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THE AGE DISTRIBUTION OF DETRITAL ZIRCONS IN QUARTZITES
FROM THE TOODYAY-LAKE GRACE DOMAIN, WESTERN AUSTRALIA:
IMPLICATIONS FOR THE EARLY EVOLUTION OF THE YILGARN
CRATON

ROBERT T. PIDGEON*'f, MICHAEL T. D. WINGATE***, SIMON BODORKOS***, Fn*
and DAVID R. NELSON##3*

ABSTRACT. Evidence for the early history of the Archean Yilgarn Craton has been
largely obliterated by the craton-wide emplacement of granitic rocks at c. 2650 Ma.
However, detrital zircons from rare, c. 3.1 Ga quartz-rich metasediments preserved in
the Yilgarn Craton provide an opportunity to investigate the age structure and
composition of the pre-existing basement and therefore provide a valuable record of
the early history of crustal components that combined to form the Yilgarn Craton. In
this report we present the results of an ion microprobe (SHRIMP) U-Pb geochronologi-
cal study of detrital zircons from six samples of quartzites from the Toodyay-Lake
Grace Domain (TLGD) in the South West Terrane of the Yilgarn Craton. Consistent
features in the detrital zircon age spectra in all samples demonstrate a basic uniformity
in the composition of the source rocks. The results suggest a provenance dominated by
¢. 3350 to 3200 Ma granitic rocks with an age peak at c. 3265 Ma. No granites of this age
have so far been identified in the south-western part of the Yilgarn Craton, although c.
3280 Ma granites occur in the Narryer Terrane in the northwestern corner of the
craton. A second consistent zircon age component suggests an earlier episode of
granite emplacement at c. 3500 to 3400 Ma. A minor component of material contrib-
uted zircons as old as 3850 Ma to the pre-2650 Ma basement of the proto-Yilgarn
Craton. Our zircon age results suggest that the provenance of the TLGD was different
from that of the c. 3.1 Ga quartzites and metaconglomerates from Mt Narryer and the
Jack Hills in the Narryer Terrane and from the Maynard Hills greenstone belt in the
Southern Cross Domain. Although the zircon age spectra are not consistent with an
origin from presently exposed gneisses from the Narryer Terrane, the presence of
granite and pegmatite in the Narryer Terrane close in age to the main zircon age peak
in the TLGD sediments suggests a possible connection. Some detrital zircons in the
TLGD have been altered hydrothermally or overgrown by zircon rims during the c.
2650 Ma sillimanite-grade metamorphism that affected the southern part of the
TLGD.
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INTRODUCTION

There have been several conflicting views on the early history of the Yilgarn
Craton. Gee and others (1981) commented that “events in the interval 2800 to 2600
Ma (dominated by craton-wide granite emplacement) are seen as a unique episode
that considerably modified the crust, but which added little new sialic material. The
actual crust-building processes considerably preceded this event and in the Yilgarn
block we know very little of their timing and nature.” Alternatively, Myers (1990)
proposed that the Yilgarn Craton can be divided into a number of tectonostratigraphic
terranes that comprise distinct rock units with different geological histories that were
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amalgamated into a super-craton, of which the Yilgarn Craton is a part, during a major
episode of plate tectonic activity from 2.7 to 2.6 Ga (Myers, 1990,1995).

To test these models and to further understand the early evolution of the Yilgarn
Craton, it is necessary to determine the nature of the basement rocks of the constituent
terranes. However, this is a difficult task, firstly because almost all evidence of the early
history has been obliterated by the craton-wide, c. 2650 Ma emplacement of granitoids
(for example Nemchin and Pidgeon, 1997), and secondly, because there is no
consensus on the number and configuration of component terranes making up the
craton. Following Gee (1979), there have been a number of proposals for the
subdivision of the Yilgarn Craton into domains, terranes, and superterranes based on
different criteria (Gee and others, 1981; Myers, 1990, 1995; Wilde and others, 1996,
2001; Whitaker, 2001; Tyler and Hocking, 2001; Cassidy and others, 2006). Of the
various craton subdivisions, the scheme of Whitaker (2001) is the only one to define
the gneisses and metasediments of the Jimperding-Berkshire Valley belt as a separate
entity, the Toodyay-Lake Grace Domain (TLGD, fig. 1A). In this paper, although we
follow the scheme of Cassidy and others (2006), we retain the TLGD because it
contains the quartzitic metasedimentary rocks that are the subject of the present study.
Within the Yilgarn Craton (fig. 1A), only the TLGD, the Narryer Terrane (NT), and
the Southern Cross Domain (SCD) of the Youanmi Terrane, contain c. 3.1 Ga
quartzitic metasedimentary rocks. The age distributions of their detrital zircon suites
provide direct evidence on the ages of early components of the craton and the
independence or otherwise of individual domains or terranes.

