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KOKTASZHAL ORE FIELD (CENTRAL KAZAKHSTAN) RESEARCH RESULTS

Purpose. Predictive assessment of promising mineralization points and ore occurrences of copper, gold, silver and associated
components at the Koktaszhal ore field.

Methodology. Analysis of literary and library materials. Reconnaissance routes to study the geological situation of the area.
During the passage of the routes, samples were taken, their mineralogical study was carried out to determine the patterns of distri-
bution of the main ore minerals and impurities. To determine the contents of useful components, phase chemical analysis, spectral
analysis, and spectrographic aurometric analysis were used.

Findings. The materials and their analysis obtained as a result of research significantly expand the idea of the ore field under
study. The main ore-forming minerals are chalcopyrite and bornite, in much smaller amounts chalcosine, pyrite, and molybdenite
are present in the ores. The main oxidized copper minerals in decreasing order are malachite, chrysocolla, chalcanthite, azurite.
Thanks to detailed geological, mineralogical, petrographic, and laboratory studies, promising copper-porphyry ore occurrences
have been identified. The aureole patterns are spatially combined and drawn up with the mapping of mineral concentrations on
them, which are recommended to be studied in more detail.

Originality. According to the results of the research and analysis, new promising points of mineralization and metallizing pro-
cess were identified using the latest high-precision methods for studying ore-forming minerals of copper-porphyry deposits.

Practical value. Studying the mineralogy of the ore field allows determining the typomorphic features of minerals for the search
and evaluation of mineral deposits as well as improvement of the complexity of the use of raw materials. The use of mineralogical
research methods at the current level increases the efficiency of exploration, helps to search for new promising areas and deposits
and, in general, increases the mineral resource base of Kazakhstan, which is one of the most important tasks of developing coun-
tries. The results of the studies can serve as the basis for the subsequent further study of the ore field, quantitative assessment of the
prospects of resources, the choice of mining and beneficiation methods. The additional study of little-known copper-porphyry ore
occurrences, the search for new deposits of copper, gold, silver and associated components are the primary task of their industrial

development in modern technologies.
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Introduction. Search and exploration of new deposits are
the basis for replenishing the mineral resource base of Ka-
zakhstan. Porphyry copper deposits are the main sources of
not only copper but also gold, silver, molybdenum and a num-
ber of rare metals [1].

In connection with increasing the world prices for metals,
the interest has arisen in the objects of the Spassk zone, where
currently, on its eastern extension, prospecting sections of the
Koktaszal ore field are under exploration. Studying the stone
material allows determining the zoning of ore occurrences of
the Koktaszhal ore zone, determining the composition and
age of intrusive rocks and ore mineralization, and assessing
the conditions for the formation of ore occurrences [2].

The Koktaszhal ore field is located in the north-eastern
part of the Karaganda region of the Republic of Kazakhstan
and is administratively located north-west of the settlement of
Egendybulak. Geologically, the Koktaszhal ore field is a part
of the Spassk metallogenic zone, stretching far beyond the
boundaries of the area studied.

The ore field is represented by northwest ridges with out-
crops of ore-localizing plagiogranite-porphyry intrusion. The
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hills quickly turn into hollows of various directions, forming
saddle-shaped relief shapes. Separate hills are dotted with
large blocks and have rocky steep slopes [3].

Studying the Koktaszhal ore field allows identifying prom-
ising new ore areas to replenish the mineral resource of the
Karaganda region.

Literature review. Geological exploration of the Kok-
taszhal deposit in the adjacent territories (Koktaszhal ore field)
was carried out in three stages: the end of the 79" and the be-
ginning of the 20" centuries: regional geological-geographi-
cal, ethnographic studies, penetration of single investigators;
until the 50s of the 20" century: regional studies with revisions
of famous copper manifestations, and then in the 50—90s: sys-
tematic state surveys and searches. In 1995—1999 the Altyn
Mager Company JV discovers new zones on the flanks of the
Koktaszhal ore-bearing structure. The works covered the area
of 250 km? and consisted of surface mapping, mining and
drilling operations. The mapping of the area was carried out by
walking routes and in the closed areas by advancing forty small
holes and 125 wells (1355.3 running meters). At the Koktaszhal
deposit (12.6 km?), magnetic exploration was carried out in
the 20 x 5 m network, lithogeochemical and spectrographic
aurometric surveys in the 100 x 20 m network; exploratory
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ditches and wells were made to revise the central part and to
study the flanks. A total of 13 wells were drilled with the vol-
ume of 4761.2 m. As a result of these works, the area of 175 km?
was recognized as promising. In 2010—2011, the Altai Poly-
metals LLP summarized and analyzed all the materials from
previous years and concluded that the exploration of the Kok-
taszhal ore field corresponded to the stage of prospecting and
appraisal work [4, 5]. Since 2013, the field and the adjacent
contract area have been explored by the Altai Polymetals LLP.

The analysis of the results of exploration work carried out
within the ore field allows concluding that the prospects for
identifying ore bodies for depth and area are far from being
exhausted [5, 6].

Unsolved aspects of the problem. The ore bodies outcrop-
ping to the day surface were studied by exploratory ditches. In
different years, 55 ditches were covered in the Koktaszhal de-
posit area, 8 ditches in the Zharykty section, 5 ditches in the
Keregetas section, with the total volume of 2325, 846 and
650 m?, respectively. At the Koktaszhal deposit, ditches were
crossed across the strike of ore deposits approximately every
50—100 m. All of them opened ore bodies for the full thickness
with an on-board copper content of 0.5 %, most of the sec-
tions at the side of 0.2 % and only a small part of the anomalies
(30 %) with contouring of 0.1 %. An extensive aureole of cop-
per tracing the main deposits with a single ditch has not been
opened for the full thickness; the workings have passed its axi-
al part and require elongation in the northeast and southwest
directions [7]. The other numerous aureoles, zones of miner-
alization and polarizability of the rocks in the considered area
of the Koktaszhal ore field (175 km?) were opened fragmen-
tarily, that is, they are practically not studied.

