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Abstract

The aim of this study is to determine the phase forms of gold in the oxidation zone of the Arkharly deposit
and to assess their influence on the efficiency of gold and silver recovery. The main research methods included
mineralogical analysis, electron microprobe studies, and technological testing. The study identified and characterized
silver halides, established their genetic relationship with gold, and substantiated the role of supergene processes in
the redistribution of gold. The Arkharly gold-silver deposit (Kazakhstan) is characterized by a complex composition
of ores and a variety of gold occurrence forms, which significantly affect processing efficiency. This paper examines
the phase forms of gold in the oxidation zone and their impact on technological recovery indicators. Based on
mineralogical, electron microprobe, and technological studies, it was found that gold occurs in various forms: native
gold of different fineness, electrum, as well as finely dispersed particles associated with silver minerals. Particular
attention is given to silver halides, widely developed in the oxidation zone and forming complex intergrowths with
native silver and gold. Textural and structural features of mineral aggregates indicate the redistribution of gold
under supergene conditions. The formation of gold-bearing phases is associated with chloride and, presumably,
colloidal migration of matter, leading to the formation of zonal structures and inclusions of high-fineness gold.
Technological test results showed low efficiency of gravity concentration due to the fine-dispersed nature of gold,
and high efficiency of cyanidation and sorption leaching (gold recovery up to 93.5%). A direct relationship between
the phase forms of gold and recovery indicators has been established. The obtained results expand the understanding
of gold behavior in the oxidation zone and can be used in developing effective technologies for processing complex
gold-silver ores.

Keywords: Arkharly deposit, gold, oxidation zone, silver halides, phase forms of gold, supergene processes,
cyanidation, sorption leaching.
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Introduction

Epithermal gold—silver deposits are characterized by a significant diversity of ore forms [1-3].
This diversity exerts a decisive influence on their technological properties and the efficiency of ore
processing. One of the key challenges in the development of such deposits is the presence of finely
dispersed and refractory gold associated with various minerals and products of supergene alteration.

A special role in the redistribution of gold is played by processes occurring within the oxidation
zone [4, 5]. Under these conditions, primary mineral associations are transformed, secondary
minerals are formed, and noble metals undergo migration and reprecipitation. In a number of cases,
supergene processes lead to the formation of high-fineness gold, the development of secondary
enrichment zones, and the emergence of complex phase forms of the metal that differ significantly
from hypogene ones.

Despite the considerable number of studies devoted to the mineralogy of gold—silver deposits,
issues related to the role of silver halide compounds [6] remain insufficiently investigated. This
is particularly true for deposits where complex mineral associations involving silver chlorides,
bromides, and iodides are formed within the oxidation zone and may serve as indicators of specific
geochemical conditions.

The Arkharly deposit, located in Southern Dzhungaria, represents a typical example of gold—
silver epithermal mineralization [7], characterized by widespread quartz veins, low sulfide content,
and complex mineral zonation. Unlike many other deposits in Kazakhstan, it is distinguished by
elevated contents of lead and zinc, an almost complete absence of arsenic, and the widespread
occurrence of adularia, amethyst, and hematite within the ores.

In the oxidation zone of the deposit, diverse supergene mineral associations are formed,
accompanied by the redistribution of gold and silver [8]. The morphology and composition of gold
vary significantly, indicating complex mechanisms of its transport and deposition. In particular,
chloride and colloidal forms of migration may play an important role, leading to the formation of
zonal structures and finely dispersed gold inclusions within silver minerals.

At the same time, the influence of gold phase forms on technological processing indicators,
including gravity concentration and cyanidation, remains insufficiently studied. Practical experience
shows that finely dispersed and structurally bound gold significantly reduces the efficiency of
conventional extraction methods and requires a deeper understanding of its mineralogical nature.

This paper examines the characteristics of gold phase forms in the oxidation zone of the Arkharly
deposit, their genetic relationship with silver halides, and the influence of the identified mineralogical
features on the efficiency of technological processes for gold and silver recovery.

Geological Setting

The Arkharly deposit is located in Southern Dzhungaria and is confined to the Saryozek
synclinorium, within the southern limb of the Arkharly anticline. The geological structure of the area
is defined by the development of volcanogenic-sedimentary and effusive-pyroclastic complexes of
Permian and Triassic age, represented by rocks of andesite—basalt, trachyandesite—trachybasalt, and
trachyrhyolite formations. The geological structure of the deposit is shown in Figure 1.

The volcanic sequences are intruded by numerous intrusive bodies of Permian and Triassic age,
including sills of basaltic and andesitic porphyrites, trachyrhyolite porphyries, as well as dikes of
diorites, lamprophyres, and felsite porphyries [9].

Intrusive rocks within the study area belong to the Katutau and South Dzhungarian complexes.
The former is represented by gabbro-diorites and granite porphyries, while the latter, within the
described area, includes gabbro, diorites, and granosyenites.

