MUHEPAJIOI'HA, 2026, mom 12, Ne 1, ¢. 17-43 MINERALOGY, 2026, volume 12, No 1, pp. 17-43

MWHEPAIIOINA PYOAHbIX MECTOPOXOEHWUNA | MINERALOGY OF ORE DEPOSITS

O

https://doi.org/10.35597/2313-545X-2025-12-1-2
VJIK 553.086

Munepasnoro-reoxumMmudeckne 0COO€HHOCTH XPOMUTHUTOB ANIIAKCKON MJI0IIAIH
(yasrpamadurtoBbiii maccuB FOxubiii Kpaka, FO:xublii Ypao)

T.J. lla0yTauuos, /I.E. CaBenbes, P.A. I'atayjuiun
Hucmumym eeonoeuu YOUL] PAH, yr. Kapna Mapkea 16/2, 2. Yepa,
450077 Poccus; timurgeologll@gmail.com

Crarbs noctynuia B pepakiuio 00.00.2025 r., mocne nopadotku 00.00.2026 r., mpunsata k nedat 00.00.2026 r

Annomayus. VI3yueH MUHEPaIbHBIM COCTaB XPOMHTUTOB ATIIAKCKON TUIOMAJXA B CEBEPO-3allagHON YacTH
MmaccuBa FOxxnoro Kpaka (camoro 6ombiioro mpeactaButelns 0puoanToB KpaKuHCKON FPYTIITbT ), TPHYIEHHOTO
K CEBEPHOMY 3aMBIKaHUIO 3MIaNPCKOTO CHHKIMHOPHS Ha 3amagHoM ckitoHe FOxHoro Ypana. bombmas gacts
PYIOTIPOSIBICHUI XPOMUTHTOB CIIOKEHA BBICOKOXPOMHUCTHIMH ImuHenuaaMu (55.0-66.0 mac. % Cr,0;, <
12.0 mac. % AlOs), 3HaUNTETFHO MEHEE PacIpPOCTPAHEHBI IIMHO3EMHCTHIe cocTaBhl (40.3—45.0 (pexe 1o
50.0) mac. % Cr,0;, 18.0-28.9 mac. % Al,O;). [maBHBIM HHTEPCTUIIHATHHBIM MUHEPATIOM XPOMUTHTOB SIBIIS-
©TCs CEePIICHTHH, KOTOPBIN MPEICTABICH O-TH3apANTOM. B XpomMuTHTaX Taroke oOHapy>KeHbI (HOPCTEPUT, AU-
omcuz, sHCTAaTUT, Ca-ampubdos (3ACHAT), KITMHOXJIOP, YBAPOBHUT, aHIPATUT, GTOPCTPOdUT, hTOpKaHT, CTPOH-
nuiiconepKamuii propanaTut, aBapyuT, KOOATBTCOASP AL TEHTIAHIUT, XU3JIEBYIUT, MIJJICPUT, aHWINT,
MayXepHuT, OPCEIUT, CAMOPOAHAs Me/b, IEPOBCKUT, OapuT. MuHEpambl IUIATHHOBOW TPYIIIBI MPEACTABICHBI
cynbugamu u cynbpapceangamu Ru-Os-Ir (JlaypuToMm, 3pINKMaHUTOM, KyIPOWPHICHTOM, MPAPCUTOM) U
pexe — apcerngamu Rh (3akapuanTOM). OnIpeneaeHHbIe 0 MUHEPAIbHBIM T€OTEPMOMETPaM B OKCHOapoMe-
TPY YCJIOBHSI MUHEPAIBHBIX PABHOBECHI MEKIY OMMBUHOM M XPOMIIITUHEIUIOM oLleHIBaroTcs B 650-850 °C.
®yrutuBHOCTh Kucnopoaa (Alog(fO,)) Bapsupyet o1 +0.1 10 +2.6, 9TO MOXET CBHACTEIHCTBOBATH O IEpe-
YPaBHOBEUINBAHUN MUHEPANBHBIX ACCOMHAIMN B CYOCONMIYCHBIX YCIOBHSX. XPOMUTHTHI U3 CEPHICHTHHH-
TOBBIX 30H HCIIBITAIHN 00Jiee HHTCHCUBHYIO TIEPepaboTKy B KOPOBBIX YCIOBUAX C yUacTHeM (IIIOUIOB, HA YTO
YKa3bIBaeT aCCOLMAINS BTOPHYHBIX MUHEPATIOB C XJIOPHTOM, TpaHaTaMHi, MUHEpalIaMi HAATPYTIIbl alaTUTa,
CIUTaBaMH, OOJIBIICH YaCTBIO CYAb(HIOB, APCCHUIAMHU, IEPOBCKUTOM, OapuTOM. AMBHUOOIBI XapaKTePU3YIOTCS
HEOJHO3HAYHbIM I€HE3UCOM C 3aMETHOM POJIbI0 MAaHTUMHOIO U KOPOBO-MAaHTUIHOTO UCTOYHUKOB. MexaHu3m
KOHIICHTPAINH IIIATHHONIOB OCTAETCS AUCKYCCHOHHBIM. OTHNM W3 Hambolee BEPOATHBIX MPEACTABIACTCS
PECTHTOBBIIN T€HE3UC, MPUYEM >JIEMEHTHI INIATHHOBOM TPYIIBI MOTIIM TTOCTYHATh MO0 M3 CYIIEeCTBOBABIINX
MEePBUYHBIX CyIb(UIOB, MO0 Npu TBEepAOha3HOM MepepacipeeieHHH B XPOMUTOBBIX 3epHAX MPUMECHBIX
aTOMOB TJIATHHOUOB B XOZI€ TUTACTHYECKOH eopMannu.

Knrouesvie cnosa: xpomututsl, FOxubI Kpaka, Anmrakckas iomaab, MUHEpabl IIIATHHOBON IPYIIIBI, MU-
HepaJibl HaJrpyTIIbl allaTUTa, YBApOBUT, aHJPAANT, CYIbGuIb! U cyabhapcenuasl Ru-Os-Ir, 3akaprHuT.
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Abstract. Mineral composition of chromitites of the Apshak area in the northwestern part of the South Kraka
massif (the largest representative of the Kraka group ophiolites), which is confined to the northern closure of
the Zilair Synclinorium on the western slope of the South Urals, is studied. Most chromitite occurrences are
composed of high-Cr spinels (55.0-66.0 wt. % Cr,0s, <12.0 wt. % Al,O;) at a subordinate abundance of Al-
enriched spinel (40.3—45.0 (rarely up to 50.0) wt. % Cr,Os, 18.0-28.9 wt. % Al,Os). Serpentine (o-lizardite)
is a major interstitial mineral of chromitites. They also contain forsterite, diopside, enstatite, Ca-amphibole
(edenite), clinochlore, uvarovite, andradite, fluorstrophite, fluorocafite, Sr-bearing fluorapatite, awaruite,
Co-bearing pentlandite, heazlewoodite, millerite, anilite, maucherite, orselite, native copper, perovskite, and
barite. Platinum group minerals (PGMs) include Ru-Os-Ir sulfides and sulfarsenides (laurite, erlichmanite,
cuproiridisite, and irarsite) and less common Rh arsenides (zaccariniite). The conditions of mineral equilibria
between olivine and chrome spinel determined by mineral geothermometers and oxybarometer are estimated
at 650-850 °C. Oxygen fugacity (Alog(fO,)) ranges from +0.1 to +2 possibly indicating re-equilibration of
mineral assemblages under subsolidus conditions. Chromitites from serpentinite zones experienced more
intense crustal fluid reworking as indicated by the assemblage of secondary minerals (chlorite, garnets, apatite
supergroup minerals, alloys, most sulfides, arsenides, perovskite, and barite). Amphiboles in chromitites
have ambiguous genesis with a noticeable role of mantle and crust-mantle sources. The mechanism of the
formation of PGMs remains controversial. The most possible restitic genesis could be related to the extraction
of platinum group elements (PGE) from primary sulfides or during solid-phase redistribution of trace PGE
atoms in chromite grains during plastic deformation.

Keywords: chromitites, South Kraka, Apshak area, platinum group minerals, apatite supergroup minerals,
uvarovite, andradite, Ru-Os-Ir sulfides and sulfarsenides, zaccariniite.
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BBEJEHUE

TpaauIMoHHO pa3pe3 OPHOTUTOBBIX KOMILIEK-
COB JCJIUTCS HA JIBE YAaCTU — MAHTHHHYIO U KOPOBYIO
(Nicolas et al., 1971; Coleman, 1977). [lepBast npen-
CTaBJieHa ynbTpaMaGuTaMu JIepIOIUT-rapIi0ypruTo-
BOT'0 coCTaBa C MOAYMHCHHBIMHU ,HyHI/ITaMI/I, HpI/I 95TOM
MOPOI000pasyrole MHUHEPATbl MOBCEMECTHO OOHa-
PY)KMBAIOT TPU3HAKH BBICOKOTEMIIEPATYPHOTO TeUe-
HUA U 9aCTO B JII/ITCpaType HA3bIBAKOTCS «MaHTI/II\/'IHI)IMI/I

tekronutamu» (Nicolas et al., 1971; Coleman, 1977).
KopoBast dacTth pa3pesa mpejcraBicHa rabOpougamu,
napasuielibHbIMU JJalKaMi JIOJISPUTOB, MOAYIICYHBIMU
naBaMu 0a3aJbTOB U MEPEKPHIBAIOLUIMMHU TITyOOKOBOI-
HeIMU ocaakamu (Ringwood, 1975). Mexny manTHii-
HOW M KOPOBOM YacTAMHU pa3pesa 4acTo MPHCYTCTBYET
TaK Ha3blBaeMasl Tiepexo/iHasi 30Ha, B CTPOCHUH KOTO-
poil Bemymias poiib NMPHHAIUICKUAT MHUPOKCEHUTAM WU
BEPIIUTAM.
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[Tox TepMuHOM «OAUGOPMHBIE XPOMHTUTBDY
B O(MOJTUTOBBIX KOMIUIEKCAX OOBIYHO TMTOHMMAIOT HE-
pPaBHOMEPHO paclpe/eieHHbIe JTHH30BUIHBIE, KIIIO-
00pasHble W HEMPaBUIHLHOW (HOPMBI Tella XPOMUTHUTOB
(Thayer, 1964; Cassard et al., 1981; Zhou et al., 2014).
[HomudopmHbIE 3a51€KH XPOMUTHTOB 3aJI€Tal0T BHYTPH
MaHTHITHOTO pa3pe3a M BCET/a BMEIIAIOTCS TyYHUTAMH.
[Ipu 3TOM MOXHO BBIJIETTUTDH JIBA KPAaHUX CTPYKTYp-
HO-TEKCTYPHBIX THINA PYAHBIX Ted: 1) MpOTsKEHHBIE
YIUTOIIEHHO-THH30BUIHBIE 3aJIeKH, JIOKAIH30BaHHBIC
HETIOCPEICTBEHHO HIDKE TPAHWIBI MAaHTHIHOTO M KO-
pOBOTO paspes3a, KOTOpble, KaK IPaBHIIO, CIOKEHBI
BKpAIUIEHHBIMH TTOJIOCYATBHIMHU PYAaMH ¥ TIPUYPOUESHBI
K KPYIHBIM JYHHUTOBBIM TejlaM; U 2) JTUH3BI ¥ CTOI00-
obpasubie Tena (MoIbI) MACCHBHBIX M TYCTOBKpAIICH-
HBIX XPOMHTHUTOB CPEIW MaHTHHHBIX TapiOypTrHTOB,
OKpYy’KEHHBIE MAJIOMOIITHBIMH TyHUTOBBIMH 000JI0UKa-
Mu. Pasmeps! n 3amacel moan(opMHBIX MECTOPOXK/Ie-
HUH BapbUPYIOT OT HECKOIBKUX TOHH (TUITUYHBIE TIOZBI
collepkar TepBble ThICSYM TOHH comtacHo (Thayer,
1969)) 10 HECKONBKHUX COTEH MHJUTMOHOB TOHH (Ha-
npuMep, B 10ro-BoctouHoil uactu Kemmnupcaiickoro
MaccuBa, Kazaxcran). [ maBHBIM oTiimuneM ogudopM-
HBIX XPOMHTHTOB OT CTPAaTH(POPMHBIX SBISETCS HE-
MpeMeHHasi MPHYPOYEHHOCTh K JYHHUTaM, ITUPOKHE
BapHanuy pasmMepa U MOpQOJIOTHH ¥ HE3AKOHOMEPHOE
pactpesiesieHre 1o pa3pe3y MacCHBOB.

I'enesnc momupOpMHBIX XPOMHTHTOB [I0 CHX
TOp SABJSIETCS MPEIMETOM JUCKyccuil. B.CoBpeMeHHOM
TUTeparype mx oOpa3oBaHHE, B OCHOBHOM, CBSI3bIBa-
0T C B3aMMOJICHCTBHEM pacIlljlaBa M PECTHTa B HaJ-
cyOmykmuoHHBIX 30HaxX (Zhou et al., 1996; Gonzalez-
Jimenez et al., 2014a, 2014b), pexke — ¢ BO3ACHCTBHEM
Ha MaHTHIHBIE TEPUIOTUTH «MarHE3MAIFHBIX» WU
«BOCCTAHOBIJICHHBIX (mronmoB» (Mockanesa, 1974;
Bapmaxos, 1978; Yamyxun, Botaxos, 2009), ruapo-
TepMabHBIX pacTBOpOB (Arai, Akizawa, 2014; Johan
et al., 2017), umu TBepaOPa3HBIMU TPOIECCAMHU — TITA-
CTHYECKHM TE€YeHHEM Ha (hOHe JaCTUIHOTO ILIaBIe-
HUSl pecTUTa B XOJe MOIbeMa MaHTHIHOTO Juamnmpa
(CaBenbeB, @enocees, 2019). MHorHe ucciemoBaTeINn
MOJTIEPKUBAIOT 3HAYCHIE MIUHEPATHHBIX BKIIOUCHUH B
XPOMHTE U HHTEPIPETAIINN TeHe3Huca MECTOPOKIe-
Huit (Zhou et al., 2014; Gonzalez-Jimenez et al., 2009;
2014a, 2014b). Hapsay ¢ BKITFOUSHUSMH, THITHYHBIMHU
JUTSL yabTpaMauueckux TMopoja (OJUBUH, MAPOKCEHBI,
CEpIIEHTHH, XJIOPWUT, MHUHEPAJBI TUIATHHOBOM TPYTIIIHI
(MIII'), aBapyut) m o0sraHBIX OH-comepikamux (a3
(am¢pubome1, (boromuT), OMHUCAHBI TaK Ha3bIBaCMBIC
9K30THYECKHE MHHEpaIbHBIE BKJIOUEHUS (I[MPKOH,
OamIenenT, MOHAIUT, yIviepoacomepxkammue Hhasnl)
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(Borisova et al., 2012; Johan et al., 2017), a Taxxe Mu-
HepaJIbl BEICOKHX JaBJICHUH, BKIIFo4das anMassel (Tian et
al., 2015; Xiong et al., 2017; Wu et al., 2021). B cBs3u
¢ 00MIIMeM 9K30THYECKIX MUHEPAJIOB BO BKITFOUSHHSIX
BCE yYallle JENAlOTCs BBIBOABI O BIWSHUU (ITFOUTHO-
THAPOTEpMaTIBHBIX TporieccoB (Arai, Akizawa, 2014;
Johan et al., 2017) u TOKaTBHBIX YCIIOBUH CBEPXBBICO-
KOTO JTaBJICHUS W/WJIH TIepepabOoTKH MaTepuaia KOphl —
«permmkymaTay (Tian et al., 2015; Wu et al., 2021).

Bxomrouenns B xpomutax MaduT-yIETpamMaduTo-
BBIX KOMIUIEKCOB YPalIbCKOTO TI05iICa PACCMOTPEHBI BO
MHOTHX pabortax (Melcher et al., 1997; Distler et al.,
2008; Zaccarini et al., 2004; 2008; 2016; 2018; Garuti
et al., 2021; Malitch et al., 2021; Xiong et al., 2020;
[TomoBa u ap., 2022; Saveliev et al., 2023; CaBennes,
2024; Saveliev, 2024), B ToM 9ucClie B MacCuBax o(u-
OJINTOBBIX YIBTpamMaduTOB, TaKMX Kak Paii-13, Bepx-
HetiBurckuii, Kapabamckuif, AmanaeBckuii, Y danmeii-
cknit, Hypamn, Kemmupeaii. Omnako HecMOTpsI Ha TIH-
pPOKOE perrmoHabHOE pacTIpOCTpaHeHHe yabTpamMadu-
YECKUX O(HUOTUTOBBIX ITOPOJT M CBA3AHHBIX C HUMH T10-
nmudopMHBIX Ten B YpanbckoM nosice (IlepeBozunkoB n
ap. 2000), MHOTHE MacCHBBI OCTAIOTCA HEIOCTATOYHO
WCCIIe/IOBaHHBIMU.

XoTst MUHEPAJIOTHSI XpPOMUTUTOB MaccuBOB Kpa-
Ka OCBEICHA B HECKOILKHUX 00JIee paHHUX ITyOTUKAIN-
sx (CaBenbeB u np., 2014; Paxumos u 1p., 2021; Garuti
et al., 2021; Casennes, 2024), OHM HE OXBATHIBAIOT U
MOJIOBUHBI MECTOPOXKIACHUN U PYIONPOSIBICHUMN, H3-
BECTHBIX B TIpeesiaX ATOT0 OJHOTO W3 KPYIMHEUIIHX
0(HOTNTOBBIX KOMITJICKCOB Ypasia. BHuMmanue maHnHoMH
paboTHI CKOHIIEHTPUPOBAHO Ha JAETaTbHOW MHHEPAJIO-
TUYECKOW XapaKTEepHCTHKE HEOONBIINX PYAOMPOsBIIE-
HUM AMNIIaKCKOW riomaau, B npeaenax kotopoit J.E.
CagenbeB yUacTBOBAT B TIOMCKOBBIX paboTax Ha Xpo-
MuTuTh B 2002-2004 1. (CaBenbeBa, 2007; CaBenbeB
u 1p., 2008; CasenbeB, 2018). OCHOBHOH TIENBIO HC-
CJIEJIOBAaHMS SIBIISIETCSI BOCIIOJIHEHHE CYIIECTBYIOIIETO
mpobena B 3HAaHUSIX 0COCTaBE XPOMHUTHUTOB U UX aKIleC-
COpPHOM MHUHEpalu3aluy, a TakKe OllEHKa yCJIOBUH U
oTIpe/iesIeHne TOCIIeI0BATEeIbHOCTH 00pa3oBaHUs TIO-
CIIeTHUX.

