
VREDEFORT PSEUDOTACHYLITIC BRECCIA AND GRANOPHYRE (IMPACT MELT ROCK): 
CLUES TO THEIR GENESIS FROM NEW FIELD, CHEMICAL, AND ISOTOPIC INVESTIGATIONS. 
W.U. Reimold1,2, D. Wannek1,3, M. Hoffmann1,4, B.T. Hansen5, N. Hauser6, T. Schulz7, S. Siegert1,3, M. Thirlwall8, 
P.T. Zaag1, T. Mohr-Westheide1; 1Museum für Naturkunde – Leibniz Institute for Evolution and Biodiversity Sci-
ence, Invalidenstrasse 43, 10115 Berlin, Germany, uwe.reimold@mfn-berlin.de; 2Humboldt-Universität zu Berlin, 
Unter den Linden 6, 10099 Berlin; 3Geosciences, Freie Universität Berlin, Germany; 4Institut für Erd- und Umwelt-
wissenschaften, Universität Potsdam, Germany; 5Department of Isotope Geology, Geoscience Centre, Georg-August 
Universität, Göttingen, Germany; 6Institute of Geosciences, University of Brasilia, Brazil; 7Department of Litho-
spheric Research, University of Vienna, Austria; 8Royal Holloway, University of London, U.K. 

 
Introduction: The long controversial genesis 

of the two impact-generated melt rock types of the cen-
tral uplift (Vredefort Dome) of the world’s largest and 
oldest known impact structure, Vredefort in South Af-
rica [1], is investigated with new field geological, 
chemical and isotopic approaches. 

Pseudotachylitic breccia: Besides impact 
melt rock in the form of massive sheet-like bodies or 
injections into crater floor or central uplift, several 
large impact structures exhibit considerable – even 
massive – occurrences of so-called pseudotachylitic 
breccia (PTB; e.g., [2,3]). In the Vredefort Dome in 
South Africa, the eroded central uplift structure of the 
largest and oldest known impact structure in the world, 
PTB is well exposed in quarry and surface outcrops, 
and has been studied extensively. E.g., Reimold and 
Koeberl [3] provided a recent review of Vredefort PTB 
knowledge. The genesis of this melt rock type has been 
discussed variably in terms of friction melting, shock 
compression melting, decompression melting upon 
central uplift formation in large impact structures, a 
combination of these processes, and – most recently – 
due to infiltration of the crater floor by impact melt off 
a coherent melt sheet and assimilation of wall rock [4, 
also 5]. In the absence of field evidence for generation 
of such massive melt bodies by friction on very large 
shear or fault zones, as well as the poor likelihood that 
massive PTB formation related to shock compression 
melting, petrographic and chemical evidence – espe-
cially the overarching similarity between PTB of a 
wide range of compositions with the respective felsic to 
mafic country rocks - has favored either decompression 
melting (i.e., authigenic, more or less in situ generation 
of melt). Also clast populations invariably support an 
origin of PTB from locally (i.e., within some 50-100 m 
of study/sampling locality) occurring lithologies only: 
to date not a single occurrence of PTB in the Archean 
gneiss core with supracrustal target rock derived clasts 
as they typically occur in Granophyre has been identi-
fied.  
 Here, new major and trace element data for 
PTB and host rocks from Otavi and Kudu quarries, as 
well as Rb-Sr, Sm-Nd, and U-Pb isotopic data for 
Vredefort PTB and their host rocks from Rand Granite, 
Kudu and Leeukop quarries, in comparison to data for 

the Vredefort Granophyre (i.e., the Vredefort impact 
melt rock) are discussed. They strongly suggest that 
PTB at Vredefort were formed from local reservoirs 
(precursor lithologies) – in agreement with earlier iso-
topic results for Sudbury PTB [6,7]. Data for country 
rocks and PTB from these quarries show distinct iso-
topic separation of data points for samples from these 
localities. In the case of Kudu, a definite case of mix-
ing of granitic and amphibolite precursors is indicated 
(and demonstrated by the clast population). Thus, ad-
mixture of a Granophyre component containing a 
strong suprecrustal component is not supported. The 
most likely process for the genesis of voluminous PTB 
in large impact structures is, thus, decompression melt-
ing upon formation and collapse of the central uplift 
during the modification stage of impact cratering. 
 It ought to be considered that shock metamor-
phic studies sindicate shock degrees as high as 15-25 
GPa for the granite-gneisses concerned (1-2 sets of 
PDF in quartz grains). From detailed metamorphic 
analysis as summarized by [1] it is further known that 
prior to impact these gneisses were already heated to 
some 400-500 °C, so that decompression related heat-
ing above melting temperatures for mainly biotite, am-
phibole and feldspars (<600-800°C, in the presence of 
some water) minerals affected by shock deformation 
and occurring in heterogeneous aggregates, had to be 
only of the order of 100-300 °C – under the not insig-
nificant uplift-related strain rates. Notably, quartz 
forms the main refractory mineral clast component in 
PTB of the Vredefort Dome granite-gneiss core – con-
sistent with the silica-depleted chemical compositions 
of PTB matrix and decompression related melting of 
first hydrous ferromagnesian minerals and feldspars. 
Demonstrably bulk PTB compositions are often identi-
cal to those of the immediate host rock, also in massive 
PTB occurrences.  

