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Austnacr

By using material from a second occurrence ofdarapiosite in the Dara-i-Pioz alkaline massif, in northem Tajikistan, we have
achievedabettercharacterizationofthisrarespeciesbelongingtothemilaritegroup: a10.262(2),c14.3O7(l)4,y1305.0(3)43,
space group P6lmcc, (Mn1 5aZr636Ys2:MBoo:)>zro (Narzzlfu:e!o+zbzoo Kroo (L\eZrylsFe2*g31)>2ee (Si11e3O366s), Z = 2,
p."* = 2.93(3) g/cm3. The crystal structure has been refined to R = 0.032 from single-crystal X-ray data. Darapiosite is a double-
ring silicate and is close to dusmatovite in chemical composition; Li dominates at the T2 site, which contains also Zn and Fe, and
Na is the major cation at the B site. The presence of Li at 72 for the Li-bearing members of the milarite group is conelated with
the dimensions of the cell parameters and of the coordination polyhedra. The occurrence of Zn at T2 furthet modifies relations
between this site and other parts of the structure

Keywords: darapiosite, crystal structure, milarite group, crystal chemistry.

Soulaernp

La d6couverte d'un second exemple de darapiosite au complexe alcalin de Dara-i-Pioz, dans le nord du Tajikistan, a men6 h
une meilleure caractdrisation de cette espbce rare, membre du groupe de la milaite: a 10.262(2), c 14.307(l) A, y 1305.0(3) A3,
groupe spatial P6/mcc, (Mn15aZ;rg:oYo z:MBo o:)>z 16 (Na1 22K6 368 o qz)>zoo Kr oo (Lit s:Znt rsFe2to:r)>z se (Si11 esO3s s6), Z = 2,
p."u. = 2.93(3) glcm3 . La structure cristalline a €te affrnde jusqu'I un r6sidu R de 0.O32 d partir de donn6es pr6lev6es sur cristal
unique. La darapiosite est un cyclosilicate d anneaux doubles, assez proche de la dusmatovite en composition chimique. Le Li est
dominant dans le site 22, qui contient aussi Zn et Fe, et le Na est le cation le plus important d occuper le site B. La pr6sence de Li
au site 72 de la sffucture des membres du groupe de la milarite riches en Li a une r6percussion dans les parambtres r6ticulaires et
les polyddres de coordinence. La pr6sence de Zn dans le site 72 contribue aussi d modifier les relations entre ce site et les autres
panies de la structure.

(Traduit par la R6daction)

Mots-cl6s: darapiosite, structure cristalline, groupe de la milarite, cristallochimie.

INrnooucrroN

Darapiosite from the alkaline massif of Dara-i-Pioz,
in northern Tajikistan, was described by Semenov et al.
(1975) as a new mineral with the ideal formula
KNa2Li(Mn,Zn)2ZrSiDO3s. On the basis of the known
data [chemical composition, X-ray powder-diffraction

pattem, a 10.32, c 14.39 A, space grovp P6/mcc,physi-
cal properties and infrared (IR) spectruml, darapiosite
belongs to the milarite group. Following a recent sec-
ond finding of darapiosite, at the original locality, a
complete chancteization of darapiosite has been done;
the results are reoorted here.

I E-mail address: ferraris@dsmD.unito.it
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Occr,'r.nrucn

The type locality of darapiosite is a moraine of the
Dara-i-Pioz glacier, on the southern slope of the Alai
mountain ridge, Garm district, in northem Tajikistan.
The glacial valley cuts the upper Dara-i-Pioz alkaline
massif, which is related to the late Permian - early Trias-
sic Alai intrusive complex. This massif consists of
subalkaline granites and is a second-stage intmsion of
the Turkestan complex; its central part consists of sye-
nites and foyaites of the Alai complex, crossed by veins
of syenite-aplites, pegmatites , qtJartz and carbonate. A
widespread distribution of agpaitic accessory minerals
enriched in Na, Ti, Nb, Ta, Zr, REE, Li, B is a charac-
teristic of the massif.

