853

The Canadian Mineralogist
Vol. 38, pp. 853-859 (2000)
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ABSTRACT

The crystal structure of end-member sogdianite from the Dara-i-Pioz alkaline massif, northern TaikiSta240(3)c
14.3198(5) AV 1271.1(1) R, space group6/mcg Z = 2, has been refined to Rindex of 2.0% using 576 observe,(| > 47F)
reflections collected with single-crystal diffractometer withKdoX-radiation. Electron-microprobe analysis gives a composi-
tion (Zry.98 Hf002)s2.00 (Ko.99 N&o.01)s1.00Li 2.97 Sh2.01 Os0. The sogdianite end-member has the typical structure of the double-ring
silicates of the milarite structure-type: the@ctahedron andi(2) tetrahedron are completely occupied by Zr and Li, and tetrava-
lent Zr at theéA site induces the lack of Na at tAsite. The simplified chemical formulazf Li3 Si;» O3 corresponds to the ideal
end-member formula of sogdianite (ZATFe*,Al), ((J,Na), K [Li3Si;203q with Zr dominant at the\ site and_] (vacancy)
dominant at thé site: Zp [, K [Li3 Siz O3]

Keywords sogdianite, milarite-type structure, end-member, crystal chemistry.
SOMMAIRE

Nous avons affiné la structure cristalline d'un échantillon de sogdianite dont la composition est celle du pdle, provenant du
complexe alcalin de Dara-i-Pioz, dans la partie nord du Tajikiats®,1240(3)¢ 14.3198(5) AV 1271.1(1) &, groupe spatial
P6/mcg Z = 2, jusqu’a un résidR de 2.0% en utilisant 576 réflexions observées|(p 47F) prélevées sur cristal unique au
moyen d’'un diffractométre avec rayonnementddoUne analyse a la microsonde électronique a donagd#e0,)s2.00 (Ko.99
Nag.01)s1.00Li 2.97 Shi2.01O30. La sogdianite pure posséde la structure typique a anneaux doubles de tétraédres silicatés des membres
du groupe de la milarite. Les octaedpest les tétraedre§(2) sont complétement remplis par le Zr et le Li; la présence du Zr
tétravalent dans le sifeest la cause de I'absence de Na auBsitea formule chimique simplifiée, ZK Liz Sij» O3, correspond
au pole idéal de la sogdianite, plus généralement représentée pdt @ TAl)» ((J,Na), K [Li3Sii20s0], avec Zr dominant au
site A et une lacune_(]) dominante au sitB: Zr, [, K [Li3 Sij2 Ozq).

Mots-clés sogdianite, structure du type de la milarite, pdle, cristallochimie.

INTRODUCTION mula of [B1A, 1B, [12C [8ID MIT(2)5 [41T(1)1, O3
(Forbeset al. 1972). TheT(2) tetrahedra and octahe-
Sogdianite from the alkaline massif of Dara-i-Piozdra connect theTf,O3q] double-rings along the axis.
northern Tajikistan, was described by Dusmatbal. The [12]-coordinatec cations are located on the axis
(1968) as a new mineral with the formula (K,NB), of the channels that extend along [001]. In contrast to
(Li,Fe,Al,Ti)y g (Zr,Ti) [Si2030]. Its structure was the sogdianite formula K (Zr,E&Ti,Fe&*), (Li,Al, ()3
solved by Bakakiret al. (1975) and then refined both[Si;»030] (Na,K) proposed by Bakakiet al (1975),
from powder X-ray data (Kabal®t al 1994) and from Cooper et al. (1999) wrote the formula as
single-crystal X-ray data (Cooperal 1999). All stud-  (Zr, Ti**,F&*,Al), ((J,Na), K [Li 3Si;-03q] ((J: vacancy)
ies of the crystal structure of sogdianite confirmed itand speculated on a possible formula of the ideal end-
affinity to the milarite structure-type with a general formember of the sogdianite—sugilite $FeNa, K [Li 3 Siy»

§ E-mail addressfrank_hawthorne@umanitoba.ca
* Present addresDepartment of Crystallography and Crystal Chemistry, Faculty of Geology, Moscow State University,
Moscow, 119899, Russia
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O3(]) solid-solution series as Zf I, K [Liz Sii2 Oz¢], tals of sogdianite are colorless (in contrast to the pink
the latter having Zr dominant at tAesite and_] domi-  crystals of sogdianite characterized by Coogeeal.
nant at theB site. 1999) or white because of inclusions of bazirite, semi-

At the same time, Na-free sogdianite was found &tansparent, and with a vitreous luster. The forms {100}
the Dara-i-Pioz moraine, and here we report crystalland {001} are prevalent. In ultraviolet light, the mineral
graphic characterization of the sogdianite end-membf#iworesces blue. In thin section, the sogdianite end-mem-
of the sogdianite—sugilite solid-solution series; [Z,  ber is transparent and colorless.
K [Li 3 Siz2 Osq).

