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Abstract

This article examines the stages of ore formation and mineral assemblages at the Gosha
deposit. Particular attention is paid to analyzing the geological and structural controls on
mineralization within the hydrothermal system, as well as the progressive development of ore-
forming processes. Petrographic and mineralogical studies reveal that the ores at the Gosha deposit
consist of quartz-pyrite, quartz-gold-telluride, quartz-semisulfide, and quartz-carbonate mineral
assemblages. These assemblages reflect distinct stages of hydrothermal activity and are
characterized by variations in temperature, fluid composition, and the intensity of host-rock
alteration. Additionally, the quartz-gold-goethite-hydrogoethite assemblage found in the oxidation
zone is attributed to the supergene stage of ore formation, indicating the overprinting of surface
weathering processes onto the primary mineralization. The study demonstrates that ore formation
is closely linked to systems of intersecting faults and fractures, which served as the primary
conduits for hydrothermal fluid circulation. Intense propylitization, silicification, and argillization
played a significant role in the redistribution and concentration of ore components. These findings
enable a more detailed reconstruction of the paragenetic model for gold mineralization at the Gosha
deposit and facilitate the refinement of genetic models for similar hydrothermal ore systems.
Furthermore, they contribute to refining criteria for predicting concealed ore zones at depth.
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Qosa yatagimin filizlorinin mineral assosiasiyalari, onlarin mokan
dlagalari vo oamoalagalma marhalalori

R.N. Ohmadova, Q.S. Hiiseynov, O.R. Babayev

Azarbaycan Déviat Neft va Sonaye Universiteti (Baki, Azarbaycan)
Xiilasa

Mogalodo Qosa yataginda filiz omologolma morholslori vo mineral assosiasiyalar aragdirilmigdir.
Tadqgiqatin asas maqgsadi hidrotermal sistem daxilinde mineralizasiyan1 nazarat edon geoloji vo struktur
soraitin, eloco do filizomalogatiron proseslorin marholali inkisafinin tohlil edilmasidir. Petrografik vo
mineraloji analizlor asasinda miioyyaon edilmisdir ki, Qosa yataginin filizlori kvars-pirit, kvars-qizil-tellurid,
kvars-yarim-sulfid vo kvars-karbonat mineral assosiasiyalarindan ibaratdir. Bu assosiasiyalar hidrotermal
foaliyyatin miixtolif marhaloalorini oks etdirir vo temperatur, fluid torkibi va siixur doyismalorinin tadricon
doyismasi ilo xarakterizo olunur. Bundan slava, oksidlosma zonasinda inkisaf edon kvars-qizil-goetit-
hidrogoetit assosiasiyasi supergen morholoys aid edilmisdir ki, bu da ilkin mineralizasiyanin soths yaxin
soraitdo yenidon doyismasini gostarir. Tadgiqat gostarmisdir ki, filiz amalagalma proseslori asason kasigon
qirilma sistemloari va ¢at sabokoalari ilo nazarat olunur vo hidrotermal mayelarin harakati iiglin asas kanallar
rolunu oynayir. Giiclii propilitlosma, silisifikasiya vo argillik doyismalor filiz komponentlarinin yeniden
paylanmasinda miihiim rol oynamigdir. Alinan naticalor Qosa yataginda qizil mineralizasiyasinin marhalali
inkisaf modelinin daha doqiq rekonstruksiyasina imkan verir vo oxsar tip qirilma noazarstli hidrotermal
yataqlar {iglin genetik modellorin tokmillagdirilmasine xidmat edir. Eyni zamanda, gizli filiz zonalarinin
prognozu iigiin daha daqiq kosfiyyat meyarlari toqdim edir.
Acar sozlor: filiz, yataq, metamorfizm, qizil, mineralizasiya, Qosa yatag1

MuHepaJjbHbIe accouuanuu pya I'ommMHCKOro MecTopoKIeHus, HX
NMPOCTPAHCTBEHHbIE CBA3M U CTAANH (DOPMHUPOBAHUS
P.H. AxmenoBa, I'.C. I'yceiinoB, A.P. badaes

