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Haxonku pocToBbIX B3aMMOOTHOLIEHUI Oajjienenta U LMPKOHA PEAKH, OHU OOYCJTIOBJIEHBI CYLLECTBEHHBIMU
pasIMYUsIMU B YCIIOBUSIX 00pa3oBaHust 3TUX MUHepasioB. [1pu Metamopdu3Me U BO3aeCTBUM Ha MTOpoLy (GIIIOUIOB,
MPUBHOCSIIIMX KPEMHE3EM, BO3MOXKHO peaklIMOHHOE 3aMellleHre (0T YaCTUYHOrO 10 TIOJHOT0) OajyiesienTa MpKo-
HoM. [1poTHBOMOJIOXHASI CUTYallUsl, KOT/Ia LIMPKOH 3aMellaeTcsl 0aIesIenToM, Ype3BblYaiiHO pelkKo BCTpevyaeTcsl B
Nnpupoje. YCTaHOBIEHO IpeoOpa3oBaHKWe LIMPKOHA U3 MOJUMMHUHEpaibHOro pyaomnposiBieHus Muerbio (CpenHuii
TumaH) ¢ oOpa3zoBaHUMEM MUKpPOArperaToB 0aaaenenTa, pyTuia u ¢paopeHcuTa. Pazmep caMbIX KPYITHBIX BbIIEIECHUI
GamiesienTa He mpeBbliiaeT 10 MKM B rornepeuHrke. MuKpoarperaTbl HepaBHOMEPHO MPUYPOUYCHBI K KaliMe LIMPKO-
Ha TommHoi ot 10 7o 50 MKM, IycTOTaM M TpellMHAM, IIPOHU3BIBAOIINM 3epHO. [Ipeodpa3oBaHHas KaiitMa LIMPKO-
Ha (CcMechb HOBOOOPA30BaHHBIX MUHEPAJOB) OTJIMYAETCS Pe3KO TMOBbIMIEeHHBIM coiepxaHueM REE (ocobeHHo
LREE), Y, Nb, Ca, Ti. Conepxanue Th u U takxe yBeamunBaeTcsi. O630p 3KCIIEepUMEHTATbHBIX UCCIICIOBAHUI 110
pPeaKUMOHHBIM B3aMMOOTHOLLEHUSIM LIMPKOHA M OajienenuTa U eAMHUYHBIX MPUPOIHBIX aHAJIOrOB MO3BOJISIET CAe-
JIaTh 3aKJII0OYEHUE, YTO HanboJiee BEPOSITHBIM MEXaHU3MOM TpeoOpa3oBaHMsl LIMPKOHA U3 pyaonposiBieHus: Myerbio
B Oa/IeJIeUT B CPACTAHUSIX C PYTHIIOM U (hIOPEHCUTOM ObLJIO BO3ASHCTBUE HA LIMPKOH BBICOKOTEMIIEPATYPHBIX (He
Menee 500—600°C) ie0uHbIX GIIOUIOB, TPAHCIIOPTUPYIOLIUX BhicoKo3apsiaHbie aneMeHThl (REE, Y, Nb, Ti). Koc-
BEHHO 9TO MOATBEPXKIAETCS] HAXOIKAMM LIMPKOHA ¢ aHOMaJIbHO BbICOKMUM cozepxxanreM Y u REE 1o 100000 u 70000
ppm COOTBETCTBEHHO.

KnioueBbie coBa: MUPKOH; Oamieneut; pynomnposisieHne Muersro; Cpenauit Tuma.
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Findings of the growth relationships between baddeleyite and zircon are rare, due to significant differences in the
formation conditions of the minerals. A reaction replacement (partial to complete) of baddeleyite by zircon is possible
during metamorphism accompanied by the interaction with high-Si fluids. The opposite situation, when zircon is re-
placed by baddeleyite, is extremely rare in the nature. Transformation of zircon from polymineral (compound) ore oc-
currence Ichetju (the Middle Timan) with the formation of microaggregates of baddeleyite, rutile and florencite has
been found out. The size of the largest segregations of baddeleyite does not exceed 10 microns in diameter.
Microaggregates are unevenly related to the rim of zircon with a thickness of 10 to 50 rm, voids and cracks across the
grain. Altered zircon rim (a mixture of newly formed minerals) is characterized by sharply increased composition of
REE (especially LREE), Y, Nb, Ca, Ti. The composition of Th and U also increases. An overview of the experimental
studies on the reaction between zircon and baddeleyite and single natural analogues allows to make a conclusion that
the most likely mechanism of the transformation of zircon from ore occurrence Ichetju to baddeleyite (intergrowth
with rutile and florencite) is due to the effect of interaction of primary zircon with high-temperature (higher than
500—600°C) alkaline fluids transporting HFSE (REE, Y, Nb, Ti). This is indirectly confirmed by the findings of zircon
with anomalous high composition of Y and REE up to 100000 and 70000 ppm respectively.

Keywords: zircon; baddeleyite; Ichetju ore occurrence; the Middle Timan.

LupkoH u OGapaeneut — aBa TJIaBHBIX MUHepaa
LIMPKOHMUSI, U UTO OCOOEHHO BaxKHO, OHU LIUPOKO UC-
MOJIB3YIOTCSl B reoxpoHojioruu [3]. B otanuue ot uup-
KOHa, MPUCYTCTBYIOILIETO MPAKTUUECKU BO BCEX THUMAX
nopoJ, 0ajIeIeuT MOXET KPUCTALIN30BATHCS TOJbKO
B YCJIOBUSIX HEIOCBILLIEHHOCTH KpeMHe3eMoM. Haxon-
KA POCTOBBIX B3aMMOOTHOLIEHWI Oajaenenta u 1up-
KOHa peaKu, OHU OOYCJOBJIEHBI CYILIECTBEHHbIMU pa3-
JIMYUSIMU B YCJIOBUSIX 0Opa30BaHUSI 3TUX MMHEPAJIOB.
ITpu Metamopduzme u BO3AEUCTBUM HA OPoLy (iito-
WUJIOB, TIPUBHOCSIIIMX KPEMHE3EM, BO3MOXHO peakiv-
OHHOE 3aMellleHre (OT YaCTUYHOIO 0 TMOJHOro) Oa-
nenenta HUpKoHOM [27]. TIpoTUBOIIOJNIOXKHAS CHUTYya-
LI, KOrma IUPKOH 3aMelliaeTcs O0anaeeuToM, upes-
BbIUAiHO PENKO BCTpevaeTcs B INpupoje. B HacTosi-
1IeM COOOLIEHMM PAaCCMOTPEH YHUKAJIbHBINA Clydai
npeodpa3oBaHus LIMPKOHA B Oaaie/euT, YCTaHOBJICH-
HBIA UISI LIMPKOHA U3 1UIMXoBoi mpoObl [1M-201
(0TOOpaHHOI C BOCTOYHOU CTOPOHBI CKaJIbHOTO OOHA-
KeHust «3onotoil Kamenb» 1o p. ITuxkme) U3 KOHTI0-
OpeKUYMEeBOro Tropu30OHTa IMOJMMHUHEPATBHOTO PYyIO-
nposisineHus: Muernio Ha CpeagHeMm TumaHe.

