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AREA, ONTARIO*

by

Louis J. Cabri* and J.H. Gilles Laflamme**

ABSTRACT

Samples from the Lac des Iles area, Ontario, were
investigated as part of a study to determine the mineralogy and
distribution of the platinum-group elements from different areas
and rock types. The samples contain low~grade disseminated Cu-Ni
sulphides, with trace arsenides and sulpharsenides, all highly
variable from sample to sample. The principal minerals are
pentlandite, pyrite, chalcopyrite and pyrrhotite, but one sample
had no pyrrhotite and some had variable amounts of millerite (NiS).
Although chalcopyrife is the principal source of copper, nickel
is distributed among 13 opaque minerals, exclusive of the
platinum-group minerals; nevertheless, more than 95% of the nickel
is estimated to occur in pentlandite. The platinum-group minerals
in decreasing order of frequency are: braggite series [(Pd,Pt)S] >
kotulskite (PdTe) > isomertieite (Pdy AsySb,) > merenskyite
(PdTe,) > sperrylite (PtAsz) plus three other rarer minerals.
Palladium also occurs as a solid-solution in pentlandite, gold
and melonite (NiTe,). These findings, together with data on
mineral associations and size variations, should be helpful in
guiding more detailed miheralogical studies and beneficiation

tests.
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MINERALOGIE D'ECHANTILLONS DE LA
REGION DU LAC DES ILES, ONTARIOY

par

Louis J. Cabri* et J.H. Gilles Laflamme**

RESUME

Des échantillons provenant de la région du Lac des Iles
en Ontario furent examinés dans le cadre d'une &tude sur la
minéralogie et la distribution des &léments du groupe du platine |
provenant de différentes ré&gions et types de roches. Les é&chan-
tillons contiennent des disséminations appauvries de sulfures de
Cu-Ni avec des quantités minimes d'arséniures et de sulfoarséniures,
et varient fortement d'un &chantillon d l'autre. Les minéraux
principaux sont: pentlandite, pyrite, chalcopyrite et pyrrhotine,
sauf un échantillon oli la pyrrhotine ne s'est pas révélée, et
quelgques—-uns oli les quantité&s de millerite (NiS) &étaient variables.
Bien que la chalcopyrite soit la source principale de cuivre, le
nickel est distribué dans plus de 13 minéraux opaques, excluant
les miné&raux du groupe du platine; néanmoins, on a &valud 3 95%
la quantité de nickel provenant de la pentlandite. Les mindraux
du groupe du platine sont, par ordre décroissant en terme de
fréquence: série du braggite [(Pd,Pt)S] » kotulskite (PdTe) >
isomertieite (PdllAszsbz) > merenskyite (PdTez) > sperrylite (PtAsz)'
de méme que trois autres minéraux plus rares. Le palladium se
présente aussi en solution-solide dans la pentlandite, dans 1'or
et dans la melonite (NiTez). Ces découvertes en plus des données
sur les associations et variations granulom&triques de ses minéraux
devraient &tre trés utiles pour des éﬁudes minéralogiques et
minéralurgiques plus détaillées.

*Min&ralogiste et **technicien, Section de la minéralogie,
Laboratoire des sciences physiques, Laboratoires des sciences
minérales, 'CANMET, Minist®re de l'Energie, des Mines et des
Ressources, Ottawa, Canada.

TPfOQramme de recherche sur les minéraux, Contribution n° 117.
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INTRODUCTION

Samples from the Lac des Iles area, 80 km N of Thunder
Bay (Fig. 1), were received in 1974 and 1975 for mineralogical

study. These samples are of interest because of their content

of platinum~-group elements (PGE). Drill-indicated reserves of
35000 t/m (vertical) at a grade of 6.33 g PGE, 0.68 g Au, and
0.22% (Cu + Ni) were reported for one section (Anon., 1976)(1).

Results of the mineralogical investigations were presented orally

by Cabri and Laflamme(z)

in 1976 and specific details about the
(3) and Cabri et al. (1978)

The geology and platinum~-group mineralization of the property from
5)

samples were reported by Cabri (1978) (4)

which they came have been described by Dunning (1979)( and
Watkinson and Dunning (1979)(6).

SAMPLES AND METHOD OF INVESTIGATION

Six samples had been sent on behalf of J.P. Sheridan of
Sheridan Geophysics Limited, Toronto, and were received in the
form of partly crushed drill core. A seventh sample is a polished
section provided by J.M. Franklin, then at Lakehead University, and
is referred to in the report as "J.M.F". The sample referred to
as "Composite" was one of two composites prepared by the Research
Centre of Placer Development Limited, Vancouver, from 23 drill
core samples weighing approximately 58 kg. This sample weighed
1123 g and consisted of minus 212 pm plus 150-pm (minus 65 plus
100-mesh) material. Four samples came from portions of drill hole
No. P-14 (14-7, 14-8, 14-11, 14-17) and one from part of drill
hole No. P-23. These five samples weighed 856, 748, 949, 762 and
1,047 g, respectively.