Similarities between the TLGD and the NT (fig. 1A) were pointed out by Whitaker
(2001), who noted that both areas are dominated by regionally aligned, composition-
ally banded gneisses. These two regions also contain similar metasedimentary units,
including quartzite, banded iron-formation, and pelitic metasedimentary rocks, and
were considered to be equivalent by early workers (Gee and others, 1981). There are
numerous papers reporting on the ages of detrital zircons in metaconglomerates from
Mt Narryer and the Jack Hills in the NT (Froude and others, 1983; Compston and
Pidgeon, 1986; Maas and McCulloch, 1991; Wilde and others, 2001; Cavosie and
others, 2004; Pidgeon and Nemchin, 2006 and many others), and a lesser number of
reports on detrital zircon ages from the SCD (Wyche and others, 2004; Wyche, 2007,
and references therein).

However, there are only a few reports on U-Pb ages of detrital zircon suites from the
TLGD. Nieuwland and Compston (1981) reported TIMS U-Pb concordia intercept ages
of c. 3341 Ma and c. 3267 Ma for discordant zircon sizefractions from two quartzite units
from the Jimperding metamorphic belt in the southern TLGD and an intercept age of c.
3246 Ma for zircons from an interlayered orthogneiss, which they interpreted as the age of
crystallization of the igneous protolith. In a later study, Bosch and others (1996) reported
sensitive high-resolution ion microprobe (SHRIMP) U-Pb ages of detrital zircons from a
pelitic schist from the Katrine area in the Jimperding Metamorphic Belt, and interpreted
the youngest result as a maximum age of deposition. Kinny (1990) summarized the results
of SHRIMP U-Pb measurements of 50 detrital zircon grains from a‘%uart%ite at Windmill
Hill (fig. 1C) in the Jimperding belt. Two-thirds of the zircons had >*’Pb/2%Pb ages of c.
3350 to 3177 Ma (median 3270 Ma), whereas the remaining third were older, with ages up
to 3500 Ma including one grain with an exceptionally old age of 3735 * 10 Ma. Kinny
(1990) suggested that the provenance of the Jimperding quartzite was probably an
originally extensive block of early Archean crust which was the precursor to the Yilgarn
Craton, and of which the NT may be a remnant. Wyche and others (2004) and Wyche
(2007) extended the comparison of detrital zircon ages to include zircon age spectra from
samples of quartz-rich metasediments from the SCD in the central Yilgarn Craton. On the
basis of the detrital zircon ages these authors concluded that the quartzrich metasedimen-
tary rocks from Mt Narryer and the Jack Hills in the NT, the Illaara and Maynard Hills
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Fig. 1. (A) Tectonic subdivisions of the Yilgarn Craton (Cassidy and others, 2006), showing the
Toodyay-Lake Grace Domain (TLGD) as defined geophysically by Whitaker (2001). (B) Simplified geologi-
cal maﬁ of Archean rocks of the South West Terrane, showing the location of the Jimperding metamorphic
belt. The location of sample W500 is shown. BVS, Berkshire Valley Succession. (C) Geological map of the
central Jimperding belt in the Toodyay area, showing the locations of sampled quartzites.

greenstone belts in the SCD, and in the TLGD, had similar source rocks and probably
shared a common history prior to the proposed accretion of the NT to the Youanmi
Terrane after c. 2680 Ma.
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The purpose of the present contribution is to report SHRIMP U-Pb ages of
detrital zircon suites from six samples of quartzite taken along the length of the TLGD.
These data provide new information on the early provenance of this part of the Yilgarn
Craton and answer questions concerning the possible occurrence of >3.9 Ga zircons in
metasedimentary rocks of the TLGD. We also review and reassess the detrital zircon
age spectra from the NT and SCD, compare these with the new results from the TLGD,
and draw conclusions on the relationships between the provenances of the sediments
and the nature of the early Yilgarn Craton.

ANALYTICAL METHODS

SHRIMP U-Pb results for zircons from four samples (W487, W488, W491, and
W494) of quartzites from the Jimperding Metamorphic Belt in the TLGD (fig. 1C)
were published by the Geological Survey of Western Australia (Wingate and others,
2008a-d). In this paper we report results for an additional two samples from quartzites
from the northern (W500) and southern (W501) part of the TLGD.

Zircons were separated from quartzite samples W500 and W501 using a Wilfley
table, followed by conventional density and magnetic techniques, and hand-picking.
The other four samples were separated using density and magnetic techniques
described in Wingate and others (2008e). Zircon grains were mounted in epoxy
together with chips of the CZ3 standard zircon (**°Pb/?*®U = 0.09142 [564 Ma];
Pidgeon and others, 1994; Nelson, 1997), polished to expose the interiors of the
grains, cleaned and gold-coated, and then analyzed on the SHRIMP II ion micro-
probes in the John de Laeter Centre at Curtin University (Kennedy and de Laeter,
1994). The common-Pb correction employed non-radiogenic 2**Pb and an average
crustal common-Pb composition (Stacey and Kramers, 1975) appropriate to the age of
the mineral. Data were processed using recent updates of the SQUID and Isoplot
software of Ludwig (2001, 2003), and ages were calculated using the decay constants
recommended by Steiger and Jager (1977).

