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PE3IOME. Llenb nccnenoBaHus — n3yyeHne coctaBa XpoOMLUMMHENMAOB B NOpoAax ArMiHIONbCKOro Maccuea Ans
pecTaBpaLmn YCoBUIM 1 reognHamMmmyeckoit 06CTaHOBKM (DOPMUPOBAHWS NEPUAOTUTOB, BbISIBIIEHNS 0COOEHHOCTEN
npouecca B3aMMoAencTBIs rapubyprut — pacnnas npu hopMUpPOBaHUM MUPOKCEHWUTOB, ONpeaeneHns Tuna Xpo-
MWTOBOTO OPYAEHEHUS 1 ero pofgoHavansHoro pacnnaea. Metoabl. CocTaB XxpoMLLUNMHENMAOB MCCNea0Bancs me-
TOAOM 3MEKTPOHHO-30HA0BOMO0 PEHTIEHOCNEKTPanbHOrO MUMKpoaHanusa Ha MukpoaHanusatope JXA8200 (JEOL,
AnoHuns). Onpegenexve cogepxaHuin aneMeHToB nnatuHosow rpynnel (3 B nopode NpoBOAWIIOCH METOLOM
M30TOMHOrO pa3baBrieHnsi C MacC-CNEeKTPOMETPUYECKMM OKOHYaHWEM. Pe3ynbTaTbl. XpOMWNUHENUAE! UMEIOT He-
npaBunbHY0 GopMy B NEPUAOTUTAX U MUPOKCEHUTAX U TMMTUANOMOPHYIO B XpOMUTUTAX. VX pa3mep v KONIMYecTBO
YMEHbLLAKTCA B psay NEPUAOTUT — OPTONMPOKCEHUT — BEGCTEPWT. BO BCex TMnax nopops B KpaeBon YacTu Xpowu-
LUINUHENMAOB pa3BuThbl 6ONee BbICOKOXPOMUCTbIE AUCKPETHLIE 06N1acTu U MarHeTMToBbIE KaliMbl. OCHOBHas YacTb
3epHa XpoMLLNWHENHW B NepuaoTuTax ogHopoaHa no Cr# v 3oHanbHa no Mg# (yMeHbLUEHME K Kpato), B MMPOKCEHU-
Tax no4TW ogHopogHa no Mg# u 3oHanbHa no Cr# (ymeHbLUeHUe K Kpato). LieHTpbl XpOMLLNMMHENUA0B KOHTaKTUPY-
IOLLMX NEPUOOTUTOB W OPTOMMPOKCEHUTOB UMEIT 6M3kmin cocTaB. LieHTpbl XpOMLWINMHENWZ0B MOLLHBLIX OPTOMNK-
POKCEHWTOBbIX W BEOCTEPUTOBLIX XM UMetoT b6nuakyto Cr# (xpomucTocTb) u Gonee Huskyto Mg# (MarHeanans-
HOCTb) OTHOCMTENBHO KOHTAKTOBbIX NepuaoTuToB. Cr# LeHTpa xpomwnuHenw BapbupyeT ot 0,51 go 0,79 B nepu-
potutax, ot 0,5 go 0,77 B nupokcenutax n ot 0,68 oo 0,77 B xpomutntax. Cogepxanue TiO2 B xpoMLINUHeNnaax
pacteT ot nepugotutoB (< 0,1 mac. %) k Bebcteputam (o 0,25 mac. %) v xpomututam (0,15-0,3 mac. %). B
XPOMLUMMHENMAaX XpOMUTUTOB OBHapYXeHbl MUHEParbl NNaTUHOBOWN rPynnbl, a Takke cynbduasl u cynbgoapce-
Huabl Ni (Munneput n Boxmunut). Cnektp pacnpegenenus M B xpomutnTax xapaktepusyeTcsa oboralieHnem
Tyronnaskumm M Hag nerkonnaskumu. BeiBogbl. XpoMLnuHENUabI NEPUAOTATOB LieHTpanbHoro 6noka Jruiit-
rofIbCKOro MaccuBa MMEHT BbICOKYH NepBUYHyH XxpomuctocTs (0,51-0,79), uto oTpaxaeT BbICOKME CTENEHM Nnas-
NEHNST MaHTWUIHOTO BeLLECTBa Npu obpasoBaHMM NOpoa B HaAcCyOayKLMOHHOW 30He. [MpucyTcTeue B 3anagHOM
Hrnoke maccviBa NepuaoTUTOB C HU3KOXPOMUCTbIMM XpomiwnuHenugamu (0,35-0,48) cBugeTensCTBYeT 0 CMEHE pe-
XvMMa nnaenexHus (6e3sBogHoe — ¢ yyacTueM BoAbl). XpOMLUNMUHENUAE! MMPOKCEHUTOB HacneayrTCsA OT BMELLak-
Wwwmx rapubyprutos. Noa BO3OeNCTBMEM NpocayMBaloLLmMxcs 6OHMHUTONOAOOHBLIX pacnnaBoB NPOUCXOAUT MUX pac-
TBOpeHue ¢ n3meHeHnem BHavane Cr/Al, a 3aTem 1 Mg/Fe OTHOLLEHWI B OCTaTOYHON XPOMLUMUHENN. XpOMLUMNUHE-
NuAbI NEPUACTUTOB, MMPOKCEHUTOB Y XPOMUTUTOB NPeobpa3oBaHbl PErpeccMBHLEIM MeETaMOPd 030M. YyacTku ¢ no-
BbILUEHHOW XPOMUCTOCTBIO Ha kpato 3epeH dropmupytotes npu T~ 680-640 °C, P ~ 6-16 kbap, MarHeTuToBbIE
KaiMbl — BO BpeMsl HU3KoTeMnepaTypHon cepneHTuHudaumm (< 250 °C). LieHTpbl 3epeH xpoMLUnMHennaoB coxpa-
HSILOT NEPBUYHBINA COCTAB. XPOMUTUTLI COOTBETCTBYHOT BbICOKOXPOMUCTOMY NoaMGOpMHOMY Tuny. VX pogoHavans-
HbIV pacnnas UMeeT BOHWHUTOBLIN COCTaB.
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ABSTRACT. The Purpose of the research is to study the composition of chromospinelides of the Egiingol massif
rocks in order to reconstruct the conditions and geodynamic situation of peridotite formation, identification of the
reaction features of harzburgite and the melt under pyroxenites formation, determination of the type of chromite
mineralization and its parental melt. Methods. The composition of chromospinelides was studied by the microprobe
analyzer JXA8200 (JEOL, Japan) using an electron probe X-ray spectral microanalysis. The concentrations of plat-
inum group elements (PGE) were determined by the ICP-MS method. Results. The shape of chromospinelides is
irregular in peridotites and pyroxenites and hypidiomorphic in chromitites. Their size and quantity decrease from
peridotite to orthopyroxenite and then to websterite. High-Cr# discrete domains and magnetite rims are developed
on the edges of chromospinelides in all types of rocks. The main part of peridotite cr-spinel grain is homogeneous
by Cr# and zonal by Mg# (with decrease to the edge), in pyroxenites it is almost homogeneous by Mg# and zonal
by Cr# (with decrease to the edge). The centres of contacting peridotites and orthopyroxenites are similar in com-
position. The central parts of chromospinelides in thick orthopyroxenite and websterite veins have similar Cri# (con-
tent) and lower Mg# (content) as compared with the contact peridotites. Cr# of the central parts of cr-spinel grains
varies from 0.51 to 0.79 in peridotites, from 0.5 to 0.77 in pyroxenites, from 0.68 to 0.77 in chromitites. The content
of TiO2in chromospinelides grows from peridotites (< 0.1 wt. %) to websterites (up to 0.25 wt. %) and then to
chromitites (0.15-0.3 wt. %). Platinum group minerals as well as sulfides and sulfarsenides of Ni (millerite and
vozhminite) have been found in chromitite chromospinelides. PGE spectra of chromitites is characterized by the
prevalence of refractory PGE over fusible PGE. Conclusions. Peridotite chromospinelides of the central block of
the Egiingol massif have high primary Cr# content (0.51-0.79). This is indicative of high melting degrees of the
mantle under rock formation in the oversubduction zone. The presence of low-Cr# (0.35-0.48) chromospinelides in
the West block of the peridotite massif suggests the change in the melting mode from anhydrous to hydrous. Py-
roxenite chromospinelides are inherited from the enclosing harzburgites. Infiltration of boninite-like melts leads to
cr-spinel dissolution resulting in the alteration of Cr/Al and Mg/Fe ratio in the cr-spinel residuals. Chromospinelides
of peridotites, pyroxenites and chromitites have been transformed by the regressive metamorphism. Some edge
parts of cr-spinel grains with high Cr# content are formed at T~ 680-640°C, P ~ 6-16 kbar. Magnetite rims are the
result of low-temperature serpentinization (< 250 °C). The central parts of chromospinelides preserve their primary
composition. Chromitites correspond to the high-Cr podiform type. Their parental melt is of boninite composititon.
Keywords: chromospinelides, chromitites, pyroxenites, mantle, subduction
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BeepeHue
CoctaB xpomwnuHenuaos (Spl) mo-
XET CINYXWUTb B KAYECTBE UHCTPYMEHTa Ans
pecTaBpaLluy yCroBuii U reoanHaM1M4eCcKomn
00CTaHOBKM (POPMUPOBAHUS NepUOOTUTOB,
BbISIBNEHNA 0COBEHHOCTEN NPOLECCOB B3a-
MMOLEVNCTBUSA NEPUAOTUT — pacnnas, onpe-

