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. YIT'OJBbHBIE MECTOPOXIEHUS TAJTBHETO
BOCTOKA POCCHUU U PECYPCHBI MOTEHLMAJ
COJAEPKAIIMXCS B HUX LHEHHBIX METAJLJIOB

B.U. Banos'?, A.X. Bocomonog*, E.I1. I[lluwoe*, A.A. Yepnolues®

Mockosckuii 2ocyoapemeennvlil yrueepcumem umenu M.B. Jlomonocosa, Mockea, Poccust
2Bcepoccuiickuil HayuHo-ucciedosamenbekutl 2eonocuyeckutl unemumym umenu A.I1. Kapnunckoeo, Cankm-Ilemepoype, Poccust

B crarbe npuBeneHb! pe3yabTaThl HCCIIEI0BAHUIN IPOMBIIITIEHHON METAJNIOHOCHOCTU U OLIEHKHU ITPOTHO3HBIX pecyp-
COB PEJIKUX U EHHBIX APYIHX METAIIOB B yTOJIbHBIX MeCTOpOXKIeHHAX JlanbpHero BocToka. BeieneHbl reoxumudeckue
acCOIMALN METAIIOB X 0COOEHHOCTH MX KOHLEHTPAIMH B yITIsX. [lomyyeH cyMMapHBIil IPUPOCT MPOTHO3HBIX PECYPCOB
Ge B yIJIIX H3Y4YEHHBIX MecTopokaeHUH [Ipumopss —6omee 2,7 Toic. T. OLieHeH pecypCHbIi TOTEHIMAI IEHHBIX METa/IOB
TI0 KaTeropusIM MPOTHO3HBIX pecypcoB P, 1 P, o u3yueHHBIM yrosbHBIM 00bekTaM XabapoBckoro u Kamyarckoro kpaes,
Espeiickoit AO, Marananckoii, Caxanunckoil oonmacted. [l HuX oOIiee KOJIMYECTBO MPOTHO3HBIX PECYpPCOB PEIKUX
MeTaJuIoB 1o Kareropuu P, cocrapnser: Sc — 11,98 Teic. T, Ga — 10,94 ThIc. T, Ge — 7,18 ThIC. T, Rb,0O — 40 THIC. T, STO —
137 terc. T, Cs,0 — 3,6 ThIC. T, ZrO, — 36,3 THIC. T, TRZO3 —212,8 tpic. T; 1o kareropuu P,: Sc— 14,4 Toic. T, Ga— 16,4 ThIC. T,
Ge - 9,8 Teic. T, Rb,O — 46,3 ThIC. T, SO — 125,7 THIC. T, C5,0 — 9,16 THIC. T, Z1O, — 135,6 THIC. T, TR,O, — 266,18 THIC. T.
KonmuuecTBo MeTaIoB MIIaTHHOBOK TPyIIILI 10 Kareropuu P, cocrasnser 15,1 1, a o kareropuu P~ 24,4 1. Tloctpoena
METAJUIOTEHNYECKasl KapTa yroJibHbIX MecTopokaeHui JlansHero Bocroka Poccun. PenkomeramibHO-yroiabHbIe MECTO-
POXKICHNS BOCTOUHBIX PErHOHOB Poccun 00pasyroT HeTpaIHIIMOHHYI0 MUHEPAJIbHO-CBIPBEBYIO 0a3y PEIKHX METalIOB.

KuroueBble c10Ba: yronbHble MECTOPOKACHUS, PEJKHUE, [IEHHbIE METaJIbl, Ka4eCTBO yIeH, reOXUMHUECKHe
aCCOIMALIMU METAJUIOB, 3aI1aChl, TIPOTHO3HBIE PECYPChI, KApTa METANIOHOCHOCTH YIVIeH, MHHEpalIbHO-ChIpbeBas 6aza
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Vickomaemble I SIBISIFOTCSI HE TOJNBKO HEpreTHUE-
CKHUM, pa3HOOOpPa3HBIM TEXHOJIOTHUECKHM CBIPhEM (BIIOTH
JI0 TIPOM3BOJICTBA CHHTETHYECKOTO YKUAKOTO TOIIINBA), HO U
BMECTIJINIIEM MHOTHX IICHHBIX (PEIKNX, PEAKO3EMENbHBIX,
01aropOAHBIX, IBETHBIX U 1K€ PAMOAKTUBHBIX ) METAIIIOB.
HexoTopsle yroiabHbIE MECTOPOKIACHHS SIBISIOTCS MCTOU-
HUKOM TE€PMaHUsI, HO B IIEJIOM METAJNIOHOCHBIN MOTEHIINAI
yTIe# 0CTaeTCsl HEPaCKPBITHIM, UX MHOTOUNCIICHHBIE MHKPO-
AIIEMEHTHI (AIEMEHTHI- IPUMECH ) 0OBITHO PAaCCMaTPHBAIOTCS
JIUIIb B KA9€CTBE TOKCHYHBIX.

