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ABSTRACT
3+
3+
The crystal structure of Fe3+-wadsleyite, (Fe2+
1.67Fe 0.33)(Fe 0.33Si0.67)O4, was determined by singlecrystal X-ray techniques at six pressures to 8.95 GPa. The isothermal bulk modulus is KT0 = 173(3)
GPa [KT0' = ∂KT /∂P = 5.2(9)], which is identical within error to bulk moduli observed for normal
wadsleyites [β-(Mg,Fe)2SiO4]. Compression of Fe3+-wadsleyite is significantly more isotropic than
for β-(Mg,Fe)2SiO4 because Fe3+ substitutes into both Si4+ tetrahedral sites and (Mg,Fe2+) octahedral
sites. Ferric iron thus reduces the contrast between tetrahedral and octahedral compressibilities,
which in turn reduces the compressional anisotropy. Bond distance analysis and octahedral
compressibilities of the three symmetrically distinct octahedral sites reveal that Fe3+ orders preferentially into M1 and M3, while M2 occupancy is close to pure Fe2+.

INTRODUCTION
Recent experiments on synthetic wadsleyite, which is nominally defined as β-(Mg,Fe)2SiO4, reveal structural and compositional complexities of considerable relevance to models of
Earth’s transition zone. Wadsleyite is the high-pressure polymorph of (Mg,Fe)2SiO4 that lies between the stability fields of
olivine (the lower-pressure α form) and spinel (the higher-pressure γ form). As such, wadsleyite is presumed to be a major
silicate phase in the upper transition zone, between about 410
and 500 km in depth (e.g., Anderson 1970; Jeanloz and
Thompson 1983; Bina and Wood 1987; Ita and Stixrude
1992; Irifune and Isshiki 1998).
Unlike the structures of olivine and silicate spinel, the
wadsleyite structure can accommodate significant amounts of
hydrogen (Smyth 1987, 1994; Downs 1989; Bell and Rossman
1992; Young et al. 1993; Inoue 1994; Kudoh et al. 1996; Haiber
et al. 1997) and trivalent cations (Smyth et al. 1997; Woodland
and Angel 1998). These compositional variations are receiving
considerable attention because they could cause alterations in
the physical properties and expand the stability range of
wadsleyite. These effects, in turn, could influence the sharpness and depth of seismic discontinuities associated with
orthosilicate transitions in the mantle (e.g., Helffrich and Wood
1996; Fei and Bertka 1996). Wadsleyite compositional adaptability, furthermore, may play a significant role in defining the
redox state and mechanisms of water transport associated with
subduction zones (Kudoh et al. 1996; Woodland and Angel
1998; O’Neill et al. 1993; Kudoh and Inoue 1999). The addition of hydrogen, or hydrogen with trivalent cations, has
been observed to result in a series of modified structures
closely related to wadsleyite. Smyth et al. (1997) described
(Mg1.73Fe0.10Al0.10Si0.99H0.36O4) with a wadsleyite-like unit cell,
but monoclinic I2/m symmetry (β = 90.4°). Kudoh and Inoue
(1999), similarly, report a monoclinic hydrous variant of
wadsleyite (Mg1.86SiH0.28O4). Other related structures incorpo*E-mail: hazen@gl.ciw.edu
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rate both wadsleyite- and spinel-like slabs to yield a homologous series of structures that share the ≈6 Å a axis and ≈8 Å c
axes of wadsleyite, but differ in the b axis dimension, which is
≈12 Å in wadsleyite (e.g., Ross et al. 1992; Smyth and
Kawamoto 1997).
Substitution of ferric iron without hydrogen, on the other
hand, yields wadsleyite isomorphs in which trivalent cations
replace both octahedrally coordinated +2 and tetrahedrally coordinated +4 cations of the β-(Mg,Fe)2SiO4 structure, without
change of symmetry or unit-cell topology. Woodland and Angel (1998), for example, reported the synthesis and structure of
3+
3+
β-(Fe2+
1.55Fe 0.45)(Fe 0.45Si0.55)O4, while Slesinger et al. (1997) and
Ohtaka et al. (1997) synthesized similar wadsleyite isomorphs. The objective of the present study is to determine the compressibility and high-pressure crystal structure of the sample
3+
3+
with composition (Fe2+
1.67Fe 0.33)(Fe 0.33Si0.67)O 4 synthesized by
Slesinger et al., and to compare those results with similar data
for β-(Mg,Fe)2SiO4 (Hazen et al. 2000).

EXPERIMENTAL PROCEDURES
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3+
The (Fe Fe3+
0.33)(Fe 0.33Si0.67)O4 sample used in this study was
synthesized at 6 GPa and 1200 °C at the Geophysical
Laboratory’s multi-anvil high-pressure laboratory by Slesinger
et al. (1997). A single crystal (80 × 90 × 40 µm3) was mounted
in a modified Merrill-Bassett diamond-anvil cell with a mixture of 4:1 methanol:ethanol as the pressure medium. Three
ruby chips (<10 µm) were included as the internal pressure
calibrant (Mao et al. 1986), from which pressure was determined from the position of the R1 laser-induced fluorescence
peak, with an error of approximately 0.05 GPa.
A Picker four-circle diffractometer equipped with a Mo
X-ray tube (β-filtered) was used for all X-ray diffraction
measurements. The fixed-φ mode of data measurement (Finger and King 1978) was used throughout the high-pressure experiments to maximize reflection accessibility and minimize
attenuation by the diamond cell. Unit-cell parameters were determined by fitting the positions of 14–16 reflections with 20°
< 2θ < 35°, following the procedure of King and Finger (1979).

