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YcTaHoBNeHo, 4To 97,4 % Maccbl BEpXHEN YaCTW KOHTUHEHTaIbHOW KOpbl MPeACcTaB/eHo rop-
HbIMW nopogamu ¢ cogepXkaHneM Au < 1x106%. B Hux Haxogutca 73,5 % maccel Au. Okono 2,6 %
MacCbl KOHTVHeHTa/IbHbIX MOpog nMeeT cogepxkaHue Au 1x105-5x10°%. B HMUX CKOHLEHTPMPOBaHO
23,4 % maccbl Au. CogepxkaHneM Au 5x10°-5x102 %, COOTBETCTBYHOLMM NPOMBILLIEHHBIM U MOTEH-
LManbHO MPOMbILLIEHHBIM pyfamM, XapakTtepusyeTtcs okono 0,01 % maccbl BepXHen 4acTu KOHTUHEH-
Ta/IbHOM KOpbl. 3eCb CKOHLEeHTpUpoBaHo 3,1% Maccbl Au. PacnipeseneHve Au B COBOKYMHOCTU KOH-
TUHEHTA/IbHLIX MOPOS, NOYTU MPONOPLMOHaNbHO UX MaccaM. OHO MPaKTUYECKN COOTBETCTBYET reoXu-
MUYeckoMmy GanaHcy. [MaBHble HOcUTeNn AU — MeTaMOpP(IMYECKME MOPOLbl. 3aBUCMMOCTb CPeAHero
cofiepxaHus Au 0T coCTaBa rOpHbIX NOPOS, BblpaXXeHa cnabo.

B camopogHOM 30/10Te CKOHLEHTpMpoBaHo 4,1-4,6 % Maccbl Au, MEIOLLECs B BEPXHeEl Yac-
TW KOHTUHEHTa/IbHOW KOpb.

Kntouesble cnosa: Au, CaMOpPOAHOe 30M0TO, PacrpefeneHrie, BEPXHAS YaCTb KOHTUHEHTa/lb-
HOI KOpbl.

ON GOLD CONCENTRATION IN THE UPPER CONTINENTAL CRUST
AND THE ROLE OF NATIVE GOLD IN IT

N.A. Grigoriev
Institute of Geology and Geochemistry, Urals Branch of RAS

It has been estimated that about 97,4 % of the upper continental crust consist of the rocks con-
taining Au < 1x10® %. These rocks include 73,5 % of total gold. About 2,6 % of continental rocks ha-
ve about 1x108-5x10°% gold in it. Such rocks include 23,4 % of total gold. About 0,01 % of the upper
continental crust have around 5x10°-5x102% gold in it — a concentration appropriate to pay ores. The-
re is about 3,1 % of total gold in these rocks. The gold distribution in the continental rocks is almost
proportional to their (rocks) masses and corresponds to a geochemical balance. The main gold-bea-
ring rocks are metamorphic ones. There is very week dependence between the average Au content and
rock composition.

Native gold presents around 4,1-4,6 % of total gold of the upper continental crust.

Key words: Au, native gold, distribution, upper continental crust.

B 3eMHOIN KOpe KOHUEHTpauus Xvmuyec-
KNX 3M1EMEHTOB TeM 3(PEKTUBHER, YEM MEHbLLE
NX KNnapkoBoe cogepkaHue [puropbes, 1999]. Pe-
3yNnbTar — 04YeHb 60/bLIVE KOIPMULMNEHTBI KOH-
ueHTpaumn (KK) yacTv Macc pefKux 31eMeHTOB B
NINTOreOXMMNYECKUX Opeonax, PYAHbIX Tenax u B

COOCTBEHHbIX MMUHepanax. Hacrtosuwaa pabora —
nepeas NOMbITKa KONMYECTBEHHOM XapakTepuc-
TUKW pe3ynbTaToB KOHLEHTpauunm Au B BepXHeii
4aCTW KOHTWHEHTa/IbHON KOpbl. PacyeTbl BbINON-
HeHbl Ha 6a3e (pparmMeHTa MOZENIM XMMUYECKOro
CTPOEHUs 3eMHOI Kopbl [POHOB 1 Ap., 1990], He-
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CKONbKO A€eTaIM3npOBaHHOr0 asTopom [Ipuropsb-
eB, 2002]. B BepXHIOI0 YaCTb KOHTUHEHTa/IbHOW
KOpbl BK/OYEHBI C/ION: 0Caf04HbIA U FPaHUTHO-
rHenCoBbIN.

