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GEOCHEMICAL CHARACTERISTICS AND METALOGENY
OF HERZIN GRANITOID COMPLEXES (EASTERN KAZAKHSTAN)

Purpose. To find out regularities of formation and spatial distribution of new non-conventional types of rare metal mineraliza-
tion, to develop forecasting and search criteria and to evaluate perspectives as an additional reserve for strengthening and develop-
ing East Kazakhstan region mineral resources base.

Methodology. Using ICP MS methods at D. Serikbayev EKSTU Advanced Development Center, there are studied conven-
tional and unconventional plays and occurrences of rare-metal mineralization within the Western Kalba and Rudny Altai, magma-
tites of Kalba-Narymsky rare-metal granitoid belt. Study on chemical composition of magmatites of a number of intrusive com-
plexes was carried out, the relation of the granitoids with rare metals deposits and manifestations was established. A comparative
characteristics of ore mineralization in studied deposits was carried out by scanning electron microscopy (JSM 6390LV).

Findings. Magmatic complexes of potential various rare-metal mineralization within the Kalba—Narym granitoid belt (East
Kazakhstan) were identified; conclusions about the relation of potential ore content with granites of certain formation types were
made.

Originality. It is established that along with the conventional rare-metal type within the Kalba—Narym metallogenic belt there
are found non-pegmatitic unconventional manifestations of rare-metal mineralization of Nb, Li, Sn. Rare-metal pegmatitic ores
with the increased content of Li, Ta, Nb, as well as greisen-silica-veined manifestations of Sn, W and gold ore sites with with the
increased content of rare elements are to be prospective. The high content of rare metals and rare earth in ores of gold ore deposits
of the Western Kalba and Rudny Altai was established.

Practical value. The obtained data can be used for rare metal deposits and complex gold-rare metal deposits prognosis and

prospecting.
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Introduction. Current requirements to the resources of
some critical types of raw materials enable to take a fresh look
at the approach to studying deposits. The development of ana-
Iytic base, appearance of some new modern highly-precise
methods for studying chemical and mineral composition of
ores and enclosing rocks created prerequisites for changing re-
search methodology and economic-geological evaluation of
deposits [1, 2].

The given paper is devoted to analyzing the problem of
Hercynian magmatism in the East Kazakhstan and to finding
out regularities of complex conventional and unconventional
deposits of rare metal formation.

Unconventional sources of rare metals have come under
scrutiny of many scientists (Korobeinik, 1999, 2004; Byk-
hovsky and others, 1999; Potseluev, 2014).Under conditions of
price and demand rise, this objects can become sources of
concurrent recovery of precious components, due to develop-
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ment of rational technologies for recovery of valuable elements
|3]. For example, high concentrations of rare metals have been
found at many proper gold ore and pyrite-polymetallic depos-
its of Africa (Witwatersrand, the Republic of South Africa),
Australia (Olimpia, Dem), Uzbekistan (Muruntau), Kazakh-
stan (Yubileinoe, Vasilkovka, Ridder-Sokolnoye) and others.
On the other hand, high concentrations of precious metals are
found in many large rare metals deposits of the world (Kosa-
chinnoe, Chaglinka, North Kazakhstan), Oyu Tolgoi (Mon-
golia) and others. Factors of similar complex deposits, finding
out criteria for their prospecting and evaluation are the basic
tasks of modern prognostic-prospecting technologies develop-
ment [4]. The territory of East Kazakhstan is a part of Great
Altai that comprises Hercynian structures of the Rudny Altai,
Kalba (the Kalba-Narym belt, the West-Kakba belt) and
Zharma Saura. Line (belt) distribution of precious, non-fer-
rous and rare metals deposits was find out within these struc-
tures. The Rudny Altai mainly has gold-copper-polymetallic
trend. Basic gold-ore deposits [5] are concentrated in the
West-Kalba belt. Leading rare metal structure of the Great Al-
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tai is the Kalba-Narym rare metal belt. According to the data
provided by M.S. Rafailovich, more than 70 % of accounted
Ta and Nb reserves of Kazakhstan are concentrated here [1, 6].

The territory of East Kazakhstan is a part of the Greater
Altai which unites the Hercynian structures of the Rudny Al-
tai, Kalba—Narym, Western Kalba and Zharma Saur. A linear
(belt) distribution of precious, non-ferrous, and rare metal de-
posits has been identified within these structures. The Kalba-
Narym rare metal belt is a leading rare metal structure of the
Big Altai. According to M.S. Rafailovich (2011), more than
70 % of Ta and Nb reserves in Kazakhstan are concentrated
here [1, 6].