Bo BcepoccuiickoM Hay4yHO-UCCIEA0BATENBCKOM IE€0-
JIOTHYECKOM MHCTUTYTe U MOCKOBCKOM TOCYIapCTBEHHOM
yauBepcutete ¢ 2006 T. IpOBOAATCS UCCICIOBAHNS IO METa-
JIOHOCHOCTH yriiel. Hoesa uccnedosanuii — 6 y2inax CKpbimo
KOMNJIeKCHOE, HA PAO YEeHHBIX MEMAI06, NPOMbIUUIEHHOE
opyoenenue. B manuoii paboTe mpeacTaBICHBI PE3YIbTATHI
W3y4EHNs] METAJUIOHOCHOCTH YTOJIBHBIX MECTOPOXKICHUH
BOCTOYHBIX Teppuropuii Poccun.

bnaromapst MPUMEHEHUIO COBPEMEHHBIX BBICOKOTOUHBIX
AHAJTUTUYECKUX TPUOOPOB U METONIOB (MacC-CHEKTPOMETPHS
1 JIp.), HOBAaTOPCKUX METOMK NPOOOTIOATOTOBKH ISl aHAJIN3a,
JICWCTBUTEIILHO OBIJIO YCTAHOBJICHO MTPOMBIIIIICHHOE PE/IKO-
MeTaJIbHOE Opy/IeHEeHNe, BHavase B yrisix [ Ipumopss (Bsios
u 1ip., 2010; 2012). Okazanock, 94To HE TOTBKO TePMaHUii, HO
1 LENbIHA PsA HEHHBIX METAJIOB B YIIISIX (M COOTBETCTBEHHO
B MPOAYKTaX MX CXKUTAHMS) YaCTO HAXOAHUTCS HAa ypOBHE

TIOTHSITHSIM BBIBETPEJIOTO TPAHUTHOTO (yHIAMEHTA. DTO BaX-
HEHIIast TOKaJIbHO-PErHOHANIbHAS 3aKOHOMEPHOCTD M HA/IEK-
HBIIl IOUCKOBBIN KPUTEPUN HA IPOMBILLIIEHHOE OpY/ACHEHNE
Ge, Be, Sc, Mo, W B ymiisix. YCTaHOBIICHO IIPEUMYTIIECTBEHHOE
HaxokaeHne Ge 1 COMyTCTBYIOIINX €My PEKHIX 3JIEMEHTOB B
opranndeckom BemecTse (OB) yrieit, a i3MeHeHne B pa3HbIX
tunax BUTpuHUTOBOr0 OB TIpeacrasieHo B Tabm. 1.

XapakTep pacrpeneieHusi TepMaHus U Ap. METAJUIOB B
OB yreit u3yvancs o JaHHBIM JIA3EPHOTO MUKpOaHan3a
moBepxHOCTH uTrda yrieit (Puc. 1).

Crenenp pasznoxenus OB A-BUTpwHHUTaA BEHIIIE, YeM
aTTPUTO-BUTPUHNTA, U BCJIEACTBHE TOTO B A-BUTPHHUTE
OorbIIIee KOIMUECTBO T'YMUHOBBIX U (DyTbBOKHCIIOT. [ToaToMy
KOHIIGHTpAIHs TepMaHus, MOJINOAEHa, BOIb(pama, CypbMbl
B A-BUTPUHUTE MaKCHMAaJIbHA.

Puc. 1. Touku muxposonouposanus é A-eumpunume (a), u 6 am-
mpumo-eumpurume (6)

MPOMBIIUICHHBIX KOHI[EHTpaluil B U3-
BECTHBIX THNax pyx (Bsutos u ap., 2012)

Marepan yris \ anement | Ge Be Sc | Mo | Sb W Ag In

" JaK€ MHOIra X IMPEBbIIIACT. Hammane A_BHTpHHHT

6703 | 120,6 | 8,44 | 81,4 |1235,5| 561 | 1,59 | 4,13

PEeIKOMETAUTEHONH MUHEpaTn3anny, Kak

ATTPUTO-BUTPUHUT

4087 |170,1| 9,27 | 55,5 | 758 | 388 | 3,01 | 3,13

NpaBuIIO, OTMEYCHO B TOHKUX YTOJIBHBIX  Tugn, [, Pesyniomamot MUKpOGHausa Ha nosepxHocmu anwnug-umygos yerei naacma Iln,
IlacTax, MpUIETAIIUX K CBOAOBBIM  «Cneyyenuy, Ilasnosckoe mecmopodicoenue (o/m) (Banos u op, 2012)
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B.1. Bsutos, A.X. boromonos, E.IT. IlTumos, A.A. YepHsluies

ABTOpamu Takxe u3ydasnuch Jlnanckoe, XypMyJaIHHCKOE
(yuacTok XypMyIuMHCKHI); MyXeHCKOE MECTOPOXKIACHHE
(Xabaposckwuii kpaii), EproBerkoe MectoporkieHne (y4acTKu
3amaublii, BocTounbrit) AMypckoi oonmacTu; YIryMyHCKOE
(EBpetickast AO), HoBukoBckoe MecTOpokaeHHEe (y4acToK
Bocrtounslii, pe3epBHbIil yyacTok HoBHKOBCKOTrO pas-
pe3a) CaxamuHckodl obnacTu; JlaHkoBckoe, Bunruuckoe
(Onuxyano-KynkuHckas ruiomane), DabreHckoe (ydact-
KM HepacnpeneleHHoro GoHxa HeaAp) MECTOPOXKICHHS
Maranauckori obnactu; Kopdckoe (yuacTku Hepacmpene-
neHHoro Qonga Henp), DuBasmckoe (ydacTok Jlocunsii) —
MecTopoxeHus1 Kamuarckoro kpas.

