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Abstract. This paper analyzes the increasing global demand for mineral resources, particularly non-ferrous metals, and the
growing challenge of finding new deposits as easily accessible ones are depleted. The study focuses on copper-porphyry de-
posits, which are crucial for meeting this demand. It highlights the importance of improving exploration methods and integrat-
ing various geological, geophysical, and geochemical techniques. The research emphasizes the unique metallogenic potential
of Kazakhstan, specifically the Dzungar-Balkhash folded region, which hosts significant copper deposits like Kounrad,
Bozshakol, Koksai, Aktogay, and Aidarly. The study uses the Koldar massif as a reference site to analyze the geological and
mineralogical characteristics of these deposits. The methodology involved field studies, sample collection, and macro- and
microscopic mineralogical analysis. A key finding of the study is the identification of widespread kalishpatization and argilliti-
zation zones within the Kyzylkiya deposit, which were confirmed through both spectral analysis and micromineralogical stud-
ies. The research also details the mineralogical and geochemical characteristics of different types of copper-porphyry ores,
linking them to specific petrological features of the ore-bearing plutonism. The paper concludes by presenting prospect and

prospecting signs for copper-porphyry deposits in various geological settings.
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1. Introduction

The increasing demand for mineral raw materials, and
especially for non-ferrous metal ores, determines the further
strengthening and expansion of their mineral resource base
and an increase in exploration reserves, primarily in the areas
of existing mining enterprises and newly created territorial
production complexes, for the long term. Currently, the fund
of easily discoverable deposits located on the surface or at
shallow depths is mostly exhausted. This requires constant
improvement of the genetic and geological foundations of
regional, small- and medium-scale and local forecasting, the
formation of geological prospecting models of different
metallogenic categories, the rational use and combination of
geological, geophysical, geochemical and mining methods
based on the development of their effective complexes.

1.1. Geological context of non-ferrous metal deposits

Recent research in the Chinese Altai highlights the signif-
icance of integrating zircon U-Pb geochronology with isotop-
ic and geochemical data to better understand the petrogenesis
and tectonic settings of granitic complexes associated with
mineralization [1]. In Eastern Kazakhstan, studies of Early
Triassic magmatism reveal a genetic link between monzo-
nite—granite intrusions and the activity of the Siberian Large
Igneous Province, suggesting a broader geodynamic control
on ore formation processes [2]. Investigations in Central Lhasa
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further demonstrate that Cretaceous magmatic events played a
key role in the development of Fe—Cu skarn systems, empha-
sizing the metallogenic potential of post-collisional magma-
tism [3]. Meanwhile, data from Northwestern Mongolia pro-
vide insight into the evolution of orogenic belts and show
how regional tectonic regimes influence the emplacement and
mineralization of granitoid massifs [4].

The expansion and strengthening of the raw material base
of non-ferrous metals in the Republic of Kazakhstan is pri-
marily possible due to the discovery and study of deposits of
the leading geological and industrial types-copper-nickel,
copper-porphyry, copper-pyrite, copper sandstones and
shales. The specifics of deposits are determined by their pale-
otectonic and geological position, spatiotemporal and genetic
relationships with various structural and material complexes
(formations), the size and morphology of mineralization
zones and ore bodies, the quality, mineral and material com-
position of ores. Copper deposits are quite widespread around
the globe and are found on almost all continents. They are
also diverse in time of formation (from the Precambrian to the
Cenozoic), and each age epoch is characterized by the pre-
dominance of one or two geological and industrial types. In
the Mesozoic, unlike the PaleoTriassicterozoic, there was a
slight decrease in copper reserves, and the main reserves of
this period were concentrated in copper-porphyry and copper-
nickel deposits, which were developed mainly in the CIS
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countries, being associated with the Triassic trap formation.
The Cenozoic era is characterized by a sharp increase in cop-
per accumulation due to copper-porphyry deposits, confined
mainly to the Pacific (94% of reserves) and partly to the Med-
iterranean (6% of reserves) folded belts [5].