Aszepbatioscanckuti I'ocyoapcmeennwiii Ynusepcumem Hegmu u [pomvriuunennocmu
(baxy, Azepbaiioacar)
AHHOTANUA

B craree uccnemyroTcs craguy pynooOpa3zoBaHUs W MHHEpPAIBHBIC acCONUAIMA MECTOPOXKIICHHS
loma. OcCHOBHOE BHHUMAaHHE YJIEJICHO AHAINU3y TEOJNIOTHYECKUX W CTPYKTYPHBIX  YCIIOBHH,
KOHTPOJIMPYIONIMX MUHEPATH3AIMI0O B THIPOTEPMATBHON CHCTEME, a TaKKe CTaJAUHHOMY pPa3BUTHIO
pynoobpasyromux mporeccoB. Ha ocHoBe mneTporpaduvecknx W MHHEPaJIOTHYEeCKHUX HCCIIeTOBAaHHUN
YCTAHOBIICHO, YTO PYyIbl MeCTOpOXcHHUs ['olia mpeacTaBlieHbl KBapI-MUPUTOBBIMH, KBapI-30J0TO-
TEJUTYPUIHBIMH, KBapI-TONyCYIbOUIHBIMA W KBapI-KapOOHATHBIMH MHHEPATBHBIMU aCCOIHAIMSIMU.
JlaHHbBIE acCOIMAlMK OTPAKAIOT PA3JIMYHBIC CTAIUU THAPOTEPMAIbHON aKTHBHOCTH U XapaKTEPU3YIOTCS
HM3MEHEHHEM TEeMIIEPaTyphl, COcTaBa (IFOMIOB M CTEIICHU W3MEHEHMs BMelarolmx mopoia. Kpome Toro,
KBapI-30JI0TO-TETUT-THIPOTETUTOBAS ACCOIMAIINS, PA3BUTAs B 30HE OKUCIICHUS, OTHECEHA K CYNepreHHON
CTaJIuu PyJA000pa30BaHMsl, YTO CBUACTEILCTBYET O HAJIOKEHUH IPOIIECCOB IOBEPXHOCTHOI'O BEIBETPUBAHUS
Ha TEPBUYHYIO MHHepanu3aiuio. lccienoBanue Mokasaio, 4TO PyA00Opa30BaHHME TECHO CBSI3AHO C
CUCTEMAaMHU MEePECEKAOIINXCS PA3IOMOB M TPEIIMH, KOTOPBIC CITY>KUJIH OCHOBHBIMH KaHAIAMH [IUPKYJISIIAN
THUAPOTEPMATBHBIX (IIroU10B. VIHTEHCHBHBIE MPOMMUINUTH3AINS, OKPEMHECHUE M apTHJUIH3AIMS ChIrPalid
BRKHYIO POJIb B IIEpepaclpeejCHUd U KOHICHTPAIMH PYAHBIX KOMIOHEHTOB. [1oydeHHbIE Pe3yabTaThl
MO3BOJISIIOT OoJiee JIETAIbHO PEKOHCTPYUPOBATh CTAAUWHYIO MOJEIbh 30JIOTOW MHHEpaTUu3alluu
MeCTOpOXAeHHs [oma, a Takke YCOBEPUICHCTBOBATh T'C€HETUYECKHE MOJIENU aHAJIOTHYHBIX THIPOTEp-
MaJIbHBIX PYIHBIX cUCTeM. KpoMme TOro, oHM CIIOCOOCTBYIOT YTOYHCHHMIO KPHUTEPUEB MPOTHO3UPOBAHUS
CKPBITBIX PYIHBIX 30H Ha TIyOHHE.
Karouessle cioBa: pylla, MECTOPOXKICHHE, METaMOP(H3M, 30J10TO, MUHEPATU3AIIHS, MECTOPOXKICHUE

lNoma.
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Introduction

The Gosha deposit is situated in the
extreme northwestern part of the Shamkir
uplift, within the Lok-Garabagh structural-
formational zone of the Lesser Caucasus. It
represents a typical example of volcanogenic
deposits characterized by progressive ore
formation and is associated with a continuous
basalt-andesite—dacite-rhyolite formation,
being localized in the dome zone of the volcanic
edifice [1-5].