Ilpusaszka u xapaxmepucmuka y2ieHOCHOCINU, Kaye-
CcHméa, 3anacoe, NPOCHO3HLIX Pecypcog y2nell U3y4eHHbIX
06vexkmog o (YronpHas 0aza ..., 1997), ¢ TOTONTHCHUSIMH.

Xypmynunckoe mecmopooicoenie pactonokeHo B 50 km
K ceBepo-3amagy oT I. KoMmcoMmonbcka-Ha-AMype, BO3pacT
YIIEHOCHBIX 0TI0)eHuH P,-N , ux MotHocTs 270 M, MOII-
HOCTh pabouux miactoB 1,0-13,5 M, oOmiee KoIUYeCcTBO
1acToB yris 16, u3 Hux 8 pabounx, W'= 40,2-46,8 %, A’ =
20,0-37,7 % (cpennss 23), S¢ 0,6%, Q= 11,6 M/x/kr. Mapka
b, rpynna 1B5-2b. Pa3pe3 XypMyauHCKHIA: 3amacsl KaTETOpUN
B - 14,889, C, — 18,349, C, — 2,612 mun T. 3abanaHcoBbie
3anacel — 24,754 MJH T.

Jluanckoe mecmopoocoernue — B 36 kM k C3 oT T.
Komcomornbcka-na-Amype. P,-N,. MOUHOCTL yIJIEHOCHOM
tomwm 215 M. MomHocTs pabounx miactoB 1,74-9,65 m.
Bceero 22 myacta, u3 Hux pabounx 14. W'= 34,2-45,6 %.
AY=20,0-37,7/25 %. Q= 19,2 MJlx/xr. Yru mapku b, 15-
2b. 3anacet A+B+C, — 266,909 min T, u3 Hux: B — 106,924,
C,— 159,985 min 1.

Myxencroe mecmopodicoenue — B BEpXOBbsX p. MyXeHKH
n Oacceitna Amypa B 80 kM k CB ot . Xabaposcka. Bozpact
P,-N,. Mownocts yrienocro# Tomu 280 M. 1-7 M — mor-
HOCTH 4-X pabounx mwiactoB. Beero 15 miacros. [Tokazarenn
kadecta: W'=33-35 %, A? = 15- 30, ¢ — 0,55, V&' = 50,9,
Cé'=67,8, H%=5,3%. Qi'= 12,0-14,0 M/Ix/xt. Yriiu Gypsie,
rpyrmsl 2b. Pecypebt P +P, 256 min T 10 mryOumsr 300 M.
P, — 16 MJIH T U1 OTKPBITOM OTPabOTKH.

Eproseyrkoe mecmopooscoenue — B 50-60 xm k CB
otr 1. brnarosemencka u B 30-45 kM Kk 3amajgy OT CT.
ExarepunociaBka. MOITHOCTh YITICHOCHBIX OTIIOXEHUH
285 m. Bospact P, .- N,. MomnocTh 1-2-X pabodnx 1miacTos
yrms 5-9 M, Bcero 7 mnacro. KauectBo yrneit 3amagHoro
ydactka: W'= 35,6-36,4 (no 5-tu mnacrtam), 52 % — 1
miact. A?= 14,2-28,4, §%~ 0,28-0,55, V4 = 43,9-61,5,
Chl= 66,8-70,5, H = 4,3-6,0 %. Qi= 8,23-13,4 Mx/kr.
Vo rpynnet 26. 3anacet A+B+C, — 1054,839 M 1, C, —
14,052 mMitH T — JUI OTKPBHITOH pa3paboTku. 3abanaHcoBbIC
3anacel 144,542 muH T (Ha 3amalHOM y4JacTke).

Ywymyncroe mecmopooicoenue — B 20 KM rOKHEE T.
bupobumkana. Bospacr P, .¢r — N us. YrienocHas Tomma
6omee 450 m. CymMapHasi MOITHOCTh paOOYUX IUIACTOB IO
15 M. 6 rpymm nmactoB, 5 — pabodeit MomHocTH. KauecTBo
yroeit: W'=30-35,A¢=12-32, 8¢ - 0,4, V¥'=573, C*'=67,5,
H®=59-6,5, Qi*= 12,2-14,8 MJIx/kt, 2b. A+B+C, 3,095,
C, — 49,884 mnH T 1y1st OTKPHITEIX pabot; P +P, 1000 miH T.

