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ITpuBoasATCS PE3yNbTaThl UCCIAEAOBAHUS XMMUUECKOTO COCTAaBa M U30TOIMHBIX XapaKTEPUCTUK CEPhI BKpaIi-
JICHHBIX MTUPUTA ¥ apCEHOIMMPUTA U3 METACOMATUTOB OPOTEHHBIX 30JIOTOPYIHBIX MECTOPOXIACHUIT Mao-
Tapwiackoe, banpan, Xanranac, Belon u IllymHubiii AHo-KoabpiMckoro MetajuioreHu4eckoro mnosica. Ilu-
DUT U apCEHOITUPUT UMEIOT HECTEXHMOMETPpUIECKUiA cocTaB. JIJIs apceHONMMPUTA XapaKTepHO oboralieHne
cepoit (As/S ot 0.77 mo 0.99), Hanuuue npumeceit Sb, Co, Ni u Cu o06leii KoHLeHTpalueil He 6oJiee
0.15 mac. %. ITupuT coaepKUT Te Ke dJIeMeHTHI (0011ast KoHLeHTpauus 10 3.71%), pexe Pb, o6enHeH S u
o6oraireH As (1o 3.16 mac. %). OtHomenue Ni/Co B mupute 10.0 > Ni/Co > 0.1 TUIIMYHO 11 TUAPOTEP-
MaJIBHOTO OTPHUILIATEJIbHO 3apsiKeHHOTO MUPHUTA ¢ BBICOKOM MPpoBOIMMOCThIO (p-Tum). IIpenmoinaraercs
HaxoxXIeHMe “HeBuauMoro” Au' Bo BKpaIuIeHHBIX MMUPUTE U apCEHONMUPUTE MPEUMYLIECTBEHHO B U30-
MopGbHOII CTPYKTYPHO-CBA3aHHOI hopMe. JMamma3oH BeInunH 8°*S ot —6.4 1o +5.6%o B cynbdumax xa-
paKTepeH ISl IOBEHWIbHbIX/MarMaTuuecKuX MCTOUHNKOB CEPbl U3YYEHHBIX MECTOPOXKIEHUIA.

Karouesble croéa: TMpuUT, apCEHOMUPUT, XUMUYECKUI COCTAB, U30TOMHbBIC XapaKTEPUCTUKU CEPbI, OPOTeH-
HbIe Au MecTopoxneHus, SAHo- KombIMCKMiT MeTauIOTeHUYeCKUIA TTOsIC
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BBEAEHWE

Ha kxpynmHBIX OpOreHHBIX 30JIOTOPYOHBIX MECTO-
poxnaeHusx (OGD) fHo-KobIMCKOro MeTajioreH1 -
yeckoro nosica (AKMII) 3HauuTenbHasi, a HEpeIKo
OCHOBHAsI, YacTh 30JI0Ta MIPUCYTCTBYeT B “HEBUIU-
Moi1” (popMe BO BKparuieHHbIX ITMPUTE U apCEHOITM-
puTe IPOKCUMAJIBHBIX CEPULIMT-XJIOPUT-KapOOHAaT-
KBapHeBBIX MeTacoMaTuToB [1—4]. U3ydenne m3o-
TOITHO-T€OXUMUYECKUX XapaKTePUCTUK CYIbGUIOB
M3 METACOMATUTOB ITO3BOJISIIOT JIYYIIIE IOHSTH 3BO-
JIIOLMIO PyI000pa3yIolIuX IIPOLecCOB U (OPMUPO-
BaHMEe Au-MUHEpaJu3aluu, YTO KPUTUUECKU BasKHO
IS TIEPEOLCHKM CBIPhEBOr0O MOTEHIIMAJIa U3BECTHBIX
MECTOPOXKISHUI U TTOATOTOBKM IIPOrpaMM ITOMCKOB
KpynHbIX MecTopoxaeHuii B AKMII. 3mech MbI
MpeACTaBIISIEM HOBBIE PE3YJIbTAThI UCCICIOBAHUS X1~
MHUYECKOTO COCTaBa M U30TOIMMM S IMPUTA U apCEHO-
NMMpuTa Ha TpuMepe TUTOH-BajaHXUHCKUX OGD
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AKMII. MectopoxneHusi Mano-TapsiHckoe, bagpaH
1 XaHrajiac JIOKaJu30BaHbl B BEPXHETIEPMCKO-TpHa-
COBBIX TEpPUTCHHBIX Tommax, a Beion u [llymHbIiT —
B Mo3aHeopcKuX gaikax (151—145 MiH JIeT, LIMPKOH,
U—Pb SHRIMP-II [5]) Tpaxn10a3aabToB, aHAC3UTOB,
TpaxuaHAE3UTOB, MALIMTOB W TPaHOIUOPTUOB KOM-
TUIeKCa MaJIbIX MHTPY3Uil M X 9K30KOHTaKTax (puc. 1).

