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Introduction:  We present the results of further 
structural and mineralogical-chemical investigations of 
pseudotachylitic breccias (PTB) from the Vredefort 
Dome (South Africa). PTB are the most prominent 
impact-induced deformation phenomenon in the Vre-
defort Dome, the eroded central uplift of the 2.02 Ga, 
originally 250 km wide Vredefort Impact Structure [1, 
2]. Similar breccias occur in abundance in another very 
large and ancient impact structure, Sudbury in Canada 
[e.g., 3,4]. PTB occur as microscopic veins and as up 
to kilometer long and 10s of meters wide breccia 
zones. Central to this project is the controversy about 
the origin of these melt breccias by either (1) shearing 
(friction melting); (2) shock compres-
sion/decompression (upon release of shock pressure) 
melting; (3) decompression melting as a consequence 
of rapid uplift in the central part of an impact structure; 
(4) combination of these processes; or (5) intrusion of 
impact melt into allochthonous settings.  

Previous fieldwork and this study have consistently 
shown [e.g., 1, 2] that macroscopic to mesoscopic evi-
dence of shearing (significant displacement of markers 
such as lithological contacts or pegmatite veins) is very 
rare in the core of the Vredefort Dome. There are,  in 
the Vredefort Dome and in the Sudbury Structure [1, 
3], no major melt breccia volumes that can be related 
to important faults with significant displacements in 
central uplift settings. Melosh (2005) discussed that the 
occurrence of thick melt breccia veins and massive 
networks poses a serious problem for any theory in-
voking frictional melting, as once melt appears in 
abundance, it lubricates the fault interface and de-
creases the friction coefficient to the point that no fur-
ther melt can be produced. 

The presence of high-pressure polymorphs in thin 
PTB veinlets provides strong evidence for a shock 
(plus/minus friction) origin of, at least, these narrow 
breccia veinlets [2] – in analogy to the so-called 
“shock veins” known from chondritic meteorites. 
However, zones of enhanced PTB development do not 
correspond to enhanced shock degree.  

Regarding the proposal of the intrusion of impact 
melt related to Vredefort PTB, it is noted that none of 
the melt analyses obtained in this study - nor in earlier 
work by [1,8] – allows to invoke a contribution from 
the regionally homogeneous [2, references therein] 
Vredefort impact melt rock, the Vredefort Granophyre. 
This is consistent with the fact that, to date, only very 

limited incorporation of exotic lithic clasts has been 
described from Vredefort pseudotachylitic breccias – 
variably at micro- to macro-scales. Such clasts could, 
in every such case, be linked to locally occurring 
lithologies. Here, we provide new results pertinent to 
the discussion about PTB genesis.  

Methodology: In order to investigate the likely ge-
netic relation between small and large scale breccias 
and, thus, the formation process by which these brec-
cias have formed, scaling of the melt-forming process 
by capacity calculation of melt volumes is introduced 
as a totally new approach. We have calculated melt 
volumes in the breccia zone of a polished 3 m x 1.5 m 
sample slab and its surrounding granite gneiss volume 
with regard to the distance of the limited material 
transport evidenced by our previous studies – and then 
proceed to scale up to outcrop dimension. Together 
with micro- and macro-structural and petrographic 
data, the results of these computations are evaluated 
with regard to the various processes debated for PTB 
formation and emplacement. Furthermore, first iso-
topic analyses on Vredefort PTB, their host rocks, and 
Vredefort Granophyre are currently underway; these 
results will be presented at the conference. 

Results:  Detailed microstructural investigations of 
melt breccias and two systems of microfractures in the 
granite slab, supplemented by field data, has resulted 
in improved understanding of melt-emplacement pro-
cesses [6]. Unravelling the development of individual 
structural deformation features resulted in a sequence 
of 4 processes: (a) development of closely-spaced sets 
of microfractures, (b) fragmentation along with dila-
tion and melt emplacement, (c) continued displacement 
on microstructures, and (d) formation of a younger 
fracture system. What remains is to unravel the prob-
lem of how this melt originated in the first place.  