Hosukosckoe mecmopooicoenue — B 10 kM OT TOC.
Hosukoso. Bospact N, vd,. MomuocTs Tonmmu 340 M.
Hosurosckuii (yu. Bocmounwiii (II) — 6 mexncoypeuve
Yapooeuixa-Hukonaesxa. CyMMapHble MOIIHOCTH 2-X

V.I. Vyalov, A.Kh. Bogomolov, E.P. Shishov, A.A. Chernyshev

mwiactoB — 10 4,97-5,36-7,29 m u Gonee. KauecTBo yriei:
Wr=24,0, A= 16-32, § — 0,7 %, Qi'= 17,0 Mx/kr. Yran
TexHonoruuyeckoi rpymnmsl 3b. 3anacel: BocTouHsll yyacTok:
A+B+C — 0,49 mun T, Pesepenviii yuacmox Hosurosckozo
paspesa (na yu. Bocmounwiii-1): A+B+C — 4,307 My T.

Jlanxosckoe mecmopooicoenue. Yuacmox Jlankosckuu
1 —670 xm ceepo-BocTouHee I. Maranana. Bospact N, jml.
MormHoCTb yrteHocHBIX omtoxkeHuit 180-300 m. CymmapHas
MOIITHOCTB 6 Tu1acToB 1-16 M. Coaep:kaHue JeTy4nX BEIecTB
—58-61%, cepsr 00mel — 110 0,3 %. MakcumanbHas BIaroeM-
KocTh 42-56%. Briciias Terora cropanus yriei 25 MJDx/xr,
pabouero rormsa 10-12. ConepkaHue TYMHHOBBIX KHUCIIOT
17-75%. Mapka b. 3anacet A+B+C +C, 965,14 man T.

Dnveenckoe mecmopodicoenue — PacTioI0KEHO MEKTY PeK
Onbren u bytonzia, Bnafaromux B p. Kombivy. Bospact N el.
MomsocTs Toamu nopox 100-200 M. MOImHOCTE yrodbHBIX
rtactoB 0,21-20 M. 30 ruractoB yrs, 11 — paboyel mMor-
Hoct. Kauecto yrieit: W = 43%; A= 35%, V&'= 58%;
Vo mapku b, 1B, 16B. banancossie 3anacet A+B+C +C—
74,999 muH 1. 3abanaHcoBble 3anackl 24,591 MJIH T.

Bunueuncroe mecmopooicoenue — B BEpXOBbsIX p. Bunmry.
Bospact N,. Mommnocts nmopoa menee 100 m. Mounocts
mwiacta 3-9 M. Yo cpemHe3onbrbie (15 % B cpemnem, ot 7
1o 40 %), auszko3epuucteie (0,8%, ot 0,2 10 1,5 %) ¢ Bmax-
HOCTBIO pabouero Torumsa B cpenHeM 40%. b, 15-2b. 3amacst
no C,—50 man .

Kopgckoe mecmopoorcoenue — Ha 3analHOM T00epexbe
3asmBa Kopda, mexny pekamu BriBeHkoil ' ABbsBasM B
5-25 xwm roro-3amagnee moc. Kopd u B 35 kM 1oro-3amagaee
noc. Tunnankn. BospactN kr. 890 M MOIIHOCTB yrileHOCHOH
tonmm. CymMmapHasi MOITHOCTh MiacToB yrist 40 m, 14 m —
pabounx mwractoB (1-4). Kagecto yreit: W= 18,5-35,9 %
(cpemnee 24,7); AY = 8,2-45 % (cpemnee 29,0); Véi= 42,1-
62,7 % (cpennee 52,4); S 4= 0,11-1,8 % (cpemnee 0,51); T ' =
4,57-9,43 (cpennee 8,27); R = 0,42-0,51; Q “' = 23,55-37,8
(cpenmnee 27,75); Qsaf: 18,65-21,7 (cpemnee 19,96) MJx/xr;
VY mapku b, rpymninet 36, moarpynmet 3bB. 3anacet A+B+C,
— 10,645 M. T. 3abanancosble 74,295 mun T. Pecypenr P —
15,0 mau . P +P,—450,0 My .

Dusasmcroe mecmoposicoenue. Yuacmoxk Jlocunwviti — Ha-
XOIUTCS Ha JieBoOepeskbe p. DuBasim B ONIOTOPCKOM paiioHe
Kamuarckoro kpast (pationnsiit nentp [axaun). Bospact N, .
VYrnenocuas tonmia 190 m. [TnactoB yois 15, pabounx — 6,
CyMMapHas MOIIHOCTb T1acToB 0,7-10 M. W #=32,9%; T *",
5,7%; Q=<24, mJlx/xr. Mapka b, rpynmna 2b. 3anacel 1o
C, - 1,689 mnu 1. Pecypewt P — 1,541 My .

VYronbHbBIe MECTOPOXKICHUS U (MJIM) YUaCTKU HAXOMSATCS
B Hepacrpe/eleHHOM (oHJe Heap, MOATOTOBICHBI HIIH J0-
CTYIIHBI JUISI OKCIUTYaTallil OTKPBITBIM CIIOCOOOM.

Ha ocHoBaHWM NpOBEAEHHBIX aHAIU30B (Macc-
crieKTpoMeTpus U nip.) 6onee 700 0TOOpaHHBIX HA OOBEKTAX
YTOJIBHBIX MPOO OBLJIO YCTAHOBJIEHO, YTO YINIM 3TUX MECTO-
POXIEHUH 00JaatoT MPOMBIIUICHHBIMU KOHIICHTPAIIUSIMHU
Ge, Ga, Be, Sc, W, Sb, peko3eMelIbHBIX METAJIIOB — 0003HA-
yaembix kak P3M nnmu TR (ecnu B okucHoii popme — TR, 0,),
U Iake METaJUIOB IUIATUHOBO# rpymibl (0003HavaeMbix MIIT
i PGM), u ip. metasnos (Ta0ir. 2, 5KUPHBIM IIPUPTOM BbI-
JIeTICHbI TIPOMBIIIJICHHBIE COICPIKAHUS).

