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NEW DATA ON NON-TRADITIONAL TYPES OF EAST KAZAKHSTAN
RARE METAL ORE

Purpose. Studying the patterns of formation and assessing the prospects of non-traditional types of rare-metal mineralization

in East Kazakhstan.

Methodology. Analysis of literary and funds materials; conducting field research on typical objects; sample selection; conduct-
ing of isotope research on typical objects; ICP-MS — Agilent 7500cx mass spectrometric analysis, microprobe analysis using a JSM
6390LV scanning electron microscope with an energy dispersive attachment, X-ray diffraction analysis — CPB-1M, silicate chem-

ical analysis.

Findings. A new non-traditional “non-pegmatite” type of rare-metal mineralization of predominantly lithium specialization
associated with small intrusions and dikes of the kunush complex and albitized and greisenized granites (apogranites) is substanti-

ated.

Originality. A geological and genetic model of rare metal ore formation has been developed, reflecting the superimposition of
rare metals (Sn, W, Li, etc.) on earlier small intrusions of plagiogranites of the kunush complex (C;), susceptible to contact-
metasomatic transformations under the influence of rare-metal granites of the Kalba complex (P;). The prospects of an indepen-
dent “non-pegmatite” type of tin-tantalum-lithium mineralization are substantiated.

Practical value. The results of the research are aimed at strengthening the mineral resource base as an additional source of rare

metals for existing enterprises in East Kazakhstan.

Keywords: East Kazakhstan, granitoid belts, adakites, deposits, rare metals, Kalba- Narymskaya zone

Introduction. The research relevance is defined by con-
stantly growing demand of the world market in rare and rare
earth metals (Ta, Nb, Be, TR, and others). As the east of Ka-
zakhstan is the center of metallurgy, it is very important to re-
generate rare metal industry for providing enterprises with raw
materials. Kalba Narym metallogenic zone refers to the largest
rare metal structures of Kazakhstan. The deposits of rare met-
al pegmatites (Yubileinoye, Belaya Gora) were actively devel-
oped here in previous years as well as many greisen-quartz and
hydrothermal stannum-tungsten deposits (Palatsy, Cher-
doyak, and others). Mining operations were stopped in 1994,
the deposits were suspended, as for the new objects of practical
significance, they have not been discovered yet.

Scientific-research work that has been carried out in recent
years shows that additional resources of rare metals can be
“extrapegmatite” types of rare metal ore (Sn, Ta, Li), con-
nected with rare metal granites (Karasu, Novo-Akhmirovs-
koye, Apogranitnoye, Shuruk, and others), by analogy with
albitized spodumene granite-porphyrites of the Gorny Altay
with complex lithium-tantalum ore (Alakh deposit) [1, 2].

Distinguishing of a stand-alone type of rare metal-pegma-
tite ores (Li, Ta, Nb, etc.) and greisen-quartz ore (Sn, W) is of
scientific and practical significance. It is superimposed on ear-
lier dyke minor intrusions of Kunush complex (C;) widely de-
veloped in Kalba Narym zone. It can be also helpful to re-
evaluate perspectives of some pegmatite deposits and ore oc-
currence for complex stannum-tantalum-lithium raw materi-
als. Evaluation of Mirolyubovsky complex (P,) ongonite dykes
ore content is also noteworthy.

General characteristic of the researched region. The terri-
tory of East Kazakhstan is comprised into Central Asian mo-
bile belt (CAB). CAB Hercynides form belt structures of
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north-west course in the east of Kazakhstan (from the north-
east to the south-west): the Rudny Altai, Irtysh shear zone,
Kalba Narym zone, West Kalba and Zharma-Saur [3]. Cale-
donites of the Gorny Altai (in the north-east) and Chingiz-
Tarbagatai (in the south-west) are referred to flank structures.

The main regularity is in belt location of ore objects, as
linear north-west ore belts: copper-polymetallic (Rudny Al-
tai), rare metal (Kalba Narym), and multi-metal (Zharma
Saur) [4, 5].

Rare metal deposits were formed mainly during Late Her-
cynian stage of post-collision (orogenic) intraplate activiza-
tion that went along with strong granitoid magmatism that is
typical for many regions of Central Asia. Spatially they are lo-
cated in large granitoid belts of considerable length (up to 800
km), concentrated in places of tectonically low coherence and
they are controlled by the system of deep faults |3, 5].

The Kalba Narym granitoid belt is basic rare metal struc-
ture of the region. Its structural-metallogenic model reflects
connection of ore-magmatic systems with depth zones of earth
crust and upper. Cycle-oriented development of tectonic and
magmatic processes affected succession of geological forma-
tions: gabbro diorite formation (Karabiryuksky complex C,_3)
and granodiorite-plagiogranite formations (Kunush complex
C;) of collision type; granite formation (Kalba complex P;),
leucocratic formation (Monastyrsky complex P,) and gabbro-
diabase-granite-porphyrite formation (Mirolyubovsky com-
plex P,) of post-collision (orogenic) type [5].

