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The mineral occurs in the hyperagpaitic pegmatites of the Khibiny massif (Kola Peninsula) as fusiform
pseudoorthorhombic crystals 0.3-0.5 mm in size. Colourless, transparent or translucent. Hardness 5. Density
2.80 gIcmJ. Optically biaxial, positive, np = 1.667, nm = 1.677, ng = 1.802, 2V = 32°. Monoclinic, space group C2/m,Q

= 14.39, b = 13.90, C = 7.825 A, ~ = 117.6,° Z = 4. The crystal structure is based on the same array as nenadkevic-
hite and 1abuntsovite ones. The name is for Georgy G. Lemmlein (1901-1962), the prominent Russian mineralogist
and crystallographer.

HaCTOjlLUaJ:I pa60Ta nOCBjlLUeHa xapaKTepHCTHKe HOBoro THTaHO-HH060cllJlHKaTa
COCTaBa NaK2(Ti, NbhSi40dO, OHh. 2H20, npHHa,rJ,JIe)l{aLUero KPHCTaJIJIOXHMHqeCKOMY
CeMeHCTBY JIa6YHUOBHTa-HeHMKeBHqHTa. MHHepaJI 06HaPY)I{eH A. n. XOMjlKOBbIM np"
H3yqeHHH nerMaTHTOB ropbI KOalliBa XH6HHCKOro LUeJIOqHoro MaCCHBa (KOJIbCKHH

nOJIYOCTpOB) H Ha3BaH JIeMMJIeHHHTOM (lemmleinite) B qeCTb reoprnjl rJIe60BHqa
J1eMMJIeHHa (1901-1962), H3BecTHoro pOCCHHCKoro MHHepaJIOra H KpHCTaJIJIorpacpa.2

JJ:aHHbIe 06 OCHOBHbIX CBOHCTBax myqeHHoro MHHepaJIa CYMMHpOBaHbI B Ta6JI. 1,
HJIJIIOCTplIPYIOLUeH pO~CTBeHHbIe CBjl31I JJeMMJIeHHHTa C ero 6JJH)I{aHIlIHMH aHaJIOraMH.

HOBbIH MHHepaJI BCTpeqeH B HeCKOJIbKHX TOqKaX ropbI KoaWBa, B o~HoHMeHHoM
MecTopo~eHHH anaTHT-HecpeJIHHOBbIX PY~, r~e my60KHM KapbepOM BCKpbITbI PHCqOP-
pHTbl II HHOJIHT-YPTHTbl PY~OBMeLUa!Olllero KOMnJIeKCa C MHOrOqHCJIeHHbIMH TeJIaMII
nepecbIllleHHbIx llleJIOqHbIMH, JIeTyqHMH H pe~KHMH 3JIeMeHTaMH nerMaTHTOB H rH~pO-
TepMaJIHTOB YJIbTpaarnaHToBoro THna (XOMjlKOB, 1990; Khomyakov, 1995). 3TH TeJIa
OTJIHqaeT qpe3BbIqaHHOe pa3H006pa3IIe MHHepaJIbHbIX BH~OB H, B qaCTHOCTH, npHCYT-

CTBHe Hapjl~Y C JIeMMJIeHHHTOM ueJIOH cepHH He~aBHO onHcaHHbIX MHHepaJIOB, TaKHX
KaK CHTHHaKHT Na2KT4Si20130H. 4H20, ca3bIKHHaHT-(Y) Nas YZrSi6018 . 6H20, ~eJ1O-
HeHT-(Ce) NaCa2SrCe(P04hF, cpTOpKacpHT Ca(Sr, Na, Ca) (Ca, Sr, Ceh(P04)JF II

]
PaccMoTpeHO H peKOMeHllOBaHO K ony611HKoBaHHIO KOMHCCHeii no HOBbIM MHHepanaM H HaJBaHHJlM MHHepa-

IIOB BcepocCHiicKoro MHHepanOrn'lecKoro 061l.\ecTBa 16 HIOIIH 1996 r. YTBepJK.!leHO KOMHccHeii no HOBblM MHHepa-

lIaM H Ha:JBaHHHM MHHepaJIOB MeJK.!lYHapollHOii MHHepaJIOrn'lecKoii aCCOl.\HaI1HH 5 MaJI 1997 r. B 60llee paHHHX

ny6lI1fKal1HHX onHcblBaeMblii MHHepaJI YCIIOBHO 060JHa'ieH KaK M69 (Khomyakov, 1995) H «KTi-HeHa.LIKeBH'IHT»

(PaCI1BeTaesa H lip., 1996).
2 Oco6eHHO WHpOKoe npH3HaHHe nOllyqHil BKila.LI r. r. JIeMMJleiiHa B paJpa60TKY yqeHHx 0 CBH3H Mopcjx:mornH

KpHCTaJIiIOB c ycnOBHJlMH HX 06pa30BaHHJI (JIeMMJleiiH, 1973 H .up.).
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fleMMJleiiHHT HeHaJ\KeBH'IHT «Ti- HeHaJ\KeBH'IHT' fla6YHUOBHT
XapaKTe-

(Na, Ca, K)I-2(Nb, Ti)2S4012 x (Na, K)2(Ti,Nb)2Si4012 x (K, Na, Ba)IO(I\ Nb)9(Si4012)4xpHCTHKa NaK2 (Ti, Nb)2 S4012 x
x (0, OH)2 . 2H20 x (0, OH)2 .4H20 x (0, 0H)2 . 3H20 x (0, OH)g. IOH20

ClfHroHHSI MOHOKlIHHHaSI POM6H'1eCKaSI MOHOKJIHHHaSI MOHOKJIIfHHaSI
np. rpynna C2lm Pema Cm 121m
a,A 14.39 7.408 14.75 14.14
b,A 13.900 7.148 14.37 13.70
e,A 7.825 14.198 8.01 15.41
13,rpM 117.6 90.0 117.4 117.1
J1Vnp), A3 1387(694) 751.8 1507(754) 2658(665)

Z 4 2 4 2
D, g/cm3 2.80 2.76-2.88 2.73 2.77 - 2.96
CHlIbHbIe JIHHHHHa peHT- 61 - 6.94 100 - 7.108 70 - 7.08 40 - 6.78

reHorpaMMe nopollIKa 43 - 6.39 40 - 6.498 40 - 6.39 40 - 6.39
31 - 4.91 40 - 5.009 40 - 4.97 100-3.17

