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Annomayus. OHTOTCHUYCSCKUI aHAIN3 MarHETHT-WIBMEHHUT-IINHHEICBBIX CPACTAHHN B PYIOHOCHBIX
am¢ubdooBrIX Ta006po MaccuBa Cepebpsiackuii Kamens Ha CpemHem Ypaie u BX B3aHMOOTHOIICHHH € TO-
POIOOOPa3yIOIMUMH CHIINKATaAMH, anaTUTOM U cynb(uaamu Cu TO3BONMI BRIABUTE P 0COOCHHOCTEH, CBH-
JIETETBCTBYIOMIUX 00 UX OIM30AHOBPEMEHHOM 00pa3oBaHUH. MOP(OIOrHIecKIie YepThl CHIIMKATOB, OKCHIOB
1 cynb(UI0B PYIOHOCHBIX aM(pHUOOIOBBIX TaOOPO MO3BOISAIOT MPEAIIOIOKUTH BO3SMOXKHOCTh 000COOICHHUS
CHJIMKATHOT0, JKEJIC300KCHIHOTO M CYNb(GHIHOTO paciuiaBoB. Kpucrammusanus MHHEpanoB, 00pa3yomux
€IMHBIN TapareHe3uc, NPOUCXOIIIIa B YCIOBHAX, ONMMU3KUX K DBTEKTUYECKUM. YCTaHOBIICHO, YTO 3aKOHOMEp-
HO OpPHEHTHPOBAHHBIC IUIACTUHYATHIC BBIJCICHHS WIBMEHHTA B MAarHETUTE, KOTOPbIE OOBIYHO TPAKTYIOTCS
KaK pe3yJbTaT pacliajia TBEpJOro pacTBopa, YaCTO PACCeKalOT TPaHHIbl PA3IMYHO OPUCHTHPOBAHHBIX 3€pEH
MAarHeTHTa, YTO He MO3BOJISET B 9TOM CIIy4ae paccMaTpUBAaTh UX KaK Pe3yJIbTaT IPOSIBICHHS 3TOTr0 Mporecca.
BrIsiBIICHHBIE OHTOI€HHYECKHE OCOOCHHOCTH MHHEPAIOB HEOOXOIMMO YYHTBHIBATH IPH METPOJIOTHYECKUX
MOCTPOCHHSIX.

Kntoueswte cnosa: ampundomnossie rabopo, maccus Cepebpsiuackuii Kamens, [InaTnHOHOCHBIH TT0sic Ypaira,
MAarHeTHT, UJIBMEHUT, IIITHHEIb.

Abstract. Ontogenic analysis of magnetite-ilmenite-spinel intergrowths of ore-bearing amphibole gabbro
of the Serebryansky Kamen intrusion (Central Urals) and their relationships with rock-forming silicates, apa-
tite and Cu sulfides allowed us to reveal a number of features indicating their nearly synchronous formation.
Morphological features of minerals of ore-bearing amphibole gabbro suggest their possible crystallization
from silicate, iron oxide and sulfide melts under close-to-eutectic conditions. It is found that regularly orient-
ed ilmenite lamellas in magnetite, which are typically interpreted as exsolution structures, often intersect the
boundaries of variously oriented magnetite grains, which is inconsistent with traditional interpretation of their
origin. The ontogenetic features of minerals should be taken into account in petrological reconstructions.

Keywords: amphibole gabbro, Serebryansky Kamen intrusion, Pt-bearing belt of the Urals, magnetite,
ilmenite, spinel.
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BBenenne

[Iupoko pacrnpocTpaHEHHBIH MapareHe3uc Mar-
HEeTHTa, WIBMECHUTA U INMUHEIM B OCHOBHBIX Marma-
THYECKUX MOPOJaX XapaKTepU3yeTcs TUIIOMOP(QHBIMH
CTPYKTYPHBIMH OCOOCHHOCTSIMH, BHHMaHHE Ha KO-
TOpBIC 00pAIIAJOCh €Lle Ha 3ape MOSBICHUS PYIHOM
MHUKpOCKOIMHU. [leTaqbHOe OmrcaHue cpacTaHUi 3THUX
MHUHEPAJIOB, 00BIYHO HHTEPIIPETUPYEMBIX KaK CTPYKTY-
PBI pacnaja TBepAOro pacTBOpa, MIPUBEACHO B paboTax
u3BecTHbIX MuHepaioros (I1IBaprm, 1934; berextun u
Ip., 1958; Pammop, 1962). AHanorudHBI TapareHe3nc
ObLT BBISIBJICH U ONKCaH Ha kKapOoHatuToBhIX (Ivanyuk
et al., 2017) u ckapHOBBIX (MazypoB u 1p., 2004) me-
CTOPOXKICHHSIX.

Ha HauanpHBIX 3Tamax UCCIIEIOBAHUS 3TOTO Mapa-
reHe3nca BHUMaHHE YACISIIOCh PACCMOTPEHHIO IPO-
CTPaHCTBEHHO-BPEMEHHBIX B3aMMOOTHOILICHUI MarHe-
TUTA, WIBMEHNUTA U LINHMHEIN B IPUPOAHBIX 00pa3nax.
Pesynbrarel 3THX HCCIENOBaHUHM OB BKIIOYEHBI B
cOopHuk crareil «KpuTepun BO3PaCTHBIX COOTHOIIE-
HUH pynooOpasylomux MHUHEPAIOB MO MHUKPOCKOIH-
YECKUM HCCIICIOBAHUSIMY», B KOTOPBI BOIIA CTAThs
I'M. IIBapria «CTpyKTypsl pacmiaia TBEpPAbIX pacTBO-
poB» (1934). TuTaHOMAarHETHT C 3aKOHOMEPHO OPUCH-
TUPOBAHHBIMH BBIACICHUSIMHU MIbMEHUTA B MarHETUTE
MOABEPrayiCsl 3KCIEPUMEHTAIBHBIM HCCIICOBAHHUIM
110 TOMOT€HHU3AIMHY BbIACICHUI WIBMEHNUTA [IPU Harpe-
BaHUM 0OpAa3lOB C MOCIEAYIOIUM BOCCTAaHOBICHHEM
CTPYKTYp pacraja IpH UX OXJaXIeHUHU. bbutn Takxe
MPOAaHATM3UPOBAHbl THArpaMMbl PAaBHOBECHSI CHCTEM
¢ TBepabMu pactBopamu (LLBapTti, 1934; Buddington,
Lindsly, 1964). TIpoBencHHbIC HCCICIOBAHHS MO3BO-
T cHOpMyITUpPOBaTh MOPQOIOTHYECKHE TPU3HAKH
CTPYKTYp pacmaga TBEPIBIX PacTBOPOB, KOTOpPHIC B
JalbHEHIIeM IIUPOKO HCIIOIb30BAINCH IMIPU HMHTEp-
IpeTalyu CTPYKTYPHBIX 0COOCHHOCTEH MUHEPAIBHBIX
arperaroB, COZIEpKallluX THTAHOMAarHeTuT.

[Ipu n3yueHnn akIeccoOpHbIX MarHeTUTOB Marma-
THYECKUX IMOPOA U JKEJIC30PYIHBIX MECTOPOKACHUM
BBISIBUJIOCH CYIIECTBEHHO Oomblee pazHooOpasue
BapUaHTOB CPacTaHMH MarHeTHTa, WIBMEHNTA U ILIH-
HEJH, KOTOpbIe HEBO3MOXHO OBbIIO MHTEPIPETHPOBATD
TOJBKO KaK pe3y/lbTaT paclazia TBEPAbIX PacTBOPOB.
Jnst ux OOBSICHEHUs! HCHOJIB30BaHbl MPEACTABICHUS
0 pa3HbIX CKOPOCTSX OCTBIBAHHMS MarMaTH4ecKHX I0-
poz U o mpeoOpa3oBaHUU CTPYKTYP pacnaja B pe3ylib-

Tare BO3JICHCTBUS HAJIOKEHHBIX MeETaMOp(HUICCKHX
nporeccoB (IlomkanoB u mp., 1967; Tpodumos, [o-
my6es, 2008; Cumanenko u ap., 2012; Ivanyuk et al.,
2017). Uzyuenue pyaoHOCHBIX mopoxa Maccua Cepe-
opstackuit Kamens Ha CpemHeM Ypasie BBISBHIIO PSIT
0C00CHHOCTEH, KOTOpPHIE TakKKe CIOXKHO OOBSICHUTH C
pPacCMOTPEHHBIX BBIIIE MO3UIMN, YTO U CTAJIO IEIBIO
HACTOSIIIETO MCCICAOBAHUS — ONEPE/ICIICHUE BO3ZMOXK-
HBIX MEXaHU3MOB 00pa30BaHUSl MAarHETHT-MIIbMCHUT-
MITUHENIEBBIX cpacTaHuil B aM(pnOOIOBEIX TabOpo Ha
OCHOBE JICTaJIbHOTO OHTOTCHUUECKOTO aHAITN3a.

MeToauka uccjie10BaHus

PaboTta ocHOoBaHa Ha W3y4eHWUH OOpPA3IOB, OTO-
OpanHBIX B mpemenax MaccuBa CepeOpstHCKHiT Ka-
MeHb B 2018 u 2019 rr. [lomroToBneHHble U3 00pa3-
OB aHIIIU(BI ¥ TOTUPOBAHHBIE NUTH(BI U3yYeHB B
MIPOXOASIIEM W OTPAKEHHOM CBETE C HCIOJIB30BAHU-
eM mukpockomna Leica DM 2700P. CocraB mopomo-
00pa3yIonx U PyIHBIX MHHEPAJIOB OMPENeseH ¢ T0-
MOIIBI0 PEHTT€HOCTIEKTPATHHOTO MHKpOAHAIH3aTopa
Camebax SX50 ¢ BomHOBBIMHE cITeKTpoMeTpamu (Moc-
KOBCKHI TOCY/IapCTBEHHBIM YHHBepcUTET, I. MOCKBa,
anamuTuk J[.A. XaHWH), CKAaHUPYIOIIETO 3JIEKTPOHHO-
ro Mukpockora (COM) JSM-6390LV (JEOL) ¢ snep-
TOIUCTIEPCUOHHBIM criekTpoMeTpoM (MHCcTHTYT Teoro-
run u reoxumun YpO PAH, r. ExatepuHOypr, aHaTUTHK
JI.B. JleoHoBa) m 3JEKTPOHHO-30HIOBOTO MHUKpOAaHa-
mu3aropa Camebax SX100 (MHCTHTYT T€0IOTHH U Te0-
xumun YpO PAH, amamutuk U.A. TortMman). Ilpema-
paThl TakXKe U3YYICHBI ¢ TIOMOIIBbI0 nudpakmum odpar-
HO-paccessHHbBIX 37iekTporoB Ha COM Hitachi S-3400N
¢ merekropom Oxford NordLys Nano u 3IC Oxford
X-Max 20 (Cankt-IlerepOyprcknii rocyapcTBEHHBIN
YHUBEPCUTET, peCypCHbIH 1IeHTp «I' eomoiensby, aHaiu-
tuku B.B. [lumosckux u H.C. Bracenko).

Oco0eHHOCTH reoJIOrM4ecKoro CTPOEHHSI MACCHBA
Cepeopsincknii Kamennb

MaccuB CepeOpstackuii  Kamenb  paszmepom
20 x 20 kM pacmonaraeTcst y rpaHuisl CpemHero u
Ceseproro Ypana B 40 kM k ceBepo-3amazay ot I. Kap-
nrHCK (CBepmioBckas 0071.) B IIpeieiax 3aragHoi Ja-
ctu Tarmmo-Marautoropckoit Mmera3zonsl. OH IpHYPO-
YeH K IEHTPATbHON YacTh mom(opManroHHoro Kerr-

For citation: Kozlov A.V., Mikhaylov V.V., Stepanov S.Yu., Shilovskikh V.V., Vlasenko N.S. Magnetite-
ilmenite-spinel intergrowths in amphibole gabbro of the Serebryansky Kamen intrusion, Central Urals.
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JIBIMCKOTO TiTyTOHA. KbITiIbIMCKHH TUTYyTOH, KOCHBUH-
CKA{ MacCHMB W BMEINAIONINEe WX MeTaMmopduueckne
TTOPOIBI 6ETTOTOPCKOTO KOMILIEKCca 00pa3yroT KPYITHBIH
KomkakoBCKHI TEKTOHUYECKHIA OJIOK B cocTaBe Xop-
IBI0CCKO-KOHX)aKOBCKOH CTPYKTYpHO-(OPMAITMOHHON
3omubl (locymapcTBennas..., 2010).

B mpemenax maccuBa CepeOpsHckuii Kamenn
BBIJIEJICHO HECKOJIBKO 30H, /IS KOTOPBIX XapaKTEPHO
npeobIaianue MoposI C Pa3TUIHBIMHA COOTHOIICHUSIMHA
TEMHOITBETHBIX MHHEpPAJIOB W Tutaruokmaza (OTderT..,
1978). B neaTpansHO# 30He Mpeo0ITa1atomuM THITOM
SIBIISTIOTCS CPE/THEe- W KPYITHO3EPHUCTHIE MEJIaHO- U Me-
30KpaToBble amuOoIoBEIe Ta0Opo. Cpenn omHOPOI-
HBIX MEJIaHO- W ME30KPaTOBBIX TrabOpo BCTpEUAroTCs
30HBI TAKCHTOBBIX MOPOJ C HEPABHOMEPHO3EPHUCTON
MSTHUCTOM TEKCTYpOH, OPUEHTHPOBAHHBIE COIJIACHO
KOHIIEHTPHYECKOMY CTPOEHHIO MaccuBa. [l HuX xa-
pakTepHa OOWJIbHAS BKPAIUICHHOCTH CYIb(MHUIOB, TIPH
YBEIMYEHUH KOJIMYECTBA KOTOPBIX TIOPOAa MprodpeTa-
€T OTYETIINBYIO CHIEPOHHUTOBYIO CTPYKTYpY. BHyTpeH-
HsIs 30HA XapaKTepu3yeTcs MpeodiaafaHueM cpeaHe- u
MEJTKO3EPHHUCTBIX ME30KPaTOBBIX aM(pUOOIOBHIX Tad-
Opo ¢ yOoroit BKparyieHHOCTHIO MarHeTuTa. BHEnTHsA
30Ha MPENCTaBICHA JIEWKO- U ME30KPAaTOBBIMH Pa3HO-
BATHOCTSIMHU TPAaKTUYECKH Oe3 pyIHON MHHepain3a-
uuu. [lepexonbr Mexy 30HamMu noctenennsie. [lupo-
KO€ pa3BUTHE B IEHTPaIBHON 30HE MaccuBa rabopo ¢
MEerMaTOUIHOM, TUTAHTO3EPHUCTON CTPYKTYpPOH, IILIH-
POB POTOBOI 0OMaHKH, aHOPTO3UTOB CBSI3BIBAETCS C €€
MO3UIMEN B MPUKPOBEIHHON YaCTH MacCHBa.

Cpenu opog, ciararommx MaccuB CepeOpsTHCKIi
Kamenb, ADOMUHHPYIOT TOJEHUTOBBIE aM(HOOIOBHIE
rab0po ¢ TUNMYHOW TabOpoBOU CTpyKTypoit. Komm-
gectBo SiO, B HUX Kojebnercs B mpemenax 40—
49 mac. %, B PYAHBIX MEJIaHOKPATOBBIX PA3HOCTSX
comepkanmne SiO, monmwkaerca mo 37-40 mac. %.
[Inarmoxiia3  MeEIaHOKPATOBBIX TabOpo  TmpemcraB-
neH aHoptuToM Ne 85-90. MHauBUIBI TIardokiiaza

XapakTepu3yIOTCS  C1ad0 TIPOSBICHHOW 30HAJIBHO-
cThi0. KIIMHOTTMPOKCEH OTHOCHUTCS K JHOIICHIOBOMY
pany c daccantoBeM ykimoHoM (MgO 13-14 mac. %)
(Tabm. 1). Amdubon mo cocraBy Hanbosee ONM30K K
Marae3uoracTuarcuty (tadm. 1). [Ipaktrueckn Bce 1o-
POABI PYTOBMEMIAONIETO pa3pe3a CoAepkar MTOMHUMO
TIABHBIX TTOPOI00OPA3YIOINX MUHEPATIOB IIEPEMEHHOE
KOJTMYECTBO allaTUTa U MarHETUTA. ATIaTUT BCTPEYACTCS
B BHJIE €IMHUYHBIX UINOMOP(HBIX 3epeH B aCCOLHAINN
C MarHeTWTOM M IITUHEJBI0, PeKe BCTPEUCH B BHJE
BKJIFOUEHHUH B KIIMHOMTUPOKCEHE. ATIaTUT COACPKUT 1.2—
2.3 mac. % F; ornomenne CI/F cocraBnster 0.3—-0.5.

