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OnHcaHbl HCTOPHSI OTKPHITHA, (H3HYECKHe H XHMHYECKHe €BOIHCTBa,
HPHPOIHBIE H CHHTETHUECKHE MHHEDAJbl JHTHS, PyOHIus, Lesus, Gepui-
JIAS, CTPORILHA, PacnpoCTPAHEHHOCTh HX B MATMATHUECKHX, MeTamMop(n-
YEeCKHX, 0CAJOUHBIX NOPOAAX H MHHEDaJH30BAHHBIX Bojax. OxapaktepH-
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OT PEJAKTOPA

Euwe cosceM HejaBHo peiKHE MeTaJ Il HHTEPECOBAJIH TOJBKO yueHbix. Buaroaaps
HAYYHO-TeXHHYECKOH PpeBO/MOUMH H OypHOMY pAa3BHTHIO HOBBIX OTpacJjell NpoMbiil-
JeHHOCTH 34 TOCTEAHHE AeCATHJICTHS MHpPOBOe norpelseHHe MHOTHX DeldkHX Meras-
JIOB CTAJI0 HCYHCIATHCA THICAYAMH M jame JecAtkamd (HuOOul, UeDHEBble 3EMJH,
CTPOHIHNE, KaAMHi) ¥ coTHAMU (Hupxouuil) Teead tonu. CnpapeanyBO NOAATAKT,
4TO B Halll BEK He TOJbKO, H JaXKe He CTOALKO TPOM3IBOACTBO WyryHa M CTajH Ha
Ayury HaceJeHHsl, CKOJbKO MacwTadpl NoTpedJeHHs pPeJKHX MeTasloB ONpelefsiorT
ypoBeib NPOMBIIINCHHO-IKOHOMHYECKOro pa3sHTus rocyapcrsa. Ceffuac tpyano ceGe
NpeacTaBHTL CYLIECTBOBAHHE LEJIOT0 Psija COBPEMEHHBIX OTpacied MpOMbIIIJIEHHOCTH
fe3 TeX MJH HMHBIX pelkHX MeTaanios, Hanpumep, atomuoil u siaepHOii SHepPreTHKH —
Ge3 JIMTHHE, UBETHOrO TelleBHACHHA — Ged CTPOHUHA, NOJAYNPOBOAHMKOBOH TEXHHKH —
fe3 repManHf H APYIHX XaAbkOOMHIbHLIX PEIKHX MeTa/LloB, aTOMHOH NPOMBILLICH-
HocTn — Ges GepuaJus ¥ LMPKOHHA, MPOA3BOACTBA KAPOCTOHKHX CNJaBOB — 083 HHO-
OMsl, TAHTaNa H UHPKOHHS.

BMmecte ¢ Tem cBelleHHS O XHMHUeCKHX H (DH3HUECKHX CBOHCTBAX, reOXWMMH, MH-
HEPAJOTHK, MECTOPOMACHHAX, MHHEDAreHWH, METORHKe NOHUCKOBR W pasBeaxH, ofora-
HiCHHY DYA, TeXHOJOIHHM Tepeiesa KOHHeHTPaTOB, MeTOAaX aHajH3a M 3IKOHOMHKe
PEAKHX MeTaJJoOB paccessHbl B ThICAYax CNeUHAJbHLIX NMyOJHKauuii, KOTOpbe B GOJb-
IWHHCTBE CBOEM TPYAHOLOCTYNHB. JTO H BLI3BAJO K MH3HH H31dHHe J14HHOIO, NEPBOro
B MHpe TeoJOTHYeCKOro CnpapBouHika, cymMmHpyolkero csexchus no Li, Rb, Cs, 'Be,
Sr — JderkuM JHTOGHIEHEIM PEIKHM MeTasaaM.

Bonee npasunabHo Gpli0 Oul HA3BIBATH JUTOGMHJBHBEIE MeTaIsl OKCHQUIABHBIMU
H3-32 ¥X TIOBHINEHHOrO CPOACTBA K KHCAOPOAY (TaKkKe KaK XAJAbKOQHALHLIC — CyAb-
GypOPHILHBIME HM3-32 NOBLILEHHOTO CPOACTBA K cepe, a He k mean). Oxnako, ydn-
THiBAfl CcreyH(HYeckHil XapakTep JaHHOro TPyjla (COPaBOYHHK), MBI OCTaBJsieM Tpa-
JAHLIHOHHOE Ha3BAHHE.

B naJjpHefiuweM MpeanoJaraeTcd H3gaHHe CIPABOYHHKOB 10 THMKENBIM JHTO(HIb-
HuM peaxum Mmeranaam (Y, nawranounam, Zr, Hi, Nb, Ta), xaJokoQHILHBIM PedKHM
{Cd, Ga, Ln, Tl, Ge Se, Te, Re) u cuzepodunsumm (V, S¢) merannam, a Takme 0o
pamnoaktieimm (U, Th, Ra) » manmwv (Hg, Sb, As, Bi) Meraanam,

H. Il. Jiasepos



MPEAHCHOBHE

JTutnii, pyOouanii, meauii, GepuaIHiA M CTPOHUMA — JHTODAIBHBIE Pe/IKHe MeTasbl
nepsoit ¥ propoil rpynn I[lepuoamueckoit Tabanus 1. M. Menneseesa — Huskoil sa-
JIEHTHOCTBK) M MCKJAIOUHTEIbHO Maloi ygenbuuﬁ NJIOTHOCTEIO PE3KO OTJAHHAKTCH OT
OCTAJbHHX JHTOGHILHBIX DEIKHX MeTalI0oB: MTTpHd, JauTaHOWIOB, UMPKOHHS, rad-
HUsI, HHOOHS M TaHTaJa.

Peakne Meranab, Kak HM3KOBAJNEHTHBIC, TAK H BLICOKOBAJEHTHble, Hepedko ofpa-
2y10T ofulHe MHHepasabl, QOPMHPVIOT NPOMBILLICHHbC KOHLEHTPAlUMH B OLHUX H Tex
HKe THHOAX MeC.TO[)DX{,ILEHHl“i. XapaKTepPH3VIOTCH OﬁlﬂlIOC'Tb}O TeOXHMHH H MH[IE]‘IHI'L‘HHH,
B To e BpeMs JHTHi, pyOHAMA, NE3Ri, GepHAIMA M CTPOHUHI CYILECTBEHHO OTJIH4A-
IOTCA OT PelKHX MeTaJIoB TPeTbeil—NATOH Tpynm No BeJHYMHE HOHHBIX DailnyCcoB,
HOHHBIX TIOTEHUMAJIOB, SHEPreTHYECKMM MOKa3aTteJsM, TeMIeparypaMm NJaBJeHHS H
KHIIEHHS M JIPYTHM KOoHCTa€taMm. IDTO TPHUBOIANT K OTYETIHBOMY obocolJennio Jjer-
KHX JHTOQHJIbHBIX DEIKHX METAJJIOB B MNPHPOAC M AdeT OCHOBAHHS AJS BblAJEHHS
HX B Cal}iOCTOHTE‘ﬂbHyH) I"I]'}’l’[[[y.

CrnpaBouHHK MOCTPOEH 10 TeMaTHueckoMy mnpuuuuny, Kamawii Merajsn onucoi-
BaeTcsd Mo eauiHoMy muiaHy. PyvOuiuit n uesuil Bo m3bexanune NOBTOPOB B nopsike
HCKJHOYEHHSI OMHCHIBAIOTCA CoBMecTHO. XapakTepPHCTHKA THIIOB MeCTOPOMICHHHE JBYX
HJIH HECKOJIBKHX METafn0B NPHBOAHTCA TOABKC B OAHOM Pasiete, B OCTaAbHLIX 13eTCH
CChIJIKA. CBE,D,EHHH o] HPOPHOEHPOBHIIHH‘ MOHCKAX H OlleHKe MeCTODO)K}lEHHﬁ, a TaxkKe
0 MeTOJAaX aHaJH3a XapaKTepPH3YIOT OJHOBPEeMeHHo JHTHI, pyGuAuil, uesuii u Gepui-
JUH H MOSTOMY MOMelleHbl TOJBKO B pasjede «JIuTHii».

ITpu nmoarotoske Cnpasouknka Henodb3oBadsl nyOmukauun B, E. Ilmouesa u
C. B. Crenunoii («XuMHS H TEXHOJOTHS PeAKHX W PacCeAHHBIX 3JeMenTOB», 1976 r.);
H. A. Cosonosa, JI. C. banamwosa u A. A. Kpemeneuxoro («[eoxumusi autus, pyon-
aus o tesnst», 1980 r.}; E. K. Jlasapenxo 1 O. M. Bunap («Munepanorayecskuii crpa-
Bounuk», 1975 r.); E. HU. CemenoBa («Munepadoruueckne taGauus», 1981 r1.),
b. H. Korana, B. A, Hazpanosoii, K. A. Kanycrunckoit («Pejkne meramns. Cocros-
HHE H TepchmeKTHBBI», 1979 1), a Takke KoaJektHBa coTpyiunkor MMIPD («Mecro-
pOXKAEHHS JHTOOHILHBIX PeJKHX MeTaaaos», 1980 r.) u psa Apyrux.

