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The compression pathway of quartz
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absTRacT

The structure of quartz over the temperature domain (298 K, 1078 K) and pressure domain (0 
GPa, 20.25 GPa) is compared to the following three hypothetical quartz crystals: (1) Ideal α-quartz 
with perfectly regular tetrahedra and the same volume and Si-O-Si angle as its observed equivalent 
(ideal β-quartz has Si-O-Si angle fixed at 155.6°). (2) Model α-quartz with the same Si-O-Si angle 
and cell parameters as its observed equivalent, derived from ideal by altering the axial ratio. (3) BCC 
quartz with a perfectly body-centered cubic arrangement of oxygen anions and the same volume as 
its observed equivalent.

Comparison of experimental data recorded in the literature for quartz with these hypothetical crys-
tal structures shows that quartz becomes more ideal as temperature increases, more BCC as pressure 
increases, and that model quartz is a very good representation of observed quartz under all conditions. 
This is consistent with the hypothesis that quartz compresses through Si-O-Si angle-bending, which 
is resisted by anion-anion repulsion resulting in increasing distortion of the c/a axial ratio from ideal 
as temperature decreases and/or pressure increases.
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inTRoducTion

The important Earth material quartz may constitute as much 
as 20% of the upper continental crust (Taylor and McLennan 
1985). Quartz is composed solely of corner-sharing SiO4 silica 
tetrahedra, a primary building block of many of the Earth’s crustal 
and mantle minerals, lunar, and Martian minerals, and meteoritic 
minerals (Deer et al. 1978). Quartz is therefore an outstanding 
model material for investigating the response of this fundamental 
structural unit to changes in P, T, and x. These facts have spawned 
a vast literature of experimental and theoretical studies of quartz 
at ambient and non-ambient conditions. Thompson and Downs 
(2010) presented a comprehensive review of the literature on the 
behavior of quartz at high pressure.

Investigations into the behavior of quartz at high pressure 
have revealed an anomalous distortion in the silicate tetrahedron 
with pressure not typically seen in other silicates. Traditionally, 
this distortion has been considered a compression mechanism 
(cf. Levien et al. 1980). Levien et al. (1980) claimed that, “Be-
cause a regular tetrahedron occupies the greatest volume for any 
tetrahedron of that average size, as it distorts its volume must 
decrease.” However, between 0.59 and 20.25 GPa (Dera et al. 
in prep), unit-cell volume in quartz decreases by 21%, while Si 
tetrahedral volume decreases by only 1%. Over this same pres-
sure domain, tetrahedral angle variance (Robinson et al. 1971), 
a traditional measure of tetrahedral distortion, increases from 
0.72 to 21.24. Thus, the distortion in the Si tetrahedron is not 
contributing to the compression of the bulk crystal and the tetra-
hedron is actually much more resistant to compression than the 

unoccupied tetrahedral voids around it (Thompson and Downs 
2010). Implicit in the above quote (Levien et al. 1980) is the idea 
that an atomic-scale behavior must contribute to the compres-
sion of a crystal to be considered a compression mechanism and 
Thompson and Downs (2010) explicitly adopted this definition.

Thompson and Downs (2010) compared observed quartz 
with a hypothetical high-pressure “endpoint” structure that has 
a perfectly body-centered cubic (BCC) arrangement of oxygen 
anions and confirmed the conclusion of Sowa (1988) that quartz 
becomes more like this structure with pressure. They analyzed 
the individual responses of the Si tetrahedron and the seven 
crystallographically non-equivalent unoccupied tetrahedral sites 
to increases in pressure. They reached the conclusion that the dis-
tortion in the Si tetrahedron with pressure was due to anion-anion 
repulsion and was actually resisting compression, and suggested 
that it should not be called a compression mechanism.

An important prior result that Thompson and Downs (2010) 
incorporated into their argument was the Rigid Unit Mode 
(RUM) theory conclusion that the Si-O-Si angle in quartz can 
theoretically change without inducing distortion in the silica 
tetrahedra, implying that the α-quartz structure has no intrinsic 
geometrical constraint creating the distortion during compres-
sion [see Dove et al. (1995) for a paper specifically addressing 
RUM theory and quartz; Ross (2000) for an excellent review 
of RUM theory applied to silicates with numerous references]. 
Smith (1963) derived some geometrical constraints that must 
be satisfied for a quartz structure to contain regular tetrahedra. 
Megaw (1973) correctly derived the structure of a hypothetical 
β-quartz with regular tetrahedra and a very good approxima-
tion of α-quartz with regular tetrahedra. Dera et al. (in prep) 
extended the Thompson and Downs (2010) analysis with a new * E-mail: rmthomps@email.arizona.edu


