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INTRODUCTION

The reaction that describes reduction of olivine can be writ-
ten schematically as:

Fe2SiO4 in olivine = 2Fe in metal + SiO2 in silicate + O2      (1)

in which SiO2 is either in a pyroxene, an amorphous silicate, or
a melt. Olivine is an ubiquitous phase found in chondrites, in-
terplanetary dust particles, stellar and interstellar environments,
differentiated meteorites, and planets. Exposure of olivine to
high-temperature reducing conditions, imposed by graphite or
other carbonaceous phases (Boland and Duba 1981; Connolly
et al. 1996; Bradley 1994; Sandford 1996; Hanon 1998), may
occur in these environments, leading reaction 1 to have
geochemical and cosmochemical importance. Indeed, micro-
structures likely associated with reduction processes of Fe2+

silicates have been identified in numerous cosmochemical en-
vironments: ureilite meteorites (Goodrich 1992; Berkley et al.
1980; Mittlefehldt et al. 1998), “dusty olivines” of chondrites
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Single crystals of San Carlos olivine in contact with graphite were annealed at P = 1 bar, T = 1373
K, for studying the reaction of extraction of (Fe, Ni) metal. Scanning electron microscopy and trans-
mission electron microscopy were performed on samples recovered after the experiments. Precipi-
tates of (Fe, Ni) and thin amorphous layer of silica were identified, exclusively on the surface of the
single crystals. Mass balance indicates that volatilization of Fe, Mg, and Si is negligible under these
conditions. The reaction can be summarized as:

Fe2SiO4 in olivine + 2Cgraphite = 2Fein metal + SiO2 amorphous + 2COin gas

which occurs at the crystal surface without affecting the interior of the crystal, except for an Fe2+ and
Mg2+ compositional profile in the olivine matrix. These chemical profiles are consistent with mea-
sured values of Fe2+-Mg2+ interdiffusion coefficients, in agreement with the fact that Si and O are
relatively immobile in olivine under such conditions.

This study shows that annealing at relatively moderate temperature under reducing conditions
can cause surface modifications and thus probably can strongly influence the surface evolution of
planetary objects exposed directly to space environments (regoliths, surfaces of asteroids, or inter-
planetary dust particles).

(Rambaldi 1981; Nagahara 1981; Jones and Danielson 1997),
and lunar regolith (Allen et al. 1993; Keller and McKay 1997).
The study of reaction products of reaction 1 may therefore be
useful in identifying reduction processes effectively occurring
in planetary materials.

Reduction of olivine according to reaction 1 has been re-
ported by several authors at T ≥ 1473 K: metal precipitates and
pores were observed by transmission electron microscopy
(TEM) within bulk olivine (Boland and Duba 1986). These mi-
crostructures also were studied by optical microscopy (Boland
and Duba 1986), scanning electron microscopy (SEM)
(Connoly et al. 1994), and electron microprobe analysis
(Lemelle 1998; Lemelle et al. 2001). Reaction mediated by a
gas phase between olivine and metal was investigated using
Kudsen-cell mass spectrometry (Dohmen et al. 1998).  At tem-
peratures below 1473 K, however, microstructures have not
yet been studied; the most documented study reports enrich-
ment in Si and O a few micrometers below the surface of oliv-
ine annealed at various values of oxygen fugacity (Jaoul et al.
1987) and measured by Rutherford backscattering spectroscopy
(RBS). In this study, we document by SEM and TEM the mi-
crostructures of natural San Carlos olivine single crystals in
contact with graphite, annealed at T = 1373 K and P = 1 bar
total pressure for different durations. Similarities with micro-


