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180256: metagranodiorite, Hubert Soak

Location and sampling

SCOTT (SG52-6), BATES (4646)
 MGA Zone 52, 488577E 7143422N

Sampled on 24 September 2003

The sample was taken from an outcrop about 1 km 
southeast of Hubert Soak.

Tectonic unit/relations

The unit sampled is a moderately to strongly foliated 
seriate to porphyritic metamorphosed granodiorite that 
contains rare rounded K-feldspar phenocrysts up to 
4 cm in length, and pyroxene-rich clots up to 2 cm long 
that are strongly fl attened parallel to the foliation. The 
granodiorite is part of the Miturtu Monzogranite, within the 
Mesoproterozoic Pitjantjatjara Supersuite of the Musgrave 
Complex (Howard et al., in prep.), and was sampled in 
order to constrain the age of Miturtu plutonism.

Petrographic description

The visually estimated primary mineralogy of this sample 
includes 15% quartz, 40% K-feldspar, 20% plagioclase, 
10% clinopyroxene, 7–8% orthopyroxene, 5% garnet, 
2–3% opaque oxide minerals, and accessory minerals 
(apatite, biotite, and zircon). The quartz and feldspars are 
anhedral and, apart from rare plagioclase to 8 mm long, are 
mostly less than 4 mm in size. K-feldspar is microperthite, 
with very narrow exsolution lamellae of plagioclase. The 
mafi c minerals lie in subparallel lenses up to 7 mm long, 
and comprise granular clinopyroxene, less abundant 
granular to prismatic orthopyroxene, granular opaque 
oxide minerals, and apatite. Partial rims of fi ne-grained 
garnet enclose most of these mafi c aggregates, especially 
adjacent to opaque oxide minerals and orthopyroxene. 
There are also rare fl akes of biotite containing symplectites 
of quartz. Zircon, and possible monazite, forms grains 
0.1 – 0.5 mm in diameter within the mafic aggregates. 
Some orthopyroxene grains are veined and rimmed by 
small amounts of brown clay minerals, but most of the 
minerals reflect granulite facies metamorphism, with 
garnet rims possibly formed during isobaric cooling from 
peak metamorphic conditions.

Zircon morphology

Zircons isolated from this sample range from subhedral 
to well-rounded, and are clear and colourless. They are 
up to 250 µm long (although some are fragments of larger 
crystals), with aspect ratios up to 4:1. Many are pervasively 
cracked. Most crystals consist of central cores (in some 
cases showing evidence of alteration or resorption) in 

which concentric growth zoning is prominent, surrounded 
by relatively featureless rims. A cathodoluminescence 
image of representative zircons is shown in Figure 1.

Analytical details

This sample was analysed on 21 November 2004 (using 
SHRIMP-B) and 9 December 2004 (using SHRIMP-
A). Analyses 1.1 to 24.2 were obtained during the fi rst 
session, together with 13 analyses of the CZ3 standard 
that indicated a 238U/206Pb* calibration uncertainty of 
1.80% (1σ). Analyses 26.1 to 55.2 were obtained during 
the second session, together with 15 analyses of the CZ3 
standard. Following the deletion of one standard analysis 
as an outlier, the remaining 14 analyses indicated a 
238U/206Pb* calibration uncertainty of 1.71% (1σ).

Common-Pb corrections were initially applied using 
Broken Hill common-Pb isotopic compositions for all 
analyses, and these data are presented in Table 1. However, 
owing to the existence of a strong negative correlation 
between ƒ204 and 207Pb*/206Pb* dates (corrected for 
common Pb) in each of the analytical sessions (Fig. 2), 
explicit correction for common Pb was avoided for the 
purpose of weighted mean date calculations (see below).

Results

Sixty-seven analyses were obtained from 55 zircons, with 
12 grains (3, 5, 6, 18, 22, 24, 25, 35, 43, 47, 50, and 55) 
each analysed twice. Results are listed in Table 1, and 
shown in Figure 3.