100 - 3.186 90 - 3.256 40 - 3.57 70- 3.11
I-d 96 - 3.100 50 - 3.178 100 - 3.25 70 - 3.02

23 - 3.06 30 - 3.120 70 - 3.11 80 - 2.56
28 - 2.600 30 - 2.655 30 - 2.73 40 - 2.46
28 - 2.586 40 - 2.554 50 - 2.61 40 - 2.10
24 - 2.489 30 - 2.503 70 - 2.52 40"":' 1.78

(+)2 V, rpa,u, 32 31-46 19- 31 20 - 44
np 1.667 1.633 - 1655 1.659 1.660 - 1.699
nm 1.677 1.642- 1.669 1.669 1.670 - 1.702
ng 1.802 1.738 - 1.768 1.770 1.770- 1.840
UBeT EeclUIeTHbrH EeCUBeTHbIH, )I(eJITbrH, p030BblH EeClUIeTHbrH, po30BblH OpaH)l(eBbrH, KpaCHbrH,

p030BbrH, )I(eJITblH

OmH'leCKaSI OpHeHTH- a = ~b= Np, a = Ng, b = Nm, c = Np a = Ng, b = Nm, c /\ Np = 27'
poBKa c /\ m = 27'

Ta6J1Hua I

CpaBReHHe JleMMJIeiiRHTa c 6J1mKaiiwHMH aRaJIOraMH

Comparison of lemmleinite with its closest analogues

n p H Me 'I a H H e. fleMMJleiiHHT - no .1IaHHblM HaCTOHlUeii pa6oTbI, aH:lJlOrH - no .1IaHHblM UHTHpyeMbIX B TeKCTe H .1lpyrnx HCTO'IHHKOB. 3JIeMellTapHble H'leiiKH ocex
MHllepanOB .1IaHbI B e.1lHHOii YCTaIlOBKe, B Koropoii lIanpaBlleHHe KOJIOIIOKH3 Ti, Nb-OKTa3.1lpOB napaJIJIeJIbllO OCH a. OCH b He H'leiiKH HeHaJ\KeBH'l1ITIl nepeCT1lBlleHbI MeCT1lMH,
BCIlC.1JCTBHe'�ero ero HCXO.1lllaHnpocrallCTBeHHaH '1Iynna Pbam (Peaault e. a., 1973) npe06paJoBaHa B Pema. Vnp - o61.eM 3JIeMeHTIlpllOii H'leiiKH, npHXO.1lHlUHiicH Ha 4Si.



a 6 PHC. I. nCeB110pOM6H'IeCKHH KpHCTaJUI (a) H CpOCTKH
KpHCTaJUIOB(6) JIeMMJleHHliTa.

Fig. I. Pseudoorthorhombic crystal (a) and intergrowths of
crystals (6) of lemmleinite.

KpOcpOPJJ.HTNa3Sr(P04)(C03) (MeHbWHKOB H
JJ.p., 1992; XOMHKOB H JJ.p., 1993, 1994,
1996) .

OTHOCHTeJIbHO KpYITHble CKOITJIeHHH JIeM-

MJIeHHHTa OTMe1.JeHbl nHlllb B OJJ.HOM nefMa-

THTOBOM Tene, HMeKJl.l(eM JIHH30BHJJ.HYJO

cpOPMY H MOI.l(HOCTb B pa3JJ.yae OKono 8 M.

B HeM BblJJ.emIKJTCH raKMaHHTO-HaTpOJIHTOBOe HJJ.pO H OKaHMJIHKJl.l(aH ero 3rHpHHOBaH

30Ha, CnO)KeHHaH arperaTaMH HrOJIb'laTOrO H TOHKOBonOKHHcTOro ccpeponHToBoro 3I11-

pHHa, a TaK)Ke HaTpOJIHTOM, KaJIHeBblM noneBblM UJITaTOM , neKTonHTOM, l.l(en01.JHblM

aMcpH6onOM, naMnpocpHnnHTOM, nOMOHOCOBHTOM H ccpaJIepHTOM. 3rHpHHOBaH 30Ha

COJJ.ep)KHT MHoro1.JHCneHHble nYCTOTbl C KpHCTaJInaMH JIeMMneHHHTa H ca3bIKHHaHTa,

'laCTO HaXOAAUJHMHCSI B TeCHblX B3aHMHbIX cpaCTaHHHX. BMeCTe C HHMH B Tex JKe

ITYCTOTax BCTpe1.JaKJTCH Ky6006pa3Hbie KpHCTaJInbl CHTHHaKHTa, TOHKOITJIaCTHH1.JaTble

arperaTbI KaTaITneHTa H ccpeponHTbl pa6JJ.ocpaHa-(Ce). nOCJIeJJ.HHH, CYJJ.H ITO pe3YJIbTaTaM

MHKp030HJJ.OBoro aHaJJH3a H JJ.pyrHM JJ.aHHbIM, npeJJ.CTaBJIeH He06bl1.JHOH KaJJHeBO-KaJJb-

l\HeBOH pa3HOBHJJ.HOCTbKJ, COCTaB KOTOpOH OTBe1.JaeT cpopMyne KiCel_xCax)P04' H20,

rJJ.e x~0.3.

XapaKTepHaH cpopMa 060c06neHHH neMMneHHHTa (pHC. 1) - YJJ.JIHHeHHble ITO OCH C
BepeTeHo06pa3Hbie ITCeBJJ.opoM6H1.JeCKHe KpHCTaJIJIbI pa3MepaMH 0.3-0.5, pe)].KO )].0 1 MM

H IIX CpOCTKH ()].O 3-5 MM). TaKoH 06nHK KpHcTaJJnoB 06ycnoBneH JJ.BYCT3JJ.HHHbIM

)].BOHHHKoBaHHeM MOHOKJIHHHOro HHJJ.HBH)].a ITO B3aHMHO nepneHJJ.HKynJlpHblM nJIOCKOCTJlM

(pHC. 2): BHa'laJJe (401), 3aTeM - HaJJO)KeHHe Ha 06pa30BaBUJHHcH )].BOHHHK ITOJIHCHH-

TeTH1.JeCKoro JJ.BOHHHKOBaHHH ITO (001). 3TO cpHKcHpyeTcH, C OJJ.HOH CTOpOHbl, ITO

x

y

a

(20 I)

(001)

6

a - MOHOKJ1HHHbliiKpHCTaJlJ1,6 - .1BOHHHK CpacTaHlUI no (401),« - ABOHHHK cpacT,iHlul no (001).