The article considers regularities of formation and loca-
tion, and practical significance of rare metal deposits of differ-
ent geologic-genetic types.

Characteristic of rare metal pegmatites deposits. This geo-
logical-industrial type is the leading source of Ta, Nb, Be, Li,
Cs. Sn within Kalba Narym zone [3, 5]. The deposits were
formed in Central Kalba tectonic block. The known ore fields
(Ognevsk-Bakennoye, Asu-Bulak, Belagorsk-Baimurzins-
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koye, and others) are controlled by the system of rejuvenated
regional EW faults, and industrial deposits (Bakennoye, Yu-
bileinoye, Belaya Gora) are concentrated in their branch
structures. Positional and genetic connection of rare-metal-
pegmatite ore with the 7* phase medium-coarse grained por-
phyraceous biotite granites of Kalba complex has been defined
for the complex of new geological-structural, ore-petrological
and mineralogical-geochemical data [3, 6].

Ore-hosting rocks are represented by granitoids of normal
petrochemical series of contaminated habitus (granites, grano-
diorites, and others), plumasite agpaite, and moderate basicity
compared with the first type of pegmatite bearing granite sys-
tems according to S. M. Beskin, Yu. B. Marin [7]. According to
the new results of mass spectrometry, content of rare earth
content in the 7* phase granites is 80.74 g/t with predomi-
nance of light elements group over the group of heavy elements
(5 : 1). Their geochemical differentiation into rare alkalies is
emphasized. The rare alkalies are (Li, Rb, Cs =429.2 g/t) and
Sn (14.6 g/t) with the concentration of rare elements in bioti-
te (g/t): Ta (17.97), Nb (124.5), Li (up to 1521), Rb (up to
1430), Sn (23.73-90.70). Accompanying elements are Cu
(48.02), Zn (105.01), Pb (80.90), Sb (1.51), Ag (0.72), Au
(0.29), and others.

Pegmatite veins are characterized by intensive micro-
clinization, albitization, greysening, and spodumenization
processes with further concentration of Ta, Nb, Be, Li and
other elements from simple aplite-pegmatites to more produc-
tive spodumene-containing and caesium-bearing mineral
components resulted in formation of pay-ores. The following
minerals are indicators of rare metal pegmatite formation: al-
bite, cleavelandite, green muscovite, lepidolite, colored tour-
maline, pollucite, amblygonite and some others. Basic ore
minerals are: tantalite- columbite, beryl, spodumene, pollu-
cite, and cassiterite. According to peculiarities of material
composition and presence of unique minerals, Kalba pegma-
titesare are compared with such foreign deposits as Koktogay
(China), Bikita (Zimbabwe), Bernik-Lake (Canada) and oth-
ers [8, 9].

Pegmatite deposits with superimposed ores. This group in-
cludes small pegmatite deposits of Karagoin-Saryozeksk ore
zone, where rare metal ore (Ta, Nb, Be, Li) is superimposed
on dyke-shaped plagiogranites of Kunush complex (C;) lo-
cated in exocontacts of Kalba complex P, granitoids (Med-
vedka, Tochka, Novo-Saryozek, Aldai and others). Geologi-
cal-genetic model of rare metal pegmatite formation reflects
contact-metasomatic reconversion of anterior plagiogranites
of Kunush complex (Cs;) under the influence of crystallized
granite massif of Kalba complex (P,) resulted in superimposed
ore-bearing fluid flows (H,O, F, B, Cl, Ta, Be, Li, and others)
and in ladder-type pegmatite veins formation. According to
S.V.Lugov, G.N. Shcherba, F. N.Shakhov plagiogranites are
considered as physical-chemical environment that is tectoni-
cally developed and favorable for deposition and concentra-
tion of ore matter.

Medvedka deposit is a typical object with rare metal ore su-
perimposed on plagiogranites of Kunish complex. According
to the data provided by P.I.Sinishin, A.R.Butko, there are
three plate-shaped bodies of medium-grained biotite plagiora-
nites (480—1100 m long, and 40—120 m thick) where there are
ladder-type veins of microcline-albite pegmatites with rare
metal ore (Ta, Nb, Be, Li, Sn). Ore-hosting plagiogranites are
subjected to gneiss metamorphosis, cataclasis and character-
ized by flat-lying fracture set that is favorable to location of
pegmatite veins that do not extend beyond the boundaries of
an intrusive body (Fig. 1).

