polymetallic, gold-silver, antimonic-mercury deposits and occurrences (Moritz R., et
al., 2012). Porphyry copper and copper-molibden-porphyry and also proper gold-porphyry ore objects are related
to integrated gold-bearing porphyry deposits. They are found in different geological environments but they
mostly are typical for island-arc and marginal-continental formations. Such ore bodies were forming by
appearance of bodies of basalt-andesite volcanic and gabbro-diorite-plagiogranite plutonic formations of natrium
series in areas with active occurrence such processes as rifting and tectonic-magmatic activization of some crust
blocks. Among them are the following: magnetite-sericite-quartz, pyrite-quartz,
chalcosine-bornite-chalcopyrite-quartz-carbonaceous, sphalerite-galena-gold, rare-metal and polysulfide mineral
types (Baba-zade et al., 1990; Geology of Azerbaijan., 2005; 2006). According A. 1. Krivtzov et al. (1985)
gold-bearing ores of porphyry copper deposits form the raws: molibden-porphyry weak gold-bearing,
gold-bearing copper-molibden-porphyry, gold-bearing molibden-copper-porphyry and gold-copper-porphyry
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corresponding to definite geotectonic positions.

Lock-Garabaghmetallogenic zone, being porphyry copper mineralization and by the main features determing
type models of ore districts, correspond to gold-bearing copper-molybdenum-porphyry type. Gold distribution in
porphyry copper deposits of Mekhmanian OMS mostly is defined by their mineralogical and geochemical
appearance caused by systematic combination of several ore types in mineralized medium (Krivtsov A.I., 1985).
The composition of latter can be determined by set of definite mineral associations which constantly repeat in
mostly areas and differ by gold-bearing degree.

3. Geological and Structural Environment for Formation of Gold-Bearing Porphyry Copper Deposits.

Porphyry copper deposits of Mekhmanian OMS belong to representatives of Hollister “diorite” model which are
characterized by high values of copper-molibden ratio and relatively higher composition of noble metals in ores.
Within Mekhmanian OMS the larger is Demirli porphyry copper deposit with dyke formations represented by
different pre-ore porphyries of diorite, quartz diorite, granodiorite compositions cutting Mekhmanian intrusive
and volcanogenic complex of the Middle Jurassic. Intrusive breaks Bathonian volcanogenic series and overlaps
transgressively with basal conglomerats at the base of the Upper Senonian-Carbonaceous deposits (Geology of
Azerbaijan, 2003; 2005). Analysis of represented material on porphyry copper deposits of Mekhmanian OMS
allows to conclude of real influence of deep factor for deposit formation on level of gold-bearing ores
corresponding to subvolcanic or hypobyssal-subvolcanic formation conditions (Babazade, 1990; Ramazanov,
1993). Well-defined features of minimal depth or bodies appearance enriched by gold are frequently subvolcanic
outlook of source granitoids by full absence of phanericfacies, availability of metasomaticquartzites, adulatory
modification of potassium feldspar, hydromica, etc. (Volkov et al., 2006). Causes of gold concentration from
Mekhmanian OMS at subvolcanic level can be clear during observation of gold behavior on proper porphyry
copper type of deposits. Sulphides from the latter in comparison with sulphides of copper-gold-porphyry
deposits normally and contain gold by one-two order less. Gold in impregnated pyrite of hydrothermally
modified granitoids concentrates due to the same from silicates, therefore according to bulk content of
gold-sericitizedgranitoids don’t differ much from unchanged propylitizedgranitoids.

Demirli deposit of porphyry copper ores is located in north-east slope of Agdam horst-uplift complicated by
Gulyatag deep fault associated by series of disjunctive dislocations of north-west and submeridional extension,
among which Demirli ore conduit fault is more considerable and located in a central part of deposit. In fault zone
the rocks are split and hydrothermally modified till their transformation to the different facies of secondary —
quartzite metasomatites, and stockwork fracture systems appearing in process of conjugation are filled by ore
material, i.e. favourable conditions formed for appearing stuccowork mineralization (Baba-zade et al., 1990;
Mansurov et al., 2014) (Figure 2).
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Figure 2. Geological map Demirli deposit

I-recent eluvial-deluvial deposits; 2- tithonian-valanginian. Rift related limstones; 3- basal conglomerates; 4-
porphyry-like andesite-dacites; S5- transition rocks between andesite-dacites and tonalite-porphyries; 6-
quartz-diorite, tonalite, granodiorite porphyries; 7- quartz diorites, granodiorites; 8- faults; 9- ore bodies with
copper content 2% and more, 10- wells.