Parallel but distended PTB margins indicate sig-
nificant dilation along PTB veins at contact to host 
rock. At certain places, shearing is indicated, but only 
at the millimeter scale. Our structural study of cen-
timeter to several decimeter wide breccias has only 
provided evidence for limited material transport (at 
most 20-25 cm at the scale of the polished slab [e.g., 
6]). In the field melt mobility up to 1 m is very rarely 
observed, and only [7] and [8] have suggested that 
transport of clasts observed at a few outcrops could be 
as far as 50-100 m.  
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Electron microprobe analysis of PTB groundmass 
and XRF bulk chemical analyses of PTB / host rock 
pairs revealed that PTB generally display close chemi-
cal relationships to adjacent host rock. In granitic envi-
ronments, the refractory behavior of quartz is seem-
ingly the main reason for any chemical differences 
between PTB and host rock. PTB veinlets <1 mm thick 
often feature locally different compositions [5] that are 
identical to those of immediately adjacent host rock 
minerals. Study of < 0.5 cm PTB in mafic host rocks 
also reveal close agreement between PTB and host 
rock compositions. Where notable deviations occur, 
they can be explained by preferential melting of either 
plagioclase and/or hydrous ferromagnesian minerals, at 
different proportions (in keeping with the findings of 
[8]).  

Volume calculations assessing the melt content in a 
large breccia zone and in surrounding host rock dem-
onstrate that we can assume melt exchange over 20 
cm, at the slab surface between a several dm wide 
breccia zone and surrounding melt-bearing host rock 
volume. Here, the outer melt volume is determined at 
the same amount as that contained in the massive brec-
cia zone [9]. Based on meso- and microscopic observa-
tions, melt transport is more prominent from larger into 
smaller melt occurrences. Thus, melt of the breccia 
zone could have provided the melt fill for the small-
scale PTB veins in the directly surrounding target rock. 
Extrapolating this melt capacity calculation for 1 m3 
PTB bearing host rock shows that a host rock volume 
of this dimension is able to take up some 52 dm3 melt. 
Scaling up thousand-fold to the outcrop scale reveals 
that exchange between a host rock volume of 2 m ra-
dius around a 37 m3 breccia zone could involve some 
10 m3 melt. 

Conclusions: Up to date, none of the veinlets ana-
lysed yielded any textural evidence for a significant 
involvement of shearing/faulting, which is also in 
agreement with the geological/petrographic findings of 
[10] for melt breccias in the core of the Araguainha 
structure (Brazil). Collectively, our petrographic (clast 
populations) and chemical results indicate that melt 
was formed essentially from host rock material only (1 
or 2 litho-components), without any additional compo-
nent such as impact melt as demanded by [12]. Further, 
our PTB’s of different sizes (up to 1 m) only hold 
clasts from local lithologies. Our conclusions also 
dovetail with [4] and [11] for Sudbury PTB in meta-
sandstone and granitic gneiss, namely that melt forma-
tion is caused in situ. An exotic component (impact 
melt, Vredefort Granophyre) is not required. Isotopic 
data currently obtained will be discussed at the confer-
ence in terms of their implications for mixing of local 
and exotic components to create PTB. 

Our microchemical investigations of small scale 
PTBs have indicated that formation of very small vein-

lets (< 1mm) involved local (grain scale) melting. PTB 
genesis in mafic host rock seems to be controlled by 
the mineralogical composition of the target rock. A 
further factor is likely the melting temperature in-
volved – as this is a critical factor determining at 
which ratio feldspar and mafic minerals will go into 
the liquid state.  

In the absence of friction or large-scale lateral mix-
ing of melt we must assume in situ formation of very 
thin PTB veinlets (< 1mm) through localized at-
tainment of high shock pressures and concomitant high 
post-shock temperatures, with or without a friction-
generated temperature component, during the early 
shock compression phase. Shock enhancement was 
likely limited to local heterogeneities (pre-impact 
structural defects – maybe even at the microscale - or 
lithological contacts/variation; microscale defects in 
minerals).  

The results of our melt breccia computations dem-
onstrate that large melt volumes (i.e., large breccia 
zones) can be derived, in principle, from local reser-
voirs [9]. However, strong decompression would have 
to apply in order to exchange these considerable melt 
volumes – which would only be realistic during the 
decompression phase of impact cratering upon central 
uplift formation, or locally, where compressive re-
gimes acted during the down- and outward collapse of 
the central uplift. Based on our microstructural, petro-
graphic and microchemical results we favor the follow-
ing sequence of processes for PTB forma-
tion/emplacement: (1) early microfracturing, cataclasis 
and generation of shock veins; (2) formation of mas-
sive melt breccias during central uplift formation – 
likely as a consequence of decompression melting, and 
(3) emplacement of injection veins off larger breccia 
zones/veins to form numerous smaller PTB develop-
ments during the modification stage of cratering. De-
tailed modelling of Stage 2 (local formation of large 
melt volumes during central uplift) is still required. 
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