WHAT DO WE KNOW? HOW WE STUDY PDFs WHAT DID WE FIND OUT?

Impact cratering is one of the most important geological processes in the Solar System. The A web-based program for automatic indexing PDFs was recently developed [6]. Theoretically, B-quartz should not occur in the investigated samples if they were subjected only to
recognition of importance of meteorite impacts in the terrestrial geological record has increased In addition to indexing PDFs in quartz, the program also generates diagrams and stable state geothermal gradient heating, but we have strong evidence showing that the B-quartz
with the rapidly rising number of confirmed impact structures [1]. Nowadays more than 180 of statistics related to PDF occurrence in a sample. form was occurring.

them are known on Earth (Figure 1). 1. Measurement of c-axis and planar S The formation of B-quartz due to shock metamorphism, described by Trepmann and Spray [5], seems
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WHAT IS OUR INTERPRETATION?

Different scenarios are possible:

1. Compaction of pore space due to the shock wave propagation can locally increase the temperature [11]
so high that B-quartz can be stable. If reverberation of the shock wave hits the same grain again, PDFs
can be formed in a combination that is characteristic of B-quartz.
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Planar deformation features (PDFs) are sets of parallel
planes of amorphous material, less than 2 um thick
and spaced 2-10 um apart, which form in minerals due
to shock metamorphism (Figure 2) [e.g., 1,2]. PDFs in
quartz grains are the most commonly used diagnostic
criteria for the recognition of hypervelocity impact
structures. Specific combinations of PDF orientations
provide information on the peak shock pressure
recorded in the rocks, within the range of ~5 to 35 GPa
(e.g., [2, 3]). The PDF formation mechanism is not well
understood (although many hypotheses have been

-Transformation is done using equations of a spherical triangle. (*3) Based on equation by [10].

- Thin section-oriented coordinates are common for all grains from the same (*4) in relation to a number of grains with two or more indexed PDFs (excluding basal PDFs).
sample, however, each grain has its own crystal structure-oriented coordinates. : :
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KR8 045 300.4 24 8 33% 18% 1.28 64 24
KR8 056 326.8 22 11 50% 19% 1.32 70 29
| N KR8 067 356.6 25 12% 14% 1.30 61 20
Iy PDF set (i.e., dark line) Pole to the PDF plane . o KR8 096 406.3 16 19% 19% 1.31 44 17
: . W= d ANV,
proposed), but we know that the formation and Figure 2. Example of planar deformation | the microscope KR8 119  441.9 24 5 21% 16% 1.9 17 2

orientation of PDFs are controlled by the crystal
structure of the mineral in which they form [e.g., 3].

(a) 25 GPa/20°C (b) 25 GPa/630°C
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features in quartz from the Bosumtwi crater. Figure 3. Process of transformation of coordinates from thin section-oriented to crystal structure-
oriented coordinates. To avoid confusion, after transformation to the crystal structure-oriented
coordinates, an azimuthal angle becomes an “azimuthal angle”, and inclination angle a “polar angle”.

4. Program compares positions measured features (transformed to crystal-structure oriented coordinates) with

the position of known PDFs.
Figure 3. Standard stereoplots of experimentally shocked
Figure 5. Comparison of result

diagrams for grain 1 of the example
input file produced with different

a-quartz (a) and B-quartz (b). The combinations of PDF

orientations characteristic for a-quartz include: 1) PDFs

(1071) W aein @ of the same index located 120° from each other, 2) PDFs program parameters: a) using a
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The aim of this study is to estimate how commonly grains with combinations of | O (o) characteristic for B-quartz increases with increasing crater diameter (see Table 1).
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PDF orientations characteristic for B-quartz occur in craters of different sizes and — biotite- The lithology and the average pressure recorded by the samples do not seem to directly
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with different target lithologies, and to evaluate possible mechanisms of B-quartz ' g gneiss manual 4 166 2 3 B o s 0w 2 2 1 0 0 1 5 influence the number of grains with a combination of PDF orientations that are

formation by shock metamorphism.

for a- (green) and B-quartz (white and
green).

characteristic for B-quartz (Table 1).

2. Formation of PDFs in a-quartz is sufficient to heat the entire crystal (or part of a
crystal) quickly, so that the crystal can be transformed to B-quartz before a
reverberation of the shock wave hits again the same crystal.

e If this is true, multiple generations of PDFs should be
observable, and planar features from negative and positive
forms should systematically belong to different generations.

transition
T

2. PDFs are not formed at the shock front, but later, during decompression.

a-f
transition
T
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