All samples, except J.M.F., were crushed further and
sieved. Samples P-14 and P-23 were divided into four fractions:
minus 300 ym plus 212 uym (minus 48 plus 65 mesh), minus 212 um
plus 150 pym (minus 65 plus 100 mesh) and minus 150 um plus 106 pm

(minus 100 plus 150 mesh). The composite sample was divided into




minus 212 uym plus 180-uym (minus 65 plus 80-mesh) and minus 180 um

plus 150-um (minus 80 plus 100-mesh) fractions. All fractions
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Fig. 1. Location map of Lac des Iles

(Note that the location is misspelled as
"Lac des Isles" in references 2, 3 and 4).




coarser than 150 uym (100 mesh) were separated into magnetic and
non-magnetic portions and then subjected to mineral separation
as described by Cabri and Laflamme (1976)(7). One to three
polished sections were made from the heaviest fractions for a
total of 36 polished sections which were examined by ore micro-
scopy. All platinum-group mineral (PGM) identifications were
confirmed by electron-probe analysis and some PGM, sulphides and
sulpharsenides were also analyzed quantitatively. Standards and
X-ray lines used for most of the electron-probe a??}yses, using

techniques described by Cabri and Laflamme (1976) , are given

in Table 1. The standard and X-ray line used for pyrrhotite and

TABLE 1. SYNTHETIC STANDARDS AND X-RAY LINES
USED FOR ELECTRON PROBE ANALYSES

i Stillvaterite Siegenite
X-:ray BraggIte . and unnamed Palladian and
line series Kotulskite Merenskyite PdﬁAs2 Palladoarsenide gold Isomertieite Violarite Pentlandite

PdLa PdS PdTe Pdo_gNio.]Te].9 PdBAs PdZAs Pd Pd,,As,Sb, - synd57

3 n-2Tre

0.35 PtTe2 PtTe2 - PtSn - - - -

NiKo Ni Ni Pd,

Ptla PtO.7Pd
0_gNiO.]Te]~9 - Ni - - syn457% syn4s7

CuKee - - - P b, - - - - -

da.85%0.15502
FeKa - - - - - - - synd57 synds7

Cok - - - - - - -
o Cogs, (Feg,99%%. 01510

Aula - - - Auo.]ZAgn.BB - Au Au - -

Aglo - - - - - Ag - - -

Aug.6989%. 31
Bila - PdBiTe PdBiTe - - - - - -

Telo - PdTe PcIO_QNiO‘.ITe.| 9 PdTe PdTe - Pd:‘]HgTe3 - -

Sbla - Pdsb Pdsb Pdy gsCug. 1550y Pdl&.BSC"O.ISSbZ - Pd”ASZSbZ - -
AsKa - - - Pd8A53 PdZAS - Pd] 1 I\sZSb2 - -
SKa PdS - - - - - - 60354 syn4as7

* syndS7 = (Fey iy 95Pdy g5y Sg. g

pyrite are: FeO.QQNiO.OlSl.O and NiKa, respectively. Bulk
analyses were made for all samples except J.M.F. for Pt, Pd
and Au; most also were analyzed for soluble Cu and Ni, total S
and Ag, Rh and Cr at the Chemical Laboratory, CANMET (Table 2).
Sample P-14-8 was also analyzed for total Ni. It had 0.07%

insoluble Ni, occurring in silicates or oxides or in both.



TABLE 2. CHEMICAL ANALYSES AND METAL RATIOS

Sample Cu/ S/ Pt/ Au/

No. Cu Ni S Cr Pt Pd Rh - Au Ag Cu+Ni  S+Cu+Ni  Pt+Pd  Au+Pt+Pd
Composite 0.149% 0.101* - - 0.43 7.43 - 0.40 - 0.60 - 0.06 0.05
P-14-7 0.05 0.07 0.07 0.07 1.79  12.87 nd 0.25 10.36 0.42 - 0.37 0.12 0.02
P-14-8 0.14 0.23 0.36 0.09 1.96 12,35 nd 0.86 4,87 0.38 0.57 0.14 0.06
P-14-11 0.47 0.48 1.19 0.06 2.51 21.61 <0.1 0.12 3.50 0.49 0.56 0.10 0.05
P-14-17 0.30 0.29 0.74 0.04 1.79 9.61 nd . 0.69 2.06 0.51 0.56 0.15 0.06
p-23 0.03 0.07 0.02 0.07 1.24 10.54 nd 0.42 2.75 0.30 0.17 0.08 0.03
Cu, Ni, S & Cr in wt %, Pt, Pd, Rh, Au & Ag in ppm. * Values from Placer Development Limited, Vancouver.
nd = not detected. :

MINERALOGY

Opaque minerals, exclusive of PGM

The major opaque minerals at approximately >20% each
are pentlandite, pyrite, chalcopyrite and pyrrhotite, except for
sample P-23 which contains no pyrrhotite. Proportions of the
major minerals vary among the samples. A fine-grained myrmekitic-
like intergrowth of pyrite and pentlandite is characteristic of
four samples: P-14-8, -11, -17 and P-23 (Fig. 2).