Characteristics of Hercynian magmatic complexes. Pecu-
liarities of Hercynian magmatism and its connection with oc-
currence of rare metal and gold-rare metal mineralization
have been studied in the works of the given stage. Hercynian
magmatism was powerful and very uneven within the eastern
part of Kazakhstan. Metallogeny of this period is character-
ized by wide variety of mineral and geological-industrial types
of deposits. Early stage of Hercynian cycle of East Kazakhstan
is evident in the Rudny Altai and Zharma Saur by island-arc
basalt-andesitic volcanism and by accompanying gold-cop-
per-polymetallic mineralization (Ridder-Sokolnoye, Artemy-
evckoe, Nikolaevskoe and other deposits).

During the medium stage, crust-mantle magma intrusion
took place along the fault array and at selvages of continental
margins. Magmatite-gneissic and gabbro-plagiogranite intru-
sions of Irtysh Land series, C, were formed in the Irtysh zone.
Large multiple phase plutonic intrusions of gabbro-diorite-
granodiorite-plagiogranite series and gold-sulphide mineral-
ization (Sekisovskoe deposit) connected with them manifested
in the Zharma-Saur and Rudny Altai [5, 7].

Rare metal deposits were formed mainly in the Late Herc-
ynian stage of postcollisional (orogenic) intraplate activation,
accompanied by a powerful manifestation of granitoid mag-
matism typical for many Central Asian regions [2]. Spatially,
they are located in large granitoid belts of considerable length
(up to 800 km). The example of such a long belt in East Ka-
zakhstan is the Kalba-Narym rare metal belt [§].

Magmatic processes are widely manifested in the West
Kalba. There is paragenetic connection of many veined fields
with these processes. The fields are located in the over- and
near-intrusive zone or directly within minor granitoid massif
outshots. Intrusives of Kunush gabbro-plagiogranite series
(C;) are most widely spread. They are represented by minor
bodies of amphibolized gabbro-diabases, biotite tonalities,
plagiogranites. According to their petrochemical characteristic
properties, they are considered as rocks with high sodium con-
tent of high alumina and low total alkali. Besides intrusives of
Kunish complex, there is a gabbro-diorite dyke complex in
some gold ore fields. It builds up strong north-west and east-
west trending belts. The complex comprises wide spread lam-
prophyric dykes (spessartites), subalcalic gabbrides, highly
sodium dioritic porphyrites, eruptive breccia. High TiO, con-
centrations (up to 2.21 %) and P,Os (up to 0.89 %) are charac-
teristic for the rocks of the complex.

Rafailovich M. S. referred gold-sulphide deposit of black —
shale type Bakyrchik to large gold-tungsten deposits of Ka-
zakhstan that are located in the West-Kalba gold-ore belt.

According to geophysical data, there is intrusive massif
(7 x 3 km) of gabbro-diorites in Kyzyl fault zone directly below
Bakyrhik ore zone. Many authors refer this massif to collision
granodiorite-plagiogranites of Kunush complex (Cs). The dif-
ferentiates of the intrusive complex of Bakyrchik are located in
layers: the granitoid chamber occurs at depths between
3.0—3.5 km, and dyke rocks are localized on the upper level —
in the ore-bearing overlap fold zone [9].

Gold bearing carboniferous-aleuropelitic levels together
with idiogenous gold-pyrite mineralization are associated with
terrigenous deposits (Bakyrchik black — shale rock mass C;).
Above-background gold is up to 100—150 mg/t.

Ore bodies (average gold content is 9.4 g/t) were exposed
at the depth of 1000—1500 m. Structures that localize mineral-
ization are identified by geophysical methods at the depth of
3000 m. Ore bodies are lenticular, ribbon-, and lens- shaped
subconcordant crushed veins, associated with intersection
nodes of Kyzyl shear zone faults [1].

The basic valuable element is gold. Au content is dozens,
more frequently hundreds g/t in pyrites. There is increased Ag
content (up to 5 g/t). Ores contain up to 1.5 % of copper, mo-
lybdenum, tungsten, bismuth — a hundredth of a percent.
Gold, tungsten and other elements distribution is character-
ized by vertical zonality.

