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AbstrAct

The low-temperature isobaric heat capacity (CP) of synthetic stishovite was measured between 2 
and 311 K by the thermal relaxation method. The measured CP is considerably smaller than that of 
Holm et al. (1967) over the whole temperature range studied. The standard entropy, So

298.15, of stishovite 
obtained is 24.0 J/(mol∙K), which is 3.8 J/(mol∙K) lower than that of Holm et al. (1967). Using the 
measured CP, the Debye temperature and thermal Grüneisen parameter at 298.15 K were calculated to 
be 1109 K and 1.68, respectively. The equilibrium coesite-stishovite transition boundary was calculated 
using the So

298.15 of stishovite from published thermodynamic data. The calculated boundary has a slope 
of 3.2 ± 0.1 MPa/K at 1200–1600 K, which is larger than the slope determined by the high-pressure 
in situ X-ray diffraction study by Zhang et al. (1996).
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introduction

Stishovite, a rutile-structured SiO2 high-pressure polymorph, 
is significant in the study of the Earth’s interior, as well as in high-
pressure technology. At around 1500 K, SiO2 quartz transforms to 
coesite at about 3 GPa, which further transforms to stishovite at 
about 10 GPa. At high temperature (~1500 K), stishovite is stable 
over a wide pressure range (10–70 GPa), which corresponds to 
about 300–1700 km depth in the deep mantle (Zhang et al. 1996; 
Ono et al. 2002). In the mantle, stishovite may exist in subducted 
basalt (e.g., Ono et al. 2001). It may also be stable as a major 
high-pressure phase of subducted continental crustal material 
and sediments (e.g., Wu et al. 2009). The coesite-stishovite 
transition boundary puts an important constraint on P-T paths 
of coesite-bearing rocks such as deeply subducted metamorphic 
rocks. The coesite-stishovite boundary is also widely used as a 
pressure standard (~10 GPa) at high temperature (Zhang et al. 
1996). Although stability relations and properties of stishovite 
have been widely studied, some physical properties have been 
poorly investigated experimentally.

At temperature T, the entropy of perfectly ordered crystalline 
material is determined by the equation
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where CP(T) is the isobaric heat capacity measured as a func-
tion of temperature in the temperature range from near 0 K to 
T. The entropy of stishovite is crucial in calculations of equilib-
rium phase relations involving stishovite at high pressure and 
temperature. Standard entropy at 298.15 K, So

298.15, of stishovite 
has been determined only by Holm et al. (1967) with direct heat 

capacity measurement at 5–350 K by adiabatic calorimetry. 
Generally, the accuracy of the adiabatic calorimetry technique 
is high (about 0.1%), but requires a large sample amount on the 
order of 10 g. In fact, Holm et al. (1967) used a 28 g natural 
stishovite sample concentrated by hydrofluoric acid treatment 
from sandstone in the meteorite-impact site in Meteor Crater, 
Arizona. Holm et al. (1967) reported that the natural stishovite 
sample contained substantial impurities including absorbed 
water. This suggests that the reported CP and So

298.15 may have 
considerable uncertainties.

The recently developed thermal relaxation method enables 
us to measure heat capacity over a 2–350 K range with accuracy 
of about 0.3%, using a sample of several tens of milligrams 
(Lashley et al. 2003; Dachs and Bertoldi 2005; Benisek and 
Dachs 2008). With this method, we recently measured heat ca-
pacities of β-Mg2SiO4 (wadsleyite), γ-Mg2SiO4 (ringwoodite), 
MgSiO3 ilmenite (akimotoite), and MgSiO3 perovskite at low 
temperature, and determined their standard entropies (Akaogi 
et al. 2007, 2008).

In this study, we have measured the heat capacity of a high-
purity synthetic stishovite at 2.3–311.4 K with the thermal re-
laxation method and a Physical Property Measurement System 
(PPMS, Quantum Design). The measured heat capacity allowed 
for determination of So

298.15, as well as the Debye temperature 
and thermal Grüneisen parameter. We discuss the difference 
between the So

298.15 and CP determined herein and the data of Holm 
et al. (1967). Combining the determined entropy of stishovite 
with published thermodynamic data including the transition 
enthalpy from coesite to stishovite, the equilibrium boundary 
of the coesite-stishovite transition has been calculated, which is 
independent of the phase relations determined by high-pressure 
experiments. The calculated transition boundary is compared to 
the boundary determined by in situ high-pressure experiments.* E-mail: masaki.akaogi@gakushuin.ac.jp