Purpose. Exploring poorly studied promising ore occur-
rences of the Koktaszhal ore field and identifying new miner-
alization points.

Methods. In the course of the work, 27 ditches were com-
pleted, 573 samples were taken with the interval of 2 m, which
made it possible to identify new manifestations with an in-
creased content of useful components in them. Mineralogical
and petrographic studies were carried out using an Altami PO-
LAR 312 polarizing microscope. Mineralogical studies of oxi-
dized primary and secondary copper sulfides were carried out
in briquette sections using an OLYMPUSBX 51 Pol. micro-
scope, SIMAGIS 2P-2C video camera and SIAMS Mineral
C7 image analysis software. Studying the total sample was car-
ried out on a DSADVANCE diffractometer. Chemical analysis
and spectrographic aurometric analysis were carried out in the
laboratory of the Centrgeolanalit LLP. A map of promising
mineralization points was compiled using the MapInfo pro-
gram.

Results. Mineralogical and petrographic studies have
shown that the mineralogy of primary sulfide ore deposits is
fairly simple. The main ore-forming minerals are chalcopyrite
and bornite; in much smaller quantities chalcosine, faded ore,
pyrite, molybdenite, and others are present in the ores [§]. The
main oxidized copper minerals in decreasing order are mala-
chite, chrysocolla, chalcanthite, and azurite.

Malachite is noted in the form of films, crusts, in inter-
layers with chrysocolla, inclusions in quartz measuring 0.05—
0.1 mm to 0.5—1.0 mm. The thickness of the layers of mala-
chite is 0.05—0.10 mm, the size is 0.1—0.25—1.0 mm.

Chrysocolla forms veins, often with malachite, crusts,
films with the thickness of 0.05—0.05 x 0.5 mm, inclusions in
quartz of 0.05—0.25 x 0.5 mm.

Chalcanthite is found in fragments of 0.5—1.0 mm, inclu-
sions in quartz of 0.1—0.3—0.3—0.5 mm, in the form of streaks,
crusts 0of 0.025—0.1—0.1-0, 5—0.025 x 0.5 mm.

Azurite is rarely found in the form of films on quartz frag-
ments of 0.05—0.025 x 0.2 mm, in the form of inclusions in a
micaceous fragment of 0.025—0.05 mm in size.

Using the results of the phase chemical analysis for the
content of copper compounds (Table 1) and the results of

mineralogical analyzes of briquette sections, the content of
copper minerals in the initial ore was determined. The results
are shown in Table 2.

Primary copper sulfides are represented by chalcopyrite,
and secondary ones are bornite, chalcosine, and covellite.

Non-metallic minerals are mainly represented by quartz,
albite of the composition NaAlSi;Oq, clinochlorine
MgsAl(Sl3Al)O]0(OH)8, muscovite Kzo X 3A1203 X 65102 X
x 2H,0. Due to a low content of ore components, the X-ray
diffractometric method cannot determine them. The enclos-
ing rocks are saturated with iron hydroxides, largely sericit-
ized, covered with a thin network of microcracks, to which
there are confined thin inclusions of ore minerals, including
grains of free gold, magnetite, goethite, hematite and rutile.

Chalcopyrite in the ore field is the main, most common
ore-forming mineral. The distribution area of chalcopyrite is
much larger than the area of ore bodies. While industrial im-
pregnation of chalcopyrite is widespread throughout the ore
field, auroles of distribution of other ore minerals (bornite,
chalcosine, fahl ore, molybdenite) are enclosed within the au-
reole of chalcopyrite. Usually, chalcopyrite, together with
other sulfides, is developed in veins with non-metallic miner-
als and in their nesting clusters; somewhat less often, chalco-
pyrite develops directly in the host rocks [6, 8]. In veins, chal-
copyrite forms nesting clusters and growths in the vein mate-
rial, often connected by thin conductors passing along the
grain boundaries of vein minerals (Fig. 1). Often, chalcopyrite
emissions are confined to the selvages of the veins, but along
with this, chalcopyrite is also found in the central part of the
veins. Directly in the rock, chalcopyrite forms open scattered
impregnation, perforations, less often nest-shaped clusters.

Table 1
Results of phase chemical analysis of the initial ore
Ore
Compound types Absolute | Relative
content, % | content, %
Copper — sulfates — Chalcanthite 0.09 18.4
- oxides: malachite, azurite, 0.35 71.4
chrysocolla
- secondary sulfides 0.04 8.2
- primary sulfides 0.01 2.0
In total 0.49 100
Zinc — sulfates <0.05 —
- oxides <0.05 —
- sulfides <0.05 -
In total 0.05 -
Table 2
Ore minerals content in ore
Absolute Copper content 'Ore
Mineral name C(?ntent . in monomineral minerals
as‘socm.lted with fraction. % .content
this mineral, % ’ in ore, %
Malachite 0.21 57.4 0.40
Chrysocolla 0.10 20.0 0.50
Chalcanthite 0.09 25.0 0.36
Azurite 0.04 55.3 0.10
Secondary sulfides 0.04 60.0 0.07
Chalcopyrite 0.01 34.0 0.03
Total 0.49 - 1.46
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Fig. 1. Chalcopyrite in the form of xenomorphic aggregates (a,
b). Sections, 10X magnification with analyzer (chp — chal-

copyrite; py — pyrite)

The size of chalcopyrite effusions varies widely, from 0.006
mm to 3 cm. The most common formations of this mineral are
hundreds and tenths of a millimeter in size.

Under the microscope, a distinct association of chalcopy-
rite to the areas of elevated cataclase is observed. More or less
uniform impregnation develops in altered plagio-granitpor-
phyries; in mineralized porphyrites and tuffs, chalcopyrite ef-
fusions mainly in veins along with non-metallic minerals and
other sulfides.

Chalcopyrite is found in association with pyrite, bornite,
faded ore, chalcosine, molybdenite, magnetite and hematite.
Such non-metallic minerals as quartz, calcite, epidote, chlo-
rite, garnet, albite, and sericite are found together with it.

