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ABSTRACT

Microprobe analyses of two grains gave Pt
5344, Pd 28.28, Sn 17.70, sum 99.43, and Pt
43.74, Pd 38.35, Sn 18.65, sum 100.75 wt. %.
These COrI'eSpOﬂd to Pto.ses Pdo,ase Sno,zu (palladian
l'llstenbln‘gite) and Pdo,4ss Pto.s02 Sno,zm (platinian ato-
kite) respectively. Experimental work done by the
authors on the platinum-palladium-tin ternary sys-
tem delineates the rustenburgite-atokite field and
indicates a limited solid-solution field that allows
a deviation from the ideal stoichiometry of (Pt,
Pd),;Sn. Both natural grains fall very close to, but
slightly outside, this experimentally determined
solid-solution boundary, probably owing to pres-
sure/temperature differences between natural and
experimental conditions. The name rustenburgite is
proposed for the platinum end-member and atokite
for the palladium end-member.

X-ray study shows the minerals to be face cen-
tered cubic (disordered as a result of strain) with
probable space group Fm3m. Z = 4, Gy = 15.08
(palladian rustenburgite) and 14.19 (platinian ato-
kite). a (for both grains, within experimental error)
= 3.991A. The strongest lines are 2.295 (10} (111),
1.408(9) (220), 1.202(10) (311), 0.9153(9) (422). Syn-
thetic material has the ordered, Pm3m structure.

The minerals occur in concentrates from the
Rustenburg and Atok Platinum mines in the Bush-
veld Igneous Complex, South Africa. Colour light
cream in polished section; slightly anisotropic due
to strain; reflectance varies between 59.2 and 65.1
in air at 546nm. VHN,; = 365 (palladian rusten-
burgite) and 357 (platinian atokite).

The rustenburgite-atokite series is related to the
mineral zvyagintsevite, which is the lead-rich equi-
valent of atokite.

INTRODUCTION

During the examination of concentrates of
some platinum telluride minerals from the Me-
rensky Reef, Bushveld Igneous Complex, South
Africa, two new platinum-palladium-tin min-
erals were discovered. The one mineral, (Pt,Pd):
Sn with Pt>Pd, is named after the Rustenburg
Platinum Mine, and the other, (Pd,Pt);Sn with
Pd>Pt, after tthe Atok Platinum Mine, (some

*Present address: 552 W. University Parkway,
Baltimore, Md. 21210, US.A.

30 miles SE of Pietersburg), both mines exploit-
ing the Merensky Reef. The names rustenburgite
and atokite have been approved by the Commis-
sion on New Minerals and Mineral Names,
I.M.A. The minerals are scarce; only two small
grains (~100 micron diameter) among several
so far encountered were of sufficient size to
permit quantitative investigation.

In order to characterise these minerals, the Pt-
Pd-Sn ternary system was investigated and part
of the equilibrium diagram constructed.

Tue Pt-Pd-Sn TERNARY SYSTEM

No information on the ternary phase rela-
tionships among these elements is available
from the literature. The Pt-Sn and Pd-Sn binary
diagrams were described by several investigators
— Hansen (1958), Nowotny et al. (1946), Schu-
bert et al. (1959), Schubert & Jahn (1949), Schu-
bert & Pfisterer (1949) and Knight & Rhys
(1959) — and the existence of the Pt.Sn and
Pd:Sn compounds noted by them. However,
whether a stable field existed between these two
end-members, and the relationship between this
possible field and the Pt-Pd-Sn solid-solution
field, were uncertain,

With this in mind, Specpure platinum, palla-
dium, and tin were weighed out in the propor-
tions shown in Table 1, sealed in evacuated si-
lica tubes, and heated in an oxy-acetylene flame
close to the softening point of silica. The sealed
tubes were then annealed in a furnace from
a maximum temperature of 1100°C according

TABLE 1. COMPOSITIONS OF BEADS Ugl'IZRGTRRMDELINEATE THE Pt-Pd-Sn TERNARY

Calculated composi-  Final wt.
tion (at. proportion) of bead

T TotaT PE P Sn after

Bead Amount used
ne. {grams)

Pt Bd

anneal in

0,344 0.367
0.298 0.301
0,487 0.431

0.14450 0
]
0.
0.654 0.
Y
0

0.13915
0.15435
0,13170
0.17090
0.15930
0.17170

0.03795 0.

