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ABSTRACT

The Pd-As-Sb system contains many known
compounds and to it several minerals have re-
cently been ascribed. The poor x-ray powder
diffraction characteristics of these minerals as
well as the occurrénce of structurally distinct, but
compositionally very close phases, makes their
characterization very difficult.

The following minerals were studied: stillwa-
terite, PdsAs;,, a new mineral, hexagonal, with
a = 7.399(4), ¢ = 10.311(15)A, space group P3
or P3; an unnamed Pd;As, mineral, orthorhom-
bic, with @ = 11.2614), b = 3.857(1), ¢ =
11.346(5)4; npalladoarsenide, Pd,As; unknown
(Pd, Ni, As) and (Pd, Cu, As) minerals; sperrylite,
PtAs,; unnamed PdsSb;, with hexagonal axes a
= 7.565(1), ¢ = 43.207(3)A; and mertieite II,
Pdy(Sb, As);, with hexagonal axes u — 7.546(2),
¢ = 43.18(DA.

The results of some experiments in the Pd-As-
Sb system are discussed with reference to min-
erals studied or reported in the literature.

REsuME

Le systéme Pd-As-Sb continent plusieurs compo-
sés connus et plusieurs minéraux viennent récem-
ment de Iui &tre attribués. La caractérisation de ces
minéraux est trés difficile du fait des pauvres
caractéristiques de la diffraction des poudres par
rayons-X et de la présence de phases de composition
trés serrée et de structure différente.

*The mineral and name were approved by the
Commission on New Minerals and Mineral
Names, IL.M.A.
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Les minéraux suivants ont été étudiés: stillwa-
terite PdgAs,, un nouveau minéral hexagonal, avec
a_= 7.399(4), ¢ = 10.311(15)A, de groupe spatial
P3 ou P3; un minéral innomé Pd;As,, orthorhom-
bique avec @ = 11.261(4), b = 3.857(1), ¢ =
11.346(5)A; palladoarsénide, Pd,As; les minéraux
inconnus (Pd, Ni, As) et (Pd, Cu, As); sperrylite,
PtAs,; le minéral innommé PdSb;, avec des axes
hexagonales a = 7.565(1), ¢ = 43.207(3)A; et mer-
tieite II, Pdy(Sb,As);, avec des axes hexagonales a
= 7.546(2), ¢ = 43.18(DA.

Les résultats de certaines expériences dans le
systtme Pd-As-Sb sont discutés relativement aux
minéraux étudiés ou rapportés dans les publications
sur le sujet.

INTRODUCTION

This paper reports on an unnamed PdsSbs
mineral from Sudbury, Ontario, and on the
platinum-group (PG) arsenides found in heavy-
mineral concentrates from the Banded and
Upper zones of Stillwater Complex, Montana.
These zones consist of norites, gabbros and
anorthosites. More detailed information on the
geological and mineralogical literature of the
Stillwater area is reviewed by Cabri & Laflamme
(1974b). These authors described platinum-
group native alloys from the same area and
listed four PG-mineral groups: a) the native
alloys; b) the tellurides; c) the sulphides; and
d) the arsenides. The PG-arsenides reported here
are the new mineral stillwaterite* (PdsAss), pal-
ladoarsenide (Pd:As), an unnamed PdsAs, min-
eral, a (Pd,Ni,As) mineral, an ill-defined (Pd,
Cu,As) mineral, and sperrylite (PtAss). Data for
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TABLE 1. ELECTRON PROBE.ANALYSES: RELATIVE.COUNTING .ERROR
IN WEIGHT PER CENT AND HOMOGENEXTY INDEX.

Mineral Anal. No. _Pd Au H As Sb Sn
No. Spots "GE*HOM CE HOM CE HOM CE FHOM CE HOM CE  HOW

stl 1 5 0.411 0.14 0
2 5 0.400 0.14 1
3 6 0.401 0.14 8 0.04 31
4 7 0.401 0.14 1
5 7 0.401 0.12 1 0.05 1 0.04 2
6 7 0.401 0.12 1 0.05 1 0.06 1
7 8 0.411 0.13 1
8 7 0.401 0.12 1 0.05 1 0.06 1
9 4 0.411 0.13 3
10 7 0411 0.13 1
1 6 0.411 0.13 1
12 7 0.391 0.12 1 0.02 1
. 13 9 0.391 0.12 1 0.08 1
PdsAs, 1 5 0411010 1 0.05 1 0,14 1
2 5 0.420 0.14 1
3 5 0.,397T0.11 1 0.04 1 0.13 1
4 5 0370011 1 0.03 1 0.13 1
5 4 0.3820.11 6 0.05 1 0.14 1
Pdahs 1 5 0.411 0.15 1
2 5 0.381 0.15 1
mert. Il 2 10 0.391 0.04 1 0.19 1
4 12 0.3 1 0.04 1 0.15 1

*Ck= @f F\'“ where N=total counts and n=ho. of spots, reported in weight per
cent. This relative counting error may be considered to correspond to the

standard deviation ().

an unnamed Pd:(As,Bi) mineral will be reported
at a later date.

New data are also presented for mertieite II
from Goodnews Bay, Alaska, and for prelimin-
ary experiments in.the Pd-As-Sb system.

MATERIALS AND METHOD OF INVESTIGATION

The PG minerals from the Stillwater Com-
plex, characterized in this work, came from the
same samples previously described by Cabri &
Laflamme (1974b) as well as from other similar
samples. The concentrates, polished sections,
reflectance, micro-indentation hardness, and x-
ray powder data were all obtained by methods
described previously, The unnamed PdsSbs
mineral from Sudbury was obtained from a
sample labelled “Copper Cliff Concentrate”
after handpicking grains under a binocular mi-
croscope. The mertieite was obtained from the
U.S. National Museum, Smithsonian Institution
(NMNH #132499).

Compositions were determined with the same
electron probe and operating conditions using
the following x-ray lines and (synthetic stand-
ards): PdLa, AsKa (Pd;As,, PdsAss, and Pds
ASl.4QSbo.51); HgLa (PdaHgTes); PtLe, SnLe
(PtSn); PdLe, SblL.o (Pd:.sSb, PdsSbs); CuKex
(P d4.sscuo.1ssb2); SbLa, AuLa, CUK(X, NiKa,
AgLa, TeLe, and BiLa (pure metals). Synthe-
tic PdsAs; had to be freshly polished before use
because it tarniches, even when carbon coated.

Corrections to these x-ray data were applied
using the EMPADR VII computer program of
Rucklidge & Gasparrini (1969). The homo-
geneity of the analyzed minerals was determined
from the homogeneity index built into the pro-
gram by use of the relation HOM=¢/+/N/n
after Boyd et al. (1969), where ¢ = standard
deviation of a set of counts, N = mean of the
number of counts and # = number of readings
in a set. Therefore the HOM is a measure of
the observed vs. the variance predicted from
counting statistics. A HOM >3 is equivalent
to >30 in observed variance and thus such
samples are non-homogeneous. In most cases
HOM was less than 3 (Table I) and these are
considered homogeneous grains.

PLATINUM-GROUP ARSENIDES AND ANTIMONIDES

The PG-arsenides found in our studies of
Stillwater Complex samples are mainly of pal-
ladium, only one being the platinum di-arsenide
(sperrylite). These palladium arsenides are char-
acterized by either having numerous minor-
element substitutions for Pd (by Pt, Au, Cu, Hg)
or for As (by Sn, Sb, Te, Bi), but they some-
times occur as pure Pd-As minerals, within the
detection limits of the electron probe for such
elements. The optical, physical and chemical
properties, as far as these were determined, will
be described separately for each arsenide.
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Our studies of Sudbury-area PG-minerals
have revealed only one PG-arsenide, sperrylite.
We have found more variety among the PG-
antimonides but, in contrast to the one platinum
arsenide, they are all palladium minerals: un-
named PdsSbs (Cabri & Laflamme 1974c), un-
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named Pd(Sb,Bi,Te) (Cabri et al. 1973) and
sudburyite, PdSb (Cabri & Laflamme 1974a).