CTpyKTypHO-BellleCTBEHHbIE 0COOeHHOCTH
MATrHeTUT-UJIbMEHUT-IINNHEIeBbIX MUHEPATbHBIX
arperaTon

MarsetuT Hambosee pacpoCTpaHeH CPedu Pya-
HBIX MUHEpasioB B aM(uOOIIOBEIX TabOpo MaccuBa
CepeOpsackuii Kamens B BHie OTHETHHBIX WHIUBU-
IIOB M arperaroB ¢ IOCTOSTHHOW MpuMechio V (0KOJI0
0.5 mac. %) u cpacTaHmii ¢ KITbMEHUTOM U IITHHEINBIO.
OTH cpacTaHusi OOBIYHO HAa3BIBAIOTCS THTAHOMArHe-
TUTOM ¥ CYIIECTBEHHO OTIMYAIOTCS 1O (opme, KOJH-
YEeCTBEHHOMY COOTHOIICHHI0O W MOP(OIOTHIECKUM
OCOOEHHOCTSIM BXOJSIIMX B HMX COCTaB MHHEPAJIOB,
WX B3aMMOOTHOIIEHHWIO C MOPOJ000pa3yIOIUMHU CH-
TUKaTaMd. MarHeTuT B HUX copepkuT (Mac. %) TiO,
(0.00-2.18), V,03 (0.50-1.15; B cpemnem, 0.93), Al,04
(0.00-1.71) m MgO (0.00-0.78).

B otnmenpHBIX 00Opasmax HaOMIOMAOTCS IBE pas-
HOBHJIHOCTH MarHeTHTa, KOTOPBIE OTINYAIOTCS B OT-
paKEHHOM CBETE MO0 OTTEHKY W OTHOCHUTENBHOH TBEp-
noctu. Maraetut-1 (Mt-1) HE COmEPKHUT BKIIOUCHUN
WIBPMEHNTA W IIIHHETH W XapaKTepu3yrocTs Oolee
POBHOH TOBEPXHOCTHIO, OTPHIIATENEHBIM pelbedoM
IO OTHONICHHWIO K MarHeTuTy-2 (Mt-2) u cepbIM IIBe-
TOM B OTJIMUHE OT roxyooBaroro Mt-2 (puc. 1a). ITo ot-

Tabnuya 1
Xumunyeckuii cocrtaB peMuyeckux MIUHepaJioB, Mac. %
Table 1
Chemical composition of femic minerals, wt. %
Ne Touku SiO, TiO, Al,O, MgO FeOuoi MnO Cao Na,O K,0
Ck-5-amp | 46.22 0.84 11.74 13.63 12.45 0.15 12.82 1.82 0.22
Ck-5-px 52.14 0.33 3.32 13.23 7.05 0.30 23.30 0.29 —
OMmupudeckas hopMmyia
Ck-5-amp (Nao.so K0.04ca0,04)0.94(ca1492 Mgo,os)z.oo(Mgz.stel.49Mn0402A|0.58Ti0.09)5.00[(A|1.41Si6,59)8.00022,oo](OH'F)z,oo
Ck-5-px (Ca.93Na0.02)0.95(MJo.73MNg 01 F€0.22 Tig.01 Al 08) 1.05[(ST1.93AT0.07)2.0006.00]

Ipumeuanue. 3neck u B Tadn. 2—4 u 610, pe3ynbraThl aHanu3a HopmupoBansl Ha 100 %.
Note. Here and in Tables 2—4 and 6-10, the analytical results are normalized to 100 %.
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Tabnuya 2

XuMHu4yecKHuii coctaB MarHeTura, mac. %

Table 2

Chemical composition of magnetite, wt. %

Ne touku FeOuom | V205 | AlLO; OwMmupudeckas hopMmyia
525, (Mt-1) | 98.42 | 0.88 | 0.70 Fe?"1 o0(Fe**1.0sAl.03V0.02)2.0004.00
527, (Mt-2) | 99.09 | 091 - Fe?*1 00(Fe**1.97V0.03)2.0004.00
528, (Mt-1) | 99.04 | 0.96 - Fe?*1 00(Fe**1.97V0.03)2.0004.00

Ipumeuanue. HomMepa aHATUTUYECKUX TOUECK COBIAAAIOT C HOMEpPaMu Ha pHc. 10.
Note. Numbers of analytical points coincide with those in Fig. 16.

Puc. 1. IBe pasnoBuanoctu marHetuta (Mt): a — orpaxeHHsli cBeT; 0 — BSE-(oTo; B — citabast aHM30TPOIIHs MarHETUTA

(OTpaskeHHBI CBET C aHATU3ATOPOM).
3neck u ganee: Spl — HIMuHEb.

Fig. 1. Two magnetite (Mt) types: a — reflected light; 6 — BSE-image; B — weak anisotropy of magnetite (reflected light with

analyzer).
Hereinafter: Spl — spinel.

pakaTellbHOW CIIOCOOHOCTH M XMMHUYECKOMY COCTaBY
(Tabm. 2) 3TH pa3HOBUIHOCTH MarHeTUTa MPAKTUICCKU
WJCHTUYHBI, TAKXKE KaK U 1Mo (ha30BOMYy KOHTPACTy B
o0paTHO-paccessHHBIX AMekTpoHax (puc. 10). Mx ot-
JIUYUSL MOTYT OBITh CBSI3aHBI C Pa3IMYHBIM COOTHOIIIE-
auem Fe™ u Fe™, uto moarBepikaaeTcst HECKOIBKO 00-
Jiee BBICOKMM OTHOIIeHHeM Fe/O mo maHHBIM MHKPO-
30HA0BOro a”anmusa: 3.22 ansg Mt-1 no cpaBHeHHIO ¢
3.16 st Mt-2 1 MOXKET CBUIETEILCTBOBATH O OOJIBIIIEN
none Fe™ B Mt-2. Panee orMeuanach BO3MOXKHOCTB T10-
CTENEHHOr0 Tepexo/la MAarHeTUT-MArreMUT, NpUYeM
JUTs pazHocTeit, oboramieHHsix Fe'?, xapaktepHa Oosnee
BBICOKasl TBEPIOCTh M TONyOOBaThli OTTeHOK (MuHe-
paibl..., 1967). B nmonsapu3oBaHHOM CBET€ MarHETUT
0OBIYHO M3OTPOTICH, HO B Psijie CIIy4aeB OTMEYaeTCs
cinabas anuzoTpomnus (puc. 1B).

Brigensiercst Takke CHIBHO TPEIIMHOBATBHIA Mar-
HeTUT (pUc. 2), KOTOPBIA comepkuT Toibko V.03 10
0.5 mac. %. TpemuHsl B HEM 3aJ€UCHBI AMUAOTOM,

MUHEPAJIOTVISI/MINERALOGY 8(4) 2022

LOU3UTOM M MyMIICJJICUTOM. TpeuMHoBaTble KpH-
CTaJUIbl MECTaMHU aCCOLMUPYIOT C cyabpumamu. Tpe-
IIMHOBATBI MarHETUT, HAXOSIIUIICS COBMECTHO C HE
HapyIIEHHBIMA KPUCTAIJIAMH, BBIJIEJICH B CaMOCTOSI-
TENBHBIN THUIT ¥ Ha JPYTHMX OOBEKTaX, B YACTHOCTH B
TUTAaHOMAarHeTHTOBBIX pyaax Ilymokropckoro mecto-
poxnenus (Tpopumos, ['omyGes, 2008).

HauOonee mmpoko npeacTaBieH MarHeTUT B BUIE
OTJCNbHBIX WHIUBUIOB WM arperaroB, MPUYPOYCH-
HBIX K MHTEPCTHLHMSAM MEXIy 3€pHaMH MOpOomooOpa-
3yroHux MuHepanoB (puc. 3a, 6). OObIYHO Takue B3a-
WMOOTHOIIICHUSI CHIJIUKATOB M DPYIHBIX MHUHEpAIOB B
MarMaTHYeCKUX TOPHBIX IMOPOJAX PacCMaTpUBAIOTCS
B KQUeCTBE THIIMYHOM CHUIEPOHUTOBOU CTPYKTYpPHI, KO-
TOpas «...XapaKTepU3yeTcs Pe3KUM KCEHOMOP(HHU3MOM
MarHeturta (BooOIle PYIHOro MHHepania), LEMEHTH-
PYIOIIIETO 3€pHA CWIMKATOB...» (3aBapuukuid, 1955).
Habnronaemble HaMu B3aMMOOTHOLIEHUS] HHTEPCTHLIU-
anbHOrO MarHetuta ¢ ampuodonoM yacto apyrue. I'pa-
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Puc. 2. TpemmHOBAaTHI MarHETHUT B ACCOIMAINH C CYAb(QHUIaAMHU METH.
OTtpaxeHHBIN cBeT (a, B); BSE-doto (0). 3nech u manee: Amp — ampubdomn, Bn — 6opaut, Cep — xanpronuput, Dg — aureHuT,

Pl — mnaruoxnas.

Fig. 2. Fractured magnetite in assemblage with Cu sulfides.

Reflected light (a, B); BSE-image (0). Hereinafter: Amp — amphibole, Bn — bornite, Ccp — chalcopyrite, Dg — digenite, P1 —

plagioclase.

# 100 pmn
_

Puc. 3. Mopdosnornieckue THIIbI MarHeTHTa: a, 0 — MHTEPCTUIIMATIBHBIE B aM(pHO0JIe; B — BKIIIOYEHHE KPHCTAJIa OKPYIVIOH
(OpMBI B IUIATHOKIIA3€; T — KPUCTAII ¢ KOMOMHAIMEH MIIOCKOIPaHHOW U OKPYIVION IMOBEPXHOCTEH B aM(puboIe; 1 — KPUCTaILT

TUIOCKOTpaHHOU (popMBI B amduodore.

OTpaxkeHHBIH CBET (a, B—1); OTpakeHHBbIH cBeT ¢ aHanmzaropoM (0); BSE-doto (B). 3neck u nanee: Hem — remarut, IIm —

HUIJIIBMCHMUT.

Fig. 3. Morphological types of magnetite: a, 6 — interstitial in amphibole; 8 — rounded crystal in plagioclase; r — crystal with
combined plane-faceted and rounded surface in amphibole; 1 — plane-faceted crystal in amphibole.
Reflected light (a, B—n); reflected light with analyzer (6); BSE-image (). Hereinafter: Hem — hematite, Ilm — ilmenite.

HHIIBI MEX]y 3TUMU MUHEpaJaMi OOBIYHO UMEIOT HITN
IUIaBHBIE OKPYIVIbIE KOHTYPHI (pHC. 3a), WIIM MarHeTUT
oT4eTINBO uauomopgen. IlpuHamIeKHOCTh JHHEH-
HBIX (DparMeHTOB IPaHUI] MEX Ty aM(pPUOO0IOM U MarHe-
THUTOM UMEHHO TPaHsIM MarHeTUTa paclio3HAeTCs 0 UX
napauielIbHOM OPUEHTHPOBKE OTHOCHTEIBHO 3aKOHO-

MEPHO OPUECHTHUPOBAHHBIX IACTHHYATBHIX BBIICICHUIM
reMaTuTa, BOZHUKIINX B MPOLIECCE €r0 MAPTUTH3ALUHH
(puc. 30).

[ITupoko mpeacTaBIeHbl OTACIBHBIC BKIIOYCHUS
MarHeTuTa B TOPOM000Pa3yIOIINX CHIIMKATaX, HUMe-
IOIIHE MPEUMYIIECTBEHHO OBAIBHYIO WJIH OKPYIIYIO

MUHEPAJIOTUSI/MINERALOGY 8(4) 2022
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.-"\n'lp 100 um

Mt Amp

300 pm

Puc. 4. a — xorpopMHOE 0OpamiicHHE MarHeTuTa aM(puOOoIOM; O — IITArHOKIIA30Basi OTOPOYKA MEKIY aM(pHOOIOM U UJIU-
OMOP(MHBIM 3¢PHOM MAarHeTHTa; B — WHAWBHJ MArHETUTA, UAMOMOPQHBIN 10 OTHOIICHUS K aM(puOOIy 1 KCEHOMOP(MHBIH 110
OTHOIIEHHIO K MIATHOKIIA3y; T — COCCEOPUTOBAsI KAEMKA 110 KOHTAKTY MarHeTHTA C [IArHOKIIa30M.

bess —3epHa co CTpYKTypamu pacnaa 60pHUT-XaIbKOMUPUTOBOTO TBEPIOTo pacTBopa. OTpakeHHBIH CBET (a, T'), OTPaXKEeH-

HBIN CBET C aHAU3aTOpoM (0, B).

Fig. 4. a— conformable amphibole rim around magnetite; 6 — plagioclase rim between amphibole and euhedral magnetite
grain; B — euhedral and anhedral magnetite relatively to amphibole and plagioclase, respectively; r — saussurite rim along the

contact of magnetite and plagioclase.

bess — grains with bornite-chalcopyrite exsolution structure. Reflected light (a, 1), reflected light with analyzer (0, B).

¢dopmy (puc. 3B), 4aCTO C OTACIBHBIMU (PparMEHTAMU
TUIOCKUX TpaHei (puc. 3T) BIUIOTH JI0 MOJHOCTHIO I1JI0-
CKOT'PaHHBIX KPUCTAJUIOB (pHC. 311).

Yame MarHeTuT NpuypodeH K am@uOoidy, uTO
MOJYEePKUBACTCSI aM(PHOOIOBBIMU OTOPOYKAMH BOKPYT
MarHeTuTa BOJIM3U I'PaHMUIIBI C TUIArKOKIIa30M (puc. 4a).
CyIlIeCTBEHHO PEkKe KPUCTAILTbI MATHETUTA HAXOSTCS
B IUIATMOKIIa3¢ ¥ BOIM3U TpaHUIlbl ¢ aM(PUO0IOM KOH-
(hopMHO 0OpamIIsIOTCS IIarnokia3om (puc. 40). YHacto
MPH KOHTAKTE MarHeTUTA C TUIArHOKIA30M OTMEYaeTCsl
OTHOCHUTEJIbHBIA WJAHMOMOP(PU3M MarHeTHTa IO OTHO-
HICHUI0 K aM(uOOy M IUIaBHBIE OKPYIVIBIC TPAHUIIBI
¢ maruokinasom (puc. 4B). [lnaruoknas Ha rpaHuie ¢
MarHeTUTOM OOBIYHO MMEET COCCIOPUTOBYIO KAaeMKY, a
am(puO0II Ha KOHTAKTE C MArHETUTOM HE Ipeo0pa3oBaH
(puc. 4r).

