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LI-BEARING PEGMATITES OF THE KALBA-NARYM METALLOGENIC ZONE (EAST
KAZAKHSTAN): MINERAL POTENTIAL AND EXPLORATION CRITERIA

Abtsract. The paper focuses on the formation patterns of Li-bearing pegmatites in the Kalba-Narym
metallogenic zone in East Kazakhstan, with exploration implications. The main types of rare-metal (Ta, Nb,
Be, Li, Cs, Sn, W, TR) mineralization are structurally and genetically related with Permian postcollisional
granitoids of the Kalba-Narym belt. According to the suggested geological model simulating multistage
evolution of mineral assemblages from oligoclase-microcline to albite varieties, mineralization at the
Bakennoye, Yubileinoe, and other deposits is related with 285 Ma Kalba alkaline granites and occurs in Cs-
bearing spodumene pegmatites located in the upper part of the ore zone. The distribution of pegmatite fields
has been controlled by a large-scale system of old regional W-E faults which were rejuvenated during the
collisional activity. Rare-metal pegmatite mineralization can be traced from the presence of cleavelandite,
lepidolite, spodumene, pollucite, color tourmalines, ixiolite, and other indicator minerals. In addition to
the classical pegmatitic deposits associated with granites, older (305 Ma) plagiogranites and dikes of the
Kunush complex host Li-bearing albite-spodumene pegmatites with secondary Sn, Ta, and Li mineralization
(Akhmetkino, Tochka, Aldai, and other deposits). The indicators for this mineralization type include albite,
cleavelandite, spodumene, cymatolite, and tantalite-columbite. Albite-spodumene pegmatites in the region
can provide additional Li resources and are worth of further investigation.

Key words: Kalba-Narym zone, rare metals, granite, plagiogranite, pegmatite, Li resources, mineral
exploration.

Introduction. The Kalba-Narym metallogenic zone is located in the Irtysh-Zaisan fold system in East
Kazakhstan within the Great Altai, a part of the Central Asian Orogenic Belt [1]. The Great Altai region is
remarkable for its complex geological structure and extremely rich mineralization, with abundant and diverse
massive sulfide deposits of base, rare, and precious metals (Fe, Cu, Pb, Zn, Ag, Au, Ta, REE, etc.) which make
basis for developed mining and metallurgical industries. As old shallow deposits are being depleted, advanced
exploration of deep-seated mineral resources, including rare metals (Ta, Nb, Be, Li, Cs, etc.) demanded in the
high technology sector, becomes the main challenge [2].

Estimating the potential of the region as to the lithium resources for future energy production operations
is of special importance in this respect. Previously, spodumene pegmatites in East Kazakhstan were mined
mainly for 7a and Sn, with associate microcline and muscovite (Bakennoye, Yubileinoye, Belaia Gora,
Upper Baimurza, and other deposits), while other metals (Be, Li, Cs) were neglected and put out to tailings.
However, the growing world demand for lithium and other rare metals requires additional exploration of
spodumene pegmatite resources and reappraisal of some small deposits and occurrences in terms of 7a-Be-
Sn-Cs-Li mineralization using new approaches and technologies. This study aims at gaining more insights
into the formation patterns and mineral potential of spodumene pegmatites in the Kalba-Narym zone, for the
case of the Tochka area, with implications for exploration and subsequent mining operations.

Materials and methods. Geological and metadological backrgound. Additional exploration of
Li pegmatites in the Tochka area can proceed from a wealth of available data collected since 1955 [3].
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Mineralization occurs in the Karagoin-Saryozek ore zone which spans more than 200 m in the vertical
dimension and stores several underexpolred Ta, Nb, Be, Sn, Li albite-spodumene pegmatite deposits associated
with small intrusions and dikes of the Kunush complex (Fig. 1). The zone includes a 5.4 m thick blind vein
of albite-spodumene pegmatite discovered recently at a drilling depth of 303 m (Kenebay site), which boosts
its potential. Economic amounts of lithium may exist at the reference Akhmetkino deposit, which has to be
studied in detail and evaluated in response to the growing Li demand [4].

