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MINERALOGICAL STUDY OF THE PLATINUM-GROUP ELEMENT 
DISTRIBUTION AND ASSOCIATED MINERALS FROM THREE 

STRATIGRAPHIC LAYERS, BIRD RIVER SILL, MANITOBA 

by 

L.J. Cabri' and J.H.G. Laflamme** 

Abstract 

A preliminary mineralogical investigation of a total of nine hand samples from the Upper Main 
Chromitite, Lower Main Chromitite and the Lower Group platinum—bearing zone (Scoates et al., 
1987) has shown a contrasting distribution of platinum—group elements. The Upper and Lower Main 
Chromitites contain laurite as the principal platinum—group mineral (PGM), followed by Os—Ir—Ru 
alloys, rare erlichmanite, irarsite and an unidentified PGM. Chromite is host to 43 vol % of the 
PGM; the balance occurs as inclusions in silicates (mainly clinochlore). In contrast, nine PGM occur 
in the Lower Group platinum—bearing zone, the most common of which are sperrylite and laurite. 
Kotulskite, merenskyite, hollingworthite, keithconnite and irarsite are less common, and mertieite II 
and another unidentified PGM are even more rare. Also, in contrast to the stratigraphically higher 
chromitites, 99 vol % of the PGM in the Lower Group platinum—bearing zone are included in silicates 
or sulphides, with the remaining 1 vol % in chromite and magnetite. 

Chromite in the Upper and Lower Main Chromitites has 43-46% Cr203  and contains irregular patches 
and rims of higher Cr2O3  content (57-58%). The chromite is associated principally with clinochlore 
and grossular garnet. The texture of chromite in the Lower Group platinum—bearing zone is much 
more variable, and the Cr203  content is lower (37-40%). Magnetite is predominant in some samples, 
whereas clinochlore and serpentine are common silicates. Proton microprobe analyses of chromite 
from all three sample types have indicated trace contents of Ni, Zn and Ga. 

*Research Scientist and **Mineralogical Technician, Process Mineralogy Section, Mineral Processing 
Laboratory, Mineral Sciences Laboratories, CANMET, Energy, Mines and Resources Canada, Ottawa, 
Ontario KlA 0G1. 





ÉTUDE MINÉRALOGIQUE DE LA DISTRIBUTION DES ÉLÉMENTS 
DU GROUPE DU PLATINE ET DES MINÉRAUX ASSOCIÉS 
PROVENANT DE TROIS COUCHES STRATIGRAPHIQUES, 

BIRD RIVER SILL (MANITOBA) 

par 

L.J. Cabri* et J.H.G. Laflamme** 

Résumé 

Un examen minéralogique préliminaire d'un ensemble de neuf échantillons prélevés à la main dans les 
chromitites principales supérieure et inférieure et dans la zone platinifère du groupe inférieur (Scoates 
et coll., 1987) a révélé une distribution contrastante des éléments du groupe du platine. Les chromi-
tites principales supérieure et inférieure contiennent de la laurite comme principal minéral du groupe 
du platine (MGP), des alliages Os—Ir—Ru, très peu d'erlichmanite, de l'irarsite et un MGP non iden-
tifié. La chromite loge jusqu'à 43 % en volume des MGP : le reste se trouve sous forme d'inclusions 
dans des silicates (surtout du clinochlore). Par contre, on trouve neuf MGP dans la zone platinifère 
du groupe inférieur, les plus communs étant la sperrylite et la laurite. La kotulskite, la mérenskyite, 
la hollingworthite, la keithconnite et l'irarsite sont moins abondantes, et la mertiéite II et un autre 
MGP non identifié sont encore plus rares. Aussi, à l'opposé des chromitites qui sont stratigraphique-
ment plus élevées, 99 % en volume des MGP dans la zone platinifère du groupe inférieur sont logés 
dans des silicates ou des sulfures, l'autre 1 % en volume se trouvant dans de la chromite et de la 
magnétite. 

La chromite dans les chromitites principales supérieure et inférieure contient 43-46 % de Cr203  et, 
par endroits, des zones et des bordures plus riches en Cr203  (57-58 %). La chromite est associée 
principalement à du clinochlore et du grenat grossulaire. La texture de la chromite dans la zone 
platinifère du groupe inférieur est beaucoup plus variable, et la teneur en Cr203  est inférieure 
(37-40 %). La magnétite domine dans certains échantillons, tandis que le clinochlore et la serpentine 
sont des silicates communs. Les analyses à la microsonde protonique de la chromite provenant des 
trois types d'échantillons ont révélé des traces de Ni, de Zn et de Ga. 

*Chercheur et "technicien en minéralogie, Section de la minéralogie appliquée, Laboratoire de traite-
ment des minéraux, Laboratoires des sciences minérales, CANMET, Énergie, Mines et Ressources 
Canada, Ottawa (Ontario) K lA 001. 
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INTRODUCTION 

The Bird River sill, located approximately 
130 km northeast of Winnipeg, Manitoba, close 
to the Ontario border, has recently been the 
focus of investigations concerning the recovery 
of chromite (Andrews and Jackman, 1987) and 
the distribution of the platinum—group elements 
(PGE) (Talkington et al., 1983; Theyer, 1985; 
Ohnenstetter et al., 1986; Scoates et al., 1987, 
1988). The present study was initiated at the 
request of the Geological Survey of Canada and 
deals solely with samples collected by GSC per-
sonnel from what is known as the Chrome prop-
erty (Fig. 1). Dr. R.F.J. Scoates, of the Geo-
logical Survey of Canada, provided nine hand 
samples, which are listed in Table 1 together 
with their locations and PGE assay values for 
seven of the samples. 

The Archean Bird River sill, which is disrupted 
by numerous cross—faults, contains a Chromiti-
ferous Zone (Fig. 2). It consists of a Lower 
Ultramafic Series and an Upper Mafic Series 
(Fig. 3). The sill has a total thickness of about 
700 m and a strike length of more than 20 km 
(Scoates, 1983). The rocks have undergone 
greenschist facies metamorphism (Cerny et al., 
1981). The Ultramafic Series, which consists of 
five zones, each composed of distinctive litho-
logic units, is 200 m thick. The Chromitiferous 
Zone (Fig. 2), which occupies the upper 60 m 
of the Ultramafic Series (Fig. 3), is composed 
of alternating peridotite and chromitite layers 
(Scoates, 1983). Four intervals, containing 
anomalous PGE concentrations, have been re-
ported from the Ultramafic Series (Scoates et 
al., in prep.). The interval associated with 
Lower Group Chromitite (= Lower Group plati-
num—bearing unit) is reported by Scoates et al. 
to be the most continuous and the most consis-
tently anomalous. This unit has also been re-
ferred to as sulphide—bearing because it contains 
irregularly disseminated sulphides. Most of the 
studied samples have come from this unit. Sin-
gle samples were also studied from each of the 
two principal chromitite layers occurring strati-
graphically above the Lower Group platinum-
bearing zone, i.e., the Upper Main Chromitite 

and Lower Main Chromitite. These latter sam-
ples are from the same general area as those 
studied by Ohnenstetter et al. (1986) and 
Talkington et al. (1983). The mineral process-
ing investigation reported by Andrews and Jack-
man (1988) was carried out on a 70—t sample, 
which had also been obtained from the Chrome 
property and included the Upper and part of 
the Lower Main Chromitite units. 

ANALYTICAL METHODS 

All samples were first studied intensively with 
reflected light microscopy using a 16x objective 
and a mechanical x—y stage. This was done to 
ensure that the entire polished surface was ex-
amined optically, with special attention to mi-
cron—sized platinum—group minerals (PGM). 
Polished sections of most samples were studied, 
but many carefully prepared polished thin sec-
tions were also examined. To avoid plucking of 
micron—sized PGM inclusions in soft serpen-
tinized matrbc, special attention in sample prepa-
ration must be emphasized. Grains of interest, 
determined with the ore microscope, were 
marked and further studied with a scanning 
electron microscope (SEM), which was equip-
ped with an energy dispersive spectrometer 
(EDS) to identify minerals. Additional quantita-
tive electron microprobe analyses, by wavelength 
dispersive spectrometry (WDS) of selected 
grains, were also carried out. Details of stan-
dards used and analytical conditions are given 
under each table. A few proton microprobe 
(Micro—PIXE) analyses of chromite were also 
performed. Some of the silicates were identified 
by X—ray diffraction (XRD) analysis. 

RESULTS 

The mineralogy of each sample is described 
separately to present sufficient relevant details 
before generalizations and intersample compari-
sons. 

Sample EI-86-58 Chromite is abundant, as 
expected, since this sample is from the middle 
member of the Upper Main Chromitite layer. 
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Table 1 — Samples studied from the Bird River sill: location and assay values 

Sample Number 	Stratigraphic Unit PGE (ppb) 	Pt 	Jr 	Os Pd 	Rh 	Ru Au 

ET-86-58 	Upper Main Chromitite, middle member 	 — 	— 	— 	— 	— 	— 	— 	— 
SEB-84-15 	Lower Main Chromitite 	 — 	— 	— 	— 	— 	— 	— 	— 
SEB-84-7 	Lower Group Chromitite, Pt—bearing unit 1 	2,474 	1,800 	11 	12 	480 	80 	59 	32 
SEB-85-06 	Lower Group Chromitite, Pt—bearing unit 1 	1,142 	240 	76 	14 	770 	40 	50 	20 
SEB-85-07 	Lower Group Chromitite, Pt—bearing unit 2 	2,004 	470 	18 	4 1,300 	86 	110 	16 
SEB-85-10 	Lower Group Chromitite, Pt—bearing unit 2 	2,154 	470 	15 	16 1,500 	69 	68 	16 
SEB-85-16 	Lower Group: Chromitite, Pt—bearing unit 2 	1,622 	270 	10 	17 1,200 	46 	45 	34 
SEB-85-18 	Lower Group Chromitite, Pt—bearing unit 3 	2,003 	720 	46 	62 	720 	160 	290 	5 
SEB-85-32 	Lower Group Chromitite, Pt—bearing unit 5 	1,441 	562 	23 	40 	550 	95 	150 	23 
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The Cr content of the chromite is heterogene-
ous, with patches and irregular rims of higher Cr 
content (Fig. 4). These high Cr areas appear to 
be associated with fractures in the chromite ma-
trix  and also contain less Al and Mg (Appendix, 
Table 2, anal. 19). The chromite grains occur 
in a matrix of clinochlore and grossular (Appen-
dix, Table 3, anal. 28-35). Titanite and lesser 
amounts of ilmenite are also present in the sili-
cate matrix, whereas millerite (?) occurs either 
in silicate inclusions in chromite or directly in 
chromite. 

The eight PGM grains found in one polished 
section consist of six grains of laurite (<1 to 
5x14 gm) and an intergrowth of erlichmanite 
(0.75x1.5 gm) and Os—Ir—Ru alloy (1x1.5 iun). 
Analyses of four laurite grains are given in the 
Appendix, Table 4. Three of them (Fig. 5 and 
6) and the intergrowth (Fig. 7) are inclusions in 
chromite, whereas the other three laurite grains 
are in silicates (Fig. 8). One of the three lau-
rite grains recorded as an inclusion in chromite 
is actually contained within a 9—itm spherical 
Mg—Al silicate inclusion in chromite (Fig. 9). 
Other spherical silicate inclusions are PGM—free. 
A typical silicate inclusion is shown in Figure 10 
and consists of clinochlore (a), mixture (?) (b), 
Cr—diopside (c) and sphene (d) (Appendix, Ta-
ble 2, anal. 36-39). The association of chro-
mite—included PGM with high Cr zones may be 
seen in Figure 5. 

Sample SEB-84-15 The abundant chromite in 
this sample from the Lower Main Chromitite is 
very similar texturally (Fig. 11 and 12) and 
chemically (Appendix, Table 2) to the chromite 
from the Upper Main Chromitite layers. The 
chromite grains occur in a matrix consisting 
principally of clinochlore and grossular. Ni sul-
phide inclusions are common, many occurring as 
small gains in chromite at its boundary with 
silicate. 