The general feature for all gold deposits in black-shale rock
mass (Muruntau, Kumtor and others) is high content of tung-
sten and other rare metals due to late gold-quartz-carbonate-
scheelite-chalcopyrite-molybdenum mineralization. Volfram-
ite share in ores of Kumtor deposit is from 0 to 30.4 %, impuri-
ties content in calcium tungstate in g/t is Sc 20—300; La
500—1000; Sr 30 000; Mo 10—1000; Y 100—6000; Yb 400. The
content of rare and rare-earth metals in Muruntau scheelites
in g/t is Y 100—6000; Nd 250; Ce 190—350; Eu 2—130; Sr
400—1100; Lu 0.5—4.0; Sm 20—90. Gold and rare metals para-
genesis at Bakyrchik deposit has not been studied well enough.
However, rare metals and rare earths have been found in the
ores of the deposit by L. G. Marchenko (W, Mo, Sn, Y, Ce,
Ga, In, Ta, Yb, Er, La, etc.). Scheelite concentrate can be
considered as a source of tungsten and rare earth, molybde-
num, bismuth. Medium and upper levels of Bakyrchik deposit
are productive for gold, and tungsten content increases with
depth. Tungsten mineralization at such deposits is of great in-
terest as it can be the source for recovering numerous valuable
elements (rare metals and rare earth). These elements increase
margins of their mining. Processing products (gravity concen-
trates of gold-sulphide ores) are also supposed to be the source
of tungsten [1].

The Permian granitoid formations of the Kalba-Narym
belt vary in age, material composition, type of rare-metal min-
eralization [10]. The chemical composition, concentration of
the main and dispersed elements of the main igneous com-
plexes were determined by ICP-MS methods. An almost con-
stant Al,O; content (mass %) on average 15.6 (up to 13.7 in
leucogranites) was established for the entire range of granit-
oids. The sum of K,O and Na,O is different for all complexes
with a predominance of potassium over sodium in most com-
plexes (K,O and Na,O from 6.4 to 8.4), except for the plagio-
granites of the Kunush complex (K,O (1.11) < Na,O (5.26)).
The amount of CaO and MgO is minimal (1.23—1.49) for
muscovitized granites of phase Il and leucogranites of the
Monastyrsky complex; it rises for granites of phase II (2.67)
and is the highest (3.37) for plagiogranites of the Kunush com-
plex. The sum of FeO and Fe,0 in whole remains practically
unchanged for all complexes (2.4—2.6) with the exception of
(3.5—4.1) granites of the 1% phase of the Kalbinsk complex.
The ratio of CaO/MgO varies slightly.

A petrochemical diagnostics diagram of rocks (Na,O +
+ K,0) — SiO,— TAS (Coxetal, 1979) (Fig. 1, a) shows the
concentration of rocks of all the complexes in the field of gran-
ites and partially granodiorites. In the aggregate of petrological
parameters, the rocks of all the complexes belong to subalka-
line, high potassium ones, with the exception of dikes of the
Kunush complex, which fall into the field of normal series
(tholeitic series) Figs. 1, b, c. From the diagram of A/CNK to
A/NK it can be seen that all the complexes are located in the
region of supersaturated alumina rocks.

According to the results of ICPMS chemical analyzes ob-
tained in Irgetas engineering laboratory at D. Serikbayev EKS-
TU, spidergrams of trace elements and distribution charts of
rare-earth elements for all studied igneous complexes were
built. From the analysis of the spidergram of trace elements
normalized by the primitive mantle (Wood et al. 1979)
Fig. 2, a, it is clear that, in general, the distribution pattern of
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Fig. 1. Diagrams:

a — TAS plot: (Na,0O + K,0) — SiO, (LeBas et al. 1986) with a
line dividing rocks into alkaline and sub-alkaline (Irvine and
Baragar, 1971); b — AFM plot (Irvine and Baragar, 1971); ¢ —
K,0 — Si0, plot (Peccerillo & Taylor, 1976)

the trace elements has a general trend, which indicates a simi-
lar enrichment — depletion pattern of the elements.