Mertieite II from Goodnews Bay district,
Alaska, was also studied to compare with the
Sudbury and Stillwater palladium arsenides and
antimonides.

o 10 20 30
microns

20 40
- © s 2050

Fic. 1. Photomicrograph of a stillwaterite grain (grey) associated with native gold. (Anal. No. 1, Table

2, R.O.M. No. M33559).

Fia. 2. Photomicrograph showing twinning in still waterite.

Fic. 3. Photomicrograph illustrating a complex multimineralic assemblage. UKI = Au-bearing unnamed
Pd;As,, UK2 = palladoarsenide, UKZ = unnamed Pd;As,, spy = sperrylite, cp = chalcopyrite, x

— unknown. Partly crossed nicols.

FI1G. 4. Photomicrograph with a complex assemblage: kotulskite (white) in contact with unknown (Pd,Ni,
As) mineral (which itself contains a hole). The largest light grey area is palladoarsenide with some
intergrowths of unknown (Pd,Cu,As) mineral (dark grey) and an elongate inclusion of another un-
known mineral only visible under x-nicols (gr. 8, Anal. 2, Table 4).
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Fre. 5. Photomicrograph showing a sperrylite inclusion in a lamella of unnamed Pd;As, which occurs in
a matrix of intergrowths of unknown (Pd,Cu,As)-tunnamed Pd;As, (gr. 12, Anal. 4, Table 4).

Fic. 6. Photomicrograph illustrating the banded or colloform textures developed by unknown (Pd,Cu,

As) mineral (dark grey) with unnamed Pd.As,.

ARSENIDES FROM THE STILLWATER COMPLEX

Stillwaterite

Thirteen grains of stillwaterite were studied
and type material is preserved at the Royal
Ontario Museum, Toronto, (M33559) and at
the U.S. National Museum, Washington, D.C.
(NMNH #132500). The mineral occurs as
small anhedral grains, 40X75 to 120X265
microns. Closely associated minerals are gold,
other palladium arsenides, and silicates (Fig.
1). The mineral is named after the Stillwater
Complex,

Under reflected light, in air, the mineral is
light creamy grey, shows no bireflectance, and
is weakly anisotropic with colour effects from
dark grey to brownish grey. Under oil immer-
sion the anisotropy is distinct, with brownish
black colours and a blue to yellow-brown tinge.
One grain was twinned (Fig. 2). Reflectance
measurements in air with a silicon standard
(mean of four grains) are: 470nm 51.6, 52.7;
546nm 52.5, 53.2; 589nm 53.1, 53.7; 650nm
54.4, 55.0%. Micro-indentation hardness meas-
urements gave VHNa = 384 (360-416) for
seven indentations measured on two grains.

Quantitative electron probe analyses on thir-
teen grains showed the mineral to be Pds(As,Sb,
Te,Sn,Bi)s (Table 2), corresponding to an ideal
end-member of PdsAss and to the phase Pds.esAs

synthesized by Saini et al. (1964a). All grains
except one (Anal, 3, Table 1) proved to be
homogeneous and stoichiometric within anal-
ytical error. The range of Pd/As from 7.84/
3.00 to 8.13/3.00 in Table 2 is considered
reasonable for electron probe analyses of such
materials.

Single-crystal precession studies show that
stillwaterite is hexagonal. The symmetry of the
diffraction spots indicated Laue group 3 and
the extinction conditions gave P3 or P3 as pos-
sible space groups. The cell dimensions of grain
3 (Table 2), determined from an x-ray diffrac-
tion powder film using a Gandolfi camera, are
a = 7.399(4), ¢ = 10.311(15)A, and corres-
pond well with those of synthetic PdsAss: @ =
7.426(4), ¢ = 10.316(7)A (Debye-Scherrer
camera, Table 3). Both powder patterns are very
similar to the unindexed pattern for PdaesAs re-
ported by -Saini et al. (1964a), though there is
not exact correspondence between all the reflec-
tions for stillwaterite and synthetic PdsAss. For
example, the (030) and (114) reflections are not
resolved for stillwaterite, but are for synthetic
PdsAss. This is ascribed to a better Debye-
Scherrer pattern being obtained from annealed
material in contrast to the poorer Gandolfi x-ray
pattern of natural material. A Gandolfi x-
ray pattern of a stillwaterite grain with the low-
est analyzed As content (Anal. No, 13) is si-
milar to that shown in Table 3. This grain has
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a = 7.39(1), ¢ = 10.30(1)A, and though its
diffraction pattern was generally weaker, some
reflections were resolved better; e.g. (030) and
(114) were resolved, though not with the same
intensities as for synthetic PdsAss. The cal-
culated densities for stillwaterite and synthetic
PdsAss, based on three formula units per unit
cell, are 10.96 and 10.88. g/cm®, respectively.
The measured density for synthetic PdeAss is
10.4 g/cm?,

Unnamed PdsAs:

Several grains of a palladium arsenide were
found which have compositions very close to
PdsAs;, but some contain minor amounts of
Au, Hg, Pt and Cu replacing Pd, and Sn re-
placing As (Table 4). This mineral was never
found as fre¢ grains and occurred in three
associations: with palladoarsenide, sperrylite
and chalcopyrite; with stillwaterite; and with an
ill-defined tarnished palladium arsenide, with
or without sperrylite. The last association (with-
out sperrylite) is probably the most common,
but the nature of the intergrowth and of the

325

tarnished mineral itself (described below) did
not permit many reliable analyses.

The unnamed PdsAs» mineral in reflected
light appeared pale cream to cream-coloured
in air, and in oil. No bireflectance was observed
in air, but in oil immersion this varied from
nil to very weak. Anisotropism in air varied
from distinct (or moderate) to strong, with
colours varying from grey (or dull grey) to
black (or brownish black), The anisotropism
and colours were similar under oil immersion.
Two further qualitative observations are rele-
vant: a) the presence of Au (e.g., in grain UKI
vs. UKZ) increases the reflectance and bire-
flectance; this was very marked in the associa-
tion with palladoarsenide (Fig. 3), where the
Au-bearing PdsAs: (UKI) was considered from
optical observations to be the same mineral as
the palladoarsenide (UK2) but different from
the Au-free PdsAs, (UKZ) prior to analysis; b)
the unnamed PdsAs. (anal. 5, Table 4) is more
reflectant and -anisotropic than the stillwaterite
(anal. 4, Table 2) to which it is attached.

A poor x-ray powder diffraction pattern was
obtained (Table 5), and indexed on an ortho-

TABLE 2. ELECTRON PROBE ANALYSES OF STILLWATERITE
No. &r. mo., size in um weight per cent atomic _proportions*
associated minerals Pd As Sb Te Sn Bi Total Pd As Sb Te Sn  Bi
1 gr. 2, 70x200,
+hAutsi 79.2 20.7 n.d. n.d. nd. -- 99.9 8,09 3,00 -- -- = -
2 gr. 3%, 110x135  79.0 21.2 n.d. n.d. n.d, -- 100.2 7.88 3.00 =~ - - --
3 gr.4, 60x115 +si 78.5 19.7 1.4 0,33 n.d. ~-- 99.93 7.99 2.856 0.12 0.03 -~ -
4 gr.9, 65x110
+Pd5Asz#si 78.9 21.0 n.d. n.d. n.d. -- 99.9 7.94 3.00 -~ ~~ -- --
5  gr.4; 135x170
+incl.? 76.8 17.8 2.7 n.d. 1.5 0.24 99.04 7.92 2,62 0.24 -- 0.13 0.00
6 gr.5, 110x190
+Pd2(As.Bf) 76,7 17.3 2.8 n.d. 2,3 n.d. 99.1 7.88 2.53 0.25 -~ 0.22 --
7 gr.6, 120x265 79.1 20.8 n.d. n.d. n.d, n.d, 99.9 8.05 3.00 =-- ~= ~= ~-
8  gr.7, 80x190
+si 77.5 17.2 3.1 n.d. 2.3 n.d. 100,1 8.01 2.52 0.27 ~- 0.21 --
9 gr.9, 135x145
+? 78.8 20.5 n.d. n.d. n.d. n.d. 99.3 8.133.00 -~ -- - --
10 gr.10, 80x120 78.8 20.6 n.d. n.d, n.d. n.d. 99.4 8,07 3.00 -- -- - -
n gr.11, 60x90 78.5 20.6 n.d. n.d. n.d, n.d,” 99.1 8.05 3,00 ~- ~- - -
12 gr.UM, 65x65
+s{ 78.3117.3 0.7 1.1 3.0 1.3 101.7 7.95 2,50 0.06 0.10 0.27 0.07
13 gr.9F**, 60x185
+si 76.2 17,0 1,6 0,30 3.8 n.d. 98.9 7.84 2.49 0.14 0.02 0.35 --

