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Objectives: Target rocks underlying the central
portions of large terrestrial impact craters, such as
Sudbury and Vredefort, are characterized by the perva-
sive presence of pseudotachylitic breccia zones, often
up to hundreds of meters in width and many kilometers
in length at surface. Uncertainty regarding the origin
of prominent breccia zones exists in particular with
regard to melt generation (i.e., friction- vs. shock-
induced), melt mobility, geometry of zones, fragmen-
tation process and timing of breccia formation with
respect to the evolution of central uplift structures.
Collectively, this is paramount for assessing the kine-
matics and mechanics of rock deformation during for-
mation of central uplift structures in large impact
structures, a major focus of numerical models. We
address these issues with field-based structural analy-
sis of pseudotachylitic breccia bodies in the Vredefort
Dome, the central uplift structure of the ca. 2 Ga Vre-
defort impact structure.

Observations: Our structural analysis focusses on
mapping the geometry, orientation, brecciation inten-
sity, and possible indicators of melt flow in pseudo-
tachylitic breccia zones as well as orientation of pre-
impact fabrics in the outer core of the Vredefort Dome
(made up of Archaean metagranitoid and gneissic
rock). The breccia zones range from mm- to cm-wide
veins and dm- to m-wide dikes to irregular zones of
network breccias tens of meters wide.

Large breccia zones are mostly disposed radially
and concentrically with respect to the centre of the
Vredefort Dome, often regardless of pre-impact min-
eral fabric orientation. By contrast, thin pseudo-
tachylitic veins are arranged in multiple sets, orthogo-
nal to each other, whereby one set is often found to be
concordant to pre-impact mineral fabrics. Where three-
dimensional exposure permitted judgement, such as in
quarries, prominent breccia zones approximate planar
geometry and were found to be horizontal and vertical.

Brecciation intensity was estimated visually by tak-
ing into account breccia zone thickness, fragment-
matrix ratios as well as density and shape of frag-
ments. Outcrops characterized by high brecciation
intensity seem to connect to radial and concentric
zones on the scale of the crystalline core. The trend of
these zones coincides with the strike of prominent
breccia zones.

The geometry of breccia zone margins indicates
that breccia zones are essentially fragment- and melt-
filled fractures formed by dilation, i.e., volume in-
crease. This is supported by the fact that strike separa-
tion of pre-impact mineral fabrics at the zones is gen-
erally less than a few centimetres. Therefore, breccia
zones formed as tension gashes or minor hybrid shear
faults. Where pseudotachylitic breccia veins overstep
each other, their respective tips are curved toward the
neighbouring vein, thereby isolating elliptical host
rock fragments. This underscores the formation of
breccia zones in terms of fracture mechanics known
from upper-crustal tectonic regimes. Recognition of
the pre-impact fit of marker points across pseudo-
tachylitic veins allowed us to determine the compo-
nents of maximum dilation vectors at a given outcrop
surface. Measurement of the component vectors
throughout the outer core of the VVredefort Dome indi-
cates either radial or concentric stretching of material,
regardless of breccia zone orientation.

Pre-impact configuration of fragments in large
breccia zones and the paucity of fragments that are
exotic with respect to the immediate host rock indi-
cates that generally fragments were not transported
distances larger than tens of meters. However, this
may not apply for the pseudotachylitic matrix, i.e.,
former melt.

Conclusions: Our field observations indicate that
the geometry and distribution of pseudotachylitic brec-
cia zones is rather systematic across the outer core of
the Vredefort Dome. In particular, the orientation of
prominent zones and components of maximum dilation
agrees with a strain field characterized by radial and
concentric stretching of rock. Such a strain field is
compatible with the terminal stages of central uplift
formation inferred from numerical modelling, i.e.,
gravitational collapse of the central uplift. Thus, trans-
port of melt and its pooling in (low-pressure) dilation
zones seems to have been controlled by the overall
strain field. By contrast, the geometry of minor sets of
pseudotachylite veins and their geometric relationship
to pre-impact mineral fabrics may be explained in
terms of decompression of rock upon rapid uplift and
removal of overburden. The dilational nature of melt-
filled dislocations seems to exclude generation of melt
by frictional sliding on these dislocations.
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