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Ocapounrle yraepopucroie IOPONB! BbI3LIBAIOT
HHTEPEC KaK MCTOYHUKH YIIEBOXOPONOB HE(THHBIX
1 I'd30BBIX MECTOPOXIEHUH H HAKOIMTEI! HEKOTO-
PBIX PEAKHX 1 GNarOpOAHBIX MeTamIoB. BHUMaHue
MCCIENOBATENEH B OCHOBHOM NPHBIEKAIOT IpoTepo-
30MCKHE U HAJIE030HCKue MeTaMop(u30oBaHHbIE TEp-
PUTEHHBIE TOJILUM, COfepKaliue 6aaropofHble Me-
TAJILI B NPOMBINUIEHHBIX KOHIEHTPAUMIX U 00be-
Max [1-4 u pap.]. B Cuxors-Anune 30JI0TO. U
[UIATHHOMABI YCTAHOBNICHBI B PAHHEMEJIOBBIX YIlle-
POAMCTBIX METACOMATHTAX W 3AJIEFAIOUIMX B METa-
MOPQH3OBAHHBIX TPHACOBBIX KPEMHAX Maprasie-

BBIX TOpofax (5, 6]. BrisiBienue ponn OPraHN4eCcKo- -

ro BEUieCTBa H NIpHYIUH HAKOIUIEHUSI METAJIIOB B
TaK#uX TOMIAX BbI3bIBAET 3HAYUTENLHbIC 3aTpygHe-
Hust. B cBs3m ¢ ITHM MOTyYT IIpERCTaBIIATH nHTepec

HEMETaMOP(PU30BaHHbIE TPHACOBEIE YLIEPOOUCTRIE
cunuuuThl CaxoTs-AnuHsg, B KOTOPBIX aBTOpaMu
Obl1a ycTaHOBIIEHA GnaropopgHoMeTanbHas MHHepa-
Jm3auus. YIIepogucThie CHIALMTHI B paHHEME30-
30HCKHX OTNOXeHHIX CHXOT3-ATHHS BIIEPBBIE OI1H-
caHbl B KoHUe 1970-x rogos [7], a no aToro IIpUHUMA-
JIMCL TEOJIOraMu 3a OOBIYHBIE ANEBPOIMTHI M gaxe
YIJIA.

B Cuxoras-Amune YIICPOTUCTBIE CAITMUMTBI COCpe-
ROTOYEHb! BOJIH3H NMONOLIBBI TPHACOBOH KPEMHEBOH
opmaruu, B TIO3HEOJIEHEKCKO-CPETHEAHA3UICK O
TaYKe TOMIMHON 4-20 M, Ha3BAHHOH thranuTOBOI [8].
ITayka cnoxena cseTno-cepsvu u 3€JICHOBATO-CEPbI-
MU HM3KOYTJIEPOTUCTLIMM KPEMHSIMHM ¥ TIIHHHCTLIMU
KPEMHAMH, ICPEAYIOIAMNCS C YSPHBIMH (hTaHUTAMH
H DIMHUCTRIME (TanuTami. Criou (TaHATOB ¥ riy-

Ta6muma 1. Cpennue CONEP>KAHUS XHMIYECKUX 2JIEMEHTOB B YrACPORUCTHIX: CUIMUMTAX, T/T (AU, Pt u Pd — Mr/T)

p. l'opnas p. Oropoanas r.. lansHeropck py4. llnpokas Maps |p. Kopeiickan
JneMenT CK
re (6) D (24) I'e (40) d (12) I'e 9) D (5) re (3) I'e (7)
Co 8 3 1 18 52 13 H.n. 50 11.
Ni 37 21 24 43 37 47 11 150 63
\Y 379 166 351 248 409 267 273 492 250
Cu 103 63 - 94 153 70 81 45 184 100
Zn 113 28 41 143 88 194 52 491 160
Pb 21 11 23 34 41 158 31 16 17
As H.n. 18 17 52 47 31 H.x. 12 30
Sb » 2 1.7 4.5 4.1 16.5 » 24 8.8
Ag 0.4 1.0 1.1 1.2 0.6 2.0 0.2 3.6 1.0
Au* 22 67 45 H.n. 28 23 27 45 ‘8.5
Pt* 2 26 1.3 » 1 1.2 24 4
Pd* 5 1.5 <1 » 12 4.4 7.5 23

