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Planar features can be formed in 
quartz during slow tectonic deforma-
tion in the ductile regime (deforma-
tion lamellae) and during very fast 
shock metamorphism. Despite their 
very different origins it is difficult 
to distinguish tectonically induced 
deformation lamellae from shock 
induced planar deformation features 
(PDFs) under the optical microscope. 
The detection of shock metamorphism 
related microstructures in minerals 
provides an unequivocal proof for the 
recognition of impact structures and 
their related distal or global ejecta. 
It is especially important to be able 
to identify PDFs in quartz, because 
despite long-standing annealing and 
alteration, quartz PDFs are often pre-
served as last evidence for an impact 
event. In this study we aim to address 
the differences between natural shock 
induced PDFs and experimentally 
produced tectonic deformation la-

mellae on the optical scale and ad-
ditionally identify the lattice defects 
associated with both features by using 
the transmission electron microscope 
(TEM). 

We found numerous deformation 
lamellae in quartz single crystals 
that were experimentally deformed 
in a Griggs solid medium apparatus 
together with 1 vol% added water. 
The initial orientation of the crystal 
and the amount of strain were varied. 
The samples were uniaxially de-
formed at a temperature of ~800°C, a 
confining pressure of ~1200 MPa and 
a strain rate of ~10-6 s-1. For compara-
tive study, we have analysed PDFs in 
shocked quartz grains from the Ries 
crater, Germany. The selected grains 
occur in the matrix of Suevites and 
reflect various degrees of shock meta-
morphism. 

TEM analysis has shown that clear 
differences exist between tectonic de-

formation lamellae and shock induced 
PDFs. Tectonic deformation lamellae 
result from slow ductile deformation 
in wet quartz. Water-assisted climb 
of dislocations into subgrain walls 
occurs to minimize the strain en-
ergy. Subgrain walls induce a slight 
misorientation of the crystal. The 
crystal with deformation lamellae is 
penetrated by numerous sub-parallel 
subgrain walls across which the orien-
tation changes alternately. This makes 
tectonic deformation lamellae visible 
under the optical microscope. PDFs 
are formed during shock compression 
and decompression at shock pressures 
of about 20 GPa. They develope as 
perfectly straight crystallographically 
controlled amorphous lamellae. The 
PDFs from the Ries crater are clearly 
visible under the optical microscope, 
because their planes are decorated 
with tiny fluid inclusions as an effect 
of post shock annealing. 
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