Plagiogranites are rocks of light-grey colour, that have
equigranular texture and are characterized by consistent quan-
titative-mineral composition (%): plagioclase 59—62 (No. 8—
35), quartz 26—28, potassium feldspar 2—4, biotite 6.5 and
accessories 0.3—0.6 %. There is also hypersthene (6.1 %) in
the norm. They correspond to eutectoid facie of granitoids ac-
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Fig. 1. Geological-genetic model of rare-metal pegmatites on

the example of Medvedka deposit, according to geological
exploration materials:

12

1— aleurolites with sand rock layers (Takyr suite); 2 — plagiogran-
ites; 3 — plagiogranite-porphyrites, granite-porphyrites of Kunush
complex; 4—7 — Kalba complex (4 — medium-coarse grained bio-
tite granites of the I phase; 5 — oligoclase-microcline barren peg-
matites;, 6 — block microcline pegmatites; 7 — rare metal micro-
cline-albite and albite pegmatites); § — faults; 9 — excessive
fissuring zones; 10 — supposed ring structure; 11 — direction of
fluid flows displacement; 12 — ore conduit

cording to the type of crystallization. According to petrochem-
ical data they are rocks of normal series, low total base number
(Na,O + K,0 = 6.36 mass. % ) when natrium is significantly
predominant over potassium and there is high alumina (al’ =
= 5.74). On the diagram K,0-SiO, plagiogranites belong to
low-potassium calci-alkalic series and are located on the
boundary with tholeitic series [6, 7].

According to geochemical data, lanthanides predominate
over heavy elements in plagiogranites among rare earth. Be-
sides there is low content of Sm 1.85 g/t, Yb 0.52 g/t and Y
6.2 g/t, La/Yb ratio is 16 times higher.

Plagiogranites enrichment is of special significance Sr (up
to 583—815 g/t), and isotopic Rb*’/Sr* ratio in them is very
low (0.14827—0.23639). Plagiogranites belong to x + eNd type
[20] according to their isotopic-geochemical characteristics
[8]. Thus, plagiogranites of Kunush complex enriched with
aluminum oxide, natrium alkalinity and with low content of
rare earth according to geochemical indicators are a particular
adakite group of rocks in evolution range of Kalba-Narym
zone granitoids [9, 10]. Their origin is possible due to degrada-
tion melting of basites (P =15 kbar, T =950 °C) [11, 12, 13].

According to the new geochronological definitions U-Pb-
isotopic method for zircons, the age of Tochka massif plagio-
granites has been defined (299 + 2.3 million years) as well as
that of Zhilandy (306.7 million years) [6, 10], that is consistent
with absolute data of K—Ar method of previous years (305 mil.
years according to 20 analyses) for granitoids of Kunush com-
plex.

According to ICP-MS results, the content of rare elements
(Ta, Nb, Be, Li, Sn) in plagiogranites is close to Kalba com-
plex granitoids of the 7% phase, but the value £ = Li + Rb + Cs
(231.8 g/t) is lower. There is also weight content (g/t): Sb
(3.29), Ag (2.04), Au (0.23), Bi (8.80), Pt (0.03), Pd (0.81), Re
(0.02), U (3.29).

Ore was formed under tectonic pressure that contributed
to opening of flat-lying fracture structures for penetrating of
pegmatite forming solution and formation of microcline-mus-
covite and microcline-albite pegmatites. Content of ore-form-
ing solutions is fluorine-chloride (when content is K* = 24.2
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and Na' = 21.8 %). The sources of ore substance were un-
opened domes of Kalba granites and probably, enclosing pla-
giogranites. Ore bodies extending 480—1100 m long and 40—
120 m wide are evident, north-east dip is < 60—70°. The largest
veins are Moshchnaya, Berillovaya, Maiskaya, Obnazhen-
naya, and others.

Ore indicators are albite and muscovite, which is transpar-
ent of light-green color that contains impurities (g/t): Ta
(233.7), Nb (380.8), Be (36.6), Li (1101), Rb (3614), Cs
(241.4), Sn (429.3). Micro-inclusions of tantalite-columbite
and cassiterite have been found in muscovite during analysis
on the scanning microscope, their size is 1—2 mkm.

Beryl is found in block quartz-microcline pegmatite form-
ing crystals up to 5 cm on the macroaxis and up to 4 cm in di-
ameter.

Tantalite-columbite is represented by sorbitic variety (Ta —
98 560, Nb — 152100 g/t), contains impurities (g/t): Be (26.52), Sn
(752.1), W (2218), 2.Li + Rb + Cs (66.94). High Ta,Os content is
observed in albite-spodumene pegmatites (0.120 %) and greisens
of quartz-muscovite composition (0.266 %), the average value of
the deposit is 0.007—0.008 %. As for metal reserves (Ta,Os —277t,
BeO — 2276 1), this is a small object of reserve type.