Of the 16 PGM gains found in one polished 
section, 11 are laurite grains, ranging between 
<1 and 4x10 1,tm in size. Most laurite grains 
are in the silicate matrix (Fig. 13-17); fewer are 
in chromite (Fig. 18-20). Analyses of laurite 
grains are given in Table 4. Also found were 
three grains (1x2 to 2x3 gm) of Os—Ir—Ru alloys 

(Fig. 21-23 and Appendix, Table 8); all are 
included in chromite with no apparent alteration 
or fractures. Finally, one irarsite grain 
(1x10 gm), associated with an undetermined 
PGM containing Pd, Pt, Ru, S, As and Sb, was 
also found included in silicates, 

Sample SEB-84-7 Magnetite is common in 
this sample, usually occurring as skeletal inter-
growths dispersed throughout the silicate matrix. 
A few grains of chromite were observed with 
Fe—rich rims, typical of chromite alteration dur-
ing serpentinization. Millerite, chalcopyrite, 
pentlandite, violarite, pyrite and covellite occur 
in minor to trace amounts, many in contact 
with, or included within, magnetite. Electron 
microprobe analyses of millerite revealed that up 
to 1.5 wt % Fe and 1.0 wt % Co substitute for 
Ni, and that up to 2.6 wt % Co and 0.60 wt % 
Ni substitute for Fe in pyrite. Violarite was 
found to contain up to 8.8 wt % Co. Quantita-
tive analyses of pentlandite (Appendix, Table 5) 
average 42.3 wt % Ni and 0.69 wt % Co. The 
high Ni content is consistent with the presence 
of secondary sulphides, such as violarite and 
millerite (Harris and Nickel, 1972), and abun-
dant magnetite (probably after pyrrhotite). Pd 
was sought but was not detected at a minimum 
detection level of 0.036 wt %. 

Only a single grain of merenskyite (5x5 gm) 
was found (Fig. 24) despite optical examination 
of three polished sections and one polished thin 
section. No Pt—bearing PGM were found in 
spite of the highest Pt assay value as compared 
with the other samples that were reported for 
this sample (Table 1). If the assay is valid, 
either the PGM distribution is very heterogene-
ous, or the Pt  occurs in solid solution within a 
mineral or minerals at subdetection levels for 
the electron microprobe. 

Sample SEB-85-06 Magnetite is the major 
opaque mineral in this sample, occurring as 
skeletal intergrowths in a silicate matrix, as in 
sample SEB-84-07. Chromite grains are char-
acterized by Fe—rich rims. Millerite, chalcopy-
rite, pentlandite, violarite and pyrite occur in 
minor to trace quantities and are typically asso-
ciated with magnetite. This sample shows the 
possible presence of two generations of violarite: 
well—polished, smooth—surfaced violarite is usu- 
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ally indicative of a prirnary origin, whereas pit-
ted, poorly polished violarite is considered to be 
an alteration product after pentlandite or pyr-
rhotite. Two PGM were found in the single 
polished section examined. One is sperrylite 
(3x7 gm), which is attached to pentlandite and 
pyrite and extends into silicates (serpentine ?), 
(Appendix, Table 4 and Fig. 25). A single 
merenskyite grain (2x3 gm) was found in pyrite, 
itself included in pentlandite (Fig. 26). 

Sample SEB-85-07 Chromite, with Fe—rich 
rims, is the principal opaque mineral in this 
sample. Another feature of the chromite is its 
"buckshot" texture, derived from numerous 
round silicate inclusions, many of them multi-
mineralic (Fig. 27). Electron microprobe analy-
ses of several chromite grains are given in the 
Appendix, Table 2, and analyses of silicate min-
erals, occurring either as inclusions in chromite 
or as matrix to the chromite, are given in the 
Appendix, Table 3. Sulphide  minerais  (mil-
lerite, violarite, pentlandite, pyrite and chalcopy-
rite) are present only in trace amounts, many 
occurring as small inclusions at the chromite/sili-
cate boundary. 

Thirteen PGM grains, dominated by the Pd 
minerais merenskyite and kotulskite, were found 
in two polished sections (Appendix, Table 6). 
The three merenskyite grains are relatively large 
(10x20, 5x11 and 2x20 p.m), whereas the seven 
kotulskite grains range from lx1 to a maximum 
of 11x30 gm (Fig. 28-30). The other three 
PGM are sperrylite grains (2x2, 8x18 and 10x13 
gm), shown in Figures 31 and 32. Two sper-
rylite analyses are given in Table 8. All these 
PGM inclusions, as in the previous sample, are 
either hosted by, or in contact with, sulphide 
minerais (pyrite, pentlandite or vicdarite), them-
selves enclosed by silicates. Qualitatively, there 
is good correlation between assay values (Table 
1) and the nature of PGM found. 

Sample SEB-85-10 Magnetite is the principal 
opaque mineral, occurring as massive segrega-
tions, as rims to chromite remnants, or as dis-
seminations in silicates. It covers roughly one 
third, by area, of the sections studied optically. 
Ilmenite occurs in minor to trace amounts as 
inclusions in magnetite. A few laths of barite 

were found in the silicates. The sulphide miner-
als (millerite, pentlandite, violarite, pyrite and 
chalcopyrite) are extremely sparse, occurring as 
fine—grained inclusions mainly in silicates but 
also in magnetite, often as multimineralic com-
posite grains. One violarite grain is sufficiently 
large for a quantitative WDS analysis, resulting 
in the formula: 

(N11.72Fe0.82C00.44)E = 2.98S4.02 

Thirteen PGM, representing a diverse suite of 
minerais,  were found by optical examination of 
four polished sections and one polished thin 
section. Five are Pd minerais (four keithconnite 
1x1 to 2x4 pm and one mertieite II 1.5x2 gm); 
four are the Rh mineral hollingworthite (1.5x1.5 
to 4x8 gm), often exhibiting considerable Pt 
substitution for Rh; three are sperrylite (2x4 to 
3x4 gm), and one is a single grain of laurite 
(1x1 gm). Most of these PGM (nine gains) 
are enclosed in silicates (Fig. 33-35); three oc-
cur at the magnetite/silicate boundary (Fig. 36 
and 37); and one sperrylite grain is included in 
magnetite (Fig. 38). Correlation of PGE assay . 
values (Table 1) with the PGM found also ap-
pears quite good qualitatively. 

Sample SEB-85-16 Chromite is the major 
opaque mineral in this sample (an estimated 
25-30% of the whole sample) occurring as two 
cumulus layers. The chromite generally has Fe-
rich rims (Fig. 39), and some grains have an 
intergrowth texture with the silicates reminiscent 
of a corroded or replacement (recrystallized ?) 
texture. This texture is more common in sam-
ple SEB-85-18. Magnetite is also present as a 
minor constituent occurring as skeletal dissemi-
nations in silicate. The sulphides (millerite > 
violarite > chalcopyrite, pentlandite and pyrite) 
are generally present as fine—grained dissemina-
tions in silicate. However, a few large millerite 
grains were observed (up to 360 gm in maxi-
mum dimension). A few small multimineralic 
sulphide grains also occur in chromite. 

Nine laurite grains were the sole PGM species 
found during optical examination of two pol-
ished sections. The grains range from lx1 to 
5x8 p.m; seven of the grains occur as inclusions 
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in silicate (e.g., Fig. 40) and two in chromite 
(Fig. 41 and 42). 

Despite a relatively high assay value of 1200 ppb 
Pd, no Pd minerals were identified. On the 
other hand, some laurite grains were found, de-
spite the low assay value of 45 ppb Ru for the 
sample. The PGM found do not correlate well 
with the assays, as was determined for sample 
SEB-84-7. 

Sample SEB-85-18 This sample contains 
abundant cumulus chromite, having a pro-
nounced corroded (recrystallized ?) texture 
(Fig. 43), as is present in sample SEB-85-16. 
Qualitative EDS analyses indicated that the sili-
cate intergrowths found within the chromite 
were the same as the host matrix. The matrix 
silicate was confirmed to be clinochlore by 
X—ray powder diffraction. Numerous sulphides 
(violarite, millerite, pentlandite, pyrite and chal-
copyrite) occur within the chromite, usually as 
multimineralic grains. 

Fifty—four PGM grains were found (in only two 
polished sections), and all are inclusions in the 
silicate matrix. Eighteen are laurite grains (Ap-
pendix, Table 4 and Fig. 44-49), which range 
in size from  1x1 to 6x9 gm. Seventeen sper-
rylite grains were identified (Appendix, Table 7) 
and range in size from  1x2 to 10x15 gm (Fig. 
49-54). Eight grains of keithconnite (Appen-
dix, Table 6) were identified (Fig. 55 and 56), 
half of which are attached to sperrylite (Fig. 
52-54). The keithconnite grains range in size 
from  1x1 to 4x6 gm and probably represent 
only the second reported occurrence of the min-
eral since its original characterization in the J—M 
reef of the Stillwater Complex, Montana (Cabri 
et al., 1979). Six grains of irarsite were also 
identified, ranging in size from <1 to 2x2 p.m 
(Fig. 47 and 48) as well as three grains of hol-
lingworthite (1x2, 1.5x2 and 2x3 p.m) (Fig. 55). 
One hollingworthite grain is attached to sper-
rylite and a second is attached to laurite (Fig. 
57). Finally, two unidentified PGM (1x2 and 
10x10 gm), possibly consisting of fine—grained 
intergrowths, were also observed. Qualitative 
EDS analyses of the unidentified grains indicate 
that they contain Pd, Te, Mn, Ni and Cu. The 
diversity of PGM found, representing Pt, Pd, 

Ru, Rh and Jr minerals, correlates fairly well 
with the assay values (Table 1). 

Sample SEB-85-32 A study of four polished 
sections reveals that the chromite and magnetite 
content of this sample is variable. Chromite 
displays typical Fe—rich rims and some grains 
contain rounded silicate inclusions, usually near 
grain centres. Magnetite, a minor constituent, 
occurs principally as a replacement of chromite, 
but is also intergrown with sulphides. The sul-
phides (millerite, violarite, pentlandite, pyrite 
and chalcopyrite) generally occur as small multi-
mineralic inclusions in either chromite or sili-
cate, and most are intergrovvn with magnetite. 
Sulpharsenides (cobaltite and gersdorffite), gen-
erally intergrown with sulphides, occur as small 
inclusions in chromite or in silicates. 

Eighteen PGM grains were found, including six 
laurite grains (Appendix, Table 4), which range 
in size between  1x3 and 7x12 gm. Four laurite 
grains occur in silicates and two in chromite 
(Fig. 58 and 59). Four sperrylite grains were 
identified (Appendix, Table 7), ranging in size 
from  1x2 to 8x9 gm; all are included in silicate 
(Fig. 60-62). Four gains of merenskyite (1x1 
to 3x6 p.m) were identified: two in silicate (Fig. 
62), one in magnetite (Fig. 63) and one in mil-
lente, in contact with silicate (Fig. 64). Two 
hollingworthite 2.5x3 gm grains were identified; 
one is attached to pentlandite (?) in silicate 
(Appendix, Table 8 and Fig. 65), and the other 
is attached to laurite (Fig. 66), which is in con-
tact with a grain of keithconnite (Appendix, 
Table 6). All these grains are included in sili-
cate. Finally, a single grain of mertieite II was 
identified (Appendix, Table 6), occurring as a 
6x12—grn inclusion in silicate (Fig. 63). Corre-
lation between the PGM found and the assay 
values (Table 1) is fairly good. 

PROTON MICROPROBE 
RESULTS 

Five chromite gains were analyzed with a pro-
ton microprobe at the Max Planck Institut Ma-
Kernphysik, Heidelberg, West Germany. The 
grains are from the Upper and Lower Main 
Chromitites as well as from the Lower Group 
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platinum—bearing unit. The trace contents of 
Ni, Zn and Ga are somewhat similar, but Ni 
seems to increase with stratigraphie depth (Ta-
ble 9). Too few analyses were undertaken to 
be sure of any definitive trend. 

DISCUSSION 

Mineralogy of the PGM 

The PGM suite of the Upper Main Chromitite 
and the Lower Main Chromitite is in marked 
contrast to all samples from the Lower Group 
Chromitite, except for one (SEB-85-16). The 
PGM found in the sulphide—poor chromite—rich 
Upper and Lower Main Chromitites are almost 
exclusively (96%) represented by minerals of 
Ru, Jr and Os (Table 10). In contrast, the Pt-
bearing member of the Lower Group Chromitite 
contains a more diverse suite of PGM, including 
Pt, Pd and Rh as well as Ru and Ir, and may 
be described as relatively sulphide—rich. Os is 
represented by substitutions in other PGM, es-
pecially laurite (Appendix, Table 5). The dif-
ference between the PGM in the two suites is 
shown graphically in Figure 67 by means of 
their vol % [calculated on length and width x 
1/2 (length + width)]. 

The PGM suite found in the Upper and Lower 
Main Chromitites is in very good agreement with 
that reported by Talkington et al. (1983) and 
Ohnenstetter et al. (1986). The PGM identified 
in these chromitites are also consistent with the 
Ru—dominant assays for Cr203—rich samples re-
ported by Talkington and Watkinson (1986). 

