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Introduction
This Record is the ninth in a series of publications that provide high-precision geochronology data
on rocks from Western Australia within 24 months of their acquisition. All results reported herein,
on samples taken from the East Pilbara, Southern Cross and Eastern Goldfields GraniteGreenstone Terranes, the Kurrana Terrane, the Gascoyne and Leeuwin Complexes, the Oldham
Inlier, and the Edmund, Mosquito Creek and Eucla Basins, were obtained during 2003.
Approximate positions of sampling localities are shown in Figure 1.
This Record describes the samples analysed and the analytical results obtained, and contains
some limited discussion of their interpretation. The broader geological implications of the data
presented here will be published elsewhere. Chen et al. (2003) discussed recently published
geochronology results.
Many of the samples documented in this Record have been assigned to geological units, in part
on the basis of their field relations. Such assignments indicate that the dated units have been
correlated with the formally defined geological units. They should not be interpreted as
redefinitions of these formally defined geological units.

Analytical procedures
Sample preparation
Most of the samples investigated in this Record have textures and mineral assemblages indicating
meta-morphism to at least the lower greenschist facies, and many show evidence of some
alteration. Original rock nomenclature has been used wherever primary textures are preserved or
can be inferred.
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw.
Following thorough washing in distilled water and drying, the trimmed material was then crushed
to cm-sized fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were
ground in a tungsten carbide ring-mill using the minimum grinding time necessary for the resultant
powder to pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was
then ‘elutriated’ in 300 g batches with filtered water, under controlled flow conditions (400–
2400 ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the
Geological Survey of Western Australia’s (GSWA) Carlisle laboratory (see Nelson, 1999, for
further details). The residue was then dried in an oven.Quantities of <150 g of the heavy fraction
were then thoroughly mixed by shaking with concentrated sodium polytungstate solution
(Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml glass separating funnels. The funnels were
periodically shaken by hand and left overnight to facilitate density separation.

U–Pb zircon and U–Th–Pb monazite

Samples are crushed, milled, and elutriated, and sodium polytungstate density separations carried
out using procedures described above. The heavy mineral concentrate is drained from each funnel
onto a filter paper, washed thoroughly in a vacuum funnel with distilled water, and oven-dried. It
is then passed through a Frantz magnetic separator.
The least magnetic fraction is treated with methylene iodide using a sensitive, miniaturised
‘double-tube’ method developed within the then-Department of Minerals and Energy (Bastian,
1994). This involves the use of a 16 mm-diameter test tube into which a 1.5 mm-diameter
constriction has been placed, so that an open, bell-shaped chamber is present at its base. The
constriction is small enough to hold up the heavy liquid in the upper chamber by its meniscus,
when the top of the tube is stoppered. This is placed into a larger test tube containing methylene
iodide. The heavy mineral concentrate is carefully poured into the inner tube, its contents are
gently stirred, and the inner tube is gently rotated and tilted. Heavier minerals fall past the
constriction to settle in the outer test tube. When separation is complete, the inner tube is
stoppered, slowly lifted out, and the contents washed onto a filter paper using acetone. The
purified heavy mineral concentrate in the outer test tube is collected on a second filter.
Using a binocular microscope, at least 150 representative minerals are hand-picked from the
heavy mineral separate. Theses are mounted in 2.54 cm-diameter Epofix (Struers, Copenhagen)
epoxy disks and sectioned approximately in half, and the mount surface polished to expose the
grain interiors. Each mount typically contains hand-picked populations from two samples, and also
includes several fragments of the mineral standard (usually CZ3 for zircon and MAD for monazite
analyses). The mount is then photographed at ×150 magnification in reflected and transmitted
light.
Each mount is ultrasonically cleaned in petroleum ether, detergent (Decom) and propanol,
rinsed in Millipore water, and dried in an oven at 60°C. It is then evaporatively coated with highpurity gold before analysis.
Ar–Ar

Samples are crushed, milled, and elutriated, and sodium polytungstate density separations carried
out using procedures described above. Both density concentrates are washed thoroughly and ovendried. The high-density (≥2.9 g/cm3) concentrate is then passed through a Frantz isodynamic
magnetic separator to concentrate amphibole and biotite.
Hand-picked mineral grains are cleaned in methanol and de-ionized water in an ultrasonic bath.
Samples are then individually wrapped in aluminium foil and loaded into an aluminium package.
Before analysis, biotite age standard Tinto B (K–Ar age of 409.24 ± 0.71 Ma) is loaded at 5 mm
intervals along the package to monitor the neutron flux gradient.

