
PRISE Introduction 

The PRISE Group operates as a unique entity within the Research School, with 
the principal charter to provide external access to the Research School’s 
specialised equipment and expertise in the areas of geochronology, isotope 
geochemistry and major and trace element geochemistry. Members of the 
PRISE Group seek support from a wide range of external funding sources; 
projects undertaken range from collaborative research projects supported by 
research grants through to fully commercial projects. The level of expertise is 
internationally recognised with high acclaim. 
 
Areas of current personal research activity undertaken by members of the 
PRISE Group include: 

• The rock record from 2600 to 2000 million years ago preserves 
evidence for dramatically fluctuating greenhouse and icehouse climates at 
the same time as, and possibly caused by, change from an oxygen-
deficient to an oxygen-rich atmosphere. Although the global changes are 
well-documented, correlation of their timing and duration between 
continents is poorly constrained. This project aims to redress that problem 
by producing a precise calibration of the global time scale for the oxidation 
of Earth's atmosphere between 2.6 and 2.0 billion years ago through the 
analysis of the rock records in Australia, Canada and South Africa. It will 
provide a much needed time framework within which long-term feedback 
between atmospheric composition and climate can be understood 

• Geochemical studies of the early solar system are being 
conducted to investigate physical conditions leading to assembly of the 
terrestrial planets and the chronology of events that shaped the Earth and 
Moon. Primitive objects from the solar nebula and samples from the Earth, 
Moon, Mars, and differentiated asteroids are being analysed. This research 
aims to (1) understand the astrophysical environment of the inner solar 
system, (2) establish high-resolution absolute timescales for early 
geological events including planetary differentiation and impact histories, 
and (3) identify the characteristics and provenance of small bodies present 
during the early stages of planetary development. 

• Recycling of oceanic lithosphere into the mantle at subduction 
zones is a fundamental part of the earth’s plate tectonics. Isotopic 
characteristics of many lavas indicate that this recycled material is present in 
upper mantle melting zones. This suggests that these lavas derive from 
partial melting of complex, mixed sources composed of ancient recycled 
oceanic crust with low melting temperatures, and normal peridotite with 
much higher melting temperatures. There is little understanding of how such 
heterogeneous material melts and the sorts of liquids it produces. This 
project is using high-pressure-temperature experiments and major, minor 
and trace element analysis of experimental run products to investigate the 
melting behaviour of mixed mantle sources. 



• The concept of a Snowball Earth has stimulated much discussion 
and ongoing research. A fundamental criterion is the absolute timing of the 
glaciogene events on a global scale. This project involves the study of 
stratigraphically well-constrained rocks in North America, Africa, Australia 
and South America with the principal aim being to place absolute age 
constraints on the glaciogene events and so enable one to draw 
comparisons and contrasts with other correlated horizons. Preliminary 
results from this and other studies show that some glaciogene events are 
globally coincident, whilst others are clearly outside the bounds of a single 
coeval, coincident Snowball Earth event. 
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The Kaapvaal Craton does not contain the oldest rocks on Earth, but it does 
contain one of the most comprehensive and continuous Archaean geological 
records from ~3.6 Ga onwards (Hunter 1974; De Wit et al. 1992; Poujol et al. 
2003).  It is thus an excellent laboratory for the development of geodynamic 
models of crustal and lithospheric growth.  

de Wit et al. (1992) proposed a two-stage evolution for the craton, with the 
initial cratonic shield having grown through collisional tectonics and vertical 
magmatic accretion between 3600 and 3200 Ma, and subsequent lateral 
accretion along the margins of the Shield between 3200 and 3100 Ma. Field 
mapping, geochemical analysis, and U-Pb zircon and monazite dating have 
confirmed de Wit et al.’s (1992) model for the eastern parts of the craton 
(Armstrong et al., 1990; Kamo and Davis 1994; De Ronde and De Wit 1994; 
Lowe 1994, 1999). Formation and accretion of the younger crustal fragments 
in the western and northern parts of the craton appears to have coincided 
broadly with partial melting of pre-existing >3200 Ma tonalite-trondhjemite-
granodiorite (TTG) suites at mid- to lower-crustal levels and emplacement of 
3200-3100 Ma high-level granite-granodiorite-monzogranite (GGM) batholiths 
throughout the already formed Kaapvaal Shield (Robb et al. 1991; De Wit et 
al. 1992; De Wit 1998; Moser et al. 2001; Poujol et al. 2003). The latter event 
has been interpreted by some workers as having been responsible for the 
establishment of a thick, stable lithospheric crust, which was capable of 
supporting the large late Neoarchaean to Paleoproterozoic volcano-
sedimentary basins (Robb et al. 1991; De Wit et al. 1992; Kamo and Davis 
1994; De Wit 1998; Moser et al. 2001; Poujol et al. 2003).  

