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ABSTRACT

Joélbruggerite, ideally Pb;Zn;(Sb™*,Te®")As,0,3(OH,0), is a new arsenate mineral (IMA 2008-034)
and the Sb** analog of dugganite, from the Black Pine mine, 14.5 km northwest of Philipsburg, Granite
County, Montana. It is usually found perched on mimetite; other species that may be present include
malachite, azurite, pseudomalachite, chalcocite, beudantite-corkite, duftite, dugganite, and kuksite,
in milky quartz veins. Joélbruggerite occurs as barrel-shaped or prismatic crystals up to about 50 um
across in various shades of purple. The crystals have an adamantine luster and a white streak. Mohs
hardness is about 3. The fracture is irregular, and the tenacity is brittle. Joélbruggerite crystals are
uniaxial (—), with a calculated refractive index of n = 1.993, and weakly pleochroic: X =Y = gray, Z
= purple; absorption: Z > X =Y. Crystals show straight extinction and are length-fast. The empirical
chemical formula (mean of 5 electron microprobe analyses) calculated on the basis of 14 [O + OH]
anions is Pbs 11(Z1; 6s0F €5 155)52.874(Sb3 650 Teb 51 )x1.101 (AS1551P0.203S10.160)51.914013.335(OH)g 665. Jo&lbruggerite
is trigonal, space group P321, a = 8.4803(17), c = 5.2334(12) A, V'=325.94(12) A3, Z= 1. The five
strongest lines in the powder X-ray diffraction pattern are [d,y in A (1) (hkl)]: 3.298 (100) (111), 3.008
(89) (021), 1.905 (39) (122, 131), 2.456 (36) (012, 121, 030), and 1.609 (30) (112, 132, 231, 140).
The crystal structure was solved from single-crystal X-ray diffraction data and refined to R, = 0.038
on the basis of 604 unique reflections with F > 46(F). It is composed of heteropolyhedral sheets of
edge-sharing (Sb,Te)O4 octahedra and PbOy disphenoids, oriented parallel to (001). The sheets are
cross-linked by AsO, and ZnO, tetrahedra, which share corners to form an interlinked, two- and three-
connected two-dimensional net parallel to (001). The mineral is named for Joél Brugger (born 1967),

Swiss-Australian mineralogist, for his contributions to mineralogy.
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INTRODUCTION

The semi-metals antimony (Sb) and tellurium (Te) have
relatively low crustal abundances (200 and 1 ppb, respectively),
however high levels of both metals can be found in various ore
deposits worldwide (e.g., for Sb, Consolidated Murchison mine
near Gravelotte, South Africa—Yager 2007; for Te, Cripple
Creek, Colorado—Kelley et al. 1998). Their mineralogy and
crystal chemistry tend to be complex, owing to the various
oxidation states for both elements (Sb**, Sb** and Te®*, Te*", Te",
and Te?"). Some 230 Sb and 140 Te minerals have so far been
described, but only 10 contain both Sb and Te, and all these are
sulfides or sulfosalts. The new mineral species joélbruggerite,
described here, appears to be the first mineral described where
Sb** substitutes for Te®" in the same site. The synthetic compound
(H;0)SbTeOg (Turrillas et al. 1985; Alonso and Turrillas 2005)
appears to be the only known example of Sb®* replacing Te®*
in octahedral coordination, although some synthetic phases are
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known with Sb** replacing Te*', e.g., Sb;TeO(Cl (Alonso et al.
1985).

The type specimen of jo€lbruggerite and associated material
was collected in Spring 1993 by John Dagenais of Vancouver,
British Columbia, Canada, at the Black Pine mine, 14.5 km
NW of Philipsburg, Granite County, Montana (46°26'52"N,
113°21'56"W). The mineral is named for Joél Brugger (born
1967), Swiss-Australian mineralogist, for his contributions to
mineralogy, in particular the description of new minerals (e.g.,
spriggite; Brugger et al. 2004), metamorphosed manganese
deposits (e.g., Brugger and Meisser 2006), hydrothermal geo-
chemistry (e.g., Brugger et al. 2007), and for his work on Te
mineralogy (e.g., Grundler et al. 2008). The mineral and name
have been approved by the IMA Commission on New Miner-
als, Nomenclature and Classification prior to publication (IMA
2008-034). The type specimen is preserved in the Department of
Mineralogy, South Australian Museum (G32400), with the co-
type specimen (probe mount) preserved in the Mineral Sciences
Division, Canadian Museum of Nature (CMNMC 86061).
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OCCURRENCE AND PARAGENESIS

