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ABSTRACT
The paper presents research work to establish genetic characteristics of lead-zinc mineralization

in the Ulytau-Arganatinsky structural-facial zone. Expanding the mineral resource base of Central
Kazakhstan is one of the most urgent tasks because selecting the criteria and characteristics
determines the aspects of prospecting and exploration work, as well as their results, which is the
goal. In this regard, the following tasks are being solved: identifying the geodynamic position, the
genesis of mineralization, the connection of the rock's physical properties with geophysical
anomalies, as well as displaying tectonic disturbances and deep faults in them; establishing the
connection of mineralization with the carbonaceous-terrigenous package of deposits of the
lower subformation of the Zhilandinsky formation of the Upper Proterozoic; structural
confinement of mineralization to large faults along which there was a movement of plutogenic
hydrothermal solutions forming mineralization, and areas of metamorphically altered rocks, as
well as aureole zones of Pb, Zn, Ag, Cd graphite quartz, phyllites and the other shales of the
Zhilandysay and Kumolinsky formations, dispersion zones of Cu, Mo, V, Ag, Sc, Ye and REE near
the Kyzymchek fault. The established criteria and features can be used when organizing
geological exploration work in the search for polymetallic mineralization within the Maityubinsky
anticlinorium in zones adjacent to deep mantle faults.

Keywords: Ulutau-Arganatinsky massif, rift structures, tectonic and magmatic cycles, deep faults,
hydrotherms.
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Introduction

The Central Dyusembay deposit is located on
the eastern flank of the Maityubinsky anticlinorium,

The Dyusembay deposit is located within the 15 km east of the large Maityubinsky granitoid

development of  the

Karsakpai  synclinorium,

anticlinorium, and the Baikonur synclinorium. The
structure of the studied area is almost completely

Ulutau-Arganatinsky
meganticlinorium, which is subdivided into the

massif (5-120 sg. km), and is confined to the
periclinal closure of one of the large anticlinal folds
(Dyusembay anticline), complicating the
Maityubinsky anticlinorium [[2], [3]].

At the end of the Precambrian - the beginning
of the Paleozoic, the Ulytau Arganatinsky sialic

Maityubinsky

determined by the effect of the Proterozoic  mgassif, in the process of the collapse of the Rodinia
tectonomagmatic megacycle; its western part is  continent, simultaneously with the formation and
covered with Early Caledonian formations [1]. development of the Baikonur SFZ, was dissected by
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the Karsakpai riftogenic structure (SFZ) into two
parts: the western-Maityubinsky, = Western-
Arganatinsky and Eastern-East-Ulytausky, East
Arganatinsky (Figure 1).
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Figure 1 — Scheme of structural and formation
complexes of the Baikonur SFZ
| — Zhezkazgan-Sarysu depression; area of rocks of
tectonic and magmatic cycles: II-Karelian, llI-Gothsky, V-
Baikalsky; V- Isidonsky; VI- Baikonursky synclinorium;

VA - Area of the Maityubinsky anticlinorium;
<] - Area of the Karsakpaisky synclinorium
N

(Perkov I.P. Report on the object “Geological and
mineragenic mapping of the Baikonur area,
sheets L-42-1,2,13,14; 25-B, G; 26-A,B”)

From the west, the Ulutau-Arganatinsky
meganticlinorium is limited by the West-Ulutau,
and from the east — by the East-Ulutau deep faults.
Numerous massifs of hypermafic rocks are confined
to the zone of the latter (Figure 2).

Within both the Maityubinsky anticlinorium
and the Karsakpai synclinorium, a system of
intrusions of ultrabasic rocks exposed to the
surface has been identified (Figure 2). Basically, all
isolated hypermafic rocks are subalkaline and even
alkaline in nature, which can serve as the basis for
identifying zones of platform activation in this area

([4], [51].

Experimental part

There was carried out the analysis of isotope
data on the geochronological age of rocks obtained
in different years was performed. So, according to
the growth zones of accessory zircons that reflect
the feldspathization of porphyroids, it is 666 + 11
million years.

The geochronological age of the Maityubinsky
series is 845117 Ma (Yermolov, Antonyuk, 2012)

determined from accessory zircons U-Pb using the
SRIMP-II technology, isolated from subvolcanic
porphyroids of the Zhaunkar formation with
blastoporphyritic quartz crystals and well-preserved
fluidity, subjected to feldspathization by the
development of porphyroblasts potassium feldspar.