The spidergram of scattered elements (Fig. 2, a) of all
magmatite complexes shows clearly pronounced negative
anomalies of Pr, Ce, La, Nb, Ba; to a lesser extent of Ti. The
leucogranites curve of the Monastyrsky complex indicates that
depletion of Ce, La is much lower compared to other com-
plexes, yet significant (10 times) for Ti, P, Sr. A negative
anomaly of Ti is also characteristic of Kalbinsky complex mus-
covitized granites of phase II. A significant Cs, Pb concentra-
tion in rocks of all magmatic complexes is observed: K, Th, U,
Ba concentration and other large litofil’s elements to a lesser
degree. Positive Nd anomalies are observed in leucogranites of
the Monastyrsky complex except for those listed above. The
presence of positive Cs, U, Pb and negative Nb, P, Ti, Yb
anomalies is characteristic of Kunush plagiogranites.

The pattern of rare-earth elements distribution in Kal-
binsk complex granites of I and 11 phases (Fig. 3, b) has a sim-
ilar element distribution trend being practically in a single
field; the overall negative slope of the curves with a significant
predominance of light elements over heavy ones. A slight en-
richment of La, Pr, Gd is detected in rocks of both phases. An
inexplicit negative europium anomaly is detected in phase |
granitoids, and a slight Tm anomaly is detected in phase 11
rocks.

The spectrum curve of the Kalbinsk muscovitized granites
of phase II has a gentler slope and low rare-earth elements
concentrations, with light elements predominating over heavy
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Fig. 2. Spidergrams of trace elements (a) and distribution charts
of REE (b) of the Kalba Narym belt, conditional as in Fig. 1

ones. A weakly pronounced negative Ce anomaly and a pro-
nounced negative Eu anomaly are observed. The Monastyrsky
leucogranites have a general trend for the rare-earth elements
curve slope similar to the Kalbinsk granites which contain the
rare-earth elements; they have a distinct Eu anomaly. The spi-
der plot of the Kunush granodiorites shows a significant pre-
dominance of light rare-earth elements over heavy ones, which
is expressed by a sharply negative field of the distribution
curves; there are almost no negative or positive anomalies.
The issue of the age of the Kalba-Narym granitoids is ad-
equately covered in the literature; correlation schemes and the
sequence of formation of magmatic complexes were compiled
in different years. The basis of the correlation is general geo-
logical data and isotope datings for zircons (U—Pb), biotite
(K—Ar) amphibole (Ar*/Ar?) [12]. It was found that the total
time of formation of magmatites is about 100 million years.
The age of igneous complexes is shown in the Table.
Sekisovskoe gold-sulphide deposit of stockwork type was
studied as additional reserve of new unconventional type of rare
metals mineralization in accordance with the goal of these re-
search studies and directions of search and assessment. The de-
posit is located within Shemonaikha-Narym lineation, identified

Table
The age of the Kalba-Narym igneous complexes [13]
Era, Granitoid Age, min (PD Mineralization
age complex Kotler et al., 2015)
G Kunushsky | 295+2.0-306+9.0 | Au, Ag, As
P, Kalbinsky | 290 + 3.0 — 300 + 3.0 | Sn, W(Li, Be, Ta)
phase B )
P—P, | Kalbinsky IT | 289 +3.0-275+3.0 | W, Sn (Ta, Li)
phase
P, Monastyrsky | 285+ 3.0—271 +3.0 | W, (Sn, TR)
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according to the data from space images interpretation. They are
located inside the north-west part of Sekisovka ring structure.

Ore mineralization is associated with gabbro-diorite-
granodiorite-granite Sekisovka multiphase massif of Zmey-
inogorsk complex (C;). Massif area is about 100 km?. Mag-
matites are localized in igneous-sedimentary rocks (D;fm-
C,). Igneous rocks of Sekisovka massif can be divided into 2
series (gabbro-diorite and plagiogranite), main and acidic
postgranite dykes control basic ore mineralization (Figs. 3, a,
b) [14].

Both series have similar indicators of concentration and
depletion of rare elements (they are rich in K, Zn, Pb, and
depleted in Nb, P and Ti) (Fig. 4, a). Cabbro-diorite series
demonstrate a planar structure of rare earth elements with
weak Eu anomaly and low concentration of light rare earth
elements in comparison with heavy rare earth elements.
Peaks from granite porphyrites illustrate various behavior of
rare earth elements with strong concentration in light rare
earth elements in comparison with heavy rare earth ele-
ments and small negative or even positive Eu anomalies
(Fig. 3, b).