Joélbruggerite is usually found perched on mimetite;
other species that may be present include malachite, azurite,
pseudomalachite, chalcocite, beudantite-corkite, duftite, and the
two joélbruggerite-related species dugganite, Pb;Zn;TeAs,O,4
(which is isostructural: Williams 1978; Lam et al. 1998) and
kuksite, Pb;Zn;Te*" O4(PO,), (which is presumed isostructural but
not yet confirmed: Kim et al. 1990; Mills et al. 2008) in milky
quartz veins. The Black Pine mine is also the type locality for
philipsburgite (Peacor et al. 1985) and is noted for its exceptional
crystals of veszelyite (Waisman 1992). Tetrahedrite, bindheimite,
and stibiconite are the only reported Sb minerals from the Black
Pine mine (Waisman 1992), whereas no Te species have been
reported prior to this study. Several other potentially new Sb-,
W-, and/or Te-bearing secondary mineral species from this mine
are currently under investigation by the first author.

Joélbruggerite has crystallized from solutions rich in Pb, Zn,
Sb, As, and Te derived from the breakdown of the primary ore
body within the Mount Shields Formation (Peacor et al. 1985),
which is part of the of the Middle Proterozoic Missoula Group
(Wallace et al. 1986). Recently, the area has been remapped by
Lonn et al. (2003), however the main units remain the same. The
primary ore is hosted by veins of comb quartz, which is com-
monly vuggy, with the principal primary minerals being silver-
bearing tetrahedrite, hiibnerite, and pyrite. Galena, sphalerite,
chalcopyrite, and native elements (Au, Ag, and Cu) are minor
constituents within the veins. Tellurium is probably included in
trace amounts within the tetrahedrite (e.g., Fadda et al. 2005) or
possibly as Au/Ag tellurides.

As shown by available thermodynamic stability data
(McPhail 1995; Filella and May 2003; Accornero et al. 2008),
the formation of joélbruggerite (as a tellurate) is likely to have
occurred in a highly oxidizing environment, in water near
equilibrium with atmospheric oxygen [log ao,uq = —3.58],
similar to other secondary Te minerals such as xocolatlite
(Grundler et al. 2008) (Fig.1). In contrast, antimonates require
only mildly oxidizing [log ao,uq > —41] and acidic conditions
(pH <3; Filella and May 2003). As joélbruggerite contains
substantial Te, the formation conditions are likely to be more
oxidizing than required to produce antimonates. Tellurates are
rare because such oxidizing conditions are rarely achieved and
preserved—only at the surface, where leaching and erosion are
important processes.

PHYSICAL AND OPTICAL PROPERTIES

Joé€lbruggerite occurs as barrel-shaped or stout hexagonal
prismatic [0001] crystals up to about 50 um across (Fig. 2).
Forms observed are {0001}, {1120}, and {1121}. Crystals
occur in various shades of purple (light purple, bluish purple,
and grayish purple) and can be color-zoned, with light purple
and grayish purple most prominent. Joélbruggerite crystals are
transparent, have a white streak, adamantine luster, and are
non-fluorescent. Mohs hardness is about 3, estimated on the
basis of dugganite group minerals, the fracture is irregular, and
the tenacity is brittle. No macroscopic or microscopic twinning
or cleavage was observed. The calculated density is 6.73 g/cm®
(with empirical formula and single-crystal data), and crystals
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FIGURE 1. Speciation of tellurium and antimony in oxidized
groundwaters (25 °C, 1.013 bar). The following thermodynamic data
were used for constructing this diagram: tellurium species from McPhail
(1995); Sb(OH);s(aq)/Sb(OH),_ from Accornero et al. (2008); and
0,(g)/0,(aq) from the SUPCRT92 database (Johnson et al. 1992). The
properties for antimony listed in Filella and May (2003) show that the Sb**
species become predominant already at relatively reducing conditions
[log @o,uq > —41.35]. Two O,(aq)/O,(g) are plotted: O,(g) = 1.013 bar
(water stability) at log ao,uq = —2.9 and O,(g) = 0.21 (atmospheric) at
log ao,aq = —3.6.

FIGURE 2. SEM image of a barrel-shaped joélbruggerite crystal
lanced by mimetite. The joélbruggerite crystal is 30 wm across.

sink in Clerici solution (4.2 g/cm?).