ITonoxeHrne MECTOPOXIAEHUIN KOHTPOJUPYETCS
pErMOHAIbHBIMU pa3jioMaMu — Anblya-TapbIHCKUM
(MecTopoxnenue Mano-TapbiHckoe), Myrypnax-Ce-
JIMpUKaHCKUM (MecTtopoxneHue banpan), Yapksi-
Mupurupckum (MectopoxneHusi BoioH u IIIyMHBIiT)
n Yaii-lOpenHckum (MecTopoxkaeHUe XaHTranac)
(puc. 1). B pyaHbIX TenaxX KUJIbHOTO/TIPOXKUIKOBOTO U
BKParuIeHHOTO TUTIOB BbIAESIETCS HECKOJIBKO MUHE-
PaIbLHBIX acCOLIMAlNi — MUPUT-aPCEHONTUPUT-KBap-
lieBass MeTacoMaTruyeckasi, MNUPUT-apCEHONMUPUT-
KBaplieBasl KUJbHasi, 30JOTO-TIOJUCYIbGUIHO-
KBapleBasi U CyJlb(pocosibHO-KapOboHaTHas [6]. Ha-
MU UccneqoBanusaMu |3, 4] u padoramu [2, 7] 3a
rpeneJaMu U3BECTHBIX PYIHBIX TeJI U B METaCOMAaTH -
tax OGD SAKMII Bweigenensr Pyl (mmareHerude-
ckuit), Py2 (metamopdorenHsiit), Py3 (MeTacomaTu-
yeckuii) 1 Apyl (MeTacoMaTU4eCKuUii).
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Puc. 1. CxeMa reojiornyeckoro CTpoeHUs LIeHTpaibHOM YyacTh SIHO-KOJIbIMCKOro MeTauIore HUYECKOTO Mosica 1 MOJI0XEeHUe
U3ydeHHBIX MecTopoxaeHuit. Paznombr: MC — Myrypnax-Cenupukanckuii, AT — Ansraa—Tapberiackuii, YO — Yaii- lOpenn-
ckuit, YU — Yapkei-Unnurupckuii, 1 — Jdapnupckuit, U — Ynubaramaxckuii.

MATEPUAJIbl U METO/1bl UCCJIEAOBAHUN

OO0Opa3upl 11 MHHEPAIOro-TeOXMMUYECKUX U
M30TOITHO-TEOXMMUYECKUX MCCIIeNOBaHU OTOOpa-
HBI U3 OOHaXXKEeHWi, MOBEPXHOCTHHIX U MOA3EMHBIX
TOPHBIX BBIPAOOTOK pPa3IMYHBIX YYACTKOB MECTO-
poxneHuii Mano-TapeiHckoe, banpan, XaHranac,
Brron u Ulymaslit. 1715t MUHEPaIOTTYEeCKUX, MUKPO-
TeKCTYPHBIX W TEOXMMMWYECKUX UCCIIeIOBaHU
BKpPAIUIECHHOTO CYJIb(UIHOTO OpYyIEHEHUs ObUIn
MPUTOTOBJIEHBI aHIILTM GBI (BCeTO 74) U 3epHA B STTOK-
cunHbix mamkax (100 cynbduaHbix 3epeH B 10 mraii-
Kax). XUMHWYECKHE aHAJIM3bl COCTABOB MUPUTA U ap-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

ceHonmupuTa cAejdaHbl B oOTAeNe (PU3UKO-XUMUYEC-
CKMX METOIOB aHanM3a MHCTUTYTa TeoIoThu ajiMasa
n omaropomueix mMerauioB CO PAH (MT'ABM CO
PAH, r. fxyrck). XuMuYeCcKMidi COCTaB IIMpHUTa
(281 ananus) u apceHonuputa (94 aHanu3a) onpene-
JIeH peHTTeHocneKTpajibHbiM MeTogoM (PCM) Ha
mukpoaHanuizarope Camebax-Micro (“Cameca”,
Courbevoie, France). ConepxxaHust Au 6osiee 2 1/T
orpeaeseHbl B MOPOIIKOOOPa3HbIX MOHOMUHEPAJIb-
HBIX 00Opa3liax METOAOM AaTOMHO-a0COPOLIMOHHOMN
cnektpoMeTpun (AAC) ¢ 2JIeKTpOTEPMUYECKUM pac-
nbuieHueM Ha criektpomerpe MI'A-1000 (JIFOMBKC,
2023
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Poccus). UzoronHsblil cocras cepbl 0°*S (57 mpo0)
M3YyYeH JIOKAJIbHBIM U BAJIOBBIM METOJAMU B 1abopa-
Topun crabumiabHbix m3otonoB LIKIT JABI'M JIBO
PAH (r. B1anuBocTOK) MO CTaHAAPTHLIM METOAMKAM,
OITyO/IMKOBaHHBIM B [3, 4]. BenwmyuHb mM3MepeHUi
&S mpuBeneHB OTHOCUTEIBHO MEXIYHAPOIHOIO
crangapta VCDT u BeIpaxeHbl B IpoMuiie (%o).
To4yHOCTH aHaaM3a BelWuuH O0°*S  cocrasisia
10.20%0 (106).