ELECTRON-MICROPROBEANALYSIS
OCCURRENCE
Chemical analysis of the sogdianite end-member

End-member sogdianite was found in a quartz(Table 1) was done by atomic absorption (Li, Na and
aegirine aggregate in the moraine of the Dara-i-Pioz gld) and electron-microprobe analysis (for other ele-
cier (southern slope of the Alai mountain ridge, Garmments; JCXA—733 electron microprobe; 20 kV, 21 nA).
district, northern Tajikistan). The Dara-i-Pioz alkalineStandards were as follows: osumilite USNM 110607 for
massif is confined to the intersection of the Alai, Gissa8i, K, Fe; zircon USNM117288-3 for Zr, Hf; augite
Zeravshan and Turkestan mountain ridges. The glaciadbNM122142 for Na (USNM standards from the
valley cuts the upper Dara-i-Pioz massif, which is reSmithsonian Museum, Washington, D.C.). In spite of
lated to the late Permian — early Triassic Alai intrusiveareful preparation of samples, it was very difficult to
complex. The external part of the complex consists gkt pure grains of sogdianite without any trace of
fine-grained subalkaline biotite granites and represertiazirite; the presence of bazirite inclusions resulted in a
a second-stage intrusion of the Turkestan complex; gightly underestimated value of the Li content. On the
central part consists of alkaline rocks,, syenites and basis of 30 oxygen atomu (per formula unit), the
foyaites of the Alai complex, crossed by veins of syeriellowing chemical formula for the sogdianite end-
ite aplites, pegmatites, quartz and carbonatites. member was obtained: (Zss Hfpo2)s2.00 (Ko.99

Usually, the sogdianite end-member occurs in multNag p1)s.1.00 Liz.g7 Sh2.01 O30, Which approximates very
mineral pseudomorphs after eudialyte. These pseudiesely to Z K Liz Si;2 Osp.
morphs also contain bazirite, BaZ§Sy (Pautov &

Khvorov 1998), calcite and relics of eudialyte, and oc- CoLLECTION OF X-RAY DATA

cur in a massive quartz—aegirine aggregate with a small AND CRYSTAL-STRUCTURE REFINEMENT

amount of titanite and turkestanite. The sogdianite end-

member crystallizes as short prisms (&30.5 mm; Single-crystal X-ray-diffraction data for the

Fig. 1) with numerous inclusions of bazirite. The cryssogdianite end-member were collected with a Siemens

Fic. 1. Image of crystals of end-member sogdianite, as obtained by scanning electron
microscopy. The scale bar represents.6Q
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TABLE 2. MISCELLANEOUS CRYSTAL-STRUCTURE REFINEMENT

TABLE 1. CHEMICAL COMPOSITION (wt.%) AND FORMULA UNIT {(apfu) DATA FOR END-MEMBER SOGDIANITE

OF END-MEMBER SOGDIANITE

a(A) 10.1240(3)
End-member (1)** @ End-member (1y*  (2)** c(R) 14.3198(5)
sogdianite sogdianite v (A:g) 1271.1(1)
Space group P6lmcc
Sio, 68.15 68.06 68.83 Si 12.01 12 11.93 Z 2
Al,O, nd* - 1.04 Absorption coefficient (mm™') 1.68
I‘Oé ndo - j':? ; 089 1 g-gz D(meas) * 2.78(2) glem®
8,0, - - . a .
FeO 0.02 - 1.22 F000) . 1032
HfO, 0.34 _ _ Fed 0.60 Crystal size (mm) 0.03x0.11x0.15
zro, 23.09 2326 9.78 Fe?* 0.00 0.18 Radiation MoKa
BaO n.d. - 0.32 Hf 0.02 20 range for data collection (E)  59.82
K,0 4.42 4.45 4.84 zr 1.98 2 0.83 R(int) (%) 3.2
Na;0 0.02 - 281 Al 021 Reflections collected 11927
Li,O 4.19 423 3.73 Ti 0.38 F, > 40cF 10453
Total 10023 100.00 100.06 Na 001 0.94 g:‘szfﬂem”s o
Li 2.97 3 260 Refinement method Full-matrix least-squares on F2
fixed weights proportional to 1/0(F,2)
0 30.00 30 30.00 Goodness of fit on 72 1.100
Final R index [F, > 40F] R,=2.00
+ not dstected R index(all data) R,=2.37
**(1) calculated based on the ideal formuia K Li; Zr, [Si,Os; wR, =558
GooF = 1.100