e »
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z Burabai formation
Dalankar formation
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Figure 1 - Simplified local geology of the Karagoin-Saryozek ore zone (performed by Oitseva T. A.) [5]

The orebodies are mainly localized in faulted and metamorphozed black shales of the Takyr Fm. (D,)
and in plagiogranite intrusions (Fig. 2). The Kalguty garnet-biotite granitoids identified in previous models
of magmatism [6] rather belong to the Kunush complex [2, 7]. The Kunush plagiogranites, which constitute
a particular element in the magmatism of the Kalba area, have a collisional origin and host gold in the West
Kalba zone or secondary rare-metal mineralization (Ta, Nb, Be, Sn, Li, W) in the Kalba-Narym zone [8, 9].
Plagiogranites are gray equigranular medium-grained varieties consisting of 59-62% plagioclase, 26-28%
quartz, and small amounts of feldspar (2-4%), biotite (6.5%), and accessories (amphibole, apatite, zircon,
arsenopyrite, etc., 0.3-0.6% in total). Their compositions differ in sodic alkalinity (Na20/K20>4), a relatively
low agpaitic index (Ka=0.89) corresponding to the plumaistic series, and high contents of mafic components
[10]. The rocks have elevated contents of Cu, Pb, and Zn and contain Au, Ag, Pd, and Sb: Ag in galena (6.3
ppm), monazite (1.6 ppm), and greisen quartz (37.31 ppm); PGE in apatite (4.17 to 13.84) and sferosiderite
(2.31 ppm). The contents of Sn are 11.43 ppm, while rare alkalis (275.5 ppm Y Li+Rb+Cs) are twice as low
as in phase I granites of the Kalba complex. According to high Sr contents (up to 686-815 ppm) and isotope
systematics, the Kunush plagiogranites are of crust-mantle adakite type [11, 12].

o I:‘ Quaternary soft sediments
. <
biotite granites, Kalba complex
biotite plagiogranite
o o]
m plagiogranite porphyry and
K granodiorite porphyry dikes
3 and veins, Kunush complex
L quartz veins
> ﬁ quartz-microcline-albite
rare-metal pegmatites
' albite-spodumene
rare-metal pegmatites
D major ore-controlling
W—E (a) and
< subsidiary (b) faults

. g oblique fault

laminated sandstone-siltstone, Takyr Fm.

Figure 2 - Simplified local geology of Tochka deposit (northern part), after Osipova et al. (1990) [3]
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Plagiogranites occur as two relatively large bodies separated by a W-E fault (Fig. 2) and are mainly
buried under soft sediments in the northwest. Boreholes in the black shales strip individual offshoots and
protrusions of plagiogranite (Barrier intrusion, etc.). The ore field comprises a system of the Kunush dike-
shaped plagiogranite, granodiorite, and quartz porphyry alternated with the Kalba vein granites, aplites,
aplite-pegmatites, pegmatites, and quartz veins [13]. The veins are 20-30 cm to 3-5 m thick (0.2-1 m in late
quartz veins) and 250-300 long, strike in the NW direction (315-330°) concordantly with the host black
shales, and dip mostly to the northeast at 70-85°.

The pegmatite veins are of (1) microcline, (2) microcline-albite, (3) albite, or (4) albite-spodumene types,
or locally bear quartz-microcline-muscovite (greisen) assemblages. The albite-spodumene pegmatites that
formed in the conditions of epidote-amphibolite metamorphism (500-600°C; 2-8 kbar) [14] have the highest
Li potential.

The ore field is of supra-intrusion linear morphological type, with staircase veins in plagiogranites [3].
There are three NW pegmatite formations emplaced one below another: the Eastern (hanging wall), Central
(axial), and Western (footwall) units. The mineralization is controlled mainly by the W-E Central zone which
splits the deposit into the Northern and Southern blocks displaced for 380 m one relative to another (Fig. 2).

