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ABSTRACT
High-pressure crystal structures are reported for two synthetic wadsleyite crystals, β-Mg2SiO4
(Fe00) and β-(Mg0.75Fe0.25)2SiO4 (Fe25), at six pressures to 10.12 GPa. In both compositions, bulk
compressibilities are equal to the average compressibility of divalent cation octahedra. Individual
silicate tetrahedra, by contrast, are relatively rigid, though the Si-O-Si angle between tetrahedra in
Si2O7 dimers decreases systematically with pressure. Wadsleyites display anisotropic compression,
with the c axis approximately 40% more compressible than a or b. This behavior results from differential compression of (Mg,Fe)-O bonds; in each of the structure’s three symmetrically independent
octahedra, the longest and most compressible bonds are roughly parallel to the b axis. Although the
linear compressibilities of Fe00 and Fe25 are similar, details of structural changes with pressure
differ. Iron-enriched M1 and M3 octahedral sites in Fe25 are significantly less compressible than
analogous Mg sites in Fe00.

INTRODUCTION
Wadsleyite, β-(Mg,Fe)2SiO4, is stable between the phase
fields of olivine (the lower pressure α form) and ringwoodite
(the higher pressure γ form) and is thought to be a major mineral in the upper portion of the transition zone of a peridotitic
mantle (e.g., Anderson 1970; Jeanloz and Thompson 1983; Bina
and Wood 1987). Because the α-to-β phase transformation is
believed to be responsible for the 410 km discontinuity observed in seismic velocity-depth profiles, the crystal-chemical
and physical properties of wadsleyite have been a central subject of a variety of experimental studies. Recent work includes
structure refinements (Finger et al. 1993 and references therein),
compressibility measurements (Mizukami et al. 1975; Hazen
et al. 1990; Fei et al. 1992), thermal expansion and high-temperature structure refinements (Tsukimura et al. 1988; Reynard
et al. 1996), high-pressure infrared and Raman spectroscopy
(Williams et al. 1986; Chopelas 1991; Cynn and Hofmeister
1994), ultrasonic studies (Gwanmesia et al. 1990; Li et al. 1996,
1998) and Brillouin spectroscopy (Sawamoto et al. 1984; Zha
et al. 1997). Moreover, recent theoretical (Smyth 1987, 1994;
Downs 1989; Haiber et al. 1997) and experimental (McMillan
et al. 1991; Bell and Rossman 1992; Gasparik 1993; Young et
al. 1993; Inoue 1994; Kudoh et al. 1996; Kudoh and Inoue 1999)
studies have shown that wadsleyite may contain significant H,
suggesting that it could serve as a major host for H2O in the
mantle. The saturation concentration of H2O in wadsleyite is
estimated to be as much as ~3.3 wt%.
The orthorhombic crystal structure (space group Imma) of
the β-phase consists of three symmetrically independent octahedral sites (M1, M2, and M3) and one tetrahedral site (T).
Details of the structure were first determined by Morimoto et
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al. (1969) from a β-Mn2GeO4 single crystal and by Moore and
Smith (1970) from a polycrystalline sample of β-(Mg0.9Ni0.1)2SiO4.
Further structure refinements on β-Mn2GeO4 and β-Co2SiO4
were conducted by Morimoto et al. (1970, 1974). The βMg2SiO4 structure was refined by Horiuchi and Sawamoto
(1981). Sawamoto and Horiuchi (1990) investigated the crystal structure of β-(Mg0.9Fe0.1)2SiO4 and reported the preference
of Fe2+ for the M1 and M3 octahedral sites over the M2 site. A
similar result was observed by Finger et al. (1993) from structure refinements of five β-(Mg1-xFex)2SiO4 crystals with x ranging from 0 to 0.4.
Several recent studies have described variants of the
wadsleyite structure. Kudoh et al. (1996) and Kudoh and Inoue
(1999) refined hydrous wadsleyite structures (Mg 2-xSiH2xO4)
with orthorhombic Immm symmetry, whereas Smyth et
a l . (1997) reported a hydrous wadsleyite structure
(Mg1.73Fe0.10Al0.10Si0.99H0.36O4) with monoclinic I2/m symmetry.
Woodland and Angel (1998) studied the crystal structure of β3+
3+
(Fe2+
1.55Fe 0.45)(Si0.55Fe 0.45)O4 synthesized at 5.6 GPa and 1100 °C
and noted that Fe3+ prefers the M1 and M3 sites over the M2
site.
In this paper, we present an X-ray structure study of two β(Mg1–xFex)2SiO4 crystals, with x = 0.00 and 0.25, at various pressures to 10.1 GPa using the comparative high-pressure method
(Hazen 1993) to investigate the compression behavior of
wadsleyite, as well as the effects of Fe on the β-phase structure
at high pressures.

EXPERIMENTAL PROCEDURES
Both β-Mg2SiO4 and β-(Mg0.75Fe0.25)2SiO4 samples (designated as Fe00 and Fe25, respectively) used in this study were
synthesized in the High-Pressure Laboratory of SUNY at Stony
Brook, as reported by Finger et al. (1993). The Fe00 sample
was previously studied by Zha et al. (1997), who determined

