68

BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTU. 2017. Ne 5

VIK 553.2: 553.491.8:

P.C. Manamapuyk', C.IO. Crenanos’, JI.A. Xaunn’, A.B. Anronos”

INTATUHOBASA MUHEPAJIN3ALINS MACCUBHBIX XPOMUTHUTOB
NOBCKOI'O IZYHUTOBOTO TEJIA (CEBEPHbBIN YPAJI)

BriepBbie MOJHOLIEHHO KT 0XapaKTepU30BaHbl MUHEPAJBI TJIATUHOBOU TPYIIBI U3 Mac-
CUBHBIX XpoMUTUTOB MoBckoro nyHutoBoro tena (CeBepHblii Ypai). XpOMUTUTBI CJIOXKEHBI
XPOMIITIMHETUAAMU C TIOBBIIIEHHBIM OTHOCUTEIbHO XPOMIITTMHEIUIOB U3 APYTUX 30HATbHBIX
KJIMHOMMPOKCEHUT-IYHUTOBBIX MaccUBOB copepxaHueM Cr,O;, HO ¢ cocTaBaMU, YKJIabl-
BaOILMMUCST B TPEH/, XapaKTEePHBI Ui XPOMUTUTOB NYHUT-KJIMHOMUPOKCEHUT-rabopoBoii
dopmaninu. MuHepaibl TUIATUMHOBOM TpymnIibl, B yactTHocTu Pt—Fe TBepabie pacTBOphl, 0OHA-
PYXEeHBI B XDPOMUTHUTAX WU HEMTOCPEICTBEHHO B XPOMIITIMHEIUAAX B BUIe WHAMBUIOB M arpe-
raToB CO CJIOXHBIM HEKpUCTa/UIOrpapuuecKuM O00JIUKOM, pexe ¢ MIUOMOPMHBIM KyOMYeCKUM
rabutycom. ITo cocraBy Pt—Fe mMuHepasbl oTBEYalOT CTEXMOMETPUM XKEIE3UCTOM TIaTUHbBI
(Pt,Fe) u uzodepporutatunsl (Pt;Fe). [llupoko pacnpocTpaHeHsl MUHepalbl M30MOP(HHOIo
psna tetpadepporuiaTHHa—TyJIaMMHUT—HUKeNIbdepporuiatiHa. Takum o6pa3oMm, TUTaTUHOME -
TajuIbHOe opyaeHeHrne MoBCKOro TyHUTOBOTO Tejla 00afaeT XapaKTepHbIMU TIPU3HAKAMMU TSt
KJIMHOTMPOKCEHUT-TYHUTOBBIX MAaCCUBOB YpaJa.

Karouesnie crosa: KopeHHas TUTAaTUHOWAHAS MUHepaau3amusi, MloBckoe TyHUTOBOE TeJo,
KoHaKoBCKMif MacCUB, KIMHOTTMPOKCEHUT-TYHUTOBBIE MAaCCUBBI, U30(eppoIIaThHa, Tyja-
MUHUT, HUKeJb(GEPPOIUIaTUHA, UPAPCUT.

In the current work, the platinum group minerals of massif chromitites of lovsky dunite
massif are firstly fully characterized. Chromitites are composed of chromoshpinelide with in-
creased in comparison with chromoshpinelides from other zoned clinopyroxenite-dunite mas-
sifs contents of Cr, but their composition keeps within trend of dunite-clinopyroxenite-gabbro
magmatic formation. PGE minerals, and in particular Pt—Fe solid solutions, are found in
chromitites or directly in chromoshpinelide as distinct crystals or aggregates of irregular non—
crystallographic habit and rarely with euhedral cubic habit. Composition of Pt—Fe minerals
corresponds to stoichiometry of ferroplatinum (Pt,Fe) and isoferroplatinum Pt;Fe. Minerals of
isomorphous system tetraferroplatinum—tulameenite—nickelferroplatinum are widely developed.
Thus, platinum mineralization of Iovsky dunite massid has typical features of clinopyroxenite-

dunite complexes of Urals.

Key words: platinum mineralization, lovsky dunite massif, Konzhakovsky massif, clinopy-
roxenite—dunite massif, isoferroplatinum, tulameenite, nickelferroplatinum, irarsit.

BBenenne. MoBckoe NyHUTOBOE TEJIO PACIOJO-
KeHo Ha ceBepe CBepIoBcKoii obyactu, B 50 KM Ha
3anag oT r. KapnuHck, 1 BXoguT B cocTaB ThLiaii-
KomxxakoBckoro (manee KoHxKaKOBCKOro) MacCuBa.
BnepBoie reosorudeckoe crpoeHue MoBckKoro ay-
HUTOBOro Tejaa omnucaHo JI. J[ormapkoM B Xone Ieo-
JIOTUYECKMX M3bIcKaHMii Ha Ypane [Duparc, 1902].
HeTtanbHas meTporpaduyeckasi xapakTepuCcTUKa
KonxakoBckoro MaccuBa B 1iej1oM U MloBckoro Tena
B YacTHOCTU AaHa B padorax A.A u JL.II. E¢puMoBbIx
[Edumos, Edbumona, 1967; Edumos, 1984], a takxke
O.K. UBaHoBa [MBaHOB,1997]. B 1978 r. B.C. Ilap-
moBbIM U C.M. T'opineeBbIM BBIIIOJHEHBI OYPOBBIE U
reojaorochbeMo4yHbie padoThl B MaciuTade 1:2000. IToz-
ke O.K. MBaHoBbiM 1 B.A. IloHOMapeBBIM IIPOBOIM -
JIUCh T€0JIOrOCheMOYHbIe paboThI B MaciuTabde 1:5000.
HecMmoTpst Ha M3Yy4eHHOCTh MAacCHUBa C TOYKU 3PEHUS

neTporpadpuIeckoro cocTaBa v reoJoro-CTpyKTypHOTO
MOJIOXKEHUSI, JAHHBIE O MUHEpPaJiaX TUIATUHOBOM IpyI-
nbel (MIID), 3a ucKIIOUeHUEM €IMHUYHBIX aHAJINU30B
[JTazapenkoB u ap., 1982; Garuti et all., 2002], oTcyT-
CTBYIOT, YTO OOYCJIOBJIMBAET aKTyaJlbHOCTh pabOTHI.
Llenp paboThl — MakKCHUMAaJbHO IIOJHO OXapak-
TEpU30BaTh MUHEPAJIbl INIATUHOBOM TPYIIITBI U3 Mac-
CUBHBIX XPOMUTUTOB MOBCKOIrO IYHUTOBOIO TeJja.
HaMu omucaHbl XpOMIUMMMHEIWIOBBIE CeTperaiuu
B COCTaBe AYHMTOB, a TakXke M3y4eHbl MOPdOOorun-
yeckre OCOOEHHOCTM M XUuMUueckuii cocta MIIT.
IMonyyeHHBIE pe3yIbTaThl COMIOCTABICHBI C TaHHBIMU
0 XPOMUT-IUIAaTUHOBOM opyneHeHurn HOmmHCKOro
ayHuroBoro tena [Garuti et al., 2002; Zaccarini et
al., 2011], a takxe HwuxnHeraruiabckoro, Bepeco-
BoOopckoro, Caetobopckoro nu KaMeHyllIeHCKOro
KJIMHOITMPOKCEHUT-TYHUTOBBIX MAacCUBOB [ TOJICTBIX U
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nap., 2011; Mamua n gp., 2015]. KOnguHCcKOe Teno, Kak
n MoBcKoe, OTHOCUTCS K KOHXKaKOBCKOMY KOMITIEKCY.
OcrajbHBIE YITOMSHYTBIE MAacCHUBBI BXOISIT B COCTaB
KauKaHapckoro komMiiekca CpegHero Ypaia.
Marepuaisl 1 MeTOAbI HcclaenoBanuii. DakTrye-
CKWI1 MaTepual JUIsl NCCIeTOBaHUIA TIPEICTaBIeH 00-
pasiaMu, OTOOPaHHBIMU TIPY TIPOBEICHWH TIOJIEBBIX
pabotr. XpoMIITIMHEIUIOBbIE Cerperaiyu B JyHUTax
WNoBckoro tena ompoOOBaHBI IITY(PHBIM METOIOM
(obmee ymcio npod 47). U3 mTypHBIX IIPOO M3-
TOTOBJICHBI TIpemapaThl IJIST MUKPOCKOIMMYECKOTO
u3ydyeHus: (aHUUIMGBI U MOJMPOBaHHBIE LIIUQPHI).
C 1enplo M3BJIEUECHUS TIPEICTaBUTEIIBHON BBIOOPKM
MUWHEPAJIOB TIJIATUHOBOM TPYNITBI M3 XPOMHUTHUTOB
B3STO 6 KPYIMHOOOBEMHBIX P00 Maccoi mo 50 Kr Kax-
nast. [1poOsl ObUIM pa3npoObiieHsl 10 ppakmum <1 MM
U o0oraiieHbl C UCMHOJb30BaHUEM LIEHTPOOEKHOTO
koHueHTpaTopa KP-400. M3 mosy4yeHHOTO HMCKYC-
cTBeHHoro 1uiuxa 3epHa MIII u3Bnekanich METOIOM
«OTIYyBKU». Mopdonoruueckue 0COOEHHOCTU 3epeH