The Central Fm. appears to have the best prospects. It is composed mainly of albite-spodumene pegmatites
occurring in two clusters of closely spaced veins, 170-200 m of total thickness, which form a single ore
body. Pegmatite veins 13, 14, and some others crop out, while the mineralization as a whole is unevenly
distributed and traceable to depths of 200-300 m or more. The contents of Li,O in the veins reach at least 1
wt.%. Previous flame photometry data for pegmatite core samples [3] showed the relatively high contents of
1.050-1.111 wt.% Li,0 at 292 m core depth and 0.631 wt.% Li,O at 335 m in borehole No. 19, etc, as well
as at depths 140-316.5 m in boreholes at the Kenebay and Alday sites [15]. These data have been confirmed
by more precise recent analyses of the Tochka albite-spodumene pegmatite samples at the IRGETAS (D.
Serikbayev East Kazakhstan Technical University) and VNIltsvetemet laboratories (Ust'-Kamenogorsk).
The Li contents vary from 0.62 to 1.43 wt.% in samples of vein 13 (0.98 wt.% average over 6 specimens)
and reach 1.60 wt.% in those of trench 203. The vein interior parts accommodate stacked nests (>1 m) of
spodumene which exceeds 50 vol.% (Fig. 3).

Lithium enrichment was also found in greisen pegmatites and in xenoliths of the host biotite-garnet-
sericite shales (>0.1-0.3 wt.% Li,O). The Li contents measured in lens-shaped Chudskaya and No. 9 veins
are 0.63wt.% Li,0O for albite-spodumene pegmatite and as low as 0.019 wt.% Li,O for greisen and albitite
pegmatites.

Figure 3 - Nest of albite-spodumene pegmatite

Of special interest is the NE staircase-like Barrier vein located in a small NE plagiogranite intrusion in the
southeastern flank of the ore field (Fig. 4). The vein encloses a long zone of albite-spodumene pegmatites in
its interior part, with 0.22 to 0.79 wt.% Li,0 (0.35% on average over 8 analyses).
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Figure 4 - Simplified local geology of Tochka deposit (southern part), after Osipova et al. (1990) [3]

The Western Fm. encompasses albite-spodumene pegmatites of vein 2, as well as albite and albite-
microcline pegmatites of veins 1 and 3. The veins have shallow erosion cutout and dip at 20° in the NW
direction. Vein 2 has the highest Li grades with 10,800-17,800 ppm or 1.08-1.78 wt.% Li,0 (Table 1, samples
T-1, T-1a). These results were confirmed by AAS data (1.66-2.87 wt.%).

The Eastern Fm. is the most strongly eroded. It has 10-30 m long and 1.5-4 m thick lens-shaped bodies
of albite-spodumene pegmatites in its northern part and lens- or plate-shaped veins, up to 5-6 m thick, in the
Southern block. The albite-spodumene pegmatites of Vodorazdelny vein contain up to 0.63 wt.% Li,O.

Table 1 - Trace element abundances (ppm) in Tochka rocks

Sample Rock Ta Nb Be Li Rb Cs Sn A4 Mo
T-1 Spodumene pegmatite 36.71 61.6 1772 17800 80.00 12.87 29.43 143 1.58
T-la Spodumene pegmatite 37.99 755 137.9 10800 52.50 10.81 36.00 130 1.73
T-2 Quartz- muscovite-tourmaline hornfels 9.02 26.7 4530 3130 961.0 308.6 1014 2.08 1.98
T-3 Hornfels with thin pegmatite veins 3226 569 5820 1362 608.0 1285 1299 414 1.78
T-6 Quartz with spodumene 2.72 337 341 425 457 1272 778 040  211.56
T-7 Quartz in a muscovite coat 16.69 14.87 540 622 159.9 2690 5090 1.85 1.17
T-8 Plagiogranite 0.57  0.81 1.33 413 4120 22.19 9.57  0.75 1.37
T-9 Fine albitite 258 192 1496 1043 71.00 10.55 1420 0.74 1.22
T-10 Greisen albitite 22.05 2632 5240 903 789.0 77.70 2152 20.64 1.46
T-11 Streak of albite-tourmaline pegmatite  10.57 12.96 25.78 307.3 227.2 20.22 99.10 1.13 1.91
T-13 Sugar-like albitite 080 0.77 71.50 1834 4550 9.42 206.0 1.02 1.05

