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Abstract

Experiments on the Sh-S-Se system were conducted at 300°C, and a continuous stibnite-anti-
monselite binary solid solution was established. By substituting S for Se, the compositions of S-rich
and Se-rich endmembers were confirmed as Sb,S, and Sb,Se,, respectively. Based on Se/(S+Se)
ratios of microprobe analyses, binary stibnite-antimonselite solid solutions are defined as stibnite,
selenium stibnite, sulfur antimonselite, and antimonselite. Microhardness of the stibnite subseries
(Sb=60.11-72.58, S = 13.20-27.63, and Se = 0.00-27.23 wt%) and the antimonselite subseries (Sh =
49.29-59.25, Se = 28.89-51.94, S = 0.00-12.10 wt%) varies from 112.95 to 127.72 kg/mm?. The
variation of Se concentration is continuous throughout the series, confirming a random substitution
of Se for S. Crystallographic parameters obtained from the series vary as follows: a = 1.123375—
1.163890 nm, b = 1.132502-1.179553 nm, ¢ = 0.383914-0.398071 nm, D = 4.593-5.896 g-cm™3,
and V = 0.488425-0.546500 nm?. As evident from the above data, the higher the Se concentration,
the larger the crystallographic parameters. The Sb-S-Se binary solid solutions obey Vegard’s law.
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FIG. 1. Photomicrographs of synthesized phases in the stibnite-antimonselite solid solution series. All photomicro-

graphs are in reflected light. Diagonal length of view is 1.52 mm. The small amount of brilliant white minerals in A and

B are native stibnite; all the other white color minerals belong to solid solution series. A. Sb,S,. B. Sh,Se,. C. Sh,S,. D.
Shy(S, 5.5€( 5)5- E. Sby(S, .Se; o)g- F. Sby(S, 5,8€ 5)s. G. Shy(S, (.Se, o)5- H. Shy(S 5.5e, o). I. Sb,Se,.

Introduction

IN NATURE, the substitution between antimony and
bismuth forms a continuous stibnite-bismuthinite
solid solution series (Li et al., 1998; Arun and
Vedeshwar, 2004). Does substitution between sulfur
and selenium result in a continuous stibnite-anti-
monselite solid solution series? This is a new sub-
ject (Liu et al., 1999, 2005).

It is well known that stibnite, Sb,S,, is a very
common mineral. In contrast, antimonselite, Sh,Se.,
is a new mineral found in several different localities
in China in the last decade (Liu et al., 1992; Chen et
al., 1993; Min et al., 1994, 1995, 1998). Also, as has
been well confirmed, antimonselite, stibnite, and
bismuthinite are isostructural (Hofmann, 1933;
Scavnicar, 1960; Bayliss and Nowachki, 1972;
Voutsas and Rentzeperis, 1984).

A series of transition minerals between stibnite
and antimonselite have been discovered by the
authors in Cambrian stratabound gold deposits at
La’erma and Qiongmo in the western Qinling Moun-
tains, China (Liu and Zheng, 1992; Liu, 1994; Liu et

al., 1998, 1999, 2005). They were classified as a
stibnite-antimonselite series (Liu and Zheng, 1992;
Liu et al., 1999; Liu et al., 2005). Stibnite and anti-
monselite are the two end members of the series,
respectively.

According to the “50% rule” of binary solid solu-
tion systems (Nickel and Grice, 2000), this series
was divided into stibnite and antimonselite sub-
series. Furthermore, this binary system of stibnite-
antimonselite can further be divided into stibnite,
selenium stibnite, sulfur antimonselite, and anti-
monselite, based on atomic ratios of Se/(S+Se) (Liu
et al., 1999; Liu et al., 2005). The limiting atomic
ratios of Se/(S+Se) are <0.20, 0.20-<0.50, 0.50—
<0.80, and >0.80, respectively.

