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BriepBrle mpesicTaBieHo 00001IeHIe TEOXUMHYIECKUX 1 MHHEPAIOTNIECKUX JaHHBIX, yKa3bIBAIOIINX Ha
BaKHYyI0 poib kpucraummsanun Os-Ir-Ru ¢a3 u ¢pakipornpoBanns TyromaBKux IDIATHHOMIOB HAa PAaHHUX
CTaMAX PBOTIOLMH HCXOMHBIX MATM U IPUMHTHBHBIX KYMY/IaToB Moko-0BBIPEHCKOrO PACCIOCHHOIO MACCHBA
(Ceepnoe Tlpubaiikanbe, Poccust). OObEKTOM HCCIIETOBAHUS SBSUTUCH B THITA TIATMOKIIA30BBIX MEPHIO0-
TUTOB U3 HIDKHEH YacTH MHTPY3HBA, PA3IMYAIOIINECS 110 MOPUCTOCTH MEPBUYHBIX OJMBHHOBBIX KyMYJIaTOB:
MEHee MEIAaHOKPATOBBIH (HO Oosiee MPUMHUTHBHBIN) THII | 1 Ooee MenaHokpatoBsi Tu 1. [lepBrie cBUaCTEb-
ctBa npucytcTBust Os-Ir-Ru (a3 morydeHs! mpu Hccaeno0BaHUAX cocTaBa amomMoxpomuta metogom LA-ICP-MS
B Iopozax THna | u cBsi3aHBI ¢ OOHApy)KEHHEM BKJIIOUSHHUI TyromiaBkux miatnHonoB (Os, Ir, Ru). [locneny-
IOIIUH MMOUCK TPH MTOMOIIM METOJOB JIEKTPOHHOI MUKPOCKOITHH MO3BOJIMI YCTAaHOBUTH B aJIFOMOXPOMUTE U3
IUIArHONIEPUIOTUTOB 000MX THIOB Oostee 25 3epeH JaypuTa u Ir-copepixaliero ocMus.

B pabote ob6cyxnaercs 3HaueHne reoxumuueckux cootnomenuit Ru/Cr,05 u Ir/Cr,0O, B mopoaax juist
pasneneHns paHHUX U 0oJiee MO3MHUX CTaauil (ppaKIHMOHUPOBAHUS SIEMEHTOB UpuaneBoi rpymmsl. Chopmy-
JIMPOBaH BHIBOJ, UTO Oonee BhicOKHE 3HaueHus oTHomeHui Ru/Cr,0,4 u Ir/Cr,0,4 B nnarnonepujgorurax I tuna
SIBIISIIOTCS MHIUKATOPOM 0OoJiee BBHICOKOH OOOTAIIEHHOCTH AJIIOMOXPOMHTA BKIIIOUCHUSIMH MHHEPAJIOB TYTO-
IUIABKHX IUIATHHOUIOB. DTO COIVIACYETCsl C OTHECEHHEM JIaHHBIX MOpoJ K (auuy Haubonee NPUMUTHBHBIX U
BBICOKOTEMITEPATYPHBIX YABTPaMa(UTOB, CBSI3aHHBIX C HCXOIHOH MarMoi, KoTopast Oblila B pAaBHOBECHH C OJIH-
BUHOM Fogg pu Temneparype okono 1290 °C. YcTaHOBIEHO, YTO MCXO/HAS JOBBIPEHCKAs Marma Oblia obes-
HEHa IUIATHHOMIAMH MPHUIUEBOI TPYINIIBI U POIUEM eIlle Ha JOKaMEPHOU CTaguu, IPH OTCYTCTBUH CHIHAIIOB
TIPOSIBIICHUS paHHEH CyIb(QUIHO-CHINKaTHOW HECMECHMOCTH.

ITnazuonepudomum, ucxoOHas Mazmd, arOMOXPOMUNL, NAAMUHOUObL UPUOUEBOLL 2DYNNbL, PPAKYUOHUPO-
sanue, 1aypum, upuoucmoiii ocmutl, [{ogvipen.

GEOCHEMICAL EVIDENCE FOR THE FRACTIONATION OF IRIDIUM GROUP ELEMENTS
AT THE EARLY STAGES OF CRYSTALLIZATION OF THE DOVYREN MAGMAS
(northern Baikal area, Russia)

A.A. Ariskin, G.S. Nikolaev, L.V. Danyushevsky, M. Fiorentini, E.V. Kislov, and I.V. Pshenitsyn

We have first generalized geochemical and mineralogical data indicating the important role of crystal-
lization of Os—Ir—Ru phases and fractionation of refractory iridium subgroup of PGE (IPGE) at the early stages
of the evolution of parental magmas and primitive cumulates from the Yoko—Dovyren layered massif (northern
Baikal area, Russia). The object of study was two types of plagioclase peridotites from the lower part of the
intrusion, differing in the porosity of primary olivine cumulates: less melanocratic (but more primitive) type I
and more melanocratic type II. Inclusions of refractory IPGE (Os, Ir, and Ru) discovered during LA-ICP-MS
studies of aluminochromite from type I rocks are the first evidence for the presence of Os—Ir—Ru phases. Sub-
sequent electron microscopy examinations revealed more than 25 grains of laurite and Ir-containing osmium in
aluminochromite from plagioperidotites of both types.
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Attention is focused on the importance of the Ru/Cr,0, and Ir/Cr,O, ratios in rocks for the separation
of IPGE at early and late fractionation stages. The conclusion is drawn that the higher Ru/Cr,0, and Ir/Cr,0O4
ratios in type I plagioperidotites indicate higher enrichment of aluminochromite in inclusions of refractory IPGE
minerals. This is consistent with the fact that these rocks are assigned to the most primitive high-temperature
ultramafites genetically related to the parental magma, which was in equilibrium with olivine Fogg at ~1290 °C.
We have established that the parental Dovyren magma was already depleted in IPGE and rhodium before its
entrance into a chamber. No signs of early sulfide-silicate immiscibility have been detected.

Plagioperidotite, parental magma, aluminochromite, IPGE, fractionation, laurite, Ir-containing osmium,
Dovyren

BBEJIEHUE

B oko-JloBbIperckoM pacciioerroM nuTpysuse (Ceseproe Ipubaiikanbe, Poccus) MpeacTaBieHO H-
pokoe pazHooOpa3ue Cyab(GUIHBIX PYJ U B Pa3HOU CTEIIEHW MUHEPAIM30BaHHBIX YIbTpaMapUTOB U rabOpou-
noB [KucioB, 1998; Toncthix u np., 2008]. ['maBHbIe THITBI MANOCYIb(QUIHON MHHEPAIN3AIlUH BKIIIOYAIOT:
1) TOPU3OHTHI OJIMBHHOBBIX Trab0OpO M IJIATHONEPHIOTUTOB C 000COOICHHBIMH BKPAIJICHUSIMH U THE3/IaMH
Cynb(UIHO-CUIMKATHOTO MaTepraa B CHJUI000pa3HbIX Tejax MPUJAOHHON YaCcTH MacCcHBa, 2) cnaboMHHEpau-
30BaHHBIE MIarnonepuaoTutsl (80—90 % onuBHHA) B 30HE Hepexoja K IUIarHOKJIA3COACPIKAIIUM AyHUTaM
[Ariskin et al., 2016] u 3) DIII'-MuHepann30BaHHBIE aHOPTO3UTHI U JIEHKOrabOpo B MOrpaHUYHON 00IacTH
MEX]Ty TOJIIIAMH TPOKTOIUTOB U OJIMBUHOBBIX Tab0po [ductnep, Crenun, 1993; Opcoes u ap., 1995; Konnikov
et al., 2000]. Kpaitae orpanndeHHa nH(GOpMALUSI O IPYTUX CYIbGUACOICPKAIINX TOPU3OHTAX B rabOpomnmax
BepxHeil yactu nHTpy3uBa [Toncteix u ap., 2008]. HegaBHO mpencTaBieHbl CBUETEIBCTBA CYIIECTBOBAHUS
HOBOTO THIIAa IUIATHHOIIAIUTAHEBOH MUHEPATH3alUH, ACCOIHUPYIOMEH CO NMUIMpaMH CyIb(QUA-TUIarnoKias-
OJTMBHHOBBIX arperaTtoB B HU3aX TPOKTOIHTOBOM 30HBI M0K0-/[0OBBIPEHCKOTO MAacCHBa: TOT Y4acTOK paspesa
Ha3BaH Hamu «30HOo¥ KoHHMKOBa» [ ApuckuH u nip., 2015; Kislov et al., 2016]. OTnenbHbII HHTEpEC MPEICTaB-
JISIeT 30HA IPUKPOBEIBHBIX rab0pouIoB, cojepkammx 10 5S—7 mac. % cynbdunos (puc. 1).

[TpuuuHbl NPOSIBIICHUS CYIb(QHUIHO-CUINKATHOW HECMECHMOCTH M MEXaHHM3Mbl (POPMHUPOBAHHS MAJO-
Cynb(UIHBIX TOPU3OHTOB B MOPOAAX ﬁOKO—HOBLIpeHCKoro MaccuBa (BKirouasi 30HbI DI -MuHEpamu3aImm)
OCTAIOTCS MPEAMETOM AUCKYCCHH. DTH MPOOJIEMBbI HE PEIIAIOTCsl HA OCHOBE TOJIBKO T€OJIOIMYECKUX HAOIIo/Ie-
HUI UM MUHEPAJIIOTHYECKUX UcclienoBaHuid. [[puHIMIHansHOE 3HaYeHHE UMEET MPUBJIeYeHHEe (PU3UKO-XUMU-
YECKUX METOAOB U3y4YeHHs] U ONUCAHUS CYIb(OUIAHO-CUIMKATHBIX CHUCTEeM. IIpy 3TOM OIHUM M3 KIIOYEBBIX
SIBIIETCSI BOIIPOC O COCTaBE MCXOAHOW (HamOoyiee IPUMHTUBHOMN ) HECMECUMOM CYIbGOUIHON KHUIKOCTH, 3aKO-
HOMEPHOCTSIX e¢ (PpaKIMOHUPOBAHUS MApaILICIFHO MAarMaTHYeCKOMY PacIUIaBy M COCTaBE MPOAYKTOB KpPH-
CTAJUTM3AIMK Ha TIO3JHEMarMaTnaeckoi cragud. Ha 3Ty ZOCTaTOYHO CIIOKHYIO KapTHHY SBOJIOIHMH «3aKPHI-
TBIX TI0 Cepe» MarMaTHYeCKHX CHCTEM MOTYT HAKJIAIbIBaTHCS IOMOJTHUTEIBHBIC CIECHAPHU, BKIIOUAIOIINE
peaxiuio cysib(QUI0B CO CBEKHUMH TMOPIUSAME 0a3albTOBOTO paciiiaBa (BO3MOXHO, HEHACHIIIIEHHOTO CEpOid)
WJIM B3aMMOJICHCTBUE MarM C BMEIIAIOIIMMHU MopoJiamMu. B 1000M cirydae BO3MOKHOCTh (PU3UKO-XUMHUECKUX
PEKOHCTPYKIMI MEPBUYHOTO COCTaBa CYJIb(OUIHON KHUAKOCTH U €€ MPOU3BOHBIX OMPEIENISICeTCS HaTMIUeM
9KCIEPUMEHTAIBHBIX AaHHBIX 0 pasaeneHun JIII" B cucteMme cynbpua—marmMaTudeckuil paciias. Mcnomnb3o-
BaHHUE ATON MHPOPMALIUHU JUI1 MHTEPIIPETAIUN TPUPOIAHBIX TAHHBIX U TOCTPOCHHUS Fe0JI0r0-IeTPOIOrHYECKUX
MoJIeNIel OCTIOKHSIETCS KpaliHe BBICOKUMH KOA(PPUIIMEHTAMH paclpeieieHns TYTOIUIaBKUX TNIATHHOUI0B UpH-
nueBoid rpynnbl (Os-Ir-Ru, Temneparypsl miasnenust 2700—2450 °C) u nerkoruiaBKux MjaaTHHOMIOB IUIaTH-
HOoBOM Tpynmbl (Rh-Pt-Pd, 1966—1555 °C) mexny cynbhUIOM U CHIIMKATHBIM paciuiaBoM. 1o skcrepumeH-
TaIBHBIM TaHHBIM, U1 Os ¥ Ru ot 3Ha4eHns BappupyioT oT 3% 104 mo ~10°, nust Pt u Pd npenmymiecTBeHHO B
nuanaszone 1.5x10*— 5.4x10° [Mungall, Brenan, 2014]. DTl KOHCTaHTbI [TOKA3BIBAIOT, YTO YK€ IIEPBBIC CYIIb-
(huaHbIe KaruIM MPaKTHYECKU MOJHOCTBIO AKCTPAarupyrloT IJIATHHOMIBI U3 MarMaTHYecKoro pacruiaBa. Jlamb-
HeWIIast HBOJIONHMS OOTaTOro IUIATHHOUIAMHE PAHHETO CYIb(PHIHOIO MaTepuaia JOJDKHA COMPOBOKAATHCS ObI-
cTpeiM obenaenueM JI1IT — kak pe3ynbTaT mociaeoBaTeIbHOTO pa30aBIIeHus paHHeH CyIb(QUIHON KUIKOCTH
HOBOOOPa30BaHHBIM CYJIb(OUIOM.