Fig. 2. Stages of lemmleinite twinning.
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PHC. 3. HK-cneKTp JleMMJleHHHTa.

Fig. 3. Infrared spectrum of lemmleinite.

paCI.l.\ellJIeHHIO roJIOBOK H HaJIHlJHIO lJeTKoro ,l\BOHHHKOBOro lIJBa, paCCeKalOI.l.\ero KpHC-

TaJIJIbI B npO,l\OJIbHOM HanpaBJIeHHH, a C ,l\pyroH - no HaJIHlJHIO BXO,l\JlI.l.\HX ymoB H

TOHKOH nOnepelJHOH lIITpHXOBKH B QeHTpaJIbHOH lJaCTH KpHCTaJIJIOB.

Ha ,l\BYKP)')KHOM roHHoMeTpe rJJ:-1 r. 11. JJ:OpOXOBOH H3MepeHo nJlTb C,l\BOHHHKO-

BaHHblX KpHCTaJIJIOB. KalJeCTBO nOBepxHocTeH Bcex rpaHeH nJIoxoe, peqmeKcbl cpHKCH-

pOBaJIHCb B BH,l\e CJ1a6b1X, pa3MblTblX TIJlTeH. KpHCTaJIJIbl IOCTHpOBaJIHCb no OCJlM

nCeB,l\OpOM6HlJeCKOH JllJeHKH, a nepexo,l\ K HCTHHHOH MOHOKJ1HHHOH JllJeHKe ocyru.ecTB-

J1J!J1CJI C nOMOI.l.\blO ceTKH BYJIbcpa. Ha H3MepeHHblx KpHCTaJIJIaX YCTaHOBJIeHO TOJ1b~p

TPH npocTble cpOpMbl: {100} (q>-90°, p=900), {041} (q>-7°, p-77°) H {201}
(q:>- 90°, P - 146°). KpoMe TOro, Ha OT,l\eJIbHbIX KpHCTaJIJIaX 3acpHKcHpoBaHbl OlJeHb

Y3KHe rpaHH {001} (q> ~ 90°, P - 27°). OTMeTHM, '�TO npHBe,l\eHHble CHMBOJ1bl coma-
CyIOTCJI C npHcyrCTBHeM Ha peH'!.reHorp~MMe nopolliKa (Ta6JI. 3) HHTeHCHBHblX oTpa-
)KeHHH (200), (400), (041), (201), (402) H (001), lJTO nO,l\TBep)K,l\aeT npaBHJ1bHOCTb
HH,l\HQHpOBaHHJI HaH,l\eHHbIX rpaHeH.

KpHCTaJIJIbl J1eMMJIeHHHTa 6eCQBeTHble, np03palJHble HJ1H MyrHoBaTble, C CHJ1bHbIM
'CTeKJ1J1HHbIM6JIeCKOM, paKoBHcTblM H3JIOMOM. TBep,l\OCTb 5 no lliKaJIe Mooca. fIJ10T-
HOCTb, onpe,l\eJ1eHHaJI norpy)KeHHeM 3epeH B TJI)KeJ1bIe )KH,l\KOCTH, paBHa 2.80(5) r/cM3,

Me!
0.20

0.15

0.10

0.05

o

100 200 JOO 400 500 600 700 800 900 °C

PHC. 4. TepMorpaBHMeTpH'leCKaJI KpHBaJI JleMMJleHHHTa.

Fig. 4. Thermogravimetric curve of lemmleinite.
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KOMnOHeHT 3epHo 1 3epHo 2 3epHo 3 3epHo 4 Cpe~Hee 0+ OH=14

Na20 5.25 5.47 5.25 5.21 5.30 1.033
K20 15.08 14.81 15.01 14.78 14.92 1.914
CaO 0.00 0.04 0.02 0.00 0.02 0.002
srO 0.04 0.02 0.00 0.02 0.02 0.001
MnO 0.05 0.08 0.05 0.07 0.06 0.005
FeO 0.04 0.05 0.02 0.04 0.04 0.004
AbO) 0.13 0.01 0.00 0.09 0.06 0.007
Si02 40.07 39.63 40.11 39.32 39.78 3.999
Ti02 17.34 19.72 19.66 16.96 18.42 1.392

Nb20S 14.39 10.60 14.31 14.80 13.52 0.614
Ta20s 0.21 0.12 0.05 0.27 0.16 0.004
H2O 7.23 4.846
CYMMa 99.53

Ta61lHua2

XHMH'IeCKHH COCTaa JleMMJleHHHTa (Mac. %)

Chemical composition of lemmleinite (% wt)

npHMe'laHHe. MHKP030~ Supe'1'robe-733. YCKOpJllOlllee HanpJIJKeHHe 20 KB. TOK 20 HA. Ba H Mg (xapaKTepHble
H30Mop4>Hble npHMeCH HeHa,1!KeBH'lHTa H Jla6yHLtOBliTa) Ii .npyrlie 3J1eMeHTbI c aTOMHblM HOMepOM 60Jlbwe 8 He o6Hapy-
)l(eHbI. H20

- no .naHHblM )J,TA.

Bbl'HfCJIeHHa5I ;:UUI 3MnHpHqeCKOH CPOPMYJIbI - 2.86 r/CM3. B BO)l:eH KHCJIOTaX(HCl,
HN03, H2S04) npH KOMHaTHOH TeMilepaType He paCTBOp!IeTC!I. B YJIbTpacpHOJIeTOBblX

JIyqax (240-400 HM) He JIIOMHHecIlHpyeT. KpHCTaJIJIOOnTHqeCKOe HCCJIe)l:OBaHHe Bbl-

nOJIHeHO cpe)l:OpOBCKHM H HMMepCHOHHblM MeTO)l:aMH C HCilOJIb30BaHHeM MbIWbHKOBbIX

)l(H)l:KOCTeH Ha OCHOBe HO)l:HCTOro MeTHJIeHa. MHHepaJI OilTHqeCKH )l:BYOCHbIH, nOJIO)l(H-

TeJIbHbIH, np = 1.667(2), nm = 1.677(2), ng = 1.802(5), 2V = 32( 1)0. CHJIbHa!I )l:HCnepCH.lI

r> v. B3aHMooTHOWeHH!I KpHCTaJIJIorpacpHqeCKHX H OilTHqeCKHX 3JIeMeHTOB cJIe)l:yro-
llI.He: a = Ng, b = Np, C 1\ Nm = 27° B TynoM ymy p.

