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SYNTHESIS AND STABILITY OF MONTBRAYITE, AuzTee

F. Bacnncn4l Departrnent of Geologg,Uniuersity ol Toronto,
Toronto, Canad,a

Ansrnacr

An accurate electron microprobe analysis of the mineral montbrayite from
the Robb-Montbray mine, Queb6c, yielded the empirical formula (Aur.s, Ago.o,
Pbo*, Sboot)r6 (Ter"", Bior")r*. A stable compound of this composition was
synthesized. although the stoichiometric compound AurTe" breaks down to AuTe,
and gold. Further experiments have shown that Sb can stabilize the compound
by itself. Substitution of Bi, Pb, and Sb or of Sb only, leading to deviations
from the stoichiometric Au and Te content, is considered responsible for the
stability of montbrayite.

INrnonucrroN

Gold and silver tellurides constitute the largest group among the
natural compounds of tellurium and the minerals of this group fre-
quently occur in ore deposits of gold. Montbrayite, however, is a
rare mineral species, recently discovered in ore from the Robb-Mont-
bray mine, Queb6c, and first described by Peacock and Thompson
(1946) . Only two other occurrencies are known: one in Armenia
(Shcherbina and Zaryan, 1964) and the other in the ore deposit of
Kalgoorlie, Australia (G. Travis, Western Mining Corporation, private
communication). Its composition was long assumed to be Au2Te3 on
the basis of an early chemical analysis, although this analysis also
indicated the presence of Ag, Bi, Pb, and Sb in substitutional solid
solution for Au and Te up to about 6 percent. Since gold and silver
tellurides occur with only trace impurities, these elements were ascribed
to mechanical contamination of the original material (Peacock and
Thompson, 1946). However, experiments designed to synthesize AuzTeg
(Peacock and Thompson, 1946; Markham, 1960; Cabri, 1965) all gave
negative results, the compound being unstable with respect to calaver-
ite (AuTe2) and gold, although the mineral occurs associated with
both (Shcherbina and Zaryan,1964; Rucklidge, 1969). The instability
of the compound under the experimental conditions was considered to
be substantiated by fusion experiments from preparations containing
Bi, Pb and Sb, which also yielded an intergrowth of mostly calaverite
and gold (Peacock and Thompson, 1946). These results led to various

'Present address: Laboratorio di Strutturistica Chimica "Giordano Giaco-
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suggestions to account for the stability of the mineral and the con-
ditions necessary for its formations.

Recently some electron microprobe analysis results showed un-
equivocally that homogeneous crystals of montbrayite contain 3-5
percent of impurities (Rucklidge, 1969; G. Travis, Western Mining
Corporation, private communication). The presence of Bi, Pb, and
Sb in the mineral and the instability of the compound AuzTes seemed
related and suggested that the stability of montbrayite is controlled
by the presence of impurities in its structure.

In this study, the chemical composition of one specimen of natural
montbrayite was determined, to obtain accurately the proportions
of each element present. Based on these results, experimental work
was carried out to investigate the stability of the mineral and the
role of the three elements in its composition.

CouposrrroN

The chemical composition of montbrayite was determined on a
specimen from the type locality, Robb-Montbray, Queb6c, taken
from the Peacock collection in the University of Toronto. The analyses
were carried out with an ARL-EMX electron microprobe using an
accelerating voltage of 25 kV and a sample current of about 0.04 pA.
The standard for Au, Ag, and Te was a sample of synthetic calaverite
(Au, Ag)Te2, containing 1.52 percent of Ag, while for Bi, Pt, and Sb
the pure elbments were uSed as standards. Zc peaks were chosen for
the determination of Au, Ag, Sb, and Te, but for Bi and Pb, M peaks
were preferred because they were better resolved and had symmetric
backgrounds, although no correction could be applied for M fluores-
cence.'Ihe data were processed on a IBM 360 computer using a pro-
gram designed to apply corrections for fluorescence, absorption, and
atomic number (Rucklidge, 1967). The composition is given in Table
1 where it is compared with the results of the previous analyses. The
estimated errors of the concentrations of the elements are expressed
as standard deviations and are calculated from several independent
determinations of the same sample. A sample of synthetic krennerite
(Au,Ag)Te2 was included in each batch of analyses to check the ex-
perimental conditions. The determined mean composition, when com-
pared with the known composition, tests the accuracy of the analysis
for Au, Ag, and Te. The results, shown in Table 2, are in good agree-
ment.