PE3YJIbTATbHI UCCJIEJJOBAHUI
N UX OBCYXKAEHUE

I[MmaBHBIMM pYOHBIMMA MHWHEpajaMU B IIPOKCU-
MaJIbHBIX  CEePUIIMT-XJIOPUT-KapOOHAT-KBapLEBhIX
METacOMaTUTaX M3YYEHHBIX MECTOPOXICHUM SIBIISI-
I0TCs 30JI0TOHOCHBIE (o 159.5 r/T) Py3 u Apy 1, co-
IepkaHue KOTOphIX mo 4—6%. Py3 kybudeckoil u
MEeHTAroHI0AeKadApUIeCKO (POPMBI 4aCTO HMMEET
30HajbHOE cTpoeHue [3], Apyl — KopoTKompuzMa-
TUYECKOU U TICEBAOIIMPaMUIaIbHOM (opMbl. Pazmep
KpUCTAJIJIOB OT nojeit 0o 1—1.5 MM, pexe 1o 2—3 MM,
B Jaiikax OTMEUYarTCsl MeTaKpUCTAJIIbl pa3MepPOM 110
5 MM.

IMupwut3 comepxut aneMeHTH-IpuMecH: As, Co,
Ni, Cu, pexe Sb u Pb, npyrue ameMeHTHI IIPUCYT-
CTBYIOT B KOJIMUECTBaX HIKE Mpejeia oOHapyKeHUsI
PCM (puc. 2 a). B Py3 u3 teppUreHHBIX TOIII AS SIB-
JisteTcst OCHOBHOM mmpuMechio (ot 0.31 mo 3.16 mac. %)
v st GosburHCTBA (68%) TpoaHaIM3UPOBAHHBIX
3epeH 0.5 Mac. % < C, < 1.5Mac. %. B mupurax u3 naex
conepkaHre As UMeeT HanOOJIbIINe Bapyallin: OT 0e3-
MBITITBIKOBUCTRIX 10 C, = 2.03 Mac. % (MecTopoxe-
Hue IllymubIiA) (puc. 2a). OO6uee comepxkaHue
OCTAJTbHBIX 3JIEMEHTOB-TIpUMECe W3MEHSETCS OT
0.01 oo 0.55 mac. %, HO peoGIanaoT 3epHa MUPUTA,
1is1 Koropeix 2(Co, Ni, Cu, Sb, Pb) < 0.15 mac. %.
PacnpeneneHue KOHLIEHTpALMil 31EeMEHTOB-TIPUME-
ceif B Py3 U3 TeppuUreHHBIX OPOA U U3 JaeK COMOCTa-
BHIMO, HO HaOJtomaeTcsl psi oCOOEHHOCTEe (puc. 2 a).
IMuputel3 MectopoxneHuss bagpaH MMeEOT IOBBI-
IIeHHbIe KOHLIeHTpauuu Sb (1o 0.21 mac. %), Ha Me-
cropoxaeHun Mano-TapblHCKOe puMech Sb HuKe
npeneia ooHapyxeHus (puc. 2 a), a Ha MECTOPOXKIe-
HMU XaHrajac YyCTaHOBJeHa IipuMmech Pb (mo
0.11 mac. %). B HeCcKONBbKUX KpUCTAIaX MAPHUTA U3
naek MectopoxneHit BeioH 1 LLIyMHBIN BBISBICHBI
MTOBBIIIIeHHBIE KOHIIeHTpatmu Sb (Cg, = 0.12 mac. %),
Cu (Cg, 1o 2.31 mac. %) u Ni (Cy; 1o 3.52 mac. %).
[MupuThI3 U3 TacK UMEIOT OTPULIATEIIBHYIO CBSI3b BbI-
cokoil creneHu mist nap Fe*™ — Co*™ u Fe?t —
— Ni*"(r = —0.7...—0.9). B Py3 nposiBieHa XMMHUYE-
CKasi 30HaJIbHOCTD As: BblAesieTcs HeHTpaabHast (Cyg
1o 3.07 mac. %), mpomexyrodaHas (Cy < 2.0 Mac. %) n
kpaeBast (Ca 10 2.20 mac. %) 3oHb1. Kontientpatm Co
¥ Ni MOTyT 3aMETHO U3MEHSIThCSI B 00bEME OTHOTO 3€p-
Ha. [loBeiuennsie conepxanusg Co (mo 0.22 mac. %)
YCTAHOBJIEHBI B IICHTPAJIbHOM YaCTH KPUCTAILIOB, a Ni

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

(mo 0.46 mac.%) no mnx nepudepun. O6mas (M-
puueckasi) ¢opmyna Py3 uz wmzyyeHHoix OGD:

Feg 95—1.08(Nig.0-0.01C00,0-0.01S1.95-2.00480.01-0.05-

MukposjieMeHThl B CyJbduaax MOTYT BCTpe-
yaTbCsd B M30MOPGHON CTPYKTYpPHO-CBSI3aHHOM
¢dopMe 1 B BuIe HAaHO-/MUKpOBKIIIoueHuii [8]. dnsa
Py3 u3 MecTopoxieHUil B TEPPUTEHHBIX TOJIIAX
(Mamno-Tapeinckoe, bagpan, XaHranzac) u MecTo-
poxaeHuit B naiikax (BeioH, IIIyMHBII) XapakTep-
Ha HECTEXMOMETPUYHOCTb COCTaBOB (63% aHaln30B
Fe/(S + As) # 0.5, S/Fe # 2.00). CootrHomeHue S/Fe
M3MEHSIETCSI Ha OTIEJIbHBIX MECTOPOXICHUSIX B 00JIb-
mux npenenax (Beion S/Fe = 1.87—2.04; bagpan
S/Fe = 1.88—2.09). CocraB Py3 oTinuaeTcs oT pac-
yeTHbIX 3HadyeHuii (Fe = 46.547 mac.% u S =
= 53.453 mac. %), 4TO yKa3blBaeT Ha HaJM4ue Ba-
KaHTHBIX MO3UIIMi1 B CTPYKTYpe MMPUTaA, KOTOPHIE 3a-
HUMAIOT 3JIEMEHThI-TIpUMecU. B OONbIIMHCTBE aHa-
JIU30B MUPUTHI 0O0ETHEHBI Cepoii, HEAOCTATOK KOTO-
poii BocromHseTcss As'~, HO MBIIIBIK MOXET B
KPUCTA/UIMUECKO peleTke 3amelnars Fe (As?t and
As’") uim HaxoaUThCA B BUJE HAHOBKIIIOUeHMIA (As).
ImaBHBIM MeXaHU3MOM BKJIIOYEHUS B COCTaB ITUPUTA
Co, Ni, Cu, Sb, Pb (Me?*) siBnsietcst usomopdHoe 3a-
metieHue Fe [9]. TpoitHasa nuarpamma As—Fe—S ne-
MOHCTPUPYET BO3MOXHBIE CLIEHAPUU BXOXIECHUS
MHUKpPOBJIEMEHTOB B cocTaB nmupurta (puc. 2 6). Hau-
0oJiee SIPKO 3TO MPOSIBIACHO IJIsl Tapbl S—AS: MOBbI-
1IEHHbIE coiepXKaHUs AS XapaKTEPHBI JJ151 TUPUTOB C
HEJ0CTaTKOM CepHI, 1T BCEi BBIOOPKHU I's_,, = —0.68
U YBEJIMYMBAETCS Ha OTIAEIbHBIX oObekTax (Maso-
TapbiHcKOE, 15 a= —0.77; nailku MecTOpOXIEeHUs
BbioH, 15_s, = —0.80). KoppensiinoHHbI€ CBSI3U MEX-
oy Fe, S u apyrumu sjiemMeHTaMU-IIPUMECSIMUA 13-
MEHUYUBBI U B OOJIbIIIEH CTeNeHU TTPOSIBIISIFOTCS] HA OT-
nenbHbIX 00bekTax (Mano-TapblHcKkoe, Tg ¢y
= —0.54; IymMHBIHA, g_c,= —0.65).

B Py3 kak Ha 30JI0TOPYIHBIX MECTOPOXICHUIX B
TeppureHHbIX Tojiax (Mano-TapbiHckoe, banpaH u
Xanranac), Tak 1 B naiikax (BeioH, lIlyMHBIIT) MexXIy
Co, Ni u Fe Habmroma10TCsT 00paTHBIC KOPPEISLIMOH -
Hble CBSI3U pa3JIMYHON cTeneHu OT ciaboit (r =
= —0.3...—0.5) mo ymepenHoii (r = —0.65). OTHo11IC-
Hue Ni/Co B Py3 usMeHsieTcsl B IIMPOKUX Mpeeaax
(0.1-19.1), Ho B 6onbIMHCTBE aHANU30B C, > Cy; U
B 90% ananuzos 10.0 > Ni/Co > 0.1, yTo XapakTepHO
JUTSI TUAPOTEPMAJIbHOTO OTPUIIATENIbHO 3aPS)KEHHOTO
MUpPUTA C BBICOKOU MpPOBOAMMOCTBIO (p-THin) [11]
(puc. 2 ). ObenHeHHbII KOoOanbsTOoM Py3 ¢ oOparHoit
KOPPEJSIIMOHHON CBsI3bI0 Mexkny Co 1 Au sIBsieTcs
BBICOKO 30JIOTOHOCHBIM (pucC. 2 ).

3osoroHocHocTh Py3 Bapwupyer ot 0.3 1/T mo
159.5 r/1 (puc. 3 a). HabaoaeHuss MUKPOBKJIFOUEHU I
CaMOPOJHOTO 30JI0Ta HOCST €IMHWYHBINA XapakTep
(M-Hue Xanranac) [4]. B kauecTBe uHIuKaropa
OLIEHKY 30JI0TOHOCHOCTU MUpUTa Hanbosee nHoop-
MaTUBHOM sIBsieTcd TIpuMech As. IaMeHeHusT pop-
ToMm 508

Nel 2023



TEOXMMHNYECKHE N N3O0TOITHBIE XAPAKTEPUCTUKH 27

—_—~
SE
(e}
—
=)
(==

N o T 100g 10.0g LOE g,

=
=)

0.1

0.1

Konuentpauwsi, mac. % (Ig)

——
—=e—
() —
—_ (e}
T T T
.
A
=2
(=)
o o Iy
—_— —_ (e}
1
e e {
it i
s
e ees———|
———
¢ e
=) o =
p— p— o
i
(=)
(e
T
3 i