I1K-cneKTp (pHC. 3) CO)l:ep)l(HT XopOWO pa3peweHHbIe nOJIOCbI nOmOllI.eHH!I B
06JIaCTH KOJIe6aHHH H20/OH-rpynnHpoBoK (3510, 3280, 3195 H 1655 CM-I) H B
OCHOBHOH06JIaCTH (1118, 1080, 1053, 1035, 961, 924, 766, 685, 672, 575, 458 Ii

439 CM-I). 110 06llI.eMY xapaKTepy I1K-cneKTp JIeMMJIeHHHTa BeCbMa 6JIH30K K cneKTpaM
HeHa)l:KeBHqHTa Ii JIa6YHuoBHTa (OpraHoBa H )l:p., 1976), O)l:HaKO B )l:eTaJIHX OH
)l:OCTaTOqHO HH)l:HBH)l:YaJIeH.

110 )l:aHHbIM TepMorpaBHMeTpHH (pHC. 4), nOTep!I MaCCbI JIeMMJIeHHHTa nOCJIe
npOKaJIHBaHHH )1:0 960°C COCTaBHJIa 7.23 %, H3 KOTOpbIX 6.33 H 0.90 % npHXO)l:HTC!I

.cOOTBeTCTBeHHO Ha HHTepBaJIbI 190-600 H 600-800 0c. 110JIyqeHHbIe UHcppbI npH-
MepHO COOTBeTCTBYIOT)l:ecpHUHTY CYMMbI MHKp030HJJ:OBOro aHaJIH3a (CM. HH)I(e), a TaK)I(e
cOJJ:ep)l(aHHIO B MHHepaJIe MOJIeKYJIHpHOH BOJJ:bI H rH)l:POKCHJI-HOHOB, comaCYIOllI.eMYC!I

C pe3YJIbTaTaMH peHTreHocTpYKTypHoro aHaJIH3a.
XHMHqeCKHH COCTaB JIeMMJIeHHHTa (Ta6JI. 2) H3yqeH r. H. HeqeJIIOCTOBbIM Ha

peHTreHOBCKOM MHKpOaHaJIH3aTOpe Superprobe-733 H JJ:onOJIHeH onpeJJ:eneHHeM CO)l:ep-
)l(aHHH BOJJ:bI no )l:aHHbIM TepMHqeCKoro aHaJIH3a. AHaJIH3HpOBaJICH COCTaB qeTbIpex

3epeH C HCnOJIb30BaHlieM CJIe)l:YIOllI.HXCTaHJJ:apTOB: qKaJIOBHT (Na, Si), K2ZrSi207 (K),
JJ:HonCHJJ: (Ca), SrS04 (Sr), P0)l:OHHT (Mn), aJIbMaH)l:HH (Fe), AIP04 (AI), aHaTa3 (Ti),
LiNb03 (Nb) H MnTa206 (Ta). Ycpe)l:HeHHbIH COCTaB npOaHaJIH3HpOBaHHbIx 3epeH
nepeCqHTblBaeTcH npH 0 + OH = 14 (B 6e3BO)l:HOH qaCTH) Ha 3MnHpHqecKYIO cpopMyny

(N a 1.033Cao(02) 1.03S(K 1.914Sro.oo I) 1.915(Ti 1.392Nbo.61~ 00005 Tao.Jeo.004)2.0 1g(S i3.99gAlo.(07)4.~13.65 X

X (OH)0.35 . 2.25H20 H.TIH (6e3 yqeTa BTopOCTeneHHbIX KOMnOHeHTOB) Na1.03K1.91(Ti1.3gX

Nbo.61)Si4013.55(OH)0.45 . 2.2H20. l1)1:eaJIH3HpOBaHHa!I cpopMYJIa MHHepaJIa C yqeToM pe-

3YJIbTaTOB CTPYKTypHOro aHaJIH3a (CM. HH)I(e) MO)l(eT 6bITb npeJJ:CTaBneHa B BH)l:e NaK2(Ti,

Nb)2Si40dO, OHh. 2H20.
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I d3Kcn dBbI, hkl I d3Kcn dBbI'! hkl I d3Kcn

61 6.94 6.950 020 3 2.550 2.547 331 3 1.940
6.934 001 2 2.526 2.525 132 8 1.927

43yrn 6.39 6.397 201 9 2.511 2.502 403 I 1.907
6.376 200 2.499 441 2yrn 1.869

31 4.91 4.909 021 24 2.489 2.492 401 4 1.824
I 4.69 4.707 221 II 2.451 2.454 042 4yrn 1.809

4.698 220 2.447 113 9 1.80 I
lyrn 4.37 4.355 130 I 2.400 2.397 351 12

}~B
1.742

4yrn 4.09 4.065 310 2ill 2.348 2.353 442 12 1.737
3 3.904 3.896 202 2.349 440 9

} ill.IT

1.702
3 3.873 3.882 201 2.5 2.315 2.312 003 5 1.687
9 3.596 3.598 401 2ill 2.265 2.266 333 6 1.680
4 3.466 3.467 002 4 2.247 2.249 152 4~B.ill 1.640

4yrn 3.404 3.399 222 3 2.214 2.208 352 3 1.616
3.389 221 4 2.195 2.200 312 2 1.595

100 3.186 3.199 402 2.193 023 6

}ill.IT

I

1.566
3.195 421 I 2.180 2.177 260 7 1.555
3.188 400 7 2.139 2.132 603 6 1.550

96 3.100 3.107 041 10 2.123 2.125 600 I 1.531
3.103 022

}nj
2.071 2.076 5Il 4yrn 1.522

23 ~B.ill 3.06 3.054 241 2.058 2.054 351 I 1.505
3.051 240 2.046 2.043 152 2yrn 1.470

4 2.980 2.978 311 '7 2.032 2.030 443 6ill 1.428

{
2.92 2.943 Il2 2.025 441 6 1.419

21 ill
(
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Ta6JIHua 3

Pe3YJlbTaThI paC'IeTa peHTfeHOrpaMMhI nopomKa JleMMJleHHHTa

X-ray powder diffraction data for lemmleinite

n p 11M e 'Ia H 11e. YCJlOBI1.H C'beMKJoI. J],11<j>paKTOMeTp, Cu ~-113i1)"1eHl1e, rpalj>l1TOBWH MOHOXpOMaTOp; yuI - yuIl1-
peHHb[H nl1K, III

-
Illl1pOKJolH nHK, AB. III

-
ABOHHOH IllHpOKJolH nl1K, Ill. n

-
Illl1pOKMI nOlloca.