HawuGonbliee 3HaueHHE UMEIOT KOMIIOHEHTBI, ISl KOTO-
PBIX CYHIECTBYIOT TEXHOJIOTHH W3BJICUEHMS W3 30JIbI YIVIEeH
(Ge, Y(TR), Sc, Ga, V, Sb, Au) u Te, s KOTOPBIX TaKHe
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Coaep:kaHue MeTAJLIIOB B yIJie H 3071€, ppm
Mecroposienne | O¢ | TR,0, | ¢ | G2 | MIT [Rb:0 [C20 [ o T Sb [7r0, [ BeO [ Cu [WOs [
B B B B B B B B B B B
B 30J1¢ B 30J1¢ B 30J1¢
yrie yrie yrie yrie 30J1€ 30J1€ yrie 30J1€ 30J1€ yrie 30J1€
Ep“g:ﬁ““"e 25 | 34594 | 52 | 96 - 60,9 | 47 | 12855 | 22 | 5368 | 1029 | 72 | 108 | 2732
EP‘;;’::T“"“ - | 15819 | 41 | 37 - 286 | 38 | 18458 | - | 2985 | 920 | 116 | 23 | 411,5
Jlnanckoe 34 | 7229 | 52 | 53 | 0,053 | 1043 | 145 | 2786,6 | 29 | 2105 | 31,6 | 13 | 756 | 414,0
XypMyJiHHCKOE 5,6 1559,6 78 18,6 | 0,034 | 1409 15,3 732,4 2,2 2121 | 38,1 19,3 11,0 346,1
MyxeHckoe 06 | 3166 | 7,0 | 10,7 . 1401 | 154 | 7812 - | 2943 | 140 | 160 | 7,6 | 4459
YumymyHckoe 5,7 498.,9 9,6 16,5 - 1234 26,4 420,1 3,3 4344 | 178 14,0 75,6 280,3
JlaHKoBCcKoe 11 | 691,0 | 54 | 65 - 54,3 - 5035 | 07 | 3213 | 358 | 241 | 88 | 3580
JIbreHCcKoe 10 4229 14,2 | 13,7 0,04 140,0 10,0 573,4 2,4 3956 | 14,0 42,0 8,8 467,0
Bummrunckoe | 120 | 4985 | 11,9 | 49 | 0,036 - 11,7 | 15492 | 1,0 | 3213 | 13,7 | 255 | 63 | 6872
H"B“I:‘e‘;"c“"e 2,0 ; 28 | - - | 983 | 135 | 16769 | 09 | 2214 | 120 | - | 328 | 2812
Hosukoncioe | 21 | 4443 | 59 | 65 | - | 1434|220 | - | 22 |2849| - | 100 - )
Kopdekoe 70 | 5336 | 65 - o015 185 - [ 1109 | 04 | 3905 100 | 228 | 40 | 5042
Jupasimekoe | 125 | 5730 | 288 | 11,2 | 0,023 | 16 - 1935 | 03 | 1364 | 17,0 | 111,1 | 79.4 | 1347.9
170 1338

Mansonewoe | 00 | 417 | 1se | 3sa | | S50 | MR | S0 IR0 SR e BE ) T

(Cremyrom) | 556 | (ETR) | 30n€ | sone Rb) | (Cs) | (S0 | some | (z0) ‘“z"BZ;’ (Cu) ‘“}"W“;* V)

Tabn. 2. Cpednue codepoicaniist HEKOMOPbIX MEeMAI08 U OKCUO08 8 yenax [anvrneeo Bocmoka, e/m

TEXHOJIOTHH MOTYT OBITh pa3paboTaHsl B epcrekTuse — Cs,
Rb, Sr, Zr, Be, W, Pd.

Teoxumuueckue accoyuayuu memannog ¢ yensax. Ha
OCHOBE KOPPEISIIMOHHOTO M KIIACTEPHOTO aHAJIM30B COIEP-
YKaHMS METAJUIOB B YINISIX YIIYMYHCKOM CBUTHI YIITyMyHCKOTO
MECTOPOXKICHHSI, BBIACICHBI X CICIYIOUINE acCOIMALIUN
(xpuTHYeckoe 3HaYeHUe Kod(duimenTa koppemimn (N=51
mpo6a) mpu ypoHe 3HagnmMoctu 0,05 cocrasuser 0,276:

1)Ad, Si0,, ALO,, Li, Sc, Ga, Ni, Ag — acconmnanus 3Tux
KOMIIOHEHTOB, TT0-BUANMOMY, OTPaKaeT TEPPUTCHHBIH MpH-
BHOC METAJIIOB B YIVIU U UX CBSI3b C NIMHUCTHIM BEIIECTBOM,