W3y4YeHBI aBTOPaMM C MCIOJB30BAaHWEM PaCTPOBHIX
CKaHMPYIOIIMX BJIEKTPOHHBIX MUKPOCKOMNOB «JSM-
6390LV» (UI'nI' YpO PAH) u «CamScan MX2500»
(®I'BY «BCETEN», ananutuk A.B. AHTOHOB), 000-
PYAOBaHHBIX 9HEPTOAVCIIEPCUOHHBIM CITEKTPOMETPOM
«Link Pentafets ¢ auTUii-KpeMHUEBbIM JETEKTOPOM
wrowmansio 10 Mv? 1 pa3pelmMTeIbHOM CIIOCOOHOCTRIO
138 3B. Ha nocnegHem crieKTpoMeTpe Takke M3yda-
JIM XUMUYECKUI COCTaB XpOMILTIUHEIUA0B (Tadu. 1).
YcnoBusa mpoBeneHUsS MUKpOaHaIn3a: YCKOPSIolee
Hanpsokenue 20 kB, pabouee paccTostHue 35 MM, Be-
JIMYMHA ToKa 30Hma (Ha mmwmmHape Papanes) 0,5 HA.
OnTuMm3auus IIST KOJIMISCTBEHHBIX BBIYMCICHUMA
MIPOBOAMIIACH IO XMMUYECKU YHUCTOMY KOOabTy
Kaxjple 2 yaca. B kauecTBe CTaHIApTOB MCIOJIb30-
BaHBI aTTeCTOBAaHHBIC TTPUPOMHBIE M CHHTETUIECKIE
matepuaibl. Xumuueckue coctaBbl MIIT (Taba. 2)
OTIpeeIsI Ha PEHTTEHOCIIEKTPaIbHOM MHMKpOaHa-
nuzatope «Camebax SX50» (kKadenpa MUHepaloTUU
reosiornueckoro dakyiapreta MI'Y umenu M.B. Jlo-
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I'maBHBIH YpanbCKuid
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Trinaii-KoHxakoBCKHH
MAaCCHB

Hosckoe Teno

KoceBHHCKH
MAaccHB

CepebOpsinckuit
MacCHB
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o

Puc. 1. Cxema pa3melnieHusT yiabTpabasuTOBBIX MosicoB Ypana (a), o [['ypckast, 1997] ¢ o6obmeHunssMu: | — HeHTpaIbHOE YpabCKoe
MoAHsATHE; 2 — TAJIe030MCKUe 00pa3oBaHMs Y PpabCKOM CKIIaquyaToil cucTeMbl; 3 — ocamovHbIi Yexon 3arnagHo-Cuoupckoil rmiaTthopMsl;
4 — maccuBsl [LTaTmHOHOCHOTO TT0sIca Ypasa; 5 — o(hruoJIMTOBbIe MAaCCUBH Ypaia; 6 — mojioxkeHrne KoHXaKoBCKOTO KIIMHOITMPOKCEHUT-
JYHUTOBOTO MAcCUBa; 7 — MOJIOXXEHNE KITMHOTTMPOKCEHUT-TYHUTOBBIX MaccuBOB CpenHero Ypana; cxeMa KoHXaKOBCKOTO TEKTOHUYECKOTO
6sioka (6), coctaBieHa Ha ocHoBe ['TK—200, muct O-40-VI ¢ gonoaHeHUsIMU U 00001IeHUSIMU: | — TPaHUTBI MOBCKOTO KOMILIEKCA;
2 — rab0opo-HOPUTHI TATMJIO-KBITIBIMCKOTO KOMITIEKCa; 3 — MOPOJIBI BBICKOW M MATbHUYHUHCKOW CBUT; 4, 5 — MOPOIBI KOHXKAaKOB-
CKOTO JAYHUT-KJIMHOIMPOKCEHUT-Trab0poBOro KoMmruiekca: 4 — rabopo u KIMHOMMPOKCEHUTHI BTOPO# da3bl, 5 — DyHUTHI IepBoil Ba3bl;
6 — TIOpOIBI 6EIOTOPCKOTO THEWCOBO-aM(PUOOTUTOBOTO KOMIUIEKCA; 7 — TPAHUIILI TEOJTOTUYECKUX Tell; & — BTOPOCTETIEHHBIE Pa3IOMBI;
9 — rjaBHBIE pa3IOMbl
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Ta6auua 1
CocTras XpOMIINMHEIHIOB H3 MACCHBHBIX XPOMUTHTOB Ml0BCKOro IyHHMTOBOrO Teia, Macc.%
& Cocras
g = - CymmMma dopmyna
= | TiO, | A0y | Cr,0; | FeO | Fe,O3 | MnO | MgO
1 - 7,79 | 56,61 | 8,06 | 16,92 | 0,56 | 11,20 | 101,14 | (Mg ssFe(43)0.95(Cry a5Feg 22Aly 30Mng 05)2.0204
2 0,43 | 7,88 | 56,57 | 8,08 | 16,94 - 11,39 | 101,28 | (Mg seFeg 45)1,01(Cry agFeg 20Alg 31 Tig 01)2,0004
3 0,37 | 7,10 | 57,07 | 8,85 | 15,63 - 11,64 | 100,66 |(MggssFeg43)1.01(Cry 50Alg 28Feq 21 Tip 01)2,0004
4 0,48 | 7,94 | 55,82 | 8,70 | 16,23 | 0,61 11,37 | 101,15 | (Mgg ssFeg.43)0.99(Cry 46F €0 21Aly 31Mng 05 Tig 01)2.0104
5 - 5,15 | 61,61 | 6,43 | 16,11 | 0,66 | 10,67 | 100,63 |(MggssFeg44)0.95(CrygaFeg 15Aly 21Mnyg 45)5 0204
6 - 6,91 | 59,23 | 6,65 | 16,52 | 0,72 | 11,01 101,04 | (Mgg ssFeq 43)0.05(Cry sFeg 17Alg 27Mny 05)5 0204
7 0,40 | 6,91 | 58,48 | 7,48 | 16,38 - 11,55 | 101,20 |(Mgg s7Feq 44)1,01(Cry 53Feq 15Aly 27Tip 01)1.9904
8 0,49 | 7,65 | 57,30 | 7,77 | 16,65 - 11,09 | 100,95 |(MggssFea6)1,01(Cry soFeg 17Aly 30Tig 01)1,9804
9 0,40 | 7,42 | 56,82 | 8,52 | 15,70 | 0,58 | 11,45 | 100,89 | (Mg s7Fe)42)0.99(Cry 49F€0 20Alg 20Mng 03 Tig 1)2,0104
10 0,45 | 7,43 | 55,28 | 10,37 | 14,30 | 0,83 | 11,10 99,76 | (Mg s6Feq 43)0.99(Cry 46Feg 20Aly 20Mng 02 Tig 91)2,0004
11 0,27 | 7,15 | 57,20 | 8,54 | 16,43 - 10,81 100,40 | (Mgg sqFeg 46)1.00(Cry 51Feq 19Aly 25Tip 1) 1.9904
12 0,45 | 7,07 | 56,94 | 9,15 | 15,57 - 10,66 99,84 | (Mg saFeg 47)1,01(Cry s5Feq 15Al 28 Tig 01)1.9904
13 - 6,13 | 60,19 | 6,45 | 17,03 | 0,62 | 10,58 | 101,00 |(Mgy s3F€)45)0.08(Cry goF€g 16Al024Mng 12)5 0204
14 0,35 | 7,70 | 56,89 | 8,02 | 16,81 | 0,00 | 11,47 | 101,24 | (Mg s;Feq.4)1,01(Cry a5Feg 20Alp 30Tig 01)1,9904
15 0,52 | 7,72 | 5591 | 8,94 | 15,76 | 0,82 | 11,20 | 100,87 | (Mg scFe)43)0.99(Cry a7F€( 21Alg 30Mng 03 Tig 12,0104