Comparison between the PGM found and assay 
values is an indication of whether or not the 
PGM are representative of all the PGE values. 
Such a comparison is very difficult to achieve 
on a quantitative basis in practice, as there are 
usually too few PGM in each polished section to 
provide a statistically reliable grain count. This 
handicap may be overcome, to a certain degree, 
where the PGM grains are large enough for con-
centration before examination in a polished sec-
tion (e.g., Cabri and Laflamme, 1984). The 

PGM in the Bird River samples are too fine-
grained, and since they are commonly included 
in a soft mineral (clinochlore), it is difficult to 
produce a good representative polished section 
without losing some PGM grains during polish-
ing. Therefore, comparisons between PGM 
found and assay results are qualitative only. A 
summary of the number of PGM found and the 
number of polished sections and polished thin 
sections examined is given in Table 11. 

Another way to compare the mineralogical find-
ings with the assays is to calculate the mass for 
each PGE from the vol % data. This was done 
for all PGE except Os, assuming ideal composi-
tions for the PGM found in the Lower Group 
platinum—bearing unit. The results of PGE dis-
tribution are compared with the average assay 
PGE distribution (Table 1) in Figure 68. The 
correspondence between the PGE distribution 
calculated from PGM and from the assays is 
very close. In fact, the largest discrepancies 
may also be partly due to known substitutions of 
Rh for Pt in sperrylite, Rh for Jr in irarsite, and 
Jr and Pt for Rh in hollingworthite. 

Implications for Mineral Processing 

The size of PGM inclusions and their host min-
eral are important considerations for mineral 
processing. In general terms, the size of PGM 
in the chromitite bands (Upper and Lower 
Main) and in the Lower Group platinum—bear-
ing unit are comparable, with most grains being 
5 gm or less in largest dimension. However, 
grains up to 30 gm were observed in the Lower 
Group platinum—bearing zone, in comparison 
with 14 gm as the largest found in the two 
chromitites. On the other h'and, the distribution 
of PGM in their host mineral is considerably 
different if those two stratigraphic environments 
are compared, as shown graphically in Figure 
69. In addition, the results for PGM inclusions 
in the Upper and Lower Main Chromitites are 
in conflict with the data of Ohnenstetter et al. 
(1986), who reported only a single PGM not 
included in chromite (in about 100 specimens) 
from the Upper Main Chromitite. 



Ni Grain Zn 	 Ga Sample No. 

EI-86-58 (U.M.) 
EI-86-58 (U.M.) 
SEB-84-15 (L.M.) 
SEB-84-15 (L.M.) 
SEB-85-32 (L.G.) 

1 	921 ± 34 
2 	873 j 46 
1 	1,381 ± 43 
2 	1,310 ± 43 
1 	1,802 ± 41 

501 ± 13 
521 ± 18 
509 ± 16 
503 ± 16 
678 ± 15 

71 ± 7 
48 ± 9 
57 ± 8 
60 ± 7 
81 ± 7 

Upper Main 
Chromitite 

Lower Main 
Chromitite 

Lower Group 
Chromitite 
(Pt—bearing 

members) 

laurite (RuS2) *  

laurite (RuS2) 

sperrylite (PtAs2) 
laurite (RuS2) 

Os—Ir—Ru alloy 

kotulskite (PdTe) 
merenskyite (PdTe2) 
hollingworthite (RhAsS) 
keithconnite (Pd3_ xTe) 
irarsite (IrAsS) 

Os—Ir—Ru alloy 
erlichmanite (OsS2) 

irarsite (IrAsS) 
UK (Pd,Pt,Ru,S,As,Sb) 

mertieite II (Pd8Sb3) 
UK (Pd,Te,Mn,Ni,Cu) 

Common Less common Rare to very rare 

9 

Table 9 — Proton microprobe analyses of chromite (ppm) 

Analyses were done with a 200 p.m Al absorber at 4 MeV. The beam integrated charge was about 
0.27 p.0 on a 5x6 gm area for about 30 minutes. The analyses were computed using similar methods 
and synthetic standards to those reported by Cabri et al. (1985). 

Table 10 — Relative abundance of PGM in Bird River sill 

*ideal formula, given only for named minerals 



Sample 

EI-86-58 
SEB-84-15 
SEB-84-7 
SEB-85-06 
SEB-85-07 
SEB-85-10 
SEB-85-16 
SEB-85-18 
SEB-85-32 

No. polished 
sections 

1 
1 
4* 
1 
2 
5* 
2* 
2* 
4 

No. PGM 
grains 

8 
16 

1 
2 

13 
13 

9 
54 
18 

Spinel Compositions Trace Elements 

10 

Table 11 — Summary of PGM found 

*includes one polished thin section 

Electron microprobe analyses of spinel are plot-
ted on a Cr — Al — Fe' diagcam (Fig. 70) and 
show, for example, the effect of Al loss and 
Fe3+  gain in the alteration rims. The major 
cluster of analyses is due to the relatively unal-
tered core zones, which contain analyses from 
all three zones examined in this study. Both 
core and rim analyses correspond to the data of 
Ohnenstetter et al. (1986) for Upper Main 
Chromitite. The chromite compositions from 
core areas project onto the field of stratiform 
intrusions. However, the two analyses repre-
senting the Cr—rich zones have not been re-
corded in the literature* and may represent the 
results of a different type of reaction to that 
which caused the Cr—depleted rims. 

With one exception, Ti—rich chromites reported 
by Ohnenstetter et al. (1986) were not found 
(Fig. 71). Eales and Reynolds (1983) inter-
preted the Ti trend to be due to magmatic frac-
tionation. The lack of a Ti—rich chromite trend 
may also be seen in the form of a Ti vs 
Cr/(Cr+Al) plot (Fig. 72), again, with the ex-
ception of one data point. 

The few proton microprobe analyses of chromite 
that were performed reveal trace contents of Ga 
which are comparable to the 80 ppm obtained 
for eight chromite samples from Greece, by 
spark—source—mass spectrometry (Agiorgitis et 
al., 1976) and to the single proton microprobe 
analysis of 70 ppm on a chromite of unknown 
origin, reported by Sie and Ryan (1986). 
Though Ga concentration in chromite is not 
widely known, the recent experimental work of 
Malvin and Drake (1987) demonstrates that Ga 
is highly compatible in spinel [D(Ga) = 4.6] in 
contrast to its incompatibility in forsterite and 
diopside [D(Ga) = 0.024 and 0.19, respec-
tively], and its slight incompatibility in anorthite 
[D(Ga) = 0.86]. The mechanism for Ga substi-
tution is presumed to be the direct replacement 
of A13 +, which is present in most chromites. 

SUMMARY AND CONCLUSIONS 

The results of a preliminary investigation of the 
mineralogy and the mineralogical distribution of 
the PGE in samples from the Chrome property, 
Bird River sill, may be summarized as follows: 

*Note added in proof. Shen et al. (1988) report texturally similar Cr—rich zones from a podiform 
chromitite deposit. 
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1. Three textural/chemical varieties of chromite 
were found: 

a. chromite with cores containing about 
37-40% Cr203  and relatively regular al-
teration rims with about 31-36% Cr203. 
This chromite occurs in the Lower 
Group platinum—bearing member, units 
1, 2 and 5. 

b. chromite with a corroded (recrystal-
lized ?) texture occurs in the Lower 
Group platinum—bearing member, units 
2 and 3. 

chromite with a higher Cr203  content 
(43-46%), also containing irregular 
patches and rims of higher Cr203 

 (57-58%), occurs in the Upper and 
Lower Main Chromitites. 

The core—to—rim decrease in Cr203  content 
for the first variety of chromite is accompa-
nied by an even larger decrease in Al203 

 and a similar decrease in MgO, together 
with substantial increases in FeO and Fe203 . 
Interestingly, these correlations do not ap-
pear in analyses of the third variety of chro-
mite. In this case, a decrease in Cr203 

 content is accompanied by an increase in 
Al203, Fe203  and MgO and a decrease in 
FeO. No Ti trend was observed in chro-
mites analyzed. 

2. Chromites from all three stratigraphie hori-
zons contain trace quantities of Ni, Zn and 
Ga. 

3. The number of PGM species found in both 
the Upper and Lower Main Chromitites (3) 
is considerably fewer than that found in the 
Lower Group platinum—bearing unit (9). 
The distribution of PGE, calculated from 
assay data, agrees fairly well with that calcu-
lated from the mineralogical study. This 
suggests that the PGM found are probably 
representative of the samples studied. 

4. The host—mineral distribution for PGM in-
clusions varies markedly between the Lower 
Group platinum—bearing unit and that found 
in the Upper and Lower Main Chromitites. 
The former should be more amenable to 
recovery of a by—product PGE concentrate 
because a geater proportion of the PGM is 
included in, or attached to, silicates and sul-
phides (Merkle, 1987; Overbeek et al., 
1985; Von Gruenewaldt and Hatton, 1987). 
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Fig. 4 — Backscattered electron image (BEI) showing areas (lighter grey) with higher Cr and lower Al 
and Mg contents. Sample EI-86-58. 

Fig. 5 — SEM photomicrograph of a euhedral laurite (LAU) grain (Appendix, Table 4, anal. 1) 
included in chromite (CR) (Appendbc, Table 2, anal. 18, 19). Sample EI-86-58. 

Fig. 6 — SEM photomicrograph of a subhedral laurite (LAU) grain (Appendix, Table 4 anal. 2) 
included in chromite (CR) (Appendbc, Table 2, anal. 17). Sample EI-86-58. 

Fig. 7 — SEM photomicrograph of an intergrowth of Os—Ir—Ru alloy (white) with fractured 
erlichmanite (ERL), both included in chromite (CR) (Appendix, Table 2, anal. 22) . The 
erlichmanite occurs alongside a fracture (upper left) that extends to the silicate matrix 
(outside the area shown). Sample EI-86-58. 
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Fig. 8 — SEM photomicrograph showing three anhedral white laurite (LAU) grains (Appendix, Table 
4, anal. 3) in clinochlore (?) (SIL) (Appendix, Table 3, anal. 33) with some grossular (GR) 
grains (Appendix, Table 3, anal. 34), medium grey, left of laurite. Chromite is present in 
the upper part. Sample EI-86-58. 

Fig. 9 — SEM photomicrograph of a euhedral laurite (LAU) grain (Appendix, Table 4, anal. 4) 
enclosed in clinochlore (?) (SIL) (Appendix, Table 3, anal. 40) in chromite (CR) 
(Appendbc, Table 2, anal. 21). A zone of high Cr (and lower Al and Mg) is seen as a rim 
(light grey) to the silicate inclusion and extending left and right. Sample EI-86-58. 

Fig. 10 — SEM photomicrograph of a composite silicate inclusion (Appendix, Table 3, anal. 37-39) 
in chromite similar in composition to analyses 21 and 22, Table 2. Sample E 1-86-58. 

Fig. 11 — BEI photomicrograph showing cumulus chromite grains with typical Cr—rich rims. Sample 
SEB-84-15. 
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Fig. 12 — SEM photomicrograph of several chromite (CR) grains (Appendix, Table 2, anal. 29) with 
light—coloured Cr—rich rims enclosed by grossular (GR) and clinochlore (?) (SIL). A 
laurite (LAU) inclusion may be seen in one chromite, details of which are given in Figure 
18. Sample SEB-84-15. 

Fig. 13 — SEM photomicrograph of a euhedral laurite (LAU) grain in clinochlore (?) (SIL) 
(Appendbc, Table 3, anal. 53) nearly in contact with chromite (CR). Sample SEB-84-15. 

Fig. 14 — SEM photomicrograph of two subhedral laurite (LAU) grains with a lath of irarsite (IRS) 
in clinochlore (?) (SIL) (Appendix, Table 3, anal. 50). Sample SEB-84-15. 

Fig. 15 — SEM photomicrograph of a subhedral laurite (LAU) grain with a smaller (Pd, Pt, Ru, S, 
As, Sb) inclusion (UK) in contact with grossular (GR) (Appendbc, Table 3, anal. 52) 
enclosed in clinochlore (?) (SIL) (Appendix, Table 3, anal. 51) between chromite (CR) 

I
grains. Sample SEB-84-15. 
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Fig. 16 — SEM photomicrograph of an anhedral laurite (LAU) grain (Appendix, Table 4, anal. 7) in 
contact with grossular (GR) (Appendbc, Table 3, anal. 48) and clinochlore (?) (CL) 
(Appendix, Table 3, anal. 49) between chromite grains showing Cr—rich areas. Calcite 
(CA) is present in the upper right. Sample SEB-84-15. 

