
Equations of state and phase boundary for stishovite and CaCl2-type SiO2

Rebecca a. FischeR1,2,3,4,*, andRew J. campbell1, bethany a. chidesteR1,†,  
daniel m. Reaman1, elizabeth c. thompson1, JeFFRey s. pigott5,‡, Vitali b. pRakapenka6, 

and Jesse s. smith7

1Department of the Geophysical Sciences, University of Chicago, 5734 S. Ellis Avenue, Chicago, Illinois 60637, U.S.A. 
2Department of Mineral Sciences, National Museum of Natural History, Smithsonian Institution, P.O. Box 37012, MRC 119,  

Washington, D.C. 20013-7012, U.S.A. 
3University of California Santa Cruz, Department of Earth and Planetary Sciences, 1156 High Street, Santa Cruz, California 95064, U.S.A. 

4Department of Earth and Planetary Sciences, Harvard University, 20 Oxford Street, Cambridge, Massachusetts 02138, U.S.A. 
5School of Earth Sciences, Ohio State University, 125 S. Oval Mall, Columbus, Ohio 43210, U.S.A. 

6Center for Advanced Radiation Sources, University of Chicago, 5640 S. Ellis Avenue, Chicago, Illinois 60637, U.S.A. 
7High Pressure Collaborative Access Team (HPCAT), Geophysical Laboratory, Carnegie Institution of Washington, 9700 S. Cass Avenue, 

Argonne, Illinois 60439, U.S.A.

abstRact

Silica is thought to be present in the Earth’s lower mantle in subducting plates, in addition to being 
a prototypical solid whose physical properties are of broad interest. It is known to undergo a phase 
transition from stishovite to the CaCl2-type structure at ∼50–80 GPa, but the exact location and slope 
of the phase boundary in pressure-temperature space is unresolved. There have been many previous 
studies on the equation of state of stishovite, but they span a limited range of pressures and tem-
peratures, and there has been no thermal equation of state of CaCl2-type SiO2 measured under static 
conditions. We have investigated the phase diagram and equations of state of silica at 21–89 GPa and 
up to ∼3300 K using synchrotron X-ray diffraction in a laser-heated diamond-anvil cell. The phase 
boundary between stishovite and CaCl2-type SiO2 can be approximately described as T = 64.6(49)·P 
– 2830(350), with temperature T in Kelvin and pressure P in GPa. The stishovite data imply K0́ = 
5.24(9) and a quasi-anharmonic T 2 dependence of –6.0(4) × 10–6 GPa·cm3/mol/K2 for a fixed q = 1, 
g0 = 1.71, and K0 = 302 GPa, while for the CaCl2-type phase K0 = 341(4) GPa, K0́ = 3.20(16), and g0 
= 2.14(4) with other parameters equal to their values for stishovite. The behaviors of the a and c axes 
of stishovite with pressure and temperature were also fit, indicating a much more compressible c axis 
with a lower thermal expansion as compared to the a axis. The phase transition between stishovite and 
CaCl2-type silica should occur at pressures of 68–78 GPa in the Earth, depending on the temperature 
in subducting slabs. Silica is denser than surrounding mantle material up to pressures of 58–68 GPa, 
with uncertainty due to temperature effects; at higher pressures than this, SiO2 becomes gravitationally 
buoyant in the lower mantle.
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intRoduction

Silica (SiO2) is expected to be present in subducted mid-
ocean ridge basalt in the Earth’s lower mantle (e.g., Hirose 
et al. 2005). It may also occur in the Dʺ layer as a result of Si 
and O becoming less soluble in liquid iron as the core cools 
(Hirose et al. 2017), since the metal–silicate partitioning of 
O and especially Si are strongly temperature dependent (e.g., 
Fischer et al. 2015; Tsuno et al. 2013). Despite its importance 
in geophysics, as well as physics and materials science, there 
remains disagreement surrounding the phase diagram of silica 

at high pressures (P) and temperatures (T). Additionally, only 
limited research has been done on the thermal equation of state 
for the CaCl2-type phase of silica, stable under lower mantle 
conditions. In this study, we focus on elucidating the location 
and slope of the stishovite/CaCl2-type phase boundary, as well 
as providing better constraints on the thermal equations of state 
of these important phases.

Coesite (monoclinic SiO2 with space group C2/c) transforms 
to stishovite (rutile-type SiO2 with space group P42/mnm) at 
∼7–13 GPa and high temperatures (e.g., Zhang et al. 1996), 
marking a transition in Si coordination from tetrahedral to 
octahedral. At lower mantle pressures, stishovite undergoes a 
second-order, reversible phase transition to the CaCl2-type struc-
ture (space group Pnnm) of SiO2, in which the tetragonal unit cell 
of stishovite distorts into an orthorhombic unit cell (Tsuchida 
and Yagi 1989). Reports of the location and slope of this phase 

American Mineralogist, Volume 103, pages 792–802, 2018

0003-004X/18/0005–792$05.00/DOI: http://doi.org/10.2138/am-2018-6267       792 

* E-mail: rebeccafischer@g.harvard.edu
† Present address: Department of Earth and Planetary Sciences, University of California 
Davis, 1 Shields Avenue, Davis, CA 95616, U.S.A.
‡ Present address: Department of Earth, Environmental, and Planetary Sciences, Case 
Western Reserve University, 10900 Euclid Avenue, Cleveland, OH 44106, U.S.A.