DTta 0COOCHHOCTh CYIb(OUIHO-CUIMKATHBIX PABHOBECHH B 3aKPBHITOW MarMaTH4ecKOl cHcTeMe TIopasy-
MEBaeT B3aMMOCBS3b KOJHMYECTBA M cocTaBa CyinbGumHou >xuakoctd [Campbell, Naldrett, 1979; Lesher,
Burnham, 2001]. O6a dakropa uMeroT peraroniee 3HaueHUe P PEKOHCTPYKILHUAX paHHEH (BhICOKOTEMIIepa-
TypHOil) uctopun noseaeHust DI1I" B Marmatuueckux kaMmepax. st mociaej0BaTeIbHOTO OMUCAHUS 3THX COOT-
HOIIEHH HEOOX0AMMO MAKCHUMAaJIbHO TOYHOE OIPE/IeIeHUE CTalH KPUCTAJUTU3AlliH, KOT/Ia B IPOJYKTaX 3BO-
JIOUK UCXOJHOW Marmbl (B 4aCTHOCTH, B 3aTBEPIEBAIOIIMX KyMyJaTax) Hayauoch OT/AEJICHHE HEeCMECHMOM
cynabduaHoi (as3pl. PemeHuio 3TuxX 3amad nocBsmieHsl myonukanuu [Ariskin et al., 2016; Apuckun u ap.,
2017]. I'naBHBIM OOBEKTOM HCCIEIOBAaHUNA B 3THUX paboTax sIBUJIMCH Haubosiee MPUMHUTUBHBIE TOPOAbI [{0BbI-
pCHa, TIPeCTaBICHHBIC IUKPOAOICPUTOM M3 30HBI 3aKaJIKH W TUIATHONIEPUAOTHTAMHI MOOIIBEI MACCHBA.
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B pesynbrare pacueroB mpu nomouu cyibduaHoi Bepcun mogenn KOMAI'MAT-5 [Ariskin et al.,
2013] ycraHoBIEeHa HEIOCHIIIEHHOCTh MCXOAHOM MarMel Cylb(pHUIHONW cepoil U 0OOCHOBaH BBIBOJ O Hadaje
Ccynb(UAHON TUKBALIMHU B «Kallle» KPUCTAIOB U OCTaTOYHOIO paciulaBa mpu temneparypax Hiwke 1240 °C (na
JTarne MOCTKYMYJIYCHOH KpHCTaJUIM3aluy). BriepBhle MOTyYeHB OICHKH COMCpPIKAaHUHA BBICOKO- H YMEPEHHO
xanmpKouibHbIX 31eMeHToB (Cu, Pd, Re, Ag, Cd) B npuMHTHBHO ¥ TIPON3BOIHON CYIb(QHUIHBIX KHIKOCTSIX.
KoBapuanuu 3THX pacueTHBIX KOHIIEHTPAINI IPOJCMOHCTPUPOBATIH COOTBETCTBHE MOJCIBHBIX U MPUPOTHBIX
TPEHJIOB, TIOCTPOCHHBIX 10 JaHHBIM LA-ICP-MS uccnenosanwmii [Ariskin et al., 2016]. IIpu 3Tom OblH ycTa-
HOBJICHBI KOPPEISIINHA MEKTy MaKCUMAIGHBIMI KOHIICHTPALIMSMH >JIEMEHTOB HPHUIHEBOH TPYIIIBI B CpeIHEM
cynbbune” ¢ HanmuneM JByX Ir-Ru MakcMMyMOB coliepiKaHUil 9THX 3JEMEHTOB B IUIATHONEPUIOTUTAX (CM.
puc. 1). O6a 5TuX MaKCUMyMa COBIAJIM C MMKOBBIMU cojiepkanusiMu Cr,O; B U3yueHHBIX 00pasiax Ha (oHe
HU3KHUX (POHOBBIX COJIEPKAaHUM cepbl. DTH HAOIIOACHNS IPUBEIH K BBIBOJY, YTO MOBEJACHNE TYTOIUIaBKHX TIJIa-
TUHOUJIOB B HanboJiee MPUMUTUBHBIX MarMax M KyMmyJiaTaX KOHTPOJIMPOBAIOCH HE TOJBKO CYIb(PUIHON, HO U
Os-Ir-Ru ¢azamu, HOCUTENIEM KOTOPBIX MOXKET SBIISATHCS aATFOMOXPOMHUT. DTO MPEANOI0KEHHE MOITBEPIUIOCH
npu muioTHBIX LA-ICP-MS uccnenoBanusax cocrasa mmunenu [Ariskin et al., 2016]. Kax pe3synbraT Oblia mo-
crapieHa 3anada morcka Os-Ir-Ru a3 B moBeipenckux nepuporutax. [lepBeie Haxonku naypura u Ir-ocmus
nipescraBieHbl A A. ApuckunbiM 1 1ip. [2016]. TTocienyromnue cucreMaTndecKnue UCCIISIOBAHISI MUHEPAIOT I
00pasoB U3 30HBI IEpeXo/ia OT TIArHOKIIa30BbIX MEPUAOTHTOB K TUIATHOKIIA3COACPKANIIM JyHHTAM MTO3BOJIHU-
JY MICHTUPUIMPOBATEL Oosiee 25 BriroueHui naypura (1—4 mxMm) u Ir-Os crutaBoB (1—5 MKM) B alTFOMOXpO-
mute [CrimpuaoHoB u ap., 2018].

B nannoii paboTe mpeacTaBieHs! JaHHBIE 0 cofepkaHmsix Os, Ir 1 Ru B ynbTpaoCHOBHBIX HOpoAax M
AITFOMOXPOMUTE 13 ~30-MeTpoBO¥ NEPEXOHOM 30HBI OT TUIArHONEPUAOTUTOB K IIIATMOKIIA3COACPKAIINM Y-
HuTaM B Mok0-/{0BBIPEHCKOM pacciIoeHHOM MaccuBe (cM. puc. 1). DTa nHpopMaIys UCTIOIb3yeTCs st 00Cy kK-
JIeHUsI paHHero (ppakIMOHUPOBAHUS IUIATHHOMIOB MPUIAMEBON TPYIIBI B TOBBIPEHCKON Marme Ha CTajuH,
MPEALIECTBYIOUIEH CHIIMKATHO-CYIb(UAHON HECMECUMOCTH.

CTPOEHMUE PA3PE3A U OIINCAHHUE OBPA3IIOB

MI3ydeHHBIH TOPU3OHT OTHOCHTCS K HaHOOJIee MOLIHOM LeHTpaIbHOl uacT Moko-J{0BBIPEHCKOro Mac-
CHBa, I'JI¢ HETIOCPEICTBEHHO B OCHOBAHUH (py4. BOIbIIOit) BCKPHIBAIOTCS 3aKalleHHbIC ra0OpOHOPHUTHI, OHU Ha
npoTspkeHUH 10—15 M CMEHSIIOTCSl TUKPUTOUTHBIMU Ta00POHOPUTAMH, KOTOPhIEC M3-3a O(PUTOBOW CTPYKTYPBI
OCHOBHOM MaccChl ObUTH Ha3BaHbI «TUKpoaoiepuTaMm» [Kucios, 1998; Apucku u np., 2009]. [TocnepoBaTeins-
HBIH TPEH]] YBEINYCHUS KOJIMIECTBA OJIMBHHA BBEPX II0 pa3pe3y HaXOIWT BRIPAKCHUE B TIOSBICHUN Bce Ooree
MarHe3uajbHBIX U CHIIBHOMEIIAHOKPATOBBIX TA0OPOHOPUTOB — BILIOTH /IO MHPOKCEHCOICPKAIIUX I1IarHOKIIa-
30BBIX MEPHUIOTUTOB U MPAKTHUYECKU OecupoKceHOBBIX (<1—3 %) mimarnokiascoiepKamux JyHUToB. Moi-
HOCTbH 3TOM CYIIECTBEHHO NEePUAOTUTOBOH Tomwm okoso 200 M (cM. puc. 1). B nmepekpbIBaromiei 3T0T rOpu30HT
30HE JYHUTOB (001Iei MOIIHOCTHIO OKOJIO 970 M) coepikaHue IIaruokiasa cHuxkaercs 10 3—6 %. B BepxHei
MOJIOBHHE 30HBI IYHHUTOB (BKJIIOYAIOLIEH KCEHOJHUTHI anokapOoHaTHbIX ckapHOB [KonHukoB, 1986; Kucnos,
1998]) HaunHAIOT JOMUHUPOBATH OJIMBUHOBBIE (IUTIOC LIMKUHEINb) aKyMYyJIaThl, B KOTOPbIX CYMMapHOE KOJIUYe-
CTBO IUIATMOKJIA3a U IMHPOKCEHA PEIKO IPEBBIMIACT IIEPBEIC MPOICHTHL. BhIie pacmonaraeTcst 30Ha TPOKTOH-
ToB (~950 M), peIcTaBICHHAS TIepecIanBaHIEM ME30KPATOBBIX U METaHOKPATOBBIX Pa3HOCTEH, COMEpKALIHX
He Oomee 1—3 % Cpx mpu MPaKTHIECKU MTOJIHOM OTCYTCTBHU OPTONHPOKCEHA. JICHKOTPOKTOIHUTHI PEIKH, UX
KOJIMYECTBO BO3PACTACT K BEPXaM 30HBI, TJIC TPOKTOIUTHI IIOCTENICHHO (Yepe3 30HY IePecIauBaHnsl) CMEHSIOT-
Csl OJIMBHHOBBIMHU Tab0po W rabOpoHOpHTaMU. MOIIHOCTh TaOOPOUIHON TOMIIN cocTaBiseT okoio 1050 wm.
Benuaer paspe3 ~200-meTpoBas 30Ha MMKOHUTCOACPIKAIIUX Tab0po™ u KBapi-rpaHo(GUPOBBIX TabOPOHOPH-
TOB (cM. puc. 1). HemocpencTBeHHBII BEpXHUI KOHTAKT CIaraloT MEITKO3EPHUCTHIC (3aKaJleHHbIE) Ta0OpOHOpH-
ThI, HECKOJIbKO MEHEE MarHe3najbHbIe, YeM Ha HUKHEM KOHTaKTe HHTPY3HBa.

TepMuHOIOrHA AOBBIPEHCKUX MePUAOTHTOB. 110 hopManbHBIM MpU3HAKAM OOJIBIIMHCTBO YIIBTPaoC-
HOBHBIX MTOPO/ M3 MOJIOIIBEI MacCUBA (HM)KE AYHUTOBOU 30HBI) JIE)KUT BHE KAHOHHMUYECKOTO TOJISl IEPUIOTUTOB,
TJIaBHBIM 00pa3oM M3-3a 3HAYUTEJIBLHOTO KOJIMYecTBa Iuiarnokiasa (puc. 2). [locinenoBarenbHoe (CHU3Y BBEPX)
HAKOIJIEHHE OJMBHHA MPUBOJUT K MIMPOKUM BapHalMsIM MarHe3MalbHOCTH 3THX MOPOJ, IpUYeM 3a Hauboee
MEJIAHOKPATOBBIMU Pa3HOCTSIMH B JIUTEPAType 3aKPEMILTICh TEPMHHBI ILIATHOKIA30BBIC JICPIOIUTED) HITH
«TIarvoKI1a30Bbie nepuaoTUuThDy [Konuunko, 1986; Kucios, 1998]. HekoTopble aBTOpHI MpUIAIOT 3TUM I10-
poIaM CMBICT MAPOKCEH-TIAaTHOKIIAa3-0JMBHHOBEIX KYMYJIaTOB, CIIATalOMINX OCHOBaHWE MaccuBa [ToicThIX u
1p., 2008]. DTO MPOTUBOPEUYUT OUEBHUIHOMY TPEHYy OJIMBHHOBOTO KOHTPOIS HAa PUC. 2. YUHUTHIBAS TPaIUIIUN
PETHOHATIFHOTO OTMCAHUs M KapTUPOBaHUS J{OBBIpeHa, MBI ITPOIOIDKACM TOTIH30BATHCS TEPMHHOM «ILTArHOIIe-

* 3 o o o
CpenHeB3BeLICHHBIN cOCTaB CyIbGUIHON (a3bl, pACCUMTAHHBIN KaK aJJIUTUBHAS (YHKISI OTHOCHTEIBHBIX IPOIOPIMI
Y KOHIICHTPALIUH JIEMEHTOB B MUPPOTHHE, MEHTIAHANTE (MSS), XaTbKOMUPHUTE U KyOaHuTe (iss).

*k ~
I/IHBCpTI/IpOBaHHBII/I TMAKOHUT JUATHOCTUPYETCA 110 MOSBJICHUIO XapaKTEPHBIX «EJIOYCK» pacrajga, NpeACTaBJICHHbIX Ja-
MCEJIJIAMHU KIIMHOIIUPOKCEHA B OPTOIIMPOKCEHE.