Fig. 17 — SEM photomicrograph of three anhedral laurite (LAU) grains included in grossular (GR) 
(Appendix, Table 3, anal. 46), itself included in clinochlore (?) (SIL) (Appendix. Table 3, 
anal. 47), occurring between chromite grains as in Figure 13. Sample SEB-84-15. 

Fig. 18 — SEM photomicrograph of the same laurite (LAU) grain enclosed in chromite (CR) shown 
in Figure 12. The laurite straddles a microfracture in the chromite, which is also 
associated with Cr—rich areas. 

Fig. 19 — SEM photomicrograph of a euhedral laurite (LAU) grain included in chromite (CR). 
Compare to Figure 18. Sample SEB-84-15. 
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Fig. 20 - SEM photomicrograph of another euhedral laurite (LAU) grain included in chromite (CR) 
(Appendix, Table 2, anal. 28) related to an incipient fracture (?). Sample SEB-84-15. 

Fig. 21 - SEM photomicrograph of a subhedral grain of rutheniridosmine (Appendix, Table 8) 
included in chromite (CR). Sample SEB-84-15. 

Fig. 22 - SEM photomicrograph of a euhedral platelet of Os-Ir-Ru alloy included in chromite (CR) 
(Appendix, Table 2, anal. 27). Sample SEB-84-15. 

Fig. 23 - SEM photomicrograph of an anhedral grain of Os-Ir-Ru alloy included in chromite (CR) 
(Appendix, Table 2, anal. 31). Sample SEB-84-15. 
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Fig. 24 — SEM photomicrograph of a merenskyite (MER) inclusion in magnetite (MAG) and 
attached to violarite (VL) which has shrinkage cracks. Sample SEB-84-7. 

Fig. 25 — SEM photomicrograph of a tabular sperrylite (SPY) inclusion in pentlandite (PN), pyrite 
(PY) and serpentine (?) (Appendix, Table 3, anal. 1). Sample SEB-85-06. 

Fig. 26 — SEM photomicrograph of a merenskyite (MER) inclusion in pyrite (PY) intergrown with 
pentlandite (PN), all enclosed by silicates. Sample SEB-85-06. 

Fig. 27 — SEM photomicrograph of a chromite grain with typical alteration to magnetite (light) and 
containing numerous primary, occasionally composite, silicate inclusions. Analyses given in 
Appendix, Table 3, indicate (a) pargasite (?) analysis 7, (b) pyroxene (?) analysis 8, (c) 
clinochlore (?) analysis 9, and (d) clinochlore (?) analysis 10 of the matrix silicate. 
Sample SEB-85-07. 
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Fig. 28  —  SEM photomicrograph of a merenskyite (MER) (Appendix, Table 6, anal. 2) — pentlandite 
(PN) — pyrite (PY) composite grain with intergrown serpentine (?) (Appendix, Table 3, 
anal. 2). Sample SEB-85-07. 

Fig. 29 — SEM photomicrograph of merenskyite (MER) (Appendix, Table 6, anal. 1) — pentlandite 
(PN) composite gains included in clinochlore (?) (SIL) (Appendix, Table 3, anal. 5). 
Sample SEB-85-07. 

Fig. 30 — SEM photomicrograph of a large kotulskite (Appendix, Table 3, anal. 3) merenskyite grain 
(Pd—Te) and numerous smaller kotulskite inclusions (Appendix, Table 3, anal. 4) in 
violarite (VL) all intergrown with clinochlore (?) (SIL) (Appendix, Table 3, anal. 6). 
Sample SEB-85-07. 

Fig. 31 — SEM photomicrograph of two sperrylite (SPY) grains (Appendix, Table 7, anal. 4) 
associated with pyrite (PY) in clinochlore (?) (SIL) (Appendix, Table 3, anal. 3). Sample 
SEB-85-07. 
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Fig. 32 - SEM photomicrograph of an anhedral sperrylite (SPY) inclusion (Appendix, Table 7, anal. 
3) attached to pyrite (PY) in a clinochlore (SIL) matrix (Appendix, Table 3, anal. 4). 
Sample SEB-85-07. 

Fig. 33 - SEM photomicrograph of a keithconnite/mertieite II (?) (KEIT/Pd-Sb) intergrowth with 
numerous smaller keithconnite inclusions in silicates. Sample SEB-85-10. 

Fig. 34 - SEM photomicrograph of two hollingworthite (HOL) inclusions in serpentine (SIL). 
Sample SEB-85-10. 

Fig. 35 - SEM photomicrograph of a euhedral sperrylite (SPY) inclusion in serpentine (SIL). 
Sample SEB-85-10. 
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Fig. 36 — SEM photomicrograph of a large hollingworthite (HOL) grain included in an unidentified 
Fe silicate and in contact veith magnetite (MAG). Small laurite (LAU) and keithconnite 
(KEIT) inclusions are also included in the Fe silicate at the magnetite contact, and another 
keithconnite inclusion occurs in serpentine (SIL). Sample SEB-85-10. 

Fig. 37 — SEM photomicrograph of a sperrylite (SPY) inclusion, attached to magnetite (MAG), in a 
silicate (SIL) matrix. Sample SEB-85-10. 

Fig. 38 — SEM photomicrograph of an elliptical sperrylite (SPY) inclusion in magnetite (MAG). 
Sample SEB-85-10. 

Fig. 39 — SEM photomicrograph of cumulus chromite (CR) grains with characteristic Fe—rich 
alteration zones (lighter) in silicate (SIL). Sample SEB-85-16. 
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Fig. 40 — SEM photomicrograph of laurite (LAU) inclusions in silicates (SIL). Sample SEB-85-16. 

Fig. 41 — SEM photomicrograph of a euhedral laurite (LAU) inclusion in chromite (CR). Sample 
SEB-85-16. 

Fig. 42 — SEM photomicrograph of a euhedral laurite (LAU) inclusion in chromite (CR) intergrown 
with silicate (SIL). Sample SEB-85-16. 

Fig. 43 — SEM photomicrograph of cumulus chromite grains with the "corroded" texture due to fine 
silicate intergrowths, mostly clinochlore. One chromite grain has a large rounded silicate 
inclusion as was common for sample SEB-85-07 (Fig. 27). Sample SEB-85-18. 
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Fig. 44 — SEM photomicrograph of a laurite (LAU) inclusion (Appendbc, Table 4, anal. 14) in 
clinochlore (?) (SIL) next to "corroded" chromite (CR). Sample SEB-85-18. 

Fig. 45 — SEM photomicrograph of a laurite (LAU) inclusion in clinochlore (?) (SIL) located 
between larger chromite (CR) grains. Sample SEB-85-18. 

Fig. 46 — Same as Figure 45, but different laurite grain. 

Fig. 47 — SEM photomicrograph of a laurite (LAU) and two irarsite (IRS) inclusions in clinochlore 
(?) (SIL). Sample SEB-85-18. 
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Fig. 48 — SEM photomicrograph of laurite (LAU) (Appendix , Table 4, anal. 12) and irarsite (IRS) 
inclusions in clinochlore (?) (SIL) located between large "corroded" chromite (CR) grains. 
Sample SEB-85-18. 

Fig. 49 — SEM photomicrograph of inclusions of sperrylite (SPY) and laurite (LAU) in clinochlore 
(?) (SIL). Sample SEB-85-18. 

Fig. 50 — SEM photomicrograph of a sperrylite (SPY) inclusion in clinochlore (?) (SIL) located 
between large "corroded" chromite (CR) grains. Sample SEB-85-18. 

Fig. 51 — Same as Figure 50, but different sperrylite grain. 
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Fig. 52 — SEM photomicrograph of keithconnite (KEIT) grains, one with an attached sperrylite 
(SPY) grain, included in clinochlore (?) (SIL) close to a large "corroded" chromite (CR) 
grain. Sample SEB-85-18. 

Fig. 53 — SEM photomicrograph of a composite sperrylite (SPY) — keithconnite (KEIT) inclusion in 
clinochlore (?) (SIL). Sample SEB-85-18. 

Fig. 54 — Same as Figure 53, but a different grain with nearby chromite (CR). 

Fig. 55 — SEM photomicrograph of inclusions of keithconnite (KEIT) and hollingworthite (HOL) in 
clinochlore (?) (SIL). Sample SEB-85-18. 
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Fig. 56 — SEM photomicrograph of two keithconnite (KEIT) inclusions in clinochlore (?) (SIL) and 
nearby large "corroded" chromite (CR) grain. Sample SEB-85-18. 

Fig. 57 — SEM photomicrograph of a composite laurite (LAU) — hollingworthite (HOL) inclusion in 
clinochlore (?) (SIL) located near a large "corroded" chromite (CR) grain. Sample 
SEB-85-18. 

Fig. 58 — SEM photomicrograph of a euhedral laurite (LAU) inclusion in chromite (CR) (Appendix, 
Table 2, anal. 3) with Fe—rich zone (upper right). Sample SEB-85-32. 

Fig. 59 — Same as Figure 58, but different laurite grain. 
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Fig. 60 — SEM photomicrograph of a sperrylite (SPY) grain included in serpentine (Appendbc, T le 
3, anal. 12). Sample SEB-85-32. 

Fig. 61 — SEM photomicrograph of two small sperrylite (SPY) inclusions in serpentine (SIL) 
(Appendix, Table 3, anal. 20) with a large chromite (CR) grain nearby. Sample 
SEB-85-32. 

Fig. 62 — SEM photomicrograph of several PGM inclusions, sperrylite (SPY), merenskyite (MER), 
laurite (LAU), in serpentine (SIL) (Appendix, Table 3, anal. 21) and associated large 
chromite (CR) grains. Sample SEB-85-32. 

Fig. 63 — SEM photomicrograph of a mertieite II (Pd—Sb) inclusion (Appendix, Table 6, anal. 7) in 
pyroxene (?) (SIL) (Appendix, Table 3, anal. 13) and a smaller merenskyite (MER) 
inclusion in magnetite (MAG) associated with millerite (NiS). Sample SEB-85-32. 
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Fig. 64 — SEM photomicrograph of a merenskyite (MER) inclusion in millerite (NiS) in contact with 
clinochlore (?) (SIL) (Appendix, Table 3, anal. 16). Violarite (VL) and chalcopyrite 
(CP) are also part of this assemblage. Sample SEB-85-32. 

Fig. 65 — SEM photomicrograph of zoned hollingworthite (HOL) included in a Ni—Fe sulphide grain, 
itself included in silicates (SIL). Sample SEB-85-32. 

Fig. 66 — SEM photomicrograph of a composite hollingworthite (HOL) — laurite (LAU) — 
keithconnite (KEIT) inclusion in clinochlore (?) (SIL) (Appendix, Table 3, anal. 19) in 
close proximity to large chromite (CR) grains. Sample SEB-85-32. 
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Fig. 67 — Distribution of PGM species, calculated by vol %, in Upper and Lower Main Chromitites 
(A) and in Lower Group Pt—bearing unit (B). Abbreviations used: LAU = laurite, IRS = 
irarsite, Os—Ir—Ru = Os—Ir—Ru alloy, SPY = sperrylite, KOT = kotulskite, MER = 
merenskyite, UK = unidentified minerals. 
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Fig. 68 — Distribution of five PGE for Lower Group Pt—bearing unit from assay data for seven 
samples (Appendix, Table 2) shown in (A) and as calculated from PGM found (by mass) 
in (B). 

CHROURE (1.0%) 

Fig. 69 — Host  minerais for PGM inclusions (calculated by vol %) in Upper and Lower Banded 
Chromitites (A) and in Lower Group Pt—bearing unit (B). Note: chromite host in (B) 
includes magnetite. 
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Fig. 70 — Chromite compositions plotted on an Al — Cr —Fe 3 + diagram. Circles are analyses from 
core areas, squares are from rim areas, and triangles are the Cr—rich (alteration ?) zones. 

2Ti 

Fig. 71 — Chromite compositions plotted on a Cr-2Ti—Al diagram. Same symbols used as in 
Figure 70. 
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Fig. 72 — A plot of Ti vs Cr/(Cr+Al) for the spinel analyses in Appendbc, Table 2. Triangles are for 
the high Cr analyses (No. 19 and 25), open squares are for rim analyses and the closed 
square is for the skeletal magnetite intergowth (No. 3). The single high Ti analysis is 
from the Lower Group Pt—bearing member. 





