
Introduction

Hypervelocity impact of extraterrestrial projectiles with
planetary surfaces has been an impor tant process
throughout the entire histor y of our Solar System.
However, compared with the other ter restrial planets, the
impact cratering record identified so far on Earth is
extremely poor - onl y some 170 ter restrial impact sites
have been identif ied to date. Whilst the reasons for this
discrepancy may be manifold ( e.g., atmospheric shielding
from relatively small projectiles; dynamic surf ace
processes), one of the primar y factors appears to be the
lack of awareness among geoscientists of some of the
potential indicators of impact in the geolo gical record.
Most known impact structures were first identified on the
basis of recognizable circular, topographically or struc-
turally defined craterforms. Given the dynamic nature of
Earth’s crust, it is not sur prising that most of these craters
are less than 200 Ma old ( e.g., Impact Crater Data base,
2002; also Grieve, 1998). This raises questions about

whether a more comprehensive impact cratering record for
the Earth might be attainab le. What is required is an
impact-diagnostic feature that might be capab le of
surviving repeated c ycles of metamor phism, tectonism,
weathering, and erosion, and that should , ideally, have the
potential to provide geochronological information as well.

The criteria for distinguishing impact-induced shock
metamorphism in major rock-for ming minerals, such as
quartz and feldspar, are well established (see reviews in,
e.g., Stöffler & Langenhorst, 1994; Grieve et al., 1996;
French, 1998). Quar tz and feldspar minerals, because of
their relative abundance in most crustal rocks, have been
the focus of most shock-metamor phic studies to date.
However, feldspar is highly susceptible to alteration during
weathering and erosion c ycles, and quar tz recrystallizes
readily even at low temperatures. This lowers the chances
of the most common shock-diagnostic features in quar tz
and feldspar sur viving post-impact o verprinting of their
source crater. A mineral of choice for the study of shock-
metamorphic effects in weathered or high-grade metamor-
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Abstract: Transmission electron microscopic (TEM) anal ysis of zircon cr ystals from a migmatitic pelitic g ranulite from the
central part of the Vredefort Dome, the central uplift of the ca. 250-300 km diameter Vredefort impact structure in South Africa,
reveals a nanometer- to micrometer-scale subplanar lamellar structure that is attributed to high-pressure (> 15 GPa) shock defor-
mation during a 2.02 Ga mega-impact event. Two types of subplanar structures have been identified: (a) dislocation bands and (b)
nm-scale lamellar features. The dislocation bands could represent the opticall y discernable planar features that ha ve been
described in naturally shocked zircon from a number of impact str uctures and Cretaceous/Tertiary boundary deposits. However,
whether their nature is similar to that of planar deformation features (PDFs) known from other rock-forming minerals or whether
they represent a form of shock-induced planar fracturing could not be determined. Annealing of these bands and localized forma-
tion of subg rains is consistent with the slo w decay of shock heat from rocks beneath the v ery large (250-300 km diameter)
Vredefort impact crater. The question of whether the nm-scale lamellar features represent an equi valent of the nm-scale PDFs
identified previously in zircon could not be resolv ed. Following the shock event, amorphization (metamictization) has destroyed
the zircon crystal structure in places.

Keywords: zircon, shock metamorphism, Vredefort impact structure, granulite metamorphism, planar microdeformation, metam-
ictization.

0935-1221/02/0014-0859 $ 4.50
© 2002 E. Schweizerbart’sche Verlagsbuchhandlung. D-70176 StuttgartDOI: 10.1127/0935-1221/2002/0014-0859

*e-mail: 065wur@cosmos.wits.ac.za