575



3akarneHHbIn rabbpoHopUT

R _ oo oo
copepallee rabopo

3000{ OrnuBNHOBI
| ra66poHoput
25007 onmsurosoe
= ] rae6po |AHOPTO3MT
g @@= Pup1 Cu Ni s Cr,04 Ir Ru
£ 20001 ~190 _— —
o] ] an @
- 1 TpokTonuTt BoHa /
o 1 KoHHukosa 180 L L
2 1500 sl L e
& /
2 / 170
Q / - o
() / L
& /
! 160 +
/ i"
/ 7
/ /// rrrr1 T 1 1771 ] TTTTITTTITTTTT] LIS I |
7 0 250 2000 3000 wmac. % 5 10 15 20 40 60
7//////////////// Mnarnonepnaotnt i ‘0‘1‘0‘2 ‘ % ‘ é ‘ mr/T mr/T
3akaneHHblii rabbpoHopuT @< HangeHbl Os-Ir-Ru dasbl

Puc. 1. Ctpoenne Moxo-JloBbipenckoro Maccusa [Ariskin et al., 2016] u pacnipeneienne cepbl, Cr,0O,,Cu,
Ni, Ir u Ru B 30He mepexoa oT MIaArnoNepuI0TUTOB K MJIATHOKJIA3COePKAIMUM TYHUTAM.

PUJIOTHUTHI», MOJAPA3yMeBasi, YTO 3TH CUIbHOMEIAHOKPATOBBIC MOPOJBI B JEHCTBUTEIBHOCTH MPEACTABISIOT
OJIMBUHOBBIC KYMYJIaThl B MarMax, OTBEYABIINX OJMBUHOBBIM radoponopuram [Ariskin et al., 2016; Apuckun
u ap., 2017].

Jlnst GONTBIIMHCTBA ITATHONICPHIOTHTOB B HU3aX yIbTPaMa(UTOBOM TONIIM XapaKTepHA IIMPOKast pac-
MPOCTPAHEHHOCTD (DIIOTOMHTA M KPYITHBIE OMKOKPHCTHI OPTOITMPOKCEHA — Bce OoJiee peKue Mo Mepe yBelH-
YEHUS! MATHE3UAIbHOCTHU [IOPOJ] CHU3Y BBEPX. DTH OCOOCHHOCTH CITy’KaT IIaBHBIM KAPTUPOBOYHBIM IPU3HAKOM
JanHoro ropusoHTa [Konnukos, 1986; Kucnos, 1998]. [lpyrast 0coO€HHOCTb — U3MEHEHUE MTPOMOPLUIL I1aru-
OKJIa3a ¥ NUpPOKCeHa. B HuxHEHW M cpegHel 4acTsaX INIarMONEepUAOTUTOBON 30HBI MOPOIBI AEMOHCTPUPYIOT
MIAPOKUE BapHALlUH KOJIMICCTBA HOPMATHBHOTO uarnokiasa (15—35 %, CIPW) u mupokcena (Cpx + Opx ~
~ 20—40 %) mpu coxpanennn otHomeHus Pl/Px mpumepro 1:1 mwm mHmmke (cM. puc. 2). [TogoOHBIE Mporopum
XapaKTepHbI TaK)Ke JJISI MUKPOJOJIEPUTOB M3 30HBI 3aKaJICHHOTO YHJOKOHTaKTa (Tabdi. 1), 9To mo3BossieT OT-
HECTHU 3TU BBICOKOMArHe3HajabHbIE TOPOJIbI K OJIMBUHOBBIM KyMyJlaTaM, B COCTaBE KOTOPBIX 3amucaHa HHGOp-
Malysi O COCTaBe UCXOMHOW MOBBIpeHCKOHM Marmbl [Ariskin et al., 2016].

Puc. 2. Bapuannu coctaBa 0JIMBUHOBBIX rad-
OpPOHOPUTOB M IUIATHMOKJIA30BBIX TNEPUIOTH-
TOB noA0BbI M0K0-/{0BHIPEHCKOr0 MACCUBA.

CocraBsl mopoj cM. B [Ariskin et al., 2016] u tabn. 2. Ot-
HOCHTEJIbHBIC IPOIOPLHHA MUHEPAIOB MPEICTABISIOT pe-
3yJIBTAaThl pacueTa HOpMATUBHBIX cocTaBoB nopox (CIPW).
Cepble KpecTHKH (BOPMHUPYIOT TPEHJ ITOCIEI0BATEIBHOTO
YBEJIMYEHHUS KOJIMYECTBA OJMBHHA B CHCTEME — OT 3aKaJIeH-
HBIX TAOOPOHOPUTOB U MUKPOJOJIEPUTOB JI0 CHILHOMEIIAHO-
KPaTOBBIX OJMBHHOBBIX rA0OPOHOPUTOB MIIH «ILIATHOJIEPLIO-
nuroB» [Kucnos, 1998; Toncteix u ap., 2008; Apuckus n
ap., 2009]. KpacHble 3Haukn — 30Ha nepexo/ia oT HauboJee
MEJIaHOKPATOBBIX Pa3HOCTEH ITHX MOPOJ K IIIATHOAyHHTAM,
XapaKTePU3YIOIIUXCsl PE3KUM IOHWKCHHUEM KOJIMYeCTBA
MUPOKCEHAa OTHOCHUTENBHO IUIarnokias3a (cM. Tekct). bosee

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ y KPYIIHBIC CHMBOJIBI TPEJCTABIAIOT H3YYEHHBIC O0Opasibl ¢
Px 0 0.2 0.4 0.6 0.8 1.0 Oliv  Os-Ir-Ru munepanuzarueii (cm. Tadm. 1).

10 [Inarvokna3oBeIn.-nepuaoTuT
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Ta6nuna 1. IleTpoxuMHYecKHe XapaKTEPUCTUKH U COAePKAHUS 0J1aropoAHbIX MeTAJLIIOB
B ITHKPO/10JIEPHTAX M3 30HbI 3aKAJIKH H IIATHOKJIA30BbIX MePHIOTHTAX

O6pasen how | JIOK gf\’;, Masc’. y ﬁ;ﬁ; Ir Ru Rh pd Pt | Au
ITuKpox0epUTHI U3 30HbI 32KAJKH HA HH/KHEM KOHTAKTe HHTPY3HBA
DV30-1 0.4 Fogg 1.01 0.05 0.17 1.07 3.13 0.75 8.44 7.12 1.52
DV30-4 5.4 Fogg 1.10 0.09 0.69 8.42 28.2 3.94 22.4 18.2 1.47
CHiIbHOMEJIAHOKPATOBBIE 0JMBHHOBbIE Ta00POHOPUTHI (IIaruonepuaoTuThI I THIA)
13DV547-10 156 Fogg 0.93 0.03 1.00 10.8 38.1 3.38 5.76 12.6 1.07
13DV547-12 157 H.JI. — — — — — — — — —
09DV501-7 158 Fogg 1.16 0.03 1.00 10.6 38.1 3.80 5.52 11.8 0.81
13DV547-16 160 Fogg 0.66 0.02 1.07 13.0 43.8 5.34 16.4 32.7 0.63
IlepecanBaHue NIArHONEPUAOTHTOB | TUIIA U MEPEXOAHBIX K INIATHOAYHHTAM
13DV547-31 167 Foge 1.65 0.02 0.42 0.51 2.03 0.23 2.25 0.40 0.40
13DV547-35 175 7? 0.75 0.09 0.69 0.95 3.68 2.05 353 14.6 1.58
13DV547-37 177 Fogg 0.76 0.05 0.68 0.85 4.04 1.59 26.90 10.50 1.77
13DV547-47 179 Fogg 1.18 0.14 0.56 1.06 4.52 2.36 413 11.6 1.55
13DV547-53 185 7 1.57 0.07 0.61 1.45 7.97 3.25 47.4 8.34 0.74
Ilnaruonynurtsl (maaruonepuaotuts! Il Tuna)

13DV547-59 186 H.IL — — — — — — — — —
13DV547-60 187 Foge 16.1 0.06 2.78 12.8 49.9 19.0 39.0 59.5 1.70
13DV547-62 189 Foge 4.77 0.03 1.31 5.46 223 8.12 14.9 23.6 0.75

I[Ipumeuanue. i — paccTosSHHE OT HIKHETO KOHTaKTa MaccuBa, copepxanus D11 u 30110ta nansl B Mr/t (;1abopatopust
GEOLABS, Ontapuo, Kanana). I[Ipenenst oonapysxenus coctapisior: cepa — 0.003 mac. %, Cr,O, — 0.002 mac. %; ans onaro-
poanbix MetayuioB (mr/t) — Ir (0.01), Ru (0.08), Rh (0.04), Pd (0.12), Pt (0.17), Au (0.4). ITetporpaduueckue TUIbI TaHBI C
y4eToMm pacueToB HopmatuBHOro coctaa (CIPW). JIOK — nuHMs 0JTMBUHOBOTO KOHTpOJIS Ha puC. 4; ?7? — 63 UeTKOM MPUBS3KH
K NETPOXUMHUYECKOMY TPEHIY, H.A. — HET NaHHBIX. [1omyXKupHBIM IpU(TOM BBIICICHBI 00pa3lbl, JCTaIbHO PACCMOTPEHHEIC B
3TOi1 pabore.

[lepBUYHBIC COOTHOMICHMS ITATHOKIIA3a M ITUPOKCCHA PE3KO MCHSIOTCS B BEPXHEH YaCTH IIATHOIICPHIIO-
TUTOBOTO TOPU30HTA (HAaUMHAs ¢ ypoBHS ~170 M), r1e OONBIIMHCTBO TTOPOJT COACPKUT He Ooee 9—12 % mo-
JICBOIITIATOBOTO KOMIIOHEHTa INpH Bo3pacTaHuu oTHolneHust Pl/PXx mpumepHo ot 1.5 mo 5 m maxe 16 (cm.
tabi. 1). Ha puc. 2 cocTaBbl 3THX TIOPO OTKJIOHSIOTCS OT IJIABHOTO TPEH[IA OJJTMBHHOBOTO KOHTPOJIS B HAIPaB-
JICHHUH TI0JIs OMMUHEPATBHBIX MEJIAHOKPATOBBIX TPOKTOIUTOB. V3-32 pE3KOTO CHIYKEHHSI KOJTMYECTBA MTUPOKCE-
Ha (<4—06 %) Takue MUPOKCEHCOCPIKAIINE TUIarHOKIa30BbIe MEPUIOTUTH O0BEANHSUINCH paHee Mo codupa-
TEJIBHBIM TEPMUHOM «ILIATUOLyHUTHD», KOTOPBIA MPUMEHSIICS ISl TAYKH [TOPOJT TIEPEXOAHBIX K TIArnOKIa3co-
JepxamuMm gyHutam (6osee 90 % onuBuHa), cMm. [Kucnos, 1998; Apuckun u ap., 2009, 2017]. B nannoit
mMyOIMKALMK MBI TaKXKe TPOJIOJIKAEM IOJIb30BATHCS 3TUM HE BIIOJIHE OJIHO3HAYHBIM TEPMUHOM (CM. Tadi. 1).

Manocyab¢puaHasi MEHEpaJIN3amusl B IUIArHOAyHHUTAX IOApoOHO ommcaHa B [Ariskin et al., 2016].
Bxparmnenus cynb(puaoB (Hapsay ¢ IIArdOKIa30M) BEIIOJIHSIOT 31€Ch TOPOBOE MPOCTPAHCTBO MEXKITY 3€pPHAMHU
KymyiycHoro onuBuHa. CynbGuaHbie Ba3bl npeacTaBicHbl MeTKUME (00b19HO 0.1—0.3 MM) OJTUMHHEPAITh-
HBIMH arperataMy mwin 0ojiee KPymHBIMHA (10 1 MM), HO peIKUMHA 3€pHAMH, CJI0KEHHBIMH acCOIHAIMEH MHppo-
THHA, TIEHTIAHAUTA (IPOIYKT KPUCTAUTH3AINN MSS C IMUPOKUMHI BapHausIMu oTHommeHus Fe:Ni) n xanpkonu-
puta. IlerTmanauT pesko npeodnamaet (o 80—95 %). BrimroueHns cynp¢punoB He 00HAPYKEHBI B OJUBHHE,
HO MPUCYTCTBYIOT B 3¢PHAX MHTCPKYMYIYCHOTO aIFIOMOXPOMHTA. DTO MOAYCPKUBACT OoJIee MO3/AHEe MPOsIBIIC-
HUE CYIb(QUIHO-CHINKATHOW HECMECHMOCTH B KyMyJaTax MpH 0ojiee HU3KUX TeMIIepaTypax UCXOIHOW TOBbI-
PeHCKOM MarMel [ApuckuH u 1p., 2017]. B marnonepuaoTutax H3y4eHHOTO TOPU30HTA KOJIUYECTBO CYIb(u-
JIOB 3aMETHO HKXe (CM. pacrlpeiesieHHe cepbl Ha puc. 1), MpH 3TOM OTMEYaeTcsl MPUCYTCTBHE MENKUX (10
20—50 MKM) OBaJIbHBIX BKIIOYEHUH CyIb(QHIOB B MaTPHLIE HHTEPKYMYJIyCHOTO TUIarMOK/Ia3a, peke B peakiu-
OHHBIX KaeMKaX OpPTOMUPOKCEHA BOKPYT 3epeH onmBuHA [Ariskin et al., 2016]. BO3MOKHO, 9TO 3TH BKIFOUCHHS
SIBISIFOTCSI CHTHAJIOM Hadaia Cylb(OUIHOW HECMECHMOCTH in Situ — B TIOPOBOM IPOCTPAHCTBE 3aTBEPACBAIO-
IIUX OJMBHHOBEIX KyMyJaToB. B pse cirydaeB B MHTEPKYMYIIyce YCTaHOBICHBI CpacTaHHs Ooyiee KPYITHBIX
3epeH cyJIb(OUIOB ¢ (DIOrOMUTOM.