A more detailed formational and petrochemical characterization of the South Dzhungarian
complex is provided in [10].
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GEOLOGICAL MAP OF THE ARKHARLY DEPOSIT
SCALE 1: 10 000
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Figure 1 — Geological map of the Arkharly Au—Ag deposit showing lithological units, fault systems, and ore
zones. Modified using data from Zhautikov T.M., Skrinnik L.I., as well as the authors’ own observations.
1 — Quaternary deposits; 2 — Cretaceous deposits; 3 — Triassic deposits; 4 — Permian deposits;

5 — Carboniferous deposits; 6 — Kyzylshoky necks (AT1); 7 — subvolcanic trachyandesite bodies (T); 8 — vent
and near-vent breccias of Kyzylshoky; 9 — granite porphyries (Pkt); 10 — granodiorite porphyries (y6mP1kt);
11 — diorites (62T1jd); 12 — gabbro-diabases (v1T1jd); 13 — subvolcanic trachyandesite bodies (OpuP);

14 — syenodiorite and granodiorite porphyries (,nT); 15 — trachyrhyolite lavas; 16 — rhyolites; 17 — andesites;
18 — andesite-basalts; 19 — basalts; 20 — andesitic clastolavas; 21 — sandstones, conglomerates;

22 — tuffaceous sandstones; 23 — rhyolitic tuffs; 24 — rhyodacitic tuffs; 25 — thin interbedding of sandstones
and tuffaceous sandstones; 26 — tuffaceous sandstones with tuffite interlayers; 27 — dacitic tuffs; 28 — faults:
(a) exposed; (b) concealed beneath Quaternary deposits; 29 — pyroxene—plagioclase andesite-basalts;

30 — ore sites: 1 — Northern, 2 — Northeastern, 3 — Eastern, 4 — Eastern II, 5 — Kyzylshoky, 6 — Central.
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The formation of the ore field is associated with the development of a dome-shaped volcano-
plutonic structure controlling the localization of gold—silver mineralization.

Ore bodies are represented by a system of quartz veins, the total number of which reaches several
hundred. The veins are up to 150-200 m long, 0.5 to 12 m thick, and dip at angles of 40-70°. The
vertical extent of mineralization exceeds 600 m. Within the ore field, several economically significant
ore zones are distinguished.

It should also be noted that breccia-type ores (explosive and eruptive breccia bodies) containing
gold are present at the deposit. Their formation is associated with hydrothermal eruptions [11].

Metasomatic alterations of the host rocks are characterized by well-developed zonation. Zones of
secondary quartzites (alunite-, kaolinite-, and sericite-bearing) and propylites of various compositions
(chlorite—sericite—carbonate and chlorite—epidote—albite) are distinguished. Economically significant
mineralization is predominantly localized within the sericite—chlorite—carbonate propylite zone.

Near-ore alterations include an outer propylitic zone and an inner zone of intense carbonatization,
sericitization, and silicification. A characteristic feature of the deposit is the development of
adularization associated with productive stages of ore formation [12].

Mineral zonation of the ore field is expressed by a transition from deep-seated pyrite—quartz
assemblages to productive adularia—quartz and galena—sphalerite—quartz associations, followed by
late chalcedony and carbonate assemblages, reflecting the evolution of the hydrothermal system.

Supergene processes are well developed in the oxidation zone and represent the final stage of
deposit transformation [13]. At this stage, primary minerals are altered, iron oxides and hydroxides
are formed, and secondary minerals develop. Under these conditions, gold is redistributed and
secondary forms are formed, which is important for understanding the genesis of mineralization and
evaluating the technological properties of ores.

Field observations confirm these patterns and allow for a more detailed characterization of the
host rocks and hydrothermal alterations. Volcanic rocks of intermediate to felsic composition are
developed, in which quartz veinlets and veins of varying thickness are widespread. Quartz veins
often exhibit a crustiform-banded structure, reflecting the rhythmic precipitation of silica from
pulsating hydrothermal fluids. Pronounced zonation of hydrothermal alteration is observed along the
veins, typical of low-sulfidation deposits. From the quartz vein outward, there is a gradual transition
to clay-altered rocks involving kaolinite and sericite.

Within the oxidation zones, quartz veins acquire a brownish-red coloration due to limonitization,
forming halos of intense supergene alteration. In areas more distant from the veins, propylitization
of andesites is observed, expressed by a greenish coloration of the rocks and the development of
chlorite and epidote.

Field observations reflecting structural and metasomatic features are presented in Figure 2.

Pit wall

Figure 2 — Field relationships of quartz veins
and hydrothermal alteration zones at the Arkharly deposit
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Materials and methods

The object of the study was oxidized gold-silver ores from the Arkharly deposit, sampled from
various ore zones and stratigraphic levels. Representative ore samples, as well as technological
samples prepared by quartering composite material collected from mine workings and industrial
dumps, were used for mineralogical, geochemical, and technological investigations.

