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177910: metamorphosed quartz sandstone, Peters Dam

Location and sampling

WIDGIEMOOLTHA (SH 51-14), YARDILLA (3434)
 MGA Zone 51, 484173E 6464384N

Sampled on 29 April 2004

The sample was taken from a low rubbly outcrop located 
on the northwestern edge of the Fraser Range, about 
5.2 km northwest of Peters Dam.

Tectonic unit/relations

The unit sampled is a pale grey, strongly foliated quartz 
sandstone that has undergone high-grade metamorphism. It 
is interlayered with amphibolite and pyroxene granulite of 
the mafi c meta-igneous Fraser Complex, and is interpreted 
to be part of a larger metasedimentary package along the 
northwestern margin of the Biranup Complex, within the 
Albany–Fraser Orogen (Jones, 2005). The foliation in the 
metasedimentary rocks is parallel to that developed within 
the Fraser Complex.

Petrographic description

The visually estimated primary mineralogy of this sample 
is dominated by quartz (85–90%), with lesser amounts of 
garnet (7–8%), K-feldspar (3–4%), graphite (1–2%), and 
accessory muscovite, rutile, monazite, and zircon. Most 
quartz occurs as large, strained grains (up to 10 mm) 
elongated parallel to the foliation, but recrystallized new 
grains are also present, and most of their c-axes are at a 
low angle to the foliation. Garnet up to 3 mm in size is 
weakly elongated parallel to the foliation, and mostly 
occurs in a layer about 6 mm wide that is characterized 
by the presence of fl akes of schistose graphite up to 1 mm 
long, some of which are partly enclosed in garnet grains. 
Minor orthoclase forms anhedral grains up to 2 mm in 
diameter. Accessory minerals include muscovite as small 
fl akes in association with garnet, acicular rutile crystals up 
to 0.7 mm in length, and rare monazite and zircon up to 
0.3 mm in diameter. Limonite-fi lled microfractures occur 
within garnet and limonite has also replaced rare anhedral 
grains. 

The protolith of this rock was probably a quartz-
dominated, sparsely carbonaceous sandstone, and the 
stable co-existence of garnet and rutile suggests that 
high-temperature metamorphism and deformation took 
place under relative high-pressure conditions. Minor 
retrogression is indicated by the occurrence of muscovite 

with garnet, and surface weathering and alteration is 
consistent with the partial to complete replacement of 
garnet by limonite.

Zircon morphology

The zircons isolated from this sample are subhedral to 
well-rounded or subspherical, and are mainly clear and 
colourless. They are up to 350 µm long, with aspect ratios 
up to 4:1. Most zircons display concentric growth zoning, 
which, in many cases, is truncated by a younger zircon 
rim. Cathodoluminescence images of representative 
zircons are shown in Figure 1.

Analytical details

This sample was analysed on 30–31 March 2005, using 
SHRIMP-B. Thirteen analyses of the CZ3 standard 
indicated an external spot-to-spot (reproducibility) 
uncertainty of 1.24% (1σ), and a 238U/206Pb* calibration 
uncertainty of 0.40% (1σ). Common-Pb corrections were 
applied to all analyses using contemporaneous common-
Pb isotopic compositions determined by the method of 
Stacey and Kramers (1975). 

Results

Fifty eight analyses were obtained from 35 zircons, with 
23 grains (spot numbers 1–22, and 24) each analysed 
twice. Results are listed in Table 1, and shown in concordia 
diagrams (Figs 2 and 3) and a probability density diagram 
(Fig. 4).

Interpretation

The analyses range from concordant to strongly discordant 
(Fig. 2). Six analyses are characterized by moderate to 
strong discordance (>10%). The dates obtained from 
these six analyses (Group D; Table 1) are imprecise or 
unreliable, and are not considered geologically signifi cant. 
The remaining 52 analyses can be divided into three 
groups, based on their 207Pb*/206Pb* ratios, their Th/U 
ratios, and their positions within the grains.

Group 1 comprises 21 analyses of 21 zircon rims 
(Table 1) with low Th/U ratios (<0.30), which yield a 
weighted mean 207Pb*/206Pb* date of 1304 ± 7 Ma (MSWD 
= 1.87).
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Group 2 comprises four analyses of four zircon cores 
(Table 1) with moderate Th/U ratios (0.24–0.92), which 
yield a weighted mean 207Pb*/206Pb* date of 1466 ± 17 Ma 
(MSWD = 0.73).

Group 3 comprises 27 analyses of 26 zircon cores 
(Table 1) with highly variable Th/U ratios (0.10 – 1.35), 
which yield 207Pb*/206Pb* dates of 2651–1550 Ma.

The date of 1304 ± 7 Ma for the 21 analyses in 
Group 1 is interpreted as the age of zircon rim growth 
during high-grade metamorphism, which took place during 
Stage I of the Albany–Fraser Orogeny (1345–1260 Ma; 
Clark et al., 2000).

It is possible that all analyses of zircon cores represent 
unmodifi ed detrital zircons, in which case the 207Pb*/206Pb* 
date of 1436 ± 30 Ma (1σ) for analysis 7.1 (within 
Group 2) represents a maximum age for deposition of the 
quartz sandstone protolith of this metasedimentary rock. 
However, analysis 7.1 is slightly discordant, and this zircon 
may have undergone minor ancient loss of radiogenic Pb. 
Consequently, the weighted mean 207Pb*/206Pb* date of 
1466 ± 17 Ma for the four analyses in Group 2 represents 
a more robust estimate of the maximum depositional age.

The remaining analyses (Group 3) yield 207Pb*/206Pb* 
dates that defi ne signifi cant age components (based on 
three or more data-points) at c. 1466, c. 1582, c. 1640, and 
c. 1680 Ma, and a minor component at c. 2651 Ma (Fig. 3). 
These are interpreted as the ages of zircon-bearing rocks 
in the detrital source region(s) of the quartz sandstone 
protolith of this metasedimentary rock.
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Figure 1. Cathodoluminescence image of representative zircons from sample 177910: 
metamorphosed quartz sandstone, Peters Dam. Numbered circles indicate 
approximate positions of analysis sites
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Figure 2. U–Pb analytical data for sample 177910: metamorphosed quartz sandstone, Peters Dam. Green 
diamonds indicate Group 1 (metamorphic zircon rims); blue squares indicate Group 2 (youngest 
detrital zircon cores); yellow squares indicate Group 3 (older detrital zircon cores); crossed 
symbols (diamonds and squares) indicate ungrouped rim and core analyses, respectively 
(discordance >10%)
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Figure 3. Expanded view of U–Pb analytical data for sample 177910: metamorphosed quartz sandstone, 
Peters Dam. Symbols as in Figure 2
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Figure 4. Probability density plot and histogram for sample 177910: metamorphosed quartz sandstone, 
Peters Dam. Heavy curve, maxima values, and frequency histogram (bin width 50 Ma) include 
only data with discordance <10% (52 analyses of 34 zircons). Lighter curve includes all data 
(58 analyses of 35 zircons)
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