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Science Establishment, Inc., and given specimen No. L949 in the Pinsh Mineralogical MuFerroan platinum and two different types of Ftseum. Strictly speaking, the sample was obtained
Fe{u-Ni alloys occur in a sample from tle former
from the former platinum mine in the hortonoOnverwacht mine, Transvaal. Alloy t has a comlite{unite body occurring on the farm Onverposition near PtFeo.rNt.r"Cuo.ro and is tetragonal,
wacht (No. 330). The specimenhad been obtained
P$/mmm, a 2.741(3J, c 3.6a4Q)4,, D(meas.) 14,3
g/cms, D(calc.) 15.80 g/cm8. It may represent a by Ward's from the collection of Mr. Aubrey
Horn of Nigeria. Initial work established that
copper- and nickel-rich variety of tetraferroplatinum.
the sample contained sperrylite, chromite, and
Should that bo the case, the unit cell of type tetrasilicates,but no native platinum could be found.
ferroplatinum from Mooihoek must be a 2.724(6),
The sample was remarkable in that it contained
c 3.702Q)4. A[oy I is especially characterized by
perfect {001} cleavage and is very sectile. Alloy 2
several clusters of a bright, highly reflecting,
has the composition (Pt,Pd) l.oaFeo.zgCuo.zeNio.zsSbo.ro
metallic silver-grey mineral as platelets up to
but its X-ray powder pattern could not be indexed.
about 2X2 mm. Examination of four thin platx
by the precessionmethod yielded a crystal with
SorvrrvrLnn
sufficiently sharp diffraction maxima to determine the symmetry, tetragonal with a 2.75, c
Du platine ferrifdre et deux types diff6rents d'alli3.624. A Gandolfi X-ray powder-diffraction
ages Pt-Fe-Cu-Ni ont 6t6 trouv6s dans un 6chantillon
pattern was indexed on that cell. Semi-quantitaprovenant de l'ancienne mine d'Onverwacht, au tive electron probe
analysesgave Pt, Fe, Ni and
Transvaal. Ic premier alliage, dont la compoeition
Cu
as
the
elements
major
but the total was only
est proche de PtFeo.rNio.25Cus.25,
-est quadratiquen abott 97Vo. Although thought to be a aer;yrninP4/mmm, a 2.741(3), c 3.644(3)4, D(mes.) 14.3,
D(calc.) 15.80. Cette composition pourrait repr6sen- eral further work was considered to be necessary prior to submissionto the IMA Commission
ter une vari6t6 de t6traferroplatine riche en cuivre
on New Minerals and Mineral Names. Before
et en nickel. En ce cas, la maille du t6traferroplathis was completed, horyever, the report of the
tine type- de Mooihoek dewait 6tre a 2.724(6), c
3.702(9)L. I-e premier alliage possdde deux carac- new mineral fulameenite (Cabrt et aI. 1973) led
tBres distlnctifs: il est trbs sectile et possdde un cliW. W. P. and A. R. to believe that their mineral
vage parfait {001}. I-€ deuxibme alliage r6ponil i
might be tulameenite becauseof the similarities
Toutes in powder patterns and general chemistry. The
la formule (Pt,Pd)1.0eF%.roCu0.2eNio.rosb0.ro.
les tentatives de d6pouillement de son diagramme
sample was sent to L. J. C. to determine whether
de poudre sont rest6es vaines.
the two minerals were identical. We concluded,
however, that this mineral is a varie8 of tetraferroBlatinum.
INrlopuctlox
ABSTRACT

In 1965, a specimen (*15X20X35 mm) labelled native platinum in matrix from Onver\racht, 330, Lydenburg district, Transvaal, was
purchased by W. W. P. from Ward's National