Twenty-three randomly selected pentlandite grains,
representing all seven samples, were quantitatively analyzed. These
had variable compositions. Ni content ranged from 41.9% to 34.0%
and averaged 36.1%. Co content ranged from 1.5% to 0.20% and
averaged 0.65%. Tﬁenty-one of these pentlandites contained small
amounts of Pd ranging from 0.02% to 0.60%, with an average of 0.19%,
the detection limit being 0.02% Pd. Pt and Rh were not detected,
but their detection limits were higher at 0.035 and 0.07%, respec-
tively. An additional 289 spot analyses of pentlandite for Pd, Pt
and Rh gave similar results, but these data are thought to be
skewed because they include a large number of spot analyses with
<0.02% Pd in the non-representative sample J.M.F. (Table 3).

Twenty-two randomly selected grains of pyrrhotite from
samples "composite", P-14-8 and P-14-17 héd a range of 0.22 to
1.20% Ni and averaged 0.50%. Pyrite proved even more variable

in Ni content: 23 randomly selected grains from samples "composite"



P-14-11 and P-14-17 averaged 0.56% Ni and ranged from nil to 2.46%.
Detailed examination of sample P-23 showed its pyrite to have a
Ni content ranging from nil to 0.15% for eight grains, with an

average of 0.02%.

TABLE 3. DISTRIBUTION AND CONTENT OF Pd IN PENTLANDITE

Sample No.Spot Pd* Distribution in wt.% units

No. Anal. <0.02 0.02-0.10 0.10-0.25 0.25-0.50 0.50-0.75
J.M.F. 26 69% 31%(0.08) % * - - -
Composite 57 - 25% 70% 5%(0.31) -
P-14-8 56 9% 29% 51% - 11%(0.65)
P-14-11 50 10% 20% 28% 42%(0.41) -
P-14-17 50 - 42% 56% 2%(0.26) -
P-23 50 24% 72% 4%(0.12) - -

* Pt and Rh sought for but not detected at 0.035 and 0.07%, respectively,
%% Numbers in parentheses represent maximum wt.% determined.

The more common minor or trace opaque minerals in all
samples except P-23 are galena, magnetite and sphalerite. Millerite
is also a minor constituent in samples P-14-7, P-14-11 and P-23
(Fig. 2 and 3). Ferroan siegenite [(Co,Fe)(Ni,Fe)284] and cobaltoan
violarite [(Fe,Co)(Ni,Fe)284] are present in small gquantities in
sample P-23, together with minor millerite and galena. Analyses
of seven grains of violarite-siegenite revealed that six are
ferroan siegenite and one is cobaltoan violarite (Table 4). Nickel
(1973)(8) reported that cobalt-rich violarite occurs in hypogene

deposits whereas relatively cobalt-poor violarite commonly forms

TABLE 4. ELECTRON PROBE ANALYSES OF FERROAN SIEGENITE AND COBALTOAN VIOLARITE

Anal. Weight per cent Atomic proportions**

No. Ni Co Fe S Total=* Ni Co Fe I S

1 34.8 11.8 11.9 421 100.6 1.79 0.60 0.64 3.03 3.96
2 35.2 12.1 10.5 41.3 99.1 1.84 0.63 0.58 3.05 3.95
3ok 33.4 13.9 10.8 42.3 100.4 1.72 0.71 0.58 3.01 3.98
4 33.3 13.4 11.3 41.0 99.0 1.74 0.70 0.62 3.06 3.93
5 32.4 17.5 8.3 41.2 99.4 1.69 0.9 0.46 3.06 3.94
6 31.9 17.6 8.3 41.0 9B.8 1.68 0.92 0.45 3.05 3.94
7 31.8 18.5 7.6 41.1 99.0 1.67 0.97 0.42 3.06 3.94

% Pd, Cu, and Se sought for but not detected. #* calculated on the basis of 7 atoms. #%* Grain X-rayed.
A1l analyses from sample P-23.