[llupoko pacmpocTpaHEeHbl 3aKOHOMEpHBIC Cpa-
CTaHWsI MarHeTUTa C MOPOJ000Pa3yIONUMHU CUIIUKA-
TaMu, MpeuMyllecTBeHHo, ampubomom. B amdpubdoe
BCTPEYAIOTCS MEIIKHE HIMOMOP(HBIC KPUCTAUIBI Mar-
HETHUTA, KOTOPbIC 3aKOHOMEPHO OPUEHTHUPOBAHBI OTHO-
CUTEIILHO BMEIIAONICH KPUCTANTNIECKON CUIIMKAaTHON
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MaTpHLbl, YTO BUAHO MO MX MapajuIeIbHOW OPHUEHTH-
POBKE M COBIAJCHUIO OCH YETBEPTOTO MOPsIKA OKTa-
9IPUYECKUX KPUCTAJIOB MAarHeTHTa C HalpaBICHU-
eMm cnaiiHoctd amdubona (puc. 5a). B psge ciaydaes
BBISBIISICTCS. 3aKOHOMEpPHAsi OPHUEHTHPOBKA OKPYIJIBIX
BBIJICJICHUI MarHeTUTa M0 OTHOIICHHUIO K BMELIAOLIe-
My am$puOoiIy, KoTopasi yCTaHaBIUBAETCS 0 OTHOCH-
TEJILHOW OPHEHTHPOBKE IJIACTUHYATHIX KPUCTAJUIOB
WIBMEHHUTA B MarHeTUTE W CIalHOCTH B am¢uobdoIe.
3aMep OpUEHTUPOBKH JIMHEHHBIX 3JIEMEHTOB B HLTH (e
(puc. 50) moxasai, 4TO IJIACTUHKU WIBMEHHUTA B TPEX
CKPYIJICHHBIX MOHOKpHUCTaJlaX MarHeTuTa UMEIOT Ma-
paJUICIbHYI0 OPHUEHTHUPOBKY, KOTOpas MPaKTHYECKH
COBIIAAET C OMCCEKTPUCON yIyIa MEXIy JTHHUSMH BbI-
XoJla IJIOCKOCTel craiiHocTH am¢ubona Ha MOBEPX-
HOCTh aHIUIM(}a. Bo3MOXXHOCTH 3aKOHOMEPHOTO Ccpa-
CTaHUsl MarHETUTA U POTOBOH OOMaHKH C Hapaijieiib-
HO1 opueHTtupoBkoii [111] marnetuta u [001] poroBoit
oOMaHKu oTMmeueHa B pabore (Mwunepansl..., 1967).
Habnronaemoe cpacrtanue maruetTura u aMmpuodosna Tak-
JKe OOBSICHSCTCSI TakoW 3aKOHOMEPHOCTHIO (puc. 5).
Ecnu npuHATE Yyron Mexay IIOCKOCTSIMH CHAHHOCTH
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Puc. 5. 3akOHOMEPHO OPUEHTHUPOBAHHBIC CPACTAHHS MAarHETHTAa ¢ aM(pUOOTOM: a — mapauleNbHas OPUCHTUPOBKA OCEi
YETBEPTOrO MOPSIIKA OKTAYIPUICCKUAX KPUCTAIIIOB MATHETUTA U CIIAlHOCTH B amdubore; 6 — cxema 3aKOHOMEPHOTO CpacTaHH s
MarHetuta M am(ubona; B — mapauiesbHas OPUCHTHPOBKA IUIACTUHYATHIX KPUCTAILUIOB WIIBMCHHUTA B KAIUICBH/IHBIX BBICIIC-
HUSIX MarHeTHTa M ee COBIaJICHHE C OMCCEKTPUCOH yIIa MEK/Ty IUIOCKOCTAMH crlaiHOCTH B amdubone. OTpakeHHBIH CBET ¢
aHa3aTopoM (a) u Oe3 aHamu3aropa (B).

Fig. 5. Regularly oriented magnetite—amphibole intergrowths: a — parallel orientation of fourth order axes of octahedral
magnetite crystals and cleavage in amphibole; 6 — scheme of regular magnetite—amphibole intergrowth; B — parallel orientation
of lamellar ilmenite crystals in drop-shaped magnetite aggregates and its coincidence with a bisector of an angle between

cleavage planes of amphibole. Reflected light with (a) and without (B) analyser.

N,

100 pm

T e

100 pm 130 pm

Puc. 6. BapI/IaHTLI MPUCYTCTBUA WIIBMCHUTA 3a MPCACTIAMU MArHETUTA: 4 — YaCTUIHOC IPOHUKHOBCHUC KpUCTAJLId UJIb-
MCHHTA 3a NPCACIIbl MArHeTUTA, 6, B — CpaCTaHUC PaBHOBCIIMKUX KPUCTAJIIIOB MArHETUTA U WJIBMCHUTA B aM(l)I/I6OJ'Ie.

Leu — nelikokceH. OTpak€HHBIN CBET.

Fig. 6. Occurrence of ilmenite outside magnetite: a — partial penetration of ilmenite crystal outside magnetite; 0, B —
aggregates of equal-sized magnetite and ilmenite crystals in amphibole.

Leu — leucoxene. Reflected light.

B amduboie B 124°, To cimex OT OXMHON W3 OKTadApH-
YECKUX I'paHell MarHeTuTa, ¢ KOTOPO COBIAJaeT OpH-
EHTHPOBKA TTACTHHYATHIX KPUCTAJUIOB WIIBMEHUTA, Ha
IJIOCKOCTH TPEThETO MHHAKOWAa am¢uOoIa ITOIDKEH
COBMAJIATh C OMCCEKTPHUCON OCTPOTO yIila MEXKIY TIJI0-
CKOCTSIMHU CHaifHOCTH.

AHanu3 OTHOCHUTEIBHOTO HWAMOMOp(HU3Ma Mar-
HETUTAa U OCHOBHBIX MOPOA000PA3YIONINX CHIUKATOB
CBUJICTETILCTBYET 00 WX OJIM30AHOBPEMEHHOW KpH-
CTAJUTU3AIlUN: MAarHeTUT MOXKET KpPHUCTAJUTU30BATHCS
KaK paHblle, TaK W MO3Ke TUIAarHoKia3a, HO OOBIYHO —
HECKOJIbKO paHble amdubdona. He yctaHOBIeHBI city-
Yay TMPUCYTCTBUS MAarHETHTa B TPEIIWHAX, CEKYIIUX
CHJIMKATBI. OTH CTPYKTYpHBIE OCOOEHHOCTH CBHJIE-
TEJIBCTBYIOT B TIOJIb3Y aHXMIBTEKTUYIECKOTO XapaKTepa
PYIOHOCHBIX amMpuO0IOBEIX Tabbpo maccuBa Cepe-
opstHCcKUiT KaMeHb.

Crnenyer oOpaTWTh BHHUMaHHE HAa MHOTOYHCIICH-
HBIE OKPYIJIbIE TPAHUIIBI MEXKIY CHIIMKaTaMH W MarHe-
tuToM. KarureBujHble BBIIEJICHUS MarHETHTa BCTpe-
JaloTcs Kak B INIArMOKIIa3e, Tak U B ampuOoie, 4To
YKa3bIBaeT Ha BO3MOXKHOCTh TIPOSIBIICHUS JKAIKOCTHOM
HECMECHMOCTH CHJIMKaTHOTO ¥ PYAHOTO pacIliaBa.
B3anmHas 3akoHOMepHas OPUEHTHUPOBKA BbIJEICHUN
MarHeTuTa M CHIIUKATOB CBUAETEIHCTBYET O BO3MOXK-
HOCTH CTPYKTYPH3AIlMH W YIOPAI0YCHHUS T€TepPOTeH-
HOTO PYJHO-CHJIMKATHOTO pacIlyiaBa B YCIOBHUSAX, OITN3-
KHX K 9BTEKTHYECKHUM.

WnpMeHHT SBISETCS BTOPBIM II0 PacpOCTpPaHEH-
HOCTH PyIHBIM MuHepaioM. OH COIAEpXHUT HE3HAYH-
TEeTHLHOE KOJIMYECTBO MpuMeceit kpome MnO, comep-
’KaHue Kotoporo jpocturaetr 8.61 mac. %. MnemeHuT
BCTpeYaeTcs 4Yalle BCeTo BHYTPH WHAWBHIIOB MarHe-
TiTa. Penko KpuCTamiel MIBMEHUTA HAONIOAArOTCA
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Puc. 7. B3aMOOTHOIIICHUS WIIBMEHHUTA C KPUCTAIUIAMH MAarHETUTA: a — GANHUYHBIN KPUCTAUT MIIBMEHUTA B MAarHETHTE;
0 — KpuCTaJIT WIIbMEHNTA HAa KOHTAKTe MarHeTuTa ¢ aM(uO0IOM; B — KpUCTAJUIBI MIIBMEHNTA Ha KOHTAKTE TPEX I'paHell MarHe-
TUTA ¢ aM(PHUOOJIOM; T — KPUCTAJT WIIbMEHHUTA, UMEIOIINH IIOCKYIO IPaHUILy C MArHETUTOM M OKPYIIIYIO — ¢ aM(pHOOIOM.

OtpaxkeHHBbIH CBET (a, 0, T), OTpaKEHHBIN CBET C aHAIIM3aTOPOM (B).

Fig. 7. Relationships of ilmenite with magnetite crystals: a — ilmenite crystal in magnetite; 6 — ilmenite crystal at the
contact of magnetite with amphibole; B — ilmenite crystals along the contact of three faces of magnetite with amphibole; r —
ilmenite crystal with flat and round boundaries between magnetite and amphibole, respectively.

Reflected light (a, 0, 1), reflected light with analyzer (B).

B TIOPOI000pa3yIOMUX cuiaukaTax (puc. 6). B omHOM
o0pasiie 0TMEUEeHO YacCTHYHOE MPOHWKHOBEHHUE ILIa-
CTHHKH WJIBMEHHUTA B CHJIMKATHYIO MAaTpHITy (puc. 6a),
B JPYTOM — CpacTaHHWe ABYX 3aKOHOMEPHO OpPHEHTH-
POBaHHBIX PABHOBEIUKWX WHAWBHUIOB MarHeTHTa H
WIBMEHUTA B ampuooIe, Tae HAHOMOp(HBIN 110 OTHO-
MICHAI0 K MAaTHETHTY WIBMEHUT KOHTAKTHPOBAJI C aM-
dhudomom (puc. 60).

WNnesMeHUT B MaraeTuTe 00pazyeT pasHoOOpas3HbIE
1o (hopMe 1 pasMepy BBIAETIEHHS, KOTOPBIE XapaKTepH-
3YIOTCS 3aKOHOMEPHON OPHUEHTUPOBKOM OTHOCHUTEINb-
HO KpUCTAJUIMYECKOW CTPYKTypbl MarHetuta. [llupo-
KO TIPEACTaBJICHBI OTJENbHbIE TUIACTUHKH MIHBMEHNTA
TOJIIIIMHOW TIEPBBIE NIECATKA MHUKPOMETPOB, KOTOPHIC
M0 OTHOIIEHHWIO K KPUCTAJJIaM MarHeTUTa MOTYT pac-
MOJIaraThCsl B IEHTPAJIHHONW YacTH KPUCTAIUIOB (pHLC.
7a) WM Ha TPaHUIIE MAaTHETHUTA C CHJIUKaTaMHu (pHC.
70), mHOTIa 0OpaMIIss KPUCTAJUTBI MAarHETHTA TIPAKTH-
YeCKH CO BCEX CTOpOH (puc. 7B). B ciydae okpyTibIx
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BBIJICJICHHI MarHeTHTa KPUCTAJUIbl MIBMEHHUTA 4acTo
UMEIOT TIPSMOJIMHEHHbBIC T'PAaHUIBI ¢ MAarHeTUTOM H
OKpPYTJIBIE — C CHIIMKaTaMu (puc. 7r).

MecTtaMu 3aKOHOMEpHAsi OPHEHTHPOBKA TUIACTH-
HOK WJIbMEHHTA B KPUCTAIUIAX MATHETHTA HAPYIIASTCS
(puc. 8). ObOpamraeT Ha ce0s BHUMAaHHUE TIPUCYTCTBUE
3aKOHOMEPHO OPHEHTHPOBAHHBIX KPHCTAJIOB MIIbMeE-
HUTA B MarHeTUTE, a IPOU3BOJILHO OPUEHTUPOBAHHBIC
TUTACTHHBI TATOTEIOT K KOHTAKTaM KPHCTaJlJIa MarHETH-
Ta ¢ cuIMKaramu (puc. 80).

B oOpa3max mpakTU4eckd He BCTPEYAOTCS Xa-
paKkTepHbIe Ui MarHeTUTa pemieTdarbie CTPYKTYpPbI
C 32aKOHOMEpPHO OPUCHTUPOBAHHBIMHU TLIACTHHYATHI-
MU KpucTalaMu wibMeHuTa 1o {111} marnerwura,
KOTOPbIE OOBIYHO WMHTEPIPETUPYIOTCS KAK THITMYHBIC
CTPYKTYpBI pacriajia TBEpAOTo pacTtBopa. bimskue 1o
MOPQOJIOTHISCKUM 0COOCHHOCTSM IIJIaCTHHYATHIC BBI-
JeJeHusT uiibMeHnTa (puc. 9a) Bcerma IpeCcTaBICHBI
COBMECTHBIMH CPACTaHUSIMH CO IIIUHENbIO 0e3 Xa-
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Puc. 8. 3axonomepnast (Ilm) u npoussonbHas (Ilm1) opueHTHPOBKA MTACTUHOK WIIBMEHHTA MO OTHOIICHUIO K IPAHSIM
KPUCTAJUIOB MarHETHTA: a — OTPAXKEHHBIN CBET C AHAIM3AaTOPOM, O — OTPayKEHHBIH CBET.
Fig. 8. Regular (Ilm) and random (Ilm1) orientation of ilmenite plates relatively to the faces of magnetite crystals: reflected

light with (a) and without (0) analyzer.

100 pm

Puc. 9. 3akoHOMEPHO OPUEHTHPOBAHHBIE BHIZIETICHHS WIIbMEHHUTA B CPACTaHUH CO IITMHEIBIO 110 OTHOIICHNIO K BMEIIAl0-
IIeMy KPHUCTAJUTy MarHeTHTa: a — OTpakeHHbIH cBeT; 0 — BSE-doro.
Fig. 9. Regularly oriented ilmenite grains intergrown with spinel relatively to the host magnetite crystal: a —reflected light;

6 — BSE-image.

PaKTepHOTO JJIsl CTPYKTYP pacmaja TBEpAOro pacTBopa
BBIKJIMHUBAHUS Pa3HOOPUCHTHPOBAHHBIX TLIACTUHOK
WIBMEHHUTA B 00JIACTH UX cOuIeHeHus (puc. 90).
WnbeMeHuT B 3THX cpacTaHusx ofOorameH Mn
(2.45-6.63 Mmac. %), mpuUMecCh KOTOPOTO HE YCTaHOB-
JIeHa BO BMeNlamineM MarHerure. HeGonbiioi pas-
Mep (TepBble MUKPOMETPbI) BBIIEICHUN IIMUHEIN
HE TO3BOJIET TOYHO ONPENETUTh €€ COCTaB B CBSI3U
C BIIMSHUEM Ha PE3YNIbTaThl aHAIN3a WIbMEHHUTA. DTO
OTYETIIMBO MPOSBIAETCA B MPONOPIMOHAIBHOM POCTE
conepxanuii TiO, 1 MnO B 1mInuHENH, OJJHAKO aHA-
TU3bl ee HamboJee KPYIHBIX BBIACICHUH pazMepoM
1o 6-10 MM niepecunThiBatoTcs Ha Gopmyay (Mgoes
FeZ+ol34)1.()0(A|1A99Fe3+()‘()1)2‘0004, COOTBETCTBYIOLIYIO ILJIC-

oHacty. [11acTUHKN MIBMEHUTA MOTYT PacIoyaraThCs
HE TOJBKO B Ipeesiax MOHOKPHCTAIJIOB MarHeTUTa,
HO M, COXPaHsisi OPUCHTUPOBKY, YACTHYHO MPOHUKATH
B CMEKHBIC 3€pHa MarHeTuTa ¢ JPYroil KpucTainye-
CKOM opueHTUpoBKOl. [lepeceuenne miacTUHYATBIMU
KpHCTa/LIaMi WJIBMEHUTA TPaHUIl Pa3HOOPUEHTUPO-
BaHHBIX 3€pPEH MarHeTuTa (PUKCUPYETCs TaKkKe METO-
oM jaudpakiuu  00paTHO-PACCESIHHBIX 3JICKTPOHOB
(puc. 10).

B npyrom ofpasie Takke HaOMIOIAIOCh Iepe-
CeueHHe TPAHUI] Pa3InYHO OPUEHTHUPOBAHHBIX 3€pPEH
MarHeTuTa IUIACTHHYATHIMH KPHCTAIJIAMUA HMJIbMEHU-
Ta. B3anmMHas opueHTHpOBKa 3€pEeH MarHeTHTa ycra-
HOBJICHA M0 TJIACTUHYATHIM BBLICICHUSM IIITHHEIH
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Puc. 10. Tlepecedenne mIacTHHYATHIMU KPUCTAJUIAMU MJIBMEHNTA TPAHUL] PA3HOOPUEHTHPOBAHHBIX 3€PEH MarHeTHTa: a —
Jdpakiys 00paTHO-PACCESTHHBIX AJIEKTPOHOB; O — OTPa)KCHHBII CBET.
Fig. 10. Intersection of variously oriented magnetite grains by lamellar ilmenite crystals: a — electron back-scattered

diffraction; 6 — reflected light.