PeHTreHorpaMMa nopowKa MHHepaJIa HH.!J.HBH.!J.YaJlbHa(Ta6n. 3), XOTS no 06U.(eMY
xapaKTepy OHa .!J.OBonbHO 6nH3Ka K peHTreHorpaMMaM CXO.!J.HbIXMe)I(.!J.yC060H Heml,!J.Ke-

BH"IHTa H na6YHl.\OBHTa (JCPDS 8-105, 9-498, 25-1189, 37-484). Ee oco6eHHocTbIO
SBmIeTCS pacwHpeHHe MHornx .!J.HcppaKI.(HOHHbIXnHKOB B o6nacTH 28 (ACu) > 45° (d < 2 A),
npH"IeM npH 28 > 75° (d < 1.29 A) .!J.HcppaKll.HOHHbIe nHKH pa3MbiTbI HaCTonbKO, "ITO
npaKTH"IeCKH HeOTnH"IHMbI OT cpOHa. 3TO CBs3aHO, BeposTHee Bcero, C HecoBepweHcTBoM
CTpoeHHs KpHCTaJlnOB H npOSBJIeHHeM B HHX CJIO)l(HOro MHKpO.!J.BOHHHKOBaHHS.

TIpoBe.!J.eHO .!J.eTaJlbHOe peHTreHocTpYKTypHoe Hccne.!J.oBaHHe neMMJIeHHHTa (PaCll.Be-
neBa H .!J.p., 1996). C nOMOU.(blO 4-KPY)l(HOro MOHOKpHCTaJlbHOro .!J.HcppaKToMeTpa
3Hpacp-HoHHYC .!I.JIS Hero onpe.!J.eneHbI cneAYIOU.(He napaMeTpbI MOHOKJIHHHOH S"IeHKH:
a = 14.39(3), b = 13.900(6), c = 7.825(9) A, ~= 117.6(1)°, V = 1387(5) A3, Z = 4. TIpo-
CTpaHcTBeHHas rpynna C2/m. KpHCTaJIJIH"IecKas CTpYKTypa YT0"lHeHa no 897 He3aBH-
CHMbIM OTpa)l(eHH}!M .!J.OR-cpaKTopa 5.8 %.

HecMoTps Ha TO "ITO B ~KcnepHMeHTe HcnOnb30BaJlC}! BHeWHe H MHKpOCKOnH"IeCKH
OAHOpO.!J.HbIHKpHCTaJln, ~TOT KpHCTaJIJI cpaKTH"IeCKH OKa3aJ1CS .!J.BOHHHKOM. 3TO cne-
AOBaJlO H3 aHaJlH3a .!J.HcppaKI.(HOHHOHKapTHHbI (pHC. 5, a), nOKa3aBweH npHCYTCTBHe
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PHC. 5. CXeMaTH'IeCKOe HJ06pa;KeHHe cynepno3HuHoHHOii JJ;H<PPaKUHOHHOii KapTHHbI H CBJl3b SI'IeeK B 06paTHOM
npoCTpaHCTBe JJ;BoiiHHKOBOro KpHCTaJJ.I1a JJeMMJIeiiHHTa (a) H cxeMa CBJl3H penepoB JJ;BYXKOMnOHeHTOB JJ;BOiiHHKa

(nOJJ;CTPO'lHbIe HHJJ;eKCbI I H 2) B npSlMoM npOCTpaHCTBe (6).

a - 3KcnepHMeHTaJIbHOonpelleJIeHHa.RH HCTHKHast:srqeHKH0603HaQeHbI oeKTOpaMHa;. c; H a*, c. COOTBeTCTBeHHO:y3JILIo6paTHoii
pemeTKH c k =2n 0603Ha'leHLI 'PYJKKaMH, k = 2n + 1 - KB3.!\paTaMH:pa3MepM KPYJKKOBH KB3.!\paTOBOTpaJKaJOTp331IH'IHe MaCCOBMX
KO~Hl.J:HeHToB KOMnOHeHT;m' - nnOCKOCTbllBOHHHKOBaHHJi.n)'HKTHpoM0603H3"1eHa3KcnepHMeHTaJILHOonpeJJ.eneHHaJIJP.Ieih;::ac

BeKTOpaMHa~ H (:t.

Fig. 5. Relationship between cells in the reciprocal space of lemmleinite twins (a) and relationship belween
reference points of the twins in direct space (6).

cIJeL!.mlmqecKHX JJ:BOllHHKOBbIX IJOraCaHHH, YJJ:OBJIeTBOpglOlLI.HX YCJIOBHgM h + k = 2n npH
1= 2n; h = 2n + 1 H k = 2n + 1 npH 1= 2n + 1. I1CTHHHMgqeHKaMHHepanaOKa3anaCb
MOHOKJIHHHOH C napaMeTpOM C =7.825 A (BABoe MeHbllIHM, qeM 3KCIJepHMeHTaJlb-
HblH, - 15.65 A). LJ:Be MOHOKJIHHHble gqeHKH KOMnOHeHT ABOHHHKa CBg3aHbl IJJIOC-

o Na

OK

PHC. 6. KpHCTaruJH'IeCKaSI CTpYKTYPa JJeMMJIeiiHHTa B npoeKUHH (010). nOSlcHeHHSI B TeKCTe.

