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194777: quartzofeldspathic gneiss, Mount Malcolm
(Snowys Dam Formation, Arid Basin, Albany–Fraser Orogen)

Location and sampling

Norseman (SI 51-2), Fraser Range (3433)
MGA Zone 51,  483364E 6433838N

Sampled on 16 October 2009

This sample was collected from a ridge south of an east-
trending track on Southern Hills Station, about 5.4 km 
northwest of Bobbys Tank, 3.9 km south of Southern Hills 
Homestead, and 1.2 km southwest of Mount Malcolm.

Tectonic unit/relations
The unit sampled is a garnet-bearing quartzofeldspathic 
gneiss assigned to the Snowys Dam Formation of the 
Arid Basin. The Snowys Dam Formation is intruded by 
sheets of granitic and gabbroic rocks of the Fraser Zone 
and, collectively, these rocks define the Fraser Range 
Metamorphics (Spaggiari et al., 2011). The Fraser Range 
Metamorphics underwent amphibolite- to granulite-facies 
metamorphism during Stage I of the Albany–Fraser 
Orogeny (Clark et al., 1999; DeWaele and Pisarevsky, 
2008; Spaggiari et al., 2011). Magmatic crystallization 
of a gabbro within the Fraser Zone was previously dated 
at 1291 ± 8 Ma, by SHRIMP U–Pb analyses of zircons 
(De Waele and Pisarevsky, 2008). Early metamorphism 
in the Fraser Zone, at 1304 ± 7 Ma, was recorded by 
zircon rims developed within a quartz metasandstone, 
which also yielded a maximum depositional age of  
1466 ± 17 Ma (GSWA 177910, Wingate and Bodorkos, 
2007). This quartzofeldspathic gneiss is interlayered 
with mafic iron-rich metasedimentary rocks. The 
quartzofeldspathic layers have high titanium and calcium 
content. A date of 1285 ± 7 Ma was determined for 
leucosome crystallization (GSWA 194715, Kirkland et al., 
2011b) within metasedimentary rocks of the Snowys Dam 
Formation that yielded a maximum depositional age (1σ) 
of 1334 ± 20 Ma (GSWA 194714, Kirkland et al., 2011a)..

Petrographic description
The sample is a quartzofeldspathic gneiss, composed of 
about 40% quartz, 30% plagioclase (oligoclase, An

28
) 

and perthite, 15% garnet, 10% hypersthene, 4% opaque 
oxide minerals, and accessory zircon, biotite, epidote, 
sillimanite, and sericite. Quartz is mostly less than 
0.5 mm in diameter, although sparse elongate grains 
are up to 1 mm long. Garnet forms medium-grained 
anhedral poikilitic grains containing inclusions of quartz. 

Hypersthene shows faint pink and green pleochroism 
and is fractured and altered by biotite and hematite-
stained chlorite, and contains inclusions of sheafs of 
acicular sillimanite. Iron oxide minerals are commonly 
associated with altered pyroxene. Hypersthene–garnet 
assemblages represent high-temperature and high-pressure 
metamorphism. 

Zircon morphology

Zircons isolated from this sample are subhedral to 
euhedral, colourless to pale brown, up to 300 µm, 
and slightly elongate, with aspect ratios up to 5:1. In 
cathodoluminescence (CL) images, idiomorphic zoning 
is ubiquitous and some crystals are overgrown by narrow, 
low-uranium rims. A CL image of representative zircons 
is shown in Figure 1.

Analytical details

This sample was analysed on 17–18 June 2011 and on 
23–24 June 2011, using SHRIMP-A, and on 30 June – 1 
July 2011, using SHRIMP-B. Analyses 1.1 to 6.1 (spot 
numbers 1–6) were obtained during the first session, 
together with seven analyses of the BR266 standard, 
of which six analyses indicated an external spot-to-
spot (reproducibility) uncertainty of 0.58% (1σ) and a 
238U/206Pb* calibration uncertainty of 0.26% (1σ). Analyses 
6.2 to 44.1 (spot numbers 7–48) were obtained during the 
second session, together with 16 analyses of the BR266 
standard, of which 13 analyses indicated an external 
spot-to-spot (reproducibility) uncertainty of 1.07% (1σ) 
and a 238U/206Pb* calibration uncertainty of 0.31% (1σ). 
Analyses 45.1 to 78.1 (spot numbers 49–84) were obtained 
during the second session, together with 12 analyses 
of the BR266 standard, of which 10 analyses indicated 
an external spot-to-spot (reproducibility) uncertainty of 
0.92% (1σ) and a 238U/206Pb* calibration uncertainty of 
0.32% (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

Eighty-four analyses were obtained from 78 zircons. 
Results are listed in Table 1 and shown in a concordia 
diagram (Fig. 2).
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Figure 1.	 Cathodoluminescence image of representative zircons from sample 194777: 
quartzofeldspathic gneiss, Mount Malcolm. Numbered circles indicate the 
approximate positions of analysis sites. 

Figure 2. 	 U–Pb analytical data for sample 194777: quartzofeldspathic gneiss, Mount Malcolm. Blue 
square indicates Group Y (youngest detrital zircon); red squares indicate Group S (older detrital 
zircons); green diamonds indicate Group M (metamorphic zircon rims); crossed squares 
indicate Group D (discordance >5%).
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Interpretation

The analyses are concordant to moderately discordant 
(Fig. 2). Fifteen analyses are >5% discordant (Group D). 
The dates obtained from these analyses (Group D; Table 
1) are unreliable, and are considered not to be geologically 
significant. The remaining 69 analyses can be divided into 
three groups, based on their 207Pb*/206Pb* ratios.

Group Y comprises one analysis of a zircon core (Table 1), 
which yields a 207Pb*/206Pb* date of 1359 ± 22 Ma (1σ).

Group S comprises 55 analyses of zircon cores (Table 1), 
which yield 207Pb*/206Pb* dates of 2694–1360 Ma.

Group M comprises 13 analyses of zircon rims 
(Table 1), which yield a concordia age of 1304 ± 13 Ma 
(MSWD = 1.9).

It is possible that all of the analyses in Groups Y and S 
are of unmodified detrital zircons, in which case the date 
of 1359 ± 22 Ma (1σ) for the single analysis in Group Y 
represents a maximum depositional age for the sedimentary 
precursor. A more conservative estimate of the maximum 
age of deposition is provided by the weighted mean 
207Pb*/206Pb* date of 1383 ± 4 Ma (MSWD = 0.83) for the 
28 youngest analyses in Groups Y and S.

Fifty-five analyses in Group S indicate dates that define 
significant age components at 1553, 1457, and 1381 Ma, 
and several minor components between 2694 and 1360 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 
into this rock.

The date of 1304 ± 13 Ma for the 13 analyses in Group M 
is interpreted as the age of high-grade metamorphism. If 
the youngest detrital zircon in Group Y was not affected 
by metamorphism, then deposition of the sedimentary 
precursor of this rock occurred between c. 1359 and 
1295 Ma.
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