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ABStrACt

Large single crystals of stishovite were successfully synthesized at 11 GPa from a silica solution 
in water. The potential of both slow cooling and thermal gradient methods were examined. The ther-
mal gradient method provided crystals of 0.8 × 0.8 × 1.3 mm in size grown at 1350 °C and a thermal 
gradient of 50 °C/mm using stishovite as a silica source. The use of quartz as a source resulted in 
the appearance of numerous stishovite crystals in the solution interior resulting in diminished space 
for the growth of large crystals. This can be explained by a significant difference in the solubility of 
metastable quartz and stishovite in water, estimated to be 85.3 and 5.6 wt% SiO2 at 1000 °C and 11 
GPa, respectively. Crystals up to 0.8 × 1.3 × 1.5 mm were grown by the slow cooling method in the 
system SiO2 + 14.7 wt% H2O as temperature was decreased from 1600 to 1000 °C with a cooling rate 
of 2 °C/min. The size of single crystals obtained was large enough to carry out silicon self-diffusion 
experiments, which were performed at a pressure of 14 GPa and temperatures from 1400 to 1800 
°C. The lattice diffusion coefficients along the [110] and [001] directions can be expressed as D[110] 
(m2/s) = 4.10 × 10–12 exp [–322 (kJ/mol)/RT] and D[001] (m2/s) = 5.62 × 10–12 exp [–334 (kJ/mol)/RT], 
respectively, where R is the gas constant and T is the absolute temperature.
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introDuCtion

Large (>1 mm) high-quality single crystals of deep mantle 
phases are required for accurate determination of the physical 
properties of the Earth’s mantle, such as elasticity, plasticity, 
elemental diffusivity, and electrical and thermal conductivity. 
Because most deep mantle minerals decompose during ascent 
to the surface, single-crystal growth using a large-volume, high-
pressure, and high-temperature apparatus is the only technique 
to provide such specimens.

Stishovite is a stable SiO2 phase at pressures from 10 to ~60 
GPa, which correspond to depths from 300 to 1500 km (Zhang et 
al. 1996; Andrault et al. 1998; Lakshtanov et al. 2007). Stishovite 
is not expected to be a major constituent of the bulk mantle, but it 
may occur in significant amounts in the subducted oceanic crust 
in the Earth’s upper and lower mantle (about 10 and 20 vol%, 
respectively) (e.g., Irifune et al. 1986; Ono et al. 2001; Litasov 
and Ohtani 2005). Furthermore, stishovite is of exceptional im-
portance as a prototype phase for some lower mantle silicates, 
as it exhibits silicon in sixfold coordination.

Single-crystal growth of stishovite from SiO2 melt is impracti-
cal because it requires extremely high P-T conditions (>14 GPa 
and >2900 °C) (Zhang et al. 1993). Solid-state crystallization 
does not provide stishovite crystals larger than 300 µm in size 
even at 3300 °C and 20 GPa (Shatskiy et al. 2009a). Thus, growth 
from solution is the only technique that can be employed for 

stishovite crystal growth. Since the first synthesis by Stishov 
and Popova (1961), several attempts of stishovite single-crystal 
growth have been performed (Sinclair and Ringwood 1978; Endo 
et al. 1986; Pawley et al. 1993; Mosenfelder 2000; Lityagina et 
al. 2001). As evident from Table 1, most of the crystal growth 
experiments were carried out by annealing a mixture of SiO2 
and a solvent (flux) at a fixed temperature below the liquidus 
temperature of the system. This method produces stishovite 
crystals with a tetragonal prismatic habit and dimensions of 0.2 
× 0.2 × 0.8 mm (Endo et al. 1986). Larger crystals (to 0.6 × 0.6 
× 1.2 mm) were obtained in the course of “slow cooling” as the 
temperature of the SiO2-solvent system was slowly decreased 
with a rate of 1 °C/min from the liquidus to solidus temperature 
(Lityagina et al. 2001). However, stishovite crystals larger than 
1.0 × 1.0 × 1.0 mm are required, for instance, to perform reso-
nance ultrasonic spectroscopy measurements (RUS) (Maynard 
1996), and have not yet been synthesized. In this study, we ap-
plied various methods to find the best way to perfect the crystal 
growth of stishovite, and highlight our success in the synthesis 
of single crystals of large dimensions.

methoDoLogy
Crystallization from solution is the most suitable technique for single-crystal 

growth of refractory high-pressure minerals (e.g., Pal’yanov et al. 1997, 1998; 
Burns et al. 1999; Shatskiy et al. 2007). This process has two stages. The first step 
is the birth of new crystals or nucleation. The second is continuous growth of these 
crystals to a larger size. The most important requirement for the crystallization 
is supersaturation, which is the driving force for nucleation and growth (Fig. 1). 
Supersaturation, ∆C = C0 – C1, is defined as the presence of more solute in solu-* E-mail: shatskiy@m.tains.tohoku.ac.jp