* Sum of As+#SbiTe+Sn+Bi = 3.00, ** Grain z-rayed - see Table 3, + {Pd+Pt), Pt = 0.08 wt.%

a.b. - 1. n.d. = element sought for, but not detected. 2.
Au,Ag,Cu,Pt,Ni for all analyses.

not detected:
sought for, but not detected.

other elements sought for, but
Analyses Nos. 1-4 also Hg

Abbreviations used in this and subsequent tables:
unnamed PdgAs,, incl. ? or ? = unknown inclusion, Pd
alladoarsenide,
= unknown (Pd,Ni,As) mineral, kot = kotulskite,

sperrylite, cp = chalcopyrite, PdyAs = g
mineral, stl = stillwaterite, (Pd,Ni,As

Au = gold, si = silicate, PdsAs,=
(As,Bi) = unnamed Pd,(As,B1), spy =
tarnished ? = unknown (Pd,Cu,As)

ca = calcite, pol = polarite 2, Fe-S = undetermined Fe sulphide.
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TABLE 3. X-RAY POWDER DATA qu STILLWATERITE AND SYNTHETIC Pd8A53

Stillwaterite . Pd8A53 Synthetic Stillwaterite PdaAs3
a 7,399 54) a 7.426 {4;
* e 10.311 (15) 210,316 (7)-

! dmeas dca'lc LR dmeas dta‘lc 1 dmeas dca‘lc LU dmea's dca'lc
3.264 020 1 3.2 3.215 1.152 © 227 1 1.152 1.154

3.006 112 3 3.3 3,013 {f 5 1.138 1.137 128 1 1,138 1.139

3 2,700 2.721 022 3 2.727 2,728 {{ % 1.060 1.088 335 1 1,061 1.061
2 2.521 2518 113 3 2,522 2,522 1 1.083 1.043 138 1 1,048 1,045
2,422 120 2 2.434 2,431 1.031 0010 % 1.032 1,031

8 2.355 2,357 121 10 2.360 2.366 {} % 1.019 1.021 251 3% 1.025 1.025
B 2,189 2,192 122 5 2.205 2,198 |} 3% 1.003 1.002 336 % 1.001 1,004
2,136 030 7 2,144 2,144 || T 0.9765 0.9772 160 B 0.9778 0.9805
10 2115 2,135 114 8 2,126 2.118 || 2 0.9493 0.9483 065 3B 0.9527 0.9512
3B 1.991 1,980 123 4 1,988 1,985 0.9381 345 1 0,9404 0,9409
1 1.818 1.820 221 3 1.82% 1.827 . 0.9118 351 % 0.9152 0.9151
1 1.747  1.751 131 4 1.760 1.757 |1 % 0.9034  0.9036 239 1 0.9060 0.9G52
L8 006 % 1.718 1.719 0.8862 143 4 (.8885 0.8877
1.680 132 2 1.688 1.685 || 4 0.8858 0.8830 165 4 10,8858 0.8858
1.659 016 1 1.665 1.661 1 0.8757 0.8757 262 1B 0.8785 0.8788
1.628 223 2 1.635 1.633 (| 1 0.8660 0.8670 0410 2 0.8683 0.8682
1.582 041 3. 1.586 1,588 0.8633 263 ) 0.8622 0.8633

1.658 116 3 1.563 1.560 |l 4B 0.8559  0.8569 347 2 0.8588 0,8591
1.530 042 % 1.532 1.535 0.8459 171 3 0.8487 0.8489
2 L5117 1.503 224 3 1.508 1.507 || 2B 0.8458  o0.8441 2310 0.8457 0.8454
% 1.465 1.463 134 2B 1.469 1.467 0.8419 257 4B 0.8433 0.8441
% 1.43¢ 1,435 017 % 1.443  1.436 || % 0.8313  0.8209 1410 3 0.8323 0.8312
1.414 232 % 1.421 1.418

3 1.403 1,401 126 2 1.401 1.404 0.8178 451 3 0.8205 0.8208
5 1.351 1.351 233 5 1.357  1.3%6 0.8161 265 3% 0.8183 0.8186
1,295 143 1 1.300 1.299 [ 1 o0.8100 0.8102 452 3 0.8128 0.8131
1 1.264 1.263 018 281.263 1.264 || » 0.8050 0.8048 361 3 0.8066 0.8078
; T.244 052 % 1.242  1.247 || % 0.8013  0.8010 080 2 0.8023 0.8039
% 1.231 1.233 330 2B1.234 1.237 || 2 0.7999  0.7976 362 4 0.8000 0,8004
1.224 331 3 1,222 1.229 0.7972 0312 2 0,7979 0,7979
28 1.201 1.203 241 4 1,208 1.207 || % 0.7948 0.7915 o082 2 0.7943 0.7943
2 1,159 1,160 333 3B 1.162 1.164 || % 0.7905  0.7904 2311 1 0,7907 0.7915
3 0.7866  0.7859 363 % 0.7885 0.7886
0.7849 175 1 0.7874 0.7874
2 0.7818 0.7818 454 3; 0.7848 0.7844
0.7801 083 3B 0.7825 0.7828

rhombic cell with @ = 11.261(4), b = 3.857(1),
¢ = 11.346(5)A. The symmetry and approxi-
mate cell parameters were determined by exam-
ining the crystal with a precession camera. The
x-ray powder diffraction pattern and the sym-
metry are in contrast to that of synthetic PdsAs..
The powder data for PdsAs, were indexed on
a hexagonal cell with ¢ = 7.318(1), ¢ =

27.524(1) A. The a-dimension and the hexa-
gonal symmetry were confirmed by precession
camera study, but the c-dimension could not be
defined more precisely other than determination
that it is a multiple of ~13.7A. Several attempts
to produce perfect single crystals using a Bridge-
man technique modified for small samples were
unsuccessful,

TABLE 4. ELECTRON PROBE ANALYSES OF PdsAs, AND PALLADOARSENIDE

Anal. gr.no., size in m, weight per cent

UNNAMED PdsAs.

atomic proportions

No. associated minerals Pd° Pt Ay Hg Cu As Sn Sb Te Bi Total Pd Pt Au Hg Cu I As Sn Z
1 gr.UK1, 30x30,

+spy+cptPdaAstsi 70.1 0.24 6.8 2.7 0.21 21.2 -~ -~ n.d. =-- 101.25 4.66 <.01 0.24 0.09 0.02 5,01 2.00 -~ 2,00
2 gr.UKZ*, 45x75,

+spy+cptPd Astsi 79.6 n.d. n.d. n.den.d. 22,2 == - n.d. -- 101.2 5.02 -= =  ce e 6.02 2.00 -~ 2,00
3 gr.7, 55x100,%*

+ta;gished? 68.4 n.d. 7.4 2.3 0.13 21.0 0.31 n.d.n.d. -- 99.54 4.54 - 0.27 0.08 0.0 4.90 1.98 0.02 2.00
4 gr, 25x50

tspyttarnished?  68.6 n.d. 7.8 1.3 0.09 20.8 0.26 n.d.n.d. n.d. 98.85 8.60 -- 0.29 0.05 0.01 4.9 1.99 0,01 2,00
5 Gr.9, 25x30%*

+stl+si 68.0 n.d. 6.9 2.5 n.d. 20.6 n.d. n.d.n.d. ~- 98.00 4.65 -- 0.26 0.09 -- 5,00 2.00 -- 2.00
* grain z-rayed ** Ni also n.d.

