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The Archean eon is a chronometrically deﬁned subdivision of the Precambrian that extends from 3800
to 2500 Ma. In the Australian continent, Archean rocks (i.e. those with sedimentary deposition or
igneous crystallisation ages conﬁdently interpreted to be older than 2500 Ma) occur in the Pilbara and
Yilgarn Cratons of Western Australia, the Mulgathing and Sleaford Complexes in the Gawler Craton of
South Australia and as minor inliers in the Pine Creek Orogen of the Northern Territory. Metamorphosed
lithological components with igneous or sedimentary precursors inferred to be of Archean age also
occur in the Browns Range Dome and Billabong Complexes of the Tanami Inlier, Northern Territory, and
possibly also in the Broken Hill Inlier. This contribution outlines aspects of the historical development of
geochronological methods applied to the Archean of Australia, the respective strengths and
weaknesses of these methods and how our understanding of the continent’s Archean geology and
tectonics was related to this development. The geological formation of the Yilgarn and Pilbara Cratons
is investigated using a new statistical approach based on the distribution of SHRIMP U–Pb zircon and
monazite dates obtained from rock samples that may have complex mineral age populations. Spatial
and temporal characteristics of the magmatic episodes identiﬁed in the Yilgarn and Pilbara granite–
greenstone terranes are atypical of rift/collision processes attributable to tectonic-plate interactions,
but are consistent with their interpretation as a response to major mantle convection events. The
strengths of this geochronology-based approach are demonstrated by its application to the Narryer
Gneiss Complex of the northwestern part of the Yilgarn Craton. It is shown that this approach offers
unique insights into geological events that may be under-represented at the outcrop scale due to later
crustal re-working.
KEY WORDS: Archean, detrital minerals, Pilbara, Precambrian, SHRIMP, uranium–lead dating, xenocryst,
Yilgarn, zircon.

INTRODUCTION
The Archean (formerly Archeozoic) eon, a chronometrically defined subdivision of the Precambrian (4567–542
Ma), is generally accepted to extend from 3800 to 2500 Ma
(Robb et al. 2004), although the International Commission on Stratigraphy has not formally defined the base
of the Archean. It is preceded by the Hadean eon (4567–
3800 Ma) and followed by the Paleoproterozoic era (2500–
1600 Ma) of the Proterozoic eon (2500–542 Ma). The
Archean eon has been subdivided into the Eoarchean
(3800–3600 Ma), Paleoarchean (3600–3200 Ma), Mesoarchean (3200–2800 Ma) and Neoarchean (2800–2500 Ma) eras.
The distribution within the Australian continent of
cratons or crustal inliers known or inferred to contain
Archean rocks (i.e. with sedimentary deposition or
igneous crystallisation ages confidently interpreted to
be 2500 Ma) is shown in Figure 1. The Pilbara and
Yilgarn Cratons of Western Australia consist predominantly of Paleoarchean to Neoarchean and Neoarchean
granite–greenstone lithologies, respectively. The spatially
distinct Mulgathing and Sleaford Complexes in the

Neoarchean to Mesoproterozoic Gawler Craton of South
Australia contain metamorphosed felsic to intermediate
volcanic and sedimentary lithologies emplaced or deposited between 2560 and 2500 Ma (Swain et al. 2005 and
references therein). Neoarchean granitic gneiss, granite
and minor metasedimentary rocks have also been identified as small inliers and as basement to Paleoproterozoic
strata in the Pine Creek Orogen (Cross et al. 2005 and
references therein).
In addition to these confirmed examples of the
Australian Archean, there are several other occurrences that have been inferred to contain metamorphosed lithological components of Archean age: these
may be confirmed by future investigations. Uncertainty
about the ages of these occurrences is attributable to
difficulties in deriving formation ages for metamorphosed rocks or melt enclaves derived from sedimentary precursors. The Broken Hill Inlier contains layered
amphibolite facies quartzo-feldspathic gneisses with
predominantly 2670–2550 Ma zircons. These gneisses
may have been derived from Neoarchean sedimentary
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Figure 1 Map of Australia showing
localities (shaded) of the Archean
Pilbara and Yilgarn Cratons and
of Proterozoic inliers that are
presently known or have been
inferred to contain rocks with
sedimentary
deposition
or
igneous
crystallisation
ages
2500 Ma, or of metamorphic
rocks with igneous or sedimentary precursors 2500 Ma (in
black). The location of the study
area discussed in the text is also
shown.

precursors that were affected by several Proterozoic
tectonothermal events (Nutman & Ehlers 1998). Several
occurrences of possible Neoarchean age gneiss have also
been reported from the Tanami Inlier of the Northern
Territory. In the Browns Range Dome Complex, enclaves of garnetiferous gneiss were interpreted as ca
2510 Ma melts of sedimentary precursors that were
metamorphosed at ca 1882 Ma (Page et al. 1995). These
gneisses also contain 3040 Ma, 3100–3140 Ma, 3260 Ma
and 3500–3600 Ma zircons. Leucocratic granitic gneiss of
the Billabong Complex was also inferred to have a ca
2530 Ma igneous precursor (Page et al. 1995).
The aims of this contribution are to: (i) outline some
aspects of the historical development of geochronological methods applied to the Archean of Australia,
summarising the respective strengths and weaknesses
of these methods and demonstrating how our understanding of the Archean geology and tectonics was
related to this development; and (ii) outline new
approaches to the investigation of the geological development of the Archean that may find application in
future as geochronological data accumulate; the
strengths of these approaches are demonstrated by their
application to granite-greenstone and high metamorphic grade gneiss components of the Australian
Archean.
Due to their generally poor exposure and restricted
spatial distribution, geological relationships of the
Gawler, Pine Creek, Broken Hill and Tanami occurrences of known or inferred Archean age rocks currently remain relatively poorly studied. As a
consequence (and due also to space limitations), this
contribution will mainly focus on the geochronology of
the Archean of the Pilbara and Yilgarn Cratons.

