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Abstract. The study is devoted to the analysis of metasomatic zoning and features of mineralization of porphyry copper
deposits of the North-Eastern Balkhash region, comparing them with other analogs around the world. Based on geological,
mineralogical, and hydrothermal changes, the key characteristics of the Aktogay, Aidarly and Kyzylkiya fields were identified.
Methods included rock and mineral analysis, geochemical studies, and comparative analysis with global deposits. The results
showed the uniqueness of Kazakhstan deposits in terms of mineral composition and zoning structure. The conclusion empha-
sizes the importance of these deposits for understanding the formation of porphyry copper systems and the potential for further
research in this direction. The copper ore deposit of North-Eastern Balkhash region is located 450 km northeast of Almaty,
within the Balkhash-1li suite of the Central Asian Orogenic Belt, an orogenic structure over 800 million years old. The
porphyry formations are found within the Koldar plutonic massif, which dates from the Late Devonian to the Early Carbonif-
erous period. Laccolith intrusions of diorite-granodiorites extend 17 km in an east-west direction here. The Koldar plutonic
massif includes plates of volcanogenic sedimentary rocks consisting of Carboniferous andesites and dacite-rhyolites. The Ak-
togay deposit occupies the central plate, composed of volcanic rocks and bounded by magmatic formations. The stocks of
porphyritic granodiorites that intrude into the volcanic layers date from the Middle Carboniferous period.

Keywords: porphyry copper deposits, metasomatic zoning, hydrothermal changes, mineralogical composition, North-
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1. Introduction

Porphyry copper deposits occupy an important place in ge-
ological science and industry due to their great economic po-
tential. However, despite extensive studies of deposits around
the world, many aspects of their formation remain poorly
understood. In particular, the metasomatic zoning and mineral-
ization features of porphyry copper deposits in the Northeast-
ern Balkhash region, including Aktogay, Aidarly, and Ky-
zylkiya, require detailed consideration for a better understand-
ing of these unique systems. The purpose of this study is to
analyze the metasomatic zoning and mineralization features of
these deposits, considering the comparison with world analogs
and identifying their unique characteristics. At the Aktogay
deposit, drilling data identifies three main groups of rocks:

Keregetas suite rocks consist of volcanogenic sandstones
with interlayers of siltstones, tuffs, and conglomerates, overlain
by a layer of rhyolite-dacite tuffs and tuffaceous sandstones.

Diorites of the Koldar massif extend southwest from the
Aktogay fault within the open pit, as well as to the west and
north of the deposit. These rocks are mostly porphyritic, rang-
ing from fine- to medium-grained. The Koldar massif is char-
acterized by intermediate to acidic intrusions (granodiorites,
porphyritic granodiorite-plagiogranites, monzogranites), which
are primarily described as granodiorites in the drill core data.
Additionally, sheet-like intrusions of diabase porphyry of later
origin are present. Small intrusions of quartz-dacite porphyry
are found in the northwest section of the area.
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The central part of the massif consists of silicified volcanic
rocks and granodiorites, surrounded by a dense stockwork of
barren quartz veins and a thin zone of sericite-quartz metaso-
matism. The silicified zone intersects a large potassic altera-
tion zone, which consists of early potassium feldspar and bio-
tite. Localized zones of quartz-sericite-pyrite alteration are
represented as narrow linear sections along the contacts of
granodiorite porphyries. The periphery of the copper-porphyry
system is bounded by a large propylitic halo containing epi-
dote-amphiboles and albite-chlorite.

Mineralization extends in zones from the central part of the
deposit to the periphery. In the center, bornite-chalcopyrite
zones dominate, transitioning to chalcopyrite-pyrite zones,
while a pyrite halo is observed at the outer boundaries. In the
central part of the deposit, copper and molybdenum ores over-
lap, while lead-zinc mineralization is confined to the edges of
the ore body. The main vein mineral is quartz, although early-
period veins also contain potassium feldspar and biotite [1-5].

2. Materials and methods

The study is based on field work, laboratory analysis of
rock and mineral samples, as well as a comparative analysis
of data on porphyry copper deposits around the world. Meth-
ods of petrography, mineralogy, geochemistry, and structural
geology were used [6-7, 9-16]. Spectral analysis and micros-
copy data were used to assess metasomatic zoning. Analysis
of hydrothermal changes included the study of the miner-
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alogical composition and textures of the rocks. The compari-
son with the fields of Kazakhstan and the world was carried
out based on a comparison of geochemical indicators and
structural features. The use of statistical analysis made it
possible to identify patterns in the distribution of elements
and their correlation with types of mineralization [8].