Tnr

ONwnwecHT PLATTNUMDEposrr

Wagner's (1929) account of the Onverwacht
deposit and its platinum tninerals is the most
recent except for the Genkin et al. (1,966) dis*Minerals ResearchProgram, ProcessingContribu- covery of the new sulfarsenide irarsite associated
with ruthenian hollingworthite, and for the brief
tion No. 34.
lCanadaCentrefor Mineral and Energy Technology' account of platinum-group minsllh by Ramdohr
(L969), Wagner stated that more than 60 sepa555 Booth Street,Ottawa, CanadaKIA 0G1
rate occurrences of hortono[te-dunite had been
lDepartment of Geology, Oberlin College, Oberlin' discovered in the lower pa.fr of the Norite Zone
Ohio 44074 U.SA.
of the Bushveld TgneousComplex in the Lyden382 KensingtonCourt, Rochester,New York 14612, burg and Rustenburg districts, but that only two
were worthy of exploitation - Onverwacht No.
U.SA.
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330 and Mooihoek No. 147. The nearby platinum-bearing Driekop deposit was considered by
Wagner to be a different type of deposit. Wagner described the hortonolite-dunite deposits as
folltrws: "In these, where platinum-bearing, tlat
metal occurs in pipe or parsnip-shaped segregations and smaller veins and lenses as a primary
constituent of hortonolite-dunite and rocks associated with it". Wagner also reported that, in
dunite deposits of the Lydenburg district, most
of the platinum was present in the metallic state
as nuggets, irregular grains, and well-formed
crystals predominantly of cubic habit and up
to 1 mm across.Pt-Fe alloys and sperrylite were
also reported to occur and the suggestion was
made tlat other platinum alloys should be present, especially below the water table. The platinum content of the Onverwacht hortonolitedunite ranged from nil to 65.65 ozlshort ton
and the orebody was referred to by Wagner as
"ama7)ng'o, Further details may be found in
Wagner's book.

readily visible in the silicate matri& the chromite
contains few scattered inclusions of silvery Pt
alloys. It may well be, as suggested by Genkin
et aI. (1966) for their Onvervacht sample, thar
this sample represents material from the 25O'
level where high Pt concentrations occurred at
the contact with tabular massesof chromite. The
Pt-alloy inclusions in the silicate portions rnay
be divided into two groups macroscopically: (1)
clusters of a very bright alloy with perfect cleavage and, (2) concentrations of a less bright alloy,
up to 4 mm, showing no visible cleavage.
The platinum-goup minerals found in the
specimen include Pt-Fe and Pt-Fe-Cu-Ni(Sb)
alloys, which are the subject of this paper, as
well as platarsite (Cabri et al, 1977a), genkinite
(Cabri et al. L977b), sperrylite, stibiopalladinite,
ruthenarsenite, rnertieite II, and some as yet
unidentified minerals. One Pt-Fe allov was determined to be ferroan platinum and the Pt-Fe-CuNi alloys may be classifiedinto two types on the
basis of their compositions and symmetry. These
alloys are desqribed separately.

Pnocnpunns

Pt-Fe alloys
Three grains of Pt-Fe alloy were analyzed
(Table 1, Nos. 9-11) from three different associations. Their compositions and minel eleslsnfs
are typical of Ft-Fe alloys from many worldwide localities (Cabri & Feather 1975; Toma &
Murphy 1977). Numbers 9 and 10 were included
in silicatesin contrast to No. 11 which occurred
as intercumulus material in chromite. No. 9 PtFe alloy appears as the rnatrix of a large complex grain (Fig. 1) containing intergrowths of
sperrylite and stibiopalladinite as well as apparently exsolved grains of a Ft-Fe{u-Ni-Sb alloy
(type2). No. 10Pt-Fe alloy (6ffix970pm) contains several lamellar inclusions of genkinite
(Fig. 2).No. 11 Pt-Fe alloy is inclusion-free and
l.c.c. with a 3.S48(3)A. It is, therefore, ferrodn
platinum.

Thin slices (L to 2 mm) were cut from the
sample with a 0.3 mm diamond wafering blade.
These slices and some of the cleavagefragments,
detached with tweezers and a scalpel, were
mounted in cold-settingplastic, polished on lead
laps, and studied by ore microscopy. Reflectivity
and micro-indentation hardness measursrnents
were made as described previously (Cabri et al.
I977a). Cleavage fragments, as well as grains
extracted from polished sections, were X-rayed
with Gandolfi cameras and, when possible, by
the precession method. Film-shrinkage corrections were applied and the unit-cell parameters
for the indexed powder patterns were refined by
the least-squares computer program PARAM
(Stewart et al, t972). Compositions were determined with a Materials Analysis Company model
4O0 electron probe at 25kV, a specimen current
of about 0.03 microamperes, and using as X-ray
lines and (standards): Ptlou FeKa, CuKa (synthetic .PtFeo.eacuo.re,
PtzFe, PtFeo.eqCtlo.so)
; Pdla,
NiKa, and SbZa '(pure metals). Corrections
were applied using a slightly modified version of
the EMPADR VII computer program of Rucklidge & Gasparrini (1969).
MrNsRAr-ocv oF THE Servrpr,r
About one-third of the sample consists of
chromite with the remainder being mainiy
coarse-grained, dark greenish brown silicates
with crystals up to about 4 mm. In contrast to
the abundant coarse inclusions of Pt alloys

