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DISTRIBUTION PECULIARITIES OF BASIC ORE COMPONENTS IN GOSHGARCHAY
PORPHYROUS COPPER DEPOSIT (LESSER CAUCASUS, AZERBAIJAN)

Mamoit Iopazim o2nu Mancypos. OCOBIHBOCTI PO30OAIIY I'OJIOBHHX PY/ITHUX KOMIIOHEHTIB KOIIIKA-
PYAHCKOTO MITHO-IIOP@IPOBOI'O POJOBHIIA (MAJTHH KABKA3, ASEPBAHJIKAH). Y cmammi suguanucs ocobnu-
80cmi po3Nooiny 20106HUX PYOHUX Komnouenmis. [lpu npoeedenni pobomu no GUSHAYEHHIO XIMIUHUX eleMeHMi8, aHANIMUu4Hi Oami
00pobneni Memooamu mMamemamuyHoi cmamucmuxy. 3a eudipxoio enemenmia Oyau obUUCTeHi KOpenayiiHa Mampuys, Gaxmophi
HABAHMAJICEHHS, GNIACHI 3HAYeHH: | 6acu ¢hakmopie. Bcmanoeneno, wo 3nauenns pakmopa @1 kopenorwms 3 KilbKIiCHO XAAbKONi-
pumy, 6opuimy i nipumy, wo oae niocmasy nog'szamu eeoximiuny acoyiayito Cu (Mo, Pb, Sb) ¢ natibinbw panHboro Xanvkonipum-
60pHIM-Nipumosor Minepanizayicio nopgiposo2o emany opmysants pyOoHOCHOI cmpykmypu. 3nHavenus gpakmopa D2, wjo 6iono-
sioaroms acoyiayii Mo (Cu, Pb, Co), cmamucmuuno noe's3ani 3 ympumanHam XaibKonipumy i Monib0eHimy, wo ymeoprioms 0CHO-
BHULl MIHEPANbHULL NAPA2EHE3UC MiOb-MORID0eH-Nophip08oeo 3pyoeHinHA. 3a pe3yrvmamamu QaKmopHo2o aHaizy 0aHUx c8epoio-
BUH BUABNIEHI 2e0XIMIYHI acoyiayii, o 003601A10Mb TOKANIZYEAMU 0OnACMI PO3GUMKY MiHepanizayii pisHux cmaoiti opmysanus
nop@ipogo-enimepmanvuoi cucmemu. s 3'9Cy8anHa NOGHOI CIMAMUCMUYHOL XAPAKMEPUCTIUKY 2e0XIMii PYOHUX KOMNOHEHMI8 podo-
suwa 6y0ysanu moykosi diacpamu 3anexCHocmi. 3 aHanizie diazpam MouKo80i 3A1eHCHOCI MidC emicmamu PyOHUX eleMeHmie Mo-
JHCHA NPULIMU 00 BUCHOBKY, WO NepesadcHa OiIbUICb GUEYEHUX XIMIUHUX eleMeHMI8 No8'a3aHa NOSUMUBHUM KOPeNAYIUHUL 36'33-
KoM. Busieneno, wo xopenayis misxc enemenmamu MiOHo-nop@ipo6o2o 3pyOeHinHs XapaKmepu3yemvcs WupoKum Olana3oHom eneme-
umuux oomiuox. Croou exoosamo sk xanvkoginoni (4s, Sb, Cu, Bi, Cd, Ga, In, Ge, Au, Ag, Te), max i cioepogpinwni (Co, Ni, Mo, Fe,
Cr) enemenmu. Hasedeni 0ani 003601510mb 2080pumu npo PisHi yMoeu miepayii ma KoHyeHmpayii Moniooeny i Mioi @ 20106HUX pY-
00YMBOPIOIYUX NPOYECAX.

Knwwuoei cnoea: Kowrxapuail, miono-nopgipoge 3pyoeHinHs, CmMpyKmypHO-MOPp@ON02iuHi ocodnugocmi, MiHepanvbHull cKiao,
2eoxXiMiuHi 0coOIUB0CMI, PYOHI KOMNOHEHMU, YAKMOPHUL AHAI3, TNOYKOBA 3AIeHCHICMb, KOPETAYIUHULL 38'A30K.

