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Introduction: The ten year Manicouagan Impact Research Program (MIRP) operated by the Planetary and 

Space Science Centre at the University of New Brunswick has allowed for extensive sampling and mapping in the 
field, as well as the acquisition and study of 10 km of drill core. A qualititive shock attenuation scheme has been 
devised based on the distribution of shatter cones, and the associated shock metamorphic effects within quartz and 
feldspars. We are attempting to quantify this shock attenuation scheme with a more detailed study of the mineral-
scale shock metamorphic effects, utilizing Universal Stage (U-stage) work, Raman Spectroscopy, Field Emission 
Scanning Electron Microscopy and Electron Back Scattered Diffraction (EBSD). This can aid in better constraining 
computer models of the impact process at Manicouagan and for complex craters in general. We also plan to attempt 
to constrain and calibrate shock in feldspar, particularly plagioclase. 

Shatter Cones:  Shatter cones are well exposed both in the field and drill core. The intensity of shatter cone de-
velopment increases in intermediate gneisses exposed along an ESE-WNW transect from 27 to 12 km radius from 
the centre of the structure. Curvi-linear fracture surfaces and shatter cones are ubiquitous in the fine- to coarse-
grained gneisses exposed closest to the centre of the structure, with a systematic decrease in the quality and number 
of shatter cones towards the outer edge of the crater. Shatter cones within the centrally uplifted anorthositic gneisses 
of Mont de Babel, are not as well developed and are in close proximity to shock veins  with associated stishovite and 
maskelynite. Microscopically, many of the shatter cone fracture surfaces exhbit evidence of cataclasis, which ap-
pears to cross-cut and post-date microscopic mineral-scale shock effects. 

Quartz and Feldspar: Concomitant with the increase in intensity and quality of shatter cone formation radially 
towards the centre of the structure, microscopic shock effects become more evident within the quartz and feldspar 
grains. An increased “darkening” of the quartz and particularly feldspar grains is observed. This is manifest as an 
increase in the number and spacing of different orientation planar deformation features (PDFs) within quartz and 
planar features (PFs) within twins in feldspar, as well as the appearance of isotropic, glassy-looking domains within 
feldspar. U-stage work on the quartz PDFs from the radial transect samples indicate bulk shock pressures of ~5 – 10 
GPa in the shatter cones from the edge of the structure and ~ 25-35 GPa closest to the centre. Raman spectroscopic 
studies of oligoclase grains from the shatter cone samples collected along the radial transect reveal increased broad-
ening of the two dominant oligoclase peaks, lower intensity spectra and increase in the background luminescence 
and loss of minor peaks with increasing intensity of PF and isotropic domain formation. Similar effects were noted 
by previous workers in oligoclase from martian meteorites [1] and experimentally shocked samples [2] and were 
attributed to shock pressures in the 14 – 28 GPa range [3], supporting the U-stage work. Closer examination of the 
oligoclase from the 12 km radius shatter cones samples by FESEM reveal complex patterns of planar and ductile 
exsolution lamellae of various feldspar composition, as well as low total feldspar composition lamellae (low intensi-
ty oligoclase Raman spectra) and areas with textures indicative of melting, 

Summary: Shatter cones at Manicouagan formed over varying shock pressure ranges. A comparison of the shat-
ter cones collected along a radial tracsect from 27 to 12 km from the centre of the structure reveal a systematic in-
crease in the intensity of shock metamorphism recorded by the quartz and oligoclase indicating an increase in shock 
pressure from ~5 GPa to ~30 GPa. The most shocked oligoclase sample preserves textures indicative of dynamo-
thermal conditions and not just static high pressure (ductile and melt textures). We propose to investigate further the 
pressure, temperature and time history of the shock deformation of these rocks, as well as to characterize in more 
detail the shock deformation textures using EBSD. This will allow a better understanding of shatter cone formation, 
the response of plagioclase to shock and further constrain and calibrate shock in feldspar.  
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