INpnmeyanue. IMopoga: ® — pranur, I'd
JIU30B; H.JI. — HET NlanHbiXx. KonuenTpan

= IMMHUCTHI (ranuT, CK - knapk B yrieponucrsix cunuunTax-[4;

HH INEMEHTOB, COOTBETCTBYHOLHE CHIBLHLIM aHOMAN

* — laHHbIE NPOGHPHO-aTOMRO-aGCOPGUUOHHOTO aHANU3a [71.

Hanvresocmounwiii 2eonozuveckuil utcmumym [aavresocmounozo omoedenus .

Poccuiickoii Axademuu nayx, Baadusocmox

B CKOOGKaX — 4HMCII0 aHa-
HAM, BBIIENICHB! XUPHLIM WIPHPTOM.
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Ta6mmna 2. Copepxanue Au, Pt u Pd B yrnepogucTsix cunuuurax paspesa p. Oropoasast

O61ee conepxanue Koauuecreo 3 POB B POB ot 0611ero cofepxaHus

Ne o6 B.MOPOJiE, MF/T Ha 1 T nopopsi, Mr B nopoge, %

Au Pt Pd Au Pt - Pd Au Pt Pd
Or-2 17.6 111 5.1 13.2 7.8 2.5 75.0 70.3 49.0
Or-13 10.9 16.7 59 8.0 13.4 1.8 734 80.2 305
Or-18 52.6 52 49 47.0 3.1 22 89.4 59.6 449
Or-24 12.4 12.1 3.4 9.2 6.3 0.4 74.2 52.1 11.8
Or-28 15.6 12.8 4.7 8.9 7.7 Cn. 571 60.2 -
Or-32 11.7 133 6.8 7.4 9.8 0.2 63.2 73.7 3.0
Or-42 76.6 164.3 11.9 62.0 75.9 550 80.9 46.2 46.2
Or-43 23.5 14.3 1.3 6.7 94 52 285 65.7 46.0
Or-43a 33.0 185.6 47 220 40.0 3.30 66.7 21.6 51.6
Or-44 15.6 90.5 6.4 40 439 3.00 25.7 48.5 46.9
Or-45 27.6 393 1.6 17.0 221 1.60 61.6 56.2 100
Or-50 44.0 65.1 32 33.0 50.9 2.80 75.0 782 87.5
Or-51 38.2 168.2 3.1 23.0 144.6 1.50 60.0 86.0 48.4
Or-51a 11.6 8.4 6.6 59 4.9 0.2 50.9 58.3 4 3.0
Or-52 25.0 191.0 4.9 10.0 1752 4.90 400 91.7 100
Or-52a 14.4 85 6.5 -89 54 0.8 61.8 63.5 12.3
Or-53 13.8 65.9 4.9 2.0 32.1 4.90 14.5 48.7 100
Or-54 49.8 87.5 4.5 33.0. 64.3 3.10 66.3 73.5 68.9
Or-55 198.8 38.5 9.9 170.0 227 5.90 85.5 59.0 59.6
Or-56 75.4 35.3 2.6 64.0 22,5 2.60 84.9 63.7 100
Or-57 30.6 471 290 17.0 36.1 95.4 55.6 76.7 329
Or-58 61.6 73.5 9.7 470 43.7 4.10 76.3 59.5 423
Or-59 12.0 149.4 52 - 84.8 1.80 0 56.8 34.6
Or-60 49.8 389 49.9 38.0 269 499 76.3 69.2 100
Or-61 36.0 389.6 19.3 25.0 348.6 11.9 69.5 89.5 61.7
Or-6la 10.5 9.1 7.1 9.0 57 1.5 85.7 62.6 21.1
Or-62 34.0 81.7 8.9 15.0 52.3 4.90 44.1 64.0 55.1
Or-63 41.4 223 34 26.0 10.5 2.40 62.8 471 70.6
Or-64 373 375.7 17.3 214 69.5 15:1 574 18.5 87.3
Or-65 914 59.9 4.2 69.0 36.3 2.80 755 60.6 66.7
Cpentice 39.1 82.7 17.6 274 49:2 8.1 70.1 59.5 459

