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Introduction:  During basin-forming im-

pact events, melted target rocks are pre-
served in the geological record as sheets, 
dykes and irregular bodies at the surface and 
at depth [1]. Impact melt dykes at the deep-
ly eroded, 2.02 Ga Vredefort impact struc-
ture, referred to as “granophyre dykes”, have 
previously been shown to have formed later 
than shock-related in situ melt (pseudotachy-
lites) [1,2,3,4], to contain clasts of shocked 
target rocks [4,5], and to have a Re-Os sig-
nature indicative of a meteoritic component 
[6]. Based on these lines of evidence, the 
granophyre dykes represent remnants of the 
impact melt sheet that propagated downward 
along fractures in the basement rocks during 
the latest stages of post-impact modification 
[6,7,8,9]. The nature, mechanisms and tim-
ing of the event(s) that led to melt em-
placement remain contentious. 

Here, we examine granophyre dykes 
through geophysics, geochemistry, and pe-
trography, as well as field relationships. 
Based on these data, we constrain the timing 
of the emplacement of granophyre dykes and 
possible post-emplacement deformation, with 
implications for the development of large im-
pact basins on Earth, the Moon, and other 
rocky bodies of the solar system. 

Methods: Four granophyre dykes, namely 
the Kopjeskraal dyke, located at the bounda-
ry between the granitic core and the 
metasedimentary collar of the Vredefort 
structure (the “core-collar boundary”), as 
well as the Daskop, Lesutoskraal and Holfon-
tein North and South dykes, representing 
four of the total five exposed granophyre 
dykes in the granitic core of the structure, 
were investigated by electrical resistivity to-
mography (ERT), a non-destructive geophysi-
cal method described in [8]. Samples from 
these dykes were analyzed with X-ray fluo-
rescence for bulk chemical composition, ac-
cording to the methodology described in [9]. 

Results: Geophysical data. The resistivity 
models obtained from the ERT data for all 
dykes are shown in Figure 1. The resistivity 
of the granophyre dykes (>2000 Ωm) is sig-

nificantly higher than of the host crystalline 
rocks, which have resistivities <1000 Ωm. 
The resistivity variation in the host rock is 
consistent with the expected compositional 
variation, i.e., granite to dolerite [8].  

At the Kopjeskraal granophyre dyke, the 
highly resistive zone extends past the lower-
most depth of the profile (>50 m), so that 
the terminus of this dyke at depth has not 
been determined (Fig. 1A). The core dykes, 
however, are distinct from the collar dyke 
(Fig. 1B-D).  The geophysical signature of the 
Holfontein granophyre dyke terminates at ~5 
m below the surface (Fig. 1B), and the geo-
physical signatures of the Daskop and 
Lesutoskraal granophyre dykes terminate 3 
m below the surface (Fig. 1C-D).  

Geochemical and petrographic data. The geo-
chemical compositions of the core dykes are 
generally dacitic, in the compositional range 
of ~64-72 wt.% SiO2 and 4-6 wt.% 
Na2O+K2O, in agreement with previous work-
ers [9,10,11,12]. Petrographically, the dykes 
are composed of intergrowths of feldspar and 
orthopyroxene that are fine crystalline or 
spherulitic.   

Unlike the core dykes, the Kopjeskraal 
granophyre dyke is composed of two distinct 
textural and geochemical phases, the Kop-
jeskraal granophyre A (KGA) and Kopjeskraal 
granophyre B (KGB). The KGA contains abun-
dant clasts of the granite that may be locally 
derived. Geochemically and petrographically, 
the KGA is indistinguishable from the core 
dykes. The KGB domain is located approxi-
mately 3 m from the contact between the 
KGA and host granite, and strikes parallel to 
the strike of the dyke. The KGB is finer-
grained and darker-colored than the KGA. 
Rounded clasts of the KGA are included with-
in the KGB. The KGB is compositionally more 
mafic than any previously measured grano-
phyre samples. 

Discussion: The geophysical results 
demonstrate that the core dykes do not pen-
etrate deep into the subsurface. As the same 
field procedures and data processing were 
applied to the Kopjeskraal dyke and the core 
dykes, but with different results, it is unlikely 
that the shallow penetration depths found for 
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the core dykes are due to methodological 
errors. Additionally, the disappearance with 
depth of the high resistivity zones associated 
with the core dykes is unlikely to be the re-
sult of a shallow water table, as the presence 
of groundwater would cause a comparable 
decrease in the resistivity of the host rocks, 
which is not observed. In contrast, in some 
profiles increased resistivity in host rocks is 
documented below the dyke termination.  

The shallow penetration depth of the core 
dykes may either be interpreted as the low-
ermost penetration depth of the dykes [8], 
or as a representation that the dykes have 
experienced post-emplacement faulting, off-
setting the dykes either laterally or vertically. 
As the dykes were emplaced in the late stag-
es of development of the impact basin [8], 
the difference in dyke preservation suggests 
that the central part of the impact structure 
experienced distinct post-shock processes 
compared to the core-collar boundary. 

By contrast, the geochemical composi-
tions of the core dykes and KGA are indistin-
guishable, suggesting that they were derived 
from the same melt source and experienced 
the same geochemical evolution. The KGB 
was clearly emplaced later, after the KGA had 
solidified, and as a result the KGB has a sig-
nificantly different geochemical composition. 
Thus, the granophyre emplacement process 
must have occurred in a minimum of two dis-
crete phases over an extended timeframe, 
allowing time for the melt to differentiate 
[13]. It is not clear if the more mafic compo-
sition was only present at the core-collar 
boundary, or if it was also present in the core 
of the structure, as the mafic composition 
has not been found in the core of the struc-
ture. 

We infer that the following series of 
events must have taken place: 1) Shock 
melting of rocks at the surface generated the 
melt sheet that would later serve as a source 
of the granophyre melt. 2) After the for-
mation of the impact basin, the core dykes 
and KGA intruded into the crust. Although we 
do not know the timescale in which this took 
place, it had to occur while the melt sheet 
was still molten, i.e., within ca 104 years [13]. 
3) After the KGA had already crystallized, the 
KGB intruded. The compositional difference 
between the KGA and KGB suggests that the 
source of the melt had a different composi-

tion, which may have been caused by differ-
entiation of the melt sheet. 4) Uplift of the 
core of the impact basin resulted in distinct 
preservation of the core and collar dykes. 
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Fig. 1: Resistivity profiles of the grano-

phyre dykes examined in this study, with ele-
vation indicated. Highly resistive material (in-
terpreted as granophyre) is shown in pink and 
the host rocks are shown in green. 
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