Fig. 2 Fine-grained pyrite-
pentlandite (2) intergrowth;
millerite (1) only on right
side;
All scales represent micro-
meters

Fig. 4 Vysotskite (1)
partly intergrown with
pentlandite (2) and
pyrrhotite (3); minor
pyrite (4) also present

Fig. 6 A complex inter-
growth of sperrylite (2) and
moncheite lamellae (1) in
kotulskite (4), itself
included in pentlandite (3).
with fine pyrrhotite
lamellae (darker)

Fig. 8 Isomertieite (1)
with numerous blebs of
kotulskite inclusions, the
finest of which are less
than one micrometre and not
visible in this photomicro-
graph; associated with
chalcopyrite (2) and
pentlandite (3)

specimen carbon-coated

S

Fig. 3 Ferroan siegenite-
millerite (lighter) inter-
growth

Fig. 5 Rounded inclusion
of kotulskite in pyrrhotite
which also contains a few
lamellae of pentlandite (1)

Fig. 7 Moncheite (1) and
kotulskite (2) included in
pentlandite (3) and
assocliated with minor
chalcopyrite (4)

Fig. 9 Unnamed PdsAsy (1)
and stillwaterite (2)
attached to chalcopyrite (3)
which exhibits twinning;
crossed nicols







as a secondary mineral after pentlandite, pyrrhotlte or millerite.
Hudson and Groves (1974)( ) described hypogene violarite from the
disseminated sulphide mineralization at Black Swan, Western '
Australia and, in addition to its cobalt-rich nature, they stressed
that it may also be distinguished from supergene violarite by its
smooth, nonporous surface. The Black Swan thiospinels range over
the major part of the solid-solution series between violarite
(FeNl ) and polydymlte (Nl 4), whereas compositions of the Lac
des Iles thiospinels are in the central part of the solid-solution

series between violarite and siegenite (CoNi284) (Fig. 10). However,

S CogSy
" LINNAEITE

‘.N|584 e \_FCngSQ .

. > FeySy
POLYDYMITE VlOLARlTE o

* GREIGITE

Fig. 10 Vlolarlte 51egen1te analyses plotted in- the]ﬁ3844%3844k384
composition trlangle. The numbers refer to analyses in Table 4.

the high éghait contents and smooth appearance in polished surface
are characterlstlc of both the Black Swan and Lac des Iles hypogene
3). ’

Opaque"mlnerals, exclusive of the PGM, occurring 1n trace

thlosplnels (th»

quantltles are the sulpharsenldes arsenopyrite (FeAsS), cobaltlte

(CoAsS), and gersdorfflte (NlAsS) s the arsenides loelllnglte_(FeAsz),




skutterudite (CoAs3) and nickeline (NiAs), the copper sulphides
cubanite (CuFeZS ), bornite (CuFe4S ), and covelline (CuS), and
molybdenite (MOSZ), marcasite (orthorhombic FeS2), native silver,
ilmenite (FeTiO3), palladian gold (Au,Ag,Pd), palladian and
platinian melonite [(Ni,Pd,Pt)(Te,Bi)z], and cassiterite (Snoz).
Twenty-eight spot analyses on six grains of cobaltite-gersdorffite,
and 14 spot analyses on three skutterudite grains, showed Pd, Pt
and Rh to be below the detection limits of 0.02, 0.035 and 0.07%,
respectively. The three grains of palladian gold have Pd contents

(Table 5) slightly less than reported for palladian gold from the

TABLE 5. ELECTRON PROBE ANALYSES PALLADIAN GOLD, PALLADOARSENIDE, STILLWATERITE AND UNNAMED Pd.As

572
Sample Anal, Weight per cent Atomic proportionst
No. No. Pd Pt Au  Ag Ni u As Te Sb  Total Pd Pt Au Ag Ni u z As Te Sb z
P-14-17 1 3.5 - 94.1 3.5 - - - - - 1001.1  D.24 - 3.52 0.24 - - 4.00 -~ - - -
P-14-17 2 4.1 - 93.1 4.0 - - - - - 101.2  0.28 - 3.45 0.27 - - 4,00 - - - -
P-14-17 3 2.8 - 93.1 5.0 - - - - - 100.9 0.19 - 3.47 0.34 - - 4.00 - - - -
P-14-17 4xx 73.4 0,43 nd* nd 0.23 nd 24,2 0.54 0.04 9B.84 2.02 0.01 - - 0.01 - 2.04 0.95 0.01 <0.01 0.96
P-14-17 5% 76,2 nd nd nd 0.61 nd 19.8 0.46 0.29 97.36 7.90 - - - 0.1 - 8.01 2,92 0.04 0.03 2.99
Composite 6% 79.2 nd nd nd - nd 20.8 0.26 nd 100.26 8.00 - - - - - 8.00 2.98 0.02 - 3.00
Composite 7#% 78.3 nd nd nd - 0.13 20.8 0.06 nd 99.29 7.97 - - - - 0.02 7.99 3.01 <0.01 - 3.0
Composite 8** 69.3 nd B.0 nd - 0.32 21.0 0.04 nd 98.66 4.66 - 0.29 - - 0.04 4,99 2.001 <0.01 - 2.01

* nd = not detectedj ** Hg, Bi, Sn sought but nd. Unnamed PdsAsp (No. 8) occurred as a lenticular inclusion 14x38um in stillwaterite (No. 7).
1 Palladian gold calculated for 4 atoms; palladoarsenide for 3 atoms; stillwaterite for 11 atoms and unnamed Pd5A82 for 7 atoms.