Xapaxmepucmura pyoonposeasenus Huemsro. [1onu-
MUWHEPAJIBHOE  aJIMa3-30JI0TOPENKO3EMETbHO-PENKO-
MeTaJUIbHO-TUTaHOBOE  pyaonposiBieHue HMyeTblo
MOpeAcTaBiIsieT Cco00il TOPU3OHT IIOPOI CO CJIIOKHOM
MSITHUCTO-CTPYMYATO-TMH30BUIHOM MOP(OJIOTUE TE
U BbIIEPKaHHOU MOIIHOCTBIO OT 0,2 10 1,5 M. [Topoabl
PYIOIPOSIBIIEHUST  TIPEACTABJIEHbl  CBETJIO-CEPbIMU
KBaplLEBbIMU MecYaHMKaMU, TpaBeJIuTaMu, KOHTJIOMe-
patamMyd U KOHIJIOOpPEKYMSIMU, 3ajleTalolMMU MEXITy
JIByM$SI MOLLIHBIMM TOJIIIAMWA B OCHOBAaHUM CpeaHe/e-
BOHCKOW TIMXEMCKOW CBUTBI MOHOMWHEPAJIbHBIX
KBaplLEBbIX MECYAaHUKOB W BbIlIE pUDENCKON WibMe-
HUT-JIEMKOKCEH-KBApLEBOM TUTAHOHOCHOMW  TOJIIIHA
ITmxemckoro mecropoxnenus, Cpennuit Tuman [8,
12].

IToponbl pynonposiBieHUs OTIMYAIOTCS Pa3HO00-
pa3veM MUHEpPaJIbHOro cocTaBa. B ux cocraBe auar-
HOCTUpOBaHO 6ojiee 50 MUHEPAJIOB, IIaBHbIE U3 KOTO-
PBIX: KBapll, pyTWJ, aHaTa3, HUOOMEBBII PYTUJI, WUJb-
MEHMT, LMUPKOH, MOHALUT, KOJYMOWT, TpaHaThl,
XPOMILUTMUHENUABI, TYpMaJIMH, CTaBPOJUT, 30J0TO C
MPUMECBhIO cepeldpa, KPUBOTPAHHbIE aJMa3bl ypalib-

28

cKo-Opasunbckoro tvna [12]. Cpeau 3Toro MuHepasb-
HOTI'0 pa3HOOOpa3us B psje LIJIMXOBBIX P00 BO dpak-
muu (+0,10 — +0,25 MM) LUPKOH COCTaBIIsIeT Oosee
50, a Bo Bceit ipobe ot 10 10 60 mac. % oT MUHepasb-
HOTO COCTaBa TSIKEJIOro LUIMXa U MpeacTaBiseT Mpo-
MBILLJIEHHBIA UHTEPEC.

ITpoGsiema reHe3uca U cBsI3aHHasl ¢ Heil mpobsiema
BO3pacTa OpPYIEHEHUS SBISIOTCS OTKPBITBIMU. Ha
paHHUX 3Tanax McciaeaoBaHus Oblaa BbICKa3aHa ruIo-
Te3a 0 POCCHITHON mpupoae ITmKeMcKoro MecTopoxX-
IEHUSI M COIPSKEHHOTO C HHUM PYIOMPOSBICHUS
HMuerpio. I[lo MHEHUIO aBTOPOB HACTOSILIE pabOTHI,
[MuxeMckoe LIMPKOH-TUTAHOBOE MECTOPOXIEHUE U
MMOJTMMUHEpaJIbHOE TIposiBIeHe MYeThio MMEIoT 2H-
moreHHoe mpoucxoxaeHue [8, 13]. ITmkemckoe Mec-
TOPOXKAEHUE TT0 (DOPMe PYIHBIX TEJI, UMEIOIIMNX ITPOCT-
PaAHCTBEHHYIO CBSI3b C IJTYOMHHBIMU pa3jioOMaMM, Ha-
TMOMUHAET KaJbJEPy, 3alOJTHEHHYIO MecyaHO-TJIUHUC-
TBIM MaTteprajgoM. MHUIIMaTopoM M ABCKYIIUM (haK-
TOPOM 00pa30BaHUsI MECTOPOXKIEHHUS MOTJIO ObITh Iy~
OMHHOE BHEAPEHUE HEOINPOTEPO30MCKUX Oa3aabTOU-
JIOB WJIX COOCTBEHHO JaMIMpo(upoB, aHAIOTU KOTO-
PBIX KePCAaHTHUT-CIIECCAPTUTOBOTO psida IMMPOKO pac-
npocTtpaHeHbl B cocenHeir Yernacckoit rpsine [10], u
X B3aMMOJEUCTBUE C METEOPHBIMU Bomamu. Ilocien-
Hue, obpasysl arpeCCUBHbIN BOASIHOM Tap, pa3pyluaiu
JaMIpouphl (HaXOXIeHNEe KOTOPBIX MPEIIToIaraeTcs
Ha HEeKOTopoi TiyowHe mon [TimkeMcKrnM MecTOpOoXK-
JIEeHUEeM, aHAJOTUYHBIX IO COCTAaBy YETIACCKUM —
BO3MOXHOI'O UCTOYHMKA TUTaHa [TukemMckoro mecro-
POXIEHUST) U BBIHOCWIM MPOAYKTHI UX pa3pyllieHUs B
Kajbaepy. JloKa3aTeabCTBOM TOTO, YTO MPOTOIUTOM
TUTAHOBBIX PyA OBLIM MMEHHO JaMIIpouphl, a He
MOACTWIAIONIE TJIMHUCTBIE CIAHIIbI, SBISIOTCS pe-
3ylbTaThl W3YYEHUS TUIMOMOP(MHBIX OCOOEHHOCTEM
MOPOI000PA3YIOIINX W aKIIECCOPHBIX MUHEPAJIOB 00-
ouX OOBEKTOB, B TOM 4YKUCJIE LIMPKOHA U pyTuiaa |6,
8—15, 17].

Memoduka uccaedoganus. XuMUIeCKUit COCTaB MU~
HepaJoB Ha YPOBHE IJIABHBIX 2JIEMEHTOB OIpeacsiéH
metonom SEM-EDS B MITJ PAH (aHanutuk
O.JI. l'ajankyMHA) Ha CKaHUPYIOLIEM 3JIEKTPOHHOM
mukpockorie JEOL JSM-6510LA ¢ sHeproaucnepcu-
oHHolt npuctaBkoit JED-2200. I1Iaii6a ¢ 3epHOM LUP-
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KOHA HaIbLIsIach yriaepoaoM. ToudeuHble omnpenese-
HUSI COCTaBa MUHEPAJIOB BBIMOJHSIIMCH C MCIOJIb30Ba-
HUEM B3JIGKTPOHHOTO Jiyya C YCKOPSIIOLIMM Harpsike-
HueMm 20 kB 1 TokoM 1 HA, pa3Mep MsITHA COCTaBJISLI
2—3 MxkM. BpeMms HakomieHUsT KaXmoro criekrpa 35 ¢,
B KauecTBe CTaHJApTOB MCIIOJb30BAJIUCH MPUPOIHBIE
MUHEpaJIbl, YACThIe OKCUIBI M MeTayutbl. JIJIT KOoppek-
LIMK MaTpU4yHOTro 3ekTa npumeHsiics anroput™ ZAF.