Fig. 6. (010) projection of the lemmleinite crystal structure.
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KOCTXMM ,aBOMHMKOBaHHX (001) H (401) 3KcnepMMeHTaJlbHOM X'IeMKM. KOMnOHeHTbl

HMelOT 06w:ylO OCb MOHOKJIHHHOCTH, cOBna,aalOW:YIO C HanpaBJIeHMeM b, xapaKTepH3Y-

JOTCX C-u:eHTpHpOBKOM H pa3JmQalOTCX 06'beMOM [YTOQHeHHble MaCCOBble K03cpcpHl.{HeHTbl

0.34(1) H 0.66(Il) cooTBeTcTBeHHo]. ITepexoA K ABYM KOMnOHeHTaM M3 penepa 3Kcne-

pHMeHTaJlbHOM X'IeMKH ocyw:ecTBJ1XeTCX C nOMOllJ,blO MaTpHIJ. 100/010/0 0 0.5 M

100/010/-0.5 0 -0.5 (cxeMa CBX3M 3TMX X'IeeK nOKa3aHa Ha pMC. 5, 6).
OCHoBa CTPYKTYpbl J1eMMJ1eMHMTa (pHC. 6) Ta :;Ke, liTO Y HeHa,aKeBMlIHTa, «Ti-HeHa,a-

KeBMlIHTa» H J1a6YHl!OBHTa (CeMeHoB, 1972; fOJ1OBaCTMKoB, 1973; OpraHoBa MAp., 1976;

Perrault e. a., 1973): CMewaHHblM KapKac M3 [100] KOJlOHOK Ti, Nb-oKTa3ApoB M lIeTBepHblX

KOJ1eIJ. Si-TeTpa3,apoB, B nOJ1OCTXX KOTOpOro pa3Mew:alOTcx Na+, K+ H H20. OTMeTHM

maBHble oc06eHHOCTH KpHCTaJ1J10XHMHH HOBoro MHHepaJIa. OT pOM6HlIecKoro aHaJlOra -
HeHa,aKeBHlIHTa - OH OTJ1HlIaeTCX 60J1ee HH3KOM (MOHOKJIHHHOM) CHMMeTpHeM, HaJlHlIHeM

B CTpYKType y,aBoeHHoro lIHCJ1a Si- H Ti, Nb-n03HIJ.HM, Tpex BMeCTO ,aBYX Y HeHa,aKeBe'lHTa
Na, K-n03HI.(MM, npe06J1a,aaHHeM Ti Ha,a Nb H K HaJJ. Na, 3HallHTeJ1bHO 60J1ee BblCOKHM

co,aep:;KaHHeM llJ,eJ1OllHbIX KaTHOHOB H MHHHMaJlbHblM COAep:;KaHHeM BITJ10Tb ,ao OTCYTCTBHX

H30MOpcpHbiX npHMecei1 Ba, Ca, Fe, Mn M Mg. OT MOHOKJ1HHHOro «Ti-HeHa,aKeBHlIHTa»

OH OTJ1MlIaeTCX npoCTpaHcTBeHHOM rpyr1nOM (C2/m BMeCTO Cm), a TaK:;Ke npe06J1a)J.aHHeM

K Ha,a Na npH 60J1ee BblCOKOM CYMMapHOM cOAep:;KaHHH nOCJ1e,aHHX.

Pa3JIHlIMX CTPYKTYP J1eMMJ1eMHHTa H J1a6YHI.(OBHTa 60J1ee cymecTBeHHbI. HaH60J1ee

Ba:;KHOe 3aKJIIOlIaeTCX B TOM, liTO B nepBOM H3 HHX Ti H Nb CTaTHCTHlIeCKM pacnpe,Cl,eJ1eHbl

no ,aBYM - M(1) M M(2) - a He TpeM, KaK BO BTOpOM, He3aBHCHMbiM n03HI.(H}!M, H B
HeM OTCYTCTByJOTAOnOJ1HMTeJ1bHbIe Ti, Nb-OKTa3,apbl, nocpe,acTBoM KOTOpblX KOJ1OHKH
Ti, Nb-OKTa3,apOB 06'be,aHHxIOTCX B J1a6YUI.(OBHTe B ,aBYMepHbIe CJ10M (fOJ1OBaCTHKoB,
1973). 1l0,a06Hble :;Ke OKTa3ApHlIeCKMe CJ10H YCTaHOBJ1eHbl B cTpYKType BbICOKOKaJlMeBblX
aHaJlOrOB J1a6YHIJ.OBHTa (OpraHoBa M .ap., 1981; PaCI.(BeTaeBa HAp., 1998), liTO cymecT-
BeHHO OTJIHlIaeT 3TH aHaJlOm OT J1eMMJleMHHTa H C6J1H:;KaeT HX C 06bIQHbiM J1a6YHI.(OBHTOM.

TIo COCTaBY H CTPYKTypHbIM oc06eHHOCTXM J1eMMJ1eMHHTAOBOJ1bHO6J1H30K K He.aaBHo
OIHlcaHHOMY B Kap60HaTHTax KOJ1bCKOro nOJ1YOCTpOBa cyw:eCTBeHHO KaJlHeBOMY HH060-
CHJ1HKaTY BYOPHXPBHTY (PaCI.(BeTaeBa H ,ap., 1994; Cy660THH H .ap., 1998) H aHaJlO-
mllHoMY MHHepaJIY H3 w:eJ1OllHbIX nefMaTHTOB HapcapcYKa (Petersen e. a., 1996).
CHHroHWI BYOPHxpBHTa MOHOKJ1MHHax, npoCTpaHcTBeHHax rpynna Cm, a = 14.692(4),

b= 14.164(4), c=7.859(3) A, ~= 117.87(2)°, v= 1445.75 A3, 2=4. Ero CTPYKTypHax
cpopMYJ1a MMeeT BH.a NaoJ<.u{ (Nbo.6Tio.4)(NbosTio.s)[S40n](O, OHh} . 1.6H20. OT YKa-
3aHHoro MHHepaJIa JIeMMJ1eMHHT OTJ1HlIaeTCX npe06na,aaHHeM Ti Ha)J. Nb B Ka:;K,aOM H3

,aBYX oKTa3,apHlIecKHx n03HIJ.HM, 60J1ee BblCOKHM co,aep:;KaHHeM lUeJ10llHbIX MeTaJlJ1OB,