Mineralogical studies were carried out using optical microscopy (thin and polished sections),
which made it possible to determine the morphological features of minerals, the nature of their
intergrowths, and the textural and structural characteristics of the ores. Particular attention was paid
to the occurrence forms of gold and silver and their relationships with secondary minerals in the
oxidation zone.

The chemical composition of minerals was determined using electron microprobe analysis,
which provided quantitative data on major element contents and revealed compositional zoning
within individual grains. Analyses were conducted at multiple points within single mineral grains,
allowing assessment of compositional variations, including changes in gold fineness within a single
grain.

Additionally, X-ray diffraction (XRD) analysis was employed to refine the mineral composition
of selected samples. The results enabled identification of mineral phases and confirmed the presence
of silver halides.

Technological studies included tests on gravity concentration, cyanidation, and sorption leaching
of gold and silver. Prior to experimentation, the ore material was crushed and ground to a specified
particle size (85-90% passing —0.074 mm). Gravity concentration was performed using a shaking
table, allowing evaluation of free gold recovery.

Cyanidation processes were carried out under laboratory conditions with controlled concentrations
of sodium cyanide and lime, as well as controlled leaching duration. To investigate process kinetics,
a series of experiments was conducted with varying contact times and degrees of ore grinding.

Sorption leaching was performed using an anion-exchange resin, enabling evaluation of gold
and silver recovery from the pulp. During the experiments, pulp parameters such as density, reagent
concentration, and process duration were carefully monitored.

Analytical determination of gold and silver contents in the initial samples, processing products,
and solutions was carried out using fire assay and chemical methods. The obtained data were used to
calculate metal recovery and evaluate the efficiency of different processing flowsheets.

Results

Mineralogical Characteristics of the Ores

The ores of the Arkharly deposit are predominantly composed of quartz (up to 50-95%), with
the presence of adularia, amethyst, chalcedony, chlorite, sericite, and carbonates. The sulfide content
does not exceed 3%, which allows the ores to be classified as low-sulfide type.

The principal ore minerals include sphalerite, galena, pyrite, hematite, and native gold.
Secondary minerals are represented by chalcopyrite, arsenopyrite, bornite, pyrrhotite, acanthite, and
other phases. A distinctive feature of the deposit is the widespread occurrence of adularia, amethyst,
and hematite.

Several paragenetic associations have been identified, among which the adularia—quartz and
galena—sphalerite—quartz associations are productive [14]. These associations form the main
gold-silver ores and determine their technological properties. The main mineral associations are
summarized in Table 1.
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Table 1 — Main mineral associations of the Arkharly deposit (modified after [14])

Association

Main minerals

Genetic type

Pyrite—quartz

Pyrite, quartz

Pre-ore

Adularia—quartz

Adularia, quartz, Au

Ore (productive)

Galena—sphalerite—quartz

Galena, sphalerite, Au, Ag

Ore (productive)

Chalcopyrite—quartz

Chalcopyrite

Post-ore

Chalcedony

Chalcedony

Late stage

Textural Characteristics of the Arkharly Deposit Ores

The ores of the Arkharly deposit are characterized by a wide variety of textural and structural
types, reflecting the complex conditions of their formation. Breccia-like textures are the most
widespread, represented by fragments of host rocks cemented by quartz, chalcedony, or carbonate
material.

Colloform and colloform-banded (agate-like) textures are also widely developed and are often
combined with rhythmic banding. This indicates a pulsating supply of hydrothermal fluids and
periodic precipitation of silica.

Veinlet and stockwork textures are ubiquitous and reflect multiple stages of fracturing followed
by infilling with quartz and chalcedony. In some cases, lens-shaped and nest-like siliceous bodies
with internal zoning are observed.

Massive and disseminated textures are also present and are typical of relatively weakly altered
ore zones. In certain samples, cataclastic structures are identified, indicating a significant role of
tectonic processes in the formation of the ore body.

Overall, the predominance of breccia-like, banded, and colloform textures, as well as their
combination with veinlet structures, indicates a complex interaction of hydrothermal, tectonic, and
supergene processes during ore formation.

Representative ore textures are shown in Figure 3, while Table 2 demonstrates the relationship
between gold and silver contents and ore type and texture.

Figure 3— Representative ore samples from the Arkharly deposit showing brecciated,
banded and crustiform quartz textures.
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Table 2 — Main ore types and their characteristics

Ore type Texture Au (g/t) Ag (g/t)
Adularia—quartz Banded up to 280 up to 156
Amethyst—quartz Disseminated 0.1-40 up to 125
Chalcedony Colloform <0.4 up to 20
Pyrite—quartz Massive <0.5 upto5

Phase Forms of Gold

Gold in the ores of the deposit is represented by various morphological and genetic types. At
least two generations of gold have been identified, differing in fineness and formation conditions.