In endo- and exocontact zone of intrusive and along faults intrusive and effusive rocks were intensively
hydrothermally processed and they were accompanied by formation of different metasomatites till the secondary
quartzites (Baba-zade et al., 1990). Secondary quartzites are studied as a new perspective gold-bearing
formational type copping the section of porphyry copper deposits. In this case deposits and ore occurrences
dealing with Mekhmanian intrusive complex don’t refer to porphyry copper but they refer to gold-containing
porphyrycopper type (Babazade, 1990). Within Demirli porphyry copper deposits 6 new stock-like ore zones are
traced consisting of intensively split-jointly silicified intrusive rocks, in some places are transformed into
secondaryquartzites with dense pyrite impregnation, chalcopyrite penetrated by thin quartz-chalcopyrite veins.
Average content of copper, molybdenum, gold and silver are in table 1.

Besides ore zones traced on the surface, in prospecting wells on NW and SE flanks of the deposits where
metasomatites are well represented, about 20 blind ore bodies with industrial content of copper and molybden
were intercepted on instrusive rocks of Janyatag massif. For example, Galaichylar stockwork confined to
intensive hydrothermally-modified tonalities refers to the same. By thickness of more than 10m it is traced at
distance about 200m and consists of veined-impregnated mineralization of pyrite and chalcopyrite. Chemical
analysis of samples revealed the availability of 0,83% copper. Prospecting wells with depth 300m are drilled in
central area of Demirli deposit. Gold and silver contents in minerals of porphyry copper ores are in table 2.
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Table 1. Results of analysis or channel samples of ore stocks of Demirli porphyry copper deposit

Ne ore  Number of samples  Thickness of the tested interval, in m Average content of metals

stocks Cu, % Mo, % Au, gram  Ag, gram
/ton /ton

Nel 150 21,0 1,21 0,006 0,5 10,4

0,22-3,03 0,001-0,008 04-08 42-16,0

Ne2 15,0 21,0 1,1 0,004 1,1 16,5
02-15 0001—0,006 01-30 20-2604

Ne3 120,0 55,0 0,9 0,004 0,8 5,5
045-2,1 0,001-0006 01-18 50-—15,0

Ne4 13,0 7,0 1,1 0,003 0,2 4,5
0,7-2,0 0,002-0,005 01-05 1,2-8,02

Ne5 55 6,0 21 0,001 0,2 5,0
08-23 0002—0003 01-02 14—80

Ne6 15,0 7,0 0,9 0,003 - 1,0
0,05—1,98 0,001 — 0,005 1,2-238

Table 2. Content of the main components of the ore of the Demirli copper-porphyry deposit

Ne Well Thickness, Number of samples Results of the analysis
m Cu, % Mo, % Au, gram Ag, gram
/ton /ton
Ne 1 56-70 1,4 2, 0,09 2,9 2,0
147-153 6,0 3 0,10 4,1 2,1
153-305 152 6, 0,06 0,3 6,6
5
0,
2
No 2 115-138 23 0, 0,05 0,5 3,2
138-152 14 2 0,03 2,5 6,6
152-169 17 0, 0,02 0,7 4,1
169-177 8 5 0,01 2,6 6,5
177-298 121 0, 0,01 0,5 3,1
3
L
0
0,
2
Ne 3 110-140 30 0, 0,06 1,3 5,6
140-230 90 7 0,03 0,9 42
0,
4
Ne 4 47-58 11 6, 0,09 3,1 8,9
58-145 87 5 0,03 1,5 6,3
0,
4
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4. Content of the Main Ore Components of Demirli Porphyry Copper Deposit