U–Pb zircon analysis
Routine procedures applied at GSWA’s Carlisle laboratory and the SHRIMP facility at the
Department of Applied Physics, Curtin University of Technology, for the dating of rock samples
by the U–Pb zircon technique, have been described elsewhere (Nelson 1997, 1999). A summary of
some pertinent aspects of the procedures is given below.

Operating procedures for U, Th, and Pb isotopic measurements on zircon are based on those
described by Compston et al. (1984) and Williams et al. (1984). A 20–30 mm-diameter primary
beam of O2 ions at 10 keV, purified by means of a Wein Filter to minimize the presence of OHspecies, is employed to sputter secondary ions from the surface of the target zircons. The total ion
current measured at the mount surface is typically between 1.5 and 2.5 nA. Secondary ions are
accelerated to 10 keV, energy-filtered by passage through a double-focusing cylindrical 85°
electrostatic analyser with a turning radius of 1.27 m, and mass-filtered using a 72.5° magnet
sector with a turning radius of 1 m. Before each analysis, the surface of the analysis site is
precleaned by rastering of the primary beam for 2–5 minutes, to reduce the surface common-Pb.
Ion currents of the relevant secondary species are then determined by switching the magnetic field
to direct the secondary ion beam into an electron multiplier. For zircon measurements, the
magnetic field is cycled, typically four to seven times, to select the species 90Zr216O+ (count time 10
), 204Pb+ (10 ), background at 204.1 (10 ), 206Pb+ (10 ), 207Pb+ (10–40 ), 208Pb+ (10 ), 238U+ (5
), 232Th16O+ (5 ), 238U16O+ (2 ), and, optionally, 238U16O2+ (2 ) for measurement by the ion
counter.

U–Th–Pb monazite analysis
For monazite analyses, a total primary beam ion current, measured at the mount surface, of 0.8–
1.5 nA is used. The magnetic field is cycled, typically four to seven times, to select the species
138
La32P16O2+ (integration time 3 ), 139Ce32P16O2+ (3 ), 204Pb+ (10 ), background at 204.1 (10 ),
206
Pb+ (10 ), 207Pb+ (10–40 ), 208Pb+ (10 ), 232Th+ (2 ), 238U16O+ (2 ), 232Th16O2+ (2 ), and
238 16
U O2+ (2 ), for measurement by the ion counter of the secondary ion beam currents of each
species. To minimize exposure of the ion counter to the commonly high intensity 232Th16O+ species,
the Faraday cup is inserted into the beam line in front of the ion counter following measurement of
232
Th+ and 238U16O2+ and before switching the magnetic field to the next species.
A residual interference at 204Pb+, attributed to either scattered ions or an unidentified isobar, has
been noted in several studies (e.g. Williams et al., 1996; Kinny, 1997; Stern and Sanborn, 1998)
for sensitive high-resolution ion microprobe (SHRIMP) analyses of monazite. Analyses of the
MAD monazite standard indicate typical excess-204Pb count rates of -2 counts/s. The count rate of
this interference was inferred by Kinny (1997) to be proportional to the 232Th+ count rate. Isobaric
interferences at 204Pb+ are monitored for each session, by comparing the 208Pb-corrected 204Pb/206Pb
ratios obtained for analyses on the standard with the expected value for this ratio and assuming a
known common-Pb isotopic composition. The 204Pb counts and 204Pb/206Pb ratios determined for
each of the unknown analyses can be corrected, in proportion to the 232Th count rate observed for
each unknown analysis, and the average 232Th count rate observed for the monazite standard during
the analysis session.

Data reduction for U–Pb zircon and U–Th–Pb monazite analyses
Common-Pb corrections have been applied using the 204Pb correction method (Compston et al.,
1984) and assuming the isotopic composition of Broken Hill common Pb when the 204Pb counts
(for monazite analyses, corrected for excess 204Pb counts) on unknowns are less than six times the
average 204Pb counts measured on the CZ3 or MAD standards (also corrected for excess 204Pb
counts where appropriate) during the analysis session. Where the (corrected) 204Pb counts on
unknowns exceeds six times the (corrected) average 204Pb counts measured on the standards,