ITpumetanne. Pe3ynnTaThl aTOMHO-aGCOPOUHOHHOTO aHANN3A C 3KCTPaKiLKeH G1aropOaHEIX METANUIOB B aTKWIaHMIHHE, AHATHTHKH

X.A. lleka, B.®. 3anuua, IBI'N.

HHCTBIX PpTaHATOB cocTaBistoT 15-30%, MecTaMu o
50% o6beMa nayku. ITH NOPORbI NPEACTABIISIOT Pa-
RHOJIAPHEBBLIE M CNMHKYNEBO-PaJHONIAPHEBbIE KPEM-
HH, OOOTallieHHbIE JUCIEPCHO-PACCESHHBIM B IOPOZE
oprannyeckuM serectBoM (POB). Copepxanne C,,,
BapbupyeT B npepeaax 0.3-8.5 mac. %, cocraBnss B
cpenseM 1.06% Bo dranutax u 2.26% — B FITMHACTHIX
¢pranutax. Komuuecrso POB B cpeaHeaHu3uicKuX
TJIMHHCTBIX (PTAHHTAX, OIEHUBAEMOE 1IO CONEPKAHUIO
Copr» HocTuraet 12 mac. % [8)]. ConepkaHue kapGoHaT-
HOTroO yraepona kpatine nesHauntenbHo (0-0.05%). Co-

JOOKITAIIbI AKAJEMHWH HAYK.  ToMm 426

Hepxanue oOuieH cepbl Haxopures B npegesnax 0.004—
0.7% (cpennee 0.14) npyu npeobraganuu cyabPUIHOMA
(opmer (83% ot conepskanust obieit cepsor). [Topu-
CTOCTb BO (pTaHMTAX M IIIMHUCTHIX (PTAHUTAX MECTa-
mu jocturaet 7-10%. BOonbIMHCTBO NOp U TpeuuH
(80-90%) 3anomHEHO OpraHMYEeCKHM BeILECTBOM,
KBapIleM, HIIJIATOM H MMHEPAJIaMH KeJie3a (TETHTOM
U TUAPOTrETUTOM).

Opranuyeckoe BeliecTBO (DTAaHMTOB METaMOp-
¢u3oBaHo B paznuyHOH crenenn. Ha mrowmansax opo-

Ne 1 2009
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Puc. 1. 301070 B yriepoancThix cuimumTax paspesa p. OroposiHas. a — caMOpOAHbIE 3010TO M BOJIb()paM B 1ope, 3arojiHeH-
HOH yIJIEpOAMCTO-IIHHHCTO-KBAPLEBOH MacCol M rIOGY ISPHBIM THAPOTETHTOM; 6 — YaCTHLBI 3010TA, 30J0THCTOTO cepebpa
H 30JI0THCTO-NIA/IAIMEBON ME/IM B KOMOYKE TMIPOKCHIHOrO xkele3a (20x15 MkM) B TpeluHe, 3amoiHeHHOMH KBapLeMm u yr-
JICPOMCTEIM BELICCTBOM; B —30J10TO B THAPONETHTE, BBICTHIIAIOLIEM CTEHKH IOPEI, 3aI0MHEHHOH KPEMHHCTO-YIIEPOIHCTIM
BELIECTBOM; I' — BbIICJCHHME 30710Ta B IMareHETHYECKOM IIUPUTE, YACTHUHO 3aMEILEHHOM SIPO3UTOM H IHAPOKCHIAMH JKele3a.