The analysis of materials from early geological
and geophysical works [3] shows that rocks are
differentiated according to their physical
properties. So, according to their density, they can
be divided into two groups: these are rocks that fall
within the density range of 2.65-2.70 g/cm3
(sericite, quartz-sericite, quartzite, conglomerates)
and rocks with an average density of 2.58-2.65
g/cm? (chlorite schists, porphyroids). The densest
and most widespread rocks are greenstone strata,
which have an excess density of 0.18-2.70 g/cm? in
relation to the granitized strata and various shales.
The effusive strata of acidic composition
(porphyroids from tuffs, liparites) characteristic of
the Dyusembay and Zhaunkar formations, the
deposit region has an average density in the range
of 2.60-2.65 g/cm?® in relation to the underlying
greenstone rocks, they have a density deficiency of
up to 0.30 g/cm® forming local negative gravity
anomalies Ag against the background of significant
regional anomalies from greenstone strata.

Changing the magnetic field strength ATa
within the range of +50 to 200 nTl is typical for non-
magnetic metamorphic rocks (various salans,
quartzites, phylites, porphyroids) of the Lower and
Middle Proterozoic. Positive magnetic field
anomalies, mostly isometric with an intensity of
200-300 nTI, are caused by diorites and granitoids
of Late Devonian age. Positive elongated anomalies
(up to 500 nTI) are characteristic of amphibole
shales strata occurring among the sediments of the
second member of the Zhilandysay formation;
anomalies (ATa about 500 nTIl) are caused by
porphyroids.

Rupture faults are identified by a sharp change
in the nature of the magnetic field, displacement of
linear anomalies and a large horizontal gradient of
the gravitational field.

Results and Discussion

The structure of the Baikonur synclinorium, the
Maityubinsky anticlinorium and the Karsakpai
synclinorium (Figure 2) is characterized by intense
dynamometamorphism of all their constituent
rocks. The black-shale Vendian-Cambrian strata of
the cover are transformed into various
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blastosammitic phyllitic and siliceous-carbonaceous
shales, micaceous and carbonaceous quartzites.
This entire zone is in general characterized by a
high degree of schistosity, mainly due to the
layering of rocks. Folded forms are quite simple,
large in size, most often linear, sometimes
brachyform.

In the west, the rocks of the Maityubinsky
anticlinorium border on the Baikonur synclinorium
(Figure 2). The boundary between them passes
along the system of large longitudinal faults that
have a long-term and possibly synsedimentary
development. It is obvious that this boundary also
has paleotectonic significance, delimiting the
continental slope and the foot of the Ulytau-
Arganatin  microcontinent and the Baikonur
marginal sea basin of Vendian-Ordovician age [[6],
(711.

The structure of the Maityubinsky anticlinorium
is complicated by the presence of Ilarge
submeridian reverse faults, most likely of Jurassic
age, with displacements falling to the north.

The rocks of the Maityubinsky series are
feldspatized to varying degrees with the
development of potassium spar porphyroblasts, in
the zone of maximum development of Riphean and
Early Paloezoic intrusive magmatism they were
subjected to intense hydrothermal metasomatic
transformation and feldspathization with the
development of powerful zones of granitization of
migmatites and narrow linearly elongated
intrusions of porphyroblastic granite-gneisses. The
maximum area of their development apparently
represents the core of a large lens-shaped swell-
shaped granite-gneiss dome.

Figure 2 shows a fragment of the tectonic map
of the Ulytau-Arganatinsky meganticlinorium that
shows the main faults. The western part of the area
(northern part of sheet L-42-VIl) covering the
Baikonur, Maityubinsky and Karsakpai SFZs, is
characterized by discontinuous faults, often
grouped into entire systems of close, complexly
intertwined, often en echelon-like faults combined
with each other, associated with plicative
dislocations (Figure 2).

Faults render a significant impact on the overall
structure of the region; the largest ones serve as
the boundaries of the identified structural-
formational zones. Most of the large regional
disturbances, especially those associated with the
formation and development of rift systems, can be

traced to great depths by geophysical methods [[8],
[91l.

Almost all the faults are relatively young and
formed on newly created continental-type crust.
Some of them were updated by the latest tectonic
movements, having a significant impact on the
development of the hydraulic network.

There are 4 types of discontinuous faults.

The first one is the rift faults of the Proterozoic
tectonomagmatic megacycle.

