
125

The Canadian Mineralogist
Vol. 42, pp. 125-134 (2004)

A NOVEL [Si18O45]18– SHEET IN THE CRYSTAL STRUCTURE
OF ZERAVSHANITE, Cs4 Na2 Zr3 [Si18O45] (H2O)2

YULIA A. UVAROVA§, ELENA SOKOLOVA AND FRANK C. HAWTHORNE

Department of Geological Sciences, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada

LEONID A. PAUTOV AND ATALI A. AGAKHANOV

Fersman Mineralogical Museum, Russian Academy of Sciences, RU–117071 Moscow, Russia

ABSTRACT

The crystal structure of zeravshanite, ideally Cs4 Na2 Zr3 (Si18O45) (H2O)2, monoclinic, a 26.3511(8), b 7.5464(3), c 22.9769(8)
Å, � 107.237(1)°, V 4363.9(4) Å3, space group C2/c, Z = 4, D(calc.) = 3.170 g.cm–3, was solved by direct methods and refined to
an R1 index of 2.8% based on 4508 observed [Fo > 4�F] unique reflections measured with MoK� X-radiation on a Bruker P4
diffractometer equipped with a CCD detector. Electron-microprobe analysis gave the composition (Cs3.80 Na0.18 K0.02)�4.00 Na2.00
(Zr2.76 Ti0.19 Sn0.05 Fe3+

0.05)�3.05 [Si18O45] (H2O)2 based on 47 O apfu. In the crystal structure, there are nine tetrahedrally coordi-
nated Si sites with <Si–O> = 1.614 Å. There are two [6]-coordinated M sites, mainly occupied by Zr (with minor Ti, Fe3+ and
Sn4+), with <M–O> = 2.067 Å. There is one [5]-coordinated Na site with <Na–O, H2O> = 2.400 Å. There are two A sites primarily
occupied by Cs (with minor Na and K), a [12]-coordinated A(1) site and an [11]-coordinated A(2) site with <A(1)–O, H2O> =
3.369 and <A(2)–O> = 3.396 Å. In the crystal structure of zeravshanite, (SiO4) tetrahedra link together to form an [Si18O45]18–

sheet parallel to (101), with five- and eight-membered silicate rings. The topology of the sheet was not previously known for any
silicate mineral. It can be described as a linkage of wollastonite-like [Si3O9]6– chains. The silicate sheets, (MO6) and (NaOn)
polyhedra share common vertices to form a mixed {Na2 [Zr3 (Si18O45)] (H2O)2}– framework with cages that occlude A atoms. The
(NaO5) square pyramids share common vertices to form [NaO4] zig-zag chains along [010]. Every square pyramid shares one
edge with an M(2) octahedron, and M(2) octahedra decorate the [NaO4] chain in a cis fashion. One (H2O) site that is fully
occupied by (H2O) is a ligand of Na and A(1), with one strong (1.94 Å) and one very weak birfurcated hydrogen bond (~ 3.10 Å)
to oxygen atoms of the framework.
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SOMMAIRE

Nous avons résolu la structure cristalline de la zéravshanite, de composition idéale Cs4 Na2 Zr3 (Si18O45) (H2O)2, monoclinique,
a 26.3511(8), b 7.5464(3), c 22.9769(8) Å, � 107.237(1)°, V 4363.9(4) Å3, groupe spatial C2/c, Z = 4, D(calc.) = 3.170 g.cm–3,
par méthodes directes; nous l’avons affinée jusqu’à un résidu R1 de 2.8% en utilisant 4508 réflexions uniques observées [Fo >
4�F], et mesurées avec rayonnement MoK� et un diffractomètre Bruker P4 muni d’un détecteur CCD. Une analyse à la
microsonde électronique a mené à la composition (Cs3.80Na0.18K0.02)�4.00 Na2.00 (Zr2.76Ti0.19Sn0.05Fe3+

