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Introduction and Methods: Universal stage (Ustage) analysis is a standard technique used for determining the crystallographic orientations of planar deformation features (PDFs) in quartz. Detection of these
features and the values of their orientations in quartz
are crucial evidence for the impact origin of geological
structures. However, the quality, precision, repeatability, and representativeness of the measurements (in
terms of personal and laboratory bias) for a given sample have not been thoroughly tested. For these reasons,
two shocked quartz-bearing thin sections (metagreywacke clast in breccia from Bosumtwi crater
[BOS-3] and gneiss from Manson crater [M8-427.7])
were independently analyzed by each of three operators (two experienced and one inexperienced) using a
four-axis U-stage. Investigations on a third thin section
(sandstone from Gosses Bluff crater) are still in progress.
We determined the crystallographic orientations of
a maximum number of measurable PDFs (excluding
planar fractures [PFs]) contained within ~50-100
quartz grains present in each thin section, following
standard measurement techniques [e.g., 1-4]. Each
operator subsequently plotted the PDF plane orientations manually on a stereonet [e.g., 1-4], and then indexed the planes to Miller indices (hkil) for quartz as
described in [2]. However, a new version of the stereographic projection template for quartz was drawn and
used (Fig. 1), including four additional typical PDF
orientations ({ 2241 }, { 3141 }, t{ 4041 }, and k{ 5160 })
that were not included on the previous, commonly
used template [1-4]. The analyses were “blind”, in that
each operator selected grains without prior knowledge
of the specific grains measured by the other two workers. To allow a detailed statistical study, each operator
reported the values of polar angles between the quartz
c-axis and poles to the planes of PDFs, as well as the
assigned specific Miller indices for each set measured,
in a standardized, formatted Excel spreadsheet.
Results and Discussion: Results obtained by the
different operators on the distribution of the frequency
percent indexed PDF orientations are reported in Figure 2. Surprisingly, no major difference occurs from
operator to operator; the average standard deviation on
the orientation measurements between the three opera-

tors is only 1.2%, with a maximum standard deviation
of 4.1% for the ω{ 10 1 3 }-equivalent crystallographic
orientation in sample M8-427.7 (Fig. 2). Regarding the
relative proportion of unindexed planes, it is evident
that observer ability had an influence, as only about 78 rel% of the planes measured by the two experienced
operators were unindexed, whereas the inexperienced
operator reported 12-15 rel% unindexed planes (Fig.
2).

Figure 1. Standard stereographic projection of quartz with
the c-axis in the center. Each circle (5° radius) marks the
position of the PDF orientations in quartz. Modified from
[2]; four additional PDF orientations (Planes 11-14) are indicated (grey circles).

For the same thin section, the number of PDF sets per
grain (denoted D) varies from operator to operator
(Fig. 2). However, the variation does not seem to be
directly influenced by the observer experience. The
total number of grains measured can influence D in the
case of non-homogeneously shocked rock (further
analyses are ongoing); an unintentional “selection” of
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the more heavily shocked grains can be another explanation. Nevertheless, it appears that D value variability
between the three operators for each sample does not
exceed ~20%. We are currently working on a chart
that will allow the evaluation of the reliability and precision of U-stage measurements as a function of the
number of grains and planes investigated, etc.
Recommendations: Using the revised indexing
template (Fig. 1), which includes the positions of additional typical PDFs, the abundance of unindexed
planes may be reduced by up to 5 rel%, especially in
samples with common high-index planes. Use of such
a revised template, however, requires a sufficient
number of PDF sets per grain (at least 2 sets) to confidently plot both the polar and azimuth position of the
high-index plane poles [cf. 2-4]. Further, it is critical
that published PDF orientation histograms clearly define what frequency measurement is used (i.e., relative
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or absolute frequency [cf. 1-2]), whether or not unindexed PDF sets are included in the frequency calculations, and the numbers of grains and sets analyzed.
This information is essential for comparing datasets
from different studies or from different workers examining the same samples (cf. Fig. 2).
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Figure 2. Histograms of the absolute frequency percent of indexed PDFs (recalculated to 100% without unindexed PDF orientations) in quartz grains from (a) BOS-3 and (b) M8-427.7, as determined by the three operators, two experienced and one inexperienced. Recalculation without unindexed PDF orientations, which vary between operators, was performed to allow consistent
comparison of the datasets. The number of PDF sets per grain (denoted D) varies as well from operator to operator.

