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Abstract
To study the kinetics of the spinel-to-garnet transformation in peridotite, we conducted reaction
experiments in the garnet peridotite stability field (3.2 GPa, 1020–1220 °C, for 0.6–30 h) using a
single spinel crystal embedded in monomineralic orthopyroxene powder or in a mixture of powdered
orthopyroxene and clinopyroxene. The growth textures observed in the reaction rim between the spinel crystal and the polycrystalline pyroxenes show that the reaction rim grew in both the spinel and
pyroxenes directions, suggesting mobility of both SiO2 and R2O3 components (where R is a trivalent
cation). Olivine grains formed only in the presence of monomineralic orthopyroxene and were present
in some domains without forming reaction rims. Based on a diffusion-controlled growth model, the
growth kinetics of the garnet reaction rim can be described by [x(t)]2 = k0 exp(–H*/RT)t, where x(t) is
the rim width at time t, R is the gas constant, T is the absolute temperature, and H* is the activation
enthalpy of reaction; k0 and H* are, respectively, k0 = 10–19.8 ± 4.9 m2/s and H* = 171 ± 58 kJ/mol. The
development of a garnet reaction rim around a spinel core has been observed in alpine-type peridotitic
rocks and mantle xenoliths. The reaction rims experimentally produced in this study are characteristic
of corona textures observed in natural rocks, and the experimentally measured growth rate of the
rims places important constraints on dynamic transformation processes involving spinel and garnet in
peridotite. However, to reconstruct the P-T-t history of the corona texture based on these elementary
processes, additional detailed studies on the textural evolution and quantitative kinetics of the garnetrim growth stage are required.
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Introduction
The phase transformation from spinel peridotite to garnet
peridotite, occurring in the Earth’s upper mantle, involves the
reaction of spinel with pyroxenes to form garnet. The existence of
pyropic garnet provides important evidence for the deep origin of
mantle-derived rocks. This transformation is generally described
by the following reaction (e.g., Kushiro and Yoder 1966):
Opx + Cpx + Spl = Grt + Ol

(1)

where Opx, Cpx, Spl, Grt, and Ol represent orthopyroxene,
clinopyroxene, spinel, garnet, and olivine, respectively. The
phase boundary for this transformation has been experimentally
determined in the CaO–MgO–Al2O3–SiO2 (CMAS) system (e.g.,
Kushiro and Yoder 1966; O’Hara et al. 1971; Milholland and
Presnall 1998; Klemme and O’Neill 2000; Walter et al. 2002)
and in natural peridotite (e.g., O’Hara et al. 1971). The boundary,
which has a positive Clapeyron slope, is located at ~1.7–2.0 GPa
and ~1000–1200 °C, corresponding to a depth of ~60 km (Fig. 1).
It has been suggested that the Clapeyron slope becomes negative
at temperatures below ~800 °C, based on thermodynamic data
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(Lane and Ganguly 1980; Wood and Yuen 1983). Spinel with
higher Cr/(Al+Cr) ratios (Cr#) can coexist with garnet at greater
depths (e.g., O’Neill 1981; Webb and Wood 1986; Ganguly and
Bhattacharya 1987; Klemme 2004).
Alpine-type peridotites and mantle xenoliths occasionally
contain corona textures showing a garnet reaction rim developed
around a spinel core, suggesting the preservation of garnet peridotite partially transformed from spinel peridotite (e.g., Obata
1980; Obata and Morten 1987; Ionov et al. 1993; Lee et al. 2001;
Medaris et al. 2005). Some tectonic models and possible P-T
paths inducing the transformation have been proposed based on
petrological studies (e.g., Obata and Morten 1987; Brueckner and
Medaris 2000; Nimis and Morten 2000; Medaris et al. 2005).
The corona texture may indicate that not only textural equilibration, but also the garnet-forming reaction, were incomplete due
to slow reaction kinetics. If a metastable spinel core survives, it
should place important constraints on the P-T-t path. However,
it has been difficult to interpret petrological observations from
a non-equilibrium point of view, because the mechanisms and
kinetics of the reaction are poorly known.
In this study, we conducted reaction experiments described in
reaction 1 by enclosing a spinel crystal in a two-pyroxene powder
in the garnet peridotite stability field to examine the mechanisms
and kinetics of the spinel-to-garnet transformation in peridotite.
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