Although the content of selenium ranges from
0.00% to 49.72% in the natural stibnite-antimon-
selite series, it is lack of data from 30.59% to
43.04% that puzzled the present authors (Liu et al.,
1999, 2005). Apparently the variation of Se is not
completely continuous in the series. Because of the
extremely small size of minerals in the stibnite-anti-
monselite series, it is difficult to conduct research



Downloaded by [Fondren Library, Rice University ] at 00:16 07 December 2012

STIBNITE-ANTIMONSELITE SERIES 165

TABLE 1. Investigated Chemical Compositions in the Sh,S,—Sh,Se, Synthetic System

Desired proportion of chemical composition, g

Sample no. Ideal formulae Sh S Se Sh,S, Sh,Se,
99101 Sh,S, 0624 025

991,02 ShySe, 0.447 0.43

991,031 Sh,S, 0669 026

991,03-2 Sh,S, 0621 025

991,04-1 ShySe, 0.434 0.42

991,04-2 ShySe, 0.456 0.44

991,05-1 Sh,S, 0651 026

991,05-2 Sh,S, 0619 024

991,06-1 ShySe, 0.444 0.43

991,06-2 ShySe, 0.481 0.47

99107 ShySe, 0.306 0.3

991011 Sh,S, 059 023

991,012 ShySe, 0.35 0.34

9911 Shy(S, 5:5¢, 5); 0.2125 (99L01) 0.3005 (99L02)
991.2 Shy(S, 0:Se5 0)s 0.1411 (99101) 0.3991 (99L02)
9913 Shy(S, 0:Se1 0)s 0.2616 (991.03-1) 0.1850 (99L04-1)
9914 Shy(S, 5S¢0 2)s 0.3836 (991.03-1) 0.1085 (99L04-1)
9915 Sby(Sy5:5e, 5)s 0.0571 (991.03-1) 0.4038 (99L04-1)
916 Shy(S, 0:Se5 0)s 0.1409 (991.03-2) 0.3985 (99L04-2)
9917 Shy(S, 5:S€, 5)s 0.0892 (991.03-2) 0.1262 (99104-2)
9918 Shy(S, 0:Se; 0)s 0.1470 (991.03-2) 0.1040 (99L04-2)
9919 Shy(S, 0:Ses0)s 0.0796 (991.03-2) 0.2253 (99L04-2)
99L11 Shy(S, 5:S€, 5)s 0.2210 (991.05-1) 0.3126 (99L06-1)
99112 Shy(S, 0:Se; 0)s 0.3052 (991.05-1) 0.2158 (99L06-1)
99113 Shy(S, 5S¢0 2)s 0.3571 (991.05-1) 0.1010 (99L06-1)
99114 Shy(S, 0:Se5 0)s 0.0795 (991.05-2) 0.2250 (99L06-2)
99115 Shy(S, 0:Se1 o) 039 01 013

99L16 Sby(Sy.75:5€0.25); 0.4947 (991.05-2) 0.0636 (99106-2)
99L17 Shy(S, 5:Se, -)s 0.1740 (99LO11) 0.3217 (991.06-2)
99118 Shy(SgSes z) 3 0.1005 (991.011) 0.3910 (99L07)
99119 Sby(S,05:5¢5.05); 0.0048 (991.011) 0.4002 (99L012)

adequately. At present, the following problems need
to be addressed (Liu et al., 1999):

1. The variation of Se (43.04%-49.72%) in the
antimonselite subseries is less continuous in com-
parison with that (0.00%-29.12%) of the stibnite
subseries. Does selenium vary continuously
throughout the entire series? Is the substitution of

Se for S ordered or disordered? Is the series a

complete solid solution or only restricted to certain
proportions?

2. Tt is necessary to establish the relationship
between Se concentration and crystallographic
parameters for different Se concentrations in the
stibnite-antimonselite series, so as to confirm the
existence of a complete solid solution system?
Because Sb,S, and Sb,Se, crystallize in the same
structural type (Hofmann, 1933; Scavnicar, 1960;



Downloaded by [Fondren Library, Rice University ] at 00:16 07 December 2012

166 LIU ET AL.

TABLE 2. Electron Microprobe Analyses and Chemical Formulae
of the Synthetic Stibnite-Antimonselite Solid Solution Series