CeMb NpeICTABUTEIBHBIX 00Pa3110B OBUTH UCITOB30BaHBI JUIs IOUCKA NIPU3HAKOB pUCYTCTBHUS Os-Ir-
Ru ¢a3 B amromoxpomure. OHE XapaKTepu3yIOT 00a IMIaBHBIX THIA IUIarHONIEPUIOTHTOB U MEPEXOAHBIC pas-

577



Puc. 3. Muxpodororpapun uuingos npeactaBuTeJbHbIX MJIaTMONEPUI0THTOB.

a—a: nerporpadpudeckuit T I (06p. 09DV501-7); e—e: nerporpaduueckuii tur I (mnarnoxynur 13DV547-60). CBepxy BHH3 IIpH yBe-
JMYEHUH X2.5 B TIPOXOJSIIEM CBETE: ¢, 2 — HUKOJIHN HapajiedbHbl; O, 0 — HUKOJIHU CKPEIICHBI; 6, ¢ — B OTPAKEHHOM CBETE.

HOCTH (cM. Tabm. 1) M IEMOHCTPHUPYIOT SKCTPEMyMBbI cojiepxanuii Ir u Ru B m3ydeHHbIX mopojax (cM. puc. 1).
Cawmbie HmxHEE 00pasipl (09DVS501-7, 13DV547-10, -12 u -16; tun 1) oTHOCATCS K KpaliHe MeJTaHOKPATOBBIM
OJIMBHHOBBIM TaOOpOHOPHUTAM, KOTOPBIC MPEICTABISIFOT KyMYJIaThl MOBBINICHHOW MOPHUCTOCTH, U MO CPaBHE-
HUIO C BBIIICICKANMMH [IATHOIEPUIOTUTAME COACPKAT MEHBIIIE KyMYJIyCHOTO OluBUHA (110 HOpMe 70—75
Mmac. %), Oosble MOWKUIUTOBOTO MJIarMOKIIa3a U 3aMeTHbIE KoJmuecTBa ¢uioronura (puc. 3, a-6). OTH MOPOIbI
JEMOHCTPUPYIOT HI)KHUI MAaKCUMYM IOBBIIIEHHBIX coaepkanuil Ir 1 Ru Ha (poHEe HEOOBIYHO BBHICOKUX COJEP-
xaanit Os 1 Ru B kpaitHe peakux BKpaIuieHUIX MeNKuX cyiabdumos [Ariskin et al., 2016]. Obpazen; 13DV 547-
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Ta6nuna 2. [IpeacraBuTejbHbIe COCTABHI MUKPOI0JEPUTOB U MJIATHONEPHIOTHTOB ABYX Fr€eHeTHYECKUX THIIOB,
BbIIeJICHHBIX HA PHUC. 4 110 TPEHAAM OJIMBUHOBOI0 KOHTPOJIS

Tpenn Fogg Tpenn Fogg
KommonenT

DV30-1 DV30-4 547-10 501-7 547-16 547-37 547-60 547-62
SiO,, mac. % 50.36 45.39 42.88 42.32 42.80 41.88 38.66 40.18
TiO, 0.56 0.36 0.13 0.20 0.13 0.09 0.12 0.10
AlLO, 11.94 7.10 4.78 4.21 4.11 3.18 3.86 3.42
Fe, 0,4 10.23 11.21 11.96 12.16 12.07 12.24 14.04 13.83
MnO 0.18 0.16 0.17 0.17 0.18 0.18 0.19 0.19
MgO 14.9 26.78 35.10 35.16 35.52 38.18 38.33 39.67
CaO 8.04 5.02 3.13 2.98 2.64 2.92 2.00 2.03
Na,O 1.76 0.80 0.39 0.37 0.26 0.18 0.08 0.14
K,0 0.76 0.59 0.08 0.29 0.11 0.09 0.12 0.11
P,0Oq 0.10 0.06 0.01 0.04 0.01 0.01 0.01 0.01
Cr,04 0.17 0.69 0.99 0.98 1.05 0.67 2.75 1.31
I 0.85 1.8 1.06 0.99 1.61 0.25 0.16 0.04
Cymma 99.85 99.96 100.68 99.87 100.49 99.87 100.32 101.03
Cu, r/T 71 50 51 38 28 90 108 20
Ni 559 1366 1672 1768 1665 1951 1645 1907

[Mpumeuanne. Homepa muarnonepuoTHToB npeacrasisior cepun 13DV547 u 09DV501 (cm. tabm. 1).

37 npencTaBiIseT OTHOCHTEIBHBII MUHIMYM COJCP)KaHMH TYTOIUIABKUX TUIATHHOWIOB B 30HE IEPeXo/ia K Iia-
ruoAyHuTaMm (cM. puc. 1), a marnoayautsl 13DV547-59, -60 u -62 oTHOCATCS KO BTopoMy (BepxHemy) Ir-Ru
MaKCUMYMY, KOTOPBIA KOPPEIUPYET C HECKOJIBKO MOBBIIIEHHBIMU cojiepxkanusmMu Pd u Pt (cMm. Tab:. 1).

Jns Bcex mIarnonepuI0TUTOB Ha CTpaTUrpadguueckoM ypoBHE 167—189 M OT HIKHEr0 KOHTaKTa Mac-
CHBa XapakTepHa OoJiee TUIOTHAs yIIaKOBKa KPUCTAIIOB oiMBHHA (10 85—90 %) 1 MOHMKEHHOE KOJIHMUYCCTBO
TJIarMOKIIa3a; coAep kanue (proromnuTa B HUX Pe3KO CHIKaeTcs (cM. puc. 3, e-¢). B Kimaccudeckux MmiaruoyHu-
tax 13DV547-60 n -62 oTmMeuaeTcst 3aMETHOE 00OrallleH)e allOMOXPOMUTOM U, Kak pe3ynbsTart, Cr,O,4 (Tabi. 2).

DU3NKO-XUMIYECKHe OTINIHNsSI 00pa31oB. BaxxHas 0COOCHHOCTh U3YUCHHBIX ITOPO]I CBs3aHA C HX Te-
HETUYECKOW HMHTeprperanuell. Panee ycTaHOBIEHO, YTO COCTaBbI NMUKPOAOJICPUTOB U ILIATHOICPHUIOTHTOB
MPUIOHHOM YacTH MaccuBa Ha quarpamme FeO—MgO moapa3aersiroTest Ha IBe KOHTPACTHBIE TPYIITBI (puc. 4)

[Ariskin et al., 2016]. [TepByr0 COCTaBISIOT MOPOJIBI
W3 30HBI 3aKAJKH (3aKAJICHHBIA TaOOpPOHOPUT W IMH-
KPOJIOJICPUTHI) U TIPUMEPHO TI0JIOBHHA 00pa3IoB TuTa-
TMOKJIa30BbIX MePUA0TUTOB. TOUKHM COCTaBa ITHX MO-
pona J1oKaTCda BAOJb JIMHUKU OJIMBUHOBOI'O KOHTPOJIA,
YKa3bIBAIOIICH Ha COCTAB OJMBHHA B HCXOIHOM Ky-

Puc. 4. /IBa TpeHaa 0JIMBHHOBOIO KOHTPOJISA, MO-
CTPOEHHbIe HAa OCHOBAHHUM JaHHBIX O COCTaBax
3aKaJIeHHBIX MOPOA M NMJIATHOKJIA30BBIX NMEPUI0-
THTOB W3 HM:KHeii uactn Moko-/[oBBIpeHCKOTO
MaccuBa.

Cocrasl mopoz cm. B [Ariskin et al., 2016] u Tabn. 2. Cunue u
romyOble cuMBONBl (TpeHI Fogg, 3eNeHas JUHHSA) XapaKTepH-
3yI0T HauOoyee BBICOKOTEMIIEPATYpHYI0 MarmMy M KyMyJaTbl
(~1290 °C). IIpencTaBUTEIBHBIC TUKPO/IOICPUTHI OTBEYAIOT IBYM
o0pa3suam, IpUBEACHHBIM B TabJ1. 1. PO30Bble KPECTHKH U JIMHHS
(tpenn Fog) XapakTepn3yroT COCTaBEI TIOPOJ, KPUCTAIIN30BaB-
MIUXCSI U3 OTHOCHUTEIBHO HU3KOTEMIIEPATyPHBIX KYyMYJIaTOB TIPH
T' <1240 °C. Kpynnsle rony6sie KpecTsl Ha Tpenje Fogg oTBeua-
10T IUIarHonepuaoTuTaM | Tuma Ha crpaturpaduueckoM ypoBHe
156—160 M. KpacHble cCUMBOJIBI OTHOCATCSI K IOPOJIaM B 30HE
HepecIauBaHus U Hepexo/ia IUIArHOKIA30BbIX IEPHIOTHTOB pa3-
HBIX THITOB K TUIArHOAyHUTaM (cM. Tabu. 1).

TpeHa Fogg OI 86 % Fo
TpeHp Fogg '
13 * MpepncraBuTenbHble 547-60 :
NUKPOZONEPUTBI '
@ lepecnaviBaHune aByx 087
Tunos Pl-nepnaotuTtoB .. '.
1
12 Y \
= .
¢ ¥ 5017 @ /S (88
= 1
5 & ( :
g 11 547-10 '
g + H+ 547-37 1
c ¢ 89
2 i + 54716
s Ol '-
1
104 { I +DV30-4 '.
DV30-1
9 @ == HaitneHbl Os-Ir-Ru chasbl
T T T T T T T T T 1
0 10 20 30 40 50

MgO B nopoge, mac. %

579



mynare ~Fogg (cM. puc. 4). CocTaBbl OCTANBHBIX ILIATMONEPHOTUTOB (POPMHUPYIOT TPEH]| B HaIPaBIEHUHU 0O-
JIee JKeIE3UCTOro onuBuHa ~Fog,. Takum 00pa3oM, miaruonepuaoTuTsl I merporpaduueckoro Tumna B reHeTH-
YECKOM OTHOLICHUH TOAPA3JENIAIOTCA Ha JBE TPYIIbl COCTAaBOB, MPEICTABJIAIOLIMX TPEHIbl HAKOIUICHHS
OJIMBMHA Pa3HON MarHesuanbHocTH. [lmarmonepuporutsl Il THma (MIaruoayHUTHI) COOTBETCTBYIOT TOJBKO
Tpenay Fog.

Paznmams B cocTaBe MCXOIHOTO ONIMBUHA YKA3bIBAIOT HA Pa3sHOPOIHOCTh MaTepHaia, u3 KOTOporo ¢op-
MHUPOBaJIaCh NPUAOHHAS YacCTh JOBBIPEHCKOH MarMaTH4ecKol Kamepbl. JTa IeTepOre€HHOCTb BBIPA)KAaeTCs B
TOM, YTO UCXOJIHbIE MarMbl — 3TO CMECH OJIMBMHA M MarMaTU4YeCKOI'0 paciljiaBa, pa3jIMyarolluecs 0 COCTaBy
onusuHa (Fog, 1 Fogg), MarHesnansHoCTH M TeMnepaType paciiasos [Ariskin et al., 2016]. Bepxuuii npenen
TEMIIEPATyPhl JOBBIPEHCKON MarMbl B PAaBHOBECHH C ONMBMHOM Fog, onenen kak ~1290 °C [Apuckun u 1p.,
2017]. Ana uaTepIIpeTaliy pe3yIbTaToOB Ba)XXHO, YTO TPH 00paslia riarnonepuaoTuToB I Tuma u3 tabdn. 1 (cm.
roxyOble KPeCTHKHU Ha puc. 1, 2 u 4) npencTaBsIoT Hanboiee BEICOKOTEMITEPATYPHBIE OJIMBUHOBBIC KyMYJIaThI.
B a1y ke rpynmy mo neTpoXuMHYECKUM KpuTepusM nonanaet oop. 13DV547-37 (cm. tabi. 2) u3 30HbI niepe-
CJIaMBaHUS IJIarHONEPUIOTUTOB | THIIAa U ePEXOAHBIX K IUIarnogyHuTam nopox (cm. tadiu. 1). CocraBel mia-
ruogyHuToB 13DV547-60 (cM. puc. 4) u -62 yka3blBaloT Ha 0oJjiee HU3KYIO TEMIIEpaTypy MarMaTHYecKOro
pacruiaBa, BepositHO, Bbie 1200 °C, vo mrke 1250 °C [Apuckun u np., 2009].

