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Executive Summary

As recognised by the Academy of Science’s UNCOVER group in their ‘Searching the Deep Earth’
document, a goal for geoscientific advancement in Australia is a ‘holistic understanding of our
continent so that we might better predict the location of large-scale mineral systems’. This view
included the investigation of Australia’s lithospheric architecture to establish a whole-of-lithosphere
architectural framework as a priority.

An important component of the Earth’s lithosphere is the crust, most of which is clearly inaccessible.
Just as the study of basaltic rocks has provided insight into the earth’s mantle, granites provide a (not
always wholly transparent) window into the middle and lower continental crust. Studies of these rocks
are enhanced by isotopic tracers, such as samarium-neodymium (Sm-Nd), which can affectively ‘see
through’ the granite to provide constraints on crustal formation, and enable us to map the Australian
crust. This approach and the application of Sm-Nd isotope data were used by Geoscience Australia
for the Archean Yilgarn Craton of Western Australia. Studies in that region showed that regional scale
Sm-Nd signatures in felsic igneous rocks (tonalite to granite and volcanic equivalents) were not only
able to map crustal architecture but that this architecture had unexpected correlations with
mineralisation. The successful results in the Yilgarn Craton, coupled with the UNCOVER focus,
warranted that this approach be extended to the whole of the continent to test its general applicability
for crustal mapping and predicting mineralisation.

A database of Sm-Nd isotopic data, and associated metadata, for >2650 samples of Australian rocks
was compiled from published and unpublished sources. This included location, unit, geochronology
and bibliographic data and metadata for all data points; this dataset is available for download at
www.ga.gov.au. Data were compiled for a range of lithologies, including felsic and mafic igneous
rocks, sedimentary rocks, as well as some mineral data. Just over 1630 of these data points were from
felsic igneous rocks which had reliable locational details and a reasonable estimated or known
magmatic age. A comparison of the magmatic ages from these samples with compilations of
Australian igneous rock ages showed a generally good agreement confirming the representative
nature of the compiled Nd data set.

Isotopic data were standardised and used to calculate epsilon Nd (g,,) and two-stage depleted mantle
model ages (T,py)- Values of the latter from just over 1490 of the data points (samples from S-type
magmatism were excluded) were used to generate (in ArcMap®) a gridded T,y map of Australia.
Subsets of the data were also used to generate T,p,, maps of northern, western, southern and eastern
Australia, basically covering the six crustal elements (West Australian, North Australian, Central
Australian, South Australian, Pinjarra and Tasman elements; see Blewett et al., 2012) and their
constituent crustal blocks (e.g., cratons, orogens, geological terranes, geological provinces and
subprovinces). These maps, plus g, -time and T,,y-time plots were used, along with known geological
and geophysical data and interpretations, to analyse the isotopic signatures of the crustal elements
and their major crustal blocks, and place constraints on their possible nature and crustal evolution.

Calculated model ages (T,p,,) for Australian felsic magmatism range from ~4.0 Ga in the Yilgarn and
Pilbara cratons of the West Australian Element, to ca. 0.3 Ga in the New England Orogen of the
Tasman Element in eastern Australia. Importantly, and despite the possible complexities of the Nd
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signal in granites, there is a generally well correlated distribution of model ages with the known
geology of Australia and these crustal elements (with significant changes in model ages across, or
close to, element boundaries). Overall there is a broad eastward trend in decreasing model ages
across the Australian continent, punctuated by the Central Australian Element with younger model
ages separating the North, South and West Australian elements. The majority of Australian model
ages are Proterozoic in age, in agreement with the known geology. Archean model ages are best
expressed in the Archean Pilbara and Yilgarn cratons of the West Australian Element, but also occur
in both the North and South Australian elements. Youngest model ages are restricted to the Tasman
Element, chiefly within the New England Orogen.

Within all elements there is obvious internal isotopic zonation. Of most importance are regions
characterised by either major and/or sharp changes over narrow zones or more diffuse general
gradients. Many of these breaks and gradients correspond to known crustal boundaries or changes in
geology, suggesting that Sm-Nd whole rock signatures can be used to identify crustal changes. Such
breaks are often best delineated using widespread broadly contemporaneous magmatism, e.g., late
granites in the Pilbara Craton, Kennedy Igneous Association magmatism in north Queensland.
Transects of Sm-Nd isotopic signatures across crustal elements provide useful information, good
examples being both north-south and east-west changes across the North Australian Element which
appear to match well with inferred geological boundaries and interpreted geodynamic processes. The
strongly increasing juvenile isotopic signature in the southern half of the Northern Territory, for
example, is suggestive of an accretionary margin, similar to that observed in the Tasman Orogen.

A major part of this study was to document and discuss the general applicability (or otherwise) of the
Sm-Nd isotopic system for such studies. As outlined above, there are many cases where (for a variety
of reasons) the isotopic data are mapping crustal changes or responses to geodynamic environments.
There are areas, however, where this does not appear to be the case. These include regions where
the signature is noisy (often areas of either wide age ranges or lower data density), or regions where
apparent crustal changes are not mirrored in the Sm-Nd data (such as in Tasmania). The greatest
difficulty with interpretation arises from the involvement of sedimentary components, particularly where
the sedimentary component may not be locally derived. For this reason Sm-Nd data from S-type
granites were not used in the present work. In regions with widespread thick metasedimentary
sequences, such as in the Tasman Element, or where S-type granites are present, Sm-Nd data should
be interpreted with caution. This illustrates the potential importance and value of using other isotope
systems (e.g., oxygen isotopes) in conjunction with Sm-Nd data. It is evident even in the Tasman
Element, however, that changes in Nd (and hafnium (Hf)) isotopic signatures are present, can be
mapped at a regional scale, and have geological and geodynamic implications.

Despite these potential difficulties, demonstrable empirical relationships between the regional isotopic
pictures (as depicted on gridded T,,,, maps) and a number of mineralisation styles, e.g., komatiite-
hosted nickel sulphides, Archean VHMS, iron-oxide copper gold deposits and intrusion-related copper-
gold deposits exist. These relationships, although not completely understood, appear to be related to
aspects of the crustal architecture, geodynamic environment, and/or ground preparation. In at least
one case (Archean VHMS deposits) there is a very good relationship between mineral fertility and
isotopic signature that can be used as a predictive tool for metallogenic analysis. The same is
probably true for intrusion-related copper-gold deposits.

The Sm-Nd data were also used to calculate a crustal growth curve for Australia, updating the earlier
crustal growth curve of McCulloch (1987). The new curve shows a more even growth-rate for the
continent, suggesting 20% of the Australian continent had formed 3 billion years ago, 40% by 2.5
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billion, 60% by 2 billion and ~75% by 1.5 billion years ago. Both growth curves show a peak around
2.6—2.3 Ga which corresponds to ~21% of the Australia crustal growth (compared with the background
rate of ~10% per 300 Ma period). Consideration of secular changes in Australian granite
geochemistry, and data from other isotopic studies, suggest that the calculated growth curve should
be adjusted, particularly to account for high degrees of crustal reworking in the late Archean to
Mesoproterozoic. This has the effect of increasing growth rates in the Archean, and indicates that
~40-70% of the Australian crust was in place by the end of the Archean, and ~70-85% by the end of
the Mesoproterozoic. These results lend credence to the overall general picture of the Australian crust
based on Sm-Nd data and, in combination with geological data, allow broad basement ages to be
inferred for regions of Australia and the construction of a basement age map of Australia. Although
clearly speculative, this preliminary map provides a working hypothesis that is directly amenable to
comparison (and testing) with geological, geophysical and other data sets. This map and the T,y
maps not only highlight areas with interesting isotopic zonation, e.g., in the Tanami region of the North
Australian Element, but also areas (not all undercover) with little or no data, e.g., Lachlan Orogen in
Victoria, which would benefit from additional data.

Neodymium depleted mantle model age map of Australia 3



1. Introduction

As recognised by the Academy of Science’s 2010 Theo Murphy High Fliers Think Tank on ‘Searching
the Deep Earth: The Future of Australian Resource Discovery and Utilisation’ and the subsequent
‘Searching the Deep Earth’ document (released by the UNCOVER group), an important goal for
geoscientific advancement in Australia is a ‘holistic understanding of our continent so that we might
better predict the location of large-scale mineral systems’. This view identified the need for continuing
and further investigation of Australia’s lithospheric architecture, i.e., an increased understanding of the
deep crust and upper mantle, to establish a whole-of-lithosphere architectural framework as a priority.
It also specifically identified the collection and use of radiogenic isotope data as one approach to
increasing our understanding of the evolution of the crust.

Such an approach was successfully used by Geoscience Australia and partner organisations for the
Archean Yilgarn Craton of Western Australia. That work showed (e.g., Champion and Cassidy, 2007,
2008) that regional scale samarium-neodymium (Sm-Nd) isotopic signatures in felsic igneous rocks
(tonalite to granite and volcanic equivalents) were not only able to map crustal architecture but that
this architecture had unexpected correlations with mineralisation (Cassidy et al., 2005; Huston et al.,
2005, 2013). The successful results in the Yilgarn Craton, coupled with the ‘Searching the Deep Earth’
focus, warranted that this approach be extended to the whole of the continent to test its general
applicability for crustal mapping and predicting mineralisation on a national scale. This Record,
therefore, contains the results of a project to develop a preliminary neodymium (Nd) model age map of
Australia. The aims of the project were to:

e Capture, as much as possible, published and Geoscience Australia unpublished Sm-Nd isotopic
data in Australia, concentrating on felsic igneous units, and related rocks. This included
capturing (where possible), for each sample, analytical results for International Standards, to
allow normalisation of data, prior to calculation of epsilon Nd (g,,), one- and two-stage depleted
mantle model ages (T, and T,py,), and residence ages (Tg,,) from the isotopic data.

e Capture, as much as possible, associated metadata for analysed units. This included unit
details (e.g., lithology, unit name), location (estimated where no precise location available),
geochronology (age, error, age source), and geological province details (including geological
element, e.g., Shaw et al., 1995), as well as all reference details.

e Produce database-ready spread sheets of primary and secondary isotopic, location, unit,
geochronology and reference data and metadata for all data points, freely available for all to
use; this data set is available for download at www.ga.gov.au.

e Produce gridded images (maps) for Australia and regional parts of Australia, illustrating gridded
Nd model ages, based on the compiled data set for felsic igneous rocks. Gridded images are
available for download at www.ga.gov.au.

¢ Use these maps, in conjunction with isotopic and other geological data, to test the validity of
using such maps to aid recognition and/or definition of crustal blocks at the continental and
regional scale.

e Produce a new crustal growth curve for Australia based on the new continent-wide data set, and
investigate implications for crustal growth of Australia to help constrain timing of crustal growth
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in Australia. Use the latter results, with other geoscientific data sets to produce a preliminary
basement age map of Australia.

e Explore the use of such maps for metallogenic analysis, particularly potential relationships
between delineated crustal blocks and metallogeny.

This Record documents the compiled Sm-Nd isotopic database, and resultant isotopic maps of
Australia compiled from that data. It discusses the implications of these data and maps for the
recognition and/or definition of crustal blocks in Australia, as well as implications for crustal growth of
the Australian continent and implications for metallogeny. This Record also provides a general review
of Sm-Nd isotope systematics, including comments on the applicability (strengths and weaknesses) of
using whole-rock Sm-Nd data from felsic magmatic rocks for the purposes outlined herein.

Neodymium depleted mantle model age map of Australia 5



2. Isotopic tracers and Samarium-Neodymium

2.1. Introduction

One fundamental use of isotopic parent-daughter systems in geology is their use as tracers to provide
information on components and processes in the formation of a rock. These have long been used in
geological studies to provide constraints on geological processes and source components for a wide
variety of geological processes (e.g., magmatism, mineral deposits). Individual isotope systems (e.g.,
U-Pb, Sm-Nd, Rb-Sr), provide different constraints that are largely a function of the physio-chemical
behaviour of the parent-daughter isotopes in question, their half-life, and the geological environment.

One important parent-daughter isotopic tracer commonly used in the studies of granites, and related
rocks, is samarium-neodymium (Sm-Nd), where the mass 147 samarium isotope (147Sm) breaks down
to the radiogenic mass 144 neodymium isotope (144Nd) with a very long half-life of ~106 billion years.
Sm and Nd are members of the rare earth series of elements (REE) and as such generally exhibit very
similar chemical properties. This means they generally behave similarly, and predictably, in many
geological processes. This is especially the case for processes responsible for, and occurring during,
the formation of felsic igneous rocks such as granites. As documented by DePaolo (1988), this similar
behaviour means that the Sm-Nd system (hereafter Sm-Nd), can be used to effectively ‘see’ through
many crustal processes and provide information on the nature of the source of the rocks in question
(see section 2.3). For voluminous rocks such as granites, which often have a significant crustal
component, this provides a potentially powerful proxy in constraining the nature and potential ‘age’ of
the crustal block the granites occur within, i.e., in effect broadly mapping crustal growth as
demonstrated by Bennett and DePaolo (1987). This approach is even more powerful when combined
with granite geochemistry and geochronology (including that for inherited components).

This methodology has been used successfully in parts of Australia, most particularly the Yilgarn
Craton in Western Australia (Fletcher et al., 1994; Champion and Sheraton, 1997; Champion and
Cassidy, 2008). For the Yilgarn Craton, the Nd isotopic data not only delineated crustal domains, but
also highlighted unexpected relationships between these domains and mineralisation (e.g., Cassidy et
al., 2005; Huston et al., 2005, 2013). The significant implications of the Yilgarn data for mapping
crustal domains and potential metallogenic domains prompted expansion of this approach to a
continental scale.

2.2. Sm-Nd isotopes: a review

Samarium (Sm) has a number of isotopes, including the isotope “7Sm, which radioactively decays to
the radiogenic "**Nd isotope, emitting an alpha particle:

147Sm N 143Nd +q

The half-life (the time taken for half of a given mass of "’Sm to decay to "**Nd) of this decay is 106
billion years. Like many isotopic systems analytical results are reported relative to a stable (non-
radiogenic) isotope, which for Sm-Nd is 144Nd, ie., 147Sm/144Nd, 3Nd/M*Nd. The evolution of these
ratios through time (in a closed system) is as follows:
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(143Nd/144Nd)(T) - (143Nd/144Nd)(0) _ (147Sm/144Nd)(0) * oM 1

where A = the decay constant (6.54 x 10'12), (0) = ratios as measured at time 0 (typically present day)
and (T) = the value at Time T (in million years) in the past (T is typically magmatic age; Figure 2.1).

The long half-life of "”Sm means deviations in "**Nd/"**Nd are small, typical in the 4" and 5" decimal

places (Figure 2.1). Accordingly, "**Nd/"**Nd values are commonly reported as epsilon (€) units
(DePaolo and Wasserburg, 1976; Figure 2.1, Figure 2.2), which are deviations in part per ten
thousand from a chondritic earth reference model (CHUR = Chondritic Uniform Reservoir), as follows:

Eng = 10000 * [ ("*NA/™*Nd )gamprerr = (NN )opuren 1/ (“*Nd/™Nd )opuren

Sm-Nd data are typically displayed using €,-time plots (Figure 2.2).

0.51350

0.51250 2650 Ma

0.51150 -

0.51050 -

€ g = deviations
in parts per 10000
from CHUR

0.50950 ‘) _

0.50850 - \ ‘‘‘‘‘‘‘‘‘‘ -

050750 - BN /19Nd as slope = funlt‘:Jlon c:L
measured today ~ measured ’Sm/**Nd T: typically
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Figure 2.1 Evolution of "*Nd/"**Nd through time. The change in "SNd/"**Nd back through time is a function of the
"7Sm/"™ Nd ratio. Variations of "**Nd/"**Nd are small and so are typically reported as &y, values (deviations from
CHUR = blue line) using the formula given in the text. Depleted mantle (DM) and Chondritic mantle (CHUR)

evolution curves are shown as red and blue lines, respectively.

-
-
~——
—
-

143Ndl1 44Nd

0.50650

2.3. Sm-Nd behaviour

Samarium and Nd are both members of the lanthanides—also known as the rare earth elements
(REE)—a series of elements with very similar properties. As such they exhibit similar geochemical
behaviour for most geological processes, and there is consequently only minor fractionation between
the two elements, i.e., Sm/Nd ratios do not greatly vary in common crustal rocks (Table 2.1). The REE
can be further subdivided into light and heavy REE (LREE, HREE, respectively), on the basis of

Neodymium depleted mantle model age map of Australia 7



atomic weight, with both Sm and Nd belonging to the LREE. This subdivision is based on another
characteristic of the REEs, namely lanthanide contraction, whereby successively heavier lanthanides
(higher atomic number) have increasingly smaller atomic radii. This means that lighter REE, such as
Nd, behave (albeit only slightly) more incompatibly than heavier REE, such as Sm. As a result,
common igneous processes, such as partial melting and fractional crystallisation, almost always result
in not just higher LREE concentrations but also lower Sm/Nd ratios in the more siliceous end-members
see modelling in DePaolo, 1988). A clear result of the effect of lanthanide contraction on
incompatibility can be seen in the zonation of the earth’s composition (Table 2.1). The earth’s crust is
not only more enriched in the lighter REE such as Nd and Sm, but also has correspondingly lower
Sm/Nd ratios than the complementary depleted mantle reservoir. As pointed out by many workers
(e.g., DePaolo and Wasserburg, 1976; Bennett and DePaolo, 1987; see discussion in DePaolo, 1988),
the differing Sm/Nd ratios of mantle and crustal reservoirs (Table 2.1) result in markedly different time
integrated behaviour through time (readily evident on g, —~time plots; Figure 2.3).

—

Table 2.1 Average Nd and Sm concentrations and Sm/Nd ratios of mantle and crustal reservoirs. Sources: crust —
Rudnick and Gao (2004); mantle (except depleted mantle) — Sun and McDonough (1989); Depleted mantle —
Salters and Stracke (2004). Nd and Sm are in parts per million.

T T T

| uppercrust [P 47 0.17
| middiecrust [P 46 0.18
| lowercrust  [IERE 2.8 0.26
| bukcrust PN 3.9 0.20
[ os  EE 10.0 0.26
9.0 26 0.29
7.3 263 0.36
0.71 0.27 0.38
1.354 0.444 0.33
0.467 0.153 0.33

(-]
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Figure 2.2 eyy versus time. The €y, value of a rock at time (T), typically the crystallisation age for a magmatic rock,
requires present-day (T = 0) "SNd/"**Nd and "*"Sm/"**Nd values for the rock in question, a measure or estimate
of T, and present day values of "7Sm/"**Nd and "**Nd/"**Nd for CHUR — here 0.1967 and 0.51265, respectively.
CHUR values will vary between laboratories but calculated €,y values should be similar. The line connecting &y, at
time T and time = 0, tracks the €, evolution of the sample through time, and is useful in comparing samples of
different ages.

2.4. Model Ages

Isotopic systems have long been used to calculate model ages, i.e., the age when the isotope
characteristics of the rock in question matched those of some modelled reservoir. The well understood
behaviour of Sm and Nd, in combination with the observation for distinctly different time integrated
behaviour of Nd isotopic signatures between mantle and crustal reservoirs (Figure 2.3), led to the
early recognition of the usefulness of Sm-Nd data for providing model age estimates for the age of
continental crust in a region (e.g., McCulloch and Wasserburg, 1978; DePaolo, 1981; Farmer and
DePaolo, 1983, 1984; Liew and McCulloch, 1985; Bennett and DePaolo, 1987; McCulloch, 1987;
Figure 2.4). Calculated Nd model ages effectively provide a simplistic estimate of the time a sample (=
proxy for the crust in a region) has been separated from its (modelled) mantle source, typically
depleted mantle. This approach is most useful for magmatic rocks, especially felsic magmatic rocks,
but has been used for all rock types (McCulloch and Wasserburg, 1978). Such model age calculations
contain a number of assumptions:

e mantle source characteristics are known and correct, i.e., the modelled mantle is correct;

e the growth of the crust represents one event;

e magmatic components are understood. For model ages calculated from granites this typically
reduces to assuming a uniform infracrustal protolith (an assumption that may not be valid) and

¢ the behaviour of Sm/Nd in crustal growth processes and subsequent reworking are understood
and approximate the Sm/Nd ratios used in the model.
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Although early model ages were calculated assuming a chondritic mantle (T, &), most are now
calculated assuming depleted mantle (T,,; DePaolo, 1981), with supra-chondritic Sm/Nd ratios (see
discussion in Liew and McCulloch, 1985). A variety of models are used for depleted mantle. These
include the DePaolo (1981) model which assumes an increasingly depleted mantle (calculated by
eng(T) =0.25.T2 — 3T + 8.5); and the linear depletion model (the one used here) which assumes linear
depletion from g, = 0 at ~4.56 Ga to +10 today (Figure 2.4). McCulloch (1987), in his study of
Australia, also assumed a linear model but assumed depletion commenced at 2.75 Ga. The linear
depletion model gives slightly older model ages than the others. Model ages can also be calculated
assuming single stage or multi-stage (typically two-stage) models. Single stage models (Figure 2.4)
assume that the dominant fractionation (i.e., change) of Sm/Nd occurred as a result of the mantle
extraction event, i.e., crustal processes have not significantly modified this ratio. Although mostly not
realistic (as shown by the changes in average Sm/Nd in crustal reservoirs; Table 2.1), it is evident that
they can provide useful results (e.g., Bennett and DePaolo, 1987). One consideration with single stage
models is that model ages are increasingly unreliable with increasing Sm/Nd ratios (as sample
evolution curves become more sub-parallel with mantle evolution curves) and such model ages should
not be calculated for "’Sm/"**Nd ratios over 1.4—1.5. Most felsic igneous rocks have "’Sm/"*Nd
ratios between 0.09 and 0.12 (e.g., Sun et al., 1995).
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Figure 2.3 Time integrated behaviour of €, in continental crustal reservoirs versus the complementary depleted

mantle reservoir. Small REE plots illustrate the change in Sm/Nd ratio (normalised to Chondrite) between the
reservoirs.

Two-stage model ages (T,py,) are increasingly being used for felsic igneous rocks in particular (e.g.,
Liew and McCulloch, 1985) to correct for changes in Sm/Nd ratios, produced by processes such as
partial melting, fractional crystallisation, magma mixing, alteration, etc. Such models are typically
calculated using the measured '*’Sm/"**Nd ratio back to the magmatic age of the rock and an
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assumed (not the measured) "*’Sm/"**Nd ratio for calculating the sample evolution curve prior to the
crystallisation age (see Figure 2.4). In this work an assumed "*"Sm/"**Nd ratio of 0.11 has been used,
equivalent to the average upper continental crust value using Sm and Nd values from Rudnick and
Gao (2003). Liew and McCulloch (1985), for example, used a value of 0.12. Two stage depleted
mantle model ages may be younger or older than single stage ages, depending on the measured and
assumed "*'Sm/"**Nd ratios used. Empirical evidence suggests two stage model ages give more
consistent model ages on a regional basis (Champion and Cassidy, 2008). They also allow model
ages to be calculated for samples with high measured '*’Sm/'**Nd ratios. Notably, the methodology
for two stage Nd depleted mantle model ages as outlined here is essentially identical to the approach
used for calculating hafnium (Hf) model ages from Hf in zircon analysis, where Lu/Hf ratios of the
parent magma have to be assumed (e.g., Kemp et al., 2009).
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Figure 2.4 Nd model ages. Single stage Nd model ages (Tcnur, Tpw) @ssume no fractionation of Sm/Nd
(=measured ratio). The intersection of the sample evolution curve with the mantle evolution curve (CHUR or
depleted mantle (DM)), defines the model age. Two-stage model ages (T ,p,,) assume a change in Sm/Nd at some
point in the crustal history of the protolith. For felsic magmatic rocks this is typically the magmatic age. Prior to this
(i.e., for ages older than the magmatic age) a model "7Sm/™ Nd ratio is used, typically that of average continental
crust. As for calculating €y, values of "“7Sm/"™*Nd and "*Nd/'*Nd have to be assigned for the DM and CHUR
reservoirs. DM values used here are 0.2136 and 0.513163.

2.5. What do model ages actually represent?

As outlined earlier, there are a number of assumptions involved with model ages and their
interpretation. Taking model ages at face value implies that the crustal protolith for the sample in
question was largely homogeneous (one source component) and essentially formed in a single event.
Neither of these will be universally (and probably only rarely) true, and even when these criteria are
met the model age is still only an approximation, given the uncertainty over the isotopic signature of
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the mantle source. There is abundant evidence that crustal protoliths can be complex (as readily
evidenced by the geological record in many regions), as well as much literature on the demonstrated
role of crustal, juvenile and assimilated components in felsic magmatism. With regards to complex
crustal protoliths, the calculated model ages are best thought of as average ages. The situation can be
clarified to some extent by the use of complementary data, such as magmatic ages, inherited zircon
ages, other isotopic systems especially in-situ analysis of magmatic and xenocrystic minerals (e.g.,
Lu-Hf and oxygen isotope analysis of zircons), as well as use of geological ages from regional geology
(e.g., Bennett and DePaolo, 1987; Liew and McCulloch, 1985). The variability in model ages in regions
where multiple samples exist can also be used to help constrain and interpret regional model age data
(e.g., Champion and Cassidy, 2008).

With regards to possible multiple components involved in the formation of a felsic magmatic rock the
interpretation of the model age will depend on the nature of the individual components, as outlined in
Table 2.2. This latter table shows that model ages for much felsic magmatism is still useful though
again are, at best, thought of as average crustal ages and, for most, as minimum ages for the pre-
existing crustal component (due to addition of juvenile material). Difficulty with interpretation arises
from the involvement of sedimentary components — one reason data from S-type granites has not
been used in the present work. It also means Nd data should be interpreted with caution in regions
with widespread metasedimentary rocks, such as in the Tasman Element, or where S-type granites
are present. Most information regarding Nd model ages will come from looking at regional or secular
changes, i.e., relative changes are more important than absolute values.

Table 2.2 Interpretations of model ages for felsic magmatism based on possible source components. End-
members and potential mixes of such end-members are shown in Figure 2.5.

Model age interpretation

crustal- I-type (some A-types) average age of source protolith

Crust (solely

derived)
S-tvoe Average age of the provenance of the metasedimentary protolith.
yp Provides constraints on the provenance so can still be useful.
Mantle (solely

Isotopic signature of mantle (mantle wedge, asthenosphere,

mantle- fractionated lithosphere).

derived)

Model age is effectively a minimum age for the crustal component (a
Crust-mantle I-type (1 or more) crustal mix between juvenile crust and pre-existing older crust). Because of
mixtures source and mantle the commonly (much) higher Sm and Nd in the crustal component
the model age is weighted towards the crustal component.

Model age is effectively a minimum age for the average age of the
provenance of the metasediment component. As for I-type-mantle
mixes, the model age is weighted to the crustal component.

S-type crustal source
and mantle

I-type source, S-type
source (including
assimilated sediments)
and mantle

Difficult to interpret model ages (without additional information).

Model age is effectively a minimum age for the average age of the
crustal or metasedimentary component, though again weighted
towards the crustal component. Difficulties can arise if the ‘crustal’
signature derives from the mantle (e.g., metasomatised mantle,
enriched mantle), or is related to sediment input.

Mantle with ‘crustal’
signature, i.e., evidence
for a possible crustal
component
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Figure 2.5 Possible components within felsic magmatism that contribute to the isotopic signature. The three
dominant end-members involved include igneous and sedimentary crustal components (I- and S-type felsic
igneous melts and/or assimilated material) and mantle-derived melt material. Note that each end-member may in
itself be heterogeneous. Isotopic data used within this record is concentrated on material from the bottom right
corner (i.e., granites derived from igneous crust), though in reality will include units with sedimentary and mantle
components.

2.6. Secular and geographic changes in isotopic signatures

One important way to help decipher what the (geological and) isotopic data for magmatic rocks may
be showing is by looking at both secular and geographic changes of isotopic signatures, i.e., changes
in signatures/model ages through time and space (the reason the Australia-wide compilation was
produced). This approach recognises that absolute model ages are much less important (or
significant) than geographical and/or secular changes in such ages. This is particularly informative in
regions with multiple episodes of magmatism, e.g., the Pilbara (van Kranendonk et al., 2007) and the
Tasman Orogen of eastern Australia (Kemp et al., 2007; Champion et al., 2010). Although there are a
variety of secular changes, there are three general end-members that warrant further comment. These
can be defined on the behaviour of model ages, and gy,), through time and/or space (see Table 2.3).
Many regions show a mixture of all these trends through their history. Perhaps the most distinctive and
most straight forward to interpret is the case for constant model ages (Type 1 in Table 2.3). Many early
workers documented such patterns, e.g., Bennett and DePaolo (1987) and interpreted them to
demonstrate crustal reworking, with minimal involvement of juvenile material. One of the better
Australian examples is for the East Pilbara, where ca. 2.93—-2.85 Ga (and older) felsic magmatism is
reworking older (ca. 3.6—3.5 Ga Pilbara crust). These rocks show generally similar T,y but
increasingly negative g, (Figure 2.6), both consistent with reworking. This is also evident
geographically where older model ages are largely confined to the East Pilbara (Figure 2.7).
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Figure 2.6 Two stage depleted mantle model ages (A) and &,y (B) versus magmatic ages for the Pilbara Craton,
Western Australia. The East Pilbara Terrane (EP) largely shows decreasing €y, and approximately constant T,py,
with decreasing magmatic age (Type 1 behaviour; Table 2.3), consistent with reworking of old crust with minimal
Juvenile involvement. The exceptions to this are 2.95-2.85 Ga magmatism in the western part of the EP which
include a more significant juvenile component (younger T,p), more positive &y,), probably related to growth of the

West Pilbara Superterrane (e.g., Champion and Smithies, 2000).
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Table 2.3 Variations in T,y and €yy with time and space and possible interpretations. Type 4 is for isotopic
variation of contemporaneous rocks within a more localised region. Large local variations in &y, and T,p), are the
best indicators for multiple age sources and/or components.

Variations with decreasing age |Interpretation m

T,pm @approximately constant
(especially maximum values)
€\q iNCreasing

2 T,py decreasing
€ng ~constant

3 T,py decreasing (markedly)
€ng decreasing

Largely reworking of pre-existing crust.
Any juvenile input is cryptic.

Involvement of both pre-existing crust
and juvenile material (either reworking
of young crust and/or direct mantle
input).

Significant juvenile input (often related
to orogenic accretionary margins). Pre-
existing older crust thinned or largely

East Pilbara

Pine Creek-Tennant
Creek-Tanami-Aileron

Tasman, especially
transition to New
England Orogen

absent.

4 Range of T,py; and gy for rocks of Contribution from multiple sources Present in most
similar age in one region and/or components. May indicate crust orogens
of multiple ages and/or indirect (rapid
reworking of new crust) or direct
juvenile input (mixing).
_n"“ : ~ T,
o7 R : ol o.\‘ ° Sample
»'." . ‘\l B d -
-20° 5= - oundaries
i Karratha - ot R ==
/ S L...; Craton
R .
ard 1| == Karratha

Sholl >
Terrane

El

st Pilbara ement

T2DM

B 269-3.17 Ga

[1] 3.17-3.28

PILBARA . [] 3.28-3.36

CRATON || B9 3.36-3.46

A I 3.46-3.71

., o
\\ ‘ ,.-'.
L 0 2550 100 km o
e I I Ry

East Pilbara

LY Terrane
® [ ]

=== Kurrana
— East-West Pilbara

)
120°E

Figure 2.7 Gridded Nd two-stage depleted mantle model age (T,p,,) map for the Pilbara Craton, Western
Australia. Isotopic data used to create the grid are also shown (Data and data sources are in Appendix B and
Appendix C). Grid created in ArcMap® (see main text). Also shown are the boundary between the Karratha and
Regal terranes and the Sholl Terrane (all three comprise the West Pilbara Superterrane), the boundary between
the West Pilbara Superterrane and East Pilbara Terrane, and the boundary between the East Pilbara Terrane and
the Kurrana Terrane (nomenclature follows van Kranendonk et al., 2007). Grid colours in areas with no samples,
are purely based on interpolation and may have no relationship with underlying deeper crust.
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Figure 2.7 also illustrates another use of geographic interpretation of isotopic data. The figure clearly
shows an obvious broad zonation in model ages across the craton with a significant jump in model
ages across a zone that approximates the boundary between the East Pilbara Terrane (EPT) and the
West Pilbara Superterrane (WPS). Consideration of T,p,, and g4 data across this zone shows both
markedly decrease from east to west (Figure 2.6). The simplest, though not the only, interpretation is
that the basement to the WPS is geologically younger than that which underlies most of the EPT, and
Van Kranendonk et al. (2007) interpreted the EPT as a cratonic nucleus upon which components of
the WPS were added or grew. It is notable that there is not a one-to-one relationship between the
isotopic break and the EPT-WPS boundary. Younger model ages in the EPT are confined to younger
magmatism (ca. 2.95-2.85 Ga) in the western part of the EPT (Figure 2.6), which were attributed by
Champion and Smithies (2000) to WPS geological events affecting that part of the EPT. There is
additional support for this in the belt of unusual high-Mg dioritic magmatism that runs along and
outboard of the western margin of the EPT (e.g., Smithies and Champion, 2000). Figure 2.6 also
highlights the primitive isotopic signature of the rocks in the western part of the Sholl Terrane of the
WPS, which Smithies et al. (2005) have interpreted as a juvenile arc. It should be noted that there are
other possible interpretations for the change in isotopic signature across the East Pilbara
Terrane/West Pilbara Superterrane boundary. For example, the change may simply reflect much
greater juvenile input in the West Pilbara Superterrane at or prior to ca. 2.95-2.85 Ga. In this scenario
this is no requirement for a change in basement across this margin, but rather a significant change in
the proportion of juvenile versus East Pilbara-style crust. This is a consistent difficulty when
interpreting regional changes in Nd model ages. It shows that, like much geological data, there are a
variety of ways to interpret Nd model ages, and other supporting geological evidence should always
be included where possible. For the Pilbara example, the consistent lack of older model ages in the
west, and the geological evidence for continental margin-style magmatism (e.g., Smithies et al., 2005)
support the terrane boundary theory.
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3. Topw Maps of Australia

3.1. Introduction

3.1.1. Nd isotopic data

Samarium-neodymium isotopic data were compiled from both published and unpublished datasets.
Published data (including that in State and Territory Survey publications) was collected based on prior
knowledge and searches of bibliographic databases, though data searches were not exhaustive.
Unpublished data was sourced from that undertaken by Geoscience Australia (alone or in
collaboration with State and Territory Surveys) and from data collected by the Northern Territory
Geological Survey. All effort was made to ascertain whether these data had been previously published
and if so attributed accordingly. The database may, however, contain data shown as unpublished that
has actually been published. Descriptions of the data collected and accompanying metadata are given
in Appendix A.

The Sm-Nd isotope database compiled for Australia contains just over 2650 samples—including those
for mafic rocks and sedimentary rocks, as well as some mineral data (data in Appendix B). Of these,
just under 1690 meet the requirements of suitable rock type—felsic intrusive and extrusive igneous
rocks—and are from units for which a reasonable estimated or known age has been determined. A
comparison of the magmatic ages from these samples with Australian igneous rocks (Figure 3.1)
shows a generally good agreement confirming the representative nature of the compiled Nd data set.
The maijority of the felsic igneous rock samples (~1631) have known or reasonably well estimated
locations. Just over 1490 (S-type magmatism was excluded) samples were used to generate the
gridded images used in this Record. These located samples were imported into ArcMap™ and gridded
for two-stage depleted mantle model ages (T,p,,) (as well as for residence ages (T,py Mminus magmatic
age; Tres))- Gridding performed in ArcMap™ was undertaken using Natural Neighbour Interpolation
with intervals based on Natural Breaks (Jenks), i.e., intervals were determined by the software (the
reason for the non-linear intervals in the resultant images, e.g., Figure 3.2). One final point is that the
gridding/contouring process somewhat simplifies the isotopic signatures of regions. This has the
added benefit (and disadvantage) that the dominant signature for each region is portrayed, with
outliers and anomalies largely ignored, except where data density is low. Subtle changes through time
or within tectonic cycles, as, for example, documented by Kemp et al. (2009) in the Tasman Element,
will not be obvious within the gridded data. For this reason, g,4-time and T,p-time plots are also used
to fully explore the variations of isotopic signatures and complexities within each crustal block.

3.1.2. Crustal Elements, geological provinces and geological regions

Any discussion of gridded Nd isotopic maps, and isotopic and geological data in general, needs to
take into account the range of different crustal blocks that comprise the Australian continent. At the
broadest scale the continent can be subdivided into a small number of crustal elements (or building
blocks). We follow the nomenclature of Blewett et al. (2012; see Appendix D) and Huston et al. (2012),
which synthesise much previous work, particularly Shaw et al. (1995), Myers et al. (1996) and Glen
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(2005). These workers invoke six crustal elements, namely the West, North and South Australian
elements (WAE, NAE and SAE, respectively; cratons of Myers et al.(1996), i.e., WAC, NAC and SAC),
the Central Australian Element (CAE, essentially Paterson, Albany-Fraser and Musgraves regions; the
central Australia and Albany-Fraser Orogens of Myers et al., 1996), the Tasman Element (also called
the Tasman Orogen, e.g., Cawood, 2005), and the Pinjarra Element (Orogen of Myers et al., 1996).
The locations and distribution of elements are shown on Figure 3.2 (and subsequent figures).
Geological descriptions of these elements and the provinces within them, and various tectonic
reconstructions regarding these elements, are described in Myers et al. (1996), Glen (2005), Cawood
(2005), Cawood and Korsch (2008) and Huston et al. (2012), and references therein. Each element
contains a variety of geological subdivisions (cratons; geological provinces, terranes, superterranes
and domains; geological regions), based on a range of geological, geophysical and geographic
criteria. These are described below in discussions of each element. Further discussions are provided
in Appendix D, along with a detailed listing of the sub-divisions used for each element in Appendix
Table D.1. Although each geological element is discussed below it is not an exhaustive coverage.
Emphasis for each element is largely based on one or two geological or isotopic features that provide
constraints on the interpretation of the entire Sm-Nd data set.

A Magmatic ages for
Nd samples
WAE
W SAE
= NAE
W CAE
M Pinjarra
M Tasman
B - U-Pb ages for
igneous rock of Australia
3.5 3.0 2.5 20 1.5 1.0 0.5 0.0
Age (Ga)

Figure 3.1 A. Histogram of magmatic ages of felsic igneous rock samples with Nd isotopic data (from 1615
samples compiled in this report (see Appendix B). Colour coding refers to the geological element the sample is
from. WAE, SAE, NAE and CAE = West, South, North, and Central Australia Elements, respectively. B. Histogram
of magmatic U-Pb ages of Australian igneous rocks based on probability distribution plot of U-Pb ages of igneous
rocks in Australia (from K. Sircombe, written Communication, 2011), the peaks of which correspond reasonably
well with those of the samples analysed for Nd (in A).
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Figure 3.2 Gridded Nd two-stage depleted mantle model age (T ,p,) map for Australia. Isotopic data (colour coded by magmatic age) used to create the grid are also shown
(Data and data sources are in Appendix B and Appendix C). Grid created in ArcMap®; see main text. Also shown are North, West, South and Central Australian elements
(NAE, WAE, SAE and CAE), the Pinjarra, and Tasman elements, the Archean Pilbara and Yilgarn cratons (both WAE) and Phanerozoic Thomson and New England (NEO)
orogens (both in the Tasman Element). Grid constructed from 1493 data points. Grid colours in areas with no samples are purely based on interpolation and may have no
relationship with underlying crust. The boundary between the CAE and Tasman elements is uncertain and not shown.
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Figure 3.3 Surface geology map for Australia, coloured by age. Isotopic data (colour coded by magmatic age) are also shown (Data from Geoscience Australia’s Surface
Geology of Australia 1:1 million scale dataset 2012 edition (Raymond et al., 2012)). Also shown are the North, West, South and Central Australian elements (NAE, WAE, SAE
and CAE), the Pinjarra, and Tasman elements, the Archean Pilbara and Yilgarn cratons (both WAE) and Phanerozoic Thomson and New England (NEO) orogens (both in the
Tasman Element). The boundary between the CAE and Tasman Element is uncertain and is not shown.
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3.2. General picture

Given the large age range in felsic igneous material in Australia—from Paleoarchean to Cenozoic
(Figure 3.1)—there is a corresponding large range in isotopic signature. Model ages (depleted mantle
two-stage model ages (T,p,) unless stated otherwise) range from 3.0 Ga and over (up to ~4.0 Ga) in
the Yilgarn and Pilbara Cratons of the West Australian Element (WAE), to ca. 0.3 Ga in the New
England Orogen of the Tasman Element in eastern Australia (Figure 3.2). Importantly, and despite the
possible complexities of Nd signatures in granites (e.g., Champion and Cassidy, 2008; Chapter 2),
there is a generally well correlated distribution of model ages with the known geology of Australia
(Figure 3.3) and, importantly, with the six geological elements. This is readily evident in Figure 3.2 with
significant changes in model ages across (or close to) element boundaries. This is best observed by
the change to younger model ages crossing from the WAE and the North Australian Element (NAE)
into the Central Australia Element (CAE).

There is a broad eastward trend in decreasing model ages across the Australian continent

(Figure 3.4), punctuated by the CAE with younger model ages separating the NAE and South
Australia Element (SAE) from each other and from the West Australia Element (WAE). The majority of
model ages are Proterozoic in age, again in agreement with the known geology. Archean model ages
are largely confined to known Archean rocks in the Pilbara and Yilgarn cratons of the WAE, but also
occur in the NAE and SAE (Figure 3.4), largely but not exclusively confined to regions of known or
assumed Archean geology (e.g., Pine Creek (Hollis et al., 2009c), Tanami (Page et al., 1995), Mount
Isa (McDonald et al., 1997) and the Gawler (Swain et al., 2005; Fraser et al., 2010)). The youngest
model ages are restricted to the Tasman Element, chiefly within the New England Orogen (e.g., Kemp
et al., 2009). The latter highlights a major point regarding Figure 3.2, i.e., that all elements (with the
exception of the Pinjarra for which there are little available data) contain obvious internal isotopic
zonation. This is explored in detail in the following section.

3.3. Crustal Elements

3.3.1. Introduction

Crustal elements (Figure 3.2, Figure 3.3) are discussed in order of generally decreasing age, i.e., from
west to east. The western two-thirds of Australia is dominated by the West, North and South Australian
elements (WAE, NAE and SAE) which contain Paleoproterozoic and Mesoproterozoic terranes, with
Archean remnants of various sizes (e.g., Myers et al., 1996; Cawood and Korsch, 2008; Huston et al.,
2012). These are separated from each other by the three-pronged Meso- and Neoproterozoic rocks
comprising the Musgrave, Paterson and Albany-Fraser orogens—together comprising the Central
Australian Element (CAE; Figure 3.2; Figure 3.3). These elements are bordered in the east by the
extensive, largely Phanerozoic, Tasman Element (e.g., Cawood, 2005; Glen, 2005), and in the west
by the small, largely undercover and poorly known, Proterozoic to Paleozoic Pinjarra Element (Myers
et al., 1996; Wilde and Nelson, 2001).

One of the chief concerns regarding the crustal development of Australia (and particularly of the three
older elements, the WAE, SAE and NAE), concerns the nature and timing of crustal growth. To begin
to fully understand this requires more robust constraints on not just the age of the crust (e.g., the
relative extents of Archean versus Proterozoic basement in the WAE, SAE and NAE) but also
constraints on its possible crustal evolution. For example, although Archean fragments are present
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within the WAE, NAE and SAE, there has been considerable debate over the actual extent of Archean
versus Proterozoic basement, as well as the related question regarding the nature of crustal growth in
these elements and the relative roles of vertical versus horizontal tectonics (Etheridge et al., 1987;
McCulloch, 1987; Wyborn et al., 1987; Myers et al., 1996; Giles et al., 2002; Betts et al., 2002;
Cawood and Tyler, 2004; Betts et al., 2009; Johnson et al., 2011; Huston et al. 2012; see general
summaries in Fraser et al., 2007; Cawood and Korsch, 2008; Korsch et al., 2011).
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Figure 3.4 Two stage depleted mantle model ages (T,p,,) versus longitude. Isotopic data for Australian felsic
igneous rocks show a broad regional negative correlation with longitude. The majority of model ages are
Proterozoic in age; Archean model ages are largely confined to the WAE, Phanerozoic model ages to the Tasman
Element. The Gascoyne region samples (WAE) are shown separately. Data and data sources are listed in
Appendix B and Appendix C.

In the following sections, emphasis is placed on the four largest elements (WAE, NAE, SAE and
Tasman) with examples of how Sm-Nd isotopic data can be used to constrain their crustal evolution.
The Central Australian and Pinjarra elements are discussed with their neighbouring elements, largely
with respect to the nature and style of the boundaries between them. Examples of ambiguous (and
even misleading) signals from the Sm-Nd isotopic data, and reasons for this ambiguity, are also
discussed.
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3.3.2. West Australian Element and bordering provinces

The West Australian Element (WAE; Myers et al., 1996; Cawood and Korsch, 2008) is comprised of
the Archean Pilbara and Yilgarn cratons and the intervening (Archean to) Paleoproterozoic rocks of
the Capricorn Orogen (Cawood and Tyler, 2004; Sheppard et al., 2010a,b; Figure 3.5), including the
Gascoyne Province and its basement Glenburgh Terrane (Sheppard et al., 2010a,b). Numerous Sm-
Nd isotopic data are available for the Pilbara and Yilgarn cratons (Bickle et al., 1989, 1993, Brauhart
and Morant, 2000; McCulloch, 1987; Smith et al., 1998; Tyler et al., 1992; Barley et al., 2003; Smithies
et al., 2007; Champion and Sheraton, 1997; GSWA-GA unpublished; Nutman et al., 1993; de Laeter
et al., 1985; Fletcher and McNaughton, 2002b; Fletcher et al., 1983a, 1983b, 1984, 1985, 1994;
McCulloch and Compston, 1981; McCulloch et al., 1983a, 1983b; Watkins and Hickman, 1990;
Sheppard et al., 2003). Less data are available for the Capricorn Orogen, with all data from the
Gascoyne Province from Fletcher et al. (1983a) and Sheppard et al. (2003, 2004).

The WAE is bordered in the northeast, east and south by Proterozoic geological provinces of the
Central Australian Element (CAE), specifically rocks of the (Late Archean-) Paleoproterozoic and
Mesoproterozoic Albany-Fraser Orogen (e.g., Nelson et al., 1995) and the Paleoproterozoic to
Neoproterozoic Paterson Orogen (e.g., Czarnota et al., 2009; Figure 3.5). Large parts of the CAE in
these areas are either under cover or poorly exposed and even where exposed the isotopic data is
limited. Available isotopic data for the Paterson Orogen is from McCulloch (1987) and Geoscience
Australia (unpublished), and for the Albany-Fraser Orogen from Fletcher et al. (1983b), Nelson et al.
(1995) and Geoscience Australia (unpublished). The western margin of the WAE is bordered by the
Pinjarra Element (also called Darling Mobile Belt, e.g., Wilde and Nelson, 2001). Most of the element
is unexposed, under the Perth and Southern Carnarvon basins, with outcrop confined to a number of
basement high complexes. Geology is not well understood and a range of Paleoproterozoic to
Neoproterozoic and younger ages has been recorded (see summary in Wilde and Nelson, 2001). A
small number of isotopic data are available, from both exposed rocks and drill core which has
intercepted basement, chiefly from Fletcher et al. (1985), but also from McCulloch (1987).

The WAE and surrounding elements provide information on the isotopic character of Archean cratons
and changes across their edges from Archean to Proterozoic and Phanerozoic rocks. Data for the
WAE are largely dominated by Archean samples from the Yilgarn and Pilbara cratons with only
minimal data for the rocks between and around these cratons. As such, the gridded image is
dominated by the Archean signal and other complexities are largely not evident. The sparse data do
highlight the edges of the two cratons, mirroring results, for example by Fletcher and co-workers on
isotopic changes across the margins of the Yilgarn (Fletcher et al., 1983a,b). These workers
documented marked changes in isotopic signal (towards much less evolved with younger model ages)
on transects away from the Yilgarn Craton. A similar change appears to be evident in crossing from
the Pilbara into the CAE region.
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Figure 3.5 Gridded Nd two-stage depleted mantle model age (T,p,,) map for the West Australian Element (WAE)
and surrounding Pinjarra and Central Australia (CAE) elements. Isotopic data (coloured by magmatic age) used to
create the grid are also shown (data and data sources are in Appendix B and Appendix C). Grid created in
ArcMap® (see text), from 514 data points. Also shown are West Pilbara, East Pilbara and Kurrana terranes
(Pilbara Craton), Narryer, Youanmi, Southwest (no border shown), Kalgoorlie, Burtville and Kurnalpi terranes
(Yilgarn Craton), the Gascoyne region—all in the WAE—as well as the Albany-Fraser and Paterson regions
(CAE). Grid colours in areas with no samples are purely based on interpolation and may have no relationship with
underlying crust; these areas have been partially masked. Kalgoorlie, Burtville and Kurnalpi terranes belong to the
Eastern Goldfields Superterrane (EGST), boundaries follow Cassidy et al. (2006) and Stewart et al. (in prep).
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3.3.2.1. Archean Pilbara and Yilgarn cratons

Regional isotopic variation is well documented for both the Pilbara Craton (Van Kranendonk et al.,
2004, 2007) and the Yilgarn Craton (Nutman et al., 1993; Fletcher et al., 1994; Champion and
Sheraton, 1997; Champion and Cassidy, 2008), and matches reasonably well with known geology and
geological terranes. Both cratons have older ‘nucleii’—the ca. 3.7-3.6 Ga East Pilbara Terrane and
the mostly 3.3-3.0 Ga Youanmi Terrane—bound by mostly younger crustal domains—the West
Pilbara Superterrane and Kurrana Terrane in the Pilbara (see section 2.6) and the Eastern Goldfields
Superterrane in the Yilgarn (Figure 3.5). As highlighted by Champion and Cassidy (2008), the
boundary between the Youanmi Terrane and the bounding Eastern Goldfields Superterrane is
pronounced and readily visible in the gridded data. Similarly, as discussed in section 2.6, the boundary
between the older East Pilbara Terrane and the West Pilbara Superterrane is well marked. In the
Pilbara, oldest model ages (ca. 3.7 Ga) are almost exclusively confined to the East Pilbara Terrane. In
the Yilgarn Craton, although older model ages occur in the Youanmi Terrane, the oldest model ages
are confined to the Narryer Terrane (Figure 3.5), interpreted by Nutman et al. (1993) to be an exotic
accreted block. Youngest model ages in both cratons occur within the marginal terranes.