Mamoit Hopazum o2nvr Mancypos. OCOBEHHOCTH PACIHIIPEJAEJIEHUA ITIABHBIX PY/[HbIX KOMIIOHEHTOB
KOIIIKAPYAHCKOI'O ME/THO-IIOP@HPOBOIO MECTOPOKIEHHA (MAJIBIH KABKA3, A3EPEAH/I/KAH). B cmamve
UBYYANUCH OCODEHHOCU pacnpeoeneHus 2NAsHbIX PYOHbIX KOMHOHenmos. [Ipu nposedenuu pabomel no onpeoeneHuro Xumuieckux
2NeMEHmMOs, aHalumuyecKue OanHvle 0opabomanvl Memooamu mamemamuyeckol cmamucmuku. Ilo evlb60poke s1emenmos Oviau
BbIYUCTEHbL KOPDETAYUOHHAS MAMPUya, QakmopHule HAzpy3Ku, cOOCMeeHHble 3HAUeHUs. U 8eca PaKmopos. YcmaHoenieHo, Ymo 31a-
yenus axmopa D1 Koppenupyiom ¢ KOIUHeCmeoM XaNbKOnUupuma, OOpHUMA u nupuma, 4mo 0aem OCHOBAHUE CBA3AMb 2e0XUMUYe-
ckyro accoyuayuro Cu (Mo, Pb, Sb) ¢ naubonee panneil XanbKonupum-60pHUmM-nupumosou Munepaiuzayuell nopupoeozo smana
gopmuposanus pyoonocroii cmpykmypul. 3navenus gakmopa D2, omseuarowue accoyuayuu Mo (Cu, Pb, Co), cmamucmuuecku
CBA3AHBL C COOEPIUCAHUEM XATbKONUPUMA U MOIUOOeHUmMa, o0pa3yrouux OCHOBHOU MUHEPATbHbIN NaApdzeHe3uc mMedb-MoauboeH-
nopguposozo opyoenenus. Ilo pezynemamam GaxmoprHozo ananu3a OGHHbIX CKEAICUH BbIAGIEHbL 2e0XUMUYECKUE acCoyuayull, nos-
sonAIOWUE TOKATU08AMb 0ONACMU PA3SUIMUSL MUHEPATUSAYUU PASTULHBIX CIAOUL] (POPMUPOBAHUA NOPPUPOBO-INUMEPMATLHOU CU-
cmembl. [{ia BbIACHEHUS NOAHOU CIMAMUCMUYECKOU XAPAKMEPUCIIUKY 2eOXUMUU DYOHBIX KOMNOHEHMO8 MeCMOPOHCOEHUs CIMPOUNU
moueynvle Ouazpammul 3asucumocmu. M3 ananzos ouazpammol MoveuHol 3a8UCUMOCTU MENCOY COOEPHCAHUAMU PYOHBIX DNeMEH-
MO8 MOJMCHO NPUTIMU K 6b1600Y, MO NOOAsIAIouee DONLUUHCIBO U3YHEHHBIX XUMUYECKUX NeMEHMO8 CEA3AHO NONONCUMENbHOL
KOppenAyuoHHblll C643v10. Bviasneno, umo koppensiyus medxicoy snemenmami MeOHo-nophupoeo2o opyoeHeHus Xapakmepuzyemcs
WUpOKUM OuanazoHom snemenmuuix npumeceti. Crooa 6xoosam xkax xanvkoguavhsie (4s, Sb, Cu, Bi, Cd, Ga, In, Ge, Au, Ag, Te), max
u cudepogpunvrvie (Co, Ni, Mo, Fe, Cr) anemenmot. [Ipugedennvle Oanuble NO360AAIOM 2080PUNDb O PAZTUYHBIX YCIOBUAX MUSDAYUU U
KOHYEeHmMpayuy Moaub0era u meou 8 2asHbiX pyoooopasyiouux npoyeccax.

Knrouesvie cnosa: Kowrxapuaii, meono-nopuposoe opyoenenue, cmpyKmypHo-mopgonocuveckue ocob6eHHoCmu, MuHepaib-
HBIUL COCMAs, 2eoxumuieckue 0Cob6eHHOCH, PYOHble KOMNOHEHMbL, QaKMOPHbILL AHAU3, MOYEUHAS 3A8UCUMOCTIb, KOPPENAYUOHHAS
C6A30b.