DEVELOPMENT OF GEOCHRONOLOGICAL
METHODS AND THEIR APPLICATION TO THE
AUSTRALIAN ARCHEAN
The earliest geochronological investigations of the
Archean rocks of Australia were based on combined
87
Rb–87Sr and 40K–40Ar investigations of high-Rb- and Kbearing minerals. Jeffery (1956) reported muscovite
87
Rb–87Sr and microcline 40K–40Ar dates of ca 2800 Ma
(all dates cited have been recalculated using currently
accepted decay constants, with uncertainties given at
the 95% confidence level unless otherwise indicated) on
a spodumene-bearing pegmatite from Cattlin Creek near
Ravensthorpe, and Wilson et al. (1960) documented
87
Rb–87Sr and 40K–40Ar mica and feldspar dates of ca
2700 Ma for Li-bearing pegmatites from Londonderry
and Grosmont, near Coolgardie. However, prior to 1980,
estimates of the formation ages of the older parts of the
Australian continent were based largely on whole-rock
and mineral 87Rb–87Sr isochron dates. Following publication of a key study by Compston & Jeffery (1959),
determination of ‘primary’ 87Rb–87Sr isochron dates for
the metamorphosed rocks of the Australian Archean
was considered to be best achieved using whole-rock
samples with a range of Rb/Sr ratios taken from a single
rock unit. During the mid-1960s and early 1970s, most
published 87Rb–87Sr studies of the Australian Archean
originated from the laboratories at the Australian
National University under the direction of W. Compston
using this approach. Examples include regional
87
Rb–87Sr dating investigations of the eastern Yilgarn
by Turek and collaborators (Turek 1966; Turek &
Compston 1971; Compston & Turek 1973), Arriens
(1971), Oversby (1975) and Worden & Compston (1973).
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From the mid-1970s, additional regional 87Rb–87Sr studies of Western Australia were published as a result of a
successful collaboration between J. R. De Laeter of the
Western Australian Institute of Technology (later Curtin University of Technology) and A. F. Trendall of the
Geological Survey of Western Australia (see De Laeter &
Trendall 1979).
The 87Rb–87Sr isochron technique dates the time at
which the process or processes responsible for the
dispersion in Rb/Sr ratios in the samples occurred.
Several conditions must be met before 87Rb–87Sr wholerock or mineral isochron dates may be regarded as
reliable measurements of the times of geological
events: (i) all samples included on the isochron should
have identical 87Rb–87Sr formation ages; (ii) all samples
must have had the same initial 87Sr/86Sr at the time of
the event being dated; in the case of igneous crystallisation dates, all (whole-rock or mineral) samples
should be cogenetic, whereas for metamorphic isochrons, all samples must have been reset to the
same initial 87Sr/86Sr by the metamorphic event; and
(iii) the 87Rb–87Sr isotopic system must have remained
closed, on a whole-rock scale for whole-rock isochrons or on a mineral scale for mineral isochrons
undertaken on a whole rock, since the time of the event
being dated.
Most whole-rock 87Rb–87Sr isochrons obtained on
granitoid rocks of the Yilgarn and Pilbara Cratons were
interpreted as dating igneous crystallisation of the
granitoid rocks sampled. However, most of the Archean
rocks of these cratons have been metamorphosed to at
least lower greenschist facies; both Rb and Sr are mobile
under these conditions (particularly in the fine-grained
volcanic lithologies of greenstone sequences) and the
87
Rb–87Sr isotopic system in most of the granitoid rocks
studied had been disturbed, commonly by hydrothermal
activity associated with metamorphism within *100
million years of their emplacement. In addition, the
extensive weathering of surface exposures had not been
sufficiently taken into account in the collection of
samples used in some of these earlier 87Rb–87Sr studies.
The incorporation of whole-rock (and occasionally
mineral) 87Rb–87Sr data from several granitoid bodies
on a single isochron to generate ‘regional isochrons’ was
common in early 87Rb–87Sr dating studies (Turek 1966;
Arriens 1971). Although providing estimates of the time
of emplacement or metamorphism of the granitoid rocks
sampled, this approach violates two of the assumptions
listed above, and such dates should be interpreted
cautiously. A further limitation of the 87Rb–87Sr
isochron method are the relatively large uncertainty
limits (i.e. typically 4+ 50 Ma) that apply to these
dates.
Biotite or muscovite 87Rb–87Sr model dates may be
calculated either by assuming an estimated initial
87
Sr/86Sr (of *0.701 for example) or by using the
87
Sr/86Sr determined on a cogenetic low Rb/Sr mineral
or the whole rock from which the minerals were
extracted. These dates are best interpreted as indicating
the time of closure of the 87Rb–87Sr system within biotite
(*3008C) or muscovite (*5008C).
From the mid-1970s, whole-rock 207Pb/204Pb–
206
Pb/204Pb and combined whole-rock and mineral
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Pb/204Pb–206Pb/204Pb methods were also applied to
the investigation of the ages of Archean rocks of
Australia. Examples include regional studies in the
eastern Yilgarn by Oversby (1975), Stuckless et al. (1981),
Roddick (1984), Chauvel et al. (1985) and McNaughton &
Cassidy (1990). Because Pb can substitute for K in
K-feldspar, whereas U is generally excluded, some of
these studies (Oversby 1975) combined isotopic analyses
of Pb in K-feldspar separates with those of whole-rock
samples, in order to increase the dispersion in the U/Pb
ratio and thus improve the precision attainable on
207
Pb/204Pb–206Pb/204Pb isochrons. Based largely on the
observation that whole-rock 207Pb/204Pb–206Pb/204Pb isochron dates on granitoid rocks of the Pilbara and
Yilgarn Cratons were generally older than 87Rb–87Sr
isochron dates, it was argued that whole-rock 207Pb/
204
Pb–206Pb/204Pb dates were more ‘robust’ (i.e. less
sensitive to disturbance) than whole-rock 87Rb–87Sr
dates (Bickle et al. 1983). However, both U and Pb are
commonly mobile during hydrothermal activity and
low-grade metamorphism. Furthermore, U and Pb are
highly incompatible elements in basaltic magmatic
systems, and it is unlikely that the range of U/Pb ratios
resulting from igneous fractionation processes will be
sufficient to enable the technique to be used for the
precise dating of igneous crystallisation events in
greenstone sequences. Where sufficient dispersion is
found among greenstone (and probably also granitoid)
sample suites to define precise whole-rock 207Pb/
204
Pb–206Pb/204Pb isochron dates, it is likely that this
dispersion was caused by hydrothermal activity and
that the event being dated by a 207Pb/ 204Pb–206Pb/204Pb
isochron was not directly related to igneous
crystallisation.
The isotopic composition of Pb-rich minerals with
low U/Pb, such as galena (PbS), approximates that of Pb
in the local crustal environment at the time that the
mineral formed. Isotopic analyses of ore Pb formed
synchronously with well-dated host rocks (i.e. ‘conformable’ ores) have been used to establish the ‘ore Pb
growth curve’ or the trajectory along which the ratios
206
Pb/204Pb and 207Pb/204Pb have evolved during the
radiogenic decay of 238U to 206Pb and 238U to 207Pb.
Commonly used growth curve models assume that the
composition of Pb at the time of the Earth’s formation at
4.57 Ga was identical to that of the most primitive Pb yet
analysed, in troilite from the Canyon Diablo meteorite,
and that the U/Pb ratios in the ore Pb reservoir can be
approximated by either a two-stage (Stacey & Kramers
1975) or linearly increasing (Cumming & Richards 1975)
variation model. Model Pb dates based on the assumption of U/Pb variation predicted by these models can
only be reliably obtained for so-called ‘conformable’ Pb
isotopic compositions that plot on or close to these
model growth curves. More sophisticated models (e.g.
the plumbotectonics model of Zartman & Doe 1981) have
emphasised that ore Pb is likely to contain Pb derived
from a number of major terrestrial reservoirs, such as
the upper mantle, lower crust and upper crust, and that
no simple ‘orogene’ Pb growth curve (hypothetical
global Pb growth curve derived by the mixing, during
regional orogenies, of Pb from mantle and crustal
reservoirs) can be constructed. In general terms, Pb
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model dates on younger galenas are less reliable
indicators of real geological events than those obtained
on older (particularly 43.0 Ga) galenas. Where it can be
demonstrated that the low-U/Pb minerals formed synchronously with deposition of the host-rocks, Pb model
mineral dates may provide an estimate of the minimum
age of the surrounding crust. Vaasjoki (1985), Browning
et al. (1987), Dahl et al. (1987a, b) and Perring &
McNaughton (1990) have reported model Pb dates on
galena, K-feldspar and other low-U/Pb minerals from
sites throughout the Eastern Goldfields.
In the mid-1980s, the first limited model date and
whole-rock isochron investigations of the Australian
Archean using the 147Sm–143Nd technique were published. 147Sm–143Nd model dates are generally interpreted to correspond to the time at which the Sm/Nd
ratio changed (i.e. fractionation of light from the middle
rare-earth elements), usually by melt extraction from a
model mantle reservoir. 147Sm–143Nd model dates obtained for granitoid or mafic rocks may constrain the
time of melt extraction of their precursor source rocks
from a model mantle reservoir (i.e. model ‘mantle
extraction’ dates). The 147Sm–143Nd model date method
assumes that the precursor source rocks have undergone a simple single-stage magmatic history—an assumption that may be (approximately) valid for mafic
rocks but which is usually not appropriate for granitoid
rocks. Two types of 147Sm–143Nd model date, distinguished by the assumed mantle source reservoir, are in
common use: TNdCHUR (or CHondritic Uniform Reservoir) model dates assume that the 147Sm–143Nd isotopic
characteristics of the source reservoir are identical to
those identified in some geochemically primitive meteorites (i.e. 147Sm/144Nd ¼ 0.1967), whereas TNdDM (or
Depleted Mantle, referring to the depletion of the midocean ridge basalt reservoir in incompatible elements)
model dates use an 147Sm–143Nd ratio (equivalent to
147
Sm/144Nd ¼ 0.225) calculated to give the observed Nd
isotopic compositions of young mid-ocean ridge basalts
from an initially chondritic bulk Earth at 4.57 Ga.
Neither of the parameter sets used in these model date
calculations closely approximates Nd isotopic evolution
in Earth reservoirs, so hybrid models (such as that
given by McCulloch 1987) have been formulated but
have not been widely tested or applied. For samples
younger than Archean in age, TNdCHUR model dates
generally underestimate the time of mantle extraction,
whereas TNdDM model dates commonly overestimate
the time of mantle extraction. The Sm/Nd ratio may not
be greatly changed during extraction of basaltic or
granitoid melts from their sources, because of the large
degrees of partial melting which may be involved in the
generation of these melts, and TNdCHUR Sm–Nd model
dates on these rock types are best interpreted as
minimum dates for the (?subcontinental lithospheric
or lower crustal) source materials from which these
melts have been derived.
Preconditions applying to whole-rock 147Sm–144Nd
isochrons are similar to those outlined above for the
87
Rb–87Sr isotopic dating method. However, Sm and
Nd are generally less mobile than Rb and Sr during
metamorphism.
Several
studies
(McCulloch
&
Compston 1981; Fletcher et al. 1984) have erroneously