T'EOJIOTMYECKUI1 OYEPK

Armmrakckast mromiaas (36 kKM?) HaXOQUTCS B Ce-
Bepo-3amamHoit yactu MaccuBa FOxubrii Kpaka (puc.
1). PacrionokeHHbIE Ha TAHHOW TEPPUTOPHH XPOMHU-
TOBBIC OOBEKTHI M3BECTHHI ¢ 30-X TOMOB IPOIIIOTO
Beka. OHn ObUTH OTKPEITHI TapTHel C.D. TuxoBumoBa.
B mocrnenyromem sTa miomanb, Kak W BECh MacCHB
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Puc. 1. O630pHas kapra (a), pacronokeHre ATIIITaKCKOH Iuonaay Ha Teppuroprn MaccuBa FOxusiit Kpaxa (0) 1 ee reonornaeckoe
crpoenue (B) (Kusizes, KusizeBa, 2006; Casesbes u Jp., 2008; Kusizes u ap., 2013; Jlapuonos u jp., 2015; Saveliev et al., 2022).
Puc. la: 1 — ymsrpamadutsr; 2 — MeTaMOp(UTHL; 3 — rpaHUTONIb]; 4 — ohromuToBsie osica (I — Mexgnoropcko-KpaknHCKmiA;
II — mosic I'maBHOTO-Ypanbckoro paznoma); 5 — opuonnrossie Maccubl (1 — Kpaka; 2 — Hypanu; 3 — Kankan; 4 — Munsix;
5 — KynmukoBckwuit); BM — bamkupcknit Mmeraantukaunopuii; 3C — 3umanpekuii cuakianHopuii; 3Y — 3ona Ypanray; ['YP —
I'maBusbIit Ypansckuit pazinom; MM = MarauToropckuii MEraCHHKIMHOPH;

Puc. 16: 1-4 — cBuTHI: y3s5HCKAs; 2 — cepMeHeBcKast; 3 — Oenbekasi; 4 — 3umanpekast; 5—8 — Tommm: 5 — noparuMoBckast; 6 —
CyXOoJsfcKas; 7 — MUXaIKWHCKas; 8 — y3sHOaIcKas; 9 — momuMHUKTOBBIN Menanxk; 10 — ymsrpamaduTsr; 11 — ceprIeHTHHATEL,
12 — ra®6pounnsr; 13 — reomormueckre TpaHUIlBL: (a — JOCTOBEpHBIC; O — IMpearoIaraeMele; B — HecornacHsie); 14—16 — ame-
MEHTEHI 3a5eranus: 14 — HakJIoHHBIe, 15 — onpokunyThIe, 16 — KmBax; 17 — mapbsox; 18 — HagBHT;

Puc. 1B: | — BMemIaonie nOpoasl; 2 — MPEUMYIIECTBEHHO allOyHUTOBBIC CEPIICHTUHUTHI; 3, 4 — HEpacuJIeHEHHBIE TyHU-
TeI-TapOyprutel:3 — ayHUThL 10-20 %; 4 — mynutsr 30-50 %; 5 — npenMyIIECTBEHHO PAcCIaHIIOBAHHBIC CEPIICHTUHUTHI;
6 — rapuOyprutel; 7 — rapuOyprutsl 1 TyHUTHI (yHUTH 10-30 %); 8 — mpeumymecTBeHHO nyHUTHI (>50 %); 9 — pa3pbiBHBIC
Hapytienus; 10 — rabopousl; 11 — n3ydeHHble pyJONPOSIBICHHS;

Fig. 1. Overview map (a), location of the Apshak area within the Southern Kraka massif (6) and its geological structure (B)
(Knyazev, Knyazeva, 2006; Saveliev et al., 2008, 2022; Knyazev et al., 2013; Larionov et al., 2015):

Fig. la: 1 — ultramafic rocks; 2 — metamorphic rocks; 3 — granitoids; 4 — ophiolite belts (I — Mednogorsk-Kraka, 1T —
Main Urals Fault belt); 5 — ophiolite massifs (1 — Kraka; 2 — Nurali; 3 — Kalkan; 4 — Mindyak; 5 — Kulikovsky); BM —
Bashkir Megaanticlinorium; 3C — Zilair Synclinorium; 3Y — Uraltau Zone; I'YP — Main Urals Fault; MM — Magnitogorsk
Megasynclinorium;

Fig. 16: 1-4 — formations: Uzyan; 2 — Sermenevo; 3 — Belskaya; 4 — Zilair; 5-8 — sequences: 5— Ibragimovo; 6 — Sukholyad; 7
— Mikhalka; 8 — Uzyanbash; 9 — polymictic mélange; 10 — ultramafic rocks; 11 — serpentinite; 12 — gabbroids; 13 — geological
boundaries (a — reliable; 6 — inferred; B — unconformable); 14-16 — bedding elements: 14 — inclined; 15 — overturned; 16 —
cleavage; 17 — overthrust; 18 — thrust;

Fig. 1B: 1 — host rocks; 2 — mostly serpentinite after dunite; 3, 4 — undifferentiated dunite-harzburgite: 3 — dunite (10-20 %);
4 — dunite (30-50 %); 5 — mostly foliated serpentinite; 6 — harzburgite; 7 — harzburgite and dunite (10-30 %); 8 — mostly
dunite (>50 %); 9 — faults; 10 — gabbroids; 11— ore occurrences;
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IOxup1it Kpaka, m3ydanace I1.I. dapadoHTHEBBIM,
A.B. KnounxunsiM, B.B. Paguenko, A.B. bypsuenko,
I'A. CoxonoBeiM, /I.E. CaBenbeBniM, B.M. CHaueBEBIM,
E.H. CaBenbeBoii u np. (TuxoBumos, 1932¢; dapa-
¢doutwes, 1937d; Kiounxun u mp., 1969¢; Casennena,
1987; CamenneBa, 2007; CasenbeB u ap., 2008; Case-
nseB, 2018).

B ceBepo-3anmagHol acTH TIOMAAN OOHaXKa-
FOTCSl BMEIIAIOIINE 3eJIEHOBATO-CEPhle TPayBaKKH 3U-
nmaupckoit cBUTHI (D;-C,z/) mepeMeHHOTO TpaHyIoMe-
TPUYECKOTO COCTaBa — OT TPABEIUTO-TIECIAHUKOB JI0
mopox neauToBoi pasmeproctH (Kemmep, 1949; Jlapu-
OHOB U 1p., 2015). IIpuKkoHTaKTOBasT YACTh ILIOIIATH
MpeCTaBlIeHa 30HOM CEPIIEHTUHUTOBOIO MellaHxa. B
CEBEPHOM YacTH IUIOLIAM OHA OYEHb y3Kasi MIUPUHON
JIECATKU-TIEPBBIE COTHU METPOB, HO PE3KO PaCIIHPSET-
¢ FO’KHEE KPYTOTO TIepernda JOIUHBI pyd. Maibrii Am-
maK, TAe JOCTUTAeT ABYX M Oojee KUIOMETPOB (pHc.
1B). B cocTraBe MenamkeBBIX CYIIECTBEHHO XPH30TH-
JIOBBIX CEPIIEHTUHHUTOB B 3HAYUTEIHHBIX KOJIHMYECTBAX
BCTpeYaeTcs MBUIEBUIHBIA MarHeTUT, O1arogaps 4emy
TTOPOJIBI XapaKTEPHU3YIOTCs 00Jiee BRICOKOH MarHUTHOM
BOCIPUUMYHMBOCTBIO TT0 CPAaBHEHHIO C HEM3MEHEHHBI-
MU ynbTpaMaduTaMi U 0-IM3apIAUTOBBIMH CEPIICHTH-
HuTamMu. CEeprieHTHHUTH MHTEHCHUBHO PACCIIaHI[OBa-
HBI, paccedeHbl MHOTOYHCIICHHBIMH TpEIIMHAMH, 3a-
TTOJTHEHHBIMH JTHO0 MUHEpaJlaMH TPYIIIHI CEPIIEHTIHA,
6o kapOboHaramu. B cTpoeHNN 30HBI MeTTaHXka TakKe
MPUHAMAIOT yYacTHe OJOKH CeprieHTHHU3WPOBAHHBIX
rapuOypruToB, IYHUTOB U JIEPIIOTUTOB € COXPAHUBIITH-
MUCST «TICEBIOMOP(HBIMIY CTPYKTypaMU ITEPBUIHBIX
mopon (CasenwseB u ap., 2008). OgHako OHH HTParoT
3/1eCh MOMYMHEHHYIO POJIb M XapaKTEepPHU3YIOTCs He3a-
KOHOMEPHBIM PaCIOJIOKESHUEM.,

Bonbiiast yacte M3y4YeHHOM TEPPUTOPUU CIIOXKE-
Ha TOpOJaMHU TyHHT-TapIOyprATOBOTO KOMILIEKCA C
pa3HBIM OTHOCHTEIHHBIM KOJIMYECTBOM JTYHHUTOB. [lyis
MOHOTOHHBIX Pa3pe30B OPHOIUTOBBIX YIETpaMa(GuTOB
XOpomIo ceds 3apeKOMEHIOBAI METOJ KapTHPOBAHUS
«IYHUTOBOM COCTaBJISIONICH», IUPOKO MPUMEHIEMbIN
Ha MaccuBax llomsaproro Ypama (MakeeB, bpsauanu-
HOBa, 1999). OH 3akimodyacTcs B OMPEACICHUN TOITH
JTYHUTOB IO OTHOIIEHHUIO K TMMHPOKCEHOBBIM TOPOAAM
(Taprdypruram, JIPIIOTUTAM ) B KaKIOH Touke HaOIO-
neHus (B 00HaKEeHUSX JTMOO0 B BBICHITIKAX droBHs ). Ha
3TOH OCHOBE HaMHU OBIIO TPOBEACHO KapTHPOBaHWE
Armmakckoit mromasnu (puc. 1).

MuHuManpHas ~ TyHWTOBas  COCTABIISIONIAS
(<10 %) xapakTepHa A IEHTPATHHON YacTH TeppH-
TOpPHUH, pa3pe3 KOTOPOW MOYTH IEJTHKOM TPEICTABICH
rapudyprutamu. [lepexon k pa3pesy ¢ AYHUTOBOU CO-
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crapmsomei B konuaectse 10-30 % mocTenmeHHBI.
B stom Tume paspesa, pacroioKeHHOM, MpEeruMyIe-
CTBEHHO, B CEBEPHON M CEBEPO-BOCTOYHOM YACTH Tep-
pUTOpHUH, AYHUTH 00pa3yloT W30IMPOBAaHHBIC Teia
MotHocThio 10 100 M. B TpeTbem Tume pazpesa my-
HUT-TapIOyPTUTOBOTO KOMILIEKCA, XapaKTEepHOM ISt
FO’)KHOW 4aCTH TEPPUTOPHUH, TYHUTHI COCTABIAIOT OT 30
1o 50 %. Ilpeobmnananne mynntoB (>50 %) Hazg rapi-
OypruramMu XapakTepHu3yeT caMmylo I0KHYIO 4acTh M3y-
YeHHOU mTomay (yJacTok mposeienus FOxnoe). Ha-
PSY C CepIIEHTHHU3UPOBAHHBIMA TYHUTAMH CO CTETIe-
HpI0 cepnieHTHHM3anuu 60-80 00. %, B 3TOH "acTh
TEPPUTOPHUH IIHPOKO PACTIPOCTPAHEHBI AlIOTyHUTOBBIC
ceprieHTHHUTHL. Coziep)kaHne CeprieHTHHA B TIOCIEN-
HUX MOXeT mpeBbIaTh-0omee 8090 06. %. Yame
BCEr0 MMM CJIOKEHBI MMOHIDKEHHBIE YYacTKH penbeda.
B omnmume oT cepmeHTHHNTOB 30H MENaHXa sl aro-
JYHUTOBBIX CEPIICHTHHUTOB XapaKTePHO COXpaHEHHE
CTPYKTYPBI HEPBUYHBIX IIOPOJI, OTCYTCTBHE BTOPHYHO-
TO MarHeTUTa W METaMOpP(hUUICCKUX TPeoOpa30oBaHUM
AKIIECCOPHBIX XPOMIIITHHEIHIOB.

Jlng Amnakckod TUIONMIAIU XapakTepHbI JalKu
MEJTKO3EPHUCTHIX TaOOPOUIOB M TOJIEPUTOB, pacceka-
FOIIIX TIOPOJIbI BBIMIETIEPEUNCIICHHBIX pa3pe3oB. bia-
romaps 00IbIIeH yCTOMYNBOCTH K BRIBETPHUBAHUIO, OHH
00pasyIoT XxapaKkTepHbIe TPUBKH B pebede Kak cyorm-
POTHOTO, TaKk W CyOMEpPHINOHAIBFHOTO TPOCTHPAHUS
(CaBenbeB u ap., 2008).

METO/IbI UCCJIEJIOBAHUIA

Jnsg  w3ydeHus MHHEPAIOTHH XPOMHUTHTOB
J.E. CaBenbeBrsiM B 2002—2004 TT. 0TOOpaHBI 00pa3IThI
HamOosiee O0OraThIX pyxn U3 18 pymonposBiICHUN pymo-
TIposIBIICHUH Armmakckoi turomann (tadm. 1). U3 006-
pasIoB U3TOTOBJICHO 38 aHNITH(OB, KOTOPHIC U3YUICHBI
Ha CKaHHPYIOIIEM AIIEKTPOHHOM MHKpockore Tescan
Vega 4 Compact ¢ anamuzatopom Xplorer 15 (Oxford
Instruments, Benmnkobputanus) B UTHCTUTyTe TeOI0THH
YOUII PAH, . Yda (amamutuk [1.E. CaBenseB). Criek-
Tpel 00pabaTHIBAINCH ABTOMATHYECKH TIPHU TTOMOIIH
nporpammHoro naketa AzTec One ¢ HCTIOTB30BaHUEM
Metomnuku TrueQ. IIpu pacdere CIeKTPOB UCTIOIB30BAH
BCTPOCHHBIA KOMIUTEKT 3TanmoHoB Oxford Instruments
Standards, mpencTaBIeHHBIA PUPOTHBIMA U CHHTETH-
YeCKUMHU coequHeHnsIMHA. CheMKa MPOBOIMIACH TIPH
CIIEYIONUX TIapaMeTpax: YCKOpsIollee HampshKeHue
20 kB, Tok 30812 3—4 HA, BpeMs HaKOILJICHUS CTIEKTpa
B 60 CEKyH]l B TOUEYHOM pEXUME, TUAMETP My4Ka CO-
CTaBJISLT ~3 MKM.
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Tabnuya 1. VI3yueHHBIE XPOMUTOBBIE PYIOTPOSBICHUS
ATIIaKCKOH IIIONIAIU
Table 1. Studied chromite occurrences of the Apshak area

Nen/m | Ne oGpasua XpOMHTOBBIN OOBEKT
1 A-508 Amnmak
2 A-509 doreneBckoe
3 A-512 Hogoe
4 A-525 Oxnoe
6 A-529 Canrapar
7 A-543 Amkapka-3
8 A-642 Ne 642
9 A-652 Ne 652
10 A-667 Mensexnbe
11 A-671 bonbiioi Anmak
12 A-707 Manbiit Anmmak

A-511
13 A-714 Amnmmax-2
A-715

14 A-732 3amaaao-JlakTeIOamckoe
15 A-756 PynonposiBnenue 45
16 A-757 Bepxne-Amnmakckoe
17 A-764 TNopensrit Kammit
18 A-820 Ne 820

dopMyJibl CIACIYIOIINX MUHEPAIOB PacCYUTaHbI
Ha aTOMbI KHCIIOPO/a: TPH — JJISl IEPOBCKUTA, YEThIPE
— OJIMBHHA, XPOMIIIMHEIUI0B U Oaputa, IsTh — Cep-
MIEHTHHA, IECTh — MUPOKCEHa, 12 — rpaHara U MHHEpa-
JIOB HAIATPYyNIHBI amatuTa, 22 — ampudona u 28 — xjo-
puta. KonruecTBO ABYX- M TPEXBAJICHTHOIO JKejie3a B
XPOMILIUHEIUAAX ONPEAC/IOCh MO CTEXHOMETPHH
MuHepaiga. DopMmysbl  CyIbQUIOB, HHTEPMETAJLIH-
noB, apceanaoB Fe, Ni, Cu u MIII" paccuuTsiBanmch
Ha CyMMY aTOMOB: OJUH JJIsl CAMOPOJHON MeH, JBa
— MHJUICpUTA, TPU — HPApPCHUTa, JAypHTa, dPIHKMa-
HUTa W 3aKapUHKUTA, YEThIPE — aBapyHTa, ISTh — XU3-
neBynuTa, 6.75 — opcenuTa, CeMb — KyIpPOUPHUJICHUTA,
11 — anmnuta, 17 — menTmanauTa U 19 — mayxepura.
Jns xnoputoB u ceprieHTHHA conepxanne OH rpym-
bl PACCUMTHIBAJIOCHh B COOTBETCTBUHU C UX (hopMyra-
mu. Pacuer am@ub0I0B TPOBOMUICS MO METOIUKE,
ommcanHoi B pabote (Leake et al., 1997). Temmepary-
pa paBHOBECHS aCCOLMALNU OJMBHH-XPOMIIITHHEIIUT
OIIeHEeHa 110 TeoTepMomMerpaM u3 padot (Fabries, 1979;
Roeder et al., 1979; Ono, 1983; Ballhaus et al., 1991),
(YrUTUBHOCTh KHCJIOPO/AA U JIaBJICHUE 00pa30BaHUs —
o pabore (Ballhaus et al., 1991).

AOOpeBUaTypHI, HCIIOJIE30BAHHBIC HA PUCYHKAX,
COOTBETCTBYIOT TAaKOBBIM, YTBEPXICHHBIM Mexay-
HapoIHOW MHUHEpaJorHdeckoi acconmanuen (Warr,
2021). Peectp MuHEpaoB, yCTAHOBICHHBIX B M3yUCH-
HBIX 00pasiax XpOMHUTHTOB, IPUBEICH B TAOIHUIIE 2.