Kazakhstan is a unique ore province, which contains de-
posits of non-ferrous and ferrous metals that are diverse in
composition and origin [6]. In the Balkhash ore province,
copper deposits are developed in the form of a sublatitudinal
strip extending along the Northern Balkhash region for more
than 500 km with a width of 40-50 km [5].

Copper porphyry deposits are characterized by large mass-
es of calcified rocks with a veined-interspersed, stockwork
character of mineralization and are mainly suitable for mining
by large quarries. By origin, these deposits are hydrothermal:
plutogenic and volcanogenic, which indicates a fairly wide
range of temperatures at which their formation took place.
Ore-bearing rocks can be coarse- and fine-grained diorites,
granodiorites, granodiorite porphyries and plagiogranite por-
phyries, which break through older (from Silurian to Carbonif-
erous) formations, both volcanogenic-sedimentary and intru-
sive. The main ore components are copper and molybdenum.
The primary ore minerals are pyrite, chalcopyrite, bornite,
molybdenite, and magnetite. Malachite and azurite develop in
the oxidation zone, and chalcosine ores with bornite develop in
the secondary enrichment zone. Hydrothermal changes consist
of calypathization and biotitisation [5].

Mineralization, as a rule, is located on the contact of the
intrusions that caused it with the host rocks (Aktogay, etc.)
or on the periphery of granitoid massifs (Aksu, Koksai). At
the same time, ore-bearing intrusions are confined to deep
fault zones, as well as the widespread development of hydro-
thermal changes, up to the transformation of rocks into sec-
ondary quartzites. There are a number of areas within the
Dzungar-Balkhash folded region where a combination of
deep fault zones with manifestations of intrusive activity is
favorable for mineralization, especially at its junction with
the Teniz and Zhezkazgan depressions in the west, the Kok-
shetau block in the west and northwest, the Zharkyn syncli-
nor structure in the east, and the Shu syneclise and Ili depres-
sion in the south. Studying various research cases of copper
deposits around the world, it was interesting to review the
case of the Shagai belt, Pakistan, with the resulting RSG
picture of the massif [7] (Figure 1).

Figure 1. RSG of the Reko Dik copper and sapphire deposit,
Pakistan
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On the territory of the Republic of Kazakhstan, the re-
search group accepted the copper deposits of the Koldar
massif as the reference study site.

1.2 Geological description of the research object

The Dzungar-Balkhash folded region is located to the
north, northwest and southeast of the lake. Balkhash, on
three sides (except the southeast), it represents a trough
formed by precipitation from the Middle Devonian to Permi-
an inclusive. Folding, accompanied by intrusions, manifested
itself in the Middle and Late Carboniferous; in its first stage,
moderately acidic granitoid intrusions were introduced, and
in the second, potassium granites mainly along faults. During
the consolidation process in the Late Permian-Early Mesozo-
ic, intense terrestrial volcanic activity was manifested along
the periphery of the region in connection with the above-
mentioned deep faults, which led to the development of not
only tuff-effusive formations but also subvolcanic intrusions.
The latter are associated with the formation of secondary
quartzites and molybdenum-copper deposits of the stock-
work type near volcanic apparatuses [8]. The formation of
subgeosynclinal and skarn polymetallic deposits is associated
with late Carboniferous small intrusions, and stockwork and
vein deposits of tungsten and molybdenum are associated
with early Carboniferous and late Carboniferous intrusions.