IMpumeuanue. Xumuueckrue GhopMyJbl paccyuTaHbl Ha 4 aToma Kuciaopona. [Ipouepk — comepxkaHue 2JIeMeHTa HIDKe Mpeaeia

OOHapyXeHUsI.
Ta6auma 2
CoctaB MIII" u3 MaccuBHbIX XpoMHTHTOB V10BCKOro IyHMTOBOrO Teja, Macc.%
)
Z2z| Ir | Ru|Rh| Pt Pd | Fe [Co| Ni| Cu | Sb [=BII'| X dopmyna MuHepaza
TE
I | =] — [09287,98|0,94|8,55| — [0,42| 0,87 | — | 89,84 99,68 | (Pt; 53RN 6P dg 05)2.94(Feg 95Cug 09Nig 04)1.08
2 | = | — | = |76,420,76 22,09] — ]0,20( 0,45 — | 77,18 | 99,92 | (Pt 97Pdg 02)0.99(Fep 9sCug 02Nig 01)1.01
3| —1038]1,20(88,26 — |9,12| — |0,67|0,10 | — | 89,84 99,73 | (PtygRhy o;Ruq 45)290(F€} 01 Nig07Cug 01)1.09
4 | — (0,42/0,59|74,93| — |11,54]/0,36(0,70|12,02| 0,32 | 75,94 | 100,88 | (PtysRhy g;Rug 01)0.97(Feg 51Cug 47Nig 93Sbg 01)1.01
5| — 1055 — [88,05[1,59|8,59| — 0,221 0,29 | 0,40 | 90,19 | 99,69 | (Pt,g3Rhg 06Pd} 05)2.04(F€g 95Cug 09Nig 04Sbg 02)1.08
6 | — | — 10,90(86,90|1,68991| — | — [0,55| — | 89,48 | 99,94 | (Ptyg3Pdg09RUy 03)1.95(Fep97Cug 03Nig 02)1.02
71 —1038] — 86,80 — (10,48 — | — [0,60| — | 87,18 98,26 | (Ptyo7Ru 5)1.09(Fep g7Cug 04)0.91
8 | — 10,59 — [76,50| — (10,69 — | — (12,30 — | 77,09 | 100,08 | (Pt; goRuyg ;)1 .01(Fep 49Cug.49)0.95
9 | — 1030 — [75,88]0,68|14,36| — [5,56]|2,80| — | 76,86 | 99,58 | (PtygsPdg 0aRUg 01)101(Feg65Nig24Cug 11)1.00
10 (0,40 — | — |75,20|0,72 |14,84|0,30(4,92| 2,50 | 0,85 | 76,32 | 99,73 | (Pt, 95Pdy 03110 01)0.95(Feg 51 Nig 15Cug 67Sbg 02)1.03
-1 -1 -18630]0,70 (10,25 — [2,00(0,98 | — | 87,00 [100,23| (Pt; ggRhg 6P dg 5)2.94(Feg 95Ctg 09Nig 04)1 .08
12| = 10,72 — |78,63|0,75(12,80| — [5,20|2,02| — | 80,10 [100,12] (Pt; gsRug 6,Pdg 02)1.09(Feg 60Nig 23Cu0 08)0.91
13— 1 — [0,30|76,85| — [13,25| — [523|4,01| — | 77,15 99,64 | (Pt ogRhg 1)} 01(Feg0Nig23CUg 16)0.99
14 -1 — | —177,01]0,3213,28/0,39{5,99| 3,09 | — | 77,33 [100,08| (Pt, ooPdy 91)1.01(Feq 60Nig 26CUp,12)0.95
15| — 0,41 0,51|82,88(0,56 [11,43| — [1,92]1,56|0,35| 84,36 | 99,62 | (Pt, g;Rug ¢,Rh 4,Pdy )1 57(Feg g7Nig 14Cug 1Sbg 1)1 04
16 10,60/ 0,29 | — 85,12 — |[11,81]0,30{1,24| 0,48 | — | 86,01 | 99,84 | (Pt, gRug 11y ¢1)1.91(Feg 02Nig 09CUg 03)1 04

IMpumeuanus. [Ipouepk — comepkaHue dJeMeHTa HIKe mpenea ooHapyxkeHust. CogepxaHusi Os BO BceX TOUKaxX aHaan3a HIXKe
npeaena ooHapyxkeHus. @opmMyiibl paccuuTtanbl Ha 2 (Ne 2, 4, 8—10, 12—14), 3 (Ne 7, 15, 16) unmu 4 (Ne 1, 3, 5, 6, 11) atroma B hopMmyie.
HecooTBeTcTBHE aTOMHBIX KO3(D(MUIIMEHTOB B HEKOTOPBIX CTEXMOMETPUIYECKUX (hOpMYJIaX OOYCIOBICHO MPHUCYTCTBUEM HE3HAYMUTEIbHBIX
o pasmepy (MeHee 20 mkMm) a3 apyrux Pt—Fe MuHepasioB B MaTpulie MUCCIeaIyeMOro oopasiia.