2.1. Geological structure of the Aktogay, Aydarli, and
Kyzlkiya fields

The Aktogay field and the ore field of the same name are
located in the southeastern part of the side of the Bakanas
synclinorium, which belongs to the northeastern segment of
the andesite herzin Pribalkhash-llei of the intrusive volcanic
belt (Figure 1).

Analysis of the geological features of the Aktogay, Ay-
darli, and Kyzylkiya fields revealed their complex structure,
in the center of which is the Koldar intrusive massif. This
massif, laccolith, composed of diorite and granodiorite, is a
key element in the architecture of the region, stretching 17
km from west to east and covering an area of 75 km?. It is
surrounded by younger volcanogenic and sedimentary rocks
of a variety of geological formations. Of interest is the geo-
physical profile of the massif, showing its expansion to 216
km? at a certain depth and subsequent narrowing, which
indicates an active magmatic origin. The depth of the lacco-
lite neck reaches 4.7 km, and its root part at a depth of about
4 km forms an ellipse with an area of about 4 km?, projected
to the surface between Aktogay and Aydarly. Below 3 km,
the massif acquires a subconsonant position in the volcanics
of the Keregetas formation with a thickness of up to 2500-
2600 m. Two additional shallow troughs are also visible in
the east and west of the laccolith. A particularly noticeable
decrease in the depth of the intrusion is observed near Ak-

togay, where it decreases from 3 to 2 km and possibly reach-
es 500 m to the east.

The Aktogay ore field, together with the adjacent Aydarli
and Kyzlkiya deposits, is located at the intersection of im-
portant tectonic faults, which indicates the decisive role of
tectonic processes in their development. The influence of
magmatic uplift led to the creation of horst-anticline and
caldera structures filled with volcanic and sedimentary layers
of the Keregetas Formation. The structural position of the
Koldar Intrusive Massif, coupled with its hydrothermal activi-
ty, has been determined by a network of faults, including the
key Aktogay fault zone with an orientation of 290°, and other
faults with a direction of approximately 60°. The Aktogay
fault zone encompasses the Aydarli and Aktogay fields, while
the Kyzylkiya fault zone is located in the area of the Ikbass
faults directed to the northeast. The magmatic activity led to
the deformation of the upper part of the massif, forming horst-
anticlinal structures. Closer to the eastern part of the vein, a
caldera-like depression with an area of 5.5 km? appeared,
covering most of the Aktogay deposit and filled with volcanic
and sedimentary rocks of the Keregetas formation up to 600
m thick, known as the Central Aktogay xenolith.

The geological picture of the deposits is also determined
by significant geological faults with a long history of activi-
ty, including the Aktogay (sub-latitudinal), Koldar (north-
eastern) and northwestern directions. The faults of the Koldar
direction demonstrate the greatest amplitudes of vertical
displacements, reaching hundreds of meters, while the dis-
placements along the Aktogay faults, although less pro-
nounced, are confirmed by satellite images with the width of
the fault zones of 200-400 m and additional cracks that ex-
pand this zone to 600-1000 m, making these zones more
ancient compared to the Koldar ones.

Figure 1. The map of the Dzungarian-Balkhash folded system (fragment of the state geological map [3])
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In the context of mineralogy and petrology, vein rocks
are noteworthy, among which diorite and diabase porphyri-
tes, quartz and dacite porphyries, as well as special for-
mations of granodiorite-porphyries stand out. These rocks
enrich the mineralogical spectrum of the area and testify to
the multi-stage activity of magma. The Koldar massif
demonstrates magmatic connections with the volcanic com-
plex of Keregetas. Among the intrusive rocks of the Koldar
massif are:

Gabbro-diorites in the Northwest Block.

A variety of diorites, from uneven-grained and porphyrit-
ic to fine- and medium-grained, are found in the Central,
Southern, Geophysical, Southeastern, and Far blocks. In
some blocks, diorite with prismatic grain and needle horn-
blende are found, as well as porphyrites based on diorite and
diabase, while quartz and dacite porphyries are also present
in the Northwest block.

Medium-grained diorites and granodiorites, as well as
porphyritic granodiorites in the eastern parts of the Central
and Southern Blocks, as well as in the Diagonal and Eastern
Blocks.