Aptopw BmIpamawT npusHatedbocts M. B, Ckocwpesoit 1 M. A. Osepopoil 3a
noMoub B cGope MaTepHAJIoB H MOJATOTOBKE PYKOIMCH K HeYaTH.



JIUTHH

OBLHWE CBELEHHS H CBOHCTBA

Hcropus otkpbitus, Jlutuit (Lithium, oT rpeueckoro «JHTOC» — KaMeHb) OTKPHIT
B 1817 r. wseackuM xumukom A, AppBeLcOHOM B meTaauTe, a 3aTeM B JCIHI0JHTE
u cmoaymene. M. Bepueanyc B 1825 r. ompegenus ero B MHHEDAJbHBIX HCTOYHHKSX
lFepmannu. Mertasinuecknit Jautnit 6ol noayuen [, Jlssn npu pasnoxenun LiO
37ekTpoToKoM, a B 1854 r. P. Bynszenom u A, MarnceHoM — npu 3JekTpoJH3e pac-
MJaBJEHHOTO XJOPHI1a JIHTHS.

Ceepennn 06 avome. JIuTiii — XuMuueck#i s7deMmenT raasuoli noarpynnst [ rpyn-
net Ilepnonnueckoit cuetemur JI. M. Menaeneesa. TMopsiakoseiil Homep 3, aromHas
macca 6,941, Ilpupoauniit HTHA — cMech ABYX ¢TabuabHLIx H3ertomes: SLi (7,42 %) n
TLi (92,58 %). M3BecTHnl TakKe MCKYycCTBeHHble paaMoakTHBHbie H3otonn °Li w 9Li
¢ neprHogom noaypacnazaa 0,84 u 0,17 ¢ coorBercTBeHHO. ATOMBI JHTHS HMEIOT cdepi-
HEeCKYI0 CHMMETPHIO THIA aTOMOB OJaropoiaHbiX ra3oB. DJeKTpoHHAs CTPYKTYpa aro-
va 1s22s'. Aromuniit paguyc 0,16 um, nonusil paauyc 0,068 uM, norteHunan HOHH3A-
UK (3HeprHs OTpLIBa NepBoro saektpoHa) 5390 3B, adeKTpooTpHUATEABHOCTH
523 k1K /r-aTom.

®usnueckne cpoiictsa. Jlntuit — cepeGpueto-Oesnlil MeTauLT, OBLICTPO TYCKHEIOUHI
Ha BO3Jyxe H3-3a 00pasoBanus TeMHO-Cepoil mienkn LisN u LiOH. [Tiotaocth
J0534 rfem® mpu 20 °C w 0509 rfemd npn 200 °C (8 pacnaasiennow COCTOSHNH) .
Temneparypa naasaenns 180,5 °C, kunewus — 1317 °C. B sakyyme naumnaer ucna-
pateca npu 600 °C. -

Jlarnii o61a1aeT GOALIION MAACTHYHOCTRIO H BA3KOCTLIO, JeTKo 00pabaTeBacTest
NpECCOBAHHEM W NMPOKATKOM, NPOTArHBAETCH B MPOBOJOKY, DeKerces HomKoM, Trep-
zocts no Moocy 0.6. Jlasaenne wcrevenns npu 15—20 °C 1,7-10-7 [Ma, moayss
yapyrocrr 5-109 Tla, npeaea npounocrn npn pactsmenun 11,6 MFla, otHocutedsioe
vaaunenue 50—70 %. [pu xomuatuofi temmepatype KpucTanauayeres L-MOAKDHKA -
unsi B KyOHuecKOi 06BLEMHO-UEHTPHpOBaHHOl peweTke (a= 35,023 um). B cayuae
acTuieckoil legopMaudd npn —133 °C a-MOXHQUKAUAA NepeXoAHT B [-MOLH{(H-
Kauui ¢ KyOHYecKoll rpanelleHTpHPOBalHOll pewetkoil (a=414 nv npy —196 °C).

Xumuyeckue cBofictea. Bo BeeX nmpHPOAHBIX 1 UCKYCCTBEHHBIX COSAHHEHHSN JHTHIE
OJAHOBAJICHTHBIH MONOKUTENBHDI, YTO 00BLACHASTCS BBHICOKHM TOTEHLHAIOM HOHHU3AIHH
BTOPOro sjekTpona (75,619 3B).

JInTHil pearnpyer ¢ CyXWM BO3AYXOM MeAMEHHO H OKHCJAETCH B HEM TOABKO npst
narpesanu. Ilpu Baaxmnocrn mettee 80 % npoaykThl PeakiMH COCTOST B OCHOBHOM
u3 LisN, npu Goaee BBICOKOI BJAXKHOCTH Tipeobaanaer LiOH.

C cyxHM KHCJODOJOM JIHTHI NpPH HU3KOH TeMmepaType He Dearipyer, npu Harpe-
BaHHH roput roayouM niaMenem, o6pasya Liz0. C sonoit oGpazyer LiIOH ¢ eutecue-
HHeM Bojopoaa. Pacnnasienunbifi JauTtuii NOpH COCJHHEHHH ¢ BOAOI B3puiBaerTcs, [e-
MOCPENCTBEHHO COCAMHAETC € (TOPOM, XMOPOM H {POMOM, a TpPH HATPEBAHHH —
¢ #o10M, pacnJaBIeHHOH Cepolf W ee mapaMu, ABYOKACHI yraepoja, YrjaepojioM u
Kpemunem. Pacnaasiennelt IuTHiT BoceTanmasaubaer Si0, no KPeMHHS, KOPPOAHDYET
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Tabauna 1

CBONHCTBA OCHOBHBLIX XHMHYECKHX COEJHHEHHH JHTHS

Temneparypa, Tenaora, PacrsopumocTs
FEAGE =C K/ Moab B BOle
HOCTb
Coequnenne autus Zggi(l: .
’ naas- = - i
rjeM® | nenna K::: oag:;g aewma | £ °C |wom/a| 5
Okues Li,0 2,01 | 1427 | 2600 | 597 | — L) L A
['mapookuch LiIOH 2,54 | 471 | 925 | 440 | 10 15 5,3 —
‘Cyabpar LizSO, 299 8591 — | 1437 |- 13 20 —. |.25,7
Hutpar LiNO, 2,36 | 254 — 4821 13 22,11 — 175,0
Docpar LisPO, 2,41 837 | — = = 1 ey 0,02
Kap6onat Li2COy 2.11 732 — 1215 e 20 a2y 1,3
OpTOCHIHKAT Li,SiO, 2.33 1250 —_— — 29 15 He pacTgo-
psieTcst
Meracuaukar LipSiO; 2,52 | 1188 | — | 1542 | 29 15 To e
Juamomurat Lis0-2A1,0; | 2,00 | — — — — 15 | Huuroxnas
[Tepxaopar LiClO, 2,43 | 36 |1 == 419 | — 25 —
Xaopar LiClO; ~ — 128 | — — — 15 — [300
Bpomar LiBrO; - s — — - 25 — | 60,4
®ropun LiF 2,03 8701 16881 | 6I2 [L25 25 — 0,13
Xaopun LiCl 2,07 | 6141380 | 411 | 13 25 — |43
Bpomux LiBr 3,46 | 552 | 1310 13| — — | Pactopum
Honmun LiJ 4,06 | 450 | 1171 | 302 6 — | CHabHO
pPACTBOPHM
Cyabdun LisS 1,63 e — 482 — — | Beicokas
Amun LiNH, 1,18 374 | 430 | 180 | — 15 PactBopum
Kap(’mn Li2Cs 1,65 o= =t 41 s — — | —
Inapun LiH 0,77 | — — 88 [ — — | Bypso pea-
rHpyer

MHorue Metasas. I1pH marpeBanuu no 500—800 °C o6pasyer ruapun Jautha. C pas-
GaB/IeHHHIMH MHHEDATbHEIMU KHCIOTAMH pearupyer 6ypHO, ¢ KOHUGHTPHDOBAHHOM cep-
HOHl KHCJOTOI — Me/JeHHO, ¢ KONUEeHTPHPOBAHHOH a30THOl — OLICTPO ¢ BOCINIAMeHe-
npeM. C xuikuMm ammuakom obpasyer LiNH, CsofictBa oCcHOBHHIX XHMHUECKHX coe-
JIHHeHHIl JIHTHA OXapaKTepH30BaHL B TabJa. 1.