BECTH. MOCK. YH-TA. CEP. 4. TEOJIOTHUAI. 2017. Ne 5

71

\_g

p.L Tonyoert

0 400 m

Puc. 2. T'eonornyeckast kapra-cxema
HMoBcKOro AYHHUTOBOTO TeJjia, IO
[UBanHoB, 1997] c obobuieHusIMU U
JNOTIOJIHEHUAMU: [—4 — KIMHOMU-
POKCEHHUTHI: /| — MOHOMUHEPAIbHBIC,
2 — oJMBUHCOAEpXallue, 3 — OJu-
BUHOBbIC, 4 — MarHeTUTOBbIE; 5 —
BEPJIUTbI; 6 — SHCTATUTOBBIE AYHUTHI;
7 — IYHUTBI TOHKO- U MEJIKO3EPHU-
CThie; § — JAYHUTOBBIC MErMaTUThI
[UBaHoB, 1997]; 9 — xpoMuTOBbBIE
tena [MBaHoB, 1997]; 10 — nonuHbl
pex; 11 — xoHTyp MoBckoro mpo-
Baja; /2 — 30Ha C IOBBIIIEHHBIM
coliepXkaHUEM XPOMILTIUHEINUIOB;
13 — Touku oTOOpa Mpod
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IUIATUHOHOCHBIMU JIYHUTOBBIMU TeJIaMU —
CocHOBCKMM Ha 3amane u FOmumHCcKuM Ha
BocToke. C paspylleHUeM 3TUX TeJl CBSA3bI-
BalOT obpazoBaHMe OoraThix KBITIBIMCKUX
IUIATUHOBBIX POCCHINIEl, KOTOphle OTpabda-
TBIBAIOTCSI B HACTOSIIIIEE BpeMsI.

ITo nanubeM I'.A. IletpoBa, I'.A. Ninbs-
COBOIl C coaBTOpaMH, BO3pacT IOPOJI
KOHXKaKOBCKOTO KOMILIEKCa COCTaBJsIeT

MOHOCOBa, aHAIUTUK [1.A. XaHWH) IIPY YCKOPSIOLIEM
Hanpskenuu 20 kB u cuie Toka 3oHga 30 HA. Hc-
MOJIb30BaHbI clieayonie 3tanoHbl: Ru, Rh, Pd, Os,
Ir, Pt — Metaisr; Sb, Cu — CuSbS,; Co — CoAsS;
Ni — NiS; Fe, S — FeS.

I'eosioro-cTpykrypHas mosuuus KoHKakoBckoro
maccuBa u MoBckoro ayHuroBoro tejaa. Mockoe
IYHUTOBOE TEJO BXOMUT B cocTaB KOHXKaKOBCKO-
ro KJIMHOIIMPOKCEHUT-IYHUTOBOIO MaccuBa. DTOT
KOMIUIEKC, KaK M OCTaJbHbIE MAacCUBBI YPaJIbCKOIO
IUTATUHOHOCHOTO II0sIca, pacloyioxeH B Tarummo-
Marnutoropckoit merazoHe (puc. 1, a). I'maBHbIi
VYpajabckuii pa3noM orpaHuyrBaeT KoHXKaKOBCKUI
MaccUB ¢ 3amafga. KoH:KaKOBCKMiI MacCHB, Hapsiay C
Banenropckum, CepedpstHckM 1 CyxOropcKuM Mac-
cuBamu (puc. 1, 6), BxoguT B cocTaB KbITIBIMCKOTO
IUTYyTOHA, KOTOPBII OTHOCHUTCS K KOHXAKOBCKOMY
IYHUT-KJIMHOIMMPOKCEHUT-Ta00pOBOMY KOMILIEKCY.
BpIxomsl MarMaTUTOB KOHXKaKOBCKOTO KOMILIEKCa
PACITOJIOXKEHBI TakKKe I0ro-3amagHee KBITIBIMCKOTo
IUTyToHa, 00pa3ys KOCEBUHCKMII MacCUB C IBYMS

540—560 muu nmet [[ocymapcTBeHHad...,
2010]. KoHXaKOBCKMII MaCcCHB COCTOMUT U3 IBYX
accollMalMii TOPHBIX MOpoA — YyJbTpaMaduyecKoi
(cepust mopoa OT IYHUTOB A0 KJIMHOMMPOKCEHUTOB)
U rabopouaHON (KOHXKAKUTHI M ThulauThl). Ilopo-
IIbl YaCTUYHO CEPIIEHTUHU3UPOBAHBI, XOTs CTeINEHb
CepIIeHTMHM3allM1 MOPOJ MaccHuBa IO CPAaBHEHUIO C
JIPYTUMU KIMHOMUPOKCEHUT-AYHUTOBBIMU MAaCCBaMM
He3HauuTesdbHa [MBaHoB, 1997]. Bee rpanuisl Kon-
JKaKOBCKOTO MacCMBa C OKPYXKaIOIIMMU MOpoAaMU
TEKTOHUYECKHUE.

HMosckoe nyHuToBoe Tejo (puc. 2) 3ajeraer
cpeiu KJIMHOMUPOKCEHUTOB U BEPJIMUTOB B CEBEPO-
BOCTOYHOI 4YacTM MaccuBa. boJjiblias 4yacTb Teja
CJI0KeHa TOHKO3EPHUCTBIMU (CPeIHUI pa3Mep 3epeH
<0,1 MM) TIyHUTaMM C MIEPEXOJOM B LIEHTPAJIbLHOM Ya-
CTH TeJia K MEJTKO3EPHUCTBIM (CpenHUid pa3Mep 3epeH
0,1—0,5 mMm). O.K. MBaHOB oTMeuasn HeOoIbIINEe Tea
MYHUT-TIETMATUTOB, a TaKXKe MUAPOJIOBBIE ITYyCTOTHI
C XpoMIuoIicuIoM B BepxoBbsx p. CeBepHblii MoB
[MBanoB, 1997]. 30HaJILHOCTh Tejla MPOSIBISETCS B
YBEJIMUYEHUM KEJEe3UCTOCTH AYHUTOB K KOHTaKTaM
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¢ nupokceHutamu [Ecbumos u ap., 1967]. I'panuna
MEXIy OTYHWUTAMHW W KIMHOTHUPOKCEHUTAMM ITOCTE-
TIeHHAs, C TIEPEX0IOM OT AYHUTOB Yepe3 AMOTICHUICO-
JepKallre IyHUTH K BepiauTaM. B ceBepo-BoCcTOUHOM
YacTH KOHTAaKTa PACIOJIOKEHO TeJI0 DHCTATUTOBBIX
nyHutoB [Edumos, 1984].

Ilo psimy meTporpadm4YecKMX W CTPYKTYPHBIX
MPU3HAKOB, B YACTHOCTH TIO TIPUCYTCTBUIO TyHUTOBBIX
nerMatutoB, MoBckoe Teno cxomro ¢ HiskHeTarmmb-
CKUM KIWHOTHPOKCEHUT-IYHUTOBBIM MAacCCUBOM.
OmHako BO3pacT Topoa MaccuBa oTimdaeT MoBckoe
TEJI0 OT KIWHOMUPOKCEHUT-IYHUTOBBIX MAacCUBOB
CpenHero Ypajna, a TIpUCYTCTBUE OPTOIMPOKCEHCO-
nepxaiux nopoa [Ecdumos, 1984], He xapakTepHbIX
IUTST TYHUT-KITMHOTTMPOKCEHUT-TA00POBBIX KOMITIIEK-
coB BoOOIIIe, BhIIEAsIeT MoBCKOe Telno cpemm Bcex
MaccuBoB [InaTMHOHOCHOTO TOsIca Ypaia.