Early-stage gold is characterized by relatively low fineness (approximately 596—-635) and is
associated with pyrite, chalcopyrite, and sphalerite. Later-stage gold exhibits higher fineness (up to
735-772) and is related to a galena—sphalerite association.

The morphology of gold particles shows considerable diversity, including dendritic, platy,
irregular, and spongy forms [15]. Gold commonly occurs as monomineralic inclusions in quartz or
as complex intergrowths with other minerals.

A characteristic feature is the presence of compositional zoning within individual grains,
indicating multiple stages of mineral formation.

Supergene Alteration and Silver Halides

In the oxidation zone of the deposit, a wide development of secondary minerals has been
identified, including hematite, goethite, jarosite, malachite, and azurite. A significant result of the
study is the identification of silver halides forming complex intergrowths with native silver and
gold [16]. The association of gold with silver halides is shown in Figure 4.

Figure 4 — Native gold associated with silver halides (grey)
and pyrite in polished section.

Silver halides are represented by various phases (chlorides, bromides, and iodides) forming
concentrically zoned structures. The most common are grains with a native silver core and halide
rims containing microinclusions of gold [17].

Figure 5 shows chalcopyrite with a covellite rim and associated silver halides.
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Figure 5 — Chalcopyrite with covellite rim
and associated silver halides in polished section

Complex intergrowths of electrum, native silver, and high-fineness gold are also observed
(Figure 6). In some cases, gold inclusions are identified within silver and halide phases, indicating
their co-formation.

Figure 6 — BSE image showing intergrowth of electrum (1)
and native silver (2) with inclusions of high-grade gold

Gold in the oxidation zone is characterized by significant variations in fineness (from ~67 to
98%), including within a single grain, which indicates its redistribution under supergene conditions.

Textural and Structural Characteristics of the Ores

The ores are characterized by the widespread development of colloform, banded, brecciated, and
veinlet textures. Rhythmic zonal structures are frequently observed, indicating periodic precipitation
of material.

Colloform and zonal textures are particularly typical of siliceous formations and are associated
with finely dispersed gold. Breccia textures indicate the role of tectonic processes and repeated
reopening of ore bodies.

The observed textural features point to a significant role of colloidal and hydrothermal—supergene
processes in ore formation.

Technological Properties of the Ores

The results of technological tests show that the ores are characterized by low efficiency of gravity
concentration. Gold recovery into gravity concentrates does not exceed ~18%, which is related to the
predominance of finely dispersed and, in particular, structurally bound gold [18,19].
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Therefore, the application of technologies ensuring more complete gold recovery is required.
The average chemical composition of the deposit ore is presented in Table 3, while a comparison
of different recovery methods is shown in Table 4.The average chemical composition of the ore is
shown in Table 3.

Table 3 — Average chemical composition of ore

Component Content
Au 8.17 g/t
Ag 78.73 g/t
Cu 0.012 %
Zn 0.02 %
Fe 1.91 %

Table 4 — Comparison of different methods for gold and silver recovery

Method Au recovery (%) Ag recovery (%)
Gravity concentration 18.5 15.3
Cyanidation 91.0 66.7
Sorption leaching 93.6 80.1
Combined scheme 92.1 74.8

Cyanidation provides gold recovery at the level of approximately 91%; however, a more efficient
method is sorption leaching, which achieves recoveries of up to 93.5% for gold and up to 80% for
silver.

It has been established that the optimal grinding size is about 85% passing —0.074 mm, while
further increases in fineness do not lead to a significant improvement in recovery.

A combined processing flowsheet, including gravity concentration followed by sorption leaching,
ensures a total gold recovery of approximately 92%.

Discussion

The obtained results indicate that the formation and redistribution of gold in the oxidation zone of
the Arkharly deposit are controlled by a combination of supergene processes, including dissolution,
migration, and subsequent precipitation of noble metals under varying physicochemical conditions.

One of the key factors is the involvement of chloride-bearing solutions formed as a result of
sulfide oxidation and interaction with host rocks [6—20]. The presence and widespread development
of silver halides in the oxidation zone indicate a significant role of halide migration, primarily for
silver, and indirectly support the possibility of gold transport in the form of complex species.

The identified textural and structural features, such as concentrically zoned aggregates, inclusions
of gold in silver and halides, as well as the occurrence of high-fineness gold as fine inclusions,
indicate a staged character of supergene mineral formation. This suggests that gold precipitation
occurred in multiple stages associated with changes in redox conditions and fluid chemistry.

Significant variations in gold fineness, including changes within a single grain, indicate processes
of metal redistribution and recrystallization. High-fineness gold formed in the oxidation zone is likely
the result of silver leaching from primary alloys and subsequent gold enrichment. Gold fineness
reaching up to 98% in the oxidation zone confirms the leaching of silver from primary alloys and
supports the supergene nature of gold redistribution [4].
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Colloidal processes appear to play an important role in the formation of gold-bearing phases. The
widespread development of colloform textures and the spongy morphology of gold grains indicate
precipitation from gel-like media. Such conditions favor the formation of finely dispersed gold and
its association with secondary minerals.