JluTuit Jerko cmaaejsieTcs NMOYTH co BeeMH Meraquamu: ¢ Mg, Zn u Al o6pa-
3yeT TBepawle pactsopbl; ¢ Ag, Hg, Mg, Zn, Cd, Al, Tl, Sn, Pb, Bi — unrepmerasin-
yeckne coeguHenust (LiAg, LiMg,, LisZns, LiAl, LiSn u np.), KoTopsle yacto obJa-
130T GOJBLION TBePAOCTbIO, XPYNKOCTbIO, TYrOMAABKOCTHIO H He3HAUHTENbHO H3Me-
HHI0TCSE Ha BO3iyxe. Hekoropeie coefHHeHHs HMEIOT TOJYNPOBOAHHKOBHIE CBOHCTBA.

MHHEPAJIOTUR
OcobGeHHOCTH cocTaBa MHHEpPaJaoB

O6biuno noj coOCTBEHHBIM MHHepAJOM MOHHMAaeTCH TaKoe IPHPOAHOe COelHHEHHe
3JeMeHTa, KOTOpoe OTJHYaeTcs OT APYTHX CoejJHHeHHH KPHCTaJJIHYeCKOH CTPYKTYpOH
¥ (MJH) XMMHYeCKHMM cocTaBoM. B coorBercTBHM ¢ mpaBHaoM, yeraHoBJeHHbIM Komuc-

6



cHell IO HOBBLIM MHHepajaaM, COOCTBEHHBIM MHHEpAJOM TOTO WAH HHOTO 3feMeHTa
ABJACTCH Takoe npg{poﬂ.uoe CaelHHEeHUEe, B KOTOpOM colepmatue 3Tara JeMeHTa
cOCTaBAACT MHHHMYM OAHY (GopMmy/bHyio einHHuy. OJHAKO cojepiaHHe pelKHX Me-
TAJJ0B BO MHOTHX MHHepa/laXx BaPbHPYeT OT HHUTOMHBEIX A0Jeil NPoueHTa A0 UejblX:
npouexTos. B TakHX cayyasx TPYAHO MPOBECTH TPaHHIlY MeX1y COOCTBEHHLIM MHHe-
paJjoM peaKoro MeTaJiia, Pa3sHOBMAHOCTbIO (JAHTHeBOH, pyOHAHeBOi, OepHITHeBONH,
Le3HeBOl M Jp.) NOpOA00GPA3YIOUIHX, BTOPOCTENEHHBIX HJH aKIeCCOPHBIX MHHepaJoB
H JHTHICOMepKAlUM (PYGHAMIL-, Ue3Hi-, GepHaauiicogepKammm) wmuHepatom. Ha-
npumep, ecan dopmyay asoraapnta nanucath B BRae (K, Cs)BF,, To aporanpur,
B COOTBETCTBHH € NPaBHJIOM, He cOOCTBEHHbII MHHepaJs Ie3Hs, a 1le3neBas PasHOBHI~
HOCTh KajaueBoro Mudepana, Ho dopmyny asoragpura Momuo nzo0pasuts W Kak
KyCsBsF\s, u TOrma aBoraaput — coOCTBeHHLII MHHepas le3ust, Aporaiput — ofile-
NpH3HAHHKIT coGCTBeHHbIH MHHepasa ue3us — coaep&HT 10 7 % Cs;0, croasko xe
1e3ds NPHCYTCTBYET H B COCTaBe 1E€3HeBOro OHOTHTA, KOTOPHIH W no BHAY (opmy/sr,
H jaxe MO CBOEMY HA3BAHHIO BBITVIA/IHT Kak le3HeBasl Pa3sHOBHAHOCTb MHHepada Ka-
aus. Ecou yuecTh, uto ue3HeBblii OHOTHT K TOMy e obpasyer KpynHeiillee MecTO~
POKIeHHE JTAHHOrO MeTaJdaa, TOrAa KdaK aBOTAJAPHT — MHHepaJiorTHUeCKds peJKOCTh, TO:
VCIAOBHOCTD NpeAsoxeHHoro KoMHccHell no HOBHIM MHHepaJaM TPHHUHIA OYeBHIHA.

Crenys cucrematke E. M. Cemenosa [29], Mul cuuTaem coOcTBeHHLIMH MHHepar-
JaMH PeAKOro Merajja Takde MUHepalblble BHAB, B KOTODHIX €ro CoAepiKauue npe-
suimaer 0,1 arOMHOre KOJAHUECTBA B KPHCTAJVIOXHMHUYECKOR ¢dopmyne, ne obpautas
BHHMaHHs Jaxe Ha Te CJy4aH, KOrjJla Ha3BaHHe MHHepaja 3BYUHT KAK XHMHYeCKas
PA3HOBHIHOCTE: Lle3HeBLIH Gepua, JHTHeBbil (eHruT w ap. [IpH TakoM ycloBHH Ha
ceroflisl B MPHpOde ycTaHosJeHo 54 muHepana JuTHS (GOpMYyJBl JaHbBl B OCHOBHOM

no E. M. CeMenoBYy; MHHepaJbl pacno/oMeHb CONJIaCHO ero KJaacCHhHKallHu):

Munepaa dopmyaa Cadepacanite:
o Li:0, %
PTOpHID
KpHOAHTHOHNT NasliALF, 11,6—12
KoabKBHpHHT LiCaAlFs 6.5
Boparth
PO,{iHL[HT CSLiBEaAhB]gOQs 7.%
CHankKarth

DBKPANTHT LiAlSiO, 6,1
JiuGeput Li,BeSiO, 23,4
' CAHXYAJHHAT LizCa3Be;5is0aF2 5.8
BHEKHTaHT LiAlSi,04-H:0 6.5
Teraaut LiAlSi4Op 3,4—4,1
Bupruaur LiAISi,Op Ilo 4.9
BapaToBut KLisCarTizSiin0sF 2,1
Kataamanur KLisCarTisSin0x(OH, F)a 3,95
HentyHut KNa:LiFe;Ti:Si:044 1—1.3
MaHran-HenTyHHT KNa:LiMn Ti;SigO,4 =] %
HamGyant LiNaMngSin0s (OH), 1,55
BopobbeBuT CsLiBesAlS11:0:6 1,5
Bamudoanr LiBaMg;Al3S1,0,2(0H)g 2,0
LiAl-6anudoant Li, sBaMgAl, :Si,01:(OH)4F,

Cyruant KNa, ;Fed+, ;LizSi120z-H:0 3,1
CoraHaHuT KNal.isFeZr8i;;0s 3.7
HdapanHoant KNa;LiMnZnZrSi ;04 1.7
BpanHokHT KLi38n:8i;2030 4,0
LekTiepur NaLisZrSisOs 2,8
AMeneyCcHT NajLiFeSigOs 2,8
Tpynna nupokcenos

Cnoaymen LiAlISi;:0¢ 59-7.6
Tpynna amgubonos

ToALMKBHCTHT Li:MgsAl8i50,F: 2,135
KAHHOTONMBMKBHCTHT (Na, Ca)z(Al, Li, Mg, Fe)SizOx=(F, OH): 34



Tpynna cawd

JInTiepo-pyGuamessiit denrur (K, Rb)LiMgALSi;00(0H, F), 1,922
LliHHaaIbHT KLiFeAl,8i;00F; 2,9—4.5
MacyToMugur K,LiMnALSisOnF, 4,45
Jlennaoaur K2LizAlsSigOn(F, OH)4 4,1-5,5
TMoauautuonur KLi:AlSi,00(F, OH), 5,6—8.8
Mporoantuonnt KLiMgFeAlSi;O(OH, F). 1,5—2.8
TafHHONMT KLiMg;8i400F; 2:4-3.8
Tpynna xpynkux caod
SN)PCHT NaLiAl;iSi;00(0OH), 2—2.5
Bumiur LiCaBeAl:Si:01(0OH), 2
Goyaunt Li;CaBe:ALSi,01,(0H); 3,5 (2)
I'pynna Hourpouura
Cexroput NaLiMg:S1,0F2-4H,0 L2
Craindopaut LisAl;Si500F4-8H,0 4
Tpynna xaopura
Kykeut LiAl:Siz00(OH)y 4.3
Mauanioaur LizA1;BSi:010(OH)g 40
Tpynna Typmaauna .
SanGant NaLiAlSigBOus (OH).F L7 2.8
JIHAHKOaTHT Li:CaAl;SisB;Oer (OH)F 4
Docdarbl
Tanxont HNa,LiAl(PO,)2(OH) 5.2
Jintnodochar Liz POy 3.1
AMGIHTOHAT LiAIPO,F S.L-84
MorTeGpaant LiAIPO,(OH) 7.0-9.0
[ eGpOHHT LiAIPO,(F, OH) 3,1
TaBOpHT LiFePO,(OH) 7,6
Tpubuina LiFePO, 6.1
JIntnobnaur LiMnPO, 8.8
CHKaIepHT LiMn2+Mn3+ (POy): Lo 3.8
Beprocaut Li:CaAl,(PO,)(OH)4 42
Maepmont LizSrAL(PO.)«(OH)s -
BacTHHHT LiMnFe(POy): nH,0 40
OKuCcabl
Depraiur HLIH, VO 4H:0 e

