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Introduction: Planar deformation features (PDFs) in quartz 
constitute a unique criterion for recognition of shock metamor-
phism. PDFs residing in the brittle upper crust may preserve their 
initial 2-5 microns spacing, although superposed tectonic defor-
mation associated with rebound and formation of a central uplift 
and recrystallization/annealing by hydrothermal activity trig-
gered by the impact may result in bent, wavy and decorated 
PDFs. High shock pressures can penetrate into ductile, mid-
crustal environments where PDFs are subject to crystal-plastic 
re-deformation and high-tem-perature hydrothermal alteration 
associated with post-impact processes. In large exhumed impact 
structures it is therefore appropriate to distinguish primary shock 
features from secondary deformation and recrystallization of the 
PDFs. 

Results: Optical Universal stage studies of quartz PDFs in 
the recently discovered Maanitsoq structure, southern West 
Greenland and the Warburton structure, below the Cooper Basin, 
northwest South Australia, as well as in the established Sudbury, 
Vredefort, Manicouagan, Charlevoix and Azuara impact struc-
tures,  indicate widespread deformation, recrystallization, coars-
ening, fluid inclusion decoration and obliteration of planar mi-
crostructures. The planar microstructures contain elements diag-
nostic of primary PDFs, including multiple intersecting planar 
sets, prevalence of unique Miller indices (i.e. {10-11}, {10-12}, 
(10-13}), narrow planar spacings (~2-5 microns) and sub-micron 
lamella width. Quartz grains may be bent and show undulose ex-
tinction, with curved or kinked PDFs preserving near-original 
crystallographic orientations. Gradual annihilation of planar sets 
is widespread, increasing the apparent spacing of remaining 
PDFs. In addition, closely spaced PDFs with en echelon overlaps 
have merged, resulting in small lateral links not seen in pristine 
PDFs. TEM studies indicate existence of individual quartz lamel-
lae about or less than one micron in width, consistent with PDFs, 
and resolves existence of both deformed subgrain boundaries as 
well as relic contiguous planar crystallographic boundaries.  La-
mellae in large exhumed impact structures may thus retain criti-
cal diagnostic features consistent with PDFs, with two or more 
orientations being common, preserving the specific crystallo-
graphic orientations characteristic of shock metamorphism. 

Discussion: Less than perfectly preserved quartz PDFs are 
rarely described in the literature or are denoted as metamorphic 
deformation lamellae (MDLs) and/or planar fractures (PFs), 
commonly considered unrelated to impacting. However, MDLs 
and/or PFs may form following initial shock metamorphic effects 
of target materials, during superposed deformation associated 
with rebound and formation of a central uplift, and in some in-
stances younger orogenic events. MDLs normally constitute 
coarser elongate, spindle-shaped panels a few microns across 
displaying small shifts in their crystallographic orientation. Pla-
nar features (PFs) are commonly even more widely spaced than 
MDLs. We are unaware MDL or PF sets dominated by shock-
diagnostic Miller indices, submicron planar quartz microstruc-
tures, interplanar spacings down to less than 2-4 micron and mul-
tiple intersecting planar sets, relics of which allow a distinction 
of PDFs from MDLs and PFs in deformed and hydrothermally 
altered rocks. 
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