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Introduction:  Impact structures are sites of ex-

treme pressure and temperature fluctuations related to 
the interaction and decay of the shock wave with the 
target rocks through which it passes. Temperatures 
closest to the point of impact are invariably suffi-
ciently high to fuse target rock to produce a range of 
melt-rocks that are preserved either as glasses or su-
percooled crystalline impact-melt bodies. Further from 
the point of impact, intact target rocks display a variety 
of shock metamorphic features that range, with in-
creasing radial distance, from mineral melts and shock 
glasses to high-pressure polymorphs, intragrain defor-
mation effects (planar deformation features, planar 
fractures) and, ultimately, rock-scale fracturing. This 
pattern reflects the decrease in shock pressure and, 
consequently, shock-induced heating, in the impact 
structure.  

In most impact structures, the volume of rock af-
fected by elevated shock-induced temperatures is both 
small and restricted to the upper few kilometres of the 
planetary crust. As a consequence, the thermal anom-
aly caused by the impact is comparatively short-lived, 
and features such as shock glasses may be preserved 
essentially undisturbed as the thermal anomaly that 
accompanied their formation is rapidly dissipated by 
conduction and hydrothermal fluid circulation. It is 
unsurprising, then, that shock metamorphism is largely 
ignored by mainstream metamorphic petrologists as 
violating the fundamental tendency of “normal” meta-
morphic rocks towards chemical equilibrium. 

In the 90-km-wide Vredefort Dome, however, the 
combination of a giant impact event and deep levels of 
subsequent erosion presents a unique window into 
shock metamorphosed rocks that were buried by be-
tween 8 and 11 km following the impact and that, con-
sequently, cooled from shock-metamorphic temperat-
utes over time-scales that begin to approach those seen 
in contact-metamorphic aureoles.  

Geological Setting: The Vredefort Dome, located 
120 km southwest of Johannesburg, South Africa, 
forms the eroded central uplift of the originally much 
larger, 2023 ± 4 Ma, Vredefort impact structure [1,2]. 
The most recent field-based estimates of the size of the 
Vredefort crater range from 250 to 300 km, however, 
numerical modeling studies by [3] and [4] suggest a 
diameter of 170-180 km. Greater agreement exists on 
the amount of structural uplift, with rocks originally 
buried at ~25-27 km depth before the impact now ex-

posed in the central parts of the dome [4,5]. The dome 
comprises a central, 40 km wide core of upper amphi-
bolite to granulite facies Mesoarchean granite-
greenstone gneisses that is surrounded by a 20-25 km 
wide collar of Mesoarchean to Paleoproterozoic su-
pracrustal rocks [2]. Impact-melt rock is found in sev-
eral vertical, kilometres-long dykes and the rocks con-
tain abundant voluminous pseudotachylitic breccias, 
the origin of which remains debated. Shatter cones, 
decorated PDFs in quartz and rare coesite and 
stishovite associated with shock melt veins provide 
additional evidence of the impact event (see review in 
[2]). 

Shock metamorphism in the Vredefort Dome: 
Initial studies of PDF orientations in quartz (e.g., [6]) 
noted an apparent lack of increase in the shock pres-
sure towards the center of the dome, and [7] suggested 
that the absence of any definitive shock evidence in 
other major rock-forming minerals in the central parts 
of the dome was problematic. However, [8] subse-
quently determined that the absence of shock glasses 
relates to the slow rates of cooling of the shocked 
rocks. They documented a range of mineral textures 
that they inferred to be the product of annealing of 
diaplectic feldspar glasses and feldspar, biotite and 
amphibole mineral melts, as well as whole-rock melts 
that resemble the pseudotachylitic breccias seen at 
greater radial distances in the dome. From this they 
conservatively deduced shock pressures in excess of 
30 GPa. Cation-exchange thermometry suggested post-
shock temperatures in excess of 700 °C and possibly 
as high as 900 °C [5,9]; however, considerable uncer-
tainty accompanied these estimates as a result of the 
well-known problem of retrograde re-equilibration at 
high temperatures. Complicating matters further was 
the uncertainty regarding the degree to which chemical 
equilibrium was likely to have been attained in these 
rocks.  