PE3VJIbTATBI UCCJIEJOBAHUI

TeKCTYPHO-CTPYKTYPHbIE€ 0COOEHHOCTH
XPOMHTHTOB

[IposiBneHust XpOMUTUTOB Ha TeppUTOpUU ATl-
MIAKCKOM TUTOIIAZM pPacIlpegelieHbl HepaBHOMEPHO
(puc. 1B). Ilo Mopdomoruu TeI U TEKCTyPHO-CTPYK-
TYpHBIM OCOOEHHOCTSIM HMX MOYKHO Pa3/ielNTh Ha TPH
OCHOBHBIX THMA. J[JI 30HBI CEpIEHTHHHUTOBOTO Me-
JIaHKa ¥ TIPUMBIKAIOIINAM K HEH 30H pa3joMOB, TaKkKe
CIO)KEHHBIX PACCIAHIIOBAHHBIMH CEPIICHTHHUTAMH,
Hamboylee XapaKTepHBI THE371000pa3HbIE CKOTUICHHUS
MAaCCHBHBIX =~ XPOMUTHUTOB HE3HAYUTEIBHBIX pa3Me-
poB (TiepBBIE — AECATKH METPOB IO MPOTSHKEHHOCTH
n 0.n—2 M IO MOIITHOCTH) TPU BBHICOKOM COZCPIKAHUH
Cr,03 B pyzne (mo 50 mac. %). K mannomy THmy ot-
HOCATCS pymomnposiBieHus Ammrak-1, 2, MenBexse,
Bepxue-Anmakckoe, @orenesckoe u Ne 45, XpoMuTu-
THI ATOTO THTIA 00Ja1al0T OOBIYHO MAaCCHBHBIMHU JINOO
TYCTOBKpPAIICHHBIMH TeKCTypamu (puc. 2a, B). CTpyk-
TypHl KPYITHO3EPHHUCTHIC, pa3Mep 3epeH BapbUpPYeT B
npenenax 2—10 MM, Mopdorormdeckne 0COOCHHOCTH
3aKJTFOYAOTCS B IIPeo0TafaHuy THIT- © KCEHOMOP(PHBIX
3epeH, Ha KOHTAKTEe C CHIINKaTaMH THITUYHBI CKPYTIICH-
HBIE oOYepTaHus. YacTo 3epHa KaTakiIa3upOBaHbI, Iiepe-
CedeHbl MHOTOYHCIIEHHBIMU TPEIUHAMH, 3aJIe9eHHBI-
MU CEpIIEHTHHOM, XJIOPHUTOM.

Bropoi#i Tun nposiBlieHH TpPUYpOUEeH K Tellam
JIYHUTOB MOIITHOCTBIO OT MEPBBIX /10 S0 M cpeau rapii-
OypTHUTOB, B IIEJIOM, C HU3KOW JYHUTOBOW COCTaBJISIIO-
meil. OHF BMEIIA0T OTHOCHTEIHLHO OOTraTroe XpOoMU-
ToBOoe opyaeHenune (25-40 mac. % Cr,Os) mpu mamnoi
MOIITHOCTH PYIHBIX TeJ, 00braHO He Oomee 0.5-1 M.
B To ke Bpems, MHOTAA OTMEYAETCS 3HAUYMTENIbHAS
MPOTSHKEHHOCTh PymHBIX Ted (mo 1000 m). Pymompo-
SIBIICHHS 3TOTO THIA MPEe00IaatoT B CEBEPHON 4acTH
teppuropun (3amagHo-JlakTeIOamckoe, Amkapka-3).
XPOMUTHUTHI XapaKTEepPU3YIOTCSl BKPAIlJIEHHOM, 4acTo —
TTOJIOCYATON TEKCTYPOH (pHc. 20, T, T), 4aCTO OTMEYaeT-
Csl CKJIQAYaTOCTh, IPEPBIBUCTOCTH CJIOEB M CKOTUICHUS
pynHoro BemiecTBa. CTpPyKTypa XPOMHTHTOB BaphbH-
pyroT ot Menko3epuuctoit (0.1-1 MM) B peakoBKpa-
IJICHHBIX Pa3HOBHUIHOCTIX IO cpemHe3epHucTo (1—
3 MM) B cpefHe- U TYCTOBKpAIUICHHBIX. B penkux ciy-
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Tabnuya 2. TlopomooOpasyromye i aKIeCCOPHbIE MUHEPAITbl XPOMUATHTOB ATIIAKCKOW TUTOIIAN
Table 2. Rock-forming and accessory minerals of chromitites of the Apshak area

r][\f'[ Munepain Xumudeckas popmyia Pacnpoctpanenue
1 | Xpommmunennzg (Mg, Fe*)(Cr,AlLFe*)0, ++++
2 | OnuBHH (Mg,Fe),SiO; ++
3 | OpronmpokceH MgFe(Si,0¢) +
4 | KnuHomupokceH CaMg(Si,0¢) ++
5 | Cepnentun Mg;Si,05(OH)4 +++
6 | Xnopur (Mg,Fe);*(S1,A1),0,0 (OH),*(Mg,Fe); (OH)s ++
7 | YBapoBut Ca;Cr; Si30p, ++
8 | Aumpamur CasFe*,S1;04, ++
9 | dropragpur SrCaCas(PO.);F +
10 | droperpodur SrCaSr3(PO,);F +
11 | ®dropamatut Cas(POy);F +
12 | ABapyur NisFe ++
13 | Opcenut NisAs, (x=0.25) +
14 | XuzneByaur NisS, +
15 | Mwepur NiS +
16 | Mayxepur Nij1Ass +
17 | Agmmut Cu;S, +
18 | Mens camoponHas Cu +
19 | bapur BaSOg, +
20 | IlepoBckut CaTiOs +
e [ +
22 | DneHut NaCa,MgsSi;A10,,(0OH), +
23 | Jlaypur RuS, ++
24 | Upapcur (Ir,Ru,Rh,Pt)AsS +
25 | Kympoupuacut (Cu,Fe)lr,S, +
26 | OpIMKMaHUT OsS; +
27 | 3aKKapuHUT RhNiAs +

23

Ilpumeuanue. Munepainsl: ++++ — maBHble, +++ — BTOPOCTENIEHHBIE, ++ — AKLECCOPHBIE, + —CIUHUYHBIC HAXOJKH.

Note. Minerals: ++++ — major, +++ — subordinate, ++ — accessory, + — single findings.

YyasX OTMEYAeTCsl CKOIUIEHHE 3€peH XPOMHUTa BIUIOThH
10 (hopMUpPOBaHHS MAaCCUBHBIX JIMH3 W THE3[l, B KOTO-
PBIX pa3Mep 3epeH yBemudmBaercs 10 5—8 MMm. Xpo-
MHUT XapakTepu3yeTcs UIUOMOP(OHBIMH KpHCTaIIaMU
CO CTVIQ)KEHHBIMH OYE€PTAHUSAMHU B PEIKOBKPATUIEHHBIX
pyZlax ¢ MOCTENEHHBIM YMEHBIICHHEM CTETIeHN HINO-
Mopdu3Ma B I'yCTOBKPAIJICHHBIX 1 MaCCUBHBIX.

B ro)kHOH yacTu TeppUTOpHUM, B Ipenenaax ny-
HUT-TapLIOypTrUTOBOTO KOMILJIEKCA C BBICOKUMH 3HaYe-
HUSIMH JYHHTOBOM COCTABIISIOLIEH paclpOCTPaHEHbI
PYZIOTIPOSBIICHHSI  PEAKOBKPAIIEHHBIX XPOMHTHTOB.
Kax mpasmiio, momoOHbIe 00BEKTHI XapaKTEPU3YIOTCS
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HEBBICOKUM copepxkanueM Cr0; (5-35 mac. %, o0bI4-
HO 10-20 mac. %), METKO3epHHUCTOI CTPYKTYPOH py.
C TIOCTETNICHHBIM MEPEX0IOM K BMEIAIOIIUM HOPOJIaM.
K nanHomy THITy OTHOCHTCS pynomposiBierus FOxHoe
u Canrrapar. Ha pymnonposiBnenuu KO>kHOE XpOMHUTHTHI
MPE/ICTABICHBI UCKIIIOYUTEILHO PEAKOBKPAILICHHBIMH
Mmenko3epaucteiMu pyramu (0.1-1 mwm), a Ha pyno-
nposieinennu Canrapar BcTpewaroTcsi Oosnee Oorarbie
YYaCTKH, B KOTOPBIX pa3Mep 3epeH YBEINYUBACTCS JIO
3—5 MM, B peaKux cirydasx — 10 1 cM (puc. 2e).
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Puc. 2. XpoMuTHTHI U3 pyIOTIPOSIBICHUI ATIIIAKCKOH II0maau: a, B — MaccuBHbIE (Dorenesckoe (a), Ammaxk (B)); 6 — HOXysp-
HO-TYCTOBKpAIUIeHHbIH (AlKapka-3); T, Il — peliKo- U CpeHeBKparuieHHbId (3anaqHo-JlakTei0alicKkoe); € — 'yCTOBKpAIIeHHbINA

€ JIMH30BUIHO-TI0JI0CYaTON TeKCTypoi (Camrapar).

Fig. 2. Chromitites of the Apshak occurrences: a, B — massive (Fogelevskoe (a), Apshak (B)); 6 — nodular-densely disseminated
(Ashkarka-3); r, 1 — weakly and moderately disseminated (West Laktybash); e — densely disseminated with lenticular-banded

texture (Saptarat).

XuMHYeCKHUIl COCTaB MUHEPAJIOB XPOMUTHTOB

HecMoTpst Ha TMCKYCCHOHHOCTh MHOTHX BOIIPO-
COB reHe3uca MoAu(OPMHBIX XPOMUTHUTOB, OOIIEIPH-
HSTO, YTO WX OOpa3oBaHHE MPOUCXOAMIO B BEpXHEH
MaHTHH (Zhou et al., 1996; Gonzalez-Jimenez et al.,
2014a, 2014b; CaBennes, ®emocees, 2019), a B namb-
HEHIlIeM OHM UCHBITANIHA TPaHC(HOPMAIUI0 B OTHOCH-
TEJIhHO HU3KOTEMIIEPATYPHBIX YCIOBHIX 3€MHOU KOPBI
(Arai, Akizawa, 2014; Johan et al., 2017). B cBsi3u ¢
9TUM, MUHEpaJIbl OMUCaHbl B COOTBETCTBUU HMX MaH-
TUHHBIM («TIEPBUYHBIMY) HIU KOPOBBIM («BTOpHY-

HBIM») TIAPareHe3UCcOM, XOTs 3TO JIEJICHUE HE BCernia
OJIHO3HAYHO, B YacTHOCTH, st MIII).

Acconpanys MaHTUAHBIX MUHEPAJIOB XPOMHUTH-
TOB BKJIFOYACT XPOMIITMHEIU/bI (TIaBHBIE) U OJIMBHH
1 nUpoKceHsbl (akmeccopueie) (puc. 3). Comeprkanue
XpOMIINUHENUA0B fgocturarb 90-95 % (snexrpon-
Hoe mpunoxkenue (OI1) Ne 1). Xumuueckuit cocrtaB
pPyZooOpa3yromux MHHEPaJoB Clenylomuid (Mac.
%): 40.2-65.96 Cr,0;, 1.23-28.85 ALO;, 5.96-16.47
MgO, 11.90-24.02 FeO, 1.14-20.03 Fe,0s, 0.36-0.79
MnO, 0.13-0.33 TiO,, 0.21-0.26 V,05 (Tabmn. 3). Mar-
HEe3WaJbHOCTh (#Mg) XPOMIIIHUHETHIOB COCTABIISET

MUMHEPAJIOTVIA/MINERALOGY 12(1) 2026
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p— 500 MKM

: ’-.SOMKM 5

Puc. 3. BkimtoueHus akIieCCOPHBIX MUHEPAIOB MEPBUYHOM aCCOIMAIINM B XPOMUTUTAX U3 PyAONPOABICHUI AMIIAKCKOH I10-
maau: a — Briodenue onusuHa (Ol) n annnuta (Ani) B xpomimunenuae (Chr) (pynonposisienne Ne 820); 6 — HHTEpCTHIH-
IBHBIA KIMHONMpOKceH (Cpx) My pyAHBIMH 3€pHAMU U BKJIIOUEHHE aBapyuTa (Awr) B KpaeBOH YacTH XPOMILTIHHEINAA
(pynomnposiBienne Aminak-2); B — BKJIIO4eHHe pomOrdeckoro nupokcena (Opx) B xpomimuHenue (pyronpossienue Hosoe).
3nech 1 Ha puc. S 1 7: 0030pHBIE CHUMKH aHITN(OB C MECTOIIOIIOKEHHUIMH Y4aCTKOB ITPUBEAEHBI B 2TEKTPOHHOM TIPHIIOKEHUN
Ne 1.

Fig. 3. Inclusions of accessory minerals of primary assemblage in chromitite occurrences from the Apshak area: a — inclusion
of olivine (Ol) and anilite (Ani) in chromian spinel (occurrence no. 820); 6 — interstitial clinopyroxene between ore grains
(Apshak-2 occurrence); B — inclusion of orthopyroxene (Opx) in chromian spinel (Novoe oceurrence).

Here and in Figs. 5 and 7: overview images of polished thin sections with location of areas are given in Supplementary Materials

no. 1.

0.12-0.81, xpomucrocts (#Cr) — 0.47-0.95 (puc. 4a).
Cornacno knaccudukanuu (Deer et al., 1992) xpomm-
MUHEIHUBl OTHOCSATCS K XPOMHTY U QIIOMOXPOMHUTY,
penKo — K XPOMIMKOTUTY U (eppuxpoMuTty. Paccum-
TaHHbIE POPMYIBbHBIC KOA(PPHUIUEHTHI PACTIONATaIOTCSI
B JICBOW YaCTH KJIacCU(UKAIMOHHOM TuarpamMmmbl, (hop-
mupys Al-Cr tpena (puc. 40).

ONYBUH COXPaHWICS B BUJAC BKIIOUCHHH OKPY-
o popmal (20—350 MkM) (puc. 3a) B XPOMIIITTHHETH-
JIe ¥ PEIMKTOB B MHTEPCTHIIMUSAX. XUMHUCCKUI COCTAB
muHepana (Mac. %): 40.95-41.68 Si0O,, 52.46-55.52
MgO, 2.61-6.42 FeOqou, 0:53-0.91 NiO, 0.15-0.20
MnO (OIT Ne 2, Tadon. T1). [To xumMu4eckomy cocra-
By cootBercTByeT (hopcteputy (Fo = 0.94-0.97). Ilo
COCTaBy COCYIICCTBYIOIIMX ONVMBUHA W3 BKIIIOUCHHH
W XPOMIIITHHEIUAA PACCUUTAHHOE PAaBHOBECHE MEXK-
Iy OJIMBMHOM W XPOMIIIHHEINAOM JOCTUTATIOCH TPH
temneparypax 650—-850 °C. ®yruTuBHOCTbH KHCIOPOAA
(Alog(fO,)) Bapsupyet ot +0.1 10 +2.6.

OKpyTIibIe U30METPUYHBIC 3epHA U PETUKTHI M-
POKCEHOB OOHapYKeHBI KaK BHYTPH PyI000pa3yrolie-
rO XpOMIINMHENNIA, TaK U B MHTepCTUIHAX (puc. 30,
B), B IICPBOM CIIydae MX pa3Mep COCTaBIseT OT 6 10
20 MKM, BO BTOPOM OTMEUaroTCs 00JIee KPyIHbIC 3epHa
(0.3-0.7 mm). XUMHYECKHI COCTaB MUHEPAJIOB (Mac.
%): 52.97-58.21 Si0,, 17.38-38.26 MgO, 0.26-25.91
CaO, 0.25-2.17 ALO;, 0.19-1.51 Cr;0s5, 0.14-0.41
Na,0, 0.98-2.77 FeOupu, 0.13-0.31 TiO, (Tabxn. 4). ITo
COCTaBy IHPOKCEHBI COOTBETCTBYIOT auoricuay (Enug
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s0W047 50Fs; 3) 1 B ofgHOM ciiyuae sHcTatuty (EnggFs,)
(puc. 4B).

AccoruaIisi BTOPUYHBIX MHHEPAJIOB MPEICTaB-
JieHa (110 YacTOTe BCTPEUACMOCTH) CEPIICHTUHOM, XJIO-
pHUTOM, TpaHaTaAMH, MUHEPAIAMU HAJTPYIIIHI AllaTHTa,
0oJbIIeH YacThIO CYIb(UIOB, CIIABAMH, apCCHUIAMU
Ni,Fe,Cu, camoponabiMu ¢azamu, 6apuToM U TEpOB-
cKkuTOM (pHuc. 5).

CeprieHTHH 3aloJHACT HWHTEPCTHIIUH MEXTY
XPOMIIMUHETUIAMH, Pa3BHUBASCH M0 OJUBHHY M POM-
OUYECKOMY MHPOKCEHY, a TAKKe acCOLUHUPYET C IPy-
TUMU BTOPUYHBIMH MHHEpaigaMu (puc. 5a). Xumuue-
ckuil coctaB MuHepana (mMac. %): 38.82—44.87 SiO,,
36.60-40.91 MgO, 1.87-4.27 FeOusu, 0.22-2.15 NiO,
0.44-0.72 A1,05, 0.16 MnO, 0.12-0.21 Ca0O, 0.30-0.95
Cr,0; (OI1 Ne 2, Tabi. T2). ITo knaccudurarmsm (Bap-
nakoB, 1986; D’ Antonio, Kristensen, 2004) ceprieHTHH
OTHOCHUTCSI K MEJIKOTICTEIBYaTOMY U CBOOOTHOMY OT
Mar"HeTuTa Ju3apauTy (puc. 6a).

WuTepctunyaneueiii xjaoput (puc. 50) comep-
xut (Mac. %) 30.04-39.20 SiO,, 32.53-40.36 MgO,
0.50-6.28 FeOusu, 0.10-0.85 CaO, 0.19-0.59 NiO,
11.3-28.3 ALO;, 0.25-0.41 TiO, (OI1 Ne 2, Tabn. T3).
ITo knmaccuduranuu (Zane, Weiss, 1998) xyiopur ot-
HOCHTCS K KIIMHOXJIOpY (puc. 60).

I'paHat pa3BUBAETCS IO XPOMIIMUHEIUIY U 00-
pasyeT OTAeJbHbIC arperarsl, aCCOLUUPYIOLINE C Cep-
MEHTHHOM ¥ MHUHEpPAJTaMd HaJArPyIIbl anaTuTa B WH-
TEPCTUIIMOHHOM TPOCTPaHCTBE (pHC. 5a, T). XuMuue-
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Puc. 4. CoctaBel IOpOI000OPA3YIONIMX U AKIECCCOPHBIX MHHCPAIOB XPOMHUTUTOB: a, 0 — XPOMIIITUHEIUIB HA JUarpamMMe
#Mg—#Cr (a) n xnaccudukannonnoit nuarpamme (Deer et al., 1992) (6); B — nupokceHbl Ha KIacCUPUKAMOHHON 1UarpaMme

(Morimoto, 1989).