METO/bl UCCJIEJOBAHMII

AHaIUTUYECKHE MCCICOBAHUS BKIIOUAIN ONpe/ielieHNe COCTABOB IMUHENH (TJIaBHBIE JJIEMEHTHI + Ty-
roIyIaBKUe IJIaTHHOM/IbI), U3YUEHUE COCTaBa BKIIIOYEHUH MUHEPAJIOB IIJIATUHOBOM TPYIIIBI B IIITMHENN U OIpe-
JISJIEHUE BAJIOBBIX COCTABOB IIOPOJ, BKIt0Yas coaepkanus DI

MuKpo30H/10BbIe HCCIEA0BAHUS COCTABA ATIOMOXPOMHCTON mmuHeau u munepasoB JIII mposo-
JUIIUCH B 1TaOOpaTOPUH JIOKAJIBHBIX METO/IOB HCCIEAOBAHUS BEIIECTBA Ka(eaphl METPOTIOTUU T'€OIOTHIECKOTO
(akynpereta MI'Y u B LlenTpanbHoit HaydHOM nadopatopun TacMaHuiickoro yHusepcuteta (Xobapt, ABcTpa-
misi). B mepBoM cityuae MCHONB30BajCs 3MEKTPOHHBINH MuKpockon JSM-6480LV ¢ BosnbdpamMoBbIM TEpMOd-
MUCCHOHHBIM KaTo1oM («JEOLy, SImonws), OCHAIIEHHBIN YHEPTOIUCIIEPCUOHHBIM crieKTpoMeTpoM X-Max-N50
(«Oxford Instruments», Benukobpuranust). B Tacmanuiickom yHHBEpCcHTETE TPUMEHSUICS 3JICKTPOHHBIN MU-
kpoananuzatop SX-100 (Toybko riaaBHbIE 3JI€MEHTHI B LINKUHENN). CTaHaapThl U 00pa3Lbl U3MEPSUIN B PEKUME
chokycupoBanHOro 30HAa: B MI'Y mpu yckopsitorem HanpspkeHuu 20 kB, cuiie Toka 3JIeKTPOHHOTO 30H/1a
10 HA u moctostHHOM BpeMenHu 5 ¢; B TacManuu — nipu 15 kB u 30 HA. [{ns onTtumuzanuu npoduiei sMuc-
CHOHHBIX JIMHUW XapaKTePUCTUIECKOTO M3IYUCHHS 3JIEMEHTOB B Ka4eCTBE STAIOHOB B MI'Y HCTONB30BaINCh
CTaHAAPTHI METAJUIOB, CTEXHOMETPUIHBIX OKCHIOB U CylIb(umoB; B TacMaHUl — MEXITyHAPOIHBIH CTaAHAAPT
xpomura USNM 117075 u3 Hoeoit Kanenonuu [Jarosewich et al., 1980].

YuureIBasi, 4To JUAMETP JIEKTPOHHOI0 30Ha cocTaBisil mpu 3ToM oT 100 10 300 uM, tnamerp obiactu
3¢ dEeKTUBHON SMUCCUHM BTOPUYHOTO PEHTICHOBCKOTO M3Ny4YeHHs He mpeBbiman 1.0—1.5 MKkM. DTO COOTHOCHUT-
¢ ¢ pazmMepoM 3epeH MuHepanoB DI, n3ydeHHbIX B 1aOOPaTOPUH JIOKAIBHBIX METOI0B UCCIIEAOBAHUS Bellle-
ctBa [CrnupuoHOB U Ap., 2018]. ITpu 3agaHHBIX YCIOBUAX AUCIEPCHS U3MEPEHHBIX KOHLUEHTPALMH IJIaBHBIX
anemeHToB (Oosnee 10 mac. %) He mpeBbILIaeT NOJIOBUHBI OTH. %, a IpeAesbl 0OHAPYKEHUs Ul BCeX aHau-
3UpyeMbIX uieMeHTOB cocTaBistoT 0.03—0.08 mac. %. B TacmanuiickoM yHUBEPCUTETE TOUHOCTb U3MEPEHMUSI
COJIepyKaHMs TJIaBHBIX AJIEMEHTOB B LINHMHEIHN OLEHUBAETCS B 2 OTH. %.

LA-ICP-MS wuccienoBanus cocrapa mmunean. Konnentpanuu Fe, Ni, Co, Cr, Mg, Al, Ti u tyro-
wiaBkux matuHonnoB (Os, Ir, Ru) B amomoxpomuTte ObUIN onpesesieHbl METOI0M MacC-CIIEKTPOMETPUH WH-
JYKTHBHO CBSI3aHHOM IJ1a3Mbl NpH JaszepHoit admsiun npernaparoB (LA-ICP-MS) B Llentpe uccienoBanuii
pyaHbIX MecTopoxaeHuil npu Tacmanuiickom yHuBepcutere (CODES, r. Xo0apt, ABcTpanusi). AHanuTHYe-
CKoe 000pyZI0BaHUE BKIIFOYAI0 MUKPO30HI ¢ Ja3epHoit admsuueii ASI Resolution S-155, Ha KoTOpOM HCIIONB-
3ytotcsi 193-HaHomeTpoBbli 3kcuMepHbId sazep Coherent CompexPro u kBaapynoJbHBIH Macc-CHEKTPO-
MmeTp Agilent 7700s. Pazmep sazepHoro mydka coctaBisut 22—40 MKM IIpH 4acTOTe UMITYJIbCOB 5 1 B aT™MOC-
(hepe yrcroro renusi. A3po30Jib C MPOIYKTaMU UCTIAPEHUS OCTABIISIICS K Macc-criekTpoMeTpy He-Ar ra3oBbiM
HocuTeneM. Kaxprit ananu3 Brimodan uaMepeHus GpoHa B Tedenue 30 ¢, 32 KOTOPBIM CIIEI0BAI 3Tall (PHKCAIIUH
CUTHAJIOB TIpY BKJIOYeHHOM Jazepe (60 c). KoHIeHTpaluuu TyromiaBkux IIaTHHOWIOB U3MEPSUIM Ha Maccax
1890s, 193]r, Ruu 1°7Ru. B kauecTBe KaMnOPOBOYHBIX CTAHAAPTOB MCHob30Band STDGL2b2 u NiS-3 [Danyu-
shevsky et al., 2011; Gilbert et al., 2013]. Pacdyer KOHIIeHTpaIMii POBOMJIICS MO CTAHIAPTHOW IMPOIEIype
[Longerich et al., 1996] ¢ momomisto pazpaboTaHHOro B Ja00OpaTOpHH MPOTPaAMMHOTO oOecrieueHus. B kaue-
CTBE BHYTPEHHHX CTAaHIAPTOB MPUMEHSIIA METATHYCCKOE JKEIIe30 U HUKEIb. Y pOBEeHb HHTepepeHtnn ArNi*
u ArCo™ Ha pyTeHHH KOHTPOJHPOBAJICS MpH a0dmaunu ynucThix MeTauioB — Ni u Co [Guillong et al., 2011];
COOTBETCTBYIOIIME MMONPABKH BHOCKHJIM BO Bce aHanu3bl. [Ipemessl oouapyxkenus mis 8°0s, 193Ir, Ru u 191Ru
CHIIFHO BapbUPYIOT B CIIyYae KaKIOr0 KOHKPETHOTO U3MEPEHUS: IS TIPEICTABICHHBIX B Ta0J. 3 Pe3ysbTaToB
OHHM COCTABJISIFOT B CPETHEM OKOJIO 5 MI/T JUISl OCMHUS U HPUINS U TTopsiika 10 Mr/T uist 06Ja1aroniiuX MEHbIICH
ATOMHOM Maccol M30TOIOB PYTEHHUSI.
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Tabnuma 3.

Hpe)lCTaB](lTeJ]beIe COCTaBbl AJIIOMOXPOMUTA, HE COAEPIKALLECr0 U CoAeprKallero

BrJoueHus: Os-Ir-Ru ¢a3

13DV547-10 | 09DV501-7 | 13DV547-60 | 13DV547-12 | 13DV547-37
AJIIOMOXpPOMUT
Kommonent
0e3 BKIIFOUCHHUI [ 1aHHas paboTa] ¢ BKJItoueHusiMU [CipuIoHOB U 11p., 2018]
1 2 3 4 5 6 7
Cr,0,4 44.54 44.52 41.92 44.72 4591 46.41 47.09
AlL,Oq4 19.07 18.30 22.25 17.16 20.17 17.42 17.25
Fe,04 4.42 3.35 2.86 3.56 1.58 2.81 0.49
FeO 21.95 24.58 21.87 24.01 22.54 23.64 25.46
MnO 0.23 0.28 0.27 0.32 0.54 0.41 0.25
MgO 8.99 7.35 9.34 7.56 8.06 7.49 6.90
NiO 0.09 0.14 0.08 0.13 — 0.13 0.08
TiO, 0.99 1.44 1.16 1.71 0.46 1.14 1.98
Cymma 100.28 99.95 99.77 99.16 99.26 99.45 99.50
Cr# 0.610 0.620 0.558 0.636 0.604 0.618 0.645
Mgt 0.422 0.348 0.432 0.360 0.389 0.354 0.321

IIpumevanue. auupie nomyuenol: 1—4 — B llentpanbHoli Hay4yHOH Jaboparopuu TacMaHHICKOrO YHUBEPCUTETA
(Xobapt, ABcTpanms); 5—7 — B 71a00paTOPHH JIOKAITBEHBIX METO/IOB NCCIIEIOBAHHS BEIIECTBA Kaeaphl IIETPOIOTHI TeOIOTHYe-
ckoro ¢akynpreta MI'Y. Bxmrouenus: 6 — Ir-ocmus, 7 — maypura. [lokazarenmu cocraBa: Cr# = Cr/(Cr+Al), Mg# = Mg/
(Mg + Fe?").

BanoBrble cocTaBsl mopon (cM. Tadi. 2) u3ydeHsl B naboparopur GEOLABS (Sudbury, Ontario, Canada,
www.mndm.gov.on.ca/sites/default/files/2017 geo labs_brochure.pdf). Conepxanus rimaBHbIX 21eMeHToB (Cu
u Ni) mosry4eHs! mo cTanaapTHeIM MeToaukaM XRF-anamu3a. KoHneHTpanum 301m0Ta ObUTH ONIpeIeieHbl METO-
oM ICP-MS mociie THIpOTUTHYECKOTO pa3iokKeHUs po0 B apckoi Bojike; KoHmeHTpauu Ir, Ru, Rh, Pt u Pd
ompenensuuch MeronoM ICP-MS B mpoxykTax mpoOHpHOH SKCTpakiuy (TIpenensl 0OHApyKeHUS CM. B TIPHU-
Me4yaHuH K Tadm. 1).

PE3VJbTATHI HCCJIEJJOBAHUI

CocTaB ajaioMoOXpoMuTa. J[JIs1 BCETO MIarnonepuI0TUTOBOIO TOPU30HTA (CM. puC. 1) XapakTepeH Im-
poxuil quanasoH coaepxkanuii Cr,O; (~0.5—3 mac. %) ¢ MakCHMalbHbIM KOJIMYECTBOM ILIMMHEIH B 00p.
13DV547-60 — o 6—7 006. % (cM. puc. 3, e-¢). MuHepaJoruueckoe OMUcaHue U 0COOEHHOCTH COCTaBOB
mmnuHeny ¢ BkIoueHussMu Os-Ir-Ru ¢a3 mpuenens! B padote [CrupunoHos u ap., 2018]. JlomoaHUTEnbHBIH
MAacCHUB TOJIy4YEHHbIX HAMH MUKPO30H/IOBBIX JAHHBIX JJIsI HHTepBaia 155—162 M OT KOHTaKTa MacCUBa BKIIIO-
yaet 26 coctaBoB. B Tab. 3 9TH npeacTaBUTENbHbIE COCTaBbl A TarnonepuaoTutoB I tuna (13DV547-10 u
09DV501-7) comnocTaBisitOTCs C COCTaBOM IUIUHENU U3 IutarnogyHuta 13DV547-60. OTu naHHble yKa3bIBalOT
Ha JOCTaTOYHO YCTOWYMBBIA COCTaB aTIOMOXPOMHTA, COIEPIKAIIECTO B CpeaHeM (110 MOTHOM BEIOOpKE 40 aHa-
mm30B) 17.6£2.0 mac. % Al,O4 n 44.6£2.7 mac. % Cr,0,. ITokazarenu xpomuctoctu Cr#f M MarHe3HaabHOCTH
Mg# anromoxpoMuTa TakKe BapbHPYyIOT B y3Kkux npeaenax ~0.634+0.03 u 0.35+£0.05 coorBercrBenno. Cyie-
CTBEHHBIX Pa3IIUYMi MEXTy COCTaBaMH IITHMHEIH, CoJepkKaiiei (cM. Ta0ur. 3, cocTaBbl 6 U 7) U HE cojieprKaIiei
muHepanbl D117, He oOHapyKeHO.

Pacnpenenenne Os, Ir 1 Ru B amiomoxpomuTte. ComepkaHus 3THX 3JIEMEHTOB OBIIIH OTPEICIICHBI Me-
tonoMm LA-ICP-MS B 46 3epHax mmuHenuaa u3 18yx oopaszmos: 13DV547-10 (n=12) u 09DV501-7 (n = 34).