(2) taken from Dusmatov et a/f. (1968).

* measured by microflotation.

P4 diffractometer fitted with a CCD detector, using

MoKa X-radiation and an irregular fragment with di-rameters are given in Table 3, and selected interatomic
mensions 0.03< 0.11 X 0.15 mm. The integrated in- distances are given in Table 4. Final observed and cal-
tensities of 11981 reflections witd<h< 14, U<k<  culated structure-factors may be obtained from The
14,20 1< 1< 20 were collected up t#2 59.90 using  Depository of Unpublished Data, CISTI, National Re-

30 s per frame. The refined unit-cell parameters (Tabd@arch Council, Ottawa, Ontario K1A 0S2, Canada.
2) were obtained from 6150 reflections (I 3010 An

empirical absorption-correction (SADABS, Sheldrick
1996) was applied.

The atomic coordinates of sogdianite (Coogteal Sogdianite is a member of the milarite groGeiny
1999) were used as the initial structure-model. On the al. 1980, Hawthornet al. 1991). In the basic struc-
basis of 576 unique observed reflections, the CrySWre of these minerals, pairs of opposingCi rings
StrUCtUr.e of SOgdianite was refined with SHELXL—Q%f tetrahedra meld to form [§030] cages that stack to
(Sheldrick 1993) to aR of 2.0% and a GooF of 1.10 form columns parallel to the axis (Fig. 2). The col-
for a total of 42 refined parameters. Scattering faCtO[ﬁnns are arranged at the vertices of & and are
for neutral atoms were taken from the Internationgihked both horizontally and vertically by additional tet-
Tables for X-ray Crystallography (Ibers & Hamiltonrahedra [formally labeled(2) in this structure type].
1974). Refined site-occupancies for fandT(2) sites  Additional linkage is provided by octahedrally coordi-
indicate the presence of Zr and Li. A final differenceyated cations that are labekedviewed down the axis,
electron-density map shows no maximum atBfeite, the structure is virtually identical to that of beryl

thus confirming the vacancy at this site. Final atom pggig. 2a). Viewed along [100] (Fig. 2b), the {§ds]

CRYSTAL STRUCTURE

TABLE 3. FINAL ATOMIC PARAMETERS FOR END-MEMBER SOGDIANITE

X Y z Usg™ Uy U, Usy Uz Uss Ui
A 1/3 2/3 1/4 81(1) 59(2) 59(2) 67(2) o] 0 29(1)
c 0 0 1/4 217(3)  207(4)  207(4)  238(7) 0 0 104(2)
T(1) 0.11184(5) 035135(5) 0.10941(3) 73(1) 682  80@)  71(2) -10Q)  -5(2)  37(2)
T(2) 0 172 1/4 141(12) 74(26) 148(21) 178(28) 0 0 37(13)
O(1) 0.1246(2) 0.3911(2) 0 164(4)  232(10) 197(10)  64(8) 0 0 105(8)
O@2) 02178(1) 0.2779(2) 0.13483(8) 138(3)  134(6) 164(7) 164(T)  -3(5)  -5(5)  108(5)
O(3) 0.1565(1) 0.4983(1) 0.17173(8) 101(3)  99(5) 102(5)  O7(6) -28(5) -12(4)  46(5)

U;x 10
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Fic. 2. The crystal structure of the milarite-group minerals: (a) projected onto (001); (b) projected along [100].

cages are apparent. TBesite occurs on the six-fold curs on the three-fold axis at the same level as the

axis between the [§030] cages, and is [9]-coordinated.[Si12030] cages, and is [18]-coordinated. The occupan-

The C site occurs on the six-fold axis within thecies of the various sites are given in Table 5.