Five Paleozoic deposits are known in the Dzungara-
Balkhash folded region in Central Kazakhstan: Kounrad,
Bozshakol, Koksai, Aktogay, and Aidarly. The Aktogay
deposit is located to the east of the lake. Balkhash is associ-
ated with volcanogenic formations of the Upper Paleozoic
age, broken near the axis of the anticlinal fold by a number
of small subvolcanic intrusions of the Upper Carboniferous
age, represented by granodiorites and quartz diorites. The
copper mineralization is confined to the apical part of one of
the massifs and partially extends into its roof. In the central
part of the deposit there is an oreless quartz core surrounded
by a zone of kalishpatization, which is associated with the
main mineralization [9]. The ore body has a horseshoe shape
with a maximum width of up to 800 m. Mineralization has
been traced to a depth of 400-600 m. It has a veined-
interspersed character. Ore minerals are chalcopyrite, pyrite
and less commonly bornite and molybdenite. Magnetite,
pyrrhotite, sphalerite and galena are even rarer. The copper
content in the ores is low and does not exceed 0.6%. Molyb-
denum is low. The Aidarly field is located next to the Ak-
togay field and is similar in structure to it.

2. Materials and methods

The sites were studied and sampling points were identified
for macro- and microscopic mineralogical analysis of the se-
lected sites (Figure 2). The general requirements for the carto-
graphic foundations of predictive research are determined by
the need to display a set of direct and indirect signs of predict-
ed objects on graphic materials. The places of birth, attributed
to the copper-porphyry family by a complex of geological,
genetic and geological industrial characteristics, are located in
specific geostructures — volcanic-plutonic belts of two types:

1) Basaltoid rocks formed in the outer (barrier) zones of is-
land arcs, at the end of the early stages of the development of
eugeosynclines;

2) Andesitoids, which are formed in the orogenic activa-
tion regime on a substrate of various compositions and times
of occurrence.
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The allocation of provinces or regions requires determin-
ing the position of the corresponding volcanic-plutonic belts
in the general zonality of geosynclinal folded systems.

Basaltoid volcanic-plutonic belts in marginal continental
geosynclinal folded systems are naturally located between
the frontal troughs adjacent to the troughs and the inner or
rear zones of the island-arc space.

In intracontinental geosynclinal folded systems, basaltoid
belts are located either directly above the actual eugeosyncli-
nal bends or on their flanks. This situation is typical for Cen-
tral Kazakhstan and the Central Ural uplift, which have expe-
rienced the regeneration of the geosynclinal regime [10].

In the basaltoid volcanic-plutonic belts, the copper-
porphyry and gold-copper-porphyry deposits themselves are
associated with a volcanic-plutonic association formed by
basalt-andesite-basalt volcanogenic and gabbro-diorite-
quartz-diorite (plagiogranite) plutogenic formations. This
association occurs after an undifferentiated basalt, con-
trasting basalt-rhyolite, and continuous basalt-andesite-
dacite-rhyolite formation. After productive association, vol-
canogenic molassoids of Grauwacke and carbonate strata
usually accumulate.

The appearance of copper-porphyry deposits is preceded
by the formation of pyrite family deposits associated with
differentiated volcanogenic formations and located in adja-
cent metallogenic zones [11]. Copper-porphyry deposits
arose after ferromanganese volcanogenic ores. Vein
polymetallic deposits are formed synchronously with copper-
porphyry ores or somewhat later.

In andesitoid volcanic-plutonic belts, the composition of
ore-bearing volcanic-plutonic associations depends on the
nature of the substrate. In epicraton belts, molybdenum-
porphyry deposits are associated with the diorite-granodiorite-
granite formation, which is preceded by the usually sparsely
distributed dacite-rhyolite. In epimiogeosynclinal belts, cop-
per-molybdenum-porphyry deposits accompany associations
formed by andesite-dacite-rhyolite and diorite-granodiorite-
monzonite formations [12]. In the epicheosynclinal belts,
molybdenum-copper-porphyry deposits are associated with
volcanic-plutonic associations, which include andesite vol-
canogenic and gabbro-diorite-granodiorite plutogenic for-
mations. These associations belong to the initial stages of the
formation of volcanic-plutonic belts. Later formations are
represented by ignimbrite, liparitoid, trachytoid, and trachyte
volcanogenic formations accompanied by granite-leucogranite,
subalkaline, alkaline, and alaskite intrusive complexes.