0.01 0.01 0.001 0.001 0.001
(6) Fe Fe ®
10 N
0 o
Au @
%""\& +
‘b\" T Au
\X‘I\ o
L7
Makpasc _ / Konkepa
Tonnen Mavm ’ v Banpam
. Kymrop 3 T BLK)H recyaHuKHu
I‘eu'ra):unn QQ(—) ’),Q\b‘ ," ‘ 0 Mt Olympus
\"'), D * LlymHblit, naiikn
‘c‘(\e\(b %6\" | \ LLyMHBI#, mecuaHUKNA
R é\\\\z Bermuro " Xanranac
Q- # ® | Buion, naiiku

Mano TapblHCKOC
Cyxoit JlIor - Crianum Mt

10 100 103 104 103 10
As, /T (1g)
© OGD no (Large, Maslennikov, 2020)

(F) ]05 \Q - (ﬂ\) 1000
VAl
L ; 03/
] M " A
104 . 100
K o, > A
/E\Q - ok . XS“/ /o\l) ™ ~a Ad .
= < am iﬂéx j=t =i »
3 o Tn o S \ £ 10 PR
= 103 //. ’i;li e -OOVS.’ = . 06a
= Zn afs - =) ~._ r=-0.
“ /»/ . -/(;h: -/'/\\/ < 1 ‘ S
100 S B
0'1 Il Il J
10 100 103 104 0 0.05 0.10 0.15
Co, 1/1 (log) Co, mac. %
Menunana CpenHee
® Maso-TapbIHcKOE ® banpan ® Xanranac  m BploH, necyaHuku
] - . ?
Pyl-2 Py3.{. LymHBIi, ecyaHuky® BoioH, naiiky ® LLIymHbIit, naiiku Mnﬂll__\]y?%' Make

Puc. 2. Bapuauuu conepXaHusi 1 COOTHOIICHUSI 3JIEMEHTOB IMPUMeCeil B MMPUTE OPOTEHHBIX 30JI0TOPYAHBIX MECTOPOXKACHUM
ueHtpanbHoit yactu AKMII. (a) pacnipenenenue anemeHToB-nipuMeceii B Py; (6) TpoitHast AvarpamMma f As Fe—S [9] nna Py3.
Tpennwsl 3amereHust As — S: As'™ n3omMopdHbIe 3aMelieHNs B Py3, HaHOBKITIOUEHUS As0 As — Fe: As®" U30MOp(dHBIC 3aMe-
meHus1 B Py3, AsST usomopdHbIe 3aMellieHus B Py3 u nByxBaJleHTHBIE MeTaJLIbl (MeH), n3oBajeHTHO 3amernawoiue Fe (Co,
Ni, Cu); (B—n) rpacduku, moKassiBawIue cooTHoueHusI B Py3 mexny KoHueHTpamueii: (B) As u Au, (1) Niu Co, (1) Co u Au
M3YyYEHHBIX MECTOPOXKICHUIA.

MbI ¥ KOHLIEHTpalluU AS B TIMPUTE U3 30JIOTOPYIHBIX  MEHb KOPPeasuuu Au U As (Ta,_as 10 0.9) (puc. 36). Ha
MECTOPOXIEHUI OTPaXaloT 3BOJIOLHMIO TUAPOTEP- rpaduKe cooTHoleHus Au u As B Py3 usyueHHBIe
MaJIbHOM cucteMbl. B Py3 ycraHOB/IeHa BbICOKAsI CTe-  MECTOPOXKACHUS pacrojiaraloTcsl HUXKe JIMHUM Ha-

JOOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMJIE  Tom 508 Ne I 2023
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(a) Maino-TapeiHckoe  bampan XaHranac Brion
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Puc. 3. CoaepxaHue 30JI0Ta B CYJIbdUaaX U3 METACOMATUTOB M3YyYEHHBIX MECTOPOXICHUI (a) U AMarpaMma COOTHOILIEHUS

MexXny KoHIreHTpanueit As u Au B Py3 (0).

cormerust Au: Cu, = 0.02 X Cu + 4 x 1075 (puc. 2 B)
[9]. OTmMeueHHOE KOCBEHHO yKa3bIBaeT Ha IIpeodiia-
JIaH1Ee CTPYKTYPHO-CBSI3aHHOI (pOpMBI “HEBUINMO-
ro” 3onora Au* B Py3.