Puc. 11. HepecequI/Ie IIAaCTUHYATBIMH KpHUCTAJJIaMU WJIIbMCHUTA T'PAaHUIbI PaSHOOPHUCHTUPOBAHHBIX KPHUCTAJJIOB MarHe-

tiTa 1 u 2.

KpacHble u skenThie JIMHAKM — B3aUMHAsi OPHEHTUPOBKA IIIMTHHENIEBBIX TUIACTHHOK pachajia B KpUCTaiax Marderura 1 u 2,
cootBeTcTBeHHO. BSE-oTO (a, B), OTpaXKeHHBI CBET ¢ aHAIH3aTOpOoM (0).

Fig. 11. Intersection of variously oriented magnetite crystals 1 and 2 by lamellar ilmenite crystals.

Red and yellow lines, mutual orientation of spinel exsolution plates in magnetite crystals 1 and 2, respectively. BSE-images

(a, B), reflected light with analyzer (6).

B CMEXHBIX 3epHax. Cucrema MJIacTUHOK LINUHENH,
OPHEHTHPOBaHHAS TOJl OCTPHIM YITIOM K KpHCTaJlIaM
nnpMernTa (puc. 11a, 0), B 3epHax maraeruta | u 2
MTOYTH TIapajliebHa, OTIHYasch Ha 1-2°, a pacronoxe-
HUE TUIACTHHOK LINMTUHEIN BTOPOH CHCTEMBI, OTIINYaeT-
cs1 B 3epHax MarHetuta 1 u 2 Ha 16—17°. OpueHTHpoB-
Ka cileia OT KPUCTAJIOB MIBMEHUTA Ha TIOBEPXHOCTH
aHnITM(a B 000MX 3epHAX MarHeTUTA COBIA/IACT, XOTS
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IIpY BBEJICHHOM aHAJIM3aTOpe HAOMIOOAeTCsl pa3InyHOe
[OracaHne KpUCTAIIOB UIbMEHUTA B CMEXKHBIX 3epHAX
MarHeTHTa, YTO YKa3bIBACT HA UX Pa3JIMUHYyI0 00beM-
HYIO0 OPHEHTHPOBKY (puc. 11B). AHammM3 OpuEeHTHPOB-
KM CMEXHBIX KPUCTAJUIOB MarHeTUTa CBUIETEIILCTBYET
0 3aKOHOMEpHOM HUX cpacTtaHuil. Ha 310 ykasbiBaeT u
TO, YTO HANpaBJICHUs B3aUMHOM OPHEHTHPOBKH IUIA-
CTMHOK IIITMHEH, BO3HUKIIEH B pe3ylbTaTe pacrana
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Puc. 12. Pa3Has NO3UIMSA U OPHEHTHPOBKA MIBMEHHUTA 110 OTHOILIECHHIO K BMEIIAIOIINM MUHEpajaM: a — Ha KOHTAKTe JIByX
Pa3sHOOPHEHTHPOBAHHBIX 3€pEH MarHeTHTa; O — Ha KOHTaKTe aM(uboIa M MarHeTHTa; B — 3epHa COBMECTHO C MarHETHUTOM;
I' — [apajulesibHas OPUEHTUPOBKA IUTACTHHYATHIX JBOWHHUKOB B HIIbMEHUTE M IUTACTHHOK PAcIajia IIITMHEIN B CMEKHOM 3epHE
MAarHeTHTa; [, € — apajulelibHas OPHEHTHPOBKA IBOHHUKOB B Pa3JIMYHbIX 36pHAX WIBMEHHUTA () U TEMOMIBMEHHUTA (€).

KpacHble TMHUM OAYEPKUBAIOT COBIIAJICHHE OPHEHTHPOBKY PACCMATPHUBAEMBIX JIMHEHHBIX JIEMEHTOB B CMEXKHBIX MUHE-
panmax. OTpakeHHBII CBET C aHAIM3ATOPOM (a, T, 1, €) u 6e3 (B); BSE-oto (0).

Fig. 12. Different position and orientation of ilmenite relatively to host minerals: a — at the contact of two variously oriented
magnetite grains; 6 — at the contact of amphibole and magnetite; B — grains together with magnetite; r — parallel orientation of
lamellar twins in ilmenite and spinel exsolution plates in adjacent magnetite grain; 11, e — parallel orientation of twins in various

grains of ilmenite (1) and hemoilmenite (e).

Red lines highlight the coincident orientation of linear elements in adjacent minerals. Reflected light with (a, 1, 1, €) and

without (B) analizer; BSE-image (0).

TBEPJIOTO pacTBOpa, B 3epHe 1 mocie nmoBopora Ha 81°
MOJIHOCTHIO COBMA/IET C OPUEHTUPOBKOW aHAIOTHYHBIX
HampaBieHuid B 3epHe 2 (puc. 11B). IIpupoma 3toro
3aKOHOMEPHOTO CPAcTaHWsl NIOKa HE YCTaHOBIICHA, HO
(akT ero CyIiecTBOBaHUS IPEICTABIIICTCS BaXKHBIM
JUTSL aHaJIM3a CPacTaHWi PyIHBIX MHUHEPaJIoB B aM(u-
0osoBBIX Ta00po. Bo Bcex cnyyasx nepecedeHuit Kpu-
CTaJulaMy WJIbMEHUTA I'PaHUL] CMEKHBIX 3€PEH MarHe-
TUTa IUIACTUHYATBIC KPUCTAJUILI WMJIBMCHHUTA IIPUYPO-
YCHBI NPEMMYIICCTBCHHO K OAHOMY 3€pHY MarHetura ¢
HE3HAYUTCJIbHBIM ITPOHUKHOBCHUEM B CMCIKHBIC 3€pHA
Mar”HeTura.

Berpedaroresi Takke YaCTHYHO OTPAHEHHBIC KpPH-
CTaJIJIbl WJIbMCHUTA, CCKYIIUE MEK3CPHOBBLIC I'DAHHIILI
MarHeTUTOBBIX arperaroB, B KOTOPBIX pa3iu4yHas OpPUCH-
THPOBKA CMEKHBIX 3€PeH MarHeTUTa OTYETIINBO YCTaHaB-
JIMBACTCA IO OPUCHTUPOBKE B HUX IUIACTUHOK I'€MaruTa,
BO3HHKIIMX B MpoIiecce MapTUTH3aIuu (puc. 12a).

Ha6monanuce 6onee kpymnubie (1o 100 Mxm u 00-
Hee) IJTaCTUHYAThIC BBIACICHUA WJIBMCHUTA B MArHe-

TUTE, KOTOPbIE TaKke 3aKOHOMEPHO OPHEHTHPOBAHBI
OTHOCHUTENIFHO €r0 KPUCTAIIMUECKOW CTPYKTYPBI, YTO
YCTaHABJIUBAeTCS IO MapajuleIbHOW OPHEHTHPOBKE
CJIEZIOB BBIXOa Ha TUIOCKOCTH aHNUM(a IMjacTHHYA-
TBIX BPOCTKOB HINMHWHEIM B MarHeTUTE U TpaHel Wilb-
MeHuTa. Kpucranisl nibMeHUTa 9acTo MPUYPOUEHBI K
rpaHUIlaM MarHeTUTa C CHJIMKAaTaMU, U B 3TOM Cllydae
OHHU O0BIYHO KCEHOMOP(HBI IO OTHOIIEHHIO K CHIIUKA-
TaMm ¥ UIMOMOPQHBI 10 OTHOIICHUIO K MATHETUTY (pHC.
126). PacnpocTpaHeHbl OT/IENbHbIE KPYIMHBIE H30Me-
TPUYHBIE 3€pHA WIBMEHHUTA C pa3MEPOM WHAUBHJIOB JI0
1 MM, oOpa3yrolue 3epHUCTBIC arperarbl ¢ OJU3KH-
MU TI0 pa3Mepy MHAMBHJIAMHU MarHeTtuta (puc. 12B).
Wnorna B 3epHax WIbMEHUTa HaOMIONAIOTCS TOHKHE
JIBOMHUKOBBIC CyOMHAMBHUABI. OTMEUaeTCs WX Tapa-
JIJIbHOE TTOJIOKEHNE B HE KOHTAKTHPYIOUINX HIIbMEHH-
TOBBIX 3epHax (puc. 121, €), 4To MO3BOJIAET MPEATIOIO-
JKUTh UX COIVIACOBAaHHYIO OPHUEHTHUPOBKY. Bo3MokHO,
9TO CBSI3aHO C TEM, YTO B 00bEME OHHU MPEICTABISIOT
co0O¥ eMHBIM WHAUBHJ CJI0XKHOH MOP(OIOruu, O-

MUHEPAJIOTUSI/MINERALOGY 8(4) 2022
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Tabnuya 3
XUMUYECKHI COCTAB PA3THIHBIX CTPYKTYPHO-MOP(}OTOrHYeCKHX THIIOB HILMEHUTA, Mac. %
Table 3
Chemical composition of ilmenite of various structural and morphological types, wt. %
KonmyecTBo KaTHOHOB B
Tun nnsMeHnTa TiO, MgO Al,O3 MnO FeOom SMITUPHIECKON PopmyIte
TiO; FeO+MnO+MgO
ITnactune co | 40.69-54.98 | 0.00-7.50 | 0.00-1.25 | 3.43-8.61 | 34.95-49.48 | 0.86-1.16 1.08
muHensio (28) 51.84 - 0.20 5.98 41.38
OnMHOYHBIE 50.74-52.61 | 0.00-1.97 | 0.00-0.12 | 2.70-6.86 | 40.51-41.89 | 1.05-1.14 1.09
niacTuHb! (7) 51.48 0.93 0.09 4.89 4137
Wzomerpuunbie | 47.16-51.96 | 0.00-3.58 0.00 1.81-6.49 | 41.86-48.89 | 0.96-1.08 0.99
sepra (7) 49.67 1.94 - 3.30 45.00

prweqayue. B cko0Okax YKa3aHO KOJIMYECTBO aHAJIN30B, B YHUCIUTEIIC — AUATIa30H 3Ha‘IeHHﬁ, B 3HAMCHATCJIC —

MOJAJIBHOC 3HAYCHHUC.

Note. The number of analyses is given in parentheses; nominator — a range of values, denominator — the modal value.

HaKo HaONoIaeTcs OmpenesieHHas COINIaCOBAaHHOCTD
WIBMEHHUTOBBIX 3€pEeH M C MHIMBHIAMH BMEILAIOIINX
MX MarHeTHTOBBIX arperaroB. Hanpuwmep, ogHo u3 Ha-
NPaBICHUH OpPUEHTUPOBKU JIBOMHUKOBBIX CyOWH[IH-
BUJIOB B MJIbMEHUTE COBMAJAcT C JIMHEHHONH OPHUEHTH-
POBKOH IIACTHHYATHIX BBIACICHUN MIMUHEIN B CMEXK-
HOM 3epHe MmarHetuta (puc. 12r). D10 HaOmoneHue
HE €AMHUYHO M MOKHO MpEAIojararh CyIeCTBOBa-
HHUE 3aKOHOMEPHOCTH OPHUEHTHPOBKHA OTHOCHTEIIEHO
CTPYKTYPBl MarHeTuTa He TOJIBKO THIIMYHBIX TJIACTHUH-
YaThIX BPOCTKOB, HO M 3€pPHHUCTBIX BBIACICHUN HIIbMe-
HUTA.

U3 Bcero pazHooOpasust MOKHO BBIACIUTE TPH OC-
HOBHBIX MOP(OJIOTHYECKH TUIIA WIBMEHHTA: TJIACTHUH-
YaTble KPUCTAJUIBl C BPOCTKAMH LINUHEIH B MarHETH-
T€, OOUHOYHBIC MJIACTUHBI B OTACIBHBIX KPHUCTAILIAX
MarHeTuTa, M30METPUYHbIC WHIMBHUABI B 3€PHHUCTBIX
WIBMEHHUT-MarHETUTOBBIX arperarax.

XUMHYECKUH COCTaB WIBMEHHUTA Pa3HbIX MOP(O-
JIOTHYECKUX THUIIOB CTaOWJIEH M HE MMEET 3aMETHBIX
omunil (Tadn. 3). MOXHO OTMETHTH TOJIBKO HOHH-
JKeHHbIE copepkanus MnO B M30METpPHYHBIX WHIAU-
BUJAX 3EPHUCTOTO MJIBMEHHTAa M Hamboiee OnM3KHe
K CTEXHOMETPUYECKOMY COCTaBy COOTHOLICHHUSI B HEM
TiO; k cymMe IByXBaJICHTHBIX KATHOHOB; B OCTaJIbHBIX
TUIAX WIbMEHHUTA 3TH OTHOILEHHS HECKOJIBKO BbIIIE 1.

WnanBuabl WIbMEHHUTA B PA3IMYHON CTETICHU 3a-
MEILEHBI arperaraMid BTOPUYHBIX MHUHEPAJIOB, MpE-
CTaBJICHHBIX PYTHJIOM, TUTAHUTOM, I'€MOMJIbMEHUTOM
(puc. 13, Tabn. 4). Bropu4Hble n3MEHEHUS HIIbMEHUTA
HauOoJjee MOJHO MPOSIBJICHbI B TPELIMHOBATOM Mar-
HETHUTE, KOTOPbIA 4acTO BCTPEYAETCsl B aCCOLMALIUU C
CyNb(UIHBIMU MUHEpPAJIAMH.

MUMHEPAJIOTVISI/MINERALOGY 8(4) 2022

HInuHenpb SBISETCS TPETHUM 110 PaclpoCTpaHeH-
HOCTH MUHEPAJIOM B pacCMaTpHBaEMOM IapareHe3uce.
Ona BcTpeuaeTcs TOJBKO B BUJAE BKIIOYEHUH B Mar-
HeTuTe. MOXXHO BBIJENTUTH HECKOJBKO CTPYKTYPHO-
MOP(OIOTHYECKUX THUIIOB MIMWHENIH: IUIACTHHYATHIC,
CKEJICTHBIC U U30METPUYHBIC BBIJCICHUS Pa3MEPOM OT
NEPBBIX J0 JIECITKOB MHUKPOMETPOB; MEKKPHCTAIIIH-
YecKre MIUOMOP(HBIE YacTO 30HAJbHBIC BBIJCICHHS
pasmepom 10 50—100 MKM MO rpaHUIIAaM HHIUBHUIIOB
MarHeTuTa Wid WIbMEHUTA; TECHbIC CPACTaHUs C IJia-
CTHHYATBIM WJIBMEHUTOM; KPUCTAILIBI, IPHYPOUYCHHBIC
K TPaHHMLAM MarHeTHTa C CUIIMKaTaMy U CyJIb(QHIaMH.

Haubonee pacmpocTpaHeHbl 3aKOHOMEPHO OpH-
CHTHUPOBAHHBIC BBIACICHUS IIIHHEIA B MAarHeTHTE,
KOTOpbIE OOBIYHO PACCMATPUBAIOTCA KaK CTPYKTYpBI
pacmiazia TBepAbIX pacTBopoB (puc. 14). Habmonanucs
TUIACTHHYATHIC BBIACICHUS ILIIHHEIN, OPUEHTHPOBAH-
Hele mo {100} marHetuTa, M3OMETPHUYHBIC BPOCTKH
YaCTUYHO OTPAaHEHHBIX OKTadIPHUYECKUX KPHCTAIIIOB
(puc. 14a) u ckeneTHble KpUCTAJUIBI B BHOE pedep-
HBIX GopMm 1o {111} (puc. 146). HeGomnpbune (nepsoie
MHUKPOMETPbI) pa3Mepbl KPUCTAJUIOB LIMHUHENIN HE T10-
3BOJISIFOT TOYHO OXapakTepu3oBaTh ee coctas. llo pe-
3yJbTaTaM aHalIM30B HanboJiee KPYMHBIX BBIICICHUI
CpeaM HHX IpeolnagaeT IMJICOHACT C OTHOLICHHEM
Mg/Al 1.5-2.1 u npumecamu ZnO ~1.5 mac. % u MnO
10 0.67 mac. %.

