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Introduction: The extreme physical conditions
imposed by shock waves resulting from impact events
on planetary bodies generate unique effects on the tar-
get material through which they pass. These changes
can be both macroscopic (e.g., shatter cones) or micro-
scopic (e.g., planar deformation features), and can be
used to interpret thermobarometric conditions realized
by the target rock during the impact event. Shock
veins, or S-type pseudotachylites [1], are unique
among shock modification effects because they pro-
vide insight into timing relationships of pressure-
temperature paths realized by target rocks during the
shock wave passage.

Shock veins are thin (<2 mm width) anastomosing
melt veins that appear as dark veins under plane polar-
ized optical microscopy. Under a scanning electron
microscope the matrix of shock veins commonly dis-
play a texture ranging from fluidal-glassy to micro-
crystalline with the presence of host-rock clasts sus-
pended in the melt. Shock veins have the same chemi-
cal composition as the parent rock in which they
formed, leading to the belief that they form in situ [2].

Shock veins have been found in many meteoritic
materials but have only been identified in situ within
the central uplift structures of three terrestrial craters:
Manicouagan, Canada [2], Steen River, Canada [3],
and Vredefort, South Africa [4].

High-pressure/temperature polymorphs are com-
monly found within or adjacent to shock veins which
has led them to be associated with strong shock wave
interactions, or localized pressure excursions. Both of
these interpretations are the subject of some debate due
to kinetic barriers of high pressure/temperature poly-
morph formation [5].

Here, we use thermal modelling to determine the
pressure-temperature-time  history of coesite and
stishovite-bearing shock veins from the Vredefort Im-
pact Structure, South Africa. The shock wave generat-
ed during the impact event is also evaluated to provide
insight into the relationship between shock duration
and shock vein formation. This study can be consid-
ered complementary to that of [4] such that we look to
add to the shock vein formation model at Vredefort.

Geologic Setting: The Vredefort dome is located
120 km south-southwest of Johannesburg, South Afri-
ca. The structure’s core is ~80 km wide and has been
identified as the root of a central uplift structure of an
ancient impact structure (2.02 Ga); with an apparent
rim-to-rim diameter of ~180 km [6]. The Vredefort

dome is perhaps the best exposure to the root of a cen-
tral uplift structure on the planet.

The structure sits within the Witwatersrand Basin,
comprising a 40-50 km diameter central core, of Ar-
chean basement gneisses surrounded by a collar of
subvertical to overturned Late Archean to Early Prote-
rozoic sedimentary and volcanic strata including the
Dominion Group, Witwatersrand Supergroup, and
Ventersdrop Supergroup [6]. Although the original
structural form cannot be identified, geophysical inves-
tigation of the region has determined that the center of
the structure has undergone the most relative uplift [7].

The extent of erosion, apparent transient cavity di-
ameter, and approximate amount of uplift were used to
place the samples original depth at approximately 12
km. Pre-shock metamorphism at Vredefort suggests a
geothermal gradient of 25°C km' at the time of the
impact event [6]. This corresponds to a pre-impact
temperature of 300°C prior to the impact event at the
sample location.
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Figure 1: Simplified geology of the Vredefort Dome
with the location of the studied sample within the
Witwatersrand Supergroup. [4]
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Sample Description: The sample was obtained
from the Witwatersrand Supergroup in the central area
of the collar structure (Figure 1). The mineralogy of
the sample consists of 96% quartz, 3% muscovite-
phengite, and trace amounts of alkali feldspar, apatite,
zircon, rutile, and opaques. The shock veins are typi-
cally <2 mm (Figure 2a) in width and can be traced for
at least 1 m in length, depending on outcrop exposure,
forming anastomosing systems [4].

The shock veins display a microcrystalline matrix
texture comprised of quartz, coesite, kyanite, biotite,
rutile, and possible alkali feldspar and stishovite.
Clasts are commonly suspended in thicker sections of
the veins (>1 mm) (Figure 2b). Coesite is developed
within the clasts displaying a tile-like texture of sub-
rounded rectangles surrounded by microcrystalline
quartz. Stishovite is also present in the veins but is
much less common than coesite. Stishovite occurs in
clusters of needles at clast/vein or host/vein interfaces

Figure 2: (a) Plane polarized light image of Vredefort
quartzite displaying anastomosing pattern of shock
veins (dark brown) (b) Scanning electron microscope
image of shock vein with multiple suspended quartz
clasts. These clasts are composed of a-quartz cores
with coesite rims and localized areas of stishovite at
melt/clast interfaces (See [4] for further details on pol-

ymorphs).

Conditions of shock vein formation: An attempt
to determine the conditions experienced during shock
vein formation was made by solving the shock wave
that formed the Vredefort impact structure, coupled
with thermal modelling of the shock veins immediately
following their formation.

Shock waves form when a material is stressed by a
pressure wave beyond its elastic limit. When this hap-
pens a shock front forms at the leading edge of the
wave. Shock fronts can be treated as a mathematical
discontinuity such that the material “jumps” from the
unshocked to shocked conditions nearly instantaneous-
ly. The shock front is characterized by five variables:
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shock wave velocity U, particle velocity u, specific
volume v, pressure P, and internal energy E. By using
the Hugonoit jump equations (conservation of mass,
momentum, and energy across the shock front) as well
as the U-u and P-v Hugonoit equations, the conditions
of shock wave passage can be estimated [8][9].

The shock veins were then thermally modelled us-
ing KWare Heat3D thermal modelling software. High
pressure/temperature  polymorph-bearing locations
within the shock veins were prioritized as these loca-
tions provide a pressure constraint to determine the P-
T-t conditions of shock vein formation (Figure 2b).
The shock veins were determined to reach transient
temperatures of >3500°C, which is consistent with
complete melting of the quartz under high pressure
conditions (>12 GPa) [10].

As a result of this investigation, it was determined
that the shock veins cool to the solidus before the
complete passage of the shock wave. This finding indi-
cates that the coesite and stishovite within the clasts
and matrix of the shock veins formed during shock
loading, eliminating the need of shock collisions or
localized pressure excursions to explain the high pres-
sures needed for high pressure polymorph formation
within the shock veins at Vredefort.
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