XapakTepucTHKa XPOMHUTHTOB. B 1ieHTpajibHOM
gacTy MIOBCKOTO TyHUTOBOTO TEJIa PAcTIONOKEHA 30Ha,
OpPMEHTHPOBAHHAS C IOTO-3aIlafa Ha CeBEPO-BOCTOK,
C TIOBBITIIEHHBIM COIEpKaHNEM XPOMIITIMHEINIA B
nyHuTe. B KOHTYpe 3T0i1 30HBI XpOMHUTHUTHI 00Pa3yioT
CHCTEMY KPYTOMamaloIInX (10 BepTUKAIBHBIX) TTapai-
JIEJTLHBIX TIPOKUIIKOB, JIMH3 W THE3]I, YaCTO CJIIOKHOM
(opmbl (puc. 3). JIyist MACCUBHBIX XPOMUTHUTOB Xapak-
TEPHBI CEKYIIME TT0 OTHOLICHUIO K TYHUTY KOHTAKTEHI,
B TO BpeMsI KaK TYCTOBKpPAIUICHHBIE W MPOKMUIKOBO-
BKpAaIUICHHBIE XPOMUTUTHI UMEIOT TJIABHBIN KOHTAKT
¢ IYHWUTaMH, C TIOCTEIIEHHBIM YMEHBIICHUEM COIep-
JKaHWS XPOMIITIMHEINAA B TIPU3ATEOAHIOBEIX YaCTSIX
KWJTBHBIX TeJll. 3HAYNTETbHOE KOJIMYECTBO CYyOBEPTH-
KaJIbHBIX XPOMUTHUTOBBIX XUJI HAXOOWUTCS Ha CKIIOHE
HMosckoro mpoBaiia, Tie OTYETINBO TTPOCICKUBAIOTCS
TPAHUIILI 30HBI UX PaCIIPOCTPAHEHMSI.

ITo 0cOBEHHOCTAM CTPOEHUSI Tel XPOMUTUTHI
AHAJIOTUYHBI paHee OMMCAHHBIM B KITMHOITMPOKCEHUT-
TyHUTOBBIX MaccuBax CpenHero Ypaia u KOnuHckoro
IyHUTOBOTO Tesia Ha CeBepHoM Ypaite [MABaHOB, 1997,
Garuti et al., 2002; Ilymkapes u ap., 2007; Crena-
HOB, 2013], omHako HabMOHAETCS U PsIA Crienrguae-

15 cm

Puc. 3. Ha ®oTO OKOHTYpeHBI IIJIMPOBOE CKOIUICHUE CJIOXHOM
Mopdosiornu (caeBa) U BepTUKaIbHAs XWia (CrpaBa) MaCCUBHBIX
XPOMUTHUTOB B CTA0OBBIBETPEJIBIX TYHUTAX

ckux ocobeHHocrei. Hanmpumep, B myHutax Mosckoro
TeJIa IMIpe, YeM B IPYTHX MacCUBaX, paciipoCTpaHeHB
XWJIbHBIC Tejla, CIOXEHHBIE MAaCCUBHBIMU XPOMM-
utamu. MIx MoimrHocTh mocturaer 0,3 M, IIpu 3TOM
HamOOJIBIIIasi MOIIHOCTh aHAJIOTUYHBIX XWJT B IPYTUX
KIIMHOIMPOKCEHUT-IYHUTOBEIX MacCHBaxX Ypajia He
npesbiiaet 0,2 M.

XPpOMIIMUHEMNAB XpOMHUTUTOB MoBcKorO Tema
XapaKTepU3yIOTCS M30METPUIHBIM 00 1MKoM. CpemHuit
pa3mep 3epeH 1—1,5 MM, MaKCUMAaJIbHBIN 10 3—4 MM.
YacTto, 0cOOEHHO B MPOXUIKOBO-BKparIeHHBIX XpO-
MUTHUTAX, THINBUIALI XPOMIITIMHEINAA XapaKTePU3y-
FOTCSI MTMOMOP(MHBIM OTpaHEHUEM C OKTa3IPUICCKUM
raburycoM. XMMHUYECKUI COCTAB XPOMIINITMHEINI0B
npuBeneH B Tadm. 1. s Ooee IMOJHOTO CpaBHEHUS
COCTaBa XPOMIINTTUHEINIOB MCIIOJIb30BaHA KIIaCCH-
(uxkaunonHas nuarpamma H.B. IlaBnosa [ITaBioB
u np., 1979] us3-3a ee Gonee CIOKHOIO M IPOOHOTO
JIEJIEHUA T10 CPABHEHUIO C HOMEHKJIATYPOI, IPUHATOM
MexnyHapoaHOW MUHEpaJIOTUYeCKOU accolualivii.
CormracHo 3Toi muarpamMme XpoMiimuHe nasl MoB-
CKOro TeJa TonaaaloT B noJje cyodeppuxpomuTa. 1o
CPaBHEHUIO ¢ XPOMIITTMHEMNIaM HImKHeTarnibLcKko-
ro, Ceemiiobopckoro, BepecoBobopckoro u Kameny-
1IeHCcKoro MaccuBoB (puc. 4), a Takxke HOauHcKoro
Tejla XPOMINIUHETUIB M3 XpOMUTUTOB MoOBCKOTO
TeJa XapaKTepU3YIOTCS TMOBBIIIEHHBIM COAEpKaHNEM
Cr,05. HecmoTps Ha 3TO, MX COCTaB YKJIAABIBAETCA B
tpeHn (mojst 2—6—10 Ha puc. 4), XapakTepHbIi ISt
XPOMUTHUTOB ITYHUT-KIMHOIMMPOKCEHUT-TabOpOBOIt
dopmamum [JlazapeHKoB u np., 1992].

Al ., \// \\/
0,25 0,5 0,75

(@] [m]2 [0]3 [##]4 [=]5 [=]6

Puc. 4. ITonoxeHue GUTypaTUBHBIX TOUEK COCTABOB XPOMILTTUHEN -
noB Ha nuarpamme H.B. I1apnoBa. laHHble aj1st MaccBoB CpelTHero
VYpana no [Toncteix u np., 2011; Mumorun, 2013; Manuyd u ap.,
2015]: monst: 1 — xpomuT, 2 — cyoheppUXpOMUT, 3 — aTIOMOXPO-
MHT, 4 — cy6depprUaTiOMOXpOMHUT, 5 — (HeppUATIOMOXPOMHUT, 6 —
cybanroMobeppUXpoOMUT, 7 — GEPPUXPOMUT, 8§ — XPOMITUKOTHT,
9 — cyodeppuxpoMnukoTut, 10 — cybamomoxpommarHeTur, 11 —
XPOMMArHeTHuT, 12 — MUKOTHT, 13 — MarHeTut; /—2 — IyHUTOBBIC
tena: I — WMosckoe, 2 — IOmuHCKoe; 3 — CBeTsI0O0OPCKMiIA Mac-
cuB; 4—6 — nons coctaBoB MIIT' KIMHONMMPOKCEHUT-TYHUTOBBIX
MmaccuBoB: 4 — BepecoBobopckoro, 5 — HuXHeTarmibckoro,
6 — KameHyl1eHcKoro
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Puc. 5. MaccuBHbIe XpPOMUTUTBI ¢ METKUMU BKIloueHusiMu Pt—Fe-munepanos: Crshp — xpomunuHenua; Srp —
ceprieHTHH; Pt, Fe — MuHepan ¢ TouHo HeomnpeneneHHON Gopmynoit. POM-}oTo B oTpakeHHBIX 3JIeKTpOHAX

B xpoMuTUTaX OTHOCUTEJIEHO PEAKO OOHAPYKUBA-
I0TCS 3KeJIe30-TUIATHHOBBIE MUHepasbl. YacTh U3 HUX
MIPEACTABIISIET COOO0I BKIIIOUEHMST B XPOMIIITTMHEINIAX
(puc. 5). Pexe BcTpeuarorcst KpynHble 3epHa Pt—Fe
MHUHEPAJIOB, TIATOTEIOIIe K TpaHUIaM WHIWBUIOB
xpomiunuHenuaa. Ilo gaHHBIM KPYIHOOOBEMHOIO
onpoboBaHus ¢ BbiaeneHueM HaBecok MIII u pac-
YyeTa, YIUTHIBAIOIIETO CPeIHME COCTaBhI 3TUX MUHE-
panoB, comepxkaHue Pt B MacCHBHBIX XpPOMMTHUTAX
paccMmaTpuBaeMoii yacti MoBCKOTo TyHUTOBOTO Tejla
COCTaBJIsIeT OKOJIO 6 I/T.