Conepxanue penkozemenbHbix (REE) u peakux
BJIEMEHTOB B LMPKOHE OIpeaessioch Ha HMOHHOM
Mukposonae Cameca IMS-4f B IO ®TUAH (ananm-
tuku C.I. Cumakun, E.B. IlotamoB) mo meTomuke,
npuseagéHHoi B [21]. Pasmep ucciaeayeMoro Ha MOH-
HOM MMKPO30HJI€ yyacTKa LMPKOHA He IpeBbIllan B
muametrpe 15—20 MKM; OTHOCHTEJIbHAsI O1InOKa N3Me-
peHust st OOJBLIMHCTBA 3JIEMEHTOB COCTaBJsia
10—15 %; mopor o6HapyKeHUsI JIEMEHTOB B CpEIHEM
paBHsics 10 ppb. I1pu nocTpoeHUN CEKTPOB pacipe-
neneHuss REE cocraB 1MpkoHa HOpMHUpOBAJICSI Ha
coctaB xoHgputa CI [32].

Pe3yabTaThl 1 UX 00CyXKIeHHE

ITpu uccnengoBaHUM Ha 3JEKTPOHHOM MUKPOCKOME
B Kaiime kpyrHoro (1o 1000 MKM B rornepeyHuKe) 3ep-
Ha UMPKOHA U3 LIIUXOBOU mpoonl [TM-201 u3 nonu-

BEC 20kv

BEC 20kV

x1,700

D, . "‘
938eg0quii I

100pm

Puc. 1. M3o0paxkenne B pexxume BSE 3epna mupkona
¢ KaiiMoii, CJI0KeHHOiIi MHKpoarperataMu 0aaejenTa, py-
THIa U Guopencura

MHWHEPaJTbHOTO PYIOIPOsIBIIeHUs MueThio HaMU OBITIO
YCTaHOBJIEHO OOpa3oBaHWEe MWKpPOArperaToB (CHUMII-
JIEKTUTOB) Oaajesienta, pyTuia u ¢giopeHcura (puc. 1).
DopeHCHT B TIpeaeTax pyaoInposiBiieHns MueThio sB-
JIIeTC WHANKATOPOM BTOPMYHBIX M3MEHEHWII MOHa-
LMTa 1 JaKe BCTPeUaeTcsl B BUAE TUIEHOK Ha ayMase [15].
Pasmep cambIx KpYITHBIX BBIIEJICHWI OammeienTa He
npesbiiaer 10 MKkM B nmonepeuHuke (puc. 2, tabdu. 1).
MukpoarperaTbl HepaBHOMEPHO TTPUYPOUYCHBI K Kaii-

BEC 20kV

Puc. 2. YBeaunuenHbie parMeHTbl H300paKeHHsI KaiiMbl IIMPKOHA, CJO0XKEHHON MHUKpoarperatamu daaejenra,
pyruia u giopeHcuTa
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Taonuma 1
Xumuyeckuii cocraB (Mac. %) u KoagdpunueHTsl B hopMynax Oammenenta
AHanuz
KommnoneHT
001 002 004 018 031 036 037 028 040 014
TiO, — 1,15 — 1,17 1,23 0,16 0,49 1,85 — 2,17
FeO — — — 0,45 — — 0,31 0,91 — 0,86
710, 99,20 97,20 98,33 97,81 98,72 99,8 98,51 96,12 99,77 96,28
HfO, 0,80 1,65 1,67 0,57 0,05 0,04 0,69 1,12 0,23 0,69
Cymma 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00
Yucino aToMOB B (I)OpMyJIS B paCy€TC Ha ABa aToMa KMCJI0pOoda
Ti — 0,02 — 0,02 0,02 — 0,01 0,03 — 0,03
Fe+ — — — 0,01 — — 0,01 0,02 — 0,01
Zr 1,00 0,98 0,99 0,97 0,98 1,00 0,98 0,95 1,00 0,97
Hf — 0,01 0,01 — — — — 0,01 — —

IIpumeuanue. [Ipouepk — comepkaHue HUKE TIpeesia OOHapyKeHuss. MUKPO30HIOBbIC aHAIU3bI pyTUIa U (hJIOPEeHCUTA 110 MPUIMHE
pa3Mepa 3¢peH B HECKOJIbKO MUKPOMETPOB OTPAXKAIOT COCTAB CMECH 3TUX MUHEPAJIOB ¢ MUHEPAJIOM MAaTPULbl — LIUPKOHOM, TIO3TOMY 3[eCh
oHu He npuBoasTcs. KoadhduimeHTsl B (popmyne paccuuTaHsl mo [5].

Me LUpKoHa TojiuHoi oT 10 go 50 MkM, mycToTaM 1
TpelIMHaM, MPOHU3BIBAIOIINM 3epHO. B 1enmom mis
pyTuia (B 0OJblIIEl CTEIIEHN) U OaaaeaeuTa XapakTep-
Ha 1ectoBaTasi hopMa KPUCTAIIOB, OPMEHTUPOBAH-
Hasl 110 YUTMHEHUIO TIEPIIeHANKYJISIPHO TpaHMIIe 3epHa
LIUPKOHA.

B 3epne mupkona o BSE (oOGpaTtHo paccesiHbie
BJIEKTPOHbBI) N300paKEHUIO TIOMUMO KaliMbl YCTaHAB-
JINBAETCS TE€TEPOTEHHOCTh CTPOSHM S, 3aKJIIOYAIOIIAsICS
B Pa3BUTMHU CHUCTEMbl TOHKHMX IIOJIOC U TPOXKUIKOB
TéMHOro orTeHka (puc. 1). B ocHOBHOM 3THU BTOpUY-
HbIe TTPOXIIKY MPUYPOUEHBI K CUCTEMaM TPEIVH, U B

Tabnuua 2
CopnepkaHue perKo3eMelbHbIX H PeIKHX 3JIEMEHTOB (Ppm) B HMPKOHE W MPOAYKTE €ro mpeodpa3’oBaHus
AHanu3bl
KomnoneHT
1 2 3 4 7 8

La 0,35 0,11 1,71 0,33 0,19 562
Ce 10,0 8,61 13,3 2,49 11,9 1807
Pr 0,33 0,26 0,60 0,08 0,27 181
Nd 3,68 2,81 5,29 0,38 3,84 747
Sm 4,75 3,83 6,53 0,55 5,68 217
Eu 2,66 2,16 3,15 0,21 2,97 102
Gd 17,8 16,9 22,7 1,89 24,3 361
Dy 55,5 51,7 57,3 7,45 78,8 483
Er 81,8 79,8 83,9 18,3 127 397
Yb 137 133 138 47,1 202 545
Lu 19,9 19,6 20,6 7,87 29,9 71,4
Li 11,2 8,54 10,1 0,92 12,5 8,80
Ca 69.9 31,4 53,4 39,9 34,9 1876

Ti 46,9 30,6 41,6 27,7 34,2 104481

Sr 1,54 0,84 3,99 0,86 b.d.l. b.d.L.