AeneHnst cocTaBa poAoHaYanbHbIX pacnna-
BOB W reHe3nca XPOMUTOBOTO OPYAEHEHNS.
B OruiMHronbCKOM MaccuBe XPOMLUMUHe-
nuabl SBNSIOTCS CKBO3HBIM aKLLECCOPHbIM
MUHeparnom B pasHbIX TUNax nopos, a Takxe
00pasyloT CKOMMeHUsl B BUae BKpanneHHbIX
1 MacCuBHbIX pyA.
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OMMUHIONbCKUA MaccuB OTHOCUTCS K
«HaACybAYKUMOHHBIM MaHTUNHBLIM Nepuao-
TUTam», KoTopble Bbinn obpasoBaHbl B pe-
3ynbTate BbICOKMX CTeneHei NnaBneHus
Hag 3oHamu cybaykumm [1], yem oTnuya-
l0TCA 0T «abuccanbHbIX NepuaoTUTOBY,
hopmupytowmxcs npu Gonee HU3KKX cTene-
HSX NNaBfEHNUs B LEHTpax CrpefuHra cpe-
OVHHO-OKeaHudecknx  xpebros. [MpucyT-
CTBME B COCTaBE MaccuBa NMPOKCEHNUTOBBIX
XWUM U XPOMWUTOBBLIX Pyd MO3BONSET pac-
cMaTpvBaTb €ro B KayecTBe 3TaslOHHOro
L5 NPOBEPKU MOAENN MarmMaTu4eckon Mo-
OndUKaLmMm MaHTUK B pesynbTaTe B3auMo-
LENCTBUS NEPULOTUTOB C OCTPOBOAYXKHBIMU
BOHUHMTOBBEIMM 1 6a3anbTOBLIMKM pacnna-
Bamu [2, 3]. lMNony4yeHHble AaHHble MO CO-
CTaBy XPOMLUMUHENWOOB W pacrpeaeneHnto
3NEeMEHTOB NIaTUHOBOW rPyNMbl B XpOMUTK-
Tax OrUMAHIONbLCKOro MaccuBa MO3BOSUIM
BbIIBUTb 0COBEHHOCTM npouecca obpaso-
BaHWS MUPOKCEHUTOBbLIX XU U ONPeaenuTb
TN XPOMUTOBOTO OPYLAEHEHUS.

MeToabl uccnegoBaHumn

N3yyanucb XxpomwnuHenuabl u acco-
LMMPYIOLLME C HUMU aKLECCOPHblE MUHe-
panbl M3 NepuaoTUTOB, MUPOKCEHWUTOB U
XPOMUTUTOB. 3epHa MWHepanoB aHanusu-
pOBanUCb M3 MOSIMPOBAHHBIX LUUEGOB NO-
poa. CoctaB onpegensanca MeToaoM asiek-
TPOHHO-30HZOBOrO  PEHTreHoCneKTpanb-
HOr0 MMKpOaHanm3a Ha MMKpoaHanusaTope
JXA8200 (JEOL, AnoHus) n aHeprogucnep-
cuoHHom cnektpomeTpe (B4C) EX-84055
MU (JEOL Ltd, Anonwus). B xpomwnuHenu-
[ax U3MepEeHWUs WMHTEHCUBHOCTEW peHTre-
HOBCKOrO U3My4eHWss BbIMOSIHANUCL  NpU
HanpsbkeHun 20 kB n cune Toka 20 HA ¢ ana-
MeTpPOM 30HAa 1 MKM, OIMTENIbHOCTb U3me-
peHus coctasnsana 10 c. [ins MuHepanos
nnatuHoson rpynnbl (MMM HanpsxeHwe,
cuna Toka v guameTp nyda bbinu Temu xe,
a BpeMS M3MepeHUs BbINo YBEMUYEHO [0
30-60 c. Cnekrtpbl obpaboTtaHbl Mo npo-
rpamme MONyKOSMYECTBEHHOrO aHanusa
Programme of Semiquantitative Analysis
nporpammHoro obecnevenuss 3C mukpo-
aHanusatopa. AHanutuk — benoseposa

O.10. PeHTreHOCTPYKTYpPHbI aHanua runep-
6a3nToB C Lesblo AUarHoCTUpPOBaHWUS MUHe-
parnoB rpynnbl CEpreHTUHa NPoBOANNCS Ha
andpakromeTpe Bruker D8 Advance, ocHa-
LLEHHOM MO3ULMOHHO-YYBCTBUTENbHBLIM [ie-
Tektopom VANTEC-1, npu aBTOMatude-
CkOM pexume cbopa AaHHbIX. AHANUTUK —
KaHesa E.B. KonnyectseHHO-MuHepanbHoe
COOTHOLUeHWe B nopoaax 6o paccunTaHo
B nporpammHom Komnnekce MC metogom
HaVMeHbLUMX KBafpaToB, rAe COOTHOLLEHNE
MUHEpanoB B Nnopoae npeacTaBnseTcs Kak
(PyHKUMS OT BanoBOro cocrtaBa Nopodbl K
coctaBa kaxgoro muHepana [4]. CocTaBebl
MOPOA, WU PESIUKTOB MEPBUYHBIX CUITMKATHBIX
MWUHEpPanoB Onpeaensnucs PeHTreHo-cnek-
TpanbHbIMW MeToAaMu (daHHble UX CO-
CTaBbl B CTaTbe He npusoaATcs). ccneno-
BaHWSA coCTaBa MUHEparnoB NPOBOAMIIUCE B
LIeHTpe KOMNSEKTUBHOIO Nonb3oBaHus «M30-
TOMHO-reOXUMUYECKMX MUccneqoBaHuiny M-
cTuTyTa reoxumun um. A.ll. BuHorpagosa
CO PAH (r. NpkyTck).

CopepxaHvie 3neMeHTOB NaTMHOBOW
rpynnel (3NN — Ru, Rh, Pd, Pt, Ir, Os n Re
— B XpOMWUTWTE ONPEenEensnocb MeTOAO0M
“30TONHOro pas3baBneHuss ¢ Macc-CnekTpo-
MeTpuyeckum okoHvaHuem (Element-2).
Pa3noxeHwue nccnegyembix obpasLos ¢ Jo-
6aBneHnMemM M30TOMHbIX METOK MpPOBOAW-
nocb B MMKpOBOSTHOBOM cucteme MARS-5 ¢
MCNONb30BaHWEM TFEPMETUYHBIX TedNOHO-
BbIX aBTOKNaBOB [5]. ViccnegoBaHWs BeINos-
HeHbl B VIHCTUTyTe reonormm n MuHepasno-
rumn um. B.C. Cobonesa CO PAH (r. HoBo-
cnéupck).

leonorunyeckoe nomnoxeHue, CTpoeHne
M COCTaB 3rMNHIroNIbCKOro MaccmBea

OMMAHrONbLCKUA MaccuB HaxXoauTCs B
DxvanHckon 3oHe LleHTpanbHO-A3naTckoro
nogsmxHoro nosica (LLAMM). N3yyenune co-
CTaBa BYIKaHMYeCKUX popmauun pernoHa
[6] nokasano Hanuyue MopoA, TUMUYHBIX
[NS KOPbl COBPEMEHHbIX OKEAHOB 1 UX OKpa-
MHHbIX 30H. BblaeneHbl BynkaHu4yeckue ce-
pumn Toneutosbix 6asanstoB N-MORB Tuna,
XapaKTePU3YIOLWMX  CNPEAUHIOBbIE  30Hbl
naneookeaxa, M3BECTKOBO-LLENOYHbIX
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6a3anbToB M BOHWHMTOB, TUMWUYHBLIX NS
OCTPOBOAYXHbIX CUCTEM, W CYBLLENOYHbIX
BbICOKOTUTAHUCTbIX 6a3anbToB, CBOWCTBEH-
HbIX  BHYTPUNIIMTOBOMY  OKEaHW4eCKOMY
marmatusmy. OCTPOBOAYXHbIA 3Tan pa3Bu-
T1s [XnanHckom 3oHbI No AaHHbIM U-Pb pa-
TUPOBaHWS LMPKOHOB M3 rabbponaos npo-
nucxogun Ha yposHe 560-570 mnH net
Hasag [7].

OMMAHIONbLCKUIA MacCUB PacronoXeH
B GacceliHe BEpPXHEro TeYeHWs p. SrumnH-
lon, B obnact conpspkeHus Apmakronb-
CKOr0 1 JrMAHrofIbCKOro passfioMoB, OPUEH-
TUPOBaH B LUMPOTHOM HanpasneHuun (pwc.
1). Mo npocTupaHuio NPOCREXeH Ha 22 KM

npw wupuHe 4-5 km. O6was nnowaae mac-
cuBa — okono 90 km?. [MepBoHayanbHble
pasmepbl, BEPOSITHO, OblM 3HAYUTENbHO
6onbLue, NOCKOMbKY PSOAOM C HAM 3aKapTu-
pOBaH psiA BbIXOAO0B runepbasutos, coxpa-
HUBLUWXCSH B BUZE KCEHONUTOB Cpeau rpaHu-
TOMZHBIX U CUEHUTOBLIX UHTPY3UBHBIX KOM-
nrekcos, obpamnsoWwmMx Maccue ¢ 3anaj-
HOW, K0XXHON N CEBEPHOW CTOPOH.

B 1961 r. B cBA3M C nouckamm xpu3o-
Tun-acbecta maccus usyyvanu U.W. Bonuek
n H.T. Parysos. OHu coctaBunu reonoruye-
Cckyto kapTy macwTaba 1:100000 v BeisBUNK
HECKOSMIbKO MYHKTOB Xpu30TuI-acbecToBow
MWHepanu3aumn. B 1970-x rr. maccus
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Puc. 1. leonozuveckas cxema d2uliH20/1bCKO20 Mepudomumoeo20o Maccuea
1Mo ucmoyHuky [8] ¢ donosHeHUsIMU a8MopPoe8 cmamabU:

1 — KoHa/I0MepameI, necyaHUKU, aseeponumsl, ap2usumsl, NPOCIOU KaMeHHO20 yanisi (CpedHsis opa);
2 — 0cal0YHO-8YIKAHO2EHHbIE OMITOXEHUST (8€HO-HUXHUL Kembpull); 3 — cybuwenoyHbie 1eliKOKpamoable
epaHumsl; 4 — cueHUMBbI; 5 — ceprneHmMuUHUMbI U CEPNeHMUHU3UPO8aHHbIe 2apubypaumal;

6 — anozunepbasumosbie k8apy-kapboHamHkle U masnbK-kapboHamHble nopoodkl;

7 — xpuzomur-acbecmosasi MuHepanusayusi; 8 — MagHe3umosas MuHepanu3sayusi; 9 — denroguarbHble
8biX00bl XpomMumumos; 10 — obrracmb nNposierieHUst NUPOKCEHUMO8bIX XuiT; 11 — pa3nomsl
Fig. 1. Geologic scheme of the Egiingol peridotite massif by the source [8] with authors’ additions:
1 - conglomerates, sandstones, siltstones, argillites, coal interlayers (middle Jurassic);

2 — sedimentary-volcanic deposits (Vendian-Lower Cambrian); 3 — sub-alkaline leucocratic granites;

4 - syenites; 5 — serpentinites and serpentinized harzburgites; 6 — apoultrabasic quartz-carbonate
and talc-carbonate rocks; 7 — chrysotile-asbestos mineralization; 8 — magnesite mineralization;

9 — deluvial outcrops of chromitites; 10 — pyroxenite vein manifestation area; 11 — faults

U3BecTus Cubupckoro otaeneHus Cekumm Hayk o 3emne PAEH.

