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The loading and relaxation conditions (e.g., pulse 

duration, pressure, differential stress and temperature) 
during and after hypervelocity impact are dependent on 
the velocity, material and size of the projectile, as well 
as on the material properties of the target rocks, includ-
ing macroscopic and microscopic structural features 
(e.g., foliation, grain size, etc.) and shock impedance 
variation between adjacent phases. The shock effects 
generated in the target rocks are sensitive to these con-
ditions and can therefore provide important informa-
tion on the cratering process.  

The late Devonian Charlevoix impact structure is 
located 105 km north of Quebec city (47°32’N; 
70°18’W) along the north shore of the St. Lawrence 
River. The topographic expression of the ~55 km 
diameter complex structure with a prominent central 
peak is well defined. Shocked quartz from the crystal-
line target rocks has been studied by optical micros-
copy, U-stage and scanning electron microscopy, com-
bined with electron backscattered diffraction (EBSD). 

The shocked quartz crystals reveal planar fractures 
(PFs) and planar deformation features (PDFs) (Fig. 1).  

 

Fig. 1 Photomicrograph (crossed polarised light) of quartz 
showing PFs and PDFs. 

 
The orientation distribution of PFs and PDFs can 

yield information on the propagation direction of the 
shock wave and the stress field. PFs represent micro-
faults along crystallographic planes and develop at high 
shear stresses [1]. Therefore they should optimally 
occur at an angle of 45° to the shock wave propagation 
direction. PDFs parallel to rhombohedral planes, 

}n110{ with n=1 to 4, are defined by an amorphous 
silica phase formed by the transformation of quartz. 
These develop by the pressure component of the shock 
wave without the involvement of shear [1, 2]. These 
PDFs develop parallel to the shock wave propagation 
direction [2], as reported from shocked rocks from the 
Ries Crater, Germany [3]. In contrast, PDFs parallel to 
the basal plane represent mechanical micro-Brazil 
twins, developed by the shear component of the shock 
wave, e.g., [4]. These basal PDFs should therefore de-
velop in planes of maximum shear stress, i.e., at 45° to 
the shock wave propagation direction. 

The PFs observed in a quartz vein (Fig. 1) are 
mostly parallel }2211{ , }1110{ and (0001). Their orien-
tation distribution within the sample (Fig. 2) reveals a 
conjugate pattern of two sets with an intervening angle 
of 90°. PDFs in the same sample occur mostly along 
basal planes, but also along 1}4{22 , }2211{  and rhom-
bohedral planes. The orientation distribution (Fig. 2) 
exhibits a maximum at 45° to the two orientation 
maxima of the PFs. Combining these two orientation 
distributions yields information on the shock wave 
propagation direction, which is for this example ori-
ented approximately NS in the sample co-ordinates of 
Fig. 2.  

 
PDFsPFs

 
Fig. 2 Orientation distribution of poles to PFs and PDFs in 
sample co-ordinates. 
 

However, in polyphase charnockite and granite 
samples a preferred orientation of multiple PDF sets 
was not observed, probably owing to a highly hetero-
geneous stress field. This is consistent with observa-
tions of a highly variable PDF density in grains within 
one sample and even in single grains, where they are 
commonly found to be concentrated around inclusions 
and along grain boundaries (Fig. 3), implying that they 
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are generated at sites of stress localisation. This is 
probably due to the different (de)compressibilities of 
adjacent phases.  

 

 
Fig. 3 Photomicrograph (crossed polarised light) of quartz 
showing PDFs concentrated at grain boundaries and around 
an inclusion. 

 
The model of PDF formation proposed by Goltrant 

et al. [2] predicts a general increase of the PDF density 
with shock intensity, which is consistent with our ob-
servations at Charlevoix. The apparent PDF density 
observed with an optical microscope in samples near 
the central peak is markedly higher (e.g. >0.5/µm at 0.9 
km distance) than at greater distances (e.g. <0.01/µm at 
8 km distance). 

The abundance of specific PDF sets in quartz is 
characteristic of the shock pressure e.g., [5] and has 
been calibrated experimentally e.g., [6]. However, 
stress localisation, grain size effects and mineralogical 
heterogeneities limit its use as a pressure gauge, though 
they can yield some important information on the pres-
sure attenuation. At Charlevoix, rocks at a radial dis-
tance of about 0.5-8 km from the central peak reveal 
well developed multiple sets of PDFs. These indicate a 
peak pressure range of 10 to 15 GPa, with the pressure 
generally decreasing with increasing distance from the 
central peak. At greater distances (~8-10 km) basal 
PDFs dominate. Although basal PDFs have not been 
recorded from dynamic high pressure shock experi-
ments, they are estimated to occur at pressures exceed-
ing ~7.5 GPa [5]. At Charlevoix, basal PDFs occur as 
far as ~10 km from the central peak. Quartz grains in 
samples close the central peak (<~0.5 km) posses high 
PDF densities and exhibit a characteristic browning, or 
"toasting", formed during post-shock annealing [7]. 
This makes it impossible to measure the c-axes using 
the U-stage or to observe PDFs, though the PDFs are 
visible using the scanning electron microscope.  

Conspicuous blocky subgrains (Fig. 4) are present 
in highly shocked quartz crystals. EBSD measurements 
reveal small misorientation angles of typically <10°. 
However, Dauphiné twins are common, with character-
istic misorientation angles of 60° and rotation axes 
parallel to the c-axis. 
 

Fig. 4 Photomicrograph (crossed polarised light) of quartz 
showing blocky subgrain structure. 

 
The Dauphiné twins appear to be aligned parallel to 

PDFs, as seen on orientation contrast images (Fig. 5). 
These features indicate some degree of intracrystalline 
deformation with the involvement of the generation and 
motion of dislocations. This would require higher tem-
peratures and a lower strain rate and is therefore con-
sidered to be an effect of post-shock relaxation. 

 

Fig. 5 Orientation contrast image of quartz showing Dau-
phiné twin orientations. 
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