COpOLIMIO HA TIIMHAX;
2) CaO, MgO, Mo, MnO, Na,0, Be, Y, Sr, TR, Fe O,, Co,
P,O, — sTa accoumanus, BepoATHO, CBA3aHa ¢ (pocdaramu,
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Puc. 2. I'eoxumuueckue accoyuayuu yeHHvlX Memanios, 8 m.4. ¢ ma-
KpoonemMenmamit u 3016HOCMbI0 yenell YulyMyHcko2o mecmopoicoenus

KapOOHAaTaMH U IICOTUTaMH, CHHTCHETHIECKOH ¥, BO3MOXHO,
SMUTEHETHUeCKo MuHepanu3anueil. [llemounsie ycmoBus,
BO3MOXKHOE BIIUSHHE MOpPS Ha IPHPYCIOBBIC-IEITBTOBHIC
TOP(SHUK;

3) accormarmto Cs, Sb, Cu, Ge, W o0peaumsieT oormas Gpop-
Ma HaXOXKICHUS 3TUX deMeHToB B OB yrieit. OrpunarensHas
CBSI3b C 30JIbHOCTHIO. [Iporcxoamiio B3anMoIeHiCTBIE METaJIOB
C TYMHHOBBIMHA ¥ (DYJTBBOKUCIIOTAMHU TOP)a;

4) accommarus Nb, Ta, V, Zr, BeposTHO, OTpa)xaeT Mmpo-

LIECChI BBINIEIAYUBAHUS U IEPEOTIMKSHHUS ITUX METAIIIIOB U3
BYJIKAHOT€HHBIX MTOPOJT 00JaCTH CHOCA,;

5) He BoWIEAIIHE B PyTHE accormanu Rb u IgO UMEIOT
CHJIbHYIO KOppEIsHOHHY0 CBsi3b (0,9), U OTpaxkaroT npu-
CYTCTBHE THPOCIION B TEPPUTEHHOH 3011€.
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I'paduuecky reoXxMMUYecKrue accolUalny METaJUIOB, B
T.4. C MAaKpOdJIEMEHTaMH, NTPUBE/ICHBI Ha PUC. 2 (TTOKa3aHbI
Pa3HbBIM IIBETOM).

[lennbie MeTauibl QUKCUPYIOTCS M B MUHEPaIbHOU
¢dopwme. Taxk, Ha puc. 3 mpencTaBICHBI MIEKTPOHHBIE CHUMKH
¢ JaHHBIMM MHKpoaHalin3a cpenHeil nmo miotHoctH (1,4-
1,6 r/em®) dpakunn yrist DIbIEHCKOTO MECTOPOXKICHUSL, T/Ie
OBUIO YCTaHOBJICHO IIATHHOCOJIEPIKAIEe METaNINIecKoe
BkioueHune. Ha puc. 4 mpezpcraBiieHbl CHUMKH MOHAILIUTa
B TsDKesoi dpaxuuu yrist (6onbie 1,6 r/cm®) JlaHKOBCKOTO

MECTOPOKIACHUA.

Puc. 3. IInamunocoodeporcaujee exniovenue 6 npooe yens DNb2eHCKo20
MeCmopodcOeHs

Puc. 4. Monayum (c P3M) 6 npobe yens JIaHko8ckoeo MecmoposicoeHus.

Ouyenka nPocHO3HBIX PeCypPcoé UEHHBLIX MEeMAnios 6
yenax. OLEHEH pelKOMEeTaIbHBI PECYPCHBINM MOTEHIUA
M0 KaTEropusM MPOrHO3HBIX pecypcos P, u P, o 12 uszyuen-
HBIM yTOJIbHBIM 00BbeKTaM. OO11ee KOIMMYeCTBO MPOTHOZHBIX
PECYPCOB PENIKMX METAJUIOB 0 KAaTeropuu P cocTasiser:
Sc — 11,98 Teic. T, Ga — 10,94 TBIC. T, Ge — 7,18 THIC. T,
Rb,0 —40 teic. T, StO — 137 THIC. T, Cs,0 — 3,6 THIC. T, ZI1O,
— 36,3 teic. T, P3M —TR203 — 212,8 Teic. T. [10 Kareropuu
P,:Sc — 14,4 teic. T, Ga — 16,4 ThIC. T, Ge — 9,8 THIC. T, Rb,O
—46,3 teic. T, STO — 125,7 ThIC. T, Cs,0 — 9,16 ThIC. T, ZIO,
—135,6 Teic. T, TR O, — 266,18 ThIC. T. KomuecTso MIII co-
CTaByAEeT, 1o Kareropuu P, 15,1 T, a mo kareropuu P~ 24,4 1.

Crnenyer 0co00 OTMETHUTH, YTO B KOHIEHTpauusx MIIT
npeodmanaer Pd (Puc. 5).

Ha puc. 6, 11 npumepa, Noka3aHO COOTHO-
LIeHUE MPOrHO3HBIX pecypcoB P3M B yrsix Ha
N3YYEHHBIX MECTOPOXK/ICHUSIX C OalaHCOBBIMU
3amacami yriei.