Scientific novelty and practical importance.
To solve the problem, the author studied behavior of
chemical elements in ore-bearing rocks and mineral
associations, building a series of dependency dot
plots, showing dependency relationships between
the elements. As one can see from the analysis, the
scatter plots of dependence repeat in pairs
symmetrically about the diagonal. In order to study
the characteristics of the indicator elements, the
author clarified relationships between them and
statistically analyzed geochemical properties of the
field. The obtained geochemical information on the
main ore components in porphyry copper ores and

ore-hosting rocks can be used in the improved
technological scheme for ore processing. The
scheme is aimed at a complete complex extraction
of the main and accompanying elements, copper and
molybdenum, other valuable components of the
studied deposits.

Introduction. Porphyry copper deposits are
among the main sources of Cu, Mo, Au, Ag, Sn with
accompanying Re, W, In, Pt, Pd, and Se. They ac-
count for 50 to 60% of world copper production and
more than 95% of world Mo production. Numerous
studies of porphyry copper deposits are aimed pri-
marily at identifying the features of their formation
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in different geodynamic settings, creating descrip-
tive and genetic models as the basis for effective
forecasting, prospecting and assessment of territo-
ries with economically important mineral deposits
[1-8].

The problem of forecasting, studying and eval-
uating copper-molybdenum-porphyry deposits in the
volcanogenic belts of the Azerbaijani part of the
Lesser Caucasus is one of the most urgent. It is ex-
tremely important for solving the issue of expanding
the mineral resource base not only of copper and
molybdenum, but also gold and silver, platinum
group eclements, poly-metals, rare and rare- earth
elements. In the Lesser Caucasus, copper deposits
and ore occurrences are widespread in all metallo-
genic zones. They belong to three genetic types of
industrial importance: copper-porphyry, copper-
pyrite, and copper-polymetallic. All of them are as-
sociated with volcano-intrusive and plutonic com-
plexes of the Lesser Caucasus [2]. Porphyry copper
mineralization associated with plutonic granitoid
massifs of the Murovdag ore region is the most
promising. There are also several deposits and ore
occurrences of copper-porphyry type, in which cop-
per ores can be classified as large deposits. The
Goshgarchay deposit is the most well- studied and
explored, and this makes it a very promising one.
Thus, using the example of this deposit, we consider
the distribution features of the main ore components
of this ore region.

Analysis of previous studies. Large sizes and
large reserves, as well as the possibility of using ra-
tional methods of metal extraction predetermined an
increased interest in porphyry copper deposits,
which are currently the main raw material base for
Cu, Mo. Deposits often contain a number of associ-
ated components in industrial quantities among
which Au, Ag, Bi, Te, Re and Se play a leading role.
Their accounting significantly increases the total
value of ores [2, 4-8]. They are accompanied by
numerous polymetallic, gold-silver, pyrite satellite
deposits and placers. The study of porphyry copper
mineralization of the Murovdag ore region began
during the period of intensive exploration of
porphyry deposits in the Lesser Caucasus [1, 2, 23].
Endogenous deposits of the Lesser Caucasus are
represented by a wide range of genetic and forma-
tional types. At present, there is sufficiently substan-
tiated opinion that these deposits form a complex
polygenic group with pronounced features of poly-
cyclic development, a variety of tectonic conditions
and forms of magmatism manifestations. [2, 4, 5, 7].

A significant amount of the research as well as
their wide geography is devoted to the problems of
endogenous ore deposits of the Murovdag ore re-
gion. Deposits of different age and different for-
mations of various ores are concentrated there.

