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Assrracrl
Triclinic; a:12.A8, b:L3.43, c:10.78 kX, a:104o30I,, p:97"34+,, t:107'538,t

partings, (I10), (01T), (T1I); (011) i(IlI):41"20', (T1I):(110):+6%5', (110):(01f
:69"31'. Fracture flat conchoidal. Very brittle. H:2L. G:9.94. Lustre metallic. Colour
yellowish white. Polished sections white, moderately anisotropic, and homogeneous, ex-
cept for inclusions of tellurbismuth, altaite, and petzite. Analysis by J. R. Williams: Au
44.32, Te 49.80, Bi 2.81, Pb 1.61, Sb 0.90, Ag 0.55, Fe trace; total 99.99. Cell content
near l2[AuzTe:]. Strongest r-ray powder lines:2.97 kX (8), 2.92 (8),2.08 (10), 1.717 (2r,
1.699 (2). Embedded with gold, tellurbismuth, altaite, petzite, melonite, chalcopyrite,
pyrite, sphalerite, chalcocite, and marcasite, in the Robb-Montbray mine, Montbray
township, Abitibi County, Quebec.

The mineral described in this paper is an arresting constituent of the
rich masses of tellurides, sulphides, and free gold produced by the Robb-
Montbray mine in Montbray township, Abitibi County, Quebec, during
the period 1925-28. The history and geology of this group of prospects,
which produced spectacular specimen material but no commercial quan-
tity of ore, is described by Cooke, James & Mawdsley (1931, pp. 224-
227). The late Professor Ellis Thomson (1928) gave a mineralographic
description of a suite of specimens, and we have recently described
melonite from the same locality (1946b). The present paper is concerned
mainly with the specifi.c properties of the new gold telluride for which
we have proposed the name montbrayi,ln (1945,1946a).

Mr. H. S. Wilson, consulting geologist at Bourlamaque, Quebec, has
been kind enough to send us some notes based on his recollection of the
discovery of the rich ore. From these notes the high-grade pocket of
gold and tellurides was a flat mass, perhaps six feet in length, three to
four feet in width, and from one to two inches thick, which occupied
a tensional fracture on one wall of a nearly vertical, partly gouge-filled
slip between the first and second levels of the mine. The material at our
disposal consisted of several fine specimens generously presented by

1 Improving in some details the previously published abstracts (Peacock & Thompson,
1945,19460).
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R. A. Bryce, Esq., President of the Macassa Mines Limited, and Dr.
M. H. Frohberg; of the same company, and two handsome specimens,
M 15815 and M 19883, kindly lent for study from the Royal Ontario
Museum of Geology and Mineralogy by Dr. V. B. Meen. The first of
these museum specimens comprised a dozen pieces representing the
material which had been studied and described by Thomson (1928),
while the second is perhaps the largest piece of the ore that has been
preserved (500 gm.).

Physical and. mi,croscopical characters. The pieces of telluride ore are
compact coarsely crystalline masses of metallic minerals almost wholly
free from gangue, mostly somewhat tabular in shape, t-2 cm. thick and
up to 12 cm. wide. The broad surfaces which were apparently in contact
with the wall-rock, are often dull and pitted and partially coated with a
bluish-gray flour-like material which gave an *-ray powder photograph
that could not be identified. Some of these surfaces are also encrusted
with considerable amounts of coarse sponge and wire gold. Freshly
broken surfaces show coarsely crystallized aggregates of metallic min-
erals, tellurbismuth (BLTeg), altaite (PbTe), montbrayite (Au2Te3),
petzile (AgrAuTez), melonite (NiTer), and gold, with chalcopyrite,
pyrite, sphalerite, chalcocite, and marcasite, all of which were definitely
identified by physical, chemical, microscopical, and riintgenographic
methods. Referring to the description by Thomson (1928), which was
written in the earlier days of mineralography, it is clear that his "tetrady-
mite" is tellurbismuth and his "krennerite" is the new montbrayite;
pyrrhotite and a single example of coloradoite were mentioned by Thom-
son but not observed by us, while we have found small amounts of
melonite and marcasite which were not noted by Thomson.