The relationship of chalcopyrite with pyrite in all cases of
their joint presence indicates a later, relative to pyrite, effusion
of chalcopyrite. Chalcopyrite is overgrown with pyrite effu-
sions, penetrates through cracks, corroding pyrite. Very often,
chalcopyrite forms small ingrowths in pyrite.

Bornite is also the main ore-forming mineral, following
the prevalence of chalcopyrite. Developing with the latter, it
forms streaky and vein-streaky boron-chalcopyrite ores wide-
spread in the ore field.

Three kinds of relationships between chalcopyrite and
bornite were observed.

1. The accretions of chalcopyrite with bornite are very
widespread. In all cases without exception, the boundaries be-
tween these minerals in the ingrowths are even, they are
straight or, more often, smooth curved lines, without traces of
corrosion of one mineral by the other. Such relationships are
considered a sign of simultaneous formation of minerals and
are characterized as a structure of mutual boundaries.

2. Chalcopyrite with bornite forms a gating structure of the
solid solution decomposition. In this case, chalcopyrite either
forms very thin, measured by microns, intersecting plates in
bornite, or effuses as coarser plates, clearly wedging out at the
intersections.

3. Chalcopyrite forms thin (0.005 mm) rims around the
bornite, from which spear-shaped plates extend into the born-
ite effusion.

Sometimes chalcopyrite, in addition to the formation of
rims, effuses in the bornite along the cracks. Such structures
indicate the development of hypogenic substitution of bornite
with chalcopyrite.

At the same time, in a number of cases, edge chalcopyrite
rims around bornite are observed, the formation of which is
probably associated with decomposition of the solid solution
(chalcobornite) with subsequent coalescence and displace-
ment of chalcopyrite to the peripheral part. In the process of
hypergenic changes in ores, bornite is replaced by chalcosine.

Based on spectral analysis, impurities of lead, silver (the
latter is present in much larger amounts than in chalcopyrite -
hundredths of a percent), bismuth, manganese and titanium
are established in bornite. Antimony, arsenic, and zinc were
found in separate samples.

Pyrite takes the third place, after chalcopyrite and bornite,
in terms of prevalence among ore minerals. In the areas rela-
tively enriched with copper minerals, pyrite is usually present

either in relatively small amounts or completely absent. But in
essentially sericitic rocks, quartz-quartz, quartz-sericite and
quartz-chlorite-sericite schists, pyrite is the predominant, and
often the only ore mineral. In these rocks, pyrite forms either
fine dust-like impregnation (Figs. 2, a, b, c), or rather thick
impregnation to streaks of solid pyrite (Fig. 2, d), in which the
content of this mineral reaches 70 % of the vein volume. The
thickness of the veins does not exceed 3—5 cm. Much less of-
ten, pyritization develops in quartz-chlorite and chlorite-
quartz rocks [8].

Pyrite is mainly confined to the bands relatively enriched
in quartz, while strips of sericite, chlorite-sericite, and chlorite
composition contain its individual grains. The size of pyrite
effusions varies widely (from 0.03 to 5—6 mm), but the size of
individual grains is more or less constant (0.03—0.05 mm).
A characteristic feature of the described pyrite difference is the
shape of its grains. They are square, rectangular, triangular,
less often lenticular “shuttles”. In this case, the elongated
grains are located with the elongated side along the schistosity
of the rock.

Square, triangular and rectangular pyrite grains and their
shape are single crystals, usually non-zonal.

In some cases, relic zonality of growth is found in them.
With a significant pyrite content in the rocks, it forms rela-
tively large, up to 5 mm, spots, which in the outer part retain
the crystallographic outlines inherent in pyrite. In some cases,
recrystallization with enlargement of grain occurs in these for-
mations.

In schists, pyrite crystals are overgrown with stalked quartz
or a thin discontinuous calcite rim, and then stalked quartz.
The quartz rim in the “pressure shadows” reaches its maxi-
mum width, while in directions close to normal to the shale of
the rocks, it has much less power, or completely absent.

Chalcosine is found in 20 % of the sections examined, but
always in negligible amounts. Undoubtedly, hypogenic chal-
cosine is found at depths from 100 to 365 m, in the paragenesis
with completely unchanged primary copper sulfides: chalco-
pyrite and bornite. At the same time, ores, bornite-chalcopy-
rite, not containing chalcosine, were crossed above the wells.
This fact, as well as the considerable depths at which chalco-
sine occurs, the complete absence of any secondary, hyper-
genic minerals in the paragenesis caused chalcosine to be clas-
sified as a group of hypogenic minerals. This was confirmed by
the structural relationship of chalcosine with bornite. Chalco-
sine is very closely associated with the latter. In ores, chalco-
sine is present exclusively in the halos of the development of
bornite. It can be said that where there is no boron, there is

Fig. 2. Pyrite in the form of isometric grains, polished sections,
10X magnification with analyzer (a). Pyrite in the form of
idiomorphic, hipidiomorphic grains (b, c) and prismatic
crystals (d). Polished sections, 20X magnification with ana-
lyzer (chp — chalcopyrite; py — pyrite)
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probably no hypogenic chalcosine. In those areas of ore bodies
where chalcosine is found, a relatively high copper content is
usually observed. In the ores studied, chalcosine was observed
only under a microscope.

Fahl ore is rare. The content of fahl ore in the ore field is
negligible. Fahl ore is found in quartz veins in altered plagio-
granite porphyries, where it forms thin phenocrysts and nest-
ing clusters, reaching in some cases 7—8 mm. Fahl ore was also
found in a quartz vein with chlorite II. In addition, in some
cases, fahl ore, together with copper sulfides, was deposited
directly in the rocks along microcracks. In these cases, its
presence is established only under a microscope.

Molybdenite is a mineral that is quite common in the ore
field but it does not form any significant clusters. In industrial
copper ores and in areas of mineralization, molybdenite is not
evenly distributed. There are areas that are relatively enriched
in molybdenite [8].