There are 8 gold-containing sulphide-quartz veins and vein zones with thickness 1-10m by extension from 30-50
to 100-150m characterizing by gold content from 0,2 till 5,2 g/t and silver-1,8-63,8 g/t, and also by high — copper.
Often these veins and vein zones are traced up to depth of 100-150m (wells #3, #6). According to data of
A.M Krivtzov et al., 1985 the higher gold concentrations for porphyry copper deposits which exceed the content
in primary ores by 5-10 times, are typical for hypergenesis zone. These conclusions are supported by Demirli
porphyry copper deposit as well. Where in many core samples from primary ores (well Nel-18) gold content is
up to 0,6 g/t from traces, silver up to 10,2 g/t from traces and this is less by several times than in rocks of
hypergenesis zone. Mineral composition of porphyry copper ores of Mekhmanian OMS differs by big diversity.
Among hypogene ones the main ore minerals are the following: pyrite, chalcopyrite, molybdenite, magnetite.
Less spread are bornite, chalcosine, digenite, rutile, muschketowite. The rare and very rare minerals are the
following: sphalerite, galena, fahl ore, native gold, native silver, argentite, renierite, crednerite, clausthalite,
bismuth tellurate, silvanite, altaite, marcasite, pyrrhotine. Among vein minerals the following minerals are spread:
quartz, sericite, carbonate, kaolinite, chloride, biotite, gypsum, calcite, bassanite.

It is noteworthy if in primary ores a definite correlation connection is observed between copper and gold content
then it is absent in rocks of hypergene zone. Probably it is connected with the fact that the main mineral-carrier
of gold is chalcopyrite which is less in oxidation and enrichment zone than other copper minerals (bornite,
chalcosine and covelline). Usually gold concentrates by free form in oxidation zone, and in zones of
hypergenesis — included in grains of new-formed copper sulphide. Oxidation of sulphides often leads to isolation
and enlargement of native gold (Krivtzov, 1985). Native gold is found in all studied porphyry copper occurrences
of Mekhmanian OMS. Mostly it is represented by isomorphic alloy in chalcopyrite and other sulphides with size
up to 0,0lmm and also among quartz-sericite aggregates with size thousandths mm up to 0,06mm.
Morphologically native gold is represented by irregular, cloddy-like, skeleton formations or cluster crystals,
sometimes (isolated problems) — dentritic form. Purity of gold varies 850-950 and can be characterized by
heterogeneity caused by zonal structure. Silver is present in proper silver minerals (native silver, argentite).

In oxidation zone among hypergene minerals the main are the following: hydrous ferric oxides, chalcosine,
malachite, azurite, native copper. The less spread — maghemite, chrysocolla, rare minerals — cuprite, delafossite.

Analysis of ore deposition process is porphyry copper deposits of Mekhmanian OMS shows long-term and
multiple stage nature of mineralization which can be characterized by the following formation order: 1)
Pre-productive (quartz-magnetite-sericite, quartz-pyrite associations); 2) I productive (quartz-molibdenite,
quartz-chalcopyrite association; 3) II productive (quartz-chalcosine-pyrite-chalcopyrite,
sphalerite-galena-gold-rare-metal associations); 4) post-productive (carbonaceous-bassanite associations).
Quartz-magnetite-sericite type of ores forms at early more high temperature stage of mineral forming and has a
little spread in porphyry copper ores. Frequently it is found as impregnations, rarely it formsveinlets and nests.
Gold forms alloy in magnetite. Quartz-molibdenite association has a wide spread especially on Demirli and on
Agdere deposits where it forms chalcopyrite-molibdenite veins, often characterizing by industrial molybden
content.

Quartz-chalcosine-pyrite-chalcopyrite association occurs as impregnation. It can be found in Demirli deposit as
veinlets in molybden copper veins. Chalcopyrites differs by considerable high content of gold, sometimes by its
capping values. Sphalerite-galena-gold-rare-metal association frequently is typical for peripheral parts of
porphyry copper deposits. Often it is found in fractured zone and zone of jointing taking a cross-cutting position
relatively ore bodies. The same conditions are for Agdere, Khachynchai and other deposits of porphyry copper
ores.