Jlutnodoput

LiAIMn,0,(DH),

bombmmHeTBO MuHepAaJOB AWTHS, KAK HCTHHHO OKCH(HJIBHOrO MeTajja, npelcTaB-
JeHo cHaukataMu (39 sunos) u ¢ocdartavu (11 sunos). KpoMe Toro, BuABIEH OAHH
GopaT, ABa oxucaa u oaun (ropus. Xorsa uz cobeTBeHHO (PTOPHAOB BBIABJCH BCEro
oiHH BHA, elile 18 JMTHEBLIX MHHepaNoB coiepiar GpTop B KOJHUECTBaX, (HKCHpYye-
mblx dopmyaavu. Takum oGpasom, 40 % Bcex MuHepaJsioB JUTHSH, B TOM 4YHCJE OKOJO
MOJOBHHLL CHJIHKATOB, COJAepHaT (TOP, 4TO CBHAETEJNLCTBYCT O Goaplloil HTOPOhHIbL-
HOCTH LAHHOrO 3JeMenta. 22 MuHepata JHTHS, U3 HHX |8 CHINMKATOB, COlepKAT THA-
pokcia, 30 MHHepanoB coaepxar aubo ¢rop, Juo rHAPOKCH, JH60 0LHOBPEMEHHO
oba KoMnouenrta, Bop, wapaay ¢ sxoxienueM B cofctpenno Gopat, NPHCYTCTBYET eilie
B TPeX CHJIMKATAX JHTHS.

Takum 06pasom, U3 AHHOHOB M auHoHoOOpasopatesell HauboJbliee YHCAO NpH-
POAHBLIX coefHHEHHiT oOpa3yeT ¢ JHTHeM KpeMHHil — 39 MuHepaJos, 3atem ¢rop — 19,
amoMukmit — 13 (amomocuiuxatn), gochop — 11 u Gop — 4.

CojepaHHe OKHCH JHTHA B ero MuHepaJax oObuo coctasaser 1,2—9 9.
Jlnne y gutnodocedara ono gocruraer 37 %, auGepura 23 % M KPHOJHTHONHTA
12 %. Ho 310 Kpaiine peaxHe MmuHepads, OObYHO HH3KOe BeCcOBOe COjeprKaHHe JH-
THA B COOCTBEHHBIX MuHepadax oOLACHAeTCH riaaBHpiM 00pa3oM ero HHYTOXKHOH aToM-
HOI Maccoll, a TakiKe TeM, YTO JHTHeBble MHHEepPaJk oGhl4HO MpeACTaBJeHB ABOHHBIMH
consmu. [locaeatee oOGyc/aORJICHO, NO-BHIHMOMY, MaJbiMH 3HAUeHHSMH ero 3Hepre-
THUECKHX ToKasaTeseil, BeJeacTsHe yero Li ¢ Tpy/JloM CTPOHT €aMOCTOATeJbHble KPHC-
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Ta/JJHYeCKHe CTPYKTYDBl M HYXJ1aeTCA B TNOMOLUH 3HepreTHUeCKH Oojee «CHJBHBIX»
Al, Mg, Ca, Fe, Mn, Zr, Sn, Be nunu Gonee pacnpocrpanennsix (K, Na) snemenTos,
006/1a1a10lHX B IPHPOJAHOH TeoJIOrHUECKON cHCTeMe TOBbIIIEHHOH KOHUeHTpailHel
(maccoft).

B kaTHOHHO yacTH MHHePaJOB JIHTHIA H3-3a HeGOJBLIONO WOHHOrO pajHyca
(0,68 uM) OOGBHIYHO HMMeeT WECTePHYI0 KOOPAHHAIHIO, DEIKO YeTBePHVIO (MeTaJut),
Grarofapst Yemy ero M30BaJeHTHLIT H30MODGU3M € JAPYTHMH LIEJOYHBIMH METaJIaMi,
ofJajamllHMH KPYIHBIMH KaTHonaMH M xoopawnaumefn VIII—XII, zatpyanen. Tem
He MeHee, B TIOJIOBHHEe BCEX MHHEPANOB JUTHA, B TOM 4iciae B GOJbIIHHCTBE ero CH-
JIHKATOB; KaJHH H HaTPHH (pexe Le3WH M pyOMIAHI) HaxoasTcd B QOPMYJIBHBIX KO-
auuectBax. OpHako 3TO He M3oMop(gHBIe, a cBOero fpojga TapareHHbe 3JICMeHTHL.
K yueay nmocaeaHux npHHaAJIeKAT TakkKe Kaabluil, Oapuit H crpoHuui.

B C()éCTBeHHO- JIHTHEBBIX MHHepaﬂaX H MHHEpaJJax-HOCHTeNAX OISt JHTHS 0CO-
OeHHO xapakTepeH reTepoBajeHTHBI M3oMopduaM., B npHpode nanbotee mHPOKO Npo-
SIBIEHO H30MOpGhHOe 3aMellleHHe JHTHEM MarHusi M JIBYXBaJeHTHOTO KeJe3da [0 cxeMe
2Mg %‘}‘ (nH QFeﬁ)«—Li{f{A] iﬁ,‘ 210T BMA H3oOMOPHHIMa pACHPOCTPAHCH B H30.
MophHoM Py GHOTHT—UHMHHBAJLAHT—/IENHAOJNAT, a TakXKe B JHTHEBbIX XJOPHTAX,
rOJbMKBHCTE H 3Jb0auTe.

B cmonax, o muennio B. JI. Bapcykoa, Bo3aMoxHO H3oMOpdHOe 3aMellcune JiH-
THEM MarHHs 1o cxeme Mg%,{[ Fefﬁ'*]_i{,}r Si. B Guorute, no panuuy E. M. Cemenona,
TaKKe H3BECTHO H30MOP(HOe 3aMellleHHe JIMTHeM H KPeMHHEM MarHud B LUeCTepHOoil
KOOPAHHALMH H aJIOMHHHS B YCTBCPHON KOOPAMHALLHH 11O cXeMe Mg%,T AJ%T «Liy; Sif\}'
B Keje3ncro-MardesHaZibHbIX CAIOIAX BO3MOMEH H3OMOPGH3M NyTeM 3aMelleHHs
MgO sa LiF nau LiOH.

[lpy oTCyTCTBHME B C/HOAAX MArius ¥ ABYXBAJNCHTHOID Jedesda (DAL MYCKOBAT —
JenHI0AHT) H3oMopdHoe 3aMmelleHHe JHTHEM adloMHHUA NpoABasercss OoJee WHPOKD
o CcxeMme Al%f' 2A]1 2”' «—Lil\,ﬁ 2Sif‘fu OrpaunieHtHo — na  cxeue 2Al?{;’;'3.-\l:i{{“
4—3Li1\j!]'35i?'\‘;, T. €. IPH OZHOBPEMEHHOM sdMeIleHHH YacTH aJOMHHUS KPEeMHHEM,

B xpynkux emopax (maprapur-—OHOTHT) uacTh AJIOMHHMS 3aMeLlaeTcsl JHTHEM
u GepuanueM. B atom cayuae obpasywres Li-Be-mapraput—outunt. Ilpu sameutennn
JKe B CJIOAaX 4acTH KaJblHs HATPHEM H JHTHeM Bo3HuKaer sdecut. Taxkol BHA H30-
MopdiM3Ma MOMKET NPOHCXOAMTL TOJMbKO B 0co00 OJAarolpHATHLIX CTPYKTypax (THia
XpYHKHX cai01) ¢ OoJblUMMH PACCTOSHHAMH MeXK1y cJA0sSMH (nakeramu) H cnocod-
HLX B CBA3W C 3THM BMewarts Aobasouublil xaTuoH.

OnKcanue MuHepasioB

Kpuoautnouut (cryolithionite) NasLizAlsFro. Otkpur H. B. Yeewdrow (N. V. Us-
sing, 1904 r.}. Xum. cocrap: Li 535, Na 1883; Al 1446; F 60,79, nun 036
cymma 99,79 %.

Cunr. xy6. [Mpocrp. rp. lad3d; a¢ 12,16, nsectpyxkryped ¢ rpanatom; Nm 1,339;
aeGaerpamma 4,28—2.37—2,21—1,96—1,62. Pombojoaekasaput [110], pexe xomGu-
HauHd poMO0I0A€KAa3/pa C TPHrOHTPHOKTasnpom [221].