The gold telluride is abundant iu some specimens, forming equidimen-
sional masses sometimes exceeding 1 cm. in diameter. Occasionally such
masses show perfect but interrupted planes of separation extending the
full width of the mass and proving that it is structurally continuous. This
appearance o{ a perfect cleavage, together with the general physical and
chemical properties, at once suggest krennerite, but closer study showed
that our mineral cannot be identified with that species.

Montbrayite has a splendent metallic lustre and a yellowish-white
colour which is slightly lighter than that of calaverite. The mineral is
very brittle and it breaks with a flat conchoidal fracture. The hardness
is 2| and the specific gravity is 9.94, which is the average of values rang-
ing from 9.90 to 9.98 obtained on seven fragments measured separately
on the Berman balance. This specific gravity is distinctly higher than
that of any similar mineral and it was this property that first suggested
a closer study of the gold telluride.
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Montbrayite polishes to a smooth homogeneous surface which is
creamy white in reflected light, like the colour of krennerite, and dis-
tinctly less white than altaite (Figs. 1,3). Reflection pleochroism is
rarely perceptible and the anisotropism is weak to moderate with polari-
zation colours light gray, Iight yellow-brown, blue-gray, varying some-
what with the orientation. The mineral'makes coarse solid mosaics with
optically continuous areas often several millimeters in width. Crossed
nicols reveal no evidence of twinning. The Talmage hardness is C.

The reactions to the standard etch-reagents are as follows: HNOg
positive with effervescence; HCl, KCN, FeC[, KOH, HgCb, all nega-
tive. Short (1937) has given a detailed account of the etch-reactions
with HNO3 in various concentrations, for a set time, on oriented sections
of calaverite, krennerite, and sylvanite. We were able to duplicate dome
of these results and we applied the same procedure to montbrayite. The
etch-reactions on random sections are as follows: HNOB (1:1), strong
efiervescence; surface stains light yellow-brown with several small (50
micron) circular areas staining light gray. After the drop has been re-
moved an "alligator-skin" etch-pattern develops leaving the circular
areas in relief (Fig. 2). This pattern resembles the two-directional "etch-
cleavages" illustrated by Short (1937), and it may be connected with the
partings and flat conchoidal fracture of the mineral. HNOg (3:2), slower
efiervescencel surface stains light brown with development of small cir-
cular areas similar to the above which are also stained light brown.
After the drop has been removed an etch-pattern develops with one
prominent direction. An "epidermis" a few microns thick tends to come
off and curl up at the edges; this may be completely removed with hard
buffing, the surface again becoming apparently homogeneous. HNOs
(conc.), very slow efiervescencel surface stains uniformly light gray-
brown. No etch-pattern develops after the drop has been removedl cir-
cular areas are absent.

The relatively unetched or little etched circular areas in montbrayite
are similar to those described by Short in krennerite and calaverite, and
it is natural to suppose that they are areas that differ in some way,
perhaps very slightly, from the surrounding mineral. The areas are not
distinguishable on an unetched surface and they are too small to be
sampled for separate tests. Comparing all the microscopic characters of
montbrayite with those of krennerite and calaverite it will be seen that
there is little prospect of def.nitely distinguishing the three minerals by
ordinary mineralographic methods.

The following minerals are found in contact with montbrayite or en-
closed within the gold telluride: altaite, tellurbismuth, petzite, gold,
chalcopyrite, and melonite (Figs. 1-4). Altaite, with small amounts of
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gold and petzite, occurs in thin stringers cutting montbrayite (Fig. 1).
Tellurbismuth with subordinate altaite and small patches of petzite
make ovoid inclusions with a eutectoid structure, irregularly distributed