Molybdenite is found in quartz and calcite-quartz veins,
less often it is developed in altered rocks and only in isolated
cases was it found in veins of sericite-quartz, chlorite-quartz
and epidote-calcite-quartz composition. Among the vein min-
erals, molybdenite effuses either in the form of winding discon-
tinuous veins, or in the form of chains of plates, or in individu-
al phenocrysts. Sometimes there are nest-shaped, rosette-like
accumulations of molybdenite plates. There are frequent cases
of predominant concentration of molybdenite in the near-
band portion of the veins. In rocks, molybdenite is confined to
microcracks or to sites of development of sericite and chlorite.
It is either a chain of scales or sporadic phenocrysts.

The size of molybdenite effusions ranges from hundredths
of a millimeter to 2 mm. A characteristic shape of the molyb-
denite effusion is plates, the length of which is 3—4 times their
width. The plates are usually somewhat curved.

By the time of formation, molybdenite is distinctly later
than vein minerals: quartz, chlorite, and sericite. Of the ore
minerals, chalcopyrite, pyrite, and bornite were found along
with molybdenite. The molybdenite-chalcopyrite association
is extremely characteristic; less commonly, molybdenite oc-
curs with pyrite and, in rare cases, with bornite, and only with
chalcopyrite does it sometimes form intergrowths. Chalcopy-
rite corrodes molybdenite, especially often corrosion phe-
nomena develop at the ends of the plates, which in turn ac-
quire a lath-like appearance.

Magnetite. In the ore field, there is a certain confinement
of magnetite to chlorite-bearing rocks: chloritized and epi-
dotized porphyrites, quartz-chlorite rocks and quartz-chlorite
schists, for which it is only very possible to establish the source
rock. Magnetite is much less common in altered plagiogranite
porphyry.

Two generations of magnetite are distinguished. Magnetite
I includes magnetite scattered in the form of small (0.05—
0.1 mm) grains in chlorite-bearing rocks, as well as relic mag-
netite observed in hematite and chlorite-hematite veins. The
shape of magnetite grains is euhedral, less often isometric. The
described generation of magnetite is subjected to martitiza-
tion. The most common replacement of magnetite is hematite
from the periphery of the grains to the center. In this case, the
usual structures of the border edges and the lattice structure
are formed. Together with sulfides, magnetite I is very rare. In
all cases of the presence of magnetite, together with hematite
and chlorite, it forms streaky clusters, on the periphery of
which sulfides develop: bornite and chalcopyrite. The latter
corrode both magnetite and replacement hematite.

Magnetite II is developed in quartz and calcite-quartz
veins in association with sulfides: chalcopyrite, bornite and
pyrite, as well as in hematite veins with sulfides. In quartz and
quartz-carbonate veins, magnetite forms small insulated phe-
nocrysts of isometric shape, and sometimes rounded inclu-
sions in chalcopyrite and born.

Unlike magnetite I, magnetite 11 does not undergo martiti-
zation.

Hematite. Like magnetite, hematite is present almost ex-
clusively in substantially chlorite rocks. It is as spread as mag-
netite, with which hematite forms a close bond (Fig. 3).

Two types of hematite are distinguished in the ore field.

1. Martite develops along magnetite I with the formation of
substitution structures: edge and ethmoid rims. It is detected
only under a microscope.

Considerable depths, at which martitization is manifested
(up to 400 m and more), as well as the absence of any hyper-
genic minerals in association with martite, indicate that the
process of martitization of magnetite took place under hypo-
genic conditions.

2. Hematite of the second variety is allocated in veins and
veinlet clusters together with quartz or chlorite, or forms veins
with magnetite II and sulfides.

Hematite is one of the earliest minerals in the ore process,
previously precipitated by calcite, magnetite II and sulfides.
Hematite-quartz veins are split by veins of calcite and are cor-
roded by it. Hematite forms extremely thin (up to 0.01 mm)
plates in the mass of quartz.

In vein-like deposits, together with chlorite, hematite
forms a tangled felt of small plates. In one case, rare hematite
flakes are found in chlorite, which forms winding veins in vein
quartz. Hematite plates are often strongly bent. In some cases,
muschketowization of hematite was observed.

In the zone of hypergenesis, hematite is quite stable. Even
in the samples taken on the surface, streaks of lamellar hema-
tite were found in which malachite develops between the la-
mellae and along the secant cracks. Under the microscope,
hematite was replaced by hydrogetite.

In single samples, xenomorphic grains of iron hydroxides
(goethite, limonite) are observed.

After mineralogical and petrographic studies and determi-
nation of mineralogical zoning, chemical and spectral analyz-
es, spectrographic aurometric analysis was carried out. Based
on the conducted studies, the patterns of promising areas with
average percentages of minerals were compiled.

The ore field is represented by the industrial Koktaszhal
copper-porphyry deposit, ore occurrences of copper, polyme-
tallic-copper and gold-copper mineralization: Zharykty, Yu-
zhnoye, Severo-Agyzskoye, Koktaszhal Southeast II and I,
Keregetas and a number of unnamed mineralization points.
Most of them are poorly studied. Being the most studied, the
Koktaszhal deposit is considered as a standard for the above-
described ore occurrences in this part of the mineralogenic
zone [9].

Below there is a brief description of the most promising ore
occurrences, spatially grouped into several sections.

The Qquartz-vein zone (Fig. 4) is located near the northern
frame of the contract territory and is represented by a dense
network of subparallel quartz, barite and quartz-barite meridi-
onal veins located in granites and granite porphyry carbon. It
is characterized by minor manifestations and mineralization
points of copper [9].

