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Tetrahedral ferric iron in oxidized hydrous wadsleyite
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aBstRaCt
Crystals of ferrous and ferric iron-bearing hydrous wadsleyite have been synthesized at 1400 °C
and 12–13.5 GPa in a multi-anvil press. Crystal structures (atom positions, occupancies, and cell
cation vacancies to be in the M3 site only, their concentration has been estimated from the unit-cell
parameter b/a
There appears to be up to 11% iron (presumably ferric) in the tetrahedral site, consistent with reduced
silica content (<1 Si per 4 O atoms) in the chemical analysis. Also the volume of the tetrahedron increases with increasing ferric iron content. Strong ordering of Fe in the octahedral sites is apparent in
to partition preferentially into wadsleyite and may expand the stability region of wadsleyite relative
to olivine and ringwoodite. Also, the observation of tetrahedral ferric iron in these samples increases
the likelihood that there is compositional continuity between wadsleyite and the spinelloid III phase
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iNtRoDuCtioN
2SiO 4) is generally believed to be the
most abundant phase in the Earth’s transition zone from depths
of 410 to about 525 km. Although its polymorphs, olivine and
ringwoodite, are orthosilicates, wadsleyite is a sorosilicate with
Si2O7 groups and a non-silicate oxygen (Morimoto et al. 1969;
Moore and Smith 1970). As such, it has a limited Fe content but
a much greater ability to incorporate trivalent cations as well as
hydrogen (Smyth 1987, 1994; Inoue et al. 1995; Kohlstedt et al.
1996; Kohn et al. 2002; Gudfinnsson and Wood 1998). Wadsleyite is thought to be among the five most abundant solid phases
in the Earth’s interior, so its chemistry may have an impact on
the bulk chemistry and dynamics of the planet (e.g., Bercovici
and Karato 2003). It can incorporate more H than the planet’s
oceans and may be a very significant host phase for water in the
interiors of terrestrial planets, buffering H activity and sustaining
liquid water on planetary surfaces. Also, because the solubility
of ferric iron in wadsleyite is much higher than that in olivine,
the olivine to wadsleyite transition may represent a discontinuity
in the mantle oxygen fugacity (O’Neill et al. 1996). Thus, the
crystal chemistry of wadsleyite may be of general interest to
geochemists and planetary scientists.
The wadsleyite crystal structure is that of spinelloid III
(Akaogi et al. 1982) and is based on a cubic-close-packed array
of O atoms. The space group is Imma, although ordering of
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cation vacancies can result in a dilution of this symmetry to
I2/m
one percent by weight (Smyth et al. 1997; Kudoh 2001; Holl
et al. 2008; Jacobsen et al. 2005). In the Imma structure, there
are three different octahedral sites, M1, M2, and M3, all fairly
regular and roughly equal in size, and there is a single silicate
tetrahedron, which is unusually large and highly distorted with
oxygen (O2) (Smyth 1987). The structure is capable of incorporating several weight percent of H2O as hydroxyl (Inoue et
al. 1995), and hydration is thought to occur by protonation of
the underbonded, non-silicate oxygen (O1), principally charge
balanced by cation vacancies at M3 (Smyth et al. 1997; Kudoh
2001; Ye et al. 2010).
Although orthosilicate minerals rarely incorporate significant
trivalent cations at tetrahedral sites, sorosilicates can do this to
partially relieve the overbonding of the bridging oxygen. In
particular, the sorosilicate spinelloid minerals commonly have
trivalent cations in tetrahedral coordination. However, tetrahedral
Fe has not been previously reported in Mg silicate wadsleyites.
The spinelloids are derivatives of the spinel structure and are
based on a cubic-close-packed array of oxygen atoms. Five
different spinelloid structures (I–V) are known in the nickel
aluminosilicate system (Akaogi et al. 1982). All contain T2O7
or T3O10 groups with bridging O atoms, and all contain oxygen
atoms not bonded to tetrahedral cations. Only two spinelloid
structures are known with only silicon in the tetrahedral site:
wadsleyite has the spinelloid III structure, and wadsleyite II has

