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Abstract
Akimotoite, a MgSiO3 polymorph present in the lower transition zone within ultramafic portions of 

subducting slabs and potentially also in the ambient mantle, will partition some amount of Al, raising 
the question of how this will affect its crystal structure and properties. In this study, a series of samples 
along the MgSiO3-Al2O3 (akimotoite-corundum) solid solution have been investigated by means of 
single-crystal X-ray diffraction to examine their crystal chemistry. Results show a strong nonlinear 
behavior of the a- and c-axes as a function of Al content, which arises from fundamentally different 
accommodation mechanisms in the akimotoite and corundum structures. Furthermore, two Al2O3-
bearing akimotoite samples were investigated at high pressure to determine the different compression 
mechanisms associated with Al substitution. Al2O3-bearing akimotoite becomes more compressible at 
least up to 20 mol% Al2O3, due likely to an increase in compressibility as the Al cation is incorporated 
into the SiO6 octahedron. This observation is in strong contrast to the stiffer corundum end-member 
having a KT = 250 GPa, which is larger than that of the akimotoite end-member [KT = 205(1) GPa]. 
These findings have implications for mineral physics models of elastic properties, which have in the 
past assumed linear mixing behavior between the MgSiO3 akimotoite and Al2O3 corundum end-members 
to calculate sound wave velocities for Al-bearing akimotoite at high pressure and temperature.
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Introduction
Akimotoite is a MgSiO3 polymorph with an ilmenite-type 

structure (Kawai et al. 1974; Horiuchi and Hirano 1982) that 
is stable between 20 and 24 GPa and 1373 to 1973 K (Ito and 
Yamada 1982; Sawamoto 1987; Gasparik 1990). This polymorph 
crystallizes in the R3 space group with a distorted hexagonal 
close-packed setting of O atoms and cations occupying octahedral 
interstitial sites (Online Materials1 Fig. S1a). The MgO6 and SiO6 
octahedra form distinct layers of face-sharing octahedra; with the 
MgO6 octahedra being much more distorted than the SiO6 octahe-
dra (Horiuchi and Hirano 1982) due to a larger shift of the Mg2+ 
cation from the center of the octahedron. In an ideal ilmenite-type 
structure, Mg and Si are completely ordered in alternating layers 
along the c-axis. Although the stability field of this mineral was 
determined to be rather small (e.g., Ito and Yamada 1982; Sawa-
moto 1987; Gasparik 1990), its possible presence near the base of 
the Earth’s transition zone (e.g., Ishii et al. 2011, 2019a; Kato et 
al. 2014) might explain the relatively high seismic velocities and 

observations of seismic anisotropy at this depth (e.g., Wookey et 
al. 2002; Vavryčuk 2006; Irifune et al. 2008; Shiraishi et al. 2008; 
Foley and Long 2011; Zhou et al. 2014; Nowacki et al. 2015; 
Pamato et al. 2016; Siersch et al. 2021).

The MgSiO3 ilmenite-type structure was named akimotoite 
after its discovery in the Tenham L6 chondritic meteorite, 
which mainly consists of olivine and hypersthene and a net-
work of <1 mm thin shock-induced veins (Sharp et al. 1997; 
Tomioka and Fujino 1997; Miyajima et al. 2007). In these veins, 
akimotoite coexists with bridgmanite, majorite, and ringwoodite, 
having a maximum grain size of ~0.3 to 3 µm in length (Sharp 
et al. 1997; Tomioka and Fujino 1997; Miyajima et al. 2007). 
Analyses of the composition of the crystallized akimotoite 
grains revealed chemical variations of up to 13.54 wt% FeO, 
10.46 wt% Al2O3, 0.69 wt% Cr2O3, and 0.38 wt% CaO (Sharp 
et al. 1997; Tomioka and Fujino 1997; Miyajima et al. 2007). 
Experimental studies have shown that the Al incorporation fol-
lows a coupled substitution mechanism: Mg2+ + Si4+ = 2 Al3+ and 
extends up to the pyrope composition Mg3Al2Si3O12 (25 mol% 
Al2O3) between 25 and 27 GPa at temperatures below 1500 K 
(Irifune and Ringwood 1987; Kubo and Akaogi 2000; Akaogi et 
al. 2002). The Al2O3 end-member in the akimotoite binary solid 
solution is often assumed to be Al2O3 corundum (e.g., Stixrude 
and Lithgow-Bertelloni 2011), which is structurally similar to 
MgSiO3 akimotoite, having the R3c space group. As in the aki-
motoite structure, layers of AlO6 face-sharing octahedra lie along 
the c-axis, but the increase in symmetry is due to the fact that all 
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