Frcs. 1-4. Montbrayite and associated minerals: polished sections in ordinary reflected
light. Fig. 1. Homogeneous montbrayite traversed by a veinlet of altaite containing par-
ticles of gold and petzite. X92. Fig. 2. Montbrayite etched with I :1 HNOa for 40 seconds,
showing "alligator-skin" etch-pattern and relatively little etched rounded areas in relief.
X 197. Fig. 3. Ovoid inclusion of tellurbismuth (light gray), altaite (dark gray), and petzite
(medium gray), in montbrayite; tellurbismuth and altaite show eutectoid relations; etched
with HCl. X92. Fig. 4. Subhedral crystal of melonite, with relief, in contact with mont-
brayite (light gray) and petzite (dark gray); the light gray areas to the right and below are
gold.  X92.

through montbrayite (Fig. 3). In total bulk these inclusions might
amount to 10 per cent of the montbrayite and in some cases they reach
1 mm. in diameter. In ordinary light the altaite shows as straight or
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curved bluish white bands within the tellurbismuth, which is faintly
reddish white by contrast and not easily distinguished from the sur-
rounding montbrayite. crossed nicols emphasize the anisotropic tellur-
bismuth, and staining with HCI darkens the bands of altaite (Fig. 3).
These inclusions have the appearance of exsolution products. petzite
occurs as irregular areas often surrounding and traversing patches of
montbrayite, and occasionally cutting altaite, tellurbismuth and melon-
ite. Subhedral hexagonal crystals of melonite, with or without partial
rims of petzite, occur in montbrayite, but the best crystal outlirres are
shown by isolated plates of melonite in altaite. The chalcopyrite does
not occur in the montbrayite itself but at the boundaries of altaite, tel-
lurbismuth, petzite, and gold with montbrayite.

Crystall,ography. In the compact ore masses the gold telluride had no
chance to develop a crystal form, but the plane separation surfaces de-
veloped on some broken masses and fragments ofiered an opportunity
for crystallographic measurements. To discover whether a separation
plane corresponds to the basal cleavage of krennerite, or the side-pin-
akoidal cleavage of sylvanite, a fragment was rotated about the normal
to one of these mirror-like surfaces to give a rotation photograph. The
picture was that of a single crystal in random orientation, showing that
the gold telluride is not structurally similar to krennerite or to sylvanite,
or to calaverite, which has no cleavage.

Among many fragments examined a few were found with two planes
of separation meeting in an edge. Measurements of the interfacial angles
on a dozen fragments gave three difierent angles, indicating that there
are in fact three planes of separation, all of which were eventually found
on a single fragment. The three planes of separation, A, B, C, gave
good to excellent reflections and the following quite consistent interfacial
angles on the reflecting goniometer:

BC : 41" 17' 4l' 32' (3) ; weighted average 41"20,
C A : 46' 42 | -46"48, (4) ; weighted av er age 46o 45 |
A B : 69o 30,-69"34, (5) ; weighted average 69o31,

These planes of separation are unlike crystal cleavages in several
respects: they occur only on limited parts of broken surfaces and on the
minority of broken fragmentsl they can rarely be developed at will; they
sometimes pass in a curious way from a perfect plane into a warped
fracture surface; and finally, the planes do not have the simplest symbols
in the crystal lattice. The planes are therefore partings, rather than diffi-
cult cleavages, as given in the recent abstract (1945,1946a). Thepossi-
bility that two of these partings, or all three, might be crystallographi-
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cally equivalent was constantly kept in mind, but no alternative was
found to the conclusion that each is parallel to a difierent set of planes in
a triclinic lattice.

Rotation photographs were taken with copper radiation on parting
fragments turning around each of the three parting-edges, and Weissen-
berg resolutions were made of the zero and first layers about the edges
C / A and A / B . T}'e Weissenberg photographs were unusual in showing a
relatively small number of unsystematically distributed strong spots
while the remaining spots, including the rows from the parting planes,
were quite faint. The projections gave asymmetric reciprocal lattice nets,
offset on the first layers, indicating a triclinic lattice.

The most accurate lattice constants were considered to be the spacings
of the parting planes and provisional axial planes d(A), d(B), d(C),
measured on the zero-layer Weissenberg photographs, and the inter-
planar angles BC, CA, r4B, measured on the reflecting goniometer and
verified on the Weissenberg photographs. From these constants the di-
mensions of a preliminary simple triclinic cell, at, b', ct, a', B', 1', were
calculated and the cell edges thus obtained were closely verified by values
for a', b', c', measured on the three rotation photographs.