«Porphyry» subphase, which includes small formations
and dikes of granodiorite porphyries with a fine-grained
base, as well as porphyry plagiogranites with a vitreous base.

In addition, thin ore dikes of granite-aplites and fine-
grained granites are common within the territory, which may
be associated with the granites of the second phase of the
Aktogay complex.

Post-ore dikes with almond-shaped diabase and andesite
porphyrites stand separately.

Diorites with varying degrees of granularity, from irregu-
lar to fine to medium, are distinguished by their diversity in
composition and the presence of structures characteristic of
gabbro, ophite, and subophyte. Their appearance resembles
hypabyssal rocks, and they occupy more than half of the site.

Diorite porphyrites stand out as an important geological
component, forming a ring structure in the south of the site.
They form several large masses and several adjacent apophy-
ses and independent dike formations, especially near the
southern edge of the orebody.

Diabase porphyrites are relatively gentle formations lo-
cated mainly along the C33 direction, with a slope to the
south. Their thickness usually reaches about 20 meters.
These rocks, which have a fine and fine grain, are colored in
dark gray and almost black tones with a greenish tint, and are
younger compared to diorite porphyrites, but also contain ore
minerals.

Quartz and dacitic porphyries are found mainly in
northwestern and northern blocks, with the dike direction
from sublatitudinal to northwestern. Their incidence angles
vary from 55 to 75 degrees in south-westerly directions,
increasing to 75-85 degrees near the Small Koldar Fault,
which indicates their ore-bearing nature.

Medium-grained full-crystalline diorites and granodio-
rites, which form the third phase of development, are distrib-
uted in the northeastern part and most of the eastern half of
the Koldar massif. These rocks correspond to quartz diorites
and biotite-hornblende granodiorites.

Porphyritic granodiorites form separate small masses in
the eastern part of the Central and Southern Blocks, as well
as in the Diagonal and Eastern Blocks, covering an area of
about 0.4 km?. Their location emphasizes the closure of the
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annular ore-bearing structure with the pinkish-gray color of
the rocks.

Granodiorite porphyries with a fine-grained base create a
chain of significant vein formations and dikes running along
the Aktogay deep fault, passing through the central, drilling,
and northwestern parts of the site. Their shape varies from
isometric to elongated, resembling dikes with various thick-
enings and narrowings. The total length of such structures is
approximately 1500 meters, with a steep slope in the north-
eastern direction and a pinkish tint, while granodiorite por-
phyries are distinguished by the absence of hornblende
among the disseminated ones.

Plagiogranite-porphyry forms extensive dike structures
of a light gray hue, which demonstrate the western boundary
of the ore-bearing formations of the deposit. Extend in a
northwesterly direction, tilting at angles of 65 to 75 degrees
to the northeast. Their thickness varies between 18 and 41
meters, with some dikes containing little or no ore. Plagio-
granite porphyries also form compact masses in the area of
the Central and Drilling blocks and are also embedded in the
form of dikes among porphyritic granodiorites and granodio-
rite porphyries in the eastern part of the Central Block with a
thickness of up to 40 meters. In areas where stockwork is
most rich in ores, porphyry plagiogranite dikes can be heavi-
ly mineralized. In general, porphyritic granodiorites, gran-
odiorite porphyries, and plagiogranite porphyries are tightly
interrelated, forming a complex geological structure.

Metasomatic processes, which are especially active in the
deep layers of intrusions, where the process of «granodioriti-
zation» due to siliceous-alkaline metasomatic occurs, are key
to understanding the development of deposits. These phe-
nomena, which cause changes in the mineral and chemical
composition of rocks, play an important role in the formation
of ore-bearing systems and their metallogenesis.

In the Aktogay deposit, there is a classic concentric zoning
in the distribution of metasomatic rocks to ore formations.
Propylites, biotite and quartz-potassium, quartz-sericite meta-
somatites predominate, surrounding the inner zone of strong
quartz up to monoquartzites. These metasomatites, formed
against the background of orogenization of volcanogenic-
sedimentary rocks of the Keregetas formation, affect all
known rocks of the deposit, except for tourmalinized breccia
and late basite dikes. Quartz-potassium metasomatites, togeth-
er with the surrounding biotite metasomatites, are typical of
the center of the deposit, where they create an oval field elon-
gated in a northwesterly direction, denoting the zone of the
main distribution of copper and molybdenum mineralization.
In zones of tectonic activity, these metasomatites turn into
migmatites with characteristic structures.