Manifestations 1, 2. In the silicified and epidotized dikes of
diorites occurring in plagiogranites of the Lower Carbonifer-

Fig. 3. Hematite with magnetite bond in samples:

a — magnetite in quartz with decay into hematite plates (blue), pol-
ished section, magnification 500X); b — magnetite replacement
with hematite, polished section, magnification 500X

8 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 3



Ag 000003

1000 0 1000 2000 3000

Fig. 4. The pattern of the Quartz-vein and Northern aureoles:
1 — samples with the maximum element content; 2 — gold ore oc-
currence: the figure on the left is the number, the figure on the right
is the content: red — gold (g/t), green — copper (%), blue — silver
(g/1), black — lead (%); 3 — the same, copper; 4 — isoconcentra-
tion of copper (%) in loose deposits; 5 — silver isoconcentration (%)
in loose deposits; 6 — nickel isoconcentration (%) in loose deposits;
7 — contour of the aureoles

ous, copper contents of up to 0.4—1.05 and silver content of
2.0—10.0 g/t were revealed [2].

Northern aureoles (Fig. 4) are located north-northwest of
the Koktaszhal deposit, 2—5 km between the mentioned de-
posit and the Quartz-vein zone and are confined to discon-
tinuous structures among granodiorites [10].

Manifestations 8, 9. The quartz vein, distinct, is traced by
scattered fragments for 400 m, lies in granodiorites of the
Lower Carboniferous. The content of copper in quartz is up to
0.15—0.5 % and silver content is up to 1.0—6.0 g/t and that of
gold is up to 0.25 g/t.

Manifestation 10. Fine-grained silicification of granodio-
rites; according to the spectral analysis of grab samples, the
gold content is up to 1.5 g/t.

Manifestation 11. Copper mineralization in the form of
crusts and smears of malachite along cracks and nests of up to
0.5 cm in veins of quartz with epidote and oxidized pyrite
among intensely quartz and epidotized granodiorites of lower
carbon. The copper content is 0.12 %; gold — 0.01 g/t (spectral
analysis of grab samples).

North-Agyz ore occurrence. It is located to the north-north-
west of the Keregetas section outside the contract area. Miner-
alization is represented by impurities and thin veins of mala-
chite and azurite, plaque of copper black, developed in the
zone of schist and hydrothermal alteration of the Lower Devo-
nian andesite porphyrites [10]. The length of the ore zone is
200 m, and the apparent thickness is 5—6 m. The copper con-
tent is up to 0.38 %; of lead — 0.02 % and silver — 1.5 g/t. It was
opened by single ditches.

The Western aureoles (Fig. 5) are located 2—5 km south-
west of the Zharykty section and are represented by lead-zinc-
copper with gold manifestations and points of mineralization.
They are confined to the Ordovician volcanic-sedimentary
deposits, broken through the granodiorites of the Carbonife-
rous.

Manifestation 4. Ore mineralization in Ordovician porphy-
rites and plagiogranite-porphyry dikes breaking through them.
Mineralization is confined to the sub-latitudinal zone of in-
tense silicification and limonitization [10] with the length of
500 m, visible thickness of 10—40 m, accompanied by a sec-
ondary aureole of copper with the intensity of 0.02 % and the
airspace anomaly of up to 7.0 %.

Spectral analysis of furrow and core samples showed the
content of copper 0.05—0.3 %; molybdenum — up to 0.02 %;
zinc — up to 0.04 %; gold — 0.01—0.02 g/t. A ditch and a well
have been completed.
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Fig. 5. The pattern of the West aureoles:

1 — samples with the maximum element content; 2 — gold ore oc-
currence: the figure on the left is the number, the figure on the right
is the content: red — gold (g/t), green — copper (%), blue — silver
(g/1); 3 — also, copper; 4 — isoconcentration of copper (%) in loose
deposits; 5 — zinc isoconcentration (%) in loose deposits; 6 — point
with hypergenic copper mineralization (malachite, chrysocolla, az-
urite); 7 — contour of the aureoles

Manifestations 5. Quartz streaks with the thickness of
3—5 cm are in silicified porphyrites of Ordovician, in quartz
and enclosing rocks there are greases of malachite, pyrite and
hematite. Copper content is up to 0.12 %; silver —up to 1.0 g/t.

Manifestations 14, 15. Ore occurrence is represented by
smears of malachite along cracks in the epidotized tuffs of Or-
dovician andesites. Spectral analysis of the ore samples estab-
lished the copper content of 0.2—0.8 %.

Manifestation 16. In the sheeted and silicified tuff sand-
stones of the Middle Devonian Khandar Formation, the cop-
per content of 0.5 %was determined by spectral analysis of ore
samples, and the gold content in vein quartz by gold spectrom-
etry analysis — to 0.03—10.0 g/t. It was opened by a single
ditch. Sheeted silicified and epidotized porphyrites are with
smears of malachite with the thickness of 2.0 m, copper con-
tent is up to 0.15 %. The parameters of the hydrothermal rock
zone and silicification zones have not been determined.

Manifestation 17. Malachite smears are in hydrothermally
altered andesite porphyrites of Ordovician. The copper con-
tent in the ore samples is 0.05—0.12 %.

Manifestation 18. In the tuff sandstone chordovica, pene-
trated by thin veins of quartz, a gold content of up to 10.0 g/t
was determined by spectrographic aurometric analysis of
quartz ore samples. The thickness of the silicification zone is
0.5 m; the strike zone is not traced.

The Zharykty-Koktaszhal Northern aureoles (Fig. 6) are lo-
cated in the same ore-bearing zone between the Koktaszhal
deposit and the Zharykty section in the exocontact of granite-
granodiorite intrusion among the volcanic-sedimentary stra-
tum of andesite composition with intercalations of limestone,
sandstone, tuff and tuffite [9].

Manifestations 6, 7. Quartz veins with the thickness of 3—
5 cm are in silicified porphyrites of Ordovician, in quartz and
enclosing rocks there are impurities of malachite, pyrite and
hematite. Copper content is up to 0.15—0.5 %; silver — up to
4.0—60.0 g/t; lead — up to 0.8—1.0 %.

Manifestation 26. The zone of schist and silicification of
granodiorites with the length of 100 m with the apparent thick-
ness of 1—3 m is characterized by the presence of malachite
along the cracks. According to the results of spectral analysis
of furrow samples, the copper content is 0.1—1.0 %; gold —
0.01-0.04 %.