POroBHKOBaHHs BOJIM3M MHTPY3Hil MEJIOBBIX IPAaHUTOH-
JOB — 3TO TOHKOAMCHEpcHbI rpa¢ur. Ho B 6Gosb-
IIMHCTBE M3YYEHHBIX pa3pe30oB (TAHWUTOBOM MauKH
POB nopon mpencraeineHo peHTreHOaMOp(HBIM Ke-
poreHom u 6utymounamu [9]. KonuuectBo GuTymOH-
JI0B B YIIEPOAUCTBIX CHIHMIMTAX cocTapiser 0.0n —
0.n%, a B cocrase POB — 1.2-6.3% (pexko 10 27%).
B xnopodopmeHHbIX OuTymommax —npeobiaanaior

Macia u cMojibl (neTponeiHo-3¢upHas Qpakuus) u
ac(habTOreHOBbIe KHCJIOTH (CHMpTOBas (paKiims).
Conepxanne ryMHHOBOW ()pakuuu B Mopojax Ba-
peupyer or 0 no 0.28%. Ilo manHbiM Y- wu
HUK-cniektpomeTpun ryMHHOBBIE BellecTBa yIiiepo-
JUCTBIX CHJIMLIMTOB XapaKTePU3YIOTCS HU3KOH cTere-
HBIO OKHMCJIEHHOCTH, COAEPIKAT XUHOHBI, METHUIILHBIE,
METHIICHOBbIE, 3(UPHbIE TPYIITUPOBKK W OpraHuye-

JHOKJIAJIbI AKAJEMUU HAYK, Tom 426 Nel 2009
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Puc. 2. ®opmbl HaxowIeHHs AU B IIMHUCTBIX (GTAHUTAX U3 paspesa p. Oroponnas. a — Meauctbli nantanuii (Pd,Cu) B
100y ISPHOM THAPOTETHTE, BBICTHIAIOLIEM CTEHKH MOPBI; 6 — MEAMCTBIH MasaImii (Pd,Cu) B yrnepoaucrom 3amosiHeHHH

TPELIHHBL; B — MeaucThld namnaguit (Pd,Cu,) B YTICPOAUCTO-KPEMHHCTO-THAPOTrETUTOBOM 3aIIOJIHEHHH MOPBI; I — Najliain-
crast Mezib (Cu,Pd) B yriepoancTo-MHHCTO-KBapLeBOM 3ar0MHeHHH HIOPBL.

JOKJIAIbl AKAJIEMHH HAVK,

ToM 426 Nel 2009
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Puc.3. 3epHo wuHtepMmerasumaa CusZn; B TIIMHUCTOM
¢ranuTe M3 paspesa p. OropongHas (BUO B
xapakTepuctTuueckoM usnyuenuu Cu, Zn, Au, Pt, Pd, u Ag).

ckue cynbduasl (cynbpOHOBBIE KHCIOTHI, THO(HEHO-
a6l ¥ T.11.). M30TOMHBINA cocTaB yriepona GpTaHUTOB U
TJIMHUCTBIX (DTaHUTOB (6]3C = — 30,2%0... — 27,3%0
PDB) ToXaeCTBEHEH H30TOIMHOMY COCTaBy OUTYMOB M
Hept. CocraB POB cBuzaerensCTByeT B IOJB3Y
MOpPCKOH carponeneBod MNpUpPOJIbl OPraHU4YeCcKOro
BEILECTBA U CTENEHHU ero rnpeodpazoBaHMs Ha CTaJUU
HE BBILIE CepPeUHBI Me3oKarareHeza B OOJIBIIMHCTBE
pazpe3os [9].