Y 520 478 524 91,3 701 2609
Nb 182 110 119 62,0 75,1 11662
Hf 3885 4075 3953 3819 6021 5276
Th 382 368 457 15,5 542 1340

U 335 335 348 41,5 511 1690
Th/U 1,14 1,10 1,31 0,37 1,06 0,79
Eu/Eu* 0,88 0,82 0,79 0,63 0,77 1,11
Ce/Ce* 7,15 12,5 3,18 3,77 12,9 1,37
SREE 334 319 353 86,6 488 5473
SLREE 14,4 11,8 20,9 3,27 16,2 3297
SHREE 312 301 322 82,6 463 1857
Luy/Lay 550 1750 116 232 1547 1,22
Luy/Gdy 9,06 9,43 7,35 33,6 9,93 1,60
Smy/Lay 21,8 56,7 6,10 2,69 48,9 0,62

IIpumeuanue. [TonoxeHne Touek aHaJIM3a COOTBETCTBYET puc. 1; b.d.l. — comepkaHue sjeMeHTa HUXKe MOopora YyBCTBUTEIbHOCTH.
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MeCTaX CKOIUJIEHUsI TPEILWH U MYCTOT B LIUPKOHE o0pa-
3YIOT M30METPUUYHbIE 30HBI («KeJBaKu»), JOCTUIaIO-
wue 50 MKM B rnonepeyHuke. Kak rokaspiBaeT OIBIT
HCCIeIOBaHUsI T€OXMMUM LIMPKOHA, WU3MEHEHUE OT-
TeHKa KaKoro-jambo JoMeHa U/Uy reHepaluu HUPKO-
Ha B BSE m3o0paxeHun HenpeMeHHO (PUKCUPYIOTCS
M3MEHEHUEM COCTaBa PeAKUX 3JEMEHTOB B OTJIMYAIO-
LIMXCS 110 OTTEHKY ToMeHOB uupkoHa. TémHubie B BSE
Y4acTKU U 30HbI U3MEHEHMUSI LIMPKOHA, KaK IMpaBujo,
cojepXaT 3HaYUTEJIbHOE KOJIMYECTBO HE (DOPMYJIbHBIX
JJIS LIMPKOHA PEIKUX 3JIEMEHTOB, TpeBbILIAIOIIEe UX
cojepxaHue B 0oJiee CBETJbIX HEM3MEHEHHBIX y4acT-
Kax TOro e HupkoHa (Hampumep, [19]). B maHHom
clyyae, TMpM CPaBHEHMU COCTaBa OCHOBHOW 4acTu
LIMPKOHA CBETJIO-CEpOro orreHkKa (Touku 1 u 2, puc. 1)
U LMPKOHA TEMHO-CEPOro OTTEHKA B YKPYMHEHHBIX
JIOMEHaXx, MPUYPOUECHHBIX K CKOTIJIEHUIO TPELLUH (TOY-
KU 3 1 4), 3aKOHOMEPHBIX Pa3MUUii B COAEpPKaHUU
peAKUX 2JIEMEHTOB He HabonaeTcs (Tab. 2). B Touke
3 mpakTUUYeCKU TaKOW e COCTaB PeAKUX 3JIEMEHTOB,
Kak ¥ B Toukax 1 u 2. HupkoH B Touke 4, HaNpOTUB,
COJEPXUT B pa3bl MEHbIIEE KOJIMYECTBO PEAKUX BJie-
MEHTOB, YeM B Toukax 1—3 (tabu. 2). CrnexkTp pacrpe-
nenenus REE B umpkoHe B Touke 4 B cpegHeM Ha 110JI-
nopsiika ooegHéH Bcemu REE, o cpaBHeHU10 ¢ ToU-
Kamu 1—3, coxpaHsisl TIpU 3TOM TaKoOW e Mpoduib
pacnpeneneHusi REE (puc. 3). Cnektp REE nist Touek
1—4 B 1IeJIOM OTBeuaeT TUMUYHOMY IUddepeHIIpo-
BaHHOMY OT JIETKMX K TskénbiM REE pacnpenenennio
B HUpKOHe MarMaTuueckoro reHesuca [30]. Ciabdo BbI-
paxxeHHasl oTpullaTeIbHass Eu-aHoManust 1 ymepeHHO
MposiBJIeHHas1 MoJioxkuTenbHast Ce-aHOMasusl Xapak-
TEPHBI JJ1s1 LIMPKOHA U3 11eJIOYHBIX Topoa. Hampumep,
MOJOOHbBIE CIEKTPbl ObLIM YCTAHOBJIECHBI ISl IMPKOHA
U3 cueHuToB PsOouHoBoro maccusa FOxHo#t SIKyTumn
[24]. EnyHCTBEHHOE OTJIMYKE, KOTOPOE XapaKTepu3yeT
témHble B BSE yyacTku nmpkoHa, 310 eie 0oJjiee pe-
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Puc. 3. Cnekrpnol pacnpenenenuss REE, nopmupoBannsie Ha coctas
xonaputa CI, s nupkona (touku 1—7) u mpoaykra ero mpeoopaso-
BaHus (ToYKa 8)
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nyuupoBaHHasi Ce-aHomanus (Ce/Ce* B cpenHeM co-
crapisier 3,48, B cpaBHeHUU ¢ 9,81 11t CBET/IBIX ydac-
TKOB, Tabj. 2) M BBIITOJIOKEHHBIM XapakTep CIleKTpa
REE (otHomenue Luy/Lay coctaisier B cpenHem 174
u 1150, coorBeTcTBeHHO). POocToBast 30HaILHOCTH (110
COIOCTaBJCHUIO COCTaBa B TOYKax 1 U 2) B OCHOBHOI
YacTH LIMPKOHA CO CBETJI0-cepbiM OTTeHKOM B BSE He
MpOosIBJICHA.