Except where zircon overgrowths were targeted deliberately, analyses of saii:ples
W500 and W501 were made in the centers of grains without taking into account
internal structural complexities. Grains were selected progressively across the mount,
and the only grains excluded were those with extensive cracking and dense clouding
due to alteration. Most analyses consisted of sets of four scans, and an analysis of the
zircon standard was made after each five analyses of unknown zircons. Uncertainties
assigned to isotopic ratios and dates for individual analyses reflect uncertainties arising
from counting statistics and common-Pb correction. Ratios and dates based on
2387/2%Ph also include a calibration uncertainty and an external “spot-to-spot”
uncertainty, related to the reproducibility of the standard 2**U/2°®Pb measurements.
We consider as reliable only those data that are less than 5 percent discordant and
indicate <1 percent common 2°°Pb.

.
ZIRCON SAMPLES AND SHRIMP U—Pb RESULTS

The locations of the six quartzite samples (fig. 1) are listed below with both
Geological Survey of Western Australia (GSWA) and Curtin University sample num-
bers. Samples were collected over a distance of approximately 170 km along the length
of the TLGD (fig. 1). Note that the outcrop is not continuous and the sampled
quartzite bands cannot be shown to be the same unit. One sample (W500) is from a
massive quartzite from the Berkshire Valley Succession in the far north of the TLGD.
Four quartzite samples were collected from fuchsite-bearing flaggy quartzite from the
Jimperding metamorphic belt in the vicinity of Toodyay. Two samples from Noondeen-
ing Hill were taken to examine variations in the zircon age distributions on the scale of
a few hundred meters. The sixth sample (W501) is from a fuchsite-bearing quartzite
from the Needling Hills in the southeasternmost part of the Jimperding belt.



JOBNAME: Amer Jour Sci PAGE: 5 SESS: 9 OUTPUT: Tue Dec 28 08:27:43 2010
/tapraid4/zqn—ajsc/zqn—ajsc/zqn00910,/ zqn2137d10a

| tapraid4/zqn-ajsc/zqn-ajsc/2qn00910/2qn2137d10a | yodert | $=9 | 12/28/10 | 8:27 [ Art: 2qn-2137 | Input-mek |

Toodyay-Lake Grace Domain, Western Australia: Implications for the early evolution 1119

SHRIMP U-Pb isotopic analyses of zircons from W500 and W501 are presented in
tables 1 and 2. Data from other samples are contained in reports published by the
Geological Survey of Western Australia (Wingate and others, 2008a-d). The zircon age
spectra for all samples are shown in the stacked profiles in figure 2. In the following,
the samples are described from north to south along the TLGD.

W500, Moora

Sample W500 (MGA zone 50, 417311E, 6626592N) was taken from a low outcrop
of quartzite at the junction of the old Geraldton Road and Miling West Road (fig. 1B).
The zircon population consists of irregularly shaped to subrounded grains with no
evidence of rims. Fifty-seven analyses of 57 zircon grains were made over two SHRIMP
sessions (table 1). The first session showed consistently higher common Pb and
instability in the total secondary beam monitor. The sample was cleaned and re-coated
with Au, and a second session resulted in much lower common Pb and very stable run
conditions. After excluding eight analyses >5 percent discordant, 48 of the remaining
49 analyses fall within the range c. 3490 to c. 3190 Ma, with one at c. 3695 Ma. Distinct
age peaks occur at c. 3300 Ma and c. 3250 Ma, with smaller peaks at c. 3430 and c. 3385
Ma (fig. 2). Two zircons have ages of c. 3485 Ma.

W494 (GSWA 177904), Windmill Hill Railway Cutting

Sample W494 (MGA zone 50, 453921E, 6506567N) was taken from a coarse-
grained quartzite unit about 20 m west of a contact with amphibolite, on the north side
of the Windmill Hill railway cutting (fig. 1C). This is in the vicinity of, but may not be
exactly, the unit previously sampled by Kinny (1990). The quartzite in the cutting was
derived from sands with silty layers and shows weak cross-bedding. Zircons are clear
and colorless to pale brown, and range from subhedral to strongly rounded. Most
zircons display concentric growth zoning and a number of grains have a thin over-
growth of younger zircon. Details of 155 analyses of 121 zircons are given in Wingate
and others (2008b). Five analyses were >5 Bercent discordant and are not considered
further. The remaining 150 analyses have **’Pb/2°°Pb ages of 3695 to 3005 Ma, and the
age spectrum (fig. 2) has a strong symmetrical age peak between c. 3350 and 3200 Ma,
with a median of c. 3270 Ma. Several small, poorly resolved peaks occur between 3700
and 3400 Ma, and include possible components at c. 3430 Ma and c. 3580 Ma.