The unit cell content of montbrayite is shown in Table I along
with the assumed grouping of the atoms, and was calculated from
the following experimental data: chemical analysis (Table 1-3), cell
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dimensions (Bachechi, 1970), density (Peacock and Thompson, 1946).
The empirical formula is accordingly: (Au1.6e, Ago.or, Pbo.o+, Sbo.oz)z.ot
(Ter.ea, Bio.tr) r.oo.

Pnuvrous Wonr.

The Au-Te system, discussed and investigated on the 300'C isotherm
by Markham (1960), shows only one cornpound, calaverite (AuTez),
and this compound has no detectable solid solution range (Cabri,
1965). Two eutectic points exist in the system, between Au-AuTez at
447'C and AuTe2-Te at 416'C. Several experiments on the Au-Te
system were also made at the composition of Au2Tes; by Markham
at 300oC, by Cabri in the temperature range 320440oC, and by Pea-
cock and Thompson using a fusion technique, all of which yielded

Tasr,n 2. CrrnMrc.c.L CouposruoN or Svxrsnrrc KnnnNonrrp

Au
Ag
Te

(1 )
37 .70 + O. t4
3 . 9 1  +  0 . 1 1

58.09 + 0.35

(2)
37.68
4.O2

58.29

99.70 99.99

( 1 )-electron microprobe
(2)-known conposition
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calaverite and gold. Fusion experiments with fragments of natural

montbrayite and a mixture of the same composition (Table 1-1) gave

quench products consisting mostly of calaverite and gold (Peacock and

iho-p.ott, 1946). The study of the ternary system Au-Ag-Te, by

Markham and cabri did not reveal a compound corresponding to

montbrayite. Furthermore, a mixture of AuzTe3 bulk composition

with 1 percent Ag; when heated to 315o and 385'C in a high tempera-

ture camera, gave only the powd.er pattern of calaverite and gold

(Cabri, 1965).

ExppnrunNral

All the experiments were conducted in evacuated silica tubes. The starting

material for the runs was prepared by melting a mixture of the pure elements

stant to within -f 3"C" The experiments rvere conducted in the temperature

lurides.

ExpnmntnNtAl RESUr,TS

under the experimental conditions montbrayite was readily synthe-

sized in the temperature interval 360o-400oc from preparations of

its composition (Table 1-3, neglecting the Ag content) and per-

sisted as a single phase when heated for an additional three weeks.

Some samples were annealed for four months at 300", 250o, and 200"C

and no changes were detected. In Table 3 the diffraction lines of the

synthetic compound, calibrated using Pbs as standard, are compared

with those of natural montbrayite and with the calculated spacings.

Figure 1 shows large polycrystalline grains of synthetic montbrayite.

Two runs, al 440" and 420oC, showed evidence of melting, the result-

ing quench products being mainly calaverite and goldl in agreement

l BirTeg was also identified, and sb in variable amounus was found in the

calaverite. PbTe, however, was not detected.



150 F. BA.CEECHI

TABLE 3. X-RAY DIFFRACTION LINES OF }IOIITBMYITE
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with the results of the fusion experiments made by Peacock and
Thompson (1946). Subsequently a melting temperature of 410' :t
5oC was estimated by heating experiments on a sample of coarsely
ground synthetic material of the same composition, sealed in a evacu-
ated silica tube.

To substantiate these results, several experiments were made on
the Au-Te system at the Au2Te3 composition in the temperature range
250"-440"C. Two runs, at 440o and 430oC, showed indications of
melting, although they lie in the subsolidus region of the Au-AuTez
system, suggesting that the accepted temperature for the Au-AuTez
eutectic (447"C) is too high. In the other runs, subsolidus reactions
yielded an intergrowth of calaverite and gold in agreement witt-r pre-
vious work. However a detailed examination of the samples in a
polished section showed the presence of two kinds of calaverite. Large
grains of homogeneous calaverite with round grains of gold at the
margins were found associated with calaverite grains, containing
numerous small particles of gold (Fie. 2). This texture, visible in less
than 30 percent of the calaverite present, suggests that a simultaneous
growth of calaverite and metastable montbrayite occurred, followed

Frc. l. Polycrystalline grains of monttrrayite (refleeted light, erossed nieols,
1 2 8  x ) .
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Frc. 2. Calverite with gold inclusions associated with homogeneous calaverite
(reflected light, cossed nicols, 800 X).

by a breakdown of the latter to calaverite and gold. These results
indicate that montbrayite is not stable on the Au-Te system, in agree-
ment with previous investigations, and only becomes a stable phase
when impurities in the form of Pb, Sb and Bi are present in the struc-
ture up to a small fraction of Au and Te.