PALLADOARSENIDE
weight per cent atomic proportions
Anal. gr.no., size in um,

No. associated minerals Pd Pt Au
1 gr.UK2, 30x30,

Hg Cu As

+spytcptPdsAsa+si 74,0 0.10 0,10 n.d.0.34 24,4 n.d, --- 1.3
2 gr.8, 65x110
+(Pd,N1,As)+kot 73.1 n.d. n.d. n.d.n.d. 25.0 n.d.0.64 0.59 --

n.b. Ni & Ag also sought for, but not detected

Sn Sb Te

Bi Total Pd Pt Au Hg Cu L As Sb Te z

-- 100,25 2.07 <,01 <,01 -~
99.33 2,00 «- - -

0.01 2.08 0.97 -~ 0,03 1,00

-~ 2.00 0.97 0.015 0.015 1.00
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Palladoarsenide

The mineral palladoarsenide, described by
Begizov et al. (1974), was discovered in the
“veinlet-disseminated” pentlandite-chalcopyrite
ores in the footwall “excontact” of the north-
western side of the Talnakh intrusion. The min-
eral is equivalent to the low-temperature poly-
morph of Pdq:As, synthesized and described by
Saini et al. (1964a).

Two grains of palladoarsenide were found
closely associated with other minerals such as
sperrylite, chalcopyrite, unnamed PdsAs,, (Pd,
Ni,As), kotulskite, gold, and silicates. The
grains were too small and intergrown for re-
moval and confirmation by x-ray diffraction.
The electron probe analyses (Table 4) and op-
tical properties suggest that the grains are palla-
doarsenide. The analyses show that minor quan-
tities of Pt, Cu or Au may substitute for Pd,
whereas minor Sb or Te may substitute for As.
The four analyses of Talnakh palladoarsenide
reported by Begizov et al. (1974) showed minor
substitution of only Au and Ag for Pd; how-
ever, the totals are between 1.2 and 2.2 wt %
less than 100%.

Unknown (Pd,Ni,As) mineral

One grain of this mineral was observed in a
complex intergrowth with kotulskite, the un-
named (Pd,Cu,As) mineral, and palladoarsenide
(Fig. 4). The mineral was too small for complete
characterization and appeared light yellow to
greyish under reflected light in oil immersion.
It is either isotropic or weakly anisotropic, and
analysis gave: Pd 48.6, Ni 17.4, As 32.7, Te
0.38 — total 99.08 wt %. This analysis sug-
gests a formula of (Pd,Ni)s(As,Te) or PdNi(As,
Te), but these formulae must be considered very
tentative because of the limited data available.

Unknown (Pd,Cu,As) mineral

Several grains of this mineral were found
in one of the concentrates and were nearly al-
ways closely associated with the unnamed
PdsAs: mineral. The mineral appears to be an
alteration product or a secondary mineral and
it had a pitted or intergrowth texture with a dull
grey colour under reflected light (Fig. 5). It
also frequently exhibited a banded or colloform
texture with the unnamed PdsAs. mineral (Fig.
6) and tarnished with time and exposure to air.
Although these physical and textural properties
made electron probe analysis unreliable, it was
possible to determine that Pd was the major
element with Cu and As in minor and nearly
equal quantities by weight.
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TABLE 5. X-RAY POWDER DATA FOR UNNAMED PdgAs,

a 11.261 (4) b 3.857 (1) o 11.345 (5)
I meas hic calc T dmnas hkl dca]c
4 3.565 301 3.563 | <1 1.473 71 1.472
10 3.066 2N 3.064 <1 1.410 108 1.408
6 2.778 212 2.776 1 1.363 523 1.366
2 2,702 013 2.701 <1 1.334 621 1.336
1 2.613 31 2.617 1 1.297 218 1.295
3 2.528 402 2.522 1 1.222 902 1.222
5 2.433 312 2.431 <1 1.186 912 1.165
3 2.241 14 2.239 1 1.145 904 1.145
8 2.119 214 2,117 <] 1111 531 1.111
9 1.947 510 1.945 <1 1.089 823 1.089
1B 1.878 121 1.878 | <1B 1.050 129 1.050
3 1.804 122 1.802 <1B 1.011 923 1.0
2 1.735 315 1.734 <1 0.9938 6 0.9936
3 1.698 123 1.698 | <1 0.9419 61.10  0.9417
<1 1.639 322 1.642 <1 0.9295 827 0.9309
<1 1.602 514 1.604 | <1 0.9102 144 0.9101%
1 1.539 613 1.541 9 0.7770 745 0.7772

Pattern obtained with 57.3 mm Gandol1fi camera using Cu, Ni-
filtered radiation.

* gix additional weak reflections not reported.
using 28 reflections.

Cell refinement

Sperrylite

Sperrylite is a common mineral in many pla-
tinum-bearing deposits and its presence in the
Stillwater samples is not unexpected. There are,
however, few electron probe analyses of sperry-
lite in the literature, most of the analytical in-
formation on the mineral having been obtained
by bulk chemical methods. Table 6 lists seven
analyses of Stillwater sperrylite; it is noteworthy
that two analyses contain minor quantities of
rhodium, and that the rhodium is not homo-
geneously distributed, This occurrence of rho-
dium is in addition to its presence in the pla-
tinum alloys (Cabri & Laflamme, 1974b).

NeEw MINERAL (?) FROM SUDBURY

Unnamed PdsShs

A single grain, 190X 300um, found in a sam-
ple of “Copper Cliff Concentrate” from the
Sudbury area, gave electron probe results iden-
tical to the synthetic standard PdsSbs. Under the
binocular microscope the mineral appeared
metallic with a pinkish cast, and in polished

TABLE 6.ELECTRON PROBE ANALYSES OF SPERRYLITE

Size in um, weight per cent atomic proportions
Anal. associated Pt Rh As Total Pt Rh I As
No. minerals
1 55x110,¢cp 57.0 n.d. 42.6 99.6 |1.00 - 1.00 1.95
2 110x165 56.7  n.d. 43.0 99,7 {1.00 - 1.001.98
3 110x110, 55.6 0.56 43.0 99.16(0.98 0.02 1.00 1.98
si+tarnished? (.22-1.28)
4 110x165 56.56  n.d. 43.1 99.6 {1.00 - 1.001.99
5 82x165 55.9 0.39 43.3 99.59]0.99 0.01 1.00 1.99
si, (.11-1.07)
6 60x165, 56.8 n.d. 43,5 100.3 [1.00 - 1,00 1.99
st
7 100x200 57.0 n.d. 42,3 99.3 [1.00 - 1.001.93
Fe-$

Sb,Sn, and Cu not detected.
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section under reflected light, it had a pale cream
to white colour in air and in oil immersion. No
bireflectance was observed and it was moder-
ately anisotropic (reddish brown to light grey) in
air. Under oil immersion the anisotropism was
slightly stronger but the colours were the same.