The established mineralogical features are directly reflected in the technological properties of
the ores. The low efficiency of gravity concentration is explained by the fact that a significant portion
of gold occurs in finely dispersed forms or as intergrowths with other minerals, which hinders its
recovery by gravity methods.

At the same time, the high efficiency of cyanidation and sorption leaching is associated with the
accessibility of gold for dissolution despite its dispersed state [21, 22]. This indicates that gold is not
entirely locked within resistant mineral phases but occurs in forms amenable to chemical extraction.

Thus, the identified relationship between gold phase forms and technological recovery parameters
confirms that mineralogical composition is a key factor controlling ore processing efficiency.
Accounting for these features enables the rational selection of processing flowsheets and improves
gold and silver recovery.

Conclusion

It has been established that the ores of the Arkharly deposit are characterized by a complex
mineralogical composition and a wide variety of gold phase forms, represented by native gold of
varying fineness, electrum, and finely dispersed occurrences.

In the oxidation zone of the deposit, a widespread development of silver halides has been
identified, forming complex intergrowths with native silver and gold, indicating specific geochemical
conditions of supergene mineral formation.

Gold redistribution in the oxidation zone is associated with migration in chloride-bearing and,
likely, colloidal solutions, followed by precipitation as high-fineness gold and finely dispersed
inclusions.

A staged character of gold formation has been established, expressed in zonal grain structures,
variations in fineness, and morphological diversity of gold particles, reflecting changes in
physicochemical conditions during mineral formation.

It has been shown that the textural and structural features of the ores (colloform, zonal, and
brecciated textures) indicate a significant role of colloidal and supergene processes in the formation
of gold—silver mineralization.

Low efficiency of gravity concentration is due to the finely dispersed nature of gold and its
occurrence in intergrowths, whereas cyanidation and sorption leaching provide high recovery levels
(up to 93.5% for gold).

It has been demonstrated that gold phase forms are a controlling factor in ore processing, and
consideration of mineralogical features allows for the justification of an optimal gold and silver
recovery flowsheet.

The obtained results have both theoretical and practical significance. On one hand, they refine
the understanding of mechanisms of supergene gold redistribution and the role of silver halides in
these processes. On the other hand, they can be applied to the development and optimization of
processing technologies for similar oxidized gold—silver ores.

Funding
This research was funded by The Ministry of Science and Higher Education of the Republic of

Kazakhstan, AP23487772 «Studying silver and gold halides in the Arkharly deposit (Jungar Alatau)
for mining purposesy».

490



KA3AKCTAH-BPUTAH TEXHUKAJIBIK
YHUBEPCUTETIHIH, XABAPIIBICHI Tom 23, Ne 2, 2026

REFERENCES

1 Hedenquist, J.W., Arribas, A., Gonzalez-Urien, E. Exploration for epithermal gold deposits. Reviews
in Economic Geology, 13, 245-277 (2000). (in English).

2 Simmons, S.F., White, N.C., John, D.A. Geological characteristics of epithermal precious metal
deposits. Economic Geology, 100th Anniversary Volume, 485-522 (2005). (in English).

3 Cooke, D.R., Simmons, S.F. Characteristics and genesis of epithermal gold deposits. SEG Reviews,
13, 221-244 (2000). (in English).

4 Thornber, M.R. Supergene processes in gold deposits. Ore Geology Reviews, 7, 349-364 (1992). (in
English).

5 Webster, J.G., Mann, A.W. The influence of climate on the geochemistry of gold. Geochimica et
Cosmochimica Acta, 48, 599-614 (1984). (in English).

6 Boyle, R.W. The Geochemistry of Gold and Its Deposits (Geological Survey of Canada, 1979), 584 p.
(in English).

7 Zhautikov, T.M. et al. Gold-silver mineralization of Kazakhstan. Geology of Kazakhstan, 212-221
(2008). (in Russian).

8 Rafailovich, M.S., Egorov, S.A., Starova, M.M. et al. On a new type of epithermal gold-silver deposits
in Kazakhstan. Geology and Exploration of Subsurface of Kazakhstan, No. 2, 7-12 (1996). (in Russian).

9 Zhautikov, T.M. Volcanic dome structures and their role in ore formation of Southern Jungaria.
Proceedings of the National Academy of Sciences of the Republic of Kazakhstan. Geological Series, No. 4,
21-34 (2003). (in Russian).

10 Skrinnik, L., Gadeev, R., Umarbekova, Z., Tretyakov, A. Collisional and orogenic granitoids of
Kazakhstan. SGEM 2020 Proceedings, 51-66 (2020). https://doi.org/10.5593/SGEM2020/1.1/S01.006. (in
English).