The distribution, the sequence of ore formation, probably owes much to the paragenetic connection of individual
ore stages with the corresponding phases of magmatism (Figure3).
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Figure 3.Intra ore magmatism and sequence of ore formation Mekhmanian OMS (Volkov et al, 2006 with the
addition of the author)

1-syenite-diorite porphyrites; 2-granodiorite-porphyry, diorite porphyrites; 3-granite porphyry; 4-eruptive
breccias; 5- tectonic breccias; 6-molybdenite; 7-pyrite; 8-chalcopyrite; 9 - faded ore; 10-sphalerite; 11-galena;
12-magnetite, hematite; 13 quartz; 14-orthoclase; 15-carbonates; 16-altaite; 17-argentine, 18-marcasite;
19-tellurovismo

Analysis of spatial distribution of mineral associations of porphyry copper ores in studied area shows that
quartz-sphalerite-galena mineral association is expressed poorly within industrial porphyry copper ores and as a
whole forms independent sheet-like and pod-like ore bodies often maginal porphyry copper ores into host
volcanogenic, volcanogenic-sedimentary rocks and due to this gold included in this mineral association could not
be determing. Early magnetite-sericite-quartz and later Carbonaceous-bassanit associations are scarcely gold
(Baba-zade et al., 1990; Geology of Azerbaijan, 2005).

Gold distribution in porphyry copper depositsof studied OMS mostly can be defined by their mineralogical and
geochemical appearance caused by systematic combination of several types of ores in bulk of mineralized space.
Ores composition can be defined by set of definite mineral associations constantly repeating at mostly objects
and differing according to gold-content degree.

Analysis of geochemical data of bulk earth values of elements content and also ore ones allowed to defined
availability of vivid direct correlation between these elements (Figure4). It is seen from graphs that relationship
between copper and molybden, molybden and gold has a linear nature. Correlation between copper and
molybdenum in studied deposits has near-hyperbolic nature with relationships’ curve nearby the lower flank of
industrial significance of copper.
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Figure 4. Dependence between the contents of copper, molybdenum and gold in the rocks of the Demirli deposit

It is noteworthy according to availability of direct connections between elements, spread of points on graphs is
very significant. So, by the same copper content molybdenum and gold amounts can increase by 2-6 times, and
in ore intervals — much more.

General insignificance of geochemical connections of ore elements within porphyry copper objects or some
areas can be explained by a considerable difference of geochemical properties of studied elements (Hou, Z., et al,
2012). By distinct differentiation of solution due to its long evolution zones with maximum concentrations of
copper, molybdenum and gold can be different, and this can be found in many large deposits with complex
formation history.

As a whole mineralization zonation of OMS is caused by a change pattern of time and space in main ore-forming
mineral associations and describes by empirical series, such as: Fe-Mo (Cu)-Cu (Mo)-Te, As, Sb (Cu, Au,
Ag)-Au, Ag, Zn, Pb (As, Sb, Bi)-Fe (Sb).

Data on isotopic composition of sulpho-sulphides and on composition of gas phase of hydrotherm at
gold-bearing quartz-pyrite-chalcopyrite, quartz-chalcopyrite and non-goldbearing quartz-sphalerite-chalcopyrite
stages. It is defined directional fractionation of sulfur isotopes towards sulphidesenrichment by light isotope
from earlier Productive stage of ore deposition to later as a result of systematic increase of oxidizing potential of
hydrothermal system. Sulphides ending ore process of quartz-sphalerite-chalcopyrite stage are characterized by
noticeable enrichment of heavy sulphur isotope & S34 with rather narrow range of variations & S34 from +0,1 %o
to + 0,7 %o and medium value 0,35 %o.

In this case there is no typical differences in correlation of sulphur isotopes in pyrite from impregnation in
wallrock alteration of rocks, from veinlets in host rocks and pyrite from richer areas of mineralized zones.
Therefore, it is assumed there was the only source of sulphur pyrites formed under similar conditions and
absence of sulphates in direct association with sulphides relatively homogeneous isotopic composition of pyrite,
and at last, lack of directional separation of isotopes during ore-forming process show homogenization of heavy
sulphur under definite high temperature conditions.

According to our research correlation of ore elements in many deposits of Mekhmanian OMS and other areas
can to a certain extent show joint supply of copper, molybdenum, gold, silver by juvenile fluids. Ore elementsof
the latter miss spatially disconnected during process evolution in relatively small deposits but often provide
independent maximum of concentrations during long-term spatial differentiation of large fluid systems. This can
determine a possible significant concentration of gold and silver in frontal and lateral parts of porphyry copper
columns.