Bapuauun cteneHn KoHLUeHTpauum macc Au
B BEPXHE YaCTN KOHTUHEHTa/IbHOM KOpbl

OcHoBa pacyeTa — 4YacToTa BCTpeyaeMoc-
T NPOG6 C pasHbIM cogepxkaHnem Au. Ans ee on-
pefieNeHnst NCNo/b30BaHbl PesynbTaTbl CUcTeMa-
TNYECKOro onpo60BaHUsA OTAENbHbIX TEPPUTOPUIA.
Pe3ynbTaTbl U3y4eHWs 30/10TOPYLHbLIX MECTOPOX-
JIleHWI 1 CBSI3aHHbIX C HUMW MO NNTOreoXMMN-
YECKUX OPe0/0B He YUTeHbI (MCK/HOYEHbI BbIGOP-
KN CO cpefHUM cofepxaHveM Au > 1x10° %).
[naBHble UCTOYHMKKN [aHHbIX [LLlepbakos, 1967;
MowceeHko 1 fp., 1971, 1974; Handbook.., 1974;
[Jokemb6puid.., 1976; Pocnsikos, 1981; MaBpuneH-
Ko, 1982; Apowesuny, 1983; KopobeliH1KOB 1 Aap.,
1983; KopobeiiHnkos, 1985; KopobeiiHnKoB, OH-
yapeHko, 1986; HAsesa, boukapes, 1990]. Ycrta-
HOB/EHO, YTO 97,4 % Macchbl BEpXHel YacTh KOH-
TUHEHTA/IbHOM KOpbl NMPEACTaB/IeHO FOPHbIMK NOo-
pofamu ¢ cogepxkaHvem Au, 6/IM3KUM K KNapKo-
Bomy (Tabn. 1). B HMx HaxoguTca 73,5 % macchl
Au. CogepxaHnem Au 1x10%-5x10°%, cooTseT-
CTBYHOLLIMM /IMTOreOXMMUYECKUM Opeosiam, Xapak-
TepusyeTcs noytn 2,6 % Maccbl KOHTUHEHTa Tb-
HbIX nopof. 34ecb CKOHUeHTpupoBaHo 23,4 %
maccol Au. Kk — 2,3-115. 3kcTpanonaumua noka-
3ana, 4to cogepkaHnem Au 5x105-5x10- %, co-
OTBETCTBYIOLWMM MPOMBbILLI/IEHHBIM U MOTEHUM-
a/IbHO MPOMBbILLNEHHBLIM pyaaMm, XapakTepusyeTtcs

okono 0,01 % maccbl KOHTUHEHTa/IbHbLIX MOPOA,.
3feck CKoHLUeHTpurpoBaHo 3,1 % macchl Au. Kk ot
115 no >11500.

CpefiHee cofeprkaHue
W pacnpegeneHue maccbl Au
B KOHTMHEHTa/IbHbIX Mopogax

HoBble 3Ha4YeHNs CpefHUX CoAepXXaHuin Au
B KOHTMHEHTa/bHbIX nopogax (Tabn. 2) npeu-
MYLLECTBEHHO HECKO/IbKO MeHbLUE MPUBEAEHHbIX
paHbLue [puropbes, 2002]. MMaBHble NCTOUYHMKM
[OMNOHUTENBHBIX AaHHBIX, NCMO/Mb30BaHHbIX NPU
HoBOM pacueTe [LLiep6akos, 1967; HOXKWH, MaB-
puneHko, 1976; MNeoxumus..., 1978; Pocnskos,
1981, NaBpuneHko, 1982; Apowlesuy, 1983; Kpe-
MeHeuKnin 1 gp., 1990; Asesa, bBoukapes, 1990;
nyxaH, Cepbix, 2001]. PacnipeseneHve Au B Bepx-
HEe 4acTW KOHTUHEHTa/IbHOW KOpbI NPaKTUYeCcKM
COOTBETCTBYET TPeb6OBaHMAM reOXMMUYECKOTO
6anaHca. Ero cpegHee cogepxxaHue B KOHTUHEH-
TaJIbHbIX 0Caf04HbIX nopogax — 3,65x107 %.
OHO NPaKTUYECKN PaBHO TOMY, KOTOPOE LO/MKHO
ObITb B NPOAYKTax BbIBETPUBAHWUSA FPaHUTHO-THel-
COBOIO C/105 COBpeMeHHOro cocTasa (3,72x107 %
no OnpeAeneHnto N30antoOMUHNEBLIM METOLOM).
PacnpeneneHne mMaccbl AU B COBOKYMHOCTU KOH-
TUHEHTA/IbHbIX MOPOA MOYTW NPOMOPLMOHAIbHO
maccam nocnefHux. [NaBHble ero HOCUTeNn —
mMeTaMmopmyeckume nopoAsl (Tabn. 2). 3aBucu-
MOCTb CpPefHero cogepxxaHus Au oT cocTasa rop-
HbIX MOpPOZ BblpaxkeHa cnabo. CpefHue Koaghgu-
LIMEHTbI KOHLeHTpauum BapbupytoT ot 0,46 (B cu-
eHnTax) 4o 2,04 (B >Kene3ncTbiX Noposax).

Tabnmua 1

PacnpefeneHve maccbl Au Mo parmeHTaM BepXHel YacTy KOHTUHEHTA/IbHON KOpbl
Copepxanme Au Konnyectso Lonn maccel Lonn maccel | KoauumeHTbl
BO (pparwmeritax, % npo6 (hparmeHTOB, % Au, % KOHLIeHTpaLuun Au
VHTepBansl CpefHee ' '
<1x10%-1x10° 3,29x107 6840 97,4 73,5 <0,2-2,3
1x10°-5x10°® 2,5x10° 150 2,14 12,3 2,3-11
5x105-1x10° 7,5x10° 25 0,36 6,2 11-23
1x107°-5x10° 2,5x10° 6 0,085 4.9 23-115
5x10°-1x10™ 7,5x10° | 3kcTpanonsuus 0,01 1,7 115-229
1x10-5x10™ 2,5x10™ « 0,0012 0,7 229-1147
5x10™-1x10° 7,5x10™ « 0,0003 0,5 1147-2294
1x1073-5x10°° 2,5x10° « 4,10° 0,2 2294-11468
B BepxHei YacTu
KOHTUHEHTa/LHOM 4,36x10" 7021 99,99654 100,0 1
Kopbl
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Tabnuua 2
PacnpezeneHne maccbl AU B COBOKYMHOCTW KOHTUHEHTA/IbHbIX MOPOS
Macca nopog Cpepee [onn maccel