ConepxaHne peIKnX 3JIEMEHTOB B IBYX TTpOaHalN-
3MPOBAHHBIX TOYKaX KalMbl LMPKOHA (TOYKU 7 U 8§,
Taba. 2) 3HauuTeNbHO oTinyaercs. Ilpu aHanuze Ha
MOHHOM 30H/i€ B KpaTep AuaMeTpoM oKoJio 20 MKM 3a-
BEIOMO TIOITaJacT CMeCh MUHEpaJIoB — IIUPKOHA U 3a-
MeIIaronmx ero a3, TOYHOE COOTHOIIEHNE KOTOPHIX
yJecTh HeBO3MOXHO. Cpeant HOBOOOpPa30BaHHBIX MU-
HEepaJIoB METOIOM 3JICKTPOHHOW MUKPOCKOIUU OBUTA
IOCTOBEPHO AWATHOCTUPOBAHBI: OaImeieuT, PYTHII,
daopeHcut. OgHAKO HENb3sl UCKIHOYATh MPUCYTCTBUE
WHBIX 10 COCTaBY MUKPOBKIIIOUeHN. CocTaB TOYKM 7
HE3HAUYMTENIbHO OTJIMYAETCS IO CONEPXKAHUIO PeIKUX
5JIEMEHTOB OT TOYEK IIMPKOHA, He 3aTPOHYTHIX IIPe00-
pazoBaHueM (touku 1—4, Tadn. 2). Heodbxonumo ot-
METUTb YMEpEeHHOE MOBBIIIeHNEe comepxaHusg Y, Hf,
Th n U B Touke 7. Criextp pacnpenenenuss REE B Tou-
Ke 7 B 3HAYUTEJbHOI CTENEHU COBMAIAET CO CMeKTpa-
mu pacrnpeneneHuss REE B apyrux toukax LIMpKOHa.
M3BecTHO, 4TO pyTWJI MpakTuyecku He coaepkuT REE;
OamgeneuT, Kak MpaBUJIO, COAEPKUT MEHblIee, YeM
uupkoH, koauuectBo REE (mannwie C.I'. Cky0OnoBa u
Ip., [22]); a ¢IOpeHCUT COAEPXKUT B CBOEM COCTaBe
npeumyiectBeHHO Jierkue REE, uto HenmpemeHHO Oy-
neT 3aMeTHO npu nocrpoeHuu crekTpoB REE. IToaTto-
MY MIEHTUYHOCTH criekKTpoB REE B kaliMe 1 BHYTpeH-
Hell 4yacTu LMPKOHA MOXHO OOBSCHUTDH JIMOO HE3Ha-
YUTEJIbHBIM KOJMYECTBOM HOBOOOpPA30BaHHBIX MUHE-
pajoB B Touke 7, 1100 3(¢eKToM HaclieI0BaHMS
«UYKIOTO» pacrpefesieHus] PeaKuX DJIEMEeHTOB, Ha-
OromaeMoM Mpu METacoOMaTUYECKOM 3aMEIIeHUU Of-
HOro MuHepasa apyrum [16]. B mocieanem cirydae HO-
BooOpa3oBaHHbIe Oamuenent u gpaopeHcur (?), Hepas-
HOBECHO 3aMelllasl LIMPKOH, HaCJeIyIoT BXOMSIINE B
LIMPKOH 3JIEMEHTBI-IIPUMECH, «HE YCIIeBast» MPUBECTH
HUX KOJMYECTBO B COOTBETCTBUE C 3aKOHOMEPHBIM IS
HOBOOOPa30BaHHBIX MUHEPAJIOB YPOBHEM COIEPXKAHUS
3TUX DJIEMEHTOB-IIPUMECEN.

Kaiima nupkoHa B Touke 8 (puc. 1) oTiauuaercs
pe3ko moBbilleHHbIM coaepxaHueM REE (ocobeHHO
LREE), Y, Nb, Ca, Ti. EcrectBeHHO, 4TO aHalu3 B
TOUKe 8 SBJISIETCS MHTETPUPOBAHHBIM JJISI UCXOAHOTO
LIMPKOHA XU HOBOOOpa30BaHHBIX (a3, cpeau KOTOPbIX
JIMarHOCTUPOBAHbI OAIEIeUT, PYTUI, (PIOPEHCUT U 10-
MycKaeTcsl Haluyrhe MUKPOBKIIOUEHUIH IPYrvMX MUHE-
payioB. [losbiienHoe comepxanne Ti (mo 10,4 mac. %,
Taba. 2) u Nb (10 1,1 mac. %) MOXKXHO OOBSICHUTDL 00-
pa3oBaHMEM HUOOMEBOIrO PYyTUJA, XapaKTEpHOIO IS
pyaonposiBieHuss Myersio [6, 9]. AHOMaJIbHO IOBBI-
IIEHHOEC COACP>XKAHUEC APYIUX HECOBMECTUMBIX IJIsd
LIMPKOHAa 3JE€MEHTOB B KaiiMe ILMpPKOHAa TpeOyeT MX
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CTOPOHHEr0 MCTOYHMKA, HAIPUMEpP, TMOCTYIJICHUS C
¢mongom. Tak, cymmapHoe conepxanue REE B Tou-
ke 8 6osibiiie B 20 pa3, yeM B UCXOJHOM LIMPKOHE, Y —
B 6,5 pa3, Ca — moutu B 40 pa3. Cogepxanue Th n U
Takke 3aMeTHO yBenuumBaeTcsl. OCOOEHHO CTOUT OT-
METHUTh YBeJIMYeHNE KaK B TOUKe 8, TaK U B TOUYKE 7,
coaepxanuss Hf — uHepTHOrO npu npeodpa3oBaHUsIX
nmupkKoHa 31eMeHTa [1]. B Toukax 1—4 conepxanue Hf
cocrapysier B cpeaHeM 3930 ppm, B Toukax 7 u § —
5650 ppm (ta6m. 2). Takoe Hu3koe comepxanue Hf B
WCXOOHOM IIMPKOHE TIpeIIiojiaraeT ero ITOCTYIICHUE
M3 HIEJTOYHBIX WUIM IIEJIOYHO-YIBTPAOCHOBHBIX TTOPO/I,
YTO COTJIACyeTCs C MPEATIONIOKEHUEM O JaMITpodupax
KaK MCTOYHHWKE PYTHOTO BEIIECTBA UIST PYIOITPOSIBIIC-
Hust Muetsio [8, 10].

[Mpexae yem TrepelTh K 0OCYKACHHIO TTPOLIECCOB,
OTBETCTBEHHBIX 3a IIpeoOpa3oBaHMUe LIMPKOHA B Oajie-
JIEUT C SIBHO BBIPAXKEHHBIM YBEJIMUCHUEM COIEPKAHMS
HECOBMECTHUMBIX, B OCOOCHHOCTH BBICOKO3aPSITHBIX,
3JIEMEHTOB, PACCMOTPUM HanboJee TUITMIHBIC CIyJIan
B3aMMOOTHOIIICHUS TIIAaBHBIX MUHEPAJIOB IIUPKOHUS —
IUpKoHa M Oammenenrta. Kak oTMeuanoch BEINIE, WX
COBMECTHOE TIPUCYTCTBUE, OCOOEHHO POCTOBOE B3au-
MOOTHOIIIEHNE, OOCTaTOYHO PEIKO BCTPEYalOTCS B
npupoze [27]. B otnuune oT UMPKOHA, KOTOPBIA KpUcC-
TaJUTM3yeTCs B TOPHBIX ITOPOIAX IITMPOKOTO CITeKTpa
(3a MCKIIIOYEHMEM YJILTPa0a3UTOB, KaK II0JIaTaeT psif
HccIeqoBaTeeil), 6amIeIeuT KpUCTaUTN3yeTcs B T10-
pomax, HEOOCHIIIEHHBIX KPEeMHE3eMOM — YIbTPaoCc-
HOBHBIX ¥ YaCTU OCHOBHBIX TIOPOJI, a TAKKe B IIEI0U-
HBIX U 1IEJI0YHO-YILTPAOCHOBHBIX ITopoaax [3].