1 — XpoMHT; 2 — QIIFOMOXPOMHT; 3 — XPOMITUKOTHUT; 4 — MUKOTHT; 5 - (PeppUXPOMHUT; 6 —(hePPUITUKOTHT; 7 — XPOMMArHeTuT; 8 —

AJIFOMOMArHeTuT, 9 — MarHeTur.

Fig. 4. Composition of rock-forming and accessory minerals of chromitites on classification diagrams: a, 6 — chromian spinels
on #Mg—+#Cr (a) diagram and classification diagram of (Deer et al., 1992) (6); B — pyroxenes on classification diagram of

(Morimoto, 1989);

1 — chromite; 2 — aluminum chromite; 3 — chrompicotite; 4 — picotite; 5 — ferrichromite; 6 —ferripicotite; 7 — chromium magnetite;

8 — aluminum-magnetite; 9 — magnetite.

cknii coctaB (Mac. %): 32.12-36.94 Si0,, 29.21-35.08
CaO, 1.11-28.34 FeOys, 0.37-2.19 MgO, 0.22-27.53
Cr,0;, 0.18-10.30 ALLO; (OIT Ne 2, Tadn. T4). I'panar
TIPENICTABIICH YBAPOBUTOM U aHAPATUTOM (pHC. OB).
MuHepanbsl HaArpylibl anaruTa BCTPEYAIOTCS
B BHJIC U30METPUYHBIX BKIIOUCHUN KaKk BHYTPHU 3€peH
XPOMIIIMUHENNIA, TAK ¥ B MHTEPCTHINAK. Takxke OHU
00pa3yroT YIUTMHEHHBIC arperatbl ¢ YBapOBHTOM, pa3-
BHUBAOIIIMCS TT10 XPOMIITTHHETUAY (pUC. SB-1). XUMHU-
YECKUI COCTaB MUHEPAIOB HAIIPYIIIIBI allaTUTa CUJTh-
HO BapbupyeT (Mac. %): 3.71-49.77 Sr, 6.09-40.45 Ca,
13.15-18.64 P, 0.18-1.01 Si,29.06-40.64 O, 0.44-2.60
F (BIT Ne 2, ta6m. T5). I1o coctaBy MuUHEpaIbl MOTYT
OBITH OTHECEHBI K (Topkadury, GTOopcTpoPUTY M HX

MPOMEXKYTOUHBIM Pa3HOBUIHOCTSM, a TaKXKe CTPOH-
muiconepkanuMy Gropanarury.

ABapyut, cynb(OUIbI, apCEHUBI H CAMOPOHBIC
(da3pl, oOHapy)KCHHBIE B BHIE H30METPHUUYHBIX YIJIO-
BaThIX BKIIOUCHHUH KaK BHYTPH PYIHBIX 3€peH, TaK W
B MHTEPCTHUIMSIX MEXKIY HUMH, UMCIOT pa3Mep 3epeH
ot 2 no 460 Mxm (puc. Se, k, ). XUMHUCCKUN CO-
ctaB aBapyurta (Mac. %): 68.26—79.84 Ni, 0.39-3.61
Co, 18.55-28.36 Fe (BI1 Ne2, tabm. T6). Cymbdumbt
MPEICTABICHBl KOOAIBTCONCPIKAIIUM TEHTIAHIUTOM,
XU3JIEBYAUTOM, MIUTIEpUTOM u aHuimutoM (DI1 Ne 2,
Tabm. T7). ApceHUIBI IO XUMHYIECKOMY COCTaBy OTHO-
caTes K Mayxeputy u opcenuty (OI1 Ne 2, tabm. T8).
Camopomnasie (ha3bl acCCOIMUUPYIOT C XU3JICBYIUTOM H
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Puc. 5. MuHepaisl BTOPIHYHOH acCOIMAINN B XPOMHUTHTAX PYHOIPOSBICHAN ATIIAKCKOH IUTomany: a — aaapaaut (Adr), pas-
BUTHIH TI0 3epHAM XPOMIITTHHEIUIOB, W aCCOMMUPYIOMIIA ¢ HUM ceprieHTHH (Srp) (pynonposieierne Ne 820); 6 — xmopur (Chl),
3aMeIIAIONIIH MOHOKJIMHHBIN IMPOKCEH (PyIONpOsIBICHNE AMIIIak-2); B — PENMKTHI 36peH MUHEpaa HaArpyIbl ararura (Ap)
n neposckuta (Prv) (Bepxne-Anmakckoe py1onposiBiIeHIe); T — IIPOXKHIKY IpaHaTa ¢ MUHEpaJIaMy HaArPyIIIbI araTuTa (pyno-
nposiieHne Amnmak-2); 1 — Brodenue ¢properpodura (Fstr) B xpommmunenuae (pynonposieieHie Anmak-2); e, )k — HHTep-
CTUIMAIIbHBIE BKIIIOUEHHS CINIABOB, CYIb(HIOB, ApCCHUIOB M CAMOPOHBIX (ha3 MEXKITy PyIHBIMHU 3epHaMu (e — Pyrnomnposisie-
HHe 45; x — pynonpossieare Ne 652); u — ampubon (Amp) u aHUIUT B XpoMIITUHEHAE (pyaonposisieHne Hosoe).

3necs u ganee: Brt — 6apur; Cu — camoponnas menp; Mlr — mumtepur; Muc — mayxepurt; Orc — opcenut; Pn — neHTIaHuT.

Fig. 5. Minerals of secondary assemblage in chromitite occurrences of the Apshak area: a — andradite (Adr) after chromian spinel
and associated with serpentine (Srp) (occurrence no. 820); 6 — chlorite (Chl) after monoclinic pyroxene (Apshak-2 occurrence);
B — relict grains of mineral of the apatite supergroup (Ap) and perovskite (Prv) (Upper Apshak occurrence); r — veinlets of
garnet associated with minerals of the apatite supergroup (Apshak-2 occurrence); x — inclusions of fluorstrophite (Fstr) in
chromian spinel (Apshak-2 occurrence); e, x — interstitial alloys, sulfides, arsenides and native phases between ore grains (e —
Rudoproyavlenie 45; x — occurrence no. 652); u — amphibole (Amp) and anilite in chromospinel (Novoe occurrence).
Hereinafter: Brt — barite; Cu — native copper; Mlr — millerite; Muc — maucherite; Orc — orselite; Pn — pentlandite.

MUJJIEPUTOM B MHTEPCTUIUAX (pUC. 5K) U TIO COCTaBY
ONu3KM K caMoponHOM Menu ¢ npumecsimu Ni, Fe u S
(mac. %): 90.55-91.39 Cu, 7.17-8.83 Ni, 0.39-0.62
Fe, 0.22-0.23 S (OI1 Ne 2, Tabmn. T9).

[lepoBckut BcTpewaercsi B Buae 3epeH (35-50
MKM) B MHTEPCTUIHOHAILHOM MPOCTPAHCTBE XPOMHU-
TUTOB (pUC. 5B), a OapuT — B BHUJE MPU3MATHYCCKHX

MUMHEPAJIOTVIAI/MINERALOGY 12(1) 2026

BKJIFOUEHUH DPasMEPOM S5 MKM B XPOMILIUHEINIE
(puc. 53). Xumuueckuil coctaB nepoBckura (mMac. %):
27.63-29.32 Ca, 34.97-35.43 Ti, 35.55-36.34 O (3I1
Ne 2, tabn. T10). bapur comepxut (mac. %) 55.85—
64.08 Ba, 0.95-6.66 Sr, 1.37 Cu, 34.75-35.29 S (OII
Ne 2, T11).
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Puc. 6. CoCTaBbI aKI[eCCOPHBIX MHHEPATIOB B XPOMHUTHTAX PYAOTPOSBICHNI ATIIAKCKOH MO HA KIACCU(PUKAIMOHHBIX
nuarpammax: a — ceprieHtuH (D’ Antonio, Kristensen, 2004); 6 — xioput (Zane, Weiss, 1998); 8 — rpanarsi (Stubia et al., 2019);

r — amduoonsr (Leake et al., 1997).

Fig. 6. Composition of accessory minerals in chromitite occurrences of the Apshak area on classification diagrams: a — serpentine
(D’ Antonio, Kristensen, 2004); 6~ chlorite (Zane and Weiss, 1998); B — garnets (Stubiia et al., 2019); r — amphiboles (Leake et

al., 1997).

YacTb MUHEPAJIOB XPOMUTUTOB HE MOXKET OBITh
OJJHO3HAYHO OTHECEHAa K MAHTHUHHBIM WJIH KOPOBBIM
(am¢puboner, MIIL). AmpuboaBl NpencTaBICHbI U30-
METPUYHBIMHU OKPYIJIBIMU BKIIFOUCHUSIMH (pUC. SU) pa3-
MepoM 15-30 MKM B XpOMIIIUHENUIAX U PEIUKTAMU
(35200 MKM) B MHTEPCTHIHAX. XUMUYECKHI COCTaB
(mac. %): 2.16-2.74 Na,0, 11.63-12.92 CaO, 19.23—
22.45 MgO, 1.49-2.77 FeOgsm, 7.29-11.94A1,0s,
2.12-3.01Cr,0s, 0.45-1.26 TiO,, 46.36-50.25 SiO,
(Ttada. 5). Cormacuo kmaccudukanuu (Leake et al.,
1997), munepan O1M30K K SIEHUTY (puc. 61).

MIII, oOHapyXeHHBIE BHYTPH XPOMIIITAHEIH-
JOB U B MHTEPCTULHOHAILHOM HPOCTPAHCTBE MEKAY
HUMH, IPEACTaBICHb OAHOPOAHBIMHU (n = 21) 1 monu-
¢azHbIME (N = §8) U30OMETPUYHBIMU U, PEKE, YIITUHEH-
HBIMHU BKJIIOUCHHSIMHU, pasMep KOTOPBIX, KaK MPaBUIIo,
He npebimaeT 10 MmxM, peaxo, 10 30 mxm. BriroueHust

XapaKTepU3yIOTCS pa3uuHON MOpdosoruei cpe3os:
HECUMMETPHYHO-TpaneneBuaHoi (puc. 7a), Opycko-
BUIHOH (puc. 70), upuomMopdHO# (puc. 7B), yIJIUHEH-
HO-TaHTeIe00pa3Hoii (puc. 7T), Mpu3MaTun4ecKon (puc.
71), YITUHEHHO-TPEYTONbHOW (pUC. 7€), KOMKOBATOH,
okpymioid. Hanbonpmee xomuaectso MIIT Habmroma-
eTcsl B XpOMUTHTAX U3 PyIoIposBiIeHui 3ananHo-Jlak-
TeIOamickoe (n = 5), Pymomposieinenne Ne 45 (n = 3),
Carnrrapar (n = 3), Hooe (n = 3) (puc. 8a). 1o cocraBy
MIII" cOOTBETCTBYIOT CyAb(HIAM U CylTb(oapceHuIaM
Ru-Os-Ir, pexe apcennnam Rh (puc. 86, Tadmn. 6). Ca-
MbIM pacnpoctpaHeHHbM MIII™ sBnsiercs nayput (n =
25.78 % Bcex HaXOMOK), 38 KOTOPBIM CIIEAYIOT HPAPCUT
(n = 3) u xynpoupuacuT (n = 2), eAMHUIHBIC HAXOIKH
NPEICTABICHBl 3PIUKMAHUTOM M 3aKapUHHUTOM (pHC.
8B).

MUMHEPAJIOTVIA/MINERALOGY 12(1) 2026
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Puc. 7. AxueccopHble MUHEpaJbl pynonposiBieHni Amikapka-3 (a), 3anagno-Jlakreidarickoe (0), Canrapar (), Ammaxk (T),
Mengexbe (1) u HoBoe (e): a—n — Bimouenus saypura (Lrt), kynpoupuncura (Cir), upapcura (Irs) u spnukmanura (Erl) B
XPOMIIITUHENUJIE; € — 3aKKaPUHUT (ZCTr) B MHTEPCTULIMU MEKTy PY/ITHBIMHU 3EPHAMH.

Fig. 7. Accessory minerals of the Ashkarka-3 (a), West Laktybash (0), Saptarat (0), Apshak (r), Medvezh’e () and Novoe ()
occurrences: a—1 — inclusions of laurite (Lrt), cuproiridsite (Cir), irarsite (Irs) and erlichmanite (Erl) in chromian spinel; e —
interstitial zaccarinite (Zcr) between ore grains.

a Ne820 6
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4%

T
Pynomnpossaenue 45
Hogoel0% 10%

Anmmak 7% poeepms 3amagHo-

i moit JlakTeI0amIcKOE

Ammax 4% 17% 0s 0s Ir

B I/Ipapcm 3aI<KapHHI/IT
((Ir,Ru,Rh,Pt)AsS) 10% (RhNiAs) 3%

© Ne 820 ® Anmax 4 Bepxne-Amnmrakckoe
Kynpoupuacur 3anagHo-
= Anak-2 * MenBexbe
Fe)l 69 : :
((CuFolr,S,) 6% R id"“’l@‘”;“(oc_ Pynonposienchue 45 ® Topensiii Kammii
DpauKkMaEAT—L HkapKa-- o Canrrapar
P A O Mansrnii Anmrak B Pocebine Bonprmoit

(0sS,) 3% oNe 652 Ammrak % JHinwes

Puc. 8. Pacnpenenenne MIII™ B XxpoMUTHTaX pyIOIPOSIBICHHH ATIIAKCKOH IUIOMIaM: a — KoymdecTBo Brimodernii MIITT (n = 29);
0 — TpeyroybHbIE IMarpaMMBbI [Tt TYTOIUIABKUX TUIATHHOWJIOB; B — KOJIMYECTBO OOHAPYKEHHBIX MHUHEPAIIBHBIX (a3 (n = 32).

Fig. 8. PGM distribution in chromitite occurrences of the Apshak area: a — number of PGM inclusions (n = 29); 6 — ternary
diagrams for [IPGM; B — number of identified mineral phases ((n = 32).
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Puc. 9. Temnieparypbl MUHEPAJIbHBIX PAaBHOBECH B Mapax OJMBHH-XPOMIINUHENU] (a) U QyFUTHBHOCTH Kuciopona (0) s
XPOMHUTHTOB ATIIIAKCKOW IJIOIIAIN, PACCUMTAHHBIC 10 reoTepMomMerpaM u reodbapomerpam (Fabries, 1979; Roeder et al., 1979;
Ono, 1983; Ballhaus et al., 1991). On — Ono, 1983; Fb — Fabries, 1979; BBG — Ballhaus-Berry-Green (1991); RCJ — Roeder-
Campbel-Jamieson (1979).

1-3 — mepuaOTUTOBBIE KCEHOMMUTHI: | — MPUMHUTHBHBIE, 2 — CI1a0OMETacOMAaTU3UPOBAHHBIC; 3 — HHTCHCHBHO METaCOMAaTH3H-
poBaHHbIe; 4; 5 — aOuccalbHbIe IEPUIOTHTBI; 6 — MEpUIOTUTHI OcTpoBHBIX AyT (Ahmed et al., 2016; Arai, Ishimaru, 2008;
Parkinson, Pearce, 1998).

Fig. 9. Temperatures of mineral equilibria in olivine-chromian spinel pairs (a) and oxygen fugacity (6) for chromitites of
the Apshak area calculated using geothermometers and geobarometers from (Fabries, 1979; Roeder et al., 1979; Ono, 1983;
Ballhaus et al., 1991). On — Ono, 1983; Fb — Fabries, 1979; BBG — Ballhaus-Berry-Green (1991); RCJ — Roeder-Campbel-
Jamieson (1979).

1-3 — peridotite xenoliths: 1 — primitive; 2 — weakly metasomatized; 3 — intensely metasomatized; 4; 5 — abyssal peridotites;

6 — island arc peridotites (Ahmed et al., 2016; Arai, Ishimaru, 2008; Parkinson, Pearce, 1998).

OBCYXXJIEHME PE3VJIbTATOB

Hamm wccnenoBanusi MO3BOJMIN  PACIIUPUTD
MUHEPAJIOTHI0 XPOMUTHTOB M3yUYCHHOHW TJIOMAN TO
CPaBHEHHIO C MPEABLIYIIUMH JaHHBIMUA. HecMoTpst Ha
TO, UTO COCTaBhI PY000PA3YIOIINX XPOMIIIITHHEIHIOB
W3YUYCHHBIX PYIONPOSBICHUI BapbUPYIOT, B IIETIOM,
oTMedaeTcsi npeoOiajiaHhe BBICOKOXPOMHUCTBIX pa3-
HOCTEH, 4TO THUIHYHO TS XPOMHUTHTOB MaHTHITHOTO
paspesa maccuBoB Kpaka (CaBennes, 2018) u otinya-
€T ero oT MHOTHX Apyrux maccuBoB lOskHoTo (Kem-
nmpcait) u [Homsaproro (Pait-M3, Cerym-Key, Boitkapo-
ChIHBUHCKHH) Ypasia, KOTOphIE CoAep KaT py/asl CO 3Ha-
YUTEIBHBIMU BapUAIMSIMUA COCTAaBa XPOMIIIITUHEIHIOB
mo otHomenuto Cr/Al (Makees, bpssauanuaoBa, 1999;
ITepeBozumkoB u mp., 2000).

Ouenka P-T ycioBuii
(popMupoBaHUs XPOMUTHTOB

XpOMUTUTBI HU3YUYEHHBIX MPOSBICHUN OTIHYa-

FOTCA CTCIICHBIO U YCIIOBUAMMU IIPOABJICHHUA HAJIOKCH-
HBIX TIIPOIECCOB. XpOMI/ITI/ITBI, JIOKAJIM30BAHHBIC B
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CEpIICHTHHHUTAX, Hauboliee KaTakIa3upOBaHbI, MUHE-
pasIbHBIN COCTAaB MHTEPCTHUIUAILHOTO MPOCTPaHCTBA
B HHX caMblii pazHooOpasHbiii. CoxpaHeHHE COCTaBa
MEPBUYHOTO XPOMHUTA U OTCYTCTBHE «KEJIC3UCTOIO»
TPEH/a YKa3bIBaeT Ha OTHOCHTEIBHO HU3KYIO TeMIIe-
parypy U3MEHEeHHH, COOTBETCTBYOIYIO [IEOJIUTOBOU U
Hu3aM 3eieHocaanieBoi garmuii (<300 °C) (CaBenbeB
u 1p., 2009), B oTIMYMKE OT XPOMUTHTOB MECTOPOXKIE-
Huii [TonspHoro Ypana, nperepneBmux KOPOBbIA Me-
tamoppu3m ampudonmuToBor danun (Makees, bpsH-
yaHWHOBA, 1999; Baxpymesa u ap., 2017).