Sample no. Ideal formulae Sbh S Se Total Chemical formulae
69.27 27.63 0 96.9 S, 0555 00
71.84 27.42 0 99.26 Sby 075300
71.60 27.29 0 98.89 Sby 0755 00
99101 71.81 27.25 0 99.06  Sby eSs 00
Sh,S, 71.56 27.23 0 98.79  Sby Sy 00
7140 27.12 0 98.52  Shy oS00
72.58 26.98 0 99.56  Shy 5S4 00
71.47 26.21 0 97.68 Sby 165300
71.64 27.11 0 98.75  ShygSs00
99105 71.98 26.47 0 9845 by sSs 00
71.40 26.05 0 9745 by Ss00
70.55 25.33 4.37 100.25 Sby 16(S5 g0s Se() 20)3.00
99L16 Shy(Sy 75 S0 69.92 25.01 5.37 10030 Sy s(Sy 76 Seoa)s.00
68.99 24.85 7.55 101.39 Sbl 05059675 S€.33)3.00
68.06 22.54 8.30 98.90 Sby 05(55.61> S€q.30)3.00
68.17 22.97 10.64 101.78 Sb 67(S5 52+ S 48)3.00
68.40 22.99 10.70 102.09 Sbl QS(SZ o Seo 183,00
67.65 22.15 11.72 101.52 Sb, 00(Sy 47 S€0.53)5.00
9914 68.05 22.03 12.13 102.21 S, 00(Sy 45 S€0.55)5.00
Sby(S, 5:€0.5)s 68.23 20.30 11.46 99.99 by 6(Sy 41 Seo50)5.00
67.17 20.98 12.74 100.89 Sby 0555 41 S€0.50)5.00
66.05 20.52 12.46 99.03 Sby 4S5 41 S€0.50)5.00
66.97 20.73 12.81 100.51 Sby 0455 400 S€0.60)5.00
99L13 70.55 18.39 12.35 101.29 Sby 44(S5 565 Se() 64)3.00
66.05 20.29 13.80 100.14 Sby 15(S5 555 S0 65)3.00
65.37 18.45 18.11 101.93 Sby 16(S5.15 S0 85)3.00
64.22 17.11 18.79 100.12 Sby 15(S5 08 S€0.92)3.00
62.03 15.86 21.63 99.52  Sb) 4o(S, o3 el o500
99L3 62.23 15.51 22.27 100.01 Sby 16(S1 000 S€1 10)3.00
62.88 15.83 22.83 101.54 Sb 5(S) g9 S€, 11)3.00
Shy(S, 0:5€ 0)s 60.40 15.19 22.76 98.35 Sbl 05(S a7 5€1 13)5 00
61.81 15.23 23.46 100.50 Sb; 67(S g6 S€1 14)3.00
61.66 14.91 23.39 99.96 Sby 16(S; g3» Sel 17)3.00
9L15 62.64 14.98 23.59 101.21 sz 0165; g3» e1 11)3 00
61.13 14.55 23.11 98.79 Sby 15(S1 83 S€1 17)5.00
60.11 13.20 27.23 100.54 Sby g5(S) g Sel 100
9911 59.25 12.10 30.05 101.40 Sbl ) )1)3 w0
57.33 11.46 30.33 99.12 Sby 06(S1 45 S€1 55)5.00
58.41 11.34 30.91 100.66 Sb, 0551 42 €1 585,00
Shu(S 56.15 10.59 28.89 95.63 Sb 9(S) 420 Se, 59):
251525015 57.76 11.16 31.6 100.52 Sy (S 138 "
. . g g 190051400 531 60)3.00
9L7 57.34 10.93 31.21 99.48 Sb; 05(S 50- S€1 61)3.00
59.22 11.18 32.08 102.48 Sb 5(S) 505 el ()1)5 00
59.12 10.98 31.74 101.84 Sb] %(Sl 350 S€1 62)3.00