The epicraton-type birthplace is characterized by a signifi-
cant amount of molybdenum, less often copper-molybdenum
ore composition and is most similar to molybdenum-porphyry
objects according to classification V. Popov. In the ores of
these deposits, the ratio of copper to molybdenum varies
from 0.4 to 20 (about 13 on average) with non-industrial
copper contents [13]. The deposits contain practically no
gold and silver.

The gold-bearing ores of epimiogeosynclinal type deposits
have a molybdenum-copper composition; the Cu ratio: The
Mo ranges from 15 to 40 with a weighted average of about 23.
The ores are weakly gold-bearing and silver-bearing [14].

Epigeosynclinal deposits are characterized by gold-
bearing molybdenum-copper ores. Cu Relations: Mo ranges
from 30 to 235 at concentrations of Mo, sometimes of no
industrial significance [15-24]. The gold content of ores is
increased and can reach 20 g per 1 t of copper reserves.
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Thus, copper-porphyry deposits are clearly divided into
molybdenum-, gold-bearing copper-molybdenum-, gold-
bearing molybdenum-copper and gold-copper-porphyry
deposits, which correlates with the petrological characteris-
tics of ore-bearing plutonism, depending on the types of
metallogenic zones. Table 1 shows the conditions of occur-

rence of deposits of the copper-porphyry family.

Table 1. Conditions of occurrence of molybdenum-porphyry
deposits

Metallogenic and
geological character-
istics of typical
environments
Molybdenum-copper-
porphyry (deposits of
the Balkhash region)

Metallogenic prov-
inces

Types of deposits and reference objects

Marginal and intracontinental
activated volcanic-plutonic  belts
eugeosynclinal basis

orogenic-
on the

2 | Metallogenic (structural and formation) zones:
The central parts of the epigeosynclinal
volcanic-plutonic belts with the develop-
ment of an association of formations: ande-
site-dacite and andesite-rhyodacite volcano-
2.1 | Paleotectonic position K genic and gabbro-diorite-granodiorite and
plutogenic.
The central parts of the belts with the devel-
opment of ore-bearing volcanic-plutonic
associations
Formatlons contain- Andesite-dacite, andesite-rhyodacite, and
2.2 | ing ore-bearing .
. . eugeosynclinal belt base complexes
plutogenic formations
23 Ore-bearing for- Gabbro-diorite-granodiorite potassium-
"~ mations sodium (K,0:Na,O from 0.5 to 0.8)
Multiphase plutons or areas of development
3 The position of the of porphyritic phases of an ore-bearing
ore regions formation corresponding to groups of mag-
matogenic-hydrothermal systems
Porphyry stocks and adjacent structures of
their frames are controlled by inherited
4 Position of ore fields | paleodepositions of the base of the belts
and deposits (sometimes stratovolcanoes) and corresponds
to single magmatogenic-hydrothermal sys-
tems
Ore-bearing struc-
tures and the position | Apical parts of rod-shaped and dike-shaped
5  of ore bodies in ore- | porphyry intrusions, sometimes containing
bearing formations breccia tubes of granodiorite porphyries
and massifs
Conformal to porphyry intrusions: cones,
truncated cones, hollow thick-walled cones,
6 | Forms of ore bodies | straight and inverted, plates, wedges; discon-
formal: inverted vertical and inclined cones,
groups of cones and funnel-shaped bodies
7 Gep c.h emical charac- Cu:Mo from 200:1 to 30:1
teristics of ores
Ash content of hydro-
thermal-metasomatic
8  changes (from the Biotitisation-sericitization-propylitization

center to the periph-
ery of the rods)