The features of these deposits are highlighted in
monographic summaries, numerous publications [1-
3, 12,13, 23], such as monographs by Baba-zade and
others [1], Baba-zade and others [2]. They include
articles on geology, mineralogy, geochemistry, for-
mation parameters, isotopic studies of objects of the
Goshgarchay ore field [3, 12, 13]. In the work on
the Porphyry Copper Formation of Azerbaijan, V.G.
Ramazanov touched upon a number of geological
and geochemical features of the Goshgarchay
porphyry copper deposit, its connection with mag-
matism and other issues. Later, we conducted re-
search in this area and published a number of arti-
cles in various journals [2, 12, 13, 15]. At the same
time, studies devoted to the compilation of geologi-
cal-genetic models of porphyry copper and
polymetallic deposits were incomplete. This is ex-
plained by their rather large diversity, the idea of
their formational affiliation, connection with mag-
matism and peculiarities of ore components and im-
purity elements distribution [2, 4, 10]. The results,
presented in the works, indicate the exceptional rel-
evance of this issue. When processing the materials,
the author used both classical literature [1, 2, 9, 11,
23] and modern publications [3,12,13,15, 19]. The
distribution features of the main ore components in
the host rocks and ores of the Goshgarchay deposit
have not been sufficiently studied in these works.

The value of porphyry copper deposits primari-
ly lies in the fact that they have been discovered in
geologically well-studied areas. The ores, with a
relatively low content of the main (Cu, Mo) and as-
sociated components (Au, Ag, Bi, Re, Se, Te), in
them, are characterized by more areal distribution
and significant reserves. These features of porphyry
copper deposits make them potentially promising.
Therefore, a comprehensive geological study of
them, including the distribution features of the main
ore components of the Goshgarchay deposit, is very
relevant. Our goal here was to study these distribu-
tion features of ore-generating components by
means of mathematical - statistical calculation of
analytical data. The obtained e results can form the
basis for geochemical criteria for direct prospecting
and forecasting of hidden porphyry copper ores.

Subject and object of the research. The sub-
ject of this research is the study of distribution regu-
larities of ore and nonmetallic components in ores;
the object is geochemical features of trace elements
distribution and behavior of chemical elements of
ores during the Goshgarchay deposit formation.

Features of the geological structure of the
field. Features of the geological structure of the
Goshgarchay porphyry copper deposit are detailed
in previously published works [1-3, 9]. The
Murovdag ore region, which includes the Goshgar-
chay deposit, being an integral part of the Lok-
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Karabakh island arc [9] (Fig. 1), occupies the NW
uplifted part of the Murovdag anticlinorium of
asymmetric structure, composed of rocks of the
Lower Bayossky volcanogenic strata in the core and
the Upper Bathyesian Basalite and -ryolite sequen-
tially differentiated formation on the wings [10].
The intrusive components of the ore region are the
Goshgarchay complex of granitoid intrusions Gosh-
gardag, Ojagdag, Baladzha Goshgardag) and their
dike formations, which break through a powerful
complex of effusive-pyroclastic formations, exerting
a contact effect on them. Geological and petrologi-
cal features of intrusive complexes with porphyry
copper mineralization belong to the Late Jurassic-
Early Cretaceous gabbro-diorite-granodiorite for-
mation [9, 11].

In the ore region, porphyry copper mineraliza-
tion encompasses the Goshgarchay, Goshgardag,
Kyzylarkhach, Kechaldag, Erik-Manuks and other

deposits and ore occurrences, where it is in close
spatial and genetic connection with the Murovdag
granitoid massifs [2, 10]. According to their geolog-
ical position and spatial distribution, the intrusive
formations of the Murovdag group are divided into
the Goshgardag and Kyzylarkhach groups [11].

Intrusive formations are represented mainly by
quartz diorite, gabbro-diorite and slightly diorite,
gabbro, banatite. When approaching the endocon-
tact, the rocks acquire a more basic character. Gab-
bronorites are medium-grained almost black rocks,
consisting of plagioclase, pyroxenes, small amounts
of biotite, hornblende, olivine, as well as secondary
and accessory minerals. Quartz diorites are fine-
medium-grained, full-crystalline rocks, represented
mainly by plagioclases, hornblende, biotite, quartz,
sometimes with an admixture of pyroxene, potassi-
um feldspar, and albite [2, 11].
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Fig. 1. Tectonic map of the Arabian-Eurasian collision zones. The location of the Goshgarchay deposit is
shown by a circle. (Sosson et al., 2010). Abbreviations: GC-Greater Caucasus; LC-Lesser Caucasus;
AT-Achara-Trialeti; R-Rioni; Dz-Jirula; K-Kura; MB - Mus Basin; EP - Eastern Pontids; KM - Kirsehir
massif; EAF - Eastern Anatolian Fault; NAF - North Anatolian Fault; IAES-Izmir-Ankara-Erzincan seam;
MM- Menderes Massif