Figure 2 - Geological and tectonic map of the Dyusembay
field (Aleksandrov A. E. Detailed exploration project for
the Dyusembay Central field (RK)

[]1-Kulambai fault, 4-Kyzymchek fault, 3-Karsakpai
fault;

O I-Maityubinsky anticlinorium, 1l-Karsakpai
synclinorium, lll-Baikonur synclinorium;

O 1-Dyusembai anticline, 7-Nasymbai ancticline, 8-
Baizhan syncline, 10-Kyzymchek syncline, 4- Dyusembai
massif, 5-Maityubinsky massif, 6-Nasymbai massif

The second one is the orogenic reverse faults of
the Proterozoic tectonomagmatic megacycle.

The third one is the faults of the Early
Caledonian tectonomagmatic cycle.

The fourth one is the Triassic and Jurassic
reverse faults.

The chemical composition of the rocks in Table
1 is characterized by silicate analyses of rocks from
the Maytyubinsky massif (Zaitsev, 1970) and the
“Explanatory Note to GK-500 (1981)".
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Table 1 - Chemical composition of granitoids of the Late Ordovician Krykkuduk complex (v1, 61, q61, y62, y2, ly203k)

[12]
Massif Rock name Phase Index SiO2 TiO2 Ca0o Na20 K20 P20Os
Ka"tz;’b'”s qu. diorite | 90105 | ¢581 | 030 | 5.07 3.71 2.52 -
qu. diorite I q6103k 60.91 0.23 5.11 4.72 1.80 -
Granodiorite I q6203k 67.35 0.30 2.38 2.56 2.88 -
Ma'tl‘(’;‘b'”s monzo-gabbro | wiaOsk |y on | 148 | 7.55 2.84 2.13 0.54
” gabbro I v103k 50.08 1.87 8.55 2.95 1.16 0.50
2 monzogabbro | wiibiOk e 90 | 144 | 664 | 378 | 312 ;
diorite
” gabbro-diorite | v16103k 54.94 0.50 7.45 4.43 0.80 0.36
” monzo I 16103k 55.59 0.88 2.94 4.18 1.96 -
” diorite I 6103k 57.92 1.18 4.10 2.94 1.89 0.46
” diorite I 6103k 57.72 0.87 7.35 3.29 1.60 0.33

In terms of the SiO, content (44-74%), the rocks
of the complex form a wide range of differentiation
from gabbro to granites. The work by Nurzhanov,
2022, describes these rocks and their connection
with intrusions.

The first intrusive phase: quartz diorites
((9610sk), gabbro (vOsk), gabbro-diorites (v6:10sk),
fine- and medium-grained. The composition varies
from gabbro to quartz diorites. In diorite massifs,
xenoliths are often observed, and more basic rock
varieties are associated with areas enriched in
xenoliths. The xenoliths are usually small (up to 10
cm), somewhat flattened in shape, and have a
uniform  hornblende-plagioclase = composition,
corresponding to melanocratic diorites of blastic
structure [[10], [11]].

The second intrusive phase is fine- and
medium-grained granodiorites (y5.0sk), granites
(y20sk) and leucogranites (ly20sk). Macroscopically,
these are pinkish-gray fine- to medium-grained
rocks consisting of plagioclase, potassium feldspar,
quartz, amphibole, and biotite.

Thus, the rocks of the first intrusive phase are
characterized by gabbro, monzogabbro, gabbro-
diorites, monzogabbro-diorites, diorites,
monzodiorites, diorites, quartz diorites; the second
intrusive phase is represented by granodiorites,
granites, and leucogranites.

Thus, the rocks of the first intrusive phase are
characterized by gabbro, monzogabbro, gabbro-
diorites, monzogabbro-diorites, diorites,
monzodiorites, diorites, quartz diorites; the second
intrusive phase is represented by granodiorites,
granites, and leucogranites.

The main rocks are gabbro, monzogabbro and
classified as high-alumina (al'>1); medium rocks:
gabbro-diorites, monzogabbro-diorites, diorites,
monzodiorites, quartz diorites partially belong to
high-alumina (al'>1-2) and very high-alumina (al'>2-
10) varieties; acidic rocks: granodiorites, granites
and leucogranites are very high-alumina (al'>2-10)
[[12], [13]].

The main rocks are mesocratic (f'=10-21), and
the middle rocks are divided into mesocratic (f'=10-
21) and leucocratic (f'<10).

The rocks of the complex have certain
differences in alkalinity: for basic rocks Ka = 0.2-0.3;
for medium Ka=0.3-0.4, for acidic Ka=0.04-0.5 [14].