Jlist GOJBIIMHCTBA M3YYCHHBIX OOpa3IoB XPoO-
MUTHTOB XapaKTEepPHbI CyOCOIHMIYCHBIC TEMIIEPaTyphl
paBHoBecuii (650-850 °C) B mape OJTUBUH-XPOMIIIITH-
HENW/I W TIOJIOKHUTENbHBIC 3HAaueHHS (YTHTHBHOCTH
kuciopona (DlogfO,(FMQ)= +0.1...4+2.6) (puc. 9),
YTO TUITUYHO ISl NOAN(OPMHBIX XpoMHUTUTOB (Yary-
xuH, Borsikos, 2009; Baxpymiera u ap., 2017; Saveliev,
2024). [lonoxuTenbHble 3HaYeHUS ()YTHTUBHOCTH KHC-
JIOpo/ia OTPAXKAIOT OKUCIUTEIbHBIC YCIOBUS (POPMH-
pOBaHHS MMOPOJ B MaHTHH. JTO MOATBEPKAACTCS BbI-
cokumu (opcrepuroBbiM MuHaIOM (Fo = 0.94-0.97)
(BIT Ne 2, Tabn. T1) B onmuBUHE U XpOMHUCTOCTHIO (#Cr
= 0.70-0.95) B xpoMmuinuneanaax (puc. 4a, taodm. 3).
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Temneparypbl ¥ (pyrHTHBHOCTH KHCIIOPOJA, & TaKKe
coziepkanre (OpPCTEPUTOBOTO MHUHAJIA B OJIMBHHE,
CKOpee BCETO, SIBIISIOTCS Pe3yIbTaTOM KaTHOHHOTO 00-
MeHa Mg u Fe?” MeXIy ONMBHHOM M XPOMHTOM Ha
cyocomunycuoit cramuu (Melcher et al., 1997; Hu et
al., 2022) 1 pUKCUPYIOT CTAINIO OCTHIBAHUS PECTUTA.

CunTaercs, 4TO TEMIEparyphl, pacCUUTAHHBIC
MO  OJIMBUH-XPOMIINUHENEBBIM  I'€OTEPMOMETPaM,
(UKCHPYIOT 3aBepIlicHUE OOMEHHBIX PEaKIUi MEXKITy
STHMHU MUHEpAIaMH, OTOPBAHHBIC 10 BPEMEHH OT MPO-
recca YacTUYHOTO IIaBleHust (Hampumep, baspuies,
2003). B pabore (Hu et al., 2022) moka3zaHo, 410 u
oleHKa (DyrUTHBHOCTH KHCIOPOJA B JTAHHOM cliydae
OyzeT 3aBbIlIeHA. ABTOpAMU MUTHPYEMOH pabOTHI TT0-
JMydeHa aHalornyHas Hamied orneHka fO, u npoBeneH
MepecyeT Ha MPEJoyiaraeMyro TeMITepaTypy 4acTHd-
HOTO TUTaBNieHUs MaHTHiHOTO mcTouHnka (1400 °C),
YTO JIaJI0 KOPPEKTUPOBAHHYIO OICHKY 3HAUCHHI B JHa-
nmazone Dlog fO,(FMQ) ot +0.2 no +0.4. He moxBepras
COMHEHHUIO TIPABHIBHOCTh MPEIIOKEHHOTO TMOAXO0JIA,
HEOOXOJIIMO OTMETHTb, YTO JaXKe HECKOPPEKTHPOBAH-
Has oreHka fO, BO BMEMIAIONINX MEPUIOTUTAX OOBIU-
Ho maetr mHTepBan Dlog fO,(FMQ) ot —1.5 mo —0.5
(Saveliev et al., 2022).

YcnoBusi 06pa3oBaHus BTOPOCTENEHHbIX
U aKLeCCOPHBIX MUHEPAJI0B XPOMUTHUTOB

BropuuHble MHHEpalbl MO TEHE3UCY MOXKHO
MOJIpa3/IeIUTh Ha TPU NOATpYyNIbl. [lepBas cBsi3aHa ¢
MUHepalaMH, C)OPMUPOBABIIMUMUCS B XOJIE MPOIEeC-
COB HH3KOTEMIIEPaTyPHOI CEpIEHTUHH3AINH [TPU TEM-
nieparypax Hwke 300 °C (meoanToBast ¥ HU3HI 3eJICHOC-
naHteBoi ¢annit). K 3Toif rpyIime OTHOCHTCS CEPIICH-
TUH. Bropas moarpymmna BkiIrO4YaeT MHHEpaibl, chop-
MUPOBABIIHECS B PE3yJIbTATE TPOPAOOTKH XPOMUTHTOB
(dhrongamMu pa3THIHOTO CocTaBa (comepsKainue XJIopu-
Ibl, pTOp M APYTHE COSAMHCHIS) B KOPOBBIX YCIOBH-
sx mpu Temmeparypax 300-500 °C (3eneHOCTaHIIEBaAS
¢danus) (bannaukos, 1983; Melcher, 1997). B mannyro
TPYIITy BXOAAT XJIOPUTHI, MUHEPAIbl HAATPYIIIbI ara-
THTA, TPAHATHI, CYALMOUIB (32 UCKIIOUCHHEM KOOaTh-
TCOJICPIKAIIEr0 TICHTIAHINTA), apCEHHJIBI, CaMOpPOI-
HbIe (pa3wl, IEPOBCKUT U OapuT. [loMmuMo oOHapyKeH-
HBIX HH3KOTEMIIEPATYPHBIX aKIECCOPHBIX MHHEPATIOB
JPYTUMH HCCIe/I0BaTeIsIMU B XpoMuTUTax Kemmupcas
YCTaHOBJICHBI THAPOTpaHaThl, Mn-WIbMEHHT, c(eH,
nupkemut (Melcher, 1997). Mumneput, aHWINT, ca-
MOpOJIHASI MEJIb M XU3JICBY/IUT, KAaK M apCCHHJIbI, MOT-
i 00paszoBathecsl B KopoBBIX yeioBmsax (Klein, Bach,
2009). XuzneByauT oOpa3oBajcs U3 MEHTIAHINTA ITPH

temrieparypax Hmke 550 °C (Bussolesi et al., 2022).
HukeneBbie apceHUABI (MAayXepHUT, OPCEIUT) BEPOSITHO
00pazoBauCh MpH HU3KHX TeMieparypax (<500 °C) B
pe3yabTare MpopadOTKH XPOMHUTHTOB (hITFOMIAMH, Ha-
chImeHHBIMA As 1 Ni, Kak 3TO XapaKTepHO IS IHe-
HEpHTa W TapyTUTa B XpPOMUTHTAaX MaccuBa CpemHuit
Kpaxka (Garuti et al., 2021). K TpeTbeit MO’)KHO OTHECTH
aBapyHT, KOTOPHI HE TIOTAaeT BBIIIETIEPEUHCICHHBIE
MOATPYIIIBI M3-32 HEOJHO3HAYHOTO MeXaHW3Ma 00pa-
3oBaHns. OH MOT 00pa30BaThCS PH ACCYIbPypPH3aAITIT
nenmranauta (Kutyrev et al., 2023) nmu mpu 3amere-
HUAW OJIMBWHA B Tiporiecce ceprmeHTrHm3anmu (Klein,
Bach, 2009; Cananmuposa u ap., 2016; Britten, 2017).
B nepmonmurax maccuBa CeBepHblii Kpaka aBapyut n
XU3JIEBYIUT 00pa30BANCE M3 TTEHTIAHANTA, YTO MOXK-
HO TIPEATIONIOKUTE U ISt u3ydeHHoH mommanu (Case-
neeB, ['ataymmiH, 2023).

Bonpmrast gacte aM@puO0I0OB W3 BKIIOUCHHNA B
XPOMUTHUTAX ~ PYAOTIPOSBICHUN ATIIIAKCKON TUTOIIA-
1 IMEeT MarmMatudeckuii renesmc. OO 3ToM cBHe-
TEJIHCTBYET PACIIOJIO’KEHVE (PUTYPATHBHBIX TOYEK WX
COCTAaBOB Ha JUCKPUMUHAHTHBIX JHarpaMmax B IT0Jie
Marmarrdeckux amduoonoB (puc. 10a), M KOTOPBIX
MpEeanoyaracTcsl MaHTHHHBIN ucTOd4HUK (puc. 100).
COXpaHHOCTh BBICOKOTTIMHO3EMHUCTBIX COCTABOB aM-
(hnOOJTOB BO BKITIOUCHHUSAX W3 3€PEH XPOMHTA MOXKET
00BsICHATECS chemyromuM obOpa3zoMm. Panee 3admkcu-
POBaHBI aCCOIMAIIMU COCYIIECTBYIONUX HEOOIaCTOB
XpoMImuHemaa 1 aMmpu0osia, BBIICIUBIINXCSI B pe-
3yabpTate JehopMarioHHO-UHIYIIMPOBAHHOTO pacta-
na sacraruta (CaBenbeB u ap., 2017; Saveliev, 2022;
Saveliev, 2021), mpudeM B HEKOTOPHIX CIydasx OTMe-
YaJicsl HETIOJHBIN 3aXBaT 3¢peH aM(puO0Ia pacTyIIUMA
KpUCTAIIAMH XPOMIITIMHETHAa. MBI Toiaraem, 4To
B XO/Ie TPOTPECCHPYIOMIETO TUIACTHYECKOTO TEYCHUS
yABTpaMaQuTOB IMMPOUCXOIIIO YKPYITHEHNE 3epeH XPO-
MuTa («CWIbHAs aza»), a 3aXBauCHHBIC UM BKIJIIOUC-
HUS CHJIMKATOB («cmadble (has3p») KalCyIupOBaINCh
B HEM, KaK B HEMPOHUIIAEMOM KoHTeMHepe. [Ipu aTom
MOHHBIH OOMEH MEXIy PyTooOpasyroIIiuM XpPOMIII-
TTMHETTUIOM W 3aKJTIOYCHHBIM B HeM aM(puO0I0M OBLT
3aTpyQHEH, YTO TIOATBEP)KIACTCS BHICOKUMHU 3HAYCHHU-
SIMA XPOMHUCTOCTH PYI000pa3yrOIMNX XPOMIITTHHEIH-
JIOB B TIOJIABIISIONIEM OOJBITMHCTBE PYIOTPOSBICHHHA
(#Cr = 0.7-0.9). Hexotopsle GuryparuBHbIC TOYKHA Ha
JMUCKPAIMHUHAITMOHHBIX JHarpaMMax TOMaaaroT B ToJe
Mertamopdudeckux ampudomoB (puc. 10a) m mmeroT
CMEIITaHHBI (KOPOBO-MAHTHMHBIN) HWCTOYHHK (pHC.
100). He uckitoueHo, 9T0 OHU MOIJIH 00pa30BaThCs,
KaK ¥ BBIIICTIEPEUHCIICHHBIE BTOPHYHBIE MIHEPAIIBI, B
KOPOBBIX YCITOBHSIX.
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Puc. 10. Pactipenenenne GpopMyibHBIX K0I(GPUIMEHTOB 1715t aMpUOO0IIOB (a—B) U MUHEpaIOB HaAIPYIIIblL arnarura (T) Ha Jua-
rpammax Si—Ca+Na+K (Czamanske, Wones, 1973) (a); A1203-TiO2 (mac. %) (Changyi, Sanyuan, 1984) (0).

Fig. 10. Distribution of formula units for amphiboles (a—B) and apatite supergroup minerals (r) on Si—Ca+Na+K diagram
(Czamanske, Wones, 1973) (a) and AI203-TiO2 diagram (wt. %) (Changyi, Sanyuan, 1984) (6).

Mexanusm obpaszoBanus MIIIT B xpomuTuTax
muckyccuoneH. B pabore (Gonzalez-Jiménez et al.,
2014a) mpemIOKEHO TpU CLEHApHUsl MPOMCXOXKICHHS
MIII" Bo BHYTpPEHHHX YacTsAX 3epeH XpOMHTa U3 odu-
OJIUTOBBIX XpoMHUTUTOB. [lepBwIil mpenmonaraer pe-
ctutoBhIll renHe3nc MIII. B gacTHOCTH, OcTaTOYHBIE
¢asbl, TakKe Kak JaypuT win cmassl Os-Ir, Mmorm 00-
pa30BaThCs B pe3yabTaTe pacnaja paHee CylecTBOBAB-
MIMX TIEPBUYHBIX CYAb(PHUIOB (MUPPOTHH, ICHTIAHINUT,
XaJIbKOIIMPHT), COACPIKABIINX HEOOIBIINE KOTNYECTBA
sneMeHToB TuiatnHoBo# rpymmsl (JI1I7). Hakoruienue
OII' BooTs 10 obpazosanust MIIIT Momio mpoucxo-
IUTH TIpU TBEpA0(a3HOM POCTE KPUCTAIUIOB XPOMHUTA
B XOJ€ IJIacTUYecKoro TeueHus pectura (Casenbes,
2024;Saveliev, 2024). Bropo# MmexaHu3M npearoara-
et, yro MIII" 0Opa3oBauch MOCie XPOMUTUTOB. XPO-
MUTBI MOTYT OBITh HEPEHECEHBI BIIIyOb MAaHTHU B pe-
3yJbTaTe NpoLEeccoB cyoayKunu. OHH, BEposTHEE BCe-
ro, MpopaboTaHbl METACOMATUYECKUMHU (IIronIamMu/
paciuiaBaM#, KOTOPBIE CHOCOOCTBOBAIN OCAXICHHIO
MIII. Tperuil MexaHHW3M BKIIOYAET YaCTHMYHOE WIIH
nonHoe paszpyuenne MIII™ n ux nepekpucTanaIn3anuio
B X0Jie oar(a3HOro MeTaMophu3Ma Wi PeUUKIMHTa
XPOMHUTHTOB B OoJiee IITyOOKOH MaHTHH.

Cynboapcennas! Ir u apcennast Rh mormu 06-
pas3oBarbCs B pe3ysibTaTe ruApoTepMaIbHOM popaloT-
KM XPOMHUTHUTOB B YCJIOBHAX KOHTHHEHTAJIBHOW KOPBI
(Casenbes, 2024). [Ins nocnenuux MIIIT (3akapunanTa)
TaKXKe MpenaraeTcsi reHe3nuc, oOyCIOBIECHHBIM pac-
TBOPEHHEM MaHTHHHBIX cyib(uaoB Os-Ir-Ru mera-
comaruueckumu acreHochepusiMu dmongamu (Ku-
cenesa u ap., 2014). Jlns Gonee TOYHOTO MOHUMAHUS
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re”esuca BkItoueHHd MIII" B xpomuTHTax ANIakckon
TUIoIaAu 1 MaccuBoB Kpaka B einom HeoOX0auMO BO-
BJICYEHHUE B UCCIIE0BAaHHE OOJBIIETo Yrciaa 00pasuos,
yBeJIUYEHHE CTAaTHCTHKH M Ooliee AeTanbHbIe MpeLu-
3UMOHHBIE UCCIIEOBAHUS, BO3MOKHO — C IPUMEHEHHEM
METO/I0B MUKPOCTPYKTYPHOTO aHAIN3a.

BbIBO/IbI

N3yyen MuHepanbHbIil COCTaB XPOMUTUTOB ATl-
makckoi momaau Maccusa FOxubiit Kpaka. [Topono-
o0pas3ylole U aKIecCOpHbIe MUHEPANbI M0 YCIOBH-
M 00pa30BaHUS MOXHO Pa3/IEIHUTh HA TPU TPYIIIBL:
1) mepBuuHbIe, 00pa30BaBIINECS B MaHTHHHBIX YC-
JIOBHSIX (XPOMIIITUHENUIbI, OJUBHH, POMOUYECKUN H
MOHOKJIMHHBIN TUPOKCEH); 2) BTOPUYHBIE, CPOPMHUPO-
BaBIIIHECS B KOPOBBIX YCJIOBUSAX (CEPICHTHH, XJIOPHT,
rpaHaThl, MHHEpAJIbl HAJTIPYIIbl anaTuTa, CIUIABBI,
MOJIABJISAONIEE OOJBITMHCTBO CYJIb(UIOB, apCEHHIBI,
camopopnbie dasel Fe,Ni,Cu, nepoBckut, 6apur); 3) ¢
HEOJIHO3HAYHBIM reHe3ucoM (ampuobomnsl, MIID).

[lo XUMHYECKOMY COCTaBy XPOMIITHHEIHNIBI
COOTBETCTBYIOT XPOMHUTY, aTFOMOXPOMHUTY (pexe —
XPOMITHKOTUTY, (GeppuxpoMuty). OJNHMBHH TpPEICTaB-
neH dopcreputoM (Foos ¢7); MUPOKCEHBI — SHCTATUTOM
W JIUOTICHJIOM; CEPIIEHTUH — JIU3apAUTOM; XJIOPUTHI
— KIIMHOXJIOPOM; TPaHaThl — YBAPOBUTOM W aHJIPa]U-
TOM; MHHEPAJIbI HA/ITPYIIITEI arlaTuTa — PTOpKaPUTOM,
(hropcTpodUTOM, UX TPOMEKYTOUHBIMU PAZHOCTSIMH,
CTPOHIMI-cofiepKaIuM  (pTopanaruToM; CIDIaBbl —
aBapyUTOM; CYIb(UIABI — KOOAIBTCOACPIKALINM TICHT-
JAHJIUTOM, XH3JIEBYJIUTOM, MHUJUICPUTOM, AHUIATOM;
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apCeHUBl — MayXepHTOM, OPCEINTOM; CaMOpOHBIE
($ha3er — MenpIo; aMPUOOTBI — ACHUTOM; TUIATHHOMTBI
— JIaypUTOM, DPIUKMAHUTOM, KyIPOUPHUACHTOM, Upap-
CHUTOM, 3aKapUHUTOM.