Mopdonorus MIII'. boabmas yacte MIIT u3
XpOMUTUTOB MOBCKOTO TyHUTOBOTO TeJIa TpencTaBie-
Ha UHOUBMAAMU U arperatamu Pt—Fe MuHepasoB co
cpenHuMu pasmepamu 0,4 MM B nornepeyHuke. OHU

50 um

50 pm

00J1aJal0T B OCHOBHOM M30METPUYHBIM (puc. 6, a)
WIN YIJIMHEHHBIM (puc. 6, 6) oonkoM. IlInpoko pac-
MPOCTPAHEHBI OTAEIbHbIE UAMOMOP(hHBIE WHAVUBUIBI
Kybouueckoro raburyca (puc. 6, ¢, ¢). Ha nx momio
npuxonutcs 10 20% ot obbema Bcex 3epeH. OTHO-
CUTEJIBHO PEIKO I'paHU KyOa MOKPHITHI KOMOMHAIIM-
OHHOI IITPUXOBKOI, 00pa30BaHHOI 4YepemoBaHUEM
npocTeix hopm {100} u {540} (puc. 6, 2). [t 66abiueit
YaCTU KPUCTAJIOB XapaKTepHO pa3BUTUE POCTOBOM
IITPUXOBKU, TMATHOCTUPYEMOM HAMM KaK WHIYKIIU-
OHHasl, YTO YKa3bIBaeT Ha COBMECTHBIN pocT Pt—Fe
MUHEPAJIOB ¢ XpOMILUTNUHeIuAaMu (puc. 6, 0, o).
EnvHuyHbIe BKIIOUEHUS UPUAMICOAEPXKAIIETO
ocMUs 00JiafaloT NMUHAKOUAAJIbHBIM TabUTYyCOM U
00pa3yloT rekcaroHajbHble IJIACTMHBI C pazMepamu

Puc. 6. 3epHa Xeje30-IJIaTUHOBBIX MUHEPAJIOB (CEPOE) M3 MACCUBHBIX XPOMUTUTOB MOBCKOTO JAYHUTOBOIO T€Ja: d — W30METPUYHBII

MHIMBUJ C XOPOILO Pa3BUTON KOMOMHALIMOHHOM IITPUXOBKOM (C/IeBa CBEPXY) M YIIIyOJEHUEM C OCTaTKAMM 3epeH XPOMIUMUHEIUAa, 110-

KPBITBIMU MHIYKIIMOHHOM IITPUXOBKOW; 6 — YAJIMHEHHBII arperatr B CpaCTaHUM C XPOMILTTMHEIUIAMU; 8 — UIMOMOPGHBIN KyOUYecKnii

KPUCTAJLT; ¢ — KYOMYEeCKUI KPUCTAJLT C XOPOLIO MPOSIBACHHBIMU UAMOMOPMHBIMU IPaHSIMU 1 KOMOMHAIIMOHHOM 1IUITPUXOBKOIA, BbI3BAH-

HOW uepefoBaHUEM rpaHei Kyba U TeTparekcasipa; 0 — Pt—Fe MuHepas co IITPUXOBKAMU PA3IMYHOTO MPOMCXOXKICHUSI CpacTaeTcs ¢

VHIMBUAAMU XPOMILUIMHEIWIA, UHOTAA UAMOMOP(MHBIMU; e — BKJIIOYEHUE TabAUTYATOro KpMcTaljia upuauiiconepxkaiiero ocMmusi (Os)
B Pt—Fe munepane. POM-doto B orpaxkeHHbIX 2jeKTpoHax. Crshp — XpoMilmnuHenua, Srp — CeprieHTUH
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S0 pm

R{{NTRY]

S0 pm

SUUNTRY

Puc. 7. HeogHopoaunbsie 3epHa MIII: a — kaemka Te-

TpadeppoIIaTUHBI pa3BUBAeTCs IO M30(eppoIUiaTUHE;

6 — HUKeJMcTas TeTpadeppoIiaTiHa, pa3BUBaIOLIAsICS IO

u3opeppoIriaTuHe; 6 — HUKeJUCTasl TeTpadepporuiaTiHa,

HalleJIo 3aMeCTUBIIAs TepBUYHbII Pt—Fe MuHepan; e — 3a-

MeILeHUE XKeJIe3UCTOM TUIaTUHBI TyJJaMUHUTOM. POM-boTo
B OTPaXKEHHBIX JEKTPOHAX

JYHUTOBBIX MaccuBoB CpenHero Ypana [Cre-
maHoB, 2015]. OcobenHocth Pt—Fe Munepanon
HMoBckoro Teaa — MIMpoKoe pacipocTpaHeHUe
KyOMYECKUX M MNCEBAOKYOUUYECKUX KPU-
CTaJUIOB, MHOTAA C OTYETIMBO BBIpa>K€HHOM
KOMOMHAIIMOHHOM IITPUXOBKOI. CpaBHEeHUE
BBILIENEpEeYNCIeHHBIX TapameTpoB MIIT mis
HMosckoro n FOnuHCKOro AYHMTOBBIX TeJ He
MPOBOAWIOCH U3-3a OTCYTCTBUSI TAKUX TaHHBIX
JUTST TIOCTIETHETO.

Xummueckuii coctap MIII'. Cpenu Pt—Fe
MHHepaioB MoBCKOro MTyHUTOBOIO Teja OT-
MEUYEHO TPUCYTCTBUE MUHEPAJIOB C COCTABOM
uzodepporutatunbl Pt;Fe (tabn. 2, anamu3sbl

okojo 300 MkM (puc. 6, €). Kpucramibsl ocMusT OXo-
Xel Mopdoioruu upoko pacnpoctpaHeHsl B Pt—Fe
muHepanax Caeriaobopckoro, KameHylieHCKoro u
BepecoBobOpCcKOro MacCHBOB.

Ilo Pt—Fe MuHepanam pa3BHUBAIOTCS KaeMKH
BTOPUYHBIX MeIb- W HUKEJbCOAEPKAIIUX TIaTH-
HOBBIX MHUHEPAJIOB, OTHOCSIIUXCA K M30MOPGHOMY
psany terpadeppornatuHa (PtFe) — TynamMuHur
(PtFej sCuy 5) — Hukenbpepporuiatua (PtFe, sNij s).
TerpadeppornaruHa ¢ popmyinoii, 6nuskoii Kk PtFe, u
Hukencras rerpadepporuiatiHa (PtFe ¢sNig osCuy ;)
pa3BuBatotcsa 1o Pt—Fe MuHepaiy, coctaB KOTOpOro
OJIM30K K TEOPEeTUYECKOMY COCTaBYy U30dhepporuiaTu-
Hbl (puc. 7, a, 6 COOTBETCTBEHHO), MHOIAA 3aMellast
ee Hauelsio (puc. 7, 8). Tynamuuut 3ameinaet Pt—Fe
TBEPAbI PACTBOP MO CTEXUOMETPUM, OTBevalolleit
KeJIe3UCTOoi TaTtuHe (puc. 7, 2).