In the course of the study, the rock sections and polished

sections were taken from control points, prepared and studied
(Figure 2). Rock sections are thin sections of rocks examined
under a microscope in transmitted light to study their mineral
composition and texture. Polished sections are polished sam-
ples that are examined under a microscope in reflected light,
which makes it possible to analyze ore minerals and their
relative positions.
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Figure 2. Overview diagram of control points: (a)—initial
condition of the study area before mining operations; (b) — open-
pit view with control points where rock and polished sections were
collected for mineralogical analysis

3. Results and discussion

An important result of the research was the identification of
the zone of spread of kalishpatization, which is widespread in
the Kyzylkiya deposit. The samples taken from this zone also
confirmed the results of spectral analysis. Argillitization, wide-
spread in the territory of Kyzyl Kiya, was clearly expressed on
the map, compiled according to the results of the spectral meth-
od, and confirmed by microminerological studies.

Thin sections are magnified by 10X. From left to right,
the top row contains grains of biotite, quartz, plagioclase,
sericitized, and potassium feldspar, in crossed nichols; un-
changed quartz in granodiorite, about 5 mm in size, in
crossed nichols. From left to right, the bottom row shows
hydrothermal changes in feldspar, in crossed nichols; a cryp-
tocrystalline glassy mass with fragments of pyroclasts and
quartz fragments, in crossed nichols (Figure 3).

Figure 3. Microscopic images of rock thin sections showing
mineral composition and key geological features of the rock
samples

The mineralogical composition and geochemical features
of ores from various types of copper-porphyry deposits are
summarized in Table 2 where I-IV are types of deposits:

— I-molybdenum-porphyry,

— II-gold-bearing copper-molybdenum-porphyry,

— III-gold-bearing molybdenum-copper-porphyry,

— IV-gold-copper-porphyry

Table 2. Mineralogical and geochemical characteristics of the main types of ores of copper-porphyry deposits

The predominance in

Ore type Minerals Mineral associations Impurity elements various types of deposits
Main Secondary Rare Gangue Main Secondary 1 11 | v
. . +
Magnetite- ilm, cub, chp, ) Co(py), Te, Re, Bi,
pyrite py,mag ~ hm, pyr mo, rt q, chl py, mag-py Se(py) Au, Ag + 0+ + i
chp, bn, pyr, . +

Molybdenum = mo, py hb, gal, sph, bit, g, anh, bi mo, g-mo, Re(mo) Se, Te + * + +

hm, bl, cs g-py-mo +

wf, mag +
sph, gal, ars, mo-chp-bn, Re(chp)

Chalcopyrite-  bn, chp, ~ mo, chils,  bl, bit, Au, el, g, pot, anh, mo-py-chp-bn, P), Se, Bi, +
: . Au(chp,bn), - + -

bornite Py mag Ag, an, tel, Au,  bi, ser bn-chp, Ag(chp,bn, sph, gal) Pt(chp) +

Ag py_chp_bn g p! e p e g
sph, gal, ars, mag-py-chp, Re(chp,mo), N + N
Pyrite- ch bn, mo, mag, bl, bit, Au, el, q, pot, anh, mo-bn-py-chp, Au(chp,bn), Se, Bi, + + n +
chalcopyrite P Py sph, chls Ag, tel, Au, bi, ser mo-py-chp, Ag(chp,bn, sph, gal) Pt(chp) + " . "
Ag, cv, an py-chp
py, chp, an, Au, Ag, tel, py-chp-bl-gal-sph, Se, Te
Polysulfide  gal, sph, usel Au,Cu, gs,ars, pyr gq,car,bar,zl  py-chp-sph-ars, :u((cp}? ? Cshlll'l, g’c;ll, 1;311)) Bi (gal, sph) + i i +
bl Pb gal-sph-py-chp glchp, sph, gal, In, Cd, Ga
Enargite- luz, ars, bn, enr-);}fgt-fgﬁlssphy - =
polysulfide py,en rdhr, bl, S, gal,  spec, cv q, car, zl en-ars-py, en-rdhr-cv- Ag(bl, gal, sph) As - + + -
sph, chp
py-S, luz-en