KpynuosepunucToie arperaTh, HHOTAa cyOrpafpuueckie CPOCTKH KPHOJHTHOHHTa
H KpHOMHTA, 3epua pasvepom 5—15 mm. Cn, no pomGesapy xopollas; H3JA0M HEpOB-
HBll g0 noaypakoBuctoro; ma. 2.77; TB. 2,5—3; OecuBerHuili MM Oesblii, MYTHBIIL,
l3pelKa Tpo3palHblil; 6., cTexkasuubi; naasutes npu 710 °C; pacrBopseTes B cep-
HOil KHCJIOTC



Berpeyen B cHAEPHT-RPHOMTOBOIN nopose mectopoxkaenns Heurtyr ([pennan-
JHS) ¥ B AMa30HMTOBBIX nermaturax Ypana. [laparenesauc: KPHOJHT, KBapiL, GJHOOPHT,
XMOJUT, NAXHOJIUT, TONA3, DBepuIL.

Koseksupunr  (colguiriite) LiCaAlFs. Ounucan K. Baaenra (K. Walenta,
B. Lehman, M. Zwiener, 1980 r.). Xum. cocras: Li 3,1; Na 0,55; Ca 22,8, Al 134;
F 58,0; mm.n. 0,5 %.

Cunr. tpur.; npoctp. rp. P3ic; ap 5,02; co 9,67; Ne 1,385; No 1,388. [leGaerpau-
ma 3,98—3,23—2,22—1,736.

Beabie npospaunble win nodynpospaunsie sepHa pasmepoM 1o 1 em. Iln 294,
Hpu 800—900 °C pasaaraercs.

Berpeuen na osnoBopyaHom mectopoxiaenun Koasksupu (Boausus). IMaparene-
‘3UC: PAJBCTOHHT, FePAHCYTHT, calepHT, M3JOKHT, NHPHT.

Popuuur (rhodizite) CsLiBesAliB12Ogs. Ortkpeir I, Pose (G. Rose, 1834 r.).
Xum. cocras: LisO 0,68—7,3; Na,O 1,78—3,3; KO 1,41; Rb20 229; Cs20 347;
MgO 0,11; BeO 10,1-—14,93; Al:0; 27,4—30,5; B,0; 40,6—43,3; SiO, 1,36—3,18;
., 0,45—1,42 %.

Cunr. ky6.; npoctp. rp. P43m; ap 7,3; Nm 1,694. OGpa3syer jodeKasaApbl H Te-
“TPa3ApHI.

Cn. #escas no (111). Hsnom pakosucrwmii. Ila 3,3—3,38. Ts. 8. Becusernbiii
no Geqaoro, cepoBaThbiil, KeatoBatblil, ba. crekasuuwii, [lnasutca ¢ Tpyaom. Okpa-
LIHBAeT [UTaMs B 3eJeHblil H 3aTeM B KPacHbIil 1BeT. B xHCJIOTaX He pacTBOPHM,

Berpeuen B auTHeBnX nerMatatax Majarackapa u Ha Ypane. Ilaparenesuc:
KBApIL, MHKPOKJAHH, aJbGHT, CIOAYMEH, PyGe/sIHT, TauTaao-HHO6aThL.

Iekpuntut (eucryptite) LiAlSiO4. Otkpur Bpawem (Bruch G. I, Dana E. S,
1880 r.). Xum. cocras: Li,O 6,14; Na,O 3,8; K,O 1,47, MgO 0,16; CaO 0,1; MnO
0,04; Fe,O; 0,41; Al,O; 30,68; Si0O, 54,11; TiO, 0,03; H,Ot 1,75; mnm. 0,8; cymma
19,49 %. Ifpumecu: Ga Rb, Cs, Be u ap.

Cunr. tpur.; npoctp, rp. R3: ay 13,53, by 9,04; npn temmeparype casiure 927 °C
YCTOHuWB [-3BKPHNTHT (KaPKACHBII CHJHKAT) C mapaMeTpaMH siuefikH ap 5,28, ¢
11,27, No 1,587, Ne 1,572, No—Ne=0,015. [He6aerpamma 6,74—3,96—3,37—
—2,74—2,55. O1HOOCHBIH DTPUILATENLHBIH,

OGpasyeT MeNKO3EPHHCTbIE arperaThl ¥ CINOWHBIE MacChl PA3MEPOM 0 HEeCKOJb-
®kux geunMerpos. Cn, no (0001) scuas. Lis. Geawlii, ceerniokopuuHeBslil. Ba. XKupubii.
Uanom pakosucrsiii. [1a. 2,63, Ts. 6. B yabtpaguoaere KapMHHOBO-KpacHbiil, B cons-
1O KHeJOTe pasjaraercs ¢ o6pasopaHHeM CTYLeHHCTOrO KpeMHe3ema,

Berpeyaercs B JHTHEBLIX TIerMaTHTaXx BMeCTe € KJEBeJaHIHMTOM, TOMIYLHTOM,
CHOAYMEHOM, MeTAMHTOM, JENHIOMHTOM, aMOJHIOHATOM, TAHTAAATAMH, WeAoUHpIM Oc-
puanom. JoGuBancs u3 nerMatutos Bukura.

Jubepur (liberite) LisBeSiOs. Otkpoir Xyu Jlunwao (Chun Lin-Chao, 1964 r.).
Xum. cocras: LisO 23,43; Na,0O 0,25; KO 0,1; BeO 2547; MgO 0,49; CaO 0,29;
Al;05 0,26; Fe:0; 0,11; H:O 0,65 %.

CHHT. MOH.; npocTp. rp. Pn; do 4,68, by 4,95, ¢ 6,13, p 90,5°, Ng 1,638, Np 1,622,
2V —66°. Jebaerpamma 3,80—3,71—2,58—1,45—1,43, Kpucranis ¢ Xopomo pa3sBH-
THIMH THHakouZamu. Mzoctpykrypen ¢ denakutom. Cn. no (010) cosepur., no (100)
# (001) scnas. Tla. 2,69; Ts. 7. L. 6aeano-Keatsiil p0 KopHunesoro. Bu. cTeksa, na
TIOCKOCTAX CNAaiiHOCTH, XKHPHBIH Ha H3JOMe.

BerpeueH B ckapHax B accolHalMM ¢ JHTHEBOH /10011, KACCHTEPHTOM, LIeedH-
TOM, MATHETHTOM,
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Canxyaaunur (hsianghualinite) Li;CagBesSizOioFs. Otkpoit Xvan Yu-Ky (Wen-
Hui Huang, 1958 r.). Xum. cocras: Li;O 5,85; Na.,O 0,13; KO 0,06; MgO 0,18;
Ca0 34,6; BeO 15,78; Fe,05 0,22, Al:O5 0,5; 5i0: 35,66; F 7,81 %.

Cunr, xy0.; npoerp. rpymma { 4432; ap 129; Nm 1,613, [eGaerpamma 344—
—2,75--221--2,09--1,75. OG6pasyer namoMopdHbIe  TeHTArOH-TPHOKTAa3APHUECKHE
KPHUCTAJBL.

MeJikosepHHCThIe MACCH H OKpyrawie Buigedenus, Cn. oreyrersyer. Tw. 6,75; ITa.
2,97—3,0. Bui. crekaannpit, 11p. Geawii, Xpynkuii.

Berpewen B uMHNBaZbANTOBBIX Kuaax cpeid GIAIOOPHTH3HPOBABHBIX KapOoHar-
HBIX MOPOX B IK3OKOHTAKTE GePUIHEHOCHOTO TPAHUTHOrO MACCHBA.

Bukuranr (bikitaite) LiAlSi;Og-H,O. Onucan Xapadyrom (C. S. Harlbnt,
1957 1.). Xum, cocras: LigO 6,51; NayO 0,1; K20 0,17; MgO 0,33; FexO3 0,07; AlyOy
20,68; Si0, 55,79; H,0 9,82 %.

Cuur. MoHokJ.; npoctp. rp. P2/m; a, 8,63, by 4,95, ¢o 7,64, p 114,6. Ng 1,523,
Nm 1,521, Np 1,510, Ng—Np 0,013, 2V 45°. Hebaerpamma 4,19—3,48—3,40—3,22.

Kpuctanau ncepiopomOnueckoro ofauka ¢ scHol wrpHxoBkoft no (100). Cm.
achaa no (100) u (001), M3snom pakoBuctwmil. Ts. 6. ITan. 2,34, Becupernelii, npospau-
weifi. Tlpn warpesauwu Jo 190475 °C repser soay, npu 750—900 °C nepexoaHT
8 f-cnoaymen.

Ycratiopaen B nermarutax bukura (3umbalse).

Meraanr (petalite) LiAlSi;Oi0. Onucan Anapana (Z. B. Andrada, 1800 r.). Cn-
nounu kacropur {castorite). Xum. cocras: Li;O 34—4.1; Na,0 0,3—-19; K0 02—
0,7, MgO 0,03—0.3; CaO 0.2—0.,8; FeQO no 0.3; Fe;0O3 0,3—1,3; AlyO5 15,3—17.0;
Si0, 75,7—78,2; H,O* no 1,6; HO~ no 04 %.

Cunur. McHoka, Tlpoctp. rp. P2[a; ap 11,76, by 5,14, ¢o 7,62; B 112,4; 2V 82°;
Ng 1,516—1,517, Nm 1,609—1,611, Np 1,504—1,505, Ng—Np 0,011—0,012. [TeGae-~
rpamma: 3,67—3,51—2,99—2,57—2,07.