K mopdoaornyeckuMm ocobeHHOCTSIM MUHeEpa-
JIOB TUIATMHOBOM TPYMIIbl U3 XpOMUTUTOB MoBCKO-
ro AYHUTOBOrO Teja OTHOCSITCS paclpoCTpaHeHUE
UIMOMOPMHBIX KPUCTAJIOB Hapsiiy C arperaTaMu,
LIEMEHTUPYIOIIMMY XPOMILITTMHENIMUIbI, & TAKKE IIUPO-
KO€ pa3BUTUE MHAYKIIMOHHBIX IITPUXOBOK Ha I'PaHsIX
UHIUBUI0B Pt—Fe MuHepasioB, 4TO 00YCIOBIEHO UX
COBMECTHBIM POCTOM C XPOMILMUHEIUIAMM, aHaI0-
TMYHBIM ontcaHHoMY g MIIT kimHonMUpoOKCceHUT-

Pt+(Os,Ir,Rh,Ru,Pd) Pt+(Os,Ir,Rh,Ru,Pd)
7]

X\J30(epporiaTuHa

Ne 1, 3—5, 11) 1 MUHEPAJIOB C COCTABOM KEJIE3UCTOM
matuHbl PtyFe (tabm. 2, Ne 7, 15, 16). KonuuecTtBo
MMHEPAJIOB CO CTeXHOMETpHuel M30(epporaIaTUHbI
MIPUMEPHO COOTBETCTBYET KOJUYECTBY MUHEPATIOB CO
CTeXHOMETpHUE KeIe3UCTOM IIATUHEI (puc. 8, a). s
MmuHepasioB Pt—Fe TBepmoro pacrBopa, oTBeUYarOLIMX
Mo cocTaBy u30deppoIuIlaTUHE, XapaKTepHBI He-
Gounpine nmocrossHHble TpuMecu Cu u Ni (1—2 at.%
Kaxmgoro) u nHorga npumecn Rh u Pd mo 1,5 at.%
Kaxaoro. B MuHepaje co CTeXMOMETpHUEN XKele3UCTOM
TJIATUHBI HA0JII0aeTCsl TTOBBIILIEHHOE TI0 CPAaBHEHUIO
¢ usodeppornatuHoii cogepxanue Cu u Ni (1o 3,5 u
4,5 a1.% COOTBETCTBEHHO), a TAKXKe OTMEUEHBI OO/Ib-
1IMe BapualMu WX COAEPXXKaHUU (BIJIOTh IO OTCYT-
ctBus Ni). I3 1pyrux ocobeHHOCTe pacnpeaeaeHusI
XMMUYECKHUX JIEMEHTOB OTMEYaeTCsl He3HAUMTeIbHAs
npumech Ir u Os (comepkaHue X OJIM3KO K TIpeaeiam
obHapyxxeHusi PCMA) Bo Bcex u3yuyeHHbIX Pt—Fe
MMHepaax.

Cpenu MIII Ceetnobopckoro n KameHyiieHCKO-
ro MaccuBa MpeodIagaloT MUHEpasbl, IO COCTaBY OT-
Beuvaromue nzodepporuiatue. diass MIITT BepecoBo-
0OpCKOro MaccuBa XxapakTepHo npeobnaganue Pt—Fe
TBEPIOTo pacTBopa co crexuomerpuein Pt;Fe (oxoso
75—80% ot ob6iueii Boibopku Pt—Fe MuHepanos),
OJIHAKO OBOJILHO IIIMPOKO PacpoCTpaHeH MUHepas

Puc. 8. CoctaB Pt—Fe MuHepanoB co
cTexruoMeTpueil u3odepporuiaTuHbl (a) u
co crexuomerpueit Pt;Fe (6): Mosckoe
NYHUTOBOE Tejao: [/ — HOBbIE NaHHbIC;
2 — nannble u3 [Garutti et al., 2002]; 3 —
KOnuHckoe nyHutoBoe Teno, mo [Garutti
et al., 2002]; 4, 5 — Caemiobopckuii u
HixHeTarmbckuii MaccuBbl, 110 [ ToCThIX
u ap., 2011; Mwmrorux, 2013; Manuy u ap.,
2015]. 3Be310ukoii OTMEUEHBI UAcaTbHbIE
cocrasbl PtFe, Pt,Fe u Pt;Fe

[m]2
KXE
[2]4
[O]s
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co crexuoMerpueil Pt,Fe. Cpenn nepsnunbix Pt—Fe
MuHepanoB HukHeTarnmibckoro Maccua (puc. 8, 6)
abCoJIOTHO NMpeobaraeT MUHEpa ¢ coctaBoM Pt,Fe,
a MHHEpaJIbl CO CTeXMOMETpHeil M30(peppOoIIaTHHEI
npaktuyecku orcyrcTByoT. K.H. Manuy ¢ coaBropamu
OTMEYAIOT, uTO 111 OonbinnmHcTBa Pt—Fe-MuHepanoB
U3 30HAJIbHBIX MaccuBOB CpeaHero Ypasa xapakTepHa
npuMech Ir u Os [Manuu u ap., 20135].

Hannbie uccnenoBanuss MIIT FOnuHckoro tena
TIpeAIIeCTBeHHUKAMH TToKa3aju, 9To it KOamHcKoro
Tena, Tak ke, Kak st MoBcKoro, XapaKTepHO TIPUCYT-
CTBUE 000UX NepBUYHBIX MUHepasioB Pt—Fe TBepmoro
pactBopa [Garutti et al., 2002].

Kak oTtmeueHo Bbille, Mo nepBuYHbIM Pt—Fe
MHWHEpajiaM pPa3BHBAIOTCS BTOPWYHBIE MHUHEPAHI,
OTHOCSIIIMECS K TBEPABIM pacTBOpaM psima TeTpadep-
poruiaTUHAa — TYJaMUHUT—HUKeIbQeppoIruiaTuHa.
ITo cocTaBy BBIIEISAIOTCS 3 MHHepana: TeTpadpeppo-
ratrHa (Tabm. 2, Ne 2), TymamMuHuT (Tabim. 2, Ne 8),
a TakKXe HUKenucras TerpadepporiatuHa (tadir. 2,
Ne 4, 9, 10, 12—14) — MumHepaln TPOMEXYTOTHOTO
cocTtaBa M30MOpGHOTO psma TeTpadepporiaTHHA—
HUKeTb(pepporuiaTiHa ¢ TTOCTOSHHOM TTprMechio Cu.

Cpenu HauboJjiee MO3AHUX BTOPUYHBIX MUHEpa-
JIOB, 3aMEIIAOIINX TIEPBUYHBIC XKeJIe30-TIATHHOBBIC
MUHepaibl, 3aUKCUPOBAaHB ¢IMHUYHBIE HAXOI-
Ku upapcura (puc. 9) ¢ xuMuuyeckou Gopmynoi
Ir 93Rhg 50AS; 1S 0o (PaccumTana Ha 1 atom S). O6Ha-
pyXeHHoe 3epHo upapcuTta (10 0,1 MM B mornepeyHu-
Ke) 00J1agaeT CI0XKHBIMU OUEPTAHUSIMU U, BEPOSITHO,
MOJIHOCTBIO 3aMelllaeT nepBuuHbiii Pt—Fe muHepar.
AHaJTIOTMYHBIEC HAXOAKHA UpapcuTa OTMEUYEHEI B 00pa3-
max MIII u3 poccrireit HukHeTarmjibCKoro MaccuBa
[Bernzos u mp., 1976], a TakKe B psie POCCHITHBIX
o0bekToB Cpentero n FOxHoro Ypaia, cBSI3aHHBIX C
IYHUT-TapIOYPTUTOBEIMM MacCUBaMM OMDUOIMTOBOM
accoumaunu [3aiikoB u np., 2016].