Tabnuna 4. KoHuenTpanyuyu njiaTHHOMI0B HPU/INEBON rPYyIIIbI B A1I0MOXPOMHTE
Tyl"Ol'IJ'IaBKI/Ie TJIaTUHOU OB, MI/T
Ob6pazen Komn-Bo 3epen
18905 1931r 99Ru 101Ru
13DV547-10 12 148+4.2(3) 7.0+3.6(8) 37.5+8.4(4) 27.1+12.0 (4)
09DV501-7 28 16.8 £ 8.6 (11) 8.3+4.1(12) 45.0+28.1 (5) 24.6+1.8(3)

I[Mpumeuanne. [t o6p. 09DV501-7 BeIOpaHE! 3epHa amoMoxpomuTa 0e3 sBHBEIX BKItoueHuit Os-Ir-Ru ¢a3. Bepxuue
WHJIEKCHI IPH Ha3BAHHAX JIEMEHTOB 0003HAYAIOT AaTOMHBIE MacChl M30TOMOB. B cKOOKax yka3aHO YHCIIO 3epeH C COAePKAaHUAMHU
OIIT BeImie npenena oOHapyskeHus. [Ipeaens 00HAPYKEHHUS CM. B TEKCTE.

581



100 000+ 100 000
10 000 10 000
L L
S 1000+ S 1000
= =
Q o
o Q
5 100 5 1004
<z <z
10 10—
1 T T T T T T T | 1
0 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Bpewms, ¢ Bpewms, ¢

Puc. 5. IIpumepsl LA-ICP-MS u3zmepenuii cocrapa a1loMOXPpOMHUTA, yKa3bIBalolIHe HA IpucyTeTBUe Os-
Ir-Ru (a) u Os-Ir () BrJII0OYeHUii (1aHHbIe 118 U3 00p. 09DVS01-7).

B nepBom cirywae u3MepeHus moka3ai J0CTaTouHo ofgHopoaHoe pacnpeneneHue Os, Ir u Ru B amomoxpomu-
Te (Tabn. 4); npuzHakoB BkmodyeHni Os—Ir—Ru da3 He oOHapyx)eHo. [Ipy n3ydeHnu 3epeH amoMOXpOMHUTA U3
00p. 09DV501-7 B mectu cimy4asx ObUIM YCTAHOBJICHBI MMKOBBIC cUTHAINBI nipucyTcTBUs Os-Ru n Os-Ir a3
(puc. 5), mpu 3TOM OTMEueHa Oosiee BBICOKAS MUCHEPCHsI COJEPKAHUM STHX INIATHHOUAOB B KPUCTAIUIAX IINHU-
HEIHU, HE COAEp KaIUX MOAO0OHBIX BKIIOYEHNUIl (CM. Tabm. 4). BpeMeHHO NHTEpBa MUKOBBIX CUTHAJIOB OObIU-
HO He NpeBblIan 3—35 ¢, 4TO yKa3bIBAJIO HA CYOMUKPOHHBIH pa3Mep 3THX 00pa30BaHUIA.

JAuarsocTuka MHHEPaJIOB TYrOIUIABKUX IUIATHHOWAOB IpoBoAMiack B obOpasuax 09DV501-7,
13DV547-16, -37, -59 u -60. OcoOeHHOCTBIO 3TUX MOPOJ ABJSAIOTCS XOTS U MOBBILICHHbIE (IO CPAaBHEHUIO C
JIPYTUMH TUTaTHOTIEPUIOTHTAMHE), HO B IIEJIOM HH3KHE colepkaHus pyreHus (1o ~50 mr/t) u mpumust (10—
13 mr/T) (cM. Tabi. 1). IHBIMH CIIOBaMH, MBI IBITATHCh HAWTH MPSIMBIC CBUCTEIBCTBA PAHHEH KPHCTAJTH3a-
uu Os-Ir-Ru ¢a3 npu kpaiiHe HU3KOH BEPOSITHOCTH BCTPETHTH 3epHA COOTBETCTBYIOIIMX MHHEPAJIOB Ha I10-
BEPXHOCTH aHILIU(POB JUAMETPOM ~2.5 cM [ApUCKUH U 1p., 2016]. J{nst moBbImeHus 3pHEeKTHBHOCTH TAKOTO

.
o R
- =

il B /N 1
NaypuTs = OrnuBUH L_ anOXPOMMT_,

AnIOMOXPOMMUT,

TlaypuT; _-_)I

L R

ATIIOMOXPOMMUT;

ATOMOXPOMUTH

©cmui

ANIFOMOXPOMMUT,

Puc. 6. Bkatouenust Os-Ir-Ru ¢a3 B amomoxpomute u3 miiarnonepuaoturos Moko-/{opipenckoro mac-
cuBa:

a u 2— B obpasuax nopox 13DV547-59 u -16; 6, 6, 0, e — B XpomuToBOM KOHIIeHTpaTe 13DV 547-37.
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Puc. 7. 3apucumocTh BaoBbIX cofep:kanuii Ru u Ir ot Cr,O, 1151 H3y4eHHBIX IUIATHONEPHIOTHTOB.

Ycin. 0003H. cM. Ha puc. 4.

noucka B JByX obOpasuax (13DV547-37 u 13DV547-60) ncnonp30Balicsi UCKYCCTBEHHBIH KOHIIGHTPAT 3€pPeH
IIMTAHETN. DTO MO3BOJIMIO JOBECTH O0IIEe KOJIMYECTBO MPOCMOTPEHHBIX 3€pCH aFOMOXPOMHUTA IIPHOIN3HU-
TenbHO 0 10—12 ThIC. B pesynbraTe OBUIO YCTaHOBIIEHO CBBIIIE 25 CyOMUKPOHHBIX MUHEPAIbHBIX BKIIIOYE-
HUH B ILIIUHENIN, U3 KOTOPBIX HAAEKHO auarHoctupoBaHo 10 3epeH naypura u 7 — Ir-copepkaiiero ocMusl
(puc. 6). XuMudeckre cocTaBbl 3THX (a3 npeactabieHsl .M. CrupuaoHoBsM U ap. [2018]. CpenHue xapak-
TEPUCTUKH JIAypUTa U IBYX Pa3HOBHIHOCTEH OCMUS CYMMHUpPOBaHbBI B Ta0. 4.

Pacnpenenenue Ru u Ir B n3yueHHBbIX 00pa3nax nokasaHbl Ha pyc. 7 B 3aBUCUMOCTH OT COJIEpKaHuUs B
MOpoIaX OKCUIAa XpoMa. DTH JaHHbBIC YKa3hIBAIOT HA HATMYHUE ABYX TPEHIOB KOPPEISIINH KOHIICHTPAIINH 0001X
nnatuHounoB U Cr,O, HanbGonee cuibHbIe (IPaKTHYECKHU JTUHEHHBIE) 3aBUCUMOCTH XapaKTEPHEI 171 IIHKPOJIO-
JIEPUTOB C HU)KHETO KOHTAKTa M TUIArHOTICPUIOTUTOBR, KOTOPBIE OTHOCATCSA K BBICOKOTEMIIEPATYPHOMY TPEHIY
Fogg (cM. puc. 4). M3 370l HOCNE10BaTEABHOCTH OTKIIOHSETCS TOJIBKO OJMH 00pa3ell U3 MepeXOAHOH 30Hbl —
13DV547-37 (cm. puc. 7). Bce mnaruonepuaoTUThI U3 MEPEXOIHOM 30HbI (CM. Tabi. 1) U IIarHOAyHHUTHI TaKxkKe
JIEMOHCTPHUPYIOT CyOJIMHEHHbIE (HO MEHEee TOJIOTHE) 3aBUCUMOCTH, KOTOPBIC C JIOJICH YCIIOBHOCTH MOYHO OT-
HECTH K T€HETHYECKOMy psny Fog, (puc. 4). DT cOOTHONIEHHST MOAYEPKHUBAIOT BAKHYIO POJIb aTIOMOXPOMHTA
Kak riaBHoro mMuHepana-aocutens Os-Ir-Ru ¢a3. IIpupona ycTaHOBIEHHBIX TPEHIOB, OYEBUAHO, CBS3aHA C
WCTOpUEH KPUCTAITU3AIMY B aKKyMYJISALUN ATFOMOXpOMHUTa U cojepkamuxcsi B HeM Os-Ir-Ru a3 Ha cragun
BHEIPEHUS JOBBIPEHCKUX MarM U B XOJI€ 3aTBEPAEBaHUsI IEPBUYHBIX LIIMHUHENIb-0JIMBUHOBBIX KyMYJIaTOB.

OBCYXJIEHUE PE3YJIbTATOB

OCHOBBIBasICh Ha METPOJIOTUICCKHUX JAHHBIX (CM. pHUC. 4), TEOJOTHYECKUI CIICHAPHUA MTPEIoaraeT, 4To
MIPUIOHHAS 9aCTh TOBBIPEHCKOI KaMephbl (OpPMUpPOBAIach MPAKTHUSCKH OJHOBPEMEHHBIMHI HMITYJIbCAMH T'eTe-
POreHHBIX (IIPEMMYILECTBEHHO OJIMBUH + PACIIaB) BRICOKOMArHe3UaldbHbIX MarM (TpeHa Fogg, cM. puc. 4) u
HPOJYKTOB UX YACTHYHOM KpucTaminsanun (Tpens Fog,). IIpu 5ToM NpUMUTHBHBIE TMKPOJIOJIEPUTHI U IIAIHO-
MEPUIOTUTHI IEMOHCTPUPYIOT O0Jiee BEICOKYIO CTEICHb HAKOIUICHUS TYTrOIUTABKHUX TUIATHHOMIIOB TIPH TEX KE
cozepxkanuax Cr,O4 (cM. puc. 7). Heo6XomuMo Takxke 00bACHUTH OTHOCUTENILHO MOJIOTHI HAKIIOH 3aBHCUMO-
creil cogepxkanuil Ru u Ir B mpoMexyTOUHBIX IUIArMONEPUAOTUTAX U IUIArMOAYHUTAX OT COAEP KAHUSA OKCUAA
xpoma (cM. puc. 7). InuHeneBslid KOHTPOJIb STHUX COOTHOIICHWH COMHEHHWI HE BBI3BIBACT: MPOOIEeMa COCTOUT
B HEOOXOAMMOCTH Pa3/eIuTb MOCIEACTBUS BEPOATHOM aKKyMyJISLUHU AIIOMOXPOMUTA B CyOM30TEPMUUIECKUX
yCIOBUAX (B PAaBHOBECHH C MarMoil OJHOTO cOCTaBa) M 3()(EeKTH BO3MOKHOW KPHCTAIUIM3AINY LIITHHETH H
MHUHEPAJIOB TYTOIUIABKHUX IDIATHHOMIOB B TEMIIEPATYypPHOM HHTEpBajie OT HanOoJiee MPUMUTHBHBIX (B paBHO-
BECUHM C OJIMBUHOM Fogg ipu ~1290 °C) 1o Gonee (ppakMOHUPOBAHHEIX paciIaBoB (onuBuH Fog, mpu ~1250 °C
U HIDKE). DTa CUTYAIHsI OCIOKHICTCSI BO3MOXKHBIM IIPHCYTCTBHEM B IUIATHONIEPUAOTUTAX IPOAYKTOB CYIb(hHI-
HO-CHJIMKaTHOW HECMECHMOCTH, IOCKOJIbKY UMEHHO B OCHOBaHMH I'OPU30HTA IJIarMOJyHUTOB OTMEYAeTCs 3Ha-
YUMO€E BO3pacTaHUE COJIEPIKAHMIA Cepbl, HUKEIs, MeIIU U JIETKUX IUIaTHHOUI0B [Ariskin et al., 2016].
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Puc. 8. Cnaiigep-nuarpaMmsl 1o pe3yJibTaTaM HOPMUPOBAHHS NMPeACTABUTEIbHBIX COCTABOB MHKPO/I0-
JIEPUTOB M IVIATHONEPUIOTUTOB HA COCTAB MaHTHH (a) U cocTaB 00p. DV30-1 (9).

Conepaxanust 61aroposiHbix Metamios, Cu u Ni cm. B Tadia. 1 u 2; cocraB ManThu corsacHo [Barnes, Maier, 1999]. Ve, 0603H. cM. Ha
puc. 4 u 7.

TpanuurOHHBIN TOAXO0/ K PELIEHUIO 3TUX BOIIPOCOB CBSI3aH C MHTEPIIPETALMEN criaiiiep-quarpamm, mo-
CTPOEHHBIX Ha OCHOBE HOpMHUpOBaHUs coaepkanus DIl B mopoiax Ha cOCTaB MAaHTHH WM YIJIMCTBIX XOHAPH-
ToB [Barnes, Ripley, 2016]. Ha puc. 8 nmokazanbl HECKOJIBKO HOPMHUPOBAHHBIX COCTABOB, MPEACTABIISAIOIINX
30Hy 3aKaiku (06p. DV30-1, cm. Tab. 1), oboramenssie Ir 1 Ru npumutuBHbIe utarnonepugotuts (09DVS501-
7 n 13DV547-10), Tpu mpoMeXYTOUHBIX cocTaBa ¥ IuiaruoayHUT 13DV547-60. ['maBHOE, 4TO MOKa3bIBAIOT
TaKue JJaHHbIE, — 3TO XapaKTEePUCTHKH MCXOAHOM MarMel (KOTOPYIO allpOKCUMHUPYET MUKPOI0JIEPUT) OTHO-
CUTEIIbHO KaHOHUYECKOTO MaHTHWHOTO pe3epByapa [Barnes, Maier, 1999]. B uacTHOCTH, OYEBHIHO 3aMETHOE
o0eHeHre TOBBIPEHCKOM MarMbl TYTOIUTABKUMH IUTATHHOMIAMH M POAWEM Ha (poHE OTHOCHTENHHOTO obora-
IICHUS NaJUIaIueM U Meiblo. [10/100HbBIe COOTHOIIIEHUS YKa3bIBAIOT HA TO, YTO NMPUMHUTHUBHBIA UCTOYHUK JTOBBI-
PEHCKHMX KyMyJIaTOB MCIBITAN onpesiefieHHoe (pakiroHrupoBanue Ir 1 Ru Ha nokamepHOW cTajivu MpH OTCYT-
CTBUM 3HAYMMBIX CHUTHAJIOB BBLACICHHS CyIb()UIOB B 00JaCTH MarMoreHepalyy WM MO0 Mepe MoabeMa H
MOMUOAPHUECKON KPUCTAIUTM3AIIMN UCXOIHBIX MarM.