The deposit has attracted considerable
scientific attention because of its complex
geological structure and significant gold-
bearing potential. However, the relationships
between tectonic structures, hydrothermal
alteration,  ore-forming  processes, and
successive stages of mineralization require
further integrated investigation to improve the
genetic interpretation of the deposit [1,4].

Purpose of the work

The purpose of this study is to investigate
the geological structure, ore-controlling factors,
metasomatic alterations, and successive stages
of ore formation in the Gosha gold deposit. The
research aims to clarify the relationship
between tectonic structures, hydrothermal
processes, and gold mineralization.

Problem Statement

Despite numerous geological studies of
the Gosha deposit, the mechanisms controlling
ore localization, mineral associations, and the
sequence of ore formation remain insufficiently
systematized. A comprehensive analysis of
geological, structural, and mineralogical
features is therefore required to improve the
genetic interpretation of the deposit.

Problem Solving

Geology of the Gosha Deposit. The
geological structure of the deposit is composed
of andesite-basalts, tuffs, tuff-breccias, and
tuff-conglomerates of the Lower Bajocian, as
well as a sequence of quartz plagioporphyres of
Late Bajocian age (Fig. 1).

Profile 1-1

Profile Il-Il

Figure 1 — Schematic Geological Map of the Gosha
deposit. 1 — modern deposits; 2 — Lower Bajocian
substage — andesite-basalts; Lower Bajocian —
quartz porphyrites; 3 — Upper Bajocian substage —
tuffs of quartz plagioryolites; 4 — hydrothermally
altered (sericitized) rocks; 5 — adit (numerator — adit
number, denominator — absolute elevation).

Quartz plagioporphyres are the most
widespread lithologies and occur in two
varieties: effusive quartz plagioporphyres and
subvolcanic intrusions of similar composition.
Within the deposit, particularly to the north and
northeast of the Gosha village, diabase dikes are
extensively developed. Their thickness varies
from 0.1 to 3 m, with lengths of 1 km or more.
The dikes trend sub-meridional and northeast,
with fractures, quartz-veins, and hydrother-
mally altered zones conforming to the same
orientation.
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The ore-controlling structure is the
Akhmedabad-Gosha deep fault, while the main
ore-hosting rocks include andesite-basalts,
porphyrites, and rhyolite-dacites. [1,5]

The Gosha deposit itself is spatially
confined to the intersection of two differently
oriented fault systems of varying ages, lengths,
and orientations, expressed at the surface by a
zone of intense deformation. This zone hosts
Middle Jurassic subvolcanic bodies, Late
Jurassic intrusive bodies, and dike swarms. The
principal  pre-Jurassic  linear, = magma-
controlling faults trend northwest (Caucasus
direction) and can be traced along the axial zone
of the Akhmedabad-Gosha anticline, which is
asymmetrical.

Younger faults associated with the
volcano-tectonic edifice have shorter lengths
and shallower depths of origin. Extensional
stress conditions led to two fault systems:
sublatitudinal and transverse, sub-meridional
faults of normal type. These faults divide the
deposit into several geological-structural
blocks with displacements of 80-100 m.
Smaller subsidiary faults are often ore-hosting.
The first system trends W—-NW (270-285°) and
dips steeply southwards (70-80°, locally
vertical). The significant thickness (100 m and
more), pervasive hydrothermal alteration, and
the presence of steeply dipping dikes, tectonic
breccias, and cataclasites indicate the deep
nature of this fault zone. Repeated tectonic
reactivation created echeloned fractures and
crushing zones up to 2-2.5 m thick with gouge
and slickensides. The cumulative displacement
reaches 8-10 m. Gold-bearing zones Nos. 1, 2,
3, 5, etc. are associated with these structures.