0.05)�3.05 [Si18O45] (H2O)2
sur une base de 47 atomes d’oxygène par formule unitaire. Dans cette structure se trouvent neuf sites Si à coordinence tétraédrique,
avec <Si–O> égal à 1.614 Å. C’est dans les deux sites M, à coordinence [6], que loge le Zr (avec des quantités moindres de Ti,
Fe3+ et Sn4+), avec <M–O> = 2.067 Å. Il y a un site Na à coordinence [5], avec <Na–O,H2O> égal à 2.400 Å. Les deux sites A sont
surtout remplis de Cs (avec des quantités moindres de Na et K), le site A(1) ayant une coordinence [12], et le site A(2), une
coordinence [11], avec <A(1)–O, H2O> égal à 3.369 et <A(2)–O> égal à 3.396 Å. Dans la structure de la zéravshanite, les
tétraèdres (SiO4) sont liés pour former un feuillet [Si18O45]18– contenant des anneaux à cinq et à huit membres, parallèle à (101).
La topologie du feuillet n’avait pas été signalée auparavant. On peut le décrire en termes d’un agencement de chaînes de type
wollastonite de stoechiométrie [Si3O9]6–. Les feuillets silicatés et les polyèdres (MO6) et (NaOn) partagent des coins communs
afin de former une trame mixte {Na2 [Zr3 (Si18O45)] (H2O)2}– à cages qui contiennent les atomes A. Les pyramides carrées (NaO5)
partagent der coins communs pour former des chaînes [NaO4] en zig-zag le long de [010]. Chaque pyramide carrée partage une
arête avec un octaèdre M(2), et les octaèdres M(2) décorent les chaînes [NaO4] en disposition cis. Un site (H2O) rempli
complètement de (H2O) est un ligand de Na et A(1), avec une liaison hydrogène forte (1.94 Å) et une autre très faible et bifurquée
(~3.10 Å) avec les atomes d’oxygène de la trame.

(Traduit par la Rédaction)

Mots-clés: zéravshanite, silicate Cs–Zr, structure cristalline, feuillet [Si18O45], Dara-i-Pioz, Tajikistan.
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of Cs, Zr and Na. Out of twenty-five O-atoms, three
atoms, O(4), O(15) and O(21), have U22 values of
0.028(2), 0.033(2) and 0.035(2), compared with the
average value of about 0.015 (Table 3). These three
specific O atoms are bridging O-atoms, and their Si–O–
Si angles are 172.5(2), 180.0 and 180.0°, respectively,
compared with a <Si–O–Si> value of 147.5° (Table 4).
O(4), O(15) and O(21) are special sites of the form (0,
y, ¼), (¼, ¾, ½) and (¼, ¼, ½), respectively. An at-
tempt to include them in the refinement as disordered
general sites with partial occupancy led to the follow-
ing values for <Si–O–Si (°), U22 (Å2): O(4): 166.7(3),
0.029(3); O(15): 170.3(5), 0.031(4); O(21): 169.2(4),
0.014(6). With refinement of this “disordered” model,

INTRODUCTION

Zeravshanite, Cs4 Na2 Zr3 (Si18O45) (H2O)2, is a new
mineral species from the moraine of the Dara-i-Pioz
glacier, the Alai mountain range, Tien-Shan mountains,
northern Tajikistan (Pautov et al. 2004). Zeravshanite
is of pegmatitic origin, and occurs in association with
quartz, microcline, aegirine, polylithionite, reedmergne-
rite, pectolite, fluorite, stillwellite-(Ce), leucosphenite,
neptunite, calcite, pyrochlore and baratovite.
Zeravshanite is the third Cs-silicate mineral described
from boulders in the Dara-i-Pioz moraine, after cesium-
kupletskite, (Cs,K,Na)3 (Mn,Fe2+)7 (Ti,Nb)2 (Si8O24)
(O,OH)7 (Yefimov et al. 1971), and telyushenkoite, Cs
Na6 [Be2 Al3 Si15 O39 F2] (Sokolova et al. 2002,
Agakhanov et al. 2003). Here, we report on the crystal
chemistry of zeravshanite.

