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INTRODUCTION

(Fe,Mg)2SiO4 olivine (α-phase) and its dense polymorphs, 
wadsleyite (β-phase) and ringwoodite (γ-phase), are important 
constituents of the upper mantle. The transformation between 
these polymorphs is thought to play an important role in the up-
per mantle structure known as the transition zone. The kinetics 
and mechanism of these transformations impacts convection of 
material through this region. Several different transformation 
mechanisms between the α-phase, β-phase, and γ-phase phases 
have been proposed and investigated. A reconstructive trans-
formation mechanism (Sung 1979; Vaughan et al. 1982) that 
operates by incoherent nucleation and either diffusion-limited 
or interface-controlled growth has been identiÞ ed and studied 
in detail (see Rubie 1993 and references therein). The kinetics 
of this transformation mechanism have also been the focus of 
much recent research and are fairly well documented for both 
the α-phase to γ-phase (Rubie and Ross 1994; Burnley 1995; 
Kerschhofer et al. 1998; Mosenfelder et al. 2000) and α-phase 
to β-phase (Guyot et al. 1991; Brearley and Rubie 1994) trans-
formations.

These transformations are believed to occur via reconstructive 
mechanisms in a range of deep geologic environments. Through-
out most of the mantle the transformations occur at or close to 
the equilibrium pressures. However, in the vicinity of subducting 
slabs, temperatures are depressed and in some cases may be so 

low (500�600 °C) that the reconstructive mechanisms are kineti-
cally hindered (see Kirby et al. 1996 and references therein). If 
these low temperatures persist below 520 km depth, the β-phase 
stability Þ eld will be overstepped and the direct transition from 
α-phase to γ-phase will occur instead. Numerous experimental 
studies (Sung and Burns 1976; Sung 1979; Green and Burnley 
1989; Rubie et al. 1990; Burnley et al. 1991, 1995; Wu et al. 
1993; Rubie and Ross 1994; Burnley 1995; Wang et al. 1997; 
Martinez et al. 1997; Kerschhofer et al. 1996, 1998, 2000) as well 
as numerical models of the temperature evolution of subducting 
slabs (Kirby et al. 1996) support the hypothesis that there is a 
wedge-shaped metastable region of α-phase within subducting 
slabs. Therefore the transformation behavior of metastable α-
phase and the mechanism of the direct transformation of α-phase 
to γ-phase are of interest in understanding subduction.

COHERENT TRANSFORMATION MECHANISM

A second style of transformation that produces coherent 
sheets of γ-phase parallel to (100) planes in the α-phase also 
occurs. Microstructural evidence that has been interpreted to 
indicate the operation of this second mechanism includes narrow 
lamellae of γ-phase in α-phase with the topotactic relationship 
(100)α-phase||(111)γ-phase and (001)α-phase||(11�0)γ-phase 
(Lacam et al. 1980; Boland and Liu 1983; Madon and Poirier 
1983; Madon et al. 1989; Burnley and Green 1989; Burnley et 
al. 1995; Burnley 1995; Martinez et al. 1997; Kerschhofer et al. 
1996, 1998, 2000). Poirier (1981a) proposed that the oxygen 
lattice of the γ-phase can form coherently from the α-phase by * E-mail: Burnley@GSU.edu
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ABSTRACT

A coherent mechanism for the transformation of olivine to its spinel structure polymorph has been 
investigated in Mg2GeO4 olivine at conditions ranging from 6 GPa to 18 GPa at 300 to 1250 °C us-
ing a multi-anvil apparatus. This transformation mechanism, which produces plates of spinel lying 
parallel to the (100) planes in olivine, becomes increasingly important above 10 GPa at temperatures 
between 300 and 400 °C. The primary effect of temperature above 400 °C is to increase the length 
of the lamellae. The primary effect of pressure is to increase the number of lamellae that have nucle-
ated. The distribution of transformation is very inhomogeneous. Lamellae Þ rst appear in patches 
associated with grain edges and corners. As the degree of transformation increases, patches become 
more extensive and more heavily populated until the majority, if not all grains, contain large numbers 
of lamellae that span large portions of their host grains. The mechanism that produces the lamellae 
requires three factors, high pressure overstep of the equilibrium boundary, some level of differential 
stress (either microscopic or macroscopic), and high enough temperature to facilitate rearrangement 
of the cations. It is most consistent with a martensitic-like transformation mechanism. The results of 
this study suggest that olivine may exhibit similar behavior in cold, rapidly subducting lithospheric 
slabs. If conditions are too cold for olivine to transform by reconstructive nucleation and growth, it 
could instead progressively transform by the martensitic-like mechanism as conditions deviate further 
and further from the equilibrium phase boundary. 