chlz, bn, py, chp, mal, Au, + + +
Hypergene cv, as Cu, mo B B Au, Ag - * + + +

“The minerals that carry the elements of impurities are indicated in parentheses
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The prevalence of the main types of ores is characterized
as follows: “+++” indicates occurrence in significant amounts,
including at the level of major industrial concentrations; “++”
denotes constant presence in various quantities; “+” marks
rare occurrence in small volumes; “— signifies absence.

Mineral designations:

Ad —native silver; ap — argentite; anh — anhydrite; ars —
arsenopyrite; as — azurite; Ai — native gold; bar — barite; bi —
biotite; bl —pale ore; bit — bismuthinite; bn — bornite; sag —
carbonate; chl — chlorite; chr — chalcopyrite; chls — chalcosine;
cs — cassiterite; Si—native copper; cub — cubanite; cup —
cuprite; cv —covelline; el —electrum; en — enargite; gal —
galena; gs— hessite; hb — hubnerite; hm — hematite; ilm —
ilmenite; luz — luconite; mag— magnetite; mal — malachite;
mo — molybdenite; pot— potassium feldspar; py — pyrite;
pyr — pyrrhotite; q — quartz; rdhr — rhodochrosite; rt — rutile;
S — native sulfur; sel — selenides (of gold, silver, copper, lead);
ser — sericite; spec — specularite; sph — sphalerite; tel — tellu-
rides; wf — wolframite; zI — zeolites.

The characteristics of the prospect and prospecting condi-
tions are summarized in Table 3.

Table 3. Prospect and prospecting signs of copper-porphyry
deposits in various settings

Environments-according to the options
for the position of the erosional trunca-
tion and the possibilities of detecting ore
bodies
Favorable, I, Moderately Unfavorable,

Elements of field models

11 favorable, 111 v

Supramineral space:

Propylitized rocks of the intrusive +c +c -

frame

Zones:

Pyritization +c +c -

Tourmalinization +u +-u -

Argillitization +c +c -

brecciated tubes +-a +-a -

Supramineral lithogeochemical

emljelope y e e )

Vein polymetallic mineralization +c +c -

Vein gnd ?mpregngted copper- t o )

arsenic mineralization

Ore — hosting space

Propylitized rocks of the intrusive +c B B

frame

Pyritization zones +c - -

Porphyritic intrusive bodies +c - -

Brecciated tubes +-C - -

External lithogeochemical enve- +c ) )

lope

Vein polymetallic mineralization +-c - -

Zones:

Argillitization +-C - -

Silicification and sericitization +c - -

Ore bodies +u - -

K-feldspathization and biotitization +-C - -

sub-ore lithogeochemical envelope +-c - -

sub-ore space:

gra(;gzhtlzed rocks of the intrusive to . to

Pyritization zones +-c - +-c

Porphyritic intrusive bodies +c - +c

i);t:rnal lithogeochemical enve- ‘e ) e

K-feldspathization and biotitization +-c - +-c
Quartzy core +-u - +-u
Internal lithogeochemical envelope +-C - +c
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The designations used in Table 3 are as follows: +” pres-
ence of a feature on the section; “~” absence of a feature;
“+/=" possible presence of a feature; “u” unambiguous iden-
tification of the corresponding part of the geological space;
“a” ambiguous identification; “c” identification in combina-
tion with other features.