Cpenu poCTOBBIX B3aMMOOTHOIIIEHW OammeenTa u
IMPKOHA HanboJIee YacTo BCTPEUYAeTCS CUTYAIIMS, KOT-
na GammeenuT 3aMelaeTcsT IIMPKOHOM. DTOT TIpoliece
onucbkiBaeTcs peakuueir ZrO, + SiO, = ZrSiO,4 u npo-
SBJIIETCS TIpU MeTamMopdu3Me W BO3ACHCTBUM Ha TIO-
pony GIonIoB, TPUBHOCAIINX KpeMHe3eM. [1pn aTom
MIPOUCXOINUT PEaKIIMOHHOE 3aMeIleHNEe, OT YaCTUIHO-
ro 10 ToJHoro, OaaaenenTa HupKoHoM. MMeHHo OJa-
rofgapst 5TOMY TIPOIIECCY M 3aTPYIHEHO MUCIIOIb30BaHHE
OammenenTa B KayeCTBE T€OXPOHOMETpAa MarMaTUdec-
kux mopon [3]. JoBOJBHO Y4acTO PEIUKTHI 3aMEIIEH-
HOTO OamenenTa He COXPAaHSIIOTCS WM C TPYIOM IHar-
HOCTHUPYIOTCST B COCTaBe HOBOOOPA30BAaHHOTO LMPKO-
Ha. Ha puc. 4, ¢ mokazaH COXpaHUBIIMNCS PETUKT
OagmenenTa (YEPHBIM MPU KAaTOOAHOM JTIOMUHUCIEHUN
(CL) yyactok pazmepom 20x5 MKM BOJIM3U BEpIUMHBI
o0si0MKa 3epHa LIMPKOHA) B LIMPKOHE M3 MeTarabopo
paiiona KpacHoii ryonl B belloMOpcKOM IMOIBMXKHOM
Mosice, MOABEPIIIMICSI MHTEHCUBHOMY MeTaMop(hu3-
My najieorporepo3oiickoro Bo3pacrta [18]. Takue pe-
JIMKTBI OazjenenuTa ObLIM OOHAPYXXEHBI TOJbKO B MSITU
3épHax UPKOHA M3 HECKOJbKUX JECSTKOB BBIIEICH-
HBIX. 3aMellaolIuii 0anae/euT HMPKOH UMeeT KpaliHe
HEOOBIYHBIN UIST IIMPKOHA MarMaTM4eckKoro W/Win
MeTaMop(UUECKOro reHe3uca 001K — MEJIKO3epHUC-
TYIO CTPYKTYPY THUMa CBIMH, MOAYEPKHYTYIO pa3HbIM
OTTEHKOM cocTaBHbIX yacteil B CL uzobpaxenuu. Ta-
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Kas CTPYKTypa XapaKTepHa UISI IIUPKOHA TUIPOTEpP-
MajbHO-MeTacoMaTuueckoro tumna [30].

bim3koe X mapuTeTHOMY COOTHOILIICHUE Oaiesier-
Ta U pa3BUBAIOLIEIOCd IO HEMY LIMPKOHA OBUIO ycTa-
HOBJICHO B KapOoHaTtuTax THKIIIeo3epcKOro MaccuBa
Cesepnoii Kapenuu [22]. LHupkoH 3amelaeT 0amaesie-
WT TI0 TpeIIHAM, TIPOHU3BIBAIOIINM BCe 3epHO Oae-
Jeuta (puc. 4, 6). Haubosee MHTEHCUBHO 3aMellieHNe
MIPOSIBJIICHO B KPaeBBIX 30HAX OaimesieuTa, B KOTOPHIX
HMCXOMHOTO MHWHepaja TPaKTUYeCKW He ocraercs. B
MpaBoii BEepXHEl 4YacTh pUCYHKa M300paxeH par-
MEHT 3epHa OajiesieTa U3 TeX ke KapOOHATUTOB, YXKe
MPAKTUYECKU TTOJTHOCTBIO 3aMEIIeHHOTO IIMPKOHOM.

CBumeTebcTBa 00paTHOM peakIuu, Korma Oame-
JIEUT pa3BUBACTCS O LIMPKOHY, KpaifHE PEIKO JOKY-
MEHTUPOBAHBI TTPEAIISCTBYIOIINMU UCCIICIOBAHUSIMMU.
3aMelieHre KaiMbl LIMPKOHA OamieseuToM ObLIO
YCTaHOBJICHO B KMMOEPIMTaX, MCITBITABIINX MaHTHUIA-
HBIII MeTacoMaTo3 [23, 29, 31]. I[Ipu aToM B pa3mepe 1
OPUEHTHPOBKE HOBOOOPA30BAaHHOTO OajjiesienTa Ha-
OJrromaeTcs onpeeIeHHas 30HATbHOCTh — B KaiiMe Ha
rpaHulle C IUPKOHOM OaIIelIeNT MEJIKO3ePHUCTHINA 1
XaOTUYHO OpPUEHTUPOBAHHBIN, majee — CcpemaHe3ep-

; EHT: 12.00 kV; Beam: 5; WD: 27.74 mm
T

BEC 20kV

Puc. 4. IIpumepsl npeodpa3oBanHus 0aaaeienTa B IUPKOH: @ — B Me-

Tarabopo paitona KpacHoii ryosl be1oMopcKoro moaBUKHOTO MOSI-

ca, CL usobpaxenue; 6 — B KapOoHaTtuTax THKIIIEO3epCKOrO Mac-
cuBa CesepHoii Kapennu, BSE nzo6paxenue
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HUCTBIN OamIe/IeNT U OPUEHTUPOBAHHBIN 10 YITHHE-
HUIO TIPEUMYIIIECTBEHHO TTePIIeHANKYISIPHO TPAHMIIE C
LIMPKOHOM, Ha Kparo KaiiMbl pa3MepHOCTh OajaeienTa
MMOHMKACTCS, OPUEHTUPOBKA Mcye3aeT. Takast 30HaJb-
HOCTh OTpakaeT B3aMMOZACHCTBHE [IMPKOHA C METAaco-
MaTU3UpYOLIUM (iitonaoM [29]. AHaTOTUYHbBIN Xapak-
Tep mpeoOpa3oBaHMs IIMPKOHA B GamaeenuT ObUT SKC-
MMepUMEHTAJILHO BOCIIPOM3BEAEH MIPU BO3ICHCTBUM Ha
LMPKOH TIeloyHbIX (umongoB tipu 1 ot 600 1o
800—900°C [25, 28, 33].

