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In situ Hf-isotope data (~200 analyses) were collected on the dated spots within single zircon
grains from the main lithological units of economic (Noril’sk-1, Talnakh and Kharaelakh), subeconomic
(Chernogorsk and Vologochan), prospective Mikchangda and non-economic (Nizhny Talnakh and
Zelyonaya Griva) intrusions of the Noril’sk area. The analysis used a New Wave LUV213 laser-ablation
microprobe attached to a Nu plasma MC-ICP-MS at GEMOC [5]. The Hf isotope data suggest that
zircons from economic and subeconomic intrusions are characterized by the signature of a juvenile
mantle-derived magma. The less radiogenic Hf isotope values of zircons from non-economic intrusions
indicate mixing between mantle and crustal magma sources. Our new findings suggest the interaction
of distinct magmas, indicating that ultramafic-mafic intrusions of the Noril’sk area have a more complex
geological history than is commonly assumed. The «radiogenic» Hf isotope composition of zircon is
an effective fingerprint for identifying prospective intrusions and consequently is useful in exploration
for sulphide-rich ores associated with Noril’sk-type intrusions.

VYHHKaIbHBIE MECTOPOXKIICHUS TIJIATHHONIOB, HUKEJSI U MEIU PACTIONIOKEHBI B Ipenenax Mrapcko-
Hopunbckoii naneopudToreHHoi cucremsl Ha ceBepo-3anaae Bocrounoit Cubupu [1]. Onu npuypode-
HBI K YIbTpaMa@uT-MaQUTOBEIM HHTPY3UBAM MOIIHOCTBIO 710 360 M ¥ POTSHKEHHOCTHIO 710 20 KM.

CoBMelleHHOE TIPUMEHEHHE CIICIIMAIbHON TEXHOIOTHH MUHEPAIOTHUECKHX padoT (MeTona ppm-
MuHepano2uu) JUIA BbIIETICHHUS IUPKOHOB U3 TIOPOA U JIOKAJIbHBIX aHAJTUTHYECKUX METO/IOB H30TOIHO-
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ro aHaM3a 00ecreynsio HOBYIO, Ooree IETaJbHYI0 U TOUYHYIO HH(QOPMAIIHIO OTHOCUTEILHO TPOUCXOXK-
JICHUS TIOpOoJ yAbTpaMaduT-MaUTOBBIX HHTPY3UBOB HOpHIIECKOM MPOBUHITNH.

UccnenoBanus o ypaH-CBHHIIOBOMY JaTHpOBaHUIO HUPKOHOB MerogoM SHRIMP-II [2, 6-8 u ap.]
BBISIBUIIM JTUCKPETHBIA XapakTep paclpeicieHus BO3pacToB B MOPOAAX NPOMbIULLIEHHO-DYOOHOCHBIX
nHTpy3uBoB Hopunbck-1, Tannax n Xapaenax, pydornochsix (C METKUMU MECTOPOXKJIEHUsIMH) UepHo-
TOPCKOro U BoOrouaHcKoro, nomenyuanbuo pyooHocho2eo0 MHUKYaHTTMHCKOTO W COAEPKAIIUX MUHE-
paynmzanuio HibkHeTamHaxckoro u 3eJeHOrPUBCKOTO WHTPY3UBOB. BONBIIMHCTBO KOHKOPAAHTHBIX U-
Pb BO3pacToB pa3nuYHBIX IUPKOHOBBIX MOMYISUI HaxonsaTcst B mHTepBaie 230-270 muH. netr. Kpome
TOTO, MEHEE PaCIpOCTPaHEHHBIE TPYIIBI IIMPKOHOB 00pa3yroT JiBa Ooree JPEeBHUX BO3PACTHBIX Kilac-
tepa okono 300 u 340 miH. JeT.