APPENDIX 





Table 2 - Energy dispersive analyses of spinels from Bird River sill samples 

(1) 	 (2) 	(3) 	 (4) 	(5) 	(6) 	 (7) 	( 8) 

MgO 	2.1 	0.87 	0.28 	6.6 	0.69 	7.6 	0.44 	4.6 
MnO 	2.9 	3.0 	0.12 	1.7 	2.2 	1.4 	2.6 	1.4 
FeO 	30.5 	28.3 	31.0 	23.3 	29.1 	23.0 	28.6 	27.1 
Fe2  03 	 7.3 	25.7 	68.9 	7.2 	28.4 	6.4 	35.4 	8.3 
Cr203 	40.2 	38.2 	0.14 	39.0 	34.9 	36.5 	31.3 	38.1 
TiO2 	3.0 	0.57 	0.0 	0.55 	0.63 	0.43 	0.0 	0.34 
Si02 	0.37 	0.42 	0.22 	0.25 	0.21 	0.15 	0.28 	0.33 
Al203 	12.2 	1.7 	0.0 	19.2 	0.83 	23.7 	0.89 	19.3 

Totals 	98.57 	98.76 	100.66 	97.80 	96.96 	99.18 	99.51 	99.47 

NUMBERS OF IONS ON THE BASIS OF 32(0) 

Mg 	0.881 	0.390 	0.127 	2.614 	0.318 	2.897 	0.198 	1.820 
Mn 	0.691 	0.763 	0.031 	0.383 	0.575 	0.303 	0.665 	0.315 
Fe+2 	7.167 	7.102 	7.909 	5.180 	7.318 	4.921 	7.221 	6.021 
Fe+3 	1.537 	5.814 	15.832 	1.442 	6.755 	1.237 	8.038 	1.658 
Cr 	 8.941 	9.074 	0.034 	8.193 	8.520 	7.379 	7.476 	7.994 
Ti 	 0.635 	0.129 	0.000 	0.110 	0.146 	0.083 	0.000 	0.068 
Si 	 0.104 	0.126 	0.067 	0.066 	0.065 	0.038 	0.085 	0.088 
Al 	 4.045 	0.602 	0.000 	6.013 	0.302 	7.142 	0.317 	6.037 

(1) 85-06C, chromite grain (core); (2) 85-06R, same grain (rim); (3) 85-06M, skeletal magnetite intergrowth; (4) 85-07A-C, 
chromite grain selected at random (core); (5) 85-07A-R, same grain (rim); (6) 85-07B-C, chromite grain shown in Figure 27 (core); 
(7) 85-07B-R, same gain (rim); (8) 85-32A-9, chromite host of laurite grain (Fig. 58). 



Table 2 - Energy dispersive analyses of spinels from Bird River sill samples (cont'd.../2) 

( 9 ) 	(10) 	(11) 	 (12) 	(13) 	(14) 	(15) 

MgO 	 13.2 	11.2 	8.0 	0.36 	7.8 	8.1 	9.0 
MnO 	 0.82 	0.60 	1.4 	1.5 	0.64 	0.77 	0.98 
FeO 	 16.0 	19.3 	22.6 	29.9 	22.7 	22.9 	21.1 
Fe203 	 8.1 	6.9 	6.7 	33.0 	5.7 	5.7 	6.5 
Cr203 	 37.4 	37.3 	36.0 	30.9 	45.5 	44.8 	44.3 
TiO2 	 0.35 	0.36 	0.13 	0.17 	0.75 	0.88 	0.61 
Si02 	 0.18 	0.29 	0.29 	0.34 	0.0 	0.32 	0.24 
Al203 	 25.5 	25.2 	24.6 	2.2 	16.7 	17.0 	17.9 

Totals 	 101.55 	101.15 	99.72 	98.37 	99.79 	100.47 	100.63 

NUMBERS OF IONS ON THE BASIS OF 32(0) 

Mg 	 4.726 	4.077 	3.017 	0.163 	3.045 	3.130 	3.438 
Mn 	 0.167 	0.124 	0.300 	0.385 	0.142 	0.169 	0.213 
Fe+2 	 3.214 	3.936 	4.781 	7.594 	4.961 	4.955 	4.528 
Fe+3 	 1.466 	1.272 	1.269 	7.521 	1.128 	1.115 	1.259 
Cr 	 7.102 	7.201 	7.200 	7.409 	9.421 	9.182 	8.976 
Ti 	 0.063 	0.066 	0.025 	0.039 	0.148 	0.172 	0.118 
Si 	 0.043 	0.071 	0.073 	0.103 	0.000 	0.083 	0.062 
Al 	 7.219 	7.253 	7.335 	0.786 	5.155 	5.194 	5.407 

(9) 85-32B-2BC, (10) 85-32-2BC1 and (11) 85-32-2BC2, spot analyses of a typical chromite grain, taken from core to rim, 
sample SEB-85-32: (12) 85-32-2BR. same grain (rim); (13), (14) and (15) different chromite grains selected at random 
(EI-86-58). 



(21) (22) (20) 

8.3 
0.83 

22.1 
5.2 

45.6 
0.37 
0.22 

18.0 

9.3 
0.87 

20.4 
6.3 

42.3 
0.32 
0,0 

20.5 

8.8 
0.78 

21.4 
5.4 

46.0 
0.27 
0.26 

17.9 

8.3 
0.61 

23.0 
5.5 

45.5 
0.70 
0.41 

17.3 

6.8 
0.79 

24.3 
0.35 

58.4 
0.26 
0.66 

10.5 

9.1 
0.56 

21.6 
5.5 

43.1 
0.39 
0.20 

20.4 

8.6 
0.75 

21.8 
6.4 

44.1 
0,61 
0.21 

17.8 

Totals 	 100.62 	100.27 	100.85 	102.06 	101,32 99.99 100.81 

Mg 
Mn 
Fe+ 2  
Fe +3  
Cr 
Ti 
Si 
Al 

3.431 
0.120 
4.574 
1.052 
8.618 
0.074 
0.051 
6.081 

3.309 
0.164 
4.699 
1.238 
9.001 
0.118 
0.054 
5.416 

3.184 
0.181 
4.763 
1.005 
9.278 
0.072 
0.057 
5.460 

3.175 
0.133 
4.933 
1.055 
9.232 
0.135 
0.105 
5.233 

3.360 
0.169 
4.590 
1.044 
9.315 
0.052 
0.067 
5.404 

3.532 
0.188 
4.341 
1.199 
8.522 
0.061 
0.000 
6.157 

Table 2 - Energy dispersive analyses of spinels from Bird River sill samples (coned...13) 

(16) 	(17) (18) 	(19) 

MgO 
MnO 
FeO 
Fe203 

Cr203 
 Ti 02 

Si02 

Al203 

NUMBERS OF IONS ON THE BASIS OF 32(0) 

2.680 
0.177 
5.370 
0.069 

12.207 
0.052 
0.174 
3.272 

(16) 86-58(4) and (17) EI-86-58(5), chromite grains at 
EI-86-58-3L, same chromite gain , but lighter area (Fig. 
host of silicate inclusion carrying a laurite grain (Fig. 9); 

random; (18) EI-86-58-3, 
5); (20) EI-86-58-5, host 

(22) EI-86-58-10, host for 

host of a laurite grain (Fig. 5); (19) 
of a laurite gain; (21) EI-86-58-8, 
Os-Ir-Ru alloy/erlichmanite intergrowth (Fig. 7). 



(23) (25) (24) (26) (29) (28) (27) 

10.3 
0.45 

19.7 
5.1 

45.2 
0.39 
0.19 

19.5 

9.8 
0.66 

20.6 
5.7 

44.2 
0.46 
0.50 

18.8 

7.4 
0.56 

22.6 
0.35 

57.0 
0.13 
0.29 

11.8 

10.0 
0.51 

20.2 
5.7 

43.7 
0.30 
0.39 

19.6 

10.0 
0.48 

20.2 
5.8 

44.1 
0.50 
0.26 

19.2 

10.5 
0.64 

19.5 
5.8 

44.4 
0.49 
0.33 

19.2 

MgO 	10.0 
MnO 	0.80 
FeO 	19.9 
Fe203 	5.4 
Cr203 	43.7 
TiO2 	0.46 
Si02 	0.23 

Al203 	19.9 

	

10.5 	9.7 

	

0.50 	1.1 

	

19.6 	20.7 

	

5.5 	4.1 

	

45.7 	45.8 

	

0.46 	0.50 

	

0.31 	0.45 

	

18.7 	19.2 

Table 2 - Energy dispersive analyses of spinels from Bird River sill samples (coned-14) 

(30) 	(31) 

Totals 	100.39 100.40 	100.13 	100.72 	100.54 	100.86 100.83 	101.27 	101.75 

NUMBERS OF IONS ON THE BASIS OF 32(0) 

Mg 	3.773 	3.775 	2.941 	3.706 	3.778 	3.942 	3.868 	3.934 	3.632 
Mn 	0.172 	0.109 	0.126 	0.142 	0.103 	0.137 	0.096 	0.106 	0.234 
Fe+2 	4.201 	4.271 	5.036 	4.367 	4.280 	4.097 	4.158 	4.124 	4.342 
Fe+3 	1.027 	1.087 	0.070 	1.085 	1.104 	1.106 	0.962 	1.047 	0.805 
Cr 	8.745 	8.750 	12.015 	8.865 	8.837 	8.842 	9.003 	9.082 	9.096 
Ti 	0.088 	0.057 	0.026 	0.088 	0.095 	0.093 	0.074 	0.087 	0.094 
Si 	0.058 	0.099 	0.077 	0.127 	0.066 	0.083 	0.048 	0.078 	0.113 
Al 	5.937 	5.851 	3.708 	5.621 	5.736 	5.700 	5.791 	5.540 	5.684 

(23) 84-15(1), chromite at random; (24) 84-15(2), chromite at random; (25) 84-15(2R), same chromite grain (rim, lighter grey on BEI); 
(26) 84-15(3), chromite at random; (27) 84-15-2, chromite host for Os-Ir-Ru alloy grain (Fig. 22); (28) 84-15-7, chromite, host for a 
latnite grain; (29) 84-15-16, chromite grain, host of a laurite grain (Fig. 18); (30) 84-15-23, chromite grain, host of a laurite inclusion 
(Fig. 19); (31) 84-15-32, chromite, host of an Os-Ir-Ru alloy inclusion. 
These analyses were done on a JEOL microprobe, operated at 15 kV, with a beam current of 12 nanoamperes, using the following X-ray 

lines and standards: MgKa (MgO); MnKcx (MnCO 3); FeKa and CrKoe (metals); TiKee (Ti02): SiKa (Si0 2); AlKu (Al203). Counting times 
were 100 seconds. 



Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples 

(1) 	 (2) 	(3 ) 	 (4) 	 (5) 	 (6) 	 (7) 	 (8) 	(9) 

CaO 	0.0 	 0.0 	0.0 	 0.0 	 0.0 	 0.0 	11.4 	11.8 	0.12 
Na20 	0.0 	 0.0 	0.0 	 0.0 	 0.0 	 0.0 	 3.4 	 0.97 	0.0 
K20 	0.0 	 0.0 	0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	0.0 
MgO 	37.4 	37.3 	36.2 	35.0 	34.4 	34.5 	17.9 	23.7 	32.5 
FeO 	4.7 	 4.6 	4.2 	 3.7 	 3.7 	 3.9 	 0.93 	1.6 	3.2 
Fe203 	- 	 - 	 - 	 - 	 - 	 - 	 3.9 	 - 	- 
MnO 	0.24 	0.0 	0.22 	0.0 	 0.0 	 0.23 	0.17 	0.29 	0.32 
Cr203 	0.0 	 0.0 	0.0 	 0.10 	0.22 	3.1 	 2.5 	 0.60 	3.0 
TiO2 	0.0 	 0.0 	0.0 	 0.0 	 0.0 	 0.12 	1.1 	 0.15 	0.2 
Si02 	42.8 	42.1 	37.2 	35.8 	35.3 	34.4 	45.9 	58.4 	31.1 
Al203 	2.8 	 3.5 	9.8 	11.8 	12.1 	11.1 	11.8 	 2.1 	17.8 

Totals 	87.94 	87.50 	87.62 	86.40 	85.72 	87.35 	99.00 	99.61 	88.25 
> 1 

Ca 	- 	 - 	 - 	 - 	 - 	 - 	 1.705 	0.441 	0.024 	-p›. 1-- 
Na 	- 	 - 	 - 	 - 	 - 	 0.920 	0.066 	- 
K- 	 - 	 - 	 - 	 - 	 - 	 - 	 - 	- 
Mg 	10.377 	10.390 	10.114 	9.881 	9.792 	9.785 	3.725 	1.233 	9.100 
Fe+2 	0.732 	0.719 	0.658 	0.586 	0.591 	0.621 	0.109 	0.047 	0.053 
Mn 	0.038 	- 	0.035 	- 	 - 	 0.037 	0.020 	0.009 	0.051 
Fe +3 	- 	 - 	 - 	 - 	 - 	 - 	 0.405 	- 	- 
Cr 	- 	 - 	 - 	 0.015 	0.033 	0.466 	0.276 	0.017 	0.446 
Ti 	 - 	 - 	 - 	 - 	 - 	 0.017 	0.115 	0.004 	0.030 
Al 	- 	 - 	 - 	 - 	 - 	 - 	 0.350 	- 	- 
Si 	7.966 	7.867 	6.972 	6.780 	6.741 	6.545 	6.408 	2.038 	5.842 
Al 	0.614 	0.771 	2.165 	2.634 	2.723 	2.489 	1.592 	0.086 	3.941 

(1) serpentine? host for sperrylite (Fig. 25); (2) serpentine? host for merenskyite (Fig. 28); (3) clinochlore? host for sperrylite (Fig. 31); 
(4) clinochlore? host for sperrylite (Fig. 32); (5) 85-07B-4, clinochlore? host for merenskyite (Fig. 29); (6) 85-07B-5, clinochlore? host for 
kotulskite/merenskyite (Fig. 30); (7) 85-07B-A, chromian magnesio-hastingsitic hornblende, multimineralic inclusion in chromite (Fig. 27); 
(8) 85-07B-B, augite, same multimineralic inclusion; (9) 85-07B-C, clinochlore? same multimineralic inclusion. 



Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples (coned...12) 

(10) 	(11) 	(12) 	 (13) 	(14) 	(15) 	(16) 	(17) 

CaO 	 0.0 	0.0 	 0.0 	13.2 	 0.0 	 0.0 	 0.0 	0.0 

Na2O 	 0.0 	0.28 	0.0 	 0.0 	 0.0 	 0.0 	 0.0 	0.0 
K20 	 0.0 	0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	0.0 
MgO 	 32.6 	36.7 	36.9 	23.4 	34.4 	32.6 	32.7 	32.8 
FeO 	 4.2 	5.2 	 5.0 	 2.5 	 4.8 	 4.1 	 4.4 	4.2 
MnO 	 0.0 	0.0 	 0.13 	0.0 	 0.11 	0.0 	 0.0 	0.28 
Cr203 	 2.5 	0.0 	 0.0 	 0.16 	1.3 	 2.0 	 2.2 	2.3 
TiO2 	 0.0 	0.0 	 0.0 	 0.0 	 0.09 	0.20 	0.0 	0.0 
Si02 	 35.1 	42.7 	41.4 	59.6 	36.2 	31.0 	33.2 	32.0 
Al203 	 12.0 	3.6 	 3.8 	 0.21 	12.5 	16.1 	15.3 	15.9 

Totals 	 86.40 	88.48 	87.23 	99.07 	89.40 	86.00 	87.80 	87.48 

> 
Ca 	 - 	 - 	 - 	 0.497 	- 	 - 	 - 	 i .› 
Na 	 - 	0.101 	- 	 - 	 - 	 - 	 - 	- 	 t,.> 

K- 	 - 	 - 	 - 	 - 	 - 	 - 	- 
Mg 	 9.289 	10.138 	10.350 	1.225 	9.473 	9.374 	9.192 	9.283 
Fe 	 0.671 	0.806 	0.787 	0.073 	0.742 	0.661 	0.694 	0.667 
Mn 	 - 	 0.021 	- 	 0.017 	- 	 - 	0.045 
Cr 	 0.378 	- 	 - 	 0.004 	0.190 	0.305 	0.328 	0.345 
Ti 	 - 	 - 	 - 	 - 	 0.013 	0.029 	- 	- 
Si 	 6.709 	7.913 	7.789 	2.093 	6.688 	5.979 	6.261 	6.075 
Al 	 2.704 	0.786 	0.843 	0.009 	2.722 	3.660 	3.401 	3.558 

(10) 85-07B-D, clinochlore?, interstitial silicate (Fig. 27); (11) 85-32A-14, serpentine? host for hollingworthite (Fig. 65); (12) 85-32A-13, 
serpentine? host for sperrylite (Fig. 60); (13) 85-32B-4, augite, host for mertieite II (Fig. 63); (14) 85-32C-1, clinochlore? host of a laurite 
gain: (15), (16) and (17) clinochlore? spot analyses at random in interstitial gangue, sample SEB-85-32. 



Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples (cont'd.../3) 

(18) 	(19) 	(20) 	(21) 	(22) 	(23) 	(24) 	(25) 

CaO 	 0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 
Na20 	 0.0 	0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	0.0 
K20 	 0.0 	0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	0.0 
MgO 	 32.3 	33.4 	37.6 	36.8 	37.0 	37.3 	33.7 	33.5 
FeO 	 4.5 	3.8 	4.9 	4.8 	4.5 	4.9 	4.5 	4.6 
MnO 	 0.0 	0.12 	0.0 	0.17 	0.0 	0.15 	0.0 	0.25 
Cr203 	 2.5 	2.6 	0.13 	0.0 	0.0 	0.0 	0.14 	1.9 
TiO2 	 0.23 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 	0.0 
Si02 	 31.3 	32.2 	41.7 	40.9 	41.6 	42.8 	32.6 	33.3 
Al203 	 17.3 	15.7 	4.6 	4.1 	3.8 	3.0 	16.3 	14.3 

Totals 	 88.13 	87.82 	88.93 	86.77 	86.90 	88.15 	87.24 	87.85 
> 1 .›. Ca 	 - 	- 	 - 	 - 	 - 	 - 	 - 	- 	 c,.) 

Na - 	- 	 - 	 - 	 - 	 - 	 - 	- 
K- 	- 	 - 	 - 	 - 	 - 	 - 	- 
Mg 	 9.084 	9.400 	10.336 	10.374 	10.376 	10.329 	9.492 	9.439 
Fe 	 0.710 	0.600 	0.756 	0.759 	0.708 	0.761 	0.711 	0.727 
Mn 	 - 	0.019 	- 	 0.027 	- 	 0.024 	- 	0.040 
Cr 	 0.373 	0.388 	0.019 	- 	 - 	 - 	0.021 	0.284 
Ti 	 0.033 	- 	 - 	 - 	 - 	 - 	 - 	- 
Si 	 5.905 	6.079 	7.690 	7.734 	7.826 	7.951 	6.160 	6.294 
Al 	 3.847 	3.494 	1.000 	0.914 	0.843 	0.657 	3.630 	3.186 

(18) and (19) clinochlore? spot analyses at random in interstitial gangue, sample SEB-85-32; (20), (21), (22) and (23) serpentine? spot 
analyses at random in interstitial gangue, sample SEB-85-32; (24) clinochlore? spot analyses at random in interstitial gangue, sample 
SEB-85-32; (25) clinochlore? host of keithconnite/laurite/hollingworthite intergrowth (Fig; 66). 



89.30 	89.30 86.14 	87.20 90.66 

0.0 
0.0 
0.0 

36.4 
5.1 

0.0 
0.96 
0.0 

37.4 
10.8 

0.0 
0.0 
0.0 

35.3 
4.6 

0.0 
1.3 
0.0 

35.7 
12.4 

0.0 
0.0 
0.0 

34.2 
1.3 

0.0 
2.0 
0.0 

31.3 
20.5 

0.0 
0.0 
0.0 

33.0 
1.1 

0.0 
1.6 
0.14 

30.8 
19.5 

0.0 
0.0 
0.0 

33.8 
1.1 

0.10 
1.4 
0.0 

31.1 
19.7 

101.58 	 87.74 

5.820 0.080 

5.98 

4.00 

6.00 

9.100 
0.219 
0.022 

0.339 

5.619 
4.555 

Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples (cont'd...14) 

(26) 	 (27) 	(28) 	 (29) 	 (30) 	 (31) 	 (32) 

CaO 
Na20 
K20 
MgO 
FeO 
Fe203 

 MnO 
Cr203 

 Ti 02 

S102 

Al203 

Totals 

Ca 
Na 

Mg 
Fe+2  
Mn 
Fe+3  
Cr 
Ti 
Al 
Si 
Al 

	

35.2 	 0.40 

	

0.0 	 0.0 

	

0.0 	 0.0 

	

0.44 	 32.7 

	

0.15 	 1.4 
3.6 

	

0.29 	 0.14 

	

9.6 	 2.3 

	

0.50 	 0.0 

	

38.8 	 30.1 

	

13.0 	 20.7 

9.894 	 9.736 	9.313 	9.288 	9.400 	0.101 

0.778 	 0.712 	0.199 	0.174 	0.172 	0.019 

-- 	 - 	 0.016 	0.038 .  
- - 	 - 	 - 	 - 	 0.420 

0.138 	 0.190 	0.289 	0.239 	0.207 	1.171} 

- - 	 - 	 0.020 	 - 	 0.058 

- - 	 - 	 - 	 - 	 2.351 

6.819 	 6.605 	5.717 	5.815 	5.802 	5.987} 

2.321 	 2.704 	4.414 	4.340 	4.332 	0.013 

(26) 85-32B-6, clinochlore? host for sperrylite grain; (27) 85-32-2B-7, clinochlore? host for sperrylite, merenskyite and laurite grains; (28), 

(29) and (30) sample El-86-58, clinochlore? spot analyses at random in interstitial gangue; (31) EI-86-58(4), grossular? selected at random; 

(32) EI-86-58(5), clinochlore? selected at random in interstitial gangue. 



87.80 	73.77 	102.91 	 98.77 

0.941 
0.035 

Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples (coned...15) 

(33) 	 (34) 	(35) 	 (36) 	 (37) 	 (38) 	 (39) 

CaO 	 0.0 
Na20 	 0.0 
K20 	 0.0 
MgO 	 33.4 
FeO 	 1.7 
Fe203 

MnO 	 0.0 
Cr203 	 3.0 
TiO2 	 0.0 
Si02 	 30.8 
Al203 	 20.8 

Totals 	 89.70 

	

35.6 	35.3 	 0.0 	 4.6 	 24.9 	 27.7 

	

0.0 	 0.0 	 0.0 	 0.15 	 0.51 	 0.0 

	

0.0 	 0.0 	 0.0 	 0.14 	 0.0 	 0.0 

	

0.84 	0.27 	32.4 	 22.5 	 17.2 	 0.41 

	

0.0 	 0.72 	 1.7 	 3.0 	 0.85 	 0.46 

	

2.2 	 2.0 	 - 	 - 	 0.50 	 - 

	

0.28 	0.18 	 0.0 	 0.18 	 0.0 	 0.0 

	

7.1 	10.8 	 3.1 	 1.8 	 1.4 	 1.5 

	

1.1 	 1.1 	 0.0 	 0.0 	 0.15 	 35.8 

	

38.5 	38.8 	 30.3 	 39.0 	 54.9 	 30.9 

	

15.1 	13.3 	 20.3 	 2.4 	 2.5 	 2.0 

100.72 	102.47 

1.098 
0.065 
0.040 
7.469 
0.559 
0.034 

0.317 

8.684 
0.630 

Ca 	 - 	 5.872 	5.790 	 - 
Na 	 - 	 - 	 - 	 - 
K 	 - 	 - 	6,10 	- 	5.97 	- 
Mg 	 9.103 	 0.193 	0.062 	9.022 
Fe +2 	 0.260 	 - 	 0.092 	0.266 
Mn 	 - 	 0.037 	0.023 	 - 
Fe +3 	 - 	 0.257 	0.228 	 - 
Cr 	 0.434 	 0.864 3.91 	1.307 4.00 	0.458 
Ti 	 - 	 0.127 	0.127 	 - 
Al 	 - 	 2.666 	2.339 	 - 
Si 	 5.631 	 5.926 1. 6.00 	5.939 1 6.00 	5.660 
Al 	 4.483 	 0.074 f 	0.061 f 	4.470 

> 
3.915 	 i 4b., ut _ 

0.904 	 0.081 
0.024 	2.00 	0.051 
- 	 - 

0.013 	 - 
0.039 	 0.156 
0.004 	 3.551 
0.039 	 - 
1.935} 2.00 	4.075 
0.065 	 0.311 

(33) EI-86-58-9, clinochlore? host of laurite grain (Fig. 8); (34) EI-86-58-9G, grossular? same area (Fig. 8); (35) EI-86-58-6, grossular, 
selected at random; (36) EI-86-58(7), clinochlore? part of a multimineralic silicate intergrowth in chromite (Fig. 10); (37) El-86-58(8), 
(mixture?) same multimineralic silicate grain in chromite; (38) EI-86-58(9), Cr-diopside, same multimineralic silicate grain; (39) 
EI-86-58(10), sphene, also from that multimineralic grain. 



Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples (cont'd...16) 

(40) 	 (41) 	(42) 	 (43) 	 (44) 	 (45) 	(46) 

CaO 
Na2O 

K20 
 MgO 

FeO  
Fe203 

 MnO 
Cr203 

 TiO2 
 Si02 

 Al203  

Totals 

Ca 
Na 

Mg 
Fe+2  
Mn 
Fe+3  
Cr 
Ti 
Al 
Si 
Al 

	

0.0 	 0.0 	 0.0 	 35.8 	 37.2 	 0.10 	36.8 

	

0.21 	 0.0 	 0.31 	 0.0 	 0.0 	 0.0 	 0.0 

	

0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 

	

31.3 	 33.1 	34.0 	 0.41 	 0.0 	 35.7 	 0.0 

	

1.6 	 1.2 	 0.83 	 0.0 	 0.43 	 0.96 	0.0 
- 	 - 	 - 	 2.7 	 0.97 	 - 	 2.2 

	

0.0 	 0.09 	0.12 	 0.0 	 0.0 	 0.0 	 0.13 

	

4.2 	 0.95 	1.0 	 7.0 	 4.7 	 0.82 	5.4 

	

0.0 	 0.0 	 0.0 	 0.34 	 0.11 	 0.0 	 0.23 

	

29.4 	 31.3 	32.6 	 39.1 	 39.8 	 34.0 	39.8 

	

19.6 	 20.7 	19.2 	 15.5 	 19.1 	 17.1 	17.0 

86.31 	 87.34 	88.06 	100.85 	102.31 	88.68 	101.56 

- 	 - 	 5.886 	5.963 	0.020 	5.972 
- 0.111 	 - 
- - 	 - 	5.98 	- 	( 6.02 	- 	 - 

	

9.165 	9.330 	0.094 	 9.718 	- 
0.186 	0.128 	 0.053 	0.147 	- 
0.014 	0.019 	 - 	 - 	. 	- 
- - 	 0.308 	0.109 

	

0.140 	0.146 	0.849 4.00 	0.556 4.00 	0.118 
- - 	 0.039 	0.012 
- - 	 2.804 	3.322 

	

5.814 	6.001 	6.000 1 6.00 	5.954 1 6.00 	6.209 

	

4.532 	4.166 	0.000 j 	0.046 1 	3.681 

0.078 

8.909 
0.256 

0.634 

5.614 
4.411 

5.99 

0.0171  
0.253 
0.647 3.96 
0.026 
3.035 
6.028 16.03 
0.0001 

(40) EI-86-58-8, clinochlore? host of laurite grain and enclosed in chromite (Fig. 9); (41) 84-15(1) and (42) 84-15(2), clinochlore? 
selected at random: (43) 84-15(3) and (44) 84-15(4), grossular? selected at random in the interstitial gangue material; (45) 84-15(5), 
clinochlore? at random in interstitial gangue; (46) 84-15-17G, gossular? host of laurite inclusions. 



Table 3 - Energy dispersive analyses of silicate minerals from Bird River sill samples (coned-17) 

(47) 	 (48) 	(49) 	 (50) 	 (51) 	 (52) 	(53) 

CaO 	 0.10 	 34.8 	 0.0 	 0.0 	 0.24 	37.4 	 0.0 
Na20 	 0.0 	 0.0 	 0.15 	 0.0 	 0.0 	 0.0 	 0.0 
1(20 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
MgO 	 36.0 	 1.7 	35.1 	 31.4 	 33.5 	 0.0 	33.6 
FeO 	 1.2 	 0.07 	1.5 	 1.5 	 1.1 	 0.11 	1.2 
Fe203 	 - 	 1.9 	 - 	 - 	 - 	 2.0 	 - 
MnO 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
Cr203 	 0.89 	 5.8 	 1.4 	 1.9 	 1.2 	 4.7 	 0.82 
TiO2 	 0.0 	 0.37 	0.0 	 0.0 	 0.0 	 0.40 	0.0 
Si02 	 34.7 	 38.9 	31.6 	 27.3 	 30.7 	 40.1 	31.0 
Al203 	 15.7 	 17.7 	20.1 	 25.7 	 20.2 	 18.2 	20.3 

Totals 	 88.59 	 101.24 	89.85 	87.80 	86.94 	102.91 	86.92 

Ca 	 0.020 	 5.643 	- 	 - 	 0.048 	5.975 	- 
Na 	 - 	 - 	 0.053 	 - 	 - 	 - 	 - 
K 	 - 	 - 	6.03 	- 	 - 	 - 	 - 	5.99 	- 
Mg 	 9.822 	 0.384 	9.506 	8.717 	9.343 	 - 	 9.352 
Fe+2 	 0.184 	 0.009 	0.228 	0.234 	0.172 	0.013 	0.187 
Mn 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
Fe +3 	 - 	 0.219 	- 	 - 	 - 	 0.224 	- 
Cr 	 0.129 	 0.694 4.00 	0.201 	0.280 	0.178 	0.554 4.00 	0.121 
Ti 	 - 	 0.042 	- 	 - 	 - 	 0.045 	- 
Al 	 - 	 3.045 	- 	 - 	 - 	 3.177 	- 
Si 	 6.351 	 5.887 /6.00 	5.741 	5.084 	5.744 	5.979/ 6.00 	5.788 
Al 	 3.387 	 0.1135 	4.304 	5.641 	4.455 	0.0215 	4.468 

(47) 84-15-17C, clinochlore? accessory mineral with grossular which hosts laurite grains; (48) 84-15-24G, grossular host of a laurite grain 
(Fig. 16); (49) 84-15-24C, clinochlore? accessory mineral with gossular which hosts a laurite grain (Fig. 16); (50) 84-15-26, clinochlore? 
host of irarsite and laurite grains (Fig. 14): (51) 84-15-35C, clinochlore? host for laurite and unknown (Pd,Pt,Ru)-(S,As,Sb) (Fig. 15); (52) 
84-15-35G. grossular? accessory mineral to clinochlore that carries laurite gain (Fig. 15); (53) 84-15-36, clinochlore? host for a laurite 
grain (Fig. 13). These analyses were done on a JEOL-733 electron microprobe, operated at 15 kV, with a beam current of 12 nanoam-
peres, using the following X-ray lines and standards: CaKa (apatite); NaKa (NaCl); KKa (orthoclase); MgKoe (MgO); FeKa, CrKa (met-
als); MnKa (MnCO3); TiKa (Ti02); SiKa (Si02); AlKa (Al203). Counting time was 100 seconds. Calculations of the numbers of ions 
were done on the basis of 28 oxygen equivalents for the clinochlores, 24 oxygens for the garnets, and 6 oxygens for the amphiboles and 
pyroxenes. 



Table 4 - Electron microprobe analyses of laurite from Bird River sill samples 

Weight per cent 	 Atomic proportions 
Analysis 

no. 	Ru 	Os Rh 	Pd 	h 	Pt 	Fe 	Ni 	S 	As 	Totals 	Ru 	Os 	Rh 	Pd 	Ir 	Pt 	Fe 	Ni 	3 	S 	As 	I 

1. 51.9 	5.1 	0.45 0.49 	3.3 	0.11 	- 	n.d. 37.6 	0.19 	99.14 	0.88 	0.05 	0.01 	0.01 	0.03 <0.01 	- 	- 	0.98 	2.02 <0.01 	2.02 

2. 52.5 	4.9 	0.46 0.39 	2.8 	n.d. 	- 	n.d. 37.7 	0.17 	98.92 	0.89 	0.04 	0.01 	0.01 	0.03 	- 	 - 	0.98 	2.02 <0.01 	2.02 

3. 49.4 	2.8 0.44 0.35 	3.4 	n.d. 	3.6 	0.43 39.4 	0.20 100.02 	0.80 	0.02 	0.01 	0.01 	0.03 	- 	0.11 	0.01 0.98 	2.01 	0.01 	2.02 

4. 54.0 3.4 	0.49 0.38 	2.9 	0.24 	0.15 0.10 38.2 	0.16 100.02 	0.90 	0.03 	0.01 	0.01 	0.03 	0.01 	<0.01 <0.01 0.98 	2.01 <0.01 	2.01 

5. 55.4 	3.0 0.39 0.44 	2.5 	0.17 	- 	n.d. 38.4 0.18 100.48 	0.92 	0.03 	0.01 	0.01 	0.02 <0.01 	- 	- 	0.99 	2.01 <0.01 	2.01 

6. 55.3 	2.1 0.34 0.38 	2.1 	n.d. 	- 	n.d. 38.4 0.12 	98.74 	0.92 	0.02 	0.01 	0.01 	0.02 	- 	 - 	0.98 	2.02 <0.01 	2.02 

7. 57.7 	0.12 1.6 	0.15 	n.d. 	n.d. 	0.46 0.16 39.2 0.74 100* 	0.94 <0.01 	0.02 <0.01 	- 	- 	0.01 <0.01 0.98 	2.00 	0.02 	2.02 

8. 57.4 	0.36 1.5 	0.38 	0.22 0.20 	- 	0.15 38.2 0.69 	99.10 	0.95 <0.01 	0.02 	0.01 <0.01 <0.01 	- 	<0.01 0.99 	1.99 	0.02 	2.01 

9. 56.1 	1.4 	1.5 	0.32 	n.d. 	0.22 	- 	0.12 38.4 0.50 	98.56 	0.93 	0.01 	0.02 	0.01 	- 	<0.01 	- 	<0.01 0.98 	2.01 	0.01 	2.02 

10. 39.7 15.4 	0.65 0.36 	7.5 	0.11 	0.34 0.13 35.8 n.d. 100* 	0.72 	0.15 	0.01 	0.01 	0.07 <0.01 	0.01 <0.01 0.97 	2.03 	- 	2.03 

11. 42.8 	4.9 	3.7 	0.30 	n.d. 	1.9 	3.9 	0.54 35.7 	6.3 	100* 	0.72 	0.04 	0.06 <0.01 	- 	0.02 	0.12 	0.02 0.98 	1.88 	0.14 	2.02 

12. 42.9 15.7 0.16 0.43 	1.2 	0.29 	1.7 0.31 35.7 	1.6 	100* 	0.75 	0.15 <0.01 	0.01 	0.01 <0.01 	0.05 	0.01 0.98 	1.98 	0.04 	2.02 

13. 23.6 29.8 	5.6 	0.63 	0.60 3.8 	1.2 	0.19 26.8 	7.7 	100* 	0.49 	0.33 	0.11 	0.01 	0.01 	0.04 	0.04 	0.01 1.04 	1.75 	0.21 	1.96 

14. 38.5 23.3 	0.59 0.56 	1.2 	n.d. 	1.2 	0.10 33.5 	1.1 	100* 	0.71 	0.23 	0.01 	0.01 	0.01 	- 	0.04 <0.01 1.01 	1.96 	0.03 	1.99 

• Recalculated to 100%; Sb sought, but not detected. The analyses were done by wavelength spectrometry on a JEOL-733 electron microprobe, operated at 15 kV, with a beam current of 

25 nanoamperes, using the following X-ray lines and standards: RuLa, OsLu, PdLu, IrLa, PtLee, FeKu, NiKœ (metals); As Lce (In As); SKŒ (pyrite). Some of the analyses with low to-

tals were normalized to 100%. Low totals may have been obtained by a combination of small size and geometry of the grains. Corrections were applied for interferences of RuLB2 and 

Rug, on PdLct and RuLgi on RhLet:- 
1. area 3, sample EI-86-58, 4x6 gm, in chromite (Fig. 5, Table 2). 

2. area 5, sample El-86-58, 4x7 pall, in chromite (Fig. 6, Table 2). 
3. area 9, sample El-86-58, 5x14 }un, in clinochlore(?) (Fig. 8, Table 5). 
4. area 8, sample El-86-58, 4x4 gm, in clinochlore(?) but enclosed in chromite (Fig. 9, Tables 2 and 3). 

5. area 16, sample 84-15, 5x6 }un, in chromite (Fig. 18, Table 2). 
6. area 23, sample 84-15, 4x10 gin. in chromite (Fig. 19, Table 2). 

7. area 24, sample 84-15, 2x3 }tin, in clinochlore(?) (Fig. 16, Table 3). 

8. area 26. sample 84-15, 5x5 gm, in clinochlore(?) (Fig. 14, Table 3). 
9. area 26, sample 84-15, 5x5  pin, in clinochlore(?) (Fig. 14, Table 3). 

10. area 9, sample 85-32A, 3x5 p.m, in chromite (Fig. 58. Table 2). 