Table continues
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Sample no. Ideal formulae Sh S Se Total Chemical formulae
Shy(S, 5.5€; 5) (cont.) 58.65 10.48 31.48 100.61 ](,9(51 350 be] 63)3.00
57.83 10.58 32.42 100.83 b, 65(S) 540 el ()())5 00
991,17 Shy(S, 5:5€, 7)s 57.32 10.30 33.04 100.66 191(51 300 e] 20)3.00
" o 58.61 10.43 33.60 102.64 Sb; 05(S) 500 S€} 70)3.00
58.49 9.99 33.92 10240 Sby oy(S) 96 S€1 10500
55.34 8.06 37.38 100.78 Sbl R se1 00300
991.2 Shy (S, g:Se, o) 55.14 7.44 37.24 99.82 = ’193(80 99> ‘“z 01)3.00
55.30 7.04 30.45 101.79 19O(SO o> S 0300
99L6 Shy(S; 0S5 5845 8.17 35.77 102.39 5500 se1 92)5 o
55.70 6.69 39.08 101.47 05(30.80° S€5.11)3.00
53.97 6.55 38.85 99.37 . (,](SO g beQ 12)3.00
53.00 6.64 39.61 99.34 1&)(50 s ez b
54.41 6.39 39.58 100.38 ] b, 015055 e2 15)3.00
55.48 6.51 40.37 102.36 by o1(So s ez la)5 w0
54.82 6.38 40.52 101.72 ] oo(so a0 e2 16)3.00
55.53 6.27 39.99 101.79 (S Se,
991,18 Sh.(S, ,S ). 1.95' ‘084-’ 21() 3.00
2(305°5¢2.0)3 55.32 6.35 10.86 10253 by o 5 o
54.94 6.18 40.61 101.73 by 0x(So a0 ez b
53.47 5.00 42.02 100.49 ] oz(so o8 e2 32)3.00
52.91 4.87 4141 99.19 by 3(So.ca S€ 55)3 00
54.64 147 43.45 102.56 Sbl O Sez 200
52.67 4.02 43.64 10033 Sby oSy ez W00
99L5 Shy(Sy5:5€5 5)s 51.96 243 47.00 101.39 s ’191(80 340 "z 66)3.00
51.92 2.28 47.62 101.82 19O(SO s S 06300
19.80 0.41 50.80 101.01 b by 52So00r seZ 94)5 o
49.51 0.40 50.05 99.96 ] b} 60(So.06° e2 01)3.00
99L19 Sby(Sp 05:5€5,05)3 50.12 0.38 50.48 100.98 90(5‘0 06 S€2.04)3.00
49.29 0.31 51.53 101.13 1.83650.01> S€2.06)3.00
49.93 0.26 50.71 10090 Sby oS00t Ser00)s.00
19.37 0 51.17 10054 Sb; gSes00
49.78 0 51.44 101.22 Sby gg5€s o0
991,02 Sh,Se, 49.95 0 51.22 101.17 1.905€3.00
’ 49.31 0 51.94 101.25 Sby g55€4 o0
50.05 0 51.55 101.60 N
49.89 0 51.72 101.61 Sby gg5€s o0

Bayliss et al.,

1984), formation of a continuous series of solid solu-
tions would be expected.

In this study, we examined the possibility of
formation of solid solutions, with the composition
Shy(S;., » Se,);. by isovalent substitution of Se?* for
S%*. The x value was varied from 0 to 3 with a step of

0.5.

Experimental Methods

The sulfide and selenide syntheses were per-
formed under dry experiment conditions by the
conventional evacuated silica tube technique (Qian
and Gunter, 1994; Li et al., 1998; Qi, 2001). The

1972; Voutsas and Rentzeperis,

Sh,S, and Sh,S, series was prepared from presyn-

thesized Sb,S, and Sbh,S,. The starting chemicals
used were high-purity antimony powder, selenium
powder, and sublimed sulfur, with a purity grade of
99.999% or 99.99%, respectively. We mixed Sh and
S, and Sb and Se, respectively, in a molar ratio of 2:3
in a glove box under purified argon gas. The
mixtures of stoichiometric amounts of the initial
reagents (Table 1) were filled in a one-sided closed
tube made from pure silica. The open end of the sil-
ica tube was sealed by arc welding under a purified
argon atmosphere, and then heated to 300°C with a
gradient of 50°C per hour in the tube furnace. The
sample was kept for 72-120 hours under these
conditions before the power was switched off and the
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FIG. 2. Comparison of Se concentrations in the stibnite-antimonselite solid solution series between natural (A) and
synthetic (B) phases. A. From La’erma-Qiongmo Au-Se deposit. B. From laboratory synthesis.

sample was allowed to cool to room temperature.
After cooling, the product was taken out from the
sealed silica tube, and was ground in an agate
mortar under acetone in order to prevent oxidation.
The mixture was again sealed in an evacuated silica
tube and was reheated at a specified temperature for
about 48-72 h. In order to let the solid chemical
reaction reach the balanced reactive state, and to
avoid the persistence of reactive materials (Figs. 1A
and 1B), repeated grinding and reaction were
carried out 3—4 times.

Then synthetic Sb,S, and Sb,Se, were weighted
out and mixed in the desired proportions (Table 1).
Using the same method mentioned above, various
members of the stibnite-antimonselite solid solution
were synthesized. Finally, the phase composition of
the compounds studied and the attainment of equi-
librium were examined and monitored by reflected-
light microscope (Fig. 1), electron microprobe
(Tables 2 and Fig. 2), and X-ray power diffraction
methods (Table 3 and Fig. 3).