11 Umarbekova, Z.T. et al. The role of hydrothermal eruptions in gold mineralization at the Arkharly
epithermal gold-silver deposit. SGEM 2025 Proceedings, 97-100 (2025). https://doi.org/10.5593/
sgem2025/1.1/s01.13. (in English).

12 Zhautikov, T.M. Regularities of Placement and Principles of Prediction of Gold Mineralization in
Kazakhstan (Almaty, 1987), 448 p. PhD Thesis. (in Russian).

13 Corbett, G.J., Leach, T.M. Southwest Pacific Rim Gold-Copper Systems: Structure, Alteration and
Mineralization (SEG, 1998). (in English).

14 Grebenchikov, A.M. Mineralogical and Geochemical Features of Near-Surface Gold Deposits of the
Late Paleozoic Volcanic Belt of Kazakhstan (Moscow, 1976), 24 p. PhD Abstract. (in Russian).

15 Zhautikov, T.M. et al. Gold and silver of the hypergene zone of gold and gold-bearing deposits of
Kazakhstan. Bulletin of NAS RK. Geological and Technical Sciences Series, No. 3, 15-33 (2011). (in Russian).

16 Umarbekova, Z.T. et al. Silver halides in the hypergene zone of the Arkharly gold deposit as indicators
of formation in dry and hot climate (Dzungar Alatau, Kazakhstan). International Journal of Engineering
Research and Technology, 13 (1) (2020). Available at: http://www.irphouse.com. (in English).

17 Umarbekova, Z.T. et al. The halides of silver in the hypergene zone of the Arkharly gold-silver deposit
(South Dzhungaria). News of NAS RK. Series of Geology and Technical Sciences, 2(428), 242-250 (2018).
(in English).

18 Reich, M., Kesler, S.E., Utsunomiya, S. Solubility of gold in arsenian pyrite. Geochimica et
Cosmochimica Acta, 69, 2781-2796 (2005). (in English).

19 Palenik, C.S., Utsunomiya, S., Reich, M. “Invisible” gold revealed. American Mineralogist, 89,
13591366 (2004). (in English).

20 Saunders, J.A. Colloidal transport of gold. Economic Geology, 85, 171-181 (1990). (in English).

21 Marsden, J., House, I. The Chemistry of Gold Extraction, 2nd ed. (SME, 2006), 651 p. (in
English).

22 Adams, M.D. (Ed.). Advances in Gold Ore Processing (Elsevier, 2005), 1076 p. (in English).

491



HERALD OF THE KAZAKH-BRITISH
Vol. 23, No. 2, 2026 TECHNICAL UNIVERSITY

"Ymapo6exona 3.T.,
PhD, ORCID ID: 0000-0001-7890-1851,
e-mail: zama7777@mail.ru
Tangees P.,
reutbiMH KbI3MeTKep, ORCID ID: 0000-0002-9428-8142,
e-mail: gadeev_ravil@mail.ru
2Torusos K.,
PhD, ORCID ID: 0000-0002-4830-405X,
e-mail: k.togizov(@satbayev.university
'Mampanosa M.A.,
PhD, ORCID ID: 0000-0002-6009-9730
e-mail: moldir m m@mail.ru
L2 Munuckya L.,
reiIbIMU KbI3MeTKep, ORCID ID: 0000-0001-8878-2008
*e-mail: shat 230393@mail.ru
'Amanbaes P.A.,
Kimi FeutbIME Kb13MeTKep, ORCID: 0000-0002-7798-1076,
e-mail: rustemamanbaev_85@mail.ru

'K.M. CotbaeB arbinaarsl [ €0MOrHsIIBIK FRUIBIMIAP HHCTUTYTHI, AJMaThl K., Kazakctan
’K.W. CorbaeB aTbiHmarbl Ka3ak yJITTBIK TEXHHKAIBIK 3ePTTEY YHUBEPCHUTETI,
Anmarsl K., Kazakcran

APXAPJIBI AJITBIH-KYMIC KEH OPHBIHBIH TOTBIFY AUMAFBIHIAFBI
AJITBIHHBIH, ®A3AJBIK TYPJIEPI 3)KOHE OJIAPIABIH AJIBIHY
TUIMALIITTHE OCEPI (KA3AKCTAH)