Vredefort Granophyre, the Vredefort impact 
melt rock, has long been regarded as a chemically ho-
mogeneous lithology, with only local occurrence of a 
more mafic phase due to assimilation of mafic wall 
rock [2]. However, [5] described two locations of al-
legedly zoned Granophyre in the NW of the Vredefort 
dome, composed of clast-poor mafic marginal and 
clast-rich felsic central portions. They proposed “as-
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similation of host rock at the base of the superheated 
impact melt sheet and differentiation of the sheet and 
emplacement of the dike in a two-stage scenario” 
[p.179]. To test this allegation, we studied a major part 
of this dike with special attention to litho-zonation, 
variations in texture, clast populations, wall rock com-
positions, and chemical/isotopic compositions of Gran-
ophyre phases and country rocks. A 1:10,000 field 
mapping was carried out on the farms Kopjeskraal, 
Eldorado, and Rensburgsdrift. Some 50 Granophyre 
and country rock samples were collected for petro-
graphic analysis. Some 30 samples of conventional 
(“normal”) Granophyre (NG), the slightly more mafic 
Granophyre phase (MP), epidiorite, Dominion Group 
Lava (DGL), and granite (all from the field area) were 
analyzed by XRF spectrometry, ICP-MS, and ICP-AES 
for major and trace element abundances. Samples from 
all these lithologies have been analysed for Rb-Sr, Sm-
Nd, Re-Os, and Pb isotope systematics (in part still 
being completed). 
 A continuous zonation of the dike in this area 
was indeed found, but it comprises clast-rich, felsic, 
outer and clast-poor, more mafic, interior portions – 
thus, with a different arrangement from that offered by 
[5]. Comparison between the clast-poor, slightly more 
mafic central part (MP) and clast-rich (NG) margins 
showed: (1) a coarser grained texture with less grano-
phyric matrix content in MP, (2) occurrence of schlie-
ren of MP material in central MP, and (3) comparative-
ly more modal Ca-rich pyroxene in MP and schlieren. 
The transition between the two Granophyre phases in 
terms of chemistry and mineralogy is seemingly transi-
tional, as a continuous chemical profile across the dike 
on farm Kopjeskraal illustrates. The dike margins are 
characterized by comparatively enhanced abundance of 
felsic clasts. Mafic clasts (besides the schlieren already 
referred) are overall very rare but only visible at the 
microscopic scale and then in both Granophyre phases. 
Clast populations of NG and MP do not correlate with 
local wall rock type, essentially excluding that MP was 
formed by extensive assimilation of a locally occurring 
mafic country rock. 
 MP is enriched in TiO2, Fe2O3, MgO, CaO, 
Sc, V, Cu and Zn. and depleted in SiO2, K2O, Cr, Zr, 
Rb and Ba, with respect to NG. All Granophyre sam-
ples analyzed to date (NG, MP, and mafic schlieren in 
MP) have very similar Rb-Sr and Sm-Nd isotopic char-
acteristics. Unfortunately, the epidiorite sample also 
falls into these data clusters, so that a possible mixing 
relationship cannot be investigated with these data. In 
contrast, Dominion Group Lava from the immediate 
vicinity of the Granophyre dike displays very different 
isotopic character suggesting (also supported by chem-
ical data) that this phase did not significantly contribute 
to the MP. However, the available 187Os/188Os ratio 

data show a distinct result: the mafic Granophyre phase 
has isotope ratios that are intermediate to those of fel-
sic Granophyre and epidiorite – favoring a two-
component mixing relationship for the formation of 
MP. 
 Based on the currently available chemical and 
isotopic data, participation of an epidiorite component 
in the formation of the MP is more likely than one of 
DGL of strongly different isotopic composition. Mix-
ing calculations, and the observation that composition 
gradually changes from NG to MP, are interpreted to 
support formation of the MP through hybridization of 
NG with epidiorite. As MP only occurs in the interior 
of the dike, it is thought that downward intruding su-
perheated Granophyre may have engulfed a sliver of 
epidiorite, resulting in the composite litho-arrangement 
that can be mapped. The mafic schlieren in MP repre-
sent ghost clasts of angular to plastically deformed 
epidiorite blocks thoroughly assimilated and mingled 
with NG melt. At dike margins quenching against 
comparatively much cooler granite gneiss occurred and 
preserved felsic Granophyre composition with only 
limited assimilation of granite-gneiss. 
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