The second fault system trends sub-
meridional to NE (355-10° to 40-50°) with
steep dips (70-85°). These structures,

especially the submeridional faults, are more
widespread, with ore zones Nos. 4, 10, 11, 12,
13 localized along their hanging walls, filled
with hydrothermally altered rocks up to 2 m
thick, including secondary quartzites.

All faults are accompanied by brecci-
ation, fracturing, pyritization, kaolinization,
and sulfide mineralization hosting gold-bearing
ore bodies. Gold-rich ores are confined mainly
to small submeridional faults, which cut across
earlier NW and sublatitudinal structures.

Thus, the Gosha deposit represents a
typical case of gold mineralization localized at
the intersection of two differently oriented
linear fault systems. [1,5,6]

Material Composition and Sequence of
Ore Formation. The ore bodies of the deposit
are structurally controlled by sublatitudinal and
sub-meridional faults, forming fan-shaped
patterns opening westward. Based on
morphology, the ore bodies are grouped into
three industrial types: Quartz-sulfide  veins;
Mineralized and vein zones; Stockwork zones.

Quartz-sulfide vein-type bodies are
localized in the central part of the deposit,
dipping steeply, almost vertically (ore zones
Nos. 4, 10, 11, 12, 13; Fig. 2). These bodies
show well-defined geological boundaries with
limited wall-rock alteration. They can be traced
over considerable distances, with widths
varying from a few centimeters to 5 m, except
for zone No. 4, which reaches 20-30 m.

Mineralized and vein zones are composed
of silicified, kaolinized (quartz—kaolinite asso-
ciation), and pyritized hydrothermally altered
rocks cut by quartz veinlets. Intense pyritization
forms small lenses, nests, and disseminations,
with occasional chalcopyrite, sphalerite, and
magnetite inclusions. Quartz dominates, often
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accompanied by adularia and, more rarely,
carbonates. Other minerals (about 30 identi-
fied) are present in minor amounts. Conse-
quently, the vein material is primarily quartz-
rich. Quartz—kaolinite associations with ore
minerals form ore zones with sharp contacts,
though host rocks may also be mineralized,
including gold-bearing. Therefore, ore body
boundaries established by sampling often
extend beyond the visible mineralized zones.

Quartz vein zones consist of one or
several veins, commonly associated with
disseminated mineralization. They dip steeply
(60-90°) and contain numerous apophyses.
Vein thickness ranges from 0.2-25 m,
extending 20-400 m. Structurally, the main
stockwork gold mineralization occurs in
wedge-shaped junctions of differently oriented
faults (e.g., adit No. 4, crosscut No. 2; adit No.
7, drift 2a).

Mineralized zones may reach lengths of
700-800 m or more, with thicknesses of several
meters up to 15-20 m, and in some cases, 30—
50 m. Hydrothermal-metasomatic alteration is
strongest along margins: hanging walls are
more silicified, while footwalls are more
kaolinized. Oxidation and leaching are
widespread (80%), producing hydrogoethite,
goethite, limonite, and less frequently siderite,
azurite, and malachite.

Stockwork ore bodies are cut by dense
networks of small quartz veins containing
disseminated sulfides. Two stockwork types are
distinguished: areal stockworks, irregular in
shape, and linear stockworks, elongated along
structural trends. Their dimensions range from
tens of meters to kilometers. These are typical
hydrothermal formations, deposited from hot
metal-bearing solutions circulating through
fractured host rocks.

B

Figure 2 — Structure (A) and sections of the main
ore bodies (B and C) of the Gosha deposit.

1 — Quaternary deposits; 2 — subvolcanic rhyolite
and rhyolite-dacite body; 3 — altered andesites;

4 — mineralized and vein zones with gold,;

5 — quartz-sulfide veins and veinlets with gold
mineralization; 6 — profiles.