Rare metal objects of unconventional type. Novo-Akhmirovs-
koye deposit is located at the boundary of Kalba-Narym and
Irtysh tectonic zones not far from Ust-Kamenogorsk. It is the
representative of Sn—Ta—Li ore unconventional type that is
connected with rare metal granites (apograntes). It is repre-
sented by stock-shaped body of topaz, zinwaldite-lepidolite
granites and dykes of ongonites (P,) [2]. According to materi-
als provided by V. 1. Maslov, B. M. Lutskoi, V.S. Sergienko, the
older sedimentary-metamorphic rock mass of Late Protero-
zoic — Early Paleozoic age is developed in Irtysh block. The
remaining territory is characterized by bassets of Kystyv-Kur-
chum (D,gv) and Takyr suites that are considerably overlapped
with Mesozoic and Cenozoic loose sediments cover [3].

Dikes of aplitic granites and aplite-pegmatites containing
brownish-black spots of Li, Fe, Mn phosphates are developed
in endo-contact areas. Aplite-pegmatites have coarse-grained
structure, sharp or indistinct contacts with granites and con-
tain inclusions of arrow-head feldspar (Fig. 2).

According to geophysics and well-drilling data, granites
with unchanged material composition are observed until the
depth of 300—374 m and they form stock-shaped or chimney
body at the cross section. According to the data of geophysical
materials interpretation, it issupposed that Novo-Akhmirovsky
stock is apophyse or large brow of granite rock mass more than
1.5 km deep [3].

Mineral composition of granites includes quartz (30—
40 %), albite (25—40 %), microcline (15—35 %), zinwaldite-le-
pidolite (10 %). Accessory minerals are topaz (up to 5 %), lith-
ium muscovite, fluor apatite, cassiterite and amblygonite [3].

The results of mineral composition microprobe analysis
showed that lithium mica changes from lepidolite to zinwaldite
and polylithionite in its compound. Average content of mica is
the following: Li,O (2.5—4.45 %), F (3.04—4.4 %), Ta,O5 (up
to 0.005), Nb,Os (up to 0.025 %) and Sn (0.028—0.04 %).
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Fig. 2. Aplite-pegmatite vein

There are two topaz generations: primary topaz is crystal
shaped and a few millimeters in size, subsequent topazisin the
form of irregular grains in albite and lepidolite associations.

Cassiterite forms separate small grains or attachments
(1—-2 mm) of zonal colour from brown to black, and it is lim-
ited to albitized fields. It was analyzed on the microprobe
CAMEBAX (analytic O.N.Maiorova) and the content of
Ta,05 0.98 mas. % was defined [3]. According to quantitative
spectral analysis, this content is up to 2.8 % (VNIItsvetmet).

According to their material composition characteristics,
albitized granites of Novo-Akgmirovo area are compared with
typical rare metal granites of plumasite series that are consid-
erably enriched with Li, Rb, Sn, Ta.

As drilling shows, there is a tendency of rare metal content
increase in holes up to 300 m deep (mas. %): Li,O (0.15—
0.17 %), Sn (0.045—0.15 %), Ta,05 (0.005—0.095 %) [3].

The authors of the paper further examined enclosing rocks
and ore-bearing albitized granites, and also carried out mass
spectrometric analyses (ICP-MS). The content of rare earth
from ceric group is increased in Kystyv-Kurchum suite, as well
as Zr (310.2 g/t), Sr (173.9 g/t), Ba (392 g/t), Ti (5110 g/t). The
anomalies of Li, Rb, Cs and Nb have been identified among
rare metals, which emphasizes enrichment of trans-intrusive
zone with rare alkali elements. Veined granites are enriched
(g/t): Li (753), Rb (773), there is high content of Ta (6.57), Nb
(37.16), Sn (14.62) in them. The anomaly of Rb (656.1) and Li
(311.4), Nb (20.77) and Sn (24.2) content is distinguished in
coarse-grained pegmatites.

Ceric group of rare earth elements (104.4 g/t) is predomi-
nant in albitized granites. Li—Rb geochemical specialization
of altered granites with weight values Ta, Nb, Be, Sn is under-
lined (Table 1). Generally, the laboratory research proves rare
metal specialization of Novo-Akhmirovo area albitized gran-
ites on Li-Rb and foreign-metal impurities — Ta, Nb, Sn.

According to V. 1. Maslov’s data, inferred resources of No-
vo-Akhmirovskoye deposit are reasonably sufficient. Accord-
ing to its ore type, the considered object is similar to Losevs-
koye deposit (North Kazakhstan) and Alakh deposit in the
Gorny Altai [1, 14]. The following objects also belong to this
ore type: Karasu deposit, and prospecting sites Apogranitny,
Malo-Chernovinsky, Shuruk, Muncha, Tortkamak II and
others and they are recommended for evaluation work.

