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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.

Keywords: Hercynian magmatism, deposits, rare metals, Kalba – Narym rare metal belt, Kazakhstan, resources

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-
lytic 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-

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].

Сharacteristics 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, С1 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 [8].

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 
(C3) 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 ТiО2 con-
centrations (up to 2.21 %) and Р2О5 (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 × 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 (С3). 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 С3). 
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 Al2O3 content (mass %) on average 15.6 (up to 13.7 in 
leucogranites) was established for the entire range of granit-
oids. The sum of K2O and Na2O is different for all complexes 
with a predominance of potassium over sodium in most com-
plexes (K2O and Na2O from 6.4 to 8.4), except for the plagio-
granites of the Kunush complex (K2O (1.11) < Na2O (5.26)). 
The amount of CaO and MgO is minimal (1.23‒1.49) for 
muscovitized granites of phase II 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 Fe2O in whole remains practically 
unchanged for all complexes (2.4‒2.6) with the exception of 
(3.5‒4.1) granites of the 1st phase of the Kalbinsk complex. 
The ratio of CaO/MgO varies slightly.

A petrochemical diagnostics diagram of rocks (Na2O + 
+  K2O) – SiO2– 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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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 II 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 I 
granitoids, and a slight Tm anomaly is detected in phase II 
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 

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 (Ar40/Ar3) [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 

Fig. 1. Diagrams:
a – TAS plot: (Na2O + K2O) – SiO2 (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); c ‒ 
K2O – SiO2 plot (Peccerillo & Taylor, 1976)

a

b

c

a

b

Fig. 2. Spidergrams of trace elements (a) and distribution charts 
of REE (b) of the Kalba Narym belt, conditional as in Fig. 1

Table
The age of the Kalba-Narym igneous complexes [13]

Era, 
age

Granitoid 
complex

Age, mln (PD 
Kotler et al., 2015) Mineralization

C3 Kunushsky 295  2.0 - 306  9.0 Au, Ag, As

P1 Kalbinsky I 
phase

290  3.0 - 300  3.0 Sn, W (Li, Be, Ta)

Р1–Р2 Kalbinsky II 
phase

289  3.0 - 275  3.0 W, Sn (Ta, Li)

P2 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 (C3). Massif area is about 100 km2. Mag-
matites are localized in igneous-sedimentary rocks (D3fm-
C1). 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, а, 
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, а). 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-east 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 

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 II, 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; Мо 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 l; 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 II, 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; Мо up to 
1 g/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. 3. Spidergrams of rare (а) and (b) rare earth elements of 
host granitoids from Sekisovskoe deposit

a

b

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); 
c – zircon (Zr) in breccia cement aluminosilicates (Al-Si Brk); d – 
scheelite compact (Sh) with perovskite (Prv) in calcite-quartz breccia 
cement (Са-Si Brk); e– monocyte (Mz) in calcite-quartz breccia ce-
ment (Cal-Si Brk); f– tetradymite (Td) in pyrite (Ру)



ISSN 2071-2227, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, № 1	 9

orite-plagiogranite composition (the Kunush complex C3) 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 P1 (Ta, Nb, Li, Sn, Cs, W); 
Monastyrsky leucogranite (TR, W, chambered crystal-bearing 
pegmatites); Delbegetey granite-leukograngite complex P2 
(Sn, Be); the Buran monzonite-syenite-alkaline-granite P2 
(Ti, Zr) and the Miryubovsky dike gabbro-diabase-granite-
porphyritic P2 (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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(Східний Казахстан)
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Мета. З’ясування закономірностей формування та 
просторового розподілу нових нетрадиційних видів міне-
ралізації рідкісних металів, розробка критеріїв прогнозу-
вання та пошуку, оцінка перспектив в якості додаткового 
резерву для зміцнення й розвитку мінерально-сировин-
ної бази Східного Казахстану.