incorporated whole-rock Sm–Nd isotopic data from
petrogenetically unrelated rocks on whole-rock
147
Sm–144Nd isochrons in order to overcome the commonly encountered problem of the limited range in the
Sm/Nd ratio, which limits the precision attainable by
the 147Sm-144Nd isochron method. Unrealistically old
whole-rock 147Sm–144Nd isochron dates were obtained
on mafic sequences from the Eastern Goldfields (ClaouéLong et al. 1984; Chauvel et al. 1985). These erroneous
whole-rock 147Sm–144Nd isochron dates arise because
the Sm/Nd ratio is positively correlated with
143
Nd/144Nd at the time of eruption, either as a
consequence of extensive crustal contamination of the
magmas by older rocks or because chemical fractionation or mixing events have changed the Sm/Nd ratios
(and, in the case of mixing events, possibly Nd isotopic
compositions) of the magma source regions of the mafic
rocks.
Most radiometric decay schemes in common use for
geochronology are more likely to be closed systems on a
mineral scale than on the scale of a whole-rock sample.
As a consequence, many radiometric dating methods
rely on the dating of a chemically suitable mineral, with
a high parent/daughter ratio, isolated from a geological
sample. Radiometric dates obtained from individual
minerals must then be related to a specific process
responsible for development of the observed mineralogy
of the host-rock. The high precision dates obtainable
using the coupled 238U and 235U radioactive decay to
206
Pb and 207Pb within high-U minerals were not widely
exploited by Australian geochronology laboratories
until the mid-1980s. Zircon is a very common, highly
resilient mineral that preferentially incorporates U and
Th into, but excludes Pb from, its crystal structure
during crystallisation. The earliest Australian U–Pb
zircon dating investigations (Richards et al. 1966) used
large numbers of zircon grains that were extracted from
rock samples and dissolved and analysed in bulk. It was
later appreciated that, in part because of its resilience,
different generations of zircon are commonly found in a
single rock sample, and techniques were refined in
order to analyse fewer zircon grains. Methods were also
developed to abrade the outer surface and the softer,
radiation-damaged areas of zircon grains, in order to
remove these zones of the grain from which radiogenic
Pb may have been lost and to make the analysis more
concordant. Notable were the laboratories of R. T.
Pidgeon at Curtin University and J. A. Cooper at the
University of Adelaide, which reported precise dates
obtained for small numbers of zircons or (under
favorable conditions) even individual grains. However,
individual zircons may consist of core and rim materials with different crystallisation ages; zircons with these
properties cannot be confidently dated using conventional chemical techniques. In 1983, a team based at the
Australian National University led by W. Compston
successfully applied a high mass-resolution ion microprobe, the Sensitive High-Resolution Ion MicroProbe (or
SHRIMP), to the U–Pb dating of zircons, reporting the
identification of detrital zircons older than 4.0 Ga in a
metasandstone from Mt Narryer (Froude et al. 1983). The
analysis of micrometre-scale portions of individual
zircon crystals by this technique enables cores and rims