The spatial distribution of porphyry copper
mineralization is controlled by faults of various di-
rections, which determine the block structure of the
ore region [3]. Many of them are accompanied by
hydrothermal alteration of rocks: silicification, se-

ricitization, chloritization, and epidotization. Hydro-
thermal-metasomatic alterations are also developed
along the contacts of intrusive rocks, selvages, dikes
and veins. The original rocks transformed into meta-
somatites are both intrusive and host volcanic for-
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mations [13, 14]. Metasomatites and host igneous
rocks of the studied deposits have similar distribu-
tion parameters, which may indicate that similar ig-
neous rocks have become a substrate for metasoma-
tism [15].

Structural and morphological features and
mineral composition of the deposit. The deposit is
dominated by vein-disseminated stockwork ores.
The vein type of mineralization is of subordinate
importance and is confined to zones of crushing and
zones of hydrothermal alteration among diabase
porphyrites. The named type of mineralization is
represented by quartz and carbonate veins and veins
impregnated with pyrite, chalcopyrite and molybde-
nite [1,2].

The stockwork body, occupying the central part
of the Goshgarchay deposit, is confined to the apical
and peripheral parts of the intrusion of the same
name, more precisely, to its endo- and exo-contact
strip and in the sub-latitudinal direction occupies an
area of about 0.8 km?2.

Copper content of 0.4% and 10 ore pillars were
identified within the stockwork on the surface. In-
terpretation of the analysis results of core materials
allows us to consider these enriched areas as merg-
ing at depth into a single ore body, forming a stock-
work with a complex morphology. The surface of
the stockwork body is especially complex. In the
stockwork, cracks of the northwestern (280-3200),
submeridional (345-100) and sublatitudinal direc-
tions are developed, filled with no ore and quartz-
sulfide matter [2, 12]. The veins, represented by
quartz-carbonate fillers, have sub-latitudinal spread.
They are confined to crushing zones with a thick-
ness of 30-60 m among diabase porphyrites.

The main useful component is copper. Its con-
tent within the stockwork body is unstable and fluc-
tuates in a wide range - from 0.2 to 2.5%, averaging
0.41%. Molybdenum and precious metals should be
noted among a number of ore minerals that signifi-
cantly affect the importance of the deposit. In some
intervals, the average gold grade is 2.0 g/t and more.
Along with gold, an increased silver content has al-
so been established, its value reaching 30-45 g/t,
which can positively affect the overall value of the
deposit.

We can say that based on the structural and
morphological features, mineralization of the Gosh-
garchay deposit is a stockwork-vein disseminated
type, in which dissemination prevails over veinlets
and veins.

In deposits, mineral composition of ores is not
very diverse and is characterized mainly by the
small size of ore minerals, their close intergrowths.
As a result of the study of polished sections in ores,
the author identified the following ore minerals: py-
rite, chalcopyrite, sphalerite, arsenopyrite, melni-

kovite - pyrite, marcasite-pyrite, marcasite, fahlore,
cobalt-pyrite, enargite, galena, cobaltin, molybde-
nite, bismuthin, boronite ilmenite, hematite, chrome
spinelite, chalcocite, covellite, malachite, azurite,
limonite, etc. Of these, the main ore minerals of the
deposit are chalcopyrite, bornite, pyrite, molybde-
nite, tenantite, chalcosine, enargite, native copper,
gold and rutile. Vein minerals are represented by
quartz, calcite, epidote, kaolinite, sericite, chlorite,
biotite, muscovite, etc. [2, 3].

The purpose and objectives of the research.
The aim of the research is to study the distribution
features of the main ore components in the Gosh-
garchay porphyry copper deposit. To achieve the set
goal of the study, the author considered statistical
distribution of chemical elements content in ores
and host rocks as well as the possibility of using
them as geochemical indicators for the detection of
hidden ore bodies.