common-Pb compositions have been determined using the method of Cumming and Richards
(1975).
Uncertainties given on individual analyses are based on counting statistics and include
uncertainties in the corrections for the presence of common Pb. Uncertainties in Pb*/U ratios for
individual analyses include those associated with the determination of the Pb/U calibration curve
based on the reproducibility of the CZ3 zircon and MAD monazite standard Pb*/U measurements,
counting statistics-based uncertainties, and uncertainty in the common-Pb correction, summed in
quadrature. Uncertainties in Pb*/U ratios for pooled analyses also include uncertainty in the Pb*/U
calibration based on the reproducibility of the Pb*/U ratios of standard measurements, summed in
quadrature with the other sources of uncertainty. Uncertainties in 208Pb*/232Th ratios for individual
monazite analyses do not include uncertainty associated with the determination of the Pb*/Th
calibration line, but pooled 208Pb/232Th dates include an uncertainty estimate based on the
reproducibility of the standard 208Pb/232Th measurements during the analysis session. A minimum
uncertainty in Pb*/U and Pb*/Th ratios of 1.0% (1σ) is assumed.
A chi-square test is applied to grouped analyses to assess the relative effects of analytical
sources of uncertainty, such as counting statistics, and geological sources of uncertainty, such as
that arising from the inclusion of analyses of slightly older xenocrysts or of analyses that may have
lost small amounts of radiogenic Pb. Chi-square values for grouped analyses of less than or equal
to unity indicate that analytical sources of uncertainty alone can account for scatter about the
weighted mean value determined for the grouped analyses. A chi-square value significantly greater
than unity indicates that analyses are not normally distributed about the weighted mean value, and
that other (geological) sources of uncertainty are present within the grouped population. In these
cases, the 95% confidence uncertainty is based on the observed, rather than the expected, scatter
about the weighted mean 207Pb/206Pb (or Pb*/U) ratio of pooled analyses. As uncertainties in
208
Pb*/232Th ratios for individual monazite analyses do not include uncertainty associated with the
determination of the Pb*/Th calibration line, uncertainties cited for monazite 208Pb/232Th dates are
based on the observed scatter about the weighted mean 208Pb*/232Th ratio of pooled analyses.
Analyses obtained for each sample have been assigned to age groups using an algorithm and
based on the following procedure. Radiogenic 207Pb/206Pb (or Pb*/U) ratios were weighted
according to the inverse square of the individual analytical uncertainty to determine a weighted
mean 207Pb/206Pb (or Pb*/U) ratio for all pooled analyses obtained for the sample. Analyses were
then rejected from the group using two criteria. A chi-square value was calculated for the grouped
analyses. If the chi-square value was greater than a specified threshold value (typically, a threshold
value of 1.75 was used), geological sources of uncertainty were assumed to be present within the
group and the analysis whose 207Pb/206Pb (or Pb*/U) ratio with assigned uncertainty was most
different from the group weighted mean value was excluded from the group. In addition, any
analysis whose 207Pb/206Pb (or Pb*/U) ratio with uncertainty was more than ±2.5σ from the group
weighted mean value was also deleted from the group. The weighted mean value of the remaining
analyses was then recalculated. This process was repeated until all remaining analyses were within
±2.5σ of the weighted mean value and the calculated chi-square value was below the threshold
value. Analyses that belonged with a valid group were then excluded from the pool and the
process repeated until all remaining analyses had been grouped.
This grouping method is statistically conservative, in that only the minimum number of clearly
resolvable dates based on the uncertainty limits assigned to each individual analysis will be

identified. Analyses with assigned uncertainties overlapping more than one age group were
assigned to the larger group, as larger groups were identified earlier during the grouping
procedure.
A total of 4504 analyses of the CZ3 zircon standard were obtained during routine analysis of
GSWA geochronology samples between 1993 and 2004. In Fig. 2, weighted mean 204Pb-corrected
207
Pb*/206Pb dates (with 95% confidence uncertainty limits) obtained for the CZ3 standard on a
year-by-year basis are shown. Of the total of 4504 analyses, 4247 analyses indicated a 204Pbcorrected 207Pb*/206Pb* ratio of 0.058980 ±0.000014 (±1σ uncertainty), corresponding to a
weighted mean 207Pb/206Pb date of 566.2 ± 1.0 Ma (95% confidence, chi-squared = 1.11). This is
consistent with the 207Pb/206Pb date of 565.5 ± 1.5 Ma (±2σ uncertainty) obtained by conventional
(thermal inazation mass spectrometric) analysis of the CZ3 zircon standard (Nelson, 1997).
In addition to presentation on concordia plots, data obtained on detrital zircon populations from
sedimentary rock samples are displayed herein on a Gaussian summation histogram plot. This plot
presents probability density curves for all analyses, and for concordant analyses (i.e. those
analyses for which the 206Pb/238U date is within uncertainty of the 207Pb/206Pb date at the ±2σ
uncertainty level) only.