Reflectance measurements were made using
a silicon standard on the mineral and on syn-
thetic PdsSbs. These were for the mineral (aver-
age of four separate measurements) at 470nm
47.7, 52.2; 546nm 49.7, 53.5; 589nm 50.9,
54.6; 650nm 52.6, 56.4% and for the synthetic
PdsSbs (average of measurements on three
grains) at 470nm 50.3, 52.1; 546nm 52.2, 54.0;
589nm 53.2, 55.1; 650nm 54.6, 55.8%. Ten
micro-indentation hardness measurements were
made on the synthetic PdsSbh: and gave VHN;,
= 516 (501-545).

The x-ray diffraction pattern of unnamed
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PdsSb; was indexed as hexagonal with ¢ =
7.565(1), ¢ = 43.207(3)A with a rhombohe-
dral lattice. The powder pattern is compared
with that of mertieite II and synthetic PdsSbs
in Table 7. The calculated density is 11.32
g/cm® based on Z = 12.

RE-ANALYSIS OF MERTIEITE
Mertieite 11

Two of the four mertieite grains analyzed by
Desborough et al. (1973), and referred by them
as Group II, were re-analyzed by us using dif-
ferent synthetic standards (Table 8). These new
analyses show very small differences in weight
per cent to those reported by Desborough and
co-workers but, nevertheless, these result in
significant differences in stoichiometry. Our
analyses indicate that mertieite Il is stoichio-

TABLE 7. X-RAY POWDER DATA FOR MERTIEITE II AND SYNTHETIC AND NATURAL Pd85b3

nnam

t §5b5 Synthetic 25b, gSby Synthetic Unnam 55hy
a 7.546 52; a 7.601 1; a 7.565 51;
e 43,18 (1 e 42,904 (1 e 43.207 (3
S ‘%neas dca]c T dmeas dca]c I dmeas dca'lc th I dmeas dcalc I dmeas dcalc I dmeas dca'lc
116 <1 3.84 3.356 4022)3 1.257 1.256 {<1 1.258 1.257 [4B 1.258 1.258
024 <1 3.14 3.147 20321<1 1.249 1.247 |2 1.284 1.242
0114] 2B 2.788 2.778 336 1 1.238 1.241
0210/<1 2.596 2.605|2 2.609 2.611 411817 1.226 1.226 |6 1.230 1.230
211 |2 2.468 2.466{4 2.480 2.484|1 2.476 2.472i| 339 <11.217 1.219
214 11 2,407 2.407|2 2.425 2.424{2 2.414 2.414l] 5014} 2 1.208 1.209
125 2 2,385 2,38914 2.369 2.380|| 3630/7 1.200 1.200 3B 1.197 71.198 {4 1.205 1.202
1115110 2.286 2.288|9 2.281 2.285(8 2.293 2.291|| 3312(1 1.188 1.187 1 1.198 1.190
201413 2,247 2.243{3  2.243 2,243|7B 2.238 2.246|| 511 3 1.182 1.182
300 (9 2.177 2.178[10 2.191 2.194 1328 <1 1.178 1.176
2L10(1 2,148 2.144|1  2.147 2.152[1 2,144 2.148|| 155 |<1 1.163 1.163 '
12N 1 2.096 2.097 517 |<1 1.154 1.153 2B 1.158 1.156
0216 <1 2.074 2.079 42141<1 1.146 1.146 |1 1.151 1.182 {1 1.150 1.149
11815 2.022 2.024|4 2,015 2.019)4B 2.025 2.026/| 5110/<1 1.134 1.132 |1 1,141 1.141 |1 1.138 1.135
121413 1,930 1.92814 1.929 1.931|2 1.930 1.931l 4028 <1 1.122 1.121
1022(3  1.874 1.879{1 1.866 1.869|1 1.883 1.881 1235 2 1.102 1.099 |<1 1.104 1.105
131 2 1.826 1.824 600 3 1.094 1.087 {<1 1.097 1.091
226 |<1B 1.825 1.825 <1 1.829 1.829|| 3132|<1 1.082 1.082 |3 1.081 1.081 {2 1.080 1.083
2020 <1 1.796 1,797 345 <1 1.070 1.070
315 <1 1.773 1.773 <1 1.779 1.778|| 2328|<1 1.056 1.056 3 1.058 1.058
137 [<1 1.736 1.739 253 13 1.043 1.044 {3B 1.051 1.051 |2 1.048 1.046
1220 <1B'1.622 1.624 526 <1 1.041 1.042
2215(4  1.577 1.577(5 1.582 1.582|38 1.577 1.580|| 1238 <1 1.027 1.028
2122 <1 1.533 1.535 4130 <1 1.013 1.013
321 14 1.496 1.498[2 1.508 1.509 : 161 2 1.004 1.004
221811 1.483 1.483/4 1.485 1.486(2 '1.485 1.485| 1523 <1 0.9983 0.9987
327 |<1 1.458 1.457|1 1.465 1.466 2515) 2B 0.9885 0.9892
0414 <1 1.450 1.450 61111<1 0.9678 0.9659{2B 0.9721 0.9723
003014 1.439 1.43914  1.429 1.430)<1 1.446 1.440)| 2518 <1 0.9583 0.959113 0.9637 0.964]
321013  1.413 1.416 3 1.420 1.419{ 443 3B 0.9483 0.9482
2311 18 1.406 1.408(2 1.404 1.404(| 440 [<1 0.9436 0.9432
231413 1.345 1.34814 1.354°1.354|1 1.351 1.351|| 446 |6 0.9355 0.9352{1 0.9419 0.9420{3B 0.9356 0.9376
1130 3 1.337 1.338 535 |2 0.9283 0.9282
01321<1 1,318 1.321{3 1.315 1.314 2431 4 0.9254 0,9253
2317 <1 1.293 1.293|| 15291 0.9227 0.9217 1 0.9237 0.9234
141514 1.278 1.2785 1.283 1.2831 1.279 1.280]|| 1436[2 0.9192 0.9179]2 0.9172 0.9173]<1 0.9193 0.9192
330 5 1.267 1.267 423212 0.9113 0.9110§2 0.9118 0.9120|/3 0.9119 0.9125
4040]<1 0.9010 0.9006{3 0.8992-0.8987

Grain 6B (Table B) 24 additional high angle reflections
Pattern obtained with 114.6 mm Gando1fi camera using Cu,
31 additional high angle reflections not reported;
radiation with 114.6 mm Debye - Scherrer type camera.
From Sudbury, Ontario.
reflections.

not reported;

cell refinement

Ni-filtered radiation.

14 additional high angle reflections not reported;
Pattern obtained with 114.6 mm Gandolfi camera using Cu,

using 42 reflections.

cell refinement using 53 reflections. Cu, Ni-filtered

cell refinement using 34

Ni filtered radiation.
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TABLE 8, ELECTRON PROBE ANALYSES OF MERTIEITE II.
weight atomic

No. Gr. No., ‘per cent proportions*

size in um Pd Cu Sb As Total Pd Sb As
1 ngB** 120x280 71.6 n.d. 25.9 2.9 100.4 8.03 2.54 0.46 (1)
2 gr.GB¥* 71.4 n.d, 25.9 2.9 100.2 8.01 2.54 0.46 {(2)
3 gr.6Rw 72.5 <0.1 25.0 2,8 100.3 8.42 2,54 0.46 (3)
4 gr.7, 80x220 71.7 n.d, 25.9 2.9 100.5 8.04 2.54 0.46 (1)
[ 73.0 <0.1 25.0 2.8 100.8 8.48 2,54 0.46 (3)

*sum of Sb+As = 3.00, **grain z-rayed, n.d. = not detected

**fDetaﬂed data given to Smithsonian Institution

(1) x-ray lines and standards used: Pdla, Sbhla (synth.sz gsbls
AsKe  (synth, PdS.OAslAQSb.S'l) CuKa (synth. Pd, 850U 1555 o)

(2) x-ray 1ines and standards used: PdLa, SbLa (synth. Pd Sb
AsKa (synth.PdS.oAsL,‘ng.s]).