Results. Spodumene is the main metallic mineral reaching rock-forming percentages of 3-5 to 20-25%
or more in albite-spodumene pegmatites from the Tochka area. White and pink spodumenes, within 3-5 cm
in size, typically occurs in transverse bands across plate-shaped veins, while coarser crystals, up to 5-10 cm
or longer and 1-3 cm wide, form nests in veins (Fig. 3) and are often replaced by eucryptite and cymatolite.
Some spodumenes are as long as 1 m. Spodumene coexists with microcline (15-20%), sugar-like albite,
cleavelandite, muscovite, gilbertite, or rarely with lepidolite, verdelite, etc. The Tochka pegmatites also
contain 2-4 mm platy crystals of tantalite-columbite associated with quartz-albite-gilbertite assemblages.
Furthermore, SEM images reveal rare-metal minerals (cassiterite, columbite, tantalite, microlite) and
micrometer lumpy fluorapatite (Fig. 5), as well as microinclusions of galena, pyrite, apatite, and drop-shaped
native irons.

Discussion. The existence of exposed and buried albite-spodumene pegmatite veins provides motivation
for further exploration in the Tochka area. The veins were discovered in the course of previous surveys but
have not been properly characterized, for several reasons.

First of all, the exploration in the Kalba-Narym zone from 1955 to 1994 targeted mainly at Ta and Sn ores,
according to the demand of that time, but neglected other trace elements like Be, Li, Cs, or Rb. On the other
hand, the potential of Li-bearing pegmatites in the area was estimated on sparse drilling networks (200 m x
150-200 m and 200 m x 400 m). That drilling coverage was insufficient for correlation of interceptions and
for evaluation of albite-spodumene percentages in pegmatite veins and over the deposit as a whole, given
the short length of the veins and their heterogeneity in morphology, thickness, and composition. Thus, the
contours of the pegmatite veins remained poorly constrained along the flanks and at larger depths.
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The Li grades in the available reports [3, 15] appear to be underestimated because of averaging over both
barren and albite-spodumene pegmatites. Namely, the Li,O contents at the Tochka site were reported to be
0.033 wt.% for the Western Fm. and 0.063 wt.% for the Central Fm., but flame photometry showed higher
values in a range of 0.219 to 1.132%. The low average Li contents rather represent the bulk composition of
mixed mineral assemblages in the pegmatites.

The methods of flame photometry and semi-quantitative spectral analyses used earlier failed to ensure
sufficient analytical quality. Thus, the results call for revision on the basis of ICP-MS and AES data for the
Tochka albite-spodumene pegmatites, which give 0.22 to 2.87 wt.% Li,0. This range is comparable with the
respective contents in the economic deposits of the Kalba-Narym zone (0.306 wt.% at Yubileinoye, 0.119
wt.% at Bakennoye, 0.76 wt.% at Akhmetkino) and in other countries (up to 2.9 wt.% at Green Bushes in
Australia; 1.06 wt.% at Vishnevskoye in Russia, etc.) [4, 14, 16].
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Figure 5 - Mineral microinclusions in albite-spodumene pegmatites from Tochka area.

Conclusion. Main types of mineralization in East Kazakhstan, mostly located within the Kalba-Narym
granitoid belt, formed during the Late Paleozoic postcollisional events. Of special importance are rare-metal
pegmatite deposits (Ta, Nb, Be, Li, Cs, Sn) related to the Kalba granites (P,). However, a number of deposits
operated previously by the Belgorod Mining and Processing Works (Bakennoye, Yubileinoe, Belaya Gora,
etc.) have been tied up. Originally, the mining was targeted at Ta and Sn resources while other components,
including Li, went to tailings. Currently, the interest to rare-metal pegmatites as a resource of lithium has been
rekindled with growing demand for Li in the world markets.