Feonorus, pasBegka u paspaboTka MeCTOpPOXAEHUN Nosie3HbIX uckonaemMbix T. 40, Ne 4 2541-9455

Proceedings of the Siberian Department of the Section of Earth Sciences RANS.
Geology, Exploration and Development of Mineral Deposits Vol. 40, No. 4

12

ISSN print

ISSN online
2541-9463



Feonorus, NouCKkn n passepgka MeCTopoXaeHMN NOMe3HbIX UCKoMaeMbIX
Geology, Prospecting and Exploration of Mineral Deposits

ndyyancs I.B. MNuHycom, J1.B. AradhoHoBbIM,
®.I1. NlecHoBbIM. OHK yCTAHOBUNW PECTUTO-
BYIO MPUPOAY NEPUAOTUTOB U Knaccuguum-
poBanu MX Kak anbhUHOTWUMHblE rnnepba-
3uTbl [8]. B pesynbTarte neTpo-MuHepanoro-
reOXMMUYECKOr0 U3y4eHUs YacT Maccusa
3anagHee p. AruiiHron M.A. lNopHoBa, M.A.
KysbMmuH, U.B. MopauneHko v apyrue npuwnm
K BbIBOZY, YTO rapubypruTbl BHayane ¢op-
MUPOBANIUCb B 30HaX CNpeanHra CpeanmHHo-
OKeaHW4eckux XpebTOB MM npeaayroBbiX
(3apyroBbix) 6accenHoB, a 3aTem nogsepr-
nuce npeobpasoBaHnio BOHNHUTOBEIM pac-
NnaBoM B HaacybayKLMOHHOM 30He [9)].

MaccvB CnoxeH CepneHTUHUTaMu M
CEPNEeHTUHN3NPOBAHHBIMU NEPUAOTUTAMM.
PaHee oTmevanuch peakue xunoobpasHole
Tena aHcTaTutuToB u Bebecteputos [8]. Bo
BpemMsi nonesbix uccnegosaHun B 2011-
2013 rr. B LEHTpanbHON YacTu Maccmea (Bo-
CTOYHee p. JruitHron) Hamm Gbin obHapy-
XeH BnoK CepneHTUHWUTOB nnowiagblo ~ 16
KM? C MIHTEHCUBHBLIM Pa3BUTUEM NMUPOKCEHM-
TOBBbIX XMI. 34€ech xe Bnepsble Obinu obHa-
PY>XeHbl AeNtoBMUanbHbIe POCChINN XPOMUTM-
TOB (CM. puc. 1).

vnepbasutbl nNpeacTaBnsaT cobon
TEMHblE, TEMHO-3efIeHbleé MAaCCUBHblE MO-
poabl. CTeneHb CepneHTMHM3aUMU nopoa
BapbupyeT ot 60 fo 80 mac. %. B yactu 06-
Pa3LOB COXPAHSAKTCA PEMUKTbI MEPBUYHBIX
CUNMKaTHbIX MUHEPANOB — ONBMHA U OPTO-
NUPOKCEHA C KNUHOMUPOKCEHOBBLIMU CTPYK-
Typamu pacnaga. /13 BTOpUYHbIX MUHEpa-
noB npeobnagaeTr Xpu3oTwUm; TPEMOSMUT,
TanbK W XIOPUT MPUCYTCTBYIOT B HEOOMb-
WKX KONMMYyecTBax. PEeKOHCTPYMpPOBaHHLIN
(6e3 meTamopduuyeckmx MuHepanoB) CO-
CTaB NepuaoTUTOB: onuBmMH (56—85 06. %),
optonupokceH (15-43 06. %), knuHonu-
poKceH (8o 2 06. %), xpomwnuHens (8o 1-
4 06. %) — cooTBETCTBYET rapudyprutam.

MMpoKceHnTbl 00pasylT pon Xun
MOLLHOCTbIO OT MepBbIX CaHTUMETPOB A0
NnepBbIX METPOB MPOTSHKEHHOCTbIO 4O Mep-
BbIX JECATKOB MeTpoB. /IMEIOT MacCuBHYt0
TEKCTYpY U cpeaHe-KpyNHO3EPHUCTYHO rMnu-
AnomopdHO3epHUCTYI0 CTPYKTypy. CocTas

MUPOKCEHWUTOBBLIX KWUI HEMpPepbIBHO M3Me-
HAeTCs B pady OpPTONUPOKCEHWUT — BebCTe-
put. BebcTeputbl MMeT cneaylowmii Mu-
HeparnbHbIiA cocTaB: opTonupokceH (20-90
06. %), knuHonupokceH (11-79 06. %), onu-
BUH (0-5 06. %), xpomwwnuHens (0-1 06. %).
B opTonupokceHnTax npeobnaparowias mu-
HepanbHas pasa — optonupokceH (> 90
06. %), octanbHble: knuHonupokceH (0-10
06. %), onueuH (0-5 06. %) N XpOMLLNUHENb
(0-2 06. %) HaxopsaTCsa B NOQYMHEHHOM KO-
nnyectBe. B opTonupokceHax npucyT-
CTBYKOT KNNHOMUPOKCEHOBbIE, @ B KIIMHOMM-
POKCEHaX — OPTOMUPOKCEHOBbIE CTPYKTYPbI
pacnaga. lMopoadbl cnabo WM3MeHeHbl, Mo-
Tepu npu npokanueaHum Bapbupytot ot 0,4
[0 2,5 mac. %. Mo TpelwmHam n KpaeBbIM
4acTsIM OPTOMNMPOKCEHOB Pa3BMBALOTCS Tpe-
MOSUT, TaslbK U BTOPUYHBIA ONMBWH, B KNu-
HOMUPOKCEHax — TpemMonuT. [lepBUYHbIN
ONMBMWH 3aMELLAeTCA XPU30TUNOM.

XpoMuTUTLI  NpeacTaBnsioT  coboii
MacCUBHbIE U BKpanmneHHble pyabl YEPHOro
W YEPHO-XenToro LBeTa COOTBETCTBEHHO.
O6pasytoT gentoBuanbHble POCChInu, reo-
rpacuyecky NpuMypoYeHsbl K MECTOHAXOXAe-
HUAM MUPOKCEHWUTOBLIX XMN. CymmapHas
nnowaab pocceineit ~ 2—4 km? (cm. puc. 1).
KonuyectBo xpomwuinuHenuaa BapbupyeT
ot 30 06. % Bo BKpanneHHbix 4o 80-95 ob.
% B MaccuBHbIX pyaax. CTpykTypa Bkpan-
NEHHbIX PasHOBWUOHOCTEN MaCCUBHBIX PYA,
cupeponuntoBas (puc. 2, A), runugmomopd-
Ho3epHucTas (puc. 2, B). CunukaTtHasa vacTb
nopog Hauesno 3aMeLieHa CEepPneHTUHOM, B
MEHbLUEN CTeneHn pasBuUTbl XIOpUT U
TanbkK.

XpomMwnuHenuabl

B cepneHTUHN3NpPOBaHHLIX rapLbyp-
rMTax XpoMLUNUHenuabl obpasytoT pasnmy-
Horo pasmepa 3epHa ot 0,5 go 1,5 Mm He-
NPaBWNbHOW, OKPYrMoW, 4YepBeobpasHoi
opmbl (puc. 2, G). Ux okpacka B wnudge
N3MEHSETCS OT TEMHO-KOPUYHEBOW A0 MNo-
4Tn YyepHor. OHKM pacnonaratTcs B MHTEP-
cTuumnax 6onee KpynHbIX 3epeH CUMUKaToB U
HE BCTPEYAlTCA BHYTPU  PEMUKTOBbIX
3epeH OfMBMHA W OPTOMMPOKCEHA, 4TO
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1,000 10pm WO11mm

Puc. 2. MukpocmpykmypHbie ocobeHHocmu ebidesieHull XpoMwnuHenudos
8 nopodax JzuliH20/1bCKO20 Maccuea
A u B — maccusHble u gkparineHHble pyObi COOMBemMCcmeeHHO 8 Mpoxodswem ceeme ¢ cudepoHumosol (A)

u aunuduomopgpHosepHucmol (B) cmpykmypamu; C — memamopghuyeckue usmeHeHust (Spl2) no kpasm
0CHO8HoU Yacmu (Spl1) xpomwnuHenudos 8 xpomumumax; D — ekroyeHue Ru-Ir-Os cnnasa 8 xpomwnuHenude
us xpomumuma; E — 0bruk xpomwnuHenudos 8 opmonupokceHumax; F — memamopguyeckue usmeHeHus (Spl2)

1o Kpasim 0cHosHol Yacmu (Spl1) xpomwnuHenudos 8 nupokceHumax; G — Memamophuyeckue USMEHeHUsI
(Spl2), a makxe omopoyku macHemuma (Mt) no kpasim ocHosHol yacmu (Spl1) xpomwnuxenudos
8 2apubypaumax; H — obnuk xpomwnuHenudos e sebcmepumax
A, B, H — mukpogpomoepacpuu wnughoe & npoxodswem (A, B) u ompaxeHHom (H) ceeme
C-G - usobpaxeHusi 8 06pamHoOpaccesHHbIX 31eKMpoHax
Fig. 2. Microstructural features of chromospinelide identification in Egiingol massif rocks
A and B — massive and disseminated ores respectively in transmitted light with sideronite (A)

and hypidiomorphic-grained (B) structures; C — metamorphic changes (Spl2) at the edges of the main part
of chromospinelides (Spl1) in chromitites; D — inclusion of Ru-Ir-Os alloy in the chromospinelide from chromitite;
E — an image of chromospinelides in orthopyroxenites; F — metamorphic changes (Spl2) at the edges of the main

part of chromospinelides (Spl1) in pyroxenites; G — metamorphic changes (Spl2) and magnetite rims (Mt)

at the edges of the main part (Spl1) of chromospinelides in harzburgites;
H — an image of chromospinelides in websterites
A, B, H — microimages of thin sections in transmitted (A, B) and reflected (H) light
C-G - images in backscatterd electrons
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XapaKTepHO AN15 NPOTOrpaHynsipHoO MUKPO-
CTPYKTYPbl PECTUTOBbLIX NEPULOTUTOB.