60J1bWeM ynopx,aolleHHocTblO B 3anOJIHeHHM BHYTpHKapKacHbix nOJ1OCTeM M, KaK CJIe,a-

CTBHe, 60J1ee BblCOKocHMMeTpMlIHoM npocTpaHcTBeHHoM rpynnoM. ,U,.rrx 060HX MHHepaJIOB

xapaKTepHo MHKpO,aBOHHHKoBaHHe O,aHOro THna.
_ ,U,.rrx 60J1ee my6oKoro nOHHMaHHX MeCTa J1eMMJ1eMHHTa B CMCTeMaTHKe THTaHOHHO-

60CHJ1HKaTOB KpaTKo H3JIO:;KMM cOBpeMeHHbIe npe.aCTaBJIeHHX 0 KpHCTaJ1J10XHMHH MHHe-

paJIOmlleCKoro CeMeHCTBa JIa6YHIJ.OBHTa-HeHa)J.KeBMlIHTa (EYJ1ax, EBAOKHMOB, 1973; fo-

JIOBaCTHKOB,1973; Perrault e. a., 1973; OpraHoBa HAp., 1976, 1981; PaCIJ.BeTaeBa H
.ap., 1994, 1996, 1998). ComacHo ,aaHHbIM I.(HTHpyeMbixpa60T, AOnOJIHeHHblXMaTepH-
aJlaMH HaCTOxllJ,eM cTaTbH, paCCMaTpHBaeMoe ceMeHcTBo o6'beAHHxeT MHHepaJIbI C 061l.\eH

CPOPMYJ1OH~B4C4-2x {[DxCH20b][Xs(O, OH)s][S4012]4} . 8H20, me A = Na, Ca, 0; B = K,
Na, H30, 0; C = K, Ba, Sr, H20, H30, OH, 0; D = Fe2+,Mg, Mn, Zn, Ti, Nb, 0; X = Ti,
Nb, Fe2+, Fe3+, 0 - BaKaHCMH; x = 0-2. OCHOBHOM MOTHB HX CTpYKTypbI onpe,aeJ1}!eTCX
HaJlHlIHeM KapKaca CMewaHHoro THna (B CPHrypHblX cK06Kax), KOTOpbIH c06paH H3 KOJ1OHOK
BepwHHHo-cBx3aHHbIx X-oKTa3,apoB, CKpenJ1eHHbiX Me:;K,ay C060M KOJIbIJ.aMH [S40d M ,ao-
nOJ1HHTeJIbHO D-oKTa3ApaMH. KapKac co,aep:;KHT o6'beMHble KaHaJlbl, B KOTOpblX JIOKaJlH3Y-
IOTCX KpynHble KaTHOHbl H MOJ1eKYJ1blBO,abl.

K HaH60JIee npHMe'laTeJIbHblM oc06eHHocTxM aToMHoro cTpoeHHx paccMaTpHBaeMblx
MHHepaJIOB OTHOCHTCX60JIbWax C6JIH:;KeHHOCTb C- H D-n03HI.(HM (-2.1 A), H3 KOTOpblX
nepBax MO:;KeT 3aCeJ1XTbCX KaK KaTHOHaMH, TaK H aHHOHaMH, a BTOpax cnoco6Ha
OCTaBaTbCX B 3HallHTeJ1bHOH Mepe HJ1H nOJIHOCTblO BaKaHTHOH. 3aCeJIeHHe 06eHX
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Ha3BaHHbiX n03HUHH KaTHOHaMH OCyw.eCTBJUleTCH CTaTHCTH'IeCKH: BXO)!()J.eHHe B CTpyK-

TYPY cpe)J.HHX no pa3Mepy KaTHOHOB (Fe, Mn H )J.p.) conpoBo)!()).aeTcH BbITeCHeHHeM

KpynHblx (K, Ba H ):(p.) H3 coce):(HeH C-n03HUHH. BMecTe C D-KaTHoHaMH B CTpyKTYPy

BXOJU\T )J.onOJIHHTeJIbHble aHHOHbl (no )J.Ba Ha Ka)!():(bIH KaTHoH), ,aocTpaHBalOUJ.He

Koop,aHHaUHoHHYIO c<pepy KaTHOHOB ,ao oKTa3,apoB, npH'IeM 3TH aHHOHbl pacnOJIaralOTCH

B TOH JKe (C) n03HUHH, '�TO H KpynHble KaTHOHbl, C 06pa30BaHHeM CMell1aHHOH

KaTHOHHo-aHHOHHOH n03HUHH. B pe3YJIbTaTe 3TOro <POpMHPYIOTCH KOMnJIeKCbl D(H20)2

HJIH D(OHh B 3aBHCHMOCTH OT 3apJl,aa D-KaTHOHa, a 3aCeJIeHHOCTH n03HUHH C H D
OKa3bIBaIOTCH CBH3aHHblMH MeJK,ay C060H paBeHCTBOM

2(K, Ba...) + 0 = 2H20 + (Fe, Mg, Mn...)

C D C D

HaJIH'IHe B KapKace paccMaTpHBaeMoH CTpyKTypbl «Ka'lalOUJ.HXCH» KOJIOHOK Ti(Nb)-
oKTa3,apoB H ,aBYX pa3Hbix THnOB CKpenJUlIOUJ.Hx HX 3JIeMeHTOB - TeTpa3,apH'IeCKOrO

H oKTa3,apH'IeCKoro - ,aeJIaeT ,aaHHYIO CTpyKTYPY '�pe3Bbl'laHHO JIa6HJIbHOH, '�TO npo-

HBJIHeTCJI npe)!()).e Bcero B ee cnoco6HOCTH coxpaHHTb YCTOH'IHBOCTb npH 3Ha'lHTeJIbHbIX

BapHaUHJlX 3aCeJIeHHOCTH KJIIO'IeBbIX H30MOP<PHoeMKHX n03HUHH (BnJIOTb ,ao nOJIHOH

BaKaHTHOCTH D-n03HUliH) H npH BeCbMa ll1HpOKOH H3MeH'IHBOCTH COCTaBa KaTiWHOB B

YKa3aHHbiX n03HUHJlX.