W491 (GSWA 177901), Kowalyou Farm

Sample W491 (MGA zone 50, 445610E, 6503813N) was collected from a quarry in
the Jimperding quartzite on the southern slope of a low hill, about 3 km southeast of
Kowalyou Farm, and 10 km west of the town of Toodyay (fig. 1C). The sample is a
coarse-grained, pale pinkish-gray, recrystallized quartzite, which exhibits a subhorizon-
tal foliation and a lineation defined by muscovite and fuchsite in the foliation plane.
Micas developed on foliation planes give the rock a flaggy character and it has been
quarried as a building stone. Zircons from this sample are clear and colorless to pale
brown. Grains are 100 to 300 mm in length with aspect ratios up to 6:1. Most grains
display concentric growth zoning. Surface pitting and rounding are consistent with
mechanical abrasion during sedimentary transport. Some grains have thin zircon
overgrowths. U-Pb analyses of 69 zircons were reported by Wingate and others
(2008a). The spectrum of **’Pb/2°°Pb ages (fig. 2), rejecting two analyses that are >5
percent discordant, shows major symmetrical peak between 3380 and 3180 Ma, with a
median of c. 3270 Ma. A few older grains are present in the population, with ages up to
3676 Ma, and minor components at c. 3550 Ma and c. 3460 Ma.

W487 (GSWA 177907), Noondeening Hill

Sample W487 (MGA zone 50, 457913E, 6500201N) was obtained from a band of
massive, coarse-grained, recrystallized quartzite on the southern end of Noondeening
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Fig. 2. Probability density diagrams and histograms of 2*’Pb/?°°Pb ages obtained for zircons from six
TLGD quartzite samples. Thick curves and frequency histograms (bin width 25 Ma) include only data <5%
discordant, thin curves include all data. n = ages < 5% discordant/total number of ages.



JOBNAME: Amer Jour Sci PAGE: 12 SESS: 9 OUTPUT: Tue Dec 28 08:27:43 2010
/tapraid4/zqn—ajsc/zqn —ajsc/zqn00910/zqn2187d10a

| tapraidd/zqn-ajsc/zqn-ajsc/zqn0091 0/zqn2137d10a | yodert [ 5=0 [ 12/28/10 [ 8:27 | Art: gn-2137 [ Input-mek

1126 R.T. Pidgeon & others—The age distribution of detrital zircons in quartzites from the

Hill, about 1.7 km southeast of the Noondeening Hill survey marker (fig. 1C). The
sample site is in the westernmost of three bands of quartzite that strike north-northwest
along the length of Noondeening Hill, located halfway between the towns of Toodyay
and Northam. Zircons are mainly clear, colorless to pale brown, and up to 250 um
long. Some grains show complex oscillatory zoning, whereas others are broken
fragments with linear zoning. Some grains have thin euhedral overgrowths concen-
trated at the grain terminations. Details of 101 analyses of 88 grains are given in
Wingate and others (2008c). Excluding three analyses >5 percent discordant, the
results show a large skewed peak between 3220 and 3400 Ma, with a median at c. 3275
Ma (fig. 2). The shoulder on this peak at c. 3380 Ma could indicate the presence of a
second age component. Small, well-defined peaks occur at c. 3440 and c. 3490 Ma, and
the oldest grain is c. 3614 Ma. A few grains are younger than 3200 Ma, and the peak at
3070 Ma (five analyses) may be significant. A single analysis of a low-Th/U (0.03)
zircon overgrowth has a **’Pb/2°°Pb age of c. 2660 Ma.

WA488 (GSWA 177908), Noondeening Hill

Sample W488 (MGA zone 50, 457624E, 6500083N) is a gray-white, coarse-grained,
recrystallized quartzite, collected on Noondeening Hill, about 300 m southwest of
W487 (fig. 1C). The zircons resemble those from W487, and consist of subhedral to
subspherical detrital cores with thin subhedral to euhedral zircon overgrowths concen-
trated at grain terminations. Cathodoluminescence (CL) images of typical grains are
shown in figure 3A. Results of 126 analyses on 91 zircons from this population are
reported by Wingate and others (2008c). Most analyses are concordant to slightly
discordant, and their distribution is consistent with episodes of ancient, and probably
some recent, loss of radiogenic Pb. Excluding seventeen analyses >5 percent discor-
dant analyses, the age spectrum exhibits a strong, asymmetrical peak between c. 3220
and 3390 Ma, with a median at ¢c. 3280 Ma (fig. 2). In addition, there are smaller
components at ¢. 3500 and c. 3420 Ma, and the oldest grain is c. 3593 Ma. A strong peak
at c. 2660 Ma represents 14 analyses deliberately targeted on low-Th/U zircon
overgrowths (fig. 3A). Additional results between 2750 and 3200 Ma include peaks at
c. 3170 and c. 3070 Ma.

W501, Needling Hills

Sample W501 (MGA zone 50, 494761E, 6473421N) was taken from an outcrop of
foliated quartzite from the eastern end of the Needling Hills, about 20 km east of the
town of York (fig. 1C). Zircons were generally small (<100 um in length), with
irregular to rounded forms. A total of 103 analyses of 99 grains were made over two
sessions (table 2). Excluding 40 analyses >5 percent discordant, the remaining 65
analyses range mainly between 2900 and 3850 Ma, with prominent age peaks at c. 3440
Ma, c. 3250 Ma and a minor peak at c. 3125 Ma. The age of 3854 * 12 Ma (10) is the
oldest found in the present study. Five analyses younger than 2800 Ma were obtained
from variably metamict, high-U zircon (figs. 3B and C).