In order to define the role of the three elements in the mineral more
precisely, some experiments were made starting with mixtures of ter-
nary composition. In these preparations the proportions of Au and Te
of the natural specimen were preserved while the remaining elements
were replaced with one of Bi, Pb, or Sb (Table 4). Montbrayite
formed only from the Au-Sb-Te mixture, while in the other two runs
intergrowths of tellurides and gold were obtained, indicating that only
Sb meets all the requirements to substitute for both Au and Te. Thg
homogeneity range of montbrayite along the Au2Te3-Sb join is now
under investigation.

CoNcr,usroxs

The pure compound Au2Te3, corresponding to the ideal composition
of montbrayite, is not stable but breaks down to AuTe2 and gold.
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Tesr,p 4. Sxxrnnsrs Expnmlaexrs i'nou TnnNanv Mrxtunss

Composition

Aur.ygSbo.raTez. as
AurtlsgPbo.zsTer. sr
Aur. eeBio.laTer. gs

Temp. oC

390
390
390

Days
30
30
30

Run products

mont

cal *:alt * Au

c a l * t e l l * A u

dlt : altaite, PbTe; cal : caleverite, AuTer; mont = montbrayite; tell = tel-
lurbismutb, BirTer

Howevet, a stable compound corresponding to the mineral can be
synthesized with 5.5 atomic percent of Au substituted by Sb plus Pb'
and 4.0 atomic percent of Te substituted by Bi, according to the com-
position of the natural specimen. With this composition, the synt'hetic
montbrayite melts at 410"C under its vapour pressure and does not
undergo any phase transformations in the range of temperature 200o-
410oC. Furthermore, it was found that Sb can stabilize the compound
by itself. It seems, therefore, that deviations in the content of Au and
Te from the stoichiometric ratio 2:3 (caused by substitution of Bi,
Pb, and Sb, as in the natural specimens from Robb-Montbray, or of
Sb only, as found experimentally) are responsible for the stability
of montbrayite.

AcrNowr,noclrprrs

This paper is part of a Ph.D. dissertation submitted at the University of
Toronto. I gratefully acknowledge the help of Prof. J. C. Rucklidge, who advised
me throughout the study and introduced me to the use of the electron microprobe.
I wish to thank Prof. E. W. Nuffield who gave continuous stlpport and encourage-
ment and sparked my interest in the problems of this mineral. Prof' A. J' Naldrett
made his equipment available for the synthesis experiments. Dr. L. J. Cabri gave

valuable suggestions, assisted with some Guinier photographs, and supplied some
standards of synthetic tellurides. This work was in part supported by a grant from

the Geological survey of canada and a Province of ontario Graduate Fellowship.

RnrnnnNcos

Becuocur, F. (1970) Tha Crastal Structwe ol Naturallg Occunin4 Au Telluri'de-

Montbragite, Au,Te,. Ph.D. Diss., University of Toronto, Toronto, Canada.

Cernr, L. J. (1965) Phase relations in the Au-Ag-Te system and their mineralogical
significance. E can. G eol. 60, 1569-1606.

Menrnelr, N. L. (1960) Synthetic and natural phases in the system Au-Ag-Te.

Eaon. Geol.55, 1148-1178 and 1460-1477 .

Pnecocr. M. H.. elrn R. M. Tnorvrpsor (1g46) Montbrayite, a new gold telluride'

Amer. M i,neral. 31, 51ffi?.6.

153



Iil F. BACHECHI

RucKmcn, J. (1967) A computer program for processing microprobe data. J.
GeoL ?s, l%.

- (1969) Frohbergite, montbrayite, and a new Pb-Bi telluride , Can. Min-
eral 9,709-716.

Sucrmnnrrl, V. V., er.ro R. M. Zenyew (1964) paragenesis of silver and gold tellu-
rides as solid phases in the system Au-Ag-Te Geohhimiga, 63ia4!0 lGeo-
chem. I nt., 653-660. (1964) l

Maruncript recei,ued,, February 10, 1g/1; accepted, lor pubkcatian, September
1,1971.