The Dara-i-Pioz massif has become well-known rn
recent years because it has provided several new min-
eral species: tienshanite, BaNa2MnTiB2Si6O26 (Dus-
matov et al. 1967), baratovite, KCaT(Ti,Zr)2Li3Si12
O36F2 (Dusmatov et al. 1975), cesium kupletskite,
(cs,K,Na)3(Mn,Fe2*)7(Ti,M)2Si8O24(O,OH)7 (Yefi mov
et al. l97l), sogdianite, (Zt,Fe3*,Ti,Fe2*)z (Na,K,E)z
K(Li,Al)3[Sir2O36] (Dusmatov et al. 1968), tadzhikite,
Ca3(Y,Ce)2[i,Al,Fe3+)B4Si4Ozz (Yefimov et at. 1970,
Hawthorne et al. 1998). In particular, the following
double ring silicates have been reported from the Dara-
i-Pioz massif:

(1) five new species belonging to the milarite group:
sogdianite (Dusmatov et aI. 1968, Kabalov et aL.7993),
darapiosite (Semenov et al.  1975), dusmatovite,
(Mn,Zr,Y ) z(J,Na, K)zK(Zn,Li) g I S i r zO: o] (P avtov e t al.
1996, Sokolova & Pautov 1995), shibkovite, (Ca,Mn,
Na)z(K,n)zKZn3[Si12O3e] (Pautov et al. 1998, Soko-
lov a et al. I 999), and berezanskite, Tiz(n)zKl-is ISi rzOgo]
(Pautov & Agakhanov 1997), and

(2) sugi l i te, (Fe3+,Mn3+.Al.12Na2KLi3[SirzO:o]
(milari te group; L.A. Pautov, unpubl. data) and
zektzerite, NaLiZrSioOrs (tuhualite group; Pautov &
Ignatenko 1992).

The grains (0.2-2.0 mm) of darapiosite studied here
come from a 10 x 30 cm quartz aggregate. They are
pale violet and semitransparent, and were found in the
central part of a dark bluish brown polymineralic ag-
gregate (about 10 X 40 mm) that appears to be a partial
replacement after darapiosite. The darapiosite-bearing
aggregate is associated with minor crystals of aegirine,
lamellar polylithionite, fragments of microctne crystais,
relics of reedmorgnerite gr4ins, and cavities resulting
from the leaching of reedmergnerite.

ExpBnrN,tsNrAL

The chemical analysis of darapiosite (Table 1) was
done by flame photometry for Li2O and electron micro-
probe (EMPA) for the other elements (JXA-5OA elec-
tron microprobe; 15 kV,22 nA). The fol lowing
standards were used: quartz, microcline USNM143968,
gahnite USNM145883 , zircon USNM117288-3, ja-

TABLE 1 CHEMICAL COMPOSITION OF DANAPIOSITE

This papu+ S@mov
et dl. (1975)

This paps Sffimw
et ql. (1975)

63_19
5 6 3
1.96
012
9 5 8

8.22
328

2.26
20r

99 57

63 65
5 1 4
1 6734

8 2 5
057
7 8 5
5 0 0
0,90
296
0 96t**
1 7 4
0 5 E

9921

1 1 5
0 3 0

* LtO ftom flme photmery L O.L: l$s on igdtiotr
** Smmov et al (1975) @lculated the iron s FerO3
*i* I! Sffiov e, 4t (1975'), RE4O3
CompositioG rc slolsted on th€ bsis of 30 stoEs of orygo

deite, Mn (metal), Y2O3 (USNM standards from Smith-
sonian Institution, Washington, D.C.). On the basis of
30 atoms of oxygen per formula unit, the followin-g
chemical formula is obtained [p."u, = 2.92(3) g cm',
microflotationl:

(Mn 1 5aZrg.3eYo.z:Mgo o:)tz ro(Nar zzlfu :on o qz)>z oo
Kr oo(Lir $2n1.15Fe2's3)12 eeSi11.esO3s 6s.