B yriepoaucthix mopoaax nayku cpenaHee (tabum. 1)
u mopanbHoe (0,02-0,03 r/t) comeprkaHus 30J0Ta CY-
ILECTBEHHO TMpPEBBIMIAIOT €ro KJIapK B OJHOTHITHBIX
nopozaax (mo [4]). Conepkanue Au BO (TaHHTaX H
IJIMHUCTBIX raHuTax paspesa p. OroponaHas (IpUTOKa
p. Yccypu) 3HauutensHO Bbime (Mona 0,035 /1), yem
B JPYrHX paspe3ax Mauykd M JOCTUTaeT aHOMAaJIbHbIX
3HaueHUH. 37ech 30JI0TO YCTAHOBJIEHO (METOAOM
WCII-MC) B 50% yrnepoauctbix U 60% Heyrinepoau-
cThIX cioeB nauku. CpenHee coiepxkaHue Au B INIH-
HHUCTBIX (pTaHUTAX 3TOro paspes3a MpeBblLIacT B 4-5,
a Bo ¢raHuTax — B 8 pa3 kiapk Au B “KPEeMHHUCTOM
JUTOTUNE 4YepHbIX ciaHnes” (tabn. 1), 4ro mpen-
crapiser, mo S.3. KOpouuy u M.IL. Kerpuc [4],
cuipHyto aHomanuio. ConepxkaHust 6J1aropoIHbIX
METAJJIOB B YIJIEPOJMCTBIX CHJIMLIMTAX 3TOr0 paspe-

3a jgocturalor: Au 7,5 r/t (mpoOupHBIA aHAIN3) WK

BOJIOXHH, KAPABLIOB

18 r/t (UCII-MC); Pt u Pd — 3,3 u 8,3 r/t, cooTBeT-
ctBeHHO (MCIT-MC). IToBeiienHoe conepxanme Au
(1o 0,68 r/T) Takke oTMeYaeTCs U B HU3KOYIJIEPOH-
CTBIX CHJIMLMTAaX (TAHUTOBOW MayKW JAHHOTO paspe-
3a. ATOMHO-a0COpPOLMOHHBIE OMpPEae/ICHHUS, HCIIOJIb-
3yIOIIME SKCTPAKLMIO OJaropogHbIX METAIOB B all-
KHJIaHUJIMHE, TI0Ka3ajid, 4to B cpeaHem no 70% Au,
60% Pt u 46% Pd ot ux obmero Koa14yecTa B yrie-
POAMCTBIX cuauuuTax cBszaHo ¢ POB (tabm. 2).
B POB yrnepoaucThiX CHIMIMTOB (HTAHWUTOBOM Mady-
KA OCHOBHBIM KOHLEHTPATOPOM JKejie3a U DJIEeMEH-
toB-nipumeceit (Cu, Ni, Zn, Pb, Co, W) sBisiroTcs 6u-
Tymouael  (achanbTeHbl W acdaJbTOr€HOBbIE
KHCJIOTHI), coaeprKaiiue takxke a0 40 r/t 3oota [9].

HzyuenneM aHUUIM(OB  YrJIEPOAMCTHIX CHJIHIIU-
TOB Ha MuKpoaHaiuzatope JXA-8100 ycraHOBIIEHBI
camopoaHele ¢opmMbl Au, Ag wu Pd. Pasmep
KPUCTAUIOB M KPUCTAUIMYECKUX arperaToB 30J10Ta U
najaaua gocturaet 20 — 26 MKM.