There are zones of multiphase explosive-hydrothermal
breccia in the north-cast part of the massif. The deposit ore
bodies are concentrated within complicated hydrothermal
breccia. They are pipe-shaped, tapered towards the bottom;
their size is from 40 to 120 m in diameter. Their tracked depth
is from 100 to 900 m [15]. According to mineral composition,
there are four types of ore-bearing breccia (mixed, main and
acidic). Mixed breccia is most of all rich in gold ore.

Gold is contained in sulphides (mainly pyrite, less often
chalcopyrite, galenite, sphalerite). Gold and silver tellurides,
as well as bismuth minerals are widely developed [1, 15]. Free
gold is less spread and localized in quartz-carbonate veins
within bodies and breccia cement.

There are two mineral parageneses for gold-sulphide ores.
Early breccia, spread mostly at intermediate and deep levels of
the deposit, are characterized by gold-iron-copper-rare metal
paragenesis and predomination of gold minerals, magnetite
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Fig. 3. Spidergrams of rare (a) and (b) rare earth elements of
host granitoids from Sekisovskoe deposit

quartz, pyrrhotine, pyrite, marcasite, bismuthine, molybde-
nite, scheelite (Fig. 4).

The late stage of deposit formation and mixed breccia
emersion is characterized by gold-silver-bismuth-tellur —
polymetallic association. The characteristic minerals of this
association are gold I, native silver, lead and gold tellurides,
quartz, different carbonates, pyrite of several generations,
chalcopyrite, bismuth minerals, galenite, sphalerite and oth-
ers. Late mineral association is controlled by dykes of quartz
albitophyres, granite- and felsite- porphyries [1]. Free gold,
and gold contained in tellurides and in the form of fine-dis-
persed impurities in sulphides predominate. The average
content of metals in pyrites is the following: Au 30—1000 g/t;
Bi 300—400 up to 1000 g/t; Mo up to 1 g/t. There are in-
creased contents of rare and rare-earth elements in the
changed enclosing rocks and ore breccia, g/t: (W up to 1; Te
0.3—0.4; Sn 13.5; Rb 26.1-59.64; Nb 1.9-5.7; Cs 2.5; Nd
5.2—18.7; Y 5.4-35.7; Sr 65.0-200.0; Sm 1.7-3.13; Th
0.4—0.9) (Fig. 4).

When mixed type breccia was formed at the late stage,
gold-silver-bismuth-tellurium-polymetalic association was
deposited (with gold I1, native silver, telluride, quartz, carbon-
ates, pyrite, chalcopyrite, altaite, aikinite, tennantite, galenite,
sphalerite, greenockite, tellurobismuthite, petzite, hessite,
crednerite, calaverite, sylvanite) at the upper levels of breccia
bodies. This association is controlled by dykes of quartz albito-
phyres, granite-porphyries, and felsites. Quartz-carbonate
and quartz- sulphide veins predominate. Gold is in free form
as tellurides and fine-dispersed impurities in sulphides. Pyrites
contain Au 30—1000 g/t; Bi 300—400 up to 1000 g/t; Mo up to
1g/t[1, 14].

It can be seen that besides gold, rare metal mineralization
predominate at gold-sulphide stockwork deposits. It should be
taken into account in further assessment works and in ore con-
centration technology. Baladzhal deposit is referred to gold-
sulphide stockwork deposits in the West Kalba. It is necessary
to continue to study ores of this deposit.

Discussion. The ore-bearing granitoid magmatism of Kal-
ba and adjacent areas was estimated based on the system anal-
ysis of geotectonic, geological, structural, petrological, miner-
alogical and geochemical characteristics and criteria that are
indicators of the metallogenic specialization of certain geo-
chemical environments and ore-magmatic systems. The cycli-
cally-directed evolution of the Late Paleozoic magmatism is
emphasized, which is fixed by a consistent series of specific
magmatic complexes and phases with different ore-bearing
properties.

The collision ore-magmatic system uniting the near-fault
belts of the hypabyssal minor intrusions and dikes of granodi-