Bornee kpynHble BbIACICHUS IIITMHEIN IPUYpPOUE-
HBl K TPaHHULIAM 3€PEH MarHeTUTa B MOJMTOHAJIBHBIX
arperarax, KOTOpble OOBIYHO MNPSIMOJIMHEHHBI (pHC.
15a), HO pacmpocTpaHeHAa W MEXKpUCTAJUIMYecKast
LIMUHENb, MPUYPOUYCHHAsT K IOBEPXHOCTSIM, HMEIO-
MM B IUIOCKOCTH aHUUIM(a OKpyIJIble OuepTaHMs
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Puc. 13. IHauBuabI HIBMEHUTA, 3aMEIICHHBIC BTOPHYHBIMUA MUHEPAJIAMH: a — OTpa)KeHHbIH cBeT; 0 — BSE-doto.
Fig. 13. llmenite replaced by secondary minerals: a — reflected light; 6 — BSE-image.

Puc. 14. ITnactuaku mmuHed 10 {100} u cKkeneTHRIE KPUCTAIIIBI IIMMHENH 1Mo {111} B MarseTuTe, BO3HUKIIINE B PE3yIThb-

TaTe pacmaja TBepaoro pacreopa: a — BSE-doto; 6 — oTpakeHHBII CBET.

Fig. 14. Exsolution spinel lamellas along {100} and skeletal spinel crystals along {111} in magnetite: a — BSE-image; (6) —

reflected light.

XuMHUYECKH cOCTaB BTOPUYHBLIX MUHEPAJIOB M0 WJIBMEHUTY, Mac. %

Chemical composition of secondary minerals after ilmenite, wt. %

Ne Toukn MgO | AlLO; | SiO, | CaO | TiO; | MnO | FeOupum
419, UnpMeHUT - - 1.92 1.77 | 54.37 | 1048 | 38.15
420, 'emomIbMEHUT - 032 | 3.05 | 2.54 | 25.78 | 1.65 67.97
421, UnpMeHuT 0.09 | 024 | 193 | 2.01 | 53.60 | 11.04 | 37.53
422, TutaHut 0.42 0.54 | 27.79 | 2599 | 41.92 | 0.76 5.10
423, Pytun (neiikokcen) | 0.15 0.30 | 2.32 | 3.44 | 94.73 - 2.61
425, Pytun (neiikokcen) | 0.30 | 0.33 | 3.88 | 4.20 | 95.81 - 1.82
428, Pytun (1eKoKCeH) - 0.64 | 593 | 591 | 90.38 - 2.12

Ipumeuanue. Homepa aHATUTHYIECKUX TOYEK COBIATAIOT C HOMepaMu Ha puc. 136.
Note. Numbers of analytical points coincide with those in Fig. 136.

Tabnuya 4

Table 4

MUHEPAJIOTUSI/MINERALOGY 8(4) 2022
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Puc. 15. MexXKpUCTAIIIMYECKUE BBLACICHNS IIMUHENN: a — [0 IPSIMOJMHEUHBIM I'paHHULIaM B MOJIMTOHAJIBHBIX arperarax
Mar"eTnTa; 0 — 1o OKPYIIOH TPaHUIIE MEX/IY pa3IMIHO OPHEHTHPOBAHHBIMU 36PHAMI MAarHETUTA; B — BHYTPEHHHE peIeKch
B IIPO3PavHBIX KPUCTA/UIAX [IITUHENH; T — 30HAJIbHOE CTPOSHNE KPHUCTAIIIOB IITHHEIH.

OTpaxeHHBIN cBET (a, 0), OTpakeHHBIN CBET ¢ aHanu3atopoM (B), BSE-doto (T).

Fig. 15. Interstitial spinel: a — along straight boundaries in polygonal magnetite aggregates; 6 — along the rounded boundary
between variously oriented magnetite grains; B — internal reflexes in transparent spinel crystals; r — zoned spinel crystals.

Reflected light (a, ), reflected light with analyzer (8), BSE-image (T).

(puc. 156). Dra mmuHeNb Mpo3padHa U B OTPAKEHHOM
CBETE MPOSBIISECT OTYETIMBBIC I0JyOOBATO-3€JICHBIC
pedutekcer (puc. 158). B 00paTHO-OTpaXeHHBIX AJIeK-
TPOHAX BBIBISICTCS 30HAJIBHOCTH KPUCTAJUIOB (PHUC.
15r), B KOTOPBIX CBETJIBIC 30HBI OTIMYAIOTCS] MOBBI-
LIEHHBIM copepkanueM Ti mpu cHuXeHuH noiaun Mg,
Al 1 Zn 1o cpaBHEHUIO ¢ TEMHBIMH 30HaMU (TalIm. 5).
Mesk3epHOBast LINMHEIb OTHOCUTCS K IUIEOHACTY C CO-
otnomenuem MgO/FeO, Baprupyromum ot 0.66 B Ti-
coziepxarux pazHoctsax 10 1.12 B pazHoctsx 6e3 Ti.

Wnorga nHaOmrogaercss 3aKOHOMEpHash OPHUEHTH-
POBKa OTHEIBbHBIX MPSIMOJMHEHHBIX IPaHEH KpucTai-
JIOB MEX3EPHOBOH IINMMHEIN OTHOCUTEIHHO BMeIla-
IOLIMX KPUCTAJJIOB MAarHeTUTa, YTO YCTAHOBJIEHO IO
UX MapajjiebHOH OPUEHTHPOBKE OTHOCUTEJIBHO ILIa-
CTHH IINUHEIN, 00pa30BaBILUXCS B pe3ylbTare pac-
nazia TBEp0ro pacTBOpa B CMEXKHbBIX WHAWBUAAX Mar-
HETHUTA.

MUHEPAJIOTVISI/MINERALOGY 8(4) 2022

HIupoko pacnpocTpaHeHbl BBIACICHUS LIMHUHEIN
B CPacTaHUM C IUIACTUHYATBIMU KPUCTAJIAMH HIIbMe-
Huta (puc. 8, 10, 16a). I1. Pammop, paccmarpuBas ana-
JIOTMYHbIE [INTUHEIb-UIbMEHUTOBBIC CPACTAHUS, OTME-
yaer, 4To «...llInuHeb moYTy Bo BCeX mapareHe3ncax
uaroMophHa WIM NpPEACTaBlICHA METaKpUCTAJUIAMHU.
HVckinroueHnem U3 3Toro npaBuiia SBJSIFOTCS JIUILIb TOH-
KHe TeJblia pacnaja 1o rpaHiiaM UiIbMEHUTOBBIX I1J1a-
CTHHOK B MarHerute...» (Pammop, 1962, c. 871-872,
¢ur. 528). B.A. IlomoB, cchutasich Ha Ty ke oTorpa-
¢uto 3 monorpaduu I1. Pammopa, nums mobasiser,
YTO 3TO pacraj ¢ HOCIEAYIOMIEH YaCTUYHON epeKpuc-
TajM3anreil ¢ pasgeneHueM Ha vactu.B mocnenyto-
mmx myonukanuax (berextun u ap., 1958, 1964; Cu-
MaHEHKO 1 J1p., 2012) aTa HHTEpIIpeTanns IPUHUMAECT-
csi 0e3 IOINOJIHUTENBHBIX HcciaeqoBaHuid. CHMaHEHKO
u ap. (2012) ormedaer, uto 000co0IeHIE KOMITOHEHTA
(B IaHHOM cilydae LIIHMHENHN), BHINAAAIOUIEro U3 pac-
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Tabnuya 5
XHUMHYeCKHI COCTAB 30HATBHBIX KPUCTAJIOB IINUHeTU (Mac. %)
Table 5
Chemical composition of zoned spinel crystals (wt. %)
Tolzﬁcn MgO | Al,Os | TiO; | MNO | FeOuew | ZNO [MgO/FeO|Cymma OMmupudeckas hopmyia
Caerabie 30861 HA BSE-u300pakeHnn
390 | 12.43 | 61.49 | 8.05 - 18.16 | 1.73 0.68  |101.88|(Mgo.49Fe* 32 Ti0.16ZN0.03)1.00(Al1.02F€>0.08)2.0004.00
391 | 12.04 | 60.78 | 8.68 - 18.00 | 1.77 0.67 |101.27|(Mgo.sFe* 031 Tio.17ZN0.04)1.00(Al1 01F€370.09)2.0004.00
393 | 14.23 | 62.95 | 5.54 - 18.13 | 2.34 0.78  1103.20|(MQgo.ssF€>*030 Ti0.11ZN0.05)1.00(Al1 01F€3%0.09)2.0004.00
Temuble 30Hb1 Ha BSE-n300pakeHuu
392 | 17.00 | 66.31 - 0.40 | 17.52 | 3.14 0.97  |104.37| (Mgo.s:F€*"030ZN0.0sMNo01)1.00(Al 04F€%70.06)2.0004.00
394 16.67 | 63.44 — — 16.95 2.92 0.98 99.99 (Mgo,();;l:eyojozno,o())1,00(A|1,93Fe3+o,07)2.0004,00

Ilpumeuanue. Homepa aHaIUTHYECKUX TOUEK COOTBETCTBYIOT TAKOBBIM Ha pHc. 15T
Note. Numbers of analytical points correspond to those in Fig. 15t.

Tabnuya 6
CocTraB HINHHEIH HIbMEHUT-IINUHEIb-MATHETUTOBBIX CpacTaHuii, mac. %
Table 6
Composition of spinel from ilmenite-spinel-magnetite intergrowths, wt. %
TOJE(H MgO | AlLO; | TiO; | MnO | FeOusw | ZNO [MgO/FeO IMnupuyeckas popmyJia

Ipumeuanue. Homepa aHATUTHYECKUX TOUEK COOTBETCTBYIOT TAKOBBIM Ha pHC. 160.
Note. Numbers of analytical points correspond to those in Fig. 166.

TBOpa B TBEPJIOM COCTOSHHH BJIONb TPAHHIl MEKITY
3epHaMH BMEIIAIOIIET0 MUHepaa, SBJSeTCs NajJbHen-
el cTajiuei SBOJIOIMH paciaaa TBEPJIBIX paCTBOPOB.
[IpennonaraeTcs, 4To pH pacmajae TBEPAOTO PacTBoOpa
W3 MarHeTHTa BBIJENSAETCS MITHHENb, UCTIONb3YoNIast
TpaHHMIly WHIMBHJIOB MIIbMCHUTA U MarHeTuTa Kak OJa-
TONPHUATHYIO 00JIacTh I TETEPOTCHHOTO 3aPOXKICHUS
¥ TOCTIEAYIONMEro pocTa B TU(PPY3HOHHOM pPEKUME.
ITpu >TOM He yUYHMTHIBaeTCS BayKHas OCOOCHHOCTH Ta-
KHX CPacTaHWU: BBIIEICHU IIMTUHEIN MPUYPOICHBI HE
TOJIBKO K TPaHHIIAM WIIBMEHHWTA W MarHeTuTa, HO OHU
B OOJIBIIIOM KOJTMYECTBE MPUCYTCTBYIOT U BHYTPH ILIa-
CTUHYATHIX KPUCTAILTOB WibMeHuTa (puc. 16a). Crneno-
BaTeNIbHO, HEOOXOIMMO MPEIOI0KHUTD, YTO Ha IEPBOM
JTare MPONCXOIUT paciaj] TBEPIOTO pacTBOpa MarHe-
TUTA C BBIJICJICHHEM TUIACTUHYATBIX KPHCTAIIIOB WIIb-
MEHUTa, COJEPIKAIIET0o 3HAYUTEbHbIEe KoJrmdecTBa Mg
1 Al, KOTOpBII TOTOM pacragaercs Ha WIBMEHUTOBYIO
W IIIHHENEBYI0 (a3bl. Pe3ynbrarsl MHKPO30HIOBBIX
aHAIM30B MJIBMEHUTA U3 TaKUX CPACTAHWH MOKa3aHBI
B Tabm. 3, a mmmHen — B Taba. 6. C yueToM OMU3KHIX
COOTHOIICHWH WJIHPMEHHWTOBOM W IIMHUHEIEBOH (a3 B
TaKUX CPACTaHMSX, UCXOAHBIA WILMEHHT JOJKEH CO-
nepkarb okoso 30 mac. % AlOs. Onucanue WibMEHH-
Ta TAaKOTO COCTaBa HAM HAWTH HE YIal0Ch.
OcoOeHHOCTH CpacTaHWs arperaroB INMUHENN U
WIBMEHUTA CBUICTEIBCTBYET 00 MX OOpa3oBaHUU B

pe3ynbeTare coBMecTHOTo pocta (puc. 160). 910 MOX-
HO MPOCJIEANTH Ha Ooliee KPYMHBIX KPUCTAIUIAX HITh-
MEHHTA, Ha KOTOpbHIC IIHMHEIb HApacTaeT MO I'paHH
MrHaKouaa u pomOosapa wibMennta (puc. 16T). Ha
rpaHH MWHAKOHWJA WIIBMEHUTA, CKOPOCTh POCTa KOTO-
pol HIXKe, YeM y TpaHu pomM0Oo03pa, HIMUHEIb MPo-
HUKaeT 3a Mpejeibl KpUcTaaia WIbMEHUTa B MarHe-
tut (puc. 16m). Ha rpanu pomOo3apa cKopocTu po-
CTa WIBMEHHUTA W IMUHEIH MPUOIU3UTEIBHO PABHBI
W MUHepajsl 00pa3yloT OOIIyI0 TMOBEPXHOCTh T'PaHU
(puc. 161). O6pazoBaHne MarHETUT-MIIEMEHUT-IITTHHE-
JIEBBIX CPACTAHWH CJIOKHO OOBSICHUTH HA OCHOBE MeXa-
HU3Ma pacriajia TBepJIoro PacTBOpa, HO OHU BITOJHE pe-
AJBHBI TIPU COBMECTHOM POCTE MINMWHENU U HIIbMEHUTA
pu KpucTaum3anuu 6oraroro Fe u P pacnnasa, anasno-
THYHOTO M3y4eHHOMY 3KcrnepumenTtainsHo (Hou et al.,
2018).

[Inmuens npejcTaBlieHa MICOHACTOM ¢ OTHOIIICHHEM
MgO/FeO 6mm3knM k enuamte (Tadm. 6). [Ipodwums gepes
WIEMEHUT-IIITHETh-MAarHETUTOBEIN arperar (puc. 16a)
CBHJICTEITLCTBYET O CTAOMIBHOCTH COCTaBa IINITUHEIH
TPH TIEpEXoie M3 WIIbMEHUTA B MArHETHT C HE3HAYUTEITb-
HBIM yBennueHreM B Hell nomu Fe n Ti B morpanndHoi
obiacti. B WIBMEHUT-IINMHEIICBBIX CPACTAHMUSX IIITH-
HEJTb 9acTO COMECP)KUT BBICOKHE KOHIEHTpanuu ZnO (10
12.4 mac. %), mpu TOM Zn HE YCTAHOBJICH B aCCOIMUPYIO-
UX WIBMEHUTE U MarHeTure (puc. 16B, 1, Tadm. 7).
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Puc. 16. OcobeHHOCTH CpaCTaHHM MIMWHEIN W HIBMCHHTA B MATHETHTE: @ — WIBMEHUT C BKIFOUCHUSIMH ILITHHENH, PACIIO-
JIO)KCHHBIMH BO BHYTPEHHHUX YacTsIX U Ha Iepr(EPHH ITACTHHIATOTO KPUCTAILTa HIIBMEHHUTA, U IIPOQHIIb XapaKTep N3MEHEHHUSI
COCTaBa COCYIIECTBYIOIINX MUHEPAJIOB; O — CpacTaHKe MIBMEHHUTA M IIIMHEIIH; B — OO (DPOHT KPUCTATUIN3ALNH [IITTHHEITH
Y WIBMEHHUTA B MMHPAMHUJE POCTa POMOO0IIpa MIBMEHNTA; T — [MMHAKOUJAIBHBIA KPUCTAUT WIBMEHUTA C BPOCTKAMH LIITHHEIIH
10 neprGepun; 1 — ONEPEIKAOLIHI POCT LIMMHEIN B THPAMHU/IE POCTA THHAKOU (A HIIBMCHHTA.