KOHTWMHeHTanbHble Nopospl OTH. % ' CofepKaHue AU OTH. %

' Au, 1x107 % T
Meckn 1 necyaHnKm 511 3,1 3,63
[ INHBI W TAIMHUCTbIE CRaHLbI 10,4 4,6 10,97
KapboHaTHble nopofp! 3,85 2,2 1,94
KpemHucTbIe mopogp! 0,33 2 0,15
3Banoputsbl 0,26 He onp. He onp.
Kucnble BynKaHUTHI 0,44 3,9 0,39
CpepHwve ByNKaHUTHI 1,13 3 0,78
OCHOBHbIE BY/IKAHUTbI 2,11 3,9 1,9
paHuThbI 8,21 2,7 5,08
"paHoguopnThl 3,38 2,8 2,17
BasuTbl 1,5 3,5 1,2
CureHuThI 0,05 2 0,02
YnbTpabasntsl 0,05 6 0,07
MeTanecyaHnkm 2,92 6,6 4,42
MaparHeiicbl 1 napacnaHupl 30,56 5 35,05
MeTamopr30oBaHHbIe KapboHaTHbIE MOPOAbI 1,13 53 1,37
>KenesucTole nopoabl 0,38 8,9 0,78
I"paHWUTO-THelicbl 23,21 4,9 26,08
MeTapuonuTel 0,66 2,6 0,39
MeTaaHgesunTbl 1,03 3,6 0,85
MeTabasnTbl 3,29 3,4 2,57
BepxHss 4aCTb KOHTUHEHTa/IbHON KOpbI 100 4,36 99,81
OcafiouHble nopoabl 19,95 3,65 16,69
BynkaHoreHHble nopogsbl 3,68 3,62 3,07
OcafouHbli cnoit 23,63 3,64 19,76
MarmaTu4eckue nopoasl rPaHUTHO-THECOBOTO C/os 13,19 2,83 8,54
MapameTamopdurueckune Nopospl 34,99 5,19 41,62
OpTomeTamopmryeckune Nopospl 28,19 4,79 29,89
I"paHWTHO-THeVicoBbIl Coit 76,37 4,57 80,05

MwuHepa/ibHbIn 6anaHc 30/10Ta B
KOHTUHEHTa/IbHbIX FOPHbIX MOPOAax U pygax

BOMBLWNHCTBO [JaHHbIX O pacnpegeneHny
macc Au Mo MUHepasiam KOHTUHEHTa/IbHbIX MOPOL,
HEKOPPEKTHO. Hambonee pacnpocTpaHeHHbIn He-
[0CTaTOK — OTCYTCTBME MPAMbIX ONpeseneHnii
Ba/10BOr0 COZepXaHusa Au B UCCNef0BaHHbIX Mo-
pogax. Mo KOpPeKTHbIM CBefeHUAM [ByLUNAKoB,
1971; CnnpugoHos, 1971; MyLWwKuH n ap., 1974;
KopobeliHnkoB 1 gp., 1983; CazoHos, 1989, 1991;
Ipuropbes, 1999], nNpu BaoBbIX COAePXKaHMAX Au,
6/IM3KMX K KNapKoBbIM, /1aBHble ero HoCUTenu —
nopogoobpasyroLve MuHepasbl. Hanbonee Bax-
Hble KOHUeHTpaTopsbl: cynbipuabl (KK — 2-400),
retut (Kk — 1,4-10), yacto — marHetuT (KK — 0,5-
8), pexe — fpyrvie akLeccopHble M1Hepasbl. Porb
3TUX MUHEPAsIOB-KOHLIEHTPATOPOB Kak HocuTenei
Au B pacnpoCTpaHeHHbIX FOpHbIX MOpojax He-

3HaunTenbHa (cynbunabl 0-8 %, marHetut 0-8 %
maccbl Au). Ho oHa yBennynBaeTcs B MeTacoMa-
TUTaX 1 pyAax C NOBbILEHHBLIM CofepXxaHnem Au
[Fpuropbes, 1999]. CamopogHoe 30/10TO YUYTEHO
TONbKO B MUHEpPasibHbIX 6asaHcax Au B Kopax
BbIBETPMBAHMA MeTacoMaTUToB CBET/IMHCKOIO
mMecTopoxaeHus [puropbes, 1999]. 3aech ero
POJb 3aBUCUT OT BAJIOBOTO COAepXaHus Au (Tabn.
3). ECTb MHeHMe, 4TO B MOPOA006PasyoLWUNX 1
aKLeCcCopHbIX MVHepasiax Au NpescTaB/eHo npe-
MMYLLECTBEHHO MMKpOYacTMLaMN CaMOPOLHOro
30/10Ta U ApYrux 30/10TbIX MUHepanos [/1BaHOB,
1997]. OHO OCHOBaHO Ha pe3ynbTarax U3y4veHus
MVHepasioB 13 30/10TbIX PYf, U U3 TOPHbIX MOPOZ C
Hen3BeCTHbIM (BEPOATHO BbICOKMM) COAepXXaHUeM
Au [[asnetos n gp., 1973]. B cynbugax u He-
KOTOPbIX APYrMX MUHepanax Hepefko HaxomAT
MMKPOYaCTULIbl caMOpogHoro 3o/s0ta. Ho BMecTe
C TeM, 3KCMEePUMEHTANIbHO YCTaHOB/IEHHBIWA Npe-
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Tabnmua 3

Mpamas 3aBUCUMOCTb POSIM CaMOPOAHOro 30/10Ta (> 20MKM) OT cofiepXaHus Au B Kope
BbIBETPMBAHWSA MeTacoMaTUTOB CBET/IMHCKOrO MeCTOpOXAeHNs Ha Ypane [puropbes, 1999]

Homepa npo6

CopaepxaHue Au, 10 %

[Jonu camopogHoro 30/10T1a
B Macce Au, %

158
3
169
178
214

1,35

0,33

0,11
0,018
0,0042

24
He O0H.
20
3
8

anIMe'-IaHI/Ie. AHanunsbl MI/IKpOO6OFaTVITe}'IbeIe.