s Apyl Tak xe, kak 1 mrs1 Py3 xapakrepHbl
npumecu Sb, Co, Ni u Cu, MUKPOIIPUMECHU NPYTUX
BJIEMEHTOB IMPUCYTCTBYIOT B KOJIMYECTBAX HUXKE Mpe-
nena ooHapyxeHust PCM (puc. 4 a). O611ast KOHIIEH-
TpauMs UX U3MEHSIETCS B 3HAUUTEIbHBIX Ipeaesiax,
HO B OOJNILIIMHCTBE MPOAaHAIU3NPOBAHHBIX 3€pEeH X
(Sb, Co, Ni, Cu) cocrasinster He 6osee 0.15%. Conep-
JKaHUE OTAEIbHBIX 3JIEMEHTOB HECTAOWILHO U MHIM -
BUAYaJIbHO IS Pa3IWYHBIX O0O0BEeKTOB. OCHOBHOII
npumechio B Apy3 aBisercs Sb (puc. 4 a). Ha mecto-
poxneHnnn Mamno-TapsiHcKoe Ha oo Sb mpuxo-
mutcst 60% Bcero o6beMa BIIEMEHTOB-IIpUMeceid, a
U1 Apy3 U3 Jaek — B cpenHeM 85% 1 B OTIeIbHBIX
obpasuax cogepxanue Sb nocturaer 1.03—1.8 mac. %.
IMpumeck Co cocrasisier 30—45% ot o6111eTO 06BEMA
npumeceit. Ha mectopoxxnennu BoeioH B Apyl n3 ma-
eK C¢, = 0.01—0.06 mac. %, a B TeppUT€HHBIX TTIOPO-
nax Cq, B KOJIMYECTBEe HUXe TIpesiesia OOHapyKeHUsT
PCM. IIpumech Ni (Cy; = 0.01—0.30 mac. %) u Cu
(Ccy = 0.01-0.04 mac. %) ompenenena B 65% mipo-
aHAJIM3MPOBAHHBIX 3epeH. Apyl MMeeT HeCcTeXnOoMeT-
prdeckwmit coctaB (B 72% anamm3os Fe/(S + As) = 0.5)
1 00bIYHO oGoraieH cepoii (As/S ot 0.77 no 0.99)
(puc. 4 6). HanboJsee 0JM30K K CTEXMOMETPUUECKO-
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My coctaBy Apyl mectopoxmenuss Mano-TapbiH-
ckoe. ImaBHBIe M3oMoOpdHBIE 3aMmenieHUsT B Apyl
MpoUCXomAT 1o cxeMe S!= — As'~ (r = 0.92—0.99) u
Fe?*(Fe*") = As?"(As*") (r = 0.65—0.84). DiaeMeHTHI
npuMecHu B Apyl (Sb, Co, Ni, Cu) Moryt 3aHUMaTh
KaK aHWUOHHBIE, TaK U KATUOHHbIC BaKaHTHBIE TTO3K-
X B CTPYKTYPE KPUCTAJIOB M UX pacIipenecHIe B
apCEeHOITMPUTE HOCUT MeHee YITOPSIOYEeHHBIN Xa-
paxTep, 4eM B UpuTe. MexXIy IIaBHBIMU 3JIeMEHTa-
MU U 2JIEMEHTaMHU-TIPUMECSIMU TIpe0o0IamaloT OTpr-
aTeJIbHBIE KOPPEJISIIIMOHHBIE CBSI3M C1aboit 1 yMme-
peHHoIi cuiibl. Hanbosee nmposiBiieHa cBs3b As U Sb
(r=-0.45...—0.61). ApceHOIUPUTHI C HECTEXUOMET -
PUYECKUM COCTaBOM U U3OBITKOM S 0OBIYHO 30JI0TO-
HocHBbI [12]. ConepxkaHust 3010Ta B Apy 1 U3y4yeHHBIX
MecTopoxkaeHuit 1o 126.3 r/T (puc. 3 a).

OnHOi1 13 BO3MOXHBIX IPUYMH Bapruallu COOSp-
xanus S, As, Fe 1 aieMeHTOB npumeceit B Apyl usy-
YEeHHBIX MECTOPOXICHUMN MOXET SIBJISITHCS HEOMTHO-
POIHOCTh TEMIIEPATYPHOIO IIOJISI KPUCTAJUIM3ALNU
MUHEpaJia, YTO OTMEYAIOCh TAaKXKe HAa MECTOPOXKIE-
Husax birarogatHoe nm Onnmmmana Enuceiickoro Kpsi-
xka [13]. Ha xoppensiimoHHOI uarpaMMe ¢ JIMHUEH
HacbieHus: Au o [10] cpenHue 3HaueHUss As 1 Au
Takke, Kak 1 B Py3 pacnojorairorcsi B moje M30-
MOP(MHON CTPYKTYPHO-CBSI3aHHOI (opMbl Au’ B
Apyl.
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Puc. 4. PacripeneneHue aJieMeHTOB-TIpMMecei B apceHonupuTel (a) M3 MeTacoMaTUTOB M AMarpaMma COOTHOIeHu S/As u
(S + As)/Fe (6) uzyuennbix mectopoxneHuii AKMII. IMepeceuenue nunuit S/As = 1 u (S + As)/Fe = 2 cooTBeTCTBYeT CTE-

XHOMETPpUYECKOMY cocTaBy [13].

HccenenoBanus CTabUIBHBIX U30TOIOB 034S maror
CBeJeHUSI 00 MCTOYHUKAX Cephl PYIHBIX (DIIOUIOB,
YTO BaXKHO IS TOHUMAHWS TeHE3KUCa PyIHBIX MECTO-
poxnenuii [14—16]. Benuunna 6**S omnpenenserca
ydyacTUEM Ppas3IMYHBbIX pe3epByapoB B (hopMuUpoOBa-
HUU PyI, BapHaluaMu (PU3UKO-XUMUUECKUX Mapa-
METPOB MPU 3BOTIOLUNY PYI00OPA3YIOIINX CUCTEM U
apyrumu dakropamu [16, 17]. Py3 MecropoxaeHust
Majo-TapbIHCKOE MUMEET MHTEPBAJ BEJIMYUH &3S oT
—5.5 1o +1.4%0, Apyl nokasai cienyiolye 3Haue-
Hus 83*S: —1.6 u —1.4%o (ta6i. 1). Ha mecTopoxae-
Huu banmpan stoT mokasarens B Py3 u Apyl, oro-
OpaHHBIX HA pa3IMYHBIX IITyonHax (ot 587 go 916 m)
UMeeT y3KUit nuamna3oH oT —1.1 1o +1.5%o0. Han6ob-
e Bapuauuu 6**S ycranosnens! B Py3 (or —0.7 no
+1.5%o0), a B Apyl nonyueHbl 3HaueHus 8°*S B tuana-
30He oT —1.1 mo +0.1%eo.