Pe3yabTaToB HcclegoBaHMiA W MX O0OCYXKIEHHeE.
ITo aHamornm ¢ KIWHOMHMPOKCEHUT-TYHUTOBBIMH
maccuBamu CpegHero Ypana [Manua u gp., 2015]
cpenu MIIIT MoBckoro Teina MOXHO BBHIACIUTH OBE
accoumali MHUHEPAJIOB — PaHHIO W ITO3IHIOIO.
PanHssa accoumauusi BkiouyaeT B cedss Pt—Fe mu-
Hepanbsl TTo HoMeHkiaType JI. Kabpu n K. ®@esepa

As} 1651 00

Puc. 9. 3epHo upapcuta B cpacTaHUM C XPOMIUMMHEIUIAMU:
Crshp — xpoMimnuHeauasl. POM-doTo B 0TpaxkeHHbBIX 2JI€KTpOHaX

[Cabri et al., 1975], orBeyalomme CTEXMOMETPU-
yeckuM (opmynam nsodeppornatnnsl (Pty;Fe) n
xenesucTtoi mnatuHel (PtyFe) ¢ penkumn Tyromnas-
kumu BKIoYeHUssMu Os—Ir. Tlo3aHss accouuanusi
BKJIIOUAET MUHEpaJbl N30MOp(HOro psaa Terpadep-
porutatuaa (PtFe) — tymamunur (PtFe) sCu,s) —
Hukenbdepporarina (PtFe, sNij s) ¢ mpeobnananm-
€M HMKEJIMCTOMN pa3sHOBUIHOCTH TeTpadheppOIIaTHHEI
(Pt; goFeg 65Nig 25Cug ;). da HuxHeTarnabekoro
MaccuBa 00pa3oBaHME MWHEPAJIOB ITO3MHETO Tapa-
reHesuca psa aBTopoB [berextuH, 1935; I'eHkMH,
1997] cBsI3BIBAIOT € MPOLECCOM CEpPNEeHTUHU3AUU
ITOpPOA MaccuBa, HO ITOCKOJIBKY AYHHUTH MoBckoro
Tejla CYMTAIOTCS CJIabo CepreHTUHU3NPOBAHHBIMMU,
HeoOXonuMbl 0oJjiee MIyOOKME MCCeNOBaHUS CBS3U
MpPOIIECCOB CEPIEHTUHM3AIUKU U pa3Butuss MIIT
MO3/HEeTO TapareHe3uca.

O6pa3oBaHe MIUHEPAJIOB TTO3THEH accoannun
XapaKTepHO TS BCeX KIIMHOMMUPOKCEHUT-TYHUTOBBIX
MaccuBoB Ypana. Eciu terpadepporuiatuHa 1 Tyja-
MWHHT BCTPEYAIOTCS TTOYTH BO BCEX MacCHBaXxX B pas-
JINYHOM KOJIMYECTBE, TO TIPUCYTCTBHE HUKEIMCTBIX
Pa3HOBUIHOCTEN TMO3MHUX MHHEPAJIOB XapaKTEepHO
UCKIIOUnTeNbHO s accoumauuu MIIT HuxHera-
rmnbckoro maccupa [IMwmorun, 2013; CremaHOB,
2013; CrenanosB u np., 2016].

O6GmupHBIE MCCIEeIOBAHUSI MUHEPAJOTUU
raTiHONAOB HOOWHCKOTO AYHWUTOBOTO Teja TIPU-
BeaeHbl B pabore I'. I'apyrm [Garuti et al., 2002].
IIpu cpaBHUTENBPHOM aHaJIW3€ YCTAHOBJICHO, YTO
accoumanuu MIIT u3 xpomututoB IOauHcKoro u
MoBcKkOro MaccMBOB MMEIOT MHOTO OOIIMX 4YepT.
Cpenn HUX OTMEYEHO IMMPOKOE pPACIpOCTpaHEHUE
Pt—Fe MuHepanoB co crexmoMeTpueil Kak nuzodep-
pPOILTATHHEI, TaK M XEJIe3UCTON IIJIaTUHBI, a TaKKe
MIPUCYTCTBHE OOJIBIIOTO KOJTMIECTBA IIPOMEKYTOUHBIX
pasHocTeit m3oMopdHOTOo psima TeTpadepporiaTHHA—
TyJTaMUHUT—HUKeIbDepporaaTnHa (MUHEpPaAIBl C
¢dopmynoii PtFe orcyrctByior). Cpenn MIIT FOnuH-
CKOTO Tejla OTMEUYEHBI eAMHUYHBIC HAXOOKN OCMMUS,
9pJMKMaHuTa, Kyneputa, Rh—Ir—Pt Tuomnuneneii.
Bce mepeunciaeHHBIe MIHEPAJTbI, UCKITIOYasT OCMUIA,
cpeau MIIT MoBcKOro IyHMTOBOTO TeJIa HA HACTOSI -
IIUK MOMEHT He oOHapyxXeHbl. OJHAKO CXOXECTb
accouuauuit Pt—Fe munepanoB KOauHcKoro u
MoBcKOTo OIYHUTOBBIX TeJ TO3BOJIAET OXUIAATH Ha-
XOIKY TIepEeUNCICHHBIX MUHEPAJIOB U B XpPOMUTHUTAX
MOCJIEAHETO.

BoiBoapl. 1. MoBckoe TYHUTOBOE TEJIO, OKPYKEH-
Hoe KIMmHoTNMpokceHnTamMu Toinaii- KoH:kakKoBCKOTO
MaccuBa, IO OCOOCHHOCTSIM CTPOCHUSI M TeTporpa-
pUIeCKOMY COCTaBY COOTBETCTBYET TIYHUT-KIIMHOITH-
POKCEeHUTOBBIM MaccuBaMm CpenHero Ypania, ogHaKo
IO TIPUCYTCTBUIO SHCTATHTOBBIX AYHUTOB MoBCKOE
TEJIO0 BBIACISCTCA CPeIM BCEX KIMHOIMMPOKCEHUT-
JIYHUTOBBIX MacCUBOB [1maTMHOHOCHOTO TTosica Ypaia.

2. Xpomututbl MMOBCKOrO AYHUTOBOIO Teja IO
TCOJOTUYECKOM TMO3UINKN W TEKCTYPHO-CTPYKTYp-
HBIM OCOOEHHOCTSIM aHAJOTHUYHBI XPOMHUTHUTAM
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KJIIMHOIIMPOKCEHUT-TYHUTOBLIX MacCUBOB CpeaHero
Vpana, a takke HOmmHCKOro OTyHMTOBOTO Tejia, HO
OTIIMYAIOTCS TOBBIIIEHHBIM conepxxaHneMm Cr,O;, a
XPOMIUTIMHENIUABI OTHOCATCSI K CyOdeppuxpoMuTaM
no knaccudukauyu H.B. IMasiosa [[1aBioB u ap.,
1979].

3. [InatmHOMeTaUTBHAS MUHepaym3anust MoBcko-
0 IYHUTOBOTO Tejla XapaKTepU3yeTCsl IIPUCYTCTBUEM
JIBYX ITapareHe31COB — PaHHETO, C IIPUMEPHO PaBHBIM
KOJIMYECTBOM MHWHEpAIOB co crexuomeTpuein Pt;Fe
n Pt Fe, a Takxke Mo3nHero, ¢ INUPOKUM Pa3BUTHEM
MeIb- M HUKEIbCOAEPKAIINX MUHEPaJIOB M30MOP(-
HOTO psaga TeTpadeppoIUlaTMHA — TYJIaMUHUT —
HuKeabdeppomaaTuHa. Iloxoxee pacmpeneneHue
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