Tabnmua 4

MpsiMasi 3aBUCMMOCTb PO CAaMOPOAHOTO 30/10Ta OT CoAepXKaHus Au
B pydax YpanbCKUX KonyeaHHbIX MECTOPOXKAEHWIA

Banosoe cogepyxaHue [Jonn camopogHoro
Pa3HOBUAHOCTY pyg Howmepa npo6 Au. 10 %, 300Ta B Macce Au. %
502/ 74 21,2 90
059 8,36 69,9
536/ 78 7,9 75,9
boraTble MefHble K 15/ 82 3,4 53
(60pHUT + xanbkonuTMT | 0103 2,56 51,2
> 25 %) 057 2,54 64,6
501/ 74 2,5 44
507/ 77 2,16 50,9
K14/82 1,36 31,6
0102 54 51,9
K16/82 4.4 34,1
CyLLeCTBEHHO C2064/94.4-100.6 1,83 12,6
NUPUTOBbLIE PYy/bl C-2 1,52 13,1
(MnpwuT 66,5-72 %) C-1 1,01 20,6
C2064/37.9-39.3 0,93 14
C2066/123.6-125.3 0,19 15,8
KBapLieBO-N1pnTOBbIE Cl/34 0,31 35,4
(kBapy, 29-51 %, nupuT c2/7 0,29 41,4
36-59 %) C1/30 0,2 55

MpumeyaHue. PacyeT no faHHbIM [Monowwar, BukeHTbeB, 2003]. AHa/M3bl paLMoHabHbIe.

Tabnmua 5

MpsiMas 3aBUCMMOCTb POV CaMOPOAHOTO 30/10Ta OT COAEPXKaHMs Au B MecyaHbiX
30/T0TOHOCHBbIX OT/IOXEHUSIX W B CYIIMHUCTON YaCTU 3TUX OTIOXKEHNI (Knacc < 10 MKM)

PaiioH NecyaHble O0TNOXEHWA Knacc < 10 MKM
CopepxxaHue [Jonn camopogHoro CopepxaHwue Jonv camopogHoro
Au, 10 % 30/0Ta B Macce Au, % Au, 10 % 30/10Ta B Macce Au, %

3abaiikanbe 6,29 95 7,96 95

CpepgHuin Ypan 4,65 71 4,84 67
3abaiikanbe 2,89 92 0,6 He O6H.
AyTna 2,78 86 0,52 24

Cunbupb 1,94 74 He O6H. He O6H.
HOXHbIN Ypan 0,54 11 0,46 35

MpumeyaHue. PacyeT no gaHHbIM [Bpuk v gp., 1969]. AHanusbl paunoHabHble.
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[en cogepxkaHusa Au, pacnpesenieHHoro B nMpuTe
paBHOMepHO — 3x10“% [TaycoH u ap., 2001]. 310
B 1000 pa3 60nbLUe 06bIYHOIO cogepXkaHus Au B
60NbLINHCTBE MUHepanoB. 10 fAaHHbIM peHTre-
HOCNEKTPa/IbHbIX W NasepHbIX MUKPOaHan3oB
MaKCHMasibHble COLepXXaHNA «HEBUAMMOIO 30/10-
Ta» B CyMb(maax ypasibCKUX KonyeaaHHbIX Mec-
TopoXaeHun (r/T): cchaneput — 0,12, XanbkonupuT
- 0,09, 60pHUT — 0,07, Nnnput 0,022 [BrKeHTLEB
n ap., 2004]. Mo pesynbTatam paLyoHabHbIX aHa-
NA30B B YPasIbCKMUX KOMYeAaHHbIX pydax pacrpe-
JeneHue macc Au (B %) crnesytollee: Bce OpMbI
camopogHoro 3on0Ta — 12,6-90, «cynbuaHoe 30-
noto» — 10-87,4, XUMNYECKN CBSI3aHHOE C CU/NU-
Katamun 1 ksapuem — 0-8,4 [Monowar, 2003]. B
6oraTtblX MeAHbIX U CYLLEeCTBEHHO NMUPUTOBbIX
pygax ecTb TeHAEHLMA NPAMON 3aBUCUMOCTHU Po-
NI CAaMOPOZAHOT O 30/10Ta OT BASIOBbIX COAEPXKaHWI
Au (Tabn. 4). SKCTpanonsaLns nokasbIBaeT, YTo B
cynbuaax npu cogepxxkaHnm Au < 5x10°% posnb
MWKPOYaCTHL, 30/10TbIX MUHEPA/IOB HECYLLLECTBEH-
Ha. BeposaTHO, Takas »ke cuTyaums u ¢ 601bLUNH-
CTBOM [pYyrux MuHepanos. Bo3moXHO posib ca-
MOPOZHOrO0 30/10Ta NoBbILLeHa B KBapLie. O6 3Tom
CBWAETENbCTBYHOT pesynbTarbl U3yYeHUs KBap-
LIeBO-NMPUTOBLIX py4 (Tabn. 4). Ho pyabl 3TN n3y-
YeHbl HeJOCTaTOYHO.