In the central parts of the craton, we have concentrated our studies in the 
unique exposure within the 2-billion year impact site now preserved as the 
Vredefort Dome, integrating lithological and structural mapping, geochemistry 
and SHRIMP U-Pb dating to elucidate the tectonic history of the crystalline 
basement. Previous studies have suggested a link between an ~3.1 Ga high-
grade metamorphic event recorded in mid-crustal rocks of the Vredefort 
dome and partial melting of the >3200 Ma tonalite-trondhjemite-granodiorite 
(TTG) suites in the Kaapvaal Shield (Hart et al. 1999; Moser et al. 2001; 
Flowers et al. 2003; Poujol et al. 2003). Moser et al. (2001) and Flowers et al. 
(2003) have suggested that this metamorphic event was followed by coupling 



of the cratonic mantle and the Archaean protocontinental crust shortly before 
stabilization of the craton at ca. 3080 Ma. However, whilst evidence of partial 
melting of >3200 Ma TTG crust is observed elsewhere in the eastern and, to 
some extent, central parts of the craton, our new SHRIMP results indicate 
that emplacement of oldest sialic rocks (TTG suites) in the core of the dome 
occurred after the assembly of the Kaapvaal Shield at 3200 Ma.  

Our results suggest a three-stage magmatic and tectonic evolution 
commencing with multiple intrusions of 3150-3107 Ma TTG rocks during the 
ductile deformation events D1 and D2. The chemical compositions of the TTG 
rocks, together with the geochronological data, suggest that they were 
probably derived from partial melting of hydrated oceanic crust in an island 
arc setting. The TTG and greenstone sequences were later partially melted 
and intruded by 3090-3080 Ma leucosomes and other granitoids during the 
upper amphibolite- to granulite-facies regional metamorphism and the 
development of a kilometer-scale, NW-trending, S3 high-strain zone. S3 and 
the high-grade metamorphic event are related here to tectonic collision of the 
Vredefort island arc terrane with the >3200 Ma Kaapvaal Shield to the east. 
The final Mesoarchaean structural event recorded in the core of the dome 
was associated with the collapse of the thickened crust along NE-trending, 
normal dip-slip, peak-to-retrograde, subhorizontal mylonitic shear zones (D4). 
The collapse was probably associated with, or was shortly followed by, the 
emplacement of 3060-3017 Ma aplite dykes. This extension may be linked to 
the rifting that accompanied the outpouring of the 3070 Ga Dominion Group 
volcanic sequence.  

These new results from the crystalline basement rocks of the Vredefort Dome 
show that the tectonic history of this part of the craton is significantly 
different to other well-documented parts of the craton. The amalgamation of 
the craton as it is presently preserved probably occurred through lateral 
accretion of substantial blocks of crust at varying times, but it is clearly a 
complex process combining crustal blocks that potentially had very different 
tectonic histories. 
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It is difficult to obtain accurate and reliable time constrains on siliciclastic 
Neoproterozoic rocks where tuffaceous horizons are absent; the so-called 
“curse of the Neoproterozoic sandstones” (Link et al., 1993). Further, even 
where tuffaceous rocks are present they often contain recycled zircon and so 
there may not be a unique interpretation of a “magmatic” component that 
dates the sequence. One mechanism to place time constraints on such 
siliciclastic and volcaniclastic sequences is via the detrital zircons, specifically 
by examining the youngest coherent age grouping in the detrital age 
spectrum. Detrital zircon age data is principally used to determine the 
provenance of a sediment, and from that provenance, draw conclusions about 
possible correlations and sources. Many detrital zircon age spectra contain a 
few analyses that are close to or within uncertainty of the inferred 
depositional age of the sediment. In some cases, this young age population 
may be younger than an existing prejudiced interpreted time of deposition 
and so a coherent young age peak (ie 3 or more grains) will place constraints 
on the maximum age of deposition. The Uinta Mountain Group (UMG) of 
northeastern Utah is one such siliciclastic Neoproterozoic succession that has 
limited constraints on the time of deposition. From correlations based on 
fossil, C isotope and lithological evidence with the Chuar Group of the Grand 
Canyon region, the top of the western UMG (Red Pine Shale) is placed at 
ca.740 Ma (Dehler et al.,2001). Few if any age constraints are available for 
the eastern UMG, nor for the lower parts of the sequence. An initial 60-grain 
sampling of the formation of Outlaw Trail, ~ 1km from the base of the 4-7 km 
thick (UMG) in the Swallow Canyon quadrangle, eastern Uinta Mountains, 
found a single zircon with an age of ca.760 Ma. Other components of that 
detrital zircon spectrum include a significant Grenville age cluster, grains 
derived from 1.45 Ga A-type granites, Meso- to Paleoproterozoic grains and 
the usual smattering of Archaean grains. In order to obtain a credible 
maximum depositional age constraint, a population, rather than a single 
young grain, is necessary. From the analysis of 128 single zircon grains from 
two separate samplings of the same outcrop and 4 analytical sessions, there 
are 4 grains that are within analytical uncertainty and give a concordia age of 
ca.770 Ma. These four grains are igneous in origin as interpreted from CL 
images, but the grain morphologies show clear evidence for surface 
transport; ie they are not primary volcanic grains. This ca.770 Ma age group 
is the youngest coherent component within the 128 grain population and 
therefore constrains the maximum age on deposition near the base of the 
eastern UMG. These data show that detrital zircon age determinations can not 