O0pa3oBaHuEe XPOMUTHUTOB MPOHUCXOIMUIIO B yC-
JIOBHSIX BEpXHEW MaHTHH, 3aBEPIIMBIINCH B CyOCOIH-
IIyCHBIX YCJIOBHUSX W OKHUCIHTENBHON oOcTaHoBke. OO
9TOM CBHJIETEIBCTBYIOT pACCUETHBIE TEMIIEPaTyphl
(650-850 °C) u pyrutuBHOCTE KHcopozaa (Alog(fO,)=
+0.1... +2.6). Temrieparypsl 1 (pyTUTHBHOCTH KHCIIO-
poma, a Takke coaepkaHue (OpPCTEPUTOBOTO MHUHAIA
B onmuBuHE (Fo = 0.94-0.97), ckopee Bcero, SIBISIFOTCS
pe3ynsTaToM KaTnoHHOTO oOMena Mg?" n Fe*™ mexmy
OJTUBUHOM W XPOMHTOM Ha CyOCONWAYCHOW CTaJnd W
(hUKCHPYIOT CTAIUIO OCTBHIBAHUS pecTHTa. B mampHei-
meM OHH UcIbITam Xoioaayo (300-500 °C) TexkToHU-
YeCKyI0 nepepadoTKy MpH MOIbEME MacCHBOB B BepX-
HUE TOPH30HTHI 3€MHOM KOPBI, 9TO COIMPOBOXKIAIOCH
BO3/ICICTBMEM Ha HUX THAPOTEPMAIBHBIX PACTBOPOB.
Ha »toif cramnu obpaszoBajach acCOIMANHS BTOPHY-
HBIX MAHEPAJOB. ABapyHT M XH3JIEBYINT, CKOpee Bce-
TO, IMEIOT MAaHTHHHYIO TIPUPO/IE.

Heonno3HauHblil TeHE3UC XapaKTepeH i aMm-
¢ubomoB. Ha Marmarnueckyro MpUpoay ACHUTA YKa-
3pBaeT copepkanns ALO; 11.14-11.94 mac. %. B
TOXKE BpEMSI HEKOTOpPHIE COCTaBHI TOMAIAI0T Ha JHC-
kpuMuHaoHHOU quarpamme Al,O;—TiO, B mose ¢ kKo-
POBO-MaHTHHHBIM UCTOUHUKOM.

Mexanusm konueHTpaiuu MIIT ocTaercs jauc-
KyccHOHHBIM. OnmHUM W3 HamOoliee BEPOSTHBIX IS
cymbpumoB Ru-Os-Ir mpencrapnsercs pecTHTOBBIN
reHesuc, npudeM noctyruienne D111 Mormo ocymiect-
BIISITHCS TUOO W3 paHee CYIMIESCTBOBABITUX CYIb(HUIOB,
conepxamux DIII, 1100 mpw TBeprodazHoM nepepac-
TIPEJEIEHUN B XPOMHUTOBBIX 3€pHaX MPHUMECHBIX aTo-
MmoB OI1I" B xome mnactudeckoii gedopmannn. Cymbdo-
apCEeHUIBI U apCEHUIBI, BEPOSITHEE BCETO, KPUCTAIIIN-
30BAJIMCh B PE3YIBTaTe THAPOTEPMATEHON TIPOPAOOTKH
XPOMHUTHUTOB MPH HU3KUX Temrreparypax (<500 °C).

JINTEPATYPA

Bbassutes B.A. (2003) Ilerpomoro-reoxuMudeckas
9BOJIIONMST MAHTHHHOTO BEIIECTBA B JHTOC(Epe: CpaBHU-
TENbHOE M3y4YEeHHE OKCAHWYCCKHUX W aJbIIMHOTHITHBIX IIIIH-
HEJIeBBIX ITEPUIOTHTOB. J{ycc. Ha COUCK. CTEll. JOKT. IeOl.-
MUH. HayK. MockBa, 438 c.

BannukoB O.JI. (1983) bamanc BemecTBa mpu cep-
NEHTHHHU3AMN aJIbIIMHOTHITHBIX TUIEepPOa3uTOB M HEKOTO-
pBIe ob1TIe TpoOIeMBI TeHe3rca CepIeHTHHUTOB / [ nmepba-
3UTOBBIC aCCOIMALINH CKJIaT9aThIX oOmacteit. HoBocmOmpcek,
WIT CO AH CCCP, 2, 5-18.

Bapmakos A.C. (1978) 'eHe3nc XxpOMHUTOBOTO Opy/e-
HEHUS B aJIIMHOTUITHBIX THIepbaznTax Ypana / [Terporpa-
¢us yIETPaOCHOBHBIX W MICTOYHBEIX Mopox Ypama. Cepa-
nosck, YHI] AH CCCP, 63-82.

BapmakoB A.C. (1986) Ilerponorus mpoIieccoB
CEpIICHTHHU3AINN THUIIEPOA3UTOB CKIAAYaThIX OOIacTei.
Csepmiosck, YHI[ AH CCCP, 224 c.

Baxpymesa H.B., lupse I1.b., CremanoB A.E.,
Bormanosa A.P. (2017) IleTponorust 1 XpOMHTOHOCHOCTB
yasTpaocHOBHOTO MaccuBa Pait-U3 (ITomsiprerit Ypan). Exa-
tepunOypr, UI'T YpO PAH, 265 c.

Kemnep b.M. (1949) ®numieBas popmMariis maieo30s
B 3mmanpckoil cuHKIMHOPUH Ha FOxHOM VYpaie u cxomHbie
¢ Helt oOpaszoBanms. Tpyxsl MTHCTATYTA FEONIOTHIESCKUX HAYK
CCCEP, Bom. 104, reonorndeckas cepus, 34, 172 c.

Kucenesa O.H., XXmomguk C.M., lamnunos b.B., Ara-
¢onos JI.B., bensgann /I.K. (2014) CocraB u 3BomIONNS 112~
TUHOMETAJIbHOM MUHEpaIU3alny B XPOMUTOBBIX pyaax Mib-
YHPCKOTO 0pHronuToBOro Komiuiekca (OcmuHo-KuToiicknit
n XapaHypCcKHuil MaccuBbl, BocTtounsiii CasH). [eonocus
u eeogpusura, 55(2), 333-349. http://dx.doi.org/10.15372/
GiG201400209

Knounxun A.B., Paguenko B.B., Bypsdyenko A.B.
(1969¢) I'eonormyeckoe CTpOSHHE CEBEPHOI YacTH 3mia-
MPCKOTO METACHHKJIMHOPHS U COMPENENbHBIX TEPPUTOPHIL:
oruyer KarapMaHOBCKOH Ie0J0T0-ChbeMOYHOI MapTuu O reo-
norudeckoit ceemke Macmrada 1 : 50 000 3a 1962—-1969 rr.
Yoa, BIT®, T. 1, 364 c.

Kusses 10T, Kaszera O.}O. (2006) ['ocynapcTBen-
Has reosoruueckas kapra Poccuiickoit ®@enepanuu. Mac-
mrad 1: 200 000. Uznanne BTopoe. Cepus FOxHO-Ypais-
ckas. JInct N-40-XXIII. beroperk. OOBsiICHATENbHAS 3aITH-
cka. Ya, OAO «bamxupreonorus», 194 c.

Kuszes 10.I., Kasszesa O.10., Cuaues B.U., XKna-
HoB A.B., Kapumos T.P., Aitnapo D.M., Macaryros P.X.,
ApcrmanoBa 3.P. (2013) TocymapcTBeHHast reonoruveckas
kapra Poccniickoit ®enepanmu. Macmrad 1 : 1 000 000
(Tpethe moxonenne). Cepus Ypanbckas. Jluct N-40 (Ya).
Oo6wsacaurenpHas 3amucka. CII6, Kaprorpaduueckas da-
opuka BCET'EU, 512 c.

Jlapuonos H.H., beprazos N.P., I'panosckas H.B.,
Hurmarynmuaa A.M. (2015) TocynapcTBeHHast Teoiorude-
ckas kapra Poccmiickoit @eneparm. Macmrad 1 : 200 000.
Wznanne Bropoe. Cepus HOxHo-Ypanbckas. Jluct N-40-
XXII (Tyxan). O0bacautensHas 3amucka. M., M@ BCE-
I'EN, 247 c.

MaxeeB A.b., bpssaruarnnosa H.U. (1999) Tonomu-
Hepayorus yasrpabdaszutos [lomsproro Ypama. CI16, Hayka,
252 c.

Mockanesa C.B. (1974) I'mnep6a3uthl 1 MX XpOMHU-
ToHOCHOCTS. JI., Hempa, 279 c.

IlepeBozunkoB b.B., Byaeikun JIJ., Ilonos WN.N.,
Opdannmxwii B.JI., Augpees M., Caaues B.U., [lanunen-
ko C.A., Yepkacos B.JI., Yernmos A.M., XKapuxosa JI.H., Knou-
k0 A.A. (2000) Peectp XpOMHTOTIPOSIBIICHHI B aTBITMHOTHITHBIX
ramnepbazuTax Ypana. [Tepmb, KamHUWKUI'C, 474 c.

MUMHEPAJIOTVIA/MINERALOGY 12(1) 2026



[TommoBa B.U., Bemory6 E.B., Paccomaxua M.A.,
Moo B.A., TTomoB B.A., XBopor IL.B. (2022) Mune-
pamorust Iloxmonno#t roper Kapabamickoro maccuBa Ha
IOxnoM VYpame. Munepanozus, 8(4), 15-33. https://doi.
org/10.35597/2313-545X-2022-8-4-2

PaxumoB W.P., CaBenbe JI.E. Bumnesckuii A.B.
(2021) INnmarmHOMETAITFHAS MHHEPATH3AIMsd MarMaTHde-
CKHX KoMIUIeKkcoB HOkHOro VYpama: reoioro-reognHaMu-
YyecKash XapaKTepuCTHKa (OopMannii, BOIPOCHI TeHE3Hca U
MEPCIEKTUBEL. [ eoounamuka u mexkmonogusuxa, 12(2),
409-434. https://doi.org/10.5800/GT-2021-12-2-0531

CagenneB /JI.E. (2018) VmerpamaduTOBBIE MaCCHBBI
Kpaxka (FOxubIit Ypai): 0COOCHHOCTH CTPOCHHS M COCTaBa
MePUAOTHT-TYHUT-XPOMHUTOBBIX acconuanmii. Yda, bar-
KHApCKast SHIuKIoneans, 204 c.

CagenneB /JI.E. (2024) MIII" B XpOMHTHTaX MacCH-
BoB Kpaxka (FOxwusIit Ypan): pasHooOpa3ue M MpOUCXOKIC-
uue. I eopecypcet, 26(4), 275-286. https://doi.org/10.18599/
grs.2024.4.8

CagenneB /I.E., baxun E.A., CraueB B.U., UepHu-
xoBa T.W. (2009). CepnienTiHM3anus yasrpadazntoB Keimr-
TBIMCKOU TuTOmanu. I eonocuueckuti cooprux, 8, 129—-137.

CagenneB /I.E., bermory6 E.B., 3aiikoB B.B., Craues
B.1., Kotisipos B.A., brimaos 1. A. (2014) [TnatnaOMETaTH-
Has MHUHepaim3anus B yneTpamadurax maccuBa CpemHuid
Kpaxa, Oxwusr1it Ypan. Pydsr u memannst, 6, 33—42.

CasemseB /I.E., laraymmua P.A. (2021) JlepuonuTs
Asnarysnosckoit miomniaau (FOxusiii Ypan): cocras u P-T—f0,
ycnoBus obpazoBanus. Becmuuk Axademuu nayk PB;40(3),
15-25. https://doi.org/10.24412/1728-5283-2021-3-15-25

CagenpeB [I.E., Tataymmua P.A. (2023) Axmeccop-
Hasl TUIATHHOWHAS MUHEPAIHM3AIMsI B JIEPHOINTAX MacCH-
Ba Ceepnbiii Kpaka (FOxueri Ypan). [eopecypcst, 25(3),
208-215. https://doi.org/10.18599/grs.2023.3.24

CagenneB JI.E., ITyuxos B.H., Ceprees C.H., Myca-
o6mpos M.U. (2017) O nmedhopmManmOHHO-WHAYITHPOBAHHOM
pacmajie SHCTATUTa B MAaHTHHHBIX IIEPUAOTUTAX W €TO 3HA-
YEHUH IS TIPOIIECCOB YACTUYHOTO IIABICHHUS U XPOMHTO-
oOpazoBanus. /Jokiader akademuu Hayk, 276(2), 200-204.
https://doi.org/10.7868/S0869565217260176

CagenbeB JI.LE., CraueB B.U., CasenseBa E.H., ba-
*wuH, E.A. (2008) Teomorus, merporeoxumuss ¥ XpOMHTO-
HOCHOCTh TabOpo-TUMepOa3uTOBEIX MaccHBOB HOkHOTO
VYpana. Yoa, AmsaitallomurpadCepsuc, 320 c.

Cagennes [I.E., Denocees B.b. (2019) Teépmodasznoe
nepepacrpeneneHie MUHEPATbHBIX YaCTHI[ B BOCXOSIIEM
MaHTHHHOM TOTOKE KaK MEXaHW3M KOHIIEHTPAaInU XPOMHUTA
B O(HOIHUTOBHIX yiabTpamaduTax (Ha TpuMepe OPHOINTOB
Kpaxa, IOxusiit Ypan). Ieopecypcot, 21(1), 31-46. https://
doi.org/10.18599/GRS.2019.1.31-46

CasenpeBa ['H. (1987) T'ab6po-ynsrpabasuToBBIC
KOMIUTEKCHI O(HONUTOB Ypasia M UX aHAJIOTH B COBPEMEHHOMH
OKeaHnJeckoi kope. M., Hayka, 246 c.

CagenneBa E.H. (2007) XpomuTtoHOCHOCTH Tab0po-
runep06a3uToBEIX MaccMBoB Kpaka. Jlwcc. Ha COMCK. CTe.
KaHJ. Teol.-MHUH. Hayk. Mocksa, 156 c.

MUMHEPAJIOTVIAI/MINERALOGY 12(1) 2026

37

Cangmvuposa E.U., Cunmopos E.I., Uybapo B.M.
(2016) AxmeccopHble MHUHEPAIBI JKelle3a W HUKEINs THIep-
6asuroBoro Maccua ropsl [lomytHo# (BocTounas Kamyar-
Ka). 3anucku Poccutickozo munepaniocuyeckozo obuecmaa,
144(2), 71-82.

TuxoBumoB C.®. (1932¢) I[IpoMBIIIICHHBI W CO-
KpAaLIeHHbI NPEIBAapUTEIbHBIA I'€OJOIrMUECKUM OTYET Ha-
yanbHuka I XpomutoBoit I'PII bamreontpecrta o reosoro-
pa3BenouHbIX padorax B Karnuckom, bamaprckom n Xamu-
TOBCKOM paiioHax pecryonuku 3a 1931 . Ya, BTTY, 42 c.

®DapadonTses [1.I. (1937¢) ['eomorus u XpoOMUTOBBIC
MECTOPOKIEHUS pailoHa NEPUIOTUTOBBIX MaccuBoB Kpaka
Ha FOxHOM VYpane. Yda, BTTY, 238 c.

Yamyxua U.C., Borsaxos CJL. (2009) INoBenenue aire-
MEHTOB CEMEICTBa Jkeie3a, OKCHOapO-METPUst M TeHE3UC YHHU-
KaJIbHBIX XPOMHUTOBBIX MECTOPOXIAEHUI KeMmupcaiickoro Mac-
cuBa. [ eonoeus pyorwvix mecmopogscoenuit, 51(2), 140-156.

Ahmed A.H., Moghazi® AKM., Moufti M.R,
Dawood Y.H., Ali K.A. (2016) Nature of the lithospheric
mantle beneath the Arabian Shield and genesis of Al-spinel
micropods: Evidence from the mantle xenoliths of Harrat
Kishb, Western Saudi Arabia. Lithos, 240-243, 119-139.
https://doiorg/10.1016/].1ithos.2015.11.016

Arai S., Akizawa N. (2014) Precipitation and
dissolution of chromite by hydrothermal solutions in the
Oman ophiolite: New behavior of Cr and chromite. American
Mineralogist, 99(1), 28-34. https://doi.org/10.2138/
am.2014.4473

Arai S., Ishimaru S. (2008) Insights into petrological
characteristics of the lithosphere of mantle wedge beneath
arcs through peridotite xenoliths: a review. Journal of
Petrology, 49, 665-695. https://doi.org/10.1093/petrology/
egm069

Ballhaus C., Berry R.F., Green D.H. (1991)
High-pressure experimental calibration of the olivine-
orthopyroxene-spinel oxygen geobarometer: implications
for the oxidation state of the upper mantle. Contribution to
Mineralogy and Petrology, 107, 27-40.

Borisova A.Y., Ceuleneer G., Kamenetsky V.S.,
Arai S., B'ejina F., Abily B., Bindeman LN., Polv'’e M.,
De Parseval P., Aigouy T., Pokrovski G.S. (2012) A new
view on the petrogenesis of the Oman ophiolite chromitites
from microanalyses of chromite-hosted inclusions. Journal
of Petrology, 53, 2411-2440. https://doi.org/10.1093/
petrology/egs054

Britten R. (2017) Regional metallogeny and genesis
of a new deposit type-disseminated awaruite (NizFe)
mineralization hosted in the cache Creek Terrane. Economic
Geology, 112(3), 517-550.  https://doi.org/10.2113/
econgeo.112.3.517

Bussolesi M., Grieco G., Zaccrini F., Cavallo A.,
Tzamos E., Storni N. (2022) Chromite compositional
variability and associated PGE enrichments in chromitites
from the Gomati and Nea Roda ophiolite, Chalkidiki,
Northern Greece. Mineralium Deposita, 57, 1323-1342.
https://doi.org/10.1007/s00126-022-01109-z



38

Cassard D., Nicolas A., Rabinowitch M.,
Moutte J., Leblanc M., Prinzhoffer A. (1981) Structural
classification of chromite pods in Southern New Caledonia.
Economic Geology, 76, 805-831. https://doi.org/10.2113/
gsecongeo.76.4.805

Changyi J., Sanyuan A. (1984) On chemical
characteristics of calcic amphiboles from igneous rocks and
their petrogenesis significance. Journal of Mineralogy and
Petrology, 3, 1-9.

Coleman R.G. (1977) Ophiolites: ancient oceanic
lithosphere? Springer, Berlin, 229 p. http://dx.doi.
org/10.1007/978-3-642-66673-5

Czamanske G.K., Wones D.R. (1973) Oxidation
during magmatic differentiation, Finnmarks Complex,
Oslo Area, Norway: Part 2, the mafic silicate. Journal of
Petrology, 14 (3), 349-380.

D’Antonio M., Kristensen M.B. (2004) Serpentine
and brucite of ultramafic clasts from the South Chamorro
Seamount (Ocean Drilling Program Leg 196, Site 1200):
Inferences for the serpentinization of the Mariana forearc
mantle. Mineralogical Magazine, 68, 887-904. https://doi.
org/10.1180/0026461046860229

Deer W.A., Howie R.A., Zussman J. (1992) An
introduction to the rock-forming minerals. Harlow, UK, 695 p.