B nupokceHuTax Konm4yectBO XpOM-
WNWHENULOB MEHbLUE, YEM B CEpreHTUHU-
3MpOBaHHbIX rapuybyprutax. Takke Habnto-
[AeTcs YMEHblUeHWe KonuyectBa XpoM-
LWNWHENNAOB B Py OT OPTOMUPOKCEHNTOB
K BebcTepuTam, B Yactu BebCTepuToB OHA
NONHOCTLIO OTCYTCTBYeT. Pa3mepbl 3epeH
BapbMpyOT OT AECATKOB MUKPOH 40 1 MM
(puc. 2, E, F) n aABHO MeHbLUe B BeGCTEPU-
Tax, opma HenpaswunbHas W OKpyrnas
(puc. 2, H). 3epHa xpomwnuHenuaoB pac-
NONOXeHbl Kak B MEX3epPHOBbLIX MPOCTpaH-
CTBaXx, TaK W BHYTPY 3€PEH OPTONMPOKCEHA.

Bo BKpanneHHbIXx pyaax runuguo-
MOPHbIE 3ePHA XPOMLLMMHENN UMEIOT pas-
mepbl 0,5-1,5 mm (cm. puc. 2, B), B maccue-
HbIX pygax gopma 1 pasmepbl 3epeH He

onpegenstTcs (CM. puc. 2, A). XpoMLunu-
HEeNUAbl pasbuTbl TpeLmHamm, KOoTopble 3a-
MOMHEHbl BTOPUYHBIMU MUHEpanamu — cep-
MEHTUHOM U XIOPUTOM.

MpencraBuTenbHble COCTaBbl XPOM-
WNUHEeNMAOB U3 nopod  IrMAHrONbCKOro
maccuBa npuBegeHbl B Tabn. 1-4. Xpow-
WNUHenuabl rapubypruTos, MUPOKCEHUTOB
W BKpansieHHbIX XPOMWUTUTOB MO Kpasm u
TpewmnHam nMerT 1-2 MKM KaiMbl XPOM-
marHetuTa (cm. Tabn. 1-4). Menkve 3epHa
B MWUPOKCEHUTax MOryT ObiTb MOMHOCTHIO
npefcTaBneHbl  XpoMm-marHetutom.  [lo
KaMbl MarHeTuTa no KpasMm OCHOBHOMW Ya-
CTK 3epHa xpomLunuHenuaos (Spl1) Bo Bcex
Tunax nopog HabnwogawTca HebonbWworo
pasmepa AUCKpeTHble 0bnacTn apyroro co-
craBa (Spl2) (puc. 2, C, F, G).

Tabnuua 1
CocTtaB XpOMLLNMHENNAOB U3 NePUAOTUTOB ArMHrona
Table 1
Composition of chromospinelides from Egiingol peridotites
Mopopa / Rock MNepuaotut / Peridotite
Homep
obpasua / 01/5 08 10 10/5 10/9 15/2
Sample no.
MonoxeHue /

Position yrc yrc KIR yrc yrc yrc yrc KIR
TiO, 0,03 0,03 0,1 0,05 0,04 0,05 0,02 0,08
AlLOs 14,94 17,01 11,36 27,50 28,76 19,43 13,03 2,99
Cr.0s 55,13 52,17 54,55 43,24 40,25 49,04 55,59 55,95
V203 0,30 0,34 0,42 0,11 0,12 0,15 0,29 0,36
Fe203 1,35 1,56 3,85 1,55 2,44 2,70 2,98 11,10
FeO 17,81 19,88 23,31 14,24 14,08 17,84 19,01 25,19
MnO 0,56 0,58 0,70 0,41 0,38 0,53 0,57 0,79
MgO 10,70 9,49 6,49 13,60 14,61 11,10 9,77 4,31
Zn0 0,19 0,30 0,43 0,13 0,15 0,24 0,20 0,24

Cg{\:% / 101,01 | 101,36 | 101,23 | 100,83 | 100,83 | 101,07 | 101,49 | 101,09
Mg# 0,52 0,46 0,33 0,62 0,65 0,53 0,48 0,23

Cr# 0,72 0,67 0,76 0,52 0,48 0,63 0,74 0,93

Mpumedarue. L — ueHTp, K — kaiima 3epHa, Mg# — marHeananbHocTb, Mg# = Mg / (Mg + Fe?*), Cr# — xpomu-
cTocTb, Cr#t = Cr / (Cr + Al). CogepxaHus npusefieHbl B Mac. %.
Note. C — centre, R — (grain) rim, Mg# — magnesium content, Mg# = Mg / (Mg + Fe?*), Cr# — chromium content,

Cr# = Cr / (Cr + Al). Contents are in wt. %.
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Tabnuuya 2

CocTaB XpOMLUNUHENNAOB 13 NEePUAOTUTOB U OPTONUPOKCEHUTOB AruiHrona

Table 2

Composition of chromospinelides from Egiingol peridotites and orthopyroxenites

MNopopal Mepupgotut / OpTonupokceHut /
Rock Peridotite Orthopyroxenite

Homep

obpasua / 2211 23 25/1 29A 01/6-7
Sample no.
MNMonoxexune/

Position y/c | KIR /c KIR yi/c yi/c KIR y/c KIR
TiO, 0,05 0,12 0,02 0,06 0,06 0,05 0,06 0,03 0,06
AlLO3 10,2 4,22 17,31 12,21 10,38 11,7 7,35 9,49 6,82
Cr,03 57,4 57,5 49,97 54,56 57,84 55,1 54,36 58,10 60,94
V203 0,27 0,42 0,21 0,23 0,33 0,3 0,38 0,28 0,28
Fe,03 3,48 1,24 3,28 2,73 2,73 2,7 7,35 2,06 1,75
FeO 18,9 24,4 17,86 22,71 18,89 19,4 23,85 23,13 24,75
MnO 0,63 0,81 0,51 0,69 0,56 0,7 0,79 0,65 0,73
MgO 9,29 4,41 10,58 6,74 9,35 8,80 5,49 6,36 4,94
Zn0O 0,12 0,30 0,21 0,00 0,15 0,21 0,23 0,28 0,34

C¥“(’;t“;? / 100 | 99,9 | 100 | 1003 | 1003 | 99,2 | 100 | 100,41 | 100,55
Mg# 0,47 0,24 0,52 0,35 0,47 0,45 0,29 0,33 0,26

Cr# 0,79 0,90 0,66 0,75 0,79 0,76 0,83 0,80 0,86
lpumeyaHue. YcnoBHble 0603Ha4eHNst cM. B Tabn. 1.
Note. For arbitrary notations refer to table 1.
Tabnuua 3
CocTaB XpoMuinuHenmnaoB U3 OPTONMUPOKCEHUTOB U BGGCTepMTOB AruHrona
Table 3
Composition of chromospinelides from Egiingol orthopyroxenites and websterites
Mopoga / OpTtonupokcenuT / Bebcteput /
Rock Orthopyroxenite Websterite
Homep
obpasua / 10 15/4 | 25/1 23 29A 08/1-3 22 15
Sample no.
[MonoxeHue /

Position uy/c KIR uy/c yg/c | yicj| ylc Uy/c y/c Uy/c
TiO; 0,01 0,05 0,07 0,09 0,12 0,06 0,16 0,08 0,19
Al,O3 27,52 6,59 10,97 8,58 19,9 | 13,42 14,29 10,44 14,08
Cr,03 43,40 | 63,37 | 55,40 | 59,61 | 45,3 | 55,11 49,53 52,08 46,92
V203 0,09 0,06 0,26 0,33 0,52 0,27 0,40 0,34 0,77
Fe,03 1,01 1,32 2,93 2,77 4,00 1,68 3,34 5,36 5,91
FeO 13,90 | 21,13 | 24,91 19,65 18,6 | 21,21 27,57 25,54 26,38

U3BecTus Cubupckoro otaeneHus Cekumm Hayk o 3emne PAEH. ISSN print

16 Feonorus, pasBegka u paspaboTka MeCTOpPOXAEHUN Nosie3HbIX uckonaemMbix T. 40, Ne 4 2541-9455
Proceedings of the Siberian Department of the Section of Earth Sciences RANS. ISSN online

Geology, Exploration and Development of Mineral Deposits Vol. 40, No. 4 2541-9463




Feonorus, NouCKkn n passepgka MeCTopoXaeHMN NOMe3HbIX UCKoMaeMbIX
Geology, Prospecting and Exploration of Mineral Deposits

MnO 0,37 0,74 0,70 0,63 | 047 | 061 0,84 0,72 0,66
MgO 1466 | 7,51 5,42 8,71 | 104 | 814 3,65 4,58 4,58
Zn0 0,10 0,06 0,30 0,09 | 024 | 0,23 0,61 0,44 0,63
CYPS&T / 101,11 | 100,80 | 100,96 | 100,46 | 99,64 | 100,74 | 100,39 | 99,58 | 100,11
Mg# 0,65 0,39 0,28 0,44 | 050 | 041 0,19 0,24 0,24
Cr# 0,51 0,87 0,77 082 | 060 | 0,73 0,70 0,77 0,69

lpumeyaHue. YcnoBHble 0603Ha4eHNst cM. B Tabn. 1.
Note. For arbitrary notations refer to table 1.