O cpegHem cogep>kaHnu
CaMOpPOAHOro 30/10Ta
B KOHTMHEHTa/IbHbIX MOPOgax

JlnTepatypHbIX AaHHbIX HEAOCTaTOYHO A1
pacyeTa CpegHUX COoAepXKaHulii CaMOpPOAHOro 30-
noTa B 60/IbLUNHCTBE KOHTUHEHTA/IbHbIX MOPOA
06bI4HbIMKU cnocobamun. CoO06LLEHNI A O HaIMYMK
CaMOPOAHOr0 30/10Ta B FOPHbIX MOPOAAX MHOrFO.
Ho 06bI4HO HET [JaHHbIX O COLEP>KaHUM 3TOro
MuHepana u Au. ABTOPY M3BECTHO TpU C/y4as
06Hapy>XeHMsi CaMOPOAHOTO 30/10Ta B KOHTUHEH-
Ta/IbHbIX MOPOoAAx C cofepxxaHnem Au, 6M3KUM
K KnapkoBomy [borgeukuii, 1989; Npuropbes,
1999; Hukynosa 1 ap., 2003]. BosbLue faHHbIX O
COZlepXXaHny caMOPOLHOro 30/10Ta B FOPHbIX MO-
pojax C MOBbILLIEHHBbIM COAepXKaHeM Au U B 30-
NnoTbIX pygax. OHW UCMO/Mb30BaHbl NPU pacyeTe.
Mpn 3TOM y4yTeHa BepoATHas pacrnpoCcTpaHeH-
HOCTb MUHepPa/IbHbIX BELLECTB C COOTBETCTBYIO-
WmMm cogepxaHnem Au (Tabn. 1). Hke aaHbl
rNaBHbIE UCTOYHUKN [JaHHbIX.

Mecku 1 necyaHukn. CamopoAHOe 30/10TO
XapaKTepHO /15 y4aCTKOB NEeCKOB, NecYyaHUKOB U
60nee rpy6006/10MOYHBLIX OCafOYHbIX NOpos, C

Ba/IOBbIM cofepxaHvem Au > 1x10° %. Takue
yyacTKu 06LmnpHbI [YeH-JTeH-CoH, 1999; Pe3HuK,
®efopuyk, 2000; KoHcTaHTUHOBCKMIA, 2005]. K.A.
Bpuk ¢ konneramu [Bpuk 1 gp., 1989] nogpobHo
U3yunnu LWecTb Npo6 30/10TOHOCHbLIX MECKOB U3
nATn paioHoB CCCP (Tabn. 5). Mpobbl 06beMoM
0,125-1 m® 6611 pa3fenieHbl Ha Knaccbl KPynHoO-
CTW. AHa/IM3 KNaccoB paunoHanbHbIi. MeToanka
TpafULMOHHAsA, HO C 3aMEHOI LiaH1poBaHNs Tu-
OMOYEBMHHBIM BblILLENa4YMBaHNEM. YCTaHOBNEHa
npsaMas 3aBMCYMOCTb POSIN CAMOPOAHOTO 30/10Ta
OT Ba/I0BOro cofepxkaHusa Au. IMpu pacyete cpe-
[Hero cofepXaHua npegnonaranocb, YTo posb
CaMOpPOLHOro 30/10Ta B Meckax W fnecyaHmkKax
OfIMHaKoBas.

[MHBI U TAMHUCTBIE cnaHupbl. MI3BECTHO O
HaNYMN B TIMHUCTBIX NMOPOAAX 3HAYUTENIbHbIX
Macc CaMOPOLHOro 30/10Ta, He TOMLKO MEJIKOrO,
HO M OTHOCUTE/IbHO KPYMHOIO — «rpaBUTaLyoH-
HOro». B HEeKOTOPbIX TMWHUCTBIX TONLWAX Bblge-
NeHbl LWIMX0BLIM 0MPo6oBaHKeM 06LLMPHBIE Ope-
0nbl «6apbepHOro Tuna» [TaycoH u gp., 1969]. Ho
ony611MKOBaHHbIE [laHHble He KOHKPeTHbI. Mpu
pacyeTe CpefjHero CoAepXaHus CaMmOpPOAHOro 30-
N0oTa MCNONb30BaHbl Pe3ynbTaTbl U3yYeHWUs Ccy-
LEeCTBEHHO MMHUCTBIX Kaccos (< 10 MkM) npo6
13 poccbineit (Tabn. 5) n npobbl Ne 158 cyue-
CTBEHHO [IMHUCTOM KOPbl BbIBETPUBAHUA 30/10-
TOHOCHbIX MeTacomaTuToB (Tabs. 3).

KapboraTHble nopogbl. B.[. Tumodtees
[Tumodpees, 1960] n3yunn n3BeCTHAKM (OT LOKEM-
Opuincknx fo MenoBbIX) U3 15 Kapbepos, pacno-
NOXeHHbIX Ha Pycckoin nnatthopme. Kap6oHaTtbl
Ob11 pacTBOpeHbl. CaMopogHOe 30/10TO B BUAe
nunctoukoB (30-40 MKM) YCTaHOB/IEHO B HepacT-
BOPMMbIX OCTatkax mpob u3 Tpex kapbepos. B
[BYX Kapbepax — efUHUYHbIe 3HaKu. B n3BecT-
HAKax OfHOrO Kapbepa CpefHee cofepXaHue ca-
MOPOAHOTo 30/10Ta — 1x10° %. Banosoe cogepxa-
HVe Au B MOCNefHMX He U3BeCTHO. Mpu pacuerte
npegnonaranocs, 4To oHo > 1x10° %.

