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Résumé: Les dykes de fonte d'impact du cratère d'impact de Vredefort se sont avérés contenir des nodules de 
composition anormale, y compris des zones de sulfure et d'oxyde. Certains des minéraux observés ont des composants 
significatifs de Ni, Cu, Pt et Au. Il s'agit de la première observation de ces minéraux dans la fonte d'impact. Les roches 
fondues de la structure de Vredefort contenaient probablement une minéralisation importante avant l'érosion de la 
structure. 

Introduction:  The Sudbury Igneous Complex 
(SIC) of the 1.85 Ga, ca. 250 km diameter Sudbury im-
pact structure, Canada, is associated with economically 
significant Ni-Cu-PGE deposits. The SIC includes both 
the Sudbury melt sheet and the Offset Dikes, which are 
dikes that intruded into the crust below the crater after 
the impact (e.g., [1]). During cooling of the melt sheet, 
differentiation took place, so that mafic compositions 
were stratified to the lower levels of the melt sheet. As 
the melt sheet cooled, silicate and sulfide melts immis-
cibly segregated, allowing for partition of Ni-Cu-PGEs 
into the sulfide fraction [2]. The separation of the sul-
fides occurred when the composition of melt achieved 
sulfide saturation, at a temperature of approximately 
1400ºC [3]. This process is generally considered to be a 
fundamental mechanism of economic deposit formation 
within large igneous complexes, and has been widely 
applied to the development of Ni-Cu-PGE depsoits 
globally (e.g., [4]). However, the SIC represents only 
one example of such an economic deposit developed 
within an impact crater.  

The 2.02 Ga, ca. 300 km diameter Vredefort impact 
structure in South Africa has experienced sufficient ero-
sion to remove the melt sheet, so that a direct compari-
son between the Vredefort and Sudbury structures is 
complicated. The only remnants of the Vredefort melt 
sheet are contained within the so-called “Granophyre 
Dikes,” which represent a product of intrusion of impact 
melt into the crust [5].  

The compositions of both melt sheets depended on 
the bulk crustal compositions of the target material, and 
numerical modeling has suggested that the melt sheets 
of both impact structures followed similar geochemical 
trends [6]. The economic model of Ni-Cu-PGE fraction-
ation in the melt sheet suggests that the Vredefort igne-
ous complex should have had similar economic deposits 
to the SIC, but direct evidence of sulfide mineralization 
at Vredefort has not previously been described. In this 
study, we report for the first time an occurrence of Ni, 
Cu, Au, and Pt mineralization associated with sulfides 
within the Vredefort Granophyre Dikes.  

Geological Setting: The Vredefort impact structure 
is centered ca. 100 km SW of Johannesburg, South Af-
rica. The original diameter has been estimated as 170 

km based on numerical modeling [7], or 300 km based 
on structural deformation [8]. The impact occurred 
2020±3 Ma [9], with target rocks of the Kaapvaal Cra-
ton that included basement crystalline rocks, sediments 
of the Witwatersrand and Transvaal Supergroups, and 
volcanic rocks of the Dominian and Ventersdorp Super-
groups. The structure experienced 8-10 km of erosion 
after the impact [10], and shock effects are now exposed 
mainly in the crystalline core of the structure and a col-
lar of volcanosedimentary rocks within the 60 km-wide 
Vredefort Dome. The southern portions of the structure 
are covered by the younger rocks of the Karoo Super-
group. The only remnants of the melt sheet are pre-
served in the Granophyre Dikes, which are located both 
in the core and along the core-collar boundary of the 
central uplift (See [11], for a review).  

The Granophyre Dikes have similar compositions 
throughout the structure, but recently, internal divisions 
within the core-collar dikes have been observed [5,6]. 
The mafic portions likely formed due to intrusions of 
melt sheet material after differentiation of the melt sheet 
took place [5]. The compositional division is clearly vis-
ible at the Kopjeskraal Granophyre (KG) dike, where 
the KGA is intermediate and the KGB is more mafic in 
composition [6].  

Methods: A sample from the KGB with anomalous 
inclusions was analyzed by the FEI Quanta 3D Dual 
Beam scanning electron microscope (SEM) with an 
electron dispersive spectrometer (EDS), and by the elec-
tron probe microanalyser (EPMA) JEOL Hyperprobe 
JXA-8530F PLUS with a thermal field-emission cath-
ode at the GeoForschungsZentrum (GFZ) in Potsdam, 
Germany.  

Results: Numerous anomalous nodules of up to 1.5 
cm diameter within the core-collar Granophyre Dikes 
have been observed (Fig. 1). The nodules have compo-
sitional zonation, with gradational divisions and incon-
sistent compositions of the various zones. In general, the 
innermost zone of the nodules is composed of a zone of 
oxides, wherein massive oxide minerals (>500 µm di-
ameter) and small grain size (i.e., <10 µm diameter) ox-
ide minerals and occasional sulfide grains (Fig. 2). This 
is surrounded by a zone of sulfide minerals, including 
pyrite, chalcopyrite, and pentlandite, that occur as 
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relatively large (ca. 500 µm diameter, Fig. 2) anhedral 
crystals. The sulfide zone is surrounded by a microcrys-
talline zone of silicates with a large number of very 
small grain size (<2 µm diameter) FeO crystals.  

Preliminary EPMA analyses of the sulfides identi-
fied pentlandite with 40 wt. % Ni and 125 ppm Pt, as 
well as Fe-oxide containing as much as 284 ppm Au. 
Several grains of an anomalous mineral with an average 
composition of 55.3 wt. % FeO, 31.0 wt. % ZrO2, 6.3 
wt. % Au, and 5.3 wt. % Pt have been identified.  

Discussion: The identification of Ni, Cu, Au, and 
Pt-bearing nodules within the Granophyre Dikes 
demonstrates that the Vredefort igneous complex under-
went similar processes to those described for the SIC. 
The formation of massive sulfide deposits depends on 
segregation of sulfide and silicate melts with sufficient 
time and mobility within the melt for individual sulfide 
droplets to merge into a massive layer. The nodules 
found in this study more closely resemble individual 
sulfide droplets that were unable to merge with other 
sulfide droplets. The failure to merge with other droplets 
to form a massive layer could potentially be caused by 
a variety of factors: 1) The melt within the dike may 
have been cooling with a high thermal gradient, so that 
sulfide immiscibility was achieved close in time to melt 
crystallization; 2) sulfide immiscibility may have been 
achieved after the melt was mostly settled into place, so 
that mobility within the melt was low (i.e., a low R-fac-
tor); 3) emplacement of the dike at a deep crustal level 
(10 km below the crater surface) may have been below 
the main mass of sulfide mineralization, through anal-
ogy with the SIC. Regardless of the lack of observed 
massive sulfide mineralization, these nodules demon-
strate that metal and sulfide concentration did take place 
within the Granophyre Dikes. Therefore, it is likely that 
the Vredefort igneous complex did contain significant 
economic deposits prior to the erosion of the structure. 
However, the small size of the nodules, and the very 
small size of the mineral grains within the nodules, 
means that the Granophrye Dikes would have no eco-
nomic value at the present state of erosion. 
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Figure 1: Hand sample of Vredefort Granophyre 

showing two sulfide nodules, indicated by arrows. Scale 
in cm. 

 

 
Figure 2: SEM image of the zoned edge of a nodule. 

The interior of the nodule is located to the bottom left, 
and the exterior is located at the top right.  

  


