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LETTER

Crystal structure of a new spinelloid with the wadsleyite structure in the system
Fe2SiO4-Fe3O4 and implications for the Earth’s mantle
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ABSTRACT

A new spinelloid polytype with a composition Fe2.45Si0.55O4 has been synthesized at 1100
8C and 5.6 GPa that is isostructural with wadsleyite [b2(Mg,Fe)2SiO4]. The refined param-
eters (space group Imma) are: a 5 5.8559(2) Å, b 5 11.8936(4) Å, c 5 8.3684(2) Å, V
5 582.84(2) Å3. Tetrahedrally coordinated Fe31 and Si are completely disordered and the
substitution of Fe31 for nearly one-half of the Si results in a significant expansion of the
tetrahedra. This is the first direct evidence that significant amounts of Fe31 can be incor-
porated into the wadsleyite-type structure. Because the b form of Fe2SiO4 is unstable, the
implication is that Fe31, by the substitution mechanism: 2Fe31 5 Si41 1 Fe21, acts to
stabilize the wadsleyite structure. It is possible that the addition of Fe31 could stabilize
(Mg,Fe)2SiO4 wadsleyites to lower pressures, which would influence the exact position of
the ‘‘410 km’’ discontinuity. The apparent compatibility of Fe31 in the wadsleyite structure,
suggests that available Fe31 will be readily incorporated in the modally dominant phase in
the upper parts of the transition zone, thereby leading to a low f in this region of theO2

mantle.

INTRODUCTION

In some current mineralogical models of the Earth’s
mantle, wadsleyite, the b polymorph of (Mg,Fe)2SiO4, is
considered to be the dominant phase in the upper portions
of the transition zone (e.g., Irifune and Ringwood 1987).
In addition, the transition of olivine into the wadsleyite
structure (i.e., the a–b transition) has been implicated as
the cause for the observed discontinuity in seismic wave
velocities near 410 km depth (e.g., Ringwood 1975; Bina
and Wood 1987; Katsura and Ito 1989). Therefore, the
stability and crystal chemical behavior of wadsleyite is
of interest to petrologists and geophysicists. Wadsleyite
is one of various spinelloid polytypes, which are deriva-
tives of the spinel structure and differ from each other in
the degree of polymerization of the octahedral and tet-
rahedral sites. In the case of wadsleyite (space group
Imma), three distinct octahedral sites are corner-linked to
T2O7 dimers that are oriented parallel to b (Horiuchi and
Sawamoto 1981). Double columns of M3 octahedra, ori-
ented parallel to a, are cross-linked by chains of edge-
sharing M1 and M2 octahedra running parallel to b. Ex-
perimental and theoretical studies indicate that the stabil-
ity of wadsleyite is limited to the Mg-rich portion of the
(Mg,Fe)2SiO4 binary system, with Fe/(Fe 1 Mg) # 0.25
(Bina and Wood 1987; Akaogi et al. 1989; Katsura and

Ito 1989; Fei et al. 1991). Although wadsleyite with a
much higher Fe content [Fe/(Fe 1 Mg) 5 0.4] has been
recently synthesized, it is clear that the presence of Fe
acts to destabilize the wadsleyite structure even if there
is no obvious crystallographic reason for this (Finger et
al. 1993). At the Fe2SiO4-end-member composition, ol-
ivine transforms directly to the spinel structure (g-
Fe2SiO4) without any intervening b phase (Yagi et al.
1987).

In other systems, up to five different spinelloid poly-
types have been observed. Based upon work in the
NiAl2O4-Ni2SiO4 system, these have been designated
phases I–V (Ma 1974; Akaogi et al. 1982). Wadsleyite
and Ni-aluminosilcate phase III are isostructural. A type
V spinelloid has been recently synthesized at high pres-
sure in the system Fe2SiO4-Fe3O4 (Canil et al. 1991; Ross
et al. 1992). This polytype has space group Pmma, is
intermediate to the spinel and b-phase structures, and
consists of alternating strips of these two types of struc-
tural units with Fe31 substituting for both Fe21 and Si on
the octahedral and tetrahedral sites, respectively. Refined
site occupancies indicate that Fe31 prefers the less dis-
torted isolated tetrahedral sites in the spinel-like layers
(Ross et al. 1992). The compatibility of Fe31 in the b-
phase structure is an open question. The behavior of Fe31

in the wadsleyite (spinelloid III) structure has implica-


