
840 LPSC X V I I I  

SHOCK HETAHORPHISH AT THE VREDEFORT STRUCTURE, SOUTH AFRICA: 
EVIDENCE FOR A SINGLE SHOCK EVENT. P.B. Robertson (1). R.A.F. Grieve (11, 
J. Alexopoulos (2) and J. Coderre (I), (1)Geological Survey of Canada, 
Ottawa, Canada KIA OY3. (2)Dept. of Geology, Univ. of Ottawa, Ottawa, 
Canada KIN 6H5 

The circular Vredefort structure comprises a 44 km-diameter core of 
uplifted, Precambrian granites surrounded by a 30 km-wide 'collar* of over- 
turned Proterozoic quartzites and volcanics. Recrystallization that affected 
both core and some of the collar rocks subsequent to the structure's forma- 
tion decreases outward in a roughly concentric fashion. A n  impact origin 
has been ascribed on the basis of morphology, occurrence of shatter cones in 
the quartzites, and planar deformation features in quartz of the core and 
collar rocks (1). From an analysis of the planar feature development in the 
collar, Lilly (2) identified two shock events, both apparently focussed at 
the centre and separated in time by a thermal metamorphic event. He based 
this conclusion on the development of planar features in both recrystallized 
and non-recrystallized quartzites, with a poorer development in the recrys- 
tallized quartzites near the core-collar contact. His calculation of average 
shock pressures, using the method of (3) for planar feature development, in- 
dicated a relatively regular decrease outward from the core-collar boundary 
from 15 to 6 GPa, which he cited as supporting the second shock event. He 
argued that the close spatial relation between two major impacts had such a 
remote probability that the structure must be of endogenic origin and the so- 
called shock features were produced by a cryptovolcanic process, which re- 
curred with a lesser intensity. Such an argument not only discredits the 
impact hypothesis for Vredefort but also calls into question the significance 
of planar features in quartz as an indicator of impact. 

We have carried out a detailed analysis of planar deformation features 
in 25 quartz grains from each of 40 samples of the core granites and collar 
quartzites, calculating average shock pressures (3,5), and qualitatively 
assessing the degree of recrystallization of the samples. Several points of 
anomalous development have been noted, compared to previous observations at 
terrestrial impact structures in various lithologies. The spectrum of planar 
features ranges from sharp, clean planes, through highly 'decorated* planes, 
to discontinuous planes defined by a few inclusions. All features, however, 
are weakly developed, regardless of the shock level implied by their orienta- 
tions. The 'best* development is in the least recrystallized samples. In 
highly recrystallized samples, planar features are found only in the largest 
grains that are only partially recrystallized. Development is patchy within 
grains, with sets often relegated to the cores, rather than continuous across 
a grain as is typical for these shock levels at other structures. The 
apparent range of shock levels within a sample can be extraordinary. There 
are extreme examples where Type D development (3) coexists in the same 
sample with grains devoid of features. Similarly, samples from neighbouring 
outcrops in the core can reveal widely contrasting average shock levels. A 
plot of average shock pressure with distance from the centre (Fig. 1) does 
not produce a clearly defined attenuation trend and, in fact, average shock 
levels in .the core are generally weaker than in the more distant collar 
rocks. 

There is no doubt that the development of planar features at Vredefort 
is anomalous compared to other impact structures. We interpret this, how- 
ever, as a consequence of a post-shock, elevated thermal regime that, in some 
instances, produced obvious recrystallization removing the planar features. 
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In other cases, where recrystallization is partial or not obvious, the 
elevated thermal state annealed only some of the planar features. For 
example, Fig. 2 depicts Type D (s orientation) planar features that occur 
in less than 5% of the quartz in a granite at the structure's centre. The 
restricted and weak development of normally pervasive features associated 
with shock pressures in the 20 GPa range suggests that these are vestiges of 
extensive shock deformation. To test this hypothesis, the maximum, rather 
than average, shock level (A-D) retained in a given sample was plotted 
against radial distance (Fig. 3), and indicates the expected outward, regular 
decrease from Types D to A as determined at other impact structures. 

The origin of the thermal event is not known. One possible interpre- 
tation is that it is a consequence of the impact. At a diameter of - 140 km 
Vredefort is one of the largest recognized terrestrial impact craters. 
Structural relationships derived from other complex impact structures (6) 
indicate a minimum structural uplift in the centre of - 14 km. Assuming 
a lS°C/km thermal gradient, the uplifted rocks of the pre-erosional core 
were at 210°C. Post-shock temperatures for tectosilicates shocked to 25 GPa 
are not high, but could add another 100°C (M. Cintala, unpub.). Although 
300°C is still a relatively low level of thermal metamorphism, the highly 
shocked state of the minerals with their population and increased entropy 
could con- tribute to recrystallization and defect healing, while any 
overlying breccia or melt sheet would serve to reduce the rate of heat loss. 
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Figure 3: Photomicrograph of remnants 
of Type D planar features, x polars. 
Field of view 0.47 mm. 
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