4. Conclusions

An important result of the microminerological studies
was the identification of the zone of spread of kalishpatiza-
tion, which is widespread in the Kyzylkiya deposit. The
samples taken from this zone also confirmed the results of
spectral analysis. Argillitization, widespread in the territory
of Kyzyl Kiya, was clearly expressed on the map, compiled
according to the results of the spectral method, and con-
firmed by microminerological studies. Mineralogical and
geochemical characteristics of the main types of ores of cop-
per-porphyry deposits were identified. Prospect and pro-
specting signs of copper-porphyry deposits in various set-
tings were detected.
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Opraabik Kazakcrangarsl Kosigap MacCUBiHIH MBIC-KeH/Ii Tay
JKbIHBICTAPBIHBIH NMETPOreHe3NCI :KIHE MUHEPATOTHSIBIK
CHIIATTAMAJIAPbI
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AnpaaTna. by ®KyMbpIc MUHEpalJIbIK IIMKI3aTKa, Scipece TYCTI MeTa/ul KeHepiHe aereH »ahaHaplK CYpaHbICTHIH apTybIH
KOHE OHail TaOBUTIATHIH KEH OPBIHIAPBIHBIH CapKbIIyblHA OaiJIaHBICTHI >KaHA KEH OPBIHAAPBIH 13A€yJeTi KUBIHABIKTAP/IbI
Tanmaiapl. 3epTTey OChl CYpPAHBICTBI KaHAFaTTAHIBIPYJa MAaHBI3ABl POl aTKapaThlH MbIC-MOPQUPIl KEH OpbIHAApHIHA
OarprTTanrad. On G6apray omiCTepiH KETUIAIPYIiH KOHE dPTYPIIi TEONOTUSIIBIK, TE€O(PU3UKANIBIK KOHE TEOXUMIIIBIK 9IiCTepIi
OipiKTIpYiH MaHBI3ABUIBIFBIH KepceTel.3eprrey KasakcTanHbIH Oipereil METauIOTeHIIK alieyeTiH, aTan aiitkanna KoHpipan,
bosmaken, Kokcait, AkToraii )koHe AWTapbll CUSKTHI MaHBI3IBI MBIC KEH OpBIHIApH! OpHanackaH JKoHrap-bankamr karnapist
aiiMarblH epeKllIe aTam KepceTeli. 3epTTey JKYMBICHI OChbl KEH OpBIHAAPBIHBIH T'€OJIOTHSJIBIK JKOHE MUHEPAIOTHSIIBIK
cunarTamaiapbiH Tanaay ymin Konpap MacCHBIH 3TaloHIBl 3€pTTEy ajlaHbl peTiHAe NaiijanaHajbl. OicTeMe Janaiblk
3epTTeyNepl, YArUIepal OJKUHAyJbl, COHJAl-aK MakKpo- JKOHE MHKPOCKONMSUIBIK  MWHEPAJOTMSUIBIK — TaJlAay bl
KaMTH/bL.3epTTeyJiH Heri3ri HoTmwkeci — KpI3bUIKMS KeH OpHBIHIA KEH TapalfaH KaJWIINaTTaHy >oHE casfa aiHay
aiiMakTapbslH aHBIKTay OOJBINT TaObUIaIbl, Oy CHEKTPIIK TallAaylapMeH >KOHE MHUKPOMHHEPAIOTHSJIBIK 3epTTeyJIepMeH
pacrangpl. JKymbIc coHpal-ak MbIC-IOpQUPIl KEeHAEPIIH OpTYpil TYPJEpPiHIH MHHEPAIOTHSUIBIK JKOHE T'€OXMMUSUIBIK
CHUIaTTaMaJIapblH, OJAPAbIH KEH TY3YyIIli HHTPY3HSIIAPAbIH METPOJIOTHSUIBIK, ePEKIIeIIKTepiMeH OaliTaHbICHIH eTKeH-Ter el
cunartaiiael. KopeITBIHIABL OeniMae OpTYpIi TEONOTHSUIBIK SKaFmaimapaarbl MBIC-IOPGHUPITI KEH OPBIHAAPBIHBIH i37ECTipy
Oenrinepi YCHIHBUIFaH.