CymiecTBeHHOE (MMPUMEPHO Ha MOPsIOK) oOoramienue miarunoaynura Rh, Pt, Pd u Cu coornocurcs ¢
BBIBOJIOM O HEOOJIBIIIOM HAKOIUICHUH CYJIb(PHIOB B KyMyliaTaX W3 ATOH 4acTH cTpaTHUrpaduuecKoro paspesa
Moxo-JloBeipenckoro mMaccusa [Ariskin et al., 2016]. TIpi 5TOM HOPMHPOBAHHEIE XapakTepucTHKH Ir 1 Ru B
MIPUMUTUBHBIX [UIArMONEPUIOTUTAX U IUIATMOAYHHUTE (CM. pUC. 8, @) NPaKTUUECKU HJIEHTHUYHB! B IIPOTUBOIIO-
JIO)KHOCTb KOHTPACTHBIM TPEHJaM, I0Ka3aHHbIM Ha puc. 7.

Bonee HarmsmHO 3TH COOTHOIICHHUS MPOSBICHBI Ha TpaduKe, MOCTPOCHHOM IIyTeM HOPMHPOBAHHS CO-
CTaBOB MOPOJ HA COCTAB MPUMHUTHBHOTO TTUKpoaoiepuTa DV30-1 u3 30HbI 3akanku (cM. puc. 8, 6). OqHAKO U
3Ta JuarpaMMa He OTBEYaeT Ha BOMPOC O MPHPOJE FEOXMMHYECKHX TPEHJOB, MPEICTABICHHBIX HA pHUC. 7.
MO>HO JHIITL OTMETUTh, YTO cojiepkaHus Ir 1 Ru B epexoHbIX K MIardolyHUTaM IJIardonepuIoTUTax He
CWJIBHO OTJIMYAIOTCS OT COCTaBa MUKPOJIOJIEPUTA, OJJHOBPEMEHHO JIEMOHCTpUPYs Hebonbioe oboramienne Rh,
Pt, Pd u Cu. Cutyanus ¢ noBeIcHUEM TSDKEIIBIX TUIATHHOUAOB MPOSICHIETCS, €ClTi KOHLeHTpauu Ir 1 Ru Hop-
MHPOBAaTh HE HA MAHTHHHBINA MJIM MarMaTH4ECKUI UCTOUHHMK, a Ha cojepkanue Cr,O,, KOTOpOe omnpe/esnsercs
COCTaBOM M KOJHYECTBOM B MOPOJIE MIMHUHEIH.

DTH IaHHbIE MPUBEAEHBI Ha pUC. 9 U AIEMOHCTPUPYIOT CYOIMHEHHBIN TPEH MOJIOKUTENILHONW KOppens-
LMY HOPMUPOBAHHBIX TAPaMETPOB UIA MUKPOJOJIEPUTOB U BCEX IJIArHONEPUAOTUTOB. ['eHeTHuecKas TpakToB-
Ka JTOBBIPEHCKHX YJIBTPaMa(pHUTOB KaK IIITHHEIb-OJIUBUHOBBIX KyMYJIATOB B OTHOCHTEIBHO IPHUMUTHBHOW M
Ooee (ppaKIIMOHMPOBAHHON MarMax IO3BOJIIOT pa3AeinuTh 3TOT SAMHBIA TPEH Ha ABE cocTaBistomux. [lep-
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Puc. 9. CooTHouiennsi BajioBbIX cojaep:xkannii Ru u Ir, 50
HOPMHMPOBAHHBIX HA KOHLEHTPALMIO OKCHIA XpoMa B
HM3Y4YEeHHBIX IJIATHONECPHIOTUTAX. DV30-4 a>47-16

N
o
|

Y. 0603H. cMm. Ha puc. 4, 7 u 8. 501-7, 547-1 0'.'&

w
o
|
<
%,

BbI CyOTpeH/1 BKIIIOYAeT raMMy MOpPOJ OT MUKPOJOJIepUTa
DV30-1 mo Gonee marnesmanbHoro coctaBa DV30-4 (cm.
puc. 4) 1 Tpex NPUMHUTHBHBIX TJIATHOTIEPUAOTUTOB, 00Opasy-
IOMIAX KOMITAKTHYIO TPYIIY ¢ MaKCUMAaJbHBIMU 3HAYCHUSI-
mu Ru/Cr, 0, u Ir/Cr,O,. O6paszer; DV30-1 oto6pan B 40 cm
OT KOHTaKTa u npu coxepxxkanuun MgO okono 15 mac. %
(cm. puc. 4) MOIDKEH MPEACTABISATh PEATUCTHYHYIO OIEHKY
COCTaBa MUKPUTOMJHOW MarMbl ¢ OTHOCHTEIHFHO HEOOJIb-
MM KOJMYECTBOM KPHCTAJIOB OJIMBHHA [APHUCKUH H Jp., e S —
2017]. TlosToMy OCTalbHBIE TOPOABI ITOTO Psiia CIEAYET 0 5 10 15
paccMaTpuBaTh KaK HauboJee BHICOKOMATHE3UATIBHBIE TIPH- Ir(mr/T)/Cry05(mac. %)

MUTHBHBIC KyMyJnaThl (CM. TabJ. 2), CHIBHO 0OOTralleHHbIE

OJINBUHOM U alIIOMOXPOMHUTOM. Takum 00pazom, BEpXHss 4aCTh F'€HEPAIbHOTO TPeHa Ha pUc. 9 TpeAcTaBiseT
TPEH]] HAKOIUJICHUS aJIFOMOXPOMUTA, COJIEPIKAILEro BKIOUeHus aypuTa U Ru-Ir-Os critaBoB, CONpsyKEHHOTO C
HAKOIUICHHEM OJIMBHHA.

Hwxusist 9acTh reHepaIbHOTO TPeH/Ia, MApKUPOBaHHAS HA PHC. 9 KpaCHBIMU 3HAYKaMH (TUIATHOTICPHIOTH-
TBI TIEPEXOTHON 30HBI M IUIAaTHOAYHHTHI), TTO-BUIUMOMY, TaKXKE TPEICTABIACT PE3yabTaT B Pa3sHOH CTEICHHU
aKKyMyJIMPOBAHHOTO aloMOXpomuta (cM. Tabi. 1, puc. 3, 2-e). Ilpuuem nonmxennsie otHomenus Ru/Cr,0; u
Ir/Cr,O4 B 3THX HOpPOAX MOKHO PacCMaTPUBATh KaK CBUAETENILCTBO IIOHMKEHHON 000ralleHHOCTH aJIFoMOXpO-
MHUTa BKIIOUCHUSMH MUHEPAJIOB TYTOIUIABKHUX IIATHHOH/IOB IO CPABHEHUIO C IPUMUTHBHBIMH IIATHOTIEPHIO-
TUTaMH OJTM3KOM MarHe3uabHOCTH (CM. Ta0JI. 2). DTOT BBIBOJI COOTBETCTBYET TPEHAAaM, IOKa3aHHBIM Ha pHC. 7.

Cnenyer orMeTuts, 4ro cooTHomenus Ru/Cr,0; n Ir/Cr,04 B nnaruoysnte 13DV547-60, Makcumans-
HO oOoraieHHoM amoMoxpoMutoM U Cr,O, (2.78 mac. %), IpaKTHUECKU UAEHTUYHBI TAKOBBIM JUIS TUKPOJI0-
neputa DV30-1 (cm. puc. 9), nanbonee odennennoro Cr,04(0.17 mac. %, cm. Tabi. 1) U3 BceX pacCMOTPEHHBIX
nopoZi. Mbl mosiaraeM, 4to 3TO MPSAMOE CIEACTBHE aKKyMYJISLUHU B IJIATHOJYHUTaX OTHOCUTEIBHO OEIHOTO
Os-Ir-Ru BIIIOYEHHUSIMU aJIFOMOXPOMUTA U3 O0iee PpakKLIMOHUPOBAHHOTO U OOETHEHHOTO TSKEJIBIMU TUIATHHO-
uaaMHu paciiaBa (1o CpaBHEHUIO ¢ UCXOAHOM TOBBIPEHCKON MarMoii). DTH 3aK/II0UeHHs IPUBOIAT K BBIBOIY O
nponoivkeHHOH kpuctammmsamun Os-Ir-Ru-coneprxamieit mmuiHenn 1 QpakIrOHUPOBAHUYN TYTOIUIABKUX ILIA-
TUHOHUIOB HA BHYTPHUKAaMEPHOM dTarle 3aTBEPICBaHIS UCXOHBIX IIMTHHEIb-0JHBUHOBEIX KyMYJIaTOB. JTOT yC-
JIOBHBIM «TPEH]I IIOHMKEHUS TEMITepaTyphbl» 0003HaUEH Ha pUC. 9 PO30BON CTPEITKOM.

IIpoucxo:xaenne MUKPOBKIIOYEHUH MUHEPAJIOB TSKeJbIX MVIATHHOUAOB. [IpsMbIe CBUICTENBECTBA
npucytctBus Os-Ir-Ru ¢a3 B amoMoxpoMuTe CBsI3aHbI ¢ HACHTH(GUKAIEH BKIIOYCHUH TYTOIUIaBKUX IJIATHHO-
uaoB 1o aaHHbiM LA-ICP-MS uccnemoBanuii (cM. puc. 5) U MOJKPEIICHBI HA/ICKHON JUArHOCTHKOW 3epeH
nayputa u Ir-Os-Ru criimaBoB (cMm. puc. 6 u tadn. 5). [lpupoga STHUX BKIIOYEHUH OCTaeTCs HEOMpPeIeIeHHOM.
AJbTEpHATUBHBIC TOUKU 3PCHUSI BKJIIOYAIOT BO3MOXKHOCTH HEMOCPEACTBECHHONW KPHUCTAJUIM3AIMU JIaypUTa U
HUPUIUCTOTO OCMUS U3 MAarMaTH4eCKOT0 pacIuiaBa WK JIOKAJIbHBIN pacraja TBEpPIOro pacTBOpa IITUHEIH, 000-
TalieHHO! TIATHHOUAAMU HPUIUEBOH rpymmsl [Barnes et al., 2016].

[To muenuto 2.M. CniupunionoBa ¢ coapropamu [2018], npucyrcTBue nayputa u Ir-ocMus B iaruonepu-
nmotutax JloBbIpeHa mpearoaaracT HeAOCHIIEHHOCTh CyIb(UIHON Cepoi MCXOAHOW MarMbl B TIEPHOJ MaccCo-
BOM KPUCTAJLTM3aLNH AIFOMOXPOMHTA U OJMBHHA, & HATHIHE CPACTaHUH 3TUX (Da3, CYIs 110 IKCIIEPUMEHTAIIb-
HBIM JaHHBIM B padote [Brenan, Andrews, 2001], yka3biBaeT Ha TeMIepaTypbl KX COKPUCTAIUTU3AIIUHN HE BBIIIC

N
o
|
[&)]
'S
3
[}
o

Ru(mr/T)/Cry,03(mac. %)

S
|
g
2,

T T T 1

Tab6auna S. Cpennne cocTaBbl BKIOYCHHIT JJaypuTa U HPUIHIiCOIepKAIIEro 0CMUSs
B AJTI0MOXPOMHTE W3 IJIATHONIEPHI0THTOB
Munepai n Os Ir Ru Pt S
Jlaypur 10 11.1+74 4.8+0.8 47.9+6.1 — 362+ 1.5
Ir-ocmuii 1 4 64.6 £6.7 30.3+4.5 51+23 — —
Ir-ocmuit 11 3 57.6£0.5 287+1.5 34+2.1 102+0.5 —

I[Ipumeuanue. [Ipu pacuerax UCIOIL30BAHBI IEPBUYHBIE COCTABBI MHHEPAJIOB TYTOIUIABKUX IUIATHHOM/IOB, TIPEICTaB-
nenHsle B padore [CrmpuaoHoB u np., 2018] ¢ yuerom manubIX [Apuckud u ap., 2016]. Cocrassl npusenens! k 100 mac. %.
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1250 °C. Oro He mpotuBopeunt BeIBogaM [Ariskin et al., 2016; Apuckun u ap., 2017] o Hauane cynabpuIHOIM
HECMECHMOCTH Ha CTaJUM MOCTKYMYIyCHOM KPUCTAJUIN3AIMU MEX3EpHOBOIO pacIjaBa MPUMUTHBHBIX KyMy-
JIaTOB U OLIEHKAM BEPOSATHBIX TEMIEPATyp KPUCTAJUIN3ALUU JOBBIPEHCKUX Marm.