Pt-Fe-Cu-Ni alloys - alloy I
The Pt-Fe-Cu-Ni alloys which typically show
perfect cleavagehave very similar compositions
(Table 1, Nos. l, 4-8) and plot in one area of
- (Pt Pd)Ni,
the @t,Pd)a(Fe,Sb)g-(trt,Pd)rCu,
composition diagram (Fig. 3). The six crystals
analyzed.were cleavage fragments detached from
the hand sample under a binocular microscope.
Though the compositions of all six crystals plot
in a group near the hypothetical composition
Ptr(FeNio.sCuo.r),
all are slightly Fe- and Ni-rich.
Ptg(FeNio.Cuo.s) plots midway between ideal
tulameenite (PtrFeCu) and hypothetical PtzFeNi.
X-ray powder data (Table 2) havp been
indexed on a tetragonal . cell, a 2,741(3), c
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3.6MG)4, as est4blishedfrom precession studies. The X-ray data correspond to space group
P4/ mmm, and for analysisNo. 4 D(calc.)=15.80
g/orts wrth Z=1.
In hand specimen the minelnl is bright, light
silver-grey. Reflectances in air on sections parallel t001) are: 470nm 61.3; 546nm 6I.3;
589nm 62.2; and 650nm 63.'OVo(av. of 2 and 3
meas. on grains reported as analyses 5 and 6
respectively). The mineral has one perfect
cleavage {O01} and is very sectile, making it
difficult to obtain an undeformed cleavage flake
for X-ray single-crystal studies. Micro-indentations (perpendicular t001)) were perfect, with
very faint parallel cracks which sometimes developed on one to three sides. VHNro was 552
(498-593) and 522 (498-553) as determined
from 6 and 5 measurementson grains reported
as analyses5 and 6, respectively. The mineral
has a very weak attraction to pure iron foil, bui
is strongly attracted by a hand magnet. The
measured density of 14.3 g,/cm3 (av. of 2 readings on a Berman balance) is low compared to
the salculated density, possibly due to inclusions
of genkinite which were observed in polished
basal sections.
Since Z=1, the nearest theoretical composition is PtFeo.aNio.sCuo.s.
The mineral is very
closely related to tulameenite in composition and
X-ray powder-diffraction pattern. fhe major difFrc. 1. Part of a Pt-Fo alloy grain (Anal. 9, Table ferences between X-ray powder-diffraction pat1), included in silicates,which contains Pt-Fe-Cu- terns of tulameenite and this mineral are the abNi alloy 2. Scatteredsubhedralcrystals of sperry- senceof the (013) and (113) lines in tulameelite (dark grey) are present in the Pt-Fe alloy.
nite and synthetic Pt,FeCu (Table 2 n Cabri et
Frc. 2. Pt-Fe alloy (Anal. No. 10, Table 1) with al. L973). These two lines, however, are present
on the X-ray powder-diffraction patterns of teoriented lamellae of genkinite.

TABLEI.

Anal.
No.
lqlloy r
'l*

77.9
4*
77.5
5
78.0
76,0
6
77.4
7'
I
78.1
Alloy 2
?t
74.9
Pt-Fealloyg
9
U,4
84.4
l0
86.1
l l**

ELECTRON
MICROPROBE
ANALYSES
OF Pt-Fe.Cu-NI-Sb ALLOYS

Atomlcpmport'lons
tFeSbNi

l,lelght percent
Pd

Fe

Sb

f,ll

loEl

0.06 10.4
0.09 10.6
0.ll 10.5
0.10 9,6
n.d. 10.4
0.06 10.6

1.2 5.9
1.8 5.9
1.8 5.7
2.7 6.0
1.6 5.4
1.5 5.4

4.4
4.0
4.0
5,3
4.5
4.0

0 . 2 4 6 .t

4.5

6.4

6.9

0.10 8.8
1.4 3.9
'10.3
0.25
0.96 2.0
0.ll 10.3 0.72 1.5

1.4
1.2
0.96

0.96
0.95
0,94
0.99
0.95
0.94

0.49
0.49
0.49
0.45
0.49
0.50

0.03
0.04
0.04
0.06
0.03
0.03

99.04 1.02 0.006 1.03

0.29

0.'10 0.29 0.29 0.97

100.00 2.50 0.005 2.51
99.il 2.55 0.01 2.56
99.69 2.62 0.006 2.63

0.91
1.08

0.07 0.38 0 . 1 3 1 . 4 9
f.it4
0.05 0.20 0.ll
nn?
nt5
0.09 1.37

I.04
r.04
1.05
l.0l
1.05
1.06

0.001
0.002
0.003
0.002
0.00
0.001

1 ln

0,26
0.26
0.25
0.26
0.24
0.?4

0.I8
0.16
0.'16
0.22
0.19
0.17

1.04
r.03
1.05
t.0l
t.05
I.06

99.86
99.89
1 0 0 .I1
99.70
99.3
99.66

tcrain X-rayed. * ferroan platlntel. t The atomlc proportlons are calculated on the basls of Z'l only for comparlson
fith Allo, l. os,Ir,Ru,Rhsoughtfor but not detected.
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Pt-Fe-Cu-Ni Auovs
(P^t,Pd)2
(Fe,Sb)2
(TETRAFERROPLATINUM)