Ar–Ar analysis
Argon–Ar geochronology followed methods established at the Western Australian Argon Isotope
Facility by Dr J. Wartho, and are based on those outlined by Kelly (1995).
The prepared sample packages were Cd-shielded and irradiated in the H5 position of the
McMaster University Nuclear Reactor, Hamilton, Canada, for 90 hr. On their return, the samples
were loaded into an ultra-high vacuum laser chamber with a Kovar viewport and baked to 120°C
overnight to remove adsorbed atmospheric Ar from the samples and chamber walls. A 110 W
Spectron Laser Systems continuous-wave neodymium–yttrium–aluminium–garnet (CW–Nd–
YAG) laser (1064 nm wavelength), fitted with a TEM00 aperture, was used to slowly laser stepheat the mineral sample, at increasing laser powers from 9.9 to 10.1 A. The laser was fired through
a Merchantek computer-controlled X–Y–Z sample-chamber stage and microscope system, fitted
with a high-resolution CCD camera, computer-controlled objective lens, and two light sources for
sample illumination. The gases released by laser heating were ‘gettered’ using 3 SAES AP10
getter pumps to remove all active gases (CO2, H2O, H2, N2, O2, CH4, etc.). The remaining noble
gases were equilibrated into a high sensitivity mass spectrometer (MAP 215-50), operated at a
resolution of 600, and fitted with a Balzers SEV 217 multiplier. The automated extraction and data
acquisition system was computer controlled, using a LabView program. Samples were corrected
for mass spectrometer discrimination and nuclear interference reactions.

Imaging
Cathodoluminescence imaging was undertaken using a Philips XL30 Scanning Electron
Microscope fitted with a KE Developments CL detector and located within the Department of
Applied Physics, Curtin University of Technology. An accelerating voltage of 12 kV and spot size
of 6 (an arbitrary value that corresponds to a primary electron beam diameter and current setting)
were used. Following identification of suitable target zircons at lower magnification, high-quality
images were obtained using 1236 lines/scan at 60 ms duration/line, and integrating twice for each

image.

Data presentation
Analyses are listed in the tables in the order in which they were obtained. All Pb/U and 207Pb/206Pb
ratios given in the tables and discussed in the text are based on the calculated radiogenic Pb
abundances, and have been corrected for common Pb. Sample numbers given are GSWA sample
numbers. Capitalized names refer to standard 1:250 000 then 1:100 000 map sheets. Locality
coordinates for the majority of samples were obtained using a hand-held Global Positioning
System and the world Geodetic Datum 1984, and are accurate to ±100 m. Mineral dimensions,
cited as width × length in microns, were determined on the surfaces of polished mineral mounts.
Uncertainties given in the tables are at the ±1σ level. Those given on pooled analyses in the text
are at ±tσ (where t is Fisher’s t) or 95% confidence unless otherwise indicated.
Constants used

λU238 = 1.55125 × 10-10y-1
λU235 = 9.8485 × 10-10y-1
λTh232 = 4.9475 × 10-11y-1
λb = 4.962 × 10-10y-1
λe = 0.581 × 10-10y-1
40
K = 0.01167 atom%
Broken Hill common-Pb 204Pb/206Pb = 0.0625
Broken Hill common-Pb 207Pb/206Pb = 0.9618
Broken Hill common-Pb 208Pb/206Pb = 2.2285
CZ3 zircon standard 207Pb/206Pb = 0.05892
CZ3 zircon standard Pb*/U = 0.0914
CZ3 zircon standard concentration = 551 ppm
MAD monazite standard 207Pb/206Pb = 0.05767
MAD monazite standard Pb*/U = 0.083
MAD monazite standard 208Pb*/232Th = 0.02576
Abbreviations used

Pb*/U = (radiogenic 206Pb)/ 238U
208
Pb*/232Th = (radiogenic 208Pb)/232Th
f206% = 100 × (common 206Pb/total 206Pb)
% concordance = 100 ×× (206Pb–238U date)/(207Pb/206Pb date)
40
Ar* = radiogenic 40Ar
vol.% = volume percent

178034: foliated muscovite granodiorite, Cotton Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 797610E 7643790N