The North Keregetas aureoles (Fig. 7) are located directly
north of the Keregetas section, beyond the contour of the con-
tract area and are confined to the Devonian sedimentary stra-
tum.
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Fig. 6. The pattern of the Zharykty-Koktaszhal North aureoles:

1 — samples with the maximum element content; 2 — gold ore oc-
currence: the figure on the left is the number, the figure on the right
is the content: red — gold (g/t), green — copper (%), blue — silver
(g/1), black — lead (%); 3 — the same, copper; 4 — isoconcentra-
tion of copper (%) in loose deposits; 5 — zinc isoconcentration (%)
in loose deposits; 6 — contour of the aureoles
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Fig. 7. The pattern of the Northern Keregetas aureoles and
Northwestern Keregetas:
1 — samples with the maximum element content; 2 — gold ore oc-
currence: the figure on the left is the number, the figure on the right
is the content: red — gold (g/t), green — copper (%), blue — silver
(g/1); 3 — the same, copper; 4 — isoconcentration of copper (%) in
loose deposits; 5 — zinc isoconcentration (%) in loose deposits; 6 —
isoconcentration of lead (%) in loose deposits; 7 — silver isocon-
centration (%) in loose deposits; 8 — contour of aureoles

Manifestations 19, 20, 22. Deposits and crusts of malachite
and azurite are in the schist andesitic porphyrites of the Lower
Devonian. The copper content reaches 0.25—1.0 %; silver —
4.0—100 g/t; gold — 0.3 g/t.

Manifestation 23, 24. Smears of malachite and azurite are
in silicified and chloritized tuff sandstones of the Lower Devo-
nian. The copper content is up to 0.1—1.0 %; silver — up to
1.0—40.0 g/t.

The Keregetas section is located on the tectonic contact of
the Ordovician porphyrites and the terrigenous sedimentary
thickness of the Devonian.

Manifestation 29. Northwest Keregetas (Fig. 7). In the silici-
fied and epidotized porphyrites of the Semizbuginsky Forma-
tion of the Lower Devonian and their tuffs, two bodies with
streaked quartz with deposits and small nests of malachite are
crossed by a ditch; ore bodies are 21.5 and 6.0 m thick with the

copper content of 0.15 and 1.48 %; silver — 1.5 and 50.0 g/t;
gold — up to 2.0 g/t.

Manifestations 30, 31. In the silicified porphyrites of Ordo-
vician, the copper content of 0.15 and 0.87 % was established
by furrow testing; silver — 1.0—5.0 g/t.

The southern aureoles (Fig. 8) are located southwest of the
Keregetas section and are localized in the endo- and exocon-
tact zones of the Carboniferous intrusion and the Ordovician
sedimentary-volcanogenic formations.

Manifestation 32. In the schistosized quartz andesite por-
phyrites of Ordovician, there are small stockwork bodies, in
the quartz veins of which crusts and small nests of malachite
and azurite are developed. The copper content in the ore sam-
ple is 0.4 %; gold — 0.02 g/t.

Manifestation 33. Breakups of a quartz vein with smears of
malachite and veined pyrite among andesite porphyrites of
Ordovician. The vein parameters are not set. The copper con-
tent is 0.2 %.

Manifestation 34. Quartz stockwork is in a dyke of granite
porphyry, breaking through siliceous siltstones of Ordovician.
The length of the dike in the north-western direction is 250 m,
the apparent thickness is 5—10 cm. In quartz veins there are
deposits of malachite and azurite. The copper content in
quartz is 0.5 %; silver — 3.0 g/t (grab sample, spectral analy-
sis).

Manifestation 35. A dyke of diorite porphyrites with uncer-
tain parameters among the lower carbon granodiorites. Dio-
rite porphyrites are intensely silicified and epidotized with the
copper content of up to 0.5 %, silver — 1.0 g/t (grab sample,
spectral analysis).

Manifestation 36. In siliceous siltstones of Ordovician pen-
etrated by veins of quartz, the gold content is 0.05 g/t; silver —
1.0 g/t. The area parameters are not defined.

Manifestation 37. In siliceous siltstones of the Ordovica-
hornfelsed in the exocontact zone of the small intrusion of
early Carboniferous granodiorites and bearing veinlets of
quartz, the copper content of 0.5 % was established by spectral
analysis of the grab sample; and gold — 0.02 g/t.

Conclusions. In the Koktaszhal ore field the oxidation
zone and the zone of primary sulfide ores are clearly distin-
guished. Mineralization is of the stringer-porphyry nature. In
Karadok rocks, copper mineralization is developed only in
the areas near the contact and intrusion penetrated by a dense
network of differently oriented quartz veins. The ores are rep-
resented by quartz-chalcopyrite, quartz-chalcopyrite-born-
ite, chalcopyrite, chalcopyrite-bornite, bornite-malachite,
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Fig. 8. The pattern of the South aureoles:

1 — samples with the maximum element content; 2 — gold ore oc-
currence: the figure on the left is the number, the figure on the right
is the content: red — gold (g/t), green — copper (%), blue — silver
(g/t); 3 — the same, copper; 4 — isoconcentration of copper (%) in
loose deposits; 5 — isoconcentration of bismuth (%) in loose depos-
its; 6 — point with hypergenic copper mineralization (malachite,
chrysocolla, azurite); 7 — contour of the aureoles
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chalcopyrite-malachite mineral types, veined, streaky and
stringer-porphyry textures. The texture-mineralogical types
of ores do not have clear geological boundaries between
themselves, and can be identified visually or under a micro-
scope. The streaky ores are predominantly developed; the
veined ores are less developed. By technological features, the
ores are divided into oxide and sulfide, mixed ores are practi-
cally absent.