Cherdoyak deposit is in Narym ore area of Kalba-Narym
zone, 180 km from Ust-Kamenogorsk. It is typical deposit of
stannum-tungsten ore superimposed on plagiogranites of Ku-
nush complex. It was discovered by P. K. Kalik and further was
examined by P.K.Korovin, N.N.Budanov, T.A.Minenko,
G. N.Shcherba, B.M.Rudenko and other researchers. The
deposit was formed on west exocontact of Narym granitoid
massif (P,). Its influence on the older Kunush massif of plagi-
ogranites (C;) reflected in excessive fissuring, cataclasis,
crumpling, graphitization and silicification.

It caused breaking Kunush complex plagiogranites integ-
rity and further penetration in low coherence places of ore-
bearing solutions. It contributed to stannum-tungsten ore
concentration that is genetically connected with Perm gran-
ites, and to formation of stockwork- and vein-shaped ore bod-
ies that formed combined veined-stockwork structure of the
deposit. Ore bodies directly localize in plate-like dyke of pla-
giogranites (the length is 1000 m, the width is 120—200 m,
north-east dip angle is 65—700) (Fig. 3) [15].

Plagiogranites partially or completely recrystallize and
their ground mass is fine-grained. Chemical composition of
plagiogranites is oversaturated with SiO, (Q = +27.7), alumina
(a' = 43) and moderately rich with alkalies (a : ¢ = 4.7). As for
their alkalinity nature (Na,O : K,O = 3.4) it is typical sodium
low-plumasite series of granitoids with low total ferruginosity
(t=0.63) and high calcium (c = 2.7). Plagiogranites Si, Ca, K
loss and Mg, B, F, C, Sn and W gain is associated with greys-
ening and graphitization. Ore bodies are represented by quartz
veins and stockworks. Basic ore minerals are cassiterite, schee-
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Content of rare elements in albitized granites

Table 1

Rock No. Ta Nb Be Li Rb Cs Sn W Mo
HA-4 6.09 36.81 4.83 732.00 1124.0 50.92 9.35 1.95 0.88
HA-5 4.43 27.06 5.09 652.00 664.3 37.88 10.05 2.63 0.63
HA-6 1.10 10.89 4.83 869.00 613.3 45.37 12.94 2.21 0.73
HA-7 9.81 52.22 4.69 1147.00 1070.0 40.01 13.08 2.01 0.86
HA-14 7.60 56.46 7.48 1032.00 840.2 37.01 20.29 2.53 1.34
HA-15 1.35 13.76 7.60 970.00 964.4 41.88 32.00 2.43 1.40
HA-16 6.00 57.42 8.40 921.00 785.1 33.07 12.45 5.27 3.11
HA-19 16.16 195.20 13.31 2152.00 1413.0 48.07 12.82 2.04 68.77
average 6.56 56.22 7.02 1059.37 934.28 41.77 15.37 2.63 9.71
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Fig. 3. Geologic structure of stannum-tungsten Cherdoyak de-
posit:
1 — sandstone-aleurolitic deposits of Takyr suite, D3;; 2 — plagi-
ogranites; 3 — quartz veins, C;; 4 — I phase granites; 5 — 11 phase
granites of Kalba complex, P,;; 6 — faults; 7 — foliation, shear; 8§ —
strike and dip lamination; 9 — anticipated ore bodies; 10 — plagi-
ogranite- porphyrites of Kunush complex; 11 — directions of solu-
tions movement; 12 — erosional truncation boundary

lite, arsenopyrite; auxiliary ore minerals are pyrite, chalcopy-
rite, galena, and others [15].

Arsenopyrite is a typical ore mineral of greisen and less of
quartz veins. They form well-edged crystals, twins, and crystal-
jams and their size is from 1—2 mm up to 2—3 cm. Crystal lattice
parameters were defined by X-ray structure analysis: a (4,) =
=9.528; b (Ay) = 5.546; ¢ (4y) = 6.529. They are characterized by
high content of light rare earth (276.74 g/t) and increase in chal-
cophylic elements (g/t): Cu (378.0), Pb (439.7), Zn (174.7), Bi
(100.4). Besides, precious elements were identified (g/t): Sn
(174.9), Ta (11.79), impurity In (1.09 g/t). Increased content of
Ni (815), Co (323.5) and Cr (664.0 g/t) was determined.

Scheelite in greisen forms bunches (their size isup to 16 cm
in diameter) contains tourmaline needles and impurities of Sn
1 % and As 0.2—0.4 %. According to mass spectrometric anal-
yses, it is enriched with rare earth (X = 242.4 g/t) and predom-
inant lantoid group (g/t): Ce (121), Nd (110), La (39). Sidero-
phile elements are mainly represented by Fe (6870 g/t), Ti

(462), Mn (430), Ni (88). The values of B (105.5 g/t), Zr
(39.2), Y (24.6) and Th (6.7) are increased. For the first time
anomalous concentration of Hg (3079 g/t) and Re (4.47—
7.37 g/t) has been determined.