Sampled on 6 October 2002
The sample was taken from a the southern edge of a prominent 3-m high pavement located 400 m
south-southwest of CottonWell. Ion-microprobe U–Pb analytical results obtained on zircon
extracted from this sample are presented elsewhere in this publication.
Tectonic unit/relations
This sample is of a light grey, foliated, medium- and even-grained, muscovite granodiorite phase
of the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The
granodiorite has intruded bedding and foliation of the Duffer Formation as a 1.5 × 3 km lens along
the southern margin of the Mount Edgar Granitoid Complex. The granodiorite contains ≤4 mm
diameter, irregular-shaped clots of greenish grey muscovite.
Petrographic description
This principal minerals present in this sample are plagioclase (50 vol.%), quartz (30 vol.%),
microcline (10–15 vol.%), muscovite with traces of biotite (7–8 vol.%) and with accessory
carbonate (trace), apatite (trace) and zircon (trace). This is a foliated, albite-rich leucocratic
granodiorite with muscovite defining an apparent, possibly crenulated, L-S fabric, and with traces
of chloritized biotite. This sample may have an L-S fabric with flattened rod-like aggregates of
muscovite defining a foliation and a lineation. Quartz occurs largely as interlocking anhedral
grains to 4 mm long, with smaller grains in plagioclase-rich areas. Plagioclase is also
inequigranular and anhedral, to 2 mm in diameter, and apparently all albite. Smaller grains of
microcline are evident, but K-feldspar is more clearly visible on the offcut than in thin section.
Large lenses of coarse muscovite are scattered, partly with a parallel orientation, defining a
foliation, but possibly with either an S-C fabric or with a crenulated foliation with some of the
muscovite parallel to the axial planes of the crenulations. Individual muscovite flakes are up to 2
mm long, with muscovite lenses 2 to 8 mm long, commonly foliated. Unoriented muscovite occurs
enclosed in plagioclase and probably of secondary origin. Very minor biotite is fine-grained and
has been altered to chlorite. Traces of carbonate and rare apatite are present, and there are
abundant fluid inclusions. This sample was metamorphosed under probable greenschist-facies
conditions.
* Capitalized names refer to standard 1:250,000 and 1:100,000 scale map sheets respectively.

Monazite morphology
The monazites isolated from this sample are typically colourless with patchy pale yellowish
brown, light brown or dark brown discoloration, between 60 × 100 µm and 120 × 150 µm in size
and are spherical, elliptical or irregular in shape. Most are structureless and lack internal igneous
zonation. Many grains have irregular, pitted surfaces.
Analytical details
This sample was analysed on 17 December 2003. The counter deadtime during the analysis session
was 24 ns. Seven analyses of the MAD monazite standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 1.29 (1σ%). and a 208Pb*/Th calibration uncertainty of
0.56 (1σ%). A correction of –1.2 counts/sec × (232Th counts)unk/(232Th counts)std, based on the
average value of the excess 204Pb counts determined for the seven analyses of the MAD standard
measured during the analysis of this sample, was made to measured 204Pb counts of unknown
analyses. Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses, with the exception of analyses 10.1, 11.1, 16.1 and 17.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Twenty-one analyses were obtained from 21 monazites. Results are given in Table 178034.1 and
shown on a concordia plot in Figure 178034.1.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a recent episode, of radiogenic-Pb loss. Thirteen concordant and highly
discordant analyses of thirteen monazites (1.1, 2.1, 6.1, 7.1, 9.1, 12.1, 13.1, 14.1, 15.1, 18.1, 19.1,
20.1 and 21.1) have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3316 ± 2 Ma (chi-squared = 1.36). The remaining analyses are highly
discordant and indicate both younger and older 207Pb/206Pb dates than the main population.
The date of 3316 ± 2 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirteen
concordant and highly discordant analyses of thirteen monazites is interpreted as the time of
igneous crystallization of the granodiorite. The remaining analyses are interpreted to be of analysis
sites that have undergone radiogenic-Pb redistribution during several recent disturbance events.
A U–Pb zircon date of 3318 ± 3 Ma, interpreted as the time of igneous crystallization of the
granodiorite, is documented elsewhere in this publication.