Downloaded By: [Nelson, D. R.] At: 02:20 18 August 2008

Archean geochronology of Australia
of zircons with different crystallisation ages to be dated
separately.
Measured 207Pb and 206Pb abundances in zircons
consist of both a radiogenic component, derived from
the radioactive decay of U, and a common-Pb component, incorporated at the time of zircon crystallisation,
during zircon alteration and/or as a contaminant
during analysis. To determine a U–Pb zircon crystallisation age, the common-Pb component must be
subtracted from the measured abundance in order
to determine the radiogenic Pb abundance. As the
common-Pb composition cannot be measured directly,
U–Pb zircon dating requires some assumptions to be
made about the isotopic composition of the common-Pb.
In the case of most Archean-age zircons, the generally
high ratio of radiogenic Pb/common Pb means that the
composition of the common-Pb chosen is not critical, but
for young or low-U analyses, the common-Pb composition may significantly effect the date obtained. The
composition of the common-Pb is commonly calculated
using an ore Pb growth curve, such as that proposed by
Cumming & Richards (1975: see common-Pb model date
method above). On a conventional Wetherill (1956)
concordia (206Pb/238U vs 207Pb/235U) diagram, a single
curve can be defined along which analyses should plot if
the U–Pb system has a single closure time and has
remained undisturbed since the time that the zircon
crystallised (i.e. is ‘concordant’). U–Pb analyses of
zircon commonly fall below concordia, indicating that
radiogenic Pb has leaked from the zircon or analysis
site. For discordant analyses, a 207Pb/206Pb date (determined by extrapolating a line from the origin through
the analysis to the concordia) may provide the minimum age of zircon crystallisation. Using conventional
(single zircon) techniques, regression lines may be fitted
through two or more analyses to define concordia
intercepts that may constrain the times of geological
events. For U–Pb analyses of zircons obtained by ion
microprobe, Pb-loss trajectories commonly extrapolate
to the origin, principally because analysis sites are
usually located on zircon formed during a single
crystallisation event. SHRIMP U–Pb zircon dates for
Archean samples are generally obtained by pooling
individual 207Pb/206Pb analyses obtained from a number
of zircons.
Due largely to the resilience of the mineral zircon,
the SHRIMP U–Pb zircon dating technique is ideally
suited to dating of the deeply weathered rocks of the
Australian continent. In 1994, the first commercially
built SHRIMP II instrument was installed at Curtin
University of Technology. The success of this facility
and the ever-increasing demand for access to this
instrument led to the installation of a second SHRIMP
II at Curtin in 2004. The advent of the SHRIMP U–Pb
zircon dating technique has seen the volume of geochronology data on the Archean of Australia increase
dramatically over the past decade. Along with this
growth, the precision routinely attainable on SHRIMP
U–Pb zircon dates has also improved by about an order
of magnitude (typically better than + 10 Ma) compared
with that routinely attainable using the whole-rock
87
Rb–87Sr and 147Sm–144Nd isochron techniques
(i.e. +100 Ma).
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GEOCHRONOLOGY OF THE ARCHEAN GRANITE–
GREENSTONE TERRANES OF AUSTRALIA
Models of granite–greenstone crust formation
The increased volume of geochronological (particularly
SHRIMP U–Pb zircon) data available for the Archean
Pilbara and Yilgarn Cratons has revealed that growth of
the distinctive granitic (sensu lato) and predominantly
bimodal (mafic–ultramafic and dacitic) volcanic (greenstone) association that comprises much of the crust
formed in the Archean era typically occurred during
abrupt crustal growth episodes. Two alternative hypotheses for the development of the granite–greenstone
association have been advanced. Emphasising the
unusual chemistry of komatiitic magmas of greenstone
sequences that requires their derivation by high degrees
of partial melting of mantle peridotite at mantle depths
of 120 km, Campbell & Hill (1988) proposed the
involvement of upwelling mantle plumes. Formation of
the granite–greenstone association was attributed to
interaction of a mantle plume with older, thin continental crust, with the granitoid plutons derived by
melting of the pre-existing crust as a consequence of the
transfer of heat from the mantle plume. Deformation
within the greenstones was attributed to the ascent and
lateral movement of the plutons. Thus, the process
envisaged by Campbell & Hill was independent of
tectonic-plate interactions. In contrast, other authors
(Langford & Morin 1976; Card 1990; Jackson & Fyon
1991), based largely on investigations of the Superior
Craton, have advocated a process involving lateral
accretion of oceanic and island arc terranes by plate
convergence and subduction processes, resembling
those operating today in the Indonesian archipelago,
for the derivation of the granite–greenstone association.
Recent combined geological and geochronological
investigations favour hybrid models that combine
aspects of both these alternative mechanisms. Comparison of the rapidly accumulating U–Pb geochronology
data available for the eastern part of the Yilgarn Craton
of Western Australia with that available for the Abitibi
Subprovince of the Superior Craton of Canada has
revealed that volcanism in the greenstones of these
cratons was coeval, and that komatiites were erupted
synchronously at 2705 Ma in both cratons (Nelson
1998a). However, major granitoid intrusion and compression episodes in the eastern Yilgarn Craton postdate those in the southern Superior Craton by at least 15
million years, whereas intrusion of late-tectonic syenites, movement on major shear zones, metamorphism
and deposition of post-tectonic clastic sequences occurred 25–40 million years later in the eastern Yilgarn
Craton than in the southern Superior Craton. These
observations rule out the existence of a single Archean
Yilgarn–Superior Craton but were interpreted to indicate that the granite–greenstone association formed as a
result of two superimposed processes—large-scale convective overturn of the Earth’s mantle, interpreted to
have been responsible for the generation of komatiitic
lavas found in the greenstones of both cratons, and
plate-tectonic interactions that resulted from such
mantle overturn. Major episodes of convective mantle
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overturn (or ‘super-plumes’: Eriksson et al. 2002) were
interpreted to have induced stresses in the Earth’s
tectonic plates that were eased by subduction and plate
collision. Rifts induced by mantle overturn in regions of
continental crust, such as in the eastern margin of the
Yilgarn Craton and at the southern margin of the
Superior Craton at ca 2705 Ma, were closed by platetectonic interactions, with subsequent deformation,
generation of granitoid plutonism and metamorphism.
Thus, the regional deformation episodes preserved in
granite–greenstone terranes were attributed to tectonicplate interactions and not to the ascent and lateral movement of the granitic plutons as argued by Campbell &
Hill (1988). Detailed U–Pb zircon geochronological
investigations of both Pilbara and Yilgarn Cratons
(discussed below) are also consistent with such hybrid
models.
Granitic (sensu lato) rocks are commonly generated
by large-scale melting of pre-existing differentiated
continental crust. Because granitic magmas may include xenocryst zircons inherited from their melt source
region, the age structures of zircon populations in
granitic (and granitic gneiss) rock samples are typically
complex. Granite zircon populations may record evidence of geological events that pre-date crystallisation of
the granitic melt and were preserved within the melt
source region. Evidence of ancient geological events
may thus be preserved by the U–Pb system in zircon
grains derived from the source rocks of granite melts,
even though all rocks formed during these events may
have been destroyed during granite generation. Accumulated radiation damage from radioactive decay of
U and Th increases the susceptibility of the U–Pb
isotopic system in zircons to disturbance, principally
by radiogenic-Pb loss; thermal or disturbance events
that post-date zircon crystallisation may also be recorded by the zircon U–Pb system. Granitic rock
samples may be regarded as random samples of large
volumes of the continental crust, with the age structure
determined by the U–Pb isotopic analysis of their
zircons populations representative of the timing of
magmatic events within both the upper and lower crust
of the area from which the sample was taken. Dates
obtained for a representative population of zircons from
granitic samples collected from a sufficient number of
randomly distributed sampling sites may allow reconstruction of both the spatial distribution of basement
terranes, and the detailed histories of regional-scale
magmatism and high-grade metamorphism.
Based on these concepts, a new statistical approach is
applied here to the investigation of the geological
history of the Yilgarn and Pilbara Cratons of Western
Australia. This approach uses a geochronology database
of 13 930 ion-microprobe U–Pb zircon and monazite
analyses with typical uncertainty of + 5–10 Ma
(+1s level) obtained on samples from throughout
Western Australia (Nelson 1995, 1996, 1997a, 1998b,
1999, 2000, 2001a, 2002, 2003), combined with the powerful
capabilities of the generalised ion-microprobe data
processing computer program CONCH (Nelson 2006).
This approach differs from the more conventional
approach of mapping of distribution boundaries
of identifiable (mappable) rock units combined with

crystallisation dates obtained from representative
whole-rock samples, in that it is based on the distribution of dates obtained from individual minerals (in this
case, zircon and monazite) in samples that may have
complex mineral age populations. It potentially offers
unique insights into past geological events that, due to
later reworking, may be under-represented or even
unrepresented at the outcrop scale.