On the periphery, sericite-quartz metasomatites predomi-
nate, crossing the central part. The outer zone, mainly outside
the field, is represented by propylites, in the north by the epi-
dote-amphibolite facies, and in the south by mainly the albite-
prehnite-chlorite facies.

The ore stockwork of the Aktogay deposit is part of a large
zone of sulfide (mainly pyrite) mineralization, which also
unites the Aydarli ore stockwork, covering an area of 15 km?.

The changes affected all the rocks around the orebody
except the later main. The central empty space is occupied by
a siliceous zone with quartz formations surrounded by a
dense network of quartz stockwork and a zone of shallow
sericite-quartz transformations. As it approaches the edges,
this siliceous zone is replaced by an extensive layer of early



E. Orynbassarova et al. (2024). Engineering Journal of Satbayev University, 146(4), 34-40

potassium variations of potassium feldspar and biotite sur-
rounding the main orebody. In this potassium zone, there are
several lines with low mineralization but strong changes in
potassium feldspar, surrounded by a broad biotite halo. The
zoning of the stockwork: the presence of the epicenter
(quartz stockwork), the closure of the structure, and the con-
centric-zonal plan of the structure, fragmentarily manifested
in the position of the pre-ore geological formations, but quite
clearly in the spatial distribution of copper and molybdenum,
and to a lesser extent sulfuric, gold-silver and lead-zinc min-
eralization, the mineral composition and technological prop-
erties of the ores, as well as the metasomatic zoning of the
altered rocks of the region.

Phyllite transformations, distinguished by the presence of
quartz, carbonates, chlorite, and sericite, occur as ephemeral,
narrow bands located along the boundaries of granodiorite-

porphyry apophyses and along fracture zones along the sides
of the orebody. The surrounding zone of the porphyry copper
system is represented by an extensive propylite halo, includ-
ing epidote-amphibole and albite-chlorite-prehnite.

The orebody as a whole is an elliptical overturned cone
with thick walls, the base of which is framed by jagged,
jagged edges that break up into a series of disappearing con-
ductors with small and irregular cross-sections. The bounda-
ry of this body at depth in the southern and eastern parts
inclines to the east at an angle of 25 to 40 degrees. The axis
of the cone is inclined to the south-southwest at an angle of
75 to 80 degrees, and the angles of inclination of the outer
surface vary from 40 to 65 degrees in the south, 80 to 85
degrees in the north, 20 to 40 degrees in the west, and 70 to
85 degrees in the east.

South-west

North-east
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eologic Legend

Permo-Carboniferous - terrigenous voleano-sedimentary
sequence

Explosive breccia

Late Carboniferous - grancdiorite & plagicgranite
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Figure 2. Geology, alteration and mineralisation at the Aktogai Group of porphyry Cu-Au deposit in southeastern Kazakhstan. The
geology and alteration-mineralisation are also separately shown on a NE-SW oriented section through the Aktogai deposit. After

Zvezdov, et al., (1993)
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In the eastern part, the complexity of the stockwork con-
figuration is due to the presence of a branched apophysis
filled mainly with ores with low grades.

Tectonic shifts have little or no effect on the shape and in-
tegrity of the ore stockwork as an open-pit mining object. The
only separate part is the balance section of the stockwork in
the north-western block, which is also adjacent to the Drilling
block in its eastern part along the Small Koldarsky fault.

The internal structure of the ore stockwork is characterized
by a high degree of homogeneity of mineralization and well-
defined vertical and lateral zoning, both in sulfide and oxi-
dized ores.

The Aktogay deposit is characterized by vertical miner-
alogical zoning of ores, including:

— leaching subzone;

— zone of oxidized ores;

— subzone of mixed ores;

— secondary sulfide subzone;

Primary sulfide ore zone.

The zoning of the stockwork exhibits a complex struc-
ture, starting from the central quartz core, through concentri-
cally arranged layers to the peripheral zones, where the dis-
tribution of mineralization from copper and molybdenum to
gold, silver, and base metals changes gradually, emphasizing
the stepwise change in mineral composition and enrichment
of the ore bodies. The predominance of primary sulfide ores
in the zone provides the bulk of the resources, with a high
concentration of copper over wide areas.

