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Introduction: Planar deformation features (PDFs) in quartz 

can be imaged using a cathodoluminescence detector in a scan-
ning electron microscope (SEM-CL). This technique is useful to 
distinguish PDFs from non-impact related (sub-)planar micro-
structures [1, 2]. Composite color SEM-CL images show there 
are two main types of CL behavior in PDFs; red or no lumines-
cence, plus an intermediate type [2].  

Methods and samples: We use forescattered electron orien-
tation contrast (OC) imaging and electron backscattered diffrac-
tion (EBSD) mapping to further characterize the microstructure 
of PDFs and host quartz with different CL characteristics. 
Transmission electron microscopy (TEM) on samples prepared 
by FIB-SEM is used to confirm and calibrate the SEM-CL, OC 
and EBSD results. Quartz grains with PDFs are studied in sam-
ples from the Ries, Popigai, Rochechouart, and Vredefort impact 
structures. 

Results: Different CL behavior in PDFs is related to differ-
ent microstructures of the PDFs and host grain: 1) Red PDFs can 
be visible in OC images as narrow lines of different grayscale. 
EBSD pattern quality is slightly weaker in the PDF than in the 
host grain. Dauphiné twins are present with boundaries parallel 
to PDFs. TEM shows that these PDFs consist of arrays of dislo-
cations. 2) Non-luminescent PDFs show up in OC images, but 
give no EBSD pattern. TEM shows they contain amorphous sili-
ca. 3) In grains with both red and non-luminescent PDFs, the 
PDFs are visible in OC and small Dauphiné twins are present 
between the PDFs. Especially the non-luminescent PDFs give no 
or very weak EBSD patterns. TEM indicates the presence of 
amorphous silica in the dark PDFs. 4) PDFs which are partly red, 
partly non-luminescent are not visible in OC images. Their host 
quartz consists of sub-micron domains of different OC 
grayscales. EBSD patterns from these grains are too weak for 
mapping. TEM images and diffraction patterns show that the host 
quartz has a mosaic-like, microcrystalline structure. This micro-
crystalline type of grain also occurs with only red-luminescent 
PDFs.  

Discussion: The different types of PDFs and grain structure 
are probably related to degree of healing. Unaltered PDFs are 
known to contain amorphous silica, while healed PDFs consist of 
arrays of dislocations [3]. These two end-forms are represented 
by non- and red luminescent PDFs respectively, while the inter-
mediate type represents a partly healed stage. The mo-
saic/microcrystalline grain structure might be the result of recrys-
tallisation of highly shocked quartz that was in a near-amorphous 
state.  

Conclusions: A combination of different SEM techniques 
can distinguish between fresh or healed PDFs and gives virtually 
the same type of information as TEM. The SEM is therefore an 
extremely useful instrument for the study of shocked minerals.  
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