ELECTRON-MICROPROBE ANALYSIS

The chemical composition of zeravshanite (Table 1)
was characterized by wavelength-dispersion electron-
microprobe analysis using a JEOL JCXA–50A instru-
ment operating at 20 kV and 20 nA. Standards were as
follows: anorthite USNM137042 (Si), ilmenite
USNM96189 (Ti,Fe), synthetic ZrO2 (Zr), synthetic
SnO2 (Sn), jadeite STD (Na), microcline USNM 143966
(K), synthetic CsTb(PO3)4 (Cs) (USNM standards from
the Smithsonian Institution, Washington, USA). The
H2O content was derived from the structure solution and
refinement. On the basis of 47 O apfu (atoms per for-
mula unit), the following chemical formula for
zeravshanite was obtained: (Cs3.80 Na0.18 K0.02)�4.00 Na2
(Zr2.76 Ti0.19 Sn0.05 Fe3+

0.05)�3.05 [Si18O45] (H2O)2, ide-
ally Cs4 Na2 Zr3 [Si18O45] (H2O)2.

CRYSTAL STRUCTURE

Data collection and structure refinement

A single crystal was mounted on a Bruker P4 auto-
mated four-circle diffractometer equipped with graph-
ite-filtered MoK� X-radiation and a Smart 1K CCD
detector. The intensities of 9428 reflections with 7̄ < h
< 6, 1

—
2 < k < 12, 1

—
8 < l < 18 were collected to 59.98° 2�

using 30 s per 0.1° frame, and an empirical absorption
correction (SADABS, Sheldrick 1998) was applied. The
refined unit-cell parameters (Table 2) were obtained
from 3772 reflections with I > 10�I.

On the basis of 4508 unique observed reflections,
the crystal structure of zeravshanite was solved and re-
fined with the Bruker SHELXTL Version 5.1 system of
programs (Sheldrick 1997) to R1 = 2.8% and a GoF of
0.935. Scattering curves for neutral atoms were taken
from the International Tables for Crystallography
(1992). R indices are of the form given in Table 2, and
are expressed as percentages. Site occupancies for the
A, M and Na sites were refined with the scattering curves
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the Si–O distances involving these specific O-atoms
changed only within the standard deviations. Hence we
have adopted the ordered model for the O(4), O(15) and
O(21) sites, as the rest of the structure seems insensitive
to which model is used.

At the final stages of the refinement, two H atoms of
one (H2O) group were found in the difference-Fourier
map and included in the refinement with two types of
constraints: (1) the distances O(donor)–H were fixed at
the distances taken from the D-map; (2) the isotropic-
displacement factor for a H atom was constrained to be

1.5 times larger than the displacement parameter of the
O atom of the (H2O) group.

Atom positions and displacement parameters for
zeravshanite are given in Table 3, selected interatomic
distances in Table 4, assigned site-populations in Table
5, bond valences in Table 6, and details of hydrogen
bonding in Table 7. Observed and calculated structure-
factors are available from The Depository of Unpub-
lished Data, CISTI, National Research Council, Ottawa,
Ontario K1A 0S2, Canada.
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Coordination of the cations

There are nine tetrahedrally coordinated Si sites with
a grand <Si–O> distance of 1.614 Å. The Si–O distances
range from 1.638 (maximal, to a bridging O-atom) to
1.577 Å (minimal, to an apical O-atom) (Table 4). There
are two octahedrally coordinated M sites, occupied pri-
marily by Zr: M(1) (1.82 Zr + 0.14 Ti4+ + 0.04 Fe3+)
and M(2) (0.91 Zr + 0.04 Sn4+ + 0.05 Ti4+) with <M(1)–
O> = 2.056 and <M(2)–O> = 2.086 Å. The M(1) octa-
hedron has site-symmetry 1, and the M(2) octahedron
has site-symmetry 1̄, and the M(1) and M(2) octahedra
occur in the ratio 2:1. There is one [5]-coordinated site
occupied by Na with <Na–O,H2O> = 2.400 Å. Four O-
atoms and an (H2O) group form a distorted square pyra-
mid around the Na site. There are two A sites, [12]- and
[11]-coordinated, respectively, and occupied primarily
by Cs with minor Na and K (Table 5) with <A–O> =
3.369 and 3.396 Å, respectively. The A(1) site is coor-
dinated by eleven O-atoms and an (H2O) group; the A(2)
site is coordinated solely by O atoms. The refined and

