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INTRODUCTION

The observation of the high-pressure silica phases coesite 
and stishovite in terrestrial impact craters like Canyon Diablo 
(Chao and Shoemaker 1960) and Nördlinger Ries (Shoemaker 
and Chao 1961) is generally taken as evidence for shock-induced, 
high-pressure conditions during impacts of large meteorites on 
Earth. Similarly, these phases are found in meteorites that record 
a history of impact events in the early solar system (e.g., Stöfß er 
et al. 1991). More recently, so-called post-stishovite phases of the 
scrutinyite (i.e., α-PbO2) and baddeleyite type have been found 
in melt pockets in the Martian meteorite Shergotty (Sharp et al. 
1999; El Goresy et al. 2000; Dera et al. 2002). These phases 
become stable above a static pressure of 100 GPa (Ono et al. 
2002; Murakami et al. 2003). It has been extremely challenging 
to verify the interpretation of impact-induced formation of these 
phases using laboratory shock experiments, as silica retrieved 
from shock experiments to pressure-temperature conditions 
within the stability Þ eld of these high-pressure phases is usually 
amorphous (Wackerle 1962; DeCarli and Milton 1965; Kleeman 
and Ahrens 1973; Luo et al. 2004). The consistency between the 
calculated and observed pressure-volume-temperature relations 
along the Hugoniot of silica exposed to single shock supports 
the suggestion that quartz and fused silica transform to stishovite 
during laboratory shock experiments, yet only amorphous mate-
rial is retrieved from experiments along the principal Hugoniot 
(Luo et al. 2003). Experimental data from shock release from 
the principal Hugoniot strongly indicate back transformation of 
dense silica to material having densities between 3.0 and 2.1 
g/cm³ (compared to the density of vitreous silica of 2.2 g/cm³) 
(Luo et al. 2003).

Thus, traces of stishovite reported from shock experiments 
(DeCarli and Milton 1965; Kleeman and Ahrens 1973) may 
represent locally different shock conditions, as from shear-heat-
ing of otherwise amorphous dense silica during shock (Grady 
1980; Tan and Ahrens 1990). Residual heat deposited during 

irreversible shock compression is liberated as excess temperature 
along the quasi-isentropic release path from high-pressure states 
generated by single shocks. Common wisdom is that the result-
ing high temperature (Wackerle 1962; Boslough 1988) induces 
back transformation of stishovite toward lower density states 
and subsequent vitriÞ cation, i.e., formation of a material with 
only medium-range order. The alternative is structural release 
of dense amorphous silica that never assumed the stishovite 
structure (Gratz et al. 1992; Sharma and Sikka 1996; Fiske et al. 
1998). Despite these ambiguities concerning the shock transfor-
mation history of silica, characteristic deformation features in 
quartz and the amorphous state are commonly used to estimate 
the peak pressure of rocks subjected to natural impacts (Chao 
1967; Stöfß er 1971; Kieffer et al. 1976; Langenhorst et al. 1992; 
Luo et al. 2003).

Here we report Þ ndings which show that shock-retrieved 
amorphous silica actually maintains a large degree of long-
range structural information and that this material transforms 
into crystalline stishovite and a recently discovered metastable 
high-pressure polymorph (Luo et al. 2004) upon rather gentle 
processing, by cold compression to 13 GPa. We argue that this 
demonstrates memory of the structures present in the shock state, 
and therefore strongly supports the inference of formation of 
stishovite or a closely related crystalline phase on the Hugoniot. 
Furthermore, it suggests a method for reversing the effects of 
amorphization upon release of shock products in general, and 
hence a way to extract additional information on shock condi-
tions in meteorites and impact crater materials.

EXPERIMENTAL METHODS

History of the sample
We used amorphous dense silica retrieved from the shock experiment S1168, 

which has been described in detail elsewhere (Luo et al. 2004; Tschauner et al. 
2004). In that experiment, a doubly polished disk of single-crystal quartz oriented 
along the (0001) direction was encased in a recovery chamber made from 304-
stainless steel. The sample was shocked to peak conditions of 57 GPa and 2100 K 
by reverberation of shocks within the steel sample chamber because the impedance 
contrast between steel and silica allow for multiple reß ections of the shock wave 
in the silica sample, thus achieving the shock pressure of the steel asymptotically * E-mail: olivert@physics.unlv.edu
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ABSTRACT

We show that bulk amorphous silica recovered from shock-wave experiments on quartz to 57 
GPa is not a true glass but rather keeps a large degree of long-range structural information that can 
be recovered by static cold recompression to 13 GPa. At this pressure, shock-retrieved silica assumes 
the structure of crystalline stishovite. A minor amount of material recovers the structure of a recently 
discovered new silica polymorph.
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