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Geochronology dataset 742

177908: quartzite, Noondeening Hill

(Jimperding Metamorphic Belt, South West Terrane, Yilgarn Craton)

Location and sampling

PerTH (SH 50-14), NorTHAM (2234)
MGA Zone 50, 457624E 6500083N

Sampled on 29 January 2004

The sample was obtained from a 0.4 m diameter boulder
on a low rocky outcrop on the eastern slope of a prominent
knoll, within the abandoned shooting range on Baillie
Farm, 1.5 km southeast of the Noondeening Hill survey
marker.

Tectonic unit/relations

The unit sampled is a grey-white, coarse-grained,
recrystallized quartzite that occurs within a succession
of metamorphosed supracrustal rocks on the eastern
slope of Noondeening Hill. This succession is part of the
Jimperding Metamorphic Belt, within the South West
Terrane of the Yilgarn Craton (Wilde, 2001; Cassidy et al.,
2006). Pelites interbedded with the metamorphosed quartz
sandstone contain cordierite, prismatic sillimanite, and
garnet-bearing leucosomes. Intercalated metamorphosed
mafic rocks are dominated by coarse-grained hornblende
and plagioclase, indicating metamorphism under
uppermost amphibolite facies conditions (Rennie, 1998).

The quartzite was sampled to constrain the maximum
age for deposition of the precursor quartz sandstone, and
the timing of high-grade metamorphism in this part of
the Jimperding Metamorphic Belt. Previous data for this
sample were reported by Bodorkos et al. (2006), and data
for three additional samples (GSWA 177901, 177904,
177907) from this succession are reported by Wingate
et al. (2008a—c).

Petrographic description

This sample is dominated (>99%) by quartz, with
accessory opaque oxide minerals, muscovite, biotite,
zircon, and pyrite. Quartz forms as inequigranular,
polygonal to lobate grains (some at least 30 mm in
diameter) with well-developed undulose extinction
and subgrains. Different grain boundary forms (planar
or ragged) are found within different regions of the
thin section. Small grains of opaque oxide minerals
(0.1-0.4 mm diameter), weakly schistose muscovite and
biotite (up to 1.5 mm long), zircon (<0.1 mm long), and
pyrite (<0.5 mm diameter) are randomly distributed.

In the absence of diagnostic mineral assemblages, the
exaggerated quartz grain growth probably indicates

deformation and metamorphism under amphibolite facies
conditions. Biotite and pyrite are both altered to limonite
and clay minerals, reflecting incipient weathering.

Zircon morphology

Zircons from this sample are mainly clear and colourless
to pale brown, and range from subhedral and variably
rounded to euhedral and well-faceted. The zircons
are up to 200 um long and equant to elongate (aspect
ratios up to 3:1). Most grains consist of a subhedral to
subspherical core that exhibits concentric growth zoning
in cathodoluminescence (CL) images, surrounded by a
subhedral to euhedral rim with weak concentric zoning
and very low CL response. A CL image of representative
zircons is shown in Figure 1.

Analytical details

This sample was analysed on 18 October 2004,
24-25 March 2006, and 5-6 September 2006, using
SHRIMP-A. Analyses 1.1 to 37.1 (spot numbers 1-47
inclusive) were obtained during the first session, together
with 13 analyses of the CZ3 standard. Following
deletion of one standard analysis as an outlier, the
remaining 12 analyses indicated an external spot-to-
spot (reproducibility) uncertainty of 1.62% (10), and a
B8U/2%Pb* calibration uncertainty of 0.52% (10). Analyses
38.1 to 65.1 (spot numbers 48-98 inclusive) were obtained
during the second session, together with 12 analyses of
the CZ3 standard. Following deletion of one standard
analysis as an outlier, the remaining 11 analyses indicated
an external spot-to-spot (reproducibility) uncertainty of
0.0% (16), and a *%U/2%Pb* calibration uncertainty of
0.21% (10). Analyses 66.1 to 92.1 (spot numbers 99—-126
inclusive) were obtained during the third session, together
with 17 analyses of the CZ3 standard, which indicated
an external spot-to-spot (reproducibility) uncertainty of
0.78% (10), and a %U/2%Pb* calibration uncertainty of
0.23% (10). Calibration uncertainties are included in the
errors of »8U/*Pb* ratios and dates listed in Table 1.
Common-Pb corrections were applied to all analyses
using contemporaneous common-Pb isotopic compositions
determined according to the model of Stacey and Kramers
(1975).

Results

A total of 126 analyses were obtained from 91 zircons.
Results are listed in Table 1, and shown in a concordia
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Figure 1.