0.03230 0.04810
0.04700
0.07270
0.01810
0.06110
0.00970
0.00920
0.05765
0.05960
0.01070
0.02140
16 0.06360 0.04725
17 0.08860 0.04250

2 0.06895 .308  0.145005
3 0.05875 1

5 0.09735

]
7 0.169
9 0.448
0.090
0.108
0.536
0.550
0.098
0,196 0.230
0.437 0.242
0.399 0.148

11 0,12220
12 0.03585
13 0.04020

0.
0.14010

0.14005 0.32) '
0.14870

0.14870 0.453
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to the coolingcurve-shown in Figure 1. The
beads formed were used in the preparation of
polished sections. Optical investigation showed
most beads to consist of two. phases, some of
only one phase, and one bead of three phases.
Al the- phases present- were analyzed with an
ARL EMX electron: microprobe,- the = single-
phase beads. 13 and 16 being used as standards.
The resulting ternary phase diagram is shown
in Figure 2, Beads falling in the tin-rich portion
of the diagram (numbers 4, 8, 18, and 19) were
not equilibrated even after prolonged annealing,
and this portion of the diagram is therefore not
shown.

The existence of a PtsSn-Pd.Sn field, separated
by miscibility gaps from the Pt-Pd-Sn solid-solu-
tion field and from the paolovite (Pd.Sn) and
niggliite (PtSn) fields is clearly established, The
Pt;Sn-Pd,Sn field is arbitrarily divided into four:
PtsSn to PtessPdesSn is called rustenburgite,
Pto2sPdossSn to Pt sPdisSn is palladian rusten-
burgite, Pt;.sPd:.sSn to Pto.ssPd.2sSn is platinian
atokite, and Pto.sPd.2sSn to Pd.Sn is atokite.
These compounds can deviate from ideal stoi-
chiometry by a few atomic per cent tin, as
shown in Figure 2.

PROPERTIES OF THE NATURAL MINERALS

Physical properties

Under the microscope, both palladian rusten-
burgite and platinian atokite are light cream in
colour and have high reflectance. No bireflec-
tion could be observed. However, on a Leitz
MPV photometer birereflection was revealed.
Slight anisotropism was observed in both, and
is slightly more distinct in oil.

A WC-standard, purchased from Carl Zeiss
in Gottingen and calibrated by that firm, was
used for the determination of reflectances of
the two minerals studied. The microhardness of
each was measured with a Leitz ‘Miniload’
Vickers hardness tester, using a weight of 25
grams and a single indent on each grain. The
results of the above are listed in Table 2.

The grains were too small for density deter-
mination, but the calculated densities for the
compositions found are 15.08 g/cc for the pal-
ladian rustenburgite and 14.19 for the platinian
atokite, using the constants proposed by Schlecht
(1944).

TABLE 2. REFLECTANCE AND MICROHARDNESS MEASUREMENTS

HMinersl Reflectance Wicro-
m nm i nm  hardness
Palladian  Min. Max. Min. Max. Min, Max. Min. Max. VHNpg

rustenburgite 55.6 56.8 59.3 60.3 59.9 60.9 61.2 62.1 365

Platinian
atokite 57.4 60.8 59.2 65.1 60.4 63.5 62.2 65.8 357
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Fic. 1. Cooling curve showing heat treatment of
Pt-Pd-Sn beads.

Chemical compositions

The following standards were used during the
electron microprobe analysis of the two grains:
for Pt and Pd, a synthetically prepared plati-
num-palladium-bismuth telluride, and for Sn
the pure metal. The excitation voltage was 25kV
and the sample current 0.02uA. Pulse-height
discrimination was used, and the raw data were-
corrected by means of a computer program de-
vised by Beeson (1969). The results are listed
in Table 3, and show one grain to be palladian
rustenburgite and the other platinian atokite.
Both grains fall very close to, but slightly out-
side, the experimentally determined boundary,
probably because of pressure/temperature dif-
ferences between natural and experimental con-
ditions.

X-ray study

Powder diffraction photographs were prepared
by means of a 114.6mm Gandolfi camera. The
unit cells were determined from Nelson-Riley

TABLE 3. ELECTRON MICROPROBE ANALYSES OF PALLADIAN RUSTENBURGITE AND
PLATINIAN ATOKITE

Palladian rustenburgite

Platinian atokite

Raw data Corrected Atomic Raw data Corrected Atomic
wt % wt % prop. wt % wtv % prop.
Pt 57.08 53.44 0.398 45.58 43'{7‘}" 0302
Pd 27.34 28.28 0.38 38.33 383504486
12,51 17.70 0.217 12.96 18.65 0.212
Total 99.42 100.74
Formula: (Pt,Pd)4Sng gq (N,Pt)QSno.m
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Fic. 2. Ternary diagram showing phase relationships in the Pt, Pd-rich portion of the Pt-Pd-Sn system,

at room temperature. (Atom %).