[Si12030] cage, and is [12]-coordinated. Tbhesite oc- In the crystal structure of end-member sogdianite,
four sitesA, C, T1), andT(2), are completely occupied
by Zr, K, Si and Li, respectively; ti&andD sites are

TABLE 4. SELECTED INTERATOMIC DISTANCES (A) AND ANGLES () vacant. End-member sogdianite differs from sogdianite

IN END-MEMBER SOGDIANITE as described by Dusmatev al (1968) by the absence

A-0(3) & 2.077(1) T2)-0(3) x4 147y Of Na at theB site and F&, Ti** and Fé* at theA site.

In the end-member sogdianite structure, thélx

O(3)-0()a  x3 2764(2) 0(3)-0(3)a X2 2764(2)

0B o@p X3 29232) 0)-0@)e 2  aissp O distance, 1.612 A (Table 4), is the same as in the

0@-0@) X6 3.0292) 0(3)-03)F x2 _3ss3p) sample of sogdianite refined by Coopgral (1999).

<0-0>A 2.905 <0-0>T(2) 3.164 This is the only cation—anion distance that is the same
in each structure. The site is occupied by K, and the

O(3)-A-O(3)a x3 83.42(6) O(3)~-T(2)-0O(3)a x2 90.43(7) A ; '

O()-A-O@) X3 8945(7) oB-Te0@e x@ 1oe72m  C—O(2) distance is 3.049,Aompared to 3.033 A (Coo-

O(@)-A-O(3)c X6 93.63(4) o@E-T@0@)F x2 130917y peretal 1999). . )

<0-A-0> 90.03 <O-T(2)-0> 11035 TheAsite is occupied by Z{r = 0.72 A; radii from

c-0@) X12 3.049(1) Shannon 1976), and th&-O(3) distance is 2.077 A

compared to 2.019 A in sogdianite, where Ahsite is

T(1)-0(1) 1.607(1) O(1)-T(1)-0() 10148 partly occupied by the smaller cation$HE!r = 0.645
T(1)-0(2) 1.624(1) O(1)-T(1)-0@)d 110,228 R). Ti (Flr = 0,608 A). and Al  0.535 A) (Table 6)
T(1)-0(2)d 1.623(1) O()-T(1)-0(3) 112 ; : ) =0. 6);
T(1)-0(3) 1,595(1) 0@)-T(1)-02d 104.35(9) the hard-sphere modaO(3) distance, 2.080 A, isin
<T(1)-0> 1.612 O(2)-7T(1)-0(3) 110.99(7)

0(2)d-T(1)-0(3) 109.68(6)
0(1)-0(2) 2.649(2) <O-7(1)-0> 109.44 TABLE 5. SITE OCCUPANCIES IN THE MILARITE-GROUP MINERALS
O(1)-0(2)d 2.649(2) : ~
O(1)-0(3) 2.642(2) Site  Equipoint C.N. QOccupancy
0(2)-02)d 2.564(1) T 24m . S A
0(2)-0@) 2.853(2) T2) 6f 4 Li, Be, B, Mg, Al, Si, Mn®, Zn
0(2)d-0(@) 2831(2) A 4c 6 Al Fe¥, Sn*, Mg, Zr, Fe*, Ca, Na, Y, REE
<0-C>1(1) 2631 B 4d 9 Na, H,0, 1, Ca?, K

Lo + o= > C 2a 12 K, Na, Ba, OJ, Ca?

a =x1-y+x,1/2-z; b =y-xy1/2-z; ¢ =1-y,1-y+xz, d=X-yXZ b % 18 .7

e=-x1-yz f=-xy-x1/2-2.
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TABLE 8. ASSIGNED SITE-POPULATIONS (apfu) AND CALCULATED AND OBSERVED DISTANCES FOR Li- AND Zn-BEARING
MINERALS OF THE MILARITE-TYPE STRUCTURE

Mineral A site B site T(2) site
Site-population <A-0> * <A-0>g Site-population Site-population  <T(2)-0>, * <T(2)-0>,