The IR spectrum of darapiosite (Fig. 1 ; Perkin Elmer
Fourier spectrometer)_shows sffetching vibrations at
1117. 1041. 783 cm-t that are characteristic of the
milarite-type minerals; no evidence of HzO was ob-
served. X-ray powder-diffraction data were obtained
with a DRON-2 diffractometer (CuKa radiation, graph-
ite monochromator) and indexed by taking into account
the calculated powder-diffraction pattern (Table 2).
Chemical, IR and diffraction data agree with those pub-
lished for the holotype sample of darapiosite (Semenov
et al.1975).

X-ray single-crystal diffraction data were obtained
with a SIEMENS P4 diffractometer (graphite mono-
cromator, MoKa radiation) from a crystal with dimen-
sions 0.50 x 0.32 x 0.18 mm. The following refined
unit-cell parameters were obtained from 30 reflections
( 10' < 0 < 20"): a 10.262(2), c 14.30'7 (l) A, y 1 305.0(3)
A3, space grotp P6/mcc. The integrated intensities of
6343 refTections with -3 < h < 9, -12 < k < 72, -20 < I
( 20 were collected up to 20 = 60o by the o-scan
method, with variable scan-speed as a function of re-
flection intensity. Using the program EQUIV (Prencipe
1998) for each subset ofup to eight equivalent collected
reflections (point group 6/mmm),the standard deviation
was evaluated and assigned to the average intensity. An
empirical V-scan absorption correction (North er al.
1968) was applied. The atomic coordinates of dusmat-

si
K
Fe&
L,IS
Iv&r*
Ca
Zi
Zr
Nb
Na
Y
u
I Otd

sio,
KrO
F€O
Mso
MnO
CgO
zfr
ZrOx
Nb2Or
Naro
Yrol
LLO
L O I
Total

11  98
1 3 6
0 3 1
0 0 3
1 5 4

t2.w
1.24
o

1 3 3
012
l .  l0
0.46
0.08
1 0 9
0-10

t9 20

1 r ,
021
1 5 4

l9 66
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ovite (Sokolova & Pautov 1995) were used as the initial
model of the structure. On the basis of 668 unique re-
flections, the crystal structure of darapiosite was refined
anisotropically with SHELXL-93 (Sheldrick 1981) to
R = 0.032 [R = 0.031 for 447 reflections with I F" | >
4o(l Fo l) and a GooF of 1.23. Atotal of 44 parameters
were refined, including an overall scale-factor and ex-
tinction as implemented in SHELXL-93. The scatter-
ing factors for neutral atoms were taken from Maslen e/
al. (1992); to account for cation substitutions, the occu-
pancies of some sites were refined (Table 3). The re-
fined numbers of electrons for the sites A (60.59), B
(15.67 ), C ( 1 9.00) and T2 (4'7 .07 ) compared with those
expected from the chemical analysis (56.98, 20.26,
19.00 and 47.31, normalized to integral occupancy of
each site) show that, with respect to the material of the
chemical analysis, the crystal used for the structural
study must have a larger Zr content at the A site and
either more Na or more vacancy atthe B site. This crys-
tal could not be analyzed by electron microprobe.

As in other members of the milarite group (Arm-
bruster & Oberhiinsli 1988, Hawthome et al.l99l), the
B site of darapiosite shows a strong anisotropic-dis-
placement factor, with U33 = 0. 136 ,{2 as compared with
Un = Uzz = 0.035 A', indicating some disorder along
[001], which presumably is connected with the differ-
ent type of cations at this site. A final difference elec-

tron-density synthesis showed no anomalies; the maxl-
mum and minimum residues were 0.48 and -1.05 elec-
trons, respectively. A table of structure factors rs
deposited with the Depository of Unpublished Data,
Canada Institute for Scientific and Technical Information,
National Research Council. Ottawa, Ontario KlA 0S2.