Crystals are confirmed uniaxial (-), however, the ® and €
values for joélbruggerite were not measured due to the toxic
oils needed to accurately characterize them. The calculated
refractive index for white light based on the Gladstone-Dale
compatibility (Mandarino 1981) is n = 1.993, which is slightly
higher than the values obtained for dugganite (w = 1.977 and €
= 1.967; Williams 1978). In transmitted light, jo€lbruggerite is
pale purple, with weak pleochroism: X =Y = gray, Z = purple,
and absorption: Z > X =Y.
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CHEMICAL COMPOSITION

Quantitative wavelength-dispersive electron-microprobe
analyses (5 points) were carried out on jo€lbruggerite with a
JEOL733 electron microprobe at the Mineral Sciences Division,
Canadian Museum of Nature. Operating conditions were 20 kV,
with beam current of 20 nA and a 2 pm beam diameter. Raw
intensity data were corrected using a PAP matrix correction (Pou-
chou and Pichoir 1984). Sulfur, Se, V, Cu, and Ag were analyzed
by WDS but not detected. No other elements were detected by
energy dispersive spectroscopy. H,O was calculated by normal-
izing the formula to 9 cations (excluding H), then OH was ap-
portioned from 14 O atoms for charge balance. Structure analyses
(see below) show that all sites are fully occupied (except H). The
presence of hydroxyl ions was confirmed by Raman spectroscopy
and crystal structure analyses (see below). The results, as well
as the standards used, are shown in Table 1. The analytical totals
for the microprobe data are slightly low. Possible reasons for
the low totals include use of sulfide and telluride standards for
an oxide mineral and the difficulty of preparing well-polished
surfaces for the small, relatively soft crystals.

The mean composition of jo€lbruggerite corresponds to
the empirical formula (calculated on the basis of 14
[O + OH] apfu): Pbs 12(Zn, es9F€dis5)2.57a(Sb3ssoTedas1)x1 101
(A 551P0203810.160)51.914013335(OH)o 665. The simplified end-member
formula is Pb;Zn;Sb**As,0,;(OH), which requires: PbO 50.95, ZnO
18.57,Sb,05 12.31, As,05 17.49, H,0 0.69, total 100.00 wt%, but the
formula should be expressed as Pb;Zn;(Sb**,Tet*)As,0,;(0OH,0), to
reflect the significant Te®* component in the structure.

Although there is potential for complete solid solution to
exist between joélbruggerite and dugganite at the Black Pine
mine, the substitution of Sb> for Te® in the type specimen
ranges only between 56 and 63% following the substitution
mechanism (Sb>*OH)(Te®*O)_,. The presence of Sb in dugganite
from the Kawazu mine, Shizuoka Prefecture, Japan (Sb,05 ~5
wt%; Tef":Sb>" 0.72:0.30 based on 9 cations), was reported by
Matsubara et al. (2004) and extends the solid-solution field (Fig.
3). The Sb-bearing dugganite from the Kawazu mine is pale blue
and has slightly smaller unit-cell parameters of a = 8.490 and ¢
=5.216 A (from Gandolfi powder data).

TABLE 1. Electron microprobe analyses of joélbruggerite*

Constituent wt% Range Std. dev. Probe standard
ZnO 15.98 14.1-16.94 1.11 Sphalerite
PbO 50.72 49.45-53.47 1.60 Galena
FeO 0.97 0.28-2.71 1.01 Hematite
SiO, 0.70 0.5-1.02 0.19 Albite
TeOs 5.78 5.19-6.09 0.36 Sb,Te;
Sb,0s 7.68 7.12-8.44 0.55 Sb,Te;
P,Os 1.05 0.35-1.81 0.52 VP,0,
As,0; 13.02 11.51-13.68 0.88 GaAs
H,0cc t 0.44

Total 96.34

*S, Se, V, Cu, and Ag all analyzed for but not detected. No other elements
detected by EDS.
T See text.
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RAMAN SPECTROSCOPY

Near-infrared Raman analysis was performed using a
Renishaw Imaging Microscope System 1000 (Department of
Biochemistry, UBC), with a RL785 diode laser at a wavelength
of 785 nm, a RenCam CCD detector and Renishaw WiRE Ver-
sion 1.3.30 instrument control software. The data were analyzed
using Galatic Grams/32 Version 4.14 software. Prior to data ac-
quisition, a spectral calibration was carried out using the Raman
spectrum obtained from a silicon wafer. Spectra were recorded
in backscatter mode between 150 and 3500 cm™' with a spectral
resolution of +2 cm™' and a minimum lateral resolution of ~2
um on the sample.