The same concentration of gold and silver can occur due to numerous fluid supply from deep areas of porphyry
copper column and this is very typical for them. Possible significant gold concentration in fluid is caused by
variety of complex combinations of this metal and by their stability in wide PO2-pH-T interval. In this case the
important condition of preservation for considerable gold concentrations in fluid is a high temperature of the
process (more than 200°C).
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The most opposite tendency of change for studied characteristics in sulphides of quartz-sphalerite-chalcopyrite
stage shows the discreteness of ore process and availability of other magmatic source of ore matter because
otherwise fO2 would increase further and as a result of it — sulphides enrichment by isotope S32 (Sosson, M., et
al, 2010.). Analysing abovementioned data of gold- bearing ores of porphyry copper deposits of Mekhmanian
OMS one can note that Mekhmanian intrusive consists of two-phase rocks: 1) successively differentiated diorite,
quartz diorite, tonalite, banatite and their hornblendbiotite difference; 2) porphyry diorite, veined malachite,
spessartine, odinite. Here are greisenized quartz diorites, pegmatite-aplites.

Metasomatic formations consist of mainly secondary quartzites, quartz-sericite, quartz-kaolinite facies and
argillizated rocks.

Porphyry copper mineralization as stock-works is localized in contact zones of Mekhmanian intrusive with host
rocks. Gold is connected with chalcopyrite, pyrite and in many cases with maghemite and hematite probably
corresponding to  chalcopyrite-pyrite  association, connected with  hydrothermal solutions of
diorite-tonalite-banatite and granodioritefacies of Mekhmanian intrusive. Galena-sphalerite type of
mineralization localized among sericite-quartz metasomatites. Probably pyrite-chalcopyrite-gold mineralization
is connected with the main phase of Mekhmanian intrusive, and galena-sphalerite association — with
granite-pegmatite.

5. Conclusions
Finally we can make the following conclusions:

1) porphyry-copper deposits of Mekhmanian ore area according to tectonic position of deposits, composition
of ore-bearing intrusive, quantity and correlation of main and associated components, refer to gold-bearing
copper-molybdenum-porphyry and gold-bearing porphyry copper types of ores formed due to porphyry
intrusive of gabbro-diorite-granodiorite complex;

2) deposits of porphyry ore formation differ by various contents of Cu, Mo, Au, Ag, Se, Te, Re in ores and
sulphide accumulations;

3) gold distribution in porphyry copper deposits chiefly can be defined by their mineralogical-geochemical
appearance caused by systematic combination of several types of ores in mineralized-space volume.
Analysis of gold content of mineral associations of porphyry copper deposits in this area shows that
Productive mineralization can occur by two stages: 1) productive (quartz-molybdenite, quartz-chalcopyrite);
2) I productive (quartz-chalcosine-pyrite-chalcopyrite, sphalerite-galena-gold-rare metal). Gold
concentration in them is up to 4,1 g/t from traces;

4) high gold content of porphyry copper deposits can be connected with development of imposed polysulfide
and proper gold-ore mineralization within ore bodies;

5) Expected exploration works dealing with noble metals first of all should be carried out in apical areas of
porphyry intrusive and in those regions where subvolcanic activity of granitoid intrusive was intensive due
to process of tectono-magmatic activization of structures.

6) Mekhmanian ore region besides above-studied deposits possesses a considerable amount of perspective
deposits and ore occurrence. In future a new large mining and smelting interprise of Cu, Mo, Zn and noble
metals can be built in this ore region.

References

Abdullayev, R. N., Mustafayev, H. V., Mustafayev, M. A., & Aliyev, I. A. et al. (1988). Mesozoic magmatic
formations of the Lesser Caucasuses and endogenic mineralization connected with it. Baku: Elm, p. 254

Baba-zade, V. M., Makhmudov, A. 1., & Ramazanov, V. G. (1990). Copper- and porphyry molybden deposits.
Baku: Azerneshr, p. 376.

Davidson, J., Turner, S., Handley, H., Macpherson, C., & Dosseto, A. (2007). Amphibole “sponge” in arc crust?
Geology, 35, 787-790.

Dilek, Y., Imamverdiyev, N., & Altunkaynak, S. (2009). Geochemistry and tectonics of Cenozoic volcanism in
the Lesser Caucasus (Azerbaijan) and the peri-Arabian region: collision-induced mantle dynamics and its
magmatic fingerprint. International Geology Review, 52, 536-578.