Both the Pilbara and Yilgarn cratons highlight the potential ambiguity of isotopic signatures,
particularly when applied to tectonic interpretation. The marginal terranes in both cratons have been
interpreted in terms of accretionary tectonic processes (e.g., Barley et al., 1989, 2008; Smithies et al.,
2005; Champion and Cassidy, 2008), and the isotopic data are consistent with this. The data are also
consistent with other processes, however. For example, the zonation within the Eastern Goldfields
Superterrane has been attributed, wholly or in part, to intracontinental and/or back-arc rifting (e.g.,
Groves and Batt, 1984; Czarnota et al., 2010), and the isotopic data are also consistent with those
interpretations. Similarly, the more homogeneous and evolved isotopic signatures of the ‘nucleii’ in
both cratons—Youanmi Terrane (Yilgarn) and East Pilbara Terrane (Pilbara)—have been interpreted
as the old crustal blocks possibly derived from oceanic plateau-like precursors (e.g., Van Kranendonk
et al., 2007). These interpretations are also not without controversy, though it is noted that the East
Pilbara Terrane, in particular, has many geological features consistent with such an interpretation (see
e.g., Van Kranendonk et al., 2007; Champion and Smithies, 2007).

One feature of the isotopic zonation in the Yilgarn Craton, particularly within the Eastern Goldfields
Superterrane, was the recognition of apparent relationships between isotopic signatures and gold,
base metal and nickel mineralisation (Cassidy et al., 2005; Huston et al., 2005, 2013). In the case of
base metal mineralisation, Huston et al. (2013) showed that this relationship can be extended to
Archean terranes in general. These topics are discussed in more detail in section 5.2.

3.3.2.2. Gascoyne Province (WAE) and bordering elements

The Pilbara and Yilgarn cratons in the WAE are separated by the younger late Archean and
Proterozoic rocks of the Capricorn Orogen (Myers et al., 1994; Sheppard et al., 2010a,b). Detailed
geological mapping, geochemistry and geochronology (e.g., Sheppard et al., 2003, 2004, 2010a,b;
Johnson et al., 2011, and references therein) highlight the initial accretionary/collisional nature of this
orogen in the Paleoproterozoic (pre-1950 Ma, in two events) that were responsible for amalgamation
and formation of the WAE, probably with the involvement of a Late Archean-early Paleoproterozoic
block called the Glenburgh Terrane. As highlighted by Sheppard et al. (2010b), subsequent younger
(post-1950 Ma) magmatic and thermal events are related to intracontinental reworking, though
Sheppard et al. (2004) indicated even the older events involved significant crustal recycling. The
isotopic data are consistent with these interpretations. Model ages for samples from the Capricorn
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Orogen (Figure 3.4 to Figure 3.6) range from ~2.5 Ga to much older, requiring not just rocks of similar
isotopic signature to the Yilgarn Craton (or another unexposed Archean block) but also the
involvement of younger material (i.e., younger model ages) not present in the Pilbara or Yilgarn
cratons (Figure 3.6). This is consistent with Late Archean—Early Paleoproterozoic basement for this
part of the Capricorn Orogen, being reworked with new crustal growth in the Paleoproterozoic (e.g.,
Sheppard et al., 2004; Johnson et al., 2011).

Provinces in the surrounding Central Australian Element (CAE) that abut the WAE, specifically the
Paterson and Albany-Fraser orogens, show similar isotopic signatures to the Gascoyne Province
(Figure 3.5, Figure 3.6), but extend to younger T,p,, with decreasing magmatic age. The latter trends
are most consistent with a number of crustal growth events. The isotopic zonation in the Paterson with
markedly younger T,p,, to the north (Figure 3.5) is consistent with distinct geological provinces, with
the older T,p,, confined to the Rudall Province in the south. Youngest model ages occur in intrusions in
the Yeneena Basin—these T,,,, may be recording juvenile input at the time of their formation and/or
relate to slightly older crustal growth at ca. 830 Ma as recorded by mafic and other intrusions related
to basin formation (e.g., Czarnota et al., 2009; Figure 3.6).
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Figure 3.6 Magmatic age versus two stage depleted mantle model ages (T ,p,,) for rocks of the West Australian
(Yilgarn, Pilbara and Gascoyne) and neighbouring Central Australia (Paterson, Albany-Fraser) and Pinjarra
elements. With the exception of the Pinjarra Element all other (late Archean-) Proterozoic provinces have T,py,
ages which require both Archean and younger ‘crustal’ components. The isotopic data from both the Paterson
and Albany-Fraser orogens indicate significant post-Archean crustal growth.
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The small amount of data available for the Pinjarra Element is largely non-definitive. As noted by
earlier studies (e.g., Fletcher et al., 1985), the data are broadly similar to that in the Albany-Fraser
Orogen bordering the southern and eastern margins of the Yilgarn Craton, and at best demonstrates
the involvement of younger (post-Yilgarn Craton) crust. The lack of old T,p,, may be indicative of no

Yilgarn Craton involvement at all, but may just as readily reflect a more cryptic Archean signature.

3.3.3. North Australian Element

The North Australian Element (NAE; Myers et al., 1995; Cawood and Korsch, 2008; Huston et al.,
2012) is dominated by Paleoproterozoic to Mesoproterozoic geology of the age period ca. 1920-1550
Ma, best documented in the Kimberley (Halls Creek and King Leopold orogens), Pine Creek, Tanami,
Tennant Creek, Arunta, Mount Isa and Georgetown regions (see Figure 3.7, Figure 3.8). Definitive
Neoarchean (to early Paleoproterozoic) rocks are largely confined to parts of the Pine Creek Orogen
(e.g., Hollis et al., 2009c) but also occur as complexes in the Tanami region (Page et al., 1995).
McDonald et al. (1997) also reported evidence for suspected Archean basement in the Mount Isa
region. Phanerozoic, mostly Paleozoic, rocks related to the Tasman Orogen and the Alice Springs
Orogeny occur along the eastern and southern margins of the NAE (e.g., Hand et al., 1999), but are
most abundant in the Georgetown region (Withnall et al., 1997). Much of the NAE is obscured by
Proterozoic and younger basins and the distribution of Sm-Nd samples largely reflects the location of
basement outcrop (Figure 3.8).
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Figure 3.7 Histogram of ages of felsic igneous Sm-Nd samples from the North Australian Element. Total number
of samples is 384, of which 17 are Archean, 304 Proterozoic and 63 Paleozoic.
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Numerous Sm-Nd isotopic data are available for igneous rocks of the Arunta, Isa and Georgetown
regions (e.g., Black and Shaw, 1992; Black and McCulloch, 1984, 1990; Windrim and McCulloch,
1986; McCulloch, 1987; Page and Sun, 1988; Wyborn et al., 1988, 1998; Champion, 1991; Foden et
al., 1995; Sun et al., 1995; Zhao and McCulloch, 1995; Knutson and Sun (in Blewett et al., 1997);
McDonald et al., 1997; Mark, 2001; Smith, 2001; Bierlein and Betts, 2004; Scrimgeour et al., 20053a;
Wade et al., 2008; Bierlein et al., 2011; Lambeck et al., 2012; GA unpublished; NTGS unpublished).
Fewer data are available for the Pine Creek and Tanami regions (McCulloch, 1987; Smith, 2001;
Bagas et al., 2010; GA unpublished; NTGS unpublished). Only limited data are available for both the
Tennant Creek and Kimberley regions (McCulloch, 1987; Griffin et al., 2000; GA unpublished; NTGS
unpublished). Available isotopic samples span the age range evident in the geology (ca 2670 Ma to
280 Ma) and, like the geology, are dominated by late Paleoproterozoic to early Mesoproterozoic ages
(Figure 3.7).

The gridded T,p,, image for the NAE (Figure 3.8) is not simple and lacks the obvious correlations with
the geological regions seen in the WAE image. Nonetheless, a number of observations can be made
regarding the possible ages of basement rocks, isotopic variations within geological provinces and
possible crustal breaks between geological provinces in the NAE:

e T,5y ages in the NAE are dominated by Proterozoic ages (see section 4.1), with the peak
between 2.5 Ga and 2.2 Ga (Figure 4.2).

e Samples with Archean model ages, although not uncommon, are patchy, suggesting either
Archean basement is not widespread or that model ages largely represent mixes between
Archean and Proterozoic crust.

e All regions show a broad range in T,p,, and g4 (Figure 3.9), consistent with a range of crustal
ages and/or components (e.g., crust and mantle) involved in the genesis of these rocks. In fact
there is more variation within NAE provinces than between them.

e T,y ages for the Proterozoic magmatism are almost exclusively 400-800 Ma greater than
magmatic ages (Figure 3.10), irrespective of model age, i.e., the average age of the crust in the
NAE is decreasing with decreasing age, implying episodic (ongoing) crustal growth.

e For the Northern Territory portion of the NAE, there is a pronounced decrease in (minimum and
maximum) model ages southward with increasing latitude (Figure 3.11).

e There are marked changes and gradients in isotopic data in an east-west direction across the
NAE (Figure 3.12) that suggest possible crustal breaks (suture zones) and accretionary
tectonics.

3.3.3.1. Pine Creek Orogen: Archean basement signatures

The best evidence for Archean basement is in the Pine Creek and Tanami orogens. The Pine Creek
Orogen (PCO) with its known Archean basement and Paleoproterozoic cover sequences, coupled with
available Nd and Hf isotopic data (McCulloch 1987; Glass et al., 2010; Hollis et al., 2011) serves as a
potential model to understand Nd signatures within the NAE and in other Australian Proterozoic
terranes for which evidence on the basement rocks are either missing or poorly understood. The PCO
comprises Paleoproterozoic sedimentary and volcanic rocks, overlying Neoarchean (ca. 2670-2500
Ma) granites and gneisses (Needham et al., 1980, 1988). Current geological syntheses of the PCO
show it can be subdivided into three domains—the Litchfield Province (west), the Central Domain, and
the Nimbuwah Domain (east). Each domain is characterised by distinctive geology, structural history
and metamorphism, and periods of magmatism (Carson et al., 2008; Glass et al., 2010). Neoarchean
(ca. 2670 to 2500 Ma) felsic magmatism has been identified in the Central Domain (ca. 2674 Ma
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Woolner Granite (Glass et al., 2010) and ca. 2545-2520 Ma units of the Rum Jungle Complex (Cross
et al., 2005), and Nimbuwah Domain (the ca. 2671 and ca. 2640 Ma Arrarra Gneiss (Hollis et al.,
2009a,c), units of the Nanambu Complex (ca. 2520 Ma; Hollis et al., 2009a,c) and the Kukalak Gneiss
(ca. 2527-2510 Ma; Hollis et al., 2009a,c)), but not in the Litchfield Province (Carson et al., 2008).
Paleoproterozoic magmatism occurs within all three domains. This includes: ca. 1867—1860 Ma
granites of the Nimbuwah Complex in the Nimbuwah Domain (Hollis et al., 2009b); slightly younger
(ca. 1855 Ma) mafic and felsic magmatism in the Litchfield Province (Carson et al., 2008); and
younger I-type magmatism (ca. 1835-1820 Ma) in the Central Domain (Hollis et al., 2011).

Glass et al. (2010) summarised the Nd isotopic signatures of the Central and Nimbuwah domains,
utilising new data as well as that of McCulloch (1987). They found a wide range of Archean model
(Tom) ages from ca. 2600 Ma to as old as ca. 3110 Ma. Data (recalculated) from McCulloch (1987)
expands this range in both directions, with T,p,, ages from ca. 2490 to ca. 3650 Ma. No data are
available for the Litchfield Province. Model ages, especially those reported by Glass et al. (2010),
broadly match, though are older than the known Archean basement geology in the PCO (with ages of
2680-2520 Ma).
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Figure 3.9 Magmatic age versus epsilon Nd (g,,) for felsic magmatism of the North Australian Element (NAE).
Data and data sources are listed in Appendix B and Appendix C). Note the spread in €y, for all geological regions,
as well as a trend to decreasing minimum eNd with decreasing magmatic age (highlighted by the arrow). Oblique
pink and green shaded zones represent project evolutionary trajectories for Pine Creek Archean crust and Pine
Creek 1.9—1.83 Ga crust, respectively. Blue shaded area labelled juvenile input’ represents expected range of

isotopic signatures for mantle material emplaced during 1.93-1.5 Ga. The large arrow highlights the decreasing
minimum &€,y with increasing age.
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The older model ages are certainly realistic. As pointed out by Glass et al. (2010), many of the
Archean felsic intrusives have evolved gy, (mostly <0) requiring some crustal recycling. There is also
evidence of older crustal material within the ca. 2010 Ma Woodcutters Supergroup. As discussed by
Hollis et al. (2011), this formation not only contains zircons as old as 3670-3555 Ma but includes a
dominant population of ca. 3120 Ma zircons. Hollis et al. (2011) also found inherited zircons in the ca.
2600 Ma to 3535 Ma age range for the Rum Jungle Complex—a spread that matches the range in
model ages for this unit (e.g., McCulloch, 1987). There is no definitive indication of the actual age of
the older parts of the PCO basement, nor is there any strong evidence regarding the abundance of
this older material, or whether or not the crust is zoned in this region. The detrital zircon populations in
post Archean sedimentary sequences in the PCO largely fall in the age range 2670-2500 Ma (Hollis et
al., 2011), matching known ages of the exposed basement.

Nd model ages (Tp,,) for the younger ca. 1867—-1860 Ma granites of the Nimbuwah Complex give
model ages of ca. 2600 Ma (Glass et al., 2010). Importantly, although these ages match those of the
dominant zircon population they do not match the isotopic signature of the Archean rocks (Figure 3.9),
requiring the involvement of some juvenile input. The age of the latter is largely unconstrained and
may be anywhere between late Archean and ca. 1867-1860 Ma, i.e., syn-magmatic. The most
interesting observation is that in an area where Archean basement is clearly present, calculated T,y
ages for the Proterozoic magmatism are Paleoproterozoic to latest Archean, i.e., lack of Archean
model ages signatures does not negate the possibility of Archean basement.
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Figure 3.10 Magmatic age versus model age (T ,p,,) for felsic magmatism of the North Australian Element (NAE).
Data and data sources are listed in Appendix B and Appendix C. Note the spread in T,p,, for all geological
regions, as well as a trend to decreasing T,py, with decreasing magmatic age. T,p, for most Proterozoic samples
are 400 Ma to 800 Ma older than the magmatic age, irrespective of age.
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3.3.3.2. Basement rocks of the NAE—Archean or not

As pointed out by Glass et al. (2010), there is a similarity of isotopic signature between the Nimbuwah
Complex rocks in the PCO and contemporaneous rocks of the Kalkadoon Granodiorite (McDonald et
al., 1997) in the Mount Isa region. The ca. 1850 Ma granites in the Tennant Creek region also have
T,om @ges of ca. 2550 Ma (McCulloch, 1987). This is not surprising as McCulloch (1987) showed that
most of his samples from the NAE had very similar model ages. His reported model ages of ca. 2100
to 2300 Ma, are slightly younger than those reported here, because of the different depleted mantle
growth curve (depleted mantle beginning at 2750 Ma not 4500 Ma) used. McCulloch’s (1987) values
of Tpy increase to ca. 2500 and older when more conventional growth curves are used. The general
similarity of the isotopic signature of rocks of the NAE is illustrated in Figure 3.9 which shows that
rocks of the Kimberley region, Tanami Orogen, Tennant region (Warramunga and Davenport
provinces), Arunta Orogen and the Mount Isa Orogen (especially the western half), all have evolved
end-members with isotopic signatures similar to those of the ca. 1860—-1850 Ma PCO granites. The
simplest interpretation is that many of these provinces are underlain by basement similar to that being
sampled by the ca. 1860 Ma PCO granites, i.e., Archean basement modified by one or more
subsequent crustal growth events (including juvenile mantle material at the time of magmatism).
Wyborn et al. (1987) reached a similar conclusion in their synthesis of Australian Proterozoic
magmatism, though suggested that the Proterozoic terranes developed on, but not necessarily from,
Archean crust. The observation that T,p,, in the Proterozoic samples are 400-800 Ma older than the
magmatic age, irrespective of the magmatic age (Figure 3.10), implies there has been ongoing crustal
growth through the 400 Ma time span of Proterozoic magmatism. This is consistent with Wyborn et al.
(1987) who suggested that these crustal growth events were probably related to rifting and extensional
events associated with, and prior to, development of the Proterozoic sequences. They also advocated
a major role for vertical redistribution and not horizontal crustal growth, i.e., most of the present extent
of the NAE was present early. The patchy distribution of model ages (Figure 3.8) in nearly all of the
geological provinces lends some support to this model. Consideration of the relationship between T,p,,
and geography (next section), however, offers one possible alternative interpretation.

3.3.3.3. Geographic changes in model ages
3.3.3.3.1. North-South variations in isotopic signature

Figure 3.11 shows that there is a reasonable correlation between minimum and maximum T,p,, and
latitude for the Northern Territory portion of the NAE. This is particularly the case south of 22 degrees
latitude, i.e., for the Aileron and Warumpi provinces of the Arunta Orogen. The Warumpi Province in
particular is one of the few in the NAE that has a relatively homogeneous isotopic signature. This trend
also continues further south to the Musgrave Province in the neighbouring Central Australian Element
(Figure 3.11). Although this trend could be interpreted as rifting/extension, presumably between a
joined NAE and the South Australian Element (e.g., see model B in Fraser et al., 2007, and references
therein), it is perhaps more consistent with arc-related crustal growth along the southern margin of the
NAE. The trends in isotopic signature (gygy, Topy) in the southern NAE are very similar to (though not as
extreme as) that seen in the accretionary Phanerozoic Tasman Element of eastern Australia (e.g.,
Kemp et al., 2009; Champion et al., 2010; see Figure 3.20), i.e., suggesting that the southern half (at
least) of the NAE was formed in an accretionary environment. The isotopic signature of the southern
NAE is particularly akin to the northern part of the Tasman Element where lateral growth is not as
extensive as in the southern Tasman (Champion et al., 2010; see section 3.3.5). The isotopic trend is
also consistent with previous geological and tectonic interpretations of both the Aileron (Foden et al.,
1988; Zhao and McCulloch, 1995) and Warumpi (Scrimgeour et al., 2005a,b) provinces, based on
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magmatic, sedimentary, metamorphic/deformation and isotopic data (see Huston et al. (2012) for a
possible tectonic model). For example, Zhao and McCulloch (1995) subdivided the Arunta region
granites into three main groups, one of which—their calc-alkaline—trondhjemitic group (CAT group)—is
confined to the southern margin of the Aileron Province was interpreted to have arc-like geochemical
features. Korsch et al. (2011) suggested, based on seismic reflection data, that there is an ancient
crustal suture (expressed at the surface by the Atuckera Fault) between the Aileron Province and the
Davenport Province to the north. They linked this suture to a similar break observed between the
Tanami region and the Aileron Province to the northwest documented by Goleby et al. (2009). Bagas
et al. (2008) proposed a collisional event between the Tanami and Arunta region occurring ca. 1850
Ma. Korsch et al. (2011) suggested a similar scenario, and speculated it may relate to deformation at
ca. 1850 Ma in the Tennant region. Notably there is also an apparent (northeast-southwest trending)
gradient in the isotopic data for the Tanami region (Figure 3.8), also possibly recording accretion to the
southwest. There is also a suggestion of younger crust to the northeast but there are too few data
points to verify (or otherwise) this change.
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Figure 3.11 Two-stage Depleted mantle model (T,p,,) ages versus latitude for felsic igneous rocks of northern
Territory. Note the general decrease in minimum and max T,p,, with decreasing latitude, highlighted by the blue

and orange arrows, respectively. Fields for rocks of the Kimberley (denoted by pink dotted lines) and Mt Isa
(green dotted lines) regions do not follow this trend.

A somewhat similar scenario has been invoked for the Warumpi Province, which has a geological
history (pre-1640 Ma) distinct from that of the now-neighbouring Aileron Province (Close et al., 2003,
2004; Scrimgeour et al., 2005b). This led to the suggestion (e.g., Close et al., 2003) that the Warumpi
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Province was separate from the Aileron Province up until the Leibig Orogeny (ca. 1640-1630 Ma)
which appears to be the first common geological event shared by both provinces. Scrimgeour et al.
(2005b) interpreted the orogeny to reflect continental collision between the Warumpi and Aileron
provinces, most likely related to a south-dipping subduction zone (based on the concentration of pre-
and syn-orogeny magmatism in the Warumpi Province). The two provinces are separated by what
Close et al. (2004) called the Central Australian Suture—a series of faults and shear zones, including
the Redbank Thrust.

The interpreted sutures are supported by the isotopic data—certainly there is an apparent jump in
model ages and g, values south of latitude 22 degrees, and a trend to strongly decreasing T,py
further south. There are also some slight inconsistencies, however. Firstly, the most evolved samples
in the Arunta Orogen have T,p,, of 2.5 Ga and over (up to 2.4 Ga and over in Warumpi Province
samples) suggesting that they have sampled (in part) an Archean component. Secondly, there is an
overlap between the isotopic signatures of felsic magmatism in the Warumpi and Aileron provinces
(Figure 3.11) perhaps suggesting some commonality.

3.3.3.3.2. East-West variations in isotopic signature

Similar regional isotopic variations can be seen taking an approximate broad east-west transect
across the central part of the NAE, from the King Leopold and Halls Creek orogens in the west,
through the Tanami and Tennant regions, and the northern Arunta (north of 22 degrees), into Mount
Isa and across to the Georgetown region (Figure 3.12). Although the number of data points are quite
limited for some regions (Kimberley, Tennant), there are a number of east-west changes (jumps,
gradients) in isotopic signature that are suggestive of either crustal breaks (i.e., possible sutures) or
continental margin processes. These include:

¢ A gradient to more significantly primitive isotopic signatures in the eastern part of the Halls
Creek Orogen;

¢ A marked change from the Halls Creek Orogen to the Tanami Orogen;
e A pronounced gradient (or break) from the western to eastern Mount Isa Orogen; and
¢ A marked change from western Mount Isa to the Georgetown region.

Many of these correlate reasonably well with geological interpretations for the NAE. Detailed
geological studies in the Halls Creek Orogen (Kimberley region) (e.g., Griffin et al., 2000; Sheppard et
al., 1999, 2001) have identified three geological terranes (Western, Central and Eastern zones) each
with distinct early geological histories, and distinctive sodic and potassic granites groups specific to
individual zones. The identified geological zones were interpreted by Sheppard et al. (1999, 2001) to
record the amalgamation of the Kimberley Craton with the NAE (see Korsch et al. (2011) and Huston
et al. (2012) for recent overviews). In this interpretation the three zones represent, from west to east,
the Kimberley Craton, an accreted island arc, and the western margin of the NAE. Nearly all the
available isotopic data are from the Western and Central zones, so the isotopic zonation in Figure 3.12
(data from McCulloch (1987); Griffin et al. (2000); Geoscience Australia unpublished) is recording the
change from older continental crust in the west to the accreted island arc terrane in the Central Zone.
This tectonic interpretation is also consistent with the change in isotopic signal from the Halls Creek
Orogen to the Tanami Orogen.

Bierlein et al. (2011) have recently suggested, primarily based on Sm-Nd data but also on
geochemistry, geochronology, and Lu-Hf isotopic data, that the eastern part of the Mount Isa Orogen
(Eastern Fold Belt) has a distinct geological history (pre 1.86 Ga) to the western part (Western Fold
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Belt and Kalkadoon-Leichhardt Belt). They suggested the Eastern Fold Belt was accreted to the rest of
the Mount Isa block at, or before, ca. 1.86 Ga. The break shown on Figure 3.12 at 140 degrees
longitude closely approximates the location of the boundary between the Kalkadoon-Leichhardt Belt
and the Eastern Fold Belt. The expanded data set used here clearly lends support to the suggestions
of Bierlein et al. (2011).
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Figure 3.12 Two stage Depleted mantle model ages (T,p,,) versus longitude for Proterozoic rocks of the
Kimberley region (King Leopold and Halls Creek orogens), Tanami Orogen, Tennant Creek region (Warramunga
and Davenport provinces), Arunta Orogen (north of 22 degrees = N22), Mount Isa Orogen, and the Georgetown
region (Etheridge, Croydon and Savannah provinces). Phanerozoic rocks of the Pama and Kennedy Igneous
provinces (Georgetown region) are also shown. A number of possible isotopic gradients and or crustal breaks are
also shown. Data and data sources are given in Appendix B and Appendix C.

Bierlein et al. (2011) also speculated (their Figure 21) that the Mount Isa Orogen was accreted to the
rest of the NAE in a similar time frame. The isotopic data (Figure 3.12) provide no support for this
suggestion (though on their own do not refute it either). There are other possible interpretations of the
Mount Isa isotopic data. For example, when magmatic age (and not just location) is taken into
account, it is apparent that most of the more primitive isotopic signatures are associated with post
1600 Ma magmatism which is (largely) confined to the Eastern Fold Belt (e.g., Wyborn et al., 1988). It
may well be that the east-west change in isotopic signature simply reflects a greater amount of
younger crustal growth in the Eastern Fold Belt, which may or may not necessarily be related to
convergent margin processes. For example, Gibson et al. (2012) suggest formation of a rifted margin
(ca. 1800-1600 Ma) on the eastern side of the Mount Isa Orogen which would alter the isotopic
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signature. The isotopic data do show, however, that regardless of age, the most evolved signatures
(largest T,p,,) are in the western Isa region, lending support to Bierlein et al. (2011).

Figure 3.12 also shows a change in isotopic signature going from the Mount Isa Orogen into the
Georgetown region, where Proterozoic magmatism records T,y ages similar to those in the western
part of Mount Isa. Interpretations of reflection seismic data that transect these provinces show two
possible sutures, one on the eastern margin of the Mount Isa Orogen (the Gidyea Suture Zone of
Korsch et al., 2012), and another west of Georgetown (the Rowe Fossil Subduction Zone of Korsch et
al., 2012). The isotopic data is consistent with one or both of these sutures. Korsch et al. (2012) also
identified a crustal block, which they called the Numil Seismic Province, between the two suggested
suture zones. The paucity of isotopic data between the Mount Isa and Georgetown regions, however,
means it is not possible to make any inferences about the age of the basement in that area.

3.3.3.3.3. Younger events along the margins of the NAE

Younger events are recorded along the eastern and southern margins of the NAE, in the
Neoproterozoic to Cambrian Irindina Province (Hand et al., 1999, Maidment, 2005) within the Aileron
Province (Arunta Orogen), in the dominantly Mesoproterozoic Musgrave Province (Central Australia
Element; Smithies et al., 2010; Edgoose et al., 2004), and in the Georgetown region (related to the
Tasman Orogen; Withnall et al., 1997). Few isotopic data are available for the Irindina Province and it
is not discussed further. Trends in the Georgetown region are discussed in the Tasman Element
though it is evident from the isotopic data that Paleozoic magmatism in that region (Figure 3.10,
Figure 3.12) is derived from a mixture of reworked (Archean? and) Proterozoic basement and
Phanerozoic crustal growth (as signified by the large range in T,p,)-

The Musgrave Province is dominated by ca. 1345-1290 Ma, ca. 1200-1160 Ma and ca. 1080-1030
Ma magmatism (e.g., Edgoose et al., 2004; Smithies et al., 2010). Isotopic signatures of this
magmatism (Smithies et al., 2010; Wade et al., 2006) are very similar across the province. Similarly,
as shown by Smithies et al. (2010), there is very little variation in model ages with decreasing age, at
least prior to the ca. 1080 Ma Giles event (Smithies et al., in prep). The isotopic data fall into a small
range of T,y (2110-1840 Ma), which slightly overlap with but are mostly more primitive than found in
the Warumpi Province (Figure 3.11). This continues the southward trend from more evolved
signatures within the Aileron Province (and Tanami and Tennant regions), to least evolved in the
Musgrave Province (as noted by Wade et al. (2006) and Smithies et al. (2010)), through to the
intermediate values found in the Warumpi Province. Wade et al. (2006) suggested, on the basis of the
geochemistry and (relatively) primitive Nd signatures, and assumed ages of ca. 1.59-1.55 Ga, that the
Musgrave Province formed in the early Mesoproterozoic within an island arc environment between the
North and South Australian elements. Smithies et al. (2010), although questioning the classification
and age assignment of many of the gneisses used in the Wade et al. study, agreed with the overall
conclusions of Wade et al. (2006). The spread in isotopic data do suggest, however, as acknowledged
by Smithies et al. (2010), the involvement of an older component. This may indicate older crust but
possibly could reflect input of sediments, such as craton-derived sediments overlying the subducting
slab (Wade et al., 2006; Smithies et al., 2010). The absence of older (pre ca. 1650 Ma) zircons in the
igneous rocks of the Musgrave Province (e.g., Wade et al., 2006; Smithies et al., 2010) is the best
evidence for its primitive nature and short pre-history.
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3.3.4. South Australian Element

The South Australian Element (SAE; Myers et al., 1996; Cawood and Korsch, 2008; Huston et al.,
2012) is comprised of the Archean to Mesoproterozoic Gawler Craton (e.g., Hand et al., 2007; Reid
and Hand, 2012), the Paleo- to Mesoproterozoic Curnamona Craton (Conor and Preiss, 2008) as well
as the Coompana Block (west of the Gawler Craton; Figure 3.13, Figure 3.14). Both the Gawler and
Curnamona cratons have been subdivided into a number of geological domains (e.g., Ferris et al.
2002; Conor and Preiss, 2008; Figure 3.14). Large parts of both cratons underlie younger sedimentary
basins. This includes the contact between the two cratons which are separated by the intervening
(Neoproterozoic to Cambrian) supracrustal sequences of the Adelaide Geosyncline (Preiss, 2000; also
called Adelaide Fold Belt) that relate to Rodinia break-up and subsequent orogenic events of the
Tasman Orogen (e.g., Cawood, 2005). Numerous Sm-Nd isotopic data are available for the Gawler
and Curnamona cratons, including Cowley and Fanning (1992), Turner et al. (1993a), Johnson and
McCulloch (1995), Elburg et al. (2003, 2012), Swain et al. (2005, 2008); Budd and Skirrow (2007),
Skirrow et al. (2007), Wade et al. (2007), Raveggi et al. (2008), Fraser et al. (2010), Payne et al.
(2010), Szpunar and Fraser (2010), Howard et al. (2011), Wade et al. (2012) and Geoscience
Australia unpublished (see Appendix B, Appendix C).

The SAE is bordered in the north and west by Proterozoic geological provinces of the Central
Australian Element (CAE), specifically rocks of the (Late Archean-) Paleoproterozoic and
Mesoproterozoic Albany-Fraser Orogen (e.g., Nelson et al., 1995) and the Mesoproterozoic Musgrave
Province (e.g., Smithies et al., 2010; Figure 3.2). Large parts of the CAE and the SAE in these areas
are under cover so it is difficult to make any supportable conclusions from the isotopic data on the
nature of these boundaries and, as such, they are not discussed further. In contrast, the eastern and
north-eastern part of the SAE not only abuts outcropping elements of the Tasman Element, but the
SAE itself is overlain by components of the Tasman Element, particularly parts of the Adelaide Rift
system related to Rodinia break-up (e.g., Priess, 2000). The SAE and Adelaide rift sequences were
subsequently deformed by Delamerian events, and intruded by Delamerian and younger magmatism,
related to the Tasman Element. Examples of the latter include Paleozoic magmatism within the Mount
Painter Province, Curnamona Craton (e.g., Elburg et al., 2003, 2012). Paleozoic magmatism, with
available isotopic data (Foden et al., 2002; Turner et al., 1993a; Hergt et al., 2007; Whelan et al.,
2007) also occurs within the Tasman Element provinces close to the margin of the SAE (Figure 3.14),
allowing the investigation of the SAE-Tasman Element boundary. Interestingly, osmium isotope data
from mantle xenoliths in eastern South Australia and western Victoria (Handler et al., 1997), suggest
that early Proterozoic basement extends some 400 km eastward from known outcrop in the SAE into
western Victoria, below the Delamerian sections of the Tasman Element.

3.3.4.1. Gawler Craton

The Gawler Craton is unusual relative to other Australian Proterozoic blocks in that it not only records
a large time-span (Figure 3.13), from the Mesoarchean (ca. 3.15 Ga; Fraser et al., 2010), through to
the Mesoproterozoic (ca. 1.5 Ga), but also has rocks that bracket the Archean-Proterozoic transition
(ca. 2.55-2.4 Ga), in addition to the more ubiquitous ca. 1.9-1.5 Ga ages (e.g., Hand et al., 2007;
Reid and Hand, 2012). Rocks of ca. 2.8 Ga and ca. 2.0 Ga have also been recorded (Fanning et al.,
2007; Fraser and Neumann, 2010). Felsic magmatism encompasses this time frame and Sm-Nd data
are available for nearly all of these periods (Figure 3.13).

Given the large age range in geology, some complexity would be expected in the regional isotopic
signatures. The regional pattern, however, is relatively simple (Figure 3.14) and corresponds
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reasonably well with the geology and geological domains as currently defined (e.g., Ferris et al.,
2002). Three main features are apparent:

e OId T,py ages (ca. 3.4-3.3 Ga) are localised within the Spencer Domain, largely confined to the
regions around the known outcrop of Mesoarchean rocks (Fraser et al., 2010). Model ages
greater than 2.9 Ga expand this area of old crust into the neighbouring Cleve Domain.

e An arcuate zone of Archean model ages that correspond to (and overlap with) the known and
inferred distribution of the late Archean-early Paleoproterozoic Sleaford and Mulgathing
complexes (e.g., see Figure 2 of Reid and Hand, 2012). Although there is a lack of data along
the margins of the Gawler Craton, particularly to the north and west, the shape of this zone is
highlighted by the 2.65-2.45 Ga colour band on Figure 3.14.

e A young circular zone in the south-west with T,p,, less than 2.15 Ga, that essentially
corresponds to the Nuyts Domain (Figure 3.14, Figure 3.15, Figure 3.16), and includes
magmatism of the Tunkillia and St Peter suites, particularly the latter, which has juvenile isotopic
signatures (Swain et al., 2008).
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Figure 3.13 Histogram of ages of felsic igneous Sm-Nd samples from the South Australian Element (for the

Gawler (115 samples) and Curnamona (37 samples) cratons, and Coompana Block (3 samples)). Total number of
samples is 155, of which 22 are Archean, 114 Proterozoic and 17 Paleozoic.
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Figure 3.15 Magmatic age versus epsilon Nd (gy) for felsic magmatism of the South Australian Element (SAE).
Data and data sources are listed in Appendix B and Appendix C. Note the spread in gy, for late Paleoproterozoic
and Mesoproterozoic aged rocks. Fields showing isotopic signatures of Gawler Craton Mesoarchean and
Neoarchean granites through time are also shown.

It is evident from Figure 3.15 and Figure 3.16 that, with the exception of the Cleve Domain and
perhaps the Coulta Domain, there is not a lot of evidence for the existence of, or requirement for,
Mesoarchean basement outside of the region around the known outcrop in the Spencer Domain
(Fraser et al., 2010). The spread in isotopic data for rocks of the Cleve Domain suggest a role for
Mesoarchean basement, while the data for the Coulta Domain is more equivocal. The possible
extension of Mesoarchean basement into the Cleve Domain is not without problems. For example,
Fraser et al. (2010) recorded a change in seismic character across the boundary identifying
seismically distinctive, and by inference, different basement in each domain.

Most of the isotopic data for the Gawler Craton are consistent with late Archean-early Proterozoic
crustal growth and reworking of this during younger events, as noted by Reid and Hand (2012).
Certainly, with the exception of Nuyts Domain rocks, all other felsic magmatism includes a component
of late Archean-early Proterozoic crust. Conversely, the spread in isotopic signatures post 2.0 Ga
indicate a not-insignificant role for Proterozoic crustal growth (Reid and Hand, 2012). At least some of
this was contemporaneous with magmatism, e.g., as documented for the Hiltaba Suite (Budd, 2006),
though models such as those of Mortimer et al. (1988) for Donnington granites invoking melting of a
mafic underplate (plus or minus Archean basement), could also produce similar isotopic signatures.

The Nuyts Domain of the Gawler Craton is isotopically distinct from the rest of the craton,
characterised by markedly lower T,5,, ages and higher € (Figure 3.14, Figure 3.15, Figure 3.16). The
domain is reasonably well defined in the both the north and east where sharp gradients are evident
and, more importantly, correspond reasonably well to domain boundaries. This is particularly the case
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with the Nuyts/Coulta domain boundary (Figure 3.14). Interpretation of seismic reflection data (Fraser
et al., 2010) has delineated a crustal-scale feature that is suggested to correspond to this boundary,
consistent with the isotopic data. The isotopic nature of the Nuyts Domain is well illustrated by the
isotopic behaviour of Tunkillia Suite granites. As demonstrated by Payne et al. (2010), there is a
pronounced regional difference in isotopic signature in these granites with more primitive signatures
confined to the eastern group (in the northern Nuyts Domain) and more evolved signatures in the
Christie and Fowler domains (Figure 3.14, Figure 3.15, Figure 3.16). There is some argument to the
tectonic environment of the Tunkillia Suite granites, particularly the possible role of subduction in their
genesis (see discussion in Payne et al., 2010). As detailed in Payne et al. (2010) the chemistry of the
granites is largely inconsistent with a subduction setting, although there is evidence in some (not all) of
the granites for high pressure melting (in the garnet stability field) which could favour such a setting.
The isotopic zonation is also consistent with a subduction setting with a north-dipping subduction zone
to the south. Other interpretations, equally consistent with the isotopic data, are that the observed
isotopic zonation records either a pre-existing zonation in the crust, perhaps from an earlier event, or
is related to the amount of extension, i.e., a greater juvenile (mantle) component in the Nuyts Domain
relative to other domains. The younger St Peter Suite magmatism (ca. 1620-1608 Ma) in the Nuyts
Domain is characterised by isotopic signatures and geochemistry consistent with subduction (Swain et
al., 2008). Certainly the St Peter Suite granites are amongst the most isotopically primitive of the felsic
Gawler magmatism (Figure 3.15, Figure 3.16), and lack the more evolved end-members found in older
Gawler Craton granites. The latter is not surprising given the evidence from the older Tunkillia Suite
granites for relatively young crustal growth in this domain.

3.6
Gawler Craton: Mesoarchean crusttrend ¢ ;Il
S SO [ ‘
3.2 == *
* =
B T =] |E
Gawler Craton: Neoarchean crust trend . uEn
L —
A°* !I Z
3
28 | A, DRI
1] L~~~ |
-9- . [ICurnamona
g ‘. $ ‘ % = Mt Painter
- o .
2.4 f ¢ = + Gawler
% b7
.|:| % . = A Tunkillia west
Tunkillia East
o
2.0 o St Peter
"o ¢ ¢
Coompana
[ = !
16 l I I I
1.5 2.0 2.5 3.0

Age (Ga)

Figure 3.16 Magmatic age versus model age (T ,p,,) for felsic magmatism of the South Australian Element (SAE).
Data and data sources are listed in Appendix B and Appendix C. Note the spread in T,p,, particularly within the
late Paleoproterozoic and Mesoproterozoic rocks. The data suggest a number of distinct crustal growth events,
including one at ca. 3.15 Ga and another in the late Archean-early Paleoproterozoic, as well as younger events in
the Nuyts Domain (St Peter and eastern Tunkillia suite granites) and the Coompana Block.
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3.3.4.2. Curnamona Craton and surrounds

There are many papers on the geology and evolution of the Curnamona Craton (also called
Curnamona Province), particularly on the Broken Hill region, and Burtt et al. (2004), Page et al.
(2005a,b), and Conor and Preiss (2008) have produced syntheses of the province. Conor and Preiss
(2008) subdivided the Curnamona Province into a number of domains, four of which—Mudguard,
Moolatawana, Olary and Broken Hill—have available isotopic data (Figure 3.14). As documented by
Conor and Preiss (2008, and references therein), Raveggi et al. (2008), Stevens et al. (2008), Elburg
et al. (2003, 2012) and Wade et al. (2012), episodic intrusive and extrusive felsic magmatism has
occurred in the province from ca. 1710 Ma to ca. 440 Ma. The earliest recorded magmatism—Iargely
~1720-1710 A-types (with some I- and S-types)—is recorded in the Olary and Redan domains (e.g.,
Conor and Preiss, 2008). Slightly younger S-type magmatism (ca. 1705-1685 Ma) occurs in the
Broken Hill Domain (Raveggi et al., 2008; Stevens et al., 2008). Subsequent felsic magmatism, ca.
1595 Ma to 1555 Ma, occurs across the craton (e.g., Burtt et al., 2004; Conor and Preiss, 2008), as
well as some alkaline magmatism (Rutherford et al., 2007). This is followed by a significant hiatus until
the Paleozoic when Delamerian (ca. 500—485 Ma) and Benambran(?) (ca. 440 Ma) magmatism occurs
within the Moolatawana Domain (Elburg et al., 2003).
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Figure 3.17 Magmatic age versus two stage depleted mantle model ages (T,p,,) for felsic magmatism in the
Curnamona Craton and surrounding Tasman Element. Also shown (for comparison) are isotopic data for felsic
Proterozoic and Paleozoic magmatism in the Georgetown region (North Australian Element) and the neighbouring
Tasman Element in that region. Data and data sources are in Appendix B and Appendix C.
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The wide range in magmatic ages (1.7 Ga to ca. 0.44 Ga) in the Curnamona Craton provides a
snapshot of crustal growth in the region. Paleoproterozoic to Mesoproterozoic A- and I-type
magmatism is characterised by a range of two stage depleted mantle model ages (T, of 2.4-2.1 Ga;
Figure 3.14, Figure 3.16) and ¢4 values (Figure 3.15); essentially similar to many of Australia’s
Proterozoic provinces (see Figure 3.10). As discussed for the North Australian Element, these model
ages do not rule out a late Archean component to the basement. They do, however, effectively rule
out any older Archean components such as the Mesoarchean documented recently for the Gawler
Craton (Fraser et al., 2010; Figure 3.14). These 2.4-2.1 Ga model ages extend to the early Paleozoic
magmatism in the Mount Painter region suggesting (unsurprisingly) that a large component of
reworked Paleoproterozoic crust was involved in the younger magmatism. The jump to less evolved
(lower) T,py, @ges (and higher g,,) in the ca. 440 Ma magmatism (Figure 3.17, Figure 3.18), however,
clearly requires new crustal growth. The timing of the latter is not well constrained, and may have
occurred one or more times between the late Paleoproterozoic and (juvenile addition) during granite
formation at ca. 440 Ma. The range in observed T,p,, in the Mount Painter Paleozoic magmatism
largely matches that found in similar aged magmatism in the Delamerian Orogen in the western part of
the Tasman Element (Turner et al., 1992, 1993a,b; Foden et al., 2002; Hergt et al., 2007; Whelan et
al. 2007; unpublished GA data; Kemp et al., 2009; Figure 3.13, Figure 3.17).
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Figure 3.18 Magmatic age versus epsilon Nd (gyy) for felsic magmatic rocks in the Curnamona Craton and
surrounding Tasman Element. Also shown (for comparison) are isotopic data for felsic Proterozoic and Paleozoic
magmatism in the Georgetown region (North Australian Element) and the neighbouring Tasman Element in that
region. Data and data sources are in Appendix B and Appendix C. Tasman NQ = north Queensland portion of the
Tasman Element.
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The granites of the Delamerian Orogen highlight some of the difficulties inherent in interpreting
isotopic data, particularly the potential role of sedimentary components (see Table 2.2). The granites
in the south Australian and western Victorian parts of the Delamerian Orogen are largely intrusive into
metasedimentary rocks of the Adelaide Fold Belt (in South Australia and western Victoria) and the
sediments, or melts from them (S-type granites), have been suggested (e.g., Turner et al., 1993b;
Foden et al., 2002; Kemp et al., 2009) to have interacted with juvenile mantle-derived melts (plus
crystal fractionation) to produce the observed A-types granites (minimum crust input) and I-types
(significant sediment/S-type melt interaction). The origin of these rocks is part of an ongoing wider
debate on the relative contributions of juvenile melts and sediments to I-type granites in general (e.g.,
Chappell, 1996; Collins, 1996; Kemp et al., 2007, 2009; Clemens et al., 2011) and is not discussed
further here. It does serve, however, to highlight potential pitfalls of using isotopic signatures to infer
basement ages (see discussion in Section 2.5). Assuming the models of Turner et al. (1993b) and
Foden et al. (2002) are correct, it is evident that the observed isotopic signatures in the western
Delamerian granites are telling us little about the basement and most about the sediments and their
provenance, which may or may not even be in Australia (see discussion in Preiss, 2000). The
comparison between the Mount Painter and western Delamerian magmatism is informative. The
former, being in Proterozoic basement, cannot have incorporated Delamerian sediments, and so the
range in observed g,y and T,p,, in those granites must either be inherited directly from the basement or
reflect a mixed parentage (basement and juvenile input). In contrast, the isotopic signature of the
western Delamerian granites may be informative or totally misleading, depending on the preferred
petrogenetic model. The obvious message is that in geological provinces dominated by regions of
extensive thick medium- to high-grade metasedimentary sequences, such as in the Delamerian and
Lachlan orogens, caution should be used in interpreting model ages. One indicator of such geological
regions is the common presence of granites with S-type affinities.

Finally it is worth pointing out that even in such terranes the granites can carry information on the
nature of the crustal basement. Hergt et al. (2007) studied Devonian granites with A-type affinities in
the Grampian-Stavely Zone of the Delamerian Orogen (east of the granites studied by Turner et al.,
1993b and Foden et al., 2002). The chief result from this work was that those granites had a relatively
homogeneous, isotopically primitive signature (e.g., gy4 Of +2.1 t0 -0.8; T, of 1.114-0.93 Ga), which
Hergt et al. (2007) interpreted as being consistent with derivation from mafic to intermediate Cambrian
basement rocks not unlike those exposed in the ca. 495 Ma Bushy Creek body (Whelan et al., 2007).

3.3.4.3. Comparisons with the Georgetown region

Parts of the SAE have a number of similarities with provinces in the eastern part of the NAE and
various tectonic reconstructions place the Curnamona Craton near the Mount Isa Orogen (e.g., Giles
et al., 2004; Gibson et al., 2012). As suggested by Gibson et al. (2008) there are, perhaps, more
similarities in geology between the Curnamona Craton and the Georgetown region in the eastern NAE.
More importantly, both the Curnamona Craton and the Georgetown region occur along the presently
exposed eastern margins of the SAE and NAE (respectively), and both are bordered by and affected
by elements of the Tasman Element, including Paleozoic magmatism. A comparison, therefore, is
warranted in looking at the northern and southern extents of the interaction between the Tasman
Orogen (e.g., Glen, 2005; Cawood, 2005) with the western margin of Australia as it was at Rodinian
breakup time.

Comparisons of the Curnamona region (Curnamona Craton and neighbouring Tasman Element) and
Georgetown region (Proterozoic Georgetown and neighbouring Tasman Element; Figure 3.17,
Figure 3.18) show many similarities, including:
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e Very similar isotopic and model age signatures for the Proterozoic rocks of both regions suggest
that similar conclusions about the age of basement can be made for both regions, i.e.,
Paleoproterozoic and perhaps Archean. Reflection seismic data for the Georgetown region has
been interpreted to suggest the presence of an older basement block in that region (Korsch et
al., 2012) inferred to be Archean in age. Murgulov et al. (2007) reached similar conclusions
regarding Archean basement in the Georgetown area, on the basis of Lu-Hf in zircon data.

¢ Felsic Paleozoic magmatism in both the Tasman Element and the Proterozoic Curnamona and
Georgetown areas, record a very large range in £y, and model ages (T,p,,), consistent with both
reworking of Proterozoic (and possibly Archean) basement and juvenile crustal growth. The
isotopic signatures of the Tasman Element granites in the Georgetown region are also
potentially complicated by the presence of metasedimentary rocks (as in the Delamerian of
southeastern Australia). Unlike their southern counterparts, however, the isotopic evidence from
the S-type (and I-type) granites in northern Queensland indicate little significant involvement of,
at least, the exposed metasediments (e.g., Champion and Bultitude, 2013a,b). As indicated by
Champion and Bultitude (1994, 2013a,b) felsic magmatism in this area suggests the presence
of Neoproterozoic to early (to middle) Paleozoic basement to the east of the Proterozoic
Georgetown rocks, consistent with seismic data (Korsch et al., 2012); i.e., Paleo- to
Mesoproterozoic basement does not continue eastwards to any great extent.

The isotopic data for both the southern and northern parts of the western margin of the Tasman
Element clearly identify the old (rifted Rodinian) margin of Australia, and suggest this basement
continues some way but perhaps not extensively under the Tasman Element, and highlights the
Paleozoic crustal growth related to the Tasman Orogen in the Tasman Element (see also Kemp et al.,
2009). This is not unexpected given the outcropping geology also suggests this, as highlighted, for
example, in the idea, if not the actual location, of the Tasman Line (e.g., Direen and Crawford, 2003)
and the many papers on the convergent margin nature of the Tasman Element (e.g., Gray and Foster,
2004; Cawood, 2005; Glen, 2005, 2013).

3.3.5. Tasman Element and Tasman Orogen

The Tasman Element (Cawood, 2005; Glen, 2005; Huston et al., 2012) is largely comprised of the
Late Neoproterozoic to early Mesozoic Tasman Orogen, but also includes younger events related to
the break-up of Pangaea and then Gondwana (see Veevers, 2004; Huston et al., 2012; Bryan et al.,
2012), as well as intraplate and hot-spot related magmatism, chiefly in the Cenozoic (e.g., Johnson,
1989). Most focus in this section is on the Tasman Orogen, given the limited amount of Sm-Nd data
for younger rocks.

The geology and tectonic development of the Tasman Orogen has been the focus of numerous
studies, with a voluminous literature, including numerous orogen-based or more regional reviews (e.g.,
Murray, 1986; 1997; Murray et al., 1987; Coney, 1992; Seymour and Calver, 1995; Bain and Draper,
1997; Gray et al., 2003; Gray and Foster, 2004; Scheibner and Basden, 1998; VandenBerg et al.,
2000; Veevers, 2004; Li and Powell, 2001; Crawford et al., 2003; Glen, 2005, 2013; Cawood, 2005).
The focus of this research has led to a plethora of tectonic models, which, despite differences, tend
toward a general consensus. As summarised by Cawood (2005; see also Glen, 2005; 2013;
Champion et al., 2009 and references therein), the Tasman Orogen, part of his Terra Australia Orogen
(TAO), encompasses:
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¢ Rodinian-breakup (rifting) and formation of the Pacific Ocean and a passive margin; this also
corresponds broadly to development of the Australian component of the Gondwana margin
(e.g., Li and Powell, 2001; Cawood, 2005).

¢ Alternating extensional and convergent orogenic cycles commencing in the Cambrian and
continuing through to the Mesozoic, resulting in accretionary growth. Orogenic events include
the Cambrian Delamerian through to the Permian—Triassic Hunter-Bowen orogenies. These
cycles effectively ended with cratonisation (terminal Gondwanide Orogeny of Cawood (2005) in
the Late Paleozoic-early Mesozoic), with the main arc system moving further offshore (arc
rollback; e.g., Collins and Richards, 2008).