The Raman spectrum for joélbruggerite shows several AsO,
vibrational modes including the v;(AsO,) vibrational mode at
818 cm ! and v,(AsO,) stretching mode at 680 cm™. Additional
bands were observed at 506, 475, 427, 383, 235, 200, 183, 168,
and 150 cm™. The presence of hydroxyl ions was confirmed
by OH-stretching bands at 3015 and 3030 cm™!, although these
bands are extremely weak.

CRYSTAL STRUCTURE

Experimental methods

The single-crystal study was carried out using a Bruker X8 ApexII single-
crystal diffractometer at the Department of Chemistry, University of British
Columbia. A barrel-shaped crystal with dimensions 0.03 x 0.03 x 0.02 mm was
used for collection of intensity data at 293 K (Table 2). The intensity data were
processed with the Bruker Apex program suite, with data reduction using the SAINT
program (Bruker 2003) and absorption correction by the multi-scan method using
SADABS (Bruker 2003).

The crystal structure of joélbruggerite was solved in 321 (no. 150), by direct
methods using SHELXS-97 (Sheldrick 1997a) and subsequent Fourier and differ-
ence Fourier syntheses, followed by anisotropic full-matrix least-squares refine-

TABLE 2. Summary of data collection conditions and refinement pa-
rameters for joélbruggerite
Crystal data
a=84803(17) A
€=5.2334(12) A
V=325.94(12) A3

Cell parameters

Z=1

Space group P321

Data collection
Temperature 293(2) K
\ (MoKa) 0.71073 A
Crystal shape, size barrel-shaped, 0.03 x 0.03 X 0.02 mm
26,0 59.84°
Reflection range -11<h<11;-11<k<10;-4</<7
Total no. reflections 1785
No. unique reflections 604
No. reflections, F > 40(F) 497
Absorption coefficient p 51.2mm™
Rinerg ON F2 0.048

Refinement

No. parameters refined 38
Ry, F > 40(F) 0.0389
R, all data 0.0510
WR, (F2)*, all data 0.0948
GOF 0.701
DGy AGmax (€/A%) -1.6,2.2

*w = 1/[0%(F2) + (0.024P2 + 50.1P)], P = [2F2 + Max(FZ,0)1/3.

FIGURE 3. Extent of the solid solution between joélbruggerite and dugganite. Diamonds = Black Pine, square = Kawazu.
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TABLE 3. Atomic coordinates, site occupancies, and displacement parameters (A for joélbruggerite
Atom X y z Ueq Uy, U, Uss Uy Uss U,
Pb 0.40396(12) 0.0 0.0 0.0261(3) 0.0309(4) 0.0270(5) 0.0191(4) -0.0024(3) -0.00121(17) 0.0135(2)
Sb* 0.0 0.0 1.0 0.0182(5) 0.0226(7) 0.0226(7) 0.0093(9) 0.0 0.0 0.0113(4)
Zn 0.0 -0.2450(3) V2 0.0248(6) 0.0215(12) 0.0333(12) 0.0158(11) -0.0001(5) -0.0003(11) 0.0107(6)
As 3 -3 0.4738(5) 0.0215(6) 0.0188(8) 0.0188(8) 0.0270(14) 0.0 0.0 0.0094(4)
01 -0.127(2) -0.2180(19) 0.212(2) 0.040(4) 0.043(8) 0.043(8) 0.030(6) 0.012(6)  -0.001(6) 0.018(7)
02 -0.202(2) -0.460(3) 0.669(3) 0.055(5) 0.056(11) 0.055(10) 0.038(8) 0.000(7) 0.007(7) 0.015(9)
03 3 -3 -0.204(4) 0.023(4) 0.024(6) 0.024(6) 0.021(8) 0.0 0.0 0.012(3)
* Sb:Te 0.57:0.43.
ments on F? using SHELXL-97 (Sheldrick 1997b). The position of the H atom TaBLE 4. Polyhedral bond distances (A) in joélbruggerite
could not be determined (but see below for possible positions). The final model ~ pp-07 2.352(15) <2
converged to R, = 3.89% for 497 reflections [F,> 46(F,)] and 5.10% for all 604 Pb-02 2.642(19) x2
reflections. The refined atomic coordinates, site occupancies, and displacement Pb-02 3.04(2) X2
parameters are given in Table 3; polyhedral bond distances in Table 4; and abond- ~ Pb-O3 2.793(7) X2
valence analysis in Table 5. <Pb-0> 2.707
The quantitative coordination parameters calculated for joélbruggerite and Sb-O1 1.954(13) x6
dugganite (Table 6) are: bond distance, the average bond distance, polyhedron 52:8; :g;ég:g i;
volume (V3), the volume of the sphere fitted to the positions of the coordinating <Zn-0> 1.954
atoms (Vs), volume distortion of the polyhedron (v), and the volume eccentricity ~ aAs-03 1.685(19)
(A). The calculations for Vs, v, and A are based on the determination of the centroid As-02 1.710(17) x3
of coordination (Bali¢-Zuni¢ and Makovicky 1996) and the measure of distortion ~ <As-O> 1.704
for coordination polyhedra (Makovicky and Bali¢-Zuni¢ 1998) and are calculated
using the program IVTON (Bali¢-Zuni¢ and Vickovié 1996). TABLE 5. Bond-valence analysis for joélbruggerite
.. Pb Sb/Te* Zn As )3
Description of the structure 01 045 Ix2 0895 Ix6 056 Ix2 1.90
The crystal structure determination shows that joélbruggerite ~ ©2 g-ffl‘ iﬁ 049 b2 119 Ix3 203
is the Sb**-dominant analog of dugganite, Pb;Zn;Te®*As,014 03 018  Ix2 127 145
(Lam et al. 1998), with charge balance achieved by OH-for-O £ 1.9 5.37 2.10 4.83