(3) Desborough et aZ. (1973)%*

3)

metric Pds(Sb,As); rather than having the more
general formula of (Pd,Cu)s++(Sb,As).-» pro-
posed earlier.

The x-ray diffraction pattern (Table 7) of
grain 6B has been indexed on a rhombohedral
cell with hexagonal axes of ¢ = 7.546(2), ¢ =
43.18(1)A. This unit cell was determined by
single-crystal precession photographs of a frag-
ment of grain 6B and was confirmed in a more
comprehensive x-ray structure investigation
currently in progress. This unit cell may be
related to the earlier proposal of Desborough
et al. (1973) that the mineral was pseudohexa-
gonal, possibly monoclinic, with pseudohexa-
gonal @ = 15.04, ¢ = 22.41A by the relation-
ship @’ = 24 and ¢’ = Y5¢. The density of mer-
tieite II was calculated using our hexagonal
parameters and an idealized Sb:As ratio of 5:1,
indicated from the structure studies, which sug-
gest a special position for the As atoms. This
density, based on Z = 12, is 11.2 g/cm®.

SYNTHESIS EXPERIMENTS

Synthesis experiments had to be performed
because of the complexity of the minerals en-
countered in this study, as well as the necessity
of having synthetic standards of similar compo-
sitions for x-ray and electron probe standards.
Limited experiments were made by reacting
high-purity elements in evacuated silica-glass
tubes. The charges were examined periodically
and the contents were subjected to various grind-
ing, pelletizing and annealing operations. It was
also discovered that phase relations in the
Pb-Sb system were not known sufficiently well
and there were even less published data on the
Pd-As-Sb system.

The Pd-Shb system

The Pd-Sb phase diagram reviewed by Han-
sen & Anderko (1958) contains the following
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phases: (Pd,Sb) solid solution, PdsSb, Pd:Sbs
(stable between 550 and 845°C), PdSb, PdSb.
and Sb. Pratt et al. (1968) extended the (Pd,Sb)
solid-solution field to 17 at. % Sb with no tem-
perature dependence at 800-1000°C. El-Boragy
et al. (1970) reported the presence of PdsSbe
(P6scm with @ = 7.60s, ¢ = 13.86;4), and a
structurally related phase Pds.+Sba- (@ = 7.6us,
¢ = 42.3,A) but no mention was made of PdsSb,
reported earlier by Schubert er al. (1953). El-
Boragy & Schubert (1971) presented new data
on the system between Pd:Sb and Pd:Sb. at 500
to 800°C. Four phases were reported, each with
a solid-solution field: Pds;Sb, PdsSbs;, Pds:Sba-,
and Pd:Sbs. They stated that the structures of
both PdsSbs and Pds.Sb.- are unique, but that
both structures are related to that of PdsSb..

A few syntheses were made at 600 and 700°C
between 25 and 40 at. % Sb. At 700°C PdsSb
is not stoichiometric, the composition being
nearer to Pd:sSb. PdsSb; and Pd:Sb. were syn-
thesized as homogeneous phases at 700°C,
PdsSbs was indexed as rhombohedral with hexa-
gonal axes of ¢ = 7.60(1), and ¢ = 42.904(1)A
(Table 7), in good agreement with the cell di-
mensions of El-Boragy & Schubert (1971): a =
7.57,, ¢ = 42.80,A. The calculated density of
PdsSbs is 11.29 g/cm® using our cell dimensions
with Z = 12. Attempts to synthesize PdsSbs at
700 and 600°C, and at 700°C for other closely-
related composititons, were not successful in
that two- and three-phase assemblages were ob-
tained. Electron probe analysis suggested that
one of these phases may have a stoichiometry
close to Pd,Sbs but this area of study was not
pursued further.

The Pd-As system

Saini et al. (1964a) reported intermediate
phases in the Pd-As system: PdAs;, Pd:As (a
and B), PdsAs;, PdswAs, Pd:As, and PdsAs.
Their data are similar to those of Raub & Webb
(1963) except for a reported Pd,As phase which
may be PdsAs or the PdsAs reported by El-
Boragy & Schubert (1971). The polytyplsm re-
ported by Saini ef al. (1964b) for PdsASz is dis-
cussed below.

We have successfully synthesized homogene-
ous single phases for the following composi-
tions: PdsAs, PdsAs; (the Pd:eAs above),
Pds;As:, and Pd:As,

The Pd-As-Sb system

There are very little data in the literature on
this ternary system. Furuseth et al. (1967) re-
ported a complete solid-solution between PdAs.
and PdSb. at 600°C. Desborough et al. (1973)
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made some preliminary synthesis experiments
but these produced results which were either too
finely crystalline or too inhomogeneous for
single-crystal x-ray diffraction studies,

We have limited our experiments in the ter-
nary system to a series of five compositions
along the Pds;As: - PdsSb,; join, shown as trian-
gles in Figure 7. The charges were prepared by
combining weighed quantities of previously-
synthesized Pd:;As: and PdsSb, in silica tubes
which were evacuated, sealed and heated at
710°C. Table 9 gives the elemental weighed
amounts for PdsAs. and Pd;Sb, and the weighed
quantities of PdsAs, and PdsSb: for the five
compositions, as well as their respective atomic
proportions. The charges were quenched, ground
and pelletized and re-annealed after periods of
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4, 65, and 56 days. A final annealing period of
two years and four months completed these ex-
periments, The charges were examined by ore
microscopy, electron probe, and x-ray diffrac-
tion. Single-phase homogeneous products were
obtained for PdsAsi«Sbosi and for PdsSbyes
Asgoe. The intermediate compositions, however,
consisted principally of large homogeneous
grains with compositions near the bulk compo-
sition of the weighed-in components, but with a
few intergranular areas containing a fine-
grained multiphase mixture which must have
been liquid at the annealing temperature. These
intergranular areas were analyzed and their
approximate bulk compositions are plotted  as
an x in Figure 7 with a dotted line leading to
the bulk composition of the initial charge.

Pd (or Pd, Pt,Au,Ag,Cu,Hg,Pb,Rh)

Y
¢
\
o
\

{Pd,Sb)s.s.

O
b

MERTIEITE IL - |
PdgAs MERTIEITE TI-2
(Pd3n’o.4)A8
PazAs VINCENTITE ofm-as
STILLWATERITE PdgAes. [ MERTIEITE INyo, N;68l/ /\ Pd2eSb _— UNNAMED PdgSby
s A & STIBIOPALLADINITE -1
[o C—A °,A -.AOA Y]
+ UNNAMED PdgAsy " A peNopALLABINTE > Soniony ITEPd sb, STIBIOPALLADINITE -2
PdpAs—5 c e S
DE -1 7/ STIBIOPALLADINITE -3
PALLADOARSENIDE -1 -,
PALLADOARSENIDE -2
SUDBURYITE
J

ATOM PER CENT

Sb(or Sb,Te,Sn,Bi)

Fi16. 7. The palladium-rich part of the Pd-As-Sb composition diagram. Squares refer to known synthe-
tic compounds in the Pd-As and Pd-Sb binaries, and triangles represent bulk compositions of syn-
theses at 710°C in this study. Dashed lines extending from three triangles represent (at the cross) the
analyzed composition of the minor phase(s), interpreted as being liquid at 710°C, which were used
to estimate the extent of the liquid field at that temperature. The (Pd,Sb) and stillwaterite solid-
solution fields are shown as hatching. Compositions of all natural phases (except stillwaterite) are
indjcated by circles: (Pd;Pb,4)As (Genkin 1968); unnamed Pd;As,, palladoarsenide-2, mertieite II-2,

‘ (this study); arsenopalladinite, stibiopalladinite-2, isomertieite (Clark ez ol. 1974); unnamed Pd,Sbs
(Cabri & Laflamme 1974); merticite II-1, stibiopalladinite-1 (Desborough et al. 1973); vincentite II
(Stumpfl & Tarkian 1974); In-39, N-375, and N-681 are “mertieites” of Razin & Dubakina (1974);
stibiopalladinite-3 (Tarkian & Stumpfl 1975). The minerals of Yu et al. (1974), discussed with