Rare-metal mineralization developed mainly in the heavily deformed Central Kalba block in the conditions
of tectonic activity. Li-bearing rocks are mostly located in the Ognevo-Bakennoye, Asubulak, and Belogorsk-
Baimurza ore fields controlled by regional-scale W-E faults. Among these, albite-spodumene pegmatites are
the youngest rocks occurring in the upper part of the ore zone. They are as rich in unique mineral species as
world-known pegmatite deposits like Koktoay, Bernic Lake, Zimbabwe, etc. [17-22], though having lesser
extent of mineralization, for different reasons.

The NW Karagoin-Saryozek ore zone in the southwestern flank of the Kalba-Narym rare-metal belt
accommodates orebodies with secondary rare-metal mineralization (Ta, Nb, Be, Li, etc.), which are associated
with small intrusions and dikes of the Kunush complex. [3, 4]. Economic potential can be expected from albite-
spodumene pegmatites in supra-intrusion zones, offshoots, and staircase-like veins in small plagiogranite
intrusions (Akhmetkino, Tochka, Aldai, Lukon, Novo-Saryozek, etc.). The mineralization can be traced
from the presence of albite, cleavelandite, cymatolite, tantalite-columbite, and other indicator minerals. New
SEM data for these pegmatites reveal relatively high lithium contents (>1 wt.% LiO,). The albite-spodumene
pegmatite bodies are worth further investigation for potential Li resources.

Funding: The study was supported by Geology Committee of the Ministry of Ecology, Geology and
Natural Resources of the Republic of Kazakhstan (grants BR10264558).

87



NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

Oiinesa T.A.'", [IbsiukoB B.A."Y, Kysbmuna O.H.!, Bucarosa A.E.'?, Areesa O.B.!

1. Cepik0aeB arsinaars! [Lbireic KazakcTan TeXHUKABIK YHUBepCHTETI, OckeMeH, KazakcraH;
2«I'eocy XKIIC, Ockemen, Kazakcran;
3«Aunrait reosorus-skonorusubik HHCTHTY T JKIIC, Ockemen, KazakcraH.
E-mail: tatiana.oitseva@gmail.com