DISCUSSION

Apparent Ages Younger than 3000 Ma

SHRIMP U-Pb ages as young as c. 2650 Ma were obtained for euhedral rims and
alteration patches in grains from samples W487, W488, and W501 from the southern
part of the TLGD (table 2, fig. 2). These younger zircon components could have
formed from penetrating hydrothermal solutions associated with high-grade metamor-
phism of the Jimperding metamorphic belt or possibly with the emplacement of
surrounding granitic rocks.

Fourteen analyses of euhedral zircon rims (fig. 3A) in sample W488 (177908) yield
ages between 2666 and 2643 Ma (fig. 4). These overlap with the c. 2649 to 2640 Ma ages
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Fig. 3. Cathodoluminescence (CL) images of selected zircons. (A) Typical zircon rims in sample W488,
showing the approximate locations of analysis sites and 207Pb/2%Pb dates obtained. (B) and (C) examples of
zircons in sample W501 that yield **’Pb/2°°Pb ages between 2700 and 2600 Ma. These analyses are located
on areas of altered zircon, typified by spongy, featureless, irregular-shaped patches overprinting the original
euhedrally zoned zircon.

of zircons from mafic granulites in the TLGD reported by Nemchin and others (1994),
and support a metamorphic origin for the overgrowths. However, the ages of the
zircon rims can also be compared with the history of formation of the surrounding
Darling Range granites. Nemchin and Pidgeon (1997) proposed the following history
of granite emplacement: “initial granite magma formation between 2690 Ma and 2650
Ma, crystallization and emplacement of granite magma at 2648 to 2626 Ma, and slow
cooling, indicated by marginal re-crystallization and continued Pb loss from the
zircons until 2628 to 2616 Ma.”

Although the age of zircon rims is within that of granite emplacement we favor a
metamorphism-related hydrothermal origin, because the rims occur only on zircons
from samples in zones of high metamorphic grade. Several results that fall between the
age of the rims and c. 3050 Ma, the age of deposition of the quartz-rich sediments, are
attributed to analysis of mixtures of rim and core material or to analysis of alteration
patches observed in some zircons. Hydrothermally altered zircons are most common in
sample W501 from the Needling Hills. We have not studied the alteration in detail,
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Fig. 4. Concordia diagram showing U-Pb data for sample W488, indicating analyses of detrital zircon
cores (squz;)re symbols) and c. 2660 Ma metamorphic zircon rims (diamonds). All data are corrected for
common Pb.

because this is beyond the scope of the present “provenance” study. However, the
alteration patches typically occur as irregular-shaped, featureless to granular areas
exhibiting vestiges of primary igneous zoning (figs. 3B and C). Analyses conducted
entirely or partially of these areas invariably produce intermediate ages, reflecting the
interaction of hydrothermal fluids with radiation-damaged zircon, resulting in partial
loss of radiogenic Pb and possibly the addition of other trace elements, as demon-
strated experimentally (Geisler and others, 2001). In view of the above, zircon ages
between c. 3050 Ma, the age of sedimentation, and c¢. 2650 Ma, the age of metamor-
phism, are disregarded below in assessing the significance of the detrital zircon age
spectra from the TLGD.

Zircon Age Spectra for the Toodyay-Lake Grace Domain (TLGD)

The most striking feature of the detrital zircon age spectra of the TLGD is the
major age component between c. 3350 and 3200 Ma, present in all six samples (fig. 2).
The age spectrum for all six samples combined (fig. 5) shows that this peak is
asymmetric and may represent two or more generations of zircon too close in age to
resolve, but is dominated by a peak at c. 3265 Ma. Most zircons included in this age
component have U and Th contents of 50 to 800 ppm and 50 to 300 ppm, respectively,
and Th/U ratios of 0.1 to 1.0 (tables 1 and 2). These parameters, together with the
euhedral, concentric growth zoning in many zircons, as seen in CL images (fig. 3A),
suggest that most of the zircons were derived from a 3300 to 3200 Ma generation of
granitic rocks. Granites of this age are not known in the southern Yilgarn Craton, with
the possible exception of a c. 3250 Ma orthogneiss from the Jimperding metamorphic
belt reported by Nieuwland and Compston (1981).