The level of copper in the ores shows stability, with a co-
efficient of variation not exceeding 40% for copper, indicat-
ing the uniformity of mineralization within the stockwork,
considered as a homogeneous object in three-dimensional
space when mining methods are chosen.

A distinctive feature of stockwork is its lateral and verti-
cal mineral zoning, which is reflected in a decrease in the
concentration of copper from the center to the periphery and
with depression, as well as a change in the amount of pyrite
and other sulfides in different zones. This zoning confirms
the gradient decrease in copper content with depth and the
change in mineral composition from the outer to the inner
layers of the stockwork.

The oxidized ores above the sulfide ores form a stable
layer that occupies about 5% of the reserves and is expressed
in separate «windows» on the surface, where the contours of
the oxidized and sulfide ores do not coincide. This indicates
the distribution of copper mineralization and its movement
along the slopes and into the lowlands in the central parts of
the stockwork.

The mixed ores underlying the oxidized ores are distin-
guished as a thin layer of variable thickness, where sulfides
make up a significant portion of the copper mineralization,
accompanied by cuprite and native copper.

The zone of secondary sulfides, located at the boundary
of oxidized and primary sulfide ores, is characterized by
uneven thickness and is represented by coulis zones of sul-
fide veins, accompanied by complex rock changes.

The small Kyzylkiya field, located near Aktogay, shows
deeper erosion, indicating the diversity of erosion processes
in the region. Copper-molybdenum mineralization is associ-
ated with granodiorite-porphyry rod penetrating through the
granodiorites of the Koldar massif and is accompanied by
potassium-silicate and phyllite changes (Figure 2).
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3. Results and discussion

In general, the geological characteristics of the Aktogay,
Aidarly, and Kyzylki deposits represent a complex network
of processes covering magmatic activity, metasomatic
changes, and volcanic-sedimentary events. This makes them
valuable for the study of the geodynamics and mineral re-
sources of the Carboniferous period in a given region.

The richness of molybdenum and copper in these deposits
emphasizes their importance as molybdenum-copper objects,
while the relatively low presence of gold, silver, and seleni-
um is noted.

The relationship of the structure of these sites to deep tec-
tonic faults indicates their importance in understanding the
region's long-term tectonic activity, including shallow intru-
sions and explosive breccias.

A well-defined zonality in the distribution of mineraliza-
tion confirms the complex interaction of geological processes
at different depths and in different parts of the deposits.

Changes in the stockwork structure at different depth lev-
els emphasize the dynamic development of these geological
formations.

The vertical gradient of the distribution of molybdenum-
copper mineralization is indicative of the complexity of the
region’s geological history and mineral potential.

Differences in erosion levels between the Aydarli and
Kyzylkiya fields reflect variations in the geological devel-
opment of the region.

Deep tectonic activity in the region affects the formation
and preservation of mineral resources, which requires addi-
tional study for effective development.

The diversity of minerals and unique structures in these
deposits, including prehnite and quartz with unique structural
features, provide an important source of information on the
geological processes and conditions of mineral deposits in
this region.

Thus, the study of these deposits opens up broad pro-
spects for understanding the mechanisms of the formation of
molybdenum-copper deposits and the influence of tectonic
processes on mineralization during the Carboniferous period.

The discussion of the results highlights the importance of
metasomatic zoning for understanding the processes of field
formation and suggests that these fields may contain un-
tapped potential for exploration.

4. Conclusions

The study confirmed the hypothesis of complex metaso-
matic zoning and unique features of mineralization of
porphyry copper deposits in the North-Eastern Balkhash
region. The results can be used to refine the models for the
formation of such fields and develop new approaches to
prospecting and exploration. The analysis showed that a
thorough understanding of metasomatic processes and hydro-
thermal changes is key to assessing the economic potential of
the region.