Pilbara Craton
The Pilbara Craton is subdivisible into an older granite–
greenstone basement formed between ca 3.5 and 3.0 Ga,
and younger (2780 Ma) overlying volcano-sedimentary
sequences that include volcanic and clastic sedimentary
rocks of the Fortescue Group, shales and banded ironformations of the overlying Hamersley Group and
clastic sedimentary rocks of the Turee Creek Group.
Gaussian Summation Histogram plots of geochronology
data for the Pilbara Craton generated by CONCH
(Nelson 2006) using 5498 SHRIMP U–Pb zircon and
monazite analyses from 229 samples of the Pilbara
Craton are given in Figure 2. Two probability density
curves are displayed: one includes all analyses, whereas
the second (shown shaded) includes only concordant
analyses (i.e. those analyses for which the 206Pb/238U
date is within uncertainty of 207Pb/206Pb date at the + 2s
uncertainty level). Peak widths of the probability curves
on this diagram reflect the duration of magmatic and/or
high-grade metamorphic events, whereas peak heights
provide an indication of event intensity, as approximated by the proportion of each age group present in
randomly analysed minerals from randomly sited
samples, biased by the amount of dated mineral formed
during the event.
Figure 2 reveals that on the craton-wide scale,
magmatism (or more precisely, zircon and to a much
lesser extent monazite, crystallisation events) in the
Pilbara Craton during the Archean occurred principally
during five apparently bicuspate peaks, each of *100–
140 million years’ duration. These peaks, at ca 3540–3400,
3340–3220, 3190–3100, 3040–2900 and 2780–2710 Ma, represent periods throughout which zircon crystallisation
events occurred at a significantly higher frequency.
Each is separated by *40–100 million years’ duration
periods, 3390–3350, 3210–3190, 3090–3040 and 2890–2790
Ma, of comparative magmatic quiescence. The older
peak at ca 3540–3400 Ma (equivalent to the 3470–3400 Ma
Warrawoona episode of Nelson et al. 1999) is mainly
restricted to the East Pilbara region and represents this
region’s main period of granite–greenstone crust formation. The earlier sub-peak or ‘cusp’ of the next youngest
(3340–3220 Ma) peak (which corresponds to the 3325–3290
Ma Wyman episode of Nelson et al. 1999) is also
restricted to the East Pilbara granite–greenstone terrane. The later cusp of this peak (equivalent to the 3270–
3235 Ma Roebourne episode of Nelson et al. 1999) occurs
in both East and West Pilbara granite–greenstone
terranes. Also evident are peaks equivalent to the
3140–3090 Ma Sholl episode, confined to the western
Pilbara region, and the craton-wide 3025–2950 Ma
Mallina, 2950–2910 Ma Millindinna and 2760 Ma Fortescue episodes identified by Nelson et al. (1999).
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Figure 2 Gaussian summation probability density histogram plot of zircon and monazite 207Pb/206Pb dates obtained from the
Pilbara Craton. Two probability density curves are displayed; one includes all analyses, whereas the second (shown shaded)
includes only concordant analyses (i.e. those for which the 206Pb/238U date is within uncertainty of 207Pb/206Pb date at the + 2s
uncertainty level).

The major granite–greenstone crust-forming magmatic events evident in Figure 2 are characterised by
periods of intensified magmatic (intrusive and commonly, extrusive) activity of 30–140 million years’
duration on a background of apparently continuous
low-intensity magmatic activity. Following formation of
granite–greenstone crust during the first magmatic
event between 3540 and 3400 Ma, later events have
magmatically reworked the granite–greenstone crust
formed during the earlier events, over extensive (4100
km2) regions rather than along linear or elongate belts.
The regional distribution and long duration of each of
these events are features atypical of rift/collision
processes. Emplacement of intrusive (mostly granitic)
and extrusion of volcanic (both felsic and mafic) rocks
occurred synchronously during these events, although
emplacement of granitoid plutons commonly continued
to younger times than eruption of the volcanic rocks.
The significance (if any) of the apparently bicuspate
nature of each of these peaks is presently uncertain.

Yilgarn Craton
The Yilgarn Craton is composed predominantly of
monzogranitic rocks and bimodal (mafic–ultramafic
and dacitic) volcanic greenstone sequences, with volumetrically minor amounts of clastic sedimentary rocks