BSE-¢orto (a, 6, B, 1), OTpaxeHHbIH cBeT (T).

Fig. 16. Peculiarities of spinel and ilmenite aggregates in magnetite: a — ilmenite with spinel inclusions located in the
inner parts and at the periphery of a lamellar ilmenite crystal and a profile of varying composition of coexisting minerals; 6 —
intergrowth of ilmenite and spinel; B — general crystallization front of spinel and ilmenite in the growth pyramid of ilmenite
rhombohedron; r— pinacoidal ilmenite crystal with spinel ingrowths at the periphery; 1 — advancing growth of spinel in the
growth pyramid of ilmenite pinacoid.

BSE-images (a, 0, B, n), reflected light ().
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Tabnuya 7
CocTaB MHHEPAJI0B WILMEHUT-IINHHEIb-MATHETUTOBBIX CpacTaHuii, Mac. %
Table 7
Mineral composition of ilmenite-spinel-magnetite intergrowths, wt %

I;I(?Zf:: MgO | ALLO; | TiO; | V203 | MNO | FeOysy | ZNO Omnupudeckas Gopmysia
294, Mt - - 1.07 0.85 — 98.07 — (FeZ+OA97Ti0‘o3)1,oo(Fe}l,97V0,03)2,0004,00
297, IIm 2.01 - 51.23 - 4.14 42.62 - (FeeroAggMno,ogMgoAm)1A04Ti0.9604A00
298, Ilm 2.05 — 51.39 — 4.38 42.18 — (Fe2+0_g7Mno_ogMgo_og)1_04Ti0_9604_00
295, Spn 14.56 56.36 0.70 — — 13.63 14.76 (Mgo,5gzn0,30F62+0,10Ti0,01)1v00(A|1v30Fe3+0_20)2.0004_00
296, Spﬂ 14.74 56.20 2.24 - - 13.63 13.20 (Mgolsgzno.zgl:eﬂo.10Ti0.04)]‘oo(AI].79Fes+0.21)2.0004.00

Ilpumeuanue. Homepa aHaIMTHYECKUX TOUEK COOTBETCTBYIOT TAKOBBIM Ha pHc. 16B, 1.
Note. Numbers of analytical points correspond to those in Figures 168, .
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Puc. 17. lllnuHens, nprypodeHHast K IPaHHLaM MarHeTHTa ¢ APYyrHX MUHEPAJIOB: a — QaHOPTHTOM; O — 30HAJIbHBIM ITUPOKCEH-
aM(1OOI-aHOPTUTOBBIM arperaToMm; B, T, I — XaJbKOIIMPHT-IUT€HUT-OOPHUTOBBIM arperartoM; € — HKJIbMEHHTOM; 5K — allaTHTOM.

BSE-¢orto (a—8, 1, €), oTpakeHHBI! cBET (T). Ap — armatut, Cct — XaabKO3HH, PX — MIPOKCEH.

Fig. 17. Spinel confined to the boundaries of magnetite with other minerals: a — anorthite; 6 — zoned pyroxene-amphibole-
anorthite aggregate; B, T, 1 — chalcopyrite-digenite-bornite aggregate; e — ilmenite; > — apatite.

BSE-images (a—8, 1, ), reflected light (r). Ap — apatite, Cct — chalcocite, Px — pyroxene.
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Tabnuya 8
CocTtaB MuHepaJoB B 06JacTH (a30Boii rPAaHUIbI CHIMKAT-MarHeTHT, Mac. %
Table 8
Composition of mineral at silicate-magnetite phase boundary, wt. %
No Touku Na.,O MgO Al,O3 SiO, CaOo TiO, FeOoom ZnO
285, P1 1.01 - 3491 43.71 18.41 - 1.96 -
286, P1 1.01 — 34.93 43.80 18.29 — 1.97 -
287, Shp 0.80 16.96 64.55 - - - 17.70 -
288, Shp - 17.08 62.04 — — - 15.97 491
651, Px — 13.55 3.28 51.08 24.41 — 7.67 —
652, Amp 2.11 15.02 13.39 44.30 13.21 1.41 10.57 —
653, PI — — 36.26 43.63 20.11 — — —
OMmuprdeckas hopmyina
285, Pl (Cag.91Nag 09)1.04[(Si2.02Al190F€0.08) 2.0008]
286, Pl (Cag.91Nag.09)1.04[ (Si2.02Al1 90F€0.08)2.0008]
287, Shp
288, Shp (MQo.66F€%%025ZN0.09)1.00(Al1 90F€370.00)1.9904
651, Px Cay.95(Mo.75F€0.24Al0.05)1.04[(Si1.91AT0.09)2.0006.00]
652, Amp (NayssCay.14)0.72(Cai.s7 MGo.13)2.00(Ms3.05F€1.26Al0 54 Tio.15)5.00[ (Al1.71Si6.29)5.00022.00] (OH.F)2.00
653, Pl Ca 00[(Si2.02Al 98)2.000s]

Ipumeuanue. HomMepa aHATMTHYECKUX TOUEK COOTBETCTBYIOT TAKOBBIM Ha pHc. 17a, 0.
Note. Numbers of analytical points correspond to those in Figs. 17a, 0.

[Iupoxko pacnpocTpaHeHa IIIHHENb, IPHYPOUYCH-
Has K TpaHUIaM pa3HbIX MHHepajoB. HambGonee xa-
paKkTepHa IIMUHENb, HapacTamomas Ha UAMOMOPQHbIE
KpHCTaJJIbl aHOPTHTA B MarHeTure (puc. 17a, Tabm. 8).
IlnuHens omIMYaeTCsl MO COACPXKAaHUIO Zn, dTO
MOKET OBITh CBSI3aHO C 30HAJBHBIM CTPOCHHEM KpHC-
TaJJIOB.

BrusiBneHs! ciiyyan HapacTaHMs LINHWHENIW Ha 30-
HaJIbHBIE arperaTbl CHJIMKaTOB C MMPOKCEHOM BO BHY-
TPEHHEH 30HE, KOTOPBIH CMEHSETCS K mepudepuu
amduboIoM M jAajnee miarnokiasom (puc. 176, Tabdm.
8). I'paHnLBI Mexny MHHEpallaMH, ClararolUMMH OT-
JeNbHBIC 30HBI, POBHBIE C JMHEHHBIMH (parMeHTaMHu,
COOTBETCTBYIOIMMH TPaHiIM KPHUCTAJIOB. DTH 0OCO-
OCHHOCTH MO3BOJISIIOT MPEAToaraTb 00pa3oBaHue 30-
HAJIBHBIX arperaTtoB B pe3yjbTare Mocae0BaTeIbHOTO
HapacTaHus Ha Oosiee paHHUE MHIUBHIBI HPOKCCHA
nocsuenoBaTe’abHo aMm(puodona 1 IIarnoksiasa.

MecramMy KpUCTaIbl IINMWHEIW HPUYPOUYEHBI K
TpaHUIe MarHeTUTa M arperaroB OOpHUTA, XaJIbKO3HHA
u xanpkormpurta (puc. 178, 1, Tadmn. 9, 10). Arperar cysib-
¢unoB nmeer Kpucramwiorpapuyeckyo Gpopmy, HO €ro
MOJIMMHUHEPATIBHBIA COCTaB MCKIIOYaeT BO3MOXKHOCTD
3axBaTa B BHIE TBEPIOI0 KPUCTAIIIMYECKOTO BKIIIO-
YeHUsI [P POCTe MarHeTuTa. Ero nepBUYHO MOHOMHU-
HepaJbHBIA COCTaB BO3MOKEH, HO B3aMMOOTHOIICHHS
OOpHHTA U XaJIBKO3WHA HE MO3BOJIIOT MX paccMarpu-
BaTh Kak 3aMeIIaloIue Apyr apyra. B kakoil-to mepe
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BO3MOKHO MPEATIOIOKEHUE O BTOPHYHOM Mpupoze (pac-
naJi TBEpPAOTo PacTBOpa MM METACOMAaTHYECKOe 3aMe-
IIEHHE) TOJBKO MEJIKHMX JIMH3 XaJbKOITUPHUTA, KOTOPbIC
NPUYPOYCHBI K KOHTaKTaM OOpPHUTA M XaJbKO3UHA MM
HaXOJSITCSl HEMOCPEACTBEHHO B 3TUX MUHEpaJIax.

Kpucrannsl mmnmuHenw, OpuypouYeHHBIE K 3TOMY
KOHTakTy (puc. 17a, 0, B), pa3BUBaNIMCh NMpEHMYIIe-
CTBEHHO B CTOPOHY MarHeTuTa, HO B3aMMOOTHOILICHHS
MarHeTuTa, IIMHHEIW U cyabpuaos (puc. 171) moxa-
3BIBAIOT HE3HAYUTENBHBIA POCT IITHHEIN U B CTOPOHY
Cynb(UIHOTO BKIIOYEHHs. PaccMOTpeHHBIE B3aUMOOT-
HOULICHHUSI MOYKHO PACCMOTPETh C TIO3ULMH 3apOXKICHHS
KPHCTAJJIOB IINMHEIN Ha TPaHULE IBYX KUAKUX (a3:
paciutaBa 6oratoro Fe u P u cynedpunnoro pacruiaBa
npu mpeoOnagaoneM pocTe ee HHIUBUIOB B CTOPO-
HY MarHeTUTOBOTO PacIuiaBa ¢ MOCJEAYIOUIel TpaHC-
dopmanuell KamjaeBHIHOTO BbIICICHUS CyNTb(OUIAHO-
ro pacmasa B ()OpMy OTPULATENBFHOTO KpHCTasia
B MarHeTHTE MPU KPUCTAJITU3AMH MAaTHETUTOBOM MaT-
PHLIBL.

Kpucrannsl mmnuHeIn 3aKOHOMEPHO OPHEHTHPO-
BaHbI 110 OTHOLLICHHIO K BMELIAIOIIEMY MAarHETHUTY, 4TO
yCTaHaBIMBAETCSl MO MapajielbHOH OpPUEHTUPOBKE
rpaHeil BEpXHEro M HW)KHETro KpHCTalja MIMMHEIN Ha
pucyHKe 171 ¥ COBNAZCHUIO OPHEHTHUPOBKH OOKOBBIX
rpaHeil 3TUX KPUCTAIJIOB IIIHHENIN U TUIACTHHBI WIIb-
MeHuTa B MarHeture (puc. 17r). llnunens oOpasyer-
CSl ¥ HA TPAHUIIE KPUCTAJIIOB WIBMEHHUTA U MarHETUTA
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Puc. 18. IHOIuBUIBI IITMHEH, TIPUYPOYCHHBIE K 30HE POCTa KPHCTA/Ia MATHETHTA: a — OTpakeHHBIH cBeT; 6 — BSE-doto
(cTperka ykasbIBaeT peronaraeMoe HalpaBJIeHHe PocTa KpUcTallla MarHeTHTA); B — KapTa pacrpeeIeHNsl OpPHEHTHPOBOK 110
JaHHBIM IU(PAKIUH 00PAaTHO-PACCESHHBIX JIEKTPOHOB, CBUJICTEILCTBYIOIIAS O SANHONH OPHEHTHPOBKE BKJIFOYCHUH ILITHHEIH
Y BMEILAIOIIET0 KPHCTAIIa MarHETHTA.

Fig. 18. Spinel crystals confined to the growth zone of magnetite crystal: a — reflected light; 6 — BSE-image (arrow indicates
a possible growth direction of the magnetite crystal); B — map of orientation distribution according to electron back-scattered
diffraction indicating a common orientation of spinel inclusions and host magnetite crystal.

Tabnuya 9

Cocras cy1b¢u10B U3 BKIIOYEHUs B MarHeTure, mac. %

Table 9

Composition of sulfide inclusion in magnetite, wt. %

Ne Toukn S Fe

Cu IMnupuyeckas popmyJia

608, Bn 25.60 | 11.60
611, Cct 20.76 -

612, Cep 34.39 | 29.46
613, Cep 33.04 | 29.80
616, Bn 2481 | 12.06

62.80
79.24
36.16
37.16
63.13

CUaosF€1.04S4.00
CU1.93S1.00
CUi.06F€0.9852.00
Cui.13F€1.04S2.00
CuUs.14F€1.12S4.00

Ilpumeuanue. Homepa aHaIMTHYECKUX TOUEK COOTBETCTBYIOT TAaKOBBIM Ha pHc. 17B.
Note. Numbers of analytical points correspond to those in Figure 178.

Tabruya 10

CocrtaB mmuHequ u3 o01actu Ga3oBoil rpaHUNBI CYJIb(HILI-MATHETHT

Table 10

Composition of spinel at sulfide-magnetite phase boundary

Ne Toukn MgO AlLO; | FeOuw | ZnO | MgO/FeO SMnupunyeckas popmyia
609 15.76 64.38 17.05 2.81 0.92 (Mgo.61F€%*034ZN0.05)1.00(Al1.97F€0.03)2.0004.00
614 16.13 62.91 17.69 3.28 0.92 (Mgo.63F€%*031ZN0.06)1.00(Al1.03F€0,07)2.0004.00
615 16.41 64.59 17.06 1.94 0.96 (Mgo.63F€%%033ZN0.04)1.00(Al1.06F€%0.04)2.0004.00
619 16.92 63.94 16.68 2.46 1.01 (Mgo.6sF€%%030ZN0.05)1.00(Al1.04F€0.06)2.0004.00
620 16.65 63.71 16.90 2.75 0.99 (Mdo.64F€%*031ZN0.05)1.00(Al1.94F€%%0.06)2.0004.00

Ipumeuanue. HomMepa aHATUTHIECKUX TOUEK COOTBETCTBYIOT TAKOBBIM Ha puc. 178, 1.
Note. Numbers of analytical points correspond to those in Figs. 178, 1.

(puc. 17x), 9TO CBHIACTEIBCTBYET O OOJIee MO3IHEM 3a-
BEPILICHUHU €€ POCTA M0 CPABHEHHUIO C MIIbMEHHTOM.

B amdubonoBeix radbopo maccuBa CepeOpsiH-
ckuii KaMeHb pacrpocTpaHeH anaTuT, KOTOPbIid 00bI4-
HO BCTpEYaeTcs B BHJIC MAMOMOP(HBIX KPUCTAIIIOB.
B onHOM M3 00pa3loB KpUCTAJUIbI IITTMHETH HaOJH0-
JIANICh HA KOHTAKTe KPUCTAJlIa alaTuTa i MarHeTuTa
(puc. 17x). llnuuens B 1TaHHOM cilydae KCEHOMOp(QHa

M0 OTHOMICHUIO K anaTUuTy U UIUOMOp(QHA 110 OTHOIIIE-
HUIO K MATHETHTY.

Takke BBISIBICHBI KPUCTAJUIBl IIMHHEIH, Tpac-
CUpYIOIIE 30HY POCTa B MOHOKpHCTaJJIe MarHeTUTa
(puc. 18). Ha ocnoBanuum BSE-u3obpaxkenus (puc.
180) ¢ HEOONBIIMM BHUAMMBIM HW3MEHEHUEM SPKOCTH
M0 Pa3HbIe CTOPOHBI OT 30HBI POCTA, MPEANOIaracTcs
HEKOTOPOE TMOBBIIICHUE OTHOCUTEILHOTO COACPIKAHUS
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Fe B MarHeTHTe mocie KpucCTaTU3alMy NIMAHEIH, B
COCTaB KOTOPOI BOIILTH JIETKHE MeMeHTH (Al m Mg).
HccnenoBanue 3TOr0 e y4acTka METOIOM PEHTICHOB-
ckoil mudppakmum (puc. 18B) CBUIACTEIBCTBYET O TOJ-
HOM COBIaJICHUM OPUEHTHUPOBKH HH/IBH/IOB IITHHETH
Y BMEIIAIONIET0 KPUCTAIIA MATHETHTA.