[IpousBeneHHas 2e01020-IKOHOMUYECKAA
OUeHKa N3YyUYEHHBIX YTOJIbHBIX MECTOPOXKACHUIH
JansHero BocToka, ¢ y4eToM UX peKOMeTaslIb-
HOTO MOTEHIMaJa MoKa3ajla BO3MOXKHOCTh UX
penrabenpHOI pa3padorku (Hexenckuii u ap.,
2013;2014).

HexoTopble n3 HUX MOXHO paccMaTpUBaTh
JlaXke B Ka4ecTBe pyAHbIX 00beKkToB (Puc. 7-8).

Kapma memannonocnocmu y2onvHuix me-

V.I. Vyalov, A.Kh. Bogomolov, E.P. Shishov, A.A. Chernyshev

¢ 0a30il MaHHBIX 10 METAJUIOHOCHOCTH yriieH JlampHero
Bocroka macmraba 1:2500000. Crnoit 3T0# KapThl mpej-
CTaBJIEH Ha pHUC. 9, KPaCHBIM BBIACICHBI XapaKTepHbIE IS
MECTOPOXKIEHUH MeTallabl, KOHIIEHTPAUU KOTOPBIX J0-
CTHTalOT YPOBHS MHHUMAJIbHO- ITPOMBIIUICHHBIX (M BBILIE)
B U3BECTHBIX TUMAX PYI.

Takum oOpaszoM, yroyibHbIE MecTOpOXaeHUs JlaabpHero
BocTtoka cnenyeTr paccmMarpuBaTh KaK KOMILIEKCHBIE Me-
CTOPOXK/IEHUSI HOBOTO TUIA — PEAKOMETAJUIBHO-YTOJIBHEIE,
HE TOJBKO KaK ChIPhEBBbIE UCTOUYHUKU YIS UM FE€PMaHMUsL.

Ir
2% Pt Ir

8%

Pt
8%

Pd Pd
90% 89%

Puc. 5. Cmpykmypa MIII" ¢ yersix (Kopgckoe, Dnveencroe u op.
mecmopooicoenus), a — CoomnouieHue coOepICaHus. Memaunos
NAAMUHOBOU 2PYNNblL 8 Yensax INbeeHCKO20 MeCmOopodcoeHus, O
— Coommowenue cooepoicanusi MEMAaiio8 NAAMUHOBOU cPynnsl 6
yensix Kopgpckoeo mecmopooicoenus

Hosukosckoe
(Bocroumbrii)
0,02% , DuBasmckoe
0,11%

Kopdceroe
0,23%

Bunuruxckoe

N

JInanckoe

7,79%  Xypmymanckoe

DIBreHcKoe 3,33%

3,23%

Vmymynckoe 3,46%

Puc. 6. Coomnowenue npoenosnvix pecypcoe P3M na uzyuenmnvix
MeCmOpOoACOeHUsX ¢ OANAHCOBLIMU 3ANACAMU YeTell

Lesmii 0.4_ epmannii_ Cepebpo
5

Tepmanmii 3 0.1

Bananwuii

1.8 P3M 10,8 Cranaui 3,5

472

Puc. 7. Cmpykmypa nomenyuanwnoii cmo- Puc. 8. Cmpyxmypa nomenyuansnoii cmo-

cmopoicoenuii u bacceitnos Jlanbnes0CmoUH020  yy0cmy sanacos yars u nposHOSHBIX pe- UMOCMU 3aNACOS Yels U NPOSHOSHBIX Pe-
@O Poccuu na munepazenuueckoil 0CHo8e. cypcos conymemeyiowux memannos (%) Cypcos conymemeyiowux memanios (%)

CocraBnena meramnorenndeckas [ MIC-xapra Jluancrkozo mecmoposcoerus

Onveencrkoeo mecmopodicoeHus
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Puc. 9. Kapma memannonocnocmu yeonoHuix mecmopoxcoenuil u oacceiinog Janonesocmounozo @O Poccuu na munepazenuueckou ocrose.
TIpodunbublii mun opyoenenus MuHepaceHudeckux makconos. 1 — 3on1o0mo-cepedpanoe snumepmaibhoe opyoeHeHue ¢ NOIUMEmaiIu4ecKoll
MuHepanuzayuel; 2 — CyuwecmeenHo 3010moe opyoeHeHue: 3010Mmo-Keapyesoe, 3010Mo-cyibQuonoe, 3010mo-cypbMaHoe, 3010Mo-601bPpa-
Mo6oe; 3 — MeOHO-nopduposoe opyodenenue ¢ 3010Mmo-cepedpaAnoll Muneparusayuell, 4 — on106anHoe, 801bPPAMOBOe, 0N1060-cepedpPo-no-
AUMEMANTUYECKOe OPYOeHeHUe HCUTLHO2O, CKAPHOBO20, 2Pel3eH08020 MUN08, 5 — ceA3anHoe ¢ 6asum-yiompadasumosvlmu KOMNIeKCamu:
Xpomumosoe, niamuHosoe, MeOHo-HuKelesoe opyoerenue; 6 — 3010mo-cepedpanoe SnumepmanbHoe opyoenenue; 7 — Mapeanyesoe, Heie3o-
Mapaanyesoe, pocghop-dicenezo-mapeanyesoe ocadouroe opyoenenue; 8 — pmymuoe u CypbMAHO-pmymHnoe opyoenenue; 9 — cyujecmeenio
monuboenosoe (6 mom yucie ¢ Cu u Au) scunvrozo, epeiizerno6o2o, nopguposoco munos; 10— peokomemanivroe, anamum-peoKoMemaniibHoe
U pedKosemenvbHoe opyoeHenue KapooHamumogo2o u epeiizeroso2o munos. I panuywl: 11 — yeonsuuvix 6accetinog
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VYuer copepkamuxcs B yIIAX LIEHHBIX METAJJIOB MO3BOJIS-
eT OoJee TOJTHO OLECHUTH PEallbHYyI0 CTOMMOCTH YTOJNBHBIX
MECTOPOXK/JICHNUH, UX PEHTA0CIBHOCTh U MHBECTUIHOHHYIO
MIPUBIICKATEIBHOCTh, U crocobcTByeT ykperiennio MCh
METaJLTYypPru4ecKoi U IPyrux OTpaciael MPOMBIIIICHHOCTH.
VY4er 1 opranu3anys NOMyTHOTO U3BIEUECHUS PSAAA PEAKUX U
JPYTUX LIEHHBIX METAJUIOB U3 YIJIEH MO3BOJIUT CYIIECTBEHHO
MTOBBICUTH SKOHOMHYECKYI0 3PPEKTUBHOCTH Pa3pabOTKH
YTOJBHBIX MECTOPOKICHUI.