BynkaHnTbl ocagoyHoro cnos. Camopoga-
HOe 30/10TO YCTaHOB/IEHO B puonuTax lMpunonsp-
Horo Ypana [Hukynosa u gp., 2003] 1 B KAC/bIX
BYNKaHUTax ApPMEHUMN, N3MEHEHHbIX TUAPOTEP-
MasibHbIMM npoueccamm [ApxobatusH, 1965]. Haun-
60/ee BEPOATHOE ero CpefiHee cofepXaHue 34ecb
— 1x10® %. B BynkaHWTax Apyrux paioHOB 3TOT
MWHepas He oTmeyanu. Mpu pacyeTe npegnonara-
NOCb, YTO Ha/IMYMEM CaMOPOAHOIO 30/10Ta XapakK-
TepuayeTcs 1 % BCeil MacChl KAC/bIX BY/IKAHUTOB.

MpaHnTbI. Mo B.B. JlIaxosuuy [J1sx0BWY,
1967] cpefiHee cofepXaHne CamMOPOAHOr0 30/10Ta
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Tabnuua 6

Bapuaumu foneii macc Au, CKOHLIEHTPUPOBAHHbIX B CAMOPOAHOM 30/10Te. VIHTPY3UBHble nopogsl COHKY/bCKOro Komnekca, TaHb-LLaHb

JHonu maccbl

CcaMOpOaHOTIO

30510Ta, %

86
0,6
0,2

14
30

100
50

Coaepxanue Au,

10 %
0,07
0,07
0,052

0,029

0,020

0,01
0,01
0,0088

["paHMThI, AMTATHI, TPAHUT-TIOPPUPHI

Howmepa
npod

3175
3027
3090
3124
3139/4
3169
3115

3061

Honu macchl

CaMOpOAHOTI0

30J10Ta, %

62
60
46

83

Coaepxanue Au,

10 %
0,08
0,067

0,065

0,024

rpaHOHI/IOTI/ITH, CHCHUTO-INOPUT, TPAHOCUCHUT

Howmepa
npo6

3174
3067
3141
3079

Jonm Macchl

CaMOpPOIHOro

30510Ta, %

1,3
42
2.9

I"a66pons

Coaepxanue Au,

10 %
0,016

0,014

0,012

Homepa
npo6

3024
3022
3013

TMpumedanne. Mo gaAABIM MrKpooboraTrTeNbHbIX aHann308 [borgetkit, 1989]. B tabnwie He yurersl 6 rMpo0, rge cogepKarvie Au Mo SarHbIN XvviKI-aK TVISAvign-

HbIX aHa/IM30B OKa3a0Ch MeHbLLIE COAEPXKaHNs CaMOPOAHOTO 30/10Ta, OMPee/IeHHOro MUKPOO6OraTUTE/IbHbIM COCOGOM.

H.A. 'puropbes

B Ypa/ibCKMX rpaHnTax — 5x10% % (oHO ycTaHOB-
NeHO B AByX npobax u3 65). Mo B.H. borgewko-
My [Borgeukuia, 1989] B rpaHUT-nopgupax, Mua-
PONUTOBLIX FpaHMTax n annutax COHKYNbLCKOro
komnnekca (TaHb-LLaHb) cofep)kaHune caMopog-
HOro 30/10Ta BapbupyeT 0T 1x108 go 5x10°% (9
npo6) npu BanoBoMm cogep>xaHum Au 8,8x107-
7x10° % (Tabn. 6). CpefHee cofepaHue camo-
POAHOIO 30/10Ta B /IEMKOKPATOBbIX FpaHUTax u
annutax AHo-KonbiMckoi cuctembl 3,7x106 %
[MnatbeBa, 1976].

paHoaMopuTbI (BK/IKOYaA BAM3KME K HUM
rpaHuToOMAbl). B rpaHogmoputax v 61M3KMX K
HUM rpaHuTongax COHKYNbCKOro KOMMeKca Co-
JepXKaHue camopogHoro 30/10T1a — 2x106-4x10°%
(4 npo6ebl). Banosoe cogepxaHuu Au 34ecb —
2,4x10°-8x10% % [Borgewkuii, 1989]. B MenioBbIX
M TPETMYHbIX NarnorpaHnTax n KeapLesbIX nna-
ruonopgumpax ApmeHun [baptuksaH, 1968] cpeg-
Hee cofepyaHue caMopofHoro 3ono01a < 1107 %
(29 npob).

BasuTbl. B rabbpo-HopuTax u rabopo-au-
oTTax BOPOHEXCKOro KpMUCTaINM4YacKoro Maccu-
Ba [YepHbIwos, MNnakceHko, 1982] cpesHee cogep-
XaHue camopogHoro 3on0Ta 4x10° % (19 npoo).
Banosoe cogepxxaHue Au HensBecTHO. B rab6po-
naax CoHKY/bCKOro Komnsekca, TaHb-LaHb [Bor-
Jeukuin, 1989] cogepXkaHne caMopogHOro 30/10Ta
— 2x10%-6x10% %. Banosoe cofepxaHum Au —
1,2x10°%-1,6x10° % (3 npobbl).

YnbTpabasnTsl. B gyHWUTaX, NMMPOKCEHN-
Tax, nepuaoTuTax BopoHEeXCKOro Kpuctanmyec-
KOro maccmsa [UepHbiwos, MnakceHko, 1982]
CpefiHee cofepXaHue caMOpofHOro 3os0ta 8,8x
107 % (70 npo6). B 60nbLUNHCTBE APYTUX MAcCU-
BOB 3TOT MUHepas1 He OTMeyanu. Mpw pacueTe npeg-
nonarasiocb, YTo HaJIM4MEM CaMOPOLHOrO 30/10Ta
xapakTepusyeTcs 1 % BCeil Maccbl yNbTPabasnToB.