Materials and research methods. The basis
for the factual material was a collection of samples
(about 150 pieces) taken inside and around the
stockwork with vein-disseminated mineralization
and on its flank to a depth of more than 500 m from
the surface. Data from geochemical sampling of ore-
hosting rocks and ores in mine workings and core
samples from boreholes were used for this along
sections directed perpendicular to the strike of ore-
concentrating structures. The collection includes
samples taken from gabbroids, quartz diorites,
quartz veins with galena-sphalerite-chalcopyrite
mineralization. Atomic absorption analysis on a
Perkin Elmer device allowed to quantitatively de-
termine such elements as Cu, Mo, Au, Ag, Se, Te,
Cr, Ni, Co, Pb, Zn, Sr, Cd, As, Bi. The geochemical
data for the wells were processed in the STATISTI-
KA program, using the factor analysis of the main
components. Methods of semi-quantitative spectral
analysis were applied to study the contents of chem-
ical elements in the host rocks and porphyry copper
ores. The main ore samples were taken from the
vein-disseminated stockwork type ores. The rock
samples were examined by inductively coupled
plasma mass spectroscopy (ISP-MS). Silicate chem-
ical analysis was carried out in the laboratory of Iz-
mir University, Turkey. The rock samples were ex-
amined by inductively coupled plasma mass spec-
troscopy (ISP-MS). Analytical studies were per-
formed at the USGS Analytical Laboratory of the
United States Geological Survey (Denver).

Results of the research. Geochemical features
of ore-forming systems. The study of geochemical
features of the porphyry copper systems in the
Murovdag ore region was based on the results of the
chemical analysis of core samples from wells at a
depth of up to 280 m on average. The geochemical
data for the wells were processed in the STATICTI-
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KA program by the method of factor analysis of the
main components [16,17]. Chemical elements in the
ores of the Goshgarchay deposit were studied, using
different analytical methods. Semi-quantitative
analysis studied the content of 14 chemical ele-
ments, focusing on the geochemistry of the deposit
ores itself. To study peculiarities of the main ore
components distribution, the author used the meth-
ods of factor analysis and the matrix of graphs, re-
flecting the correlations between the ore elements.
As a result of the processing, we obtained three fac-
tors, reflecting the correlations between the fourteen
ore elements.

According to the weights, the elements are
grouped into factors or geochemical associations
that can be compared with the mineral parageneses
of the main stages of ore deposition [8,16]. The cor-

relation of geochemical and mineral associations is
confirmed by the correlation coefficients between
the factor analysis of elements and the sulfide con-
tent according to the data from well core sampling.

The F1 values correlate with the amount of
chalcopyrite, bornite, and pyrite, which gives
grounds to associate the geochemical association of
Cu (Mo, Pb, Sb) with the earliest chalcopyrite-
bornite-pyrite mineralization of the porphyry stage
of the ore-bearing structure formation. The F2 val-
ues, corresponding to the Mo (Cu, Pb, Co) associa-
tions, are statistically related to the content of chal-
copyrite and molybdenite, which form the main
mineral paragenesis of copper-molybdenum-
porphyry mineralization [8, 16]. The plots of de-
pendence F1 and F2 based on the results of factor
analysis are shown in Figure 2.
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Fig. 2. Dependence of F1 and F2 based on the result of factor analysis

Based on the results of a factorial analysis of
well testing data, the author has identified geochem-
ical associations, which made it possible to localize
the areas of mineralization development at various
stages of the porphyry-epithermal system formation.
The range of vertical geochemical zoning values for
individual sections of the field makes it possible to

assess the level of the erosional section in the
porphyry-epithermal system [8,17].

To clarify the complete statistical characteris-
tics of the geochemistry of the ore components in
the deposit, we built point dependence diagrams.
Scatter plots of the dependence are repeated in pairs
symmetrically about the diagonal. The vertical axis
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is the dependent variable, the horizontal axis is in-
dependent. Figures 3 and 4 show well-correlated
variables. Close correlation between Cu and Ag, As,
Bi, Cd, Ce, Co, Cr, Cs, La, Li, Mo is much more
interesting. Here the scatter of points near the re-
gression line is larger and the correlation coefficient
is rather high (r = 0.73). The analysis of scatter dia-
grams shows that all the elements of this graph are

interconnected by a direct positive relationship [18].
In this diagram, three point clouds are highlighted
and the largest compact point cloud corresponds to
the primary sulphide ores of the deposit. Two more
clouds with a small number of points are character-
ized by anomalous contents of ore-forming ele-
ments. The clouds of these points with anomalous
contents correspond to the oxide ores of the deposit.