From zero'layer

Weissenberg

d(A):ro.24kx
d,(B): e3aYY
d(C): 7.4t hx
BC:41"20',
CA:46"45'
AB:69"31'

Calculated

a':14.96kX
b ' :15 .05  kX
c ' :15 .36  kX
a':138o301'
9':133"03i '
t ' : 7 0 " 0 O '
7':1567.9 kX3

From rotation
photos

o':14.98 kX
b': 15.06 kX
c':15.42 kX
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This preliminary cell, shown with broken lines in Fig. 5, is unconven-
tional since its edges are not the shortest lattice periods. The conventional
cell, whose edges o, b, c, are the three shortest non-coplanar Iattice

Frc. 5. Montbrayite: crystal lattice, showing the preliminary cell a'b'c' and the con-

ventional cell abc which are related by the transformation, preliminary to conventional:

T01/r|r/0TI.

periods, oriented with c(a(b, a and p obtuse, is related to the pre-
liminary cell by the reversible transformations:

Preliminary to Conventional: 101/ lll /0TI
Conventional to Prelirninary: 0ll / ll0 /Tn

By calculation, the dimensions of the conventional cell are:

a : 12.O8, b : 13.43, c : 10.78 kX, a : 104'30r', p : 97 " 34l.', t : 107 " 53tr'.

The volume of this cell is 1568.0 kX3, in agreement with the volume of
the preliminary cell, 1567.9 kX3. The complete geometrical elements of
the conventional cell are:

o :, : c : 0.8998 : I : 0.8026 ; a: 104" 30i', g : 97 " 34L', t : 107 " 531'
po:e6;rs:0.9074:0.8360: 1; \ ' :72"02' , p:76'54L' , v:69o14'

! o' : o.9 623, 96' : 0. 8866, * o' : o.l 329, y o' : 0.327 2.

With reference to the conventional cell, the parting planes become
,4(110),  B(011),  C(111),  or  thei r  para l le l  opposi tes,  A ' ( l l0) ,  B ' (011) ,
C'(l lL), while the parting edges become B/C:B./C':I}t l, C/A
:C' /A ' :U101,  A/B:A' fB ' : [111] .  Thus none of  the three sets of
plane separations are among the three sets of lattice planes with the
greatest spacings, and none of the three resulting edges are among the
three shortest lattice periods. If the plane separations were true cleav-
ages these conditions would be contrary to all previous experience. But
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parting planes, which might in the present case be planes of weakness
due to stress accompanying a structural change in the solid state, need
not be subject to the same conditions that govern normal planes of
least cohesion.

Compositi.on and cell content. The chemical composition of montbrayite
was determined with the blowpipe, by qualitative and quantitative spec-
trographic analyses, and by chemical analyses. The qualitative pyrog-
nostic tests are similar to those given by calaverite. On charcoal the
mineral fuses easily with decrepitation giving a white coating of tel-
lurium oxide and yielding a malleable yellow bead, which gave the spe-
cifi.c gravity 19.1, as compared to 19.3 for pure gold. In this way a
weighed fragment of montbrayite gave 45 per cent Au. Fused with borax
in an open dish a metallic residue of 47 per cent was obtained. Semi-
micro determinations of Au and Te in the wet way yielded 44 per cent
Au, 48 per cent Te.

Several qualitative spectrographic analyses were obtained; the most
complete of these was kindly made under the direction of Dr. G. R.
Harrison (Massachusetts Institute of Technology), who reported that
two samples of the gold telluride are qualitatively identical, with the
major constituents, Au, Pb, Te, Bi, Ni, Sb, Ag; minor constituents, Mg,
Si, Fe, Cu, Ca; and traces of Sn, Na, K, Al.