UszoTtonHbIA cocTaB 84S cynbdumoB U3 MeTaco-
MAaTUTOB MECTOPOXIeHUsT XaHrajac MMEET Y3KHUIA
WHTEpBaJ OTPULATEIbHbIX 3HaYeHUIT 6°*S B 1uanaszo-
He oT —2.1 10 —0.6%0, cooTBeTcTBeHHO W11 Py3 (ot
—1.9 10 —0.6%0) n Apy1 (ot —2.1 1o —1.1%o0). Ha me-
cTopoxaeHuu BrioH 3adukcrpoBaH HEOTHOPOTHEIM
M30TOMNHBIIA cocTas 6°*S cynbdunos. Haubosbiuue Ba-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

puauuu B 6°*S ycraHosiieHbl B Py3 u3 naek (ot —6.4 1o
+3.1%o0). B cynbdumax u3 TeppuUreHHBIX ITOPOJ TTOTY -
yeHbl 3HaueHus &°**S B Py or +2.3 1o +5.6%0 u Apy
+4.4%o0. AHanu3 uzoronHoro cocrasa 6°*S B Py3 us
MecTopoxaeHus: IIIyMHBI MOKa3al IMONOXUTETb-
Hble 3Ha4YeHust oT +2.1 mo +5.1%o. M30TOMNHBII cO-
ctaB 6°*S B Py3 u3 necuaHukos Kosebiaercs ot +4.3
10 +5.0%o0, B Py3 u3 gaexk — ot +2.1 no +5.1%e.

B 1enmoMm M30TOMHBINA cocTaB cepbl CyIbGHIOB
U3Y4YEHHBIX MECTOPOXICHUI IMOKa3bIBaeT AMAra3oH
BenmunH 8°*S ot —6.4 10 +5.6%o0 (cpennee 8**S mus
Apyl u Py3 u3 teppurennbix mopona +0.4 u +0.8%o
COOTBETCTBEHHO, cpenHee 0°*S mis Py3 us gaex
+0.5%0) (Tabmn. 1). DTH maHHBIE COMIACYIOTCS C pe-
synbratamu [ H. l'amsauuHa u ap. [6] miug cynbdumos
13 XuiabHbIX pyd OGD 3anannoit vactu AKMII, on-
Hako 0°*S cynb(PUIOB HECKOJIBKO TSKENIEE, YEM U3
30JI0TO-KBaplEeBbIX XUJ BocToyHOU vactu AKMII
(cpenHee 83*S s Apy u Py coorBercTBeHHO —3.9%0
" —4.4%o [17]. CX0OX1it I30TOIMHBIN COCTaB CePHI ap-
CEHOIIMPUTA M IMUPUTA U3 KBAPLEBBIX XWI [4, 6] u
BKpaIruIEHHBIX PYJ MOXET CBUIETEIbCTBOBATH 00 MX
¢dopMUpPOBAHUH B XOAe €IMHOIO TOMOTeHHOTO 3BO-
JIIOLIMOHUPYIOIIETO THAPOTEPMATIBHOTO COOBITHSI.
ToM 508
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Ta6mna 1. Mi30TomHEI cocTaB 84S mupuTa 1 apceHOTMPHTA U3 METACOMATUTOB U3Y4eHHBIX MecTopoxaeHuit TKMII

Mecropoxnenue |  MuHepan [opona d**Sycpr, %o n McTouHnK
Maio-TapreiHcKkoe | ApceHormuput | [lecuanukm, —1.6;—-1.4 2 JanHas pabora
Mupur aJIeBPOJIUTHI —-5.5;-2.3; 1.4 3
Bagpan* Apcenonupur | [Tecuanukn, |—1.1/—0.6; —0.7/—0.8; —0.5/—0.2; 16 | ®pumoBcKuii v ap.,
anespoautel | —0.4/—0.3; —0.4/0.1; —0.3/—0.3; 2022
—0.3/—0.2;0.0/—0.3
[Muput —-0.7/1.4; —0.5/1.0; —0.2/-0.3; 26
0.3/0.3;0.1/1.8; 0.4/1.6; 0.5/1.8;
0.6/1.9;0.8/1.1; 1.0/1.2; 1.0/0.7;
1.1/1.0; 1.5/1.5
XaHranac Apcenonupur | [lecuanuku, —2.1;—-14;-1.2; —1.1 4 Kudrin et al., 2021
I[Mupur anespomuthl  |—1.9; —1.5; —1.5; —1.3; —0.8; —1.0; —0.6 7 U JaHHag paboTa
Brion Apcenonupur | [lecuanuku, 4.4 1 HanHas padorta
[Mupur aJIeBPOJIUTHI 2.3;3.7,4.4;,5.6 4
IMupur Haitkn —6.4;—4.7, —4.6; —1.9; 3.1; 3.1 6
HIymHBII IMupwur INecyanuku, 4.3;5.0 2 Jannas pabora
aJICBPOJIUTHI
Jlaitku 2.1;2.4;2.5;4.8;5.1 5

IIpumeuanue. * — Jlnsi mecropoxneHuss banpaH mnpuBeneHbl 3HAYEHMSI M30TOMHOIO COCTaBa CEepbl NMUPUTA U apCeHONMUPUTA,
orpenesieHHbIe JIOKATbHBIM METOIOM Ha nepudepun (3HaMeHaTelb) U B LIEHTPe (YMCIIUTENb) 3€PEH.