The analysis of the results of geological exploration carried
out within the Koktaszhal ore field allows concluding that
mineralization is significant in depth and area and can be of a
commercial interest due to the high contents of copper, gold,
and silver.
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Mera. [1porHo3Ha olliHKa NepCcrneKTUBHUX TOYOK MiHe-
pajizauii Ta pygonposiBlIeHb Milli, 3010Ta, cpibya il moryT-
HUX KOMIIOHEHTiB Ha KoKTacxkalbChbKOMY pyTHOMY TIOJI.

MeToauka. AHaJli3 JliTepaTypHUX i POHIOBUX MaTepiaiB.
PexorHocimpyBasibHi MapuipyT sl AOCTIIKEHHS TeoJo-

riyHoi cutyalii paiiony. Ilix yac mpoXoMKeHHsI MapllpyTiB
Oynu BimiOpaHi mpoOu, MpoBeAeHe X MiHepaJloriyHe JT0CTi-
ICKeHHST JUIST BU3HAYEeHHST 3aKOHOMIPHOCTE pO3IMomiTy
OCHOBHUX PYIHUX MiHepasiB i momimok. JIas BU3HaYeHHS
BMiCTY KOPMCHUX KOMIIOHEHTiB BUKOPUCTOBYBaBCsI (ha30BUiA
XiMIYHMIT aHaJli3, CIEKTPaJIbHUI aHali3, CIIEKTPO30JI0TOME-
Tpisi.

PesyabraTn. Matepianu Ta ix aHai3, oTpuMaHi B pe3yiib-
TaTi NOCHIIXKEeHb, iICTOTHO PO3LIMPIOIOTh YSBJIECHHS MPO 10-
cliKyBaHe pyaHe rojie. OCHOBHUMMM PyIOYTBOPIOIOYUMU
MiHepaJlaMU € XaJIbKOITipUT i OOPHIT, y 3HAUHO MEHIIMX KiJlb-
KOCTSIX y pydax IPUCYTHI XaJlbKO3WH, MipUT, MOJIOIEHIT.
OCHOBHUMU OKUCJIEHUMU MiHepaJlaMUu Milli B IMOPSIIKY YOy-
BaHHSI € MaJIaxiT, XpU30KoJIa, XaJIbKaHTUT, a3ypuT. 3aBasi-
KU JeTAJIbHUM TeO0JIOTIYHUM, MiHepaaoro-mnerporpadiyHuMm,
J1a0OPATOPHUM JOCIIIIKEHHSIM OYJIM BUIIJIEHI MEPCIIEKTUBHI
MigHO-nopdipoBi pyaomnposiBieHHs. [IpoctopoBo 00’enHaHi
Ta CKJaJeHi CXeMM OPEOJIiB i3 BiloOpaxKeHHSIM Ha HUX KOH-
LICHTpAIIiil KOPUCHUX KOITAJIMH, 110 PEKOMEHIYEThCSI BUBUM -
TH GBI AETATBHO.

HaykoBa HoBU3HA. 32 pe3yJbTaTaMu JOCTIIKEHb i aHaTi-
3iB OyJIM BUJIiJIEHI HOBi NEepCHeKTUBHI TOYKM MiHepasizalii
Ta 3pyICHIHHSA 3 BUKOPUCTAHHSIM HOBITHIX BMCOKOTOYHUX
METO/iB BUBUYEHHSI pyJOYTBOPIOIOYMX MiHEepalliB MiTHO-TIO-
pdhipoBUX pOTOBHUIIL.

IIpakTuuna 3HaunmicThb. JlocaiakeHHsT MiHepasorii pya-
HOTO TIOJIST TO3BOJISIE BUBHAYUTH TUTTOMOP(MHI 0COOGIMBOCTI
MiHepaJtiB IS MOLIYKiB i OLIiHKY POAOBUII KOPUCHUX KOTa-
JIMH Ta JUIST TIOJMIIEHHS KOMIUIEKCHOCTI BUKOPHUCTAaHHS
cupoBUHU. BUKOpHCcTaHHS MiHEPaJOTiYHUX METOIIB JOCTi-
IIKEHb Ha CYYaCHOMY piBHI MiABUINYE ¢(DEKTUBHICTD Te0I0-
ropo3BilyBaJbHUX POOIT, CIIPUSIE MOLIYKY HOBUX IMEPCHeK-
TUBHUX TUJIONI i POAOBUIIL i B L[iJIOMY 301IbIIIEHHST MiHEpaJlb-
HO-CUpPOBUHHOI 0a3u Ka3axcraHy, 1110 € OHI€I0 3 HaliBaX-
JIMBIIINX 3a7a49 KpaiH, 110 po3BUBaIOThcs. Pesynbpratu mpo-
BEIEHUX MOCHiIXEHb MOXYTb CIYXUTH OCHOBOIO JISI MO-
JNAJILIIOTO TOBUBYEHHS PYIHOTO TOJIsI, KiJbKICHOI OLIHKA
MEePCHeKTUB pPecypciB, BUOOPY METOMY BilIpalllOBaHHS Ta
30arayeHHs. JIOBUBYEHHSI MaJIOBiIOMUX MimHO-mopdipo-
BHX PYIOIPOSIBICHB, TIOIIYKW HOBUX POMOBMII Milli, 3010~
Ta, cpibyia i CynmyTHiIX KOMIIOHEHTIB € MEPLUIOYEPTOBUM 3a-
BIAHHSM iX MPOMMCIOBOTO OCBOEHHSI B YMOBaX Cy4yaCHUX
TEXHOJIOTI .

KirouoBi cioBa: Koxmacocanvcoke pyone nose, Miono-no-
piposi 3pydeninns, minepanrociuna 30HanvHicme, llenmpans-
Huti Kazaxcman

PesyabraThl ucciaenoBanuii Kokracxkaabckoro
pyasoro noss (ILlenrpanbhbiii Kazaxcran)
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KaparaHanHCKUIT TOCYIapCTBEHHBI TEXHUYECKUI YHUBEP-
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Hens. [TporHo3Has orjeHKa MEPCTIEKTUBHBIX TOYEK MU-
HepaM3alWy U PYJONPOSIBIEHUI Menu, 30510Ta, cepedpa 1
TOMYTHBIX KOMITOHEHTOB Ha KoKTacxkalbCcKOM pyTHOM
noJe.