The Tasman Orogen has been subdivided into a number of smaller orogens (originally called fold
belts) including the Delamerian, Lachlan, Thomson, Mossman and New England orogens (e.g., Glen,
2005, 2013; Withnall and Henderson, 2012; Figure 3.20). Older (pre-Tasman) rocks are also present.
These include outcropping basement blocks such as in the Western Tasmania Terrane (e.g., Berry
and Bull, 2012, and references therein), as well as inferred basement blocks beneath the voluminous
metasedimentary rocks of the Lachlan Orogen. Examples of the latter include the Selwyn Block in
Victoria (Cayley, 2011; Cayley et al., 2002, 2011), thought to be the northern continuation of west
Tasmania (Cayley et al., 2002; Cayley, 2011), and the recently proposed Hay-Booligal Block (see
Glen, 2013).

These inferred blocks are contentious (though seismic data appear to support the existence of the
Selwyn Block, e.g., Cayley et al., 2011), as is the more general question regarding the nature of the
basement in the Tasman Orogen. Osmium isotopic data from mantle xenoliths in eastern South
Australia and western Victoria (Handler et al., 1997), suggests that early Proterozoic basement
extends some 400 km eastward from known outcrop in the South Australian Element into western
Victoria, below the Delamerian Orogen. Interpretations of recent seismic data in western and central
Victoria appear to support this (e.g., Cayley, 2011; Cayley et al., 2011). This situation appears to be
the opposite for Tasmania, where Black et al. (2010) suggested, on the basis of different inherited
zircons patterns in eastern and western Tasmanian granites, that felsic Proterozoic crust like the
outcropping Delamerian and older rocks in the western two-thirds of the island (the Western
Tasmanian Terrane of Berry and Bull, 2012), did not exist beneath the Lachlan-aged Paleozoic
sequences in the east (Eastern Tasmanian Terrane of Berry and Bull, 2012). In general, however,
both Proterozoic and/or oceanic crust basement have been inferred beneath the Lachlan (and other
orogens; e.g., Chappell et al., 1988; Cayley et al., 2011; Glen et al., 2013). Much of the argument has
centred on interpretation of the granites, their inherited components and their petrogenesis (e.g.,
Chappell et al., 1987, 1988; Chappell, 1996; Collins, 1996; Kemp et al., 2007, 2009; Black et al., 2010;
Clemens et al., 2011; Clemens and Stevens, 2012).

Less is known about the basement beneath the Thomson Orogen, though Glen et al. (2013), following
on from an earlier model of Harrington (1974) , have suggested much of that orogen is underlain by late
Neoproterozoic to early Cambrian oceanic crust (called the Barcoo Basin by Harrington (1974)). Both
Harrington (1974) and Glen et al. (2013) suggested the Barcoo Basin formed as a back-arc basin behind
an interpreted rifted continental sliver of Precambrian age in the eastern part of the orogen. In the
narrower Mossman Orogen in north Queensland, which, like the Lachlan Orogen, is largely comprised of
extensive turbiditic sequences, granite studies and seismic data suggest the presence of Proterozoic
and early Paleozoic basement (e.g., Champion and Bultitude, 1994, 2013b; Korsch et al., 2012). Even
within the well-exposed New England Orogen there is some conjecture about the possible existence of
Proterozoic basement. Evidence from mantle xenoliths (Powell and O’Reilly, 2007) and Hf model ages
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from granites (Shaw et al., 2011) have been used to suggest possible Neoproterozoic crust and
lithospheric mantle in New England (also see discussion by Glen, 2013 also).

Numerous Sm-Nd isotopic data are available for the Tasman Element, for the Delamerian and Lachlan
(McCulloch and Chappell, 1982; Turner et al., 1993a, b; Sun and Higgins, 1996; Foden et al., 2002;
Hergt et al., 2007; Whelan et al., 2007; Kemp et al., 2009; Black et al., 2010; GA unpublished), New
England (Hensel et al., 1985; Bryant et al., 1997; Allen, 2000; Allen et al., 1997; Champion and
Bultitude, 2013a; GA-GSQ unpublished), and Thomson and Mossman orogens (Black and McCulloch
1990; Champion, 1991; Champion and Bultitude, 2013a, b; GA-GSQ and GSQ-Mark Fanning
unpublished; see Appendix B, Appendix C). Additional unpublished and/or unlocated data is available,
including Stolz (1995), McCulloch and Woodhead (1993), Kemp et al. (2002, 2009), and unpublished
data of the Geological Survey of New South Wales. Samples cover the age range of felsic magmatism
in the Tasman Element (520 to 100 Ma), though are biased towards the Carboniferous-Permian
magmatism within the New England, Thomson and Mossman orogens (Figure 3.19). There are
notable gaps in the isotopic coverage in the Lachlan, Delamerian and Thomson orogens. The
widespread early to middle Cretaceous magmatism of the Whitsunday Volcanic Province (Whitsunday
silicic large igneous province of Bryan et al., 2012) is also under-represented.
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Figure 3.19 Histogram of ages of felsic igneous Sm-Nd samples from the Tasman Element (for the Delamerian
(62 samples), Lachlan (78 samples), Thomson (58 samples), Mossman (35 samples) and New England (134
samples) orogens). Total number of samples is 367, of which 169 are Carboniferous to Permian, and 110 are
Silurian to Devonian.

Regional variations of neodymium isotopic signatures within the Tasman Orogen have been previously
discussed by Kemp et al. (2009) and more recently by Champion et al. (2010). Kemp et al. (2009)
looked at isotopic patterns and implications for crustal growth across the southern Tasman Orogen,
while Champion et al. (2010) focussed on the northern Tasman, particularly on the relationship of the
New England Orogen to the rest of the Tasman Orogen. The two ends of the Tasman Orogen show
generally similar behaviour, but with some important differences, in part related to geological
variations. The southern Tasman Orogen essentially represents a complicated accretionary orogen

Neodymium depleted mantle model age map of Australia a7



(e.g., Gray and Foster, 2004; Glen, 2013) spanning over 800 km from the Delamerian margin to
eastern Victoria. The northern Tasman Orogen, in contrast, is much narrower, with Cambrian—
Ordovician, Silurian—Devonian and Carboniferous—Permian magmatism spatially associated with
Mesoproterozoic magmatism, (for example, the Georgetown region, e.g., Richards, 1980). Champion
et al. (2010) and Champion and Bultitude (2013a, b) showed that the isotopic evidence from the
northern Tasman Orogen is consistent with the presence of Proterozoic-early Paleozoic basement in
that region. Numerous papers have also documented Lu-Hf isotope variations within granites of the
Tasman Orogen (e.g., Kemp et al., 2007, 2009; Shaw et al., 2011), results of which are applicable to
the Nd-Sm systematics discussed below.

3.3.5.1. Tasman Orogen — isotopic signature of an accretionary orogen

The generally interpreted accretionary nature of the Tasman Orogen (e.g., Gray and Foster, 2004;
Glen, 2005, 2013; Cawood, 2005) makes it an ideal place to investigate the isotopic signatures of
accretionary orogens (such as in Kemp et al., 2009; Champion et al., 2010). The gridded T,p,, image
for the Tasman Element and surrounds (Figure 3.20) shows a number of obvious features:

e There is a pronounced isotopic gradient from the exposed Paleoproterozoic to Mesoproterozoic
(and Archean) crust in the Gawler/Curnamona and Georgetown/Isa regions, into the younger
crust of the Tasman Element. This change corresponds reasonably well with the inferred
boundary of the Tasman Line (used here as the inferred easternmost margin of
Mesoproterozoic, and older, Australia, i.e., margins of the SAE and NAE). This is most clear for
northern Australia where there are abundant data (e.g., Webb and McDougall, 1968; Black and
McCulloch, 1990; Champion and Bultitude, 2013a,b). The picture is less convincing for southern
Australia, though is hindered by the lack of data.

o East-west isotopic zoning is best illustrated by the isotopically-young New England Orogen, and
the marked change in isotopic signature across the NEO boundary, as noted for example by
Kemp et al. (2009) for the southern NEO and Champion et al. (2010) for the northern NEO.

e Additional zonation of Nd model ages is also evident in regions of the Tasman suggested to
represent island arcs (Figure 3.20), i.e., the ‘Netherwood arc’ in the eastern Greenvale
Province, north Queensland (e.g., Henderson et al., 2011), and the Macquarie Arc in the
eastern Lachlan (e.g., Glen, 2005; Glen et al., 2012). Notably the Devonian Calliope-Gamilaroi
Arc (also suggested to be an island arc, e.g., Murray, 2007) is not visible within the general New
England sequence (Figure 3.20), again highlighting the isotopically juvenile nature of that
orogen.

e On a broad scale the Lachlan and Thomson are not dissimilar, though the lack of widespread
data for the Lachlan hampers this interpretation. Unfortunately there are also no data for central
Victoria where the Proterozoic Selwyn Block is inferred (e.g, Cayley, 2011).

A number of more subtle features are also evident, including:

e The available data for the Thomson and northern Delamerian, although very limited (and of
uncertain origin, i.e., may be S-type magmatism), suggests the presence of an embayment in
the QId-NSW-SA border area, mirroring the ‘Larapinta Seaway’ and the Tasman Line in that
area (e.g., Webby, 1978). There is also some suggestion that the northern and southern
Thomson may be zoned.

¢ In contrast, there appears to be insignificant east-west change in isotopic signature of I-type
granites across Tasmania, i.e., little difference between T,y between granites of the Western
and Eastern Tasmanian Terranes.
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Figure 3.20 Gridded Nd two-stage depleted mantle model age (T ,p),) map for the Tasman Element and
surrounding regions (South (SAE) and North (NAE) Australian elements). Isotopic data (colour coded by
magmatic age) used to create the grid are also shown (Data and data sources are in Appendix B and Appendix
C). Grid created in ArcMap® (see main text). Also shown are the Delamerian, Lachlan, Thomson, Mossman and
New England (NEO) orogens of the Tasman Element, as well as, (in light blue shading), the current locations of
interpreted island arc rocks, the ‘Netherwood’ arc in the Greenvale Province, and the Macquarie and Calliope-
Gamilaroi arcs. Grid constructed from 635 data points. Grid colours in areas with no samples are purely based on
interpolation and may have no relationship with underlying crust. These areas have been partially masked.
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Figure 3.21 Longitude (degrees) versus two-stage depleted mantle model (T,p,,) ages for felsic igneous rocks of
the Tasman Element. The data reinforce the easterly decrease in model ages evident in Figure 3.20. They also
show a similar broad range of signatures in the Lachlan, Mossman and Thomson orogens. Data and data sources
are in Appendix B and Appendix C.

e There also appears to be a region of slightly older material within the southern NEO. It is
uncertain whether this is real or just an artefact, though Shaw et al. (2011) have suggested that
a Neoproterozoic infracrustal source is required for one I-type supersuite in this region.
Similarly, Powell and O’Reilly (2007) suggest Neoproterozoic mantle lithosphere in the region,
based on Re-Os isotopes in mantle xenoliths. Powell and O’Reilly (2007) further suggested that
this may be an example of where older mantle lithosphere has survived though the
corresponding crustal portion has not.

The regional ‘younging’ (becoming more juvenile) of isotopic signatures in the Tasman Orogen (from
west to east), support the earlier findings of Webb and McDougall (1968) and Kemp et al. (2009), and
are consistent with an accretionary orogen (being built by roll-back from west to east with the
progressive addition of juvenile crust). In a more recent study investigating variations and ranges of Hf
isotope signatures (in zircons from detrital and magmatic sources), Collins et al. (2011) found that
different types of orogens (circum-Pacific = accretionary versus Eurasian = dominantly collisional)
could be discriminated on the basis of isotopic signature. In their work, the general accretionary
signature was manifest by a trend towards more juvenile signatures with time (to more radiogenic Hf),
similar to the Nd (and Hf) trends in the Tasman Orogen. Within the Tasman Orogen, especially the
southern part, this trend towards more juvenile signatures is evident in both space and time

(Figure 3.21, Figure 3.22 and Figure 3.23). Figure 3.21 shows that although there is a significant range
in isotopic signatures within each orogen (indicating multiple components, either different protolith
ages within the crust and/or mixing with juvenile magmas), there is a clear trend to decreasing
maximum model ages from west to east. This decreasing trend in maximum model ages (T,p,,) is most
apparent as two pronounced steps from the Proterozoic Curnamona and Georgetown regions
(basically the old Rodinian margin), across to the Delamerian, Lachlan and Thomson orogens and
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then again from the latter orogens to the New England Orogen. The increasing juvenile signature is
even more pronounced when model ages and g, are plotted against time (Figure 3.22, Figure 3.23).
As noted by Kemp et al. (2009) for the New England Orogen, the culmination of this accretionary
margin is dominantly comprised of juvenile continental crust with little isotopic evidence for significant
older cratonic material, consistent with general tectonic models for its formation (late Devonian to early
Triassic arc-backarc environment, e.g., see Korsch et al., 2009 and references therein). Champion et
al. (2010) reached similar conclusions for the northern part of the orogen. Dating of detrital zircons in
sedimentary rocks within the New England Orogen (e.g., Korsch et al., 2009) show essentially similar
results, i.e., juvenile sediments sourced from within the orogen. These authors found material with a
cratonic provenance, within quartz-rich sediments from the eastern parts of the accretionary wedge.
Korsch et al. (2009) suggested, however, that these cratonic sediments were derived from the
Australian interior (by longitudinal transport and breaching of the New England arc) and not from the
New England Orogen itself.
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Figure 3.22 Two stage depleted mantle model ages (T,p,,) versus magmatic age for felsic magmatism in the New
England, Mossman, Thomson, Lachlan and Delamerian orogens of the Tasman Element. Note the strong
decrease of T,p), with decreasing magmatic age, consistent with ongoing crustal growth during the Paleozoic.
Also shown are the ranges of T,p,, for Proterozoic and Paleozoic felsic magmatism in the nearby Curnamona
Craton and Georgetown region. Data and data sources are in Appendix B and Appendix C.

Also observable within the isotopic data is an apparent change in isotopic signatures from north to
south. This is evident in Figure 3.23 which basically shows that the northern (and possibly the
western) Thomson Orogen and the Mossman Orogen tend to have more evolved isotopic signatures.
This change coincides with a marked narrowing of the Tasman Orogen in the north, such that rocks of
similar age to those in the New England Orogen have been emplaced close to and within
Paleoproterozoic-Mesoproterozoic (and older?) basement (of the NAE; Figure 3.20). On the basis of
granite geochemistry and isotopic signature, Champion and Bultitude (1994, 2013b) suggested
Neoproterozoic-early Paleozoic rocks formed basement to the Mossman Orogen. Figure 3.23 would
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suggest that this may also be the case for the northern Thomson Orogen, consistent with
interpretations of recent seismic data in that region (Korsch et al., 2012). This may also be the case for
the western Thomson though only two samples are available.
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Figure 3.23 Epsilon Nd (gy4) versus magmatic age for felsic magmatic rocks of the Tasman Element. The
Thomson Orogen samples have been divided by geography (south, southwest and north). The southern Thomson
samples plot with the Delamerian and Lachlan orogens; the northern and southwestern Thomson samples extend
to more evolved signatures and more closely resemble samples from the Mossman Orogen. Samples from the
Mount Windsor region (northern Thomson, data from Stolz, 1995) are also shown. Also note the very juvenile
signatures in felsic magmatic rocks of the ‘Netherwood’ arc (Thomson Orogen), Macquarie Arc (Lachlan Orogen),
Calliope Arc (New England Orogen), and New England Orogen. Data and data sources are in Appendix B and
Appendix C. Pink and blue doftted lines represent the secular change in maximum &€y4 values for rocks of the
Mossman/northern and southwestern Thomson, and Delamerian/Lachlan/southern Thomson, respectively.

Kemp et al. (2009) also documented secular within-cycle changes of isotopic signatures with
signatures becoming more juvenile. These changes were noted for the Delamerian and Lachlan
orogens and were matched by switches in magmatism, from S-type to I-type to A-type, suggested to
be related to switches from compressional to extensional tectonic environments. While this certainly
appears to be the case for regions within these orogens, it is evident that this is not the case for
orogens in general, as Kemp et al. (2009) themselves noted. For example, it is not the case for the
New England Orogen, though this appears to be because that orogen experienced a number of
extensional-compressional switches. For example, Phillips et al. (2011) showed a broad relationship
between the juvenile Hf isotopic signature in granites and interpreted tectonic setting. As shown by
Champion and Bultitude (1994, 2013a,b) Permian magmatism in the Mossman Orogen shows no such
secular changes in isotopic signature, or changes with magmatic type, as there is no difference
between the Nd isotopic signatures of I-type and S-type magmatism in that region. As indicated by
Kemp et al. (2009), while the switch to A-type magmatism often (not universally) involves a more
juvenile signature, in most orogens (with perhaps the exception of the southern Delamerian, e.g.,
Turner et al., 1993a,b), the volume of A-types is minor and the contribution of this juvenile addition to
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continental growth is also minor. The Lachlan Orogen, for example, is suggested to contain only a
small percentage of A-type magmatism (<1% based on surface outcrop figure in Chappell et al.,
1990). The greatest contribution to crustal growth in the Tasman Orogen is related to I-type (and also
as a potential component of S-type) magmatism.

3.3.5.2. Ambiguous isotopic signatures: examples from Tasmania and Bega

The geology of Tasmania has been divided into a number of tectonic elements that have been
grouped into two terranes: a dominant (Mesoproterozoic—) Neoproterozoic—Paleozoic West
Tasmanian Terrane (comprising two-thirds of the island) and the early-middle Paleozoic turbidite-
dominated East Tasmanian Terrane (e.g., see Seymour and Calver, 1995; Berry and Bull, 2012).
Tectonic models for the island suggest that an island arc collided with, and accreted onto, the West
Tasmanian Terrane in the Cambrian, with related ophiolite emplacement (Crawford and Berry, 1992).
The location of the neighbouring East Tasmanian Terrane in the early-middle Paleozoic is uncertain.
Detrital zircon data from sediments in northeastern Tasmania indicate no apparent provenance from
western Tasmania, leading Black et al. (2004) to suggest that the two Tasmanian terranes were
separate at this time. In this interpretation, the two terranes may have come together during the
Tabberabberan deformation (ca. 388 Ma; Black et al., 2004, 2005). Certainly the two terranes were
together by this time as the whole island is intruded by Devonian (-earliest Carboniferous) granites
(Black et al., 2005). Basement to the East Tasmanian Terrane is also uncertain. Black et al. (2010)
extensively studied the Tasmanian Devonian granites and showed that there was little apparent
difference in Nd isotopic signatures of the granites between the two terranes, which in the simplest
interpretation would suggest little basement difference between the two terranes.

Black et al. (2010), however, highlighted the complexity of the Tasmanian granites and suggested the
presence of multiple components, including a strong sedimentary component (based on similarity of
inherited zircon patterns with local metasedimentary sequences). If correct, then the isotopic signatures
of the Tasmania I-type granites do not reflect the ‘age’ of any crustal source but rather represent mixing
of a number of components, including local sedimentary rocks. Black et al. (2010) did suggest, however
(largely on the basis of inherited zircon data) that there was no evidence for felsic Proterozoic basement
in the East Tasmanian Terrane (although they could not rule out a mafic basement).

The lack of significant change in Nd model ages across Tasmania is interesting and would appear (at
first glance) to support the work of Black et al. (2010). The Nd isotopic data for the Tasmanian granites,
however, are intriguing. Model ages show that the most evolved I-type granites are actually in the east,
not the west (Figure 3.24). This is despite the fact that the Nd data for S-type granites (and by inference
sedimentary sequences that they were derived from or strongly interacted with) in eastern and western
Tasmania (Black et al., 2010) show the opposite, i.e., distinctly more evolved in the west than the east
(Figure 3.24). In addition, Black et al. (2010) established a clear distinction in the pattern of inherited
zircons in eastern and western Tasmanian granites, including the presence of ca. 1.6 Ga inherited
zircons in the western granites which were absent from the eastern granites (part of the evidence they
used to discount the presence of felsic Proterozoic basement beneath eastern Tasmania). In support of
their arguments, samples from exposed metasedimentary sequences (Black et al., 2010) show generally
similar model ages (ca. 2.0-1.9 Ga) east and west, though are more variable in the west. The presence
of similar model ages across Tasmania is also not supportive of the proposed tectonic model of Black et
al. (2010), i.e., an east facing subduction zone and arc in the western part of the East Tasmanian
Terrane. Notably, however, the internal isotopic zonation (oldest model ages in the east; Figure 3.24)
observed within the East Tasmanian Terrane is consistent with their model.
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There is no simple resolution to these conundrums. In addition to the valid interpretations of Black et
al. (2010), the available data could also be interpreted to suggest that either there is no east-west
break across the Tasmanian deep crust, despite the identified differences at the surface (e.g., Berry
and Bull, 2012), or even that there exists older basement in the very eastern part of Tasmania (east of
~147.7 degrees; Figure 3.24). The Nd signatures in Tasmania do, however, highlight the potential
ambiguities in interpreting the nature of basement from petrogenetic models for granite genesis, and
more specifically regarding the nature of the deep crust in Tasmania (and in general).
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Figure 3.24 Two stage depleted mantle model ages (T,p,,) versus longitude for Paleozoic |- and S-type granites of
Tasmania. The range of T,p,, for Proterozoic and Paleozoic felsic magmatism in the Curnamona and Georgetown
regions (SAE/NAE), and for felsic magmatism from the Delamerian and Lachlan orogens are shown for
comparison. Tasmanian data primarily from Black et al. (2010); other data and data sources are given in
Appendix B and Appendix C.

Isotopic complexity and how to interpret it is well illustrated in the Bega Batholith, eastern Lachlan
Orogen. This large batholith (~9000 km2) is characterised by pronounced east-west gradients in granite
geochemistry and isotope signature (e.g., Chappell, 1996; Williams et al., 2011; Figure 3.25).
Furthermore, there is little significant north-south chemical or isotopic variation. For example, Williams et
al. (2011) point out that the Glenbog Suite (comprising 12 separate plutons), although never more than
10 km wide, runs north-south over nearly 300 km. Numerous models for genesis of these granites, and
their chemical and isotopic zonation, have been proposed. Although all models favour multi-component
sources for the batholith—a clear requirement of the chemical and isotopic zonation—considerable
controversy revolves around the nature of these multi-components. Models range from crustal melts that
largely image their source, i.e., melting a crust that must in itself be chemically and isotopically zoned
(e.g., Chappell et al., 1987; Chappell, 1996; Williams et al., 2011), through to two- or three-component
mixing models involving crustal, mantle and metasedimentary components (e.g., Collins, 1996; Kemp et
al., 2007, 2009), i.e., the chemical and isotopic zonation reflects mixing. Whole rock Sr and Nd isotopic
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data show little within-pluton variation despite the marked east-west variation (e.g., €y4 ranges from +4.3
to -8.7, ¥ sr/®sr ranges from 0.704 to 0.709; Williams et al., 2011), suggesting that there was either little
in-situ mixing, or perhaps very efficient mixing.
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Figure 3.25. Neodymium isotope signatures of the granites of the Bega Batholith (+ symbol), southeastern New
South Wales, showing the strong east-west zonation in epsilon Nd. Figure from Chappell et al. (1990).

While there is clear field evidence for at least some mixing, the argument centres on the relative
contributions of these respective processes. Kemp et al. (2007, 2009), studying Hf and O (in zircon)
isotope data from these (and other Lachlan) granites, found correlated 6180-8Hf signatures within
individual granites, providing evidence for a high 5'0-low €+ Sedimentary component and a low 5'%0
— high g,; end-member component (crustal melt and/or mantle melt). More recent work by Williams et
al. (2011; I. Williams, pers. Comm., 2013), in contrast, found a very narrow range of both oxygen and
Hf isotope (in zircon) signatures within individual plutons of the batholith, and a close correlation
between Hf signatures (in zircon) and whole rock Nd signatures, lending support to models favouring
source variations and not mixing. Whilst these results do not unequivocally rule out mixing, it requires
(for those samples analysed by Williams et al., 2011) that any mixing must have occurred very
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efficiently prior to zircon crystallisation. This latter requirement appears to be contrary to current
popular models that argue for assembly of granite plutons by multiple intrusions of small magma
batches (e.g., Michaut and Jaupart, 2011).

The Tasmanian and Bega Batholith arguments represent a snap shot of the current picture of debate
regarding granite genesis and the causes of chemical (and isotopic variation), and by extension, what
the isotopic signature of such rocks actually means. As discussed, much of this ambiguity relates to
both the potential complexity of felsic magmatic systems and the interpretation of such complexity.
This is especially the case for multiple components, e.g., crustal melts + other crustal melts, mantle
melts, sedimentary material, which will modify the primary isotopic signature. Clearly all processes
operate to some degree. The increasing literature on Lu and O isotopes mostly point to a range of
isotopic signatures within zircons within individual granites, commonly interpreted as resulting from
mixing and/or assimilation. Most controversy presently revolves around the relative importance of
these multi-components. Current models range from crustal melts that largely image their source (i.e.,
mixing and other processes are considered minor), through to two- or three-component mixing models
involving crustal, mantle and metasedimentary components (i.e., the chemical and isotopic zonation
largely reflects mixing). Recent model for granite genesis by Stevens et al. (2007), Clemens et al.
(2011) and Clemens and Stevens (2012), for example, argue for a strong crustal control in their
genesis, with other processes only ancillary to that. Presumably both end-member (and other)
processes occur to varying degrees (see Clemens and Stevens, 2012); deciding which is dominant in
individual granites or regions will require individual studies. As the Bega Batholith examples show,
however, even this may not resolve the arguments.

In many cases this will not be important to interpretation of the Sm-Nd data, e.g., a change to a more
juvenile signature is indicative of young crustal growth irrespective of whether it was (slightly) earlier
than the magmatic event or contemporaneous, either as reworked crust or direct mixing with a mantle
melt. Most difficulty with interpretation arises from the involvement of sedimentary components
(section 2.5). This is particularly the case where the sedimentary component may not be locally
derived, thus providing a signature not of the local crustal block but of the ultimate provenance of the
sediments. This potentially misleading isotopic signature was the reason Sm-Nd data from S-type
granites were not used in the present work, even though it is evident that in certain areas the Sm-Nd
isotopic signatures of co-existing I- and S-types magmatism are similar, e.g., the New England Orogen
(Hensel et al., 1985), and the Mossman Orogen (Champion and Bultitude, 2013a, b). The potential
involvement of sedimentary material is also, however, of some concern to other felsic magmatic types.
It also means, therefore, that Nd data from magmatic rocks should be interpreted with caution in
regions with widespread thick metasedimentary sequences, such as in the Tasman Element, or where
S-type granites are present. This is a good example of where the use of other isotopic systems,
especially oxygen isotopes (in zircon and whole rock; see section 6.3), would directly benefit the
interpretation of whole rock Sm-Nd data (and Lu-Hf zircon data).
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4. Revised crustal growth curve for Australia

4.1. Australian Nd growth curves versus the magmatic record

McCulloch (1987) presented a crustal growth curve for the Precambrian component of Australia
(Figure 4.1), based on Nd model age data. McCulloch (1987) highlighted three periods with high
crustal growth rates, at ca. 2.7 Ga, ca. 2.2 Ga, and ca. 1.8 Ga, as well as a (smaller) peak at ca. 3.6
Ga. The largest peak, at ca. 2.2 Ga, accounted for ~25% of the crustal growth of the Australia
continent (Figure 4.1). Significant amounts of new Nd isotope data have become available since the
compilation of McCulloch (1987). This expanded data set has allowed new crustal growth curves to be
calculated, not just for Australia but individually for the six crustal elements (Figure 4.1). New crustal
curves were calculated using all available Sm-Nd data for all mafic to felsic igneous rocks (excluding
S-types). Model age histograms (based on 100 Ma intervals) were calculated for individual geological
terranes (where sufficient data were available). Growth curves were then calculated for crustal
elements and for Australia, using weighted (by surface area) averages of the constituent geological
terranes and elements (full details are outlined in Appendix D). Results for individual crustal elements
and for Australia are shown in Figure 4.1, along with the previous results of McCulloch (1987), as well
as growth curves based on outcrop. Curves for individual elements broadly conform to the known
geology and show that early crustal growth was mostly confined to the WAE, followed by the SAE,
NAE, then CAE and Pinjarra, with voluminous Paleozoic and younger growth largely confined to the
Tasman Element.

Although both the new Australian curve and that calculated by McCulloch (1987) share overall
similarities, there are a number of differences and one significant similarity. Firstly the new Australian
curve shows a more even growth-rate for the continent, which may partly reflect the much larger data
set now available. If taken at face value, Figure 4.1 shows that 20% of the Australian continent had
formed 3 billion years ago, 40% by 2.5 billion, 60% by 2 billion and ~75% by 1.5 billion years ago.
Given the differences in the methodology used for model age calculations (see Appendix D),
McCulloch’s 2.2 Ga peak largely corresponds to the 2.6—2.3 Ga peak defined by the new data. The
latter time period, although slightly larger than the 200 Ma interval used by McCulloch, corresponds to
~21% of the Australia crustal growth (compared with the background rate of ~10% per 300 Myr
period), surprisingly similar to that of McCulloch (1987) for this Paleoproterozoic peak.

To help interpret the new crustal growth curve and the observed 2.6-2.3 Ga peak, it is instructive to
compare this curve with histograms of both geological and magmatic ages for Australia. Figure 4.1A
shows the age distributions of all outcropping rocks, all outcropping magmatic rocks and all
outcropping felsic magmatic rocks in Australia (based on Raymond et al., 2012). All three curves show
jumps in the Late Archean, Paleoproterozoic-early Mesoproterozoic and Paleozoic, essentially
corresponding to the major peaks in (preserved) crustal growth. These peaks unsurprisingly closely
match peaks in magmatic (U-Pb) ages of Australian granites and related rocks (Figure 4.1A and C;
Sircombe et al., written communication, 2011). Studies elsewhere have shown that peaks in magmatic
ages match well with peaks found in compilations of detrital zircon ages, and that both are markedly
episodic, and correspond to suggested ages of supercontinents (e.g., Campbell and Allen, 2008;
Condie et al., 2009; lizuka et al., 2010; Voice et al., 2011).
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Figure 4.1 (A). Crustal growth curves for Australia and its six elements, showing percentage of Australian crust
produced per 100 Myr interval, based on two-stage depleted mantle model ages (T,p,,) of Australian igneous
rocks. The crustal growth curve of McCulloch (1987; Aust-M87), also based on Nd model ages, is shown for
comparison. Also shown are percentage of outcrop for Australia (based on Surface Geology of Australia map
(Raymond et al., 2012), through time, calculated for all outcrop, all magmatic rocks and all felsic magmatic rocks.
Note this is only at the level of Eras (Precambrian) and Periods (Phanerozoic). The curve for U-Pb ages from
Belousova et al. (2010, Bea10) is also shown. S, S, N, R, G and P (and associated grey bands) refer to the
supercontinents Superia/Sclavia, Nuna, Rodinia, Gondwana and Pangaea, respectively (age ranges from
Campbell and Allen, 2008). (B). Histogram showing distribution of T,p,, ages (as percentages) used to calculate
the crustal growth curve for Australia. (C). Histogram showing frequency of magmatic U-Pb ages of Australian
igneous rocks based on probability distribution plot of U-Pb ages of igneous rocks in Australia (from K. Sircombe,
written communication, 2011), the peaks of which correspond well with outcrop geology curves (in A). Age curve
based on detrital zircon ages from 40 large rivers around the world (Campbell and Allen, 2008; CA8) also shown,
highlighting the dearth of (exposed) Rodinian-aged magmatic rocks in Australia. Refer to Appendix D for
methodology regarding calculation of crustal growth curve. CAE = Central Australia Element, WAE, SAE, and
NAE = West Australia, South Australia and North Australia elements, respectively.

Apart from the lack of a Rodinian peak (either not present or more likely not exposed), the main peaks
of geological and magmatic ages in Australia largely mirror the more extensive (world-wide)
compilations (e.g., Campbell and Allen, 2008; Figure 4.1), so are relevant to the interpretation of the
Australian Nd growth curve. The (outcrop and) magmatic age curves are clearly different to the Nd
crustal growth curves. Not only are the magmatic age peaks skewed, unsurprisingly to younger (better
preserved) rocks, their episodic nature contrasts with the Nd growth curve. Furthermore, it is evident
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that the large 2.6—2.3 Ga peak found in the Nd growth curve is not present in the magmatic age data
at all, at best only partly overlapping with the 2.7-2.6 Ga age peak. The mismatch between crustal
growth curves as calculated from isotopic data and observable peaks in the geological and magmatic
record match findings elsewhere; it is a matter of some contention whether these age peaks record
actual growth spurts, and/or periods of intense crustal reworking and/or are an artefact of preservation
(see general discussion in Hawkesworth et al., 2010). Taken at face value, however, these differences
suggest that the peaks in Australian magmatism records significant crustal reworking and not intense
new crustal growth.
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Figure 4.2 Histogram of neodymium depleted mantle model ages (T ,p,,) for igneous rocks of the Yilgarn Craton
(in the West Australian Element), North Australian Element, and the Tasman Element. Model ages are only
shown for those rocks that have magmatic ages between 2.8-2.6 Ga, 1.92—-1.5 Ga or 0.45-0.35 Ga, i.e.,
corresponding to the age peaks on Figure 4.1. The range of magmatic ages for each region are shown as
coloured bands. Model ages are significantly older than crystallisation ages for Paleozoic and Proterozoic
magmatism. The Archean magmatism is different in that the peak model age is not much older than the oldest
magmatic age.

This crustal reworking can be demonstrated by directly comparing magmatic ages with Nd model
ages. As noted above, magmatism in Australia is dominated by three age periods: Neoarchean, late
Paleoproterozoic-early Mesoproterozoic and early-mid Paleozoic. Histograms of two-stage Nd
depleted mantle model ages (T,p,,) for rocks of each of these three age groups (Figure 4.2) clearly
show that model ages for these rocks are significantly older than magmatic ages, a result of significant
crustal reworking. This is the case even if chondritic mantle model ages (T.yg) are used. There are a
variety of ways this non-juvenile component can be sourced (see Table 2.2) and possibly all may have
been operative at one time or another. A number of observations can be gleaned from Figure 4.2,
particularly regarding both the shape of the model age distribution, and the range of residence ages
(model ages minus magmatic ages), for each magmatic period. Firstly, for the late Archean, the model
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age curve is distinctly one-sided with most model ages not significantly older than magmatic ages
(residence ages mostly <500 Myr). This is in distinct contrast to the ca. 1.9-1.6 Ga magmatism of the
NAE, where model ages are much older than magmatic ages and peak at 2.36-2.3 Ga. The number of
samples with model ages only slightly higher than model ages is very low (Figure 4.2). The variation
between model ages and magmatic ages is even more pronounced for Tasman Element rocks. Voice
et al. (2011) showed similar relationships between magmatic ages and Hf model ages for these three
growth periods within their large compilation of detrital zircons from around the world.

4.2. Comparisons with world crustal growth curves

The growth of continental crust is controversial and models vary enormously (see reviews by
Hawkesworth et al., 2010; Cawood et al., 2013), ranging from extreme early growth e.g., Armstrong
(1981), through to models with most growth occurring post-Archean (e.g., Hurley and Rand, 1969;
Figure 4.3). The Australian growth curves tend to fall somewhere in the middle suggesting more
continuous growth with no marked episodicity. This is similar to other, more recent, uncorrected
models (e.g., Belousova et al., 2010; Dhuime et al., 2012; Figure 4.3) calculated with Hf model ages
(from Hf isotopes in detrital zircons).
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Figure 4.3 Crustal growth curves of Australia relative to previous models of world crustal growth. Growth curves
are shown as percentages of crust formed, where 100% represents the present-day volume of crust. References
as follows: Australia-Australian growth curve as calculated in this report; Aust-M87-Australian growth curve of
McCulloch (1987); Arm81-Armstrong (1981); Dea12/Dea12*-Dhuime et al. (2012) uncorrected and corrected,
respectively; Bea10/Bea10*-Belousova et al. (2010) uncorrected and corrected, respectively; U-Pb-Bea10-U-Pb
ages of zircons, Belousova et al. (2010); TM85-Taylor and McLennan (1985); CA10-Condie and Aster (2010);
HR69-Hurley and Rand (1969). Also shown are supercontinent ages from Campbell and Allen (2008); S, S, N, R,
G and P (and associated grey bands) refer to the supercontinents Superia/Sclavia, Nuna, Rodinia, Gondwana
and Pangaea, respectively.
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More recently, a number of corrections have been applied to crustal growth curves calculated from
isotopic (Hf) data, in an attempt to better incorporate the effects of crustal reworking (e.g., Belousova
et al., 2010; Dhuime et al., 2012; Figure 4.3). As summarised by Cawood et al. (2013), these corrected
models suggest more rapid growth in the first half of Earth’s history (falling between earlier curves of
Armstrong (1981) and Taylor and McLennan (1985)).

One of the chief difficulties with using isotopic model age data, especially where isotopic signatures
clearly result from crustal reworking, is that these isotopic signatures are averages, i.e., they represent
a mixed signal which under-estimates the true ages of the older components (and any juvenile
component; see Belousova et al., 2010; Voice et al., 2011; Hawkesworth et al., 2010; Dhuime et al.,
2013). This is a problem not just for whole rock data but also for mineral isotopic data, and applies to
both contemporaneous magma-formation processes (e.g., magma mixing, assimilation), and to the
prehistory of the respective components the granite is sourced from. Given the evidence in the
Australian magmatic record for significant crustal reworking, it is apparent that the Australian crustal
growth curve would also benefit from some correction. A number of strategies have been used to
correct crustal growth models. Belousova et al. (2010) utilised comparisons of crystallisation ages with
model ages to provide estimates of the proportion of juvenile versus reworked crust. The advent of in-
situ oxygen isotope analysis of zircons has meant model ages from Lu-Hf (in zircon) can be combined
with the oxygen data to directly ascertain percentages of reworking (addition of sedimentary material)
versus new growth. This methodology was applied by Dhuime et al. (2013; Figure 4.3) to determine
the amounts of juvenile (new) crust through time. Those authors then combined their juvenile crust
estimates with histograms of (detrital) zircon U-Pb ages to calculate proportions of reworked crust
through time. This latter calculation was used to correct the crustal growth curve calculated from Hf
model age data. Notably, the corrected crustal growth curves of both Belousova et al. (2010) and
Dhuime et al. (2013) are not dissimilar (Figure 4.3). Both advocate significant crustal growth in the
Archean—significantly more than suggested by curves based on Nd and Hf model age data alone.

An additional problem is that isotopic signatures of multi-component mixes are determined by not just
the ratios of respective components but also by the relative amounts of parent and daughter isotopes
(e.g., Sm and Nd) in the respective end-members. Crustal rocks tend to have significantly higher
REEs than juvenile mantle melts and so their isotopic signature dominates, underestimating any
juvenile component. Involvement of sedimentary components will exacerbate these difficulties. For
example, Kemp et al. (2009) have suggested (on the basis of Hf and O isotopes and modelling) that I-
type granites in the southern Tasman Orogen may have upwards of 60—-90% juvenile material in them,
and even S-types may have 20-40% juvenile component. These values are high, and are model
dependent; though even if only partly correct, they provide some insight into how juvenile addition can
be underestimated. The approach of Belousova et al. (2010) and Dhuime et al. (2013) appears to
underestimate this hidden juvenile component. Both, though especially Dhuime et al. (2013), show
high rates of crustal reworking during the Phanerozoic, which contrasts with the results of Kemp et al.
(2009) for the southern Tasman Orogen, suggesting, at least for Australia, that Phanerozoic crustal
growth was greater than the corrected growth curves those authors would suggest. There is
supporting evidence for this latter assertion within the chemistry of felsic magmatism in Australia.
Champion et al. (2012) investigated changes in the potassium, thorium and uranium contents of
Australian granites through time. Using two independent data sets (whole rock geochemistry and
airborne gamma-ray spectrometric data; see Figure 10.10 of Champion et al., 2012), they were able to
show increasing thorium contents from the Archean to the Mesoproterozoic and significantly lower and
rather constant values from the Neoproterozoic onwards (with the exception of a significant higher
peak in the Carboniferous). This trend actually corresponds reasonably well to the juvenile crust
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calculations of Dhuime et al. (2013; based on the proportion of zircons with mantle-like oxygen isotope
signatures), which show high rates of crustal reworking peaking in the late Paleoproterozoic and early
Mesoproterozoic, and significantly decreasing thereafter.

These considerations all suggest that best estimates for the Australian crustal growth curve would
appear to lie somewhere between the new curve produced here (from Nd model age data) and the
corrected curve of Dhuime et al. (2013). What this clearly indicates is that a significant proportion
(~40-70%; Figure 4.3) of the Australian crust was in place by the end of the Archean, and most (~65—
85%) by the end of the Mesoproterozoic.

4.3. Crustal growth in Australia and age of basement blocks

The results of the crustal growth modelling lend some credence to the overall general picture of the
Australian crust based on Nd depleted mantle model ages (e.g., Figure 3.2). They also serve to
broadly calibrate the isotopic data thus allowing broad basement ages to be inferred for regions of
Australia (particularly areas where there is significant data), e.g., ~40-70% of the crust is probably
Archean. This approach can be combined with the identified crustal blocks within each crustal element
(i.e., cratons, orogens, provinces, subprovinces discussed in Chapter 3), and with the available
geological data (and interpretations of the latter data, such as tectonic models, e.g., Myers et al.
(1995); Huston et al. (2012) and Glen (2013)), to produce a basement age map of Australia

(Figure 4.4). Although clearly speculative, this preliminary map provides a working hypothesis that can
be tested. Unlike the gridded depleted mantle model age maps, the basement age map is also directly
amenable to comparison with geological, geophysical and other data sets. The map highlights areas
with interesting isotopic zonation, e.g., in the Tanami region of the North Australian Element, and
areas (not all undercover) with little or no data, e.g., Lachlan Orogen in Victoria, that would both
benefit from additional data.
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Figure 4.4 Speculative basement age map of Australia. Broad ages for basement blocks are based on both Nd isotope signature and geology. Basement blocks are based on a
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5. Mineralisation

5.1. Introduction

The mineral systems approach, e.g., Wyborn (1997), recognises that mineral deposits, although
geographically small in extent, are the result of geological, including geodynamic, processes that
occur, and can be mapped at, a variety of scales, up to craton-scale. Accordingly, understanding the
four-dimensional evolution of any geological terrane is important. Better understanding of the space-
time evolution of geological terranes and their components provides important constraints on the
geodynamics and architecture of mineral systems. It also has the potential to explain the often
heterogeneous distribution of mineralisation within these regions. One approach to constraining the
crustal evolution of any region, as outlined in previous sections of this record, is by using the
geochemical, isotopic and geochronological characteristics of granites and other felsic igneous rocks.
Being dominantly derived from the (lower-middle) continental crust, these rocks provide direct
constraints on the timing, extent and nature of crustal growth. They also provide important, but less
precise, indirect constraints on the nature and age of the crustal domains these rocks occur within. As
discussed previously, these features are true even where the granites have a multi-component origin
although determining the crustal signature becomes correspondingly more difficult and results more
ambiguous. These potential ambiguities are tempered somewhat by the nature of the gridding process
(which tends to provide an averaged view obscuring small wavelength variations that may be due to
such processes as magma mixing, sediment assimilation, etc.). A test of this assumption and the more
general applicability of using isotope maps for metallogenic analysis and prediction is by determining
whether empirical relationships between mineralisation styles and isotopic signatures exist. This can
be also undertaken directly for magmatic-related mineralisation styles, particularly for well understood
granite-related mineralisation, such as porphyry copper-gold (Cu-Au), porphyry-molybdenum (Mo),
intrusion-related gold, tin, tungsten (W) etc. (e.g., Blevin and Chappell, 1992; Blevin et al., 1996;
Thompson et al., 1999; Lang et al., 2000).

5.2. Lessons from the Yilgarn Craton

An unexpected outcome from work on the granites of the Yilgarn Craton was the apparent correlation
between the regional Sm-Nd signature and mineralisation. Cassidy et al. (2005) and Huston et al.
(2005, 2013) documented an apparent spatial association of larger komatiite-associated Ni-Cu (KAN),
volcanic-associated massive sulphide base-metal (VAMS) and orogenic Au deposits with crustal
regions with specific isotopic signatures. Komatiite-associated Ni-Cu deposits, for example, appear to
be spatially associated with terranes with pre-existing evolved crust (Youanmi, Kalgoorlie, the ‘older’
eastern half of the Kurnalpi Terrane), as identified by isotopic signature (Figure 5.1). It was found that
juvenile terranes are the least prospective for this mineralisation style. This appears to hold even
though komatiite type is variable, and the age of the komatiites and pre-existing crust age is variable.
Conversely, it has long been recognised there is an apparent antithetic relationship between komatiite-
associated Ni-Cu and VAMS base-metal mineralisation (Groves and Batt, 1984), and Cassidy et al.
(2005) and Huston et al. (2005) showed that the latter mineralisation in the Yilgarn is associated with
terranes with isotopically primitive crust (and also HFSE-enriched, bimodal volcanic-plutonic
associations and rift settings).
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Figure 5.1 (A) Location of gold and (B) nickel (nickel sulphide) and volcanic hosted massive sulphide (Pb-Zn)
deposits, by size, in the Yilgarn Craton, superimposed over gridded two-stage depleted mantle model ages
(Topw)- Grid created in ArcMap® (see main text). Grid constructed from 305 data points. Grid colours in areas with
no samples are purely based on interpolation and may have no relationship with underlying crust. Mineral deposit

locations are from the Australian Mines Atlas (http.//www.australianminesatlas.gov.au/).
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These occur in the western part of the Kurnalpi Terrane, northeastern part of the Kalgoorlie Terrane,
and the central ‘younger’ zone in the Youanmi Terrane (Figure 5.1). Cassidy et al. (2005) also
recorded an apparent relationship between orogenic gold mineralisation and older crustal terranes
(similar to that observed for KANS).

Within the Eastern Goldfields Superterrane of the Yilgarn Craton (where much of the mineralisation is
best developed), there is also a reasonable (though by no means perfect) correlation between the
isotopic signature and the identified terranes (Figure 5.1). For example, although crossing into the
Kalgoorlie Terrane (in the north), the juvenile isotopic zone is broadly correlated with the western two-
thirds of the Kurnalpi Terrane. It could be suggested, therefore, that the correlation between isotopic
signatures and mineralisation is more simply a reflection of the different terranes, i.e., mineralisation
correlates with geology. This is not easy to disprove, especially in the case of gold mineralisation. The
best evidence against this comes from the VAMS mineralisation. Huston et al. (2005, 2013)
investigated the isotopic relationship between primitive isotopic domains and VAMS mineralisation and
not only showed the relationship held in the Yilgarn (for Pb as well as Nd isotopes), but importantly
demonstrated this general relationship appears to hold for all Archean (and, possibly, Proterozoic)
VAMS mineralisation world-wide. This was best demonstrated through the relationship between fertility
(tonnes of metal resource) versus isotopic signature. Both Nd and Pb data in the high fertility domains
indicate there was limited interaction with pre-existing crust and Huston et al. (2013) suggested that
the isotopes are recording the favourable tectonic setting for this mineralisation in extensional zones
characterised by high-temperature juvenile magmas (and extensive structuring).

As summarised by Cassidy et al. (2005), the link between both nickel and gold with regions of
isotopically more evolved (i.e., = older crust) was not well understood, and they speculated on a
variety of reasons. The relationship between nickel and crustal domains of the Yilgarn has been
investigated by both Barnes and Fiorentini (2010a, b) and Begg et al. (2010). Barnes and Fiorentini
(20104, b) showed that most of the nickel endowment in the Yilgarn was concentrated within the
Kalgoorlie Terrane and that that terrane was characterised by strongly olivine-enriched (cumulate)
lithologies, relative to other terranes in the Eastern Goldfields Superterrane (although they also occur
within the Youanmi Terrane). These authors suggested that the nickel endowment was a function of a
number of factors that allowed high volumes and prolonged fluxes of komatiitic magmas into the
Kalgoorlie Terrane crust, and they followed the craton-margin model of Begg et al. (2010). The latter
model suggests that lithospheric architecture was an important factor with komatiitic melts being
preferentially channelled away from regions of thicker lithosphere to areas of thinner lithosphere, such
as found on old craton margins. The Nd isotopic map of the Yilgarn Craton supports this hypothesis
with older (interpreted as thicker) lithosphere in the Youanmi terrane bound by younger (and thinner)
lithosphere in the east, specifically the neighbouring Kalgoorlie Terrane.

With regards to gold endowment, Cassidy et al. (2005) suggested a combination of geological factors
to explain the correlation with isotopic signature, including the association of (older) plume
magmatism, occurrence of subduction-modified mantle melts, as well as the presence of lithospheric-
scale orogeny. Recent sulphur isotope data (Xue et al., 2013) favours gold from either crustal
magmatic and/or mantle sources and appears to rule out leaching from komatiitic rocks. Of the likely
candidates in the Yilgarn Craton only perhaps the more enriched (high-LILE) Mafic group magmatism
(Champion and Sheraton, 1997; Champion and Cassidy, 2007, 2010) has a close spatial association
with gold mineralisation. This association could explain why the isotopically primitive Archean Abitibi
Terrane in the Superior Province, Canada (where similar rocks occur, e.g., Beakhouse, 2007) is also
well endowed with gold.
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5.3. Lessons from the Gawler Craton

Recently Skirrow (2013) demonstrated a useful relationship between regional isotopic zonation and
iron oxide copper gold (I0OCG) deposits in Australia, namely that IOCG belts have an empirical
association with isotopic gradients that most probably mark crustal suture zones (Figure 5.2). This
relationship is not surprising. In a recent review of IOCGs, Groves et al. (2010) suggested that larger
Precambrian IOCG deposits (>100 tonnes of resources) were located in intracratonic settings but
close to (within ~100 km) of either craton margins or lithospheric boundaries. As discussed in previous
sections, the regional Nd isotopic patterns successfully identify both old craton margins and/or suture
zones. Groves et al. (2010) further suggested that the larger IOCGs formed shortly following
supercontinent formation (100-200 Myr after), implying that age criteria can also be used for identifying
potential IOCG corridors. Caution is needed, however, as this relationship in part reflects how IOCGs
are classified. IOCG deposits in Tennant Creek, Northern Territory, for example, were generated
during Nuna formation not afterwards (e.g., Huston et al., 2012); though Groves et al. (2010) placed
the Tennant Creek deposits into a high grade Au (+Cu) class, distinct from true IOCGs. They further
suggested that these latter deposits may be more akin to orogenic gold or even intrusion-related gold
deposit styles.
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Figure 5.2 Plot of iron oxide copper gold (IOCG) provinces overlain over gridded two-stage depleted mantle
model age (T,p,,) map of Australia. Figure from Skirrow (2013). As noted by Skirrow (2013), there is a good
correlation between these mineral provinces and apparent gradients (breaks) in the regional T,p,, map.

