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Equations of State and Phase Equilibria of Stishovite and 
a Coesitelike Phase from Shock-Wave and Other Data' 
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Shock-wave, static-compression (X ray), ultrasonic, thermal expansion, and thermodynamic 
data are simultaneously inverted to determine the equations of state of stishovite and a 
coesitelike SiO. phase. All the stishovite data except the thermal expansion data are 
satisfied by a Mie-Griineisen-type equation of state having a zero pressure bulk modulus K 
of about 3.50 ± 0.1 Mb, a pressure derivative dK/dP of 3.3 ± 1, and a Griineisen parameter, 
initially 1.25 ± 0.1 , that decreases slowly with compression. The volume coefficient of thermal 
expansion at ambient conditions is found to be 13 ± 1 X 1O-8jOK, in comparison with 

• 16.4 ± 1.3 measured by Weaver. Some Hugoniot data of Trunin et a1. for very porous 
quartz have densities very close to the density of coesite. However, a calculation of the 
coesite-stishovite phase line shows that the coesitelike phase persists to about twice the 
predicted transition pressure at 10,OoooK. It is suggested that the discrepancy can be explained 
if this phase is interpreted as a liquid of about coesite density. 

Since the discovery of the dense high-pressure 
silica polymorph stishovite [Stishov and Popova, 
1961] and its subsequent identification both in 
natural silica from a meteor crater [Chao et aZ., 
1962] and as the dense phase obtained in the 
shock-wave experiments of Wackerle [1962] 
by McQueen et al. [1963], a variety of ex
periments have yielded considerable data on 
stishovite. To date, these data include more 
shock-wave, stat ic-compression (X ray), thermo
dynamic, thermal expansion, and, \"fry recently, 
ultrflsonic dfltfl. These dfltfl , with their sources 
and other relevant information, fire summflrized 
in Table 1. A succession of anfll~'ses of these data 
hfls accompanied their accumulation r Anderson 
and Kanamori, 1968; Ahrens et al ., 1969, 1970]. 
This paper is flnother in that succession . 

The Griineisen pflrameter y is an important 
quantity thflt characterizes thermfll effects in 
the equation of ~tate. Ah"ens et al. [1970], re
turning to the method used by McQueen et al. 
[1963], determined the yalues of y at large 
compression from the differenre in pressure 
between Hl1goniots correspondin~ to different 
initial densities. This method is preferable to 

1 Contribution 2101, Diyision of Geological ami 
Plflnetary Scirncrs, Californifl Institute of T('C'h
nology. 
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that used by Anderson and Kanamori [1968j 
and Ahrens et al. [1969], who used the Slater 
[1939] or Dugdale and MacDonald [1953] 
formulas for the volume dependence of y. 
These formulas have been severely criticized 
because they fai l to take account of the fre
quently large pressure dependence of the shear 
modes of vibration [Knopofj a:nd Shapiro, 1969]. 

Fitting these results with the functional form 

(1) 

where V is the specific volume, A is a constant, 
and the subscript 0 denotes zero pressure, 
Ahrens et aI. [1970] adjusted Yo until the vol
ume roefficirnt of thermal expansion a, ob
tained from the identity 

(2) 

where K, is determined from the shock-wave 
flnfllysi8, agreed with the measured Yfllue. (The 
ynlue used was the preliminar~' value of a = 15 
X lO-";oK, obtflined from .T. S. Weaver (per
sonal rommuniration, 1969), rf. Table 1.) In 
(2). K, is the isentropic bulk modulus, p is 
the densit~· , and Cp is the specific heat at con
st:mt pressure. 

Sinr(' that IInalysi8. sryeral new sets of data 
haw been published. The data of Trunin et al. 
[1971(1] ~reatl~' exteud t he pressure range of 
the Hugoniot data. and those of Tnmin et al. 
[1971b ] extend the range of initial porosities. 
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