Given the significant technological breakthrough in re-
cent years, particularly in the quality and availability of satel-
lite imagery, we recommend integrating modern remote
sensing data into our research on metasomatic zonality and
associated minerals. Current methods for mineral exploration
and geological mapping often fail to fully utilize the potential
of these advanced digital technologies. By incorporating a
spectral signature library and developing a predictive explo-
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Coarycrik—Ibirsic bajgkam ayMaFrbIHbIH MBIC OPpUP
KEHOPBIHAAPbIHBIH MUHEPAJIOTHSJIBIK ePeKIIeJTiKTePi xKIHe
METACOMATHKAJIBIK OesgemMaepi

D. Opsmbacaposa, A. bex6oraesa, T. A6xymiaesa’, JI. Ypmanosa, M. Hyprac
Satbayev University, Arvamei, Kazaxcman
*Koppecnonoenyus ywin asmop: t.abdullaeva@satbayev.university

Anparna. 3eprrey Contycrik-Ibirbic Bankamn aliMarbiHAarbl TOpGUPII MBIC KEHOPBIHIAPBIHBIH METAaCOMAaTHKAJIBIK
OenmeMaepl MeH MUHEpalIM3als epeKIIeNiKTepiH TalliayFa, COHIai-aKk oiapsl 9JeMHIH 0acka ykcac KeH OpbIHAapbIMeH
CAJIBICTBIPYFa apHANFaH. | €ONOTHAIIBIK, MHHEPAJIOTHSIIBIK KOHE THAPOTEPMANIBIBIK ©3repicTep HeriziHae AKTorail, Aiimapis
xoHe KpI3pUTKNS KeH OpBIHIAPBIHBIH HETI3I1 CHUIaTTaMajaphl aHBIKTAJAbL. OJIICTepre Tay >KbIHBICTAphl MEH MHHEPaJIap.Ibl
Taiay, TEOXUMUSUIBIK 3epTTEYJIep JKoHE 9JIeM/IIK KEHOPBIHAAPhIMEH CaNIBICTRIpMaIbl Tanaay Kipai. Hotmwxenep KasakcranHbig
KEH OPBIHAAPBIHBIH MUHEPAIJIBIK KypaMbl MEH 30HAIBIIBIK KYPBUIBIMBI TYPFBICBIHAH Oipereil ekeHiH kepceTTi. KopbIThiHABI A
OChl KEH OpBIHIAPBIHBIH TOPQUPII MbIC >KYHENEpiHIH KaJIBINTACYbIH TYCIHYJETi MaHbI3/IBUIBIFEl JKOHE OYi OarbITTarbl
3eprreynepain Oomamarsl artan etineni. Conrycrik-1lbreic bankam aliMarblHIAFEl MBIC KEH OpHBI AJIMAaThlJaH COJTYCTIK-
HIBIFBICKA Kapaid 450 KM KalIbIKTHIKTA, skachkl 800 MIJUTHOH KbUIIaH acaTeiH OpTanblk A3us oporeHaik OenjaeyiniH bankam-
Ine xarmapner kemeHinge opHanackaH. [Topdupni opmarmmsuiap Kommap mimyTOHABIK MacCHBIHAE Ke3leceli, O KeHiHTi
JIeBOHHaH Oactam eprte KapOOH oyipiHe >kaTaasl. MyHIA IHOPHUT-TPAHOTMOPHUTTI JAKKOJIWTTIK HHTPY3HsIap OaThICTaH
IIBIFBICKA Kapalh 17 KM KaIIBIKTBIKKAa co3pUTFaH. Kommap IUIyTOHIBIK MaccHBi KapOOHABIK AaHIE3UTTEp MEH MJaluT-
PHONHTTEPACH TYPATHIH BYJIKAHOTCHJIK-IIOTIHII JKBIHBICTAD KaOaTTapblH KAMTHABL. AKTOFail KEH OpHBI OPTANBIK TaKTaHBI
aNBIN KAThIP, OJ BYJKAHABIK JKBIHBICTAPAAH TYpPajbl jKOHE MarMaiblK TY3UIIMAEPMEH MIeKTelareH. BynkaHIplK KabaTTapra
€HeTiH NOP(HPIIi TPAHOAUOPUTTEPIIH ITOKTAPEI OpTa KapOOH 19yipiHe xKaTazpl.