Pesyneratel Hf-n3oronHoit cucremarnku (206 aHamu30B) AjIsl TPOJATUPOBAHHBIX 3€pPEH IIUPKO-
Ha BBITNIOIHEHB B YHUBepcuTeTe MakBopH mpu nomornu jazepHoit abmauuu (New Wave LUV213) u
Macc-CIIEKTPOMETPUH C HOHU3AIUeN B UHIIYKTHBHO-CBsI3aHHO# 1a3me (Nu-plasma MC ICP-MS), cie-
Iys aHAJMTHYECKUM MpOLeypaMm, JeTaJbHO OXapaKTepr30BaHHBIM B padore [5]. U3mepennsie '"*Lu/
I"7Hf orHoIeHus u kKoHcTaHTa pacnaga *Lu = 1. 865x 10" r! [9] ObuTH HCTIONB30BAHBI JIJISI BEIYHCIIC-
HUs HayanbHbIX n3otonHeix '"*Hf/'""Hf ornomennii. ITapamerp sncunon raduus (g,,), BeIpaxaromui
OTKJIOHEHHE HadanbHoro orHourenus '"Hf/'"Hf Mexay HUPKOHOM U XOHIPUTOBBIM YHHBEPCATbHBIM
pesepByapom (CHUR), ymHoxkeHHOe Ha 10%, ObuT paccuntaH ¢ ucronb3oBanueM "Lu= 1,865x10!" 1!
M TIapaMeTPOB XOHAPUTOBOTO pe3epByapa, mpemiokeHHoro B padore [3], e 7°Lu/!""Hf=0,0332 u "°Hf/
'""Hf=0,282772. Hf-monensnsrii Bospact (T,,), onpenensiomuii MUHUMaIbHBIH BO3PACT MCXOAHOIO
Mareprana MarMbl M3 KOTOPOW KPUCTAJUIM30BAJICSI IUPKOH, OBUT PACCUUTAH, UCHONB3Ysl U3MEpPEHHBIC
176Lu/!""Hf oTHOIIEHHS B IUPKOHE W TapaMeTpsl MOAeH [4], coracHO KOTOpOi pe3epByap ACIUICTH-
POBaHHON MaHTHH UMEN JHHEHHYIO H30TOMHYIO 3Bomoiuio or "*Hf/'"7Hf=0.279718 B 4.55 mup. jer
no '"°Hf/'"7Hf=0.283250 B HacTosiee Bpems u "°Lu/!""Hf=0.0384.

LupKOHBI U3 TIOPOJ] HPOMBIULTEHHO-PYOOHOCHBIX THTPY3UBOB XapaKTEPU3YIOTCS «PaMOTCHHBIMY
HayaJIbHBIM M30TONMHEIM cocTaBoM raduus (puc. 1). 3nadenus €, (T) Bappupyror B npezenax or +5.2
no +16.7 mpu cpennem snadennn &, (T) +10.0 (n=25) misa Xapaenaxckoro MHTpy3uBa, ot +5.2 1o +16.7
(e4(T) cpennee=+9.6, n=44) nna Tamnaxckoro unrpysusa u or +5.6 1o 19.3 (¢,(T) cpennee=+11.8,
n=35) nna untpysusa Hopunbck-1. Ha sBomonnonnoit auarpamme g, (T) — U-Pb Bospacr (puc. 1),
3HAYeHUs €, ONM3KU WIIM HECKOJLKO MEHBIIE CPEIHMX 3HAYEHHUH, XapaKTEepPHBIX [l JCIICTUPOBAH-
HOI MaHTHH, HO IIPEBHIIIAIOT TAKOBBIC I XOHIPUTOBOTO YHUBEpcaiabHOoro pesepByapa (CHUR). Cpen-
nue 3Hauenus Hf monensnoro Bospacra (T,) 11 qOMUHUpPYIOLIEH BEIOOPKH LIMPKOHOB NPOMbIULLEH-
HO-PYOOHOCHbIX MHTPY3UBOB HaxomsaTcs B npenenax 0.42-0.53 mupm. ner.