Fig. 4. Minerals of rare metals and rare earth in ore-bearing
breccia of Sekisovskoe deposit:

a — brannerite (Brn) in breccia cement aluminosilicates (Al-Si Brk);
b — monocyte (Mz) in breccia cement aluminosilicates (Al-Si Brk);
¢ — zircon (Zr) in breccia cement aluminosilicates (Al-Si Brk); d —
scheelite compact (Sh) with perovskite (Prv) in calcite-quartz breccia
cement (Ca-Si Brk); e— monocyte (Mz) in calcite-quartz breccia ce-
ment (Cal-Si Brk); [— tetradymite (1d) in pyrite (Py)
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orite-plagiogranite composition (the Kunush complex Cs) is
productive for gold mineralization in the West Kalbinsk zone.
The gold-sulphide mineralization zones and gold ore objects
of various geological and industrial types (Bakyrchik, Suzdal,
Kulujun, and others) are associated with them, as can be seen
from Fig. 1. The rare-metal mineralization of the superim-
posed type (Fig. 1) — Ta, Nb, Li, Sn, W, and so on is mani-
fested in the Kalba Narymsky zone in plagiogranites and dykes
of the Kunush complex subject to metasomatic transforma-
tions under the influence of the Perm intrusive magmatism of
the Kalba-Narym pluton (Medvedka, Tochka, Cherdoyak,
Shiykol and others).

The post-collisional (orogenic) intraplate geodynamic
setting was marked by a powerful development of Permian
granitoid magmatism with rare metal metallogenic specializa-
tion: the Kalba granite complex P, (Ta, Nb, Li, Sn, Cs, W);
Monastyrsky leucogranite (TR, W, chambered crystal-bearing
pegmatites); Delbegetey granite-leukograngite complex P,
(Sn, Be); the Buran monzonite-syenite-alkaline-granite P,
(Ti, Zr) and the Miryubovsky dike gabbro-diabase-granite-
porphyritic P, (Ta, Li, Sn) complexes.

At the same time, the Kalbinsk complex granitoids of
phase I have a pronounced increased basicity and are produc-
tive for the leading type (tantalum-tin-lithium-cesium rare
metal-pegmatite) mineralization (Bukennoe, Yubileynoye,
Belaya Gora deposits, etc.).

Quartz-albite-muscovite pegmatites and albite-greisen
metasomatites Sn, Ta, Li (Quartz), as well as greisen-
quartz-vein deposits (Leninskoe, Karash, and others) are
associated with granites of phase II of this complex. Wol-
framite hydrothermalites and monazite placers are charac-
teristic for the Monastyrsky leucogranites. The Buran gran-
itoids are productive for zircon-ilmenite mineralization in
residual weathering crusts and alluvial deposits (Satpayevs-
koe, and so on).

Conclusions. The studies have shown that a lot of deposits
can be considered as complex ones, due to peculiarities of ore
formation processes and different mineralization types. Gold
and rare metal mineralization of different stages have been
found within large ore control structures of ore fields at the
known deposits. It has been found out that complex mineral-
ization is within long-lived ore control structures (shear
zones, zones of crossing differently directed deep-level tec-
tonic faults, ring-type structures, deep-level intrusions, and
others). There are perspectives of recovering rare and rare
earth elements together with gold from gold containing ores
at some of them. First of all, it is Bakyrchik big ore cluster in
East Kazakhstan, which is connected with Kyzyl shear zone
genesis. Gold deposits in Bakyrchic and other black-shale
rock mass (W, Mo, As, Sb, Pt, REE, and so on) are associ-
ated with this shear zone. Some gold-sulphide-quartz stock-
work deposits of Sekisovskoe are of significant interest in rare
metals and rare earths (W, Mo, Bi, Co, Sn, Rb, Pt and oth-
ers).

In its turn, the study of the proper rare metal deposits
shows high content of precious metals, radioactive elements
and rare earths. Certainly, this facilitates attention to studying
the similar deposits as complex objects.

So called extra-pegmatites of rare metal mineralization for
Nb, Li, Sn can serve as additional sources of rare metals along
with traditional sources in the Kalba-Narym zone. Also rare
metal-pegmatite ores Li, Ta, Nb and greisen-quartz-veined ore
Sn,W deserve the attention. Defined potential ore content of
Kalba granitoids formation types can be the base for scientific
forecast and geological exploration practice. The further study
of rare metal mineralization at gold-sulphide stockwork depos-
its of the Rudny Altai and West Kalba is required as well as the
study on tungsten mineralization at black-shale deposits.
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Merta. 3’scyBaHHSI 3aKOHOMipHOCTe# (opMyBaHHSI Ta
TMPOCTOPOBOTO PO3IOLTY HOBUX HETPAAULIITHUX BUIIB MiHE-
pajizauii pifKicCHUX MeTaliB, po3po0Ka KpUTEPiiB MPOTHO3Y-
BaHHSI Ta TIOTIIYKY, OIliHKa TIEPCIIEKTUB B SIKOCTi JOTaTKOBOTO
pe3epBy IS 3MilTHEHHS i PO3BUTKY MiHEpalbHO-CHPOBUH-
Hoi 6a3u CxinHoro Ka3zaxcrany.