Results and Discussion
Physical and optical properties

Synthetic stibnite-antimonselite solid solution is
lead grey in color with metallic luster, and is some-

what brittle in tenacity. Its crystal habit is acicular to
anhedral granular and crystals are highly variable in
size (generally 0.1-3 mm, maximum 7 mm) (Fig. 1).
The transitional minerals among the stibnite-anti-
monselite solid solution series show no differences
in their appearance. Microhardness of 25 grains of
stibnite-antimonselite solid solution series ranges
from 112.95 to 127.72 kg/mm?, averaging 117.37
kg/mm? (for 50 g load), corresponding to a hardness
of 3.30 on the Mohs scale.

Under reflected light, they are bright white to
greyish white, with a yellowish tint (Fig. 1), showing
strong bireflection, anisotropism, and polychroism.
However, their reflectivities are a little lower than
that of natural stibnite and antimonselite.

Chemical composition

Electron microprobe analysis of the synthetic
stibnite-antimonselite solid solution series was per-
formed at the Institute of Geology and Geophysics,
Chinese Academy of Sciences. The apparatus used
was a CAMEBEX-SX51, and the operating condi-
tions were: accelerating voltage 15kV, probe current
20nA, electron-beam diameter 3 pm; standards:
pyrite(S), native selenium(Se), InSh(Sb); ZAF
correction.

The analytical results are shown in Table 2. The
concentration ranges of major elements are Sh:
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FIG. 3. X-ray powder patterns of synthetic members of the stibnite-antimonselite solid solution series. A. Sb,S,.

B. Sby(S, 5:3¢0 5)3 C- Shy(Sy 0:5€, o) D- Sby(S, 5:5€, 3. E- Shy(S, sy o) F- Sby(Sy €5 5)5- G ShySes.

60.11-72.58 wt%, S: 13.20-27.63 wt%, Se: 0.00—
27.23 wt% in the stibnite subseries. It is implicit
that 0-50% of sulfur in stibnite subseries can be
replaced isomorphically by selenium. The antimon-
selite subseries contains 49.29-59.25 wt% Sb,
30.05-51.94 wt% Se, and 0.00-12.10 wt% S. It is
also implicit that 0~50% of selenium in the anti-
monselite subseries can be replaced isomorphically
by sulfur. Therefore, the variation in Se content in
the synthetic stibnite-antimonselite solid solution
series is continuous. These were compared with the
compositions of selenium-bearing stibnite, selenium
stibnite, sulfur antimonselite, and sulfur-bearing
antimonselite that were studied by the authors (Liu
et al., 1998, 1999, 2005) in the La’erma-Qiongmo
Au-Se deposit. Figure 2 shows that the Se contents
in the synthetic series vary continuously and estab-
lishes a complete stibnite-antimonselite solid solu-
tion series. Based on the chemical components of
microprobe analyses (Table 2) the formula of stib-
nite-antimonselite solid solution series can be writ-

ten as Shy(S, , Se ); oo (0 <X <3).

X-ray powder diffraction analysis

The samples obtained were characterized by X-
ray powder diffraction (XRD). The XRD analysis
was carried out with a Japan Rigaku D/max-y rota-
tion anode X-ray energy diffractometer, using Ni-

filtered CuKa radiation (A = 0.15418 nm), graphite
monochromator, acceleration voltage of 40 kV, pipe
current of 100 mA, continuous scanning rate 8°/min,
slit DS = SS = 1°, RS = 0.15 mm, scanning model
with 20/0 coupling. A scanning rate of 2°/min, step
0.02°, was used to record the patterns in the 20
range 8°~100°. The obtained data were processed by
powder data processing system in an HP computer
work station. XRD measurement was undertaken at
the X-ray Powder Diffraction Laboratory, Institute of
Geology and Geophysics, Chinese Academy of
Sciences.The X-ray diffraction patterns of the com-
pounds obtained (see Table 3 and Fig. 3) are similar
in the positions and relative intensities of the reflec-
tions. The X-ray powder patterns of the intermediate
phases were indexed using X-ray data for Sb,S,
(orthorhombic crystal system, space group Pbnm)
(Scavnicar, 1960; Bayliss et al., 1972) on the
assumption that these phases are isostructural. The
unit cell parameters were refined by the least
squares method in the range of angles 26 10°-100°,
using the LATTIC software. The results are listed in
Table 4. The unit cell parameters of the stibnite end
member are in substantial agreement with the theo-
retical value of stibnite (@ = 1.1229 nm, b = 1.1310
nm, ¢ = 0.3839 nm; JCPDS, 1967; Hurlbut et al.,

1977). The unit cell parameter of the antimonselite
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end member is coordinated with that of synthetic
antimonselite (Sh,Se,): @ = 1.1633nm, b = 1.1780
nm, ¢ = 0.3985 nm and a = 1.17938(9) nm, b =
1.16478(7) nm, ¢ = 0.39858(6) nm (Voutsas et al.,
1985).