Also present in the zircon age spectrum is a smaller component between 3500 and
3400 Ma (fig. 2). Based on zoning in the zircons and their U and Th contents we
similarly interpret this generation of zircons to represent an earlier episode of
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Fig. 5. Probability density diagrams and histograms for detrital zircon ages between 3.0 and 3.9 Ga. (A)
Quartzite from Mt Narryer (Pidgeon and Nemchin, 2006) in the Narryer Terrane (NT), (B) metaconglom-
erate from the Jack Hills greenstone belt (Pidgeon and Nemchin, 2006) in the NT, (C) quartzites from the
Maynard Hills greenstone belt (Wyche, 2007, and references therein) in the Southern Cross Domain (SCD),
and (D) quartzites from the Toodyay-Lake Grace Domain (TLGD) of the South West Terrane (this study).
All data are <10% discordant; ages from duplicate analyses of the same zircons are averaged.
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granitoid emplacement. Small peaks at c. 3000 Ma in the southernmost samples
(W487, W488, and W501) might represent a minor contribution of zircons from c.
3000 Ma granites or greenstones which are known in the Yilgarn Craton (for example
Pidgeon and Wilde, 1990).

Zircons older than 3500 Ma are present in all six TLGD samples and vary in
amount and age, but apparently not systematically (fig. 2). Only a single >3500 Ma
grain was detected in the northernmost sample (W500). Zircons of this age are most
common in the sample from Windmill Hill (W494, 16 zircons), and in the southern-
most sample, from the Needling Hills (W501, 12 zircons). No detrital zircons in the
TLGD samples yielded ages >4.0 Ga. This represents a major difference between the
detrital zircon age spectra in the TLGD quartzites compared to similar rocks in the NT
and SCD. The oldest zircon in the TLGD samples (W501), with an age of c. 3854 = 24
Ma (20), is older than any zircon age repurted for gneisses in the NT (Kinny and
others, 1988; Nutman and others, 1991).

The 3500 to 3400 and 3350 to 3200 Ma age components, as well as a few >3500 Ma
zircons, vary in proportion from one sample to another, which may reflect differences
in the local abundances of different generations of granites or to vagaries of the local
weathering and transport systems. Despite these minor variations, the characteristic
features of the TLGD detrital zircon age spectra form a basis for comparison with
zircon ages from quartzitic metasediments in c. 3.1 Ga quartzites and conglomerates in
the NT and the SCD to the north and east.

Comparison of Detrital Zircon Age Profiles from the Narryer Terrane (NT) and Southern Cross
Domain (SCD)

Nelson (2001) and Wyche and others (2004) argued that the similarity of the age
profiles of detrital zircons from quartzites from the Maynard Hills and Illaara green-
stone belts in the SCD, Windmill Hill (Kinny 1990) in the TLGD, and the Jack Hills in
the NT, suggests they were derived from a similarly aged continental source. Wyche
(2007) reached the same conclusion based on analyses of detrital zircons from
additional samples from the Maynard Hills and the Illaara greenstone belts.

The most intensely studied detrital zircon suites in the Yilgarn Craton are from c.
3.1 Ga metaconglomerates from the Jack Hills in the NT (fig. 1A) (for example
Compston and Pidgeon, 1986; Maas and McCulloch, 1991; Cavosie and others, 2004;
Crowley and others, 2005; Dunn and others, 2005; Pidgeon and Nemchin, 2006; Kemp
and others, 2010). The Jack Hills zircons form two main age components, those older
and those younger than 3.9 Ga. Because we have found no >3.9 Ga zircons in the
TLGD samples, and only one such grain has been reported for samples from the
Maynard Hills greenstone belt (Wyche and others, 2004) (fig. 1A), we have restricted
the present discussion to the age distributions of the 3900 to 3100 Ma detrital zircon
populations (fig. 5).

Several studies are in agreement (for example Crowley and others, 2905;
Pidgeon and Nemchin, 2006) that the U-Pb ages of the younger group of de: fital
zircons, from the original “old zircon” locality in the Jack Hills (Compston and
Pidgeon, 1986), are characterized by a broad age component from c. 3400 to c.
3300 Ma, with a well-defined maximum at c. 3380 Ma and a low shoulder extending
to 3600 Ma (fig. 5B). Crowley and others (2005) referred to these zircons as “Group
17 and Pidgeon and Nemchin (2006) referred to them as the “Jack Hills type.”
Crowley and others (2005) reported more complex zircon age profiles for samples
from elsewhere in the Jack Hills belt that they referred to as their “Group 2.” These
contained few grains coeval with the 3380 Ma “Group 1” peak, and are generally
evenly spread from 3650 to 3200 Ma. This “Group 2” distribution is also observed in
results for other Jack Hills samples dated by GSWA (Nelson, 2004; Wingate and
others, in preparation). It is clear that more variation exists in the age spectra of
the Jack Hills detrital zircons than is evident in the zircon ages from the original old
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zircon site of Compston and Pidgeon (1986). Also, it appears that some Jack Hills
quartzite bands may contain Proterozoic zircons, suggesting that at least some of
the sediments have been reworked in the Proterozoic (Cavosie and others, 2004;
Grange and others, 2010), and caution must be exercised in assessing the signifi-
cance of detrital zircon age spectra from Jack Hills samples.