11. area 1, sample 85-32C, 7x12  pin, in clinochlore(?) (Table 3). 
12. area 26, sample 85-18, 6x6 gm, in clinochlore(?) (Fig. 48). 

13. area 10A. sample 85-18, 6x9 gin, in clinochlore(?) intergrown with laurite. 

14. area 10B, sample 85-18, 3x5 gin, in clinochlore(?) (Fig. 44). 



Table 5 - Electron microprobe analyses of pentlandite from Bird River sill (sample SEB-84-7) 

Weight per cent 	 Atomic proportions 
Spot 
no. 	Fe 	Ni 	Co 	S 	Totals 	Fe 	Ni 	Co 	E 

	

1 	23.7 	42.3 	1.1 	32.7 	99.8 	3.30 	5.61 	0.15 	9.06 	7.94 

	

2 	24.3 	42.3 	1.1 	33.0 	100.7 	3.36 	5.56 	0.14 	9.06 	7.94 

	

3 	23.2 	42.8 	1.1 	32.8 	99.9 	3.23 	5.67 	0.14 	9.04 	7.96 

	

4 	23.2 	42.5 	1.1 	32.3 	99.1 	3.26 	5.68 	0.15 	9.09 	7.91 

	

5 	23.2 	42.9 	0.77 	32.6 	99.47 	3.25 	5.71 	0.10 	9.06 	7.94 

	

6 	24.4 	41.9 	0.40 	32.1 	98.80 	3.44 	5.62 	0.05 	9.11 	7.88 

	

7 	24.7 	41.9 	0.31 	32.9 	99.81 	3.44 	5.55 	0.04 	9.03 	7.97 

	

8 	24.1 	42.5 	0.32 	32.4 	99.32 	3.38 	5.67 	0.04 	9.09 	7.91 

	

9 	24.5 	42.1 	0.31 	32.5 	99.41 	3.43 	5.61 	0.04 	9.08 	7.92 

	

10 	24.4 	42.5 	0.59 	32.5 	99.99 	3.40 	5.63 	0.08 	9.11 	7.89 

	

11 	24.3 	42.4 	0.60 	32.7 	100.00 	3.38 	5.61 	0.08 	9.07 	7.93 

	

12 	24.8 	42.0 	0.62 	32.7 	100.12 	3.45 	5.55 	0.08 	9.08 	7.92 
Average 	24.1 	42.3 	0.69 	32.6 	99.69 	3.36 	5.62 	0.09 	9.07 	7.93 

The analyses are of six grains from the polished thin section, by WDS at 20 kV, with a beam current of 20 nanoamperes, using the following 
X-ray lines and standards: FeKa, NiKa, SKa (synthetic Fe4.0Ni5.0S7.99Seo.oi); CoKa (metal). Pd was not detected at a minimum detection 
limit of 0.036 wt %. 



Table 6 - Electron microprobe analyses of Pd minerals from Bird River sill samples 

Weight per cent 	 Atomic proportions 
Sample 

no. 	Pd 	Pt 	Ni 	Fe 	Te 	Sb 	Bi 	As 	Totals 	Pd 	Pt 	Ni 	Fe 	Z 	Te 	Sb 	Bi 	As 	E 

Merenskyite 
1. 24.9 	0.17 	3.0 	0.54 	70.0 	0.51 	0.54 	n.d. 	99.66 	0.82 	<0.01 	0.18 	0.03 	1.03 	1.94 	0.02 	0.01 	- 	1.97 

2. 27.5 	0.17 	1.8 	0.59 	68.0 	0.65 	1.0 	n.d. 	99.71 	0.91 	<0.01 	0.11 	0.04 	1.06 	1.89 	0.03 	0.02 	- 	1.94 

Kotulskite 
3. 43.6 	0.21 	1.8 	0.56 	38.4 	15.8 	1.2 	n.d. 	101.57 	0.93 	<0.01 	0.07 	0.02 	1.02 	0.68 	0.29 	0.01 	- 	0.98 

4. 42.0 	0.14 	1.3 	0.66 	38.3 	15.3 	1.2 	n.d. 	98.90 	0.92 	<0.01 	0.05 	0.03 	1.00 	0.70 	0.29 	0.01 	- 	1.00 

Keithconnite 
5. 69.5 	0.09 	0.07 	0.38 	23.2 	3.7 	1.5 	0.16 	98.60 	2.95 	<0.01 	<0.01 	0.03 	2.98 	0.82 	0.14 	0.03 	0.01 	1.00 

6. 70.0 	0.74 	n.d. 	1.4 	22.8 	5.1 	0.83 	0.62 	101.49 	2.83 	0.02 	- 	0.11 	2.96 	0.77 	0.18 	0.02 	0.03 	1.00 

Mertieite II 
7. 69.7 	- 	0.68 	- 	- 	25.4 	- 	3.2 	98.98 	7.85 	- 	0.14 	- 	7.99 	- 	2.50 	- 	0.51 3.01 

All the analyses were done on a JEOL-733 electron microprobe by WDS with exception of the mertieite II, done by EDS, at 20 kV, with a beam current of 12 nanoamperes, using the 

following X-ray lines and standards: PdLu, NiKer, SbLœ (metals); AsKci (InAs). WDS analyses were done at 20 kV, with a beam current of 15 nanoamperes, using the following X-ray 

lines and standards: PdLu, PtLet, NiKa, FeKci, SbLet and Bibu (metals); TeL (synthetic Pda.91\lio.1Te1.9) and AsKa (InAs). Some of the Fe and Ni reported may be partly due to sec-

ondary fluorescence from the host mineral(s), i.e., pentlandite, violarite or Fe-bearing silicate. 
1. area 4, sample 85-7B, 5x11 iun, attached to pentlandite in clinochlore(?) (Fig. 29, Table 3). 
2. area 1, sample 85-7A, 8x10 ;lm, attached to pentlandite/pyrite in serpentine(?) (Fig. 28, Table 3). 
3. area 5, inclusion 1 sample 85-7B, 3x10 gm, with merenskyite and violarite in clinochlore(?) (Fig. 30, Table 3). 
4. area 5, inclusion 4 sample 85-7B, 7x7 ;un, with violarite in clinochlore(?) (Fig. 30). 
5. area 30, sample 85-18, 4x10 gm, in clinochlore(?). 
6. area 5, sample 85-32-2B, ,z 2x2.5 ban, intergrown with laurite/hollingworthite in clinochlore(?) (Fig. 66, Table 3). 

7. area 4, sample 85-32B, 6x12 gm, in pyroxene(?) (Fig. 63, Table 3). 



Table 7 - Electron microprobe analyses of sperrylite grains from Bird River sill samples 

Weight per cent 	 Atomic proportions 
Analysis 	  

no. Pt 	Pd 	Rh 	Ru 	Os 	Ir 	As 	Sb 	S 	Totals• 	Pt 	Pd 	Rh 	Ru Os 	Ir 	Z 	As 	Sb 	S 

1. 55.2 	0.22 	0.75 	0.21 	n.d. 	0.11 	42.6 	0.39 	0.48 	100 	0.96 	0.01 	0.02 	0.01 	- 	<0.01 	1.00 	1.94 	0.01 	0.05 	2.00 
2. 56.9 	n.d. 	n.d. 	n.d. 	0.07 	n.d. 	42.7 	0.30 	0.05 	100 - 1.01 	- 	- 	- 	<0.01 	- 	1.01 	1.97 	-0.01 <0.01 	1.98 
3. 56.3 	n.d. 	0.31 	n.d. 	0.14 	n.d. 	43.1 	n.d. 	0.17 	100 	0.99 	- 	0.01 	- 	<0.01 	- 	1.00 	1.98 	- 	0.02 	2.00 
4. 56.2 	n.d. 	0.30 	n.d. 	0.16 	n.d. 	43.2 	n.d. 	0.19 	100 	0.99 	- 	0.01 	- 	<0.01 	- 	1.00 	1.98 	- 	0.02 	2.00 
5. 57.5 	n.d. 	0.10 	n.d. 	n.d. 	n.d. 	42.0 	0.28 	0.07 	100 	1.03 	- 	<0.01 	- 	- 	- 	1.03 	1.95 	0.01 	0.01 	1.97 
6. 57.1 	n.d. 	n.d. 	n.d. 	n.d. 	n.d. 	42.9 	n.d. 	n.d. 	100 	1.01 	- 	- 	- 	- 	- 	1.01 	1.99 	- 	- 	1.99 
7. 56.9 	n.d. 	0.18 	n.d. 	n.d. 	0.12 	42.6 	n.d. 	0.16 	100 	1.01 	- 	0.01 	- 	- 	<0.01 	1.02 	1.97 	- 	0.02 	1.99 
8. 54.8 	n.d. 	1.9 	0.49 	n.d. 	n.d. 	41.9 	n.d. 	0.88 	100 	0.95 	- 	0.06 	0.02 	- 	- 	1.03 	1.88 	- 	0.09 	1.97 
9. 55.6 	n.d. 	1.4 	0.09 	n.d. 	0.11 	42.0 	0.35 	0.44 	100 	0.97 	- 	0.05 	<0.01 	- 	<0.01 	1.02 	1.92 	0.01 	0.05 	1.98 

10. 52.9 	n.d. 	1.7 	n.d. 	n.d. 	1.3 	41.1 	2.4 	0.62 	100 	0.92 	- 	0.06 	- 	- 	0.02 	1.00 	1.87 	0.07 	0.06 	2.00 

• Recalculated to 100%. The analyses were done by WDS on a JEOL-733 electron microprobe, operated at 20 kV, with a beam current of 25 nanoamperes, using the following X-ray 
lines and standards: PtLa, AsKrà (synthetic PtAs 2); PdLci, RhLa, RuLce, OsLet, IrLcr, SbLck (metals); SKce (pyrite). All the analyses were normalized to 100. Low totals may have 
been obtained by a combination of small size and geometry of the grains. 

1. area 7, sample 85-32-2B, z  8x9 gm, in clinochlore(?) (Table 3). 
2. area 6, same sample, z 4x5 gm, in clinochlore(?) (Table 3). 
3. area 7, sample 85-07A, 8x18  pin, in clinochlore(?) (Table 3) with minor pyrite attached (Fig. 32). 
4. area 3, same sample, :_ 10x13 grn, in pyrite (Fig. 31) and surrounded by clinochlore(?) (Table 3). 
5. area 13, sample 85-32A, 5x8 gm, in serpentine(?) (Fig. 60, Table 3). 
6. area 21, sample 85-18, :_ 3x5 grn, in clinochlore(?). 
7. area 29, sample 85-18, 5x10 grn, in clinochlore(?), close to chromite grain (Fig. 51). 
8. area 28, sample 85-18, :_ 10x15 gm, in clinochlore(?), associated with keithconnite. 
9. area 19, sample 85-18, 5x8 pin, in clinochlore(?), associated with keithconnite (Fig. 52). 

10. area 23, sample 85-18, 5x8 gm, in clinochlore(?). 



wt % 	 At. prop. wt % 	 At. prop. 

A-52 

Table 8 - Electron microprobe analyses of hollingworthite and Os-Ir-Ru alloy 
from Bird River sill samples 

85-32A-14 	 84-15-20 

Rh 	35.9 	 0.76 	 Os 	45.8 	 0.41 
Ru 	3.8 	 0.08 	 Jr 	38.7 	 0.34 
Pt 	5.6 	 0.06 	 Ru 	13.8 	 0.23 
Os 	2.2 	 0.03 	1.00 	Rh 	0.53 	 0.01 
Jr 	0.37 	 <0.01 	 Pd 	 0.20 	 <0.01 
Ni 	1.2 	 0.04 	 Pt 	 1.0 	 0.01 
Fe 	0.69 	 0.03 	 _____, 
As 	33.3 	 0.97 1. 	0.98 , 	 100.0 
Sb 	0.42 	 0.01 I 
S 	14.9 	 1.02 

98.38 

85-32A-14, 	hollingworthite (z. 3x5 jim) occurring in serpentine(?) and attached to pentlandite(?) 
(Fig. 65) sample 85-32A, area 14. Pd was not detected. 

84-15-20, 	rutheniridosmine 	2x3 iim) occurring in chromite (Fig. 21). Analysis normalized to 
100% because of low total. 

These analyses were done by WDS on a JEOL-733 electron microprobe, operated at 15 kV, with a 
beam current of 25 nanoamperes, using the following X-ray lines and standards: RuLa, RhLa, PdLa, 
PtLa, OsLa, IrLa, FeKa, NiKu, SbLa (metals); AsLa (InAs) and SKa (pyrite). Corrections were 
applied for the interferences between Ru, Rh and Pd, mentioned in Table 4. 