upkoHBI U3 TOPOI pyoorocksix UepHoropckoro m Bomorouanckoro uHTpy3uBoB (puc. 1) xa-
PaKTepU3YIOTCS CXOMHBIMU 3HAUCHHSMHU ng(T), BapbUPYIOIIUMH B npefenax ot +6.5 mo +11.1, (cpen-
Hee +8.5, n=12) u or +4,5 no +14 (cpenuee oxomo +7.6, n=9), coorBercTBeHHO. CpenHne 3HAYCHUS
T, A1 pyoonochwix unTpy3uBos 6musku (0.58 1 0.60 Mapa. €T, COOTBETCTBEHHO), CBUIETENLCTBYS O
BKJIaJIe TIPOTONMTA, oOpasoBabuierocs Ha pybexe IIporeposos u ®aneposos. Cxonnble 3Hadenus T
OBbLTH BBISBIICHBI HAMH B IOJMMHEHHOW BBHIOOPKE IIMPKOHOB Xapaenaxckoro HHTpy3uBa. Takum oOpa-
30M, IPU CPABHEHUH NPOMBIULLIEHHO-PYOOHOCHBIX U PYOOHOCHLIX HHTPY3UBOB XapaKTepHOU O0COOSHHO-
CTBIO TIOCJICTHUX SIBJISIETCSI HECKOIBKO MEHEE «paJiMOreHHbBIN» H30TOMHBIA cOCTaB Ta(HUS B IUPKOHE.

BbICOKO «paZiMOTEHHBI» M30TOMHBIA cOCTaB radHUsl B IIUPKOHE HOMEHYUATLHO PYOOHOCHO20
MUK4JaHTTHHCKOTO HHTPY3UBa (ng(T) or 11.9 mo 13.4, cpennee 12.7) oTmnyaer ero mo NJaHHOMY Tapa-
METPY OT PYOOHOCHbIX UHTPY3UBOB (pHC. 1), HO cOMMmKaeT ¢ npomviuinerno-pyoornocHoimu (Hopribek-1,
Tannaxckum u XapaenaxcKuMm) UHTPy3MBaMH. 3Ha4eHus MoxenbHoro Bospacra (T,) nupkona Muk-
YaHTAWHCKOTO UHTpY3uBa (cpennee 0,42 Mipa. J1eT) CBUAETENBCTBYIOT O BKJIaJ€ MPOTOINTA CpeaHena-
JIE030HCKOr0 BO3pacra.

HupkoHsl crabopyoornocHvix HKHETaTHaXCKOTO M 3elICHOTPUBCKOIO HHTPY3HUBOB XapaKTepH-
3yIOTCSl HAaMMEHee «paJuoreHHbIMI 3Hadenusamu '*’Hf/'*Hf initial, co cpenaumu 3nauenusamu g, (T)
+0.53 (n=75) u —0.34 (n=4), coorBeTcTBEeHHO. LIUPKOHBI C1aOOPYOOHOCHbIX HHTPY3UBOB TAKKE Xapak-
TEpU3YIOTCS Haubolee IPEBHUMH MOJIEITBHBIMU BO3pACcCTaMU OTJEIEHHS OT JACTUICTHPOBAHHON MaHTHUU
(Toy» 0.94 1 0.87 Mapa. JIET, COOTBETCTBEHHO), YKa3blBasi HA 3HAYMTENBHBIA BKJIAJ MO3IHEIPOTEPO-
30 CKOTO MCTOYHHKA.
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Cs B COIIACHU C Ipef-

MOJIOKEHHEM O B3aWMOJICHCTBUM JBYX KOHTPACTHBIX MarMaTH4eCKUX HUCTOYHHKOB W 3HAYMTEIBHOM
JUTUTEBHOCTBIO TIPOIECCOB (DPAKIIMOHUPOBAHS KOMIIOHEHTOB B MarmMaTuieckoil cucreme. Hempemen-
HBIM CJICICTBHEM 3THX MPOIECCOB JOIKHO OBITH JOCTHIKCHUE BBICOKOW CTENIEHW KOHIICHTPHPOBAHMUSI
PYAHBIX 3JIEMEHTOB U ()OPMHPOBAaHUE YHUKAIBHBIX IO 00beMaM PYTHBIX Marm.

