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A model is presented for the evolution of the Vredefort structure, based on reasoned constraints on the 
original size of the Vredefort structure from observational data1 and comparison with other terrestrial impact craters. 
The models for complex craters (ring and multi-ring basins) of C r ~ f t , ~  Grieve and co-workers,' and Schultz and 
co-workers,' were used to reconstruct the Vredefort impact event, using a final crater diameter of 300 km, as 
estimated by Therriault et a/.' The sequence of events (stages 2-5) is illustrated diagramatically in Figures 1-4. 
Stage 1 - Initial penetration: A meteorite with a possible SSE-NNW trajectory strikes the surface of the earth near 
the location of the present town of Vredefort, South Africa. At impact, a shock wave is generated and transmitted to 
the target rocks and back into the impacting body. The generated shock wave accelerates material radially away 
from the point of impact. With relaxation of the extreme shock pressures, increasing volumes of both target and 
projectile are vaporised, melted, and fractured. During this stage shatter cones and pseudotachylite rocks are 
produced. 
Stage 2 - Excavation and compression (Fig. 1): Maximum growth of the excavated and transient cavities are 
reached in this stage by excavation and displacement of material along the transient cavity walls in a radial growth 
pattern. Very little of the transient cavity volume is actually due to compression of target materials because once the 
primary shock wave has detached from the flowfield, pressures quickly equilibrate to small  value^.^ The primary 
shock wave decays to an elastic wave and travels outside the transient cavity. Fracturing continues via tensile 
stresses and cataclastic deformation in the diverging flow. Melted and brecciated material (granophyre rocks and 
granite breccia in the lnlandsee Leucogranofels5) rest beneath the maximum penetration of the projectile.' The ejecta 
sheet (not recognized at present in the Vredefort area) consists of material at many levels of shock metamorphism.' 
Stage 3 - Dynamic rebound and uplift (Fig. 2): A central uplift of granitic rocks is initiated before the formation of 
the hinge zone,' and before achievement of maximum radial growth. The rebound begins from the lower walls of the 
transient cavity, trapping a portion of the transient cavity floor and portions of the central down-driven cone.' 
Excavation continues with turbulent flow driving material inward and upward under the crater, and surface material 
outward over the transient crater rim., 
Stage 4 - Maximum radial growth and collapse (Fig. 3): After reaching the apices of their trajectories, all material 
uplifted by the impact moves downward under the influence of gravity: ejecta falls back, an overheightened and 
physically unstable uplift collapses with overthrusting and stacking strata, peripheral blocks settle downward and 
inward, and the highly fractured transient cavity wall and rim collapse into the annular trough of the transient crater 
around the central uplift. The excess volume is accommodated on the flanks of topographic ring peaks close to the 
diameter of deep excavation, D,.3 Due to its dynamic and highly fragmented state, the rim of the transient crater is 
probably lost as a distinct structure during collapse. Ejecta, melt, breccia and small blocks of the hinge zone and 
upper transient crater wall tumble down, mix together and ultimately accumulate on the flanks of the uplift, into 
fractures, and in the peripheral depression (granophyre dikes as melt filling fractures). At increasing distances from 
basin center, kinetic energies are smaller and the collapse is more orderly. The rim region will continue to collapse 
dynamically in larger blocks until a radius is reached where the fracture density is small enough that internal friction 
and energy loss can overcome the effects of gravitational and dynamical stresses. Structural displacements in the 
final basin are strongly upward at basin center and at shallow depths. For basins sufficiently large relative to the local 
crustal thickness, a significant upwelling of dense mantle material below the central uplift is expected. 
Stage 5 - Final crater form (Fig. 4): The central uplift collapses to below original surface and further deepening of 
the peripheral depression occurs. 

After deposition of post-impact fallback material (no longer present in the Vredefort area) and prior to the 
deposition of the Karoo sedimentary cover (Carboniferous to Permian), erosion of about 8 to 10 km is necessary to 
concur with the present form of the Vredefort structure (Fig. 4). The actual erosion level opens a rare window to the 
deeper structure of a complex (multi-ring?) impact crater, exposing rocks found below the level of the impact melt 
sheet, and possibly at, or below, the crater floor. Among others exposed are disturbed target rocks, breccias (as one 
of the pseudotachylite types), and remnants of the impact melt occurring as fracture fills (in this case the granophyre 
dikes). 

In the case of the Vredefort structure, the observations diagnostic of shock and thus of impact are shatter 
cones in the collar and basement rocks"',' and microscopic planar deformation features (although anomalousg) in 
quartz grains of the country rocks and in clasts within the granophyre dikes." Other features found in Vredefort and 
consistent with impact include the occurrence of coesite and s t i sh~v i te ; '~~ '~ "~ '~  a component of circularity to the entire 
structure; circumferential ring fractures and sets of folds centered around the Vredefort granitic core;I5 and the uplift 
and exposure of granulite facies rocks, i.e., the lnlandsee Leucogranofels terrain, in the center of the str~cture. '~ 
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The Vredefort strdcture has been subjected to approximately 2 Ga of erosion,16 which has resulted in the 
removal of the original crater structure and all exterior deposits. Only small amounts of the interior deposits, 
including parts of the impact melt sheet (the granophyre dikes) and breccias (pseudotachylite veins and dikes, granite 
breccia in the Inlandsee Leucogranofels) have been preserved within the Vredefort structure. 
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