Cassiterite in greisen is characterized by small impregnation
(1 mm — 1-2 cm in diameter) and forms bunches and inclu-
sions of irregular shape. Well-edged crystals of pyramidal-pris-
matic outlook (more than 16 cm long, 3—4 cm thick) are fre-
quent. They are simple and geniculated twins of dark-brown
colour. They differ from black casserites of Kalba pegmatite de-
posits by low tantalum content (Ta,Os from 0.003 up to 0.03 %)
and by parameters of crystal lattice (a,= 4.7358, c,= 3.1836).
Chemical composition (%): SiO, — 0.66, TiO, — 0.54, Al,O; —
0.03, Fe,0;—0.13, CaO — 0.11, WO;— 0.18, Sn — 97.74, Ta,05—
0.03, n.n.n. =0.51, sum 99.93. Impurity elements: Ta, Nb, W,
Mo and rare alkalies, as well as In and Ag (Table 2).

Microinclusions of native stannum (Sn — 100 weight %)
and pure casserite (Sn —77.37 and 0—22.63 weight %) are de-
tected in ores on SEM-images. Besides, impurities are ob-
served in other samples: Ti (12.60), W (8.75), As (10.37) and
Sr, Br, P (up to 1—-2 weight %) are in small amount. Ta content
in casserite is low (1.22 weight %) (Fig. 4).

Geological-genetic model of deposit formation is represent-
ed by contact action of Narym granitoid massif on older dyke-
like bodies of plagiogranites and occurrence of fissure- rup-
tural deformation and contact-metasomatic transformations
(gneiss metamorphosis, graphitization, greysening, silicifica-
tion), and ore substance deposition (Sn, W, Be, As, and oth-
ers). Ore deposition included ore caused components (Sn, W,
B, F, H,0), that are gained by fluid flows of Kalba granite
when there is counter migration of elements from enclosing
sedimentary rocks and plagiogranites (Ca, Mg, Na, C, and
others). Plagiogranites with early large quartz veins represent-
ed peculiar fracture structural-lithological traps or geochemi-
cal barriers for concentration of stannum-tungsten ore.

Cherdoyak deposit is compared with well-known greisen-
quartz-veined deposits of Central Kazakhstan, Uzbekistan,
the Far East, the Rudny mountains and other regions [12].
These deposits are Bainazar, Stepanovskoye, Uchkoshkom,
Pravourmiyskoe, Krasno, Tsinovets, Altenberg and others.
Common regularity for them is that stannum-tungsten ore is
superimposed on older rocks due to intrusions of granite com-
position formed by several stages. Peculiarity of Cherdoyak is
that it was formed within strictly limited space, in dyke-like
body of plagiogranites. Sustainable quartz-turmaline-schee-
lite-arsenopyrite-cassiterite ore paragenesis, veined-stock-
work morphology of ore bodies and prospecting data show
that only the central part of ore-bearing zone is opened. Fa-
vorable position of plagiogranites in the exocontact of ore par-
ent source (Kalba granites) also enables to suppose and fore-
cast new ore-bearing quartz stockworks. So the deposit should
be further studied.
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Table 2

Content of rare and accompanying elements in casserites of Cherdoyak deposit (g/t)

Sample No. Ta Nb Be Li Rb Cs W Mo In Ag
4201 3.37 8.59 0.50 18.51 64.91 7.56 76.74 4.25 18.10 8.98
5406 140.0 129.5 0.61 18.50 14.44 3.89 24.78 4.49 28.78 3.33
5424 6.25 4.84 1.42 7.80 24.28 1.45 6.56 4.49 26.64 5.85

5428A 30.58 14.36 0.40 50.54 169.77 41.52 121.2 4.52 82.96 4.10
Results of ICP-MS analyses
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Fig. 4. Microinclusions of minerals in plagiogranites of Cher-
doyak deposit

Results. The outcomes published in this article are a part
of continuing research on fundamental problem of the Great
Altai (geology and metallogeny) focused on strengthening and
development of mineral-raw material base for metallurgical
and mining enterprises. New results of the work on Kalba-
Narym zone prove that the scheme of granitoid magmatism,
which has been developed before on materials of large-scale
geological mapping, is practically confirmed by up-to-date
geochronological data [6, 10].

Geological and genetic model of rare metal pegmatite
forming in granitoids of Kalba complex (P;) is compared with
rare metal granite-pegmatite systems of normal alkalinity [7].

The rationale of plagiogranites role as favorable ore —
hosting environment for deposition and concentration of su-
perimposed pegmatite ore (mainly with lithium spodumene
ore) and practically significant greisen-quartz veined cassiter-
ite-scheelite ores (Sn, W) is of special importance.