OzHako TakoH MOAX0J TPYAHO COIIIACOBATH C SICHO BBIPA)KEHHBIM IIIMTUHEIEBBIM KOHTPOIEM IF'e€OXUMUYe-
ckux TpeHJ0B Ru u Ir (cM. puc. 7 1 9) ¥ NOJAHBIM OTCYTCTBUEM BUIUMBIX BKIIIOYEHUH naypurta U Ir-ocMmus B
CHIIMKAaTHBIX MHHEpANax, Mpexk/e BCEro B OJMBHHE. DTO MO3BOJISIET HA PAaBHBIX PACCMATPUBATH BO3MOKHOCTb
MU30MOP(HOTO KOHIEHTPHUPOBAHHA TYTOIUIABKMX IUIATHHOWIOB ATIOMOXPOMHTOM, KPHCTAJUTH3YIOIIMMCS Ha
paHHeMarMaTH4eckoi craaun. JlanHas runotesa 6azupyeTcs Ha SKCIEPHUMEHTAIbHBIX JaHHBIX, IEMOHCTPHPY-
IOMINX BBICOKHE K03 uImeHTs! pactpenencHns Ru u Ir Mexry XpoOMOBOil IIMHUHENBIO B PACIUIABOM, KOTOPHIE
BapbupytoT oT 40 no 200 mpu yMEepeHHBIX 3HAYEHMAX JETy4eCTH KHUCIOPOAa B TEMIIEpaTypHOM HHTEpBaje
1400—1500 °C (cm. muckyccuto [Brenan et al., 2012; Barnes et al., 2016]). KocBeHHbIM CBHIETEIILCTBOM SIB-
JSIFOTCSL 3aMETHO O0Jiee BBICOKHME KOHIIGHTPAIMU TSKENbIX IIATHHOMIOB B (DEHOKPUCTAX HINMUHEIN U3 BYJIKa-
HUUYECKHUX MOPOJA U HEOONBIIUX CUIJIOB 110 CPAaBHEHUIO C COCTABAMU XPOMUTA KPYIIHBIX PACCIOCHHBIX UHTPY-
3uBoB [Page, Barnes, 2016].

JdoxkamepHasi u BHyTpukamMepHasi mmnuHedab. Coornomennst Ru u Ir (cMm. puc. 7 U BEpXHIOI 4acTh
TPEH/a Ha PUC. 9) OCTABIISIOT MajI0 COMHEHHH, YTO UCXOHAs TOBBIPEHCKAs MarMa coJiep kaaa HHTpaTeIlIy pu-
YECKUI AIFOMOXPOMHUT, OOOTAIICHHBIA TUIATHHOMIAMH HUPHUIUEBOW TPYIIIBI, OyIlb TO TBEPIbIA PACTBOP WIIH
MHUHEpajbHbIe BKIOYEHHUs. [Ipy 3TOM IIMUHEIEBbIH KOJUIEKTOP B IUIAaTHONEPUIOTUTAX €CTECTBEHHO PA3JIENIUTh
Ha J[BE TPYIIBI, BKIIOYAIONINE TIEPBUYHBIA (00pa30BaBIINIiCS HA JOKaMEPHON CTaaAWU) U WHTEPKYMYITYCHBIH
(KpHCTaNITN30BABIIUICS B KaMepe) allFOMOXPOMHUT.

KpyToii HakmoH TpeHAOB 3aBUCUMOCTH cofepxkanuii Ru u Ir or Cr,0; u MakcMMaJlbHbIE OTHOIICHHUS
Ru/Cr,O4 1 Ir/Cr, O, cBuzieTeIbcTBYIOT 00 000TrallieHHOCTH NIEPBUYHON MINMHEIN U3 IIPUMUTUBHBIX IJIaruoIe-
PUIOTUTOB NIEMEHTAMU UPUAUEBON IPYIIBI. DTO COMIACYETCS ¢ BBICOKOH J0jel HequarHoctupoBaHHbIX Os-
Ir-Ru oOpazoBanuii, o0Hapyx’eHHBIX B 00p. 09DV501-7 npu uccienoBaHusX COCTaBa MIMUHETH ¢ UCIOIb30Ba-
HueMm LA-ICP-MS ananuza (6 HabmtogeHuil B 34 u3yueHHbIX KpUCTaUIax). B maTu ciyyasx 3Tu CUrHabl ObLIH
HOJTy4€HBb! A7 BKJIIOUEHUH MINUHEIN B OJIMBUHE U TOJIBKO B OJJHOM — JUIsl HHTEPKYMYJIyCHOTO QJIFOMOXPOMU-
ta. IHTepecHo, 4To 4 U3 MSATH BKIIOYEHUI MINMUHEIN B OJIMBUHE XapakTepu3oBanuch nukamu Os U Ir (BeposiTHO
Ir-ocmuid, cM. puc. 5, 6) U TONBKO OJHAX/Ibl YCTAHOBIEHO MOBBILIEHHOE cofepxkanHue Ru (tayput?). [Ipu mu-
HEPaJOTHUECKUX HCCIEeIOBAaHMAX Takke OOHApYKEHO TOJIBKO OJHO 3€PHO JIaypHTa B aTIOMOXPOMHTOBOM
BKJIFOYEHNUHU B OJUBUHE — 13 Tuiarnoayauta 13DV 547-59 (eMm. puc. 5, a). Bece octanbpable HAaX0IKK JaypuTa U
Ru-Ir-Os crmaBoB B IUIarnonepuoTUTaX OTHOCSTCS K MHTEPKyMyJycHOMY XpomuTy. o sToil mpuunne, He-
CMOTpS Ha IUPOKHUH AWATa30H HAOIIOMAEMBIX COCTABOB JAypUTa M HpHUAMCTOro ocMmus [CiMpHuIOHOB | Ip.,
2018], pa3genuTb NEpBUYHBIN U BHYTPUKaMEPHBIM aIFOMOXPOMUT Ha UMEIOIIEMCsl MaTepUalle He IIPeCTaBIs-
€TCs BO3MOXKHBIM.

BBIBO/IbI

Brepsble npencraBnensl cogepskanus tyromiaBkux (Os, Ir, Ru) u nerkomnaskux (Pt, Pd) mmaTtuaOMIoB B
YJIBTPAOCHOBHBIX TTOPOIaX U3 ~30-METPOBOI MEPEXOHOMN 30HBI OT ITATHONIEPHIOTHTOB K TLIArMOKIIA3COIEPIKa-
muM ayHuTaM B Moxko-J{oBbIpeHckoM paccioenHoM MaccuBe (cM. Tab. 1). Ha aToit ocHOBe mposeaeHo 0600-
IIEHHE TCOXUMHUYECKUX H MUHEPAIOTHYECKHUX JAHHBIX, YKA3bIBAIOMINX HA BAXHYIO POJIb KpucTayuuzanuu Os-
Ir-Ru ¢a3 u ¢ppakunoHUpoBaHUs TUIATUHOUIOB UPUIUEBOI TPYMITBI HA PAHHUX CTaJAUSAX DBOJIOIMU HCXOIHBIX
Marm ¥ MPUMHUTHBHBIX KyMYyJIaTOB 3TOTO KPYIHOT0 HHTPY3uBa. [lokazaHo, 4To HanboJee MPUMUTHBHbIE TUKPO-
JIONIEPUTHI U TIATHONEPUIOTUTEL (OTBEYAIOIME UCXOAHON Marme Thna Fogg [Ariskin et al., 2016]) npossnstor
Gosiee BHICOKYIO CTENEHb HAKOIUIEHUS TYTOIUIaBKUX INIATHHOMIOB IPH TeX ke copepkanusax Cr,O,. [ nnaru-
OLEPUIOTUTOB C KOMIIO3ULUOHHBIMYI XapaKTEPUCTUKAMU MarMbl THIIA Fog, (BKIIIOUast 1arMoJyHUTHL) XapaKTe-
PCH OTHOCHUTEIHHO MOJOTHI HAKIIOH 3aBHCHMOCTEH coxepkanuii Ru u Ir ot comepskanms okcuna xpoma. Oba
TCOXUMHYECKUX TPEH/Ia IEMOHCTPUPYIOT OTYCTIIMBBIN IITTHHENIEBBIH KOHTPOIb (CM. pUC. 7 U 9) — Kak pe3yiib-
TaT aKKyMYJISIITIH ATFOMOXPOMHUTA B MArMaTHUECKHX PacIlyiaBax B IMarnazoHe Temmnepartyp npumepso ot 1290 °C
(B paBHOBecuH ¢ onuBUHOM Fogg) 0 ~1250 °C u Huxe (B paBHOBecuH ¢ oauBHHOM ~Fog). Ha ocHoBe ananuza
ornouienuit Ru/Cr,05 u Ir/Cr,04 B nopoziax cenas BbIBOJ| 0 60Jie€ BEICOKOI CTeneHn 000ralieHHOCTH HPH /M-
€M M PyTEHHEM OTHOCHTEIBFHO BBICOKOTEMIepaTypHOil mmnuHenu (cM. puc. 9). bomee HM3KOTeMIepaTypHBIi
IIMTUHEIEBBIH KOJUIEKTOP XapaKTEePU3yeTCsl MOHIKEHHBIM COJICP)KaHUEM 3THX 3JIEMEHTOB. JTO yKa3bIBacT Ha
npojokeHue (ppaxunonuposanust Os-Ir-Ru-copeprkaiieil mmnuHenyu B kaMepe Ha CTAANUH, MPEANISCTBYIOIICH
Hayaly CHIIMKATHO-CYJIb()UIHON HECMECUMOCTH B UCXO/HBIX IIMUHENb-0JIMBUHOBBIX KyMyJiaTax.

ConocraBieHue cnaiep-auarpaMm, HOCTPOSHHBIX 110 MPUHIUILY HOPMUPOBAHHS COCTABOB M3yUYEHHBIX
yIpTpamMaduTOB Ha BEPOATHBIN cocTaB MaHTUH [Barnes, Maier, 1999] u cocTaB 3aKkaleHHOTO ITUKPOIOJICPHUTA C
HIDKHETO KOHTAKTa, IPUBOJMT K BBIBOIY, YTO MCXOTHAS TOBBIPEHCKAs MarMa Oblia 0O¢IHEHA IUIATHHOUIAMH
UPUANEBON TPYIIBI M POJHEM eIlle Ha TOKaMEpPHOH CTaJWd MPH OTCYTCTBHH CHUTHAJIOB NPOSBICHHS paHHEH
CYIb(pHUIHO-CHITNKATHOH HECMECHMOCTH.
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[Tomy4enHsle naHHBIC MOTYEPKUBAIOT TEHETUYECKOE 3HAUCHUE HCCIEAOBAHUN BKIIOUCHHN MHHEPATIOB
OIl' B mImuHenu — Kak TJIaBHOM MUHepaye-HOCUTelNe IIaTHHOUI0B upuaueBoi rpymmsl (Os, Ir, Ru) mpu
muddepenmannu MapuT-ynsTpamaduToBbix MarMm [Barnes, Fiorentini, 2008; Locmelis et al., 2011; Page,
Barnes, 2016]. MeToauueckuii acriekT UCCIeI0BaHUS BKIIFOYAET IEMOHCTPALUIO BO3MOXKHOCTH TIOMCKA U UJIEH-
TUUKAIUY BKIOUCHUH aypurta U Ir-Ru-Os cIiaBoB B MIMMHENTH Ja)e MPH OTHOCUTEIHLHO HU3KUX COJEpIKa-
Husx B nopogax Cr,05 (~1—3 mac. %) u pyrenus (~5—50 mr/t).

AHaTUTHYECKUE HCCIICTOBAHUS B TAOOPATOPUH JIOKATHHBIX METOJIOB UCCIICIOBAHIS BEIIECTBA Kaeapsl
METPOJIOTUH TeOIOTHIecKoro (hakyapreTa MI'Y pOBOIMIINCH ¢ UCTIONB30BAHNEM dJIEKTPOHHO-30HI0BOTO MU-
kpoananmmzaropa JEOL JXA-8230, mpuobpereHHoro 3a cuer cpeacts [Iporpammsel pasButus MOCKOBCKOTO
yauBepcutera (anamutuka H.H. Koporaesa u B.O. SImackypt). MBI BeIpakaeM NPH3HATEIBHOCTD PEICH3EH-
TaMm — A.C. Mexonomuny u T.B. CBetnuikoit — 3a BHUMaTEIbHOE MPOUYTEHNE PYKOIHMCH U PSIZT LIEHHBIX 3a-
MeuaHui. ABTOpbI OmarogapHsl O.M. CnupuIoHOBY 3a NPOAYKTHBHBIE IUCKycCHM 1o mpoOmemam OIII-
MHUHEpAIU3ALUH YIbTpaMa(uTOB.

Pabora nognepxkana rpantom Poccuiickoro Hayunoro ¢gouaa Ne 16-17-10129 u wactuuno Tacmanuii-
CKHUM YHUBepcuTeToM (Xo06apT, ABCTpanus) B BUE CTUIIEHANN Ha MIPOBEJCHUE COBMECTHBIX HAayYHO-UCCIEN0-
BaTeIbCKUX paboT. Ctarhs mpoxoauT moa HomepoM 987 B Bemymem ARC nentpe usydeHus (QIIOHIHBIX CH-
cTeM OT sizpa Jio kKopsl, [lept, ABctpanmus (http://www.ccfs.mq.edu.au).
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