Pd;As, are not shown in this Figure.
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TABLE 9. COMPOSITIONS AND CRYSTALLOGRAPHY OF QUENCHED PHASES SYNTHESIZED AT 710°C ALONG THE PdsAs,-PdsSbpJOIN

weight per cent atomic proportions diffraction sub-cell dimensions A

PdsAs, PdsSby Pd As Sb Pd As Sb symbol a=a’ e' n¥
100.0 - 78.03 21.07 - 5.00 2.00 - - 7.318(1) 13.762(1) ?
72.0 28.0 75.39 15.82 8.79 5.00 1.49 0.51 P6/*ex 7.385(2) 13.793(6) 3-
46.8 53.2 73.01 10.28  16.7 5.00 1.00 1.00 P6/ s 7.468(2) 13.916(4) 3
27.4 72.6 71.18 6.01 22.81 5.00 0.60 1.40 Rose 7.531{3) 14.075(6) 6
17.4 82.6 70.24 3.81 25.95 5.00 0.39 1.61 P6/wcw 7.556(1) 13.99 (1) 9

2.6 97.4 68.85 0.57 30.58 5.00 0.06 1.94 P6/%cw 7.595(1) 13.880(4) 1

- 100.0 68.60 - 31.40 5.00 2.00 - 7.603(1) 13.853(4) 1

+ True ¢ = nxe'

These results are interpreted as indicating
that, at 710°C, the liquid field in the Pd-As
binary extends into the Pd-As-Sb ternmary. The
presence of quenched liquid in the three charges
with intermediate compositions may have re-
sulted either from a deviation from 5:2 stoichio-
metry or from weighing errors in the synthesis
of the original As and Sb end members.

The large homogeneous grains in the five syn-
thetic products along the Pds:As--PdsSbs; join
gave sharp x-ray diffraction patterns which were
studied by the precession method, using MoK
and CuKe radiations. The good diffraction
charecteristics of these grains are thought to be
the result of the 28-month annealing period at
710°C. The c-dimensions and extinction condi-
tions were determined in some cases with the
aid of enlarged photographic prints of single-
crystal films. The cell parameters obtained by
the single-crystal method were refined using the
powder diffraction data, The results are listed
in Table 9.

PdsAs;.4eSbo.s1, Pd;AsSb, Pds;Aso.sSbier and
PdsAso.ceSbi.es show the same diffraction aspect,
P6/*c*, corresponding to space groups P6s/
mcm, P6scm or P6c2, whereas PdsAse.sSbis is

R** corresponding to R3m, R3m or R32. The
extinction conditions for PdsAs: were not de-
termined due to the poor crystallinity of the
synthetic phase, which had not been subjected
to the long annealing period of the intermediate
compositions. All the phases, however, possess
a common sub-cell with @’~7.4, ¢/~13.94, and
a more pronounced sub-cell with &”=%¢/, "=
Y., similar to those of PdsAs. reported by
Saini ef al. (1964b). The true cells have a=d’
and c=nXc as shown in Table 9. Saini et al.
(1964b) reported that PdsAs, showed polytypism
with @=7.31(1) and c-values of 10.34, 13.70,
27.48 and 96.2A, corresponding to a basic re-
peat distance of 3.43A along the c-axis. The
c-dimensions observed in the present study can
also be expressed in terms of ~3.5A. The cell
dimensions generally increase with increasing
Sb content in the structure, varying from &=
7.32 and ¢'=13.76A for PdsAs, to &’=7.60 and
¢’=13.85A for Pd.Sb., except that the ¢’-dimen-

sion of PdsAseeSbie, which has rhombohedral
symmetry, is somewhat larger.

The close relationships of these phases are
apparent in their x-ray powder-diffraction pat-
terns. The powder-diffraction patterns of PdsAss
are poorly defined but are essentially similar to
those given by Saini et al. (1964b). The powder
data for PdsAso.ceSbie are similar to those of
Pd;Sb: and the latter confirm the results given
by El-Boragy et al. (1970). The powder data for
PdsAsSb and PdsAsi.«Sbos: are similar to each
other, whereas those of PdsAso.eSbss are differ-
ent, especially in d-values less than 1.4A. The
strong lines with similar d-values for all five
intermediate phases can be indexed with the
same indices using the common sub-cell (d/, ¢’),
except for a few lines in the PdsAsosSbus pat-
tern due to the different symmetry.

The products heated at 710°C, after grinding,
were subsequently annealed at 325°C. These
annealed and quenched products gave different
x-ray powder patterns to those of the corres-.
ponding 710°C products, indicating some changes
had taken place and that this system is even
more complex at lower temperatures.

DISCUSSION

Minerals reported in the literature, as well
as those found in this study, which belong to
the Pd-As-Sb system, have been plotted in Fig-
ure 7 together with some synthetic composi-
tions. Minor quantities of Pt, Au, Ag, Cu, Hg,
Rh and/or Pb, when present, have been cal-
culated as Pd and minor quantities of Te, Sn,
and/or Bi have been calculated as Sb. Inspec-
tion of Figure 7 reveals a considerable number
of minerals, not all of which have clearly iden-
tifiable synthetic equivalents. A statement of
our understanding, at present, of each of these
minerals and synthetic pbases is pertinent.

PdsAs and (Pd,Sb) s.s.

These phases are not known as -mineral spe-
cies. :
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(Pd:Pbos)As

An incompletely characterized mineral re-
ported by Genkin (1968) which may be related
to PdsAs, or to vincentite of Stumpfl & Tarkian
(1974), or to some of the (Pd,Pb)s(As,Te,Bi)
minerals reported by Kovalenker et al. (1972).

PdsAs

A phase well-known in the synthetic Pd-As
system for which tetragonal symmetry has been
reported (Saini et al. 1964a), but for which no
mineralogical equivalent has yet been clearly
identified. Yu et al. (1974), however, have de-
scribed Pd:As and Pds(As,Sb) from mafic-ultra-
mafic rocks in China. They proposed the name
guanglinite for PdsAs and reported the mineral
to have orthorhombic symmetry though their
powder data are closely related to synthetic
tetragonal PdsAs.

Stillwaterite

Ideal end-member PdsAs; and equivalent to
synthetic PdsAss which may contain minor
quantities of Sb, Te, Sn, Bi to the extent shown
in Figure 7. The individual stillwaterite analyses
are plotted on a more expanded scale in Figure
8. The small deviations from the 8:3 stoichio-
metry (cf. also Table 2) are considered to be
largely analytical.

Pd:(As,Sb)=8:3

Pd: (As,Sb) = 5:2
37.\

F16. 8. A more detailed area of the Pd-As-Sb com-
position diagram (Fig. 7) showing individual
stillwaterite analyses (black circles) with respect
to the line defining 8:3 stoichiometry. The
straight ‘line from the word STILLWATERITE
locates the average value for the 13 analyses and
(2) refers to two grains with identical analyses.
Also shown are the locations of the analyses
{(black triangles) of the unnamed Pd;As, and of
palladoarsenide-2 (open ftriangle), both of this
study. The other minerals plotted are from
analyses reported in the literature.as ‘detailed in
the legend for Fig. 7.
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Unnamed Pd:As:

The unnamed Pd;As: phase may be consid-
ered a new mineral, It is felt, however, that this
mineral should not be named until type arseng-
palladinite has been re-examined. The fact that
syntheses of Pds;As. did not produce single crys-
tals, but a phase whose x-ray diffraction pattern
may be indexed as hexagonal (in contrast to
the orthorhombic symmetry of the mineral), is
not unique because several minerals have yet
to be synthesized or have polymorphs which
have not been synthesized.

