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aBstract

The crystal structure of the dense hydrous magnesium silicate phase H, MgSiH2O4, synthesized at 45 
GPa and 1000 qC, was investigated by single-crystal X-ray diffraction. Although showing a deterioration 
process under the X-ray beam, the compound was found to be orthorhombic, space group Pnnm (CaCl2-
type structure), with lattice parameters a = 4.733(2), b = 4.3250(10), c = 2.8420(10) Å, V = 58.18(3) Å3, 
and Z� ����7KH�VWUXFWXUH�ZDV�UH¿QHG�WR�R1� ��������XVLQJ����REVHUYHG�UHÀHFWLRQV�>�V(I) level]. Mag-
nesium and silicon were found to be disordered at the same octahedral site (with a mean bond distance 
of 1.957 Å). Hydrogen was not located in the difference Fourier maps, but it is very likely disordered 
at a half-occupied 4g position. The centrosymmetric nature of the structure of phase H is examined in 
relation to that reported for pure G-AlOOH at ambient conditions (non-centrosymmetric, P21nm), and 
the possibility that these two compounds can form a solid solution at least at high pressure is discussed.
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introduction

Dense hydrous magnesium silicates (DHMS) play an im-
portant role in the transportation of water into the deep mantle 
by the subduction of oceanic slabs. Until recently, phase D has 
been considered to be the highest pressure form of DHMS (Frost 
and Fei 1998; Shieh et al. 1998). However, Tsuchiya (2013) and 
Nishi et al. (2014) found that phase D transforms to a new dense 
hydrous silicate, phase H, at pressures above a48 GPa. Phase H in 
the descending slab may deliver a significant amount of water to 
the deepest part of the lower mantle thus influencing the structure 
and dynamics of the deep mantle.

On the basis of an in situ energy-dispersive X-ray diffraction 
study Nishi et al. (2014) found that the reflections of phase H 
at ambient conditions could be indexed with an orthorhombic 
cell with a | 4.7, b | 4.3, c | 2.8 Å. However, the quality of the 
collected X-ray diffraction patterns was insufficient to allow the 
detailed structure of phase H to be reliably determined (see Nishi 
et al. 2014). Therefore, these authors limited their study to report 
either P21nm (by analogy with the G-AlOOH structure; Suzuki et 
al. 2000; Komatsu et al. 2006) or P2/m (as inferred from theoreti-
cal calculations; Tsuchiya 2013) as possible space groups, with a 
preference for the orthorhombic symmetry. Electron diffraction 
measurements with a transmission electron microscope also failed 
to obtain the structural data because of rapid amorphization of the 
sample during observations. To determine the detailed structure 
of phase H, different techniques in the analyses of the recovered 
sample are required.

Here we report the results of a structural study of phase H by 

single-crystal X-ray diffraction on fragments directly extracted 
from the run products synthesized at 45 GPa and 1000 qC. The 
structure and the space group of phase H have been unequivo-
cally identified and considerations on the possible MgSiH2O4– 
AlAlH2O4 solid solution at high pressures are reported.

experiMentaL Methods

Synthesis
Synthesis experiments were conducted using a 1500-t multi-anvil apparatus 

(MADONNA-II) at Ehime University (Matsuyama, Japan). We used sintered 
diamond anvils with a truncated edge length of 1.5 mm as the second-stage anvils. 
The sample was loaded into a gold capsule. The sample assembly was composed 
of sintered (Mg,Cr)O and MgO pressure media, with a cylindrical LaCrO3 heater, 
and a molybdenum electrode. Temperature was monitored by a W97Re3-W75Re25 
thermocouple. The pressure media and a heater were dried at 1000 qC for 3 h be-
fore assembling the high-pressure cell. Details of the sample assembly are shown 
in the supplementary information by Nishi et al. (2014). We used the MgSiH2O4 
composition as starting material, which is prepared from Mg(OH)2 brucite and SiO2 
silica powders in a 1:1 molar ratio.The sample was compressed to 45 GPa at room 
temperature. Then the temperature was increased to 1000 qC and held constant for 
6 h. Phase H prevailed in the run product, being accompanied by trace amounts of 
MgSiO3 perovskite (Fig. 1).

Strategy for the X-ray data collection
Two crystals were hand-picked under a reflected light microscope from the 

run product MII201H (Fig. 1), mounted on a 0.008 mm diameter carbon fiber and 
examined with an Oxford Diffraction Xcalibur 3 diffractometer (X-ray MoKD radia-
tion, O = 0.71073 Å) equipped with a Sapphire 2 CCD detector. After some minutes 
of X-ray exposure, intensity decrease and broadening of the reflections belonging 
to phase H were observed. Such an intensity decay of phase H during the data col-
lection was attributed to a progressive amorphization process. Under the electron 
beam, the amorphization was quite immediate (Nishi et al. 2014). Under the X-ray 
beam, the process was slower, but, in the end (after a140 min), a total disappear-
ance of the reflections was noticed. However, the unit-cell parameters obtained for 
the first two crystals of phase H using the very low number of collected reflections 
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