substitution. A similar charge balance mechanism was suggested
by Kim et al. (1988) for vanadian, silician dugganite from Al-
dan, Russia, where heterovalent (As,V)** < Si*" isomorphism
is accomplished by O*" <> OH™ replacement. The joélbruggerite
structure is composed of heteropolyhedral sheets of edge-sharing
(Sb,Te)O, octahedra and PbOyg disphenoids, oriented parallel to
(001). The sheets are cross-linked by AsO, and ZnO, tetrahedra,
which share corners to form an interlinked, two- and three-con-
nected two-dimensional net parallel to (001) (Figs. 4 and 5).
The average bond length for the Pb polyhedron, <Pb-O>, is
2.707 A, whereas <Zn-O> and <(Sb,Te)-O> are both 1.954 A and
<As-0>is 1.703 A. The average bond lengths for Pb and Zn are
in accord with literature values and those obtained by Lam et al.
(1998) for dugganite (<Pb-O> of 2.74 and <Zn-O> of 1.94 A)
and give bond-valence sums (BVSs) of 1.96 (calculated using
the values of Krivovichev and Brown 2001) and 2.10 valence
units (v.u.), respectively (Table 5). The <As-O> is slightly lon-
ger than the expected value of 1.682 A as determined by Baur
(1981), and is more typical of protonated acid arsenates, where
the tetrahedra are distorted due to hydrogen bonding, such as
those described by Schwendtner and Kolitsch (2007) and more
recently by Cooper and Hawthorne (2009). Inspection of the
BVS (Table 5) shows that the O3 is undersaturated, and has a
formal valence of 1.45 v.u. Considering the empirical formula

*Calculated from the weighted Sb/Te contributions.

Pbs 112(Z0.630F €5185)52.574(Sb3 550 TeGas1)x1.101(AS 1551 Po.203ST0.160)51.014
0)3.335(0OH), 665, the O3 site is assumed to represent an OH group
(part of which is substituted by O). The hydrogen bond donated
by the OH group is assumed to be accepted by the O1 atom (1.90
v.u.), with an O3---O1 hydrogen-bond distance of ~2.6 A. We
were unable to refine the position for the hydrogen atom within
the joélbruggerite structure, however the most likely position is
about (Y5, —Y4, 0.5943) based on the second largest peak in the
difference Fourier map (1.95 ¢/A=) and its distance from O3
of 1.05 A, both reasonable values for a site partially occupied
by hydrogen. The only other possibility is at (0.4142, —0.2054,
—0.1039), with an electron density of 1.03 ¢/A- and distance to
the O3 of 1.09 A.

An alternative possibility of protonation and H-bonding
would be that both O3 and, to a lesser extent, O1 are partially
protonated, i.e., the presence of As-OH bonds and (Sb,Te)-OH-
Zn linkages. This would be in accordance with a substitution
scheme Sb**OH « Te*O.