Anjgarna

Ochl 3epTTeyaiH MaKcaThl — ApXapibl KCH OPHBIHBIH TOTBIFY aiMarbIHIArbl alTBIHHBIH (Da3aliblK TypJIepiH
AHBIKTAy JKOHE OJIapbIH aJIThIH MEH KYMICTI ay THIMAUIITiHE ocepin Oaranay. Herisri 3eprrey omictepi periHzae
MUHEPAJIOTHSUIBIK TaliJay, JJICKTPOHBIK-30HATHIK 3CPTTEYJICD JKOHE TEXHOJOTHSUIBIK CHIHAKTAP KOJIAHBLIBL.
JKyprizinreH 3epTreyinep HOTHXECIHIE KYMICTIH TaJOTCHHUITEPl aHBIKTAJBII, OJApABIH aJTBIHMCH T'CHETHKAIBIK
OaiiJIaHBICHl KOPCETII, COHa-aK ANTHIHHBIH KaliTa TapalybIHAaFbl THIICPTCHIIK MIPOIECTEPIiH POl HEeTi3IeIi.
Apxapnel anTelH-KYMic kKeH opHBI (KasakcraH) KeHAEepAiH KypAedi KypaMbIMEH J>KOHE AalTBIHHBIH OpTYpIi
Ke3/IeCYyIMeH CHUIaTTajajbl, OyJl OJapiblH OHACY THIMIUIIriHe airapiblkTaii ocep eTedi. JKYMBICTa TOTBIFY
aiiMarbIHAAFbI ANTHIHHBIH (pa3aibIK Typiiepi )KoHE 0J1ap/IbIH TEXHOJIOTHSIIBIK KOPCETKIIITepPre dcepi KapacThIPbUIFaH.
MuHepaorusuUIbIK, 3JICKTPOHIBIK-30H/ITHIK KOHE TEXHOJIOTUSIIBIK 3ePTTEYJICp HETi31H e alITBIHHBIH OPTYPII TYpIe
KE3[ICCETIHI aHBIKTANABI: OPTYPJi ChIHAMANBl TAOWFH alThIH, JIEKTPYM, COHIA-aK KyMiC MHHEpalgapbIMeH
OaiinaHbICKaH ycak aucrepcti Oemmexrep. Epexiie Ha3zap TOThIFY aiiMarbIHIA KEH TapajfaH jKoHE TaOUFH KYMIC
TIeH aNTBIHMEH KypAewi Oipiryaep TY3eTiH KyMiC TaJOTeHHATEpiHE ayaapbUiibl. MUHEpaNIbK arperarTapAblH
TEKCTYPAaJIbIK-KYPBIIBIMIBIK CPEKIICTIKTepl TUIICPICHIIK JKarmaiyiapa aaThIHHBIH KaiTa TapaayblH KOPCETEIl.
AnteiHb! hazamapabIH KaIbIITACY bl 3aTThIH XJIOPUATIK )KOHE, MYMKIiH, KOJUIOUATHIK MUTPALUSACHIMCH OailIaHBICTHI,
Oyl 30HAIBIK KYPBUIBIMIAPIBIH JKOHE JKOFAphl ChIHAMAJBI AJTHIH KOCHIHIBUIAPBIHBIH TY3UIyiHE OKEJE/i.
TeXHOMOTHSAIBIK CHIHAKTAPIBIH HOTIDKEIIEPl adTHIHHBIH YCaK JUCICPCTI CHTIAThIHA OalIaHBICTHI TPaBUTAIHSIIBIK
OalBITYyIBIH TOMEH THIMIUIITIH JXOHE IIHaHIay MEH COPOIUIBIK IMaiiMaiayIblH JKOFapbl THIMJILUIITIH KOpPCETTi
(anTeiEgB! amy 93,5%-ra neiiiH). AnThIHHBIH (a3aiblK TYpIepi MEH OHBI ally KOpPCETKIIITepi apachlHa Tikenei
OaiiJIaHbIC AaHBIKTAJIIBI. AJTBIHFAH HOTHKEJICP TOTHIFY aiiMarblHIarbl alITHIHHBIH MiHE3-KYJIKBIH TEPEHIPEK TYCIHYTEe
MYMKIHJIIK Oepe/Ii )KOHE KYP/IeITi aJITBIH-KYMIC KCHICPiH OHICYAIH THIM/II TEXHOJIOTHUSUIAPBIH d31pJIey/Ie KOIAaHbLTYbI
MYMKIH.

Tyiiin ce3gep: Apxapiibl KeH OpHBI, ajiTbIH, TOTBIFY aliMarbl, KyMiC TaJOTEHUATEPI, aIThIHHBIH (ha3aIbIK
TYpJIepi, THIIEpTeHTIK TIPoIiecTep, HaH/ay, COPOIMSIIBIK MaiMaay.
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®A30BBIE ®OPMBbI 30JI0TA U UX BJIUSIHUE HA U3BJIEKAEMOCTD
B 30HE OKHCJIEHHS HA 30JI0TO-CEPEBPSIHHOM
MECTOPOKJIEHUU APXAPJIbI (KA3AXCTAH)