Kpucramnuzaius 6anaenenTa B LUPKOHE U3 A30B-
ckoro Zr-REE mecTopoxiaeHusi B CUEHMTaX, He CO-
aepxaiux HedearH, obyciioBieHa BO3AEHCTBUEM Ha
LIMPKOH CWJIMKATHOIO pacrulaBa ¢ HU3KUM CojaepkKa-
HueM SiO, (43—46 mac. %) 1 MOTOKaMU BbICOKOTEM-
nepatypHoro ¢Gaouaa, CoaepKallero Boay U yriaeKuc-
sory [35]. Ilpu aTom OamaesieuT oopa3yeT co CTEKIJIOM
XapakTepHbIe MEJKO3epHUCTbIe (He 6osiee 5—10 MKM)
rpadguueckre cpacTaHus: JUOO BHYTPU pacIlIaBHBIX
BKJIIOYEHU I CTeKJIa B LIMPKOHE, JUOO B KpaeBOM 30HE
LIMPKOHA, Kylda MpoHUKal pacruiaB. [TockojibKy HO-
BOOOpPA30BaHHbIN OaaaeeuT PaCcIONOXEH WCKIIOUM-
TeJbHO B aHKJIABax pacIruiaBa, COXpaHUBIIMXCS B BUIE
CTEKJIa BHYTPU KPUCTALJIOB LIMPKOHA, TO 9TO peakiius
0o0pa3oBaHusl OanfenenuTa HECKOJbKO OTJIMYaeTCsl OT
PACCMOTPEHHBIX BbIIIE, MOCKOJbKY LIMPKOH CITYXKWJ
JIMIIb UCTOYHUKOM LIMPKOHMS, a cama KpUCTaiu3a-
LMs1 GanaesnenTa MporucXoausa yxe BHEe [IMPKOHa.

OO6pazoBaHue OaaneneuTa Mo LUPKOHY, YCTaHOB-
JIEHHOE IIJIs1 rpaHaTUTOB MaccuBa MuHask Ha KOxHOM
Ypaze [7], aBTOpbI CBSI3BIBAIOT C MPOLIECCAMU JECUIIH -
KalMu TpU POAMHIMTU3ALMU TPAHATOBBIX MUPOKCE-
HUTOB U IPaHaTUTOB. JleTabHOe N3yYeHUE MO3BOJIUIO
aBTOpaM YCTaHOBUTb peAKue 3€pHa, B KOTOPBIX peak-
LIMSI METaCOMATUYECKOIo 3aMelleHus] IMPKOHa Oaje-
JIEUTOM M CUJIMKaTaMM He mpoliia ao koHua. [lpu 3a-
MEILIeHMU TUIACTUHKU OajnesenTa BpacTaloT ¢ Kpas B
KPUCTA/UT LIMPKOHA, MOCTENEHHO 3amellasi ero moJ-
HOCTbIO.

DKCrepMMeHTalIbHble  pabOThl, MOACIMPYIOLINE
paccMOTpPEHHOE BhbILIE 3aMellleHe UPKOHA Oanaesne-
WUTOM IIpU 00pa30oBaHUM POIMHIUTOB [2], MOKa3aju,
YTO LMPKOH MOXET 3aMelllaThCsl OanaeseuToOM o pe-
akuun Mg(OH), + ZrSiO, = MgSiO; + ZrO, + H,O0.
[Mocne BBIAEPXKKM KPUCTAJIOB IIMPKOHA B pacrijiaBe
6azanbTa B TeueHue 2 4 nipu 1350°C B Hux obpasoBa-
Jlach Kaiima toJiyHoi 1o 100 MKM, ciaoXeHHas 3aKo-
HOMEPHBIMHU CpacTaHUSIMU KPUCTALJIOB OanaenenTa u
nupokceHa. PaBHoBecue B 3Toit peakiiuu, 1Mo JaHHBIM
aBTOPOB, 3aBUCUT OT TEMIEpaTypbl U MapLUaJIbHOTO
papieHust Boabl. Ilpm 500°C paBHOBecue CMeEIICHO
BrpaBo, npu 600°C mpouecc MAET B OOpaTHOM Ha-
npasjeHuu [2].

Takum o0Opa3oM, B IpUPOAHBIX OOBEKTaX paHee
ObLTM JOCTOBEPHO 3aJ0KyMEHTHMPOBAaHbI BCETO TpPH,
OTJINYAIOIIIMECS TI0 TEOJIOTMYEeCKO OOCTaHOBKE, Ha-
XOJIKM IpeoOpa3oBaHus LIMPKOHA B Oamueneut. Peak-
LIMOHHOE B3aIMOOTHOILIEHNE LIUPKOHA U OammeneuTa

I
938eg0quii I

Takxke ObLI0O BOCIPOU3BEACHO B Psiie SKCIEPUMEH-
TaJIbHBIX pPaloT.

IIpu P—T napametpax 2 k6ap u 450—750°C skc-
MMepUMEHTAIbLHO OBLJIO YCTAHOBICHO MHKOHTPYIHTHOE
pacTBOpeHME IIMPKOHA B KBapIl-HEIOCHIIIEHHOM
dmmousie Tpy BapbUpPYIOLIEH 111eJI0OYHOCTH (aronaa ot
HelTpalibHOM 10 1eaoyHoi cpenbl (0; 0.1; 1 m NaOH).
IIpu aTOM pacTBOpeHME IIMPKOHA COIPOBOXKIATIOCH
oOpaszoBaHMeM Ha HEM Kalimbl Oammeneurta [23],
BHEIIHE BeChbMa ITOXOXEW Ha KaiiMy, HaOJI10JaeMylo
HaMHu B LUMpPKOHE u3 pynonposisaeHus: Muernvro. Tep-
MOIMHAMUYECKUE PACUYEThl PeaKInii ¢ UCTIOIb30BAHU -
€M KOHCTaHT pacTBOPUMOCTH LIMPKOHA, OafmenenTa u
KBapla ¢ yuetom pH cpenpl, npoBeaéHHblie B [25], u3-
0aB/ISIIOT HAac OT IOBTOPHBIX AEMCTBUI U MO3BOJISIOT
npoBectu P—T-pH olLieHKY OpUpOmHOro Ipolecca
oOpa3zoBaHus OaaneaenTa Mo UUPKOHY B MPOSIBICHUN
HNueTblo.

IIpn Oojiee BBICOKOTEMIIEPATYPHBIX 3KCIIEPUMEH-
tax (900°C) u pmoune, cogepxaiieM Ca(OH),, Takxke
ObUIO YCTaHOBJCHO 0Opa3zoBaHUE BKIJIIOUEHUI Oaje-
JieuTa B peaKLIMOHHOI 30He MEXIy HeU3MEHEHHbIM U
U3MEHEeHHBIM LIMpKoHOM [28]. M36b1ToK Ca Bo (ttou-
Jie TIpUBOAUT K oOpaszoBaHuto CaSiO;, MOHUKAIOIIETO
aKTUBHOCTb KpeMHe3eMa Bo (uitonae, v aenaet daane-
JIGUT CTaOMJIBHBIM B MIPUCYTCTBUU LIMPKOHA W HOpMa-
TUBHOTO KBaplia.