The distributions of U-Pb ages of detrital zircons from quartzites from Mt Narryer
have been described by Froude and others (1983), Maas and McCulloch (1991),
Crowley and others (2005), and Pidgeon and Nemchin (2006). Crowley and others
(2005) reported age spectra for nine samples from old to young sedimentary units in
the Mt Narryer quartzite. They found that the zircon ages range from c. 3750 to c. 3300
Ma, with peaks at 3650, 3600, and 3500 Ma, and noted that the age components tended
to be younger in the higher (younger) units. Nemchin and Pidgeon (2006) reported a
similar zircon age distribution for a sample taken from lithostratigraphic unit C, in
which the <3.9 Ga zircons are dominated by two main age components, one at 3750 to
3600 Ma and a second at 3450 to 3250 Ma (fig. bA). This contrasts with the detrital
zircon age spectrum (fig. 5B) from the original discovery outcrop in the Jack Hills,
which is dominated by a single 3500 to 3350 Ma component, with a strong peak at 3380
Ma (Crowley and others, 2005; Pidgeon and Nemchin, 2006). This difference was
noted previously by Nutman and others (1991), based on the measurements of Froude
and others (1983) and Compston and Pidgeon (1986), and strongly suggests that the
Mt Narryer sediments were derived from a different source to that which provided type
1 zircons in the Jack Hills conglomerate.

Results of SHRIMP U-Pb analyses of detrital zircons from six quartzite samples
from the Maynard Hills greenstone belt of the SCD are given in Wyche, 2007, and
references therein). One grain with an age of c. 4350 Ma was found in sample 169075
(Nelson, 2005a). Otherwise, zircon ages in the six samples range from 3920 to 3131
Ma. Minor age differences within and between the zircon components of the different
samples may indicate local variations in the composition of the provenance, although
the overall similarity of the age distributions suggests that, within the limitations of the
relatively small data sets, the provenance of the quartzites is consistent over the length
of the greenstone belt. The age spectrum of the combined results (fig. 5C) is therefore
a reliable estimate of the age distribution of detrital zircons in the Maynard Hills
quartzites.

It is evident that the prominent peak at c. 3380 Ma and the spread of minor peaks
to older ages in the spectra for the Jack Hills and the Maynard Hills detrital zircons are
almost identical (fig. 5). On this basis, we agree with Wyche (2007), that the detrital
zircons in the Maynard Hills in the SCD and Group 1 zircons from the Jack Hills in the
NT were derived from a similarly aged continental source. Further support for a
common source for detrital zircons in metasediments from the Jack Hills and Maynard
Hills is the presence in these samples of >4.1 Ga zircons. Very old zircons are also
present in one (178064; Nelson, 2005) of the two quartzite samples from the Illaara
greenstone belt, and the <3.9 Ga age spectrum for the second Illaara sample (142999;
Nelson, 2000) is very similar to those for the Jack Hills and Maynard Hills samples, and
we tentatively propose that the Illaara quartzites had the same source rocks as those in
the Jack Hills and the Maynard Hills. As concluded by Wyche (2007), it is unlikely that
the provenance of the Jack Hills quartzites in the NT and the Maynard Hills and Illaara
quartzites in the SCD were separate entities prior to the deposition of the quartzrich
clastic sedimentary rocks at c. 3.1 Ga. On this evidence alone, there is no basis for
dividing this part of the Yilgarn Craton into separate terranes.

Neither the Jack Hills nor the Maynard Hills detrital zircon age spectra contain
the prominent age component between c. 3600 and 3800 Ma, which is evident in the
spectrum for the Mt Narryer quartzite (fig. 5).
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Comparison of Detrital Zircon Age Profiles from the Jack Hills, Mt Narryer, and the
Toodyay-Lake Grace Domain (TLGD)

As shown in figure 5, the detrital zircon age spectrum of the TLGD is different
from those of both the Mt Narryer and Jack Hills samples. The dominant age
component at ¢. 3265 Ma in the TLGD profile is not present in age profiles for the Mt
Narryer or the Jack Hills and, similarly, the prominent age components in the Mt
Narryer and Jack Hills spectra are not present in age distributions for the TLGD. This is
taken as convincing evidence that the source rocks for the quartz-rich sediments of the
TLGD were different from those of Mt Narryer and the Jack Hills. It is interesting that
the detrital zircon age spectra from the Jack Hills and Maynard Hills and the TLGD are
dominated by single age components interpreted to represent granite-generation
events separated in time by just over 100 Ma.

The Presently Exposed Narryer Terrane as a Possible Source of the Detrital Zircon Suites

The question of whether the Mt Narryer and the Jack Hills detrital zircons were
derived from presently exposed gneisses in the NT has been addressed by Myers and
Williams (1985), Crowley and others (2005), and Amelin (1998). The prominent 3750
to 3600 Ma component in zircon ages from the Meeberrie gneiss (Kinny and others,
1988; Kinny and Nutman, 1996; Pidgeon and Wilde, 1998; Crowley and others, 2005) is
present in the detrital zircon profile of the Mt Narryer quartzite (fig. 5A), suggesting
that the Meeberrie gneiss was a source of detrital zircons for the quartzite. However,
the 3750 to 3600 Ma age component is not represented in the type 1 zircon age
spectrum for the Jack Hills metaconglomerate. Amelin (1998) stated that “a direct
comparison between the ages of the detrital zircons (Jack Hills) and the dated gneisses
in the Narryer Gneiss Complex indicates that the sediment provenance, or at least a
considerable part of it, is distinct from the rocks presently exposed in the area.”