Rssur-ts AND DISCUSSIoN

The crystal structure of darapiosite (Fig. 2, Table 4)
shows the double-ring features typical of milarite-group
minerals, which have the general formula vrAztxBz
xlr cxvrrrDrv(T2):Iv(zl)rzolo (Forbes et aL 1972).From
Figure 2, it is clear that the T2tetrahedra and theA oc-
tahedra are on the same (001) plane; these polyhedra
connect the double rings along [001] and sandwich the
nine-coordinated B cations, which surround the same
rings. The twelve-coordinated C cations are located on
the axis of the channels, which cross the structure along

[001]. The compositions of the A, B and T2 sites are
shown in Table 5; C is fully occupied by K, and D ts
empty as in most minerals of the group (Hawthorne er

TABLE 2 X-RAY POWDE&-DIFFRACTION DATA FOR DARAPIOSITE

Semov €/ al (1975) This papu+ C8lolated
hH 16 d*(A) I"u d""(A) I* d*(A)

100
oo2
toz
110
200
112
202
004
104
2tl
2r2
300
1 1 4
204

220
3 1 1

304

320
314
410
411
4 t ?
3 1 5
306
00r
500

414
5 1 1
334
228
602
5m

5 5
a

7 0 9
557
502
4 4 3
4 1 3
3 '15
3 5 5

t ,zo
3 0 4
t o l

2 7 6

256
241

2 142
2 oEZ
2024

3 5

J

4

l0
1 , 5
6 5

4 3

2
l f

2
2 5

2 6  8 9 0  l t  8 8 9
1 0 0  7 1 5  6 6  1 1 5
4 s  5 5 8  2 4  s s 1

3  5 1 3
55 444 44 4 44
70 416 63 4 17
52 3 776 53 3 774
30 3 510 13 3 577
4E 3 314 33 3 318
80 3 270 100 3 270
25 3043 14 3 040
96 2931 14 2962
22 2902 99 2934
48 2'183 M 2786
22 2746 15 2746
33 2564 56 2565
18 2423 I 2429

12 2415
22 2277 12 2281
18 2  l t6  l l  2  190
n 2,oa2 19 2 085
25 2028 I 2039

27 2029
1E I 918 13 I 939

7r | 922
22 rA61 8 1872

15 1 867
7 1.85'l

25 1785 16 I 7EE
16 1777

30 | 743 29 | 746
l0 I 705
9  1 5 8 6
16 I 543

22 1466 22 1467
15 I 448 11 I 450
15 1 419 17 | 423

, {

J J

l 5
2
,

l )

2 5

I 928

1,863

1 7t3

1 742
1 704
I 583
I 541
| 466
1 450
| 421

s
s

Frc. 1. The infrared absorption spectrum of darapiosite. I Quartz s m intemal standtrd
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2.30

d-o) (A)

22.0

1 9 0

0 6 0 0 7 0 090
<ra> (A)

FIc. 3. <A-O> yersas the aggregate radius <rA> of the
octahedrally coordinated cation (Table 5; Shannon 1976)
of the constituent cation at the A site, calculated according
to the compositions in Table 5 The regression (full line) rs
through the filled squares, which represent (from the bot-
tom) sugilite, brannockite, sogdianite and darapiosite; the
broken line is that given in Figure 13 of Hawthome et al.
(1991) for other members of the milarire group. Open
squares represent (from the bottom) dusmatovite and
shibkovite.

equation is closely satisfied and consequently (Winter
et al. 1995), the Tl-O3 bond (1.588 A, Table 4) is short.

Since publication of the paper by Hawthome et al.
(1991) on the crystal chemistry of the milarite group,
some new crystal structures of Li-bearing species be-
longing to the group have been refined (Tables 5, 6).
Comparison of the data given in Table 5 shows that
darapiosite has the largest <72-O> distance and cell
parameters. This feature is due to the presen^ce atthe Tz
site of Fe2+, which is larger 1t+11 = 0.63 A; Shannon
1976) than Li (t4lr - 0.59 A) andZn2+ (t4lr = 0.60 A).
Moreover, Armbruster & Oberhiinsli (1988) showed that
in the milarite group, d increases with the length of the
edge shared between the 72 tetrahedron and the A octa-
hedron, and c increases with the size ofthe C and ?2 sites.

