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Evidence of mid-amphibolite facies metamorphism in the collar of the Vredefort Dome has been used 
by some workers to support an endogenic origin for the structure [1,2,3]. Preliminary results of a new 
investigation contradict their hdings, namely that the metamorphism is restricted to the vicinity of the Dome 
and that the metamorphic rocks are hornfelses which form part of a contact metamorphic aureole adjacent 
to a hidden pluton. Based on evidence of two syn-metamorphic deformation events, an anticlockwise P-T 
path, and overprinting of peak metamorphic assemblages by syn-doming structures, we propose that the 
metamorphism formed part of a regional dynamothermal event that culminated shortly before formation of 
the Dome. Given the presence of relict "shock features and high-pressure polymorphs of quartz in the 
Dome, an impact origin remains the most plausible explanation for the formation of this structure. 

Introduction: The Vredefort Dome is situated 100 km SSW of Johannesburg. It comprises a core of 
predominantly granitic Archean basement some 45 km wide which is surrounded by a collar of steeply- 
dipping to overturned metasedimentary and metavolcanic rocks belonging to the Dominion Group, the 
Witwatersrand and Ventersdorp Supergroups and the Transvaal Sequence (Fig. 1). The metamorphic rocks 
under discussion are from pelitic units in the Hospital Hill and Government Subgroups of the lower 
Witwatersrand Supergroup in the NW sector of the Dome. They contain assemblages involving biotite, 
andalusite, cordierite, garnet and/or staurolite which indicate peak metamorphic conditions of c. 600 "C, 4 
kbar. In contrast, metamorphic grade in the equivalent stratigraphic horizons in the remainder of the 
Witwatersrand Basin does not exceed upper greenschist facies [4]. The local metamorphic "high in the 
vicinity of the Dome, together with the paucity of evidence in outcrop for syn-metamorphic deformation 
fabrics, has led several workers to propose that the metamorphism is a local contact phenomenon developed 
adjacent to a hidden pluton [5,6,7,8]. 

Deformation fabrics: A study of 52 pelitic samples from the Hospital Hill and Government Subgroups 
showed that, despite the paucity of evidence in outcrop, the rocks contain two regionally-developed syn- 
metamorphic foliations [9]. The older foliation (Sl) is defined by pervasive alignment of matrix biotite, 
opaques and lensoid quartz grains, and some biotite and cordierite porphyroblasts. The S2 foliation displays 
a more variable intensity. It developed by crenulation of S1 and is defined by matrix biotite and opaques and 
by aligned biotite porphyroblasts. Porphyroblast-matrix microstructural relations indicate that the bulk of 
porphyroblast growth, and the peak of metamorphism, occurred during the D2 foliation-forming event. 

P-T path: Interpretation of the metamorphic mineral assemblages and reaction textures has enabled 
reconstruction of the P-T path followed by the rocks during metamorphism. The anticlockwise P-T path (Fig. 
2) is deduced from evidence of (1) prograde breakdown of cordierite to andalusite and (2) retrograde 
breakdown of andalusite + biotite to staurolite. 

Timing of metamorphism: The metamorphic rocks are cut by post-metamorphic fracture cleavages, often 
accompanied by pseudotachylyte, that are related to the doming event [3]. These cleavages are associated 
with two distinctive retrograde reactions. Samples containing an intense cleavage often display local 
retrogression of andalusite, staurolite and biotite to coarse-grained aggregates of chlorite + muscovite, 
testifying to rehydration of the peak assemblages while the rocks were still relatively hot. In some samples, 
however, the pseudotachylyte veinlets are bounded by cordierite aggregates which replace the peak 
assemblages (Fig. 3). The breakdown of staurolite + biotite to cordierite (reaction 3, Fig. 2) should only 
occur in anhydrous, chlorite-free assemblages and requires a significant drop in P from the peak 
metamorphic conditions. The development of cordierite associated with the pseudotachylyte-bearing cleavages 
thus suggests that (a) cleavage development (and, therefore, doming) occurred soon after the attainment of 
peak metamorphic conditions, before the rocks had cooled significantly, and (b) the decompression 
associated with doming must have been relatively rapid to prevent significant cooling during exhumation. 

Discussion: The presence of syn-metamorphic deformation fabrics in the metapelitic rocks of the lower 
Witwatersrand Supergroup in the collar of the Vredefort Dome indicates that the rocks formed part of a 
dynamothermal terrane. This is supported by the P-T path followed by these rocks, which indicates that 
heating was accompanied by burial of mid-crustal levels. Such a path is not characteristic of contact 
metamorphic aureoles, which usually show near-isobaric heating and cooling [lo]. It may, however, be 
indicative of loading caused by the intrusion of voluminous high-level magmas [ll], or of thickening of crust 
characterized by a high basal heat flow [12]. In either case, the metamorphism is regional in extent. This 
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implies that the lower-grade, upper greenschist facies metamorphism observed in the Witwatersrand Basin 
may correspond to shallower crustal levels than those exposed in the Vredefort Dome. Evidence of upper 
amphibolite and granulite facies conditions in the core of the Dome [l3,14] is consistent with such a model 
and suggests that the Dome may expose a near-complete crustal profile through the metamorphic terrane. 

It is difticult to reconcile the anticlockwise P-T path followed by the rocks with the endogenic 
cryptoexplosion or diapiric hypotheses proposed to explain the formation of the Dome [1,2,3], as these should 
lead to exhumation, not burial, of the rocks during heating. The post-peak timing of doming is indicated by 
the retrogressive assemblages associated with the syn-doming cleavages. Other evidence for rapid exhumation 
of rocks in the Dome is found in the wre [l3,T4]. In conclusion, there does not appear to be a genetic link 
between the metamorphic and doming events, despite the partial overlap in their timing. Given the evidence 
of relict "shock features and high-pressure polymorphs of quartz in the rocks, superimposition of a large 
bolide impact on a regional metamorphic terrane on the Kaapvaal Craton could reasonably account for the 

Fig. 1: Simplified geological map of the Vredefort Dome. A-E are sampling traverses. 

present 

Fig. 2: Petrogenetic grid for pelites showing Fig. 3: Cordierite growth adjacent to 
P-T path for the collar rocks. pseudotachylyte. 
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