(10)

Stillwater Complex (Cabri and Laflamme, 1974) and the same or

slightly more Ag. The melonite has less bismuth and has a palla-

dium content comparable with melonites from Sudbury-area deposits(7),

but seems to have the highest Pt content so far reported (Table 6).
Various metallic impurities such as brass, tungsten, iron,

zinc and Ni-Cr (Fe) alloys were encountered in the polished sections.

It is considered that these originate from drilling, comminution

and other forms of treatment to which the samples had been subjected.

A careful search for chromite proved negative, only Ni-Cr (Fe)

alloys being found. It is therefore likely that all the Cr

reported in chemical analyses was due to these alloys (Table 2).
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TABLE 6, ELECTRON PROBE ANALYSES OF KOTULSKITE, MERENSKYITE, MONCHEITE AND MELONITE

Sample Anal. Weight per cent Atomic proportions#*

No. No. Pd Pt N Te Bi Sb Total Pd Pt Ni b Te Bi Sb =
Composite 1  43.4 nd** nd 46.8 9.2 0.26 99.66 0.99 - - 0.99 0.89 0.11 <.01 1.00
Composite 2 44,8 nd 0,09 51.3 4.2 0.23 100.62 0.99 - <0.01 0.99 0.95 0.05 <.01 1.00
Composite 3 44,7 nd  0.18 50.6 5.0 0.19 100.67 0.99 - 0.01 1.00 0.94 0,06 <.01 1.00
P-14-1 4 44,4 0.35 0.08 50.4 5.2 nd 100.42 1.00 <0.01 <0.01 1.00 0.94 0.06 -  1.00
P-14-11 5 45,9 0.48 0.12 53.1 1.5 =nd 101.10 1.00 0.01 <0.01 1.01 0.97 0.02 -  0.99
P-14-17 6 45.0 nd 0.05 52.9 1.6 nd  99.55 1.00 - <0.01 1.00 0.98 0.02 - 1.00
p-14-17 7 44,3 nd 0.09 53.5 1.5 nd  99.39 0.97 - <0,01 0.97 1.01 0.02 -  1.03
P-14-17 8 44.7 nd 0.10 52.9 2.0 nd  99.70 0.98 - <0.01 0.98 0.99 0.02 -  1.0]
P-14-17 9 44,6 nd 0.06 51.0 4.8 nd 100,46 0,99 - <0.01 0.99 0.95 0,05 - 1.00
J.M.F, 10 24.2 7.2 0.04 65.4 3.8 - 100.64 0.86 0.14 <0.01 1.00 1.93 0,07 - 2,00
J.M.F, 11 28,7 0.29 0.03 64.0 6.6 - 99,62 1.01 <0.01 <0,01 1.01 1.87 0.12 - 1.99
J.M.F, 12 28.5 0.26 0.03 64.3 6.4 - 99.49 1,00 <0.01 <0.01 1.00 1.88 0,11 - 1.99
P-14-11 13 28.3 0.97 0,14 69.0 1.4 - 99.81 0.97 0.02 0.01 1.00 1.97 0.02 - 1.99
P-14-11 14 27.6 1.7 nd 68.4 1.6 - 99.3 0.96 0.03 - 0.99 1,98 0.03 - 2.0
P-14-11 15 23.5 4.3 1.5 64.8 3.3 - 97.4 0.84 0.08 0.10 1.02 1.92 0.06 - 1.98
P-14-17 16 28.6 nd  0.39 69.3 1.1 - 99.39 0.98 - 0.02 1.00 1.98 0.02 - 2,00
p-14-17 17 28,6 nd  0.14 63.0 7.8 - 99.54 1.01 - <0.01 1.01 1.85 0.14 - 1,99
P-14-17 18 29.5 nd 0.14 68.9 1.6 - 100.14 1.01 - <0.01 1.01 1.96 0.03 -~  1.99
P-14-11 19 1.4 40.7 0.09 55.3 0.75 - 98.24 0.95 0.06 0.01 1.02 1.97 0.01 -~ 1.98
P-14-11 20 0.80 41.7 0.25 56.9 nd - 99,65 0.96 0,03 0.02 1.01 1.99 - - 1.99
P-14-11 21 6.7 10.6 8.9 68.1 4.8 nd 99.1 0.23 0.20 0.55 0.98 1.94 0.08 - 2,02

% Kotulskite calculated for 2 atoms, merenskyite, moncheite and melonite calculated for 3 atoms.
%% nd = not detected. : :

The platinum—group minerals (PGM)

General observations

One hundred and forty—niné discrete grains of platinum—
group minerals were identified,'their approximate size range and
distribution amongst other minerals'being given in Table 7. The
approximate frequency of these PGM are: braggite series
[ (P4,Pt)S] > kotulskite (PdTe) > isomertieite (Pd As,Sb

)
4 11 2
merenskyite (PdTe,) > sperrylite (PtAs,) > moncheite (PtTe,) .