Mertomuka. Metonamu ICP MS y LleHTpi Bunepemxaio-
yoro po3Butky BKI'TY imeni 1. CepikbaeBa BUBUEHi Tpa-
IULIMHI 1 HeTpaauIiliHi pOAOBHILIA Ta TPOSIBU PiKiCHOME-
TaJBHOTO 3pyneHiHHs B Mexax 3axinHoi Kanbu ta PymHoro
AnTalo, MarMaTuTH piakicHoMmeTtaiabHoro Kanba-Hapum-
CbKOTrO TpaHiToinHoro mnosica. [IpoBeneHe BUBYEHHS XiMiu-
HOIO CKJIaJy MarMaTUTIB psiiy iHTPY3MBHUX KOMILIEKCIB,
BCTaHOBJICHO 3B’S30K TPAHITOINIB i3 pOJOBUIIIAMU Ta IIPOSI-
BaMM PiIKiCHUX MeTasliB. MeTogaMM CKaHYyI4Oi eJIeKTpO-
HHOI Mikpockotii (JSM 6390LV) npoBeneHa mopiBHsIbHA
XapaKTepUCTHKa pyIHOI MiHepali3allii TOCTiIKyBaHUX pO-
TOBUIIL.

PesyabraTu. Y Mexax nepMcbKoro rpaHitoinHoro Kanoa-
Hapumcbkoro nosica (Cxigauii KazaxcTan) BumijieHi Marma-
TUYHI KOMIUIEKCH, TIEPCIIEKTUBHI Ha Pi3Hi TUMU peaKiCHO-
METaJIbHOTO 3pYIEHiHHS, 3p00JieHi BUCHOBKU IIOMIO 3B’SI3KY
MOTEHIiHHOI pyAIOHOCHOCTI 3 MeBHUMU (OpMALIiHUMU TH-
MaMU TPaHiTiB.

Haykosa noBu3Ha. BctaHOBJIEHO, 1110 IO i3 TpaaULIiii-
HUM piAKiCHOMeTaIbHUM TUnoM y Mexax Kanba-Hapum-
CbKOTO METAJIOTeHIYHOTo Mosica BUSBJIEHI BHEMErMaTiTOBi
HeTpaauliifHi MPOsIBY pilKicHOMeTaabHOI MiHepaJizailii Nb,
Li, Sn. [lepcneKTUBHUMU € TaKOX PiIKiCHOMETAJIbHO-TIET-
MAaTUTOBI pyau 3 minBuieHuM BMictoMm Li, Ta, Nb, a Takox
rpeii3eHO-KBapOBOXiJIbHI MposiBU Sn, W, a TaKoX 30J10TO-
pPYAHiI 00’€KTH 3 IMABUIIIEHUM BMiCTOM PiIKiCHUX €JIEMEHTIB.
BceraHoBneHO MinBUILIEHMIT BMICT PiIKiCHUX MeTasiB i pia-
KiCHUX 3eMeJib Y pyldax 30JOTOPYIHUX POMOBMIN 3aximHOi
Kanbu ta PynHoro Asrato.

IIpakTiyna 3HaunmMicTh. OTpuMaHi 1aHi MOXYTb OYTH BU-
KOpUCTaHi MpY TIPOBEIEHHI MPOTHO3Y ¥ IOIIYKiB POITOBUIIT
PIAKICHUX METaIiB i KOMITJIEKCHUX 30JI0TO-PiIKiCHOMETaJIb-
HUX 00’€KTIB.

KumouoBi ciioBa: eepyuncokuii maemamusm, pooosuuia, pio-
xicui memanu, Kanrba-Hapumcvkuil piokicHomemanvHuil nosc,
Kaszaxcman, pecypcu
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Iens. BoisicHeHue 3aKoHOMepHOCTe hOpMUpPOBaHUS U
MPOCTPAHCTBEHHOTO pacIpene/ieHUs] HOBBIX HETPAAUILIMOH-
HBIX BUIIOB MUHEPATU3ALNKA PEIKUX METAJUIOB, pa3paboTka
KpUTEpHEeB MPOTHO3MPOBAHUS M MOMCKA, OIICHKA TePCIeK-
THB B Ka4eCTBE JIOMOJIHUTEIBHOTO pe3epBa Il YKPETUICHMST
U Pa3BUTUS MUHEPAIbHO-ChIPheBOi 0a3bl BoctrouHoro Ka-
3axXCTaHa.