Metoauka. AHaIU3 TUTEPATYPHBIX U (DOHIOBBIX MaTEPH-
aJIoB. PeKOrHOCIIMPOBOYHBIE MAPIIPYTHI TSI MCCIIETOBAHMS
Te0JIOTMYEeCKOl cuTyaluu paiiona. Bo Bpemst mpoxoxneHust
MapIIpyToB ObLIN OTOOPAHBI TPOOKI, TTPOBEACHO MX MUHEPa-
JIOTUYECKOE MCCIIeOBaHUE IS OTIpeIeIeHH S 3aKOHOMEPHO-
CTeil pacripenesieHrs OCHOBHBIX PYIHBIX MUHEPAJIOB M TIPH-
Meceit. [t ompeneneHus coaepKaHU TOJIE3HBIX KOMIIO-
HEHTOB WCITOJIb30BaJICST (ha30BbI XUMUYECKUII aHau3,
CTIEKTPaAIbHBII aHAIN3, CTIEKTPO30JI0TOMETPUSI.

Pesyabratel. MaTepuasbl M MX aHalW3, MOJyYeHHBIE
B pe3yibTaTe MCCIEAOBAHMUI, CYIIECTBEHHO DACIIUPSIOT
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MpeacTaBIeHue 00 ucciaenyeMoM pyaHoM Tosie. OCHOBHBI-
MM pyA000pa3yoMMU MUHEPATaMU SIBISIOTCS XaJIbKOITHM-
pUT ¥ OOPHUT, B 3HAYUTEJIBHO MEHBIINX KOJMYECTBAX B
pyaax MpUCYTCTBYIOT XaJIbKO3UH, MUPUT, MOIHOAeHUT. Oc-
HOBHBIMU OKHWCJIEHHBIMM MMHEpajaMu MU B TOPSIKe
yObIBAHMS SIBIISIIOTCSI MajlaXUT, XPU30KOJJIA, XaJbKAHTUT,
as3yput. biaromapst meTaJbHBIM T€OJOIMYECKUM, MUHEpa-
JIOTO-TIeTpoTrpauyeCcKuM, JJabOpaTOPHBIM UCCIIEIOBAHUSIM
OBbLIN BBIIEJICHBI MEPCIIEKTUBHBIC MEITHO-MTOPGUPOBLIE PYy-
nonposiBiaeHus. [IpocTpaHCTBEHHO O0bEAMHEHBI U COCTAB-
JICHBI CXeMbI OPEOJIOB C OTOOpaXKeHNEM Ha HUX KOHIICHTpa-
LM TTOJIE3HBIX MCKOIAEMbIX, KOTOPbIE PEKOMEHIYETCS 13-
Y4uTh O6OJIee TeTaTbHO.

Hayunaa noBm3na. Ilo pesyiabTatam ucclenoBaHUN U
aHAJIM30B ObUIM BBIIEICHBI HOBBIC TEPCIIEKTUBHBIC TOYKU
MMHEpaIu3alii U OPYIACHEHUS C MCIOJIb30BaHUEM HOBEii-
[IMX BBICOKOTOYHBIX METOMOB M3YYEHHUST PYI000Pa3yIOLINX
MMHEPAJIOB MEIHO-ITOPGUPOBBIX MECTOPOKICHMIA.

IIpakTyeckas 3HaUMMoOCTh. MccnenoBaHe MUHEpalo-
TUY PYIHOTO IOJISI TIO3BOJISIET ONPEaeIUTh TUIIOMOP(MHbBIE
0CO0EHHOCT MMHEPAJIOB ISl IIOUCKOB M OLIEHKH MECTO-
POXIEHMI MOJIe3HBIX MCKOMAEMBbIX U [IJIST YIyYLIEHUST KOM-

IUIEKCHOCTU UCIIOJb30BaHUS Chipbs. Mcronb3oBaHue MU-
HepaJornyecKux MEeTOJOB MCCJIeNOBAaHUIA Ha COBPEMEH-
HOM YpOBHE TOBbIIIAeT 3(PPEeKTUBHOCTb Te0JIOTOpa3Be-
JIOUHBIX pabOT, CIIOCOOCTBYET IMOUCKY HOBBIX MEPCIIEKTUB-
HBIX TUIOIIAAEH U MECTOPOXKIEHUMN 1 B 11EJIOM YBEJIUUYEHUIO
MUHEpaJIbHO-ChIpbeBOi 0a3bl KazaxcraHa, 4To sIBisIETCS
OIHO¥ M3 BaXKHEWMINUX 3a7a4 pa3dBuBalolIuxcs crpaH. Pe-
3yJbTaThl IPOBEACHHBIX UCCAETOBAHUI MOTYT CIYyXXUTb OC-
HOBOH [JIsI MOCJEAYIOLIEeTO NOU3YyUYeHUsT PYyAHOIO IOJIs,
KOJIMYECTBEHHOI OLIEHKM MEepCIeKTUB pecypcoB, BbIOOpa
MeToAa OoTpaboTKU U oborameHus. JlousyyeHue Manaous-
BECTHBIX MEAHO-TTOP(GUPOBBIX PYAOINPOSIBICHUN, TTOUCKU
HOBBIX MECTOPOXIEHUN Meau, 30J10Ta, cepedbpa U MomyT-
HbIX KOMITOHEHTOB SIBJISIIOTCSI [IEPBOOYEPEAHOM 3a1aueii ux
MPOMBIIIJIEHHOTO OCBOEHUSI B YCJIOBHUSIX COBPEMEHHBIX
TEXHOJIOTUA.

Kimouesslie cioBa: Koxmacocarsckoe pyoHoe noae, meoHo-
nopguposvie opyOeHeHUs, MUHePAN02U4ecKds 30HAAbHOCHb,
Llenmpanvnotii Kazaxcman
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