AT.%
Pt2(FeNi

(TULAMEENITE
Pl2FeCu

Pt2 FeNi

t2(Fe..eCu... Ni."6)

(Pl,Pd)2Cu2

Pl2CuNi

( Pt,Pd)eNia

Frc. 3. Diagram showing compositions of Pt-Fe-Ni-Cu-Sb alloys. Formulae
shown for tetraferroplatinum are for the doubled contents of the cell.
Triangles refer to idealized compositions that are rrot know[ to exist
in synthetic or natural materials. Numbers 1-8 refer to analyses listed
in Table 1. M is the tetraferroplatinum from Mooihoek, Transvdal
(Cabri & Feather 1975).

traferroplatinum and syntletic PtFe (Table 5 in
Cabri & Feather 1,975).
Tetraferroplatinum reported by Cabri & Feather
is also plotted in Figure 3. In comparison, the
Pt-Fe-Ni-Cu alloy from Onverwacht seemsto be
a more copper- and nickel-rich variety of tetraferroplatinum. lf so, then tetraferroplatinum
should be consideredto also have a smaller unit
cell. Synthetic PtFe and the Mooihoek tetraferroplatinum were re-indexed on the smaller unit
cell and gave a 2.724(2), c 3.722G)4., and a
2.724(6), c 3.702(9)A*, respectively. The tulameenite pattern may also be satlsfactorily reindexed on the smaller unit cell, except possibly
for the 0.9$34 d-value, but there are no suppofting single-crystal data.
The most Cu-rich Pt-alloy analyzed in the
sample was considered to be a separate type.
Ilowever, this grain, whose bulk composition
plots near the center of Figure 3ornay be a mix*Except that the line at 1.0684, intensity Yz, cannot
be indexed on the smaller cell and may be extraneous.

ture of two or more alloys tlat cannot be distinguished optically under oil immersion with a
100x objective. Such complications suggestthat
more detailed work, especially synthetic, needs
to be done in the PtFe-PtCu-PtNi system.
Further discussion of this mixture is deferred
until the component parts are resolved.
Pt-Fe-Cu-Ni alloys - alloy 2
The large Pt-Fe alloy gxain (Anal. 9, Table
1) in silicates (Fig. 1) contains another alloy
which is grey and has lower reflectivity in
polished section. This grey mineral is also weakly to moderately anisotropic and its composition
is given in Table 1 as analysis No. 2. Reflectancesin air are 470nm 62.2,61.4;546nrn 6I.9,
61.4;589nm 63.0,62.4;and 650nm 63.L,62.67o
(mean of 4 meas.). Micro-indentations formed
a seriesof sub-parallel cracks on one side of the
imprint, and VHNso was 552 (536-566) for 5
measurements. This alloy has Fe=Cu=Ni in
atomic proportions and the relatively high Sb
content has been arbitrarily assigned to Fe for
plotting pu4)oses in Figure 3.
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TABLE2.
r

d*"a,
o

J.ozl

' 140

2,741
2.188
5 1.939
7 i.820
38 1.707
4
t.516
5
I.370
7 1.327
3 1.282

X-RAYPoWDER
DATAFoR Pt-Fe-Cu-Ni ALLoY I
hkL

dcalc

00 I
0t 0
0l 1

3.644
2,741
2.190
1.938
1.822
I.7ll
1.517
1.370
1.327
1.282

0
00 2
1 I
0 2
0 0
I
2
0
|
ll

J

dr"u,

'1| ,. 2
22
r 54
't.162
'I
'I . 1 1 0
.096
1.029
1.017
?R
0.9707
I B 0.9383
0.9148
5
5B 0 . 9 t 0 6
o
7
8
5B
6B

hkl'
I
0
',l
0
0
1
1
2
2
0
0

dcalc
0
3
1
3
2
3
2
0
'|

1.225
1.215
1.162
I.ll0
r.095
1.029
1.017
0.9691
0.9365
0.9137
0.9110

analyses,Mr. J. M. Stewart for the X-ray diffraction analyses,and Mr. P. Carridre for the
photomicrographs.
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