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Abstract
The Coeur d’Alene mining district of northern Idaho is one of the major Ag-Pb-Zn producers in
the world; it contains Ag-Pb-Zn replacement veins in clastic burial metamorphic rocks of the Middle
Proterozoic Belt Supergroup. Electron microprobe analyses and Raman spectroscopy of samples from
the Gold Hunter vein of the Lucky Friday mine revealed the presence of the rare iron oxide wüstite
(Fe1–xO) coexisting with stable magnetite. An assemblage of galena, pyrite, and siderite is associated
with the two iron oxides although these minerals do not share phase boundaries with wüstite and their
coexistence is, therefore, thermodynamically precluded.
Wüstite is stable under high-temperature conditions (above 570 °C at 1 bar). Increasing pressure
can lower this temperature significantly. However, the veins in the Coeur d’Alene district formed
well outside the wüstite stability field and represent a low-temperature (250–350 °C), low-pressure
(1–3 kbars), and low-fO2 environment. To form wüstite at temperatures around 250–350 °C a pressure
increase of at least 70 kbars would be required. This corresponds to burial of around 250 km, which is
geologically unrealistic. Similarly, to form wüstite, the temperature must have exceeded 570 °C, which
exceeds the maximum temperatures of vein formation by at least 200 °C. A temperature increase of
that scale is not reflected in the mineral assemblage of the veins or the host rocks, which both contain
siderite. We conclude that wüstite formed as a metastable phase at 250–350 °C and pressures below
100 bars because of the low-fO2 conditions in the Coeur d’Alene district.
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Introduction

Wüstite

The Coeur d’Alene mining district of northern Idaho is one of
the most important Pb, Zn, and Ag mining districts in the world.
It contains mainly narrow veins in sub-greenschist to greenschist
facies burial metamorphic rocks of the Middle Proterozoic Belt
Supergroup that have been classified as Ag-Pb-Zn replacement
veins in clastic metasedimentary terranes (e.g., Beaudoin and
Sangster 1992; Landis and Hofstra 1991). Many studies have
thoroughly investigated the mineralogy and vein formation conditions in the Coeur d’Alene district (e.g., Beaudoin and Sangster
1992; Fryklund 1964; Landis and Hofstra 1991; Leach et al.
1988; Sack and Lichtner 2009). Siderite (FeCO3) is a prominent
gangue mineral in mineralized veins. Iron oxides like hematite
(Fe2O3) and magnetite (Fe3O4) have been recognized as common
constituents of the host rocks and rare constituents of some veins
since the early works of Fryklund (1964). However, wüstite has
not been previously reported in the district. Here we present
the results of petrographic examination, electron microprobe
analyses, and Raman spectroscopy that document the presence
of metastable wüstite in the Gold Hunter Ag-Pb-Zn vein of the
Coeur d’Alene mining district.

The rare cubic iron oxide wüstite, Fe1–xO, is named after
the German metallurgist Friedrich Wüst (1860–1938). It is a
member of the periclase group and typically forms as an alteration product of other iron-bearing minerals at high temperatures
in a highly reducing environment (e.g., Anthony et al. 1997).
At low pressures, it is never stoichiometric and contains Fe3+
and, depending on temperature and fO2, some vacancies (e.g.,
Lindsley 1976; Wriedt 1991). The highly defective, nonstoichiometric NaCl-type structure of wüstite (Wyckoff and
Crittenden 1925) extends from nearly stoichiometric FeO to
Fe0.88O at 1000 °C (Andersson and Sletnes 1977). The low-fO2
and high-temperature conditions that are required to form
wüstite, combined with its preference to react to silicates under
all but the most silica-undersaturated environments, account
for its rarity in crustal rocks (Lindsley 1991). The literature
reports values for the temperature of the eutectoid equilibrium
for wüstite-α-Fe-magnetite from 518 to 620 °C, but most direct
measurements appear to be close to 570 °C (Wriedt 1991 and
references therein). Figure 1 shows that wüstite is unstable
under atmospheric conditions at temperatures below 570 °C and
decomposes to magnetite and α-Fe (Hentschel 1970; Yin et al.
2007). Once formed, residual wüstite can persist as a metastable
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