Scatterplot of Cu vs Ag, As, Bi, Cd, Ce, Co, Cr, Cs, ...
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Fig 3. Diagram of the point relationship between Cu contents and other basic ore elements

Fig. 4 shows dot diagrams of the relationship
between Mo contents with other elements (Pb, Sb,
Cu, Rb, P, Se, Sr, Th, Ti, Zn, Ni, V, Cr, etc.).

These diagrams unambiguously show that the
point cloud is stretched in a completely clear
direction for individual elements, and the red
straight line, which should follow exactly along the
axis of this elongated cloud. In our diagram, copper
in the Goshgarchay deposit in the upper part of the
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ore body has undergone dramatic enrichment due to
oxidation and secondary sulfide enrichment
processes. Large Cu contents as well as newly
formed sulfides (chalcocite, bornite, covellite) and
even native copper appeared because of this. This
shows that our sample includes products of both the
hypogenic and hypergene mineral formation stages
[5, 7].

We can conclude from the analyses of the dia-
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Fig.4. Diagram of the point relationship between Mo contents and other basic ore elements

gram of the point dependence between the contents
of ore elements that the overwhelming majority of
the studied chemical elements are associated with a
positive correlation. As you can see, in the diagram

of the connection of Cu and Mo with other compo-
nents, the overwhelming majority of all point clouds
are located along a straight line, and some are out-
side this line. This is normal in defining elements
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when high and low values of the elements do not
deviate too much from the straight line. This shows
that all the elements were formed in a single geo-
chemical process.

As we see from the correlation between the el-
ements, the porphyry copper mineralization is char-
acterized by a wide range of elemental impurities.
This includes both chalcophilous (As, Sb, Cu, Bi,
Cd, Ga, In, Ge, Au, Ag, Te) and siderophilous (Co,
Ni, Mo, Fe, Cr) elements. Determination of ele-
mental impurities is not the same in different types
of ores and mineral associations, their amount is
thousand times higher than the clark amount and the
concentration coefficient. Three different mineral
associations coexist in the ore body: 1-primary sul-
fide-chalcopyrite and bornite-chalcopyrite ore; 2-
oxidized ore and secondary sulphide concentration
zones; 3-primary sulfide ores, significantly enriched
in copper [8].

One can find a similar picture in a number of
deposits of the porphyry copper proper type in the
Lesser Caucasus. That is, along the main ore zones,
characterized by a good correlation of all ore ele-
ments, there are distinguished local essentially
monometallic areas with high copper and molyb-
denum contents [4]. In large deposits, this corre-
sponds to a frequent spatial discrepancy between
zones of maximum concentration of copper, gold,
silver and molybdenum, usually distributed in ac-
cordance with the typical ore-geochemical zoning
(molybdenum-copper-base metals, silver upward
and laterally) [5].

As follows from the analysis of the above re-
sults, elements that are of little character for hydro-
thermal solutions (Cr, Ni, V, Co, Mn, Ti) retain their
independence in all rock groups. Presence of their
groups is most likely associated with the process of
crystallization differentiation of magma. Such ele-
ments as Cu, Pb, Zn, Ag and, partly, Mo, do not
have their specific places. Therefore, their presence
in one or another group is associated with the degree
of rocks exposure to hydrothermal effects, which is
the source of these elements [19, 20].

These data allow us to speak about different
conditions of migration and concentration of mo-
lybdenum and copper in the main ore-forming pro-
cesses. However, these do not exclude the possibil-
ity of finding copper in molybdenum-containing,
and molybdenum in copper-containing mineralizing
solutions. Elucidation of these conditions, along
with the study of the solubility of molybdenum and
copper natural sulphides, is important for clarifying
the concepts of transport forms , as well as under-
standing the features of the redistribution and re-
moval of molybdenum and copper when the late
hydrothermal-metasomatic formations are superim-
posed on earlier ones [21, 22, 23 ].

Conclusions. 1. From the point of view of
structure and morphology, mineralization of the
Goshgarchay deposit belongs to the stockwork-vein
disseminated type, in which disseminations prevail
over streaks and veins.