O6pasyeT KPHCTAJIbl KOPOTKOMPH3MATHYECKOTO H TAaO0JHTYaTOro 00JMKa, pasme-
poM 0T HecKOAbKHX MM 10 40—60 ¢ B gauny. YacTe nojHcHHTETHUECKHe ABOHHHKH.
Cu. copepuenuas no (001), cpeauss no (201), yroa Memay naoCKOCTAMH cnafino-
cti 144°. HManom weposuwii. T, 6—6,5; mukpotBeppocrs 614—764. Iln. 242, Ls.
Geablii, cepoBaThiil. DBaeck cTekJAHHBL, pexke nepaaMmyTpoBeii. Ilaasutes nph
1370 °C. PactBopsietrcs B nJaBHKOBOH kKucsote, Ilpu HarpeBanuu caerka ocdopec-
nHpyeT roayfoBaTHM LBETOM,

Berpewaercst B JMTHEBBIX lerMaTHTax, ocoGeHHO pacnpoCTPaHeH B HEKOTOPBIX
IpeICcTaBUTeNAX CHOJAYyMeH-MHKDOK/JIHH-a1p0HTOBOr0 THna, TlapareHesuc: croayMed,
afbONT, JeNUAOCAWT, SBKPANTHT, aMOauronuT, Tautanate, Oepuias, moaayuur. [lpo-
MBILLTEHHBIT MHHEpPA s NOJYYEHHS JHTHR W BRCOKOKadecTBeHHOf wepamuku. [lo-
6upancs wa wmecropoxiaeHud Dbukura (3um6abpe) JgecATKaMH ThIC. T B TOX
(50-e romw).

Bupruaur (virgilite) LiAlSiyO0. Onucan @penvem (French B. M., Zezek P. A.,
Appleman D. E. 1978 r.). Xum. cocras (teop.): Li;O 4,9; Al,O; 16,7; SiO. 78,4 %.
Mukposona: Li;0 5; FeO 1,5; Al,O3 16,14; SiO, 76,63; P.0s 0,58 %.

Cunr. rekc; mpoctp. 1p. P6:22; a¢ 5,132, ¢ 5,464, Kpucraann pazmepom 1o
50 MM (rexCaroHalbBbie JAMNUPAMHIAL, OCHOKHEHHBE FeKCArOHAAbHOK TpusMol),
BOJIOKHHCTBIE DO3ETKOBH/IHBlE KaeMKH BOKpYr KDHCTAJJIOB KBapua, kafadungara, GHo-
tHTd W WnuHead. Becusernwil, npospauneii. Mukporsepuocts 681—722, Il 2,46
(BLIYHCL).
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OGHapymen B ByJKAHMUECKOM CTeKkade HeoOLunoro coctaa Maxyaann (ITepy).

Baparosur  (baratovite) KLiyCarTizSis05Fs. Orkpuir B, JI.  lyemaToBuiM
(1975 r.). Xum. cocraB: Li;O 2,05; NaO 0,7; K.O 296; CaO 30,36; MnO 0,12;
Fey03 0,5; SiO; 50,46; TiO, 9,35; ZrO; 2,28; NbsOs 0,72; F 1,05 %.

Cuir. Tpuka.; npoctp. rp. B 2/6; ap 16,99, by 2091, ¢ 9,75, B 112,7. Haocrpyk-
Typen ¢ e-penoputom. Ng 1,673, Nm 1,672, Np 1,672. (+)2V 60°. JleGaerpamma
3,20—3,03—-2,94—2,87—1,84, Ila. 2,9, Ts. 3,5. [Tnactunuatsie xpucraaas Genoro H
po3oBoro uUserta pasMmepom 5X 20,5 cM.

Berpewen B cnennt-nermarutax meaounoro maccusa lapannos (Tapsmukncran).
IMaparetiesnc: SrupHH, KBapIl, Maii3epuT, IKAHHT, cie, aabOUT.

Karaamaanr (catayamalite) (K, Na)LisCaz(Ti, Fel*Mn),SigOs((OH, F)y Xum,
cocras (MHkposoua, %): Li:O 3,25; KoO 2,89; Na,O 0,22: CaO 28,35; MnO 0,22;
Fe;0; 0,29; TiO: 10,99; SiO, 52,31, Ho0 1,21, F 0,33; cymma 99,83, Tpuka. cHHT.
[Mpocr. rp. Cy; ag 9,721, bo 16,923, co 19,942, 3epuucroie Bbiaedenus. 1IB. Geawiil,
6. cTekasiuubll, cn. cosepuiedHas no (001). OGHapyken B SrHPHHOBBIX CHEHMTAX.

Hentynur (neptunite) KNagLiFesTisSi5024. Onucan ®aunkom (Z. Flink, 1893 r.).
Xum. cocrap: LiO 1—1,3; NayO 9,26; KoO 4,88; FeO 10,91; MgO 0,49; MnO 4,97;
TiO, 18,13; Si0s 51,53 %.

Cuur. MoHoka.; mpoerp. rp. C 2fc; ao 1646, by 12,50, ¢o 10,01, B 1154. Ng
1,719—1,736, Nm 1,692—1,700, Np 1,690, Ng—Np 0,028—0,046. (+)2V 36—49°.

Kpucraaner npuamaruyeckoro obauka. Ilopowkosatele arperats. Cn, coBepireH-
wag nmo (110), Ila, 3,19, Te. 5,5—6,5. L1B. KpacHo-:KeATHIH, YepHbI B TOHKHX OCKOJ-
Kax TeMmHo-kpacubiil. Ilneoxponpyer. Yepra opauikeso-kpacuas, Oypas. Ba. crexasi-
HBIH.

Berpedaercs B HedeawHoBuix cuenurtax (doisnrax) Hapeapeyka (Tpennanins),
XuoduH, Jlososepa. [napoTepManbubii.

Manran-nentynnur (mangan-neptunite) KNasLiFe;Ti;Si5045. Xum. cocTas toT Ke,
Y10 W y Henryuura, Ho MnO go 10 %; npumecu: Zr, Nb.

Cunr. MoHokM.; ap 1641, 8 1255, ¢, 10,03, p 115. Ng 1,716, ‘Np 1691,
{+)2V 31°. Jlebaerpamma: 3,53—3,20--2,49—151—148.

[TpuamaTHueckHe KpPHCTAMlbl M NopoukoBatsie arperats. Ila. 3,17. 1ls. kpacho-
kopHuHeBbli. Berpeuen B ¢ofisiurax Xuoun u Jloroszepa. 'mapoTepMaJbHblil.

HamOyaur (nambulite) NaLiMngSij0Oes(OH)s. Omucan JKowwn (M. Yoshii,
Y. Aoki, K. Maeda, 1972 r.). Xum. cocras: Li;O 1,55; Na.O 2,49; K.O 0,04; MnO
40,67, MgO 1,32; CaO 081; Fe,0; 0,40; AlO; 0,37; SiO, 49,23; TiO, 0,01; H:O
2,95 %.

CHHT. Tpukna,, npoctp. rp. Pl; ap 762, by 11,76, ¢ 6,73; o 92,8, f 55,1, y 106,9.
Ng 1,730, Np 1,707; (+)2V 30°
He6aerpamma 3,17—3,07—2,97—2,96—2,92.

Kpucranner npusmartuyeckoro obanka. Cn. sienas no (001). ITa. 3,5, Ts. 6,5.
LlB. KpacHblil, KOPHIHEBBII.

QO6uapyxen B ckapHaXx @yHakosasa ($lmosus) B npoxmHIKax OpayHHTA.

Banudoaur (balifolite) LiBaMgeAl3Si;s012(OH),F,. Onucan B «Dizhi kexue, Sci.
geol. sinica» (1975, Ne 1). Xuwm. cocras: Li;O 2,0; NasO 0,26; Ko0 0,47; BeO 0,01,
MgO 9,68; CaO 0,28; BaO 19,07; FeO 0,58, MnO 0,05; Al:O; 23,43; Fe;0;3 0,32;
SiQ; 33,44; TiO, 0,11; Py0s 0,03; HO+ 10,3 %.

Cunr. pom6.; mpoetp. rp. Ceea; ag 13,60, by 20,24, ¢y 5,16; Ng 1,601, Nm 1,596,
Np 1,581, Ng—Np 0,020 (—)2V68—72°. dedaerpamma 10,12—4,05—3,39—2,61—2,39
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Hroavuarsle kpueraaasl Oedoro, xedtoro usera. [la, 3,32

Berpeuen B rpeiizesax cpenn rpanutos (KHP).

