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presence of M - O H  and M - O H  2 absorptions in the 
relevant regions of the spectrum confuse the identi- 
fication of forbidden bands and of any splittings of 
degeneracy. 
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Agl.2Sno.9Sb3S6, a tin-bearing andorite phase 
ANDORITE is considered to be a relatively com- and Chang, 1975). An andorite-like phase was 
mon  Ag-sulphosalt mineral, and in some deposits it 
forms the chief silver ore (Chace, 1948). By substi- 
tution between 2Pb and A g + S b  or 3Pb and 
2Sb + IN, andorite shows compositional variations 
from its formula PbAgSb3S 6 (Nuffield, 1945; Moz- 
gova et al., 1983). In  the system Ag2S-PbS-Sb2S3, 
andorite displays an extensive range of solid solu- 
tion at temperatures between 300 and 500 ~ (Hoda 

synthesized in the study of reactions of silver 
sulphantimonides and tin sulphides (Chang, 1983). 
The purpose Of this investigation is to examine its 
stability in the system Ag2S-SnS-Sb2S3, and its 
relations to andorite. 

Experimental procedures. Experiments were per- 
formed by means of the conventional evacuated 
glass capsule technique using specpure elements 
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(Pb, Sn, Sb, and S) and pure sulphide (Ag2S). Heat 
treatment was conducted in muffle furnaces con- 
trolled to _+3~ Quenched products were 
examined by X-ray powder diffraction and re- 
flected-light microscopy. Chemical compositions of 
selected samples were determined by microprobe 
analysis. A peak stripping technique was used to 
compensate for the line overlaps of Sb and Sn. Cell 
dimensions of +_ 0.02 A were computed by using a 
least-squares refinement program. 

Phase relations in the system Ag2S-SnS Sb2S 3. A 
pair of intermediate phases is known to exist in each 
of the binary systems AgES-Sb2S 3 and SnS-Sb2S3, 
whereas the system Ag2S-SnS has a simple eutectic 
relationship. AgSbS2 and AgaSbS a melt congruently 
at 520 and 485 ~ respectively, and the system 
Ag2S-Sb2S3 becomes completely solidified when 
the liquid phase on the antimony-rich side ter- 
minates at 450~ (Keighin and Honea, 1969). 
SnSbES 4 melts incongruently at 493 ~ to liquid 
and SnaSbzS6, which in turn melts incongruently at 
565 ~ to liquid and SnS (Sachdev and Chang, 
1975). Both SnSb2S4 and SnaSb2S 6 are ortho- 
rhombic with a = 25.641, b = 20.381, and c = 
3.8973A (Smith and Parise, 1985) and a = 23.18, 
b = 3.965, and c = 34.93 A (Smith, 1984), respec- 
tively. 

Phase relations based on experimental data in 
the system Ag2S-SnS-Sb2S 3 at 400~ are illu- 
strated in Fig. 1. The system is divided into two 
halves by the join AgSbS2-SnS, along which mutual 
solid solutions exist. AgSbS 2 at 400~ has the 
NaCl-type structure, and its solid solution extends 
to Ago.9Sno.2Sbo.9S 2. The solid solution of SnS has 
a range to Ago.lSno.sSbo.lS. 

SnS Sn3Sb2S6 SnSb2S 4 

AgsSbS-3 

Ag 1.2Sn0.951~3S6 

s~sa 

FIG. 1. Phase relations in the system Ag2S SnS Sb2S3 
at 400 ~ Symbols used are solid triangle, three phases; 
half-filled circle, two phases; and solid circle, one phase. 