Analysis of the ¥)(Sb*",Te®")-O bond length using values of
<Sb-O> of 1.98 A (Effenberger 1985) and <Te-O> of 1.92 A
(e.g., Untenecker and Hoppe 1987; Loub 1993; Levason 1997,
Vanek et al. 2000—54% of all Te-O bonds are between 1.91

TABLE 6. Quantitative coordination parameters for joélbruggerite and dugganite

Volume distortion parameter (v) % Polyhedron volume (V) A

Sphere volume (VoA Volume eccentricity (A)

joélbruggerite dugganite joélbruggerite dugganite joélbruggerite dugganite joélbruggerite dugganite
Pb 12.43 11.82 32.83 36.26 86.54 94.86 04127 0.3956
Sb/Te 0.94 0.79 9.85 9.44 31.24 29.90 0.00 0.00
Zn 10.58 9.88 13.26 12.62 46.60 43.98 0.6965 0.6995
As 1.66 0.14 249 1.96 20.64 16.04 0.0270 0.0974
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FIGURE 4. Crystal structure of jo€lbruggerite projected onto (001);
Pb atoms are indicated as spheres.

FIGURE 5. Crystal structure of joélbruggerite projected down [100];
Pb atoms are indicated as spheres.

and 1.93 A) suggests an Sb:Te ratio of 0.57:0.43, which is in
good agreement with the range of EMPA data (see above; Fig.
3). However, determination of the BVS was more problematic.
The b value of 0.37 A (Brown and Altermatt 1985), which is
used as an almost “universal constant” when undertaking BVS
calculations, does not adequately describe some polarized ions.
Recently, several authors have noted this and have derived new
bond-valence parameters [e.g., Pb(II) b =0.49 A; r,=1.963 A;
Krivovichev and Brown 2001]. Using b= 0.37 A and r, = 1.942
A for Sb¥ incorrectly overestimates the valence state of the Sb by
0.3 v.u. This led to a redetermination of the Sb-O bond-valence
parameters r, and b (S.J. Mills, unpublished manuscript) and to
a more reasonable BVS of 5.37 v.u. in joélbruggerite.
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The distortion parameters calculated for joélbruggerite and
dugganite are shown in Table 6. The degree of distortion (V)
exhibited in all the polyhedra is greater in the structure of joél-
bruggerite than in that of dugganite. The AsO, tetrahedra show
the largest change (1.66% vs. 0.14%), due to the influence of
the hydrogen atom on the undersaturated O3 atom, a feature not
seen in the dugganite structure. The incorporation of Sb*" into
the Te®*-centered octahedra did not significantly distort them
(0.94% vs. 0.79%), as all six bonds are to O1.

X-RAY POWDER DIFFRACTION DATA

X-ray powder-diffraction data (Table 7) were collected with
the same crystal used for the single-crystal study on a 114.6
mm diameter Gandolfi camera with Ni-filtered CuKo radiation
at the Department of Geology, National Museum of Nature and
Science, Japan. The data were recorded on an imaging plate
and processed with a Fuji BAS-2500 bio-image analyzer using
the computer program written by Nakamuta (1999). Data were
calibrated with a quartz-standard (reference material NIST SRM
no. 1878a) on the crystal of joélbruggerite. Unit-cell parameters
refined from the powder data using Chekeell (Laugier and Bochu
2004) are a = 8.506(6) and ¢ = 5.2350(6) A, V = 327.996(3)

TABLE 7. X-ray powder diffraction data for joélbruggerite

hkP* Tobs ops Lo dea®
010 1 7.344
001 6 5236 32 5233
011 2 4244 { 1 4.262
110 19 4.240
020 14 3.674 22 3.672
11 100 3.298 100 3.295
021 89 3.008 85 3.006
120 20 2.783 26 2.776
002 5 2619 40 2617
012 2 2.465
121 } 36 2.456 { 5 2452
030 37 2448
112 1 2924 { 7 2227
031 28 2217
022 12 2131 { 10 2.131
220 4 2.120
130 13 2.041 16 2.037
221 2 1.965
122 18 1.904
131 39 1.905 { 20 1.898
400 17 1824 { 1 1.834
032 16 1.787
013 } 2 1.689 { 1 1.697
230 3 1.684
113 8 1613
132 } 30 1.609 { 5 1.607
231 4 1.604
140 8 1.603
023 1 1.576 7 1.575
123 3 1477
050} ! 1472 { 8 1.467
033 1 1420
232 12 1419 { 2 1416
051 6 1414
330 7 1414
240 3 1.392 2 1.388
223 4 1.345 3 1.347
133 5 1.328 3 1325
014 1 1.288
052} 7 1.283 { 5 1.281
151 4 1.279

Note: Strongest lines are denoted in bold.
* Calculated from the crystal structure using PowderCell.
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A3, which are in good agreement with those obtained from the
single-crystal study.
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