Oo0cyxkaeHue pe3yabTAaTOB U BHIBOABI

JletanpHOE paccMOTpeHHME MAarHeTHT-MIIbMEHUT-
LINUHENEBBIX CPacTaHUl M MX B3aMMOOTHOILICHHH C
aKIIECCOPHBIMU H TIOPOI000Pa3yIOMIMMA CHITHKATaMU
B aM(ub0I0BEIX Ta00po MaccuBa CepebpsHckuit Ka-
MEHb BBISIBHIIO Pl OCOOCHHOCTEH, KOTOpPbIE TTO3BOJIH-
JW YTOYHHUTH CYIIECTBYIOIIME IMPE/CTaBICHUS 00 WX
rere3uce. IBMEHNT W TIMHHETh HAXOMATCS HMCKIIO-
YUTENTFHO B MarHeTUTE, XOTA MIBMEHHUT B Ta00Oponaax
¥ aHOPTO3WTAX YacTO SBISAETCS PAHHUM MHHEPAJoM
W KPHUCTAJUIN3YeTCA J0 CHIMKATOB WM COBMECTHO C
panaumu cumkaramu (Woodruff et al., 2013). [pen-
JOKEHHAsT B JTOH paboTe MOJIENh DBONIOIUH 000-
ramenaslx Fe n Ti madur-ynprpaMadUTOBBIX MarMm
MIPEIoIaraeT JBE BO3MOXKHBIX BETBH MX DBOJIOIHH.
B ycrmoBusx BBICOKO# ()YTHTHBHOCTH KHCIIOpona, 00-
YCIIOBJIEHHOM KOHTaMHWHAIMEH YIbTPAaOCHOBHOM Mar-
MOM CaJIMYECKUX MOPOJ] KOHTUHEHTAIBHOU KOPBI, UJTb-
MEHHUT KPUCTAJUTM3YETCSI KaK OIMH U3 TIEPBBIX JTUKBH-
JTyCHBIX MUHEPAJIOB, OJ1aromapst YeMy OH IIpHoOpeTaeT
OTHOCHUTENFHYIO TOABM)KHOCTH, MO3BOJISIONIYIO €My
TepeMenIaTecs B MarmMe u ()OpMHpPOBATh PyIHbIE KOH-
neHTparuu. [loBermennoe comepskanme Ti M BEICOKUI
OKHUCIIUTENbHBIA TIOTEHIMAN TaKUX MarM OIpeaesiseT
npeobiaanue B pyaax TeMOWJIbMEHNTA, KOTOPIA Xa-
pakTepeH s HauOoyee KPYIMHBIX MECTOPOXKICHUH B
anopro3utax (Charlier et al., 2010). [1pu aU3KO# hyTH-
TUBHOCTH KHCJIOPO/Ia B COOTBETCTBUH C 3TOH MOEIHIO
Ti KOHIIEHTPUPYETCS B MATHETUTOBOM HHTEPKYMYITyC-
HOM pactuiaBe, odoramieHHoM S u P, ¢ mociemyronmm
ero BXOXJEHHWEM B THTaHOMarHetut. OOmiee HHU3KOE
comepkanne TiO, ampud010BBIX TAOOpO MaccuBa Ce-
pebpsackuit Kamens (0.35-1.49 mac. %), moBwIeH-
HOE coiepkaHue B HUX S U P u mpeobnmaganme B HUX
WJIBMEHHWTA TIPY OTPAaHUYCHHOM Pa3BUTHH TeMOMIbME-
HUTA MTO3BOJISIOT MPEATIONaraTh UX SBOIIONNIO B Ooee
BOCCTAaHOBUTEIIbHBIX YCIOBHUSX.

Ccputassicb  Ha  OKCIIEPUMEHTAJbHBIE — PAOOTHI
(Lindsley, 2003) u meTporpaduyueckue HCCICTOBAHMUS,
TIOATBEPIKIAIOIINE PAHHIOI MarMaTHYecKyr0 KpPHCTal-
nu3aruio wibkMeHuTa, JI. Bynpydd c coaBropamu oT-
BepraeT BO3MOKHOCTH COCYIIIECTBOBAHHUS HECMETITNBAe-
MbIX Oorateix Fe-Ti-P pacrraBoB ¢ komrieMeHTapHBI-
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MU CHIMKaTHRIMH pacturaBamu (Woodruff et al., 2013).
J1J1 NITBMEHUTOBBIX @aHOPTO3UTOB, B KOTOPHIX MIIBMEHUT
JIECTBUTEIHHO KPHUCTAIUIM3YETCS OJHUM W3 TIEPBBIX
MUHEPAJIOB, OTO MOHATHO. B MahuT-yIsTpamMapuTOBRIX
pacmaBax, oboramennsix H,O, P u S, kotopsie, cymst o
MITUPOKOMY Pa3BUTHIO TIEpBHYHOTO amdubosa, amarnra
1 cynmbhunaos Cu, ObITH MaTCPUHCKUMU 11T aM(DrO0I0-
BBIX Ta00po MaccuBa Cepebpstackuit KameHnb, HamMu 110-
KazaHbl YOIUTENbHBIE TPU3HAKN JINKBAIIHH.

Hamnbonee naTEpecHBI pe3ynbTaThl H3YUSHHS 0CO-
OEHHOCTEH cpacTaHWs MUHEPAJIOB B MarHETHT-MUIIbMe-
HUT-IIITAHENIEBBIX arperatax aMQpuOOIOBBIX TabOpo
MaccuBa CepeOpstackmii Kamens. OOBIYHO OHHM pac-
CMaTpPUBAIOTCS KaK Pe3yabTaT pacmaja TBEPIAOTO pac-
TBOpa THTAHOMAarHeTUTa W WX IMPeoOpazOBaHHs TpPH
mocieAyroneM MetamopusmMe. B MHOTOUMCIEHHBIX
paboTax oxapaKTepH30BaHBI MOPQOIOTHUECKHUE OCO-
oeanoctn 3tmx cpactanuii (IlIBaptm, 1934; betex-
THH U 1p., 1958, 1964; Pammop, 1962; CumaHeHKO
u np. 2012; Tpopumos, I'omybes, 2008; Woodruff et
al., 2013; Ivanyuk et al., 2017). Hauboee omHo3HaU-
HO KaK CTPYKTYpBI pacmana WHTEPIPETUPYIOTCS BBI-
JISNIEHNs] WIIBMEHUTAa B MarHeTHUTE, OMUCHIBAEMbIE KaK
TkaHeBbIe (cloth-texture), mmanepusie (trellis texture),
cenmBuueBbie (sandwich texture) cTpPYKTypbHI, KOTO-
pBI€ pacIpOCTPaHEHBI B THATAHOMATHETUTAX OCHOBHBIX
Marmarndecknx mmopox (Tan et al., 2016). TkaneByro u
MIMTAJIEPHYI0 MUKPOTEKCTYpY (BKIIIOYasi ee COHIABHY-
BapWaHT) WHOTJIA PAacCMaTPHUBAIOT HE KakK pPe3yJbTar
pacrmaga TBEpPIOTO PacTBOpa, a Kak CIEICTBHE OKHC-
JICHWsI YIIbBOIIITMHENN, N3HAYAIBHO COJEepIKAIIEHCs B
mar"etute (Duchesne, 1970).

B xauecTBe KIacCHUECKOTO pacmajga TBEpOTo
pacTBopa OOBIYHO paccMaTpPUBAIOTCS W MJIACTUHYATHIC
BBIJICJICHNS MIIBMEHUTA C MHOTOYHCIICHHBIMHI BPOCTKa-
mu mmmaHenu (berextun u np., 1958, 1964; Pammop,
1962), naeHTHYHBIE ONMMCAaHHBIM Hamu (puc. 9, 11,
16). Ha mpuMepe THTaHOMarHeTUTa U3 MUPOKCEHUTOB
KoxmrapoBckoro maccrnBa BpOCTKH HIMMWHENIH B IDIa-
CTHHYATOM WJIBMEHUTE PACCMaTPHUBAIOTCS KaK peaKIn-
OHHBIE KaiiMbl Ha KOHTAKTE WIHBMEHHWTA U MarHeTHTa,
BO3HUKIIINE B PE3YNIETaTe SBOJIONWN TOHKOILIACTHH-
JaToOW MITTUHENCBOUW (a3bl U3 CTPYKTYp pacmaga Mar-
MaTHYEeCKOTO dTamna J0 PEeaKIMOHHOW IIMUHENN U ee
YKPYITHEHHBIX (MTEPEKPUCTAILTA30BAHHBIX ) HAHOMOP(D-
HBIX 3epeH, 00pa30BaHHBIX Ha 3Tare MmpeoOpa3oBaHUs
pPaHHHUX CTPYKTYp pachaja B IO3JHEMarMaTHIecKyIo
CTaINI0 aBTOMETACOMATHYECKON TepepadOTKH ITOpPO.T
(Cumanenko u mip., 2012).

AHaJOTHYHBIE CpAacTaHUS WIBMEHUTAa W IIMTHHE-
T B MarHeTute mectopoxkaenus Ceppore ma Jlaxe



54 Ko3snos A.B., Muxaiuios B.B, Crenanos C.1O. u ap.
Kozlov A.V., Mikhaylov V.V., Stepanov S.Yu. at al.

(Serrote da Laje) B ceBepHoii bpaszumuu (Amcoff,
Figueiredo, 1990), B KOTOpBIX 3epHa IICOHACTA OPUCH-
THPOBAHBI MEPIEHANKYIAPHO TUTACTHHAM HIIBMEHHTA,
paccMOTpPEHBI Kak pe3ynbTar Mepexo/ia MIacTHHYATOro
THUTIA pacTiajia MIMHHEIN B MarHETUTE B MUPMEKHUTOBBIH
THTI 10 ARG PY3NOHHOMY MEXaHU3MY Ha PErpeCCUBHON
CTaJINY TIPOSIBIICHUST HAJIOKEHHBIX METaMOP(PUIECKIX
mporieccoB. OTMedaeTcsi, 4TO0 MHUPMEKHUTOBBIE 30HBI
pa3BUBAJNCHh TOJBKO BIOJH (ha30BBIX T'PAHUI] MarHe-
TUT-WIBMEHHT, B TO BpeMs KaKk TPaHUIIBI 3epeH MarHe-
TUT-MarHeTUT COJEpPIKaT IJICOHACT, BOSHUKIIUH B pe-
3yJBTaTe TETEPOTEHHOTO paciajia IMepBOro MOKOIESHHS.

CxonmHbIE arperarbl IIACTHHYATOTO MIBMEHHTA C
BKITFOYCHUSIMU TITTHHETN B MarHeTuTe aM(puOOIOBBIX
rabbpo maccuBa CepeOpstHcknit KameHnb oOmamaror
PSAAOM OCOOEHHOCTEH, KOTOpbIe He TIO3BOJISIFOT paccMa-
TPUBATh UX Kak peoOpa3oBaHHBIE CTPYKTYPHI paciaaa
TBEPJIOTO PACTBOPA O CIEAYIONUM IPHUINHAM.

1. TInacTuHBl WIBMEHWUTA C BKJIIOYEHUSAMH IIIITH-
HEJIH TIepeCceKaroT TPaHUIIBl PA3INIHO OPUEHTHPOBAH-
HBIX CMEXHBIX 3epeH Maraetura (puc. 10, 11).

2. BpocTKu HITIMHENN HaXOIATCSl HETIOCPE/ICTBEH-
HO B WIBMEHHTE W BO BMemaronieM marneture. OHH
OpPHEHTHPOBAHBI MEPIICHINKYISIPHO TPAHSIM ITHHAKOH-
Ja ¥ poMO0dIpa UIBMEHHTAa W KOHTAKTHPYIOT C Ija-
CTHHAMH WIBMEHHUTA 0 WHIYKIIMOHHBIM ITOBEPXHO-
cTsaM (puc. 16), 9TO CBHIETENBCTBYET 00 X COBMECT-
HOM pocte. Takol MexaHU3M 00pa30BaHUS TOATBEPK-
JTAETCSl M OTHOCHTEIHHO 00Jiee BBICOKOH CKOPOCTHIO
pocTa MHIWBUAOB IIMUHENN HAa MEUIEHHO PacTyIIeH
TpaHW MMHAKOHIa WIIBMEHUTA ¥ 0OpaTHBIM COOTHOIIIe-
HHEM CKOpOCTeH Ha OBICTPO pacTyIei rpaHu poM003-
Ipa wibMeHuTa (puc. 168, T, ).

[To3umuss mmMuHETNM W €€ B3aWMOOTHOIICHHS CO
CMEXHBIMH MHHEpallaMu pa3HooOpas3Hsl. llupoxo
MIPOSIBIICHBI  JINH30BU/IHO-TIJIACTUHYATBIE W MEJKHe
W30METPUYHBIE BBHIJICICHHS B MAarHeTUTe, KOTOpHIE
MOYKHO paccMaTpuBaTh KaK pe3yjbTaT pacraia TBep-
JIoro pacTBopa. Berpewarorcs 6omee KpymHbBIE BBIIETe-
HUS IITWHENN, TIPUYPOYCHHBIE K TPaHUI[aM MarHeTHTa
¢ IPyTUMH MUHEpaJIaMH: TUIaruokia3zoM (puc. 17a, 0),
cynsbunamu (puc. 178, 1, ), wibMeHUTOM (puc. 17¢),
amatutoM (puc. 17x). B GoiapmmmHCTBE CitydaeB Kpu-
CTaJUTBl TIMMHEIN KCEHOMOP(HBI 1O OTHOMIEHHIO K
KpUCTAIJIaM 3THX MUHEPAJIOB M PacTyT B CTOPOHY Mar-
HeTuTa. VICKITIOueHNeM SIBIISIOTCS WHAWBHIBI IITIHHE-
JM, TIPUYPOYCHHBIE K TPAHUIIE MarHETHTA C MOIUMHU-
HEPaTbHBIM CYTb()HUIHBIM BKIIOYCHHEM XaJTbKOITHPHT-
OOpHHT-AUTEHUTOBOTO COCTABa, HA TPAHUIIE C KOTOPHIM
IIMAHETh Pa3BUBAETCS MPEUMYIIECTBEHHO B CTOPOHY
MarHeTuTa, HO YaCTUYHO MPOHUKAET W B CYIb(OUIBI

(puc. 17x). Ilpenmonaraercs, 9T0 TaKue B3aMMOOTHO-
IIICHNS CBSI3aHBI C TEM, YTO IINMHAHENb 3apOKJanach Ha
TpaHuIle IBYyX KUIKUX (a3: paciiaBa 6oraroro Fe u P
1 CyTb(HUIHOTO pacIuiaBa, mo3TOMY MOIJIa IIpH Mpeo0d-
JIA/TAf0IIEM POCTE B CTOPOHY MarHeTHUTOBOTO pacrijia-
Ba YaCTHMYHO OTTCCHATH JKHIKYIO CyTbGOUIHYIO (a3y.
Cynb(umHbEI paciiaB B MPOMECCe KPUCTAIITH3AIIAN
Mar"eTuTa OblTa 3aXBadeH B MOJIOCTh B BUE OTPHIIA-
TEIHHOTO KPHUCTAIUIA, YTO U OTPEAETHIIO GOPMY CyiTh-
(¢buAHOTO BBIEIEHUS TTOCIe KpucTaum3anud. MHorma
TaKkue «UANOMOpGHBIE» KPUCTAIUIBI CYIb(PHUIOB MPH-
HAMAIOTCS 3a paHHue odOpasoBanus (Ilomraserr u mp.,
2011, puc. 5m), x0T TpeamonaraetTcs, 4To chepude-
CKWE BEIICNICHUST OOpPHHUTA B OKPY>KEHHUHU ITOPOA000pa-
3YIONTUX MUHEPAIOB rab0po — 3TO PETUKTOBBIC (Op-
MBI CyNb(OUIHBIX Karelb, OONbIIas 4acTb KOTOPBIX K
MOMEHTY KOaJIECIIeHIINY Hadaa TepATh ChepruecKyro
dhopmy. [TomoOHBIE BKIIFOUEHHUS XaJIBKOIMPUTA B Mar-
HETHUTE B BUJIE OTPHUIIATEIHHBIX KPHUCTAIIIOB H3BECTHBI
B MarHeTUT-aM(UOOIOBBIX KIMHOMUPOKCEHUTAX Mac-
cuBa Tymamun (Nixon, James, 2018, puc. la, 6).

