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New data on PGE alloy minerals from a very old collection (probably 1890s), California
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Abstract

We report results of multiple electron-microprobe analyses of nine grains of alloy minerals, 2–5 
mm in size, rich in the platinum-group elements (PGE), from a unique, very old collection (~1890s) 
of placer material from Trinity Co., California. Osmium, iridium, ruthenium, and rutheniridosmine 
are the principal alloy species poor in Fe (typically <0.5–1 wt%); they appear to be primary. An 
Fe-enrichment (up to 4.6 wt%) is observed in lamellae of Ir-Ru-Os alloy exsolved from the Fe-poor 
Os-Ir-Ru alloy host, and also in a rim-like alteration-induced phase developed along the margin in 
some of the grains of Ir-Ru-Os alloy. Much greater levels of Fe (up to 19.1 wt%), incorporated via the 
substitution mechanisms: Fe → Ru, Fe → (Os + Ru), and Fe → Ir, were documented in three grains 
of Fe-Os-Ru-Ir alloys, which attain Fe-dominant compositions, i.e., hexaferrum. These Fe-Os-Ru-Ir 
alloys and associated exotic phases enriched in unconventional elements, such as W-(Mo)-bearing 
rutheniridosmine, (Os,Ir)5(W,Mo) and newly recognized (Ir,Os)5(W,Mo), appear to be secondary, 
formed under conditions of low fugacities of O2 and S2 as a result of interaction of primary Os-Ir-Ru 
alloys with a reducing fluid phase. No grains of Pt-Fe alloys were found; these only occur as Pt3Fe-
type (isoferroplatinum or Fe-rich platinum) and Pt2Fe-type inclusions (<50 µm), enclosed in a matrix 
of Ir- or Os-dominant alloys rich in Ru. The Pt2Fe alloy appears to be a compositional variant of 
Fe-rich platinum, possibly reflecting a lower limit of Pt content possible in the mineral platinum. An 
Au-Ag alloy, ranging up to Au0.99, precipitated pseudomorphously by a subsolidus reaction between a 
residual Au-Ag-rich melt and exsolution-induced inclusions of the Pt-Fe alloy phases. Micro-inclusions 
of olivine, hosted by a ternary alloy Os0.33Ru0.33Ir0.30, are extremely rich in Mg (Fo95.1–95.4), probably 
reflecting high-temperature reaction involving chromite or magnesiochromite. The alloy grains from 
the old collection were likely derived from a mineralized zone of ultramafic rocks, rich in chromite-
magnesiochromite and poor in overall S, in the Trinity ophiolite complex of northern California.

Keywords: PGE alloy minerals, old collection, Trinity ophiolite complex, northern California

Introduction

Recently, a unique alloy mineral of Os, Ir, W, and Mo cor-
responding to a formula (Os,Ir)5(W,Mo), was reported from 
California in association with an unusual Os-Ru alloy enriched 
in Fe (up to 9.7 wt%; Barkov et al. 2006). This association 
between the platinum-group elements (PGE) and W-Mo, which 
differ in their geochemical and crystallochemical properties, is 
extraordinary, as also is a strong enrichment in Fe in a group of 
naturally occurring Os-Ru-Ir-based alloys. These unusual grains 
of PGE-rich alloys form part of a very old collection of placer 
minerals, owned by one of the authors (M.N.F.) and preserved 
in the original vial. This collection was gathered approximately 
in the 1890s; a more recent label provided with these samples 
records the locality as “Trinity Co., California.” 

In the present paper, we report results of a further study, 
based on a total of 550 electron-microprobe analyses obtained 
for nine grains of PGE alloy minerals from the old collection. 
We follow principles of the IMA-accepted nomenclature for 
PGE alloy minerals (Cabri and Feather 1975; Harris and Cabri 
1991; Cabri 2002), avoiding prefixes such as “ferroan,” etc., as 
was recently recommended by the IMA (Bayliss et al. 2005). 

Our study resulted in the identification of various alloy miner-
als, described here, along with the analyzed micro-inclusions of 
olivine (Fo95.1–95.4), Pt2Fe- and Pt3Fe-type alloys, and of Au-Ag 
alloy, all hosted by Os-Ir-Ru alloys. Several of the newly identi-
fied alloys are especially interesting. Hexaferrum (Fe,Os,Ru,Ir) 
is a complex and exceptionally rare Fe-dominant solid-solution 
(up to 19.1 wt% Fe), previously unreported from North America. 
We encountered a new compound, (Ir,Os)5(W,Mo), that appears 
to be an Ir-dominant counterpart of the unnamed (Os,Ir)5(W,Mo). 
We describe the extent of compositional variations observed for 
grains of various Fe-Os-Ir-Ru alloy minerals from the old collec-
tion. On the basis of new results, we discuss some aspects of the 
crystallization history of these alloy minerals, placer grains of 
which were probably derived from the Trinity ophiolite complex 
of northern California. 

The Trinity complex of peridotite and associated gabbro is 
Ordovician in age; it forms the structural base of the eastern 
Klamath plate in the Klamath province, northern California and 
southern Oregon (Peacock 1987, and references therein).

Electron-microprobe analyses
Electron-microprobe (EMP) analyses of alloys of the PGE and Au-Ag were 

carried out using a JEOL JXA-8900 instrument (McGill University) in wavelength-
dispersive spectrometry mode (WDS) at 20 kV and 30 nA, with a finely focused * E-mail: bobm@eps.mcgill.ca