Методика. Методами ICP MS у Центрі випереджаю-
чого розвитку ВКГТУ імені Д. Серікбаєва вивчені тра-
диційні й нетрадиційні родовища та прояви рідкісноме-
тального зруденіння в межах Західної Калби та Рудного 
Алтаю, магматити рідкіснометального Калба-Нарим-
ського гранітоїдного пояса. Проведене вивчення хіміч-
ного складу магматитів ряду інтрузивних комплексів, 
встановлено зв’язок гранітоїдів із родовищами та проя-
вами рідкісних металів. Методами скануючої електро-
нної мікроскопії (JSM 6390LV) проведена порівняльна 
характеристика рудної мінералізації досліджуваних ро-
довищ.

Результати. У межах пермського гранітоїдного Калба-
Наримського пояса (Східний Казахстан) виділені магма-
тичні комплекси, перспективні на різні типи редкісно-
метального зруденіння, зроблені висновки щодо зв’язку 
потенційної рудоносності з певними формаційними ти-
пами гранітів.

Наукова новизна. Встановлено, що поряд із традицій-
ним рідкіснометальним типом у межах Калба-Нарим-
ського металогенічного пояса виявлені внепегматітові 
нетрадиційні прояви рідкіснометальної мінералізації Nb, 
Li, Sn. Перспективними є також рідкіснометально-пег-
матитові руди з підвищеним вмістом Li, Ta, Nb, а також 
грейзено-кварцовожільні прояви Sn, W, а також золото-
рудні об’єкти з підвищеним вмістом рідкісних елементів. 
Встановлено підвищений вміст рідкісних металів і рід-
кісних земель у рудах золоторудних родовищ Західної 
Калби та Рудного Алтаю.

Практична значимість. Отримані дані можуть бути ви-
користані при проведенні прогнозу й пошуків родовищ 
рідкісних металів і комплексних золото-рідкіснометаль-
них об’єктів.

Ключові слова: герцинський магматизм, родовища, рід-
кісні метали, Калба-Наримський рідкіснометальний пояс, 
Казахстан, ресурси
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Цель. Выяснение закономерностей формирования и 
пространственного распределения новых нетрадицион-
ных видов минерализации редких металлов, разработка 
критериев прогнозирования и поиска, оценка перспек-
тив в качестве дополнительного резерва для укрепления 
и развития минерально-сырьевой базы Восточного Ка-
захстана.

Методика. Методами ICP MS в Центре опережаю-
щего развития ВКГТУ имени Д. Серикбаева изучены 
традиционные и нетрадиционные месторождения и 
проявления редкометального оруденения в пределах За-
падной Калбы и Рудного Алтая, магматиты редкоме-
тального Калба-Нарымского гранитоидного пояса. 
Проведено изучение химического состава магматитов 
ряда интрузивных комплексов, установлена связь гра-
нитоидов с месторождениями и проявлениями редких 
металлов. Методами сканирующей электронной микро-
скопии (JSM 6390LV) проведена сравнительная харак-
теристика рудной минерализации изучаемых месторож-
дений.

Результаты. В пределах пермского гранитоидного 
Калба-Нарымского пояса (Восточный Казахстан) выде-
лены магматические комплексы, перспективные на раз-
личные типы редкометального оруденения, сделаны вы-
воды о связи потенциальной рудоносности с определен-
ными формационными типами гранитов.

Научная новизна. Установлено, что наряду с традици-
онным редкометальным типом в пределах Калба-На-
рымского металлогенического пояса обнаружены вне-
пегматитовые нетрадиционные проявления редкоме-
тальной минерализации Nb, Li, Sn. Перспективными 
являются также редкометально-пегматитовые руды с по-
вышенным содержанием Li, Ta, Nb, а также грейзенов-
кварцевожильные проявления Sn, W, а также золоторуд-
ные объекты с повышенным содержанием редких эле-
ментов. Установлены повышенные содержания редких 
металлов и редких земель в рудах золоторудных место-
рождений Западной Калбы и Рудного Алтая.

Практическая значимость. Полученные данные могут 
быть использованы при проведении прогноза и поисков 
месторождений редких металлов и комплексных золото-
редкометальных объектов.

Ключевые слова: герцинский магматизм, месторожде-
ния, редкие металлы, Калба-Нарымский редкометальный 
пояс, Казахстан, ресурсы
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