Wzydenne MarHeTUT-UIIbMEHHUT-IIITAHEIEBBIX
cpacTanuii B am(puO010BBEIX Tab0po MaccuBa Cepe-
OpsiHckuit KaMeHb BBISIBUIIO B3aUMHYIO 3aKOHOMEp-
HYI0 OpPWEHTHPOBKY HE COIPHKACAIOIINXCA MEXKIY
co00¥ KpHCTAIJIOB MarHeTUTa C BKIIIOYCHUSMHU WITb-
MeHHuTa, aMm(pnuboiga ¢ MarHETUTOM W WIHBMEHHTOM W
Pa3pO3HEHHBIX KPHCTAJUIOB MIIBMEHUTA W MarHeTHTa
MeXIy coboit (puc. 5, 12). DT 0COOCHHOCTH MPEATIO-
JIaraloT BO3MOXKHOCTH CTPYKTYPHPOBAHUS M YIIOPSIIO-
YeHHS TETEPOTEeHHOTO PYTHO-CHJIMKATHOTO paciiiaBa B
OIM3IBTEKTUYECKUX yCIOBHSIX.

IIpensiaymue uccnenoBanus MaccuBa CepeOpsiH-
ckuit Kamenn, BoJIKOBCKOTO MECTOPOXKIEHUS U IPYTHUX
MMOTOOHBIX OOBEKTOB HE MPUBEH K SAMHONU TOUKE 3pe-
HUs 00 uX 00pazoBanus. CymIeCTBYIOT IPEICTABICHUS
00 SMIUTEHEeTUIECKOM XapaKTepe Kele30-TUTAHOBOTO U
MEITHO-0JIaTOPOJHOMETAIUTFHOTO OpyAeHEeHNS (AHUKH-
Ha, Anekcees, 2010; Edumon 2006, 2010). bonpmmH-
CTBO HCCJEIOBaTeNel MPHUIIUIO K BBIBOLY O MarMaru-
YeCcKOM 00pa30BaHWU KaK CHIMKATHBIX TOPOJ, TaK U
OCHOBHBIX pyaHBIX MuHepanoB (KammH, 1941, 1948;
[Monrasen u mp., 2011; Cumanenko u ap., 2012). B3a-
WMOOTHOIIICHUSI CHIINKATHBIX W PYIHBIX MHHEPAJIOB B
aMmpubomoBEIXx Ta00po MaccuBa CepebpsiHckmii Ka-
MEHb 0€3 MPOTHBOPEUYNH MOKHO OOBSICHUTH TOJNBKO C
MMO3UIINN UX (DOPMHUPOBAHUS B €IUHOM (DITFOHMITHO-MAr-
MaTHIECKOM TIpOIecce M3 00OTameHHOTO (DITFOUIHBI-
MH KOMITOHEHTaMH paciiiaBa. Hekotopeie yTouHEeHUS
KacaloTCsl yCTAaHOBIICHHON BO3MOXKHOCTH 00pa30BaHuUs
WIBMEHUT-MAarHETUTOBBIX W IINMHAHEIb-MarHETUTOBBIX
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cpacTaHuil He TOJIBKO TI0 MEXaHU3MY paciiajia TBEPIbIX
pacTBOpOB, HO M TTyTEM COBMECTHOM KPHUCTAJUTH3AINH
3TUX MHHEpajoB u3 6oraroro Fe u P pacmasa.

AHanu3 CTPYKTYPHO-MOP(OIOTHIECKAX U Belle-
CTBEHHBIX OCOOCHHOCTEH TOJMMHHEPAIBHBIX arpe-
raToB HE TO3BOJIAET CJHIENaTh ONHO3HAYHBIE BBIBOIIBI
0 MEXaHM3Me€ WX KPHCTAJUTU3AIUH, HO SIBISETCS (hak-
TOJIOTMYECKON OCHOBOHM /ISl CO3AAaHMSI F€HETUYECKOM
MOJIENIM, B KOTOPOW MOXKHO YBSI3aTh COBOKYITHOCTH
0Cc0OCHHOCTEH cpacTaHMil MUHEPAJIOB, CIATrafoIInX Py-
JIOHOCHBIE amM(puO0I0BBIe Ta00po MaccuBa CepeOpsH-
ckuit Kamens.

HcxonHott cyOcTaHmuei sBIsSETCS (ITIOUMIN3UPO-
BaHHBIN (MCXOJS W3 HAJMYWS armaTHTa W MarMarude-
ckoro am@uboIa) CHIMKATHBIA paciiaB, MO0 COCTaBY
omm3kuit k pappodazanery (Muxaiiinos u ap., 2021),
B KOTOPOM ITPOMCXOANT JIUKBAIHS C 000COOICHUEM B
CHJINKAaTHOM pacIulaBe pPyIHOTO, MPEUMYIIEeCTBEHHO,
XKeJe300KcuIHoTo ¢ P (manee xeme300KCHIHOTO) pac-
TTaBa, KOTOPBIN, TP HAJMYWHU JOCTATOYHOTO KOJTHUYe-
CTBa S, MOT JIOTIOJIHUTENHFHO Pa3eIsAThCd Ha OKCHII-
HYIO ¥ CyIbGUIHYIO )KUAKOCTH. B okcnaHOM pactiaBe
koHTeHTpUpyorcs Fe, Ti, Mn, Zn, Mg u Al B coor-
HOIIIEHWX, PABHOBECHBIX C CHJINKATHBIM PACIJIaBOM;
B cynmbdumaom pacmiase — Fe, Cu, Pd, Au, S. Te, Bi B
PaBHOBECHBIX COOTHOIIEHHSIX C YKEIIE300KCHTHBIM pac-
ruraBoM. CHJIMKAaTHBIA ¥ )KEJI€300KCHIHBIN PacIlIaBbl
KPUCTAITH30BAIINCH B OJIM3IBTEKTUYECKUX YCIOBHUSX,
U PYIOHOCHBIE aM(pHUOOIOBBIE TaOOPO TPEACTABISIIOT
€000 aHXUIBTEKTHUCCKYIO TIOpoxy. OCHOBHBIC CHITH-
KaTHBIE I OKCHIHBIC PYJHBIE MIHEPAIIBI 00pa30BaANCH
O30 THOBPEMEHHO. B pa3nuyHBIX ydacTKax MOPOIBI
TIPOSIBIICHBI TTPU3HAKH, YKa3bIBAIOIIME HA TPOTHBOTIO-
JIOKHBIE B3aMMOOTHOIIIEHHUS OTHUX M TeX K& MHHEepa-
JIOB TI0 OTHOCHWTEIHHOMY BPEMEHH KPHCTAIITH3AIIHH,
HO 001I1as TIOCIIeIOBATEIHHOCTh KPUCTAIUIN3AINHN Pac-
TITaBa CBOJUTCS K CIIETYIOIIEMY.

Kpucranmnmzamnus cUInMKaToB W PyIHBIX MHHEpa-
JIOB TIPOWCXOJ¥JIa OTHOCHTEIBHO aBTOHOMHO. Cpe-
U CHJIMKATOB TIEPBBIM KPHUCTAIIIM30BAJICS AHOPTHT
No 85-90, a 3areM KIMHOMUPOKCEH, KOTOPHIN ele Ha
MarMaTHYeCcKOM JTare YacTUYHO 3aMelIayicss Wir 00-
pactan amduboaoM. MHoTma oTMeuaeTcss oopacTaHue
30HANBHBIX  MMHPOKCEH-aM(UOOJOBBIX  BBIJACICHUN
MTO3THUM aHOPTUTOM (puc. 176). I'ereporenHoe 3apox-
JIEHNE KPHCTAJUIOB WIBMEHHWTA W IIMUHEIN CHadaia
MIPOUCXOAMIIO Ha TPaHUIAX KUAKUX (a3: CHINKaTHON
1 JKETIC300KCUIHOHN, CYTb(OUIHON U KEeITC300KCUTHOM.
DT TpaHUIlbl 00BIYHO HE TUIOCKOTPAHHBIE, 8 OKPYTITBIE,
YTO TpenojaraeT BO3MOKHOCTh 3apOXKICHUS YacTH
KPUCTAIJIOB WJIBMEHHUTA U IITHHENH 10 (ha30BBIM Tpa-

MUHEPAJIOTVISI/MINERALOGY 8(4) 2022

HUIIAM CWJIMKaTHOTO W JKEJIE300KCHIHOTO pacIliaBa
eIIe /10 KPUCTaJUIN3alii OCHOBHOM YacTH CHIIMKATOB.
OTMeueHO pacIpeesieHue KPUCTAUIOB MITTHHETH 110
OKPYTJIBIM TPAaHHIIAM, Pa3IENIONIUM Pa3HOOPUEHTH-
POBaHHBIE HHIMBHU/IBI MATHETHTA, YTO CBUACTEIHCTBRY-
€T 0 BO3MO)KHOCTH BO3HWKHOBEHHSI HEOITHOPOTHOCTEH
BHYTPH ’K€JI€300KCHIHOTO paciiiaBa IMpH TOSBICHNHU B
HEM MHOTOYHCIIEHHBIX METIKUX IITTIHHEIEBBIX (a3.

B oObeme xene300KCHIHOTO paciiiaBa MPOUCXO-
JIUIIO TOMOTEHHOE 3apOXKJIeHNE WIbBMEHUTA ¥ IITTHHEe-
71, KoTopasi pOpMHpOBaja 4acToO 30HAJIBHBIE KPUCTA-
JIBI ¢ YepeOBaHUEM 30H, coaeprkamux Ti (mo 3—5 mac.
% TiO,) u 6e3 mero (0.00-0.24 mac. %). Heckonpko
paHbIlle MTIHHETN U3 KeJIe300KCHIHOTO paciiiaBa Ha-
YaJ KPUCTATM30BaThCS MIIBMEHHUT B BHJIE TUIACTHH-
YaThIX MAHAKOMIANBHBIX KPUCTAIIOB. VX TosBIeHME
c1rmoco0CTBOBAJIO 3apOXKICHUIO Ha (a30BOM T'paHHUIIC C
JKEJIE300KCHTHBIM PACIUIaBOM KPHCTAIJIOB IIMTAHEINH,
KOTOpasi 3aBEpIIiIa KPUCTAIITHIAIIIO HECKOIBKO 1103~
ke mibMeHuTa (puc. 16). B3anMooTHOIICHHS MITBME-
HUTA W IIIHHETN B TAKUX CPACTAHUIX OMPENEIUTNCH
OTHOCHUTEIFHBIMH CKOPOCTSIMH POCTa MHPaMHUJT POCTa
ux rpaHei. Ha MeieHHO pacTylux rpaHsx MAHAKOU-
Jla WIIbMEHHUTA ITTHHENb pOocia ObICTpee, U €€ KpUCTal-
JIBI BBIXOZFITH 32 TIPEJIENTbl INIACTHHYATHIX KPUCTAIIIIOB
WIbMEHUTA B MarHeTUTOBBIM paciuiaB. [Ipu 3apoxe-
HUHW Ha OBICTPO PaCTyIIEH IpaHu poMO03Ipa HIEMEHHU-
Ta MIMAHEIH POCIIa COBMECTHO C FITBMEHUTOM M OJTHO-
BPEMEHHO 3aBepliialia pOCT WM OTCTaBaja B MpoIecce
pocTa ¢ 00pa30oBaHUEM OTPHUIIATEIIBHBIX (hopM perbeda
WIBPMEHNTA Ha MECTE BBIXOJla MHIWBUAA IITIHHEIH Ha
rpanu pombosnpa. [locme mosBIeHUST TBEPABIX CHIIH-
KaTHBIX (pa3 UX TPaHMIIBI C THTAHOMArHETHTOBBIM Pac-
TUTABOM TaK)Ke MCTIOIB30BAITUCH JIJIS 3aPOKICHHS KPH-
CTaJJIOB WIIBMEHNTA W IIMTWHENN, HHIUBUIBI KOTOPBIX
4acTO POCITH OAHOBPEMEHHO.

[Tocneaanm U3 ’Kene300KCHAHBIX MHHEPATIOB KPH-
CTAJTU3yeTCsl MAarHETUT. ETro WHAMBHIIB 3apOXKIATNCH
CaMOTIPOU3BOIBHO FITH SMUTAKCUYECKH HapacTall Ha
KPUCTAJUIBI MIIBMEHUTA U TIMTWHENH, HACTIENYSI UX OpH-
EHTHPOBKY. KpHcTasTe! ImMyuHeny 1 niIbMEHNTA 3aXBa-
THIBAJINCh KPHUCTAJNIAMH MAarHETHTa WA OTTECHSIIHCH
B MEXKPHUCTAJUIMYECKOE MPOCTPaHCTBO. Haxonsmmii-
Csl elle B JKUIKOM COCTOSHUH CYIb(HUIHBIA pacriaB
3aXBaThIBAJICA B BHUJIE OTPHIATEIHHBIX KPHUCTAIJIOB B
WH/IMBH]IBI MAaTHETHTA WJIH TaK)Ke BBITECHSIICS B MEK-
KPUCTAIUTMYECKOE MTPOCTPAHCTBO MATHETUTOBBIX arpe-
raroB. M3 cynmehuaHOoro pacruraBa mpoMCXOAwiIa KpH-
cTaimu3anus MuHepasioB Pd, koTopwle mpuypoUeHbI
WCKJTIOUUTENFHO K Cylb(uaam, MpeuMyIIeCTBeHHO, K
OopauTy. KpricTamisl IImuHETN 1 MIIbMEHUTA MO3/THEH
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TeHepaIiy 3apOXAaiCh B PE3ybTare pacraja TBep-
JIOTO pacTBOpa THTAHOMArHETUTOBOW MaTpPHUIIEI ¢ Gop-
MHPOBaHNEM XapaKTEPHBIX TUTACTUHYATHIX U peleTda-
TBIX CTPYKTYDP.

Henp3s paccmarpuBaTh 00pa3oBaHHE pPYHOHOC-
HBIX amM(puOO0JOBEIX rab0bpo MaccuBa CepeOpsTHCKUI
Kamenp kak pesynbrar BHYTPUKaMEPHOW KpuCTall-
TU3AIMA HEM3MEHHON 10 COCTaBy MOPIIUH MarMbl.
Kpucrammuzanuss mnpoucxonnsia B HEPaBHOBECHOMU
(IrIoNTHO-MarMaTHYecKol CHCTEME, COCTaB Marmbl
B KOTOpPOW MEHSUICS B NPOCTPAHCTBE W BO BPEMEHH,
MPEUMYIIECTBEHHO, 32 CYET MOCTYIUIEHHUS (IIOMIOB.
Munepanoodpasyrommas CucTeMa, B KOTOPOH TIpowcC-
xXoamiio popMUpoBaHKe aM(PUOOIOBEIX TabOPO ¢ pya-
HOM MHUHepanm3aIiei, Oblia MpeacTaBIeHa OTKPBITOH
(hronIoAMHAMHYECKON CHCTEMOH, TI0 KpallHeH Mepe,
IO OTHOIIICHHUIO K Boje U kuciopoxay (I1asmos, 1993).

[Ipemmaraemast MOAETs MIETPOPYAOTEHE3a OCHOBA-
Ha TONIBKO Ha M3YYEHHU DPYAOHOCHBIX aM(pHUOOIOBBIX
rabopo maccuBa CepeOpsHckuii KameHs 1 He MOXET
pacTpoCTpaHAThCS Ha IPYTHE aHAIOTUIHBIE MACCUBBI
PYAOHOCHBIX TabOpomIOB O€3 ydera WX CHEIU(BUKH.
OpHako aHamM3 Pe3ylbTaToOB M3YYCHHS TaKUX MacCH-
BOB, MPOBEACHHBIX IpyruMu ucciemosaremsavu (Ka-
mnH, 1948; [Tonkanos u 1p., 1967; Tonransckuii, Kpu-
Bonytikas, 1993; Tpodumos, T'omybes, 2008; ITonra-
Ben u jp., 2011; Cumanenxko, 2012), cBHIETEILCTBYET
0 TIPUCYTCTBUH OOITHUX 0COOCHHOCTEH ATHX MAacCHBOB,
YTO TPEAIoaraeT U BO3MOKHOCTh TIPOBEICHUS PYIIO-
TEHETUYECKUX aHAJIOTHM.
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