165364: quartz–feldspar porphyry, Bulchina
Location and sampling
YOUANMI (SH 50-4), ATLEY (2741)

MGA Zone 50, 719320E 6893050N

Sampled on 14 September 2001
The sample was taken from the Troy Resources NL Bulchina open pit. Ion-microprobe U–Pb
zircon analytical results obtained for this sample were presented by Nelson (2003).
Tectonic unit/relations
This sample is from a pale grey, highly altered porphyry of the Southern Cross Granite–
Greenstone Terrane. The porphyry has scattered quartz and feldspar phenocrysts and ≤1 mm
diameter cubic voids that may have originally been feldspar or pyrite phenocrysts. At the sampling
site, the porphyry is intercalated with ultramafic rocks.
Petrographic description
This sample consists of quartz phenocrysts (1–2 vol.%) and feldspar phenocrysts (1 vol.%) set
within a granular, quartz- and sericite-altered groundmass (98 vol.%), with accessory leucoxene
(trace), limonite (trace), zircon (trace) and carbonate (trace). It is a quartz- and sericite-altered,
quartz–feldspar porphyritic felsic volcanic or subvolcanic rock, with quartz veins. Sparse quartz
phenocrysts are up to 2 mm in diameter, with dense sericite after sparse feldspar phenocrysts to 2
mm long. The quartz phenocrysts show some resorption and were bipyramidal. The groundmass
has been altered to granular quartz about 0.4 mm in grain size with abundant sericite, so that it is
not possible to determine whether the original lithology was fine-grained or coarse-grained. The
groundmass may originally have been spherulitic. The sample contains rare leucoxene, as well as
limonite-rimmed porosity, possibly after carbonate. Quartz veins are from 0.05 to 0.8 mm wide
and commonly include minor sericite. This was an acid volcanic or subvolcanic rock with total
phyllic alteration and quartz veining.
Monazite morphology
The monazites isolated from this sample are typically colourless with patchy pale yellowish
brown, light brown or dark brown discoloration, between 25 × 40 µm and 120 × 130 µm in size
and are spherical, elliptical or irregular in shape. Most are structureless and lack internal igneous
zonation. Many grains have irregular, pitted surfaces.

Analytical details
This sample was analysed on 2 December 2003. The counter deadtime during the analysis session
was 24 ns. Eight analyses of the MAD monazite standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 1.42 (1σ%). and a 208Pb*/Th calibration uncertainty of
2.71 (1σ%). A correction of –1.24 counts/sec × (232Th counts)unk/(232Th counts)std, based on the
average value of the excess 204Pb counts determined for the seven analyses of the MAD standard
measured during the analysis of this sample, was made to measured 204Pb counts of unknown
analyses. Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses, with the exception of analyses 1.1, 3.1, 8.1, 9.1, 10.1, 11.1, 12.1,
13.1, 14.1, 16.1, 17.1 and 19.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Nineteen analyses were obtained from 19 zircons. Results are given in Table 165364.1 and shown
on a concordia plot in Figure 165364.1.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Sixteen concordant to highly discordant
analyses of 16 monazites have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2731 ± 3 Ma (chi-squared = 0.93). Concordant analysis 9.1 and
discordant analysis 12.1 indicate slightly younger 207Pb/206Pb dates, whereas concordant analysis
1.1 indicates a slightly older 207Pb/206Pb date, than the main population.
The date of 2731 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of sixteen concordant
to highly discordant analyses of 16 monazites is interpreted as the time of igneous crystallization
of the porphyry. The slightly younger 207Pb/206Pb dates indicated by concordant analysis 9.1 and
discordant analysis 12.1, as well as the slightly older 207Pb/206Pb date indicated by analysis 1.1, are
interpreted to be of analysis sites that have undergone radiogenic-Pb loss during several
disturbance events.
A U–Pb zircon date of 2731 ± 14 Ma, is interpreted as the time of igneous crystallization of the
porphyry, was presented by Nelson (2003).

178024: biotite granodiorite, Minga Well
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 349960E 7350210N