However, the unit cell parameters of natural anti-
monselite are ¢ = 1.1591-1.1593 nm, b = 1.1724—
1.1747 nm, ¢ = 0.3941-0.3984 nm (Chen et al.,
1993; Chen, 1994); detailed crystallographic study
by Min et al. (1998) on a monocrystal of natural anti-
monselite gave a = 1.1588(5) nm, b = 1.1744(4) nm,
¢ = 0.3955(2) nm. These results are close to the
study on synthetic Sb, 45(S, 46> S€5 54)3 00 Carried out
in this paper (Table 4). We suggest that, in nature,
antimonselite contains a certain quantity of sulfur,
which was proved by Liu and Zheng (1992) and Min
et al. (1994) using EPMA. Inasmuch as the ionic
radius of S2- is less than that of Se?-, it is the sulfur
substitution for selenium in antimonselite that
makes the unit cell parameters decrease.

It is noteworthy that, in the synthetic stibnite-
antimonselite solid solution series, unit cell param-
eters (a, b, ¢ values), cell volume (V), and density (D)
of minerals increase in proportion to the increase of
Se content and the decrease of S content (Table 4,
Fig. 4). Therefore, the crystallographic parameters
are linearly related to the composition, which is in
accord with Vegard’s law (West, 1984).

Conclusions

Experimental studies on the random substitution
of sulfur and selenium in synthetic Sh-S-Se system
confirm that stibnite-antimonselite constitutes a
binary solid solution, which forms due to the S-Se
substitution. The two end members of the series are
Sh,S, and Sh,Se,. The selenium-bearing stibnite,
selenium stibnite, sulfur antimonselite, and sulfur-
bearing antimonselite found in the La’erma-Qiongmo
Au-Se deposit are comparable to the components of
stibnite-antimonselite solid solution series revealed
by laboratory experiments.

Although the experimental condition of the
synthetic Sh-S-Se system cannot be compared with
the conditions of formation of natural stibnite-anti-
monselite solid solutions, the successful synthesis
under 300°C proved that this solid solution is stable
under such conditions. So the authors have reached
two conclusions: (1) The variation of Se concentra-
tion is continuous throughout the whole stibnite-
antimonselite solid solution series, confirming the
random substitution of Se for S and the existence of
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TABLE 4. Crystallographic Parameters of the Synthetic Stibnite-Antimonselite Solid Solution Series

Crystallographic parameters

Sample no.  Ideal formulae Chemical formulae a/nm b/nm c/nm D/ g-em™ V/ nm?3
99101 Sh,S, Sby 4755 00 1.12338 1.1325 0.38391 4.593 0.48843
9914 Sby(S, 5.5€( 5)5 Sby 058947 Seg 53300 113151 1.14353  0.38636 4.805 0.49991
99L3 Sby(S, g:Se) )5 Sby 0o(S1.05 €1 05300  1.13896 1.15317  0.38874 5.033 0.51058
99L1 Shy(S, 5.5 5)5 Sby 05(S1 500 Se1 500300  1.14614 1.16028  0.39119 5.234 0.52022
991.2 Sby(S, ¢:Ses )5 Sby 0o(S0.080 S€o 00300 1.15278 1.16779  0.39336 5.450 0.52954
99L5 Sby(Sy 5:5€5 5)5 Sby 0280460 S€a50)3.00  1.15915 1.17505  0.39560 5.685 0.53883
99102 ShySe, Sb, gg5€5 0 1.16389 1.17955  0.39807 5.896 0.54650

all possible binary compositions. (2) In stibnite-
antimonselite solid solution, crystallographic
parameters, including unit cell parameters (a, b, ¢
values), cell volume (V), and density (D) of minerals,
increase with Se content, which reflects Vegard’s law
solution behavior.
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