and banded iron-formation. In the northwestern part of
the Yilgarn Craton, the Narryer Gneiss Complex
consists of heterogeneous gneisses derived from 3730–
3600 Ma, 3500–3400 Ma, and 3400–3300 Ma monzogranitic
precursors (see below). Lithologically similar heterogeneous monzogranitic gneisses also occur in the southwestern part of the Yilgarn Craton, although details of
the ages of their granitoid precursors and timing of
metamorphism are comparatively poorly known. In the
eastern part of the Yilgarn Craton, greenstone sequences were deposited principally between 2713 and
2672 Ma, onto 2960–2920, 2800, 2760 and 2735 Ma basement
rocks (Nelson 1997b). These basement rocks are preserved throughout the eastern Yilgarn region as isolated
remnants having similar lithologies to those of the
younger granite–greenstone sequences.
Gaussian Summation Histogram plots of geochronology data for the Yilgarn Craton based on 5180 SHRIMP
U–Pb zircon and monazite analyses from 185 samples of
the Yilgarn Craton are displayed in Figure 3. The
Yilgarn Craton histogram (Figure 3d) is dominated by
a single sharp and symmetrical peak at ca 2685 Ma that
extends from ca 2760 to 2550 Ma above a background of
continuous low level activity from 3600 to ca 2500 Ma.
Also evident are peaks at ca 3320, 3360 and 3470 Ma,
comparable to igneous ages of monzogranitic precursors
to heterogeneous gneisses of the Narryer Gneiss
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Figure 3 Gaussian summation probability density histogram plot of zircon and monazite 207Pb/206Pb dates obtained from the
Yilgarn Craton.
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Complex, northwestern Yilgarn. Peaks at ca 3320, 3360
and 3470 Ma, corresponding to the ages of the igneous
precursors to gneisses of the Narryer Gneiss Complex,
are clearly evident in the histogram plot for the northwest Yilgarn (Figure 3c). Minor peaks at ca 3270, 3320,
3360 and 3470 Ma are also present in the central Yilgarn
plot (Figure 3b), whereas very minor peaks at ca 3300
and 3400 Ma occur in the Eastern Goldfields plot
(Figure 3a). No rocks with Paleoarchean ages resembling those of the Narryer Gneiss Complex have been
identified in either the central Yilgarn or Eastern
Goldfields. These findings are consistent with the
involvement of fragments of crust with an age structure
resembling the Narryer Gneiss Complex, and probably
derived (?rifted) from the older northwestern part of the
Yilgarn Craton, in the formation of the younger central
Yilgarn and Eastern Goldfields granite–greenstone terranes of the Yilgarn Craton.
The symmetrical Yilgarn ca 2685 Ma histogram peak
(Figure 3d) indicates a *160 million years’ duration,
craton-wide magmatic episode that commenced prior to
ca 2760 Ma, gradually and progressively increased in
intensity, culminated sharply at 2685 Ma, and steadily
and progressively decreased in intensity until ca 2550
Ma, when magmatic intensity comparable to the background level was attained. The Gaussian Summation
Histogram plot of geochronology data from the Eastern
Goldfields (Figure 3a) displays a similar symmetrical
profile of ca 2685 Ma magmatic activity, whereas in the
central Yilgarn (Figure 3b) and northwest Yilgarn
(Figure 3c), this event is represented by more erratic,
skewed histogram peaks indicating the same event
duration but with several intensity maxima. The northwest Yilgarn peak (Figure 3c) is skewed to a slightly
younger peak maximum, *40 million years younger
than the Eastern Goldfields maxima (Figure 3a). Supracrustal rocks associated with this event, such as greenstone belt sequences, have not been identified in the
northwest Yilgarn. In the Eastern Goldfields, the ca 2685
Ma peak magmatic event corresponds to the main peak
of greenstone deposition, which commenced at ca 2715
Ma and continued from a number of dispersed volcanic
centres until ca 2672 Ma, and widespread and voluminous emplacement of monzogranite. The ca 2685 Ma
peak magmatic event has therefore affected the entire
*900 6 650 km area of the Yilgarn Craton.

Implications for Archean granite–greenstone
crust formation mechanisms
The periodicity of major Archean granite–greenstone
crustal growth episodes has been investigated for both
Yilgarn and Pilbara Cratons using a database of ionmicroprobe U–Pb zircon and monazite analyses. This
has revealed that Archean magmatism and accompanying granite–greenstone crust formation occurred on a
craton-wide scale during episodes of elevated regional
magmatic activity of 160 million years’ duration.
These magmatic episodes typically show a symmetrical
intensity pattern with time: they commence gradually
and build progressively in intensity over a duration of
up to *80 million years, culminate sharply and then
steadily and progressively decrease in intensity down to
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the background level. The symmetrical intensity pattern, regional distribution and long duration of each of
these events are features atypical of rift/collision
processes attributable directly to tectonic-plate interactions. Instead, the spatial and temporal characteristics
of these magmatic episodes are consistent with their
interpretation as a response to a thermal driving force
associated with episodes of increased mantle convection
activity. Details of the deformation histories associated
with these events are, however, consistent with their
interpretation as a surface or plate-tectonic response to
upheaval following the impact of the thermal driving
force (Nelson 1998a).
The onset and duration of these granite–greenstone
magmatic episodes were likely to have been closely
linked to the balance between heat accumulation and
heat loss by convection within the Earth’s mantle. As
the amount of heat generated within the Archean
Earth by radioactive decay was at least three times
greater than at present (O’Nions et al. 1978), mantle
convection during the Archean was likely to have been
more vigorous and chaotic compared with that of the
present day. The onset of these episodes was marked by
a progressive increase in regional-scale magmatism in
response to increased upper mantle convective activity
beneath the Archean continents, either as localised
(Hawaiian hotspot) mantle-plume activity or, on a
larger scale, convective mantle overturn. Increased
magmatic activity may have initially commenced
without accompanying deformation. However, as mantle convection and/or plume activity progressively
increased, the rate of tectonic-plate motion would also
have increased, with the inevitable consequence of
plate rifting and collision.
During the Archean, it is likely that there were
periods during which the rate of new crust formation
did not match the rate at which crust could be destroyed
via an orderly process of its recycling back into the
mantle, and that crust recycling during the Archean did
not operate by the orderly mechanism apparently
operating on the Earth today. As cooling of the planet
proceeded, the prevailing chaotic mantle convection
regime probably gave way to transitory stable convective regimes during which stable spreading-ridge systems could form over regions of mantle upwelling for
increasingly longer durations. A more chaotic mantle
convection regime during the earlier Archean may
account for differences in the overall geometries of the
Early and Late Archean granite–greenstone terranes.
Early Archean granite–greenstone terranes such as
those of the Pilbara and Kaapvaal Cratons, are characterised by large ovoid-shaped granitoid plutons that
are surrounded by arcuate greenstones belts. By contrast, Late Archean granite–greenstone terranes, such
as those of the Superior and Yilgarn Cratons, are
characterised by linear greenstone belts separated by
generally elongate granitoid plutons, a distribution
pattern difference that may reflect the increasing
influence of linear rift and/or collision zones associated
with plate-tectonic interactions. These differences imply
that magmatic, mantle convection and plate-tectonic
activity became increasingly closely linked during the
Archean era.
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Xenocryst zircons as provenance indicators
Complex age structures are commonly determined for
zircon populations from granitic or gneiss samples due
to inheritance of zircon formed during prior crystallisation events and its survival during magmatic events.
Evidence of geological events may be preserved in
zircons within granitic melts and in the lower crustal
source regions of such melts, even though all rocks
formed during these events may have been destroyed.
Xenocrystic zircon populations thus preserve provenance information in an analogous way to that of
detrital zircons in clastic sedimentary rocks.
This section documents a new approach to the
investigation of the regional geological history of a
predominantly granitic terrane, by statistical analysis
of the xenocryst and detrital mineral populations in
randomly distributed samples of granitic and sedimentary rocks. Using a database of 2159 ion microprobe U–
Pb zircon and monazite isotopic analyses obtained from
94 samples of the northwestern Yilgarn Craton and
southern Gascoyne Complex, and the ion-microprobe
data-processing program CONCH (Nelson 2006), this
approach reveals how both the spatial distribution of
basement terranes and the detailed histories of regionalscale magmatism and high-grade metamorphism may be
reconstructed. However, such insights may be clouded
by the possible spatial redistribution of the sites of
origin of the dated minerals during intervening tectonism. The approach described here is likely to be further
developed and applied in future as the quantity of
geochronological data accumulates.