Given the apparent preferred location of IOCGs close to craton margins/sutures, Groves et al. (2010)
postulated a role for (subduction-related) metasomatised lithospheric mantle and presented a model
whereby partial melts of this lithosphere transported Cu, Au and volatiles into the crust (although local
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country rocks have also been suggested to supply elements including uranium (e.g., Olympic Dam,
Skirrow et al., 2007). Such lithospheric melts would certainly be expected to be oxidised (e.g., Rowe et
al., 2009) and have the potential for elevated gold solubilities (e.g., Jégo et al., 2010). The presence of
such rocks could be used in conjunction with the isotopic maps to further highlight areas of potential.

Interestingly, melts of such metasomatised lithosphere would in themselves not necessarily have
juvenile isotopic signatures, depending on both the timing of metasomatism and the role of sediments
(if any) in the subduction component responsible for metasomatism. A potential example are the
Tasmanian Jurassic dolerites which Hergt et al. (1989) interpreted as being derived from subduction-
related metasomatised mantle lithosphere and which have very evolved isotopic signatures (e.g., €4
of -6). Finally, it should be noted that although both Johnson and McCulloch (1995) and Skirrow et al.
(2007) suggested, on the basis of Sm-Nd isotopes and correlations with Cu contents, that juvenile
mantle melts (thought to be either alkaline mafic or ultramafic melts, produced during the Hiltaba Suite
magmatism) were the source of at least some of the copper at the very large Olympic Dam deposit,
these is no compelling evidence that these are (or are not) lithosphere melts. This does not, however,
change the apparent empirical relationship between Nd isotopic signature and IOCG belts as pointed
out by Skirrow (2013; Figure 5.2).

5.4. Granite-related mineralisation

Significant advances in controls of granite-related metallogeny have been made since the landmark
papers of Ishihara (e.g., Ishihara, 1977, 1981) who recognised the important controls the redox state
has on granite magmas and resulting mineralisation styles. This work was extended by Blevin and co-
workers (Blevin and Chappell, 1992; Blevin et al., 1996, Blevin, 2004), who showed that factors such
as the degree of chemical evolution of the granite also had important controls on mineralisation styles
(Figure 5.3). More recently, Thompson et al. (1999) came to similar conclusions (Figure 5.3) and
added a tectonic interpretation. The latter shows, unsurprisingly, that more-lithophile elements such as
tin (Sn), molybdenum (Mo) and tungsten (W) are associated with continental material in backarc and
arc-rift environments etc., in contrast to the chalcophile Cu and Cu-Au mineralisation, which they
suggested were related to more primitive crust, e.g., island arcs, primitive continental arcs (consistent
with the oxidised nature of arc rocks, e.g., Parkinson and Arculus, 1999). Considerations of these
relationships suggests isotopic data, such as Nd, would be best at delineating potential regions for
porphyry Cu and Cu-Au mineralisation (i.e., regions with more juvenile isotopic signatures). A good
example of this in Australia is the Ordovician (-earliest Silurian) Cu-Au mineralisation associated with
isotopically juvenile magmatism in the Macquarie Arc, in central New South Wales (e.g., Cooke et al.,
2007; Figure 5.4). These rocks are readily identifiable in the Nd data even though there are only a few
points in the data set (Figure 3.20; Figure 3.23). Another potential example is the Cu-Au mineralisation
at Mount Morgan (central Queensland), associated with rocks thought to be related to either a
primitive continental arc (e.g., Morand, 1993) or island arc (Murray and Blake, 2005; Calliope
Gamilaroi arc), although its mineralisation style is controversial. These rocks are isotopically primitive
though are not readily discriminated in the gridded Nd model age data as they fall within the
isotopically primitive young rocks of the New England Orogen (Figure 3.20; Figure 3.23). They are,
however, clearly visible on images displaying gridded Nd residence maps (Figure 5.4). Based on
these observed correlations, other regions with potential for such deposits can be suggested. These
include the Ordovician rocks of the Netherwood region in north Queensland (Figure 3.20, Figure 3.23;
southwest of Cairns on Figure 5.4), and Proterozoic rocks in the Warumpi Province and the Halls
Creek Orogen (both in the NAE, Figure 3.8). All of these are in or close to regions suggested to have a
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tectonic history including island arcs (e.g., Sheppard et al., 1999, 2001; Scrimgeour et al., 2005b;
Henderson et al., 2011). All are readily evident on regional gridded images even where the numbers of
analysed samples are low. Of course, the Nd data only identify the locations of potentially juvenile
terranes; they do not convey any information on additional important factors, such as depth of current
crustal exposure (and degree of preservation of porphyry and epithermal mineralisation). It is also
noted that these mineralisation styles are also found in continental arcs though the delineation of
these on the basis of their isotopic signature is more problematical given the non-unique isotopic
signature of such rocks.

Unfortunately, the converse is not the case, i.e., felsic magmatic rocks associated with Sn, W and
intrusion-related gold mineralisation, have a demonstrably wide range of isotopic signatures. Blevin et
al. (1996) and Champion et al. (2010) clearly showed this for Sn- and IRG-associated granites of the
New England Orogen and north Queensland region, whose isotopic signatures range from g, of +5
(and over) to -7 (and lower), respectively. Champion et al. (2010) showed that magmatism associated
with Sn mineralisation in both regions is of very similar chemistry despite the large isotopic differences.

5.5. General comments

The Nd T,p,, maps can also be used with more general models, such as those that relate
mineralisation styles to general or specific tectonic settings, such as continental arcs, backarcs etc.
One simple example is the identification of possible accretionary orogens and their associated
mineralisation, such as gold, copper-gold etc. (e.g., Hronsky et al., 2012). As discussed for the
Tasman Element, one apparent indicator of accretionary margins is a strong trend to increasingly
juvenile isotopic signatures with both geography and age, as exemplified in the Delamerian-Lachlan
and New England orogens of the Tasman Element (e.g., Kemp et al., 2009; Figure 3.22, Figure 3.23).
Based on the Tasman analogy, the regional isotopic variation evident in the southern North Australian
Element (Figure 3.8, Figure 3.11) also suggests an accretionary margin origin (see section 3.3.3.3)
and, thus can also be considered to have potential for arc- and back-arc-related mineralisation. The
calc-alkaline trondhjemite suite of Zhao and McCulloch (1995) may indeed represent part of such an
arc. It should be noted, however, that pinpointing the location of actual arcs in such regions is not
always straight forward, as witnessed by the controversy over the Lachlan Orogen. Recently, Collins
et al. (2011) have suggested that different types of orogens (circum-Pacific = accretionary versus
Eurasian = dominantly collisional) can also be discriminated on the basis of isotopic signature. They
used Lu-Hf isotopic signatures from in-situ measurements in zircon, which has the advantage of being
able to detect isotopic components in a magmatic rock (see section 6). Their results, however, are
also transferrable to the whole rock Sm-Nd system as long as there is sufficient Nd whole-rock data to
sample the range of isotopic signatures within a region (e.g., compare Sm-Nd and Lu-Hf plots in Kemp
et al., 2009). Accordingly, regional Sm-Nd model ages maps can also be used to identify not just these
different orogenic systems but differing mineral associations associated with such orogens.

Finally, although we can see from the previous examples in this section that there is a role for regional
isotopic signatures and metallogeny, it is noted that the mineral system approach is predicated on
using a wide range of geological information across a range of scales, and isotopic maps, such as the
Sm-Nd images presented within this report, are just another layer to be integrated with other data.
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(1999) and Lang et al. (2000).
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Figure 5.4 Location of copper-gold deposits superimposed on the gridded Nd residence age map for the Tasman
Element and surrounding regions (South (SAE) and North (NAE) Australian elements). Copper-gold deposits
(from the Australian Mines Atlas; http://www.australianminesatlas.gov.au/) are shown as blue circles. Also shown
are the Delamerian, Lachlan, Thomson and Mossman orogens of the Tasman Element, as well as, (in light blue
shading), the current locations of interpreted island arc rocks, the ‘Netherwood’ arc in the Greenvale Province,
and the Macquarie and Calliope-Gamilaroi arcs. There is a good correlation between many copper-gold deposits
and zones with young residence ages, notably in the Macquarie arc and the northern part of the Calliope-
Gamilaroi arc. Copper-gold deposits outside of these two zones are almost exclusively not magmatic-related.
Location of Nd samples used to create the grid are shown as black circles. Data and data sources are given in
Appendix B and Appendix C. The grid was created in ArcMap® (see main text). Grid constructed from 635 data
points. Grid colours in areas with no samples are purely based on interpolation and may have no relationship with
underlying crust. These areas have been partially masked.
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6. Conclusions and future work

6.1. Conclusions

A database of Sm-Nd isotopic data, and associated metadata, for >2650 samples of Australian rocks
was compiled from published and unpublished sources. This included location, unit, geochronology
and bibliographic data and metadata for all data points; this dataset is available for download at
www.ga.gov.au. Data were compiled for a range of lithologies, including felsic and mafic igneous
rocks, sedimentary rocks, as well as some mineral data. Just over 1630 of these data points were from
felsic igneous rocks which had reliable locational details and a reasonable estimated or known
magmatic age. A comparison of the magmatic ages from these samples with compilations of
Australian igneous rock ages showed a generally good agreement confirming the representative
nature of the compiled Nd data set.

Isotopic data were standardised and used to calculate epsilon Nd (gy,) and two-stage depleted mantle
model ages (T,p,). Values of the latter from just over 1490 of the data points (samples from S-type
magmatism were excluded) were used to generate (in ArcMap®) a gridded T,y map of Australia.
Subsets of the data were also used to generate T,p,, maps of northern, western, southern and eastern
Australia, basically covering the six crustal elements (West Australian, North Australian, Central
Australian, South Australian, Pinjarra and Tasman elements; see Blewett et al., 2012) and their
constituent crustal blocks (e.g., cratons, orogens, geological terranes, geological provinces and
subprovinces). These maps, plus g, -time and T,5-time plots were used, along with known geological
and geophysical data and interpretations, to analyse the isotopic signatures of the crustal elements
and their major crustal blocks, and place constraints on their possible nature and crustal evolution.

Calculated model ages (T,p),) for Australian felsic magmatism range from ~4.0 Ga in the Yilgarn and
Pilbara cratons of the West Australian Element, to ca. 0.3 Ga in the New England Orogen of the
Tasman Element in eastern Australia. Importantly, and despite the possible complexities of the Nd
signal in granites, there is a generally well correlated distribution of model ages with the known
geology of Australia and these crustal elements (with significant changes in model ages across, or
close to, element boundaries). Overall there is a broad eastward trend in decreasing model ages
across the Australian continent, punctuated by the Central Australian Element with younger model
ages separating the North, South and West Australian elements. The majority of Australian model
ages are Proterozoic in age, in agreement with the known geology. Archean model ages are best
expressed in the Archean Pilbara and Yilgarn cratons of the West Australian Element, but also occur
in both the North and South Australian elements. Youngest model ages are restricted to the Tasman
Element, chiefly within the New England Orogen.

Within all elements there is obvious internal isotopic zonation. Of most importance are regions
characterised by either major and/or sharp changes over narrow zones or more diffuse general
gradients. Many of these breaks and gradients correspond to known crustal boundaries or changes in
geology, suggesting that Sm-Nd whole rock signatures can be used to identify crustal changes. Such
breaks are often best delineated using widespread broadly contemporaneous magmatism, e.g., late
granites in the Pilbara Craton, Kennedy Igneous Association magmatism in north Queensland.
Transects of Sm-Nd isotopic signatures across crustal elements provide useful informative, good
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examples being both north-south and east-west changes across the North Australian Element which
appear to match well with inferred geological boundaries and interpreted geodynamic processes. The
strongly increasing juvenile isotopic signature in the southern half of the Northern Territory, for
example, is strongly suggestive of an accretionary margin, similar to that observed in the Tasman
Orogen.

A major part of this study was to document and discuss the general applicability (or otherwise) of the
Sm-Nd isotopic system for such studies. As outlined above, there are many cases where (for a variety
of reasons) the isotopic data is mapping crustal changes or responses to geodynamic environments.
There are areas, however, where this does not appear to be the case. These include regions where
the signature is noisy (often areas of either wide age ranges or lower data density), or regions where
apparent crustal changes are not mirrored in the Sm-Nd data (such as in Tasmania). The greatest
difficulty with interpretation arises from the involvement of sedimentary components, particularly where
the sedimentary component may not be locally derived. For this reason Sm-Nd data from S-type
granites were not used in the present work. In regions with widespread thick metasedimentary
sequences, such as in the Tasman Element, or where S-type granites are present, Sm-Nd data should
be interpreted with caution. This illustrates the potential importance and value of using other isotope
systems (e.g., oxygen isotopes) in conjunction with Sm-Nd data. It is evident even in the Tasman
Element, however, that changes in Nd (and Hf) isotopic signatures are present, can be mapped at a
regional scale, and have geological and geodynamic implications.

Despite these potential difficulties, demonstrable empirical relationships between the regional isotopic
pictures (as depicted on gridded T,y maps) and a number of mineralisation styles, e.g., komatiite
nickel sulphides, Archean VHMS, iron-oxide copper gold deposits and intrusion-related copper-gold
deposits exist. These relationships, although not completely understood, appear to be related to
aspects of the crustal architecture, geodynamic environment, and/or ground preparation. In at least
one case (Archean VHMS deposits) there is a very good relationship between mineral fertility and
isotopic signature that can be used as a predictive tool for metallogenic analysis. The same is
probably true for intrusion-related copper-gold deposits.

The Sm-Nd data were also used to calculate a crustal growth curve for Australia, updating the earlier
crustal growth curve of McCulloch (1987). The new curve shows a more even growth-rate for the
continent, suggesting 20% of the Australian continent had formed 3 billion years ago, 40% by 2.5
billion, 60% by 2 billion and ~75% by 1.5 billion years ago. Both growth curves show a peak around
2.6-2.3 Ga which corresponds to ~21% of the Australia crustal growth (compared with the background
rate of ~10% per 300 Myr period). Consideration of secular changes in Australian granite
geochemistry, and data from other isotopic studies, suggest that the calculated growth curve should
be adjusted, particularly to account for high degrees of crustal reworking in the late Archean to
Mesoproterozoic. This has the effect of increasing growth rates in the Archean, and indicates that
~40-70% of the Australian crust was in place by the end of the Archean, and ~70-85% by the end of
the Mesoproterozoic. These results lend credence to the overall general picture of the Australian crust
based on Sm-Nd data and, in combination with geological data, allow broad basement ages to be
inferred for regions of Australia and the construction of a basement age map of Australia. Although
clearly speculative, this preliminary map provides a working hypothesis that is directly amenable to
comparison (and testing) with geological, geophysical and other data sets. This map and the T,y
maps not only highlight areas with interesting isotopic zonation, e.g., in the Tanami region of the North
Australian Element, but also areas (not all undercover) with little or no data, e.g., Lachlan Orogen in
Victoria, which would benefit from additional data.
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6.2. Future work
Potential future work includes a number of approaches, including:

e Additional Nd isotopic data, particularly to fill gaps in the coverage and/or targeted at known or
inferred boundaries.

o Additional isotopic systems, both whole rock and in-situ mineral analysis. This will not only
provide potential tests of results presented in this Record but also provide greater
understanding of what the isotope signatures may or may not mean. These additional systems
will also provide additional constraints on the degree of involvement of sedimentary rocks (see
below).

¢ Integration of Nd results, especially the speculative basement age map (Figure 4.4) with other
data sets, e.g., geological, geophysical, and geochronological data sets.

Most of these are largely obvious and self-explanatory. Investigation of Figure 3.2, Figure 3.5,

Figure 3.8, Figure 3.14, and Figure 3.20, for example, immediately identifies gaps in the data
collection and highlight areas for future work. Potential examples include investigating the inferred
northern boundary (crustal suture?) of the Aileron Province, the extent of Mesoarchean crust in the
Gawler Craton, testing for isotopic zonation in the Yilgarn Craton, and investigating the Albany-Fraser
Orogen and further east for extents of Archean basement. Figure 4.4 also highlights some interesting
(and in part unexpected) results. These include, for example, the apparent ridge of older crust in the
Tanami region. Greater use of drill hole samples is also required to map extents of cratons, etc. under
cover, e.g., what happens between the Gawler Craton and Albany-Fraser Orogen, and between the
Mount Isa orogen and the Georgetown region?

The Nd isotopic data, calculated model ages and basement maps clearly need to be integrated with
other data sets, both for testing and for further insight. The Nd data have already been used with
geological data, for example to redefine crustal terranes in the Yilgarn Craton (Cassidy et al., 2006),
and the mineralisation examples referred to in Section 5. The Nd data have also previously been used
to assist with interpreting potential crustal breaks identified in the seismic data (e.g., Korsch et al.,
2012), and the speculative basement age map would benefit from integration with the large amount of
seismic data now available (e.g., Kennett et al., 2013). Similarly, U-Pb isotopic data, in the form of
calculated p (mu) values, have been used to generate regional maps of Pb isotope signatures (e.g.,
Huston et al., 2005, 2013). As shown in Huston et al. (2013), these often agree closely to Nd model
age maps over the same regions. Integration with additional isotopic systems would be beneficial,
especially in-situ measurements within minerals, such as Lu-Hf (directly comparable to Sm-Nd) and
oxygen.

6.3. The problem of sediments

This report has shown that the Sm-Nd isotopic signature, especially when considered on a regional or
secular basis, can identify (for a variety of reasons) geological terranes, crustal breaks, and old
continental margins, despite the apparent complexity of granite genesis. The advantage of using
whole rock Sm-Nd, and its ability to provide a large-scale average isotopic signature, is also one of its
main disadvantages, however, particularly the potential for the whole rock signature to actually
represent, and hence mask, a mix of components. As outlined in Section 2.5 and summarised in
Table 2.2 and Table 2.3, for the purposes used here (i.e., crustal mapping, identifying crustal breaks),
the most worrisome component in a granite are sedimentary rocks which may bias the Nd isotopic
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signature, i.e., the signature represents the sediment provenance and not that of the basement. The
problem of mixing with juvenile (mantle melt) material is largely eliminated with use of larger whole
rock data sets.

The problem of possible sediment input into granite is not only a difficulty for Sm-Nd but also for Lu-Hf,
even when analyses are in-situ, such as in zircon (e.g., Dhuime et al., 2012), as the latter cannot
unequivocally identify a role for sediments without ancillary evidence, e.g., when dealing with S-type
magmatism or, for example, when U-Pb zircon studies indicate age distribution patterns of xenocrystic
zircons match those in local country rock sediments (e.g., Black et al., 2010). While this latter
approach is perfectly valid, it too suffers from being unable to unequivocally identify supracrustal
contributions. Lu-Hf in zircon does have the advantage over whole-rock Sm-Nd, however, in that it can
(and commonly does) indicate a range of isotopic signatures consistent with at least two components
in the granite; commonly interpreted as mixing between crustal and juvenile components (though this
advantage is somewhat lost when larger Nd data sets are available). More recently, in-situ oxygen
isotope analyses ('°0/'°0, expressed as 8'°0) of zircons have become more routine (e.g., Kemp et
al., 2006, 2007, 2008, 2009b). As outlined by numerous workers, oxygen isotopes have the advantage
in being able to readily identify surficial processes (which result in heavy oxygen signatures) and
therefore potential sedimentary input, particularly useful when dealing with I-type (and A-type) felsic
magmatism. This is at its most advantageous when combined with other in-situ isotopic analysis, such
as Lu-Hf and U-Pb, allowing one to not just identify components, but place constraints on their pre-
history, in particular the degree of exposure to supercrustal processes. A recent example of this is
demonstrated in Kemp et al. (2009). By analysing zircons from granites of the Lachlan Orogen for
5'°0 and ¢, they were able to identify correlated 5'°O-¢, isotopic signatures. These included a high
5'%0-low €y €end-member component, which they interpreted as sedimentary input into the respective
magmas (though compare with Williams et al., 2011; see section 3.3.5.2). What that study (and such
studies in general) could not unequivocally quantify was the nature of the low 5'°0 — high ¢, end-
member component, i.e., potentially derived from one or more of the following: direct mantle input,
reworked juvenile input or infracrustal (though in Kemp et al. (2009) the occurrence of mafic rocks with
similar isotopic signatures was used to imply a direct mantle input). Regardless, this ‘non-sedimentary’
end-member provides a potential ‘crustal’ end-member that could be used for regional crustal mapping
as undertaken in this record for Sm-Nd. Like Sm-Nd, this Hf-5'®0 end-member still potentially records
a crust-mantle mix, though one essentially free from sedimentary input complications. One potential
complexity in this approach is the occurrence of rapid reworking such that inherited zircons and cores
may be present that are indistinguishable on the basis of U-Pb dating from magmatic zircons (i.e.,
within the precision of the U-Pb dating). This was demonstrated by Bindeman et al. (2008) for felsic
volcanics at Yellowstone, U.S.A. In those rocks, cores and rims were recognisable based on
contrasting properties — whether this would always be the case is not certain. Bryan et al. (2008) also
documented somewhat similar antecrystic zircons in rhyolites of the Sierra Madre Occidental Province,
Mexico and suggested they may be up to 10 Myr older than the host magma.
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Appendix A. Compiled Sm-Nd isotopic data and
metadata

A.1. Data Sources

Samarium-Neodymium isotopic data was compiled from both published and unpublished datasets.
Published data (including that in State and Territory Survey publications) was collected based on prior
knowledge and searches of reference databases, though given the nature of the project, data
searches were not exhaustive. The sources of all published data are attributed (Appendix Table A.1).
Unpublished data was sourced from that undertaken by Geoscience Australia (alone or in
collaboration with State and Territory Surveys) and from the Northern Territory Geological Survey. All
effort was made to ascertain whether this data had been previously published and if so attributed
accordingly. The database may, however, contain data shown as unpublished that has actually been
published. Structure and metadata of the data fields for the Sm-Nd isotopic data set are listed and
described in Appendix Table A.1.

Data fields fall into five main data and metadata types: sample location; sample lithology; sample
province data; sample age; and sample isotopic data (including standardised and derived data). Data
was primarily collected for whole rock samples but does include some mineral data (recorded in the
‘Sample type’ field).

A.2. Non-isotopic data and metadata

A variety of data and metadata have been compiled for each sample. These include (from the original
source) sample numbers, unit name, rock type, location, age and geological province (where
supplied). Where possible, unit names have been updated to recognised unit names and their
associated STRATNO (unique unit identifier from Geoscience Australia’s STRATNAMES database) is
provided (Appendix Table A.1). Information on rock type is given in a number of fields as these have
been used to determine whether an individual analysis was used in the Australia-wide map (recorded
in the ‘Felsic_Ign’ field; Appendix Table A.1). Each sample has a designated geological region,
province and element, following accepted usage. Details regarding the relationship between region,
province and element are provided in Appendix Table A.2.

Sample locations have been converted to GDA94 and are given as longitude and latitude. A number
of samples have required either the datum of published sample locations to be assumed (potential
location errors of 200 m), or the locations (because they were not supplied) to be ‘estimated’. The
latter were calculated using either points on published figures or, where figures were not available,
estimated more arbitrarily using the unit name and the known distribution of that unit. Potential location
errors for these samples are more significant and may be upwards of 10+km. Any assumptions and
estimations regarding the location are listed in the ‘Loc_Comm’ field.

Where possible and applicable, age data (from the original isotopic data sources) were updated to
more recent U-Pb age determinations. References are provided for all age determinations. For many
samples ages have not been determined precisely or (for some) are not well constrained. Estimates

Neodymium depleted mantle model age map of Australia 101



and inferences for these ages are based on local and regional geology. Reasons for assigned ages
are given in the ‘Age_Comm’ field.

A.3. Isotopic data, metadata and standardisation

In addition to Sm, Nd, "’Sm/"**Nd, "*Nd/"**Nd, and errors, values for the Nd isotopic standards — La
Jolla, nNd-1 and BCR-1 — were compiled where possible. These latter values were used to
standardise sample result data as follows:

"Nd/'**Nd_corr = "*Nd/"**Nd_meas * Standard syy,/Standard gpe jas)

Both the original measured and corrected "**Nd/"**Nd values (‘Nd143_144M’ and ‘Nd143_144C’,
respectively), are included in the compiled data tables. In a few cases Standard information was not
available. For these a value for La Jolla was assumed such that calculated €, values were as close

as possible to those reported in the publication in question. Samples standardised this way are readily
evident by non-null values in the relevant Standard field (Appendix Table A.1).

A small component of the compiled Nd isotopic data (largely pre-1990’s data) were analysed using
different mass fractionation correction values ("**Nd/'**Nd = 0.636151, e.g., McCulloch, 1987). Results
from these have been normalised to the present day mass fractionation correction
("**Nd/"**Nd=0.7219) using the following equation:

“Nd/"*Nd_corr = "*Nd/***Nd_meas * 1.001595 (renormalisation factor)
Again both original measured and corrected **Nd/"*Nd values are included in the compiled data

tables. Samples modified this way are signified in the ‘Isot_Comm’ field (Appendix Table A.1).

Most laboratory metadata has not been captured as it is available in the original references. The only
exception to this is for unpublished data where laboratory and analyst (where known) are given, also
in the ‘Isot._ Comm’ field (Appendix Table A.1).

A.4. Derived isotopic calculations

Values for epsilon Nd (gy,), single stage (Tp,,) and two-stage model (T,p,,) depleted mantle model

ages have all been recalculated for this Australian-wide study using the corrected '**Nd/"**Nd values
("**Nd/"*Nd_corr). Epsilon Nd values (&, €.g., DePaolo, 1988) — deviations in parts per 10000 from

the chondritic Sm/Nd reservoir (CHUR = Chondritic Uniform Reservoir) — have been calculated
according to the formula:

eng(T) = 10° ["*Nd/"™*Ndgampie(T) = *Nd/"*Ndyyur(T)1 / N/ **Nd e (T)

using CHUR values of "¥’Sm/"**Nd = 0.1967 and "**Nd/"**Nd = 0.51265.

All g4 values reported here are calculated for T equals the magmatic age.
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Depleted mantle model ages have been calculated using depleted mantle (DM) values of *’Sm/"*Nd
=0.2136 and "**Nd/"**Nd = 0.513163. Both single stage model ages (derived from intersection of the
isotope trajectory of each sample with the DM growth curve) and two-stage model ages (calculated
with a two-stage isotope trajectory assuming a '*’Sm/"**Nd ratio of 0.1100 for all T older than the
magmatic age) have been calculated. The DM growth curve used for both calculations assumes a
present day (T = 0) gy, of +10.0 and linear mantle depletion (g4 of 0) at T = 4.56 Ga. Model ages
calculated in this manner will be older than those calculated by McCulloch (1987) who undertook the
first isotopic study of Australia. He used a model growth curve based on mantle depletion beginning at
2.7 Ga. As indicated by Sun et al. (1995), the latter results in model ages around 200 Ma younger for
Proterozoic granites.

Two-stage model ages have been used for the Nd model age map of Australia. Unlike the single stage
model age, the former is sensitive to the age of the rock (T), so well constrained ages are desirable. It
is noted, however, that large changes in T are typically required for significant changes in T,py.

Residence ages (Tg. = Two-stage depleted mantle model age minus crystallisation age, in million
years) have also been calculated and results gridded for I- and A-type felsic magmatism (data from S-
type granites have not been used). These provide an indication of the relative age of the protolith of
the granite in question, i.e., the time between when specific crust was created and its reworking to
produce the granite. Granite formed by the reworking of largely juvenile crust, such as Carboniferous
granites in the New England Orogen, will have young residence ages, whilst those forming in older
crust, such as Carboniferous granites in the Georgetown region, will have old residence ages (e.g.,
see Champion et al., 2010). The combination of T,py, Tges With geochronological data (magmatic and
xenocrystic ages) is particularly powerful in that it not only provides an indication of the age of the
crust in a region and when that crust was reworked, but provide additional constraints on the protolith
and components within individual granite units. This approach has been used to great effect in
combined U-Pb, Lu-Hf in zircon studies (e.g., Belousova et al., 2010).

It should be noted, however, that model (and residence) ages are just that — a model. As outlined by
many workers (e.g., DePaolo, 1988) the origin of the isotopic signature of a rock can be complex. This
is just as applicable to granites and related rocks, particularly as open systems and mixing/assimilation
etc. may (or may not) be involved (see discussion by Champion and Cassidy, 2008), as demonstrated
by single crystal isotopic analysis (e.g., Kemp et al., 2007). Even assuming a closed system and
purely crustal melting for any particular granite unit, it is likely that more than one source component is
being partially melted, i.e., the model age represents an approximation of the average age of the
source, i.e., the crust. In a similar manner the residence age is best thought of as an average or
minimum age. The latter is particularly true when a significant mantle component is involved in granite
genesis. This is discussed further in section 2.5.
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Appendix Table A.1 Structure and metadata of the data fields for the Sm-Nd isotopic data as compiled for this
record. The Alias field records the full field name, while the Item field records the truncated (10 character) name.

Siteid Siteid Location/field site identifier

Sampleid sampleid Sample Identifier

Fieldid Fieldid Field number (if supplied)

Drillhole drillhole Drill hole name. Only filled where it is certain sample is from drill core.
[substitutes for npm.wells.uno where Entity_type = drillhole]

Upperdepth upper_depth Upper drill hole depth (in metres) isotopic sample taken from. Typically
taken as depth down the drill hole (so will not equal true depth for
inclined holes)

Lowerdepth lower_depth Lower drill hole depth (in metres) sample taken from. Typically taken
as depth down the drill hole (so will not equal true depth for inclined
holes)

Longitude Longitude X location in decimal degrees

Latitude Latitude Y location in decimal degrees (negative for southern hemisphere)

Datum Datum Datum system used for location (longitude-latitude, easting-northing).
All GDA94 unless specified otherwise

Loc_Comm Location_Comments Information on location, such as source reference (where not
Geoscience Australia) and whether assumptions have had to be made
regarding the Datum, or whether locations have had to be estimated

Accuracy Locational_Accuracy  Accuracy, in metres, of the longitude and latitude location

Stratno Stratno Unique identifier (from Geoscience Australia’s Stratigraphic Names
database) for Australian stratigraphic units

Unitname Unitname Unit name: stratigraphic unit name. Unit names with no STRATNO
should be regarded as informal

Lithology Lithname Lithological rock type of the sample, e.g., Granite, Tonalite. Names
follow Geoscience Australia’s ‘Lithology Type’ look-up tables

Descr Description Description of rock type

LithGroup LithGroup Broad classification of lithology, e.g., felsic intrusive, felsic extrusive,
gneiss. Names follow Geoscience Australia’s ‘Lithology Group’ look-
up tables

ModeOcc Occurrence_mode Mode of occurrence for sample. Values include: dyke, sill, vein,
enclave, mineral, or clast

Sampletype Sampletype Sample type the Sm-Nd analysis is for, either whole rock, or mineral

Felsic_Ign Felsic_lgneous_rock Y or N field. Y signifies analysis used in the model age map of
Australia, N — not used (because sample is from mafic, sedimentary,
metamorphic, or extensively altered unit). Question marks indicate
degree of uncertainty, Y?, Y??

Rocktype Granite_Rock_Type Igneous rock type (I, S, A, M) where known. Also Seds for
sedimentary rocks

Unit_Comm Unit_Comments General comments on the sample, including classification
(suite/supersuite)

State State State or Territory of Australia (QLD, ACT, SA, NT, WA, TAS, VIC)

Region Region Generalised location corresponding to broad geological regions or
geological provinces. Values are listed in Appendix Table A.2, along
with the relationships between Region, Province and Element
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Province

Element

Source

NumAge

NumAgeErr

Age_source

Age_comm
Sm_ppm
Nd_ppm
Sm147Nd144
Nd143_144m
Nd143_144_err

Std_nNd1

Std_LadJol

Std_BCR1

Isot_Comm

Nd143_144C

Province

Element

Isotope_Data_Source

Numeric_Age

Numeric_Age_Error

Numeric_Age_source

Age_comments
Sm_ppm

Nd_ppm
Sm147_Nd144
Nd143_Nd144_Meas
Nd143_Nd144_Error

Std_nNd1

Std_LadJolla

Std_BCR1

Isotope_comments

Nd143_Nd144_Corr

Broad scale geological province. Values listed in Appendix Table A.2,
along with the relationships between Region, Province and Element

Crustal element the sample belongs to. Six crustal elements are
defined for Australia: West Australian Element (WAE), North
Australian Element (NAE), South Australian Element (SAE), Central
Australian Element (CAE), Pinjarra Element (Pinjarra), and the
Tasman Element (Tasman). Refer to Appendix Table A.2 for
relationships between Region, Province and Element

Source of the Sm-Nd isotopic data, largely references that correspond
to the bibliography. Refer to bibliography for full reference.
Unpublished data denoted by ‘Unpublished’ and data source, e.g., GA
unpublished

Intrusive or extrusive age (in Ma) of the unit for igneous units,
estimated depositional age for sedimentary units. Ages based as
much as possible on U-Pb zircon ages

Two sigma error in age (in Ma). Only supplied if age used represents
a geochronological age determination with reported errors. Errors not
shown for assumed or other ages estimates

Reference source of the cited age, where published. Refer to
bibliography for full reference.

An explanation on how assumed/estimated ages were assigned
Concentration of Sm in ppm

Concentration of Nd in ppm

Reported ""Sm/"**Nd value

"“INd/"*Nd value, as reported (prior to any normalisation)

Reported two sigma error for Nd143Nd144_meas. Where values are
not available they have been substituted with 30.123 (a general upper
limit for modern analyses)

Laboratory value for the nNd-1 standard - where reported used to
standardise sample results to match reported nNd-1 value from ANU
(0.512170)

Laboratory value for La Jolla standard - where reported used to
standardise sample results to match the reported La Jolla value from
ANU (0.511872). This is the preferred standard

Laboratory value for BCR-1 standard - where reported used to
standardise sample results to match the reported BCR-1 value from
ANU (0.512653)

Includes analyst and laboratory (where known) for unpublished data;
also whether the old normalisation for mass fractionation was used
(**Nd/"**Nd = 0.636151, as against "“**Nd/"*Nd = 0.72190 used
nowadays)

Corrected "*Nd/"**Nd value. Values corrected by adjusting for
variations in reported values of standards (LaJolla or BCR1 (more
rarely nNd-1)) to bring the reported laboratory values for these
standards equal to those from ANU.

MINd/"™*Nd_corr = "**Nd/"**Nd_meas * Std (ANU)/Std (other lab)

For analyses undertaken using the older mass fractionation ratios, the
corrected "**Nd/'**Nd value is:

144Nd/mNd_corr = 144Nd/mNd_meas *1.001595 (renormalisation
factor)
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Eps_Nd Epsilon_Nd Epsilon Nd (¢eNd) value at time of time T (=Geological age). Calculated
with CHUR values of "*’Sm/"**Nd = 0.1967 and "**Nd/'"**Nd =
0.51265. Calculated using ND143ND144_corr

Eps_Err Epsilon_Nd_Error Error in gy based solely on the reported two sigma error. Does not
take into account any of the error in the age of the unit

TDM TDM Depleted mantle model age (Tpy,), in billions of years, calculated using
depleted mantle values of "*’Sm/"*Nd = 0.2136 and "*Nd "*Nd =
0.513163. Note that errors in ages have no effect on Tpy. Tpy Only
calculated where ""Sm/"*Nd < 0.15

TDM_err TDM_error Error in Tpy, and T,py based solely on the reported two sigma errors.
For T,py does not take into account errors to do with the age of the
unit

T2DM T2DM Two-stage depleted mantle Model age (T,py), in billions of years,

calculated as for Tpy but modified by assuming a *7Sm/"**Nd value of
0.11 prior to the geological age of the unit

TRES Residence_Time Model dependent ‘crustal residence’ age (Ma). Calculated as Two-
stage depleted mantle Model age minus crystallisation age
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Appendix Table A.2 Relationships between regions, provinces and crustal elements, as used in Appendix Table

Al

Province Region

(oL WU TENEL N E ETG EHIA (7.5 Albany-Fraser Orogen
Musgrave Province

Paterson Orogen

DT TS TETERRE T RIS Amadeus Basin

Arunta Orogen

Davenport Province

Georgetown-Coen region

Pama Igneous Province

Mount Isa Orogen

Kennedy Igneous Province

Kimberley region

Ngalia Basin

Pine Creek Orogen

Tanami Orogen

Warramunga Province

Victoria Basin

Albany-Fraser region
Musgrave Province
Paterson region
Yeneena Basin
Rudall Province
Amadeus Basin
Aileron Province
Arunta region
Irindina Province
Warumpi Province
Davenport Province
Coen region
Georgetown region
Coen region
Georgetown region
Isa-east region
Millungera Basin

Murphy Region

South Nicholson Region

Isa-west region

McArthur Basin

Georgetown-Coen-Mount Isa region

Tate Subprovince
Jardine Subprovince
Kidston Subprovince
Kimberley region
Halls Creek Orogen
King Leopold Orogen
Ngalia Basin

Pine Creek Orogen
Central Domain
Nimbuwah Domain
Tanami Orogen
Tennant Creek region

Victoria River Region
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Province Region

Pinjarra Element

Pinjarra Orogen

CUELNEETGEEET\S B Gawler Craton

Curnamona Craton

Gawler Craton
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Sydney Basin

Thomson Orogen
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Great Divide Igneous Province

Darling Zone region

Leeuwin Complex
Coompana region

Broken Hill region
Curnamona Craton

Mount Painter region
Cleve-Spencer-Coulta region
Gawler Craton

Mount Woods Domain
Mulgathing Complex

Nawa Domain

Nuyts Domain

Olympic Domain

Sleaford Complex

Christie Domain

Fowler Domain

Wilgena Domain

Adelaide fold belt
Delamerian Orogen
Grampians-Stavely Zone
Tasmania West region
Millungera Basin region
Burdekin Falls Subprovince
Daintree Subprovince
Herberton Subprovince
Kangaroo Hills Subprovince
Paluma Subprovince
Lachlan Orogen

Macquarie Igneous Province
Tasmania East region
Hodgkinson Province
northern New England region
southern New England region
Sydney Basin

Great Divide Igneous Province
Anakie Province

Barnard Province

-
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Province Region

Charters Towers Province
Drummond region
Eromanga region
Greenvale Province
West Australian Element (WAE) Gascoyne Province Gascoyne Province
Glenburgh Terrane
Pilbara Craton Pilbara Craton
East Pilbara Terrane
East Pilbara Terrane (west)
Fortescue Group region
Kurrana Terrane
West Pilbara Superterrane

West Pilbara Superterrane (central
region)

Karratha Terrane

Sholl Terrane

Sholl Terrane (Whundo region)
Yilgarn Craton Burtville Terrane (EGST)

Kalgoorlie Terrane (EGST)

Kurnalpi Terrane (EGST)

Narryer Terrane

Southwest Gneiss Terrane

Murchison Domain (Youanmi
Terrane)

Youanmi Terrane/Western Gneiss
Terrane

Southern Cross Domain (Youanmi
Terrane)
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Appendix B. Tables of Nd data

Appendix Table B.1 Neodymium isotopic data for rocks of the Central Australia Element. Data sources specified
in the Reference column. Refer to for Appendix Table A.2 full Province names.

56427 high grade metamorphic rock Albany-Fraser 1330 -7.28 2.41 Fletcher et al 1983b
55813E high grade metamorphic rock Albany-Fraser 1330 -22.44 3.55 Fletcher et al 1983b
66804 high grade metamorphic rock Albany-Fraser 1330 -20.21 3.39 Fletcher et al 1983b
56425 igneous felsic Albany-Fraser 1310 -8.81 2.51 Fletcher et al 1983b
55811C igneous felsic Albany-Fraser 1310 -7.72 2.43 Fletcher et al 1983b
55812B igneous felsic intrusive Albany-Fraser 1180 -10.07 2.5 Fletcher et al 1983b
55815A igneous felsic intrusive Albany-Fraser 1180 -8.2 2.36 Fletcher et al 1983b
56426 high grade metamorphic rock Albany-Fraser 1330 -9.24 2.56 Fletcher et al 1983b
87010010 igneous felsic Albany-Fraser 1190 -8.99 242 GA Shen-Su Sun
87010001 igneous felsic intrusive Albany-Fraser 1196 -15.27 2.9 GA Shen-Su Sun
87010008 igneous felsic intrusive Albany-Fraser 1184 -8.77 2.4  GA Shen-Su Sun
87010009 igneous felsic Albany-Fraser 1190 -8.79 2.41 GA Shen-Su Sun
87010002 high grade metamorphic rock Albany-Fraser 3110 2.4 3.17 GA Shen-Su Sun
87010002A igneous felsic Albany-Fraser 1180 -17.45 3.05 GA Shen-Su Sun
83657A igneous felsic intrusive Albany-Fraser 1100 -848 2.31 Nelson etal. 1995
83696A igneous felsic intrusive Albany-Fraser 2640 -1.72 3.09 Nelson et al. 1995
112128 metasedimentary Albany-Fraser 1550 -5.81 2.49 Nelson etal. 1995
83690 igneous felsic intrusive Albany-Fraser 1299 -19.45 3.3 Nelson et al. 1995
83667 igneous felsic intrusive Albany-Fraser 1135 -8.34 2.33 Nelson etal. 1995
83662 igneous felsic intrusive Albany-Fraser 1330 -2.08 2.02 Nelson etal. 1995
83697 igneous felsic intrusive Albany-Fraser 1299 -3.86 2.13 Nelson et al. 1995
83651 igneous felsic intrusive Albany-Fraser 1671 -4.53 2.49 Nelson etal. 1995
83701A igneous felsic intrusive Albany-Fraser 2640 -1.5 3.07 Nelson et al. 1995
83691 igneous felsic intrusive Albany-Fraser 2631 -3.14  3.19 Nelson et al. 1995
83666 igneous felsic intrusive Albany-Fraser 1670 -3.77 2.43 Nelson etal. 1995
P89/433 igneous felsic intrusive Musgrave 1144 125 1.8 Edgoose et al. 2004
PR95DFC312  igneous mafic intrusive Musgrave 1000 0.12 1.58 Edgoose et al. 2004
110 Neodymium depleted mantle model age map of Australia



. . . Age Toom

Edgoose et al.

BR97CJE092B
BR97CJEQ75
BR97DFC120
BR97DFC013
PR95IRS375
PRO5IRS360A
PR95DFC290
PR96IRS714
PR96IRS741
P88/34

ND1

A93/63
BJ96/280
PR96DFC535
A92/10A
A94/644
BJ96/277A
PR96IRS747
MP97/43
90984017
90984015
91988062
91988030
90984007
90984009
91988062
91988087
91988006
91988066
90984011
91988099
91988098
91988002

igneous mafic volcanic
igneous mafic volcanic
igneous mafic intrusive
igneous mafic intrusive
igneous mafic intrusive
igneous mafic intrusive
igneous mafic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous mafic intrusive

high grade metamorphic rock
high grade metamorphic rock
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive

high grade metamorphic rock
igneous felsic

igneous felsic intrusive
igneous felsic

high grade metamorphic rock
igneous felsic

igneous felsic

igneous felsic

igneous felsic

igneous felsic intrusive
igneous felsic intrusive

high grade metamorphic rock
igneous felsic intrusive
igneous mafic intrusive

igneous felsic volcanic

Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave
Musgrave

Musgrave

1000
1000
1080
1080
820

1080
1000
1175
1584
1192
820

1539
1563
1071
1150
1190
1182
1168
1554
1073
1078
1068
1200
1300
1300
1068
1550
1078
1188
1300
1300
824

1078

-1.41
-5
-3.18
-1
4.65
-0.66
-0.52
-1.92
1.5
-1.55
2.83
0.58
0.13
-2.72
-0.91
-1.18
-2.32
-2.46
0.97
-0.09
-1.84
-5.02
-2.66
-0.13
-0.46
-5.21
2.16
0.94
-3.75
-0.95
-0.11
3.37
0.72

1.69
1.97
1.9

1.73
1.09
1.7

1.63
1.88
1.96
1.87
1.23
1.99
2.05
1.85
1.78
1.84
1.92
1.91
1.98
1.66
1.79
2.02
1.96
1.85
1.87
2.04
1.88
1.58
2.03
1.91
1.85
1.19
1.6

Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.
Edgoose et al.

Edgoose et al.

2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished

GA unpublished
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. . . Age Toom

91988017 igneous mafic Musgrave 1200 -2.03 1.91 GA unpublished
91988092 igneous felsic intrusive Musgrave 1200 -2.09 1.91 GA unpublished
91988085 igneous mafic intrusive Musgrave 1080 -1.9 1.8  GA unpublished
90984023 igneous mafic Musgrave 1550 4.31 1.72 GA unpublished
91988098 igneous mafic intrusive Musgrave 824 3.5 1.18 GA unpublished
91988085 igneous mafic intrusive Musgrave 1080 -1.94 1.8 GA unpublished
90984025 igneous mafic Musgrave 1550 1.32 1.95 GA unpublished
91988085 igneous mafic intrusive Musgrave 1080 -1.67 1.78 GA unpublished
91988085 igneous mafic intrusive Musgrave 1080 -1.61 1.78 GA unpublished
91988098 igneous mafic intrusive Musgrave 824 3.05 1.21  GA unpublished
91988049 igneous mafic intrusive Musgrave 820 3.81 1.15 GA unpublished
91988056 igneous mafic intrusive Musgrave 1073  1.96 1.5  GA unpublished
91988056 igneous mafic intrusive Musgrave 1073 249 1.46 GA unpublished
90984016 igneous mafic intrusive Musgrave 1073 -1.44 1.76 GA unpublished
91988057 igneous felsic intrusive Musgrave 1052 -1.73 1.76 Glikson et al. 1996
91988071 igneous felsic intrusive Musgrave 1188 -3.85 2.04 Glikson et al. 1996
90984041 igneous felsic intrusive Musgrave 1188 -2.36 1.92 Glikson et al. 1996
90984024 igneous felsic Musgrave 1550 2.91 1.83 Glikson et al. 1996
90984004 metasedimentary Musgrave 1550 -0.17 2.06 Glikson et al. 1996
91988039 igneous intermediate intrusive Musgrave 1200 -2.03 1.91 Glikson et al. 1996
90984005 igneous felsic Musgrave 1550 1.53 1.93 Glikson et al. 1996
91988102 igneous mafic volcanic Musgrave 1078 -1.35 1.76 Glikson et al. 1996
90984008 igneous felsic Musgrave 1300 -0.93 1.91 Glikson et al. 1996
91988083 igneous mafic intrusive Musgrave 1176  -2.27 1.91 Glikson et al. 1996
91988097 igneous mafic intrusive Musgrave 820 3.22 1.2  Glikson et al. 1996
91988085 igneous mafic intrusive Musgrave 1080 -2.01 1.81 Glikson etal. 1996
91988093 igneous mafic intrusive Musgrave 1050 -2.38 1.81 Glikson et al. 1996
91988056 igneous mafic intrusive Musgrave 1073 2.34 1.47 Glikson et al. 1996
91988059 igneous felsic intrusive Musgrave 1052 -2.49 1.82 Glikson et al. 1996
91988072 igneous intermediate intrusive Musgrave 1188 -2.7 1.95 Glikson et al. 1996
91988073 igneous intermediate intrusive Musgrave 1188 -2.8 1.96 Glikson et al. 1996
91988005 igneous felsic volcanic Musgrave 1078 0.67 1.6  Glikson et al. 1996
90984014 igneous felsic volcanic Musgrave 1078 0.31 1.63 Glikson et al. 1996
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91989313B igneous felsic intrusive Musgrave 1078 -1.52 1.77 Glikson et al. 1996
91988064 igneous felsic intrusive Musgrave 1068 -3.27 1.89 Glikson et al. 1996
91988098 igneous mafic intrusive Musgrave 824 2.86 1.23 Glikson et al. 1996
90984010 igneous felsic Musgrave 1300 -0.88 1.91 Glikson et al. 1996
90984001 igneous felsic Musgrave 1550 3.36 1.79 Glikson et al. 1996
91988063 high grade metamorphic rock Musgrave 1068 -2.65 1.84 Glikson et al. 1996
91988035 high grade metamorphic rock Musgrave 1200 -2.21 1.92 Glikson et al. 1996
91988016 high grade metamorphic rock Musgrave 1200 -2.26 1.93 Glikson et al. 1996
91988088 high grade metamorphic rock Musgrave 1550 3.39 1.79 Glikson et al. 1996
PR95IRS507 igneous mafic intrusive Musgrave 1050 1.14 1.54 Er;rri?)lii%zzblisr]ed
183440 igneous felsic intrusive Musgrave 1320 -0.87 1.92 Smithies etal. 2010
174726 igneous felsic intrusive Musgrave 1210 -2.04 1.92 Smithies etal. 2010
174558 igneous felsic intrusive Musgrave 1215 -3.59 2.04 Smithies etal. 2010
174737 igneous felsic intrusive Musgrave 1219 -3.15 2.01 Smithies et al. 2010
183459 igneous felsic intrusive Musgrave 1195 -2.83 1.96 Smithies etal. 2010
174538 igneous felsic intrusive Musgrave 1178 -229 1.91 Smithies et al. 2010
183492 igneous felsic intrusive Musgrave 1322 117 1.95 Smithies etal. 2010
180299 igneous felsic intrusive Musgrave 1175 -2.48 1.92 Smithies et al. 2010
185581 igneous felsic intrusive Musgrave 1314 -1.26 1.95 Smithies etal. 2010
180300 igneous felsic intrusive Musgrave 1181 -2.37 1.92 Smithies et al. 2010
183496 igneous felsic intrusive Musgrave 1321 -0.56 1.9  Smithies et al. 2010
180867 igneous felsic intrusive Musgrave 1319 -0.59 1.9  Smithies et al. 2010
180256 igneous felsic intrusive Musgrave 1176 -222 1.9  Smithies etal. 2010
184158 igneous felsic intrusive Musgrave 1321 -1.84 2 Smithies et al. 2010
174766 igneous felsic intrusive Musgrave 1075 -2.94 1.87 Smithies etal. 2010
185606 igneous felsic intrusive Musgrave 1326 -2.4 2.04 Smithies et al. 2010
174589 igneous felsic intrusive Musgrave 1074 -3.6 1.92 Smithies et al. 2010
174761 igneous felsic intrusive Musgrave 1075 -3.42 1.91 Smithies etal. 2010
174765 igneous felsic intrusive Musgrave 1075 -3.78 1.94 Smithies et al. 2010
183474 igneous felsic intrusive Musgrave 1072 436 1.98 Smithies et al. 2010
184150 igneous felsic intrusive Musgrave 1317 -1.33 1.95 Smithies etal. 2010
180294 igneous felsic intrusive Musgrave 1180 -2.39 1.92 Smithies etal. 2010
180262 igneous felsic intrusive Musgrave 1180 -2.71 1.94 Smithies etal. 2010
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185339
183509
183408
174800
185583
95 361
96_614
96_574a
95 598
95 472
95_387
95_355a
95_168Db
95_402c

MUG23

KDS-19

MUG32

85-376

KDS-15

I-3

KDS-30

2006670092

2005670162_01
2005670094 _01
2005670129_01
2005670110_01
2005670100_01
2006670087

2005670188_01

igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic
igneous felsic
igneous felsic
igneous felsic
igneous felsic
igneous felsic
igneous felsic
igneous felsic

igneous felsic

igneous mafic intrusive

igneous mafic intrusive

igneous mafic intrusive

igneous mafic intrusive

igneous mafic intrusive

igneous mafic intrusive

igneous mafic intrusive

igneous felsic intrusive

high grade metamorphic rock

igneous

igneous felsic intrusive
metasedimentary
metasedimentary
metasedimentary

igneous felsic intrusive

Musgrave 1200
Musgrave 1165
Musgrave 1180
Musgrave 1180
Musgrave 1073
Musgrave 1548
Musgrave 1550
Musgrave 1550
Musgrave 1550
Musgrave 1550
Musgrave 1550
Musgrave 1550
Musgrave 1550
Musgrave 1550
Musgrave 1078
Musgrave 1078
Musgrave 1078
Musgrave 1078
Musgrave 1078
Musgrave 1078
Musgrave 1078
Paterson 1590
Paterson 1780
Paterson 1765
Paterson 1760
Paterson 1800
Paterson 1780
Paterson 2800
Paterson 1553

-3.54 2.02
-233 1.9

-2.85 1.95
271 1.94
-247 1.84
0.29 2.02
0.47 2.01
0.17 2.03
-0.77 211
0.48 2.01
1.4 1.94
0.91 1.98
0.27 2.03
0.5 2.01
1.92 1.51
0.8 1.59
-1.1 1.74
-3.02 1.88
0.42 1.62
0.87 1.59
0.09 1.65
-10.16 2.85
-3.3 249
-7.43  2.79
-1.365 232
592 27

-22.98 3.97
-10.89 3.08
-6.41  2.53

Smithies et al. 2010
Smithies et al. 2010
Smithies et al. 2010
Smithies et al. 2010
Smithies et al. 2010
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006
Wade et al. 2006

Zhao & McCulloch
1993

Zhao & McCulloch
1993

Zhao & McCulloch
1993

Zhao & McCulloch
1993

Zhao & McCulloch
1993

Zhao & McCulloch
1993

Zhao & McCulloch
1993

GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
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2006670119
2005670186_01
2006670093
2006670110
2006670099B
2004679009
2005670080_01
2005670187_01
91470139
91470063
2004679001
91470101
2004679008
91476803
91476838
2006677001
200567731022
2006677025
2006677183
2006670073
2004679006
2004679003
2004679007
91470084
48929E
48929B
48929F

igneous felsic intrusive
igneous felsic intrusive
igneous mafic

igneous mafic

igneous mafic
metasedimentary

high grade metamorphic rock
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
sedimentary

igneous felsic intrusive
sedimentary

igneous felsic intrusive
igneous felsic intrusive
igneous intermediate intrusive
igneous intermediate intrusive
igneous mafic intrusive
igneous mafic intrusive
igneous mafic volcanic
sedimentary

sedimentary

sedimentary

igneous felsic intrusive
igneous felsic

igneous felsic

igneous felsic

Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson
Paterson

Paterson

1300
1577
1575
1575
1575
900
1800
1575
630
640
900
630
900
603
605
500
833
830
830
830
900
900
900
640
1790
1790
1790

-1.51
-5.38
-4.15
-4.64
-0.92
-7.96
6.4
-3.68
-4.97
-6.19
-10.51
-6.74
-7.53
-13.89
-13.84
-8.59
-4.56
7.53
4.02
-3.89
-8.69
-7.29
-6.48
-4.57
-6.55
4
-3.9

1.95
2.48
2.38
242
214
2.1

2.74
2.35
1.65
1.75
23

1.79
2.07
23

23

1.82
1.79
0.88
1.14
1.74
2.16
2.05
1.99
1.63
2.74
2.55
2.54

GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
McCulloch 1987
McCulloch 1987
McCulloch 1987
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Appendix Table B.2 Neodymium isotopic data for rocks of the North Australia Element. Data sources specified in
the Reference column. Refer to for Appendix Table A.2 for full Province names.