The Middle Proterozoic granite-gneiss complex
of the Maytyubinsky anticlinorium is represented
by blastoclastic gneiss-granites and granite-gneisses
and gneisses genetically related to them.

Granite-gneisses are present in close structural
unity with the enclosing folded metamorphic
complexes. They form folds, taking the place of
stratified strata. Granite-gneisses are connected
with the enclosing schists and porphyroids by
gradual transitions and the boundaries of the
massifs are conditional. The internal structure of
the massifs is heterogeneous. In the central parts,
gneisse layers are single and thin, and towards the
periphery of the massifs they increase in number
and thickness [[15], [16]].

The characteristic features of the geological
structure of the Dyusembay deposit of the
geological structure of the Dyusembay Central
deposit site are determined by its location in the
zone of influence of the West Ulytau deep fault, the
presence of which is established within the site by a
series of large faults of submeridional strike, the
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most significant of which is the Kyzymchek fault
mapped 4 km to the east from the work site (Figure
2). To the west of the Kyzymchek fault is the
Maityubinsky anticlinorium, and to the east is the
Karsakpaisky synclinorium [[17], [18], [19]].

Dynamometamorphism is most likely
associated with pressure from the Turgaisky
paleorift; this is reflected in the presence of large
reverse faults of a meridian strike with faults
dipping to the west. Most likely, these reverse
faults are Triassic in age [20].

Figure 3 - Geological map (Alexandrov A. E. Detailed
exploration project for the Central Dyusembay field (RK)

1-2 Kumolinsky formation: 1-pack of porphyroids,
porphyroids on tuffs of rhyolite composition, graphite
phyllites, quartzites 2-pack of blastopsammitic quartzite
schists and phyllites; 3-5 Zhilandysay formation: 1-pack
of porphyroids, partially graphitic and ferruginous, 2-
pack of porphyroids and feldspathic shales, 3-pack of
conglomerates and porphyroids, graphite quartzites; 6
Zhaunkar formation: porphyroids based on crystalline
tuffs; 7 Dyusembai formation: porphyroids based on
crystalline tuffs and lavas of liparitic composition; 8 Late
Proterozoic intrusions: diorites and granodiorites; 9 Late
Proterozoic intrusions: gabbro-diorites.

The internal structure of the Maityubinsky
anticlitory is relatively simple: in the axial zone
numerous granite-gneiss and granitoid massifs of
Paleozoic age are developed, the wings are
composed of metamorphic rocks of the Lower-
Upper Proterozoic age (packs of sericite-chlorite-
albite schists, marbles, ferruginous quartzites,
phyllites, rarely graphitic schists, interbedded with

packs of porphyritoids), folded into simply
constructed brachnoform folds of a submeridional
—north-northwest direction.

The core of the Dyusembay anticline is
composed of the Dyusembay Formation rocks,
which outcrop 30 km northwest of the field. The
Zhaunkar and Zhilandysay formations rocks are
outcropped in the wings.

Constituting the southern end of the
Dyusembay anticline, the rocks of the Zhilandysay
formation form a synclinal fold. In the central part
of the syncline, porphyroids of the upper pack
PR.gl%) emerge along the edges of the rocks of the
first PRygl') and second (PRgl?) packs (Figure 3). In
general, the deposits of the Zhilandysay formation
lying along the eastern flank of the Maityubinsky
anticlinorium have a general dip to the east at the
angles of 40-60° [21].

Younger Proterozoic rocks are mainly
developed far beyond the boundaries of the Central
Dyusembay deposit in the western and eastern
wings of the Dyusembay anticline (in the contact
zone of the Maityubinsky massif and near the
Kyzymchek fault.

Conclusions

The considered features of the geological
structure and geodynamic processes of the
polymetallic mineralization formation in the zone of
altered rocks in the vicinity of large tectonic
disturbances make it possible to highlight the main
criteria and signs of polymetallic type
mineralization within the Maityubinsky
anticlinorium.

The criteria are as follows:

e Structural: mineralization is confined to large
mantle faults with which plutogenic hydrothermal
processes are associated.

e |Igneous: the presence of intrusions of
intermediate composition developed along deep
faults that control lead-zinc mineralization, these
intrusions are in most cases overlain by more
ancient formations.

e Lithological-stratigraphic characteristic of
lead-zinc deposits: stratiformity of industrial
mineralization corresponding to the hydrothermal-
metosomatic  stage, the presence of a
carbonaceous-terrigenous sediment pack of the
lower subformation of the Zhilandinsky formation
of the Upper Proterozoic, which is ore-hosting.