MeTanecyaHuk 1 MeTaKOHIIOMeTaThl.
MeTogamu, No3BONABLUVMU YCTAHOBUTL HasMume
CaMOPOAHOT0 30/10Ta, M3y4YeHO 44 npobbl MeTa-
necyaHmkos CCCP. CamopogHoe 30/10TO yCTa-
HOB/IeHO B npob6e n3 Tysbl. Ero cogepxaHue
1,1x10° % [NaxoBny, 1966]. N3yyeHo 40 npob
OPLOBUKCKMX METaKOHI/IOMepatoB MNpunonspHo-
ro Ypana c BasioBbIM cofepxaHvem Au 2x107-
4x10° % [CeBacTbsiHOB, 1972; Hukynosa v ap.,
2003]. B Heckosbkux npobax o6Hapy»XeHbl eau-
HWYHbIe YacTuLbl camopogHoro 3on1o0t1a. M., Una-
ToB 1 T.N. CTenaHoBa [inatoB, CTenaHoBa, 1966]
He 06Hapy>XniM caMopogHoe 3011070 B 60 npobax
MeTakoHr/ioMepatos BoctouHoro CasHa. Ho oHu
COO6LNIN O COAEPXKAHUN 3TOr0 MUHepana —
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Tabnuua 7
Ponb camopogHoro 30/10Ta Kak HoCcUTeNid AU B KOHTUHEHTa/IbHbIX NOpojax
1 B BEPXHEN YaCTU KOHTUHEHTa/IbHOW KOpbl
CpefHee cogepxanue, 1x107 % | [lonm macchl
"opHble nopoab! CaMOopOAHOro
Au CamopofHoro 30/10Ta 301074, %*

lMecku 1 necyaHuKm 3,1 0,56 18
["IMHBI N TIMHUCTBIE CRaHLUbI 4.6 0,46 10
KapboHaTHble nopojp! 2,2 0,1 4,5
Ocafio4Hble Nopofbl B LiE/IOM 3,65 0,4 13
Kncnble ByNKaHUTbI 3,9 0,001 310
BynkaHWTbI B Lie/IOM 3,62 0,0001 310°
paHnTbI 2,7 0,42 16
"paHoamopUTHI 2,8 0,57 20
basutbl 3,5 0,07 2
YnbTpabasutbl 6 0,01 0,2
MarmaTnyeckre Nopogsl FPaHUTHO-THENCOBOIO CNos 2,83 0,42 15
MeTanecyaHuKN 1 METaKOHTIOMEPAThI 6,6 1,6 24
MapameTaMopguUTbI B LiESIOM 5,19 0,13 2,5
BepxHsis YaCTb KOHTMHEHTaNbHOW KOpbI 4,36 0,18 4,1
Ocafi0uHbIin Co 3,64 0,34 9,3
I"paHWTHO-THENCOBIN €O 4,57 0,13 2,8

MpuMeyaHve. * — 40K MacChl CAMOPOAHOIO 30/10Ta faHbl B % OT Macchl AU B JaHHOI ropHoii nopofe,

C/10€ WU B BEPXHEN YaCTWN KOHTUHEHTa/IbHOM KOpbl.

4x10° % B ogHoOM 13 10 Npo6, N3yUeHHbIX COTPYA-
Hukamn BIMCa. A.A. CtenaHoB [1966] n3yunn
161 npoby MeTakoHr/IoMepaToB MaTOMCKOro Ha-
ropbs. Mesnikue yacTuLbl CAMOPOAHOr0 30/10Ta
YCTaHOB/IEHbI B TPeX mpobax. YuutbiBas 3Hauu-
Te/lbHOe KO/IMYECTBO U3YYeHHbIX NPo6, paccumTa-
HO CpefiHee apUMPMETUYECKOE COLepPXaHne camo-
pogHoro 3onoTa — 1,6x107 %.

OcTaNbHble KOHTWHEHTa/lbHble NOPOAbI.
MeTtogamu, NO3BOABLUMMUN YCTAHOBUTL Halnyme
CaMOPO/HOro 30/10Ta, U3y4yeHo 6onblue YeM 380
npo6. 3TOT MUHepan He 0BHapY>KeH.

Ponb camopogHoro 30/10Ta Kak HocuTena Au
B KOHTUHEHTa/1bHbIX MopoAax 1 B BerHeI7I
YaCTN KOHTUHEHTA/IbHOIA KOpbI

IMpw pacyeTe npegnonaranoch, YTo CpeHee
cofepXaHvie 31eMeHTOB-NPUMeceil B CaMOPOAHOM
30/10Te Masi0. PacyeT nokasasi, Yto posib CaMopos-
HOr0 30/10Ta MakCMMaslbHa B MeTarecyaHukax u
MeTaKoHI/IoMeparax, 3aTeM C/efyrT rpaHO4MO-
puTbl (BK/OYas GM3KME K HUM TPaHUTOUAbI),
rPaHnTbI, NECKU U MNHUCTLIE nopogpl (Tabn. 7).
CornacHo 3TUM AaHHbIM, B BepXHEN YacTW KOH-
TUHEHTaNbHON KOPbI B CAMOPOAHOM 30/10Te CKOH-
ueHTpuposaHo 4,1 % maccel Au. B pacuete He

YUTEHO 60/IbLLUMHCTBO METaMOP(UYECKMX NOPOS,
MpuvynHa — OTCYTCTBUE [AHHbIX O COAEpPXKaHUU
B HWX CaMOPOLHOro 30/10Ta. HO He UCK/YEHO,
YTO OHO CYLLEeCTBEHHOE. M03TOMy MONYyYEHHYHO
UmMpy cnefyeT paccMaTpuBaTth Kak MUHUMA/IbHO
BO3MOXHY!O.