Tabnuua 4
CocTaB XpOMLLNMUHENNAOB U3 XPOMUTUTOB JruHrona
Table 4
Composition of chromospinelides from Egiingol chromitites

Homep
obpasua / X2 X2 X2 X6 X6 X8 X8 | X10 | X10 | X14 | X14
Sample no.

onoxenne !\ \yjc | wic | kiR | wic [urc |uic| kiR |uic| kiR |UiC|KIR

TiO; 014 1016 | 029 019 | 0,18 | 014 011|018 0,19 | 0,13 | 0,15

Al,O3 16,73 | 14,74 | 7,23 | 1491 | 1597 |16,21 | 10,14 116,15| 2,66 | 126 | 585

Cr,03 52,70 | 53,9 | 61,98 | 55,06 | 54,19 | 53,60 | 60,45 | 53,74 | 60,09 | 56,44 | 62,10

V203 013009013 | 014 | 0,14 | 0,13 | 0,11 | 0,09 | 0,12 | 0,13 | 0,17

Fe203 236 | 200 | 095 | 180 | 097 | 1,39 | 0,93 | 1,87 | 8,74 | 2,26 | 2,89

FeO 12,06 | 15,71 | 17,89 | 14,77 | 14,58 | 13,52 | 15,38 | 12,73 | 18,49 | 15,50 | 18,24

MnO 0203 /03| 029 | 027 | 0,28 | 0,34 | 0,23 | 0,43 | 0,26 | 0,41

MgO 1433 | 11,76 | 956 | 12,77 | 12,69 | 13,33 | 11,56 |13,93| 8,76 | 11,74 | 8,90

Zno 003 | 0,07 | 0,07 | 005 | 0,06 | 0,07 | 0,05 | 0,09 | 0,01 | 0,07 | 0,02
C¥“gt“g|” 98,82 | 98,95 | 99.1 | 100,10 | 99,07 | 98,73 | 99,10 | 99,16 | 99,7 | 99.3 | 98,8
Mg# 0,68 | 057 | 0,49 | 061 | 0,60 | 0,64 | 057 | 0,66 | 0,46 | 057 | 0,46
Cr#t 068 | 0,71 | 0,85 | 0,71 | 0,69 | 0,70 | 0,80 | 0,69 | 0,94 | 0,75 | 0,87
Al,Os
(pacnnas/ | 128 | 126 | - | 122 | 125 | 126 | - |1261] - | 114 | -
melt)
TiO,
(pacnna/ | 02 | 025 | - | 031 | 023|024 | - | 03| - |o022]| -
melt)
FeO/MgO
(pacnnas/ | 072 | 066 | - | 09 | 098] 087 | - |078| - | 1,05| -
melt)

lpumeyaHue. L — ueHTp, K — kaiima 3epHa, Mg# — marHe3ananbHoCcTb, Cr# — xpomuctocTb. CogepxaHus npu-
BeaeHbl B mac. %.
Al O35pr) = 0,035 - AL, 0552 1) (SPI — Xpomuwinurens, Melt — pacninas).

. _ m:n0.82524 , ,0.020203
TlOZ(melt) - TIOZ(SPI) e .

FeO FeO
ln(M_gO)Spl = 0,47 - 1,07 : Al#spl + 0,64 ' F63+ + ln(M_gO)melt [10]
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Note. C — centre, R — (grain) rim. Mg# — magnesium content, Cr# — chromium content. Contents are in wt. %.

Contents are in wt. %.

Al,O35pry = 0,035 - AL, 0552 1) (Spl — Cr-spinel, Melt — melt).

. _ min0.82524 . 0.020203
TIOZ(melt) - TlOZ(Spl) e .
FeO

()t = 047 = 1,07 Alfgpy + 0,64 Fe®* + ln(l\%(()))me]t [10].

B rapubyprutax B Spl1 xpomuctocTb
BapbupyeT B AuanasoHe ot 0,51 go 0,79,
marHeaunanbHocTb — ot 0,4 go 0,59 (puc. 3,
A), cogepxaHve TiO2 He npesblwaeT 0,1
mac. % (puc. 3, D). OT ueHTpa K Kpato 3epHa
NPU NOCTOSIHHON XPOMMCTOCTW NPOUCXOAUT
YMeHbLLUEHWNEe MarHe3unasnbHOCTH (CM. puc. 3,
A) n pocT cogepxaHur MnO. LieHTpanbHble
4acTu 3epeH XpoMmLnuHenuaoBs B rapubyp-
rMTax no COOTHOLLEHWIO XPOMUCTOCTb — Mar-
He3WanbHOCTb, HU3KUM  KOHLEHTpauusm
Fe203 (puc. 3, C), TiO2 (cm. puc. 3, D), MnO
n ZnO (cm. Tabn. 1-2) oTBevaroT cocTaBy
XPOMLUNMHENUAOB HaACybaYKLUMOHHBIX ne-
pULOTUTOB, MpPK 3TOM YacTb TOYEK mona-
[aeT B nepekpectve nonen Haacydoaykum-
OHHbIX W abuccanbHbIX NepuaoTUTOB (CM.
puc. 3, A).

B nupokcenutax B Spl1 xpomuctoctb
BapbupyeT B AuanasoHe ot 0,42 po 0,82;
mMarHeaunanbHocTb — 0T 0,3 go 0,6 (cm. puc.
3, A). B xpomwnuHenugax opTonupoKCceHu-
TOB COAEpXaHWe TUTaHa Takoe e, Kak BO
BMELLaoLWMX NepuaoTuTax, T.e. He NpeBbl-
watot 0,1 mac. %, Toraa kak B Bebcrepurax
OHO Bblwe K coctasnset 0,1-0,25 mac. %
(cm. puc. 3, D). Cogepxanusa MnO n ZnO B
NUPOKCEHWTaX Bbille, Yem B rapubyprurtax.
B opTonupokceHuTax LeHTpbl XpoMLUNUHE-
N1AoB MMetT 6n3Kne MarHesnanbHOCTb M
XPOMMUCTOCTb K LIeHTpanbHbIM YacTSM XpOM-
LUNWHENNAOB KOHTAKTUPYIOLWMX rapudypru-
T0B. [1pW 3TOM B XpOMLUNNHENMAAX OPTONU-
POKCEHMTOB HabniogarTcs LWMpoKMe Bapw-
auum XpOMUCTOCTU C TEHAEHLUMEN K YMEHb-
LLEHUIO K Kpato 3epeH. B 6onee mMoLHbIX op-
TOMMPOKCEHUTOBLIX U B BEBCTEPUTOBLIX XU~
nax pasmep XpOMLMNWHENUAOB YMeHbLua-
€TCS, U OHW XapaKTepU3yTCS HEOAHOPOA-
HOCTbIO COCTaBa Kak B CaMOM 3epHe, TaK W

mMexgy 3epHamu B npefenax obpasua. o
CPaBHEHWIO C BMeljalowmuMmn rapubypru-
Tamu OHU UMeKT Bonee HU3KYI0 MarHesu-
anbHOCTb U LUMPOKME BapuaLum XpOMMUCTO-
CTU C MakCManbHbIMW 3HaYEHUAMMN TakUMK
Xe unu bonee BLICOKUMM, YEM B XPOMLLIMK-
Henuaax rapubypruTos.

CoctaBbl OCHOBHOW 4acTW 3epeH
XPOMLLUMUHENWAO0B M3 XPOMUTUTOB XapakTe-
PU3YKOTCS BbICOKOM XpomucTtocTbio (0,68—
0,77) wn wmarHesnanbHocTblo (0,50-0,70)
(puc. 3, B), oTpuuaTenbHON Koppensumen
mexay Al203 1 Cr203, NOBbLILLEHHBIM COaep-
xaHuem TiO2 (0,1-0,3 mac. %) (cm. puc. 3,
D).

Spl2 B KpaeBbIX YacTAX 3epeH XpPoM-
LWNUHENMA0B BO BCEX NOpoAax ArMAHIonNb-
CKOro maccuea nmeet 6onee BbICOKUE XPO-
MucTocTb 1 cogepxanus TiOz, V203, MnO
npu 6onee HWU3KOW MarHe3uanbHOCTN OTHO-
CUTeNbHO OCHOBHOM YacTu 3epHa. Cogep-
XaHue TpexBaneHTHOro ’xenesa cnerka
pacTeT, HO He OO0 obpa3oBaHus heppuT-
xpomuta (cm. Tabn. 1-4; cm. puc. 3, C).

B xpomwnuHenugax XpoMWUTUTOB
npucytctaytoT MIT 1 cynbduabl n cynbgo-
apceHugbl Hukens. OHW UMeT ngmomopd-
HYI0 1 OKpYrnyto hopmy, pasmep He npeBbl-
waet 10 mkm. Cynbduabl n cynbgoapce-
HUAblI pacnonarakwTcs B TpeluHax, caMo-
POAHbIE — B KPAEBbIX YACTSAX XPOMLLMUHENN-
foB (puc. 2, D). CamopogHble MM npeg-
cTaBneHbl Ru-Ir-Os cnnasom, ux cynbduabl
n cynboapceHnabl — nayputom, naypur-
3PNUXMAHUTOM. UPUAUCTBIM  PyapCUTOM.
Takxe npucyTcTBYIOT CynbduAabl U Cynbgdo-
apceHugbl Ni — MUNINEPUT U BOXMUHUT
(Tabn. 5).