KAJIBA-HAPBIH AUMAFBIHBIH, (IHBIFbIC KASAKCTAH) JINTUIJII IETMATUTTEPIH
BOJI’KAY 7KIOHE BATAJIAY 9 JICTEMECI

Annoramusa. Maxkanana [lsireic Kazakcranmarsr Kanba-HapeiM aifiMarbIHBIH JTUTHIUT TIETMATUTTEPiH
KaJIBIITACTBIPY €PEKINeNiKTepi, OoImKay jkoHe Oaranay KpuTepuiisiepi KapacThIpbuiasl. [lepMb yaKbITIHBIH
KOJUTM3HSIJIAaH KEeHiHT1 (OPOTeH/IIK) TeoIMHAMUKAIIBIK JKaFIaibiHaa KajsinTackad Kanoa-Hapeiv Oenpeyinin
IpaHUTOMATAPBIMEH CHPEK Ke3/IeCeTiH MeTasut keH opbiHaapbiabiH (Ta, Nb, Be, Li, Cs, Sn, W, TR) xeTexmri
TYPpJEpiHIH KYPBUIBIMIBIK-T€HETHKAIBIK OalTaHbICH aTal OTiIe/i. | @0MOTUsIIBIK-TeHE TUKAIBIK MO/IEITh 0acThI
CUpPEK MEeTaJJibl IeTMaTUTTI KeH opbIiHaapbiHbiH (bakenHoe, KOOueliHoe xoHe T.0.) TOMEHTI TUTFOMAa3HTTi
armanTTUTIKIICH JKOHE OpTallia HEeTi3MUTIKIEH HAaTPUH-KAJIMH CepUsCHIHBIH KaJbIIThl KarapbiHAarel Kanbda
KEIICHIHIH TpaHUTTepiMeH (285 MIIH. KbUI) KEHICTIK-TEHETHKAaJbIK OaillIaHBICHIH KepceTell, alMaKThIK
KEH KOJIOHHACHIHBIH YKOFApFhI OOJITiHJIe KYpaMbIH/a CIIOJyMEH JKOHE 113Ul 0ap MmerMaTuTTep OpHaIacybl
MEH OJIMTOKJIa3-MUKPOKJIMHHEH Oactarn (KeHJi eMec) MUKPOKIWH-aJILOUT JKoHE anbOuT (KeHAl) HeHiHTi
MUHEPAJJIBIK KEIICH IEPiHiH Ke3eH IiK 1aMyblH kepceresi. [lermaTut epicrepiHiH OpHAIACYBIH]IA OPOTEHIIK
carbliFa OEJICEHIIPUITeH €XKeri KYpPBUIBICTHIH aWMaKTBIK EHIIK aKayJapblHBIH PErMaTUKAaIbIK JKyHeciHe
xerekiri pen Oepinexi. TunomopdTel Oipereil MUHEpagap XOHE CHPEK METaJbl MEerMaTuT TY3UTyiHIH
TEOXUMUSUTBIK WHIUKATOP-2JIEMEHTTepl (KJICBEJIaHIIUT, JEMHUIOIUT, CIOMYyMEH, IMOJUTYLUT, TYpPIi-TYCTi
TypMaJIMHICP, UKCHOIHUT XoHE T.0.) KenTipineni. JlocTypnii rpaHuT merMatutT KE€H OpBIHJApbIHAH 0acka,
KYPBUIBIMJIBIK-JIATOJIOTHSUTBIK, TY3aKTapAblH (AXMeTKiHO, Touka, Annali skoHe T.0.) MaHBI3bI OOJFaH KyHYIII
kemieHiHiH (305 MIIH. KbUT) OYpPBIHFBI IIAarMOTPAHUTTEPIMEH JKOHE JaliKallapbIMEH OailllaHBICTBIPATHIH
IBOUT-CIIOAYMEH CajiblHFaH MHHepajzaHybiMeH (Sn, Ta, Li) auTuiini merMaTtuTTepAiH MepCreKTHBAIbI
Typi epekuieneHeni. KenjeHyiHiH MHINKaTOP-MUHEPAIapbl: albOUT, KIIEBEIaHIUT, CIIOYMEH, [IMMATOIIUT,
TaHTAIUT-KOTYMOUT. Bys1 HbIcaHAap NUTHUH MIMKI3aThIHBIH KOCHIMINA K631 PETiH/Ie KapacThIPbUIAJbI JKOHE
KOCBIMIIIA 3€PTTEY/II KAXKET eTe/Ii.

Tyiiingi ce3nep: Kanba-Hapeim aiimarsl, cupek Metangap, TpaHUTTED, IIarHOTPAHUTTED, IETMATHTTED,
JUTHHA MIMKi3aThl, O0JKay.
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K METOJAUKE ITPOI'HO3UPOBAHUA U ONEHKHU JIMTUEHOCHBIX ITIETMATUTOB
KAJIBA-HAPBIMCKOM 30HBI (BOCTOUYHBIN KA3AXCTAH)