Hawthorne et al. (1991\ showed that the <A-O> dis-
tance is a linear function (<A-O> = 1.31 I + 1.066 <ry>)
of the radius <q> weighted according to the cation com-
position of the A site. However, brannockite and
sogdianite [which has recently been refined by Cooper
et al. (1999)l do not obey this correlation (see their
Fig. I 3) in such a way that the correlation appeared bro-
ken into two segments. Addition of data from the re-
cently refined structures (Table 6) shows that a linear
correlation <A-O> = l 38 (5) + 0.93(7) <q> holds (Fig.
3) for sugilite, brannockite, sogdianite and darapiosite,

TABLE 5 CHEMICAL COMPOSITION OF SITES, ABSOLUTE
DIFTERENCE I ACh I BETWEEN TITE CITARGE AT I AND ?2, AND

AGGREGATE RADruS <r^> IN THELi- ANDZn-BEARINGMINEMLS
OF THE MILARITE GROUP

I site Esite 7zsite lAChl <r^>

Sugitt€r

Bmoc.kite'

Fd*r6A110r

Sn,

EouNal $

Ero

200 063

3 0 0  0 6 9

4

Li,

Sogdimit€'? ZrnrFelo*
f i  Fa2l

Dumtovite3 M\rr;Zroa

l o z

Drapiolite' Maljztoa

%"Ms".*
Shibkovitet Ca"*Mnono

N%.n

trrNan, LrrrdL" 237 073

&to

tr,Naoo ZbuLtoo 060 083

IG*

Na,2Ko* L\y7at$ 090 082
- EJ+

DoroKr* Znt O l7 091

1.00

I Anrbrusttr & Obtrh6nsli (1988), z Kabaloy et al. (1993), 3 Sokolova & Psutov
(1995), 'this papa, t Sokolow et al. (1999) The ocrupmcy ofthe siteg re
nomslized to if,tegtrs

TABLE 6 T'MT.CELL PARAMETERS (A) AND SELECTED
INTERATOM]C DISTANCES (A) IN Li- AND Ztr-BEARINC

MINERATS OF THE MILARTTE GROIIP

A43 1243 O343a Tr43 C42

Sugilite l0 009 14 006 | 972
Bmockite 10002 14263 2013
sogdimite 10037 14 199 2045
Dumtovite lO 218 14 292 2120
Dtrapiosite lo 2 14 307 2 151

shibkovitc l0 502 14 184 2300

t9'to 2681 | 577 2994
1922 2672 I 594 3 055

I 910 2 689 | 577 3 012
1971 2t32 I 583 3444
t976 2869 I 588 30/'2

I 959 2973 I 585 3 009

i.e., for those members of the milarite group where Li is
dominant at T2 (Table 5). Thus, the reason for the split
of the linear correlation, as reported in Figure 13 of
Hawthorne et al. (1991), must be ascribed to a depen-
dence of <A-O> on both (ra) and the Li content of the
72 site (Table 6). The point representing dusmatovite,
in which Zn is the major cation at 72, does not fit prop-
erly, either our correlation or that of Hawthome et al.
(1991) (Fie. 3). Instead, shibkovite, (Ca,Mn,Na)z(K,n)z
KZn3[Si12O3s], a new mineral of the milarite group re-
cently discovered (Sokolova et al.1999) that contains
only Zn at 12 (Tables 5, 6), fits both correlations. Mul-
tiple-regression analysis including the size and the
charge of the average cations atthe A and Z2 sites (Table
5) shows that <A-O> depends directly on both <ra> and
the absolute difference I ACh I betweenthe charge atT2
and A. As dusmatovite and darapiosite have close val-
ues of <rA>, the anomalous behavior in the <A-O> ver-
rus (r4) correlation (Fig. 3) may well be ascribed to
the small value of I ACh I in dusmatovite.
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CoNcr-usIoNs

The crystal structure of darapiosite, together with
recent data published for Li-bearing minerals of the
milarite group, allow us to explain crystal-chemical fea-
tures connected with the presence of Li at T2 that were
not clear from earlier work. The occurrence ofZn at the
72 site further modifies relations between this site and
other parts of the structure.
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