89-520 sedimentary Amadeus -9.23 195 Zhao etal. 1993
89-578 sedimentary Amadeus 750 -3.1 1.61 Zhao et al. 1993
89521A sedimentary Amadeus 830 -7.69 2.03 Zhaoetal 1993
89-577 sedimentary Amadeus 660 -9.7 2.04 Zhao et al. 1993
89-549 sedimentary Amadeus 540 -9.56 1.92 Zhaoetal 1993
89-539 sedimentary Amadeus 660 -9.11 199 Zhao et al. 1993
89-539 sedimentary Amadeus 660 -8.1 1.91  Zhao et al. 1993
89-539 sedimentary Amadeus 660 -9.36 2.01 Zhao et al. 1993
89-575 sedimentary Amadeus 750 -8.31  2.01 Zhaoetal. 1993
AO-7 sedimentary Amadeus 660 -948 2.02 Zhaoetal 1993
89-528B sedimentary Amadeus 850 -10.92 2.29 Zhao et al. 1993
89-561 sedimentary Amadeus 660 -9.52 2.02 Zhao et al. 1993
89-528B dupl. sedimentary Amadeus 850 -9.8 2.2 Zhao et al. 1993
89-520 sedimentary Amadeus 600 -8.77 1.92 Zhao et al. 1993
89-579 sedimentary Amadeus 830 -8.45 2.08 Zhao etal. 1993
89-581 sedimentary Amadeus 850 994 221 Zhao etal. 1993
89-574 sedimentary Amadeus 850 -6.17 1.93 Zhao et al. 1993
89-574 sedimentary Amadeus 850 -7.35 2.02 Zhao etal. 1993
89-503 sedimentary Amadeus 850 -11.31 2.32 Zhao et al. 1993
89-537 sedimentary Amadeus 830 -8.93 212 Zhao et al. 1993
89-521C sedimentary Amadeus 830 -8.12 2.06 Zhao etal. 1993
89-573 sedimentary Amadeus 830 -8.24 2.07 Zhao etal. 1993
73933006 high grade metamorphic rock ~ Arunta 1800 159 238 Diaok&McCulloch
73933007 high grade metamorphic rock  Arunta 1800 294 248 S¢S MoCullooh
72902010 high grade metamorphic rock Arunta 1800 -1.5 2.37 I135I)a804k & trlesn
72902009 high grade metamorphic rock  Arunta 1800 265 246 oo o Moculloon
73913007 metasedimentary Arunta 1800 -1.35 2.36 %%‘;" el
948-80 igneous mafic intrusive Arunta 1750 -0.61 2.26 Foden etal. 1995
JM3 igneous intermediate intrusive Arunta 1760 -2.34 24 Foden et al. 1995
808-130 igneous mafic Arunta 1750 1.08 2.13 Foden et al. 1995
825-22 igneous mafic Arunta 1750 -1.13 23 Foden et al. 1995
KM2 igneous mafic intrusive Arunta 1750 -0.25 2.23 Foden etal. 1995
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825-43 igneous mafic Arunta 1750 0.06 2.21 Foden et al. 1995
825-10 igneous mafic Arunta 1750 -1.22 2.31 Fodenetal. 1995
JM14 igneous mafic intrusive Arunta 1750 -0.93 2.28 Fodenetal. 1995
948-81 igneous mafic intrusive Arunta 1750 -0.16 2.23 Foden etal. 1995
948-79 igneous mafic intrusive Arunta 1750 -0.5 2.25 Foden et al. 1995
BD-92-1 igneous mafic intrusive Arunta 1750 0.33 219 Foden et al. 1995
S6 igneous mafic intrusive Arunta 1750 0.09 2.21 Foden et al. 1995
SHC igneous mafic Arunta 1750 -1.23 2.31 Fodenetal. 1995
SHB igneous mafic Arunta 1750 -0.21 2.23 Fodenetal. 1995
SHA igneous mafic Arunta 1750 -2.04 2.37 Fodenetal. 1995
JM5 igneous intermediate intrusive Arunta 1760 -2.23 2.39 Fodenetal. 1995
S2 igneous intermediate intrusive Arunta 1760 -2.13 2.38 Fodenetal. 1995
808-28 igneous felsic intrusive Arunta 1762 -2.71 2.43 Fodenetal. 1995
91-508 igneous felsic intrusive Arunta 1765 0.28 2.21 Foden et al. 1995
825-104 igneous felsic intrusive Arunta 1747 -211 2.37 Foden et al. 1995
PB3 igneous mafic Arunta 1750 0.79 2.15 Foden et al. 1995
91-507 igneous mafic Arunta 1750 0.28 2.19 Foden et al. 1995
JM12 igneous intermediate intrusive Arunta 1760 -2 2.37 Foden et al. 1995
ACO07LCV412 high grade metamorphic rock Arunta 1795 -1.84 2.39 GA unpublished
AC09CJE389 high grade metamorphic rock Arunta 1803 -1.24 2.35 GA unpublished
AC09CJE382 igneous Arunta 1796 -2.89 2.47 GA unpublished
ICO9LJH778 metasedimentary Arunta 1650 -6.46 2.62 GA unpublished
AC09CJE394 metasedimentary Arunta 1815 -18.28 3.65 GA unpublished
ACO7LCV293A metasedimentary Arunta 1815 -1.69 24 GA unpublished
2000081080 igneous mafic Arunta 1805 2.19 2.1 Hoatson et al. 2005
2000081107 igneous mafic Arunta 700 7 0.81 Hoatson et al. 2005
2000081107 igneous mafic Arunta 700 6.95 0.81 Hoatson et al. 2005
2000081003 igneous mafic Arunta 1811 -0.38 2.29 Hoatson et al. 2005
2000081014 igneous mafic Arunta 1803 -0.75 2.32 Hoatson et al. 2005
2000081080 igneous mafic Arunta 1805 1.63 214 Hoatson et al. 2005
2000081058 igneous mafic Arunta 1774 166 2.36 Hoatson et al. 2005
2000081116 igneous mafic intrusive Arunta 1633 -4.84 2.48 Hoatson et al. 2005
2000081116 igneous mafic intrusive Arunta 1633 -4.64 2.47 Hoatson etal. 2005
2000081066 igneous mafic intrusive Arunta 1780 047 22 Hoatson et al. 2005
2000081066 igneous mafic intrusive Arunta 1780 0.97 217 Hoatson et al. 2005
2000081072 igneous mafic intrusive Arunta 1689 -0.66 2.21 Hoatson et al. 2005
2000081072 igneous mafic intrusive Arunta 1689 -0.41 2.19 Hoatson et al. 2005
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2000081071 igneous mafic intrusive Arunta 1787 -0.5 2.28 Hoatson et al. 2005
2000081071 igneous mafic intrusive Arunta 1787 -0.56 2.29 Hoatson et al. 2005
2000081084 igneous mafic Arunta 1800 0.16 2.24 Hoatson et al. 2005
72913452 igneous ultramafic intrusive  Arunta 1150 -9.99 2.47 Nelson et al. 1989

72913450 igneous ultramafic intrusive  Arunta 1150 -9.24 2.41 Nelson et al. 1989

73914213 igneous intermediate intrusive Arunta 1150 -9.33 2.42 Nelson et al. 1989

73914202 igneous intermediate intrusive Arunta 1150 -9.62 2.44 Nelson et al. 1989

72913438 igneous mafic Arunta 1150 -9.75 2.45 Nelson et al. 1989

72913441 igneous ultramafic Arunta 1150 -9.68 2.44 Nelson et al. 1989

72913435 igneous ultramafic Arunta 1150 -11.33 2.57 Nelson et al. 1989

75914578 igneous mafic Arunta 1150 -10.23 2.48 Nelson et al. 1989

72913434 igneous ultramafic Arunta 1150 -9.81 2.45 Nelson et al. 1989

72913446 igneous mafic Arunta 1150 -9.16 24 Nelson et al. 1989

73914142 igneous intermediate intrusive Arunta 1150 -9.52 2.43 Nelson et al. 1989

MRO1IRS108 igneous mafic intrusive Arunta 1635 -4.37 2.45 NTGS unpublished
HUO6NDO020 igneous mafic intrusive Arunta 1500 -2.42 2.19 NTGS unpublished
HUO6NDO023 igneous mafic intrusive Arunta 1500 -2.04 2.16 NTGS unpublished
HUO6NDO023 igneous mafic intrusive Arunta 1500 -2.06 2.16 NTGS unpublished
AC07CJE201 igneous felsic intrusive Arunta 1700 -2.52 2.36 NTGS unpublished
ICO8JAW1028  igneous intermediate intrusive Arunta 1770 0.42 2.2 NTGS unpublished
ICO8JAW395 igneous felsic intrusive Arunta 1770 -2.04 2.38 NTGS unpublished
IC04DFCO001 igneous felsic intrusive Arunta 1743 -2.5 24 NTGS unpublished
ACO7EEB122 igneous felsic intrusive Arunta 1713 -2.37 2.36 NTGS unpublished
ACO7EEB118 igneous felsic intrusive Arunta 1713 -2.34 2.36 NTGS unpublished
MSO00ADO88R1 igneous felsic intrusive Arunta 1800 -3.15 2.49 NTGS unpublished
MSO00ADO83R1 igneous felsic intrusive Arunta 1800 -2.45 2.44 NTGS unpublished
NAO1AC287R1 igneous felsic intrusive Arunta 1803 -3.04 2.49 NTGS unpublished
LMO2IRS010B  igneous mafic intrusive Arunta 1805 1.63 214 NTGS unpublished
ICO8JAWT742 igneous mafic Arunta 460 6.41 0.65 NTGS unpublished
ICO7JAW149 igneous felsic intrusive Arunta 1770 -0.83 2.29 NTGS unpublished
ICO8LJH602 metasedimentary Arunta 520 -3.42 1.45 NTGS unpublished
ACO7LCV412 igneous felsic Arunta 1700 -1.13 2.26 NTGS unpublished
ICOSDFC127A  igneous felsic intrusive Arunta 1752  -3.38 2.47 NTGS unpublished
zgggsgt?mn\ igneous felsic intrusive Arunta 1750 -3.43 2.47 NTGS unpublished
AC07CJE069 igneous felsic intrusive Arunta 1700 -3.45 2.43 NTGS unpublished
HA06CJC033 igneous felsic intrusive Arunta 1638 -4.14 2.43 NTGS unpublished
IC08JAWG70 igneous mafic Arunta 520 0.47 1.15 NTGS unpublished
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31003 igneous mafic intrusive Arunta 1760 -0.58 2.27 B

1997
99096008#2 igneous felsic intrusive Arunta 1622 -257 23 Smith 2001
98096003 igneous felsic intrusive Arunta 1809 -2.76 2.47 Smith 2001
99096008#1 igneous felsic intrusive Arunta 1622 -261 23 Smith 2001
98096002 igneous felsic intrusive Arunta 1803 -3.34 2.51 Smith 2001
99116407A high grade metamorphic rock Arunta 1819 -2.01 242 Smith 2001
84924139 igneous felsic intrusive Arunta 1622 -3.69 2.39 Sunetal 1995
84091645 igneous felsic Arunta 1754 428 254 Sunetal 1995
71911773 igneous felsic intrusive Arunta 1873 -0.06 2.32 Sunetal. 1995
84091646 igneous felsic intrusive Arunta 1760 418 254 Sunetal. 1995
84914144 igneous felsic intrusive Arunta 1751 -3.95 251 Sunetal 1995
84924096 igneous felsic intrusive Arunta 1670 -3.3 24 Sun et al. 1995
71911848 igneous felsic intrusive Arunta 1873 -0.53 2.36 Sunetal. 1995
84091644 igneous felsic Arunta 1760 -3.89 252 Sunetal. 1995
83091260 igneous felsic Arunta 1750 -0.19 2.23 Sunetal. 1995
90934741A igneous Arunta 1880 -1.98 2.47 Sunetal. 1995
83091360 igneous felsic Arunta 1760 -2.89 2.44 Sunetal. 1995
84924100 igneous Arunta 1820 -0.96 2.35 Sunetal. 1995
85914290A igneous felsic intrusive Arunta 1751 -3.88 2.51 Sunetal. 1995
84924124 igneous felsic Arunta 1799 -3.39 251 Sunetal. 1995
029 metasedimentary Arunta 1760 -4.36 2.55 Wade etal. 2008
017 metasedimentary Arunta 1760 -4.61 2.57 Wade etal. 2008
021 metasedimentary Arunta 1760 -9.03 2.9 Wade et al. 2008
016 metasedimentary Arunta 1773 -1.48 2.35 Wade et al. 2008
032 igneous felsic intrusive Arunta 1771 -1.61 235 Wade et al. 2008
028 metasedimentary Arunta 1760 -1.86 2.36 Wade et al. 2008
44876 high grade metamorphic rock Arunta 1800 -3.7 2.54 \1/\S/)iggrim s
44865 high grade metamorphic rock  Arunta 1800 121 216 oodnm &McCulloeh
44875 high grade metamorphic rock Arunta 1800 -1.07 2.34 \;\ggg”m s
44874 high grade metamorphic rock Arunta 1800 1.08  2.17 \{\ggg”m & heeiles
44873 high grade metamorphic rock Arunta 1800 259 245 yood™ & heeules
44871 high grade metamorphic rock Arunta 1800 -1.77 2.39 \:\ggg”m & heeiles
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44883 high grade metamorphic rock Arunta 1760 5.13 1.84 Windrim et al 1984
44894 high grade metamorphic rock Arunta 1760 -1.1 2.31 Windrim et al 1984
44912 high grade metamorphic rock Arunta 1760 -1.77 2.36 Windrim et al 1984
44895 high grade metamorphic rock Arunta 1760 0.21 2.21 Windrim et al 1984
44890 high grade metamorphic rock Arunta 1760 -1.11  2.31 Windrim et al 1984
44887 high grade metamorphic rock Arunta 1760 -0.62 2.27 Windrim et al 1984
44883 high grade metamorphic rock Arunta 1760 -4.04 253 Windrim et al 1984
44883 high grade metamorphic rock Arunta 1760 -7.08 2.76 Windrim et al 1984
44882 high grade metamorphic rock Arunta 1760 -2.75 2.43 Windrim et al 1984
44881 high grade metamorphic rock Arunta 1760 -0.35 2.25 Windrim et al 1984
44883 high grade metamorphic rock Arunta 1760 -13.61 3.25 Windrim et al 1984
44897 high grade metamorphic rock Arunta 1760 0.92 215 Windrim et al 1984
91-532 metamorphic protolith Arunta 1770 217  2.39  Zhao 1994

unknown
91-552A metamorphic protolith Arunta 1770 492 1.86 Zhao 1994

unknown
91-529 igneous mafic intrusive Arunta 1770 -0.87 23 Zhao 1994
91-534 igneous mafic intrusive Arunta 1770 -2.75 2.44 Zhao 1994
89-501 igneous mafic intrusive Arunta 1770 5.13 1.84 Zhao 1994
89-509 metamorphic protolith Arunta 1770 502 1.85 Zhao 1994

unknown
91-515 metamorphic protolith Arunta 1770 424  1.91  Zhao 1994

unknown
91-523 metamorphic protolith Arunta 1770 507 1.85 Zhao 1994

unknown
89-474 igneous mafic intrusive Arunta 1080 646 214 000 andMeCulloch
89-506 igneous mafic intrusive Arunta 1080 -7.86 225 Zoo0°n HEeios
91-546 igneous mafic intrusive Arunta 1080 -9.86 24 fggg el L Eclieen
91-550 igneous mafic intrusive Arunta 1080 095 1.58 Zpo0°nd HEeios
89-475 igneous mafic intrusive Arunta 1080 512 204 000 andMeCulloch
89095534 igneous felsic intrusive Arunta 1747 -3.35 2.46 %ggg | b SenlleE
88002 igneous felsic intrusive Arunta 1761 137 232 £a0andMoCulloch
84914130 igneous felsic intrusive Arunta 1726  -1.32 2.29 fggg el Eenleen
89095566 igneous felsic intrusive Arunta 1713 -1.44 229 fggg el L Eclieen
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Zhao and McCulloch

89095544 igneous felsic intrusive Arunta 1751 -4.85 258 1995
89095543 igneous felsic intrusive Arunta 1751 -1.02 2.29 %ggg b el
84924126 igneous felsic intrusive Arunta 1758 2.8 244 (o0 andMeCulloch
89095502 igneous felsic Arunta 1770  -1.76 2.36 fggg el Eenleen
89095545 igneous Arunta 1752  -353 248 fggg el L Eclieen
87064 igneous felsic intrusive Arunta 1879 366 26 o0 oM HEeios
89095551 igneous felsic intrusive Arunta 1771 259 243 2520 @nd McCulloch
89095567 igneous felsic intrusive Arunta 1771 -1.14 2.32 %ggg | b SenlleE
99116406A igneous felsic intrusive Davenport 1838 -2.72 2.49 Smith 2001
73303024 metasedimentary CEAGEDNT | eas | 5as |gms [ElREcsizcules
Coen 1984
. . . Georgetown- Black & McCulloch
79300059 igneous felsic volcanic Coen 1650 0.93 2.06 1984
79300062 igneous felsic volcanic CEOmREONT |gzmg |mm |zop |PESCE MECHlEED
Coen 1984
. . . Georgetown- Black & McCulloch
79300062 igneous felsic volcanic Coen 1650 -1.09 2.21 1984
79300060 igneous felsic volcanic CERIGEET 1650 -3.67 2.41 By selloe
Coen 1984
79300060 igneous felsic volcanic CEmET |iemy |wae |pep |EEEIGhECUIEED
Coen 1984
79300058 igneous felsic volcanic CIEER - 1650 0.82 2.07 ElzElce: Woctlezn
Coen 1984
80303065 igneous mafic CEOMET | |azm  |ggs |EEESShECUIEED
Coen 1984
80303066 igneous mafic CEORRONT gz |aum  [gge |PESCE ECHEED
Coen 1984
. Georgetown- Black & McCulloch
73303001 metasedimentary Coen 1685 -5.6 2.58 1984
73303006 igneous mafic intrusive CEOmRET gz |949  |pee |PESSEECHEED
Coen 1984
82303068 igneous felsic intrusive CEMET | |an |ams |EEEIShECUIEED
Coen 1984
79300232 igneous mafic intrusive CIERR - 1670 4.4 1.82 ElzElce: Woctlezn
Coen 1984
82303067 igneous mafic intrusive CEMET | |saap |am |EEEIGhECUIEED
Coen 1984
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92836501 metasedimentary ggg{?em""“ 1550  -3.39 Kntson and S "
91836345 metasedimentary g‘ggggeto""”' 1550 095 212 Knueonand ?;37‘”
70570256 metasedimentary Soorgetown” 4550 2.8 226 SraeonandSun
70570264 metasedimentary Sggggeto""”' 1550 -0.45 2.08 g{;ﬁ?t”e?’;‘f_ ?gg;”
90831035 metasedimentary gﬁgggem""“' 1100 -7.46 223 g{;ﬁ%"j’;‘l’_ ?gg;r‘
BB2236 high grade metamorphic rock gsgggemw“' 1585 044 211 [Lnueonand ?337"‘
93834209A  igneous felsic SOOrgeloWn: 1585 0.8 214 fraoonendSunn
93836592 high grade metamorphic rock g(e)g;getown- 1585 -3.27 2.32 glneL\j/\t/Se(t)tne?na(lj. ?337'”
91831000A  metasedimentary Soorgetown” 1200 4,05 206 Sraeonand S n
92836572 igneous felsic ggce’;geto""”' 1585 -345 234 g{;ﬁ?t”e?’;?_ ?337‘”
90831005 metasedimentary Seorgetown™ 1109 519 206 KMusonand Sunin
92836520 metasedimentary gsgggemw“' 1685 -5 254 FusoninWithnall et
92836542 metasedimentary ggg{?em""“' 1685 493 253 ;“‘jtgsg? I Bl et
92836536 metasedimentary g‘ggggeto""”' 1685 047 212 ;”ﬂgg; I Bt &
928365048 igneous mafic intrusive Soorgelown” 4670 337 24 KMjeon InWithnallet
92836540 umnektﬁ(r)nvsr:phic protolith gsgggetown- 1670 37 187 :ln:tgé); In Withnall et
92836564 metasedimentary gﬁgggem""“' 1585 -224 225 g“‘fgsg; I i) e
92836566 metasedimentary gsgggemw“' 1585 198 223 <MyeoninWithnallet
2007169004  sedimentary gﬁgggem""“' 1700 -82 279 Lambeck etal. 2012
2007169002  sedimentary g‘ggggeto""”' 1700 -7.91 277 Lambeck etal. 2012
2007169005  sedimentary g‘gg;geto""”' 1655 -0.82 2.2  Lambeck etal. 2012
2007169006  sedimentary g‘ggggeto""”' 1655 0.46 2.1  Lambeck etal. 2012
G76 igneous felsic intrusive Kennedy 280 -12.92 1.96 ?g%%k & scullees
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74300672 igneous felsic volcanic Kennedy -8.52 1.67 By selloe

1990

75301348 igneous felsic volcanic Kennedy 330  -9.45 174 Sock&MoCulooh
89837502 igneous felsic intrusive Kennedy 284 -6.76 1.5 Black et al. 1992
89837504 igneous felsic intrusive Kennedy 287 -7.63 1.57 Blacketal. 1992
89837506 igneous felsic intrusive Kennedy 285 -8.57 1.64 Blacketal. 1992
DCC75 igneous felsic intrusive Kennedy 300 -8.61 1.65 Champion 1991
DCC75r igneous felsic intrusive Kennedy 300 -8.98 1.68 Champion 1991
DCC28 igneous felsic intrusive Kennedy 300 -8.8 1.67 Champion 1991
DCC5 igneous felsic intrusive Kennedy 321 -9.34 1.73 Champion 1991
DCC33 igneous felsic intrusive Kennedy 300 -9.53 1.72 Champion 1991
DCC1 igneous felsic intrusive Kennedy 300 -11.15 1.84 Champion 1991
DCC22 igneous felsic intrusive Kennedy 304 -11.64 1.88 Champion 1991
92836424 igneous felsic intrusive Kennedy 328 -12.26 1.95 GA unpublished
92836430 igneous felsic intrusive Kennedy 345 -14.12 2.11  GA unpublished
93839082 igneous felsic intrusive Kennedy 330 -11.68 1.91  GA unpublished
90836039 igneous mafic intrusive Kennedy 285 -3.66 1.27 GA unpublished
93832329A igneous felsic volcanic Kennedy 290 -849 1.64 GA unpublished
93839090 igneous felsic intrusive Kennedy 330 -9.34 1.73 GA unpublished
2008839030 igneous felsic intrusive Kennedy 330 -6.35 1.51 GA unpublished
75300816 igneous felsic volcanic Kennedy 330 -8.84 1.7 GA unpublished
90836155 igneous mafic intrusive Kennedy 285 -6.54 1.48 GA unpublished
90836026 igneous felsic intrusive Kennedy 285 -5.05 1.37 GA unpublished
90836036 igneous felsic intrusive Kennedy 285 -7.78 1.58 GA unpublished
90836159A igneous felsic intrusive Kennedy 285 -7.31  1.54 GA unpublished
90836120 igneous felsic intrusive Kennedy 285 -7.34 1.54 GA unpublished
91832066 igneous felsic intrusive Kennedy 285 -6.16  1.46 GA unpublished
75301340 igneous felsic volcanic Kennedy 290 -9.38 1.7 GA unpublished
93832265 igneous felsic volcanic Kennedy 300 -12.52 1.95 GA unpublished
90836143 igneous mafic intrusive Kennedy 285 -9.1 1.68 GA unpublished
93832286 igneous felsic volcanic Kennedy 290 -9.76  1.73 GA unpublished
93832339 igneous felsic volcanic Kennedy 290 -11.76 1.88 GA unpublished
83211034a igneous lamproites Kimberley 1180 -525 2.13 GA Shen-Su Sun
71475B igneous lamproites Kimberley 20 -12.24 1.69 GA Shen-Su Sun
71476D igneous lamproites Kimberley 20 -13.79 1.81 GA Shen-Su Sun
71480C igneous lamproites Kimberley 20 -12.23 1.69 GA Shen-Su Sun
81210197A igneous lamproites Kimberley 20 -10.12 1.53 GA Shen-Su Sun

Neodymium depleted mantle model age map of Australia 127



71456A igneous lamproites Kimberley -11.94 1.67 GA Shen-Su Sun
83211033a igneous lamproites Kimberley 1180 -5.01 2.12 GA Shen-Su Sun
81210149 igneous lamproites Kimberley 20 -13.02 1.75 GA Shen-Su Sun
83211037a igneous lamproites Kimberley 1180 477 21 GA Shen-Su Sun
83211049a igneous lamproites Kimberley 1180 421 2.06 GA Shen-Su Sun
83211009c igneous lamproites Kimberley 1180 -4.68 2.09 GA Shen-Su Sun
71449A igneous lamproites Kimberley 20 -156.36 1.93 GA Shen-Su Sun
71448F igneous lamproites Kimberley 20 -7.76 136 GA Shen-Su Sun
83210316 igneous lamproites Kimberley 20 -13.19 1.76 GA Shen-Su Sun
81210172 igneous lamproites Kimberley 20 -10.26 1.54 GA Shen-Su Sun
80210126 igneous lamproites Kimberley 20 -7.37 1.33 GA Shen-Su Sun
80210057 igneous lamproites Kimberley 20 -14 1.83 GA Shen-Su Sun
80210047 igneous lamproites Kimberley 20 -136 1.8 GA Shen-Su Sun
71160408 igneous lamproites Kimberley 20 -15.17 1.91 GA Shen-Su Sun
66160326 igneous lamproites Kimberley 20 -14.39 1.85 GA Shen-Su Sun
66160003 igneous lamproites Kimberley 20 -13.69 1.8 GA Shen-Su Sun
65912 igneous lamproites Kimberley 20 -13.8 1.81 GA Shen-Su Sun
83211055a igneous lamproites Kimberley 1180 -3.98 2.04 GA Shen-Su Sun
85598001 igneous felsic intrusive Kimberley 1857 -2.02 2.46 GA Shen-Su Sun
81210203 igneous lamproites Kimberley 20 -10.6  1.57 GA Shen-Su Sun
83330074 igneous mafic Kimberley 1850 5.05 1.92 GA Shen-Su Sun
92522436 igneous mafic intrusive Kimberley 1830 0.47 2.25 GA Shen-Su Sun
83330043 igneous mafic intrusive Kimberley 1830 1.21 2.19 GA Shen-Su Sun
96496009 igneous mafic intrusive Kimberley 976 2.25 14 GA Shen-Su Sun
83330085 igneous mafic intrusive Kimberley 1830 -0.01 2.28 GA Shen-Su Sun
83330085 igneous mafic intrusive Kimberley 1830 0.33 2.26 GA Shen-Su Sun
83330081 igneous mafic intrusive Kimberley 1830 -0.26 2.3 GA Shen-Su Sun
83330052 igneous mafic intrusive Kimberley 1830 -0.96 2.35 GA Shen-Su Sun
94520184 igneous felsic intrusive Kimberley 1857 -0.33 2.33 GA Shen-Su Sun
95520008 igneous mafic intrusive Kimberley 1850 0.85 2.23 GA Shen-Su Sun
94522127 igneous mafic intrusive Kimberley 1841 3.5 2.03 GA Shen-Su Sun
83330074 igneous mafic Kimberley 1850 4.45 1.96 GA Shen-Su Sun
94520051A igneous intermediate volcanic Kimberley 1855  1.99 215 GA Shen-Su Sun
94520176 igneous felsic volcanic Kimberley 1857  0.07 23 GA Shen-Su Sun
88598005 igneous felsic volcanic Kimberley 1907 -0.06 2.35 GA Shen-Su Sun
87598021 igneous felsic volcanic Kimberley 1855  1.97 215 GA Shen-Su Sun
94520121 igneous felsic volcanic Kimberley 1857 1.54 219 GA Shen-Su Sun
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88598010 igneous felsic intrusive Kimberley 1910 -9.97 GA Shen-Su Sun
83330030 igneous mafic intrusive Kimberley 1830 1.29 218 GA Shen-Su Sun
87598027 igneous mafic volcanic Kimberley 1907 -0.88 2.41 GA Shen-Su Sun
83330014 igneous felsic Kimberley 1850 -3.09 2.53 GA Shen-Su Sun
71453Ma igneous lamproites Kimberley 20 -12.61 1.72 GA Shen-Su Sun
87598014 sedimentary Kimberley 1870 -4.47 2.65 GA Shen-Su Sun
83330072 sedimentary Kimberley 1870 -4.82 2.68 GA Shen-Su Sun
83330028 sedimentary Kimberley 1870 -3.59 258 GA Shen-Su Sun
87598028 sedimentary Kimberley 1900 -14.92 3.46 GA Shen-Su Sun
92522001 metasedimentary Kimberley 1850 1.38 219 GA Shen-Su Sun
92522461 igneous mafic intrusive Kimberley 1830 -0.49 232 GA Shen-Su Sun
87598001 igneous volcanic Kimberley 1855 0.83 2.24 GA Shen-Su Sun
92522533 igneous mafic intrusive Kimberley 1830 -1.6 24 GA Shen-Su Sun
93522021A igneous mafic intrusive Kimberley 1830 -0.29 23 GA Shen-Su Sun
93522014 igneous mafic intrusive Kimberley 1830 -1.34 2.38 GA Shen-Su Sun
92522541 igneous mafic intrusive Kimberley 1830 -2.09 2.44 GA Shen-Su Sun
92522437 igneous mafic intrusive Kimberley 1830 -1.22 2.37 GA Shen-Su Sun
92522073 igneous mafic intrusive Kimberley 1856 0.38 2.27 GA Shen-Su Sun
94522287 igneous mafic intrusive Kimberley 1830 -0.91 2.35 GA Shen-Su Sun
94522172 igneous mafic intrusive Kimberley 1830 2.06 2.13 GA Shen-Su Sun
83330052 igneous mafic intrusive Kimberley 1830 -1.4 2.39 GA Shen-Su Sun
83330035 metasedimentary Kimberley 1850 -3.54 256 GA Shen-Su Sun
87598007 igneous felsic intrusive Kimberley 1862 -3.49 2,57 GA Shen-Su Sun
83211016a igneous lamproites Kimberley 1180 -1.84 1.88 GA Shen-Su Sun
87598011 igneous felsic intrusive Kimberley 1864 -3.7 2.59 GA Shen-Su Sun
83330052 igneous mafic intrusive Kimberley 1830 -0.95 2.35 GA Shen-Su Sun
87598009 igneous felsic intrusive Kimberley 1862 -3.77 2.59 GA Shen-Su Sun
87598029 igneous felsic intrusive Kimberley 1912 -0.89 242 GA Shen-Su Sun
93525043 high grade metamorphic rock Kimberley 1870 -2.75 2.52 GA Shen-Su Sun
93526006 igneous felsic Kimberley 1849 0.51 2.26 GA Shen-Su Sun
87598010 igneous felsic intrusive Kimberley 1852 -2.74 251 GA Shen-Su Sun
113416 igneous felsic intrusive Kimberley 1854 -2.69 25 Griffin et al. 2000
92721 igneous mafic intrusive Kimberley 1850 -0.99 2.37 Griffin et al. 2000
92777 igneous felsic volcanic Kimberley 1855 -3.85 2.59 Griffin et al. 2000
91085 igneous felsic volcanic Kimberley 1855 -4.02 26 Griffin et al. 2000
108532 igneous felsic intrusive Kimberley 1860 -3.03 2.53 Griffin et al. 2000
95313 igneous mafic intrusive Kimberley 1850 -2.25 2.47 Griffin et al. 2000
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51706 igneous felsic intrusive Kimberley 1820 -1.31 2.37 McCulloch 1987
30803 igneous felsic intrusive Kimberley 1910 -2.63 2.55 McCulloch 1987
GA5132 igneous mafic intrusive Kimberley 1800 -0.51 2.29 McCulloch 1987
GA1241 igneous mafic intrusive Kimberley 1800 -1.15 2.34 McCulloch 1987
8220 NS EEpAE ekl Mountlsa 1710 -3.31 243 Bierlein & Betts 2004
8223 igneous Mount Isa 1890 -0.17 2.34 Bierlein & Betts 2004
8218 igneous Mount Isa 1890 -2.68 2.53 Bierlein & Betts 2004
828 igneous Mount Isa 1890 -2.7 2.53 Bierlein & Betts 2004
829 igneous Mount Isa 1890 -2.81 2.54 Bierlein & Betts 2004
8210 igneous Mount Isa 1890 -3.17 2.57 Bierlein & Betts 2004
8212 igneous Mount Isa 1890 -2.26 2.5 Bierlein & Betts 2004
8221 metasomatic Mount Isa 1860 -3.19 2.55 Bierlein & Betts 2004
825 unknown Mount Isa 1860 -2.93 2.53 Bierlein & Betts 2004
826 unknown Mount Isa 1860 -2.75 2.51 Bierlein & Betts 2004
827 unknown Mount Isa 1860 -4.81 2.67 Bierlein & Betts 2004
8211 igneous Mount Isa 1890 -3.18 2.57 Bierlein & Betts 2004
FBMI6514 igneous mafic intrusive Mount Isa 1860 2.32 2.13 Bierlein et al. 2011
FBMI6501 unknown Mount Isa 1860 -0.86 2.37 Bierlein et al. 2011
FBMI5602 high grade metamorphic rock Mount Isa 1860 -2.45 2.49 Bierlein etal. 2011
FBMI6510 igneous felsic intrusive Mount Isa 1775 -215 24 Bierlein et al. 2011
FBMI6504 igneous felsic intrusive Mount Isa 1855 -2.98 2.53 Bierlein et al. 2011
FBMI6511C igneous felsic intrusive Mount Isa 1860 -3.82 2.59 Bierlein et al. 2011
FBMI5601 igneous felsic intrusive Mount Isa 1718 -3.4 2.44 Bierlein et al. 2011
FBMI5605 igneous felsic intrusive Mount Isa 1722 271 24 Bierlein et al. 2011
FBMI6518 igneous mafic intrusive Mount Isa 763 -7.14 193 Bierlein et al. 2011
FBMI6508B igneous mafic intrusive Mount Isa 1860 -4.13 2.62 Bierlein etal. 2011
FBMI5604 igneous mafic intrusive Mount Isa 1860 -1.53 2.42 Bierlein etal. 2011
FBMI5608 igneous felsic intrusive Mount Isa 1860 -3.04 2.54 Bierlein etal. 2011
FBMI5607 igneous mafic intrusive Mount Isa 1860 0.43 2.27 Bierlein et al. 2011
FBMI6508D igneous mafic intrusive Mount Isa 1860 -1.37 2.41 Bierlein etal. 2011
Mt Whelan 1 igneous felsic intrusive Mount Isa 1769 -2.6 2.43 GA unpublished
PDMT173B igneous felsic intrusive Mount Isa 1861 -2.31 2.48 GA unpublished
IWMI2799 igneous felsic volcanic Mount Isa 1782 -0.41 2.27 GA unpublished
LJHMI576 igneous felsic volcanic Mount Isa 1857 -0.04 2.31 GA unpublished
LJHMI 775 igneous volcanic Mount Isa 1633 -3.9 2.41 GA unpublished
ISSNG053 sedimentary Mount Isa 1600 -2.29 2.26 GA unpublished
PBMI177 sedimentary Mount Isa 1736  -1.37 2.31 GA unpublished
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LJHMI565B sedimentary Mount Isa 1757 457 256 GA unpublished
PBMI175 unknown Mount Isa 1734  2.36 2.02 GA unpublished
TD0802 sedimentary Mount Isa 1515 414 2.33 GA unpublished
LJHMI 900 igneous felsic intrusive Mount Isa 1735 -4.84 257 GA unpublished
PDMT 174 igneous felsic intrusive Mount Isa 1792 -4.09 256 GA unpublished
LJHMI 420 igneous felsic intrusive Mount Isa 1679 -6.23 2.62 GA unpublished
PDMT 149 igneous felsic Mount Isa 1862 -3.63 2.58 GA unpublished
95208068 igneous Mount Isa 1890 -3.37 2.59 GA unpublished
PDMT155 igneous Mount Isa 1851 -3.12 2.53 GA unpublished
WPMI 1051 igneous felsic intrusive Mount Isa 1858 -3.04 2.53 GA unpublished
PDMT153 high grade metamorphic rock Mount Isa 1858 -2.37 2.48 GA unpublished
LJHMI 565A igneous felsic intrusive Mount Isa 1795 -3 2.48 GA unpublished
WPMI1464 igneous felsic intrusive Mount Isa 1859 -291 252 GA unpublished
ISSNG047 sedimentary Mount Isa 1616  -1.76 2.24 GA unpublished
IWMI2686 metasedimentary Mount Isa 1610 1.24 2 GA unpublished
APMI1115 metasedimentary Mount Isa 1784 415 256 GA unpublished
ﬁ;Q Dl oy metasedimentary Mount Isa 1592 -299 231 GA unpublished
92208032 metasedimentary Mount Isa 1680 0.34 2.13  GA unpublished
85206003 igneous mafic intrusive Mount Isa 1508 -2.52 22 GA unpublished
92208033 metasedimentary Mount Isa 1680 -1.1 2.24  GA unpublished
86206117 igneous mafic Mount Isa 1545 -29 2.26 GA unpublished
92208010 metasedimentary Mount Isa 1680 -4.66 2.51 GA unpublished
92208016 igneous felsic volcanic Mount Isa 1680 -2.7 2.36 GA unpublished
ISSNG 012 sedimentary Mount Isa 1598 -2.75 2.29 GA unpublished
IWMI2804 igneous felsic volcanic Mount Isa 1768 -2.14 2.39 GA unpublished
92208025 igneous felsic volcanic Mount Isa 1745 -7.42 2.77 GA unpublished
95208052 igneous felsic volcanic Mount Isa 1760 0.83 216 GA unpublished
95208053 igneous felsic volcanic Mount Isa 1760 -1.96 2.37 GA unpublished
86206081 igneous mafic intrusive Mount Isa 1520 -2.78 2.23 GA unpublished
86206122 igneous felsic intrusive Mount Isa 1545 0.63 2 GA unpublished
ISSNG 056 sedimentary Mount Isa 1599 557 251 GA unpublished
LJHMI 752 igneous felsic volcanic Mount Isa 1819 -1.06 2.35 GA unpublished
ISSNG 026 sedimentary Mount Isa 1577 -3.89 2.36 GA unpublished
APMI1216 metasedimentary Mount Isa 1743 -511 259 GA unpublished
APMI 1209 metasedimentary Mount Isa 1752 -5.05 2.6 GA unpublished
ISSNG024 sedimentary Mount Isa 1577 -1.91 221 GA unpublished
85206007 igneous felsic intrusive Mount Isa 1508 -2.79 2.22 GA unpublished
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86206120 igneous felsic intrusive Mount Isa 1545 -2.15 2.21 GA unpublished
APMI 1028 sedimentary Mount Isa 1712 417 25 GA unpublished
APMI1106 sedimentary Mount Isa 1749  -2.07 2.37 GA unpublished
APMI 1232 sedimentary Mount Isa 1653 6.4 2.62 GA unpublished
2009165029 sedimentary Mount Isa 1691 -4.33 249 GA unpublished
92208038 igneous felsic intrusive Mount Isa 1680 -1.35 2.26 GA unpublished
2009165015 sedimentary Mount Isa 1652 449 247 Lambeck etal. 2012
2009165014 sedimentary Mount Isa 1652 -3.32 2.38 Lambeck etal. 2012
2008165104 sedimentary Mount Isa 1668 -5.25 2.54 Lambeck etal. 2012
91779032 sedimentary Mount Isa 1639 -0.85 2.19 Lambeck etal. 2012
91779034 igneous volcanic Mount Isa 1639 -2.24 229 Lambecketal. 2012
2009165049 sedimentary Mount Isa 1647 452 247 Lambeck etal. 2012
2008165076 igneous felsic Mount Isa 1668 -25.09 4.04 Lambeck etal. 2012
91779042 sedimentary Mount Isa 1648 -1.66 2.25 Lambeck etal. 2012
95779098 igneous felsic Mount Isa 1668 -2.77 2.35 Lambeck etal. 2012
1945980 sedimentary Mount Isa 1655 -0.6 2.18 Lambeck et al. 2012
2006165013 sedimentary Mount Isa 1655 -0.55 2.18 Lambeck etal. 2012
2009165012 sedimentary Mount Isa 1655 -6.98 2.66 Lambeck etal. 2012
2006165025 sedimentary Mount Isa 1680 -5.36 2.56 Lambeck etal. 2012
2006169027 sedimentary Mount Isa 1680 -4.77 252 Lambeck etal. 2012
2008165068 igneous felsic Mount Isa 1668 -3.54 2.41 Lambeck etal. 2012
92208013 igneous felsic intrusive Mount Isa 1654 -1.12 2.22 Lambeck etal. 2012
2009165020 sedimentary Mount Isa 1652 -2.67 2.33 Lambeck etal. 2012
2004169015 igneous felsic intrusive Mount Isa 1674 -541 256 Lambeck etal. 2012
2004169018 igneous felsic intrusive Mount Isa 1670 -5.09 253 Lambeck etal. 2012
74205211 igneous felsic volcanic Mount Isa 1678 -4.39 249 Lambeck etal. 2012
95779090 igneous volcanic Mount Isa 1647 0.4 21 Lambeck et al. 2012
95779104 igneous volcanic Mount Isa 1654 -1.28 2.23 Lambeck et al. 2012
91779005 igneous volcanic Mount Isa 1652 -1.34 2.23 Lambeck etal. 2012
2008165077 sedimentary Mount Isa 1668 -12.24 3.07 Lambeck et al. 2012
2009165033 igneous mafic intrusive Mount Isa 1658 -0.73 2.19 Lambeck etal. 2012
MK69/3 metasomatic Mount Isa 1730 -6.34 2.68 Maas etal. 1987
77200832 metasomatic Mount Isa 1730 4.4 2.53 Maas et al. 1987
77205013A metasomatic Mount Isa 1730 -3.86 2.49 Maas etal. 1987
77200832B metasomatic Mount Isa 1730 -6.12 2.66 Maasetal. 1987
77200832B metasomatic Mount Isa 1730 493 257 Maasetal. 1987
MK9447 metasomatic Mount Isa 1730 -3.75 2.48 Maasetal. 1987
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McCulloch
79205309 igneous felsic intrusive Mount Isa 1862 -1.63 2.43 1987/Wyborn et al.
1988
McCulloch
73205129 igneous felsic volcanic Mount Isa 1865 -2.29 248 1987/Wyborn et al.
1988
GM95-30 igneous Mount Isa 1890 -3.36 2.58 McDonald et al. 1997
GM94-107 metasedimentary Mount Isa 2800 4.17 2.78 McDonald et al. 1997
GM95-45 igneous Mount Isa 1890 -2.57 2.53 McDonald et al. 1997
GM95-42 igneous Mount Isa 1890 -3.31 2.58 McDonald et al. 1997
GM93-62 igneous felsic volcanic Mount Isa 1860 -3.8 2.59 McDonald et al. 1997
GM95-43 igneous Mount Isa 1890 -3.28 2.58 McDonald et al. 1997
GM95-49 igneous mafic intrusive Mount Isa 2800 3.68 2.81 McDonald et al. 1997
GM93-71 igneous felsic volcanic Mount Isa 1860 -2.94 253 McDonald et al. 1997
Gm95-38 igneous Mount Isa 1890 -3.24 258 McDonald et al. 1997
GM93-64 igneous felsic volcanic Mount Isa 1860 -2.74 2.51 McDonald et al. 1997

metamorphic protolith

GM95-37 unknown Mount Isa 2800 4.25 2.77 McDonald et al. 1997
GM94-67 igneous felsic intrusive Mount Isa 1860 -3.13 2.54 McDonald et al. 1997
GM94-30 igneous felsic intrusive Mount Isa 1860 -2.65 2.51 McDonald et al. 1997
GM94-106 igneous felsic intrusive Mount Isa 1860 -2.76 2.51 McDonald et al. 1997
GM94-104 igneous felsic intrusive Mount Isa 1860 -3.8 2.59 McDonald et al. 1997
GM93-73 igneous felsic intrusive Mount Isa 1860 -2.04 2.46 McDonald etal. 1997
GM93-30 igneous felsic intrusive Mount Isa 1860 -2.91 2.53 McDonald et al. 1997
GM93-66 igneous felsic volcanic Mount Isa 1860 -2.88 2.52 McDonald et al. 1997
GM95-34 igneous Mount Isa 1890 -2.17 2.49 McDonald et al. 1997
GM94-100 igneous Mount Isa 1890 -1.91 2.48 McDonald et al. 1997
GM94-85 igneous mafic intrusive Mount Isa 2800 4.63 2.74 McDonald et al. 1997
GM95-36A igneous Mount Isa 1890 -3.72 2.61 McDonald et al. 1997
92208029 metasomatic Mount Isa 1742 -1.63 2.33 Page & Sun 1988
72205018A igneous felsic intrusive Mount Isa 1730 -2.92 242 Page & Sun 1988
92208012 metasomatic Mount Isa 1746 -1.85 2.35 Page & Sun 1988
72205016A metasomatic Mount Isa 1730 -13.1 3.19 Page & Sun 1988
72205016E metasomatic Mount Isa 1730 -17.65 3.53 Page & Sun 1988
92208028 metasomatic Mount Isa 1618 0.8 2.04 Page & Sun 1988
92208026 metasedimentary Mount Isa 1680 -2.63 2.35 Page & Sun 1988
92208004 metasedimentary Mount Isa 1677 -2.34 2.33 Page & Sun 1988
79205320 igneous felsic intrusive Mount Isa 1493 -3.46 2.26 Page & Sun 1988
79205322 igneous felsic intrusive Mount Isa 1508 -2.58 2.21 Page & Sun 1988
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86206124 igneous felsic intrusive Mount Isa 1545 -1.32 2.14 Page & Sun 1988
72205017A igneous felsic intrusive Mount Isa 1730 -3.07 2.43 Page & Sun 1988
72205013G igneous felsic intrusive Mount Isa 1730 -3.69 2.48 Page & Sun 1988

Page & Sun 1988;