Study area: northwestern part of the Yilgarn
Craton
The area under investigation incorporates the northwestern part of the Archean Yilgarn Craton and the
southern part of the Paleoproterozoic Gascoyne Complex, Western Australia (Figure 1). Much of this area
consists of undeformed to highly deformed monzogranitic rocks that range in age from 3730 to 1620 Ma.
Despite this large age range, monzogranitic rocks of
different ages are not readily distinguishable on the
basis of field observations alone. The Yilgarn Craton
component consists of two fragments of Archean
continental crust: the Narryer Gneiss Complex and
the Murchison granite–greenstone terrane. The
Narryer Gneiss Complex consists of the heterogeneous
Meeberrie, Eurada and Dugel Gneisses, derived from
3730–3600, 3500–3400 and 3400–3300 Ma granitic precursors, respectively, with volumetrically minor clastic
metasedimentary rocks such as those of the Narryer
and Jack Hills metasedimentary belts. The Murchison
granite–greenstone terrane largely comprises lowgrade monzogranites and volumetrically minor greenstones that were formed during three discrete magmatic events at 3050–2910, 2800 and 2750–2680 Ma
(Wiedenbeck & Watkins 1993; Schiøtte & Campbell
1996). The oldest terrestrial mineral, a ca 4.4 Ga detrital

zircon grain, was identified in a metaconglomerate
from the Jack Hills metasedimentary belt of the
Narryer Gneiss Complex (Wilde et al. 2001), whereas
zircons as old as ca 4185 Ma have been identified from
both the Narryer Gneiss Complex and the Murchison
terrane (Froude et al. 1983; Compston & Pidgeon 1986;
Nelson et al. 2000; Nelson 2001b). The Gascoyne
Complex comprises monzogranitic and subordinate
metasedimentary rocks that were variably deformed
during the ca 2005–1950 Ma Glenburgh, ca 1830–1780 Ma
Capricorn and ca 1680–1620 Ma Mangaroon Orogenies
(Occhipinti et al. 1998; Sheppard et al. 2005).
A total of 2159 individual SHRIMP U–Pb analyses,
obtained on zircon and monazite grains extracted from
94 granitic, granite gneiss and metasedimentary rock
samples taken from the Mt Phillips, Collier, Glenburgh,
Robinson Range, Peak Hill, Glengarry, Belele and Byro
1:250 000 map sheets, were used in the statistical
analysis. Of these, 165 analyses were more than 10%
discordant and were excluded from the pool of available
analyses. CONCH assigned the remaining 1994 analyses
to age groups using the following procedure (for further
details, see Nelson 2006). Radiogenic 207Pb/206Pb ratios,
calculated using the 204Pb-correction method (Compston
et al. 1984), were weighted according to the inverse
square of the individual analytical uncertainty to
determine a weighted mean 207Pb/206Pb ratio for pooled
analyses. Individual uncertainties used were based on
counting statistics and included an estimate of the
uncertainty associated with the common-Pb correction.
Analyses were then rejected from the group, using two
criteria. A w2 test was applied to the grouped analyses. w2
values will be less than or equal to unity if the scatter
about the weighted mean value determined for grouped
analyses can be attributed entirely to analytical sources
of uncertainty. If the calculated w2 value for grouped
analyses was greater than the threshold value of 1.75,
other (geological) sources of error were assumed to be
present within the group, and the analysis whose
207
Pb/206Pb ratio and assigned uncertainty had the
greatest difference from the weighted mean value of
the group was deleted from the group. In addition, any
analysis with 207Pb/206Pb ratio with assigned analytical
uncertainty greater than + 2.5s from the weighted mean
207
Pb/206Pb value of the group was also deleted from the
group. The weighted mean 207Pb/206Pb value of the
remaining analyses was then recalculated. This process
was repeated until remaining analyses within the group
were within + 2.5s of the weighted mean value, and the
calculated w2 value for the remaining analyses was
1.75. Analyses that could be assigned to a valid group
by this process were then excluded from the pool, and
the process was repeated until all remaining analyses
had been assigned to a group.
This grouping method is statistically conservative,
in that only the minimum number of clearly resolvable events based on the uncertainties assigned to each
individual analysis will be identified. Uncertainties on
207
Pb/206Pb ratios of individual analyses are typically
5–10 Ma (+1s), comparable to or significantly larger
than the uncertainties calculated for age groups.
Analyses with assigned uncertainties overlapping
more than one age group were usually assigned to
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Table 1 Age groups, number of SHRIMP U–Pb analyses and
their distribution among the 94 samples in the Study Area
(northwestern part of the Yilgarn Craton and the southern
Gascoyne Complex).
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Date (Ma)
3520.3
3496.5
3488.8
3481.4
3468.2
3446.3
3425.3
3394.4
3358.6
3328.8
3309.4
3290.2
3267.0
3252.2
3215.9
3145.5
3072.0
3051.2
3023.3
2990.9
2973.0
2917.4
2794.5
2766.5
2746.8
2730.0
2727.5
2705.7
2700.2
2682.9
2674.7
2665.1
2656.2
2649.1
2636.2
2625.2
2614.2
2603.3
2592.4
2576.7
2559.8
2556.5
2541.9
2538.6
2519.1
2507.8
2475.1
2452.8
2450.7
2423.7
2361.0
2298.6
2266.2
2246.6
2209.0
2176.0
2112.6
2081.1
2040.3
2035.7

+1s (95%
confidence)

No. of
analyses

No. of
samples

+5.5
+2.6
+2.5
+2.6
+2.8
+6.6
+6.0
+5.3
+4.7
+5.2
+2.4
+3.8
+4.2
+4.2
+5.7
+12.5
+11.2
+11.1
+9.2
+4.9
+6.4
+11.6
+8.5
+6.9
+2.8
+5.5
+2.4
+2.4
+4.5
+1.5
+9.3
+2.6
+1.1
+1.8
+1.1
+1.4
+1.2
+3.2
+2.0
+5.4
+6.3
+3.6
+4.1
+4.3
+2.6
+2.6
+5.5
+7.1
+6.9
+9.9
+10.8
+6.8
+10.4
+8.8
+18.1
+7.1
+8.2
+5.9
+4.9
+2.7

4
13
26
17
8
6
4
7
9
6
28
12
13
6
5
4
6
4
4
16
5
7
5
8
21
5
54
20
4
102
3
7
183
11
47
12
169
5
31
5
4
33
12
4
20
6
4
13
3
6
4
10
7
6
3
11
16
9
7
54

3
6
7
4
5
6
3
5
6
5
8
4
9
6
4
4
3
4
4
7
3
5
4
7
8
4
24
8
4
31
3
7
42
3
15
2
34
3
14
4
3
15
7
4
12
3
3
10
2
2
4
6
4
4
3
6
7
6
6
13
(continued)

789

Table 1 (Continued).
Date (Ma)
2016.7
2006.5
1995.5
1982.5
1959.0
1930.5
1917.2
1854.2
1823.6
1804.0
1782.7
1640.0

+1s (95%
confidence)

No. of
analyses

No. of
samples

+4.2
+1.6
+1.1
+1.9
+1.5
+8.2
+18.7
+14.7
+6.2
+1.8
+13.6
+9.5

4
22
278
18
119
7
3
5
13
225
4
42

1
6
31
8
24
3
3
4
7
18
4
4

the largest group, as larger groups were identified
earlier during the grouping procedure.