A characteristic feature of the deposit is
widespread pre-ore propylitization, silici-
fication, and kaolinization. Propylite fields
display zonal patterns, reflecting increasing
temperature and acidity of fluids toward the
deposit center. Secondary quartzites developed
along fractures and faults mark the final stage
of pre-ore metamorphism. Due to intense
hydrothermal alteration, primary lithologies are
recognized only by relic textures and quartz
inclusions. Secondary quartzites are inferred to
have formed mainly from acidic rocks and less
commonly from tuffs. Their main minerals
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include alunite, diaspore, dickite, sericite, and
kaolinite, with accessory pyrophyllite, zunyite,
and barite. Sericite is particularly diagnostic of
metasomatic zonation. Secondary quartzites
form 100-150 m wide zones along faults,
dipping steeply (70-85°) both westward and
eastward. Their stratiform, mantle-like geo-
metry is confirmed by drilling and facies
mapping. Irrespective of mineral composition,
they represent the upper, barren part of the
hydrothermal system, serving as indicators of
ore at depth, warranting re-evaluation for
concealed mineralization. Formation of these
quartzites was accompanied by introduction of
chlorine, base and precious metals. Ore
components show concentration increases by
1-2 orders of magnitude in propylites, and by
another 1-2 orders in secondary quartzites. The
main mechanism of ore deposition was filling
of fractures and pore spaces.

Metasomatism and Ore-Formation
Processes in the Gosha Deposit. Meta-
somatism prevails at the pre-ore stage, becomes
noticeable at the onset of ore formation, and
accompanies the deposition of ore matter as a
secondary phenomenon in the near-vein space.

Among the formations described above,
metasomatites are widely developed within the
deposit, predominantly  represented by
secondary quartzites formed through the
alteration of rhyolites and rhyodacites
composing the ore zones.

The ores of the Gosha deposit are
characterized by a wide variety of textures and
structures. The most common textures, taking
into account the sequential formation of the ore
body, are grouped as follows.

Textures of the early stages of ore-body
formation, which developed under conditions
of constrained and extremely rapid

crystallization of gel at a sharp decrease in
temperature and pressure. These are controlled
by irregularly distributed sulfide mineral
inclusions, primarily pyrite and, less frequently,
chalcopyrite within the gangue mass.

Banded textures are represented by
alternating layers composed of fine-, medium-,
and coarse-grained pyrite, quartz, and car-
bonate (Fig. 3a). Pyrite aggregates in quartz are
often manifested as veinlet-disseminated ore
bodies, where the irregular morphology of these
associations is clearly visible. Massive textures
result from the recrystallization of sulfide
masses. These are characteristic of mono-
mineralic pyrite aggregates with a minor ad-
mixture of gangue material (Fig. 3b). Fre-
quently, ores composed of dense pyrite
aggregates alternate with quartz veinlets
containing minor inclusions of early sulfides.

hs.

Figure 3 — (a) Banded textures. Alternation of
bands composed of fine-, medium-, and coarse-
grained pyrite, quartz, and carbonate. Polished
specimen, x2. (b) Massive pyrite texture with minor
inclusions of barren material. Polished specimen,
x2. (¢) Nest-like texture. Nest-shaped segregations
of pyrite within monomineralic quartz. Polished
specimen, x2. (d) Brecciated texture. Polished
specimen, X2,
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In some areas, massive pyrite ores acquire
a nest-disseminated texture. Nest-shaped pyrite
formations are the result of recrystallization of
finer-grained pyrite segregations from earlier
stages and are usually encountered in the barren
matrix (Fig. 3c).

Brecciated textures display considerable
diversity in both morphological features and
genetic characteristics. However, two principal
types should be distinguished: brecciated
textures formed by fragmentation of a single
sulfide aggregate and its cementation by
another sulfide during ore deposition.

Brecciated ores of the first type, widely
developed in the Gosha deposit, are most
commonly represented by sulfide clusters of
varying shape and size, composed
predominantly of pyrite and enclosed in a
barren matrix with disseminated pyrite (Fig.
3d). Locally, brecciated textures are clearly
observed in iron hydroxides. These brecciated
structures result from the fragmentation of low-
sulfide ores and the subsequent infiltration of
other supergene minerals along systems of
differently oriented fractures.