Cyruant  (sugilite) KNa,sLisFess511205. Onucan Mypakamu  (Murakami,
1976 r.). Xum. cocras: LisOj3 3,14; NaO 4,37; K.O 3.76; FeO 0,19; Fe.03 12,76;
AlyO; 2,97; TiO, 0,51; Si0; 71,38; H,O+ 0,81; HyO~ 0,12 %,

Cunr, rekc.; npoctp. rp. P 6/mce; ap 10,01, ¢ 14,00, No 1,610, Ne 1,607, Hebae-
rpamMma 4,32—4,06—3,19—2,87.

Kpucranapr pasvepom 0,2 MM HJAH HX CKONJIEHHS CBETJO-KOPHUHEBO-EJNTOrO
usera. Cn. cnabas nmo (0001). ITa. 2,74. Te. 6—6,5. baeck crexasuuwii. Hepra Genas.
B mandge Gecupernutii.

Berpewen B srupuHoBeiX cHenutax Hearu (Snouus). [lapareHesmnc: anabOGHT, 3ru-
PHH, MEKTONHT, pexe THUTAHHT, OPTHT, aHADAAHT, UHPKOH, AMATUT,

Corpuannr (sogdianite) KNasLi;FeZrSij20s. Otxpoir B. [ lycmartosmu
{1968 r.). Xuwm. cocras: LisO 3,73; NaO 2,81; K;O 4,84; FesOs; 4,61; ZrO, 9,78;
Si0, 68,83 %.

CuHr. rekc.; npoctp. rp. P 6/mec; aq 10,08, ¢ 14,24; No 1,608, Ne 1,606. dedae-
tpamva 4,08—3,19—2,89—1,83—1,32.

¥Yniouwennble KpHucTaaan pasmepom jao 10xX734 cm ¢uonerosoro usera. Cm.
siciast mo (0001). Tla. 2,9. Ts, 7. Baeck crekasunwtii. [Tpospaunbiii.

Berpeuen B rpavocuednTax [Jdapanuos (TaasKukucran).

HMapanuosur (darapiozite) KNa;LiMnZnZrSi 505, Otkpuir E. M. CemeHoBbIM
(1975 r.). Xum. cocras: Li;O 1,74; NaQ 296; K,O 5,14; CaO 0,57; MnO 8,25; ZnO
7.85; Fes0s 1,85; TR:03 0,96; Si0Oy 63,65; ZrO; 5,00; Nb,Os 0,9; nmm. 0,58 9.

Cunr. rekc.; npoctp. rp. P 6/mce; ag 10,32, ¢y 14,39; No 1,580, Ne 1,575. Hebae-
rpamma 7,09—4,13—3,26—2,93—2 46.

Hzoverpuunpie Boizeaenns OGesloro, GeclBeTHOro, KOPHUHEBOTO I11BETa pasMepoM
Ao 0,0 cm, Iln, 292, Ta. 5. Baeck XupHbi,

BeTpeuen B nmermaTsTax wiesounbix cHenutos Japanuos (Taamukucran) ITapa-
TEHe3NC: 3THPHH, KBaplIL

Bpanunokutr (brannockite) KLizgSnSij20:. Onucan Baittom (I. S, White,
Z. E. Arem, Z. A. Nelen, P. B. Leavens, R. W. Thomssen, 1973 r.). Xam. cocrtas:
Li,0 3.75; Na,O 0,74; K,0 3,72; Sn0, 28,2; Si0O; 65,8 %.

Cuur. rekc.; npoctp. Tp. P 6/mcc; ag 10,12, ¢ 14,24; No 1,567, Ne 1,566. de6ae-
rpamma 7,14—5,00—4,31—4,11—2.90,

[TnactunuaTeie Kpueraann Geqoro usera pazvmepom menee | mm. ITa. 3,08, O6na-
Py#eH B OJ0BO-crnoiyMeHoBbIX nermartutax Kunrs-Mayutun (CIHA).

HekTuepur (zektzerite) NaLiZrSigO)s. Onucan danwnom (Dunn, 1977 r.). Xuwm.
cocras: LisO 2,8; Na,O 5,9; ZrO, 21,84; HiO, 0.5; TiO, 0,75;

Si0, 68,24 %.

Cuar. pom6.; mpoctp. rp. Cmea; ag 10,16, by 17,35, ¢q 14,37; Ng 1,584, Np 1,582
Hebaerpamva 7,19—4,85—4,34—3,48—3,14. Tabautuarsle MIHOMOPQHLIE KPHCTAJJIBI
pasmepom 10 37X33x15 mm. llrpuxoska mapaJdJeabHa och a. Cn, copeplleHHasi.
Ila. 2,69. Ts. 6. LlBer GeJibiii, po30BHIl.

Berpeuen B MuaposoBeix nyctotax pubekutoseix rpanntoB [ongzen Xopn (wrat
Bawmunrron, CIIA). Tlaparenesuc: AbIMUaThlil KBapil, pHOEKHT, UHPKOH, acTPODHIINT,
IJBIHIAUT, ANMHT, XJOPHT, KaJAblAT, QUIOOPHT, PeXKe OPTHT, CTHALTHT, GACTHEIUT, JCI-
JUHrHT, MIMeeT KauecTBO ApParolleHHOro KaMHS.
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Imeneycur (emelewsite) NaoLiFeSigOi;. OTkpoit Anrowom (Upton, 1978 r.).
Xuwm. cocras: Li,O 2,78; Na,O 11,98; MnO 0,03; MgO 0,10; Fe,05; 12,13; Al;O4 1,34;
ZFOQ O,l; TlOz 0,55; SIOQ 70.75 %.

Cunr. pom6.; ap 10,07, by 17,35, ¢o 14,0; Ng-1,597, Np 1,596. deGaerpamma
4,35—4,09—3,50—3,21—3,09. Haomerpnueckhe kpHCTaMIL pa3MepoM A0 2 Mm Oe-
noro, pozesoro ureta, [la. 2,77, Te. 5,5. Bieck creKasHunifi.

Berpeuen B srupuu-tpaxutax Wranyraauk (Cpexnanaus).

Cnoaymen- (spodumene) LiAlSizOs. Cunounm — tpudan (triphane), Ycranopaen
Augpana (Z. B. Andrada, 1800 r.). Passosuanoctn: rugaaennt (hiddenite) iosesnp-
HOMpo3payHblil H3ympyaHo-3enenbit (wr. Cesepuas Kapoauna, CILIA), kynuur (kun-
zite) 1oBesspHONpO3paunblii GHONeToBLI (Adranncran). Xum, coctas: Li0 58—7.6;
Na,O 0,01—1,5; K:0 0,01—0,8; MgO 0,1—0,3; MnQ 0,03—0,1; FeO mo 1.1; Fes03
0,15—1,75; Al,O; 26—27,6; Si0, 62,2—65,3; TiQ; m0 0,2; HyO~ a0 0,2; H.O+ po
0,5; F no 0,5; Cl a0 0,2. M3 npumeceii xapaxrtephbi: Rb mo 0,03; Cs mzo 0,02; Ga
1o 0,5 %.

Cuur. MoHoka.; npoctp. rp. C2/c; ay 9,52, by 8,32, ¢y 5,25; f 110,5; Ng 1,670—
1,682, Nm 1,660—1,669, Np 1,653—1,670, Ng—Np 0,012—0,020, 2V 55—64°. leGae-
rpamma: 2,922,792 45—1,60—1,56. Kpucraans npusmatuveckie, OObiuno nsae-
THHYaTee no (100) ¢ BepTHKaJbHON WTPHXOBKOHA. XapakrepHnl nuHakouIel a [100],
b [010] w npusma m [110].

BeTpeuaercs B BH/AE NPH3MATHYECKHX, HTOJLYATBIX H RJAACTHHYATHIX KPHCTAJJIOB
pa3mepoM OT fgoJeil MM 10 1—2 M B aJaHHY, penko Ao 8—15 M, YacTel noaHcuuTe-
THYECKHe [BOHHHKH. B aJbOMT-CIOLYMEHOBBIX MEerMaTHTaX KPHCTA/LIn OOLIUHO OpHeH-
THPOBaHbl TPY0O NepneHAHKYJIAPHO KOHTAKTAM KWJ, B JIPYrUX THNAxX JHTHeBLIX Mer-
MATHTOB OPUEHTHPORKA KPUCTAM0B oTcyTerByer, Colepanue cnoxyMeHa B adbiut-
CNOAYMEHOBBIX merMarturtax cocrasaser 15—25 %. Cnoaymen HHkorja me o0paisyer
cnaomHex Mace. Ouenn peako BeTpeuarTes HeGoJblIHE UIETKH KPHCTAJIOB MO3aHeil
reHepalmy.

