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THE VREDEFORT DOME IN THE WITWATERSRAND BASIN: NEW ARGON CHRONOLOGICAL 
DATA AND THE GEOCHRONOLOGICAL RECORD OF THE CENTRAL KAAPVAAL CRATON 
BETWEEN >3 AND < 1 GA AGO. W.U. Reimold12, R.L. Gibson1, W.P. Colliston3, and P.W. Layer4. 'Dept. 
of Geology and ?Economic Geology Res. Unit, Univ. of the Witwatersrand, P.O. Wits 2050, Johannesburg, 
R.S.A.; 3Department of Geology, Univ. of the O.F.S., P.O. Box 339, Bloemfontein 9300, R.S.A.; 4Geophysical 
Institute, Univ. of Alaska, Fairbanks, Alaska 99775-0800. 

Summary The Vredefort Dome, situated centrally in the world's richest goldfield, the Witwatersrand 
Basin, has recently been confirmed as the erosional remnant of one of the largest impact structures known 
on Earth. The impact event at ca. 2 Ga ago exposed a > 20 km cross-section through the crust of the 
Kaapvaal Craton. This provides a unique opportunity to study the crustal evolution in this region. We present 
a review of geochronological data, together with new results, that indicate over 2 billion years of Earth 
history preserved in the rocks of the Vredefort Dome. 

Backeround: During the past decade, the Vredefort Dome has attracted considerable attention for two 
reasons: first, the rocks in the Dome contain abundant evidence of unusual high strain rate deformation 
features (pseudotachylite, shatter cones, (sub)planar deformation lamellae in quartz) that, together with the 
occurrences of coesite and stishovite and unusual granophyric intrusions regarded as impact melt bodies, have 
led to the proposal that the Dome was produced by impact. Second, the formation of the Dome had far- 
reaching consequences for the surrounding region. Deformation structures attributed to the doming event 
have been recognised over 150 km away, and the preservation of the gold-bearing strata of the Witwatersrand 
Supergroup in the Witwatersrand Basin is attributed largely to the formation of the Dome and its peripheral 
rim synclinorium. Rocks in the Dome also display higher metamorphic grades than equivalent strata in the 
surrounding Basin. The widespread recognition of metamorphic-hydrothermal events throughout the 
Witwatersrand Basin, and the implications which this has for gold mineralization, have led to renewed efforts 
to establish the nature of the events affecting the crust in this part of the Kaapvaal Craton. 

The recent geological literature on the Dome has been dominated by the controversy surrounding the 
admissibility of the evidence proposed in support of the impact hypothesis. Recent confirmation that the 
deformation features in quartz are, without doubt, the consequence of shock deformation, and the discovery 
of similar features in zircons, provides unequivocal support for the impact hypothesis. Modelling of the 
impact structure suggests that the original crater could have been as large as 300 km in diameter, which 
would make it one of the two largest impact structures identified on Earth. The Vredefort Dome, some 80 
km in diameter, represents the deeply eroded remnant of the central uplift of this crater. It exposes a > 20 
km crustal section that provides a unique opportunity to examine the evolution of different levels of the crust 
in this part of the Kaapvaal Craton. We review the geochronological data base for these rocks and present 
new data that indicate that they preserve over 2 billion years of Earth history. Most of the results obtained 
by Rb-Sr, Sm-Nd, 40Ar-39~r stepheating, U-Xe, and U-Pb zircon analysis were presented by [I-111. All avail- 
able data, with the exception of whole rock studies presented in the older literature, are shown in Fig. 1. 

Results: Hart et al. [I] presented whole rock chronological data that suggest that the crustal evolution in 
the region of the Vredefort Dome began possibly as early as 3.8 Ga ago. These data have not remained 
unchallenged, but more recent dating [e.g., 21 confirms that the granitoid rocks of the Vredefort core were 
in place by between 3.1 and 3.3 Ga ago. A first phase of amphibolite to granulite facies regional 
metamorphic activity occurred around 3.08 Ga ago [lo, this study], which coincides with the extrusion of the 
Dominion Group lavas. Hart et al. [I] also produced geochronological evidence that the rocks from the 
centre of the Dome, the Inlandsee Leucogranofels (ILG) terrae, were affected by an event at around 2.8 
Ga. Recent 40Ar-39Ar results obtained from an amphibole from an ILG specimen confined this. At about 
2.7 Ga, an extensive rifting phase occurred on the Craton leading to extrusion of the Ventersdorp lavas. New 
Ar and Sm-Nd isotopic data reveal that many of the matic intrusions in the area of the Dome are related 
to the Ventersdorp source. The next positively identified event occurred at 2.15 to 2.2 Ga, with the 
emplacement of several complexes comprising alkali granitic and mafic/ultramafic intrusives [8]. Whether 
other important tectono-magmatic events took place during the period between 2.7 and 2.2 Ga, or whether 
data falling into this bracket (Fig. 1) are the result of partial resetting, is not certain (There is some evidence 
for magmatic activity (e.g., formation of the Hekpoort andesite, Transvaal Supergroup [13]) around 2.2 Ga). 

The intrusion of the voluminous ultramafic-mafic and granitic magmas of the Bushveld Complex into the 
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upper crust of the Craton is constrained at 2054 - 2065 Ma [12, 141. 40Ar-39Ar mineral ages from 
metamorphosed pelites of the Witwatersrand Supergroup c o n f i i  the results of a P-T path study that suggest 
that the high-grade metamorphism observed in the rocks of the Vredefort Dome occurred in response to 
a oaton-wide thermal event synchronous with emplacement of the Complex. The Vredefort doming event 
occurred slightly later, at ca. 2024 Ma ago, as determined by U-Pb dating of unshocked authigenic zircons 
in Vredefort pseudotachylites [2]. Field and petrographic studies on the metapelites [a c o n f i i  a temporal 
overlap between the regional metamorphism and the impact event, as suggested by the geochronological data 
(see scatter of data in Fig. 1 between 2000 and 2050 Ma). Further scatter in the Rb-Sr and Ar data around 
this time may reflect partial resetting of mineral and whole rock isotopic systems after the impact event - 
possibly as a result of both thermal energy released by the impact and subsequent hydrothermal activity. 
Evidence for multiple formation of pseudotachylites [9,10] was proven partially wrong [2,6,7, but, at at least 
one locality, ca. 1.6 Ga old pseudotachylite was confirmed [6,13]. An extensive gabbro sheet in the Dome 
indicates ca. 1 Ga magmatic activity [3], broadly synchronous with a major accretion event along the southern 
margin of the Craton. Similar ages obtained from other rocks in the craton may reflect a regional magmatic 
event. The data between 1.2 and 1.8 Ga (Fig. 1) may indicate partial resetting of 2 or pre-2 Ga isotopic 
systems caused by the 1 Ga event. Some Ar isotopic studies [e.g. 7,111 indicate post-1 Ga geological activity, 
possibly around 700 and 300-400 Ma, and between 180 and 250 Ma. The latter is clearly related to the Karoo 
magmatic phase. 

Conclusion: The rocks of the Vredefort Dome and surrounding Witwatersrand Bask preserve evidence of 
a prolonged history of thermal, magmatic and tectonic events since > 3 Ga, many of which affected the gold- 
bearing strata of the Witwatersrand Basin. The clear maximum of chronological data at about 2 Ga reflects 
the last major thermal-magmatic event to affect the region, related to the formation of the Bushveld Complex 
and the Vredefort impact event, as well as associated hydrothermal activity. Only limited thermal and 
tectonic events appear to have affected this region of the Kaapvaal Craton since then. 
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