Bo3moxeH apyroi BapmaHT pacuyeTa. Ero
0CHOBa — COOTHOLLEHWS coaepXaHuii Au 1 camo-
POAHOrO 30/10Ta B Hanboee M3yyeHHbIX npobax
FOpHbIX MOPoZ 1 pyg (Tabsn. 8). Posmb M1Hepasnos-
KOHLIEHTPATOPOB KakK HOCUTENEN XUMUYECKUX 3/1e-
MEHTOB B FOPHbIX NMOPOAax U pygax 3aBUCUT OT
MHOIrMX paktopos [[puropbes, 1999]. Ans 6onb-
LUMHCTBA 3/1eMeHTOB (BK/Tto4ast Au) raBHbIX (ak-
TOPOB TPW: BAJIOBOE COAEPXaHWe 3/1eMeHTa, Mu-
HepasnbHbIA COCTaB M reHe3nc ropHoW Mopoabl
(pyab!). Ponb BanoBOro cofepXaHus yBenmymBa-
eTCA C YMeHbLUEHVEM KNapKOBOIO COLepXaHus
anemeHTa. ¥ Au OHO 04YeHb HW3KOe, 1 3TO faet
BO3MOXXHOCTb Ha [aHHOW CTagumn UccnenoBaHui
npeHebperarb pasHuULeli MUHePa/IbHOTO COCTaBsa U
reHe3mca y4mTbIBaEMbIX TOPHbIX NMOPOA U PYA,.
[NaBHble MCTOYHWKW AaHHbIX [Bylunskos, 1971;
borgeukwnid, 1989; bpuk n gp., 1989; Ca3oHOB,
1991; Ipuropobes, 1999; Monowar, BukeHTbEB,
2003]. CegeHMst 06 OTCYTCTBUM CamMOPOAHOIo
30/10Ta Y4TeHbl, eC/IN OHW MOATBEPXKAEHbI pacye-
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O KOHLEEHTPALMI MACC 30/10TA

TaMn MUHepasibHbIX 6anaHcoB Au 1 ecnu copep-
XaHne Au BO BCEX MUHepanax [aHHOW ropHoW
nopogbl < 5x10%%. He yyTeHbl 6 Npo6 rpaHMTO-
NAoB, rae CoAepXaHne camMOpOLHOro 3010Ta No
MWUHEpPasiornyeckoMy aHanmsy 6osbLle BanoBOro
cogep>xaHus Au Nno XMMUKO-aKTVBaLIOHHOMY aHa-
nuzy [Borgeukuid, 1989]. Mo aTomy BapuaHTy pac-
yeTa B CAaMOPOAHOM 30/10T€ CKOHLEHTPMPOBaHO
4,6 % macchl Au, UMetoLLEelics B BEPXHER YacTu
KOHTWHEHTa/IbHOW KOpb!.

BbiBOAbI

YCTaHOBNEHO, 4TO 6osblue 97,4 % Macchl
BEPXHEN 4aCTN KOHTUHEHTaNbHOM Kopbl Npea-
CTaB/IeHO FOPHbLIMM NOPOAAMM C CofepXKaHmeM Au,
O6NM3KMM K KnapkoBoMmy (Tabn. 1). B HMX Haxo-
antea 73,5 % maccbl Au. Moyt 2,6 % Macchl
KOHTWHEHTA/IbHbIX MOPOL, UMEeET cofepxkaHne Au
1x10%-5x10° %, COOTBETCTBYHOLLEE MONOKUTENb-
HbIM JINTOrEOXMMMUYECKMUM OpeosiaM. B HUX CKOH-
LeHTpupoBaHo 23,4 % macckl Au. Koathgpuumen-
Tbl KOHUeHTpayun 2,3-115. CogepxaHnem Au
5x105-5x102%, COOTBETCTBYIOLLMM NPOMbILLNEH-
HbIM M MOTEHLUMANbHO MPOMbILIEHHBIM pyaAaMm,
xapakTepusyeTcsa okono 0,01 % Bceli macchl Bep-
XHEW YaCT KOHTUHEHTa/IbHOIN KOpbl. 34eCb CKOH-
LeHTpupoBaHo 3,1 % mMacchbl Au. KoathgpuumeHTbl
KOHUeHTpauuu ot 115 go > 11500.

3aBMCUMOCTb CpefHero cogepXkaHna Au ot
cocTaBa ropHbIX NOPOA BblpaXkeHa cnabo. Pac-
npegeneHme Au no KOHTUHEHTa/bHbIM Nopodam
noyTN NPOMOPLMOHANBHO Maccam NocnefHUX.
OHO NpaKTUYeCKN COOTBETCTBYET FreOXMMNYECKO-
My GanaHcy. naBHble HocUTeNn Au — MeTaMop-
(hmyeckme nopoasl.

B camopofHOM 30/10Te CKOHLIEHTPUPOBAHO
4,1-4,6 % maccbl Au, MEIOLLIENCA B BEPXHEN Ya-
CTW KOHTVHEHTa/IbHON KOpbl.

MonyyeHHble LUMUDPLI TPEBYIOT YTOUHEHNS.
Ho 4N 3TOro HY>KHO CyLLeCTBEHHOE MOMOoJHEHME
NCXOAHbIX AaHHbIX O Bapuauusx cogep>kaHui
AU 1 CaMOpPOAHOro 30/10Ta B KOHTUHEHTa/IbHbIX
rnopopaax.
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