Takum oOpasom, BriepBbie monyueHHble cucteMHbie U-Pb n Hf-nzoronnsie manubie Hapsmy c
JICTANBHBIM M3y4EeHHEM MOPQOJIOTHH ¥ BHYTPEHHETO CTPOCHUS MUPKOHA [6-8 U Jip.] MO3BONWIN BBIs-
BUTH paHee HEU3BECTHBIC CTAJJMH MAarMaTHYeCKON aKTHBHOCTH B HOpMIIbCKOM pernoHe u yrouHUTH HC-
TOYHUKH BEIIECTBA, BOBJICUEHHBIE B UX 00pa3oBaHue. MBI TollaraeM, 4to «pajauorennsliny Hf-uzoror-
HbIi cocraB uupkoHa (g,(T)>5) MoxkeT ObITH HCTIONB30BaH Kak 3(G(MEKTHBHbINA KPUTEPHUIi IIPH TUMHU3a-
MU ¥ UJCHTHU(QHUKAINN TIEPCIIEKTHB YABTpaMaduT-MaUTOBOrO MHTPY3MBA HA TUIATHHOHTHO-METHO-
HUKEJIEeBOE CyIb(GHIHOE OpYICHEHUE.
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The study presents the extensive results of a multi-technique approach, which utilized isotope
systematics of S and Cu of PGE-Cu-Ni sulphide ores and occurrences associated with economic,
subeconomic, prospective and non-economic ultramafic-mafic intrusions of the Noril’sk and Taimyr
provinces (Russia). In S-Cu isotope systematics, disseminated and massive sulphide ores from economic
deposits form a negative trend of isotope compositions, with distinct S and Cu isotope values at
Kharaelakh, Talnakh and Noril’sk-1, indicative of notably different ore material evolution. The restricted
range of 1**S values along with defined S and Cu isotopic variations, which closely match those from
sulphide-rich ores associated with economic intrusions, can be employed as useful fingerprints during
the assessment of a deposit productivity. Accordingly, the Chernogorsk and Mikchangda intrusions of
the Noril’sk area are considered as prospective for exploration of massive PGE-Cu-Ni sulfide ores.

Lenbio nccnenoBanus SBISUIOCH BBISBICHUE N30TOIMMHO-TEOXUMHUECKHX OCOOCHHOCTEN TIIABHBIX
THIIOB TUTATHHOUTHO-METHO-HUKEINEBBIX CYIb(QUIHBIX Py U pynonposieiennii Hopunbekoit 1 TaltMbIp-
CKOW TPOBUHITUH, KOTOPBIE MOTYT OBITh MCIIOIh30BAHbI JIsl OIICHKH MacITaboB OpY/ICHEHHS, aCCOIH-
UpYIOIIEro ¢ yasrpaMaduT-MadUTOBBIM HHTPY3HUBHBIME 00pa3oBaHusiMU ceBepa Boctounoit Cubupu.

N3zoronHo-reoxumudeckue pe3ynsrarsl (224 S u 99 Cu W30TONHBIX aHAIM30B) 0a3UPYIOTCS Ha
M3YyYCHHMH CYIb()UIHOTO BEIISCTBA Py U3 OMOPHBIX pa3pe3oB (1) npomviunenno-pyOOHOCHbIX UHTPY-
3uBoB Hopuibck-1, Tannax u Xapaenax, (2) pezepgubix MeCTOpOXKAECHUHN, CBA3aHHBIX ¢ UepHOropc-
kuM, 3y0-Mapkieiiaepckum, manrauackum, Bonoroyanckum u KOKHOMACHHCKAM MHTPY3UBaMH, (3)
NOMEHYUANbHO PyOOHOCHbIX MUKIYaHTAMHCKOTO, brHIOMMHCKOTO, J[foMTaIelickoro u ciabopy0oHoCHbIX
HeNpoMbIIUIeHHbIX HrkHeTannaxckoro, HXHEHOPUIBCKOTO U 3€l€HOTPUBCKOTO MHTPY3HBOB.
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