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IMPACT STRUCTURE: NEW EVIDENCE FOR A MAJOR FORMATION EVENT AT 2.0 Ga 
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Six pseudotachylyte samples from the Vredefort Structure of 
South Africa have been dated using the laser probe Ar-Ar 
technique. This recent development of the conventional K-Ar and 
Ar-Ar step heating techniques allows for the microanalysis of 
small (el50 pm) diameter areas within polished specimens. This is 
particularly useful for pseudotachylyte dating, as enclosed 
clasts and other wallrock material can be carefully avoided 
during the analysis of pseudotachylyte matrices. Following 
irradiation, polished 1 mm thick, 1 cm2 tiles of selected 
pseudotachylytes were probed using a Spectron SL902 CW Nd-YAG 
laser. Gases extracted from 100 pm diameter pits using short 
laser pulses were analyzed with a MAP 215-50 noble gas 
spectrometer. On the basis that most if not all the selected 
pseudotachylytes comprise matrices formed by frictional melting, 
dating the matrix material should indicate their time(s) of 
formation (i.e. supercooling or crystallization of microlites). 

Pseudotachylyte material was selected from six different 
field locations having a maximum separation of 40 km. Four of the 
dated samples occur within the 'outer granite gneissf and fall 
within a crude ring located approximately 15 km from the centre 
of the 'domef. These include the Otavi Quarry, Leeukop Quarry, 
Lesotakraal and Broodkop localities. The two remaining samples 
are located within (a) quartzites of the Johannesburg Subgroup, 
20 km ENE of Parys and (b) in association with bronzite 
granophyre dykes near Lesotaspruit. All samples show evidence of 
resetting to varying degrees. Resetting is most evident at the 
margins of pseudotachylyte veins, especially the thinner (cm or 
less thick) samples. Within about 1 mm of margins, ages of 1.3- 
1.4 Ga are prevalent. We attribute this alteration/resetting to 
fluid migration along pseudotachylyte-host rock margins and to 
resultant partial degassing. However, within the centres of veins 
2.0 Ga is the dominant age. The centre of the sample from Leeukop 
Quarry gives the best age at 2.01 Ga and all five samples yield 
single maximum ages of 2.0 Ga. This age concurs with that of 
Walraven et al. [I] for bronzite granophyre (2.0 Ga) which, as a 
root to an original overlying melt sheet [2], is purported to 
date the Vredefort impact event. 

On the basis of the above data, we conclude that most of the 
pseudotachylytes in and around the Vredefort Dome were generated 
by the impact process at 2.0 Ga. This probably occurred during 
the modification stage of the impact process when ring- and 
radial fault/fracture structures developed in the basement target 
lithologies. Our conclusions are contrary to those of Reimold et 
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al. [3], who propose that the pseudotachylytes were formed during 
several independent (i.e. endogenic) high strain rate events. We 
attribute their spread of pseudotachylyte ages (1.09 to 2.25 Ga) 
to the effects of their analyzing crushed, whole rock 
pseudotachylyte samples. Such material would have included 
partially degassed pseudotachylyte margins, as well as older 
wallrock components resulting in artificial (mixed) ages being 
obtained. The one exception to this is their sample USA-29 which 
yields a plateau age of 2.01 Ga [3]. 

We conclude that most of the Vredefort pseudotachylytes, and 
especially the thicker bodies (> 1 m), were generated by 
comminution and frictional melting within discrete slip zones. 
The slip zones were faults systems generated or reactivated in 
response to meteorite impact. On this basis, the laser probe Ar- 
Ar technique of dating pseudotachylytes can be used to constrain 
the timing of impact. In the case of Vredefort, our data indicate 
a major 2.0 Ga event. Subsequent thermal pulses and/or 
retrogression resulted in the localized partial resetting of the 
original 2.0 Ga formation age. 
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