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Abstract
Compressional (P) and shear (S) wave velocities across the olivine-spinel transformation in
Fe2SiO4 were investigated in situ using combined synchrotron X-ray diffraction, X-ray imaging, and
ultrasonic interferometry up to 5.5 GPa along the 1173 K isotherm. The onset of the spinel to olivine
transformation at 4.5 GPa and olivine to spinel transition for Fe2SiO4 at 4.8 GPa was concurrently
observed from X-ray diffraction, the amplitude of the ultrasonic signals, the calculated velocities, and
the ratio of P and S wave velocities (vP/vS). No velocity softening was observed prior to the fayalite
to spinel transition. The velocity contrasts across the Fe2SiO4 spinel to fayalite phase transition are
derived directly from the measured velocities, which are 13 and 12% for P and S waves, respectively,
together with a density contrast of 9.4%. A comparison with literature data indicates that the changes
in compressional-wave velocity and density across the olivine-spinel transformation in Fe2SiO4 are
comparable to those with different iron concentrations in the (Mg,Fe)2SiO4 solid solution, whereas the
shear wave velocity contrast decreases slightly with increasing iron concentration.
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Introduction
Olivine, (Mg,Fe)2SiO4, is the most abundant mineral in the
upper mantle. Its polymorphic transformations from olivine
to wadsleyite and wadsleyite to ringwoodite are believed to
be responsible for the seismically observed discontinuities at
410 and 520 km depths. The transformation pressure, kinetics,
density, and elasticity variations associated with these transitions are critical to understanding the depth, sharpness, and
amplitude of these discontinuities and hence the composition,
structure, and dynamics of the Earth’s mantle (Bass and Anderson 1984; Weidner 1985; Bina and Wood 1987; Ita and Stixrude
1992; Stixrude 1997; Li et al. 1998; Weidner and Wang 2000;
Cammarano et al. 2005a, 2005b). In addition, as suggested by
experimental studies (Sung and Burns 1976a, 1976b; Burnley
and Green 1989; Burnley et al. 1991, 1995; Wu et al. 1993;
Rubie and Ross 1994) and seismic data (Iidaka and Suetsugu
1992; Pankow et al. 2002; Jiang et al. 2008), olivine may persist
metastably to depths well below the equilibrium phase boundary subduction zones due to the lower temperature. Therefore,
the physical properties associated with the polymorphic phase
transitions of olivine also play an important role in modeling the
behavior of subducting slabs.
Fayalite, the iron end-member of the (Mg,Fe)2SiO4 solidsolution series, transforms directly into the spinel phase at ~5
GPa, 1073–1173 K (Akimoto et al. 1967; Yagi et al. 1987)
without transforming into a wadsleyite phase at intermediate
pressures as for Mg-rich compositions in this series. While there
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is abundant literature on the elastic properties of the Mg-rich olivine and its polymorphs, the elasticity of the fayalite and spinel
phase of Fe2SiO4, is still not well constrained. Although olivine
at Earth’s upper mantle conditions typically has Fe/(Fe+Mg) ~
0.1–0.13, measurements on the iron end-member will facilitate
the understanding of the effect of iron on the density and elastic
properties of olivine and its high-pressure phases, the mechanism
and characteristics of the polymorphic phase transformations,
and the calculation of mantle phase equilibria (e.g., Stixrude
and Lithgow-Bertelloni 2005). Moreover, studies on the Fe2SiO4
end-member provide useful information on oxygen fugacity of
the upper mantle.
Many previous studies have evaluated the velocity jumps
across the polymorphic phase transitions of olivine based on extrapolations using pressure and temperature derivatives obtained
for individual phases from experiments at high pressure and room
temperature, or high temperature and ambient pressure. Direct
velocity measurements on these phases under simultaneous highpressure and high-temperature conditions comparable to those
in the mantle are still scarce [Liu et al. (2008) and references
therein], especially for olivine with magnesium-rich compositions, which require higher pressure and temperature conditions
for the phase transitions than iron-rich compositions. There is
great advantage for conducting in situ measurements across the
transition from the low-pressure phase to high-pressure phase; it
not only provides data for the change in physical properties across
the phase transition, but also allows for a direct investigation of
the dynamic features associated with the transition, such as elastic
anomalies (softening, attenuation, if any) prior to, during, and
after the transition as observed in pyroxene (Jackson et al. 2004;
Kung et al. 2004, 2006), stishovite (Shieh et al. 2002), α and β

1000