calculated site-scattering values and the observed and
calculated <A–�> and <M–�> distances (�: unspeci-
fied anion) indicate the site populations given in Table 5.

STRUCTURE TOPOLOGY

A new type of silicate sheet: [Si18O45]18–

In the crystal structure of zeravshanite, (SiO4) tetra-
hedra link together to form a sheet of the form
[Si18O45]18– (Fig. 1a). In the sheet, five- and eight-mem-
bered rings of (SiO4) tetrahedra occur in a ratio of 2:1.
Each eight-membered ring is connected to six five-
membered rings, and each five-membered ring is linked
to three eight-membered rings. Within the sheet, alter-
nating eight-membered and five-membered rings form
ribbons along the [010] direction. Ribbons of five-mem-
bered and eight-membered rings alternate along the
[101] direction. The topology of the [Si18O45] sheet is
related to the zigzag (52.8)2(5.82)1 net (Smith & Bennett
1984, Hawthorne & Smith 1988). Figure 2a shows a net
representation of the [Si18O45] sheet, and Figure 2b
shows the corresponding ideal (52.8)2(5.82)1 net. A prin-
cipal feature of both nets is the presence of infinite
chains of edge-sharing pentagons along [010]. The ideal
net (Fig. 2b) has a repeat of two five-membered and two
eight-membered chains. The repeat of the net corre-
sponding to the [Si18O45] sheet is three times longer
owing to distortion of the tetrahedra. An [Si3O9]6–

wollastonite chain can be regarded as an important
building block of the sheet (Fig. 1b). In the sheet, these
chains extend along [010]. Along [101̄], three chains
have tetrahedra with their apical vertices pointing up,
and the next three chains have tetrahedra with their api-
ces pointing down. This arrangement of tetrahedra
within the sheet is related to the arrangement of inver-
sion centers in the plane of the sheet.

In the crystal structure of zeravshanite, silicate
sheets, (M�6) octahedra and (Na�5) polyhedra link to-
gether to form a mixed framework (Fig. 3). The A at-
oms are located in large cages of the framework. Figure
4 shows the connectivity of the (M�6) and (Na�5) poly-
hedra and the (SiO4) tetrahedra. Each isolated [M(2)O6]
octahedron shares three vertices with one silicate sheet
and three other trans vertices with an adjacent silicate
sheet (Figs. 4a, b, 5a). Distorted (Na�5) square pyra-
mids share common vertices to form zig-zag chains
along [010] (Fig. 4b). The chain of (Na�5) pyramids is
decorated by M(1) octahedra: each [M(1)�6] octahedron
shares two edges with two (Na�5) pyramids. The cages
containing the A atoms extend along [201], giving rise
to channels bounded by eight-membered rings of (SiO4)
tetrahedra (Figs. 5a, b).

Hydrogen bonding

There are two (H2O) groups per formula unit of
zeravshanite, occupying one general site in the struc-
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ture. The (H2O) group is bonded to Na and to an A(1)
atom (Table 6, Fig. 6). There is a short hydrogen bond
of 1.94 Å from H(1) to O(19), which is a common ver-
tex for the Si(8) tetrahedron and the M(1) octahedron.
There is a weak bifurcated hydrogen bond from H(2) to
O(19) and O(3), the latter bridging between Si(4) and
Si(5), with H…O distances of 3.17 and 2.95 Å, respec-
tively. Details of the hydrogen bonding are given in
Table 7 and Figure 6.