The signs are as follows:

— 72 /=
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¢ Geophysical: anomalies of gravitational and
magnetic fields in the western and northern
exocontact of the Dyusembay granitoid massif,
coincide with the outcrop of the ore zone of the
Dyusembay lead-zinc mineralization to the surface;
a set of geophysical methods for identifying ore
intervals in wells, assessing the content of main and
associated elements is carried out using the
methods of GGL-S, GL, RRL and covenometry,
inclinometry.

¢ Geochemical: the presence of aureole zones
of Pb, Zn, Ag, Cd associated with mineralization in
graphite quartzites, phyllites and other shales of
the Zhylandysay and Kumalin formations along the
eastern exocontact of the Maityubinsky massif, in
the roof of the exocontact zone of the Dyusembay
massif in the suture zone of the Kyzymchek fault;
dispersion halos of Cu, Mo, V, Ag are confined to
graphite schists, quartzites, phyllites of the Kumola
formation in the vicinity of the Kyzymchek fault and
zones of Sc, Y and REE are confined to graphite
schists, quartzites, phyllites of the Zhylandysay and
Kumola formations, in the western part of the
suture of the Kyzymchek fault and Bestyubinsky

strike-slip fault to the north and south of the
Dyusembay deposit; specialization of aureole zones
in the roof of the Dyusembay massif and along the
suture zone of the Kyzymchek fault for polymetallic
mineralization, as well as anomalies for copper
mineralization (east of the suture zone of the
Kyzymchek fault) and anomalies for rare metal
mineralization (north of the Dyusembay lead-zinc
deposit).

¢ Geological: mineralization characteristic of
the Central Dyusembay deposit is its location in the
zone of influence of the West Ulytau deep fault,
established along a series of large faults of
submeridial strike, with the most significant being
the Kyzymchek fault, to the west of which is the
Maityubinsky anticlinorium, and to the east the
Karsakpai synclinorium.
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Maittebe aHTUKAIMHOPUMI WeTiHAEe KOPFAaCbIH-MbIPbILl KEHAEHYIHIH,
e/ilemMmwwapTrapbl (Kputepuinnepi) meH benrinepi

Kacbim A.E., MoptHoB B.C., MbiH6aeB M.b., Ackaposa H.C., EceHgocoBa A.H.

3binkac CarblH08 ambiHAaFel KaparaHObI mexHUKasblK yHusepcumemi, KaparaHoel, Kazakcmax

TYWIHAEME

HKymbicTa ¥nbiTay-ApFaHaTbiH KypblbIMAbIK-GaLmanabiK aiMafbl KEH OPbIHAAPbLIHbIH, KOPFACbIH-
MbIPbIW  KEHAEHYIHIH, reHeTMKanblK 6enrinepiH aHbikTay 60MblHWA 3epTTey  KyMbICTapbl
yCbIHbINFaH. OpTanblK KasakCTaHHbIH, MUHEPanaplK LWUKI3aT 6asacblH KeHeWTy e3eKTi 60sbin
Tabbliagbl, OWTKEHI eswemwaptrap meH benrinepai Tangay isgey-6apnay »KYMbICTapbiHbIH,
baFbITTapblH, COHAAW-AK ONapAblH, HITUMXKeNepiH alKbiHAanabl, byn makcat 6onbin Tabblnaabl.
OcbifaH 6alnaHbICTbl Keneci MiHAETTep LWelineai: reofAMHaMMUKanbIK MNO3ULMAHBI, KeHAey
reHesuciH, Tay KbIHbICTapbIHblH, QU3MKaNbIK KacMeTTepiH, aHoManuanapmeH 6GainaHbICTbIpy,