>

Stillwaterite (Pd8A83), palladoarsenide (szAs) and unnamed
Pd;As, are much rarer. An additional 20-odd grains of merenskyite
found in sample J.M.F. are not included above because the sample

was small and not representative.
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TABLE 7. NUMBER, SIZE RANGE AND DISTRIBUTION OF PGM

PGM pn po cp py si ml PGM mag free total Size range**
braggite series 18+ - 1 - 12 - - 2 - 33 5X7 to 105X155
kotulskite 10 2 3 1 8 - 8 - - 32 2X6 to 150X155
isomertieite - - 4 - 12 1 1 - 4 22 6X6 to 145X245
merenskyite 8 3 4 2 3 - - - - 20 5X5 to 45X65
sperrylite 8 1 - - 3 - 6 - - 18 5X56 to 556X110
moncheite 6 - 1 - 3 - 5 - - 15 4X6 to 70X100
stillwaterite - - - - - - 2 - - 2 25X45 to 25X245
palladoarsenide 2 - - - - - - - 1 3 17X22 to 55X245
(Au,Ag,Pd) - - - - 3 - - - - 3 70X105 to 125X300
Pdghs, = = - = = = 1 = = 1 14X38

52 6 13 3 44 1 23 2 5 149

pn = pentlandite, po = pyrrhotite, cp = chalcopyrite, py = pyrite, si = silicate, ml = millerite, mag = magnetite.

* Number of discrete grains included in pentlandite; #** approximate dimensions in um.

The nature and relative abundance of PGM vary

siderably among samples. The distribution and relative

abundance of the principal PGM are as follows:

Composite:

P-14-7 :
P-14-8 :
P-14-11 :
P-14-17 :
P-23 :

The preponderance of

confirms the low Pt: (Pt+Pd)

kotulskite > sperrylite.
braggite series only.

moncheite > braggite series >
kotulskite > merenskyite >
sperrylite.

merenskyite > moncheite >
kotulskite > braggite series,
sperrylite.

braggite series > kotulskite >
merenskyite > sperrylite.

isomertieite > sperrylite.

con-

palladium minerals over platinum minerals

ratios obtained by assays (Table 2).

The sample with the lowest S: (S+Cu+Ni) ratio (P-23, Table 2)

contains only the arseno-antimonide of palladium

(isomertieite)
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and platinum diarsenide (sperrylite) in contrast to the more
common tellurides and sulphides of Pd-Pt found in the other

samples.

Braggite series, (Pd,Pt)S

Braggite, ideally (Pt,Pd)S, and vysotskite, ideally

PdS, are nickeloan members of an isomorphous solid-solution

(4)

series (Pd,Pt)S known as the braggite series . _Analysis of 12

randomly selected grains indicates that braggite and vysotskite

. _ : . (4)
occur in equal proportions (Table 8). As noted previously '
TABLE 8. ELECTRON PROBE ANALYSES OF BRAGGITE-VYSOTSKITE
Sample Anal. Weight per cent Atomic proportions
No. No. Pt Pd Ni S Total Pt Pd Ni M S Mineral#

P-14-11 1 28.3 42.3 8.2 21.7 100.5 0.21 0.59 0.20 1.00 1.00 B
P-14-17 2 41.6 33.3 5.8 20,7 101.4 0.34 0.49 0.15 0.98 1.02 B
P-14-17 3 3.9 65.8 6.9 24.4 101.0 0.03 0.B2 0.15 1.00 1.00  V
P-14-17 4  9.4(0.9-16.9) 59.8(53.5-66.6) 7.6 24,1(23.5-24.9) 100.9 0.06 0.75 0.17 0.98 1.01  V
P-14-17 5 30.7(29.0-31.B) 41.2(40.4-42.4) 6.8 21.9 100.6 0.23 0.58 0.17 0.98 1.02 B
P-14-17 6 27.2(25.8-29.2) 44.2 6.8 22,0 100.2 0.21 0.61 0.17 0.99 1.01 B
P-14-17 7 29.5(17.3-35.6) 42.9(38.5-54.8) 5.4 21.6(21.1-23.1)  99.4 0.23 0.61 0.14 0.98 1.02 B
P-14-17 8 13.7(6.2-20.9) 57.9(51.6-63.4) 6.6(6.2-7.4) 23.8(23.0-24.4) 102.0 0.10 0.74 0,15 0.99 1.0] B
P-14-17 9 11.1(6.5-15.1)  58.9(54.9-61.9) 6.7 24.0(23.7-24.1) 100.7 0.08 0.75 0.15 0.98 1.02  V
P-14-17 10, 3.7 63.0 B.5 24.3 99.5 0.03 0.78 0.19° 1.00 1.00 V
P-14-7 11T 2.0 69.5 3.9 23.7 . 99.1 0.01 0.89 0.09 0.99 1.0] v
P-14-7 12 6.3(3.4-11.2) 62.5(58.8-64.7) 6.8(6.6-7.4) 24.0(23.5-24.2) 99.6 0.04 0.79 0.16 0.99 1.01 v