Sugilite' Fe™ e AP0 1.970 1.972 Oy 0z Nages Li; 1.950 1.970
Brannockite' Sn*, 2.050 2.013 Oye Li, 1.950 1.922
Sogdianite 2 Zry7s F€*o 73 Tigas Al 2.030 2.019 [, 45 Naggs Li, 1.850 1.957
Sogdianite * Zr, 2.080 2.077 (P Lis 1.950 1.947
Dusmatovite* Mn?*, 5, Zro2q Yo2a 2.180 2120 o Naggs Koss Zn, 55 Lig 7, 1.960 1.971
Darapiosite® Mn?*, 47 Zlozs Yo20 MGoos  2.180 2.151 Na; 55 Koss Jogz Li 5 Zny 45 FE®ys  1.950 1.976
Shibkovite® Ca, .6 Mn?g 0 Nag 5, 2.330 2.300 g 74 Kize Zn, 1.960 1.959

*“Calculated by summing the constituent ionic radii; values from Shannon (1976); O = O(3);
' Armbruster & Oberhznsli (1988); 2 Cooper et al. (1999); * This paper; * Sokolova & Pautov (1995); ° Ferraris et al. (1999);
5 Sokolova et al. (1999).

TABLE 7. BOND-VALENCE (vi) CALCULATIONS AROUND O(3) FOR Li- AND

sogdianite (Table 7), deviate from linearity by approxi-
Zn-BEARING MINERALS OF THE THE MILARITE-TYPE STRUCTURE

mately the same value (Fig. 3). We believe that this

N * w *x * O3 .2

Mineral A 5 LS T *®  deviation results from the common feature of both struc-
Suglte 0.50 0.08 1.14 025 1.97 tures, the vacancy dominant at Bisite. Coopeet al
Brannockite 0.67 0 114 022 fgg (1999) divided the Li-bearing members of the milarite
2‘;23;::::: oo o o oon s group into two subgroups: (1) those with a vacancy at
Dusmatovite 0.39 0.03 1.12 0.44 1.96 theB Sl_ter and (Z)those with (Na,K) at tBesite. There
Darapiosite 0.40 0.04 110 0.37 1.91 is a third Li-bearing mineral with a vacancy at #e
Shibkovite 0.31 0.05 1.11 0.50 197 site, berezanskite 4% [, K [Li3 Si» Oz (Pautov &

Agakhanov 1997); its structure is still unrefined.

* Pauling’s second rule was used to calculate the bond valence from the A and

T(2) cations around O(3);
** hond-valence curves for Na and Si from Brown & Altermatt (1985) were used.

CoupLED SuBsTITUTION OF CATIONS IN Li-BEARING
MINERALS OF THE MILARITE GROUP

close agreement with the observed value of 2.077 A. The shorterT(2)-O(3) distance in end-member
Hawthorneet al (1991) showed that there is a clos§09dianite compared to that in sogdianite (Coepat.
correlation betweenA<O> and the constituent-cation
radius of theA-group cations: a linear model with a
correlation coefficient of 0.983 and the forlA<0> =
1.311 + 1.066 <> was reported for the milarite-group
minerals (<k> = mean radius of the constituektat-
ions). Hawthornet al (1991) also reported the possible
existence of two distinct correlations. Additional data,
recently obtained for darapiosite, dusmatovite
(Mn,Zr,Y), (d,Na,K) K (Zn,Li)3 [Si12030] (Sokolova
& Pautov 1995, Pautoet al. 1996) and shibkovite 210 -
(Ca,Mn,Na) (K), K Zng [Si1203q] (Pautovet al. 1998,
Sokolovaet al. 1999) support the existence of two dis-

tinct correlations. Furthermore, Ferragsal. (1999)
proposed a separate correlation for the Li-bearing min- , ,, _| ¢
erals of the milarite group (sugilite, brannockite, /
sogdianite, and darapiosite A<O> = 1.38(5) + 0.93(7)

<ra>. For Li- and Zn-bearing minerals of the milarite

group (Table 7), addition of our data on the end-mem- 4
ber sogdianite structure and sogdianite (Co@peal

1999) produces a refined correlatiod—-O> =1.411 +

0.901 <>, with R2 = 0.974 (Fig. 2). This equation fits

the correlations reported by Ferragisal (1999) and kg 3. variation in A-0> as a function of constituent-cation
Hawthorneet al (1991) within the estimated standard radius at the\ site for Li- and Zn-bearing minerals having
deviations. Both Na-free minerals, brannockite and the milarite-type structure.