bnaropoansie Mertamibl (Au, Ag), Apyrue camo-
ponnsie snementhl (Cu, Pb, Ni, W, Se), a takke uH-
tepmerauiael  (Pd;Cu, Pd;Cus, CuAu, CusZn,,
CusZn;, (Cu,Ni)sZny, NiyCd, HmKeIHCTOE Keje30),
oOHapy>KeHbl B 3aIllOJHEHHBIX YIJIEPOJUCTO-KPEMHH-
CTBIM BELIECTBOM M TMIPOOKHCIAMHM Keie3a (THUapo-
réTUTOM) NOpax M NpPOXWIKax moponsl (puc. 1, 2).
Kpome TOro, 3071010 yYCTaHOBJIEHO B 3aMELICHHBIX
TMIPOOKHUCIIAMU JKeJie3a M SPO3UTOM KpHCTasIax
JUareHeTU4ecKoro nuputa (puc.l) U B MHTEpMeTaITU-
yeckoM coequHeHuH CusZn; (puc. 3). Ilo maHHBIM
MHKpOaHa/IM3a cojepaHue Au B NPUPOAHOH JiaTy-
HU cocTaBiser 1,34%, a Pt- 1,77%. XapakrepHo, uTo
GosiblIass 4acThb CAMOPOJHBIX BJIEMEHTOB, HHTEpMe-
TAUTMIOB U cyJlbOUIOB (rajieHHuT, chajepur, Xalib-
KOIUPHUT, ApreHTUT, apCeHONMUPUT M Jp.) Coaepxar
MeTaliipl, Takke oboramaromue ¢Gpakiud OUTYMO-
unos B POB [9].

Takum oOpa3om, 3HauuTeNbHAs 4acTh 30J10Ta W
TUIATHHOUJOB B TPHACOBBIX YIJIEPOJUCTBIX CHIIUIIH-
Tax CBs3aHA C OpraHUyYeckod yactbio nopoxa. POB
NopoA, B KOTOPOM  OJaropoAHble MeTasibl MOTYT
HaxXOJMUTBCSA B METAJIJIOOPraHUYECKOM, aTOMAapHOW WU
KOJUIOMZAHOH (opme, CIy)KWJIO HMCTOYHHUKOM Kak
MHKPOCKOMTMYECKOr0 CaMOpPOAHOro 30J0Ta W Taja-
U, TaK W 30J0Ta M IUIATUHOWIOB B ayTHI€HHBIX
cynbuoax M MHTEpMETaUIMAaX. AHOMAJIBHO BBICO-
KHE COAEp)KaHHsl Au B HEKOTOPBIX HHU3KOYIJIEpPOIH-
CTBIX MOpoJax «(pTaHUTOBOH MAYKH», BEPOSTHO, 00s-
3aHbl NEepepacrpeieeHUI0 METANIOB NIPU  KaTareHe-
3e, €ro MpPHUBHOCY M3 CMEXHBIX YIJIEPOJAUCTBIX CIIOEB
¢ OUTyMOMAHBIMHM (pakuusiMU. BTopbIM HCTOYHH-
KOM 30JI0Ta SIBJSIETCS AyTHICHHbIM MUPUT, B KOTO-
pOM OHO HAaXOJUTCS, MO-BUAMMOMY, B KOJUIOMIHOH
Wi KiactepHoit ¢opme. Paznoxkenue nupura B ru-
nepreHe3e W 3aMelleHHe €ero THIPOOKHUCIaMU |
cysib(haramMu keje3a (SIPO3UTOM) TaKxkKe CrocoOCTBYeT
BbIIeTIeHHI0O Au B OoJiee KpyIHBIE CaMOpOJHbIE Ya-
cruupl. KoHLeHTpauus 30510Ta B nopojax (GraHuTo-
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BOH Ma4YKM B HEKOTOPBIX pa3pe3ax [AOCTUraeT aHo-
MaJIbHBIX 3HAUE€HHUH, NPUOIMXKAIOUIUXCS K IPOMBILI-
JICHHBIM KOHIEHTpalusM B pocchimsx. Ilocne
TEKTOHHYECKOM NepepaboTKU B MeTaMop¢u3sMa 1o-
JOOHBIE TOMIIH MOTYT CITY3KHTb HCTOYHHKOM 30J]10Ta
KUJIbHBIX MECTOPOX[EHHHA M pocchlneit Graropos-
HBbIX METAJIIOB.

PaGora Beinonnena npu nogpepxke POPHU (npo-
ekt 04-05-65269).
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