Results and discussion
Using the procedure outlined above, all 1994 analyses
were assigned to 139 age groups, of which the largest
contained 278 analyses from 31 samples, and of which 48
groups contained only a single analysis. Of these, 120
analyses were assigned to groups of less than three
analyses. Groups with less than three analyses were
considered to contain too small a sample to be of use and
were discarded. A total of 1874 remaining analyses were
assigned to 72 groups, most of which contain three or
more analyses; these are summarised in Table 1. Apart
from one age group (2016 + 4 Ma) consisting of four
analyses obtained from one sample, the remaining 71 age
groups contained three or more analyses obtained from
two or more samples. Most groups included analyses
from a high number of samples, with the average
(analyses/samples) ratio for all 72 groups of 2.4. Only
four age groups (2625.2 + 1.4, 1995.5 + 1.1, 1804.0 + 1.8 and
1640.0 + 9.5 Ma) have (analyses/samples) ratios 45.
These findings are consistent with the generally high
proportion of xenocryst zircons identified in the granitic
rock samples and complex age populations in the granitic
gneiss samples dated from the study area.
Results have been displayed on a Gaussian Summation Histogram plot in Figure 4. This figure indicates
that magmatic and/or high-grade metamorphic activity
in the study area was semi-continuous between 3500 and
1500 Ma. Prominent Archean activity peaks of variable
duration occur at ca 3490, 3300 and 2730–2614 Ma. Peaks
associated with the ca 2005–1950 Ma Glenburgh, ca 1830–
1780 Ma Capricorn and ca 1680–1620 Ma Mangaroon
orogenies are also clearly identifiable. The width of
these peaks, and by implication the duration of these
geological events, is variable, with some peaks apparently consisting of a number of sharp events. The 2730–
2614 Ma peak, for example, may be partly resolved into
at least four closely spaced, short-lived events at ca 2730,
2682, 2656 and 2614 Ma (see also Figure 3c). Evidence of
semi-continuous magmatic and/or high-grade metamorphic activity may be inferred for the study area
from this plot.
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Figure 4 Gaussian summation probability density histogram plot of zircon and monazite 207Pb/206Pb dates obtained from the
northwestern Yilgarn Craton and southern Gascoyne Complex Study Area (see Figure 5).

Sampling site localities and the spatial distribution of
selected age groups are displayed in Figure 5. Most age
groups identified by the statistical analysis are coherently distributed into regions delineated by their
sampling localities. Distribution boundaries for age
groups 3468.2 Ma are poorly located due to low
sampling site density, but the northern boundary
terminates south of the Earrabiddy and Morris Shear
Zones (Figure 5). The 3468.2 Ma boundary delineates
the most prospective area for locating the Hadean
crustal source, if any has survived, of the 4000 Ma
zircons identified in the Narryer and Jack Hills
metasedimentary belts and Murchison granitoid rocks.
Age groups 3290.2 Ma are widespread south of a welldefined undulating east–west boundary parallel to the
Earrabiddy and Morris Shear Zones. The close alignment of the 3290.2 Ma northern boundary and these
shear zones indicates that the latter have exploited the
northern margin of an ancient (3290.2 Ma) nucleus
onto which the younger parts of the Yilgarn Craton were
later accreted.
Age groups between 3290.2 and 2538.6 Ma show a
consistent distribution pattern (Figure 5), with the
northern boundary defined by 3290.2 Ma age groups
migrating progressively further northwards as the

group age decreases from 3290.2 Ma to approach 2538.6
Ma. Age groups between 2266.2 and 2040.3 Ma are
confined to the region north of the 2538.6 Ma boundary.
Age groups between 2035.7 and 1917.2 Ma are also mainly
confined to this region, but the southern boundary of
these age groups migrates progressively southwards to
overlap with the northern boundary of the 3290.2 Ma
age group with younger age groups in this range. The
Earrabiddy and Morris Shear Zones are therefore
Paleoproterozoic or later manifestations of a 3290 Ma
terrane boundary that has been reactivated many times
since the Paleoarchean and has strongly influenced the
Paleoproterozoic regional geological development of the
study area. Age groups between 1854.2 and 1640.0 Ma
occur in two main areas; these areas may unite as the
sampling site density is increased.
The age distribution map shown in Figure 5 is unlike a
conventional geological map in that it reveals the spatial
distribution of basement terranes of different ages,
recorded in the xenocrystic and detrital zircon populations of granitic and sedimentary rock samples. Such
terranes were reworked by subsequent magmatic and/or
tectonic events and, as a consequence, may be poorly
or even not represented in the present surface rock
record. This type of combined spatial and chronological
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Figure 5 Map of the study area in the northwestern Yilgarn Craton and southern Gascoyne Complex, showing distribution of
geochronology sampling sites used in this investigation and of samples containing zircons belonging to a range of selected
age groups. Also shown for reference are 1:250 000 map sheets (names capitalised) and their boundaries.

information based on an analysis of xenocryst zircon ages
may be crucial for reconstruction of the geological
histories of the Earth’s continental crust.

SUMMARY
History, as outlined above, has shown that geochronological techniques are widely applied shortly after their
development, whereas the insight required to correctly
interpret the results obtained is progressively accumulated as a consequence of their extensive application.
With the increasing level of complexity of new geochronological techniques (such as the SHRIMP U–Pb technique), an increasing level of specialist geochronological
skills, combined with sound geological knowledge, is
required in order to correctly interpret such new
geochronological data. In this contribution, several
reconnaissance studies have been presented to demonstrate how insights into the regional-scale geological
structure and development histories of Archean terranes may be extracted from the complex chronological
information commonly obtained from rock samples.
Geochronological methods have traditionally provided absolute age constraints on the timing of igneous
crystallisation and regional orogenic events so that these
can be placed into a global context. As outlined herein, the
duration of regional orogenic events is typically between

*30 and 140 million years. Precisions routinely attainable for individual dates are now significantly less than
the duration of regional orogenic events, enabling
geochronological methods to resolve fine timing differences within individual events. In future, this will entail
even more detailed combined geological and geochronological investigations. As the reconnaissance studies
presented in this contribution have also shown, the
efficient and effective extraction and interpretation of
information from the rapidly accumulating quantities of
precise geochronological data will continue to present an
additional future challenge.
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CLAOUÉ-LONG J. C., THIRLWALL M. F. & NESBITT R. W. 1984. Revised
Sm–Nd systematics of Kambalda greenstones, Western Australia. Nature 307, 697–701.
COMPSTON W. & JEFFERY P. M. 1959. Anomalous ‘common strontium’
in granite. Nature 184, 1792–1793.
COMPSTON W. & PIDGEON R. P. 1986. Jack Hills, evidence of more very
old detrital zircons in Western Australia. Nature 321, 766–769.
COMPSTON W. & TUREK A. 1973. Isotopic age limits for the
provenance and deposition of the Kurrawang Beds, Coolgardie
Goldfield, Western Australia. Journal of the Geological Society of
Australia 20, 217–222.
COMPSTON W., WILLIAMS I. S. & MEYER C. 1984. U–Pb geochronology
of zircons from lunar breccia 73217 using a sensitive high massresolution ion microprobe. Journal of Geophysical Research 89,
B252–B534.
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