2.20 —

<A-0>(A)

' I ! I T T T 1
060 070 0.80 0.90 1.00

<> (1)
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1999) results from the necessary bond-valence require-TABLTAIE’NE'EEQEL“S"ngi}fgﬁ'ﬁ%&?ﬁp‘é- Sf}':{%éf;SFEQR'NG
ments at the O(3) site. The O(3) anion receives bond

valence from the\, B, T(1) andT(2) cations (Table 7). A 5 c ™
With increasing bond-valence at tiesite, the bond Sogdianite zr, o, K Lis Siyy
valence at th® andT(2) sites should decrease. In the Bramockite  sn, o, K Ll Siy,
structure of end-member sogdianite, there is no cationBerezanskie Tizz &, K Lia Stz
at theB site, and thus the increase in bond-valence (O.67Zarafl_"t'°SIte "F"“; a :‘laz K L Sii;
vu, valence units, for end-member sogdianite compared 2" Menzfz o '; ;: z’i‘z
with 0.60vu for sogdianite) compensates for the lack of gpovite  ca, - K n, S

bond-valence incident from tigesite. A small decrease
in the T(2)-O bond slightly increases the bond-valence
to O(3) and compensates for the vacancy aBthite.
The same dependence of #(2)—O bond on th8-site
population for sugilite and brannockite has been empha- REFERENCES
sized by Hawthornet al (1991). In sugilite, the ®2)— ) )
O> bond-length is 1.970 A]l.ozNao.ga), whereas in ARMBRUSTER T. & OBE.R.HANSLI,.R. (1988): Crystal ch_e_mlstry
brannockite, the ®2)-0> distance is 1.922 A{domi- g:aﬂgggklﬁéxr;? l\jllilrllgfe:le?é Zg;%tgores of sugilite and
nant at theB site) (Table 6). Of course, this effect is less ' ' '
pronounced in sogdianite crystals because of a smaliglan, v.v., Bako, V.P. & SoLovyeva, L.P. (1975): Crys-
difference ofA-cation bond-valence compared to tal structure of milarite, armenite, and sogdiangev.
Sl#f?i”te (A = Fe* g6Al3*0.39 and brannockiteX = Phys. Crystallogr19, 460-462.
Srfh).
) BrownN, I.D. & ALTERMATT, D. (1985): Bond-valence param-
ON THE |SOMORPHOUSSERIES SUGILITE—SOGDIANITE eters obtained from a systematic analysis of the inorganic
crystal structure databagecta CrystallogrB41, 244-247.

In accordance with Armbruster & Oberhansli (1988)
the a andc parameters of sogdianite increase as bot
the common edge between (@) tetrahedron and the
A octahedron and th&-O bond length become longer:cooper M.A., HawTHORNE, F.C. & Grew, E.S. (1999): The
a=10.1240(3)¢ = 14.3198(5) AV = 1271.1(1) Afor crystal chemistry of sogdianite, a milarite-group mineral.

ERNY, P., HAWTHORNE, F.C. & JhrosewicH E. (1980): The
crystal chemistry of milariteaCan Mineral. 18, 41-57.

end-member sogdianiteersusa = 10.053(1),c = Am. Mineral 84, 764-768.

14.211(2) AV = 1243.8(4) A for sogdianite (Cooper

et al 1999). DusmaTov, V.D., YEFIMOV, A.F., KATAYEVA, M.E.,
A linear correlation of cell parametarsrsuschemi- KHOROSHILOVA, L.A. & Y anuLov, K.P. (1968): Sogdianite,

cal composition has been established recently for the & "W mineralDokl. Acad. Sci. USSEB2, 137-139.

sugilite—sogdianite isomorphous series (P_alﬁb\al FERRARIS G., RRENCIPE M., PauTtov, L.A. & SokoLova, E.V.
2000). More than 50 samples from Dara-i-Pioz have (1999): Crystal structure of darapiosite and comparison
been analyzed by electron-microprobe analysis and X- with Li- and Zn-bearing minerals of the milarite group.
ray powder diffraction, and reveal a continuous sugilite— Can. Mineral 37, 769-774.

sogdianite solid-solution series. The data confirm the

existence of ideal end-member sogdianite. Table 8 pfearBes W.C., BAUR, W.H. & KHaN, A.A. (1972): Crystal chem-
sents revised end-member formulae for Li- and Zn-bear- istry of milarite-type mineralsim. Mineral 57, 463-472.
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