Makana kengi: 19 koipkyliek 2023
CapanTtamagaH eTri: 5 kazaH 2023
Kabbinganap!: 13 kapawa 2023 COHAaW-aK onappafbl TEKTOHUKANbIK Oy3blnynapapl, TepeH, akaynapabl KepceTy: KeHAeHyAiH,
JKOFapFbl MPOTEPO30MAbIH, KblnaHabl GOPMALMUACBIHbIH, TOMEHTi Cy6CUANACBIHBIH, KOMIpPTEKTI-
TeppureHai weriHginepimeH 6annaHbICbiH OpPHATY; KEHAEHYAI KaNbINTacTblpaTblH MAYTOreHAiK
rMApPOTEPUMANAbIK EepiTiIHAINEePAiH, KO3FanbiCbl »Ky3ere acbipblAfaH ipi akay/napfa KeHAEeHYAiH,
KYPbINbIMAbIK 0PaiNacTbipblnybl }aHe MeTaMopdTbIK ©3repreH Tay XblHbICTapbIHbIH, yYacKenepi,
coHpaw-ak Pb, Zn, Ag, Cd rpadwuTTi KBaputapaplH, GUANUTTEPAIH KaHe »KblnaHApICal KaHe
KYMOJIMH CBUTTEPiHIH 6acKa Aa TaKTaTacTapblHbIH OPeoNabIK alimaKTapbl, Kbi3bIMLWEK aKaybIHbIH,
JKaHblHAQ opHanackaH Cu, Mo, V, Ag, Sc, Ye aHe P33 wawbipay alimakTapbl. benrineHreH
KpuTepuiniep MeH benrinep TepeH MaHTMA aKaynapblHa iprenec arimaKkrapga Maintebe
QHTUKAWHOPWII  WeriHae no/AMMeTann KeHAepiH i3gey KesiHAe reosnoruanblk  6apnay

YKYMbICTapbIH YIMbIMAACTbIPY YLWiH NaiganaHblaybl MYMKiH.
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AHHOTALMUA

B pabote npeacraBneHbl paboTbl MCCAEA0BAHUIA NO YCTAHOBEHWUIO FEHETUYECKMX MPU3HAKOB
CBMHLOBO-UMHKOBOTO OPYAEHEHWE MECTOPOXKAEHUIA YnbiTay —ApraHaTUHCKOW CTPYKTYpPHO-
daumanbHol 30HbI. PaclumpeHne muHepanbHO — cbipbeBoi 6a3bl LleHTpanbHoro KasaxcraHa
ABNAETCA OAHOM W3 aKTyaNbHbIX MOCKO/bKY BblbOp KpuUTepueB W MPU3HAKOB onpenenser
Hanpas/ieHWsA NOMCKOBO-Pa3BeAoUHbIX PaboT, a TaKKe UX Pe3ynbTaThbl, YTO U ABAAETCA Lenblo. B
3TOM CBA3M pellaeTcsA 3a4auun: BblBNEHUE reoANHAMUYECKOM NO3ULMKM, FTeHe3nca OpyAeHEeHUs,
cBA3b (U3MYECKUX CBOWCTB TOPHbIX MOPOA, reodU3NYECKUMM aHOMANUAMM, a TaKkxe
oTOBparKEHNE B HUX TEKTOHUYECKUX HapyLIeHWW, TNYyBUHHbBIX PAa3NOMOB: YCTaHOBNEHWE CBA3MN
OpyZAeHeHUa C  YrNepoaucTO-TEPPUreHHOM  MAyYKOW  OT/NIOKEHW  HUXKHEN  MoACBUTHI
KUNAHOMHCKOM CBUTbI BEPXHEro NpoTepo30A; CTPYKTYPHaA MNPUYPOYEHHOCTb OpyAeHeHUA K
KPYMHbIM Pa3/sioMam Mo KOTOPbIM OCYLLLECTBAANACL ABUKEHMWE NAYTOTE€HHbIX TMAPOTEPUMAbHBIX
pacTBopoB GOPMUPYIOLLNX OPYAEHEHWME, U YY4ACTKM MeTamopdUyYecKM M3MEHEHHbIX MOpoA, a
TaKXe opeosibHble 30Hbl Pb, Zn, Ag, Cd rpaduToBbIX KBapuax, ¢ouanutax u Apyrux cnaHuax
KUNAHAbBICAUCKOW M KYMOJIMHCKUX CBUT, 30HbI pacceanusa Cu, Mo, V, Ag, Sc, Ye u P33 B6ausu
KbI3bIMYEKCKOTO pa3/fioma. YCTaHOB/IEHHbIE KPUTEPUU UM MPU3HAKM MOTYT BbITb MCNONBL30BaHbI
npu opraHM3aLMmn reoaoro-passesouHbiX paboT Npu NoucKe NONUMETANINYECKOTO OpyAeHEeHUs
B npeaenax MaWTIOBMHCKOro aHTUKAMHOPWA B 30HAX NPUIEraloWwmx K rybuHHbIM MaHTUAHbIM
pasnomam.

Kniouesble cnoea: Ynytay —ApraHaTUHCKWUIA MaccuB,  PUOTOrEHHble CTPYKTYpbl, TEKTOHO-
MarmaTuyecKkae LUuK/bl, TyBuHHbIE Pa3NoMbl, TMAPOTEPMbI.
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