3HaunTEIBHBIC MPOTHO3HEIE pecypcesl P3M, Sc, V, Ga, Rb,
Cs, Sr, METaJUIOB MJIATUHOBOM IPYMITbI U3yYEHHBIX YTONBHBIX
MECTOPOXKACHUN CBUJETEIbCTBYIOT O HAJIMYMM HOBOM He-
TPaJUIMOHHON MHHEpaJIbHO-CHIPHEBOM 0a3bl peikuX, Oma-
TOPOHBIX M LIBETHBIX METAJUIOB B OypOYTOJIbHBIX 00BEKTax
HansueBocrounoro @O Poccuu.

B nensax socnpoussoxactsa MCB peaxux u aipyrux Meta-
JIOB, HEOOXOIMMO MPOJOJKHUTH MPOBEACHHE KOMIUICKCHBIX
HCCIIe/IOBaHNH YToNbHBIX OacceiiHOB M MecTopoxeHuit /1B
@O u ocranpHOI Poccuu, HEOOXOANMBI TOCYIAPCTBEHHBIH
y4eT METAJJIOHOCHOTO PECYpCHOro MOTeHIuana yrieH, a
TaKKe pa3paboTKa MPOMBIIIICHHBIX TEXHOJIOTHUI N3BIICUCHNUS
psaa Ipyrux, KpoMe repMaHus, PeJKUX METaIOB U3 yIien
U UX 3011

[Tpu OypHO pa3BUBAIOIINXCSI COBPEMEHHBIX TEXHOJIOTHSIX,
MOXKHO IPOTHO3UPOBATH MOSBIEHUE JOXOIHBIX IPOU3BOACTB
T10 U3BJICUCHUIO PEIKMX METAJIOB Ha 0a3e KOHKPETHBIX Me-
cropoxxaenuii JlansueBoctounoro ®O.
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Coal deposits of the Far East Russia and resource potential of precious metals

contained in them

V.I. Vyalovt?, A.Kh. Bogomolov, E.P. Shishov?, A.A. Chernyshev?

tLomonosov Moscow State University, Moscow, Russia

2Karpinsky Russian Geological Research Institute, St. Petersburg, Russia

Abstract. The results of metal-bearing industrial research
and evaluation of predicted resources of rare and other valuable
metals in coal deposits of the Far East are given. Geochemical
association of metals and peculiarities oftheir concentration
in the coals are shown.The total increase in the predicted
resources of Ge in the coals of the studied fields of Primorye
is estimated at more than 2.7 thousand tons. The resource
potential of valuable metals was also estimated according to the
categories of predicted resources P, and PY, from the studied
coal objects of the Khabarovsk and Kamchatka Territories,
the Jewish Autonomous Region, the Magadan and Sakhalin
Regions. For them, the total number of predicted resources
of rare metals in the P, category is: Sc — 11.98 thousand tons,

Ga — 10.94 thousand tons, Ge — 7.18 thousand tons, Rb,0
— 40 thousand tons, SrO — 137 thousand tons, Cs,0 —
3.6 thousand tons, ZrO2 — 36.3 thousand tons, TR, 0, - 212.8
thousand tons. According to the category P,: Sc—14.4 thousand
tons, Ga — 16.4 thousand tons, Ge — 9.8 thousand tons,
Rb,0O — 46,3 thousand tons, SrO — 125,7 thousand tons, Cs,O
- 9,16 thousand tons, ZrO, — 135.6 thousand tons, TR,0, —
266.18 thousand tons. The amount of platinum group metals
is 15.1 tons in P, category, and 24.4 tons in P, category. A
metallogenic map of coal deposits in the Far East of Russia
is constructed. Rare-metal-coal fields in the eastern regions
of Russia form an unconventional mineral and raw materials
base for rare metals.
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