Interpretation

With the exception of analysis 6.1, all analyses yield 207Pb/
206Pb dates (uncorrected for common Pb) of approximately 
1180 Ma. However, owing to the existence of a strong 
negative correlation between common-Pb corrected 
207Pb*/206Pb* dates and ƒ204 (Fig. 2), the weighted mean 
date of the zircons is not based on 207Pb*/206Pb* ratios 
corrected for common Pb by reference to measured 
204Pb/206Pb. Instead the weighted mean date is determined 
from the intersection of a regression line (Fig. 3), anchored 
at contemporaneous crustal common Pb (207Pb/206Pb = 
0.924 at 1180 Ma; Stacey and Kramers, 1975), with the 
concordia curve. The analyses can be divided into three 
groups based on their uncorrected 238U/206Pb and 207Pb/206Pb 
ratios and their discordance values.

Group 1 comprises 63 broadly concordant analyses 
of 52 zircons that have 238U/206Pb and 207Pb/206Pb ratios 
within error of a regression line (anchored at 238U/206Pb = 
0, 207Pb/206Pb = 0.924) that intersects the concordia curve 
at 1176 ± 6 Ma (MSWD = 1.02).



2

180256.1.pdf Geochronology dataset 649

Figure 1. Cathodoluminescence image of representative zircons from sample 180256: 
metagranodiorite, Hubert Soak. Numbered circles represent approximate 
positions of analysis sites
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Figure 2. Correlation between ƒ204 and 207Pb*/206Pb* date (corrected for common Pb) for sample 180256: 
metagranodiorite, Hubert Soak. Dashed line depicts a regression through all data (excluding 
analysis 6.1, shown by fi lled diamond). The equation of the regression line is included, and R 
is Pearson’s correlation coeffi cient
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Group 2 comprises three analyses of three zircons 
(16.1, 27.1, and 33.1) that lie beyond uncertainty of 
the 1176 ± 6 Ma regression line. Analyses 27.1 and 
33.1 are reversely discordant and lie on the old side of 
the regression line, whereas analysis 16.1 is normally 
discordant and lies on the younger side of the regression 
line.

The remaining analysis (6.1) is concordant and has a 
207Pb*/206Pb* date of 1588 ± 17 Ma (1σ).

The vast majority of analyses sited within the core and 
rim zircon identifi ed in the cathodoluminescence images 
(Fig. 1) yielded uncorrected 238U/206Pb and 207Pb/206Pb 
ratios within uncertainty of the 1176 ± 6 Ma regression 
line. This implies that igneous crystallization of the 
precursor granodiorite and subsequent granulite facies 
metamorphism were not signifi cantly separated in time. 
Consequently the date of 1176 ± 6 Ma indicated by the 
uncorrected 238U/206Pb and 207Pb/206Pb ratios of the 63 
analyses in Group 1 is interpreted as the best estimate 
of the age of igneous crystallization of the precursor 
granodiorite, and a maximum age for granulite facies 
metamorphism. Analysis 6.1 is from a zircon core with 
anomalously low cathodoluminescence response and 
well-developed oscillatory zoning, and is interpreted as a 
xenocrystic core. 

Analyses 27.1 and 33.1 yielded uncorrected 238U/206Pb 
and 207Pb/206Pb ratios slightly older than the Group 1 
regression line, and possibly incorporated minor amounts 

of older (xenocrystic) zircon. Analysis 16.1 yielded 
uncorrected 238U/206Pb and 207Pb/206Pb ratios younger than 
the Group 1 regression line, and is interpreted to be of a 
zircon that has undergone minor post-metamorphic loss 
of radiogenic Pb. 
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Figure 3. U–Pb analytical data, not corrected for common Pb, for sample 180256: metagranodiorite, 
Hubert Soak. Squares denote Group 1 (igneous crystallization and metamorphism); fi lled 
diamonds denote Group 2 (xenocrystic material or radiogenic Pb loss); fi lled circle denotes 
analysis 6.1 (xenocrystic core). Dashed line depicts a regression line defi ned by the data 
in Group 1, and anchored at contemporaneous crustal common Pb (207Pb/206Pb = 0.924 at 
1180 Ma; Stacey and Kramers, 1975)