Intensive leaching of pyrite aggregates in
oxidized ores often produces cavities or vugs of
various sizes (from 1-2 mm to 1-1.5 cm),
giving rise to cellular textures. Frequently, in
oxidation zones of primary ores, goethite,
malachite, and azurite develop along fractures
in the form of joint segregations, mixtures, or
coatings, thus forming crustiform (powdery)
textures.

The structural features of mineral
aggregates in the studied deposit are determined
by the specific nature of ore formation.
Examination of mineral relationships and their
genetic characteristics allows classification of
ore structures into four groups: depositional

structures, replacement structures, brecciation
structures, and emulsion structures.
Depositional  structures, the  most
widespread among them, include idiomorphic-
granular, allotriomorphic-granular, hypidio-
morphic-granular, and interstitial structures.
Idiomorphic-granular structures are most
commonly represented by pyrite crystals with
well-developed crystallographic faces occu-
rring as disseminated grains. In ore-adjacent
zones with scattered mineralization, cubic
forms of early pyrite are particularly
widespread. In quartz veins, combined crystal
forms — octahedral and pentagon-dodecahedral
pyrite crystals are often observed.
Allotriomorphic- and hypidiomorphic-
granular structures are represented by pyrite
crystals with incompletely developed faces,
giving them irregular outlines. Overall, they
form intergrowths of irregularly shaped mineral
grains with sinuous contours, precipitated
synchronously from hydrothermal solutions.

Figure 4 — (a) Porphyritic structure of a pyrite
aggregate, x90; (b) Rhythmic-zonal structure of
pyrite, X90; (c) Spherical structure of a fragmented
pyrite aggregate undergoing corrosion and
replacement by chalcopyrite and quartz, x90; (d)
Emulsion structure. Irregular dissemination of
chalcopyrite inclusions within sphalerite, x120.
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Gold frequently envelopes allotrio-
morphic aggregates of pyrite, forming
intergrowths  within  the barren matrix.

Hypidiomorphic aggregates of early pyrite are
commonly associated with chalcopyrite
segregations in the barren host. Intergrowth of
small hypidiomorphic grains of chalcopyrite,
chalcocite, and sphalerite within large
idiomorphic pyrite crystals produces poikilitic
structures. In certain cases, a porphyritic
structure of pyrite aggregates is observed (Fig.
4a).

Interstitial structures are quite common in
ore zones and are represented by the
relationships between quartz and early pyrite
varieties, with xenomorphic segregations of
magnetite, and less frequently sphalerite,
galena, or chalcopyrite, filling the intergranular
spaces.

Replacement structures develop under the
influence of hydrothermal solutions on host
rocks and early ore minerals. These structures
are expressed by oval or irregular segregations
of late minerals within domains of earlier
associations. Early pyrite often contains
droplet-shaped or irregular chalcopyrite grains
and isolated oval inclusions of sphalerite. In
chalcopyrite—chalcocite replacement structures,
pyrite segregations rimmed by goethite occur,
forming border-rim structures. In
allotriomorphic pyrite grains, intergrowths of
tetradymite, tellurobismuthite, hessite, and
petzite are observed; these fields are
accompanied by  droplet-shaped  gold
segregations, giving rise to subgraphic
structures. Rhythmic-zonal pyrite structures are
also noted (Fig. 4b).

Border-rim structures are formed during
successive replacement in the sequence pyrite
— chalcopyrite — chalcocite — tennantite-

bearing ores within the barren matrix. In
oxidation zones of primary ores, chalcopyrite
domains intersected by numerous
microfractures are observed, with linearly
arranged mineral assemblages of tennantite—
chalcopyrite—chalcocite—covellite—bornite. In
some cases, the intergranular spaces of
chalcopyrite are also filled by these later
minerals, producing border-rim structures.
Prismatic platy or columnar hematite grains and
pyrite crystals, arranged radially around
crystallization centers, form radial-fibrous
structures. Needle-like hematite clusters and
radial aggregates locally envelope and
penetrate pyrite crystals along microfractures.
This indicates that hematite formed later than
early pyrite. Limonitization of pyrite with
preservation of its primary morphology, and its
intense replacement by sericite aggregates
resulting in relict structures, are widespread in
the deposit. Pseudomorphic replacement of
magnetite by  hematite, followed by
replacement by sericite, gives rise to corrosion
structures.