Geology of Azerbaijan, V. III. Magmatism. (2003). Baku: Nafta-Press, p. 524.
Geology of Azerbaijan, V. IV. Tectonics, (2005). Baku: Nafta-Press, p. 505.

48



esr.ccsenet.org Earth Science Research Vol. 8, No. 1; 2019

Geology of Azerbaijan, vol. V, Mineral resources. (2006). Baku: Nafta-Press, p. 574.

Hou, Z., Yang, Z., Lu, Y., Kemp, A., Zheng, Y., Li, Q., Tang, J., Yang, Z., & Duan, L. (2015). A genetic linkage
between subduction- and collision-related porphyry Cu deposits in continental collision zones. Geology, 43,
247-250.

Ismail-zadeh, A. 1., Mustafayev, H. V., Rustamov, M. 1. (2003). Geology of Azerbaijan. Magmatism. Baku:
Nafta-Press, p. 524.

Ismail-zadeh, A. J. (2006). Petrological interpretation of hybridism process in Mesozoic granitoid intrusive of the
Lesser Caucasus. Proceedings of ANAS, Earth Sciences, 2, 9-19.

Korobeinikov, A. F., Grabezhev, A. 1., & Moloshog, V. P. (2002). Behaviour of Pt, Pd and Au in formation of
gold-copper-porphyry system (Tominsk-Michurin ore knot, South Ural), Papers of RAS, V.38, 35, pp.
668-671.

Krivtsov A. 1., Migachev 1. F., & Minina, O. V. (1985). Mineralogical-geochemical types of ores in porphyry
copper deposits-gold content and zonation. Geochemistry, 10, 345-351

Mansurov M.I. (2014). Prospects of search and prediction for deposits of nonferrous metals of Agdam
anticlinorium. Bulletin of Baku University. Natural Sciences series, 3, 135-146.

Mansurov M. 1., Galandarov B. G., Takhmazova T. G., Mammadov Z. 1., & Huseinov, A. 1. (2014).
Geological-genetic peculiarities of Gyzylbulag ore-magmatic system of Agdam horst-uplift (Lesser
Caucasus, Azerbaijan). Geology, search and exploration of ore deposits. Proceedings of Siberian
department of Earth Sciences section of Russian Academy of Natural Sciences. Irkutsk, 1(44), 13-23.

Moritz R., Mederer J., Ovtcharova M., Spikings R., Selby D., & Ulianov A. (2013). Jurassicto Tertiary
metallogenic evolution of the southernmost Lesser Caucasus, Tethysbelt. In: Jonsson, Erik, et al. (Eds.),
Mineral deposit resear chforahigh-techworld, 12 th SGA Biennial Meeting, 12-15 August 2013, Sweden,
Uppsala 3, pp. 14471450

Moritz, R., Selby, D., Ovtcharowa, M., Mederer, J., Melkonyan, R., Hovakimyan, S. E., & Ramazanov, V. (2012).
Diversity of geodynamic settings during Cu, Au and Mo ore formation in the Lesser Caucasus: new age
constraints. Proceedings st Triennial European Mineralogy and Crystallography Meeting, Frankfurt,
Germany, p. 745

Popkhadze, N., Moritz, R., & Gugushvili, V. (2014). Architecture of Upper Cretaceous rhyodacitic hyaloclastite
at the polymetallic Madneuli deposit, Lesser Caucasus, Georgia. Central European Journal of Geoscience,
6, 308-329.

Richards, J. P. (2009). Postsubduction porphyry Cu—Au and epithermal Au deposits: products of remelting of
subduction-modified lithosphere. Geology, 37, 247-250.

Sosson, M., Rolland, Y., Miiller, C., Danelian, T., Melkonyan, R., Kekelia, S., ... Mosar, J., (2010). Subductions,
obduction and collision in the Lesser Caucasus (Armenia, Azerbaijan, Georgia), new insights. In: Sosson,
M.

Volkov A. V., Savva N. Y., & Sidorov A. A. et al. (2006). Distribution patterns and formation of Au-containing
Cu-Mo porphyry deposits of North-East Russia. Geology of ore deposits, 48(6), 512-539.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

49




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