Cn. no (110) copepuwennas. Otaeasnocts mo (010) u (100). Manom HepoBublil,
3anosucTuil. Xpynkui. Ts. 6,5—7, mukporsepaocte 948—1176. Tla, 3—3,2. Lser ce-
pOBaTO-3e/IeHOBATHIH B AJbLOHT-CNOJAVMEHOBHIX NErMaTHTax, B JAPYTHX JHTHeBLIX ner-
maTHTax Oelblfl, po3oBeiii. BJaeck cTekJsHHBIN, Ha NJOCKOCTSEX CHAHHOCTH DepaamyT-
poswuiit. [Toaynpospaunmit. B kuciorax we pacrtsopsietcs. B yabTpaduodere JioMHnec-
UHpYeT JKeJTOBATHIM HJAH Po30BbiM uBerom. [laasutes mpu 1380 °C. Ilpu Ttemnepa-
type 940—1100 °C @-cnoaymes npeppamaercss B B-crnoaymen ¢ OoJBIIHM yBeaude-
HHeM 00beMa, H3-3a Yero KPHCTaJIbl pacchlaioTes B MOPOUIOK, UTO paHee HCNOJb30-
Banoch OGOraTHTEAAIMH A5 NOJAYYEHHS CHOAYMEHOBOrO KOHUEHTpaTta,

PacnpocTpaneHHbi MHHepas rPaHATHBLIX TMErMaTHTOB, H3PeAKO BCTpedyaeTcd B rpa-
HuTax, [JAaBHBIT NPOMBIUJACHHBEIA MHHEpaa AJA noJyuenuss autHsa. [lomyTHo H3 crio-
JYMEHOBBLIX KOHIEHTPATOB H3BJeKaloTcs pyOMaHH, Ue3Hil, raaiuii. [JaBHbe MecTO-
poxpaenus B Kaname, CIUA, Adrauucrane u Adpuke. [Taparenesnc: amsbut, Jenupo-
JMT, [eT4aJHT, TaHTajo-HHOGAaTH, GepHJI, MOANYUHT. MecTOpOKACHHS I0BETHPHUTY
ruaennta wssectHsl B CUIA, xywuura — B Adranucrane n Bpasuiuu,

lFoasmksuctur (holmeuistite) LizMgsAloSisOggFa. Otkpeir Ozannom (A. Osann,
1912 r.). Xum. cocras: Li;O 2,1—3,6; Nay0 0,2—1,6; K;0 10 0,7; CaO 0,06—1,3; MnO
0,1—0,6; MgO 69—12,2; FeO 4,4—13,0; FeO, 2,2—9,7; AlLLO; 7,5—14,6; SiO:
55,5—60,4; TiO, no 0,6; F 0,2—0,9; H,O+ 2,1—3,2; H;O~ mo 0,12; CO; no 1,5 %.

Cuur. poM6.; mpoctp. rp. Pnma; ao 18,27, by 17,17, ¢ 5,30; Ng 1,633—1,666,
Nm 1,627—1,665, Np 1,610—1,642; Ng—~Np 0,020—0,029. Ineoxpousm:. Ng — duo-
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JeToBhlil ¢ oTTeHkaMH, Nm — duonetosuiii, Np — ¥KeJATOBATO-3e/MeHBIH 10 CBETIQ-MKe-
Toro; (—)2V50°. TeGaerpamma 3,00—1,49—1,39—1,31—1,01. Ilpusmu [110] ¢ mpo-
JIOMLHOI WTPHXOBKOH H APYrHe (OPMBI,

Hroasuatsle KPHCTAJIbI annHoit ot aoneit MM a0 10 cm TeMHO-GHOJIETOBOrO
(noutH wepHoro) no roay6oro mneera. Yacter cosHna. Cn. cosepmenHas mno (110),
oraeastocts mo (001), (112) u (113). Tla. 2,95—3,13. Te. 5—6. Baeck crekasHHbil.
Yepra roaybosaras.

PacnpocTpaliel B SHAOKOHTAKTaX W 0coleHHO WIMPOKD B 3K3DKOHTAKTaX JAMTHE-
BLIX TIErMaTHTOB CpelH BMellalollux nopoa am¢pubonosoro cocraBa. Ha paccrosmnu
10 10 M OT MerMaTHTOBBIX Tel KOJHYECTBO FOJbMKBHCTHTA B MOPO/E HHOrJAA COCTAB-
asier 5—10 %, nocrenento ybwiBas ¢ yaadennem oT *uJa. [lapareHesuc: BO BMellLdio-
IHX TOopoJax ¢ poroBoil oOMaHKOH, GHOTHTOM (4acTo He3HeBbIM), KJIHHOLOM3HTOM,
B 3HL0KOHTAKTe MerMaTHTOB — C OJHrOKJIa3oM, ajJbOHTOM, wepgoM. XOpouwHii TOHC-
KOBbIil TIPH3HAK Ha PEJKOMETaJbHble TerMaTHThI.

JlutneBo-pyouauenniit denrnt (phengite) (K, Rb) LiMgALSi;0i0(OH, F) — mea-
Kouewryiluatas pasHOBHIHOCTb MYCKOBHTA, oGoraiiennas SiO; (47—49 %) smecro 46 U
W Medee) M MmariueM (HECKOJbKO TNpPOLEHTOB BMecTO Iecsiteix jgoneii MgO). Coxep-
#*uT (B %): Li:O no 1,0; Rb,O 1,7—2,9; Cs,0 0,8—0,9.

Pacnpoctpanen B 9K30KOHTAaKTax JAHTHEBLX TNerMaTtaTos. Mectopoxaenun: Cu-
OHpE.

LWunneanpaut (zinnwaldite) KLiFeAl,Siz00F.. Onuncan Xaiizuurepom (Haidin-
ger, 1845 r.). Cunonnm: kpuoduanut. Xum. cocraB: Li,O 2,9—4,5; Na,O 0,5—2.2;
K,0 7,7—10,3; Rb,O 0,7—1,5; CaO 0,3—1,2; MgO 0,1—1,0; MnO 0,2—2,0; FeO
7,0—118; Fes,03 0,9—1,2; Al,O5 19—25,7; SiO, 41,6—46,2 %: TiO2 xo 1,35; F 1,3—
9,5; H,0* 1,0—4,4; H,0— 0,1—0,8 %.

CuHr. MOHOKJ.; mpoctp. rp. C2/c; ap 5,27, bo 9,09, ¢ 10,07; p 100; (—)2V 30°
Ng 1,576, Nm 1,574, Np 1,545. Tlaeoxpouam B cBetJo-Oypeix u OGypbuix ToHax, [le-
Gaerpamma 9,90—3,70—3,34—2,00.

OO6pasyer nJacTHHUaThle, uewyiiuaTble arperaThl, pexe MPH3MaTHUECKHe KpHC-
Taaas Oyporo upera. Pasmep BbliejeHuss OT MHJJIMMETPOB 10 HECKOJBKHX [elHMeT-
pos. Cn. Becbma cosepuienHas no (001). ITa. 3,0. Ts. 2,5. Baeck cTekAsinubif, Ha
TIOCKOCTAX  CnafiHocTH HHOrja mnepaaMmyrtposwii. IIpH narpesannu raaBnag macea
BoAb Buiaeaserca npu 800—900 °C.

LIHHHBAJBAHT BCTpedaeTcss B rpeiiseHax cpefH TPaHUTOB WJH BMEILAIOMHX HX
TOPOJ, PEKE B BLICOKOTEMTEPAaTYPHBIX KBapLEeBbIX JKAJAX W rPANHTHBIX TErMaTHTax.
B rpeiiseHax ofpasyeT KDyNHble CKOIJEHHS, KOTOPble HHOTIa CJYKAT HCTOUHHKOM
NpPOMBILLJIEHHO AOGLIYH UHHHBAJBAMTA, MepepabaTbiBaeMoOro Ha JHTHIl, pyOMIWil, ue-
auit. [lapareHesuc B rpefiserax: KaccHTepuT, BoJn(pamuT, Tonas, ¢guawooput. Mecro-
poxaenua: B YCCP (Uuukosen), KHIAP, KHP u apyrux crpanax.

Macyrtomuaur (masutomilite) KLiMnAl;Siz0,0Fs. Onucan Harammma (K, Naga-
shima, K. Harada, M. Honda, 1975 r.). Xuum. cocras: Li,Q 4,45; Na.O 0,54; K;0
9,88; Rb,O 1,54; MgO, CaO He o6u.; FeO 1,53; MnO 8,12; Al,0; 19,81; Fe.0; 0,38;
Si0, 46,85; TiO; 0,13; H,Ot 1,27; H,0— 1,36; F 7,04 %.

CuHr. MoHOKA.; @o 5,24, by 9,05, ¢p 10,05; Ng 1,670, Nm 1,669, Np 1,534;
{(—)2V 20° Iloa wmmukpockonom noutd Gecupsernwii, /leGaerpamwa 9,94—3,30—3,09—
—2,89—2,59.

TaGauTuartble KPUCTAJ/Ibl PO30BOTO [lBeTa, MHOrAA 30HAJBHBIE, pa3MepoM 10
10x5X1 cm. Ipospaunnii. Cn. cosepuenwas no (001). ITa. 294, Ts. 2,5.
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