This study: Detailed analysis has been performed 
on the rocks lying within ~8 km of the center of the 
Vredefort Dome to determine their post-impact ther-
mal history. These rocks straddle the lower limit of 
shock glass formation in feldspar, which has been ex-
perimentally constrained by [10] for similar rocks as 
occurring at 25-30 GPa.  Within 5 km of the center, 
the unusual glassy, indurated appearance of the rocks 
(“Inlandsee granofels”) signifies almost complete re-
crystallization of the coarse (1-20 mm) Archean gneiss 
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feldspar grains into extremely fine-grained (10-50 mi-
cron) aggregates, inferred to be pseudomorphs after 
shock glass and, locally, melt [8,11]. Recrystallization 
appears to have been largely static, however, the gran-
ofelses contain some evidence of plastic deformation 
of the original Archean foliations. 

Garnets in metapelitic units within the greenstone 
granulites are surrounded by complex coronas of    
cordierite+orthopyroxene±plagioclase±biotite±spinel. 
These coronas are considerably finer-grained and more 
complex than garnet coronas in regional metamorphic 
belts, consistent with faster cooling from high tem-
peratures. Detailed compositional mapping and diffu-
sion modeling have confirmed that the Vredefort coro-
nas reflect highly variable reaction affinities that indi-
cate arrested reactions. Applying non-equilibrium 
thermobarometry to these textures has quantified the 
post-shock temperatures and established a strong lat-
eral thermal gradient, ranging from ~740 °C at 8 km 
from the center of the dome to 890-920 °C at 5 km; 
however, THERMOCALC [12] phase-equilibria mod-
eling suggests that these temperatures also reflect ret-
rograde cation exchange and that original temperatures 
may have exceeded 900 °C throughout the section. 
The latter is in good agreement with THERMOCALC 
phase-equilibria modeling of highly aluminous cordi-
erite+K-feldspar+spinel±corundum±rutile±sillimanite 
metapelitic assemblages from ~4 km from the center of 
the dome that suggests temperatures in excess of 1000 
°C. Conventional cation-exchange thermometry for 
these rocks ([5]) also does not constrain the peak tem-
peratures.  

Discussion: The geothermometric results obtained 
from the central parts of the Vredefort Dome are in 
very close agreement with the numerical modeling 
predictions of [4], and indicate an overlap with the 
metamorphic conditions encountered only very rarely 
in contact-metamorphosed xenoliths in mafic-
ultramafic igneous complexes. In fact, modeling pre-
dicts temperatures as high as 1300 °C [4], which are 
unattainable in contact metamorphic rocks, but may 
have assisted plastic deformation of the granofelses 
during central uplift formation. According to [4], these 
temperatures should have persisted for several hundred 
thousand years. The exceptional lateral thermal gradi-
ent of ~60 °C/km recorded in the central parts of the 
Vredefort Dome also indicates that the primary con-
tributer to the post-shock temperature must have been 
the increase in the shock pressure conditions towards 
the center of the dome. This is despite the fact that 
both structural mapping [13] and the numerical model-
ing [4] indicate that the central parts of the dome show 
little rotation of the crust. This lateral gradient rules 
out the heating being caused by an overlying impact 

melt sheet. Finally, given that the pre-impact crustal 
geotherm could not have exceeded 20 °C/km [14], and 
using the depth estimates of 25-27 km obtained by [4], 
these figures can be used to obtain an estimate of the 
amount of shock heating that must have occurred.  
Temperatures in excess of 1000 °C suggest a shock 
heating component of between ~500 and ~650 °. 
Comparison with the data of [15] suggests that peak 
shock pressures must have lain between 40 and 45 
GPa over the inner 5 km from the center of the Dome, 
revising the previous estimates upwards and agreeing 
well with the numerical modeling predictions [4].  
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