72205032A igneous felsic intrusive Mount Isa 1480 -3.32 224 reanalysed GA
72205030A  igneous felsic intrusive Mountlsa 1754 -167 2.34 rpezghzlf‘lsig”éfs&
72205044F igneous felsic intrusive Mount Isa 1670 -3.1 2.38 GUaem 2 E L .
1988/GA unpublihed
89-519 sedimentary Ngalia 510 -9.69 1.91 Zhao etal. 1993
77303009 igneous felsic intrusive Pama 425 159 231 S & heeuless
81303073 igneous felsic intrusive Pama 421 -16.31 2.33 ?g%%k & scullees
G63 igneous felsic intrusive Pama 424 -15.89 2.3 ?g;%k & sculiees
89837508 igneous felsic intrusive Pama 409 -11.54 1.96 Black etal. 1992
89837500 igneous felsic intrusive Pama 407 -10.72 1.9 Black et al. 1992
70570129 igneous felsic intrusive Pama 406 -13.8 2.13 Black et al. 1992
89837501 igneous felsic intrusive Pama 407 -11.03 1.92 Black etal. 1992
89837507 igneous felsic intrusive Pama 405 -10.87 1.91 Black et al. 1992
89837511 igneous felsic intrusive Pama 405 -14.7 2.2 Black et al. 1992
90834330 igneous felsic intrusive Pama 406 -13.74 2.13 Black et al. 1992
89837505 igneous felsic intrusive Pama 407 -13.62 2.12 Black etal. 1992
89837510 igneous felsic intrusive Pama 408 -14.41 2.18 Black etal. 1992
89837509 igneous felsic intrusive Pama 408 -13.34 21 Black et al. 1992
89837503 igneous felsic intrusive Pama 409 -13.03 2.08 Black etal. 1992
70570190 igneous felsic intrusive Pama 398 -12.73 2.04 Black etal. 1992
DCC14 igneous felsic intrusive Pama 426 -19.36 2.57 Champion 1991
DCC128 igneous felsic intrusive Pama 426 -13.94 2.16 Champion 1991
DCC119 igneous felsic intrusive Pama 426 -18.73 2.52 Champion 1991
IRCPO19A igneous felsic intrusive Pama 400 -14.87 2.21 Fanning unpublished
IRWMO040 igneous felsic intrusive Pama 420 -13.81 2.15 Fanning unpublished
IRWMO009 igneous felsic intrusive Pama 420 -14.88 2.23 Fanning unpublished
IRCP0O19 igneous felsic intrusive Pama 400 -15.05 2.22 Fanning unpublished
91836224 igneous felsic intrusive Pama 407 -13.86 2.14 GA unpublished
90836117 igneous felsic intrusive Pama 406 -11.73 1.98 GA unpublished
91836198 igneous felsic intrusive Pama 406 -144 218 GA unpublished
90836016 igneous felsic intrusive Pama 406 -12.37 2.02 GA unpublished
90836064 igneous felsic intrusive Pama 406 -12.2 2.01 GA unpublished
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90836106 igneous felsic intrusive Pama -14.28 2.17 GA unpublished
90836022A igneous felsic intrusive Pama 406 -12.16 2.01 GA unpublished
93839086 igneous felsic intrusive Pama 425 -16.08 2.32 GA unpublished
90836102 igneous felsic intrusive Pama 406 -12.32 2.02 GA unpublished
91836280 igneous felsic intrusive Pama 407 -12.72 2.05 GA unpublished
2008837014 igneous felsic intrusive Pama 418 -146 2.2 GA unpublished
93839053 igneous felsic intrusive Pama 410 -156.72 2.28 GA unpublished
2008838017 igneous felsic intrusive Pama 425 -16.42 2.35 GA unpublished
93839019 igneous felsic intrusive Pama 380 -11.82 1.96 GA unpublished
93839018 igneous felsic intrusive Pama 380 -9.52 1.79 GA unpublished
91836389 igneous mafic intrusive Pama 407 -12.57 2.04 GA unpublished
90836061 igneous mafic intrusive Pama 407 -10.07 1.85 GA unpublished
91836403 igneous felsic intrusive Pama 402 -13.26 2.09 GA unpublished
91832082 igneous felsic intrusive Pama 407 -12.04 2 GA unpublished
92836427 igneous felsic intrusive Pama 407 -12.17 2.01  GA unpublished
90836060 igneous felsic intrusive Pama 408 -9.85 1.84 GA unpublished
92836429 igneous felsic intrusive Pama 407 -12.39 2.03 GA unpublished
91836349 igneous felsic intrusive Pama 407 -12.29 2.02 GA unpublished
91832063 igneous felsic intrusive Pama 407 -13 2.07 GA unpublished
93839075 igneous felsic intrusive Pama 425 -11.88 2 GA unpublished
91836344 igneous felsic intrusive Pama 407 -14.42 2.18 GA unpublished
91836261 igneous felsic intrusive Pama 407 -14 2.15 GA unpublished
91836309 igneous felsic intrusive Pama 407 -13.61 2.12 GA unpublished
91832184 igneous felsic intrusive Pama 407 -13.5 2.11  GA unpublished
90836097 igneous felsic intrusive Pama 407 -11.62 1.97 GA unpublished
91836356 igneous felsic intrusive Pama 407 -11.47 1.96 GA unpublished
GA697 igneous mafic intrusive Pine Creek 2530 3.66 2.59 McCullloch 1987
RJ1 high grade metamorphic rock Pine Creek 2530 -3.6 3.14  McCullloch 1987
GA693 igneous felsic Pine Creek 2530 -1.63 2.99 McCullloch 1987
72124081C igneous felsic intrusive Pine Creek 1867 -2.45 25 McCullloch 1987
72124048A igneous felsic intrusive Pine Creek 2520 -0.81 2.92 McCullloch 1987
72124048A igneous felsic Pine Creek 2500 -1.07 2.92 McCullloch 1987
GA676 igneous felsic intrusive Pine Creek 2530 -4.88 3.23 McCullloch 1987
GA662 igneous felsic Pine Creek 2530 -10.51 3.66 McCullloch 1987
72124069D igneous felsic Pine Creek 1886 -3.37 2.58 McCullloch 1987
ALO8JHO135A igneous felsic intrusive Pine Creek 1860 -3.88 2.6 NTGS unpublished
PK05CJCO018 igneous mafic intrusive Pine Creek 1860 -1.17 2.39 NTGS unpublished
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ALO08JHO135B igneous felsic Pine Creek 1860 -3.4 2.56 NTGS unpublished
184863 igneous felsic intrusive Tanami 1795 -5.01 2.63 Bagasetal 2010
178875 igneous felsic intrusive Tanami 1795 -2.9 2.47 Bagasetal. 2010
178884 igneous felsic intrusive Tanami 1795 -3.04 248 Bagasetal 2010
87495002 metasedimentary Tanami 1900 -11.9 3.24 GA unpublished
88495016B igneous felsic intrusive Tanami 1800 -6.34 2.73 GA unpublished?
88495018A igneous felsic intrusive Tanami 1800 -8.95 2.93 GA unpublished?
95495028 igneous felsic intrusive Tanami 1800 -4.77 2.62 GA unpublished?
94495022B igneous felsic intrusive Tanami 2513 -1.45 296 GA unpublished?
88495008 high grade metamorphic rock Tanami 1874 -7 2.85 GA unpublished?
94495022A igneous felsic intrusive Tanami 2513 -0.68 29 GA unpublished?
88495015 igneous felsic intrusive Tanami 1800 -7.49 2.82 GA unpublished?
72491492 igneous felsic intrusive Tanami 1795 -5.11 2.64 GA unpublished?
72491495 igneous felsic intrusive Tanami 1795 -3.06 2.48 GA unpublished?
72494210 igneous felsic intrusive Tanami 1795 597 27 GA unpublished?
87496004 igneous felsic intrusive Tanami 1795 -2.57 2.45 GA unpublished?
72494150A igneous felsic intrusive Tanami 1795 -3.81 2.54 GA unpublished?
87495004A igneous felsic intrusive Tanami 1795 4 2.55 GA unpublished?
88495021 high grade metamorphic rock Tanami 2504 -6.26 3.32 GA unpublished?
72495029C igneous felsic volcanic Tanami 1824 -1.36 2.38 McCullloch 1987
72495023C igneous felsic intrusive Tanami 1815 -1.69 24 McCullloch 1987
72495024C igneous felsic intrusive Tanami 1815 -1.99 242 McCullloch 1987
TANOOADO90R1 igneous felsic intrusive Tanami 1800 -4.23 2.57 NTGS unpublished
AC165R1 igneous felsic intrusive Tanami 1800 -4.18 2.57 NTGS unpublished
NAO1MG222 igneous felsic intrusive Tanami 1800 6.2 2.72 NTGS unpublished
99496219 igneous felsic intrusive Tanami 1815 427 259 Smith 2001
99496221 igneous felsic intrusive Tanami 1801 -1.94 24 Smith 2001
99496213 igneous felsic intrusive Tanami 1821 -3.4 2.53 Smith 2001
99496220 igneous felsic intrusive Tanami 1805 -4.26 2.58 Smith 2001
99496223 igneous felsic intrusive Tanami 1844 -3.4 2.55 Smith 2001
99496224 igneous felsic intrusive Tanami 1812 -6.44 2.75 Smith 2001
99496212 igneous mafic volcanic Tanami 1850 -0.18 2.31 Smith 2001
81303072 igneous felsic intrusive Thomson 431 549 153 Do MeCulloch
93839097 igneous felsic intrusive Thomson 425 -5.56 1.53 GA unpublished
2008080013 sedimentary Victoria 1600 -15.53 3.26 GA unpublished
98776703 igneous volcanic Victoria 1640 0.91 2.05 GA unpublished
98776702 igneous volcanic Victoria 1640 -4.53 2.46 GA unpublished
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84091669 high grade metamorphic rock Warumpi 1660 -2.13 Sun et al. 1995
84091668 igneous felsic intrusive Warumpi 1136 -8.22 2.32 Sunetal. 1995
84091632 igneous felsic intrusive Warumpi 1136  -10.15 2.47 Sunetal. 1995
90938064A igneous Warumpi 1680 -4.13 2.47 Sunetal. 1995
90938043 igneous Warumpi 1605 -1.14 2.18 Sunetal. 1995
90934782A high grade metamorphic rock Warumpi 1678 -1.54 2.27 Sun etal. 1995
90936059 igneous Warumpi 1650 -0.47 2.17 Sunetal. 1995
96496028A igneous felsic intrusive Warumpi 1643 -2 2.28 Wyborn et al. 1998
96496024 igneous felsic volcanic Warumpi 1643 -1.5 2.24 Wyborn et al. 1998
96496035 igneous felsic intrusive Warumpi 1643 -2.11 2.28 Woyborn etal. 1998
91-521 igneous mafic Warumpi 1770  0.19 2.22 Zhao 1994
89095535 igneous felsic Warumpi 1603 1 202 4530 andMcCulloch
90936301 high grade metamorphic rock Warumpi 1615 137 2 fggg e LAEEIE T
89915581 igneous felsic Warumpi 1615 148  1.99 fggg el L Eclieen
84094037 igneous felsic Warumpi 1648 242 231 75202 HEeios
89095539 igneous felsic Warumpi 1648 -157 225 fggg and] eculEs
89095541 igneous felsic Warumpi 1603 1.22 2 ﬁ;gg | b SenlleE
89095542 igneous felsic Warumpi 1603 258 19 fggg and] eculEs
89095537 igneous felsic Warumpi 1648 -1.89 227 Zpoo°nd HEblbE

140 Neodymium depleted mantle model age map of Australia



Appendix Table B.3 Neodymium isotopic data for rocks of the South Australia Element. Data sources specified in
the Reference column. Refer to for Appendix Table A.2 full Province names.

R68495 igneous felsic intrusive Curnamona 1703  0.05 2.17 Ashley et al. 1996
R68592 igneous felsic volcanic Curnamona 1699 1.15 2.08 Ashley et al. 1996
MEO1IND7 igneous felsic intrusive Curnamona 496 -14.05 2.23 Elburg et al. 2003
MEOOND4 igneous felsic intrusive Curnamona 496 -15.18 2.31 Elburg et al. 2003
MEOOPINS8 igneous felsic intrusive Curnamona 496 -12.59 2.12 Elburg et al. 2003
MEOOND3 igneous felsic intrusive Curnamona 496 -11.97 2.07 Elburg et al. 2003
MEOOSB3 igneous felsic intrusive Curnamona 496 -12.48 2.11 Elburg et al. 2003
MEO0SB2 igneous felsic intrusive Curnamona 496 -16.5 2.34 Elburg et al. 2003
ARK12A igneous felsic intrusive Curnamona 496 -14.85 2.29 Elburg et al. 2003
MEOONDS igneous felsic intrusive Curnamona 496 -15.02 2.3  Elburg et al. 2003
MEOODI4 metasomatic Curnamona 442 -13.5 2.14 Elburg et al. 2003
MEOOPIN9 igneous felsic intrusive Curnamona 496 -12.36 2.1 Elburg et al. 2003
MEO01DI6 metasomatic Curnamona 442 -13.75 2.16 Elburg et al. 2003
MEOODI5 metasomatic Curnamona 442 -13.42 2.13 Elburg et al. 2003
MEOOPIN1 igneous felsic intrusive Curnamona 496 -12.43 21 Elburg et al. 2003
MEOOPING igneous felsic intrusive Curnamona 496 -12.59 2.12 Elburg et al. 2003
MEOOPIN7 igneous felsic intrusive Curnamona 496 -13.81 2.21 Elburg et al. 2003
AW223 igneous felsic intrusive Curnamona 1575 1.76 1.94 Elburg et al. 2012
ARK418 igneous felsic intrusive Curnamona 1560 -1.74 2.19 Elburg et al. 2012
ARK674 igneous felsic intrusive Curnamona 455 -4.27 1.45 Elburgetal. 2012
ARK580 igneous felsic intrusive Curnamona 455 -4.59 1.48 Elburgetal. 2012
ARK570 igneous felsic intrusive Curnamona 1560 -1.67 2.18 Elburg et al. 2012
96180042 igneous mafic intrusive Curnamona 827 6.09 0.99 GA unpublished
96180050 igneous mafic intrusive Curnamona 827 6.35 0.97 GA unpublished
96180032 igneous felsic intrusive Curnamona 1703 -1.25 2.27 GA unpublished
96180026 igneous Curnamona 1685 -1.86 2.3  GA unpublished
96180256 ultraigneous mafic intrusive Curnamona 827 -3.68 1.72 GA unpublished
ALMA S3 high grade metamorphic rock Curnamona 1704 -4.33 2.5  McCulloch 1987
S5 metasedimentary Curnamona 1700 -4.23 2.49 McCulloch 1987
82-428 high grade metamorphic rock Curnamona 1685 -2.19 2.33 McCulloch 1987
BHLO high grade metamorphic rock Curnamona 1685 -3.58 2.43 McCulloch 1987
1086-HSE  igneous felsic intrusive Cumamona 440 261 132 g mert s gtedn
99MP-1 igneous felsic intrusive Curnamona 440 -8.85 1.79 Elleblijr%agtnj.ogg(-)%ited I
Be3 igneous felsic intrusive Curnamona 440 -12.52 2.06 A 200721l T

Elburg et al. 2003
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Neumann 2001-cited in

igneous felsic intrusive Curnamona 440 -14.35 2.2 Elburg et al. 2003
Be4 igneous felsic intrusive Curnamona 440 -13.92 217 Elebtr%agtn aZLOgg(-)(::aited g
1086-PCf igneous felsic intrusive Curnamona 440 -6.99 1.65 Elleblijr%agtnjlogg(-)%ited I
Be1 igneous felsic intrusive Curnamona 440 -12.8  2.09 Eﬁﬂ%ﬂ?:ﬂ%ﬁted g
95BH04 high grade metamorphic rock Curnamona 1704 -426 25 Raveggi et al. 2008
95BH10 high grade metamorphic rock Curnamona 1597 -4.77 2.45 Raveggi etal. 2008
MAS22 high grade metamorphic rock Curnamona 1704 -5.04 256 Raveggi etal. 2008
MAS21 high grade metamorphic rock Curnamona 1685 -3.05 2.39 Raveggi et al. 2008
MAS66 high grade metamorphic rock Curnamona 1685 -3.23 24 Raveggi et al. 2008
94BH45 high grade metamorphic rock Curnamona 1685 -2.15 2.32 Raveggi et al. 2008
MAS46 metasedimentary Curnamona 1700 -5.46 2.58 Raveggietal. 2008
95BH16 high grade metamorphic rock Curnamona 1703 -1.48 2.29 Raveggi etal. 2008
94BH29 high grade metamorphic rock Curnamona 1600 -4.6 2.44 Raveggi et al. 2008
MAS71 metasedimentary Curnamona 1700 -4.17 2.49 Raveggietal. 2008
94BH37 igneous felsic intrusive Curnamona 1600 -4.31 2.41 Raveggietal. 2008
94BH39 igneous felsic intrusive Curnamona 1596  -4.61 2.43 Raveggi et al. 2008
MAS16 metasedimentary Curnamona 1700 -5.42 2.58 Raveggietal. 2008
94BH46 high grade metamorphic rock Curnamona 1685 -1.96 2.31 Raveggi et al. 2008
RS687236 igneous felsic volcanic Curnamona 1585 -3.24 232 Wade etal. 2012
RS687237 igneous felsic volcanic Curnamona 1585 -3.94 237 Wadeetal.2012
R1709061 igneous felsic volcanic Curnamona 1587 -2.2 2.24 \Wade etal. 2012
RS668268 igneous mafic volcanic Curnamona 1585 -1.46 219 Wadeetal. 2012
RS687244 igneous felsic volcanic Curnamona 1585 -3.75 2.36 Wade etal. 2012
R1709062 igneous felsic volcanic Curnamona 1585 -4.06 2.38 Wade etal. 2012
RS687238 igneous felsic volcanic Curnamona 1585 -3.64 2.35 Wadeetal. 2012
RS687235 igneous felsic volcanic Curnamona 1585 -4.24 24 Wadeetal. 2012
RS687227 igneous felsic volcanic Curnamona 1585 -3.55 2.34 Wade etal. 2012
RS687225 igneous felsic volcanic Curnamona 1585 -3.9 2.37 Wade et al. 2012
RS668269 igneous mafic volcanic Curnamona 1585 0.24 2.06 Wade etal. 2012
2002363021A  metasomatic Gawler 1718  -3.9 2.48 Budd & Skirrow 2007
2002363021C  metasomatic Gawler 1718 -2.43 2.37 Budd & Skirrow 2007
2000363004 igneous felsic intrusive Gawler 1722.3 -4.32 2.52 Budd & Skirrow 2007
2000363017A  metasomatic Gawler 1718 -5.39 2.59 Budd & Skirrow 2007
20023630021 metasedimentary Gawler 1660 -6.11 2.6 Budd & Skirrow 2007
2002363001G  metasedimentary Gawler 1660 -3.44 24 Budd & Skirrow 2007
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igneous felsic intrusive
igneous mafic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous mafic intrusive
igneous felsic volcanic
igneous felsic volcanic
igneous felsic volcanic
igneous felsic volcanic
igneous intermediate volcanic
igneous intermediate volcanic
igneous intermediate volcanic
igneous felsic volcanic

igneous intermediate volcanic

igneous felsic intrusive

igneous felsic intrusive
igneous felsic intrusive
igneous felsic volcanic
igneous felsic volcanic
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive

igneous felsic intrusive

Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler

Gawler

Gawler

Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler
Gawler

Gawler

1660
1660
1715.1
1580
1718.6
1722.3
1718
1580
2558
2558
2558
2558
2558
2558
2558
2558
2558

1588

1598
1843
1592
1585
1590
1593
1850
1582
1585
1598
1585
1588
3152
2529
3151
1738
3155
3158

-3.58
-2.42
-5.64
0.11
-4.31
-4.68
-4.52
0.17
0.16
0.25
0.46
0.8
2.6
2.28
-0.28
-0.06
-1.11

-5.05

-3.59
-2.67
-3.53
-5.8

-8.8

-4.84
-2.37
-4.59
-14.3
-4.12
-5.07
-5.05
0.51

-7.49
-0.92
-7.93
0.21

1.14

241
2.32
2.61
2.06
2.51
2.54
2.53
2.06
2.88
2.87
2.85
2.83
2.69
2.72
2.91
2.89
2.97

2.46

2.36
2.49
2.35
2.51
2.74
2.45
2.48
2.42
3.15
24

2.46
2.46
3.35
3.43
3.45
2.8

3.37
3.3

Budd & Skirrow 2007
Budd & Skirrow 2007
Budd & Skirrow 2007
Budd & Skirrow 2007
Budd & Skirrow 2007
Budd & Skirrow 2007
Budd & Skirrow 2007
Budd & Skirrow 2007
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992
Cowley & Fanning 1992

Creaser 1989; cited in
Johnson & McCulloch
1995

Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Creaser 1995
Fraser et al. 2010
Fraser et al. 2010
Fraser et al. 2010
Fraser et al. 2010
Fraser et al. 2010
Fraser et al. 2010
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2008371067 igneous felsic intrusive Gawler 3149 017 3.37 Fraseretal. 2010
2008371044 igneous felsic volcanic Gawler 1754 -212 2.38 GA unpublished
2009371030 igneous felsic intrusive Gawler 2446  3.09 2.56 GA unpublished
2009371041 igneous felsic intrusive Gawler 2511 0.07 2.84 GA unpublished
2008371041 igneous felsic intrusive Gawler 2823 -1.52 3.22 GA unpublished
2008371033 igneous felsic intrusive Gawler 1720 -9.78 2.93 GA unpublished
2009371029 igneous felsic intrusive Gawler 2418 429 3.1 GA unpublished
2009371026 igneous felsic intrusive Gawler 2004 428 2.75 GA unpublished
2008371050 igneous felsic intrusive Gawler 1790 -467 2.6  GA unpublished
2008371050 igneous felsic intrusive Gawler 1790 -469 2.6  GA unpublished
2008371071 igneous felsic intrusive Gawler 1792 449 2.59 GA unpublished
2009371025 igneous felsic intrusive Gawler 1722 -8.44 2.83 GA unpublished
2008371045 igneous felsic volcanic Gawler 1754  -3.53 2.48 GA unpublished
2008371049 igneous felsic volcanic Gawler 1792 473 2.61 GA unpublished
2008371083 metasedimentary Gawler 2019 495 2.81 GA unpublished
2009371021 igneous felsic intrusive Gawler 1724  -7.27 2.74 GA unpublished
2009371020 metasedimentary Gawler 2507 -0.46 2.88 GA unpublished
2009371028 metasedimentary Gawler 2003 -7.24 2.97 GA unpublished
2009371017 igneous felsic intrusive Gawler 1714 148 2.3  GA unpublished
2009371016 igneous felsic intrusive Gawler 1717  -0.75 2.24 GA unpublished
2008371042 igneous felsic intrusive Gawler 2521 -1.37 2.96 GA unpublished
2009371014 high grade metamorphic rock Gawler 2597 1.32 2.82 GA unpublished
2009371023 igneous felsic intrusive Gawler 1724 -8.31 2.82 GA unpublished
R1643444 high grade metamorphic rock Gawler 1764 -1.07 2.31 Howard etal. 2011
R1643397 high grade metamorphic rock Gawler 1760 -3.07 2.45 Howard etal. 2011
R1643427 high grade metamorphic rock Gawler 1760 4.04 1.92 Howard et al. 2011
R1643452 high grade metamorphic rock Gawler 1752 -3.4 247 Howard et al. 2011
R1643450 high grade metamorphic rock Gawler 1774 -2.67 2.44 Howard et al. 2011
R1643428 high grade metamorphic rock Gawler 1760 4.34 1.9 Howard et al. 2011
RX4547 igneous mafic intrusive Gawler 1588 0.1 2.07 #gggson O
RX4571 sedimentary Gawler 1575 253 1.88 opioon & MeCulloeh
RX4570 sedimentary Gawler 1575 -325  2.31 ‘1’82250” e
RX4508 metasomatic Gawler 1500 262 228 op1eon & MeCulloch
RX4533 igneous felsic intrusive Gawler 1588 34 234 001°" & lhEeiles
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RX4542 metasomatic Gawler 1500 -2.25 2.25 Jonnson&McCulloch

1995
RX3213 igneous felsic intrusive Gawler 1588 421 24 #gggson & McCulloch
RX4463 metasomatic Gawler 1500 279 229 op1eon & MeCulloch
RX4546 igneous mafic intrusive Gawler 1588 047  2.04 ‘1’32250“ & McCulloch
RX4566 igneous mafic intrusive Gawler 1588 0.12 2.07 #gggson & McCulloch
RX4539 igneous mafic intrusive Gawler 1588  -37.64 4.92 ﬂgggwn & McCulloch
RX4513 metasomatic Gawler 1590 028 2.1 yonnson&McCulloeh
RX4462 metasomatic Gawler 1590 -293 23 #gggson aliEelee
RX4510 metasomatic Gawler 1500 239 226 opieon & MeCulloeh
RX3698 igneous felsic intrusive Gawler 1588 -3.99 2.38 #gggson & McCulloch
RX4503 metasomatic Gawler 1590 -2.58 2.28 #gggson £ lebuleen
RX3184 metasomatic Gawler 1500 234 226 op1eon & MeCulloch
RX3184 metasomatic Gawler 1500 399 238 opieon &MeCuloch
RX4537 metasomatic Gawler 1590 -2.07 224 #gggson ¢ b solee
RX4536 metasomatic Gawler 1500 491 245 op1eon & MeCulloch
RX4514 metasomatic Gawler 1590 -2.68 2.28 #gggson & e EER
RX4559 metasomatic Gawler 1500 222 225 op1eon & MeCulloch
RX4543 ultraigneous mafic intrusive  Gawler 1588 3.96  1.78 ﬂgggwn & McCulloch
RX4512 metasomatic Gawler 1590 -2.38 2.26 #gggson £ lebuleen
RX4509 metasomatic Gawler 1590 -3.79 237 #gggson ¢ b solee
RX4502 metasomatic Gawler 1500 261 228 opieon & MeCulloch
RX4529 metasomatic Gawler 1590 -3.15 232 #gggson ¢ b solee
RX4531 metasomatic Gawler 1590 -1.98 223 #gggson £ lebuleen
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Johnson & McCulloch

RX4548 ultraigneous mafic intrusive Gawler 1588 3.73 1995

RX3214 igneous felsic intrusive Gawler 1588 35 234 ‘1’322”” liEeleeT
RX4511 metasomatic Gawler 1590 -2.74 2.29 #gggson O
363436 igneous felsic intrusive Gawler 1680 -2.35 2.33 Payneetal. 2010
370932 igneous felsic intrusive Gawler 1680 -1.26 2.25 Payneetal. 2010
WGC81 igneous felsic intrusive Gawler 1680 -5.79 2.59 Payne etal. 2010
444833 igneous felsic intrusive Gawler 1680 -5.11 2.54 Payne etal. 2010
444832 igneous felsic intrusive Gawler 1680 -5.81 2.59 Payne etal. 2010
444835 igneous felsic intrusive Gawler 1680 -1.67 2.28 Payneetal. 2010
370936 igneous felsic intrusive Gawler 1680 -0.59 2.2 Payne et al. 2010
378933 igneous felsic intrusive Gawler 1680 -0.12 2.17 Payneetal. 2010
350428 igneous felsic intrusive Gawler 1680 -0.9 2.22 Payne et al. 2010
368573 igneous felsic intrusive Gawler 1680 -1.83 2.29 Payneetal. 2010
444834 igneous felsic intrusive Gawler 1680 -5.16 2.54 Payne etal. 2010
350435 igneous felsic intrusive Gawler 1680 -1.56 2.27 Payneetal. 2010
378924 igneous felsic intrusive Gawler 1680 0.18 2.14 Payne et al. 2010
368571 igneous felsic intrusive Gawler 1680 -0.6 2.2 Payne et al. 2010
879-47 igneous felsic intrusive Gawler 1680 -4.85 2.52 Payneetal. 2010
370938 igneous felsic intrusive Gawler 1680 1.26 2.06 Payne etal. 2010
444825 igneous felsic intrusive Gawler 1680 -5.1 2.54 Payne etal. 2010
879-29B igneous felsic intrusive Gawler 1680 -9.94 29 Payne et al. 2010
879-66F igneous felsic intrusive Gawler 1680 -8.98 2.83 Payneetal. 2010
879-4A igneous mafic intrusive Gawler 1680 -3.66 2.43 Payneetal. 2010
350424 igneous felsic intrusive Gawler 1680 3.09 1.92 Payne et al. 2010
444824 igneous felsic intrusive Gawler 1680 -1.59 2.28 Payne etal. 2010
1667144 igneous mafic volcanic Gawler 2553 094 2.96 Reidetal. 2009
1667143 igneous mafic volcanic Gawler 2553 -1.78 3.02 Reidetal. 2009
not given high grade metamorphic rock Gawler 2520 -2.56 3.05 Rich 2000

not given high grade metamorphic rock Gawler 2520 -1.34 2.96 Rich 2000

not given igneous felsic intrusive Gawler 2517 -222 3.02 Schaefer 1998

not given igneous felsic intrusive Gawler 2558 0.92 2.82 Schaefer 1998

not given metasedimentary Gawler 2520 -3.21 3.1 Schaefer 1998

not given high grade metamorphic rock Gawler 2520 -3.29 3.11 Schaefer 1998
20013680252  metasedimentary Gawler 1750 -5 2.59 Skirrow et al. 2007
TI002 753.63 igneous mafic intrusive Gawler 1585 -2.34 2.25 Skirrow et al. 2007
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igneous intermediate intrusive

metasomatic

igneous mafic intrusive
igneous felsic intrusive
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igneous intermediate intrusive
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-3.9
-2.44
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0.48
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0.79
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2.26
2.54
2.51
2.44
2.74

Skirrow et al.
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Skirrow et al.
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Skirrow et al.
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9339 igneous felsic intrusive Gawler 1585 -3.3 2.33 Skirrow et al. 2007
9356 igneous felsic intrusive Gawler 1585 414 2.39 Skirrow et al. 2007
2001367000F igneous felsic intrusive Gawler 1850 -2.11 2.46 Skirrow et al. 2007
2002368028A  igneous mafic intrusive Gawler 1585 491 245 Skirrow et al. 2007
2000366047 igneous intermediate intrusive Gawler 1585 -1.39 2.18 Skirrow et al. 2007
613119 igneous intermediate volcanic Gawler 2558 3.56 2.62 Swain et al. 2005
5056786 high grade metamorphic rock Gawler 2520 -3.54 3.12 Swain et al. 2005
5056787 high grade metamorphic rock Gawler 2520 -0.3 2.88 Swain et al. 2005
5056788 high grade metamorphic rock Gawler 2520 -3.71 3.14 Swain et al. 2005
613120 igneous felsic volcanic Gawler 2558 -1.57 3.01 Swain et al. 2005
5056777 high grade metamorphic rock Gawler 2520 -1.81 2.99 Swain et al. 2005
621277 igneous felsic intrusive Gawler 2517 0.28 2.83 Swain et al. 2005
613125 igneous mafic volcanic Gawler 2558 1.01 2.81 Swain et al. 2005
621276 igneous felsic intrusive Gawler 2517 0.96 2.78 Swain et al. 2005
506614 metasedimentary Gawler 2530 0.82 2.8  Swain et al. 2005
445519 high grade metamorphic rock Gawler 2520 -0.81 2.92 Swain et al. 2005
506598 metasedimentary Gawler 2530 -2.84 3.08 Swain et al. 2005
506606 metasedimentary Gawler 2530 -1.34 2.97 Swain et al. 2005
505724 igneous felsic intrusive Gawler 2500 042 2.81 Swain et al. 2005
505725 igneous felsic intrusive Gawler 2500 0.25 2.82 Swain et al. 2005
495628 metasedimentary Gawler 2510 -0.64 2.9 Swain etal. 2005
494305 metasedimentary Gawler 2530 0.33 2.84 Swain et al. 2005
506613 metasedimentary Gawler 2530 1.11 2.78 Swain et al. 2005
495643 metasedimentary Gawler 2510 -0.85 2.91 Swain et al. 2005
621279 igneous felsic intrusive Gawler 2517 0.29 2.83 Swain et al. 2005
5056776 high grade metamorphic rock Gawler 2520 -1.66 2.98 Swain et al. 2005
494306 metasedimentary Gawler 2530 -1.34 2.97 Swain et al. 2005
5056789 high grade metamorphic rock Gawler 2520 -0.2 2.87 Swain et al. 2005
CMPJ7 igneous felsic intrusive Gawler 1620 0.17 2.09 Swain et al. 2008
1096-01 igneous felsic intrusive Gawler 1620 -0.16 2.12 Swain et al. 2008
1096-22 igneous felsic intrusive Gawler 1620 0.02 21 Swain et al. 2008
CGRP7 igneous felsic intrusive Gawler 1620 2.48 1.92 Swain et al. 2008
GDCB7 igneous felsic intrusive Gawler 1620 0.03 21 Swain et al. 2008
CGCB1 igneous felsic intrusive Gawler 1620 4.18 1.79 Swain et al. 2008
1096-17 igneous felsic intrusive Gawler 1620 0.69 2.05 Swain et al. 2008
1096-14 igneous felsic intrusive Gawler 1620 -0.34 2.13 Swain et al. 2008
2008371049 igneous felsic volcanic Gawler 1792  -3.74 253 Szpunar & Fraser 2010
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2008371045 igneous felsic volcanic Gawler 1754 -2.63 2.42 Szpunar & Fraser 2010
2008371054 igneous felsic volcanic Gawler 1752  -20.14 3.73 Szpunar & Fraser 2010
2008371073 metasedimentary Gawler 1790 -4.31 2.57 Szpunar & Fraser 2010
2008371046 sedimentary Gawler 1750 -4.43 2.55 Szpunar & Fraser 2010
2008371055 sedimentary Gawler 1750 -3.35 2.47 Szpunar & Fraser 2010
MV4 igneous felsic volcanic Gawler 1792 414 256 Szpunar & Fraser 2010
MV7 igneous felsic volcanic Gawler 1792  -3.44 251 Szpunar & Fraser 2010
R786128 igneous felsic volcanic Gawler 1792 464 2.6  Szpunar & Fraser 2010
MGV1 igneous felsic volcanic Gawler 1750 -1.59 2.33 Szpunar & Fraser 2010
BS3 metasedimentary Gawler 1790 -2.85 2.46 Szpunar & Fraser 2010
BS5 metasedimentary Gawler 1790 -1.4 2.35 Szpunar & Fraser 2010
HH1 sedimentary Gawler 1750 -3 2.44 Szpunar & Fraser 2010
WM1 sedimentary Gawler 1750 -2.26 2.38 Szpunar & Fraser 2010
MF4 sedimentary Gawler 1750 -215 2.38 Szpunar & Fraser 2010
MF2 sedimentary Gawler 1750 -0.6 2.26 Szpunar & Fraser 2010
88-Y10 igneous felsic volcanic Gawler 1592 -3.53 2.35 Turneretal. 1993a
466-C142 high grade metamorphic rock Gawler 2520 -6.39 3.34 Turneretal. 1993a
466-F30 high grade metamorphic rock Gawler 2520 0.26 2.84 Turner et al. 1993a
466-JC3 igneous felsic Gawler 2520 0.2 2.84 Turner et al. 1993a
466-256 metasedimentary Gawler 2520 -2.27 3.03 Turneretal. 1993a
884-MG4 igneous felsic intrusive Gawler 1754 292 2.44 Turneretal. 1993a
515-B143 igneous felsic intrusive Gawler 1850 -2.86 2.51 Turneretal. 1993a
515-B201 igneous mafic intrusive Gawler 1896 -2.77 2.55 Turneretal. 1993a
6131RS14 high grade metamorphic rock Gawler 2400 441 3.07 Turner et al. 1993a
6031 RS60 high grade metamorphic rock Gawler 2400 1.7 2.63 Turner et al. 1993a
515-B26 igneous mafic intrusive Gawler 1850 -7.08 2.83 Turneretal. 1993a
884-MG2 igneous mafic volcanic Gawler 1754  -0.1 2.23 Turner et al. 1993a
515-B152 igneous felsic intrusive Gawler 1850 4.86 1.93 Turner et al. 1993a
884-DPA igneous felsic volcanic Gawler 2558 -2.47 3.08 Turneretal 1993a
RS27 igneous mafic intrusive Gawler 830 29 1.23 Turner et al. 1993a
6131RS147 metasedimentary Gawler 1850 -6.79 2.81 Turneretal. 1993a
939-90-13 metasedimentary Gawler 1850 -2.66 2.5 Turner et al. 1993a
884-DPB igneous mafic volcanic Gawler 2558  3.92 2.59 Turner et al. 1993a
658672 igneous felsic intrusive Gawler 1505 3.78 1.72 Wade et al. 2007
658671 igneous felsic intrusive Gawler 1505 1.69 1.88 Wade et al. 2007
658669 igneous felsic intrusive Gawler 1505 2.19 1.85 Wade et al. 2007

not given igneous volcanic Gawler 2520 -3.43 3.12 Woodhouse 2002
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Sample_id LithologyGroup Province Age T,om |Reference
(Ma)

not given igneous volcanic Gawler 2520 -3.76 3.14 Woodhouse 2002
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Appendix Table B.4 Neodymium isotopic data for rocks of the Tasman Element. Data sources specified in the
Reference column. Refer to for Appendix Table A.2 full Province names.

95220020

99220046
99220045
99220059
93220006
2001220076
95220027
98220036
2002220085
99220060
99220043
98220034
99220042
99220047
2001220077

95220018

A1109-6
KiSM-34
ss11
91-CYH1
SS11
KiG29
KI89-6
861-1
88-TC1
Ki-07
88-RG1
779-52
88-1014
BC-M2
BC-M9
A1109-5
A1109-4
A1109 11

metamorphic protolith
unknown

igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
sedimentary
sedimentary
sedimentary
sedimentary
igneous felsic intrusive
sedimentary
igneous felsic intrusive
sedimentary
igneous felsic intrusive
igneous felsic intrusive
sedimentary

metamorphic protolith
unknown

igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive

igneous felsic intrusive

Delamerian

Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian

Delamerian

Delamerian

Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian
Delamerian

Delamerian

360
361
351
380
380
380
380
370
380
373
380
374
362
380

380

492.6
504
504
504
504
504
504
500
513.4
504
514
490
500
506
506
506
500
514

-4.81
-7.79
-4.98
-6.56
-7.51
-12.13
-12
-5.42
-12.46
-4.99
-12.05
-2.9
-9.7
-12.19

2.08

-11.91
-12.93
-2.41
-13.61
-12.61
-13.47
-8.29
-2.4
-12.44
-6.2
-3.03
-2.68
0.86
1.87
-6.02
-4.96
-5.47

0.72

1.42
1.64
1.42
1.57
1.64
1.99
1.98
1.47
2.01
1.44
1.98
1.28
1.79
1.99

0.91

1.62
2.07
2.15
1.36
2.2

212
2.19
1.8

1.36
2.11
1.65
1.39
1.37
1.11
1.04
1.63
1.54
1.6

Black et al 2010

Black et al 2010
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1131-6 igneous mafic intrusive Delamerian 0.82 Foden et al. 2002
A1109/13 igneous felsic intrusive Delamerian 485.7 -7.91 1.76 Foden et al. 2002
A1109/14 igneous felsic intrusive Delamerian 485.7 0.16 1.15 Foden et al. 2002
1155¢hl7 igneous intrusive Delamerian 500 -10.64 1.97 Foden et al. 2002
1155¢ch3 igneous intrusive Delamerian 500 -11.24 2.02 Foden et al. 2002
1155¢ch22 igneous intrusive Delamerian 500 -7.19 1.71 Foden et al. 2002
1155¢cg8 igneous intrusive Delamerian 500 -4.49 1.51 Foden et al. 2002
GM-140 igneous felsic intrusive Delamerian 485.7 -5.08 1.54 Foden et al. 2002
1155¢ch50 igneous mafic intrusive Delamerian 500 211 1.01 Foden et al. 2002
ssl6 igneous felsic intrusive Delamerian 504 -11.99 2.08 Foden et al. 2002
1131-8 igneous mafic intrusive Delamerian 500 6.09 0.71 Foden et al. 2002
GM-153 igneous felsic intrusive Delamerian 485.7 -5.84 1.6 Foden et al. 2002
PD-9588 igneous felsic intrusive Delamerian 513.2 -8.13 1.79 Foden et al. 2002
861-12 igneous felsic intrusive Delamerian 495 -8.51 1.81 Foden et al. 2002
GM-167 igneous felsic intrusive Delamerian 4857 -5.74 1.59 Foden et al. 2002
BC-VH35 igneous felsic intrusive Delamerian 500 -10.54 1.97 Foden et al. 2002
ssl6 igneous felsic intrusive Delamerian 504 -12.82 2.14 Foden et al. 2002
1155¢ch58 igneous mafic intrusive Delamerian 500 -1.73 1.3 Foden et al. 2002
G401385 igneous felsic intrusive Delamerian 373 -4.11 1.37 GA unpublished
99220044 igneous felsic intrusive Delamerian 357 -6.37 1.53 GA unpublished
VV12 igneous felsic intrusive Delamerian 396 1.89 0.94 Hergt et al. 2007
VV18 igneous felsic intrusive Delamerian 396 1.15 1 Hergt et al. 2007
VV34 igneous felsic intrusive Delamerian 396 1.92 0.94 Hergt et al. 2007
VV33 igneous felsic intrusive Delamerian 396 1.45 0.98 Hergt et al. 2007
VV32 igneous felsic intrusive Delamerian 396 0.23 1.07 Hergt et al. 2007
VV30 igneous felsic intrusive Delamerian 396 1.31 0.99 Hergt et al. 2007
V27 igneous felsic intrusive Delamerian 396 1.45 0.97 Hergt et al. 2007
VV25 igneous felsic intrusive Delamerian 396 1.54 0.97 Hergt et al. 2007
VV35 igneous felsic intrusive Delamerian 396 1.51 0.97 Hergt et al. 2007
VV19 igneous felsic intrusive Delamerian 396 0.7 1.03 Hergt et al. 2007
V2 igneous felsic intrusive Delamerian 396 1.22 0.99 Hergt et al. 2007
VV16 igneous felsic intrusive Delamerian 396 1.15 1 Hergt et al. 2007
VV15 igneous felsic intrusive Delamerian 396 -0.77 1.14 Hergt et al. 2007
VV13 igneous felsic intrusive Delamerian 396 1.95 0.94 Hergt et al. 2007
VV11 igneous felsic intrusive Delamerian 396 2.09 0.93 Hergt et al. 2007
VA1 igneous felsic intrusive Delamerian 396 2.05 0.93 Hergt et al. 2007
VV10 igneous felsic intrusive Delamerian 396 2.05 0.93 Hergt et al. 2007
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DCC93 igneous felsic intrusive Kennedy -7.86 Champion 1991
DCC271 igneous felsic intrusive Kennedy 266 -5.95 1.42 Champion 1991
DCC83 igneous felsic intrusive Kennedy 280 -5.97 1.44 Champion 1991
DCC166 igneous felsic intrusive Kennedy 259 -4.64 1.32 Champion 1991
DCC86 igneous felsic intrusive Kennedy 280 -6.67 1.49 Champion 1991
DCC275 igneous felsic intrusive Kennedy 280 -5.19 1.38 Champion 1991
DCC90 igneous felsic intrusive Kennedy 280 -2.25 1.16 Champion 1991
DCC206 igneous felsic intrusive Kennedy 276 -5.69 1.41 Champion 1991
DCC218 igneous felsic intrusive Kennedy 276 -3.93 1.28 Champion 1991
DCC264 igneous felsic intrusive Kennedy 275 -6.14 1.45 Champion 1991
DCC145 igneous felsic intrusive Kennedy 275 -5.39 1.39 Champion 1991
DCC145 igneous felsic intrusive Kennedy 275 -5.66 1.41 Champion 1991
DCC160 igneous felsic intrusive Kennedy 270 -2.63 1.18 Champion 1991
DCC129 igneous felsic intrusive Kennedy 270 -4 1.28 Champion 1991
PLB27 igneous felsic intrusive Kennedy 305 =717 1.55 Champion 1991
BB1421 igneous felsic intrusive Kennedy 281 -3.71 1.27 Fanning unpublished
83300068 igneous felsic volcanic Kennedy 280 -4.39 1.32 GA unpublished
83300236 igneous felsic volcanic Kennedy 301 -7.47 1.57 GA unpublished
84300580 igneous felsic intrusive Kennedy 300 -7.45 1.57 GA unpublished
83300390a igneous felsic intrusive Kennedy 280 -6.94 1.51 GA unpublished
86300882 igneous felsic intrusive Kennedy 280 -6.05 1.44 GA unpublished
93839094 igneous felsic intrusive Kennedy 315 2.42 0.83 GA unpublished
86300859 igneous felsic intrusive Kennedy 280 -4.71 1.34 GA unpublished
82300071 igneous felsic volcanic Kennedy 306 -6.96 1.53 GA unpublished
70571020 igneous felsic volcanic Kennedy 305 -7.33 1.56 GA unpublished
86300917 igneous felsic volcanic Kennedy 278 -4.48 1.32 GA unpublished
83300161 igneous felsic volcanic Kennedy 284 -5.55 1.41 GA unpublished
86300836 igneous felsic volcanic Kennedy 308 -9.67 1.74 GA unpublished
83300262 igneous felsic volcanic Kennedy 280 -4.58 1.33 GA unpublished
88503170 igneous felsic volcanic Kennedy 304.7 -0.35 1.03 GA unpublished
RJB2549 igneous felsic intrusive Kennedy 280 -1.4 1.09 GA unpublished
RJB2571 igneous felsic intrusive Kennedy 280 -0.69 1.04 GA unpublished
93839039 igneous felsic intrusive Kennedy 280 0.53 0.95 GA unpublished
93839010r igneous felsic intrusive Kennedy 280 0.36 0.96 GA unpublished
93839010 igneous felsic intrusive Kennedy 280 0.73 0.93 GA unpublished
89503028 igneous felsic volcanic Kennedy 293.5 0.56 0.96 GA unpublished
89302108 igneous felsic intrusive Kennedy 292.6 0.86 0.93 GA unpublished
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RGMP107/94  igneous felsic intrusive Kennedy 4. 131 ff’pﬁbf.iﬂg'c?g

2001220080 igneous felsic intrusive Lachlan 385 -1.57 1.19 Black et al 2010
99220058 igneous felsic intrusive Lachlan 396 -5.84 1.52 Black et al 2010
2001220078 sedimentary Lachlan 380 -12.04 1.98 Black etal 2010
98220033 metasedimentary Lachlan 380 -10.29 1.85 Black etal 2010
2001220079 igneous felsic intrusive Lachlan 401 -6.23 1.56 Black et al 2010
99220055 igneous felsic intrusive Lachlan 400 -5.52 1.5 Black et al 2010
99220048 igneous felsic intrusive Lachlan 390 -2.67 1.28 Black et al 2010
99220052 igneous felsic intrusive Lachlan 389 -3.27 1.32 Black et al 2010
99220050 igneous felsic intrusive Lachlan 388 -3.73 1.36 Black et al 2010
99220050 igneous felsic intrusive Lachlan 388 -3.78 1.36 Black et al 2010
99220051 igneous felsic intrusive Lachlan 386 -4.79 1.44 Black et al 2010
99220056 unknown Lachlan 399 -5.23 1.48 Black et al 2010
99220054 igneous felsic intrusive Lachlan 384 -5.34 1.48 Black et al 2010
2001220071 igneous felsic intrusive Lachlan 381 -4.92 1.44 Black et al 2010
99220061 igneous felsic intrusive Lachlan 378 -2.88 1.29 Black et al 2010
2001220070 igneous felsic intrusive Lachlan 377 -3.17 1.31 Black et al 2010
2001220075 igneous felsic intrusive Lachlan 374 -3.4 1.32 Black et al 2010
2002220081 igneous felsic intrusive Lachlan 374 -2.91 1.28 Black et al 2010
99220057 igneous felsic intrusive Lachlan 387 -5.96 1.53 Black et al 2010
WEEMO0471 igneous mafic volcanic Lachlan 405 4.82 0.73 GA unpublished
R000547 igneous felsic intrusive Lachlan 376.5 -3.17 1.31 GA unpublished
91844305 igneous mafic volcanic Lachlan 450 7.85 0.54 GA unpublished
95846010 igneous mafic volcanic Lachlan 450 5.88 0.69 GA unpublished
71840485 igneous mafic volcanic Lachlan 450 6.46 0.64 GA unpublished
91844298 igneous mafic volcanic Lachlan 450 6.87 0.61 GA unpublished
91844219 igneous mafic volcanic Lachlan 450 6.91 0.61 GA unpublished
91844278 igneous mafic volcanic Lachlan 450 7.21 0.59 GA unpublished
91844165 igneous mafic volcanic Lachlan 450 6.55 0.64 GA unpublished
91847163 igneous mafic volcanic Lachlan 450 3.94 0.83 GA unpublished
91847164 igneous mafic volcanic Lachlan 450 5.56 0.71 GA unpublished
91843305 igneous mafic volcanic Lachlan 450 1.67 1 GA unpublished
97846037 igneous mafic volcanic Lachlan 405 8.14 0.48 GA unpublished
94849050 igneous mafic volcanic Lachlan 450 5.9 0.68 GA unpublished
8928LMC0002 igneous felsic intrusive Lachlan 413 -5.09 1.48 GA unpublished
COSM0262A igneous mafic intrusive Lachlan 450 5.59 0.71 GA unpublished
92844418 igneous felsic intrusive Lachlan 450 6.28 0.66 GA unpublished
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450

92844509 igneous intermediate intrusive Lachlan

87840030 igneous intermediate intrusive Lachlan 450 5.7
91844215 igneous intermediate intrusive Lachlan 450 6.65
94849019 igneous intermediate volcanic Lachlan 450 7.31
94849046 igneous mafic volcanic Lachlan 450 6.65
94849016 igneous mafic intrusive Lachlan 450 5.81
94849048 igneous mafic volcanic Lachlan 450 6.7
87840093 igneous mafic intrusive Lachlan 450 6.55
95846063 igneous mafic volcanic Lachlan 375 4.35
8827JAF0005 igneous felsic intrusive Lachlan 411 -4.36
8928LMC0364 igneous felsic intrusive Lachlan 382 3.44
88270DT0090 igneous felsic intrusive Lachlan 411 -5.95
88270DT0173 igneous felsic intrusive Lachlan 423 -7.73
91844169 igneous intermediate volcanic Lachlan 450 6.9
WEEMO0310 igneous intermediate volcanic Lachlan 404 6.94
92843188 igneous felsic intrusive Lachlan 320 -0.49
92843185 igneous felsic intrusive Lachlan 320 -1.32
92843132 igneous felsic intrusive Lachlan 320 -1.4
91847231 igneous felsic intrusive Lachlan 320 0.67
92847289 igneous felsic intrusive Lachlan 320 -3.37
8827JAF0837 igneous felsic intrusive Lachlan 424 -4.51
WRP-046 igneous felsic intrusive Lachlan 431 -7.27
8928LMC0363 igneous felsic intrusive Lachlan 326 0.16
SB6 igneous felsic intrusive Lachlan 395 -0.69
R006956 igneous felsic intrusive Lachlan 3849 -4.78
R004493 igneous felsic intrusive Lachlan 376.5 -4.58
8827JAF0300 igneous felsic intrusive Lachlan 411 -3.72
96846376 igneous felsic intrusive Lachlan 450 6.99
94849012 igneous mafic volcanic Lachlan 450 6.8
88270DT0265 igneous felsic volcanic Lachlan 419 -4.96
8928LMC0365 igneous felsic intrusive Lachlan 324 0.9
8729CJS0002 igneous felsic intrusive Lachlan 429 -7.55
8827CJS0070 igneous felsic volcanic Lachlan 414 -5.77
8827JAF0193 igneous felsic volcanic Lachlan 414 -5.71
8928LMC0073 igneous felsic volcanic Lachlan 386 -1.93
88270DT0372 igneous felsic volcanic Lachlan 413 -5.54
8928LMC0368 igneous volcanic Lachlan 413 -7
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88270DT1152 igneous felsic volcanic Lachlan -6.97 1.63 GA unpublished
2000844522 igneous intermediate intrusive Lachlan 417 1.6 0.98 GA unpublished
2000844521 igneous intermediate intrusive Lachlan 417 3.09 0.87 GA unpublished
98844520 igneous intermediate intrusive Lachlan 417 2.63 0.9 GA unpublished
8827JAF0672  igneous intermediate intrusive Lachlan 428 -8.61 1.76 GA unpublished
97848017 igneous felsic intrusive Lachlan 320 1.4 0.92 GA unpublished
8827JAF0067  igneous felsic volcanic Lachlan 412 -5.28 1.5 GA unpublished