Structures formed as a result of
fragmentation of primary mineral aggregates by
repeated inter-mineralization and post-ore
displacements (cataclasis) are also common.
Among these, cataclastic structures are the most
widespread, represented by later pyrite
segregations filling cataclastic fractures in
zonal grains of early pyrite. Cataclastic
structures are extensively developed in the
Gosha  deposit and are represented by both
fracturing and porphyroclastic varieties.

Fracture structures occur mainly in pyrite.
Fractures are filled with primary and secondary
sulfide minerals, more often with iron
hydroxides and barren material. Pyrite is
generally more susceptible to fracturing than
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other sulfides, producing spherical structures

(Fig. 4c).
Structures formed by the decomposition
of solid solutions wunder specific ther-

modynamic conditions are also wide-spread.

The emulsion structure in the deposit
results from the breakdown of solid solutions
such as chalcopyrite—sphalerite and pyrrhotite—
sphalerite. At the deposit, these structures are
most often represented by chalcopyrite
emulsions concentrated in the central parts of
sphalerite crystals (Fig. 4d). Less commonly,
emulsion particles display a distinct crystallo-
graphic arrangement, localized along twin
boundaries and cleavage planes of the host
mineral, forming crystallographic structures.

Mineralogical Characteristics  and
Successive Stages of Ore Formation at the
Gosha Deposit. The ore-forming process in the
Gosha deposit begins with a quartz—pyrite—gold
stage, followed by a quartz—polysulfide stage, a
quartz—gold-telluride stage, a less common
quartz—carbonate stage, and concludes with a
quartz—gold—goethite—hydrogoethite  mineral
association. [4,7,8]

The early quartz—pyrite stage is rep-
resented by veinlets composed of coarse-
grained quartz (first generation) and crystalline-
granular pyrite (first generation), containing
minor inclusions of pyrrhotite and chalcopyrite.
Subsequently, fine-grained quartz of the second
generation was deposited, along with
metacolloidal pyrite containing fine gold
particles, later replaced by fine-flaky agg-
regates of sericite.

The quartz—gold—telluride productive
stage occurs sporadically. It is mainly rep-
resented by molybdenite and stibnite, forming
disseminated or, more rarely, nest-like ac-
cumulations in third-generation quartz. Later,

tetradymite, telluro-bismuthite, and hessite
were deposited.

The quartz—polysulfide stage developed
from fine-grained solutions and is characterized
predominantly by quartz, chalcopyrite, and to a
lesser extent sphalerite, galena, tennantite-
bearing ores, and other minerals. Pyrite is also
present in this association, its formation likely
resulting from redeposition and
recrystallization of earlier varieties. Signs of
chalcopyrite replacement by tennantite are
common, as well as subgraphic intergrowths of
these minerals. Within chalcopyrite—tennan-
tite—chalcocite  (hypogene) mineralization,
rhombic arseno-pyrite crystals are frequently
observed in the marginal parts of pyrite.

Conclusion

The quartz—carbonate mineral asso-
ciation, concentrated in local sections of ore
zones and crosscutting them in various
directions, is represented by quartz and
carbonate stages. The supergene stage of ore
formation is marked by the quartz—gold-
goethite—hydrogoethite stage, which is the
second most productive after the quartz—pyrite
stage and occurs locally. Primary sulfide ores,
composed mainly of pyrite with subordinate
early gold, are replaced by oxidized ores
represented by goethite—hydrogoethite
aggregates (80-90%) ranging in size from 0.9—
2.8 mm to 2-5 cm, containing leaching cavities.
The supergene native gold identified in goethite
and hydrogoethite occurs as inclusions ranging
in size from thousandths to hundredths, and
more rarely tenths, of a millimeter.
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