Hezizzi co30ep: mvic nopghup KenopulHoapbvl, MemacoMamukaibly berdemoep, 2uOpoOmepManbly o3zepicmep, MUHepad-
ovIK Kocwiivicmap, Conmycmik-wbievic Banxaw aymaswl, Akmoeaii, Audapnol, Kvizvlakus.
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MeTacomaTu4yeckasi 30HAJIbHOCTh U 0COOCHHOCTH MUHEPAJTHU3ANUN
MeTHO-TIOP(PUPOBBIX MecTOpPO:KIAeHuil CeBepo-BocToO4HOrO pernona
baaxama

D. Opeiabacaposa, A. Bex6oraesa, T. A6xymnaesa’, JI. Ypmanosa, M. Hyprac
Satbayev University, Arvamoi, Kazaxcman
*Aemop ons koppecnonoenyuu: t.abdullaeva@satbayev.university

AnHoTauus. /laHHOE HCCIIEOBAaHIE MMOCBSMICHO aHAIN3Y METACOMATHUECKONW 30HAIFHOCTH M OCOOCHHOCTEH MUHEpan3a-
1K TOPPHUPOBBIX MEAHBIX MecTopokaeHni CeBepo-Bocrounoro banxaina, a Takke CpaBHEHUIO UX C aHAJOTMYHBIMH MECTO-
POXIEHUSIMH TI0 BceMy MUpY. Ha ocHOBE reosornueckux, MUHEpaJOrHYeCKUX U I'HAPOTEPMAlIbHBIX N3MEHEHUH OBIIH BBISB-
JIEHBI KJIIOUEBbI€ XapaKTePUCTUKH MecTOpoxkaeHuil Axrorail, Aitnapnsl 1 Kei3puikud. B MeTonax ucciaeqoBaHus UCIONb30Ba-
JIMCh aHAJIN3 MOPOJ] M MUHEPAJIOB, TEOXUMHUYECKHE UCCIIEI0OBAHMS U CPABHUTEIBHBIN aHaIH3 C MUPOBBIMU MECTOPOXKICHUIMHU.
Pe3ynbpTaThl MoKa3aid YHHUKaJIBHOCTh MeCTOpOXAeHUH KazaxcTraHa 1o cocTaBy MHHEpPAJIOB U CTPYKType 30HalbHOCTU. B 3a-
KITFOYCHUH TOJYEPKUBAETCSI BAXKHOCTD 3TUX MECTOPOKACHHUHN JUIsl IIOHUMAaHUs MPOoLeccoB (popMUpOBaHUs MOPPHUPOBBIX Mel-
HBIX CHCTEM M TOTEHIHAI JUIS JAIPHEHIINX MCCICAOBAHUMA B 3TOM HalpaBlIeHHH. MeaHoe pyaHoe MecTtopoxaeHue CeBepo-
Bocrounoro banxama pacnosnoxeHo B 450 KM K CEBEpO-BOCTOKY OT AJjmarthl, B mpezenax banxam-Wnuiickoro kommiekca
HenTpansH0-A3HaTCKOTO OPOT€HHOTO T05Ca, OPOTCHHOM CTPYKTYPHI, BO3PAacT KOTOpOoH coctaBisier Oonee 800 MUILTHOHOB
net. [Topdupossre popmarm oOHapyKeHsI B penenax Konmaapckoro myTOHOTEHHOTO MacCHBa, KOTOPBIH OTHOCHTCS K TTO3/1-
HEJIEBOHCKOMY — PaHHEKapOOHOBOMY IEpUO.Y. 31€Ch JTaKKOJINTOBBIC HHTPY3HH JHOPUTOB U TPAHOJHOPUTOB IPOCTHPAIOTCS
Ha 17 KM B HampaBlEeHHH C 3amaja Ha BOCTOK. Koimapckui NIyTOHOTEHHBIH MacCHUB BKIIOYAeT IJIACTU BYJIKAHOTEHHO-
0Ca/IOYHBIX TIOPOJI, COCTOSIINX W3 KapOOHOBBIX aHIE3UTOB W JAIMT-PUOIMUTOB. MecTopoxaeHne AKToraidi 3aHMMaeT IIeH-
TPaJbHYIO IUIACTHHY, COCTOSIIYIO M3 BYJIKAHMYECKHX TOPOA M OTPAaHHUEHHYI0 MarMaTHUecKMMHU oOpazoBaHuAMHU. llIToku
nop}UpPOBBIX IPaHOAMOPHUTOB, KOTOPHIE BHEAPSIOTCS B BYJIKAHHYECKHE CJIOM, OTHOCSTCS K CPEAHEKApOOHOBOMY IEPHOTY.

Kniouegvie cnosa: meono-nopuposvie mecmoposicoenus, Memacomamuyeckas 30HaIbHOCMb, UOPOMEPMATbHble U3Me-
HeHus, munepanocuieckue coeounenus, Cegepo-Bocmounwiii pecuon banxawa, Akmoeaii, Atioapnvl, Keizviikus.
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