Huzkue TepMoanHaMuyeckue napameTrpbl o0pa3o-
BaHU OamaesenTa 1Mo MUPKOHY TPU POAMHTUTU3ALIN
rpaHaTOBBIX MMPOKCEHUTOB [7] HE COIJIacyloTCsI ¢ pac-
CMOTPEHHBIMU BBIIIIE Pe3yJibTaTaMU SKCIIEPUMEHTOB.
ITosToMy oOpa3zoBaHue OamaesieuTa UMEHHO IIPU PO-
MUHTUTU3AIMA He OYeBUIHO. BrojHe BeposTHO, YTO
3aMellleHre IIMpPKOHA OaaiIesIeuToOM IIPOM30IILIO B
yciaoBusix (a3pl MeTaMopdu3Ma IpealleCTBYIOIIEH
pOIMHTUTH3ALIMU. JleTalbHOE MCCIeIOBaHUE POIMH-
rutoB B oduonurtax lLleHTpanbHbIX AJbI TO3BOJIMIIO
COOTHECTM oOOpa3oBaHME LMPKOHOJUTA (MUHEpaia
LIMPKOHUS, KaK U OanaeenT, XapaKTepHOTo JIsI Helo-
CBIILIEHHBIX KPEMHE3EMOM MOPOA) MO LIMPKOHY B pe-
gyabTate peakunu ZrSiO, + 2FeTiO; + CaMgSi,Og =
= CaTi,ZrO; + 3Si0, + MgO + 2FeO c BbicOKOTEMITE-
patypHbIM ymepeHHo 6apuyeckum (700°C u 6—7 k6ap)
MmeTamopdusmom [34]. DKkcnepuMeHTaIbHOE MO -
poBaHMe 3aMelleHUs] IUPKOHA OaaIeeuToM Mo peak-
i Mg(OH), + ZrSiO, = MgSiO; + ZrO, + H,0 [2]
BPSIIL JIM KOPPEKTHO PACIIPOCTPAHSTh Ha MPOILIECCHI PO-
TUHTUTU3AIMNA U CEPIIEHTUHU3AIMU, TTOCKOJbKY TeM-
repaTtypa 3aKaJKd MPOAYKTOB 3KCIIEpPMMEHTa COCTaB-
nsa 1350°C, a TemriepaTypHbIid TMana3oH paBHOBE-
CHUSl peakiluy, IO JaHHBIM aBTOPOB, COOTBETCTBYET
natepBany 500—600°C. IIpu 3TOM M3BECTHO, UYTO Je-
rugparauus OpycuTa IMPOXOIUT IIPU 3HAUYUTEJIbHO 00-
nee Huskoi Ttemmneparype 380—460°C [4]. Kpome
TOTO, TIOJIyUEHHBIN B pe3yjbTaTe 3KCIEpHMEHTa I10
peakIMOHHOMY 3aMellIeHUIO IIMPKOHA arperaT Oase-
JIEUTa ¢ TTUPOKCEHOM HE MMEET TPSMBbIX MPUPOTHBIX
aHaJIOTOB.

33



i FOVa4 s,

4

03} Po
o e
%,

s
Y &
ey w\q\@

MN3BECTHUA BY3O0B. 'EOJIOTUA N PA3BEIKA. 2018. Ne 1

gt
850 g ¥

DKCcIepuMeHTAIbHOE MCCIIeIOBaHE U TEPMOIMHA -
MHMYECKOe MOIETMPOBAHUE PACTBOPMMOCTH BBICOKO-
3apSAHBIX 3JIEMEHTOB (B TOM YHWCJIe M LIMPKOHMS) B
BomHBIX (urronnax mpu 890°C u 14 x6ap [26] yka3biBa-
eT Ha 3HAYMTEJIbHOE ITOBBIIICHUE PAacTBOPUMOCTH
LIMPKOHA TpU yBEJIWYEHUU cojieHocTu (ronaa (B 3
paza) u qobaBKe B pactBop 4,5 Bec. % anpouta (yBeau-
YyeHHe pacTBOPUMOCTU LIUPKOHA B 5 pas).

Takum o0Opa3zoM, 0030p IKCIEPUMEHTAIbHBIX HC-
CJICIOBAaHUI TI0 PEeaKIMOHHBIM B3aMMOOTHOIICHUSM
UPKOHA W OamuesienTa W eIWHWYHBIX TTPUPOTHBIX
aHaJIOTOB MO3BOJISIET CAENIaTh 3aKJITIOYCHHME O TOM, UTO
HaumboJiee BEPOSITHBIM MEXaHM3MOM IpeoOpa3oBaHUSs
LIMPKOHA M3 PYIOIpOosBIeHUs] MueThio B OamIeIeuT B
CpacTaHMsIX C pYTUIIOM U (PIIOPEHCUTOM OBITIO BO3ZCH -
CTBHME Ha IMPKOH BHICOKOTEMIIEPATypHBIX (He MeHee
500—600°C) 1m1eToYHBIX (GIIOUI0B, TPAHCIIOPTUPYIO-
mux Bbicoko3apsimHbie aseMeHThl (REE, Y, Nb, Ti).
KocBeHHO 3T0 TIonTBepKIaeTcss HaXOAKaMU B TIPOSTB-

JieHun Muerblo LIMPKOHA C aHOMAJIbHO BBICOKUM CO-
nepxanueM Y 1 REE go 100000 u 70000 ppm cooTBeT-
ctBeHHO [14]. KpaeBble MJIEHOUHbIE arperaTbl 3ame-
LIEHUS LIMPKOHA 0aaie/IeuTOM MOJ00HBI YacTO BCTpe-
yalMUMCcs TUIEHKaM KCEHOTUMAa Ha LIMPKOHE, BEPOsIT-
HO, OHU 00pa3yloTcs npu onuskux P—T mapameTrpax
TUAPOTEPMAbHBIX TTPOLIECCOB U MOTYT ObITh UCITOJIb-
30BaHbl KaK MHAMKATOPbI U TMTOUCKOBBIC MPU3HAKU aJl-
Ma3oHOCHbIX nopoj [20]. YHuKanbHas Haxojaka Ipe-
00pa3oBaHusl LIMPKOHA B 0aJeeUT HE COMIACYeTCs C
MPUHUMAEMOM 10 CUX TOp PSIAOM HccieaoBaTeneit
POCCBIITHOM TUIOTE30il O0Opa3oBaHUs PYIOINPOsIBIIC-
HUsI, HO TIOATBEPXIAaeT TOUYKY 3pEHUsI aBTOPOB 00
y4yacTUM BBICOKOTEMIEpaTypHbIX (IIOUI0B B 00pa3o-
BaHUU 30JI0TOAIMA3-PEAKO3EMETbHO-PENKOMETALIBHO-
TUTAHOBOW MMHepaM3aluu pyaonposiBaeHus Hue-
TBIO.

PaGota BbInosHeHa npu (GUHAHCOBOM MOAIEPKKE
POD®U (rpanTer 17-35-50003 u 16-05-00125).
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