Sampled on 2 October 2002
The sample was taken from a 1-m high, 2-m diameter boulder located amongst a 20 m diameter
cluster of boulders, 2 km west-southwest of Minga Well.
Tectonic unit/relations
This sample is of a medium grey, medium- to coarse-grained biotite granodiorite phase of the
Minnie Creek batholith. The granodiorite is part of the 1830–1780 Ma Moorarie Supersuite
(Sheppard et al., 2004), which was intruded across the Gascoyne Complex and into adjacent
tectonic units. The granodiorite contains ≤1 cm diameter, rounded and elliptical masses of clear
quartz and dark greenish grey coarse feldspar, and with mafic minerals in ≤1 cm diameter,
irregular-shaped clots. At the sampling site, the granodiorite contains abundant ≤20 cm long,
elliptical mafic inclusions.
Petrographic description
This sample consists principally of plagioclase (45 vol.%), quartz (30–35 vol.%), microcline (15
vol.%) and biotite (7–8 vol.%), with accessory titanite (trace), opaque oxide (trace), apatite (trace),
epidote (trace), rutile (trace) and zircon (trace). This is a biotite-rich granodiorite, with weak
recrystallization involving secondary biotite, quartz and plagioclase, as well as saussuritic
alteration of the plagioclase and secondary epidote with or without chlorite in the biotite. The
titanite-oxide association indicates oxidized, I-type affinities and the overall fabric suggests a
shallow emplacement level. Plagioclase is euhedral and varies from 0.5 mm to 5 mm in grain size.
The interstitial material is mostly quartz, also as much as 5 mm in grain size, with small areas of
fine-grained recrystallized quartz, mostly where plagioclase grains are relatively close together.
However, in some areas there are large interstitial grains of microcline, to 10 mm in diameter, with
a poikilitic habit. Where quartz is enclosed in microcline it is more commonly euhedral than
elsewhere and has a bipyramidal habit, perhaps indicating a shallow level of emplacement. The
biotite occurs as single crystals to 2 mm long and in polycrystalline aggregates to 4 mm long and
seems to be largely fresh, apart from exsolving titanium as microcrystalline rutile. Rutile occurs
partly along fractures and partly in a sagenitic web parallel to the cleavage in the biotite, and has
formed as a response to cooling. Titanite occurs as partly euhedral crystals to 2 mm long and is
pink in colour, suggesting high levels of impurities. Minor apatite, to 0.5 mm in grain size, is
mostly enclosed in biotite, as is most of the minor zircon, as subhedral and euhedral crystals from

50 to 200 µm long. Minor fine-grained opaque oxide, rimmed by microcrystalline titanite, also
occurs mostly in the biotite. The plagioclase has mostly strong to intense saussuritic alteration,
with decussate sericite or fine-grained muscovite and granular epidote enclosed in albite.
However, some of the plagioclase contains areas rich in fine-grained secondary biotite as well as
or instead of sericite and epidote, with patches of biotite also spreading into areas of nearby
microcline. In relatively few areas, the secondary biotite is intergrown with fine-grained
recrystallized plagioclase. Very minor chlorite occurs in and marginal to the biotite flakes, but
granular to prismatic epidote has also developed in and adjacent to the biotite. The exsolution of
rutile from biotite and rimming of opaque oxide by titanite are other examples of readjustment to
low temperatures. Zircons in this sample are large, clear and well-formed. The overall fabric, with
euhedral plagioclase and well-defined crystals of quartz enclosed in microcline, suggests a shallow
level of emplacement. The recrystallized secondary biotite, as well as minor recrystallized quartz
and plagioclase, may allow some low temperature metamorphism, perhaps hornfelsic, as well as
more widespread low-temperature hydrothermal alteration.
Zircon morphology
The zircons isolated from this sample are colourless, pale yellowish brown or dark brown,
generally between 60 × 100 µm and 100 × 350 µm in size, and are commonly elongate to rodshaped, and euhedral. Faint euhedral igneous internal zonation is evident in most grains.
Cathodoluminescence images of representative zircons are given in Figure 178024.1.
Analytical details
This sample was analysed on 4 and 8 July 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, ten analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 1.86 (1σ%). Analyses 1.1 to 13.1 were obtained during the first
analysis session. During the second analysis session, six analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.924 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Common-Pb corrections were
determined using the method of Cumming and Richards (1975) for all analyses, with the exception
of analysis 9.1, for which Broken Hill common-Pb isotopic compositions were assumed.
Results
Twenty-seven analyses were obtained from 27 zircons. Results are given in Table 178024.1 and
shown on a concordia plot in Figure 178024.1.
Interpretation
All analyses are concordant or slightly reversely discordant, with the discordance pattern
consistent with a recent episode of radiogenic-Pb redistribution. All analyses and have 207Pb/206Pb

ratios defining a single population indicating a weighted mean 207Pb/206Pb date of 1783 ± 5 Ma
(chi-squared = 0.82).
The weighted mean 207Pb/206Pb date of 1783 ± 5 Ma indicated by all twenty-seven analyses is
interpreted as providing the time of igneous crystallization of the granodiorite.