* B = braggite, V = vysotskite. + grain X-rayed. Bi and Sb were sought for, but not detected.

members of the braggite series tend to be compositionally non-
homogeneous and this was also found to be true for 7 of the 12

grains analyzed. These 12 analyses are plotted on Fig. 11 for

comparison with analyses of braggite-series minerals from Montana,

U.S.A., Transvaal, South Africa, and Noril'sk area, U.S.S.R.
Though braggite and vysotskite are optically similar, they are

readily distinguished from the common sulphides (Fig. 4).
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STILLWATER ANALYSES (HOM <3}
STILLWATER ANALYSES (HOM >3}
LAC DES |ILES ANALYSES
RUSTENBURG ANALYSES
POTGIETERSRUST ANALYSES
SCHWELLNUS et al. (1976)
BRYNARD etal. {1976}
GRAIN X-RAYED

LAPUTINA & GENKIN (1975}
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50
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Fig. 11 Cooperite, braggite and vysotskite
analyses plotted in the PtS-PdS-NiS composition
triangle - after Cabri et al. (1978) (4),

Kotulskite, PdTe

Nine of the 32 kotulskite grains found were quantitatively

analyzed (Table 6). The analyses indicate little or no replace-
ment of Pd by Pt or Ni and of Te by Sb. Replacement of Te by Bi
ranges from 1.5 to 9.2 wt % Bi. Such replacements have been
reported for kotulskite from the Stillwater Complex, Montana by
Cabri et al.(l979)(ll). Some mineral assemblages involving

kotulskite are illustrated in Fig. 5, 6, 7 and 8.

Isomertieite, PdlleZASZ

Eight of 22 isomertieite grains were analysed quantita-
tively (Table 9). The problems in analyzing this mineral are
(3)

discussed by Cabri . The analyses show minor substitution of

Au for Pd and Te for Sb. This rather rare mineral has been found
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previously only in heavy mineral concentrates from Itabira, Minas
Gerais, Brazil (Clark et al.,l974)(12) and thus the Lac des Iles
occurrence is the first recorded from massive crystalline rocks

of igneous origin (Fig. 8).

TABLE 9. ELECTRON PROBE ANALYSES OF ISOMERTIEITE

Anat. Weight per cent Atomic proportions

No. Pd Au Sb Te As Total Pd Au ZPd Sb Te £Sb As
1 74.0 0.30 15.4 0.20 9.5 99.40 10.96 0.02 10.98 1.99 0.03 2.02 2

2 74.3 0.13 13.9 1.5 9.4 99.23 11.02 0.01 11.03 1.80 0.19 1.99 183
3 74.4 0.33°  14.0 1.6 9.4 99.73 10.99 0.03 11.02 1.81 0.20 2.01 1.97
4 74.5 tr.* 13.5 2.6 9.4 100.0 10.98 <0.01 10.98 1.74 0.32 2.06 1.96
5 73.8 0.74 15.3 0.25 9.4 99.49 10.95 0.06 11.01 1.98 0.03 2.01 ‘1.98
6 74,2 0.35 13.9 1.8 9.5 99.75 10.96 0.03 10.99 1.80 0.22 2.02 1.99
7 73.9 0.56 13.8 2.2 9.4 99.86 10.93 0.05 10.98 1.78 0.27 2.05 1.97
B## 74.2 0.06 13.3 2.5 9.3 99.36 11.00 <0.01 11.00 1.72 0.32 2.04 1.96

* tr = trace, <0.04 wt.%. Atomic proportions, calculated on a total of 15 atoms. *# Grain x-rayed.

Merenskyite, PdTe2

The 9 grains of merenskyite analyzed quantitativély
(Table 6) are not very different from merenskyites found else-
where. The grains typically have little or no replacement of
Pd by Pt or Ni and minor replacement of Te by Bi (Table 6).

Sperrylite, PtAs,

Sperrylite is commoh in many Cu-Ni deposits. Some of
the sperrylite grains from the Stillwater Complex, Montana, were
reported by Cabri et al.(l975)(l3) to contain minor Rh. Schwellnus -
et al{(1976)(l4) found minor Os in one sperrylite from the Merensky
reef, and Feather (1976)(15)

sperrylites from the Au-U Witwatersrand conglomerates. The

reported minor Ir, Os and Rh in some

sperrylite in the Lac des Iles samples, hoWever, was not analyzed

quantitatively (Fig. 6).
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Moncheite, PtTe2

The two grains of moncheite analyzed guantitatively
have the lowest Bi contents reported to date (Table 6). Minor
replacements of Pd or Ni for Pt are common. Moncheite inclusions

in kotulskite are frequent (Fig. 6 and 7).

Stillwaterite, Pd,As,, palladoarsenide, Pd.,As
873 2
and unnamed Pd5A52

Stillwaterite, palladoarsenide and an unnamed Pd_.As

5772
had been reported to occur in samples from the Stillwater Complex,

Montana(lB).

