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Introduction: Planar deformation features (PDFs) in quartz 

are essential evidence for the impact origin of suspected struc-
tures or stratigraphic levels. They can be observed in a light mi-
croscope, but can be confused with other (sub)planar microstruc-
tures, especially tectonic deformation lamellae (DL). We use 
scanning electron microscope cathodoluminescence (SEM-CL) 
and orientation contrast (OC) imaging and electron backscatter 
diffraction (EBSD) to identify and characterise PDFs in quartz.  

Method and samples: SEM-CL images were acquired in an 
FEI Nova Nanolab 600 SEM with a panchromatic Gatan PanaCL 
detector (Gatan UK, Oxford, UK). Red, green and blue filters 
were used to record colour filtered images, which were combined 
into a colour composite image. OC images and EBSD data were 
collected in a Philips XL30 SFEG SEM with a Nordlys CCD 
camera and Oxford Instruments HKL Channel 5 software. Quartz 
grains containing PDFs were studied in samples from the Ries, 
Popigai, Rochechouart and Vredefort impact structures. 

Results and discussion:  
CL: PDFs show two types of CL behaviour: red lumines-

cence and non-luminescence. Red luminescent PDFs occur in all 
impact structures, but the non-luminescent type only in the 
younger samples (Ries and Popigai). Red luminescent PDFs are 
narrow (100-200 nm apparent thickness) and straight, while non-
luminescent PDFs are often slightly curved features of varying 
thickness (100-350 nm apparent thickness). Non-luminescent 
PDFs are more closely spaced and always occur in multiple sets 
per grain, while red luminescent PDFs can occur as single sets. 
Some partly red, partly non-luminescent PDFs are also observed. 

OC & EBSD: In some Ries and Popigai samples red lumines-
cent PDFs are visible as thin grey lamellae in OC images. Band 
contrast maps suggest that the material within the PDFs gives a 
weaker diffraction pattern than the host quartz. In grains from 
Vredefort and Rochechouart, red luminescent PDFs are not visi-
ble in OC images, and they do not show up in band contrast 
maps. All grains with red-luminescent PDFs contain small scale 
Dauphiné twins that are often parallel to or bounded by the 
PDFs. Grains with non-luminescent PDFs give no diffraction pat-
tern from within the PDFs and very weak patterns from the host 
quartz. OC images of these grains often show a submicron-scale 
blocky structure of lighter and darker grey domains, parallel to 
PDFs, that might be very small Dauphiné twins.  

Discussion: Grains with non-luminescent PDFs are inter-
preted to have suffered high shock pressure, because the PDFs 
always occur in multiple closely spaced sets and the weak dif-
fraction patterns from the host quartz suggest a disordered crystal 
structure. The non-luminescent (parts of) PDFs might contain 
amorphous material, as they show no diffraction patterns and are 
only present in relatively young impact structures. Red lumines-
cent PDFs might contain disordered, but not completely amor-
phous SiO2, or might represent annealed or recrystallized mate-
rial.  

Conclusions: SEM-CL and OC imaging and EBSD data re-
veal different types of PDFs that are probably related to shock 
level and the presence of amorphous material within the PDFs.  
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