Cathodoluminescence image of representative zircons from sample 177908:

quartzite, Noondeening Hill. Numbered circles indicate approximate locations of

analysis sites

diagram (Fig. 2) and a probability density diagram
(Fig. 3).

Interpretation

Most analyses are concordant to slightly discordant,
and their distribution is consistent with episodes of
ancient, and probably some recent, loss of radiogenic Pb.
Seventeen analyses are characterized by slight to moderate
discordance (>5%) or high common Pb (>1%). The dates
obtained from these 17 analyses (Group D; Table 1) are
unreliable, and are not considered geologically significant.
The remaining 109 analyses can be divided into four
groups, based on their 27Pb*/?Pb* ratios and Th/U
ratios.

Group 1 comprises 14 analyses of 13 zircon rims and one
zircon core (Table 1), which indicate low Th/U ratios of
0.11-0.32, and yield a weighted mean 2’Pb*/?%Pb* date
of 2657 £ 3 Ma (MSWD = 1.12).

Group 2 comprises a single analysis (2.1; Table 1) of a
zircon rim which indicates a Th/U ratio of 0.34 and yields
a Pb*/2%Pb* date of 2609 + 10 Ma (10).

Group 3 comprises seven analyses of seven zircons
(Table 1), which indicate Th/U ratios of 0.12—-0.95, and
yield 27Pb*/2%Pb* dates of 3022-2755 Ma.

Group 4 comprises five analyses of five zircon cores
(Table 1), which indicate Th/U ratios of 0.26—0.70, and
yield a weighted mean *"Pb*/**Pb* date of 3069 + 6 Ma
(MSWD =0.79).

Group 5 comprises 82 analyses of 68 zircon cores
(Table 1), which indicate Th/U ratios of 0.07-2.16, and
yield 2’Pb*/?%Pb* dates of 3593-3096 Ma.

The date of 2657 + 3 Ma for the 14 analyses of low Th/U
zircons in Group 1 is interpreted as the age of the upper
amphibolite facies metamorphic episode that affected this
region. This result is in good agreement with previous
estimates of the age of this event (Rennie, 1998; Wilde,
2001; Bodorkos et al., 2006).

The date of 2609 = 10 Ma (1o6) for the single analysis
in Group 2 is interpreted to reflect minor ancient loss of
radiogenic Pb from a metamorphic zircon rim.

The significance of the dates of 3022-2755 Ma for the
seven analyses in Group 3 is difficult to interpret. Two
analyses (43.2, 53.1) yielded dates significantly younger
than those obtained by additional analyses of similar zoned
material in the same crystals, implying that the younger
dates reflect loss of radiogenic Pb. The craters produced
during analyses 19.1 and 55.1 overlap both rim and core
domains resulting in an inadvertent mixture of material
of different ages. There are no additional results to which
the remaining three analyses (67.1, 72.1, 75.1) can be
compared. The preferred interpretation is that all seven
analyses in Group 2 reflect either loss of radiogenic Pb or
mixtures of core and rim material, and that the resulting
dates probably have no geological significance.

It is possible that the five analyses in Group 4 are of
unmodified detrital zircon cores, in which case the date of
3063 + 8 Ma (10) for analysis 65.1 represents a maximum
depositional age for the protolith of this metasedimentary
rock. Alternatively, a more conservative estimate of the
maximum depositional age is 3069 + 6 Ma, based on the
weighted mean 2’Pb*/?%Pb* date of the five zircon cores
in Group 3.

The 82 analyses in Group 5 define major age components
(based on three or more data points) at c. 3162, 3184,
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Figure 2. U-Pb analytical data for zircons from sample 177908: quartzite, Noondeening Hill. Green
diamonds indicate Group 1 (metamorphic zircon rims); black diamond indicates Group 2 (minor
radiogenic Pb loss from metamorphic rim); black squares indicate Group 3 (probable radiogenic
Pb loss or core-rim mixture); blue squares indicate Group 4 (youngest detrital zircons); yellow
squares denote Group 5 (older detrital zircons); crossed diamonds and squares denote
ungrouped analyses of rims and cores, respectively (discordance >5% or 204 >1%)
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Figure 3. Probability density diagram and histogram for sample 177908: quartzite, Noondeening Hill.
Heavy curve, maxima values, and frequency histogram (bin width 25 Ma) includes only
concordant data (109 analyses of 81 zircons). Light curve includes all data (126 analyses of
91 zircons)
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3274, 3306, 3343, and 3481 Ma (Fig. 3), and several minor
components spanning the range 3593-3096 Ma. These are
interpreted as the ages of zircon-crystallizing rocks in the
detrital source region(s), or the ages of detrital components
within sediments which have been reworked.
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