RELATED SI–O SHEETS

There are two types of Si–O sheets of five- and eight-
membered rings previously known in silicate minerals.
They are of the form [Si6O15]6– and occur in the crystal
structures of nekoite, Ca3 [Si6O15] (H2O)7, space group
P1, a 7.588, b 9.793, c 7.339 Å, � 111.77, � 103.50, �
86.53°, Z = 1 (Alberti & Galli 1980), and okenite, Ca10
[Si6O16] [Si6O15]2 (H2O)18, space group P1̄, a 9.69, b
7.28, c 22.02 Å, � 92.7, � 100.1, � 110.9°, Z = 1
(Merlino 1983). The crystal structure of okenite is of
special interest as it contains two types of Si–O motif:
an [Si6O15]6– sheet and an [Si6O16]8– chain, which is a
combination of four and six-membered rings. The to-
pologies of the [Si18O45]18– sheet in zeravshanite (Fig.
1a) and [Si6O15]6– sheets in nekoite (Fig. 7a) and okenite
(Fig. 7b) are identical. However, corresponding tetra-
hedra in each sheet point in different directions and
hence these three sheets are geometrical isomers. The
sheets may also be described in terms of aggregations
of silicate chains. In zeravshanite, the [Si18O45]18– sheet
is built of [Si3O9]6– wollastonite chains in which all tet-
rahedra point the same way (Fig. 1a). In nekoite and
okenite, the sheet is built of two types of chains. One
chain is a wollastonite chain as in zeravshanite (Figs. 7c,
d). The other chain is a wollastonite-like chain in which
two tetrahedra point down and one tetrahedron points
up (Figs. 7c, d). Note that the t1 repeats of the sheets in
nekoite and okenite are four times smaller than the t1
repeat in zeravshanite. FIG. 1. A new type of Si–O sheet [Si18O45]18– with five- and

eight-membered Si–O rings: (a) general view; (b) a frag-
ment of the sheet, a wollastonite-like [Si3O9]6– chain.
(SiO4) tetrahedra are orange.
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SUMMARY

This is the first occurrence of an [Si18O45]18– sheet
in a structure of a mineral. The topology of the sheet
can be described as a linkage of wollastonite-like
[Si3O9]6– chains that produces five-membered and eight-
membered rings. The topology of the [Si18O45]18– sheet
is related to the zigzag (52.8)2(5.82)1 plane net.
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FIG. 2. Representation of the Si–O sheet [Si18O45]18– as a net: (a) the distorted (52.8)2(5.82)1
net describing the [Si18O45]18– sheet; (b) the ideal (52.8)2(5.82)1 net derived from number
98c net of Smith & Bennett (1984) by insertion of horizontal (solid and dashed lines)
and zig-zag (dotted lines) edges (after Hawthorne & Smith 1988); t1 and t2 are the repeat
translations.
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FIG. 3. The crystal structure of zeravshanite pro-
jected onto (010). Si tetrahedra are orange, M
octahedra are yellowish green, Na polyhedra are
blue, A atoms are shown as red circles.

FIG. 4. Linkage of (SiO4) tetrahe-
dra and M and Na polyhedra: (a)
[Si18O45]18– sheet with adjacent
M and Na polyhedra viewed
down [010]; (b) zig-zag chains
of Na polyhedra decorated by
M(1) octahedra extend along the
b axis. Legend as in Figure 3.
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FIG. 5. A fragment of the crystal structure of zeravshanite showing location of the A sites: (a) viewed down [010]; (b) viewed
down [201]. Legend as in Figure 3.

FIG. 6. Hydrogen bonding in the crystal structure of
zeravshanite. Atoms H(1) and H(2) of the (H2O) group are
shown as red circles, hydrogen bonds are shown as dashed
lines.
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FIG. 7. Related Si–O sheets in (a) nekoite, and
(b) okenite. Two types of chains of the form
[Si3O9] are shown for (c) nekoite, and (d)
okenite.
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