The analyses of these three minerals from Lac des
Iles (Table 5) show substitutions similar to those reported for
the Stillwater minerals. As at Stillwater, the unnamed mineral
is also found included in stillwaterite and has a high gold
content (Fig. 9). Of particular note is that these are only the
second world occurrence of stillwaterite and the third of unnamed
PdsASZ' Unnamed Pd5A52 has been reported as a secondary mineral

in sedimentary rocks (Zechstein) from Poland by Kucha (1975)(16).

DISTRIBUTION OF METAL VALUES

It is not possible to arrive at a satisfactory distribu-
tion of metal values by applying chemical analyses to the minerals
(Table 2). It is difficult, if not impossible, to apportion
nickel among the various nickel-bearing minerals, such as
pentlandite (~36%), millerite (v65%), siegenite and violarite
(~33%), pyrite (~0.5%), pyrrhotite (~0.5%), nickeline (~44%),
gersdorffite (~35%) and the numerous minerals with minor and
variable nickel contents such as cobaltite, arsenopyrite,
loellingite, skutterudite, and the PGM. However, if it is assumed
that the samples contain equal quantities of pentlandite, pyrrho-
tite and pyrite, then 3% of the total nickel is attributable to
pyrite and pyrrhotite. By assuming that all the other nickel-
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bearing minerals account for a maximum of 2% Ni, then the remaining
95% of total Ni is attributable to pentlandite. All the Cu, on

the other hand, may be assignéd to chalcopyrite (35.5% Cu, 35.0% S).
The following calculations, based on these assumptions, illustrate
the prdblems in arriving at a metal balance (Table 10).

TABLE 10. METAL DISTRIBUTIONS

Analyses In cp In pn In py + pn
Sample Cus% Ni% 5% Cug 5% Ni% 5% %S
pP-14-7 0.05 0.07 0.07 0.05 0.051 0.066 0.019% insufficient
pP-14-8 0.14 0.23 0.36 0.14 0.142 0.218 0.202 only 0.016
P-14-11 0.47 0.48 1.19 0.47 0.476 0.456 0.423 0.291
pP-14-17 0.30 0.29 0.74 0.30 0.304 0.275 0.256 0.190
pP-23 0.03 0.07 0.02 0.03 *k . none? ' none?

*Ingufficient, need 0.062% S for all the pn. **Insufficient,
need 0.03% S for all the cp.

In many cases, there is insufficient sulphur to account
for all the pentlandite, pyrite, pyrrhotite and, in one case, even
for the chalcopyrite. Changing the relative proportions of pyrite,
pentlandite and pyrrhotite will not affect the apparent deficiency
in sulphur in P-23 and will not significantly affect the rest of
the calculations. For example, doubling the previous estimate of
pyrite and pyrrhotite results in a total of 0.061% S needed for
pentlandite in sample P-14-7, still much more than is available
(0.019%), after allowing for chalcopyrite.

The pentlandite has been shown to contain an average of
0.19% Pd in solid solution. If the weight per cent of pentlandite
present could be established with any degree of confidence, it
would be possible to calculate the total palladium content in
pentlandite, the balance could then be assigned to discrete PGM.
The uncertainties in the metal distribution outlined above preclude
such calculations.

!
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CONCLUSIONS

The following conclusions must be qualified because of
uncertainties resulting from an examination of a limited suite of
samples whose relative importance to the mineralization as a
whole was not known. Percentages given below are estimates only

to indicate the order of magnitude and are not true values.

1. Cu, Ni, Pd, Pt, Ag and Au are the principal metals of

potential economic interest.

2. Chalcopyrite (CuFeSz) probably accounts for over 99% of the
copper content.

3. Nickel is distributed in many minerals but it is estimated
that at least 95% is in pentlandite [(Fe,Ni)gsg]. Nickel
losses may be expected in pyrrhotite (Fel—XS) and in pyrite
(FeSz), which together may account for about 3% of the nickel;
another 2% of the Ni may occur in minerals such as millerite

(NiS) and siegenite (CoNi284).

4. The braggite-series minerals, (Pd,Pt)S, and kotulskite, (PdTe),
are the principal PGM and may account for a large proportion
of the Pd and Pt present. Pentlandite, however, contains an
average of 0.19% Pd in solid solution and is therefore a

significant source of Pd.

5. Native silver accounts for the higher Ag value in sample
P-14-7; palladian argentian gold (Au,Ag,Pd) and electrum
(Au,Ag) may represent the source of most of the gold and some

additional silver.
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6. A considerable number of PGM occur as inclusions in silicates
and are not liberated at plus 106 um mesh (150 mesh). The most
common PGM except for isomertieite were also frequently closly
associated with pentlandite. Potential beneficiation problems
may arise because of the very fine-grained pyrite-pentlandite

intergrowths noted to occur in some samples.
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