Model of ore genesis reflects contact-metasomatic trans-
formation of plagiogranites under the action of the formed
rare metal fluids of Kalba complex. Unconventional “extra-
pegmatite” type of rare metal ore includes albite-greisen
metasomatites with Sn—Ta—Li specialization that have not
been sufficiently explored (Novo-Akhmirovskoye, Karasu de-
posits). According to genesis, the considered objects are com-
pared with well-known deposits (Alakh, Losevskoye) and rec-
ommended for further exploration. The conducted research
studies contribute to understanding the processes of rare metal
ore formation and are of applied significance.

Conclusions. Deposits of non-ferrous, precious and rare
metals and other industrial minerals occur in East Kazakhstan
of Central Asia. Common regularity is in their formation in dif-
ferent geodynamic environments in genetic connection with
definite ore-magmatic systems and belt distribution of ore ob-
jects. The main types of rare metals deposits (Ta, Nb, Be, Li,
Cs, Sn, W) were formed during Hercynian cycle in post-colli-
sion (orogenic) geodynamic environment at Permian time.

The main industrial deposits of rare metal pegmatites are
concentrated in the Kalba-Narym belt. The pegmatites have
spatial-genetic relations with granites of Kalba complex P, (Bak-
ennoye, Yubileinoye, Belaya Gora and others). Rare metal ore of
pegmatite type (Li, Ta, Be, Sn) and of greisen-quartz-veined type
(Sn, W) are of special significance. They are superimposed on the
older hypabyssal minor intrusions and dykes of plagiogranite
composition (Medvedka, Tochka, Cherdoyak, and others).

Plate-shaped bodies of plagiogranites are tectonically faulted and
contact-metasomatically conversed. They are considered as fa-
vorable physical and chemical environments for deposition and
concentration of ore substance in accordance with views of such
researchers as G.N.Shcherba, S.F Lugov, F.N.Shakhov, and
others. Pegmatite deposits of this type with low content of Ta, Nb,
Be are of great interest for lithium spodumene ore [5, 10].

Unconventional sources of stannum-tantalum-lithium ore
of “extra-pegmatite” type are connected with ore-bearing al-
bitized and greisenized granites that crop out (Novo-
Akhmirovskoye, Alakha, Apogranitnoye, and so on), and con-
cealed at the depth (Karasu, Malo-Chernovinskoye, Shuruk).
They are recommended for further exploration. The conducted
research studies prove that there are additional reserves in the
explored regions for strengthening raw material base of rare
metal production. Resumption of prospecting and deeper ex-
ploration of ore-bearing structures and ore objects are required.

The work was completed with the financial support of Sci-
ence Committee of RK Ministry of education and science
APO5131489, AP 08052707.
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Mera. BuByeHHs 3aKOHOMipHOCTeil (opMyBaHHS Ta
OlLliHKA MEePCIEeKTUB HETPAAULIIITHUX TUITiB PiIKOMETAIBHOTO
3pyneHinHg CxigHoro KazaxcraHny.

MeTtoauka. AHaJi3 giTepatypHuXx i (pOHIOBUX MaTepiais;
MPOBEICHHS TTOJIbOBUX IOCHTIIKEHh Ha TUIOBUX 00’€KTax;
BiOip Mpo0; BUKOHAHHSI i30TOIMHUX JOCTIIKEHb HA TUTTOBUX
00’€KTax; Mac-CIIEKTPOMETPUYHUIA aHaJIi3 Ha CIIEKTPOMETPi
ICP-MS-Agilent 7500cx, MiKpo30HI0BMI1 aHAJIi3 32 JOITOMO-
TOI0 CKAHYIOUOTO eJIEKTPOHHOTO Mikpockomna JSM 6390LV 3
€HeProauCIepCiiHOI0 TTPUCTABKOI, PEHTIEHOCTPYKTYPHUI
aHajiz — CPB-1M, cunikaTHuii XiMiYHUIT aHATi3.

PesyabraT. OGrpyHTOBaHO BUIIJIEHHS HOBOTO HETPaIU-
LiITHOTO «BHEIMETMaTUTOBOTO» THUITy PiIKOMETaJIbHOIO 3pYy-
JIEHiHHSI MepeBakHO JITIEBOI Crielianizallii, 10 aCOLI0EThCS
3 MaJIUMHM iHTPY3iIMU i1 TaiiKaMy KYHYIIICKOTO KOMITJIEKCY Ta
ab0ITU30BaHUMU Ta Tpel3eHi30BaHMMM TrpaHiTaMu (arno-
rpaHiTamn).