U3BecTus Cubupckoro otaeneHus Cekumm Hayk o 3emne PAEH.
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Puc. 3. Cocmae xpomwnuxenudos
A — OMHOWeHUe XpoMUCMOCMU K Ma2He3uanbHOCMU 8 XpPOMWUHenudax u3 KoHmakmupyowux obpasyos
nepudomumos u nupokceHumos. Kaxdas napa KoHmakmupyrouux 06pa3syos nepudomum — fMupoKceHUm
0603HayeHa 0OHUM U meM Xe murom 3Haukos. Homepa 06pasyoe Ha pucyHke coomeememesyiom HoMepam
8 mabn. 1-4. Mons HadcybAyKuuOoHHbIX nepudomumog daHbl Mo UcmoyHuUKy [11], abuccanbHbix nepudomumos —
1o ucmoyHuky [12], nepudomumos 3arnadHo20 610ka SauliH20/1bCK020 Maccuga — o UCMOYHUKY [9]
B — omHoweHue xpomucmocmu K MagHe3uabHOCMu 8 XpoMwnuHeudax u3 xpomMumumos, Ha duazpammy
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0719 cpagHEeHUs1 makxXe HaHeCeHb! MOYKU cocmaesos XpomunuHenudos u3 Kemmnupcalickoeo mecmopoxdeHus [3].
lonsi nodughopMHbIX U cmpamuOPMHbIX XpOMUMUMO8 daHb! M0 UCMOYHUKY [13]
C - cocmas xpomuunuHenudos u3 nopod JeuliHeona 8 koopduHamax Al-Cr-Fed*:
1 — xpomwnuHenudsi u3 2apubypeumos (Spll); 2 — xpomwnuHenudsl u3 eapybypaumos (Spl2);

3 — xpomwnuHenuodbl U3 OpMONMUPOKCeHUMOo8bIx Xus (Spll); 4 — xpomwnuHenuOsbl U3 OPMOMUPOKCEHUMO8bIX
xun (Spl2); 5 — xpomwnuHenudsl u3 8e6cmMepUMOosbIX Xust; 6 — XxpoMwnuHenudb! u3 xpomumumos (Spll);
7 — xpomwinuHenudbl u3 xpomumumos (Spl2), 8 — xpomwnuHeuds! us pyd Kemnupcatickoeo mecmopoxoeHus [3].
lons hayuli memamopeghbusma 0aHbl 0 UCMOYHUKY [14]

D — omHoweHue codepxarus TiOz K XpoMucmocmu XpoMwnuHenudos (ycriosHbie 3HaKU me Xxe).

[None 6oHUHUMO8 daHo nMo ucmoyHukam [15, 16]

E — paccyumaHHble cocmasbl pagHo8eCHbIX poOUMEsbCKUX pacniasos A5 XpoMumumos
(ycrnoeHble 3Haku me xe). lNons 60HUHUMO8 daHbi M0 UCMOYHUKY [15], 8biCOKOKanbyuesbix
60HuHUMO8 Tpoodoc — 1o ucmoyHuky [16], 6azanbmoe COX (MORB) — o ucmoyHuky [17]

Fig. 3. Chromespinelide composition
A — Cr content versus Mg content ratio for chromespinelides from the contacting samples of peridotites
and pyroxenites. Every pair of contacting samples peridotite-pyroxenite is marked by the same icon type.
The sample numbers on the graph correspond to the sample numbers in the tables 1-4.

The fields of the oversubduction peridotites are given according to the source [11], abysal peridotites
by the source [12], peridotites of the westblock of the Egiingol massif by the source [9]

B — Cr content versus Mg content ratio for chromespinelides from chromitites, the points of composition
of Kempirsaj deposit chromespinelides [3] are plotted on the diagram for comparison.

The fields of podiform and stratiform chromitites are given by the source [13]

Composition of chromespinelides from Egiingol rocks in C — Al-Cr-Fe®* coordinates:

1 — chromespinelides from harzburgites (Spll), 2 — chromespinelides from harzburgites (Spl2),

3 — chromespinelides from orthopyroxenite veins (Spl1), 4 — chromespinelides from orthopyroxenite
veins (Spl2), 5 — chromespinelides from websterite veins, 6 — chromespinelides from chromitites (Spl1),

7 — chromespinelides from chromitites (Spl2), 8 — chromespinelides from Kempirsaj ores [3].

Field of metamorphic facies are given by the source [14]

D - TiOz content versus Cr content of chromespinelides (conventional symbols are the same).
Boninite field is given by the sources [15, 16]

E — calculated compositions of equilibrium parental melts for chromitites (conventional symbols are the same).
The fields of boninites are given by the source [15], of high Ca Troodos boninites
by the source [16], of MOR basalts by the source [17]

Hanunune Ttonbko MM wnpuaneson
NOArpynnbl OTpaXaeTcs B CNeKTpe pacnpe-
aenenus M no nopoae B Lenom. Habnto-
[aeTcs [OBYKpaTHOE YBENWYEHWE KOHLEH-
Tpauuin TyronnaeKknux 3N1EMEHTOB Haf, Nerko-
nnaBkuMK, NofobHas KapTMHa xapaKkTepHa
ons nognopmHbIx xpomututoB Kemnup-
cas (puc. 4).

O6cyxaeHue pe3ynbTaToB

lpoBedeHHOEe WccnefoBaHMe  Co-
CTaBa XPOMLUMUHENWAOB U3 rapubypruTos,
MUPOKCEHUTOB U XPOMWUTUTOB OrUWAHIOMNb-
CKOro mMaccvBa nokasarno, YTo Ansl HUX xa-
paKTEPHA KOMMO3WLUMOHHAA HEOAHOPOA-
HOCTb, BblpaXeHHas B 06pa3oBaHumM 4BYX
30H pa3HOro coctaBa W MarHeTUTOBbIX
kanMm, 4To 0OycrnoBneHo MeTamopduye-
CKUMU NpeobpasoBaHMAMM NOPOS.

dopmnpoBaHne  BbICOKOXPOMUCTbIX
y4acTkoB (Spl2) B KpaeBbIX 4aCTAX XpPOM-

WNUHENUAOB NPOMCXOAUT 3a CYET BbIHOCA
Al203. YBenmyeHme xpommctocTtn 6e3 cylue-
cTBeHHoro pocta FeO n Fe203 xapakTepHo
A5 XPOMLUNWMHENWAOB NPU MeTamopduame
B YCMOBMSAX MaKCMMasbHbIX Temneparyp
amdubonutoBon dauumn [14]. MNpn MUHK-
MasbHbIX TeMnepaTtypax aMmgubonMToBom 1
B anmgoT-amcubonutoBon auusx no
XpOMLWNUHeNugam npoucxogut obpasosa-
Hue eppuT-xpomuta [21]. Hannmune muHe-
panbHON accouuauuy 3HCTATUT — TanbK —
BTOPUYHbLIA ONMBWMH OTBEYaeT Temnepary-
pam ~ 680-640 °C n gaBneHusim 6-16 kbap
[22]. XnopuT n Tpemonut obpasytTca npu
Bonee BbICOKMX TemnepaTypax u eLle cTa-
OVnNbHLI B MOMEHT NOsIBNEeHUs Tanbka [23].
YcTaHoBneHHble P-T-napameTpbl ABNSKOTCS
HUXHEN rpaHuLen MetTaMmopduyeckoro npe-
06pa3oBaHuns NOpPOA B YCIOBUAX MaHTUN.

U3BecTus Cubupckoro otaeneHus Cekumm Hayk o 3emne PAEH.
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Tabnuuya 5
CocTaB MMHepanoB NNaTUHOBOW rpynnbl, CyNb(UAoB U cynbgoapceHnaoB
Ni B XpoMwwnuHennaax u3 XxpoOMMTUTOB

Table 5
Composition of platinum group minerals, sulfides and sulfoarsenides
of Ni in chromitite chromospinelides
Ru-Ir-Os Naypurt- Y —
MwuHepan / crnnas / Nayput/ | apamxmanut / 1A "y Mwunneput /| BoxmMuHuT /
Mineral Ru-Ir-Od Laurite Laurite- IFI)?y-?E;rsite Millerite Vozhminite
melt erlichmanite
Os 27,08 0,34 20,26 4,5 H.0./ n.d. H.0./ n.d.
Ir 18,00 0,74 9,70 6,5 H.0./ n.d. H.0./ n.d.
Ru 4417 58,04 33,93 42,1 H.0./ n.d. H.0./ n.d.
Rh 0,74 0,72 H.0./ n.d. H.0./ n.d. H.0./ n.d. H.0./n.d.
Pt H.0./ n.d. H.0./ n.d. H.0./ n.d. H.0./n.d. H.0./ n.d. 0,15
Pd 0,21 1,01 0.46 0,2 H.0./ n.d. H.0./ n.d.
Ni H.0./n.d. | H.0./n.d. H.0./ n.d. 2,3 63,92 58,2
Fe H.0./n.d. | H.0./n.d. H.0./ n.d. 1,7 1,01 1,4
As 1,53 H.0./ n.d. H.0./ n.d. 6,5 0,44 15,5
S H.0./ n.d. 39,37 34,15 19.9 32,66 18,5
C¥g”t“;f’ 91,73 | 10022 98,49 83,7 98,024 93,75

lpumeyaHue. H.o. — He onpegeneHo. CoaepxaHust NpUBEAEHbI B Mac. %.
Note. H.o. — not dected. Contents are in wt. %.