The andorite-like phase (Chang, 1983) is stable in 
the system, and forms equilibrium assemblages 
with SnS, SnaSbES6, SnSbES4, Sb2S3, and AgSbS2. 
Its composition, Ag 1.2Sno.gSb3S6, falls on the join 
AgSbSE-SnSbES4, and correlates well with the 
composition of andorite, AgPbSb3S 6. The substi- 
tution involves the following exchange: Agl.2+ 
Sno.9 = Agl.o + Pbo. 1, Agl.2Sno.9Sb3S6 melts con- 
gruently at 433_2~ and has eutectic relations 
with AgSbS 2 and AnSb2Sr The eutectic tempera- 
tures determined in both relations are 427 + 2 ~ 
The difference, if there is one, between them cannot 
be detected because the temperature range involved 
is very small. The compositions at the eutectic 
points are 45 and 57 mole~ SnSb2Sr 

Phase relations of tin-bearing andorite and andor- 
ite. A complete solid solution series exists between 
the tin-bearing andorite phase (Agl.2Sno.9Sb3S6) 
and andorite (AgPbSb3S6) as shown in Fig. 2 with 
melting points ranging from 433 to 506~ The 
curvature of the concave liquidus is greater than 
that of the solidus, which in fact has a tendency to 
become concave, resulting in an inflected curve. 
This feature suggests that andorite has a larger heat 
of fusion. The cell dimensions of this series vary 
within a very small range from a = 13.04, b = 19.17, 
and c = 4.29 A for andorite to a = 12.89, b = 19.15, 
and c = 4.22 A for tin-bearing andorite. 
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FIG. 2. Phase relations between tin-bearing andorite and 
andorite. 

A PbSb A 

Non-occurrence of natural tin-bearing andorite. 
No tin-bearing andorite has been reported in 
nature. In the tin district of Bolivia, where andorite 
is the most abundant silver sulphosalt in the 
cassiterite-sulphide deposits, chemical analyses 
show the presence of Fe, Cu, and Zn in andorite 
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(Nuffield, 1945), but no Sn was reported. At 
Dachang, China, another cassiterite-sulphide 
deposit, andorite in a much restricted occurrence 
has a composition of Ago.96Pbl.27Sb3.o3S 6 con- 
taining no tin (Huang, 1985). It appears that in these 
deposits the Sn present in the ore-forming environ- 
ment formed tin minerals at relatively high tem- 
peratures, while andorite is a product of late-stage 
processes at lower temperatures. Recent analyses of 
andorite from various occurrences (Borodaev et al., 
1971; Birch, 1981; Makovicky and Mumme, 1983 
and Moelo, 1983) all show an absence of Sn. 
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An unusual form 

S O M E naturally occurring diamonds have an outer 
layer which is somewhat opaque and coloured. 
These diamonds are known in the trade as coated 
diamonds, and are of some interest as their unpre- 
possessing exterior may conceal a core of good 
quality diamond (Bruton, 1970; Copeland, 1960; 
Custers, 1950; Lonsdale and Milledge, 1965; Orlov, 
1977). Generally they are easily recognized by their 
lack of transparency, apparently arising from the 
presence of some impurities. Other methods of 
inspection reveal fundamental differences in the 
structure of core and coat. X-ray topographs 
commonly indicate the presence of patterns of 
structure in the core formed by growth on {111} 
planes, whereas the patterns in the coat are quite 
different, and suggestive of some form of radial 
growth (Kamiya and Lang, 1965; Machado et al., 
1985). Coated diamonds also show very character- 
istic behaviour when viewed in the cathodolumin- 
escent mode (CL) of the SEM, the luminescence of 
coat and core differing greatly both in form and 
intensity. 

of coated diamond 

We have recently examined seven natural 
colourless diamonds of gem quality from Zaire. 
They are of dodecahedral form and exhibit some 
vestigial {111} surfaces which permit a view into 
the interior of the stone. Visual and microscopic 
inspections of these diamonds gave no suggestion 
that the crystals were of other than uniform com- 
position. However, on polishing an (001) surface on 
one of them (A52) for an experiment to be described 
elsewhere, a marked step was observed on the 
surface between the central and outer regions; see 
Fig. 1, an optical micrograph taken with Nomarski 
technique. The stone was then examined by X-ray 
topography and in the SEM. Fig. 2, a section 
topograph of this diamond shows a central pattern 
of growth typical of perhaps most diamonds, and 
an outer radial pattern similar to that observed,in 
coated stones. Fig. 3 shows micrographs of the 
same diamond taken in the CL mode of the SEM 
with exposure chosen to bring out detail of the coat 
and core respectively. Note in particular the absence 
of linear growth lines in the coat and the indications 