AHHoTanus. PaccmarpuBarorcs 0COOCHHOCTH (OPMHUPOBAHUS, KPUTEPHUHM IPOTHO3HPOBAHHUS U
OIIEHKH JIUTHEHOCHBIX rermatuToB Kanba-Hapeimckoit 30HbI Bocrounoro Kasaxcrana. [lomuepkuBaercs
CTPYKTYPHO-TEHETHUYECKasl CBsI3b BEAYIIUX TUIOB penkoMmeTanibHbIX MectopokaeHuit (Ta, Nb, Be, Li,
Cs, Sn, W, TR) ¢ rpanutonnamn Kanba-Hapsimckoro mnosica, cOpMHUPOBAaHHBIMU B ITOCTKOJUTU3MOHHON
(oporeHHo#) reogHAMHYECKOH 00CTaHOBKE MEPMCKOIO BpEMEHH. | eonoro-reneTnieckas MozieNb OTpaxaeT
MPOCTPAaHCTBEHHO-TEHETHUECKYIO CBSI3b IJIABHBIX PEAKOMETAJUIBHBIX IErMaTUTOBBIX MECTOPOXKICHUN
(bakennoe, FOOuneitnoe u ap.) ¢ rpaHUTaMU KaJIOMHCKOTO KOMIUIeKca (285 MIIH. JIeT) HOpMallbHOTO psiza
HaTPHEBO-KAJIMEBOM CEPHUHU, HU3KOIJIIOMAa3UTOBOM AarmauTHOCTH W YMEPEHHOH OCHOBHOCTH, CTaIMHHOE
pa3sBUTHE MHHEPANbHBIX KOMIUIEKCOB OT OJHMIOKJIa3-MUKPOKIMHOBOTO (O€3pyaHOT0) M0 MHKPOKIMH-
aJIOMTOBOTO U aJILOUTOBOTO (PYAHBIX) C pA3MELICHUEM CIIOTYMEHCOACPKAIINX U IE3MEHOCHBIX IErMaTuTOB B
BEpXHEH 4acTH 30HAILHON PyAHOM KOJIOHHBI. B pazmenieHnn nermMaTuToBbIX MOJICH BeAyias pojib MPHIACTCs
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perMaTHueckoil CUCTeMe PerHOHajJbHBIX HMIMPOTHBIX Pa3IOMOB APEBHETO 3aJOKEHHS, aKTUBHU3MPOBAHHBIX
B oporeHHyto craauto. [IpuBomstcs TunomMopdHbie YHUKAIbHBIC MUHEPAIbl U TEOXHUMHUYECKUE 3IEMEHTHI-
WH/INKATOPbl PEIKOMETAIUILHOTO MErMaTuTOO0pa3oBaHusl (KIEBEIaHANT, JCTHAOIUT, CIIOLYMEH, TOJLTYLHT,
LBETHBIE TYPMaJIUHbI, UKCHOJHT | Ap.). KpoMme TpaaAuLMOHHBIX TPAHUTHBIX IErMAaTUTOBBIX MECTOPOKACHHM,
BBIJICJIICTCSI MEPCHEKTUBHBIA THUIT JIMTHEHOCHBIX IEIMAaTUTOB C HAJOKEHHOM anbOMT-CIIOTYyMEHOBOH
MuHepanuzanuei (Sn, Ta, Li), acconunpyromux ¢ 0ojee paHHUMH IUIArHOTPAHUTAMU U TAaKaMU KyHYIIICKOTO
komIuiekca (305 MITH. JIeT), KOTOpble HMEIH 3HaYeHUE CTPYKTYpPHO-JINTOJIOTHYECKUX JOBYIICK (AXMETKHHO,
Touxa, Annait u 1p.). MuHepanbl-MHANKATOPBl OPYACHEHHS: allbOUT, KICBEIaHIUT, CIIOAYMEH, [IMMATOJIHT,
TaHTAIUT-KOIYMOUT. DT 00BEKTHl PACCMATPHUBAIOTCS B KQYECTBE JOMOIHUTENLHOTO HCTOYHUKA JINTHEBOTO
CBIPbS U 3aCITY>KUBAIOT JONOJIHUTEIBLHOTO N3yUYECHUSI.

KitroueBsle ciioBa: Kanba-Hapeivckas 30Ha, peakue MeTaibl, TPAHNATHI, TUIATHOTPAHUTHI, TIETMATHTHI,
JIUTHEBOE CBIPHE, IPOrHO3UPOBAHHE.
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