10 = S
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8 SIEfIZIiIiici
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’ Podiform high-Al (Cr#<0.6) chromitites
XpomMututhl Kemnupckanckoro
mecTtopoxaeHus / Chromitites of
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Puc. 4. PacnpedeneHue 3l e o6pa3ye xpomumuma MX08, HopmupoeaHHoe Ha xoHOpum C1 [18]
Ha duaepammy 0risi cpagHeHUs HaHEeCEHbI MO cMpPamugOPMHbIX XPOMUMUMOS,
M0OUGOPMHBIX 8bICOKOXPOMUCMBIX U 8bICOKOATOMUHUEBKIX Xpomumumos [19],

a makxe xpomumumsl u3 Kemnupcatickoeo mecmopoxdeHus [20]

Fig. 4. PGE distribution in a MX08 chromitite sample normalized on C1 chondrite [18]

The fields of stratiform chromitites, podiform high Cr and high Al chromitites [19],
chromitites of Kempirsaj deposit [20] are plotted on the diagram for comparison
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[osiBNEHWEe MarHeTMTOBbIX KauMm BO-
KPYr XpOMLUMNWHENUAO0B, a Takke Hanuyve
HU3KOTEMNEPATYPHOro CEPNeHTUHNA — Xpu-
30Tuna (ycTtaHoBIIeH NO AaHHbIM PEHTrEeHO-
CTPYKTYPHOrO aHanusa) BO BCexX Tunax rno-
poz SABMSAKTCS NPU3HAKaMU HU3KOTeMMepa-
TYpHbIX MeTamopduyeckmx npeobpasosa-
HUA. Tpu cepneHtTuHmn3aumm FeO, MnO,
Zn0 ocsoboxaatoTcs u3 cTpyktyp Ol v Px un
NPUBHOCATCA B XPOMLUMWUHENb, YTO NPUBO-
OUT K MOSIBNEHWIO 30HANBHOCTU U TOHKMX
KauM MarHeTutTa B  XPOMLUNUHENuaax.
Bonbwas noaBMKHOCTb ABYXBANEHTHbIX Ka-
TUOHOB MO CPaBHEHUIO C TPEXBaNEHTHbIMM
KaTOHaMy¥ B XPOMLUNMHeNMAax Xapak-
TepHa Ansa 3efieHocnaHueBon aunm meTa-
mopdmama (< 250 °C). 310 meTamopuye-
ckoe npeobpa3oBaHue NPOUCXOAUT yxe B
YCNOBWSIX 3€MHOA KOPbI.

Takum obpasom, passutne 6Gonee
XPOMUCTON XpomwnuHenu (Spl2), koTopas
thopmupoBanacb nNpu 4OCTaTOMHO BbICOKMX
P-T-napametpax (680-640 °C, 6-16 kbap)
csugetenctByeT 06 o6pa3oBaHuuM nu-
POKCEHMTOB ¥ XPOMUTUTOB B YCIOBUAX MaH-
TN, LIeHTpbl 3epeH XpOMLUNUHEN BO BCEX
TUNax NOpo4 COXPaHSAT MNEepPBUYHbIA CO-
CTaB, U OH MOXeT ObITb MCNONb30BaH AN
NETPOreHeTMYECKUX PEKOHCTPYKLMIA. XPOM-
LWNUHENWUAbI HEKOTOPbIX 65I0KOB SrMHIonb-
CKOro MaccuBa no coctaBy NoAo6HbI XPOM-
WwnuHenugaMm abuccanbHbIX NepuaoTUTOB,
a 13 BonblUen YacTn maccuBa — XPOMLUMK-
Hennaam HaacybayKUMOHHBIX NepuaoTUTOB
(cm. puc. 3, A). CteneHb 4acTUYHOro nnas-
NEeHns, Npu KOTopor popMupoBannchb no-
pofabl, ABMSETCSH PYHKLUMEN OT XPOMUCTOCTU
XpomwnuHenugos [24]. YpasHexue F = 10
Ln (Cr#Spl) + 24 nossonseT onpenenutb
cTeneHb YacTuyHoro nnaenexus (F) ans ne-
PULOTUTOB C XPOMUCTOCTHIO XPOMLLMUHENN-
nos He 6onee 0,6. PaccuutaHHas U3 aToro
YPaBHEHWSI CTEMNeHb NMaBeHns s XpoMm-
LWNWHENMAOB paHee U3y4eHHOro 3anagHoro
1 OQHOTO M3 Y4aCTKOB LieHTpanbHoro 6moka
(cm. puc. 3, A) BapbupyeT B AnanasoHe OT
13 8o 18 %. lMonyyeHHble 3HaveHus F
06blYHbI ANS XPOMLWNUMHENUA0B abuccans-

HbIX NepnaoTUTOB, KOTOPbIE MOMTN opMU-
poBaTbCA B 30HaX CnpeauHra cpeauHHoO-
OKeaHW4ecknx xpebToB, a TakKe 3aayroBbIxX
“ npeaayrosbix 6accenHos [12]. B 6onbLuen
4yacTW LEeHTpanbHOro 6noka XpoMmLinuHe-
nuabl UMEIOT BbLICOKYK) XPOMUCTOCTb (0
0,79), cBMOeTENLCTBYHOLLYIO 0 6onee BbICO-
KUX CTENeHsX NnaBneHns. To xapakTepHO
ANs HaacybayKUMOHHBIX NepugoTuToB, 06-
pasytoLwuxcs npy y4actum cybayKLUMOHHOro
BOAHOIO KOMMOHEHTA, MOBbILIAKOLLEro CTe-
neHb nnasnenuns [1, 11]. Takum obpasom,
COCTaBbl  XPOMLUMWHENNOO0B  OrUAHIOfb-
CKOro MaccvBa OTpaxawT M3MeHeHue pe-
XUMa nnasfieHus — 6e3BogHoe 1 Npu yya-
CTuM BoAbl. PaHee Takas CMeHa pexuma
MNaBneHns WMHTepnpeTMpoBanacb Kak pe-
3ynbTaT U3MEeHEHWs reogmHaMmn4yeckon ob-
CTaHOBKM (hOPMUPOBaHUS MOPOA, Hanpwu-
Mep Ana nNepuaoTUTOB MaHTUMHLIX CEKLUN
odmonuTos [25]. B nocnegHee Bpems bbina
paspaboTtaHa mogesib, COrfacHo KOTOpoun B
npeaayroBbix cuctemax npu Hadane cy6-
AyKUMK 0bpasyeTcs 30Ha cnpeauHra u npo-
ncxoauT agunabatnyeckoe AEKOMNPECCUOH-
HOe nnaBneHWe nepuonMTOBOi acTeHo-
chepHor MaHTUM [26]. B atom npouecce
BNIMSHWE CYOAYKLMOHHOTO KOMMOHEHTA Ha
MaHTUIHbIE NEpPUOOTUTLI U 0BpasytoLmecs
pacnnaebl MeHseTCsa OT cnaboro B Havane
[0 3aMETHOr0 Ha nocrneayLwmnx cTagusx.
Mogesnb onnpaeTcs Ha COBMECTHOE HaXOX-
[leHne B paspesax npeaayrosbix Oasanb-
TOB, OCTPOBOAYXHbIX TONEUTOB, BOHUHWTOB
¥ KOMNIIEMEHTAaPHbLIX K HAM PECTUTOBbLIX Ne-
PUAOTUTOB Pa3HOMN CTENEHW NNABMNEHNS, KO-
TOpble OMMCaHbl Kak B COBPEMEHHBIX OKea-
Hax [27], TaK 1 B OCPMONUTOBbLIX KOMMNIEKcax
[28].

OrtcytcTtBMEe MAMOMOPHBLIX (hopM Y
XPOMLUMNUHENUAO0B B NMUPOKCEHUTAX MCKITHO-
4yaeT BO3MOXHOCTb Mx 06pa3oBaHus B pe-
3ynbTate Kpuctannusaumu u3 pacnnasa.
LieHTpbl XpOMLUNWHENWOO0B ManoOMOLLHbIX
XWUN OPTOMNMPOKCEHUTOB MO hopme, pa3me-
pam u coctaBy nogo6HbI XpoMLNUHenuaam
bnusnexawmx rapubypruto, 3TOT (hakT
Mo3BONAET NPeAnonoXuTb, YTO OHUN yHacne-
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[OBaHbl 0T nocneaHux. Kpome toro, name-
HEHWe KONMM4YecTBa, pa3mepa M cocTaBa
XPOMLUMUHENWAOB 3aBUCUT HE TOMbKO OT
COCTaBa XWn, HO M OT UX MOLYHOCTK. pu
3TOM XPOMLWNWHENUAbl MNUPOKCEHUTOB B
npegenax obpasLoB XxapakTepuayoTcs LWu-
POKMMW BapuauMsiMKM COCTaBa Kak BHYTpW
3epHa, TaKk 1 Mexay OTAENbHBIMW 3epHaMW.
Bce a10 MoxeT 6bITb pesynbratom 06paso-
BaHWS NMPOKCEHUTOBBIX XWUN No rapubdypru-
Tam NpU MHOrOKpPaTHOM B3aMMOAENCTBUM
nocnegHuMx ¢ pacnnasamu. B atom npo-
Liecce NpoMCXoauT pacTBOPEHUe yHacneo-
BaHHbIX OT rapLbypruToB XpOMLLNMHENNO0B
C BbIHOCOM BCEX KOMMOHEHTOB U M3MeHe-
Huem otHoweHuin Cr / Al u Mg / Fe B ocTa-
TOYHOW XpOMLLUNUHENKU. Ha paHHen ctaguu
npn hOPMUPOBaHNUN OPTOMUPOKCEHWTOB, B
KOTOPbIX ELLE COXPaHATCS KPYNHblE XPOM-
WNUHENUABI, U3 HUX NPOUCXOAUT Mpenmy-
LLIECTBEHHbIN BEIHOC XpOMa N0 CPABHEHMIO C
antMUHUEM, YTO NPUBOAUT K MOHUKEHUIO
XPOMUCTOCTM Ha Kpato 3epeH. No3gHee npu
bopmmnpoBaHMM  OPTOMUPOKCEHUTOB K
BeOCTEPMTOB, B KOTOPLIX pasmepbl XpOM-
LWNUHENNAOB YMEHbLUAKTCA 40 NEpPBbIX Ae-
CATKOB MMKPOMETPOB, AobaBnsertcs npe-
MMYLLECTBEHHbIN BbIHOC M@ MO CpaBHEHUIO
¢ Fe, 4To NpMBOAUT U K MOHWKEHUIO MarHe-
31anbHOCTM OCTATOYHbIX XPOMLUMMHENEN.
lNoBblweHne cogepxanuns TiO2 B xpomwnu-
Henmaax BebcTepuToB MOXET ObiTb 00Y-
CINOBMIEHO BNMSIHUEM OOHUHUTOMNOAOOHbLIX
pacnnasoB, Kak 6biio nokasaHo B pabote
[29].