Mertoauka. Merogamu ICP MS B LlenTpe onepexaro-
wero paszputusi BKI'TY umenu 1. CepukbaeBa U3ydyeHbl
TPaAULIMOHHBbIE W HETPAAUIIMOHHBIE MECTOPOXIECHUS U
MPOSIBJIEHUSI PEIKOMETATLHOTO OpYJIeHEHUS B TIpeeiax 3a-
nagHoii Kaynobl u PynHoro Antasi, MarMaTuTbhl peaKome-
tanbHoro Kan6a-HapbeIMCKOro TpaHUTOMIHOIO Tosica.
[TpoBeneHo M3yyeHHE XMMUYECKOTO COCTaBa MarMaTUTOB
psiia MHTPY3WBHBIX KOMIUIEKCOB, YCTAHOBJICHA CBSA3b T'pa-
HUTOUAOB C MECTOPOXICHUSIMU W MPOSIBACHUSIMU PEIKUX
MEeTaI0B. MeTogaMu CKaHUPYIOIIEH 3716 KTPOHHON MUKPO-
ckormuu (JSM 6390LV) npoBeneHa cpaBHUTEIbHAs XapakK-
TEpUCTHKA PYTHON MUHEPATN3AINKA U3YIaeMBIX MECTOPOXK -
NEHUN.

Pesyabratel. B mpenenax MmepMcKOro TpaHUTOMIHOTO
Kan6a-HapbiMckoro nosica (Boctounslii KazaxcraH) Bbiie-
JICHbI MarMaTU4YeCKUEe KOMIUIEKCHI, MIePCIIeKTUBHBIC Ha pa3-
JINYHbBIC TUTIBI PEIKOMETATLHOIO OPYICHEHUSI, CIETaHbl Bbl-
BOJIBI O CBSI3U TTOTEHIIMAIBHOI pyTOHOCHOCTH C OTPEIC/ICH-
HBIMU (hOPMALIMOHHBIMU TUTIAMU TPAHUTOB.

Hayunas HOBM3HA. Y CTaHOBJICHO, UTO HAPSIIy C TPATUIIM -
OHHBIM peAKOMeTalbHbIM TUIIOM B mpeaenax Kanba-Ha-
PBIMCKOTO METaJJIOTEHUYECKOTo Iosica OOHapy>KeHbI BHE-
MerMaTUTOBbIE HETPAAUMLIMOHHbBIE TMPOSIBICHUS DPEIKOME-
TtagpHOi MuMHepaym3auuu Nb, Li, Sn. [lepcnieKTMBHBIMMK
SIBIISTIOTCSI TAKKE PEIKOMETATbHO-TIETMAaTUTOBBIE PYIIbI C TI0-
BBIIIEHHBIM cozepxkaHueM Li, Ta, Nb, a Takke rpeiizeHOB-
KBapIIeBOXWIbHBIE MPOsIBIICHUST Sn, W, a TakKe 30J10TOPYI-
HbIe OOBEKTHI C TOBBIIIEHHBIM COMACPXKAHUEM PEIKUX 3JIe-
MEHTOB. YCTaHOBJICHBI TTOBBIIIEHHBIE CONEPXaHUS PEIKUX
METaJJIOB U PEAKMX 3eMeJb B pylax 30JI0TOPYIHBIX MECTO-
poxneHuit 3ananHoit Kanosl u PynHoro Anras.

IIpakTiyeckas 3HaYMMOCTb. [1oTydeHHBIE TaHHBIE MOTYT
OBITH MCTIOJIB30BaHbI MPY MTPOBEICHUY ITPOTHO3a U MTOMCKOB
MEeCTOPOXKICHUI PEIKUX METAIJIOB M KOMILJIEKCHBIX 30JI0TO-
pEeNKOMEeTaIbHBIX OOBEKTOB.

KiroueBble clioBa: eepyurckuii maemamusm, Mecmopoicoe-
Hus, pedkue memannvt, Kanrba-Hapwvimckuil pedkomemanvHwiii
nosic, Kazaxcman, pecypcwt
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