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179669: volcaniclastic sandstone, Buldania Rocks

Location and sampling

NORSEMAN (SI 51-2), BULDANIA (3333)
 MGA Zone 51, 413579E 6455472N

Sampled on 2 June 2005

The sample was collected from a northwest-trending low 
rise, 6.7 km northeast of Buldania Rocks and the access 
track off the Eyre Highway.

Tectonic unit/relations

The unit sampled is a metamorphosed, poorly sorted 
volcaniclastic sandstone that contains sparse (<5%), fi ne-
grained melanocratic clasts of probable mafi c igneous 
origin. This volcaniclastic package is probably a lateral 
equivalent of the Black Flag Group (Hall et al., 2005) 
within the Norseman Domain of the Kalgoorlie Terrane, 
Eastern Goldfi elds Superterrane, Yilgarn Craton (Cassidy 
et al., 2006). It is locally underlain by a mafi c–ultramafi c 
succession (with subordinate metasedimentary rocks), and 
overlain a thick package of well-bedded siliciclastic rocks 
that have been metamorphosed to amphibolite facies (Hall 
et al., 2005), represented by GSWA 177911 (Wingate and 
Bodorkos, 2007).

Petrographic description

The hand specimen contains pale lenses and lamellae in 
a laminated grey matrix. This is a metamorphosed rock 
containing 14% plagioclase grains, 12% recrystallized 
quartz grains, and 3% polyminerallic clasts comprising 
decussate biotite and epidote, all within a recrystallized 
quartzofeldspathic matrix, comprising about 25% 
quartz, 35–40% feldspar (20–25% plagioclase and 
15% microcline), minor (7–8%) schistose biotite, and 
accessory magnetite, epidote, titanite, apatite, and zircon. 
Plagioclase crystals are mostly less than 3 mm long, partly 
recrystallized, and contain patches of quartz micromosaic 
as well as various combinations of biotite, muscovite, and 
epidote, with pressure shadows of K-feldspar on some 
grains. Quartz crystals are up to 5 mm long and anhedral, 
but are mostly recrystallized to relatively coarse-grained 
granular quartz. Biotite–epidote clasts are up to 4 mm 
long, but are narrow compared to the quartz aggregates. 
The groundmass is mostly a micromosaic of crystals up 
to 0.1 mm in diameter.

Initial metamorphism may have taken place under 
lower amphibolite facies conditions, and the partial 
replacement of biotite and plagioclase by muscovite 

and minor chlorite indicates retrogression under 
greenschist facies conditions. Fine-grained biotite is also 
partly replaced by minor pumpellyite, suggesting 
subsequent retrogression under sub-greenschist facies 
conditions.

Zircon morphology

The zircons isolated from this sample are subhedral to 
euhedral, and range from pale brown and transparent 
to dark brown and opaque. They are up to 400 µm 
long, with aspect ratios up to 5:1. Most zircons display 
concentric growth zoning. Cathodoluminescence images 
of representative zircons are shown in Figure 1.

Analytical details

This sample was analysed on 15 November 2005 and 
16 December 2005 (using SHRIMP-A). Analyses 1.1 
to 13.1 (spot numbers 1–13 inclusive) were obtained 
during the first session, together with 11 analyses of 
the CZ3 standard that indicated an external spot-to-
spot (reproducibility) uncertainty of 0.00% (1σ), and 
a 238U/206Pb* calibration uncertainty of 0.20% (1σ). 
Analyses 14.1 to 25.1 (spot numbers 14–25 inclusive) 
were obtained during the second session, together with 
seven analyses of the CZ3 standard that indicated an 
external spot-to-spot (reproducibility) uncertainty of 
1.01% (1σ), and a 238U/206Pb* calibration uncertainty 
of 0.48% (1σ). Calibration uncertainties are included 
in the errors of 238U/206Pb* ratios and dates listed in 
Table 1. Common-Pb corrections were applied to all 
analyses using contemporaneous common-Pb isotopic 
compositions determined by the method of Stacey and 
Kramers (1975).

Results

Twenty-five analyses were obtained from 25 zircons. 
Results are listed in Table 1, and shown in concordia 
diagrams (Figs 2 and 3).

Interpretation

The analyses range from concordant to strongly discordant, 
and their distribution is consistent with ancient, and 
probably also recent, loss of radiogenic Pb from some 
zircons (Figs 2 and 3). Ten analyses are characterized 
by moderate to strong discordance (>10%). The dates 
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obtained from these ten analyses (Group D; Table 1) 
are imprecise or unreliable, and are not considered 
geologically signifi cant. The remaining 15 analyses can 
be divided into two groups, based on their 207Pb*/206Pb* 
ratios.

Group 1 comprises ten analyses of ten zircons 
(Table 1), which yield a weighted mean 207Pb*/206Pb* date 
of 2663 ± 3 Ma (MSWD = 0.81). 

Group 2 comprises five analyses of five zircons 
(Table 1), which yield 207Pb*/206Pb* dates of 2645–
2639 Ma.

All 15 zircons in Groups 1 and 2 are very similar in 
terms of colour, morphology and cathodoluminescence 
emission (Fig. 1), and display little variation in uranium 
content or Th/U ratio (Table 1). In combination with 
the distribution of the analyses, this implies that all 15 
zircons were derived from a single felsic igneous source. 
The date of 2663 ± 3 Ma for the ten analyses in Group 1 
is interpreted as the igneous crystallization age of the 
source rock, and is a maximum age for deposition of the 
volcaniclastic sandstone. The fi ve analyses in Group 2 
indicate dates that are signifi cantly younger and slightly 
more discordant than those in Group 1 (Fig. 3), and are 
interpreted to refl ect minor ancient loss of radiogenic Pb 
from these zircons. 

All 25 analyses defi ne a poorly fi tted discordia (MSWD 
= 11.6) with upper and lower concordia intercept dates of 

2669 ± 15 Ma and 742 ± 69 Ma respectively (Figs 2 and 
3). The data display a crude inverse correlation between 
apparent age and uranium content (Fig. 2), which indicates 
that the degree of discordance probably refl ects loss of 
radiogenic Pb related to radiation damage of the zircon 
lattices as a consequence of elevated uranium contents. 
The upper concordia intercept is not signifi cantly different 
from date of 2663 ± 3 Ma indicated by Group 1, so if the 
discordia mainly refl ects a single episode of radiogenic-Pb 
loss, then the regression indicates that this episode took 
place at c. 740 Ma.
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Figure 1. Cathodoluminescence image of representative zircons from sample 179669, 
volcaniclastic sandstone, Buldania Rocks. Numbered circles indicate 
approximate positions of analysis sites
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Figure 2. U–Pb analytical data for sample 179669: volcaniclastic sandstone, Buldania Rocks. Blue squares 
indicate Group 1 (youngest detrital zircons); black squares indicate Group 2 (minor radiogenic 
Pb loss); crossed white squares indicate ungrouped analyses (discordance >10%). The dashed 
line shows a discordia regression through all data

Figure 3. Expanded view of U–Pb analytical data for sample 179669: volcaniclastic sandstone, Buldania 
Rocks. Symbols as in Figure 2
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