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194718: mafi c granulite, American Granulite Quarry

(Fraser Range Metamorphics, Albany–Fraser Orogen)

Location and sampling

WIDGIEMOOLTHA (SH 51-14), YARDILLA (3433)
 MGA Zone 51, 489105E 6462896N

Sampled on 30 June 2008

This sample was collected from the American Granulite 
dimension stone quarry on Fraser Range Station, 
approximately 430 m north of Peters Dam, 6.5 km 
southwest of Yardilla Bore, and 10.6 km northeast of 
Fraser Range Homestead.

Tectonic unit/relations

The unit sampled is a mafic granulite assigned to 
the Fraser Range Metamorphics of the Fraser Zone 
(Spaggiari et al., 2009), a suite of interleaved, thin slivers 
of granitic gneiss, metasedimentary rocks, and mafic 
rocks that are now mostly pyroxene granulites or mafi c 
amphibolites (Myers, 1985; Clark et al., 1999; De Waele 
and Pisarevsky, 2008). Magmatic crystallization of a 
gabbro within the Fraser Zone is dated at 1291 ± 8 Ma 
using U–Pb analyses on zircon (De Waele and Pisarevsky, 
2008). Early metamorphism in the Fraser Zone, at 
1304 ± 7 Ma, is recorded by zircon rims developed within 
a quartz metasandstone, which also yields a maximum 
depositional age of 1466 ± 17 Ma (Wingate and Bodorkos, 
2007). Myers (1985) interpreted the mafi c rocks in the 
Fraser Zone as part of a large layered mafi c intrusion, 
whereas Condie and Myers (1999) argued that they 
represent remnants of multiple magmatic arcs. Doepel 
(1975) interpreted both the metagranitic and metamafi c 
components of the Fraser Zone as an exhumed block of 
lower crust. 

This mafic granulite contains two generations of 
leucosome: one parallel to the foliation, and a younger 
leucosome, which is crosscutting and garnet-bearing. 
The younger leucosome is more diffuse and has no 
sharp contacts with the melanosome. The granulite has 
a strong, northeasterly trending foliation, and moderate 
lineation.

Petrographic description

The sample is a mafic granulite, and contains 
approximately 50% plagioclase, 45% pyroxene, 3% 
biotite, 1% opaque oxide minerals, and accessory apatite 

and zircon. Clinopyroxene appears to be more dominant 
than orthopyroxene. The texture is predominantly 
granoblastic, with grains about 1 mm long. Biotite is 
foliated and much of the plagioclase has (010) planes at a 
low angle to the biotite foliation. The plagioclase contains 
antiperthitic domains, and in places contains patches of 
secondary carbonate.

Zircon morphology

Zircons isolated from this sample are subhedral, rounded, 
up to 300 μm long, have aspect ratios up to 5:1, and are 
light yellow to brown. In cathodoluminescence (CL) 
images, some zircons display broad sector zoning, 
whereas others are homogeneous or contain homogeneous 
domains. Contacts between these domains are generally 
sharp with curved interfaces; similar characteristics have 
been described as nebulous zoning, and are characteristic 
of granulite-facies metamorphism (Vavra et al., 1996). 
There is no evidence of older zircon cores. A CL image of 
representative zircons is shown in Figure 1.

Analytical details

This sample was analysed over two sessions on 27–
28 August, 2010, using SHRIMP-A. Analyses 1.1 to 5.1 
(spot numbers 1–5) were obtained during the fi rst session, 
together with three analyses of the BR266 standard, 
which indicated an external spot-to-spot (reproducibility) 
uncertainty of 1.22% and a 238U/206Pb* calibration 
uncertainty of 0.76% (1σ). Analyses 6.1 to 20.1 (spot 
numbers 6–20) were obtained during the second session, 
together with ten analyses of the Temora standard, which 
indicated an external spot-to-spot (reproducibility) 
uncertainty of 1.62% and a 238U/206Pb* calibration 
uncertainty of 0.60% (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 isotopic compositions 
determined according to the model of Stacey and Kramers 
(1975).

Results

Twenty analyses were obtained from 20 zircons. Results 
are listed in Table 1, and shown in a concordia diagram 
(Fig. 2).
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Interpretation

The analyses are concordant (Fig. 2), and define 
one coherent group based on their 207Pb*/206Pb* and 
238U*/206Pb* ratios.

Group M comprises 20 analyses (Table 1), which yield a 
concordia age of 1292 ± 6 Ma (MSWD = 0.81).

The date of 1292 ± 6 Ma for the 20 analyses in Group M 
is interpreted as the age of granulite-facies metamorphism. 
Emplacement of the igneous protolith may have been 
coeval with this metamorphism, or alternatively, the 
zircons may have been completely reset during this 
metamorphic event. In either case, 1292 Ma is a minimum 
age for the protolith.
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Figure 1. Cathodoluminescence image of representative zircons from sample 194718: 
mafi c granulite, American Granulite Quarry. Numbered circles indicate the 
approximate positions of analysis sites.
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Figure 2. U–Pb analytical data for sample 194718: mafi c granulite, American Granulite Quarry. Green 
diamonds indicates Group M (metamorphic zircons).
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