plots and agree within experimental error. Only
one set of d-values and one unit-cell value is
therefore given in Table 4, and it applies to both
our platinian atokite and palladian rustenburgite
grains, Two crystal faces were noted on the
one grain, shown to be the (100) faces after
orientation in a Weissenberg camera. The dif-
fraction spots were very diffuse, indicating that
the minerals were in a strained condition. This
is presumably due to physical damage acquired
during the lengthy physical beneficiation proce-
dures used in obtaining the concentrate. Because
of this condition, no unambiguous choice of

TABLE 4. z-RAY POWDER DATA FOR RUSTENBURGITE - ATOKITE SERIES, (Pt,Pd)asn

‘imeasR 'im:‘lcjl I/II

2.304 100 m
1.996 80 200

114.6mm Gandolfi camera,
Ni-filtered Cuxa radiation,

lTa nal s 2 x°1.5405, /1] visual.
1002 1203 L) Indexed with =3.991%,
0.9975 0.9978 20 400 space group  Fnm.
09153 0.9156 90 331

0.8922  0.8925 20

0.8145 0.8147 90 422

space group could be made, other than the pre-
sence of face-centering, that is, Fm3m. How-
ever, synthetic PtsSn and PdsSn both have the
ordered primitive CusAu Pm3m structure (No-
wotny et al. 1946; Schubert & Pfisterer 1949),
and it can therefore be assumed that the Sn in
rustenburgite-atokite, when these minerals are
in an unstrained state, is ordered. Physical
damage of these minerals presumably changes
the Pm3m to the Fm3m structure. It is also pos-
sible that the weak superstructure reflections
indicating ordering were just not visible on the
Gandolfi films., However, the Weissenberg pho-
tographs also provided no evidence for the
Pm3m space group in these strained grains.
The diffraction pattern of strained rusten-
burgite-atokite differs from that of the Pt-Pd-Sn
solid solution only quantitatively, i.e. in unit-cell
value, but giving similar spacings and intensities
for the diffraction lines. This does not imply that
the rustenburgite-atokite series is isostructural
with the Pt-Pd-Sn solid-solution, in which the
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tin is not ordered, but merely that the tin in the
former easily reverts to the disordered state, and
that the mineral grains have to be annealed for
a correct structure determination. Unfortunate-
ly, our grains were too small for this.

RELATED MINERALS

Previously described Pt-Pd-Sn minerals such
as paolovite, Pd:Sn, (Genkin et al. 1974), and
niggliite, PtSn, (Cabri & Harris 1972), contain
the same elements, but are not structurally re-
lated to rustenburgite or atokite. However, zvy-
agintsevite as described by Genkin et al. (1966)
and also by Cabri & Traill (1966) — see discus-
sion by J. A. Mandarino, Amer. Mineral., vol.
52, p. 1588 — seems to be the lead-bearing
equivalent of the atokite side of the rustenbur-
gite-atokite series. OQur proposed scheme illus-
trating this relationship is shown in Figure 3.
Whether a continuous transition from the lsad-
rich to the tin-rich portion is possible was not
experimentally determined. However, x-ray evi-
dence would suggest this to be possible as the
structures are the same. Furthermore, the zvy-
agintsevite described by Genkin et al. (1966)
and one of the minerals described by Razin &
Bykov (1971) contain both lead and tin.

The two unnamed minerals described by Ra-
zin & Bykov (1971), and referred to by Cabri
(1972) (see also discussion by L. J, Cabri, Amer.
Mineral., vol. 57, p. 596 & 597) as ‘unnamed
minerals S and R’, are without a doubt palladian
ru tenburgite and atokite respectively.

It would appear that rustenburgite, atokite,
and zvyagintsevite are closely related, and that
these minerals can contain, in addition to ma-
jor Pt, Pd, Sn, or Pb, minor amounts of any of
the following elements: Au, Ag, Rh, Cu, and
possibly also Fe and Ni, though the last two
are more doubtful. The positions of these related
minerals, as projected onto the (Pt,Pd)s(Sn,Pb)
plane of Figure 3, is indicated in Figure 4. We
thus have plotted two palladian rustenburgites,
a platinian atokite, an atokite, and two zvyagint-
sevites,

In conclusion, the proposal of Genkin er al.
(1969) that the name zvyagintsevite be reserved
for the compositions of (Pd,Pt)s(Pb,Sn), where
Pd>Pt and Pb>Sn, is supported. However,
when Pb<Sn, then the names rustenburgite or
atokite apply, depending on whether Pt > or
< Pd.
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tween zvyagintsevite, rustenburgite, and atokite.
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shown in Figure 3.
(1) Zvyagintsevite, Cabri & Traill (1966). (2)Zvy-
agintsevite, Genkin er al. (1966). (3) Unnamed
mineral, Razin & Bykov (1971). (4) Platinian ato-
kite, this paper. (5) Palladian rustenburgite, this
paper. (6) Unnamed mineral, Razin & Bykov
(1971).
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