2. The values of F1 factor correlate with the
amount of chalcopyrite, bornite and pyrite, and the
values of F2 factor are statistically related to the
content of chalcopyrite and molybdenite.

3. There is a close positive correlation between
the chemical elements of mineralization, indicating
the fact that they are the product of a single geo-
chemical process.

4. Geochemically, the porphyry copper miner-
alization of the Goshgarchay deposit is character-
ized by a wide range of various elemental impuri-
ties, including both chalcophilous (As, Sb, Cu, Bi,
Cd, Ga, In, Ge, Au, Ag, Te) and siderophilous (Co,
Ni, Mo, Fe, Cr) elements.

5. Ore mineralization contains three different
mineral associations: 1-primary sulfide-chalcopyrite
and bornite-chalcopyrite ore; 2-oxidized ore and
secondary sulphide concentration zones; 3-primary
sulphide ores, significantly enriched in copper.

6. The revealed regularities in the distribution
of Cu and Mo can become a direct geochemical cri-
terion for prospecting for hidden porphyry copper
ores in the region.
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DISTRIBUTION PECULIARITIES OF BASIC ORE COMPONENTS IN GOSHGARCHAY
PORPHYROUS COPPER DEPOSIT (LESSER CAUCASUS, AZERBAIJAN)

Formulation of the problem. Large size and great reserves, as well as the possibility to apply rational
methods of metals extraction predetermined the increasing interest to the copper-porphyry deposits. Today,
they are the main raw material based on Cu, Mo, accompanying metals all over the world. The value of these
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deposits lie in the fact that they are in located in geologically well-studied regions. However, their ores in
basic and associated components have relatively small content of Cu, Mo, Au, Ag, Bi, Re, Se, Te, spreading
in large area.

The purpose of the article. The main objective of the research is to study distribution peculiarities of
basic ore components of Goshgarchay deposits, to detect geochemical features and behaviour of elements in
the process of sedimentation by developing geochemical criteria of the search and the prognosis of hidden
mineralization.

Methods. The author studied the distribution problem of basic ore components of copper-porphyry
mineralization, carried out field investigations (field researches), documented and tested underground mine
working and core samples of over seventy well bores.

When choosing the type of analysis, a special attention was paid to the sensitivity and exactness of the
determination method. Analytical work was conducted according to the definition of chemical elements. The
following types of analytical methods were used: chemical, atomic-absorption, spectral-chemical, etc. The
analytical data were processed by the method of mathematical statistics.

Results. As follows from the analysis of the above-mentioned results, the elements flaccid for hydro-
thermal solutions (Cr, Ni, V, Co, Mn, Ti) keep their independence in all groups of rocks. Their grouping is
probably associated with the process of crystallized differentiation of magma. The elements Cu, Pb, Zn, Ag
and partly Mo, don’t have specific place. Their presence is likely associated with the degree of rocks suscep-
tibility, hydrothermal interaction being the source of these elements. In various types of ores and mineral as-
sociations the definition of elemental impurities is different. Their amount increases the amount (quantity) of
clarke and coefficient of concentration a thousand times. Three different mineral associations coexist in the
ore body: 1-primary sulphide-chalcopyrite and bornite-chalcopyrite ore. 2-oxidized ore and zone of second-
ary enrichment. 3-primary sulphide ore, significantly enriched in copper.

Scientific novelty. Based on existing analytical data, the author studied distribution of basic ore and
admixture components (gangue) and basic sulphide minerals. The concentration in series of elemental impu-
rities were detailed in ore-bearing rocks of copper-porphyry deposits of Goshgarchay. The primary geochem-
ical zonality was revealed in the distribution of basic ore-containing components in the ore body of copper-
porphyry deposits of Goshgarchay ore field.

Practical significance. The revealed peculiarities of the distribution of basic ore components in the ore
body and host rocks (wallrock), the factors contributing to the accumulation of indicated elemental impuri-
ties can be used as geochemical criteria for the prognosis of copper-porphyry mineralization , supporting the
effective directions of the research.

Keywords: Goshgarchay, copper-porphyry mineralization, structural-morphological, mineral composi-
tion, geochemical features, ore components, factoral analysis, pointed dependence, correlation relationship.
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