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143783: sandstone, Mu Hills
(Carnegie Formation, Amadeus Basin, Centralian Superbasin)

Location and sampling

Macdonald (SG 52-10), Emery (4650)	  
MGA Zone 52, 473709E 7354988N

Sampled on 3 June 2009

This sample was collected from a strike ridge of sandstone 
within the Mu Hills, about 26.4 km west of the Western 
Australia – Northern Territory border, 9.0 km northeast of 
the Sir Frederick Range, and 0.03 km east of the Sandy 
Blight Junction Track.

Tectonic unit/relations

The unit sampled is a clastic, sand-dominated, redbed 
sequence, averaging about 1200 m thick, and assigned 
to the Carnegie Formation of the western Amadeus 
Basin (Wells et al., 1964). Cross-bedding and ripple-
marks indicate a shallow-water environment, probably 
deltaic or paralic. In the north, the Carnegie Formation 
overlies the Julie Formation, probably conformably, 
although in the south it unconformably overlies much 
older units such as the Bitter Springs Formation (Haines 
et al., 2010, 2012). The Carnegie Formation is overlain 
with uncertain relationship by the Ellis Sandstone or Sir 
Frederick Conglomerate. Although originally considered 
to correlate with Neoproterozoic glacigene units (Wells 
et al., 1964), it is now inferred to be of late Ediacaran age 
and to correlate with the lower Arumbera Sandstone of 
the eastern Amadeus Basin and lower Winnall beds of the 
southern Amadeus Basin in the Northern Territory (Haines 
et al., 2012). 

Petrographic description

The sample is a quartz-rich, fine- to medium-grained 
sandstone, consisting of about 60–70% single-crystal 
quartz grains, 20–25% lithic grains, 5% pore spaces, 
and accessory tourmaline, zircon, and interstitial clay. 
Lithic grains are variably rich in microcrystalline quartz, 
sericite, clays (possibly including kaolinite), and hematite 
or limonite. Quartz grains vary from <0.05 mm (silt size) 
to 0.4 mm (fine to medium sand size) and are mostly 
angular, with lithic grains representing mainly reworked 
sedimentary rocks, with only rare grains derived from 
metasedimentary or volcanic rocks. 

Zircon morphology

Zircons isolated from this sample are colourless to 
dark brown, and range from anhedral and strongly 
rounded to subhedral. The crystals are up to 250 µm 
long, and equant to slightly elongate, with aspect ratios 
up to 5:1. Some crystals have pitted outer surfaces and, 
in cathodoluminescence (CL) images, many exhibit 
concentric zoning truncated at grain edges, features 
consistent with abrasion during sedimentary transport. A 
CL image of representative zircons is shown in Figure 1.

Analytical details

This sample was analysed on 19–21 May and 3 June, 
2011, using SHRIMP-B. Analyses 1.1 to 50.1 (spot 
numbers 1–50) were obtained during the first session, 
together with 24 analyses of the BR266 standard, which 
indicated an external spot-to-spot (reproducibility) 
uncertainty of 1.15% (1σ) and a 238U/206Pb* calibration 
uncertainty of 0.25% (1σ). Analyses 51.1 to 60.1 (spot 
numbers 51–60) were obtained during the second session, 
together with eight analyses of the BR266 standard, 
which indicated an external spot-to-spot (reproducibility) 
uncertainty of 0.55% (1σ) and a 238U/206Pb* calibration 
uncertainty of 0.25% (1σ). Calibration uncertainties 
are included in the errors of 238U/206Pb* ratios and dates 
listed in Table 1. Isotopic mass fractionation of 207Pb/206Pb 
ratios during session 1 was corrected by reference to 
the OGC1 standard; measured ratios were increased 
by 0.81%. Common-Pb corrections were applied to all 
analyses using contemporaneous isotopic compositions 
determined according to the model of Stacey and Kramers 
(1975). Dates from analyses for which 204-corrected 
238U/206Pb* ratios indicate ages <1300 Ma are based on 
207-corrected 238U/206Pb* ratios; those >1300 Ma are based 
on 204-corrected 207Pb*/206Pb* ratios. 

Results

Sixty analyses were obtained from 60 zircons. Results are 
listed in Table 1, and shown in a concordia diagram (Fig. 
2), and a probability density diagram (Fig. 3).
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Figure 1. 	 Cathodoluminescence image of representative zircons from sample 143783: 
sandstone, Mu Hills. Numbered circles indicate the approximate locations of 
analysis sites.
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Figure 2. 	 U–Pb analytical data for zircons from sample 143783: sandstone, Mu Hills. Data are corrected 
for common Pb using measured 204Pb/206Pb. Blue square indicates Group Y (youngest detrital 
zircon); red squares indicate Group S (older detrital zircons); crossed squares indicate Group 
D (date >1300 Ma and discordance >5%).
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Interpretation

Most analyses are concordant to slightly discordant (Fig. 
3). Two analyses >1300 Ma are >5% discordant. The 
dates obtained from these two analyses (Group D; Table 
1) are unreliable, and are considered not to be geologically 
significant. The remaining 58 analyses can be divided into 
two groups, based on their 207Pb*/206Pb* and 238U/206Pb* 
ratios.

Group Y comprises one analysis (Table 1), which yields a 
207-corrected 238U/206Pb* date of 819 ± 13 Ma (1σ).

Group S comprises 57 analyses (Table 1), which yield 
207Pb*/206Pb* or 238U/206Pb* dates of 2494–838 Ma.

It is possible that all of the analyses are of unmodified 
detrital zircons, in which case the date of 819 ± 13 Ma 
(1σ) for the single analysis in Group Y represents a 
maximum depositional age for the sandstone. A more 
conservative estimate of the maximum depositional 
age can be based on the weighted mean 207-corrected 
238U/206Pb* date of 1124 ± 13 Ma (MSWD = 1.6) for the 
youngest coherent group of 13 analyses in Group S.

The data for Group S indicate significant age components 
at c. 1754, 1292, and 1166 Ma (Fig. 3). These are 
interpreted as the ages of zircon-crystallizing rocks in 
the detrital source region(s), or as the ages of detrital 
components within sediments that have been reworked 
into this rock.
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Figure 3. 	 Probability density diagram and histogram for sample 143783: sandstone, Mu Hills. Dates 
<1300 Ma are based on 207-corrected 238U/206Pb* ratios. Thick curve, maxima values, and 
frequency histogram (bin width 25 Ma) include only accepted data (58 analyses of 58 
zircons). Thin curve includes all data (60 analyses of 60 zircons).


