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An understanding of shock of silica polymorphs is important in interpreting both terrestrial 
and extraterrestrial impact sites: shocked quartz is often considered diagnostic of meteorite 
impacts. Moreover, shock of Si02 is a model for the shift from 4- to 6-coordinated silicon 
characteristic of all silicates at high pressure. To elucidate the shock metamorphic process in silica, 
shock recovery experiments were performed on single crystals and powders of silica polymorphs 
including quartz and cristobalite at initial temperatures ranging from -170 to +10OO0C and shock 
pressure from 12 to 27 GPa, calculated using a 2-phase computer model. Samples were 
characterized by optical microscopy and transmission electron microscopy; where appropriate, x- 
ray and electron diffraction, chemical etching, scanning electron microscopy, and profilometry 
were also performed. 

Shock deformation causes a quartz single crystal to break up along shear, crystallographic 
microfault zones with a throw of up to 60 pm; the resultant polycrystalline assembly consists of 
crystallites separated by frictionally-produced melt in a thin, connected network. The quartz 
crystallites contain varying abundances of high-density, diaplectic glass in transformation lamellae. 
These lamellae have various morphologies including crystallographic and sub-crystallographic 
layers of glassy and/or highly fractured material with a density close to that of quartz. An 
important, discontinuous transition is from narrow (<lo nm) lamellae common at 10-15 GPa, to 
wide (>20 nm) lamellae common above 15 GPa. Wide lamellae often consist of arrays of 
obliquely-oriented narrow lamellae. Lamellar glass shows no signs of flowage and contains - at 
most - trace amounts of high-pressure crystalline phases. Thus, lamellar glass most likely forms 
by direct amorphization, i.e. solid-state collapse of quartz to a 6-coordinated glass, analogous to 
pressure-amorphization in a diamond anvil cell. Dauphine twins are common, but appear to be 
secondary features formed during sample unloading. Dislocations already present in the sample are 
immobile and very few (c105/cm2) new ones are formed. In contrast, fractures are abundant. Of 
all the planar and subplanar features formed by shock of quartz, only microfault zones and wide 
transformation lamellae appear as planar structures in the optical microscope; it is these that are 
categorized as planar deformation features (PDFs), although natural samples may contain other, 
"decorated" PDFs consisting of aligned bubbles. 

At low stresses, samples are recovered with minimal misorientations of crystallites across 
microfaults. At low temperatures, lack of melt injection into faults and fractures results in weak, 
incoherent aggregates. With increasing shock pressure and initial temperature, brecciation 
increases, as do misorientations of crystallites, but recovered samples are cemented by melt-glass. 
At the highest temperatures and pressures, samples are converted completely to diaplectic glass, 
and the extent of amorphization increases with both peak shock pressure and initial temperature. 
The nature of the shock features which forms, however, depends only on pressure: for example, 
narrow lamellae form at lower pressure and wide lamellae form at higher pressure. Increasing 
initial temperature lowers the pressure needed for complete amorphization. 

This leads to two important planetary consequences. First, shock metamorphic effects in 
quartz can only be produced by shock pressures of >10 GPa; weak stress waves, such as seen in 
volcanic explosions, cannot produce PDFs. Second, the amount of glass formed on a planetary 
surface is sensitive to the ambient temperature, so that impacts on hot planetary surfaces will 
produce much larger amounts of glass and melt. Conversely, impact on cold surfaces will produce 
unconsolidated, glass-poor deposits. 

Shock deformation of quartz occurs by brittle failure accompanied by localized 
transformation and/or melting. The resultant meltlglass assembly, if formed at peak shock 
pressure, would be expected to act as a strong material during compression, but as a fluid-like 
material during release. This is in good agreement with shock wave-profile data. 

The densification seen in Hugoniot experiments is associated predominantly with production 
of 6-coordinated glassy transformation lamellae rather than with melting along microfaults. This is 
important, as it shows the melting process in rnicrofaults is spatially decoupled from shock 
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amorphization. The two phase-transformation processes are probably temporally decoupled as 
well, with densification (and thus formation of lamellar glass) occurring at the shock front while 
frictional melting could continue throughout the peak stress pulse. Preliminary results on 
cristobalite suggest it, too, undergoes shock-induced phase changes. Nucleation of high-pressure 
crystalline phases in short-duration laboratory experiments is extremely limited, probably because 
their growth is reconstructive and slow. No more than trace amounts of stishovite, for example, 
have ever been recovered in these or other shock experiments. In nature, coesite and stishovite 
grow not along transformation lamellae, but in melt pockets produced at pores. Thus, the 
production of high-pressure crystalline phases represents a third transformation process (crystal 
growth) which occurs after shock amorphization and frictional melting. Since our experiments 
included points on the principal Hugoniot, dense glass - not stishovite - is the phase present 
along the Hugoniot of quartz. 
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