AHHOTALMA

Llenpi0 HACTOSIIETO UCCIICIOBAHUS ABISETCS YCTaHOBICHUE (a30BEIX (JOPM 3010Ta B 30HE OKUCIICHHS MECTO-
pOXAEHUsI ApXapIibl M OL[CHKA UX BIUSHUS Ha 9()PEKTUBHOCTD M3BJICUCHUs 30510Ta U cepedpa. OCHOBHBIM METOIOM
MCCJIE0BAHUS SIBISUIMCH MHUHEPAIOTHUECKHUH aHAJIN3, DJIEKTPOHHO-30H/IOBBIC U TEXHOJIOIMYECKHUE NUCCIICOBaHNUSI.
[IpoBeneHHBIM HCCIIEJOBAaHNEM BBISIBIICHBI M OXapaKTEPU30BaHbI TAIIOTCHU 1B cepedpa, yCTaHOBIICHA UX TeHEeTHYC-
CKasi CBAA3b C 30JI0TOM ¥ 00OOCHOBaHa POJIb TUIIEPIeHHBIX MPOLIECCOB B IIepepacipeielieHuH 30510Ta. 3010TO-ceped-
psiHOe MecTopoxaenne Apxapibl (KazaxcraH) XapakTepu3yeTcs: CIOXKHBIM BEIECTBEHHBIM COCTaBOM PYI U pas-
HOOOpazueM (hopM HaXOXKICHHS 30J10Ta, CYIIECTBEHHO BIUSIONMX Ha 3()()EeKTUBHOCTD UX nepepaboTku. B padore
paccMoTpeHsbI (pa3oBbie (POPMBI 30JI0TA B 30HE OKUCIICHHUS U UX BIMSIHUE Ha TEXHOJIOTHUECKHUE TTIOKa3aTeH U3BIIeYe-
Hus1. Ha ocHOBe MUHEPaIOTH4eCKUX, SIEKTPOHHO-30H/I0BBIX M TEXHOJIOTUYECKUX UCCIIEJOBAaHUI YCTAaHOBIICHO, YTO
30JI0TO TIPEJCTABICHO PAa3IMYHBIMU (OPMaMU: CAaMOPOIHBIM 30JI0TOM Pa3HOH MPOOHOCTH, JIEKTPYMOM, a TAKXKe
TOHKOAWCIICPCHBIMH BBIACICHUSIMHU, aCCOLMMPOBAHHBIMU ¢ MUHepaiamu cepedpa. Ocoboe BHUMaHHUE yIEeNICHO Ia-
JOTeHuIaM cepedpa, IMPOKO PA3BUTHIM B 30HE OKHCICHHUSI M 00Pa3yIOIUM CIOXKHBIE CpacTaHUs ¢ CAMOPOIHBIM
cepeOpoM H 30510TOM. TeKCTYpHO-CTPYKTYypHbIE 0COOCHHOCTH MUHEPAIIbHBIX arperaTtoB CBUACTEILCTBYIOT O Iepe-
pacrnpesiesieHHn 30JI0Ta B THIIEPIeHHBIX YCIOoBUsIX. POpPMUpPOBaHHE 30JI0TOHOCHBIX (ha3 CBSA3aHO C XJIOPUIHOHU H,
BEPOSITHO, KOJUIOWIHOW MHIpallMeil BEIIECTBA, YTO IPUBOIUT K 00Pa30BAHUIO 30HAIIBHBIX CTPYKTYP M BKIIIOUSHUI
BBICOKOIIPOOHOTO 30i10Ta. Pe3ynbraTel TEXHOIOTMYECKUX MCIIBITAHUH MTOKa3ann HU3KYI0 3()(EeKTHBHOCTD IpaBHUTa-
LOHHOTO 000ranieH s, 00yCIOBICHHYIO TOHKOIUCIEPCHBIM XapaKTepoOM 30JI0Ta, H BRICOKYO 3()(DEeKTUBHOCTD 111~
AQHMPOBAHUS ¥ COPOLIIMOHHOTO BhINIENaINBaHMs (M3BICUEHHUE 30510Ta 10 93,5%). YcTaHoBIeHa psiMasi 3aBUCHMOCTh
MEXIy (pa30BbIMH (POPMaMH 30JI0Ta U TIOKA3ATEISIME €T0 M3BJICUCHUs. [10TydeHHbBIC PEe3yIbTaThl PACIIHPSIOT MIPE/-
CTaBJICHUsI O MMOBEJCHUH 30JI0Ta B 30HE OKHMCIICHHS M MOTYT OBITh MCIIOJIBb30BaHbI MPH pa3padoTke 3 (eKTHBHBIX
TEXHOJIOTHH TIepepadOTKH CIIOMKHBIX 30JI0TO-CEPEOPSHBIX PYI.

KiaioueBnie ciioBa: MECTOPOKIACHUEC ApX&pJ’ILI, 30JI0TO, 30Ha OKHCJICHH:A, I'aJIOTCHU/IbI cepe6pa, (ba?;OBLIe
(l)OpMI:I 30JI0Ta, THOCPICHHBIC TPOLCCChI, HTUAHUPOBAHUC, COp6HI/IOHHOC BBIIIIC/IAYUBAHUC.
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