3TO B CO'leTaHHH C .lI.pyrHMH oco6eHHOCTHMH CTpoeHHH MHHepaJIOB paCCMaTpHBae-

MOro ceMeHCTBa XOp0ll10 06'bHCHHeT HX BH,aOBoe pa3Ho06pa3He, CBH3aHHoe C WHpOKHM

MHoron03HUHOHHbIM H30MOp<pH3MOM KaTHOHOB, pa3JIH'IalOUJ.HXCH no BeJIH'IHHe 3apH,aa

H HOHHOro pa):{Hyca, B '�aCTHOCTH C B03MO)!(HOCTblO ,[{JIH Ka)!(.lI.oro H3 KpynHblx KaTHOHOB,

3aHHMalOUJ.HX A-, B- H C-n03HUHH, B3aHMHO CO'leTaTbCH pa3JIH'IHbIM 06pa30M H

06pa30BbIBaTb CO'leTaHHH C JII060H KOM6HHaUHeH KaTHOHOB cpe,aHero pa3Mepa B

n03HUHJlX D H X. Ha <pOHe 3TOro nOTeHUHaJIbHO WHpOKoro pa3Ho06pa3HH MHHepaJIbHblX

BH,aOB ,aocTaTO'lHO KOHTpaCTHO pa3JIH'IaIOTCH JJ.Be COBOKynHOCTH npeJJ.CTaBHTeJIeH, a

HMeHHO D-3aCeJIeHHble H D-BaKaHTHble, npH'leM Bce onHcaHHble K HaCTOHUJ.eMY BpeMeHH

MHHepaJIbI nepBOH cOBoKynHocTH HBJIHIOTCH MOHOKJIHHHbIMH, a BO BTOpOH HMelOTCH

npeJJ.CTaBHTeJIH KaK MOHOKJIHHHOH, TaK H pOM6H'IeCKOH CHCTeMbI. COOTBeTCTBeHHO B

HaweH KOJIJIeKTHBHOH pa60Te (PaCUBeTaeBa H JJ.p., 1998) MbI npe,[{JIaraeM BblJJ.eJIHTb B

JJ.aHHOM ceMeHCTBe TPH pa3HbIe rpynnbl MHHepaJIOB: 1) D-3aCeJIeHHbIe MOHOKJIHHHbIe

(rpynna JIa6YHUOBHTa), 2) D-BaKaHTHble MOHOKJIHHHble (rpynna JIeMMJIeHHHTa) II 3) D-

BaKaHTHbIe pOM6H'IeCKHe (rpynna HeHa):{KeBH'IHTa).

ilOJIO)!(eHHe JIeMMJIeHHHTa B paccMaTpliBaeMoM CeMeHCTBe MO)!(HO onpeJJ.eJIIITb KaK

npOMe)!(YT0'lHOe Me)!()).y JIa6YHUOBliTOM H HeHa):{KeBII'IHTOM. C nepBblM ero C6JIH)!(aeT
npHHa,aJIeJKHOCTb K MOHOKJIIIHHOH CIiCTeMe, co BTOpbIM - OTcYTcTBHe B cTpyKType

1U11O'IeBOH D-n03HUHII. CooTBeTcTBeHHo OT nepBoro MHHepaJIa JIeMMJIeHHHT OTJII1'1aeTCJI

nOJIHOH BaKaHTHOCTblO D-n03IIUIIH, a OT BTOpOro - npHHa,aJIe)!(HOCTblO K MOHOKJIIIHHOH

CHCTeMe. HaJIH'IHe B CTpyKTypHOM TIme JIa6YHuoBliTa OC060H H30Mop<pHoeMKoH D-no-

3IIUIIII JJ.OBOJIbHO pe3Ko Bbl.ll.eJIHeT MIiHepaJIbl nepBoH rpynnbl cpeJJ.H cooTBeTcTBYIOUJ.HX

aHaJIOrOB 1I3 JJ.BYX JJ.pyrnx rpynn paccMaTpHBaeMoro ceMeHCTBa. I1MeHHo 6JIaroJJ.apH

3aCeJIeHHOCTli 3TOH cneUH<pII'IeCKOH n03IIUliH JIa6YHuoBliTbI BnOJIHe OT'IeTJIHBO BblJJ.e-

JIHIOTCH Ha <poHe OTHOCIITeJIbHO npocTbIX no Ha60py KOMnOHeHTOB JIeMMJIeHHHTa II

HeHa):{KeBII'lHTa 60JIbWOH CJIO)!(HOCTbIO H 1I3MeH'IIiBOCTblO XHMH'IeCKoro COCTaBa. 3TOH
)!(e npH'lHHOH 06'bHCHJleTCH cBoeo6pa3He OnTH'IeCKIiX H JJ.pyrHX CBOHCTB JIa6YHuoBHTOB,

HMelOUJ.IIX, KaK npaBIIJIO, HPKYIO OpaH)!(eBYIO IIJIH MOpKOBHo-KpacHYIO oKpacKY, B

npoTHBOnOJIO)!(HOCTb JIeMMJIeHHHTY II JJ.pyrnM 06b['lHO cOBepweHHo 6ecUBeTHbiM D-Ba-

KaHTHblM npeJJ.cTaBIITe.nJlM paccMaTpIlBaeMoro CeMeHCTBa.

ilpllBeJJ.eHHbIe JJ.aHHbIe He OCTaBJIHIOT COMHeHIIH B npHHaJJ.JIe)!(HOCTH H3yqeHHoro

THTaHO-HII060CHJIHKaTa K KpHCTaJIJIOXHMH'IeCKOMY ceMeHCTBY JIa6YHUOBHTa-HeHa):{Ke-

BH'lHTa II CBIIJJ.eTeJIbCTBYIOT 0 ero ,aOCTaTO'lHO HpKO BbIpa)!(eHHOH MHHepaJIOm'leCKOH

HH,aIIBH,aYaJIbHOCTH.
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JIeMMJIeHHln- rH~pOTepMaJlbHbIR MHHepaJI, KpHCTa.rIJIH3yID~HHC» H3 OCTaTO'lHbIX
CHJ1HKaTHO-COJIeBbIX )KH~KOCTeH Ha 3aKJIIO'lHTeJIbHbIX CT~H»X cpOpMHpOBaHH» YJIbTpa-
amaHTOBbIX nerMaTHTOB.
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