Palladoarsenide

Palladoarsenide is equivalent to the low-tem-
perature polymorph of synthetic Pd.As as
originally defined by Begizov et al. (1974). The
very slight deviations from the 2:1 stoichiome-
try in the original analyses, as well as in ours,
may be due to analytical errors.

Arsenopalladinite

Arsenopalladinite was redefined by Clark es
al. (1974) as Pds(As,Sb); and triclinic with ¢ =
7.399, b = 14.063, ¢ = 7.352A, o = 92°0%,
B = 118°57, y = 95°54’. Thirteen grains were
analyzed with the results reported as the mean
values and range. Though the mean value is
very close to the 5:2 stoichiometry (Fig. 8), it
is not possible to ascertain the exact range for
the individual analyses from the published data.
If one takes the maximum Pd with the minimum
Cu, As, and Sb values reported, the resulting
hypothetical analysis is more Pd-rich than
stillwaterite, suggesting either an overlap with
the 8:3 stoichiometry or the possibility that
some analyses represent hard-to-detect two-
phase intergrowths, The lack of a published
powder pattern because of the poor x-ray dif-
fraction characteristics of the mineral also
makes further comparison to stillwaterite im-
possible at this time. This comparison may be
possible on completion of a re-examination of
arsenopalladinite (A. M. Clark, personal comm.,
1975),

Isomertieite

The new mineral isomertieite was described
by Clark et al. (1974). as (Pd,Cu)s(Sb,As). with
As = S§b, cubic, space group Fd3m, a =
12.283(1) A. However, the mineral was weakly-
anisotropic in reflected light, only one grain
being isotropic. The synthetic compound whose
composition is close to that of isomerticite in
Figure 7 is strongly anisotropic under reflected
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light. The average composition of isomertieite
from published data is plotted in Figure 8; the
composition appears to lie between a 5:2 and
an 8:3 stoichiometry.

Mertieite

The new mineral mertieite was described by
Desborough et al. (1973) as occurring in two
compositional groups (Group I and Group II),
with a best approximation for the mertieite for-
mula being (Pd,Cu)s+4(Sb,As):-» Where x =
0.1-0.2. They suggested that mertieite is pseudo-
hexagonal, possibly monoclinic, with pseudo-
hexagonal @ = 15.04, ¢ = 22.41A. The average
analyses reported for merticite I and mertieite
II are plotted in Figure 7, whereas the very
small differences obtained by our re-analysis
of mertieite II (cf. Table 8) suggest an 8:3 stoi-
chiometry, The completion of a crystal-structure
analysis of mertieite II, currently underway in
our laboratories, should provide additional in-
formation on the mineral.

Razin & Dubakina (1974) reported an anal-
ysis of mertieite from Ingali (In-39) to which

{Pd,Pt)3As0.5Sbo.5

VINCENTITE I[v

of Gompositions, for, Vigentite os Defined As: (Sb, Te) = 1:
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they assigned an ideal formula (Pd,Cu)sse
(Sb,As), and two analyses of mertieite from
Noril'sk (N-735 and N-681), for which the
ideal formula (Pd,Ag)s-s(Sb,As). was proposed.
These analyses are shown on Figure 7 and they
do, indeed, lie in two groups. The Ingali min-
eral is nearer mertieite I whereas the two
Noril’sk minerals appear to have stoichiometries
closer to 5:2 than the 8:3 of mertieite II. If
the Noril’sk minerals have, indeed, a 5:2 stoi-
chiometry, their relationship to stibiopalladi-
nite, rather than to mertieite II, should be care-
fully evaluated. Razin & Dubakina (1974)
pointed out the similarity of x-ray powder dif-
fraction patterns of their mertieite samples to
those of Desborough et al. (1973) and to stibio-
palladinite, It is most important, therefore, that
a re-examination be made by single-crystal
methods.

Vincentite

Vincentite was described as a new mineral
by Stumpfl & Tarkian (1974) with a proposed
general formula of (Pd,Pt):(As,Sb,Te) and the

ATOM %

c()l’dzg?b.o*!.grﬁ&.;zai@) No.2

\

o(Pdehog)A‘ﬁ(Te.mBi.o‘) No. |
\ \{Pdzc0)hoa(TeaeBlos) No.3
{Pd, Ptz Asg5Teo s

PVINCENTITE 1

g
As=Sb=Te

(Pd.Pt)ng (Pd, Pt)sTe

Fic. 9. Some minerals reported in the (Pd,P1)s Sb—(Pd,Pt);Te—@Pd,Pt)s:As composition  diagram,
Analyses No. 1, 2 & 3 refer to the (Pd,Pb)s(As,Te,Bi) _mineral reported by Kovalenker et al. (1972).
Vincentite I and II represent the two analyses reported by Stumpfl'& Tarkian (1974). Oni this diagram
(Pd,Pb);As of Genkin (1968) “would lic on the apex of the triangle. ’ i .
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specific compositional requirements that Pd >
Pt and that As:(Sb+Te)= 1:1. This proposed
compositional range requires that the name
vincentite be applied to minerals with com-
positions between (and including) the end-mem-
bers (Pd,Pt)sAsosSbos to (Pd,Pt)sAsesTeos as
shown in Figure 9. The proposed compositional
range for vincentite js rather unusual as it repre-
sents a presumed solid-solution series, each end-
member of which lies at the mid-point of sys-
tems whose own phase relations are unknown.
One of the two published vincentite analyses
(referred to here as vincentite II) may also be
plotted on a Pd-As-Sb diagram by substituting
Te for Sb (Figure 7) where it lies between mer-
tieite II and mertieite (In-39). Fleischer (1974)
has noted that vincentite needs further study,
especially single-crystal work and synthesis.

Stibiopalladinite

Stibiopalladinite was formerly thought to be
PdsSb, but recent analyses (Desborough et al.
1973 and Clark et al. 1974) on material from
the Potgietersrust district of South Africa sug-
gest a stoichiometry closer to PdsSb.. The aver-
age values obtained from seven and six grains
by these authors, respectively, are plotted in
Figure 7. Neither analysis is precisely PdsSb.,
and both lic between PdsSb; and PdsSbs,. El-
Boragy et al. (1970) reported another phase.
Pds.Sb.-, structurally related to PdsSbs, but still
considered a unique phase in the Pd-Sb system.,
El-Boragy & Schubert (1971) detailed the boun-
daries of the solid-solution field of this phase
between 500 and 800°C. Tarkian & Stumpfl
(1975) reported a stibiopalladinite analysis from
the Driekop mine which is more As-rich and
plots slightly under the Pd;Sbe-Pd:As: line in
Figure 7. We have recalculated their analysis
(from their Table 8) as (Pd..esCl.16Pt.os)s=4.00
Sbis:Asas. It is therefore essential that type
stibiopalladinite be re-examined in great detail,
preferably by re-analysis with good synthetic
standards whose compositions are close to that
of the mineral, as well as by a detailed x-ray
analysis, especially by single-crystal methods.
The latter is most important because, as dis-
cussed by Razin & Dubakina (1974), stibio-
palladinite is also structurally related to “mer-
tieite” and to a mineral described as Pdsi.

(Sn,As,Sb)s.

Unnamed PdsShs

The close similarity of the powder patterns
and unit cells of mertieite I, synthetic PdsShs,
and unnamed Pd.Sb: (Table 7) strongly suggest
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that all these have the same structure. Some
differences in intensities for certain reflections
among the three patterns may be due either to
the effects of As substitution for Sb, or to Sys-
tematic intensity errors because of incomplete
powder diffraction by the Gandolfi camera.
Should further work confirm the suggested
structural similarity, re-definition of mertieite II
will be necessary together with PdsSbs as ideal
end-member. It would also be helpful if mer-
tieite I were re-examined in the light of these
new findings.

Unknown (Pd,Cu,As) mineral

This mineral is too poorly characterized to
warrant showing its location in the Pd-As-Sb
composition diagram.
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