Hezizzi co30ep: nempozenesuc, mvic, MUHEPANI02Usl, MEMALI02eHIIK MOOeNbOep, MyCmi Memail KeHoepi.
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IleTporeHe3uc u MUHEPAJIOTHYECKHE XAPAKTEPUCTUKH
Meabcoaep:xamux nopoa maccusa Koanap, Henrpansubiii Kazaxcran
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AHHoTauus. B naHHO# paboTe aHATM3UPYETCS PACTYLINA MUPOBOH CIIPOC HA MHUHEPAJIbHEIE PECYPCHI, OCOOCHHO Ha PY.IBI
IBETHBIX METAJJIOB, U yCHJIMBAIOMIAsACSA MpoOsieMa MOMCKAa HOBBIX MECTOPOXKACHUN MO Mepe MCTOIICHMS JIETKOJIOCTYITHBIX
sanexeit. McciemoBanre cOKyCHPOBaHO Ha MEIHO-TIOP(GUPOBBIX MECTOPOKICHUSAX, KOTOPBIE UMCIOT PEIlaloliee 3HaYCHUE
JUTSL YOBIETBOPEHUS 3TOTO cripoca. [loguepkuBaeTcsi BAXKHOCTh COBEPIIEHCTBOBAHMSI METOJIOB Pa3BEAKH M WHTETPAIUH Pa3-
JIUYHBIX TEOJIOTHYECKUX, TeO(OU3NICCKUX U TEOXUMHUCCKUX MOAX00B.MccrenoBanrue akIieHTHPYET BHUMAHUE HA YHUKAJb-
HOM MeTaJuIoreHnyeckoM noteHrnuane Kazaxcrana, B yactHocTd, Ha JIKyHrapo-banxaiickoMm ckiaggaTtoM pervoHe, rie pac-
TOJIOKEHBI TaKHe 3HAaYMMble MeJIHbIe MecTopoxaeHus, kak KoyHpan, bo3makons, Kokcail, Aktorait u Alinapsul. B kauectse
STAJIOHHOTO YYacTKa TS aHaJi3a TeOIOTHICCKAX ¥ MUHEPATIOTHIECKUX XapPAKTEPUCTUK STHX MECTOPOKICHUNA HCIIOIB3yeTCsS
MaccuB Kommap. MeTomoorust BKIIro4asa MmoJieBbIe UCCIeA0BaHMS, 0TOODP P00, a TAaKKe MaKpO- U MUKPOCKOITMIECKAN MUHE-
panorndeckuii ananu3.Kirto4eBBIM pe3yIbTaTOM HCCIIEOBAHUS CTAlI0 BRISABICHHE OOIIMPHBIX 30H KATUIIMATH3AIWN U apTHI-
JU3AIIH B IIPeJesiaX MeCTOPOKIeHI KBI3bUTKHS, 9TO OBLIO OATBEPKICHO KaK CIIEKTPAIFHBIM aHAJIM30M, TaK 1 MUKPOMUHE-
paTOTHYECKUMH HCCIIeoBaHUAME. B pabote Tarke moapoOHO OMICaHBl MUHEPAIOTHIECKHE  TE€OXMMHUYIECKIE XapaKTepUCTH-
KW Pa3IHYHBIX THIIOB MEIHO-TIOP(GHUPOBBIX Py, CBA3BIBAS UX C KOHKPETHBIMHU METPOJOTHYSCKUMHU OCOOCHHOCTSIMH PYAOHOC-
HOTO IUTyTOHHM3Ma. B 3aKiIt0ueHuH MpeaCcTaBieHbI MIOMCKOBBIC MPU3HAKA MEIHO-MOPHUPOBBIX MECTOPOKICHHH B Pa3IHUHBIX
reoJOrM4ecKnX 00CTaHOBKaX.

Knroueswie cnosa: nempozenesuc, medb, MUHEPANO2Us, MEMALI02EHUYECKUE MOOEU, PYObl YEEHBLIX MEMAJLIO08.
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