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Shock metamorphic effects in quartz, summarized recently in [I], are the most common diagnostic tool 
for the recognition of terrestrial impact structures and related lithologies. This is because quartz is both a common 
and extremely stable mineral in the terrestrial environment and diagnostic shock metamorphic effects in quartz 
occur over a broad range of shock pressures [I]. The most often used and simplest recognition technique is the 
optical identification of planar deformation features (PDFs), which occur parallel to a limited number of 
crystallographic planes in the quartz lattice [1,2]. Planar deformation features occur as multiple sets of parallel, 
planar optical discontinuities, either as thin lamellae (undecorated) or as planes with vugs or inclusions 
(decorated). The specific orientations of PDFs are not only a diagnostic characteristic but vary with shock pressure 
and, thus, provide shock barometric information [e.g., 1,3]. With such significance attached to the orientations of 
PDFs, it is important that the correct methodology for uniquely indexing PDFs be employed [4]. The recent 
practice of using only angular information with respect to the c-axis of quartz should be discontinued, as it, by 
itself, does not provide unique indexing. 

Although PDFs are well-described, Robertson [5] noted a small number of cases where PDFs were 
somewhat anomalous with respect to their expected orientations based on orientation statistics in shocked quartz 
from dominantly crystalline targets. Specifically, he noted that PDFs, in general, were rare in shocked samples of 
Coconino Sandstone from Meteor Crater, that o (10T3) and 7c (10i2) orientations were relatively rare at a 
number of other structures in sedimentary targets (B.P., Oasis and Steinheim) while orientations with higher 
angles to the c-axis (e.g., r { lo i l ) ,  z (01i1) and (1122)) were more common, and that basal (0001) 
orientations occurred at Vredefort to the almost total exclusion of all other orientations. These apparently 
anomalous orientation statistics have been cited as an argument against an impact origin for Vredefort. Recent 
TEM analyses, however, have confirmed the existence of bona fide PDFs at Vredefort [6] and that the effects of 
thermal annealing and recrystallization are responsible for the almost complete destruction of PDFs with 
orientations other than basal [6,7]. The basal PDFs remain as decorated PDFs because they are mechanical Brazil 
twins [I]  and more resistant to thermal effects. 

Our attention was drawn to apparently anomalous orientation statistics at some structures in sedimentary 
targets when determining PDF orientations at a number of recently discovered impact structures: Aorounga (Chad, 
Fig. I), Avak (Alaska) [8], and Tookoonooka (Australia, Fig. 2). All of these PDFs occur in quartz from 
sedimentary rocks and have orientations dominated by high angles to the c-axis (Fig. I), similar to B.P. and the 

- other structures noted by [5]. From the literature, it is apparent that other structures, e.g., Crooked Creek (USA), 
Sierra Madera (USA, Fig. 3), Tin Bider (Algeria), with sandstone in the target have PDF orientation statistics 
dominated by o and x orientations and equivalent to those in crystalline targets (Fig. 3). Samples from Gosses 
Bluff (Australia) exhibit both types of orientation statistics. In some lithologies, PDF orientations are similar to 
those in crystalline targets (GSC data), while in others high angle orientations dominate [9]. Those with 
orientations similar to crystalline targets are silicified sandstones with relatively equigranular, interlocking grains. 
Those with high angle orientations are sandstones with relatively large rounded grains set in a finer grained, partly 
carbonate, matrix. Similar textural differences appear to account for the variation in PDF orientation statistics 
amongst the structures examined. Where the quartz grains are in a tight interlocking pattern, they have PDF 
orientations similar to crystalline targets but where they are more isolated and contrast with the matrix, they have 
high angle orientations. 

In the shock barometric scheme for crystalline targets [1,3], r,z and E orientations (so-called type C [3]) 
deformation occur at higher shock pressures than o orientations (so-called type B [3]) and c orientations (so-called 
type A) deformation. Robertson [5] suggested that in porous rocks, such as some sandstones, at shock pressures 
where o orientations should develop, strain was taken up closing voids and the pressure regime in which o 
features formed would be surpassed without PDF formation. Above, this regime, the type C orientations (r, z, 
did manage to develop, as the deformation of closing voids had been completed. Observations on the Coconino 
Sandstone demonstrate the closing of pores and plastic deformation to produce an interlocking array of quartz 
grains with increasing recorded shock pressure [lo] and that porosity has a significant effect on the P-T conditions 
achieved during shock metamorphism [I I]. This may explain the relative absence of PDFs and the relatively high 
abundance of coesite in moderately shocked samples at Meteor Crater. We doubt, however, if this can explain the 
occurrence of r,z and orientations (type C) and c orientations (type A) to the exclusion of o orientations (type B) 
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at some stmctures in sedimentary targets (e.g., Fig. 1). It is well established [e.g., 31 that, because of the complex 
nature of rocks, not all quartz grains record the same shock pressure and, thus, type C features occur in concert 
with type A, type B and type D ( x  orientations) in quartz of crystalline targets. We have no reason to assume that 
individual quilrtz grains, because of adjacent mineralogy or discontinuities, do not record similar relatively small 
differences in shock pressure in sedimentary targets. At this time, however, we have no alternative explanation for 
the observation that, in some cases, o orientations are completely or almost suppressed (cf., Figs. 1,2, and 3). We 
would also note that, without experimental calibration, PDF orientations in sandstones should not be used for 
recorded shock pressure estimates similar to those in crystalline targets [1,3], except in the most general sense. 
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Figure 1: Indexed planar deformation features 
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Figure 2: Indexed planar deformation features in 
quartz grains in breccia from Tookoonooka, 
Australia, in relation to quartz crystallographic 
indices. 
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Figure 3: Indexed planar deformation features in quartz 
grains in breccia from Sierra Madera, Texas, in relation 
to quartz crystallographic indices. [Data from 12.1 
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