The age distributions of zircons in gneisses and granites of the Meeberrie gneiss
are extremely complex, with zircons in most samples ranging in age from 3.7 to 3.3 Ga,
and including significant age components at c. 3.75 to 3.6 and c. 3.3 Ga (fig. 7 of Kinny
and Nutman, 1996). This inhomogeneity also extends to individual zircons (Pidgeon
and Wilde, 1998). The detrital zircon age spectra from the TLGD (figs. 2 and 5D) do
not exhibit age components similar to those summarized by Kinny and Nutman (1996)
and we discount the possibility that zircons, characteristic of the Meeberrie gneiss,
were a significant component of the source rocks of the TLGD.

However, the Meeberrie gneiss (Myers and Williams, 1985), which surrounds the
Jack Hills, includes granites and pegmatites with zircon U-Pb ages of c. 3290 Ma and
without inherited grains (Nutman and others 1991; Kinny and Nutman, 1996; Pidgeon
and Wilde, 1998). This result is within the range of ages, and close to the main peak age
of ¢. 3265 Ma, for detrital zircons from the TLGD. This may be a coincidence and the
small age difference between the ages may be real. Also, these rocks are a minor
component of the exposed NT and do not influence our conclusion that the presently
exposed NT was not a provenance for the zircons in the quartzitic metasediments of
the TLGD. However, it remains possible that the c. 3290 Ma granites were extensively
developed in a missing part of the proto-Yilgarn Craton that formed the provenance
for sediments of the TLGD. The minor component of >3.4 Ga zircons in the age
spectra of the TLGD (fig. 5D) could also be explained by the incorporation of zircons
from remnant fragments of Meeberrie gneiss. Although not conclusive this can be
taken as support for the conclusion of Wyche (2007) that “it is unlikely the areas now
occupied by the Youanmi, South West, and Narryer Terranes were separate entities
prior to the deposition of quartz-rich clastic sedimentary rocks at c. 3100 Ma.”

CONCLUSIONS

Evidence for the early evolution of the Yilgarn Craton has been largely obliterated
by the extensive and widespread emplacement of granites at c. 2650 Ma. Apart from
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the old gneisses in the Narryer Terrane (NT), the only surviving fragments of the early
Yilgarn Craton are detrital minerals in c. 3.1 Ga quartz-rich metasediments in the NT,
the Southern Cross Domain (SCD) and the South West Terrane (fig. 1). Comparison
of the age distributions of zircons from these metasediments holds the key to clarifying
the early history of the craton. Our determinations, reported in this contribution, of
the age profiles of detrital zircons from quartzites of the Toodyay-Lake Grace Domain
(TLGD) provide new data aimed at answering some of the major questions.

We show that the provenance of the TLGD was dominated by granitic rocks
emplaced at c. 3265 Ma, and included a lesser component of 3500 to 3350 Ma granites,
and a minor component of rocks or inherited zircons with ages up to c. 3850 Ma. The
detrital zircon age spectra from the TLGD quartzites are very consistent, and do not
match those from Mt Narryer or the Jack Hills in the NT or the Maynard Hills in the
SCD, indicating that these sediments were derived from separate provenances in the
proto-Yilgarn Craton. The absence of zircons with ages >3.9 Ga also distinguishes the
age spectra of the TLGD from those of Mt Narryer and the Jack Hills in the NT and the
Maynard Hills and Illaara greenstone belts in the SCD. The TLGD zircon age spectra
are also not compatible with the ages of gneisses presently exposed in the NT,
demonstrating that the gneisses were not a source of sediment in the TLGD. However,
the age of c. 3290 Ma for a minor suite of granites within the NT is within the range of
detrital zircon ages in the TLGD, and it is therefore possible that these granites formed
part of the provenance of the TLGD.

The age spectrum of detrital zircons from the Jack Hills metaconglomerate is
similar to those from Maynard Hills quartzites, indicating that these sediments shared a
common provenance at the time of sedimentation, questioning the concept that the
two terranes followed a separate history prior to the amalgamation of the Yilgarn
Craton at c. 2.65 Ga (Myers, 1990, 1995). However, the age spectra for detrital zircons
from the Mt Narryer quartzites and the Jack Hills metaconglomerate are significantly
different, indicating that they were derived from different source areas, prompting
questions about the early coherence of the NT.

Although considerable progress has been made, the present detrital zircon age
database is not sufficient to underpin a general model for the evolution of the Yilgarn
Craton. Available results raise doubts about the model of accretion of independent
terranes at c. 2.65 Ga. However, additional studies of the ages of detrital zircon suites
from other c. 3.1 Ga quartzitic metasediments are needed to further address outstand-
ing questions regarding the early history of the Yilgarn Craton.
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