A quantitative spectrographic analysis of montbrayite was kindly,
made by Dr. J. C. Rabbitt, in the Department of Mineralogy and
Petrography, Harvard University, with the following percentage re-
sults:

Au
T e '
Bi 2.5 +0.3
Pb 1 .5+0.2

sb 1.0 +0.1 Ti 0.02 +0.002
Ni 0.6 +0.06 Co 0.01 +0.001
Ag 0.5 +0.05 Cu 0.008+0.0008
Fe 0.02+0.002 Mo, Sn, Cr, V<0.001

Finally a chemical analysis was made by J. R. Williams (Vancouver,
British Columbia) on 0.6 gm. of the cleanest available material. From
the polished sections, and the appearance of the fragments of this sample,
it was clear that inclusions of the eutectoid intergrowth of tellurbismuth
and altaite could not be avoided and that small amounts of petzite might
also be contained in the analyzed material; but there was no indication
that the sample was contaminated by significant amounts of the other
associated minerals.
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The chemical analysis and a discussion of the results are given in

Table 1. If it is assumed that the reported elements (1) all belong to

montbrayite the cell content (2) is obtained. This content approaches
12[Au2Te3] with Au partly replaced by Ag, Pb, Bi, Sb;but this interpre-

tation cannot strictly apply at room temperature, in view of the observed
inclusions in montbrayite. A better interpretation of the analysis is ob-

T.q,sr,n I MoNrnn.o.urn: Axer.vsrs nxo Ctr,r, Conrput
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38.12

2r.x)
0.481
o.n124.41
1  2 7 1
0. 70J

36.89

Au
Ag
Pb
Bi
Sb
Te

44.32
0 . 5 5
1  . 6 1
2 . 8 r
0.90

49.80

Au 43.99
Ag3AuTez 1.32
PbTe 2.ff i
BizTes 5 .38
sb 0 .90
Te 45 .81

48 .50

0 . 9 9
5 0 . 5 1

24.M

50.77

49.23

99.99 100.00 100.00 100.00

l. Analysis of material with visible inclusions of tellurbismuth (BirTeB), altaite

(PbTe), and petzite (Ag3AuTe), by J. R. Williams.
2. Atoms in unit cell with V:1568 kX3, G:9.94.

3. Analysis recast to give AgsAuTee, PbTe, Bi2Te3, and Au*Sb*Te for montbrayite'

4. Calculated composition of montbrayite.

5. Atoms in unit cell with V: 1568 H(3, G: 10.13 (corrected for impurities).

6. Calculated composition of AuzTes.

tained by assigning Ag to Ag3AuTer (petzite), Pb to PbTe (altaite), and

Bi to BizTea (tellurbismuth), leaving the remaining Au, Te, and Sb, to

montbrayite. This procedure gives values (3, 4, 5) again leading approxi-
mately to the composition AuzTes (6) and the ideal cell content
12[AuzTeg]. For descriptive purposes the formula Au:Teg may then be

used for montbrayite; at the same time it is probably not correct to infer

the existence of a true compound of this composition. Both physically
and chemically montbrayite has the character of a metallic phase, and

this view is supported by a consideration of the Au-Te diagram and the

attempts to prepare artifi.cial montbrayite, described later.
X-ray powd.er photographs. Montbrayite gives an n-ray powder pat-

tern (Fig. 6) that shows some resemblance to the patterns of calaverite
(Fig. 7), krennerite (Fig. 8), and sylvanite (Fig. 9), but difiers distinctly
from all of them. It was impractical to index the pattern on the triclinic

lattice, owing to the fact that even the largest measured spacings could

be referred to numerous difierent sets of lattice planes; but the rela-

tively simple pattern made by the more prominent lines or pair of lines
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can be indexed and approximately matched by spacings in a cubic lattice
with o:4.16 kX (Table 2). This cubic lattice is apparently not a regular

Tesln 2. Monrnneyrrn: X-Rev Powoun Pnorocupn
Pseudocubic: o:4.16 kX

525

/ 0 (Cu) d (meas.) (hkl) d (calc. 1 a (Cu) d (meas.) (hkl) d (calc.)

