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Characterization of a high-pressure phase of silica from the Martian meteorite Shergotty
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ABSTRACT
Recently, there has been substantial interest in post-stishovite high-pressure polymorphs of SiO2,
discovered as extraterrestrial minerals, or synthesized in the laboratory. Previous investigators reported the presence of “a-PbO2-like” and “baddeleyite-like” SiO2 in the Martian meteorite Shergotty,
and also the synthesis of an a-PbO2-like phase at pressures of 60–80 GPa in a laser-heated diamond
anvil cell. To provide definitive information about the nature of the natural “a-PbO2 phase,” we
recovered a small sample from the Shergotty meteorite, obtained powder X-ray diffraction patterns,
and performed a Rietveld refinement of the structure. The resulting cell parameters and space group
are a = 4.097(1) Å, b = 5.0462(9) Å, c = 4.4946(8) Å, and Pbcn. The structure refinement confirms
that this sample does have the a-PbO2 structure.

INTRODUCTION
The study of high-pressure phase transitions in silica has
recently gained significant attention. The discovery of coesite
in eclogites from ultra-high pressure metamorphic terranes and
of coesite and stishovite from impact craters led to several experimental investigations of the pressure and temperature stability relations of these phases. It has been suggested that free
silica could be present in the lower mantle, perhaps in the D”
region. An octahedrally coordinated form of SiO2, stishovite,
undergoes further distortions and transformations at pressures
and temperatures characteristic of the lower mantle [see Hemley
et al. (1994) for a review]. The nature and mechanisms of these
transformations and the structures of post-stishovite phases are
crucial for understanding the physical and seismological properties of the lower mantle. The lack of full understanding of the
higher-pressure behavior of SiO2 motivated several theoretical
and experimental studies aimed at determining post-stishovite
phase transitions, and characterization of the crystal structures
of high-pressure phases. Molecular dynamics and ab initio calculations by Belonoshko et al. (1996) indicated the possibility
of a new SiO2 phase with Pb2n symmetry1, which is more stable
than stishovite and its CaCl2-like modification at pressures >120
GPa. Karki et al. (1997), however, reported on the basis of firstprinciples calculations a pressure of 98 GPa for the transition
of the CaCl2 structure to Pnc2 and a pressure of 226 GPa for
the transition of this polymorph to the pyrite structure (this was
previously predicted by Park et al. 1988). Teter et al. (1998)
noted that when the Pnc2-type structure of SiO2 is examined
using first-principles methods, it adopts the higher symmetry
Pbcn space group. At any given pressure, the optimized Pnc2
and a-PbO2 structures have the same total energies and simulated diffraction patterns.
Following the discovery of coesite and stishovite, several
syntheses of other high-pressure forms were reported. Roomtemperature static compression studies by Kingma et al. (1995)
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showed transformation of stishovite to an orthorhombic CaCl2like form near 50 GPa, in excellent agreement with the theoretical predictions of Cohen (1992). Several attempts have been
made to synthesize quenchable high-pressure phases; these include German et al. (1973) and Tsuchida and Yagi (1989, 1990).
More recently, Dubrovinsky et al. (1997) synthesized a phase
at 2000 K and between 68–85 GPa, which they reported had
the Pnc2 space group when quenched to ambient conditions;
they noted that the structure of this phase was intermediate between the a-PbO2 and b-ZrO2 structures. Dubrovinsky et al.
(2001) and Dubrovinskaia et al. (2001) later identified this
material as having the a-PbO2-type structure2.
Other reported high-pressure SiO2 forms include an Fe2Ntype structure (Liu et al. 1978), a-ZrO2/baddeleyite (El Goresy
et al. 1998), a 3 ¥ 2 zigzag chain form (Haines et al. 2001), and
an undetermined stishovite-like structure (Yamakata and Yagi
1997). Sharp et al. (1999) and El Goresy et al. (2000) reported
the presence of “a-PbO2-like” and “baddeleyite-like” SiO2, respectively, in the Martian meteorite Shergotty. Although the
electron diffraction results (Sharp et al. 1999) did not produce
lattice parameters or systematic absences close enough to the
synthesis values to confirm the presence of a-PbO2-like SiO2
in Shergotty, these results did indicate that a new orthorhombic
SiO2 phase was present. They stated that their “SiO2 structure
is distinctly different from the a-PbO2 and Pnc2 structures but
similar to a Pbcn structure produced in shock experiments at
1

Previous authors often used Pnc2 as the space group for this
structure. However to have an orientation consistent with the
centrosymmetric space group Pbcn, we use Pb2n throughout
this paper.
2
Previous authors reporting on post-stishovite phases of SiO2
refer to most of them using the name of a mineral having the
same structure, e.g., “the baddeleyite-like form of SiO2.” However, none of them use the accepted mineral name for a-PbO2
scrutinyite (Taggart et al. 1988). For this paper we decided to
maintain continuity with previous publications while noting the
inconsistency in nomenclature in this footnote.
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