5 igneous felsic intrusive Lachlan 429 -9.49 1.83 Healy et al. 2004

54 igneous mafic intrusive Lachlan 429 =217 1.28 Healy et al. 2004

30 igneous mafic intrusive Lachlan 429 -2.09 1.27 Healy et al. 2004

19 igneous mafic intrusive Lachlan 429 -2.95 1.33 Healy et al. 2004

76 igneous felsic intrusive Lachlan 429 -9.11 1.8 Healy et al. 2004

73 igneous felsic intrusive Lachlan 429 -9.55 1.83 Healy et al. 2004

41 igneous felsic intrusive Lachlan 429 -9.19 1.8 Healy et al. 2004

38 igneous felsic intrusive Lachlan 429 -9.78 1.85 Healy et al. 2004

37 igneous felsic intrusive Lachlan 429 -10.57 1.91 Healy et al. 2004

25 igneous felsic intrusive Lachlan 429 -10.08 1.87 Healy et al. 2004

22 igneous felsic intrusive Lachlan 429 -9.31 1.81 Healy et al. 2004

9 igneous felsic intrusive Lachlan 429 -9.53 1.83 Healy et al. 2004
TKB-17 igneous felsic intrusive Lachlan 401 -6.55 1.58 Kemp et al. 2009
TKB-1 igneous felsic intrusive Lachlan 389.3 0.59 1.03 Kemp et al. 2009
TKB-100 igneous felsic intrusive Lachlan 393 -6.59 1.58 Kemp et al. 2009
KK-4 igneous felsic intrusive Lachlan 416 -5.2 1.49 Kemp et al. 2009
TKB-11 igneous felsic intrusive Lachlan 385.2 -1.48 1.19 Kemp et al. 2009
BB31 igneous felsic intrusive Lachlan 4126 0 1.1 ':";é“"“h & Chappel
BB42r igneous felsic intrusive Lachlan 418 -3.44 1.36 l;/l;é:zulloch £ Gz
SC5 metasedimentary Lachlan -14.45 1.84 ';A;éu”mh < ClnzRE]
BB42 igneous felsic intrusive Lachlan 418 -3.7 1.38 l1\/I908CzuIIoch & Gz
C1 igneous felsic intrusive Lachlan 428.5 -9.02 1.79 ’1\/';802u"00h & Eheppel
BB74 igneous felsic intrusive Lachlan 4173 663 16 ':";802“”0"“ & GErrRE]
BB60 igneous felsic intrusive Lachlan 4169 -3.2 1.34 l:/g:éulloch & Eheppel
BB62 igneous felsic intrusive Lachlan 4159 0.52 1.06 l;/l;é:zulloch & Gz
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84162025 igneous felsic intrusive Lachlan 386.8 -9.1 1.76 Sun and Higgins 1996
702710 igneous felsic intrusive Lachlan 384 -3.6 1.35 Sun and Higgins 1996
40567 igneous felsic intrusive Lachlan 386.8 -4.7 1.43 Sun and Higgins 1996
40567 igneous felsic intrusive Lachlan 386.8 -4.97 1.45 Sun and Higgins 1996
84162017 igneous felsic intrusive Lachlan 386.8 -5.53 1.49 Sun and Higgins 1996
63034 igneous felsic intrusive Lachlan 386.8 -6.28 1.55 Sun and Higgins 1996
63037 igneous felsic intrusive Lachlan 377.8 -3.13 1.31 Sun and Higgins 1996
40561 igneous felsic intrusive Lachlan 386.8 -5.71 1.51 Sun and Higgins 1996
742520 igneous felsic intrusive Lachlan 377.8 -2.36 1.25 Sun and Higgins 1996
40549 igneous felsic intrusive Lachlan 378 -2.09 1.23 Sun and Higgins 1996
40545 igneous felsic intrusive Lachlan 378 -3.91 1.36 Sun and Higgins 1996
C43217 igneous felsic intrusive Lachlan 384 -5.11 1.46 Sun and Higgins 1996
MM172 igneous mafic intrusive Lachlan 385 0.71 1.02 Sun and Higgins 1996
C41701 igneous mafic intrusive Lachlan 385 0.52 1.04 Sun and Higgins 1996
84161005 igneous mafic intrusive Lachlan 385 5.87 0.63 Sun and Higgins 1996
MM117 igneous felsic intrusive Lachlan 396 -5.36 1.49 Sun and Higgins 1996
MM141 igneous felsic intrusive Lachlan 396 -5.81 1.52 Sun and Higgins 1996
MM142 igneous felsic intrusive Lachlan 396 -5.1 1.47 Sun and Higgins 1996
MM142 igneous felsic intrusive Lachlan 396 -4.78 1.44 Sun and Higgins 1996
R62537 igneous felsic intrusive Lachlan 384 -5.73 1.51 Sun and Higgins 1996
C40524 igneous felsic intrusive Lachlan 387 -6.02 1.53 Sun and Higgins 1996
40517 igneous felsic intrusive Lachlan 387 -4.75 1.43 Sun and Higgins 1996
R62583 igneous felsic intrusive Lachlan 384 -5.08 1.46 Sun and Higgins 1996
40548 igneous felsic intrusive Lachlan 378 -1.97 1.22 Sun and Higgins 1996
R62579 igneous felsic intrusive Lachlan 384 -3.37 1.33 Sun and Higgins 1996
C40533 igneous felsic intrusive Lachlan 380 -2.46 1.26 Sun and Higgins 1996
63038 metasomatic Lachlan 377.8 -3.43 1.33 Sun and Higgins 1996
40549 igneous felsic intrusive Lachlan 378 -2.45 1.25 Sun and Higgins 1996
40544 igneous felsic intrusive Lachlan 378 -5.86 1.51 Sun and Higgins 1996
742524 igneous felsic intrusive Lachlan 377.8 -2.22 1.24 Sun and Higgins 1996
84162205 igneous felsic intrusive Lachlan 377.8 -2.79 1.28 Sun and Higgins 1996
63039 metasomatic Lachlan 377.8 -3.63 1.34 Sun and Higgins 1996
40519 igneous felsic intrusive Lachlan 387 -4.52 1.42 Sun and Higgins 1996
MM135 igneous felsic intrusive Lachlan 395.7 -6.25 1.55 Sun and Higgins 1996
43134 igneous felsic intrusive Lachlan 384.3 -5.98 1.52 Sun and Higgins 1996
63035 igneous felsic intrusive Lachlan 3778 -6.78 1.58 Sun and Higgins 1996
63036 igneous felsic intrusive Lachlan 377.8 -3.27 1.32 Sun and Higgins 1996
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PD1374 igneous mafic volcanic Mossman 6.29 0.63 Vos et al. 2006
U137A igneous felsic volcanic New England 250 -2.13 1.12 Allen 2000

us1B igneous felsic volcanic New England 284 -1.48 1.1 Allen 2000

u78 igneous felsic volcanic New England 250 -1.04 1.04 Allen 2000

U82A igneous mafic intrusive New England 250 4.25 0.64 Allen 2000
BG175a igneous mafic volcanic New England 250 713 0.43 Allen 2000

ua1 igneous mafic volcanic New England 250 4.93 0.59 Allen 2000

u22 igneous mafic intrusive New England 133 6.54 0.37 Allen et al. 1997
BWG64 igneous intermediate intrusive New England 142 5.1 0.49 Allen et al. 1997
BG118 igneous felsic intrusive New England 119 3.05 0.62 Allen et al. 1997
BW46 igneous felsic intrusive New England 131 4.99 0.49 Allen et al. 1997
BW14a igneous felsic intrusive New England 120 3.86 0.56 Allen et al. 1997
CuU232 igneous felsic intrusive New England 103 4.2 0.52 Allen et al. 1997
BG37 igneous intermediate intrusive New England 120 5.71 0.42 Allen et al. 1997
R72016 igneous felsic intrusive New England 292 3.01 0.77 Bryantetal. 1997
R72006 igneous felsic intrusive New England 292 2.99 0.77 Bryantetal. 1997
R72075 igneous felsic intrusive New England 253 4.89 0.6 Bryantetal. 1997
R72346 igneous felsic intrusive New England 250 5.41 0.55 Bryantetal. 1997
R72003 igneous felsic intrusive New England 292 3.08 0.77 Bryantetal. 1997
R72015 igneous felsic intrusive New England 292 4.3 0.67 Bryantetal. 1997
R72009 igneous felsic intrusive New England 292 3.88 0.71 Bryantet al. 1997
R70208 igneous felsic intrusive New England 253 2.65 0.77 Bryantetal. 1997
R72130 igneous felsic intrusive New England 253 4.32 0.64 Bryantetal. 1997
R70212 igneous felsic intrusive New England 250 4.25 0.64 Bryantetal. 1997
R70222 igneous felsic intrusive New England 253 1.97 0.82 Bryantetal. 1997
R72245B igneous felsic intrusive New England 253 3.61 0.69 Bryantetal. 1997
R72311 igneous felsic intrusive New England 253 0.43 0.93 Bryant et al. 1997
R72010 igneous felsic intrusive New England 292 4.08 0.69 Bryant et al. 1997
R72096 igneous felsic intrusive New England 260 6.34 0.49 Bryantetal. 1997
R72026 igneous felsic intrusive New England 292 1.49 0.89 Bryant et al. 1997
R70211 igneous felsic intrusive New England 250 2.06 0.81 Bryant et al. 1997
R72320 igneous felsic intrusive New England 250 3.36 0.71 Bryant et al. 1997
R72172 igneous felsic intrusive New England 260 4.67 0.62 Bryant et al. 1997
R72337 igneous felsic intrusive New England 250 5.4 0.56 Bryant et al. 1997
R72088 igneous felsic intrusive New England 253 5.2 0.57 Bryant et al. 1997
R72163B igneous felsic intrusive New England 260 5.86 0.53 Bryant et al. 1997
R72098 igneous felsic intrusive New England 260 5.18 0.58 Bryant et al. 1997
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200801603 igneous felsic intrusive New England 251.8 1.84 0.83 GA unpublished

200801602 igneous felsic intrusive New England 251.3 0.35 0.94 GA unpublished

200801616 igneous felsic intrusive New England 231 4.97 0.57 GA unpublished

200701553 igneous felsic intrusive New England 260 2.82 0.76 GA unpublished

RJB1962 igneous felsic intrusive New England 290 0.46 0.96 GA-GSQ unpublished
BB4593 igneous felsic intrusive New England 308 1.43 0.9 GA-GSQ unpublished
GS0552 igneous felsic intrusive New England 316 2.54 0.83 GA-GSQ unpublished
RJB654 igneous felsic intrusive New England 323 2.41 0.84 GA-GSQ unpublished
RGMP168/96 igneous felsic intrusive New England 251 6.31 0.49 GA-GSQ unpublished
RGMP153/96  igneous felsic intrusive New England 250 6.66 0.46 GA-GSQ unpublished
GS0544 igneous felsic intrusive New England 240 4.78 0.59 GA-GSQ unpublished
RJB997 igneous felsic intrusive New England 228 4.41 0.61 GA-GSQ unpublished
RGMP167/96 igneous felsic intrusive New England 250 3.43 0.7 GA-GSQ unpublished
GS0562 igneous felsic intrusive New England 328 4.58 0.68 GA-GSQ unpublished
RGMP154/96 igneous felsic intrusive New England 250 6.4 0.48 GA-GSQ unpublished
RGMP162/96 igneous felsic intrusive New England 270 8.49 0.34 GA-GSQ unpublished
RGMP170/96 igneous felsic intrusive New England 251 7.59 0.39 GA-GSQ unpublished
RJB2241 igneous felsic intrusive New England 250 0.61 0.92 GA-GSQ unpublished
RJB1002 igneous felsic intrusive New England 250 3.32 0.71 GA-GSQ unpublished
RGMP51/96 igneous felsic intrusive New England 234 5.96 0.5 GA-GSQ unpublished
RJB2777 igneous felsic intrusive New England 229 5.27 0.55 GA-GSQ unpublished
RJB1469 igneous felsic intrusive New England 130 4.95 0.49 GA-GSQ unpublished
GSO173 igneous felsic intrusive New England 251 3.05 0.73 GA-GSQ unpublished
RGMP220/95 igneous felsic intrusive New England 225 5.97 0.49 GA-GSQ unpublished
BB4830 igneous felsic intrusive New England 275 6.87 0.47 GA-GSQ unpublished
2007839001 igneous felsic intrusive New England 280 7.48 0.42 GA-GSQ unpublished
2007839003 igneous felsic intrusive New England 255 4.16 0.65 GA-GSQ unpublished
2007839004 igneous felsic intrusive New England 248 3.49 0.7 GA-GSQ unpublished
BB4824 igneous felsic intrusive New England 290 -0.46 1.03 GA-GSQ unpublished
BB4601 igneous felsic intrusive New England 322 1.74 0.89 GA-GSQ unpublished
BB4823 igneous felsic intrusive New England 300 -0.64 1.05 GA-GSQ unpublished
RGMP159/96  igneous felsic intrusive New England 230 7.4 0.39 GA-GSQ unpublished
BB4829 igneous felsic intrusive New England 275 6.5 0.49 GA-GSQ unpublished
2007839002 igneous felsic intrusive New England 257 3.92 0.67 GA-GSQ unpublished
RJB1246 igneous felsic intrusive New England 244 2.79 0.75 GA-GSQ unpublished
BB4788 igneous felsic intrusive New England 244 3.65 0.68 GA-GSQ unpublished
BB4820 igneous felsic intrusive New England 130 4.68 0.51 GA-GSQ unpublished
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igneous mafic intrusive New England 254 1.21 0.87 Hensel et al. 1985
GOGS igneous felsic intrusive New England 260 4.32 0.64 Hensel et al. 1985
HH302 igneous felsic intrusive New England 252 3.21 0.72 Hensel et al. 1985
PTVPT igneous felsic intrusive New England 254 0.7 0.91 Hensel et al. 1985
BCKT3 igneous felsic intrusive New England 254 1.46 0.86 Hensel et al. 1985
HH284 igneous felsic intrusive New England 254 -0.31 0.99 Hensel et al. 1985
G401 igneous felsic intrusive New England 254 1.61 0.84 Hensel et al. 1985
HH304 igneous felsic intrusive New England 248 4.25 0.64 Hensel et al. 1985
KT igneous felsic intrusive New England 254 -0.09 0.97 Hensel et al. 1985
WT igneous felsic intrusive New England 254 -0.12 0.97 Hensel et al. 1985
SHT2 igneous felsic intrusive New England 254 1.55 0.85 Hensel et al. 1985
BTB igneous felsic intrusive New England 267 6.18 0.51 Hensel et al. 1985
IWSDO01 igneous felsic intrusive Pama 382 -9.17 1.76 GA unpublished
8928LMC0366 igneous intermediate intrusive Sydney Basin 180 2.04 0.75 GA unpublished
88302221 igneous felsic intrusive Thomson 480 -6.5 1.64 Fanning unpublished
88302122 igneous felsic intrusive Thomson 420 -1.62 1.23 Fanning unpublished
88302114 igneous felsic intrusive Thomson 420 -0.23 1.12 Fanning unpublished
88302044 igneous felsic intrusive Thomson 420 -1.79 1.24 Fanning unpublished
88302032 igneous felsic intrusive Thomson 420 -0.77 1.16 Fanning unpublished
88302052 igneous felsic intrusive Thomson 420 -0.48 1.14 Fanning unpublished
RBRS1209 igneous felsic intrusive Thomson 480 -2.59 1.35 Fanning unpublished
200701501 igneous felsic volcanic Thomson 363 -5.73 1.49 GA unpublished
200701503 igneous felsic volcanic Thomson 360 -4.47 1.39 GA unpublished
200901509 igneous felsic intrusive Thomson 385 -5.5 1.49 GA unpublished
93839001A igneous felsic intrusive Thomson 420 -5.91 1.55 GA unpublished
93839009 igneous felsic intrusive Thomson 460 -3.67 1.41 GA unpublished
200901509 igneous felsic intrusive Thomson 385 -5.39 1.48 GA unpublished
89503064 igneous intermediate volcanic Thomson 365 -2.12 1.22 GA unpublished
RJB3130 igneous felsic intrusive Thomson 380 -5.5 1.49 GA-GSQ unpublished
RJB3129 igneous felsic intrusive Thomson 380 -3.42 1.33 GA-GSQ unpublished
93839095 igneous felsic intrusive Thomson 480 -4.14 1.47 GA-GSQ unpublished
RGMP88/86 igneous felsic intrusive Thomson 480 7.78 0.57 GA-GSQ unpublished
93839078 igneous felsic intrusive Thomson 480 -4.52 1.49 GA-GSQ unpublished
GS1629 igneous felsic intrusive Thomson 480 7.77 0.57 GA-GSQ unpublished
RGMP10/85 igneous felsic intrusive Thomson 480 7.74 0.57 GA-GSQ unpublished
RGMP89/86 igneous felsic intrusive Thomson 480 7.04 0.62 GA-GSQ unpublished
2006839003 igneous felsic intrusive Thomson 360 -3.03 1.28 GA-GSQ unpublished
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RGMP432/91 igneous felsic intrusive Thomson -3.97 1.37 GA-GSQ unpublished
RGMP8/85 igneous felsic intrusive Thomson 480 7.09 0.62 GA-GSQ unpublished
RGMP9/85 igneous felsic intrusive Thomson 480 7.65 0.58 GA-GSQ unpublished
2007834001 igneous felsic intrusive Thomson 380 -9.89 1.82 GA-GSQ unpublished
2007834006 igneous felsic intrusive Thomson 380 -4.66 1.42 GA-GSQ unpublished
2007834005 igneous felsic intrusive Thomson 380 -4.94 1.44 GA-GSQ unpublished
2007834004 igneous felsic intrusive Thomson 380 -10.1 1.83 GA-GSQ unpublished
2007834003 igneous felsic intrusive Thomson 380 -10.35 1.85 GA-GSQ unpublished
RGMP407/91 igneous felsic intrusive Thomson 382 -3.26 1.32 GA-GSQ unpublished
BB1715 igneous felsic intrusive Thomson 480 -3.87 1.45 GA-GSQ unpublished
2006839001 igneous felsic intrusive Thomson 360 -3.23 1.3 GA-GSQ unpublished

Appendix Table B.5 Neodymium isotopic data for rocks of the Pinjarra Element. Data sources specified in the
Reference column. Refer to for Appendix Table A.2 for full Province names.

1797 high grade metamorphic rock  Pinjarra Orogen 1050 -8.28 2.25 Fletcher et al. 1985
56433B high grade metamorphic rock  Pinjarra Orogen 1050 -7.99 2.23 Fletcher et al. 1985
1672 high grade metamorphic rock  Pinjarra Orogen 1050 -9.7 2.36 Fletcher et al. 1985
1757 high grade metamorphic rock  Pinjarra Orogen 1050 -10.4 2.41 Fletcher et al. 1985
1758 high grade metamorphic rock  Pinjarra Orogen 1050 -7.49 2.19 Fletcher et al. 1985
57430 igneous felsic Pinjarra Orogen 1050 -8.08 2.24 Fletcher et al. 1985
20593 high grade metamorphic rock  Pinjarra Orogen 1050 -8.58 2.28 Fletcher et al. 1985
82-426 high grade metamorphic rock  Pinjarra Orogen 560 -1.94 1.37 McCulloch 1987

82-427a high grade metamorphic rock  Pinjarra Orogen 560 -0.34 1.25 McCulloch 1987
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Appendix Table B.6 Neodymium isotopic data for rocks of the Central Australia Element. Data sources specified
in the Reference column. Refer to for Appendix Table A.2 for full Province names.

Sample_id LithologyGroup Province Age To,om | Reference
(Ma)

60711 igneous Gascoyne 2540 -0.77 2.93 Fletcheretal 1983a

69103 igneous felsic intrusive Gascoyne 1800 -3.33 2.51 Fletcheretal 1983a

60713 igneous felsic intrusive Gascoyne 2540 3.2 2.63 Fletcher et al 1983a

60706 high grade metamorphic rock Gascoyne 1650 -7.55 2.7  Fletcher et al 1983a

60720 igneous felsic intrusive Gascoyne 1975 -51 2.79 Fletcher et al 1983a

142849 igneous felsic intrusive Gascoyne 1812 -14.26 3.34 Sheppard et al. 2003
135449 igneous felsic intrusive Gascoyne 1801 -7.89 2.85 Sheppard et al. 2003
164306 igneous felsic intrusive Gascoyne 1812 -13.29 3.27 Sheppard et al. 2003
164305 igneous felsic intrusive Gascoyne 1812 -11.48 3.13 Sheppard et al. 2003
142900 igneous felsic intrusive Gascoyne 1802 -6.81 2.77 Sheppard et al. 2003
142852 igneous felsic intrusive Gascoyne 1797 -7.92 2.85 Sheppard et al. 2003
164302 igneous felsic intrusive Gascoyne 1812 -585 2.71 Sheppard et al. 2003
142854 igneous felsic intrusive Gascoyne 1812 -7.35 2.82 Sheppard et al. 2003
135485 igneous felsic intrusive Gascoyne 1806 -6.74 2.77 Sheppard et al. 2003
144854 igneous mafic Gascoyne 1990 0.11 2.41 Sheppard et al. 2004
142933 igneous mafic intrusive Gascoyne 1989 -1.21 251 Sheppard et al. 2004
142850 igneous felsic intrusive Gascoyne 1958 -3.4 2.64 Sheppard et al. 2004
142911 igneous felsic intrusive Gascoyne 1961 -5.81 2.83 Sheppard et al. 2004
142912 igneous felsic intrusive Gascoyne 1961 -6.54 2.88 Sheppard et al. 2004
159778 igneous felsic intrusive Gascoyne 1961 -6.35 2.87 Sheppard et al. 2004
142928 igneous felsic intrusive Gascoyne 1974 468 2.75 Sheppard et al. 2004
142926 igneous felsic intrusive Gascoyne 2002 -3.79 2.71 Sheppard et al. 2004
168949 igneous felsic intrusive Gascoyne 1954 -10.89 3.21 Sheppard et al. 2004
142988 igneous felsic Gascoyne 2552 -1.26 2.98 Sheppard et al. 2004
159781 igneous felsic intrusive Gascoyne 2002 -5.32 2.83 Sheppard et al. 2004
168947 igneous felsic Gascoyne 2006 -7.53 3 Sheppard et al. 2004
144836 igneous felsic intrusive Gascoyne 1977 -4.05 2.71 Sheppard et al. 2004
144833 igneous felsic intrusive Gascoyne 1999 -3.26 2.67 Sheppard et al. 2004
164309 igneous felsic intrusive Gascoyne 2544  -0.53 2.92 Sheppard et al. 2004
142925 igneous felsic intrusive Gascoyne 2002 -4.77 2.78 Sheppard et al. 2004
159780 igneous felsic intrusive Gascoyne 2000 -5.23 2.82 Sheppard et al. 2004
142930 igneous felsic intrusive Gascoyne 1994 557 2.84 Sheppard et al. 2004
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Sample_id LithologyGroup Province Age To,om | Reference
(Ma)

159782 igneous felsic intrusive Gascoyne 1985 -5.85 2.85 Sheppard et al. 2004
142932 igneous felsic intrusive Gascoyne 1977 -5.06 2.78 Sheppard et al. 2004
159765 high grade metamorphic rock Gascoyne 1990 1.7 2.29 Sheppard et al. 2004
96929 igneous mafic volcanic Pilbara 2970 -1.41 3.34 Arndtetal. 2001
96958 igneous mafic volcanic Pilbara 2970 -1.53 3.35 Arndtetal. 2001
96957 igneous mafic volcanic Pilbara 2970 -2.28 3.4 Arndtetal. 2001
105710 igneous mafic volcanic Pilbara 2700 0.33 2.98 Arndt et al. 2001
96946 igneous mafic volcanic Pilbara 2970 -1.84 3.37 Arndtetal 2001
96938 igneous mafic volcanic Pilbara 2970 -2.24 34 Arndtetal 2001
96932 igneous mafic volcanic Pilbara 2970 -1.75 3.36 Arndtetal. 2001
M17 igneous mafic volcanic Pilbara 2690 -2.35 3.18 Arndtetal. 2001
M16 igneous mafic volcanic Pilbara 2690 -3.76 3.28 Arndtetal. 2001
97419K igneous mafic volcanic Pilbara 2720 -3.29 3.27 Arndtetal. 2001
96994K igneous mafic volcanic Pilbara 2720 -2.68 3.23 Arndtetal. 2001
96959 igneous mafic volcanic Pilbara 2970 -2.01 3.38 Arndtetal. 2001
96915R igneous mafic volcanic Pilbara 2780 -2.1 3.23 Arndt et al. 2001
96975 igneous mafic volcanic Pilbara 3010 0.01 3.27 Arndt et al. 2001
96960 igneous mafic volcanic Pilbara 2970 -1.45 3.34 Arndtetal 2001
96954N igneous mafic volcanic Pilbara 2970 -1.75 3.36 Arndtetal. 2001
96952N igneous mafic volcanic Pilbara 2970 -2.64 3.43 Arndtetal. 2001
96951N igneous mafic volcanic Pilbara 2970 -1.31 3.33 Arndtetal. 2001
71RWD21 igneous mafic volcanic Pilbara 3270 0.43 3.45 Arndt et al. 2001
96911R igneous mafic volcanic Pilbara 2780 -2.82 3.29 Arndtetal. 2001
96978 igneous mafic volcanic Pilbara 3010 -1.35 3.37 Arndtetal. 2001
96914R igneous mafic volcanic Pilbara 2780 -1.89 3.22 Arndtetal 2001
96970 igneous mafic volcanic Pilbara 3010 0.04 3.26 Arndt et al. 2001
96968 igneous mafic volcanic Pilbara 2970 -1.65 3.36 Arndtetal. 2001
96967 igneous mafic volcanic Pilbara 2970 -2.3 3.41 Arndt et al. 2001
96965 igneous mafic volcanic Pilbara 2970 -1.59 3.35 Arndtetal. 2001
96963 igneous mafic volcanic Pilbara 2970 -2.01 3.38 Arndtetal. 2001
96962 igneous mafic volcanic Pilbara 2970 -2.25 3.4 Arndtetal 2001
96961 igneous mafic volcanic Pilbara 2970 -1.96 3.38 Arndtetal 2001
71RWD1 igneous mafic volcanic Pilbara 3270 0.88 3.42 Arndt et al. 2001
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96979R igneous mafic volcanic Pilbara 2780 -2.16 3.24 Arndtetal. 2001

99854 igneous mafic volcanic Pilbara 2700 -0.77 3.07 Arndtetal. 2001

EM59 igneous mafic volcanic Pilbara 3470 0.31 3.63 Arndt et al. 2001

EM69 igneous mafic volcanic Pilbara 3470 0.58 3.61 Arndtetal. 2001
96910R igneous mafic volcanic Pilbara 2780 -2.17 3.24 Arndtetal. 2001

EM70 igneous mafic volcanic Pilbara 3470 1.03 3.57 Arndt et al. 2001

99856 igneous mafic volcanic Pilbara 2700 0.22 2.99 Arndt et al. 2001

EM71 igneous mafic volcanic Pilbara 3470 1.03 3.57 Arndt et al. 2001

EM82 igneous mafic volcanic Pilbara 3470 1.35 3.55 Arndt et al. 2001

105701 igneous mafic volcanic Pilbara 2700 -0.46 3.04 Arndtetal. 2001
105704 igneous mafic volcanic Pilbara 2700 -0.31 3.03 Arndtetal. 2001
105707 igneous mafic volcanic Pilbara 2700 0.35 2.98 Arndtetal. 2001

SB593 igneous felsic intrusive Pilbara 2851 -8.01 3.74 Bickle etal. 1989
SB450 igneous felsic intrusive Pilbara 2925 -4.47 3.53 Bickle etal. 1989

S9 igneous felsic intrusive Pilbara 2925 -523 3.59 Bickle etal. 1989
SB599 igneous felsic intrusive Pilbara 2925 -3.32 3.45 Bickle etal. 1989

Y1-5 igneous felsic intrusive Pilbara 2908 -3.41 3.44 Bickle etal. 1989

Y1-7 igneous felsic intrusive Pilbara 2908 -3.23 3.42 Bickle etal. 1989
SB584 igneous felsic intrusive Pilbara 2851 -6.1 3.59 Bickle et al. 1989
SB437 igneous felsic intrusive Pilbara 2928 -4.37 3.53 Bickle etal. 1989
A171-4 igneous felsic intrusive Pilbara 3470 1.65 3.53 Bickle et al. 1993
SB611 igneous felsic intrusive Pilbara 3470 -0.82 3.71 Bickle etal. 1993
SB615 igneous felsic intrusive Pilbara 3470 -1.53 3.77 Bickle et al. 1993
SB616 igneous felsic intrusive Pilbara 3470 1 3.57 Bickle et al. 1993

A11-4 igneous felsic intrusive Pilbara 3470 0.77 3.59 Bickle et al. 1993
A207-1 igneous felsic intrusive Pilbara 3470 0.74 3.59 Bickle et al. 1993
A195-1 igneous felsic intrusive Pilbara 3470 -0.57 3.69 Bickle etal. 1993
203366 igneous felsic intrusive Pilbara 3239 -1 3.53 Brauhart & Morant 2000
203368 igneous felsic intrusive Pilbara 3238 -0.5 3.49 Brauhart & Morant 2000
207334 igneous felsic volcanic Pilbara 3238 -0.49 3.49 Brauhart & Morant 2000
207186 igneous mafic intrusive Pilbara 3238 -042 3.49 Brauhart & Morant 2000
84770021 igneous ultramafic intrusive Pilbara 2925 0.08 3.19 GA Shen-Su Sun
84770094 igneous mafic intrusive Pilbara 2925 -0.33 3.22 GA Shen-Su Sun
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98049174B igneous felsic intrusive Pilbara 2940 0.2 3.19 GA-GSWA unpublished
127327 igneous felsic intrusive Pilbara 3018 0.55 3.23 GA-GSWA unpublished
98049159 igneous felsic intrusive Pilbara 2950 0.75 3.16 GA-GSWA unpublished
127333 sedimentary Pilbara 3000 1.16 3.17 GA-GSWA unpublished
127328 metasedimentary Pilbara 3000 0.41 3.23 GA-GSWA unpublished
118965 igneous felsic intrusive Pilbara 3093 2.85 3.12 GA-GSWA unpublished
98049154 igneous felsic intrusive Pilbara 2850 1.64 3.01 GA-GSWA unpublished
97045003 igneous felsic intrusive Pilbara 2930 11 3.12 GA-GSWA unpublished
98049140 igneous felsic intrusive Pilbara 2930 -14 3.31 GA-GSWA unpublished
97045053 igneous felsic intrusive Pilbara 2850 -0.81 3.19 GA-GSWA unpublished
118976 igneous felsic volcanic Pilbara 3023 -0.63 3.32 GA-GSWA unpublished
168920 igneous felsic volcanic Pilbara 3467 0.73 3.59 GSWA-GA unpublished
97045027A igneous mafic volcanic Pilbara 2970 -1.93 3.38 GSWA-GA unpublished
174442 igneous mafic volcanic Pilbara 3120 8.46 2.72 GSWA-GA unpublished
160238 ultraigneous mafic volcanic Pilbara 3200 0.56 3.38 GSWA-GA unpublished
168995 igneous felsic volcanic Pilbara 3515 0.95 3.62 GSWA-GA unpublished
168915 igneous felsic volcanic Pilbara 3432 0.72 3.56 GSWA-GA unpublished
98049027A igneous mafic intrusive Pilbara 2970 047 3.2 GSWA-GA unpublished
179711 igneous felsic volcanic Pilbara 3470 1.27 3.55 GSWA-GA unpublished
176712 igneous mafic volcanic Pilbara 3200 3.46 3.16  GSWA-GA unpublished
160725 igneous felsic intrusive Pilbara 2850 -2.02 3.28 GSWA-GA unpublished
160705 igneous felsic intrusive Pilbara 2950 -0.15 3.23 GSWA-GA unpublished
141986 igneous intermediate intrusive Pilbara 2946  1.07 3.13 GSWA-GA unpublished
59363#2 igneous felsic intrusive Pilbara 3420 1.84 3.47 GSWA-GA unpublished
59363 igneous felsic intrusive Pilbara 3420 211 3.45 GSWA-GA unpublished
179713 igneous felsic volcanic Pilbara 3470 1.73 3.52 GSWA-GA unpublished
160235 igneous mafic volcanic Pilbara 3200 1.48 3.31 GSWA-GA unpublished
98049027AR igneous mafic intrusive Pilbara 2970 04 3.2  GSWA-GA unpublished
142492 igneous mafic intrusive Pilbara 2950 -1.53 3.33 GSWA-GA unpublished
168936 igneous mafic intrusive Pilbara 3016  0.33 3.25 GSWA-GA unpublished
142212 igneous mafic volcanic Pilbara 2970 -0.75 3.29 GSWA-GA unpublished
142223 igneous mafic volcanic Pilbara 2970 -0.64 3.28 GSWA-GA unpublished
176737 igneous mafic volcanic Pilbara 3010 -0.02 3.27 GSWA-GA unpublished
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142430 igneous felsic intrusive Pilbara 2970 -1.48 3.34 GSWA-GA unpublished
142870 igneous felsic intrusive Pilbara 3366 -1.06 3.64 GSWA-GA unpublished
142433 igneous felsic intrusive Pilbara 3270 O 3.48 GSWA-GA unpublished
143805 igneous felsic intrusive Pilbara 3252 -0.81 3.53 GSWA-GA unpublished
59270 igneous felsic intrusive Pilbara 3317 1.49 3.41 GSWA-GA unpublished
59244 igneous felsic intrusive Pilbara 3313 0.32 3.5 GSWA-GA unpublished
142874 igneous felsic intrusive Pilbara 3242 012 3.45 GSWA-GA unpublished
174497 igneous mafic volcanic Pilbara 3115 0.75 3.3 GSWA-GA unpublished
148881 igneous felsic intrusive Pilbara 3270 1.34 3.38 GSWA-GA unpublished
98049100 igneous felsic intrusive Pilbara 2850 0.74 3.08 GSWA-GA unpublished
160678 igneous felsic intrusive Pilbara 2940 -4.73 3.56 GSWA-GA unpublished
160650 igneous felsic intrusive Pilbara 3200 -0.56 3.47 GSWA-GA unpublished
160642 igneous felsic intrusive Pilbara 3000 -486 3.62 GSWA-GA unpublished
174318 igneous felsic intrusive Pilbara 2940 -3.27 3.45 GSWA-GA unpublished
160646 igneous felsic intrusive Pilbara 3200 1.67 3.3  GSWA-GA unpublished
97045162 igneous felsic intrusive Pilbara 2930 0.2 3.18 GSWA-GA unpublished
160760#2 igneous felsic intrusive Pilbara 3200 -2.01 3.58 GSWA-GA unpublished
153188 igneous felsic intrusive Pilbara 3484 1.25 3.57 GSWA-GA unpublished
174489 igneous mafic volcanic Pilbara 3115 1.56 3.24 GSWA-GA unpublished
98049136 igneous felsic intrusive Pilbara 2940 3.19 2.97 GSWA-GA unpublished
142170 igneous felsic intrusive Pilbara 3421 -1.34 3.71 GSWA-GA unpublished
142263 igneous mafic intrusive Pilbara 2970 -0.29 3.25 GSWA-GA unpublished
97045021 igneous felsic intrusive Pilbara 2930 1.17 3.11 GSWA-GA unpublished
174185 igneous felsic intrusive Pilbara 3300 -0.34 353 GSWA-GA unpublished
160797 igneous felsic intrusive Pilbara 2940 -2.16 3.37 GSWA-GA unpublished
160794 igneous felsic intrusive Pilbara 2940 -2.41 3.39 GSWA-GA unpublished
160685 igneous felsic intrusive Pilbara 2940 -4.09 3.52 GSWA-GA unpublished
142020 igneous felsic intrusive Pilbara 3165 1.06 3.32 GSWA-GA unpublished
142019 igneous felsic intrusive Pilbara 3165 -0.39 342 GSWA-GA unpublished
160794#2 igneous felsic intrusive Pilbara 2940 -3.22 3.45 GSWA-GA unpublished
179775 igneous intermediate volcanic Pilbara 3515 1.71 3.56 GSWA-GA unpublished
142347 igneous mafic intrusive Pilbara 2948 0.04 3.21 GSWA-GA unpublished
142260 igneous mafic intrusive Pilbara 2948 -0.08 3.22 GSWA-GA unpublished
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142359 igneous intermediate volcanic Pilbara 2950 -0.88 3.28 GSWA-GA unpublished
142193 igneous intermediate volcanic Pilbara 2970 -1.51 3.35 GSWA-GA unpublished
169025 igneous felsic volcanic Pilbara 2948 -1.53 3.33 GSWA-GA unpublished
168934 igneous felsic intrusive Pilbara 2988 -39.6 6.23 GSWA-GA unpublished
179871 igneous felsic volcanic Pilbara 3432 0.87 3.55 GSWA-GA unpublished
160760 igneous felsic intrusive Pilbara 3200 -3.16 3.66 GSWA-GA unpublished
179718 igneous intermediate volcanic Pilbara 3470 1.05 3.57 GSWA-GA unpublished
179806 igneous mafic volcanic Pilbara 3515 0.89 3.62 GSWA-GA unpublished
176740 igneous mafic volcanic Pilbara 3000 -2.13 3.42 GSWA-GA unpublished
179782 igneous mafic volcanic Pilbara 3515 0.93 3.62 GSWA-GA unpublished
179760 igneous mafic volcanic Pilbara 3515 1.4 3.58 GSWA-GA unpublished
179737 igneous mafic volcanic Pilbara 3460 0.86 3.58 GSWA-GA unpublished
179873 igneous felsic volcanic Pilbara 3432 1.24 3.53 GSWA-GA unpublished
176747 igneous mafic volcanic Pilbara 3000 -2.04 3.41 GSWA-GA unpublished
174479 igneous mafic volcanic Pilbara 3200 1.66 3.3 GSWA-GA unpublished
179791 igneous intermediate volcanic Pilbara 3515 0.64 3.64 GSWA-GA unpublished
179731 igneous mafic volcanic Pilbara 3475  0.77 3.6  GSWA-GA unpublished
174477 igneous mafic volcanic Pilbara 3200 2.56 3.23 GSWA-GA unpublished
3808 igneous felsic volcanic Pilbara 3480 -0.11 3.67 Jahnetal. 1981

3807 igneous felsic volcanic Pilbara 3480 0.14 3.65 Jahnetal. 1981

3806 igneous felsic volcanic Pilbara 3480 1.1 3.58 Jahnetal. 1981

3809 igneous intermediate volcanic Pilbara 3480 1.42 3.55 Jahnetal. 1981

15255 igneous felsic intrusive Pilbara 3470 0.39 3.62 McCulloch 1987

49250 igneous felsic volcanic Pilbara 3470 0.45 3.62 McCulloch 1987

26218 igneous felsic intrusive Pilbara 2925 -6.67 3.7 McCulloch 1987

15207 igneous felsic intrusive Pilbara 2851 -4.12 3.44 McCulloch 1987

JS44 igneous felsic intrusive Pilbara 2990 0.33 3.22 Smith et al. (1998)
JS35 igneous felsic intrusive Pilbara 3013  0.67 3.22 Smith et al. (1998)
JS42 igneous felsic intrusive Pilbara 2925 -0.62 3.24 Smithetal. (1998)
JS33 igneous felsic intrusive Pilbara 3114  0.98 3.28 Smith et al. (1998)
JS20 igneous felsic intrusive Pilbara 3114  1.96 3.21 Smith et al. (1998)
JS25 igneous felsic intrusive Pilbara 3024 -1.29 3.38 Smithetal. (1998)
JS43 igneous felsic intrusive Pilbara 3265 0.2 3.46 Smith et al. (1998)
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Sample_id LithologyGroup Province Age To,om | Reference
(Ma)

JS17 igneous felsic intrusive Pilbara 3261 -0.2 3.49 Smith et al. (1998)
84770094 igneous mafic intrusive Pilbara 2925 -0.21 3.21 Sun & Hoatson 1992
84770061 igneous mafic intrusive Pilbara 2925 -0.3 3.22 Sun & Hoatson 1992
84770060 igneous mafic intrusive Pilbara 2925 -04 3.23 Sun & Hoatson 1992
84770052 igneous mafic intrusive Pilbara 2925 -0.06 3.2 Sun & Hoatson 1992
84770048 igneous mafic intrusive Pilbara 2925 0.2 3.21 Sun & Hoatson 1992
84770083 igneous felsic intrusive Pilbara 2990 0.19 3.24 Sun & Hoatson 1992
84770094 igneous mafic intrusive Pilbara 2925 -041 3.23 Sun & Hoatson 1992
84770045 igneous mafic intrusive Pilbara 2925 -0.71 3.25 Sun & Hoatson 1992
84770045 igneous mafic intrusive Pilbara 2925 -0.63 3.24 Sun & Hoatson 1992
83330136 igneous mafic intrusive Pilbara 2925 -0.3 3.22 Sun & Hoatson 1992
88330196 igneous mafic intrusive Pilbara 3016 -0.82 3.33 Sun & Hoatson 1992
87330127 igneous mafic intrusive Pilbara 3016  0.66 3.22 Sun & Hoatson 1992
86330069 igneous mafic intrusive Pilbara 3016  0.28 3.25 Sun & Hoatson 1992
86330020 igneous mafic intrusive Pilbara 2000 3.16 2.18 Sun & Hoatson 1992
88330213 igneous mafic intrusive Pilbara 3016 -0.24 3.29 Sun & Hoatson 1992
84770046 igneous mafic intrusive Pilbara 2925 -0.18 3.21 Sun & Hoatson 1992
84770048 igneous mafic intrusive Pilbara 2925 -043 3.23 Sun & Hoatson 1992
84770003 igneous ultramafic intrusive Pilbara 2925 -0.36 3.22 Sun & Hoatson 1992
86330008 igneous ultramafic intrusive Pilbara 3016 -0.44 3.3 Sun & Hoatson 1992
85770174 igneous ultramafic intrusive Pilbara 2925 -0.36 3.22 Sun & Hoatson 1992
84770042 igneous ultramafic intrusive Pilbara 2925 -0.44 3.23 Sun & Hoatson 1992
84770021 igneous ultramafic intrusive Pilbara 2925 -0.11 3.2 Sun & Hoatson 1992
83330172 igneous mafic intrusive Pilbara 3016 -0.36 3.3  Sun & Hoatson 1992
83330141 igneous ultramafic intrusive Pilbara 2925 -0.26 3.21 Sun & Hoatson 1992
83330145 igneous ultramafic intrusive Pilbara 2925 -0.46 3.23 Sun & Hoatson 1992
85770172 igneous mafic intrusive Pilbara 2925 -0.51 3.23 Sun & Hoatson 1992
85770179 igneous mafic intrusive Pilbara 2925 -0.15 3.21 Sun & Hoatson 1992
54998 igneous felsic intrusive Pilbara 2950 -1.27 3.31 Tyleretal 1992
18481 igneous felsic intrusive Pilbara 2851 -4.22 345 Tyleretal 1992
18484 igneous felsic intrusive Pilbara 2851 -4.77 349 Tyleretal 1992
18487 igneous felsic intrusive Pilbara 2851 -4.23 345 Tyleretal. 1992
76316 igneous felsic intrusive Pilbara 2897 -1.92 3.32 Tyleretal 1992
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85332 igneous felsic intrusive Pilbara 2950 -1.63 3.33 Tyleretal. 1992
85320 igneous felsic intrusive Pilbara 2950 -2.39 34  Tyleretal 1992
85317 igneous felsic intrusive Pilbara 2950 -0.1 3.22 Tyleretal. 1992
85313 igneous felsic intrusive Pilbara 2950 -1.21 3.31 Tyleretal 1992
76319 igneous felsic intrusive Pilbara 2838 -1.81 3.26 Tyleretal 1992
76339 igneous felsic intrusive Pilbara 2838 -3.75 3.41 Tyleretal. 1992
76307 igneous felsic intrusive Pilbara 2897 -1.93 3.32 Tyleretal 1992
76338 high grade metamorphic rock Pilbara 3285 1.75 3.36 Tyler et al. 1992
54999 igneous felsic intrusive Pilbara 2950 -0.95 3.29 Tyleretal 1992
85338 igneous intermediate intrusive Pilbara 2950 -2.22 3.38 Tyleretal. 1992
99969014B igneous felsic intrusive Yilgarn 2693 2.96 2.78 Barley et al. 2003
99969014A igneous felsic intrusive Yilgarn 2693 -1.04 3.08 Barley et al. 2003
99967009 igneous felsic intrusive Yilgarn 2650 1.31 2.87 Barley et al. 2003
99967018 igneous felsic intrusive Yilgarn 2640 045 2.92 Barley et al. 2003
2000969003 igneous felsic intrusive Yilgarn 2703 253 2.82 Barley et al. 2003
2000969004 igneous felsic intrusive Yilgarn 2703 219 2.84 Barley et al. 2003
2000969006 igneous felsic intrusive Yilgarn 2664 2.94 2.76 Barley et al. 2003
99969017 igneous felsic intrusive Yilgarn 2650 1.71 2.84 Barley et al. 2003
2001967045 igneous felsic intrusive Yilgarn 2649 045 2.93 Barley et al. 2003
2001967053A  igneous felsic intrusive Yilgarn 2770 0.15 3.05 Barley et al. 2003
2001967053B  igneous felsic intrusive Yilgarn 2650 0.02 2.96 Barley et al. 2003
96969087 igneous felsic intrusive Yilgarn 2660 1.45 2.86 Barley et al. 2003
2001967009 igneous felsic intrusive Yilgarn 2630 0.32 2.92 Barley et al. 2003
2001969122 igneous felsic intrusive Yilgarn 2939 1.06 3.13 Barley et al. 2003
2001969005 igneous felsic intrusive Yilgarn 2667 3.61 2.71 Barley et al. 2003
97969049 igneous felsic intrusive Yilgarn 2640 -2.48 3.14 Barley etal. 2003
MQ sedimentary Yilgarn 2660 1.53 2.86 Barley et al. 2003
2001969001 igneous felsic intrusive Yilgarn 2632 0.17 2.94 Barley et al. 2003
KU-3 sedimentary Yilgarn 2660 1.91 2.83 Barley et al. 2003
115571 igneous felsic intrusive Yilgarn 2665 0.99 29 Barley et al. 2003
115559 igneous felsic intrusive Yilgarn 2638 0.65 291 Barley et al. 2003
115552 igneous felsic intrusive Yilgarn 2665 2.1 2.82 Barley et al. 2003
115542 igneous felsic intrusive Yilgarn 2690 244 2.82 Barley et al. 2003
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sedimentary Yilgarn 2660 2.89 2.76 Barley et al. 2003
115595 igneous felsic intrusive Yilgarn 2675 0.61 2.94 Barley et al. 2003
109358 igneous felsic intrusive Yilgarn 2667 1.38 2.88 Barley et al. 2003
E338 sedimentary Yilgarn 2660 2.88 2.76 Barley et al. 2003
2001969103 igneous intermediate intrusive Yilgarn 2645 2.32 2.79 Barley et al. 2003
96969087 igneous felsic intrusive Yilgarn 2660 1.1 2.89 Barley et al. 2003
YN1 sedimentary Yilgarn 2660 2.35 2.8 Barley et al. 2003
CKD-37 igneous mafic intrusive Yilgarn 2690 -1.11 3.08 Barley et al. 2003
CKD-35 igneous mafic intrusive Yilgarn 2690 -3.39 3.25 Barleyetal. 2003
96969022 igneous felsic intrusive Yilgarn 2710 217 2.85 Barley et al. 2003
96969038 igneous felsic intrusive Yilgarn 2673 1.93 2.84 Barley et al. 2003
96969055 igneous felsic intrusive Yilgarn 2755 217 2.89 Barley et al. 2003
115587 igneous felsic intrusive Yilgarn 2655 1.55 2.85 Barley et al. 2003
101381 igneous felsic intrusive Yilgarn 2675 1.97 2.84 Barley et al. 2003
97969225A igneous felsic intrusive Yilgarn 2753 1.07 297 Barley et al. 2003
2001969044 igneous felsic intrusive Yilgarn 2647 -1.58 3.08 Barley et al. 2003
2001967041A  igneous felsic intrusive Yilgarn 2803 0.86 3.03 Barley et al. 2003
2001967017A  igneous felsic intrusive Yilgarn 2667 0.54 2.94 Barley et al. 2003
2001967013 igneous felsic intrusive Yilgarn 2640 -2.21 3.12 Barley etal. 2003
2000969007 igneous felsic intrusive Yilgarn 2662 1.8 2.84 Barley et al. 2003
98969144 igneous felsic intrusive Yilgarn 2640 -2.91 3.18 Barley etal. 2003
2001969053C  igneous felsic intrusive Yilgarn 2809 2.83 2.89 Barley et al. 2003
98967116D igneous felsic intrusive Yilgarn 2640 147 2.85 Barley et al. 2003
2001969055B  igneous felsic intrusive Yilgarn 2665 0.28 2.96 Barley et al. 2003
98276 igneous felsic intrusive Yilgarn 2665 2.8 2.77 Barley et al. 2003
2001969007 igneous felsic intrusive Yilgarn 2659 1.26 2.88 Barley et al. 2003
2001969033A  igneous felsic intrusive Yilgarn 2716  -0.44 3.05 Barley etal. 2003
2001969035 igneous felsic intrusive Yilgarn 2660 1.53 2.86 Barley et al. 2003
2001969039 igneous felsic intrusive Yilgarn 2650 0.69 291 Barley et al. 2003
2001969058 igneous felsic intrusive Yilgarn 2650 1.54 2.85 Barley et al. 2003
2001969108 igneous felsic intrusive Yilgarn 2650 1.27 2.87 Barley et al. 2003
98967124 igneous felsic intrusive Yilgarn 2675 112 29 Barley et al. 2003
97969045 igneous felsic intrusive Yilgarn 2640 -0.61 3 Barley et al. 2003
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sedimentary Yilgarn 2660 2.28 Barley et al. 2003
2001969019B  igneous felsic intrusive Yilgarn 2638 -0.15 2.97 Barley etal. 2003
2001967039 igneous felsic intrusive Yilgarn 2658 0.09 297 Barley et al. 2003
99967004 igneous felsic intrusive Yilgarn 2640 1.07 2.88 Barley et al. 2003
96969019 igneous felsic intrusive Yilgarn 2714 1.9 2.88 Barley et al. 2003
2001969019A  igneous felsic intrusive Yilgarn 2668 1.02 29 Barley et al. 2003
2001967014 igneous Yilgarn 2687 -6.59 3.49 Barley et al. 2003
2001969111B  igneous felsic intrusive Yilgarn 2710 2.18 2.85 Barley et al. 2003
2001967019A  igneous felsic intrusive Yilgarn 2675 0.39 2.96 Barley et al. 2003
2001969113 igneous felsic intrusive Yilgarn 2640 112 2.87 Barley et al. 2003
KU-1 sedimentary Yilgarn 2660 -2.05 3.13 Barley etal. 2003
JC1 sedimentary Yilgarn 2660 0.34 2.95 Barley et al. 2003
K308 igneous mafic intrusive Yilgarn 2680 2.58 2.8 Bateman et al. 2001
K300 igneous mafic intrusive Yilgarn 2680 2.39 2.81 Bateman et al. 2001
K304 igneous mafic intrusive Yilgarn 2680 297 2.77 Bateman et al. 2001
K297 igneous mafic intrusive Yilgarn 2680 3.04 2.76 Bateman et al. 2001
K292 igneous mafic intrusive Yilgarn 2680 2.78 2.78 Bateman et al. 2001
K360 igneous mafic volcanic Yilgarn 2690 29 2.78 Bateman et al. 2001
K354 igneous mafic volcanic Yilgarn 2690 -1.3 3.1 Bateman et al. 2001
K350 igneous mafic volcanic Yilgarn 2690 -0.92 3.07 Bateman etal. 2001
K281 igneous mafic volcanic Yilgarn 2680 4.58 2.65 Bateman et al. 2001
K403 igneous mafic intrusive Yilgarn 2675 2.51 2.8 Bateman et al. 2001
K402 igneous mafic intrusive Yilgarn 2675 2.64 2.79 Bateman et al. 2001
K396 igneous mafic intrusive Yilgarn 2675 317 2.75 Bateman et al. 2001
K355 igneous mafic volcanic Yilgarn 2690 -2.11 3.16 Bateman etal. 2001
K399 igneous mafic intrusive Yilgarn 2675 2.88 2.77 Bateman et al. 2001
K280 igneous mafic intrusive Yilgarn 2680 3.84 2.7 Bateman et al. 2001
K365 igneous mafic volcanic Yilgarn 2690 1.95 2.85 Bateman et al. 2001
K372 igneous mafic volcanic Yilgarn 2700 2.84 2.79 Bateman et al. 2001
K374 igneous mafic volcanic Yilgarn 2700 24 2.83 Bateman et al. 2001
K375 igneous mafic volcanic Yilgarn 2700 2.89 2.79 Bateman et al. 2001
K397 igneous mafic intrusive Yilgarn 2675 3.69 2.71 Bateman et al. 2001
K400 igneous mafic intrusive Yilgarn 2675 3.38 2.73 Bateman et al. 2001
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K363 igneous mafic volcanic Yilgarn 2690 1.35 Bateman et al. 2001