OCHOBHble 4YaCTW XPOMLUMUHENUAOB
XPOMUTUTOB MMEIOT TaKYH e XPOMUCTOCTb,
KaK 1 Hanbonee BbICOKOXPOMUCTLIE NEPBUY-
Hble XPOMLUMMHENUAL! rapubypruToB mac-
cuBa. HO OHM OTNMYATCA OT NOCMEAHMX
6onee BbICOKAMW MarHe3nanbHOCTbO U CO-
nepxanuem TiO2, noatomy nx obpasoBaHue
HEe MOXeT OblTb 06 bSCHEHO PECTUTOBO-Me-
TaMopOreHHoW Moenblo, KoTopas npea-
nonaraet metamopguyeckylo aumddepeH-
LMaumo  4enneTMpoBaHHOrO  MaHTUHOIO
cybctpata u popMmMpoBaHUe CrOUCTON Oy-
HUT-rapubyprut-xpomutuToBomn Tonww [30].

XPOMUTUTbI ArUNHIONBCKOrO Maccuea
MUMEIOT reoXMMUYeckne 0ocobeHHOCTH (Bbi-
coKasi MarHe3wanbHOCTb, OTpuuaTesibHas
koppensauusa mexagy Al203 n Cr203, He3Hauu-
TenbHble cogepxanunsa TiO2 n Fe203, obora-
ieHwe nnatuHouagamyu MpUAMEBON noa-
rpynnbl OTHOCUTENBHO MNATUHOBOW), KOTO-
pble 4aloT HaM OCHOBaHWE OTHECTU WX K No-
AnopmHomy Tuny. MNogndopMHbie XpoMu-
TUTbl B CBOK OYepefb OeNnATCs Ha BbICO-
KOXPOMMUCTbIE W BbICOKOANIOMUHUEBbIE.
MNepBble KPOME BbLICOKOW XPOMMCTOCTM (>
0,6) nmetloT cnnasbl U Cynbduabl TONbKO
Ru-Ir-Os, a Takxe B bonbLuen cteneHn obo-
rawieHbl nnaTMHoMgamMu MpUAMEBON noa-
rpynnel. Bce 910 XxapakTepHO W AN XpOMM-
TUTOB OIMWUHIONbCKOrO MaccuBa (CM. puc.
4). OtcytctBne B MIIT anemeHTOB rpynnebl
MnaTuHbl, MX CynbgUaoB U CynbgoapceHu-
[0B, a Takxe dopma pacnpeagenenus Il
B XpPOMUTUTAX, XapaKkTepHas Ans pectuTo-
BbIX NepuaoTUTOB, MO-BUAUMOMY, CBA3AHbI
C penukToBow npupogon camux MMM, koto-
pble (pOpMMPOBANUCb Ha CTaguu genneTu-
POBaHMS NEPUAOTUTOB CUHIEHETUYHO C XPO-
mututamu. ofobHble HAXOOKW PEerMKTOo-
BbIX MII™ 66K onucaHbl Ans 06egHEeHHbIX
abuccanbHblX  NepugoTUTOB  pasnoma
KeiHa [31] n ona peepTunmM3oBaHHbIX ne-
pugotutoB maccusa Jlepy [32]. danbHen-
Wwee npeobpa3oBaHMe CMMaBOB CUCTEMbI
Ru-Ir-Os go nayputa (RuS2), a 3atem ap-
nuxmanuTa (OsSz) CBSA3aHO C NOHWKEHNEM
TemnepaTypbl U yBenu4yeHnem yruTmBHO-
CTW cepbl BO (hfOMAOHACHILLEHHON 0bCTa-
HOBKe, 4TO ObIN0 noka3aHo B pabote [33].
O6pa3soBaHue cynbgoapcerngos Ru, Ir, Os
1 Ni MOXeT NpouCXoanTb B YCNOBUSAX 3EM-
HOW KOpbl B pe3ynbTate MeTamopduye-
ckoro npotecca [3]. B nonb3y atoro cauge-
TeNbCTBYET Hanuyme B XPOMUTUTAX OKCU-
[10B OnoBa (B CTaTbe He NPUBOAATCA) — ane-
MEHTa, XapaKTepHoro Ans MetamopgoreH-
HOro (pnonaa KOPOBOTO MPOUCXOXOEHUS,
YTO TaKXe roBOPUT O CMEHe BOCCTaHOBM-
TeNbHbIX YCIOBUN OKUCIIUTESIbHBIMU.

CocTaB XpOMLUMUHENWOOB B XPOMU-
TUTax, a UMeHHo copepxanus FeO, MgO,
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Al203 1 TiO2, npeactaBnsoT cobont GyHK-
UMK OT CcoCTaBa pPOAOHaYanbHOro pac-
nnasa, dopmuposasliero xpomut [3, 10,
12]. [pu pacyeTe cocTaBa poAoOHAYaNbLHOO
pacnnasa NpUMEHeH MeTod, OCHOBaHHbIN
Ha 3aBucumocTun cogepxanus Al20sz n TiO2
1 oTHoweHus FeO/MgO B xpoMLinuHenuae
1 pacnnase, npegnoxeHHbin C. Maurel n P.
Maurel [10]. MNMony4yeHHble Takum ob6pasom
cogepxanus Al203 1 TiO2 B pacnnasax po-
[OHaYasbHbIX 415 XPOMUTUTOB JrUnHrona
paBHbl 10,7-12,9 mac. % n 0,1-0,45 mac. %
COOTBETCTBEHHO W NonagatoT B none 6oHu-
HUTOB, TAroTes k obnactu Bbicoko-Ca pas-
HOBMAHOCTEW OOHMHMTOB odmonuta Tpo-
ofoc (puc. 3, E). OtHowexune FeO / MgO B
paccyMTaHHOM POAMUTENBCKOM pacnsiase
BapbupyeT ot 0,66 go 1,05 (cm. Tabn. 4).
CxogHble 6OHMHUTOBbLIE pacnfiaBbl BObinn
NPeanoXeHbl Kak pofoHaYanbHbIe 415 Xpo-
mututoB  Kemnupcas (Kasaxcran) [3].
Cpeaw BynkaHu4eckux oopmaumin [knamt-
CKOW CTPOBOAYXHOW CUCTEMbI, K KOTOPOW
NPUYpoYeH KcCcnedyeMbli MaccuB, Takxe
Bbinn 0BHapyxeHbl BbICOKO-Ca GOHUHUTLI

[6].

XpomMututbl Beicoko-Cr Tuna obbl4HO
hopMMpyOTCA HWXE rpaHuLbl MaHTUa —
kopa npu B3aMMOAEWCTBUM BbICOKO-Si U
HU3KO-Ti CyOAYKUMOHHBIX pacnnaBoB C fe-
NNeTUpoBaHHbIMK NEpPUAOTUTaMN — rapu-
Byprutamm 1 Npu BO3MOXHOM y4yacTum BO-
AoHacblWweHHoro dnovaa [3]. OTcyTcTBMe
reonormyecknx HabnwaeHun o B3aMMOOT-
HOLUEHUAX XPOMWUTUTOB, MUPOKCEHUTOB W
NepuaoTUTOB ArMHIONbCKOro MaccuBa 3a-
TPyQHSET pecTaBpaumio NocnefoBaTenbHoO-
CTM npoucCXoamBLMX npoueccos. [lpen-
cTaBnsieTcs 6bonee BEPOSATHLIM, YTO XPOMU-

TWTbl 06pa3oBannCb paHblue MNUPOKCEHU-
TOB, TaK Kak npu popmMmpoBaHuu nocneg-
HUX HabngaeTcs pacTBOpPeHUE, a He Kpu-
cTannu3aums XpOMLUMUHENWAOB M pac-
nna.bl HEHACHILLEHHbI XPOMOM.

BbiBoAbI

1. XpomwnuHenuapl nNepuaoTUTOB
LleHTpanbHoro 6rioka SruiHronbLCKOro Mac-
CVBa MMEIOT BbICOKYID MEPBUYHYIO XPOMM-
ctocTtb (0,51-0,79), 4TO OTpPaxaeT BbICOKKE
CTENeHW NNaBfeHNs MaHTUAHOTO BELLECTBA
npv 0bpasoBaHWK NOpos B HaACybAYKLMOH-
Hom 30He. [MpucyTcTBKE B 3anagHoM Groke
maccusa NepuaoTUTOB C HU3KOXPOMUCTbIMU
xpomwnuHenugamm  (0,35-0,48) cBuge-
TeNbCTBYET O CMEHE pexuma nnaBfneHus
(6esBogHoOe — € yyacTiem BOAb!).

2. XpOMWnuHENuabl MUPOKCEHUTOB
HacneayTcs OT BMeLLalWwmx rapubypru-
ToB. [log BO3OenCTBMEM MpocavMBato-
wuxcs  60HMHMTONOAOOHLIX  pacnnaBoB
NPOUCXOOWUT WX PacTBOPEHWE C W3MeHe-
HMeM BHadvane otHoweHui Cr / Al, a 3aTem
n Mg / Fe B 0CTaTO4YHON XPOMLUMUHENM.

3. XpomwnuHenuabl NepuaoTUTOB,
MUPOKCEHUTOB U XPOMUTUTOB Npeobpaso-
BaHbl PErpeccuBHbIM  METamMopdU3MOM.
YyacTKkn C NOBbILLEHHON XPOMUCTOCTBIO Ha
Kpato 3epeH opmupyrotes npu T ~ 680-
640 °C, P ~ 6-16 kbap, mMarHeTUTOBble
KaiMbl — BO BPEMSI HMU3KOTEMMNepaTypHOM
cepnenTuHmsaumm (< 250 °C ). LleHTpbl 3e-
PEH XPOMLLMUHENMOO0B COXPaHAOT NepBnY-
HbIN COCTaB.

4. XpOMUTUTbI COOTBETCTBYHOT BbICO-
KOXPOMWUCTOMY noaudopmHoMy Tuny. Mx
POAOHaYanbHbIN pacnnae UMeeT BOHUHNUTO-
BbIW COCTaB.

Paboma ebinonHeHa npu noddepxke
epaHma lNpe3udeHma P® HLL-9638.2016.5.
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