BbIBOJbI

Hecrexuomerpuueckuit coctaB Apyl u Py3 us
MIPOKCUMAILHBIX METACOMATUTOB OPOTCHHBIX 30J10-
TOPYAHBIX  MecTOopoxineHuit  Mamo-TapbelHCKOE,
banpan, Xanranac, Beton u Hlymub1il AH0-KoabiM-
CKOTO METAJJIOTEHUYECKOTO T10sIca CBUACTEIbCTBYET
0 HaJIMYUU B CTPYKTYPE KPUCTAJJIOB BaKaHTHBIX MO~
3ULIMI, KOTOPBIE 3aIIOJIHSIIOTCS JIeMEHTaMU -TIPHME-
CSIMUA U CTPYKTYPHO-CBSI3aHHOI (hopmoil “HeBUIM-
moro” Au*. Apyl oGoraien cepoit (As/S or 0.77 no
0.99), conepxut npumecu Sb, Co, Ni u Cu (obmas
KOHIlIeHTpauust He 6osee 0.15%). Py3 comepxur Te
Ke 37eMeHThl (06lIeit KoHueHTpauuein 1o 3.71%),
pexe Pb, o6enHeH S u oboraiieH As (1o 3.16 mac. %).
OtHomrenue Ni/Co B Py3 10.0 > Ni/Co > 0.1 T4~
HO IS TUAPOTEPMATILHOTO OTPULIATEILHO 3apsixKeH-
HOTO TMpPHUTA C BBICOKOI MPOBOAMMOCTBIO (P-THIT).
VCTaHOBEHHBINM JUATIA30H BEAWYUH O-*S oT —6.4 1o
+5.6%0 B Apyl 1 Py3 MoXeT yKa3bIBaTh Ha y4acTHe
IOBEHWIBHBIX/MarMaTUYeCKUX UCTOYHUKOB B PYyIO-
0o0pa3oBaHUU, HO HEe UCKIII0YaeT BO3MOXHOCTh MO-
CTYIUIEHUSI Cepbl B MHUHEpaiooOpas3yloliunii diaong
13 OCaJOYHBIX TTOPOI HA OPOTEHHBIX 30JI0TOPYIHBIX
MECTOPOXICHUSIX IeHTpaibHOM yactu SIKMII.

NCTOYHUK OPMHAHCHUPOBAHUA

HccnenoBaHue BBIMOJHEHO MpW (GUHAHCOBOM TOMI-
nepxke 1o iany HUP UTABM CO PAH.
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GEOCHEMICAL AND ISOTOPIC CHARACTERISTICS OF DISSEMINATED
SULFIDE MINERALIZATION OF OROGENIC GOLD DEPOSITS
OF THE YANA-KOLYMA METALLOGENIC BELT
(NORTH-EAST OF RUSSIA)

Corresponding Member of the RAS V. Yu. Fridovsky~*, L. 1. Polufuntikova®*, and M. V. Kudrin®
“Diamond and Precious Metal Geology Institute, Siberian Branch, Russian Academy of Sciences, Yakutsk, Russian Federation
b Ammosov Northeastern Federal University, Yakutsk, Russian Federation

#E-mail: fridovsky @diamond.ysn.ru

The results of the study of the chemical composition and isotopic characteristics of the sulfur of disseminated
pyrite and arsenopyrite from metasomatites of the Malo-Taryn, Badran, Khangalas, V’yun and Shumniy
orogenic gold deposits of the Yana-Kolyma metallogenic belt are presented. Pyrites and arsenopyrites have a
non-stoichiometric composition. Arsenopyrites are characterized by sulfur enrichment (As/S from 0.77 to
0.99), minor of Sb, Co, Ni and Cu with a total concentration of up to 0.15 wt %. Pyrites contain the same
elements (total concentration up to 3.71%), less often Pb, depleted with S and enriched with As (up to 3.16 wt %).
The ratio of Ni/Co in pyrite is 10.0 > Ni/Co > 0.1, it is characteristic of hydrothermal negatively charged py-
rite with high conductivity (p-tumn). It is assumed that the “invisible” Au™ is found in disseminated pyrite and
arsenopyrite mainly in an isomorphic structurally related form. A range of values °*S from —6.4 to +5.6%o
in sulfides, is characteristic of juvenile/magmatic sources of sulfur of the studied deposits.

Keywords: pyrite, arsenopyrite, chemical composition, isotopic composition of sulfur, orogenic gold depos-
its, Yana-Kolyma metallogenic belt, northeast Russia
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