I
2
1
2
I

1
2

1
8
8

5 . 9
9 . 9

1 0 9
1 1  . 6 5
1 2 . 6
1 3  . 8
1 5 . 0
1 5  . 2 5
1 8 .  1
1 8 . 9
19.75
Z L . J

2 t . 6 5
2 2 . 2
2 2 . 9
2 3 . 8
24.45

7 .48
4 . 4 7
4 . 0 7
3  . 8 1
3 . 5 2
s . 2 2
r ozJ

2.e2)
2 . + 7
2 . 3 7
2 . 2 7
2 . 1 2
2 0 8
2 0 3
t 975
1 .905
1 .857

(011)  2 .942

+ 24.75  1 .836
+ 2s .s  r .786
2  2 6 . 6  1  . 7 1 7
2 26 .9  r .699
2  3 1 . 0 5  1 . 4 9 0
2  3 1 . 8  1 . 4 5 9
+  32 .2  r . 443

;  33 .5  1 .393

+ 35.05 t .339
1 35.55 1.322\
2 s5.95 1.309J
+  39 .4  r . 2 l l
2  39 .9  1 .198
|  47  .6  1 .041
+ ss.1 0.937\
1 s6.r  0.926)

(rr2) 1.698

(022) r.47r

ltoo:l\ 1 ?e7
\(r22)J

(013) 1.315

(222) r.2or
(004) 1.040

(024) 0.930

10
I
1
I
I
2

pseudocell of montbrayite, since its volume is not a simple aliquot part
of the true cell; it may, however, represent a nearly cubic arrangement
of the heaviest (Au) atoms, and it suggests that montbrayite may have
originated by inversion in the solid state from a cubic high temperature
phase. In this way a pseudocubic arrangement might be preserved, while
the inversion to the lower, in this case triclinic, symmetry, might result
in stresses which could cause the partings in the mineral.

Fusi,on erperimenls. The Au-Te diagram as given in Hansen (1936,
p. 264), shows only one compound, AuTez (calaverite, 56.470 T.e by
weight), which has no solid-solution range. This compound makes a
eutectic with Au at 42/o Te and a eutectic with Te at 82.5/6 Te. At
50/s Te, corresponding to the composition of montbrayite, a melt would

Frcs. G14. X-ray powder photographs with Cu radiation, Ni filter; camera radius, 90fn mm.
(1'd:1 mm.); fuII size reproductions of contact prints. Fig. 6. Montbrayite, Montbray township,

Quebec. Fig. 7. Calaverite, Cripple Creek, Colorado. Fig. 8. Krennerite, Cripple Creek, Colorado.
Fig.9. Sylvanite, Nagy6g, Hungary. Fig. 10. Fused montbrayite, giving the patterns of calaverite
and gold. Fig. 11. Fusion with the composition of the analysis of montbrayite, giving the patterns

of calaverite and gold. Fig. 12. Fusion with the composition Au:Te:2:3, giving the patterns of

calaverite and gold. Fig. 13. Calaverite. Fig. 14. Gold.
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first give crystals of AuTez and finally solidify as a mixture of AuTer
and Au.

Some fusion experiments, with weighed amounts of the powdered
elements in evacuated silica glass tubes, gave results in keeping with
previous work. Mixtures corresponding to the analysis of montbrayite,
and to the idealized composition Au2Te3, gave two-phase products whose
powder patterns (Figs. 11, 12) are alike and consist of combinations of
the pattern of calaverite (Fig. 13) and of gold (Fig. 14). Fragments of
montbrayite heated under like conditions first shattered and then fused
to give similar intergrowths of calaverite and gold (Fig. 10). This
showed, as was expected, that montbrayite will not form under fusion
conditions, and that the mineral represents an unstable phase formed
under less drastic natural conditions. In this respect montbrayite re-
sembles krennerite and sylvanite, neither of which we were able to
reproduce under fusion conditions. An even closer analogy exists be-
tween montbrayite and the recently described new bismuth telluride,
hedleyite (Warren & Peacock, 1945), which breaks down into Bi and a
solid solution of Bi in BirTes on fusion and recrystallization in vacuum.
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