Distler V., Kryachko V., Yudovskaya M. (2008) Ore
petrology of chromite-PGE mineralization in the Kempirsai
ophiolite complex. Mineralogy and Petrology, 92, 31-58.
https://doi.org/10.1007/s00710-007-0207-3

Fabries J. (1979) Spinel-olivine geothermometry
in peridotites from ultramafic complexes. Contribution
to Mineralogy and Petrology, 69, 329-336. https://doi.
org/10.1007/BF00372258

Garuti G., Pushkarev E.V, Gottman I.A., Zaccarini F.
(2021) Chromite-PGM mineralization in the lherzolite
mantle tectonite of the Kraka ophiolite complex (Southern
Urals, Russia). Minerals, 11, 1287. https://doi.org/10.3390/
minl1111287

Gonzalez-Jimenez J.M., Gervilla F., Proenza J.A.,
Auge T., Kerestedjian T. (2009) Distribution of platinum-
group minerals in ophiolitic chromitites. Applied Earth
Science (formerly Transactions of the Institution of Mining
and Metallurgy, Section B), 118 (3/4), 100-110. https://doi.
org/10.1179/174327509X12550990457924

Gonzalez-Jimenez J.M., Griffin W.L., Proenza A.,
Gervilla F., O’Reilly S.Y. Akbulut M., Pearson N.J., Arai S.
(2014b) Chromitites in ophiolites: how, where, when, why?
Part II. The Crystallisation of Chromitites. Lithos, 189, 148—
158. https://doi.org/10.1016/j.1ithos.2013.09.008

Gonzalez-Jimenez, J M., Griffin, W.L., Gervilla, F., Proen-
za, JLA., O’Reilly, S.Y., Pearson, N.J. (2014a) Chromitites
in ophiolites: How, where, when, why? Part I. A review and
new ideas on the origin and significance of platinum-group
minerals. Lithos, 189, 127-139. https://doi.org/10.1016/].
lithos.2013.06.016

Hu W.-J., Zhou M.-F., Yudovskaya M.A., Vikenty-
ev 1.V, Malpas J., Zhang P.-F. (2022) Trace elements in

chromite as indicators of the origin of the giant podiform
chromite deposit at Kempirsai, Kazakhstan. Economic
Geology, 117(7), 1629-1655. https://doi.org/10.5382/
econgeo.4955

Johan Z., Martin R.F., Ettler V. (2017) Fluids are
bound to be involved in the formation of ophiolitic chromite
deposits. European Journal of Mineralogy, 29, 543-555.
https://doi.org/10.1127/ejm/2017/0029-2648

Klein F., Bach W. (2009) Fe-NI-Co-O-S phase relations
in peridotite-seawater interactions. Journal of Petrology, 50(1),
37-59. https://doi.org/10.1093/petrology/egn071

Kutyrev A., Kamenetsky V.S., Kontonikas-Charos A.,
Savelyev D.P., Yakich T.Yu., Belousov I.A., Sandimirova
E.I., Moskaleva S.V. (2023) Behavior of Platinum-group
elements during hydrous metamorphism: constraints from
awaruite (Ni;Fe) mineralization. Lithosphere, (126), 1-15.
https://doi.org/10.2113/2023/lithosphere 2023 126

Leake B.E., Woolley A.R., Arps C.E.S., Birch WD.,
Gilbert M.C., Grice J.D., Hawthorne W.C., Kato A., Kisch
K.J., Krivovichev. V.G., Lithout K., Laird J.,, Mandarino
J.A., Maresch W.V., Nickel E.A., Rock N.M.S., Schumacher
J.C., Smith D.C., Stephenson N.C.N., Ungaretti L., Whitta-
ker E.J.W;; Youzhi G: (1997) Nomenclature of amphiboles;
report of the subcommittee on amphiboles of the International
Mineralogical Association commission on new minerals and
mineral names. The Canadian Mineralogist, 35, 219-246.
https://doi.org/10.1127/ejm/9/3/0623

Malitch K.N., Badanina 1.Y., Belousova E.A., Murzin V.V,,
Velivetskaya T.A. (2021) Origin of Ru-Os Sulfides from the
Verkh-Neivinsk ophiolite massif (Middle Urals, Russia):
compositional and S-Os isotope evidence. Minerals, 11, 329.
https://doi.org/10.3390/min11030329

Melcher F., Grum W., Simon G., Thalhammer T.V.,
Stumpfl E.F. (1997) Petrogenesis of the ophiolitic giant
chromite deposits of Kempirsai, Kazakhstan: a study of solid
and fluid inclusions in chromite. Journal of Petrology, 38(10),
1419-1458. https://doi.org/10.1093/petrology/38.10.1419

Morimoto N. (1989) Nomenclature of pyroxenes.
The Canadian Mineralogist, 27, 143—156. https://doi.
org/10.2465/miner;j.14.198

Nicolas A., Bouchez J.L., Boudier F., Mercier J.C.
(1971) Textures, structures and fabrics due to solid state flow
in some European lherzolites. Tectonophysics, 12, 55-86.

Ono A. (1983) Fe-Mg partitioning between spinel
and olivine. Journal of the Japanese Association of
Mineralogists, Petrologists and Economic Geologists, 78,
115-122. https://doi.org/10.2465/ganko1941.78.115

Parkinson I.J., Pearce J.A. (1998) Peridotites from
the Izu—Bonin—Mariana forearc (ODP Leg 125): evidence
for mantle melting and melt-mantle interaction in a supra-
subduction zone setting. Journal of Petrology, 39, 1577—
1618. https://doi.org/10.1093/petroj/39.9.1577

Ringwood A.E. (1975) Composition and petrology
of the Earth’s mantle. London, New York, and Sydney
(McGraw-Hill), 618 p.

MUMHEPAJIOTVIA/MINERALOGY 12(1) 2026



Roeder R.L., Campbell I.H., Jamieson H.E. (1979)
A re-evaluation of the olivine-spinel geothermometer.
Contribution to Mineralogy and Petrology, 68, 325-334.
https://doi.org/10.1007/BF00371554

Saveliev D.E. (2021) Chromitites of the Kraka
ophiolite (South Urals, Russia): geological, mineralogical
and structural features. Mineralium Deposita, 56, 1111-
1132. https://doi.org/10.1007/s00126-021-01044-5

Saveliev D.E. (2024) Chromitites and associated
mineralization of the Akkarga ophiolitic massif in the
southeastern Urals (Russia). Journal of Asian Earth Sciences,
273, 1-24. https://doi.org/10.1016/j.jseaes.2024.106273

Saveliev D.E., Makatov D.K., Vishnevskiy A.V.,
Gataullin R.A. (2023) Accessory Minerals in the Chromitite
Ores of Dzharlybutak Ore Group of Kempirsai Massif
(Southern Urals, Kazakhstan): Clues for Ore Genesis.
Minerals, 13(2), 263. https://doi.org/10.3390/min13020263

Saveliev D.E., Shilovskikh V.V., Makatov D.K.,
Gataullin R.A. (2022) Accessory Cr-spinel from peridotite
massifs of the South Urals: morphology, composition and
origin. Mineralogy and Petrology, 116,407-427. https://doi.
org/10.1007/s00710-022-00791-1

Stubna J., Bacik P, Fridrichové J., Hanus R., Tll&ové L.,
Milovska S., Skoda R.,Vaculovic T., Cernansky S. (2019)
Gem-quality green cr-bearing andradite (var. demantoid)
from Dobsind, Slovakia. Minerals, 9(3), 1-12. https://doi.
org/10.3390/min9030164

Thayer T.P. (1964) Principal features and origin of
podiform chromite deposits, and some observations-on the
Guleman-Soridag District, Turkey. Economic Geology, 59,
1497-1524. https://doi.org/10.2113/gsecongeo.59.8.1497

Thayer T.P. (1969) Gravity differentiation and
magmatic re-emplacement of podiform chromite deposits.
In: Magmatic Ore Deposits. Economic Geology Monograph
Series, 4, 132—146.

Tian Y., Yang J., Robinson P.T., Xiong F., Li Y.,
Zhang Z., Liu Z., Niu X. (2015) Diamond discovered in
high-Al chromitites of the Sartohay ophiolite, Xinjiang
province, China. Acta Geologica Sinica (English Edition),
89, 332-340. https://doi.org/10.1111/1755-6724.12433

Warr L.N:(2021) IMA-CNMNC approved mineral
symbols. Mineralogical Magazine, 85, 291-320. https://doi.
org/10.1180/mgm.2021.43

Wu W., Yang J., Lian D., Rui H. (2021) New
Concepts in Ophiolites and Oceanic Lithosphere (Podiform
Chromites). In: Encyclopedia of Geology, Second Edition.
Elsevier Academic Press, 968-993. https://doi.org/10.1016/
B978-0-08-102908-4.00074-6

Xiong F., Yang J., Robinson P.T., Dilek Y., Milushi L,
Xu X., Zhou W., Zhang Z., Rong H. (2017) Diamonds
discovered from high—Cr podiform chromitites of Bulqiza,
Eastern Mirdita ophiolite. Albania. Acta Geologica Sinica
(English Edition),91,455-468. https://doi.org/10.1111/1755-
6724.13111

Xiong F., Zoheir B., Robinson P., Yang J., Xu X.,
Meng F. (2020) Genesis of the Ray-1z chromitite, Polar Urals:

MUMHEPAJIOTVIAI/MINERALOGY 12(1) 2026

39

Inferences to mantle conditions and recycling processes.
Lithos, 374-375, 105699.  https://doi.org/10.1016/].
1ith0s.2020.105699

Zaccarini F., Garuti G., Pushkarev E., Thalhammer O.
(2018) Origin of platinum group minerals (PGM) inclusions
in chromite deposits of the Urals. Minerals, 8, 379. https://
doi.org/10.3390/min8090379

Zaccarini F., Pushkarev E., Garuti G. (2008) Platinum-
group element mineralogy and geochemistry of chromitite of
the Kluchevskoy ophiolite complex, central Urals (Russia).
Ore Geology Reviews, 33, 20-30. https://doi.org/10.1016/j.
oregeorev.2006.05.007

Zaccarini F., Pushkarev E., Garuti G., Kazakov I.
(2016) Platinum-group minerals and other accessory phases
in chromite deposits of the alapaevsk ophiolite, Central
Urals, Russia. Minerals, 6, 108. https://doi.org/10.3390/
min6040108

Zaccarini - F., Pushkarev E.V., Fershtater G.B.,
Garuti G. (2004) Composition and mineralogy of PGE-
rich chromitites in the Nurali lherzolite—gabbro complex.
The Canadian Mineralogist, 42, 545-562. https://doi.
org/10.2113/gscanmin.42.2.545

Zane A., Weiss Z. (1998) A procedure for classifying
rock-forming chlorites based on microprobe data. Rendiconti
Lincei. Scienze Fisiche e Naturali, 9, 51-56. https://doi.
org/10.1007/BF02904455

Zhou M.-F., Robinson P.T., Malpas J., Li Z. (1996)
Podiform chromitites in the Luobusa Ophiolite (Southern
Tibet): Implications for melt-rock interaction and chromite
segregation in the upper mantle. Journal of Petrology, 37,
3-21. https://doi.org/10.1093/PETROLOGY/37.1.3

Zhou M.-F., Robinson P.T., Su B.-X., Gao J.F,,
Li J.W., Yang J.S., Malpas J. (2014) Compositions of
chromite, associated minerals, and parental magmas of
podiform chromite deposits: The role of slab contamination of
asthenospheric melts in suprasubduction zone environments.
Gondwana Research, 26, 262-283. https://doi.org/10.1016/j.
gr.2013.12.011

REFERENCES

Ahmed A.H., Moghazi A.K.M., Moufti M.R,,
Dawood Y.H., Ali K.A. (2016) Nature of the lithospheric
mantle beneath the Arabian Shield and genesis of Al-spinel
micropods: Evidence from the mantle xenoliths of Harrat
Kishb, Western Saudi Arabia. Lithos, 240-243, 119-139.
https://doi.org/10.1016/j.1ithos.2015.11.016

Arai S., Akizawa N. (2014) Precipitation and
dissolution of chromite by hydrothermal solutions in the
Oman ophiolite: New behavior of Cr and chromite. American
Mineralogist, 99(1), 28-34. https://doi.org/10.2138/
am.2014.4473

Arai S., Ishimaru S. (2008) Insights into petrological
characteristics of the lithosphere of mantle wedge beneath
arcs through peridotite xenoliths: a review. Journal of



40

Petrology, 49, 665-695. https://doi.org/10.1093/petrology/
egm069

Ballhaus C., Berry R.F., Green D.H. (1991)
High-pressure experimental calibration of the olivine-
orthopyroxene-spinel oxygen geobarometer: implications
for the oxidation state of the upper mantle. Contribution to
Mineralogy and Petrology, 107, 27-40.

Bannikov O.L. (1983) Matter balance during
serpentinization of Alpine-type ultramafic rocks and some
general problems of serpentinite genesis. In: Ultramafic
Associations of Folded Regions. Novosibirsk, IGG SO AN
SSSR, 2, 5-18. (in Russian)

Bazylev B.A. (2003) Petrological and geochemical
evolution of mantle matter in the lithosphere: a comparative
study of oceanic and Alpine-type spinel peridotites.
Dissertation of Doctor Geological and Mineralogical
Sciences. Moscow, 438 p. (in Russian)

Borisova A.Y., Ceuleneer G., Kamenetsky V.S.,
Arai S., B'ejina F., Abily B., Bindeman LN., Polv'’e M.,
De Parseval P., Aigouy T., Pokrovski G.S. (2012) A new
view on the petrogenesis of the Oman ophiolite chromitites
from microanalyses of chromite-hosted inclusions. Journal
of Petrology, 53, 2411-2440. https://doi.org/10.1093/
petrology/egs054

Britten R. (2017) Regional metallogeny and genesis
of a new deposit type-disseminated awaruite (NizFe)
mineralization hosted in the cache Creek Terrane. Economic
Geology, 112(3), 517-550.  https://doi.org/10.2113/
econgeo.112.3.517

Bussolesi M., Grieco G., Zaccrini F., Cavallo A.,
Tzamos E., Storni N. (2022) Chromite compositional
variability and associated PGE enrichments in chromitites
from the Gomati and Nea Roda ophiolite, Chalkidiki,
Northern Greece. Mineralium Deposita, 57, 1323—1342.
https://doi.org/10.1007/s00126-022-01109-z

Cassard D., Nicolas “A., Rabinowitch M.,
Moutte J., Leblanc M., Prinzhoffer A. (1981) Structural
classification of chromite pods in Southern New Caledonia.
Economic Geology, 76, 805-831. https://doi.org/10.2113/
gsecongeo.76.4.805

Changyi J., Sanyuan A. (1984) On chemical
characteristics of calcic amphiboles from igneous rocks and
their petrogenesis significance. Journal of Mineralogy and
Petrology, 3, 1-9.

Chashchukhin L.S., Votyakov S.L. (2009) Behavior
of iron group elements, oxybarometry, and genesis of
unique chromite deposits in the Kempirsai massif. Geology
of Ore Deposits, 51, 123—138. https://doi.org/10.1134/
S1075701509020044

Coleman R.G. (1977) Ophiolites: ancient oceanic
lithosphere? Springer, Berlin, 229 p. http://dx.doi.
org/10.1007/978-3-642-66673-5

Czamanske G.K., Wones D.R. (1973) Oxidation
during magmatic differentiation, Finnmarks Complex,
Oslo Area, Norway: Part 2, the mafic silicate. Journal of
Petrology, 14 (3), 349-380.

D’Antonio M., Kristensen M.B. (2004) Serpentine
and brucite of ultramafic clasts from the South Chamorro
Seamount (Ocean Drilling Program Leg 196, Site 1200):
Inferences for the serpentinization of the Mariana forearc
mantle. Mineralogical Magazine, 68, 887-904. https://doi.
org/10.1180/0026461046860229

Deer W.A., Howie R.A., Zussman J. (1992) An
introduction to the rock-forming minerals. Harlow, UK, 695 p.