HaykoBa HoBuHa. Po3po0OjieHa reosioro-reHeTuyHa Mo-
JieJIb PiIKOMETAJIbHOIO PyIOYTBOPEHHS, 1110 BinoOpakae Ha-
KJIaneHHs pisHux MetaniB (Sn, W, Li ta iH.) Ha OiabII paHHL
MaJjii iHTpy3ii miarirpaHitiB KyHyiickoro komriekcy (Cs),
CXWIBHUX OO KOHTAKTOBO-METACOMATUYHUX IEePETBOPEHB
IMiJ BIUIMBOM PiIKOMETaJIbHUX I'PAHITiB KAJIOiHCHKOTO KOMII-
nekcy (P;). O6rpyHTOBaHi IepCIIeKTUBU CAMOCTITHOTO «BHE-
MerMaTUTOBOTO» TUITY OJIOBO-TAHTAJI-JIITIEBOTO 3pYIEHIHHS.

IIpakTyna 3naunmicTb. Pe3ynbrat 1OCTIIKEHHS CIIpsI-
MOBaHi Ha 3MillHEHHSI MiHEpaJbHO-CUPOBUHHOI 0a3u B
SIKOCTi J0IaTKOBOIO Kepesa PilKux MeTaliB I Miloumnx
ninnpuemctB CxinHoro Kazaxcrany.

Kumouoi cnoBa: Cxionuii Kazaxcmawn, epanimoioni nosica,
adaximu, podosuwa, pioxki memanu, Karba-Hapumcvka 3ona
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Ieab. M3yueHue 3aKoHOMEpHOCTE (HOPMUPOBAHUS U
OlleHKA TEePCIeKTUB HEeTPAIUIIMOHHBIX TUIIOB pEIKOMEe-
TaJlZIbHOTO opynyHeHust BocrouHoro KazaxcraHa.

Metoauka. AHaIU3 TUTEPATYPHBIX U (DOHIOBBIX MaTepH-
aJloB; TIPBOBEICHUE TIOJIEBBIX MCCAENOBaHUI Ha TUITOBBIX
00beKTax; 0TOOp MpoO; BBHIMOJHEHUE U3OTOIMHBIX UCCIEI0-
BaHUI Ha TUIIOBBIX OOBEKTAX; MACC-CIIEKTPOMETPUYECKUIL
aHanu3 [CP-MS-Agilent 7500cx, MUKPO30OHIOBBII aHAIU3 C
IMOMOIIBIO CKAHUPYIOLIETO 3JIEKTPOHHOI0 MUKpocKkona JSM
6390LV ¢ sHeprogucriepCMOHHONM MPUCTABKOM, PEHTTEHO-
CTpYKTYpHbIit aHaimn3 — CPB-1M, cuiauMkaTHbId XuMUue-
CKUI aHAJIU3.

PesyabraTel. OG0CHOBAHO BbIACIEHUE HETPAAULIMOHHO-
IO «BHETICTMATUTOBOTO» THIIA PEAKOMETAJUIBHOTO OpYACHE-
HUSI TPEUMYIIECTBEHHO JIUTUEBOM CrieliMau3alivu, aCCOLIM-
HPYIOIIETO ¢ MaJIBIMA MHTPY3USIMU U TaiilkaMy KYHYIIICKOTO
KOMILJIEKCa U albOMTU3UPOBAHHBIMU U T'PEU3EHU3UPOBAH-
HBIMM TPaHUTAMU (aITOrpaHUTAMM).

Hayunaa HoBusHa. Pa3paboTaHa reosioro-reHeThyecKkasi
MOZIEeJIb PEIKOMETAUILHOTO pPyaoo0pa30BaHUsI, OTpaXaro-
11ast HaJloXKeHue peakux MetauioB (Sn, W, Li v ap.) Ha Oosee
paHHUE MaJible THTPY3UU IUIATUTPAHUTOB KYHYILICKOTO KOM-
miekca (Cs;), MOABEpPKEHHBIX KOHTAKTOBO-MeTacoMaThye-
CKUM MpeoOpa30BaHUSIM TOJ BIUSHUEM pPEIKOMETALTBHBIX
IrpaHUTOB KaJouHcKoro komruiekca (P;). O6ocHoBaHBI Tiep-
CIIEKTUBBI CaMOCTOSITCJIBHOTO «BHEIIErMaTUTOBOTO» THIIA
0JIOBO-TaHTAJI-JIMTUEBOTO OPYIECHEHUSI.

IIpakTHyeckas 3HAYMMOCTb. Pe3ysnbTaThl MCCIeIOBaHMS
HampaB/JeHbl Ha YKperIeHue MUHEepaIbHO-ChIPhEBOIt 0a3bl B
Ka4yeCTBE MOIMOJHUTEIbHOTO MCTOYHMUKA PEIKUX METaJIOB
IJIs1 e cTBYroIIMX pennpustuit Boctounoro KazaxcraHa.

Kimouessie ciioBa: Bocmounuiii Kazaxcman, epanumoudnsie
nosica, adakumot, Mmecmopodcoenus, pedkue memannsl, Karoa-
Hapuvivmckas 3ona
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