92969025 igneous felsic intrusive Yilgarn 2680 1.06  2.91 fggg‘pm“ £ EneEn
92969113A  igneous felsic intrusive Yilgarn 2670 -0.33  3.01 %‘;‘;"pb” AR
92969111 igneous felsic intrusive Yilgarn 2650 075 291 Shampion & Sheraton
92969105 igneous felsic intrusive Yilgarn 2660 055 302 Siompion &Sheraton
92969101 igneous felsic intrusive Yilgarn 2670 2.31  2.81 fggg‘pm“ < el
92969091 igneous felsic intrusive Yilgarn 2650 114  2.88 %‘;‘;"pb” AR
92969087 igneous felsic intrusive Yilgarn 2670 224 281 fggg‘pm“ < el
93969030C igneous felsic intrusive Yilgarn 2670 191  2.84 %‘;‘;"pb” AR
93969030A igneous felsic intrusive Yilgarn 2670 146  2.87 fggg‘pm“ & Sheraton
93901 igneous felsic intrusive Yilgamn 2657 364 27 Sampion &sSheraton
93906 igneous felsic intrusive Yilgarn 2665 1.08 29 Siampion &Sheraton
92969084 igneous felsic intrusive Yilgarn 2680 -0.94 3.06 %‘;‘;"pb” ST
92963318 igneous felsic intrusive Yilgarn 2665 1.81  2.84 fggg‘pm“ < el
93969021 igneous felsic intrusive Yilgarn 2665 1.36  2.88 %‘;‘;"pb” AR
92969031 igneous felsic intrusive Yilgarn 2664 055 294 Siampion & Sheraton
94969584B  igneous felsic intrusive Yilgam 2661 151  2.86 %‘;‘;"pb” & Sheraton
92969124 igneous felsic intrusive Yilgarn 2650 042 293 Shampion & Sheraton
92969104B  igneous felsic Yilgarn 2700 119  2.92 %‘g;"pb” & Sheraton
92967064 igneous felsic intrusive Yilgar 2703 168 288 Sjormpion & Sheraton
92969004 igneous felsic intrusive Yilgarn 2680 -0.91 3.06 %‘;‘;"pb” £ SR
92969015 igneous felsic intrusive Yilgarn 2680 128 2.9 Cnampion & Sheraton

1997
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Champion & Sheraton

92969016 igneous felsic intrusive Yilgarn 2680 4 2.95 1997

92969022 igneous felsic intrusive Yilgarn 2642 176 309 Soampion & Sheraton
92963213 igneous felsic intrusive Yilgarn 2680 -1.3  3.09 %‘g;"pb” ST
92969082 igneous felsic intrusive Yilgar 2665 096 291 Shampion & Sheraton
93969049 igneous felsic intrusive Yilgarn 2650 1.85 283 Sjompion & Sheraton
92963431 igneous intermediate intrusive Yilgarn 2664 165  2.85 fgg;‘pm“ & Sheraton
92963013A  igneous mafic intrusive Yilgarn 2685 292 3.22 %‘g;"pb” AR
929690168 high grade metamorphic rock ~ Yilgam 2690 0.81  2.94 fgg;‘pm“ & SO
92969024 igneous felsic Yilgarn 2680 066 294 Sjompion & Sheraton
92969067 igneous felsic Yilgarn 2678 1.02 291 fgg;‘pion & Sheraton
92969080A igneous felsic Yilgarn 2648 05  2.93 %‘g;"pb” & Sheraton
92969048 igneous mafic intrusive Yilgarn 2400 14 286 Soampion & Sheraton
959697278 igneous felsic intrusive Yilgam 2655 1.8 283 Sjompion &Sheraton
959697258 igneous felsic intrusive Yilgarn 2655 076 291 Soampion & Sheraton
92969115 igneous felsic intrusive Yilgarn 2650 1.3 287 Sjampion &sSheraton
95969704K igneous felsic intrusive Yilgarn 2655 1.24  2.88 fgg;‘pm“ < Szl
92969122 igneous felsic intrusive Yilgarn 2680 0.17  2.98 %‘g;"pb” AR
92969082 igneous felsic intrusive Yilgarn 2665 082 292 Soampion & Sheraton
92969073 igneous felsic intrusive Yilgarn 2680 1.37 289 Sjampion &Sheraton
92969071 igneous felsic intrusive Yilgarn 2650 -1.93 311 Shampion & Sheraton
92969054 igneous felsic intrusive Yilgamn 2640 -1.69 3.08 Champion & Sheraton

1997
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Champion & Sheraton

92969052 igneous felsic intrusive Yilgarn 2650 -1.13 3.05 1997
92969051 igneous felsic intrusive Yilgarn 2665 1.69 2.85 ﬁ)gg?pion & ETOEEN
92969038 igneous felsic intrusive Yilgarn 2676 1.1 29 ?gg;npion < SIS
92969032 igneous felsic intrusive Yilgamn 2664 027 2.9 fggg’pm“ & ETOEEN
94969584 igneous felsic intrusive Yilgarn 2661 2.01 2.82 ?gg;npion < SIS
94969580 igneous felsic intrusive Yilgarn 2665 1.03 29 ﬁ)gg?pion < e
95969716B igneous felsic intrusive Yilgarn 2655 248 2.78 ?gg;npion < SIS
92969068 igneous felsic intrusive Yilgamn 2640 432 328 fggg’pm“ < e
92964658 igneous felsic intrusive Yilgarn 2653 447 3.3 ?gg;npion < SIS
%%3:6321\/\/3 igneous mafic volcanic Yilgarn 2690 -2.15 3.16 Chauvel etal. 1985
KD330 1140.5ft igneous ultramafic Yilgarn 2705 4.18 2.7  Chauvel et al. 1985
OB1 igneous mafic intrusive Yilgarn 2690 -1.25 3.09 Chauvel etal. 1985
CD339 256.6m igneous mafic volcanic Yilgarn 2690 -1.9 3.14 Chauvel et al. 1985
CD339 547.9m igneous mafic volcanic Yilgarn 2690 -1.84 3.14 Chauvel etal. 1985
CD339 591.8m igneous mafic volcanic Yilgarn 2690 -1.42 3.11 Chauvel etal. 1985
CD339W3 igneous mafic volcanic Yilgarn 2700 2 2.86 Chauvel et al. 1985
1041.7m
CrEseis igneous mafic volcanic Yilgarn 2700 252 2.82 Chauvel et al. 1985
1041.7m_r
KA1 igneous mafic volcanic Yilgarn 2705 3.01 2.78 Chauvel et al. 1985
KA2 igneous ultramafic Yilgarn 2705 4.67 2.66 Chauvel et al. 1985
KD330 igneous mafic volcanic Yilgarn 2700 1.63 2.88 Chauvel et al. 1985
KD330 1100.5ft igneous ultramafic Yilgarn 2705 312 2.78 Chauvel et al. 1985

. . Chauvel unpub in Arndt
KA12 sedimentary Yilgarn 2705 -0.12 3.02 & Jenner 1986
6033/479.7 igneous ultramafic Yilgarn 2705 5.1 2.63 Claoue-Long et al. 1984
1025/624 igneous mafic volcanic Yilgarn 2705 2.64 2.81 Claoue-Long et al. 1984
1029/3366 igneous mafic volcanic Yilgarn 2705 1.81 2.88 Claoue-Long et al. 1984
1029/4780 igneous mafic volcanic Yilgarn 2705 249 2.82 Claoue-Long et al. 1984
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29/501.5 igneous ultramafic Yilgarn 2705 4.39 2.68 Claoue-Long et al. 1984
UMH97 igneous ultramafic Yilgarn 2705 7.57 2.44 Claoue-Long et al. 1984
UMH62 igneous ultramafic Yilgarn 2705 5.31 2.61 Claoue-Long et al. 1984
UMH72 igneous ultramafic Yilgarn 2705 5.63 2.59 Claoue-Long et al. 1984
UMH74 igneous ultramafic Yilgarn 2705 4.76 2.65 Claoue-Long et al. 1984
UMH81 igneous ultramafic Yilgarn 2705 4.14 2.7  Claoue-Long et al. 1984
1020a507.3 igneous mafic volcanic Yilgarn 2700 1.15 2.92 Claoue-Long et al. 1984
1020a/158.2 igneous mafic volcanic Yilgarn 2690 -1.99 3.15 Claoue-Long et al. 1984
1020a/268.6 igneous mafic volcanic Yilgarn 2700 0.97 2.93 Claoue-Long et al. 1984
1020a/473.2 igneous mafic volcanic Yilgarn 2690 -0.56 3.04 Claoue-Long etal. 1984
6033/222.8 ultraigneous mafic volcanic Yilgarn 2705 41 2.7  Claoue-Long et al. 1984
29/456.0 igneous ultramafic Yilgarn 2705 6.69 2.51 Claoue-Long et al. 1984
71902 igneous felsic intrusive Yilgarn 2700 -5.77 3.44 De Laeter etal. 1985

71187 igneous felsic intrusive Yilgarn 2640 -7.1 3.49 De Laeter et al. 1985

77589 igneous Yilgarn 3640 0.16 3.78 De Laeter et al. 1985

71940 igneous Yilgarn 3350 -3.12 3.79 De Laeter et al. 1985

69627 igneous Yilgarn 3640 -11 3.87 De Laeter et al. 1985

99969142 igneous felsic intrusive Yilgamn 2747 174 348 ;Beggger & LishiEuglies
97969138 igneous felsic intrusive Yilgarn 2627 -3.5 3.21 ;:)eotgger & HER Eni
99969164A  igneous felsic intrusive Yilgarn 2742 075 299 bletoher & McNaughton
99969096 igneous felsic intrusive Yilgarn 2639 455 33 ;:)eotgger & R Enie
99969066 igneous felsic intrusive Yilgarn 2730 -3 3.26 Ege(;glger & bishiEnelies
99969063 igneous felsic intrusive Yilgarn 2630 -3.68 3.23 ;:)eotgger & R Enie
99969049 igneous felsic intrusive Yilgarn 2640 418 327 leoher & McNaughton
99967141 igneous felsic intrusive Yilgarn 2745 -3.82 3.33 ;:)eotgger & R Enie
99967114 igneous felsic intrusive Yilgarn 2630 -3.47 3.21 Egeggl;er LBl E
99967066 igneous felsic intrusive Yilgarn 2645 -4.05 3.27 Fleizier & L aNEngnen

2002b
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Fletcher & McNaughton

99967055 igneous felsic intrusive Yilgarn 2641 -3.63 3.23 2002b

99967049A  igneous felsic intrusive Yilgam 2787 126 3.8 g:)eotgr;er LB e
999690938 igneous felsic intrusive Yilgarn 3007 004 326 e oher&MoNaughton
99964016C igneous felsic intrusive Yilgam 2756 145 3.6 g:)eotgr;er LB E
94962258A  igneous felsic intrusive Yilgarn 2667 112 29 pecherMoNaughton
99967082C  high grade metamorphic rock  Yilgarn 2940 157 3.33 g:)eotgr;er LB E
99967170A  igneous mafic intrusive Yilgarn 2680 173 286 o oher & MeNaughton
99967176 igneous intermediate intrusive  Yilgam 2657 117  2.88 g:)eotgr;er LB E
99967174A  igneous intermediate intrusive Yilgamn 2657 1.8 284 e oher&MoNaughton
98969003 igneous felsic intrusive Yilgam 2659 003  2.97 g:)eotgr;er LB E
98967008 igneous felsic intrusive Yilgarn 2660 094 29 peoheréMoNaughton
979692568 igneous felsic intrusive Yilgam 2663 1.03 2.9 g:)eotgr;er LB e
97967153 igneous felsic intrusive Yilgarn 2630 024 293 peoheréMoNaughton
97967152 igneous felsic intrusive Yilgam 2645 121 287 g:)eotgr;er LB E
97967150 igneous felsic intrusive Yilgarn 2645 118 287 e oher&MoNaughton
96969044 igneous felsic intrusive Yilgam 2665 1.87 2.84 g:)eotgr;er LB E
99964100 igneous felsic intrusive Yilgarn 2743 11 343 ercher& MoNaughton
97969248 igneous felsic intrusive Yilgam 2650 093 2.9 g:)eotgr;er LB E
97967069A  igneous felsic intrusive Yilgarn 2644 079 29 becheréMoNaughton
97969209 igneous felsic intrusive Yilgam 2620 132 304 Deoher LB E
97969249 igneous felsic intrusive Yilgarn S a5z |ap  |EENETS ERERT

2002b
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Fletcher & McNaughton

97969245 igneous felsic intrusive Yilgarn 2640 14 2.95 2002b

97969243 igneous felsic intrusive Yilgamn 2655 057 2.93 ;:)e(;gl;er & bishiEnelies
97969237 igneous felsic intrusive Yilgarn 2625 -0.77 3 gz)eotgger & R Enie
97969223 igneous felsic intrusive Yilgamn 2660 041  2.94 ;:)e(;gl;er LB E
97969044 igneous felsic intrusive Yilgarn 2640 -1.14 3.04 gz)eotgger & R Enie
96969087 igneous felsic intrusive Yilgarn 2660 1.06 2.89 ;:)eggl;er & LishiEuelies
97967069B igneous felsic intrusive Yilgarn 2680 -0.46 3.03 gz)eotgger & HER Eni
96969080A igneous felsic intrusive Yilgarn 2671 -0.38  3.01 ;:)eggl;er & LishiEuelies
96969076 igneous felsic intrusive Yilgarn 2686  1.81 2.86 gz)eotgger & R Enie
96969046 igneous felsic intrusive Yilgarn 2647 13 287 ;:)e(;gl;er LB E
97969201 igneous felsic intrusive Yilgarn 2623 -3.66 3.22 gz)eotgger & R Enie
97969126 igneous mafic intrusive Yilgamn 1201 451 142 ;:)e(;gl;er LB E
98969055 igneous felsic intrusive Yilgarn 2712 295 3.24 gz)eotgger & R Enie
98969045 igneous felsic intrusive Yilgarn 2700 0.65 2.96 ;:)eggl;er & LishiEuelies
98969044 igneous felsic intrusive Yilgarn 2650 0.19 2.95 gz)eotgger & R Enie
98969042 igneous felsic intrusive Yilgarn 2630 -2.91 3417 ;:)e(;gl;er LB E
98969025 igneous felsic intrusive Yilgarn 2661 224 314 gz)eotgger & HER Eni
98969019 igneous felsic intrusive Yilgamn 2640 -2.74 3.16 ;:)e(;gl;er LB E
98968104 igneous felsic intrusive Yilgarn 2813 3.78 2.82 ;:)eotgger & R Enie
98967100A igneous felsic intrusive Yilgarn 2630 -3.39 3.2 Ege(;gger & LishiEuglies
97969202 igneous felsic intrusive Yilgarn 2656 -0.58 3.01 Fleizier & L eEngion

2002b
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(Ma)

Fletcher & McNaughton

97969125 igneous felsic intrusive Yilgarn 2617 -2.85 3.15 2002b

97969104 igneous felsic intrusive Yilgam 2682 403 3.3 g:)eotgr;er LB e
97969102B  igneous felsic intrusive Yilgarn 2737 082 31 peoherMoNaughton
97969090 igneous felsic intrusive Yilgam 2656 -1.12  3.05 g:)eotgr;er LB E
97969082A  igneous felsic intrusive Yilgarn 2682 43 332 eoheréMoNaughton
97969023 igneous felsic intrusive Yilgam 2640 254 3.5 g:)eotgr;er LB E
96969012 igneous felsic intrusive Yilgarn 2633 433 328 »eoheré MoNaughton
98967102E  igneous felsic Yilgam 2699 279 3.22 g:)eotgr;er LB E
98969033 igneous felsic Yilgarn 2671 403 329 biercheré McNaughton
97969212 igneous felsic intrusive Yilgarn 2685 024 298 eicher&McNaughion
20807a igneous Yilgarn 2670 -2.63 3.18 Fletcheretal 1983a
60734 igneous felsic Yilgarn 3350 -2.64 3.75 Fletcheretal 1983a
60735 igneous Yilgarn 3640 -0.01 3.79 Fletcheretal 1983a
60721 igneous Yilgarn 3000 -0.09 3.26 Fletcheretal 1983a
Errabiddy igneous felsic Yilgarn 2500 -15.08 3.98 Fletcher et al 1983a
69623 igneous felsic Yilgarn 3000 -1.41 3.36 Fletcheretal 1983a
60723 high grade metamorphic rock Yilgarn 3000 -1.81 3.39 Fletcheretal 1983a
54161A high grade metamorphic rock Yilgarn 2700 -6.31 3.48 Fletcheretal 1983b
76-181 high grade metamorphic rock Yilgarn 2700 -4.73 3.36 Fletcheretal 1983b
55810C igneous felsic intrusive Yilgarn 2640 -0.94 3.03 Fletcheretal 1983b
63206 igneous felsic Yilgarn 2680 0.64 2.94 Fletcher et al. 1984
44484D igneous felsic volcanic Yilgarn 2950 1.18 3.13 Fletcher et al. 1984
44484G igneous felsic volcanic Yilgarn 2950 0.7 3.16  Fletcher et al. 1984
44484H igneous ultramafic Yilgarn 2950 -0.28 3.24 Fletcheretal. 1984
63213 igneous mafic volcanic Yilgarn 2705 1.8 2.88 Fletcher et al. 1984
63209 igneous ultramafic Yilgarn 2705 2.65 2.81 Fletcher et al. 1984
63210 igneous ultramafic Yilgarn 2705 2.73 2.81 Fletcher et al. 1984
63217 igneous felsic Yilgarn 2680 1.28 2.89 Fletcher et al. 1984
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63202 igneous felsic Yilgarn 2680 1.38 2.89 Fletcher et al. 1984
44484Q igneous felsic volcanic Yilgarn 2950 -0.66 3.27 Fletcheretal. 1984
44484S igneous felsic volcanic Yilgarn 2950 O 3.22 Fletcher et al. 1984
44484U igneous felsic volcanic Yilgarn 2950 0.94 3.14  Fletcher et al. 1984
49578 igneous mafic intrusive Yilgarn 2950 045 3.18 Fletcher et al. 1984
49585 igneous mafic intrusive Yilgarn 2950 -1.05 33 Fletcher et al. 1984
44484E igneous ultramafic Yilgarn 2950 -5.54 3.63 Fletcher et al. 1984
44484N igneous mafic intrusive Yilgarn 2950 0.73 3.16 Fletcher et al. 1984
44484M igneous mafic intrusive Yilgarn 2950 1.8 3.08 Fletcher et al. 1984
63211 igneous mafic volcanic Yilgarn 2705 2.09 2.85 Fletcher et al. 1984
63656 igneous mafic volcanic Yilgarn 2950 1.87 3.08 Fletcher et al. 1984
71180 igneous felsic intrusive Yilgarn 2750 -3.15 3.29 Fletcher et al. 1984
63662 igneous mafic volcanic Yilgarn 2950 0.35 3.19 Fletcher et al. 1984
63667 igneous mafic volcanic Yilgarn 2950 0.37 3.19 Fletcher et al. 1984
63672 igneous mafic volcanic Yilgarn 2950 -0.44 3.25 Fletcher et al. 1984
63673 igneous mafic volcanic Yilgarn 2950 1.63 3.09 Fletcher et al. 1984
63676 igneous mafic volcanic Yilgarn 2950 1.9 3.07 Fletcher et al. 1984
71178 igneous volcanic Yilgarn 2750 -3.13 3.29 Fletcheretal. 1984
71179 igneous intermediate volcanic Yilgarn 2750 -3.32 33 Fletcher et al. 1984
63655 igneous mafic volcanic Yilgarn 2950 0.53 3.18 Fletcher et al. 1984
56434C igneous Yilgarn 3000 -0.75 3.31 Fletcheretal. 1985
56434A UCIETIBEAE proiels Yilgarn 2650 -5.05 3.35 Fletcher etal. 1985
52478D igneous felsic intrusive Yilgarn 2612 -2.78 3.14 Fletcher et al. 1985
52475F igneous felsic intrusive Yilgarn 2612 -3.07 3.17 Fletcher et al. 1985
36937A igneous felsic intrusive Yilgarn 2630 -0.87 3.01 Fletcheretal. 1985
1671 high grade metamorphic rock Yilgarn 2800 -1.64 3.21 Fletcheretal. 1985
30711 igneous felsic intrusive Yilgarn 2630 -2.5 3.14  Fletcher et al. 1985
56434B igneous felsic Yilgarn 3000 -1.12 3.34 Fletcheretal. 1985
1670 high grade metamorphic rock Yilgarn 2800 043 3.06 Fletcher et al. 1985
77353 igneous felsic intrusive Yilgarn 2950 -0.94 3.29 Fletcheretal 1994
40597A igneous felsic intrusive Yilgarn 2681 0.88 2.93 Fletcher et al. 1994
40597F igneous felsic intrusive Yilgarn 2663 1.79 2.84 Fletcher et al. 1994
W-15 igneous felsic intrusive Yilgarn 3000 3.03 3.03 Fletcher et al. 1994
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W-13 igneous felsic intrusive Yilgarn 2700 2.96 Fletcher et al. 1994
59926 igneous felsic intrusive Yilgarn 3000 2.52 3.07 Fletcher et al. 1994
59925 igneous felsic intrusive Yilgarn 3000 2.24 3.09 Fletcher et al. 1994
WH-5 igneous felsic intrusive Yilgarn 2700 -2.38 3.19 Fletcher et al. 1994
17808 igneous felsic intrusive Yilgarn 2700 -1.63 3.13 Fletcheretal. 1994
77346 igneous felsic intrusive Yilgarn 2950 -5.94 3.66 Fletcheretal. 1994
80313 igneous felsic intrusive Yilgarn 3000 -0.56 3.3 Fletcher et al. 1994
17808 igneous felsic intrusive Yilgarn 2700 -1.75 3.14 Fletcher et al. 1994
77334 igneous felsic intrusive Yilgarn 2690 -2.85 3.21 Fletcheretal. 1994
T7T7337A igneous felsic intrusive Yilgarn 2690 -1.88 3.14 Fletcher et al. 1994
77392 igneous felsic intrusive Yilgarn 2690 -4.98 3.37 Fletcheretal 1994
77391 igneous felsic intrusive Yilgarn 2690 -2.05 3.15 Fletcheretal. 1994
77366 igneous felsic intrusive Yilgarn 2753 -2.45 3.24 Fletcheretal. 1994
77362 igneous felsic intrusive Yilgarn 2918 -0.03 3.19 Fletcher et al. 1994
17810 igneous felsic intrusive Yilgarn 2720 0.84 2.96 Fletcher et al. 1994
17810 igneous felsic intrusive Yilgarn 2720 -0.05 3.03 Fletcher et al. 1994
77350 igneous felsic intrusive Yilgarn 2950 -3.17 3.45 Fletcheretal. 1994
77272 igneous felsic intrusive Yilgarn 3000 -0.26 3.28 Fletcher et al. 1994
59047 igneous felsic intrusive Yilgarn 2644 1.64 2.84 Fletcher et al. 1994
40592A igneous felsic intrusive Yilgarn 2650 0.23 2.95 Fletcher et al. 1994
59046A igneous intermediate intrusive Yilgarn 2644 2.03 2.81 Fletcher et al. 1994
77270 igneous felsic intrusive Yilgarn 3000 0.84 3.19 Fletcher et al. 1994
80322 high grade metamorphic rock Yilgarn 3000 -2.9 3.48 Fletcher et al. 1994
80316 high grade metamorphic rock Yilgarn 3000 0.91 3.19 Fletcher et al. 1994
59046C igneous intermediate intrusive Yilgarn 2644 142 2.85 Fletcher et al. 1994
80309 igneous felsic intrusive Yilgarn 3000 -1.51 3.37 Fletcheretal. 1994
40591A igneous felsic intrusive Yilgarn 2650 0.8 291 Fletcher et al. 1994
71123 igneous felsic intrusive Yilgarn 2680 -4.47 3.33 Fletcheretal. 1994
87975 igneous felsic intrusive Yilgarn 2640 -1.57 3.08 Fletcheretal. 1994
87955 igneous felsic intrusive Yilgarn 2660 -4.66 3.33 Fletcheretal. 1994
81884 igneous felsic intrusive Yilgarn 2680 -2.01 3.14 Fletcher et al. 1994
71124 igneous felsic intrusive Yilgarn 2680 -2.05 3.15 Fletcher et al. 1994
71122 igneous felsic intrusive Yilgarn 2680 -4.47 3.33 Fletcheretal. 1994
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Sample_id LithologyGroup Province Age To,om | Reference
(Ma)

71122

56478

56477

71125
96969046
2003967007N
2003967007D
2003967007A
96969076
2003969018
96969034
94969596
96969025
96969019
94969608
20039670072
94962355
2003969013
2003969019
2003967007S
2003967007U
2003967012
96969002
96969010
96969012

98967052A

98967051

98967050A

98967052B

989670508

igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous mafic volcanic
igneous mafic volcanic
igneous mafic volcanic
igneous felsic intrusive
igneous mafic volcanic
igneous felsic intrusive
igneous felsic

igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous felsic intrusive
igneous mafic intrusive

igneous mafic volcanic

ultraigneous mafic volcanic

ultraigneous mafic volcanic

igneous mafic intrusive
igneous felsic intrusive
igneous felsic intrusive

igneous felsic intrusive

igneous felsic intrusive

igneous felsic intrusive

igneous felsic intrusive

igneous felsic

igneous felsic

Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn
Yilgarn

Yilgarn

Yilgarn

Yilgarn

Yilgarn

Yilgarn

2680
2675
2630
2660
2647
2800
2800
2800
2686
2700
2652
2738
2641
2714
2650
2800
2650
2700
2700
2800
2800
2700
2631
2659
2633

2652

2645

2672

2711

2711

-4.58
-1.71
-2.81
-2.16
1.33
0.27
1.14
0.45
1.84
23
1.99
0.52
0.82
2.83
1.27
-0.52
1.14
-0.05
-2.68
2.71
-0.07
2.28
-3.43
-1.56
-3.65

1.09

0.52

-0.09

0.38

1.09

3.34
3.12
3.16
3.14
2.86
3.07
3.01
3.06
2.86
2.83
2.82
3
2.9
2.81
2.87
3.13
2.88
3.01
3.21
2.89
3.1
2.84
3.21
3.09
3.23

2.89

2.92

2.99

2.99

2.93

Fletcher et al. 1994
Fletcher et al. 1994
Fletcher et al. 1994
Fletcher et al. 1994
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished
GA unpublished

J. Dunphy unpublished
data

J. Dunphy unpublished
data

J. Dunphy unpublished
data

J. Dunphy unpublished
data

J. Dunphy unpublished
data

Neodymium depleted mantle model age map of Australia

189



Sample_id LithologyGroup Province Age To,om | Reference
(Ma)

KD6012/1009.5 igneous ultramafic Yilgarn 2705 247 2.83 Lesher & Arndt 1995
KD6033/476.3  igneous ultramafic Yilgarn 2705 4.83 2.65 Lesher & Arndt 1995
KD6033/477.4  igneous ultramafic Yilgarn 2705 2.09 2.85 Lesher & Arndt 1995
KD6033/222.8 ultraigneous mafic volcanic Yilgarn 2705 3.08 2.78 Lesher & Arndt 1995
KD6033/426.7 igneous ultramafic Yilgarn 2705 0.5 297 Lesher & Arndt 1995
88-28 igneous Yilgarn 3731 1.48 3.76 Maas & McCulloch 1991
86-6 igneous Yilgarn 3380 -0.71 3.63 Maas & McCulloch 1991
86-11 igneous Yilgarn 3350 -1.56 3.67 Maas & McCulloch 1991
80-187b igneous felsic intrusive Yilgarn 2655 209 281 eiooh & Compston
KR3 ultraigneous mafic volcanic Yilgarn 2705 4.48 2.67 I:/I;glulloch & GOSN
71-751 igneous felsic intrusive Yilgarn 2662 177 284 eoioch & Compston
71-752 igneous felsic intrusive Yilgam 2662 1.9  2.83 '}";;“”"Ch & GOSN
80-187a igneous felsic intrusive Yilgarn 2655 205 282 |eiooh & Compston
80-188 igneous felsic volcanic Yilgam 2680 013 3 '}";;“”"Ch & GOSN
72-910 igneous mafic volcanic Yilgarn 2700 342 275 eioch & Compston
72-42br ultraigneous mafic volcanic Yilgarn 2705 -1.03 3.09 ':A;g]u"mh & GOSN
72-42b ultraigneous mafic volcanic  Yilgarn 2705 028 303 eoioch & Compston
80-185 igneous mafic volcanic Yilgam 2700 301 278 '}";;“”"Ch & GOSN
72-41 igneous felsic intrusive Yilgarn 2662 172 285 |eiooh & Compston
72-916 igneous mafic volcanic Yilgam 2700 321 277 '}";;“”"Ch & GOSN
80-184 igneous mafic volcanic Yilgarn 2700 49 264 |eiooh & Compston
72-5 igneous mafic volcanic Yilgam 2705 379 273 '}";;“”"Ch & GOSN
80-186 ultraigneous mafic volcanic  Yilgarn 2700 7.04 248 ioch & Compston
72-19 igneous mafic volcanic Yilgam 2705 303 278 ':";ﬁ“”""h & GOSN
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McCulloch & Compston

72-13 igneous mafic volcanic Yilgarn 2705 . 2.77 1981

71-909 igneous felsic intrusive Yilgarn 2660 0.57 2.93 McCulloch 1987
71-736 igneous felsic intrusive Yilgarn 2655 -0.14 2.98 McCulloch 1987
71-742 igneous felsic intrusive Yilgarn 2638 1.06 2.88 McCulloch 1987
72-864 igneous felsic intrusive Yilgarn 2661 -1.39 3.08 McCulloch 1987

77-41 igneous felsic intrusive Yilgarn 2664 145 2.87 McCulloch et al. 1983a
77-41 igneous felsic intrusive Yilgarn 2664 0.8 2.92 McCulloch et al. 1983a
77-42 igneous felsic intrusive Yilgarn 2664 1.95 2.83 McCulloch et al. 1983a
77-43 igneous felsic intrusive Yilgarn 2664 1.08 2.9  McCulloch et al. 1983a
77-55 igneous felsic Yilgarn 2722 246 3.21 McCulloch et al. 1983a
77-53 igneous felsic Yilgarn 2722 -0.45 3.06 McCulloch etal. 1983a
77-54 igneous felsic Yilgarn 2722 -1.85 3.17 McCulloch et al. 1983a
T77-47 igneous Yilgarn 2668 -0.96 3.05 McCulloch etal. 1983a
77-45 igneous Yilgarn 2668 -2.56 3.17 McCulloch et al. 1983a
77-1111 igneous Yilgarn 2700 049 2.97 McCulloch et al. 1983b
77-1110 igneous Yilgarn 2700 -2 3.16  McCulloch et al. 1983b
GA 4518 high grade metamorphic rock Yilgarn 2700 -0.57 3.05 McCulloch et al. 1983b
77-1086 igneous felsic intrusive Yilgarn 2670 -0.04 2.99 McCulloch et al. 1983b
77-1130 igneous felsic intrusive Yilgarn 2670 -1.12 3.07 McCulloch et al. 1983b
GA4137 high grade metamorphic rock Yilgarn 2700 -8.34 3.64 McCulloch et al. 1983b
GA4138 high grade metamorphic rock Yilgarn 2700 -7.3 3.56 McCulloch et al. 1983b
76-265 high grade metamorphic rock Yilgarn 2700 -4.87 3.37 McCulloch et al. 1983b
77-1133 high grade metamorphic rock Yilgarn 2700 -4.74 3.36 McCulloch et al. 1983b
GA 4270 high grade metamorphic rock  Yilgarn 2700 -7.59 3.58 McCulloch et al. 1983b
GA 4488 high grade metamorphic rock Yilgarn 2700 -3 3.23 McCulloch et al. 1983b
GA 4488 high grade metamorphic rock Yilgarn 2700 -3.79 3.29 McCulloch et al. 1983b
GA 4498 high grade metamorphic rock Yilgarn 2700 -4.44 3.34 McCulloch et al. 1983b
GA4139 high grade metamorphic rock Yilgarn 2700 -7.42 3.57 McCulloch et al. 1983b
88-192 igneous felsic intrusive Yilgarn 2685 -2.12 3.16 Nutman et al. 1993
88-171 igneous Yilgarn 2918 -1.59 3.31 Nutman et al. 1993
88-195 igneous felsic intrusive Yilgarn 2620 -3.41 3.2 Nutman et al. 1993
89-457 igneous felsic intrusive Yilgarn 2753 -0.56 3.09 Nutman et al. 1993
88-167 igneous Yilgarn 3300 2.03 3.36 Nutman et al. 1993
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88-183 igneous Yilgarn 2920 2.87 2.98 Nutman etal. 1993
88-22 igneous Yilgarn 2994 144 3.36 Nutman et al. 1993
88-30 igneous Yilgarn 2920 -3.83 3.48 Nutman etal. 1993
Y5 igneous felsic intrusive Yilgarn 2680 -6.96 3.51 Nutman etal. 1993
88-189 igneous felsic intrusive Yilgarn 2679 -4.25 3.31 Nutman et al. 1993
88-186 igneous felsic intrusive Yilgarn 2672 -7.24 3.53 Nutman et al. 1993
91-615 igneous Yilgarn 2994 -1.63 3.38 Nutman et al. 1993
84-81 igneous Yilgarn 3662 1.23 3.72 Nutman et al. 1993
84-83 igneous Yilgarn 3483 -0.14 3.67 Nutmanetal. 1993
84-97 igneous felsic intrusive Yilgarn 2638 -7.17 3.5 Nutman et al. 1993
88-179 igneous felsic intrusive Yilgarn 2643 -4.3 3.28 Nutman et al. 1993
88-180 igneous felsic intrusive Yilgarn 3302 -3.89 3.8 Nutman et al. 1993
88-196 igneous felsic intrusive Yilgarn 2648 -9.29 3.66 Nutman et al. 1993
88-176 igneous Yilgarn 3466  1.95 3.5 Nutman et al. 1993
88-187b igneous felsic intrusive Yilgarn 2656 -5.28 3.37 Nutman et al. 1993
88-175 igneous Yilgarn 3439 1.05 3.54 Nutman et al. 1993
88-26 igneous Yilgarn 3600 -0.87 3.82 Nutmanetal 1993
88-25 igneous Yilgarn 3600 0.12 3.75 Nutman et al. 1993
88-191 igneous Yilgarn 3597 1.7 3.63 Nutman et al. 1993
88-181 igneous Yilgarn 3119 -4.04 3.66 Nutman etal. 1993
88-168 igneous Yilgarn 3298 -2.18 3.67 Nutmanetal. 1993
88-165 igneous Yilgarn 3480 2.33 3.48 Nutman et al. 1993
88-182 igneous felsic intrusive Yilgarn 2748 -6.86 3.56 Nutman et al. 1993
88-31 igneous Yilgarn 3600 -049 3.8 Nutmanetal 1993
88-188 igneous felsic intrusive Yilgarn 2654 -6.27 3.44 Nutman et al. 1993
88-187a igneous felsic intrusive Yilgarn 2680 -4.21 3.31 Nutman et al. 1993
87-305 igneous felsic intrusive Yilgarn 2620 -6.97 3.47 Nutman et al. 1993
84-96 igneous felsic intrusive Yilgarn 3302 -253 3.7 Nutmanetal 1993
88-23 igneous felsic Yilgarn 3300 -3.8 3.79 Nutman et al. 1993
88-197 igneous Yilgarn 3489 -0.04 3.67 Nutmanetal. 1993
89-456 igneous Yilgarn 3626  2.07 3.62 Nutman et al. 1993
88-27 igneous Yilgarn 3623 -241 3.96 Nutmanetal. 1993
84-82 igneous Yilgarn 3633  0.81 3.73 Nutman et al. 1993
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Sample_id LithologyGroup Province Age To,om | Reference
(Ma)

88-169 igneous Yilgarn 3005 0.14 3.25 Nutman et al. 1993
88-173 igneous Yilgarn 3730 1.77 3.73 Nutman et al. 1993
90-411 igneous Yilgarn 3600 -1.17 3.85 Nutman etal. 1993
99964003 igneous felsic intrusive Yilgarn 2745 -453 3.39 Oliver 1999

97967038G igneous felsic intrusive Yilgarn 2656 1.04 2.89 Oliver 1999

97969034 igneous felsic intrusive Yilgarn 2640 -0.85 3.02 Oliver 1999

97969063 igneous felsic intrusive Yilgarn 2684 -3.6 3.27 Oliver 1999

83524 igneous felsic intrusive Yilgarn 2700 0.35 2.98 Watkins & Hickman 1990
81564 igneous felsic volcanic Yilgarn 2810 1.05 3.02 Watkins & Hickman 1990
83551 igneous felsic intrusive Yilgarn 2602 -4.93 3.3 Watkins & Hickman 1990
83478 igneous felsic intrusive Yilgarn 2700 -0.15 3.02 Watkins & Hickman 1990
83478 igneous felsic intrusive Yilgarn 2700 -0.27 3.03 Watkins & Hickman 1990
83474 igneous felsic intrusive Yilgarn 2700 -0.65 3.06 Watkins & Hickman 1990
83407 igneous felsic intrusive Yilgarn 2641 -4.28 3.28 Watkins & Hickman 1990
83399 igneous felsic intrusive Yilgarn 2920 1.58 3.07 Watkins & Hickman 1990
83399 igneous felsic intrusive Yilgarn 2920 1.46 3.08 Watkins & Hickman 1990
83339 igneous felsic intrusive Yilgarn 2920 -2.22 3.36 Watkins & Hickman 1990
83305 igneous felsic intrusive Yilgarn 2920 1.51 3.08 Watkins & Hickman 1990
74474 igneous felsic intrusive Yilgarn 2760 1.2 2.97 Watkins & Hickman 1990
74459 igneous felsic intrusive Yilgarn 2681 -0.31  3.02 Watkins & Hickman 1990
81711A igneous felsic intrusive Yilgarn 2760 0.53 3.02 Watkins & Hickman 1990

Neodymium depleted mantle model age map of Australia 193



Appendix C. Bibliography for compiled isotopic and

geochronological data.

Appendix Table C.1 List of data sources used in Appendix 2. Locations of data also provided. Data sources
denoted by asterisk are for references used for geochronology, location or other details, but not Sm-Nd isotopic
data. Full bibliographic details are given in the general references.

Allen 2000

Allen et al. 1997

Allen et al. 1998*

Arndt & Jenner 1986
Arndt et al. 1991*

Arndt et al. 2001

Ashley et al. 1996
Bagas 2004~

Bagas et al. 2010
Barley and Pickard 1999*
Barley et al. 2003
Bateman et al. 2001
Bickle et al. 1989

Bickle et al. 1993
Bierlein & Betts 2004
Bierlein et al. 2011
Black & McCulloch 1984
Black & McCulloch 1990
Black & Withnall 1993*
Black 1994*

Black and Shaw 1992*
Black and Shaw 1995*
Black et al. 1992

Black et al. 1998~

Black et al. 2005*

Black et al. 2010

Blevin 2010*

Brauhart & Morant, 2000
Bryant et al. 1997

Tasman
Tasman
Tasman
WA

WA

WA
SA-VIC
WA

NT

WA

WA

WA

WA

WA

NT

NT

NT, Tasman
Tasman
Tasman
Tasman
NT

NT
Tasman
NT
Tasman
Tasman
Tasman
WA

Tasman
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Budd 2006*

Budd and Skirrow 2007
Budd et al. 2001*

Buick et al .1995*

Buick et al. 2002

Bultitude & Champion 1992*
Bultitude et al. 1997*
Carson et al. 2006*

Carson et al. 2009*

Cassidy et al. 2006*
Cawood et al. 2010*
Champion & Sheraton 1997
Champion 1991

Champion & Bultitude 2013a
Champion & Bultitude 2013b
Chauvel et al. 1985
Claoue-Long et al. 1984
Compston 1995*

Compston et al. 1986*
Cooper et al 1988*

Cowley and Fanning 1992
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Appendix D. Calculating a crustal growth curve for
Australia using Nd model age data

The methodology adopted here follows the general approach of McCulloch (1987), with a number of
modifications. Two-stage model ages (T,p,,) were used with model ages calculated using a linear
depleted mantle growth curve (g, of 0.0 at time = 4.5 Ga and +10 at time = 0 Ga). This differs from
McCulloch (1987), who although adopting a linear depleted mantle evolution curve, assumed
depletion commenced at 2.7 Ga (i.e., the mantle was chondritic (¢y4 of 0.0) prior to 2.5 Ga). One result
of the different depleted mantle growth curves will be that model ages as calculated in this work will be
(100-300 Ma) older than those of McCulloch (1987). The use of a two-stage model age, however,
means that there is not a simple relationship between model ages of this work and those of McCulloch
(1987).

The Australia crustal growth curve was calculated by a successive weighted approach, with
weightings based on relative surface areas. Growth curves (based on 100 Ma intervals) were
calculated firstly for subprovinces, then successively for provinces ands, up until the six broad
elements of Australia: the West Australian Element (WAE), South Australian Element (SAE), North
Australian Element (NAE), the Pinjarra Element, the Central Australia Element (CAE) and the Tasman
Element (Appendix Table D.1, Appendix Figure D.1, Appendix Figure D.2). Distribution of the six
elements (and their components) follows the usage of Blewett et al. (2012) and Huston et al. (2012).
The relative surface areas of these were utilised to weight relative contributions from each element to
produce the final growth curve for the continent.

Crustal growth curves were calculated for each province, subprovince, mafic and felsic grouping.
Curves were based on 100 Ma intervals expressed as percentages. These percentage-based curves
were then weighted (by relative surface area) to calculate growth curves for larger entities. This
process was repeated until curves were calculated for the six elements and for the onshore Australian
continent. Province and subprovince subdivisions are from van Kranendonk et al. (2007), Cassidy et
al. (2006), Glen et al. (2012), for the Pilbara Craton, Yilgarn Craton and Tasman Element. Other
subdivisions were based on province and subprovince boundaries in Blewett et al. (2012) and Huston
et al. (2012), and as defined by Geoscience Australia (Stewart et al. in prep).

A number of provinces and subprovinces contain significant amounts of isotopic data for mafic (and
ultramafic) igneous rocks, e.g., the Eastern Goldfields Superterrane and Youanmi Terrane of the
Yilgarn Craton. For these regions the mafic rocks have been treated separately from the felsic rocks
and a weighted crustal growth curve for the region was calculated accordingly.

S-type granites (i.e., with a wholly or very significant sediment input) have been excluded from
calculations. Such rocks are only significant within the Tasman, especially the Lachlan, and
Mossmans. Calculations show that inclusion of these rocks would increase the number of older model
ages in the Lachlan, but conversely decrease the range of model ages in the Mossman.
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Appendix Table D.1 Subdivision of geological elements and component provinces, subprovinces and geological
regions. Number of isotopic analyses used for characterising each province is also shown (in Comments field).

Cratons,
Provinces,
Subprovinces

West Australian
Element (WAE)

Yilgarn Craton
(71%)

Pilbara Craton
(21%)

Gascoyne region
(Capricorn) (8%)

South
Australian %%V‘g;r Craton
Element (SAE)  [Natie

Curnamona Craton
(9.5%)

North Australian
Element
(NAE)

Northern NAE
(42.2%)

Isa (12.9%)

Arunta
Aileron province
only (13.3%)

Warumpi Province
(8.-3%)

Kimberley (6.2%)

Georgetown
(17.2%)

Subprovinces and regions | Comments

OO OWON =

~NOoO O~ WOWN -

WN =

1

. EGST Mafic

. EGST Felsic

. Narryer Terrane

. SW Gneiss Terrane

. Youanmi Terrane Mafic
. Youanmi Terrane Felsic

. East Pilbara Mafic
. East Pilbara Felsic
. West Pilbara Mafic
. West Pilbara Felsic
. Fortescue region

. Whundo

. Kurrana Terrane

. Gascoyne

. Gawler Mafic
. Gawler Felsic

. Curnamona

. Pine Creek
. Tanami
. Tennant Creek

. Isa

. Aileron Province

. Warumpi

1. Kimberley Mafic
2. Kimberley Felsic

. Georgetown-Coen region

EGST and Youanmi Terrane comprised
of 20:80 Mafic:Felsic.
433 samples.

East and West Pilbara composed of
Mafic and Felsic components. 255
samples.

Limited data confined to Gascoyne
region in the southwest. Rest of this
(largely undercover) block assumed to
be similar in composition.

154 samples

49 samples

Lumped together because of small
sample set. Comprises large part of NAE
however.

43 samples.

93 samples

No data for Irindina Province.
72 samples.

17 samples

Data largely from Halls Creek (and some
from King Leopold). No data from
basement to Kimberley Basin; assumed
same as Halls Creek/King Leopold but
possibly older, perhaps Archean.

30 samples.

Significant part of region under cover.
Some drill hole samples but largely
unknown basement ages.

128 samples.
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Central
Australian
Element

Tasman Element

Cratons,
Provinces,
Subprovinces

Albany-Fraser
(32.7%)

Paterson-Rudall
(40%)

Musgraves (27.6%)

Delamerian
(14.4%)

Lachlan (27.4%)

Macquarie ‘Arc’
(2.1%)

Thomson (36.4%)

Greenvale
Province (0.4%)

Mossman (3%)

New England
(16.3%)

Subprovinces and regions

1. Albany-Fraser

1. Paterson
2. Rudall

1. Musgraves

1. South-Australia, western
Victoria and western NSW

1. Lachlan

1. Macquarie ‘arc’ region

1. Thomson

1. Greenvale

1. Mossman

1. New England

Comments

Limited sample set. 20 samples.

26 samples. Samples confined to limited
outcrop area, as much of the region is
undercover. Assumed to be largely
similar to the exposed rocks. May not be
correct especially for basement below
canning basin.

Data largely from the western Musgraves
so possibly not representative. Limited
isotopic data available for the felsic and
mafic Giles magmatism which is
relatively juvenile.

94 samples.

74 samples.

West Tasmania samples included with
Lachlan

Data not evenly distributed with large
gaps. Little data for Victoria. 95 samples
(148 if S-types included).

27 samples.
Surface area of Macquarie Arc not well
constrained.

Most samples from exposed north-
eastern and eastern components. Most
of is not exposed with limited sub-
surface samples.

52 samples

Small number of samples, though
probably representative.
8 samples.

36 samples (50 if S-types included).

Well sampled although mafic component
may be underrepresented.
155 samples.

N
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Appendix Figure D.2 Major onshore geological regions of Australia, with the major cratons, inliers,ic belts and
Phanerozoic sedimentary basins shown. Figure from Blewett et al. (2012).
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Appendix E. T,py images Including S-type granites

Two-stage depleted mantle model age (T,py) grids incorporating S-type granite isotopic data were
also calculated. Resultant grids (Australia — Appendix Figure E.1; South Australia Element — Appendix
Figure E.2; North Australia Element — Appendix Figure E.3; Tasman Element — Appendix Figure E.4),
are largely very similar to those calculated without S-type granites, with only slight differences, largely
in the intervals used in the colour ramp. The West Australian Element (WAE) region has no S-type
granites so has not been replotted.
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Appendix Figure E.1 Gridded Nd two-stage depleted mantle model age (T ,p,,) map for Australia. Isotopic data (colour coded by magmatic age) used to create the grid are also
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Appendix Figure E.4 Gridded Nd two-stage depleted mantle model age (T,p,,) map for the Tasman Element and
surrounding regions (South (SAE) and North (NAE) Australian elements).Isotopic data (colour coded by magmatic
age) used to create the grid are also shown (Data and data sources are in Appendix B and Appendix C). Grid
created in ArcMap® (see main text). Also shown are the Delamerian, Lachlan, Thomson and Mossman orogens
of the Tasman Element, and the Georgetown region (G-town) of the NAE. Grid constructed from 758 data points.
Grid colours in areas with no samples are purely based on interpolation and may have no relationship with
underlying crust. These areas have been partially masked.
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