Distler V., Kryachko V., Yudovskaya M. (2008) Ore
petrology of chromite-PGE mineralization in the Kempirsai
ophiolite complex. Mineralogy and Petrology, 92, 31-58.
https://doi.org/10.1007/s00710-007-0207-3

Fabries J. (1979) Spinel-olivine geothermometry
in peridotites from ultramafic complexes. Contribution
to Mineralogy and Petrology, 69, 329-336. https://doi.
org/10.1007/BF00372258

Farafontiev P.G. (1937) Unpublished report on
geology and chromite deposits of the Kraka peridotite massif
in the South Urals. Ufa, BTSU, 238 p. (in Russian)

Garuti G., Pushkarev EV., Gottman I.A., Zaccarini F.
(2021) Chromite-PGM mineralization in the lherzolite
mantle tectonite of the Kraka ophiolite complex (Southern
Urals, Russia). Minerals, 11, 1287. https://doi.org/10.3390/
minl1111287

Gonzalez-Jimenez J.M., Gervilla F., Proenza J.A.,
Auge T., Kerestedjian T. (2009) Distribution of platinum-
group minerals in ophiolitic chromitites. Applied Earth
Science (formerly Transactions of the Institution of Mining
and Metallurgy, Section B), 118 (3/4), 100-110. https://doi.
org/10.1179/174327509X12550990457924

Gonzalez-Jimenez J.M., Griffin W.L., Proenza A.,
Gervilla F., O’Reilly S.Y. Akbulut M., Pearson N.J., Arai S.
(2014b) Chromitites in ophiolites: how, where, when, why?
Part II. The Crystallisation of Chromitites. Lithos, 189, 148—
158. https://doi.org/10.1016/].1ithos.2013.09.008

Gonzalez-Jimenez, J.M., Griffin, W.L., Gervilla,
F., Proenza, J.A., O’Reilly, S.Y., Pearson, N.J. (2014a)
Chromitites in ophiolites: How, where, when, why? Part I.
A review and new ideas on the origin and significance of
platinum-group minerals. Lithos, 189, 127-139. https://doi.
org/10.1016/j.1ithos.2013.06.016

Hu W-J., Zhou M.-F,, Yudovskaya M.A., Vikentyev LV,
Malpas J., Zhang P.-F. (2022) Trace elements in chromite
as indicators of the origin of the giant podiform chromite
deposit at Kempirsai, Kazakhstan. Economic Geology,
117(7), 1629-1655. https://doi.org/10.5382/econgeo.4955

Johan Z., Martin R.F., Ettler V. (2017) Fluids are
bound to be involved in the formation of ophiolitic chromite
deposits. European Journal of Mineralogy, 29, 543-555.
https://doi.org/10.1127/ejm/2017/0029-2648

Keller B.M. (1949) Paleozoic flysch formation of
the Zilair Synclinorium in the South Urals and similar
formations. Trudy Instituta geologicheskikh nauk SSSR
(Proceedings of the Institute of Geological Sciences of the
Academy of Sciences of the USSR), is. 104, geological series,
34, 172 p. (in Russian)

MUMHEPAJIOTVIA/MINERALOGY 12(1) 2026



Kiseleva O.N., Zhmodik S.M., Damdinov B.B.,
Agafonov L.V., Belyanin D.K. (2014) Composition and
evolution of PGE mineralization in chromite ores from the
II’chir ophiolite complex (Ospa-Kitoi and Khara-Nur areas,
East Sayan). Russian Geology and Geophysics, 55,259-272.
https://doi.org/10.1016/j.rgg.2014.01.010

Klein F., Bach W. (2009) Fe-NI-Co-O-S phase relations
in peridotite-seawater interactions. Journal of Petrology,
50(1), 37-59. https://doi.org/10.1093/petrology/egn071

Klochikhin A.V.,, Radchenko V.V.,, Buryachenko A.V.
(1969) Unpublished report of the Kagarman geological
survey party on geological survey on a scale of 1 : 50 000
for 1962-1969: Geological structure of the northern part of
the Zilair Megasynclinorium and adjacent territories. Ufa,
BTGEF, vol. 1, 264 p. (in Russian)

Knyazev Yu.G., Knyazeva O.Yu. (2006) State
geological map of the Russian Federation. Scale 1 : 200
000. Second edition. South Urals Series. Sheet N-40-XXIII.
Beloretsk. Explanatory note. Ufa, Bashkirgeologiya, 194 p.
(in Russian)

Knyazev Yu.G., Knyazeva O.Yu., Snachev V.I.,
Zhdanov A.V., Karimov T.R., Aidarov E.M., Masagutov
R.Kh., Arslanova E.R. (2013) State geological map of the
Russian Federation. Scale 1 : 1 000 000 (third generation).
Urals Series. Sheet N-40 (Ufa). Explanatory note. St.
Petersburg, Kartograficheskaya fabrika VSEGEI, 512 p. (in
Russian)

Kutyrev A., Kamenetsky V.S., Kontonikas-Charos A.,
Savelyev D.P., Yakich T.Yu., Belousov I.A., Sandimiro-
va E.I., Moskaleva S.V. (2023) Behavior of Platinum-group
elements during hydrous metamorphism: constraints from
awaruite (NisFe) mineralization. Lithosphere, (126), 1-15.
https://doi.org/10.2113/2023/lithosphere 2023 126

Larionov N.N., Bergazov L.R., Granovskaya N.V,,
Nigmatullina A.M. (2015) State geological map of the
Russian Federation. Scale 1: 200°000. Second edition. South
Urals series. Sheet N-40-XXII (Tukan). Explanatory note.
M., MF VSEGE]I, 247 p. (in Russian)

Leake B.E., Woolley AR., Arps C.E.S., Birch WD,
Gilbert M.C., Grice I.D., Hawthorne W.C., Kato A.,
Kisch K.J., Krivovichev. V.G., Lithout K., Laird 1.,
Mandarino J.A., Maresch W.V., Nickel E.A., Rock N.M.S.,
Schumacher J.C., Smith D.C., Stephenson N.C.N., Ungaretti
L., Whittaker E.J.W., Youzhi G. (1997) Nomenclature of
amphiboles; report of the subcommittee on amphiboles of the
International Mineralogical Association commission on new
minerals and mineral names. The Canadian Mineralogist,
35, 219-246. https://doi.org/10.1127/ejm/9/3/0623

Makeev A.B., Brianchaninova N.I.  (1999)
Topomineralogy of ultramafic rocks of the Polar Urals. St.
Petersburg, Nauka, 198 p. (in Russian)

Malitch K.N., Badanina 1.Y., Belousova E.A., Murzin V.V,
Velivetskaya T.A. (2021) Origin of Ru-Os Sulfides from the
Verkh-Neivinsk ophiolite massif (Middle Urals, Russia):
compositional and S-Os isotope evidence. Minerals, 11, 329.
https://doi.org/10.3390/min11030329

MUMHEPAJIOTVIAI/MINERALOGY 12(1) 2026

41

Melcher F., Grum W., Simon G., Thalhammer T.V.,
Stumpfl E.F. (1997) Petrogenesis of the ophiolitic giant
chromite deposits of Kempirsai, Kazakhstan: a study of solid
and fluid inclusions in chromite. Journal of Petrology, 38(10),
1419-1458. https://doi.org/10.1093/petrology/38.10.1419

Morimoto N. (1989) Nomenclature of pyroxenes.
The Canadian Mineralogist, 27, 143—156. https://doi.
org/10.2465/miner;j.14.198

Moskaleva S.V. (1974) Ultramafic rocks and their
chromite potential. Leningrad, Nedra, 279 p. (in Russian)

Nicolas A., Bouchez J.L., Boudier F., Mercier J.C.
(1971) Textures, structures and fabrics due to solid state flow
in some European lherzolites. Tectonophysics, 12, 55-86.

Ono A. (1983) Fe-Mg partitioning between spinel
and olivine. Journal of the Japanese Association of
Mineralogists, Petrologists and Economic Geologists, 78,
115-122. https://doi.org/10.2465/ganko1941.78.115

Parkinson I.J., Pearce J.A. (1998) Peridotites from
the Izu—Bonin—Mariana forearc (ODP Leg 125): evidence
for mantle melting and melt-mantle interaction in a supra-
subduction zone setting. Journal of Petrology, 39, 1577—
1618. https://doi.org/10.1093/petroj/39.9.1577

Perevozchikov B.V., Bulykin L.D., Popov LI,
Orfanitsky V.L., Andreev M.I., Snachev V.I., Danilenko S.A.,
Cherkasov V.L., Chentsov A.M., Zharikova L.N., Kloch-
ko A.A. (2000) Register of chromite occurrences in Alpine-
type ultramafic rocks of the Urals. Perm, KamNIIKIGS, 474
p. (in Russian)

Popova V.., Belogub E.V., Rassomakhin M.A.,
Popov V.A., Popov V.A., Khvorov P.V. (2022) Mineralogy
of Mt. Poklonnaya of the Karabash massif in the South
Urals. Mineralogiya (Mineralogy), 8(4), 15-33. (in Russian)
https://doi.org/10.35597/2313-545X-2022-8-4-2

Rakhimov I.R., Saveliev D.E. Vishnevskii A.V. (2021)
Platinum-metal mineralization of igneous complexes in the
South Urals: geological and geodynamic characteristics of
formations, genesis issues, and prospects. Geodinamika i
tektonofizika (Geodynamics and Tectonophysics), 12(2),
409-434. (in Russian) https://doi.org/10.5800/GT-2021-12-
2-0531

Ringwood A.E. (1975) Composition and petrology
of the Earth’s mantle. London, New York, and Sydney
(McGraw-Hill), 618 p.

Roeder R.L., Campbell I.H., Jamieson H.E. (1979)
A re-evaluation of the olivine-spinel geothermometer.
Contribution to Mineralogy and Petrology, 68, 325-334.
https://doi.org/10.1007/BF00371554

Sandimirova E.I., Sidorov E.G., Chubarov V.M.
(2016) Accessory iron and nickel minerals from the Mt.
Poputnaya ultramafic massif, Eastern Kamchatka, Russia.
Geology of Ore Deposits, 58(7), 586-593. https://doi.
org/10.1134/S1075701516070114

Saveliev D.E. (2018) Kraka ultramafic massifs
(South Urals): features of structure and composition of
peridotite-dunite-chromite associations. Ufa, Bashkirskaya
entsiklopedia, 204 p. (in Russian)



42

Saveliev D.E. (2021) Chromitites of the Kraka
ophiolite (South Urals, Russia): geological, mineralogical
and structural features. Mineralium Deposita, 56, 1111-
1132. https://doi.org/10.1007/s00126-021-01044-5

Saveliev D.E. (2024) Chromitites and associated
mineralization of the Akkarga ophiolitic massif in the
southeastern Urals (Russia). Journal of Asian Earth Sciences,
273, 1-24. https://doi.org/10.1016/j.jseaes.2024.106273

Saveliev D.E. (2024) PGM in chromitites of the Kraka
massifs (South Urals): diversity and origin. Georesursy
(Georesources), 26, 275-286. (in Russian) https://doi.
org/10.18599/grs.2024.4.8

Saveliev D.E., Bazhin E.A., Snachev VI,
Chernikova T.I. (2009) Serpentinization of ultramafic rocks
of the Kyshtym area. Geologicheskii sbornik (Geological
Collection), 8, 129—137. (in Russian)

Saveliev D.E., Belogub E.V., Zaykov V.V., Sna-
chev V.I., Kotlyarov V.A., Blinov I.A. (2014) Platinum-
metal mineralization in ultramafic rocks of the Sredny Kraka
massif, South Urals. Rudy i metally (Ores and Metals), 6,
33-42. (in Russian)

Saveliev D.E., Fedoseev V.B. (2019) Solid-state
redistribution of mineral particles in the upwelling mantle
flow as a mechanism of chromite concentration in ophiolite
ultramafic rocks: example of Kraka ophiolite, South Urals.
Georesursy (Georesources), 21 (1), 31-46. (in Russian)
https://doi.org/10.18599/GRS.2019.1.31-46

Saveliev D.E., Gataullin R.A. (2021) Lherzolites of
the Aznagul area (South Urals): composition and P-T=fO,
formation conditions. Vestnik Akademii nauk RB (Herald of
the Academy of Sciences of the Republic of Bashkortostan),
40(3), 15-25. (in Russian) https://doi.org/10.24412/1728-
5283-2021-3-15-25

Saveliev D.E., Gataullin R.A. (2023) Accessory
platinum group mineralization in lherzolites of the Northern
Kraka massif (South Urals). Georesursy (Georesources),
25(3), 208-215 (in Russian)  https://doi.org/10.18599/
grs.2023.3.24

Saveliev D.E., Makatov D.K., Vishnevskiy A.V.,
Gataullin R.A. (2023) Accessory Minerals in the Chromitite
Ores of Dzharlybutak Ore Group of Kempirsai Massif
(Southern Urals, Kazakhstan): Clues for Ore Genesis.
Minerals, 13(2), 263. https://doi.org/10.3390/min13020263

Saveliev D.E., Puchkov VN, Sergeev S.N.,
Musabirov L.I. (2017) Deformation-induced decomposition
of enstatite in mantle peridotite and its role in partial melting
and chromite formation. Doklady Earth Science, 476, 1058—
1061. https://doi.org/10.1134/S1028334X17090161

Saveliev D.E., Shilovskikh V.V., Makatov D.K.,
Gataullin R.A. (2022) Accessory Cr-spinel from peridotite
massifs of the South Urals: morphology, composition and
origin. Mineralogy and Petrology, 116,407-427. https://doi.
org/10.1007/s00710-022-00791-1

Saveliev D.E., Snachev VI., Savelieva EN., Bazhin E.A.
(2008) Geology, petrogeochemistry and chromite potential

of gabbro-ultramafic massifs of the South Urals. Ufa,
DizainPoligrafServis, 320 p. (in Russian)

Savelieva E.N. (2007) Chromite potential of the
Kraka gabbro- ultramafic massifs. Dissertation of Candidate
of Geological and Mineralogical Sciences. Moscow, 156 p.
(in Russian)

Savelieva G.N. (1987) Gabbro-ultramafic
assemblages of the Urals ophiolites and their analogs in
modern oceanic crust. Moscow, Nauka, 246 p. (in Russian)

Stubna J., Bacik P., Fridrichova J., Hanus R., Tlla8ova
L., Milovska S., Skoda R.,Vaculovic T., Cernansky S. (2019)
Gem-quality green cr-bearing andradite (var. demantoid)
from Dobsind, Slovakia. Minerals, 9(3), 1-12. https://doi.
0rg/10.3390/min9030164

Thayer T.P. (1964) Principal features and origin of
podiform chromite deposits, and some observations on the
Guleman-Soridag District, Turkey. Economic Geology, 59,
1497-1524. https://doi.org/10.2113/gsecongeo.59.8.1497

Thayer T.P. (1969) Gravity differentiation and
magmatic re-emplacement of podiform chromite deposits.
In: Magmatic Ore Deposits: Economic Geology Monograph
Series, 4, 132—146.

Tian Y., Yang J., Robinson P.T., Xiong F., Li Y.,
Zhang Z., Liu_Z., Niu X. (2015) Diamond discovered in
high-Al chromitites of the Sartohay ophiolite, Xinjiang
province, China. Acta Geologica Sinica (English Edition),
89, 332-340. https://doi.org/10.1111/1755-6724.12433

Tikhovidov S.F. (1932) Unpublished industrial and
reduced preliminary geological report of the head of the
first Chromite geological exploration party of Bashgeoltrest
on geological exploration work in the Kaga, Bashart and
Khamitovo districts of the Republic in 1931. Ufa, BTGU,
42 p. (in Russian)

Vakhrusheva N.V., Shiryaev P.B., Stepanov A.E.,
Bogdanova A.R. (2017) Petrology and chromite potential
of the Rai-Iz ultramafic massif (Polar Urals). Yekaterinburg,
IGG UrO RAN, 265 p (in Russian).

Varlakov A.S. (1978) Genesis of chromite
mineralization in Alpine-type ultramafic rocks of the Urals.
In: Petrography of Ultramafic and Alkaline Rocks of the
Urals. Sverdlovsk, UNTs AN SSSR, 63—-82. (in Russian)

Varlakov A.S. (1986) Petrology of serpentinization
processes of ultramafic rocks in folded regions. Sverdlovsk,
UNTs AN SSSR, 224 p. (in Russian)

Warr L.N. (2021) IMA-CNMNC approved mineral
symbols. Mineralogical Magazine, 85, 291-320. https://doi.
org/10.1180/mgm.2021.43

Wu W, Yang J., Lian D., Rui H. (2021) New
Concepts in Ophiolites and Oceanic Lithosphere (Podiform
Chromites). In: Encyclopedia of Geology, Second Edition.
Elsevier Academic Press, 968-993. https://doi.org/10.1016/
B978-0-08-102908-4.00074-6

Xiong F,, Yang J., Robinson P.T., Dilek Y., Milushi ., Xu X.,
Zhou W., Zhang Z., Rong H. (2017) Diamonds discovered
from high—Cr podiform chromitites of Bulqiza, Eastern

MUMHEPAJIOTVIA/MINERALOGY 12(1) 2026



Mirdita ophiolite. Albania. Acta Geologica Sinica (English
Edition), 91, 455-468. https://doi.org/10.1111/1755-
6724.13111

Xiong F., Zoheir B., Robinson P., Yang J., Xu X.,
Meng F. (2020) Genesis of the Ray-1z chromitite, Polar Urals:
Inferences to mantle conditions and recycling processes.
Lithos, 374-375, 105699. https://doi.org/10.1016/j.
1ith0s.2020.105699

Zaccarini F., Garuti G., Pushkarev E., Thalhammer O.
(2018) Origin of platinum group minerals (PGM) inclusions
in chromite deposits of the Urals. Minerals, 8, 379. https://
doi.org/10.3390/min8090379

Zaccarini F., Pushkarev E., Garuti G. (2008) Platinum-
group element mineralogy and geochemistry of chromitite of
the Kluchevskoy ophiolite complex, central Urals (Russia).
Ore Geology Reviews, 33, 20-30. https://doi.org/10.1016/j.
oregeorev.2006.05.007

Zaccarini F., Pushkarev E., Garuti G., Kazakov I.
(2016) Platinum-group minerals and other accessory phases
in chromite deposits of the alapaevsk ophiolite, Central
Urals, Russia. Minerals, 6, 108. https://doi.org/10.3390/
min6040108

43

Zaccarini F., Pushkarev E.V., Fershtater G.B.,
Garuti G. (2004) Composition and mineralogy of PGE-
rich chromitites in the Nurali lherzolite-gabbro complex.
The Canadian Mineralogist, 42, 545-562. https://doi.
org/10.2113/gscanmin.42.2.545

Zane A., Weiss Z. (1998) A procedure for classifying
rock-forming chlorites based on microprobe data. Rendiconti
Lincei. Scienze Fisiche e Naturali, 9, 51-56. https://doi.
org/10.1007/BF02904455

Zhou M.-F., Robinson P.T., Malpas J., Li Z. (1996)
Podiform chromitites in the Luobusa Ophiolite (Southern
Tibet): Implications for melt-rock interaction and chromite
segregation in the upper mantle. Journal of Petrology, 37,
3-21. https://doi.org/10.1093/PETROLOGY/37.1.3

Zhou M.-F., Robinson P.T., Su B.-X., Gao J.F.,
Li J.W., Yang J.S., Malpas J. (2014) Compositions of
chromite, associated minerals, and parental magmas of
podiform chromite deposits: The role of slab contamination of
asthenospheric melts in suprasubduction zone environments.
Gondwana Research,26,262-283. https://doi.org/10.1016/j.
£r.2013.12.011

HNudopmauns 06 aBTopax

[MabytouaoB Tumyp [leHncoBmd — MITaAIIdi-HaydHBINH cOTpyaHUK, MHCTHTYT reomornn YOUI[ PAH, . Via,

Poccus; timurgeologl 1 @gmail.com

CagenpeB JIMutpuii EBrenpeBUd — TOKTOP T€0I0T0-MUHEPATIOTHIECKUX HAYK, [TTABHBIA HAYYHBIN COTPYIHUK, THCTH-

tyT reonorun YOUI PAH, r. Ya, Poccus; savl71(@mail.aru

lataymnua Pycnan A3aroBnd — mmamamuii HaydHbId coTpynHuK, MHCTHTYT reonornun YOUIL[ PAH, . Ya, Poccus;

rusgatln97@gmail.com

Information about the authors

Timur D. Shabutdinov— Junior Researcher, Institute of Geology UFRC RAS, Ufa, Russia; timurgeologl1@gmail.com
Dmitry E. Saveliev— Doctor Geol.-Mineral. Sci., Chief Researcher, Institute of Geology UFRC RAS, Ufa, Russia;

savl71@mail.ru

Ruslan A. Gataullin— Junior Researcher, Institute of Geology UFRC RAS, Ufa, Russia; rusgatln97@gmail.com

MUMHEPAJIOTVIAI/MINERALOGY 12(1) 2026