only be used for provenance information and but where a significant youngest 
component is determined, it constrains the maximum depositional age. 
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Determination of Fe3+/(Fe2++Fe3+) in garnet from kimberlite-bourne peridotite 
xenoliths is essential in calculating lithospheric mantle oxidation state (ie. 
oxygen fugacity; ƒO2) in the garnet peridotite stability field. Knowledge of 
deep lithospheric ƒO2 is important in estimating diamond stability and in 
elucidating metasomatic history. 
 
X-ray Absporption Near Edge Structure (XANES) spectroscopy offers a rapid 
and precise synchrotron-based microbeam technique for determining 
transition metal oxidation states in a range of geological materials, including 
volcanic glasses (e.g. Berry et al. 2003; Berry and O’Neill 2004). The aim of 
our study is to calibrate the technique for application to determination of 
Fe3+/∑Fe in natural mantle-derived garnets, frequently recovered from 
regolith and drilling during diamond exploration programs. 

 
Using the Australian National Beamline Facility at the Photon Factory, 
Tsukuba, Japan, we acquired Fe K-edge XANES spectra from a series of 
synthetic, well-characterised garnets on the compositional joins andradite – 
skiaigite - almandine (Ca3Fe2

3+Si3O12 - Fe3
2+Fe2

3+Si3O12 - Fe3
2+Al2Si3O12), 

which have Fe3+/∑Fe varying from 1 to 0 (Woodland and O’Neill 1993; 
Woodland and Ross, 1994). The powdered samples were mounted on plastic 
film allowing simultaneous acquisition of fluorescence, absorption and Fe-foil 
energy calibration spectra. This visit to the ANBF was funded by the 
Australian Synchrotron Research Program. 

 
Pre-edge peaks were subjected to background subtraction and best fits were 
determined by fitting a number of Gaussian components. The peak centroids 
varied linearly with Fe3+/∑Fe, as shown in Figure 1. 
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Figure 1. Plot of garnet Fe3+/∑Fe 
against pre-edge peak centroid (eV) 
showing the linear correlation. 
 
We have been granted further 
beamtime in 2006. During this visit, 
we will aim to investigate the nature 
of garnet compostional effects using 
an extended set of well-
characterised synthetic and natural 
samples (e.g. Mössbauer 
spectroscopy). 



 In particular we will include Mg and Cr-bearing end-members. This should 
allow development of a full calibration applicable to natural mantle garnets. 
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Single-grain geochemical analysis by WDS electron-microprobe and LA-ICPMS 
of detrital apatites from Pliocene sandstones in the South Caspian Basin 
(Azerbaijan) and Devonian-Carboniferous sandstones from west of Shetland 
(UK) demonstrate that apatite geochemistry has significant potential in 
provenance analysis. Apatites in Pliocene sandstones deposited by the paleo-
Kura river system, which drained the Lesser Caucasus region, were derived 
largely from mafic/intermediate and alkaline rocks. Apatite populations in 
Pliocene sediments transported by the paleo-Volga river system, which 
drained the Russian Platform, show greater compositional diversity, indicating 
supply from granitoids or other acidic rocks together with subordinate 
mafic/intermediate and alkaline rocks. Apatites in the Devonian-Carboniferous 
succession west of Britain were sourced predominantly by acidic rocks, either 
directly from Archaean gneisses or indirectly from metasedimentary rocks. 
 
Since apatite is stable during burial in sedimentary basins, apatite 
geochemistry can be used to determine provenance of sandstones from the 
full range of diagenetic environments, although the instability of apatite 
during weathering means that the method will be difficult to apply to 
sandstones with prolonged weathering history. At present, identification of 
provenance using apatite geochemistry is limited by the lack of a 
comprehensive database on apatite compositions in some of the potential 
source rocks, particularly those of metamorphic origin. The role played by 
sediment recycling is another factor that requires consideration when 
reconstructing source areas on the basis of apatite compositions. 
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