178025: biotite monzogranite dyke, Shearing Shed
Bore
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 352200E 7356340N

Sampled on 3 October 2002
The sample was taken from a 0.5-m high, 1-m diameter partly buried boulder located 5 km westsouthwest of Shearing Shed Bore.
Tectonic unit/relations
This sample is of a light grey, fine- and even-grained biotite monzogranite dyke. The
monzogranite is part of the Moorarie Supersuite (Sheppard et al., 2004), which was intruded across
the Gascoyne Complex and into adjacent tectonic units at 1830–1780 Ma. At the sampling site, the
dyke trends to the northeast and is 2 to 4 m wide. The dyke has intruded a granodiorite, of which
sample 178024 is representative.
Petrographic description
This sample consists principally of plagioclase (45 vol.%), quartz (25–30 vol.%), microcline (25
vol.% ) and biotite (2 vol.%), with accessory apatite (trace), opaque oxide (trace), epidote (trace),
limonite (trace), sericite (trace), chlorite (trace), smectite (trace), altered possible allanite (trace)
and zircon (trace). This is a deformed and partly recrystallized biotite monzogranite transitional to
granodiorite, with a magmatic segregation containing graphic intergrowths of quartz and feldspar.
This is a pale, fine-grained granitoid rock with disseminated small mafic clots and with
segregations showing a graphic or granophyric texture. Quartz is partly fine-grained but also
occurs as intergrowths of ragged grains to 7 mm long with complex, sutured grain-boundaries
suggesting some deformation, and weak undulose extinction. Plagioclase is anhedral and occurs as
grains 0.5 to 4 mm long, with mostly smaller grains of microcline, also anhedral but not clearly
interstitial. A large patch, 15 mm long and 8 mm wide, contains graphic intergrowths of quartz and
feldspar about 2 mm in diameter as well as minor granular plagioclase. In most of these
intergrowths the feldspar is microcline, but there are several intergrowths of quartz and
plagioclase. These may represent a magmatic segregation. Scattered biotite-rich patches, to 2 mm
long, are largely altered but may have been partly recrystallized. Alteration is widespread and
partly intense, with albitization and weak sericite-clinozoisite patches in some of the plagioclase
grains, but intense saussuritic alteration to albite, decussate muscovite and granular to prismatic
epidote in other areas with more access to fluids. Small patches of limonite occur rarely in the

altered plagioclase. Small aggregates of epidote, without sericite, also occur, usually close to
altered biotite-rich aggregates. Almost all of the biotite has been altered to chlorite with or without
smectite, with granular fine-grained epidote in most of the former biotite aggregates. Some
alteration to possible vermiculite is also indicated and there are rare aggregates of partly
recrystallized fresh biotite, accompanied by epidote. Rare grains of opaque oxide occur, rimmed
by microcrystalline titanite and patches of microcrystalline secondary minerals may represent
altered allanite grains. The textures indicate a deformed and partly recrystallized, fine-grained
monzogranite transitional to granodiorite. Magmatic segregations occur with graphic quartzfeldspar intergrowths, suggesting shallow emplacement. Weak to intense saussuritic alteration is
evident in the plagioclase, with chlorite-clay-epidote alteration in the biotite, as well as secondary
microcrystalline titanite. The alteration indicates exposure to low-temperature hydrothermal fluids
late in the cooling history of the pluton.
Zircon morphology
The zircons isolated from this sample are pale yellowish brown or dark brown, generally between
50 × 80 µm and 100 × 280 µm in size, and are euhedral and slightly elongate. Most grains have
faint internal zonation, but a minority are structureless. Cathodoluminescence images of
representative zircons are given in Figure 178025.1.
Analytical details
This sample was analysed on 5 June and 19 July 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, eleven analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 0.923 (1σ%). A calibration uncertainty of 1.0 (1σ%)
was applied to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 11.1
were obtained during the first analysis session. During the second analysis session, twelve analyses
of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.43 (1σ%). Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses,
with the exception of analyses 3.1, 13.1, 25.1, 32.1 and 33.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Thirty-three analyses were obtained from thirty-three zircons. Results are given in Table 178025.1
and shown on a concordia plot in Figure 178025.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. Thirty concordant to highly discordant analyses of thirty
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean

207

Pb/206Pb date of 1794 ± 4 Ma (chi-squared = 0.81). Concordant analyses 1.1 and 28.1 indicate
slightly younger 207Pb/206Pb dates, whereas discordant analysis 3.1 indicates a significantly older
207
Pb/206Pb date, than the main population.
The date of 1794 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirty concordant
to highly discordant analyses of thirty zircons is interpreted as the time of igneous crystallization
of the monzogranite dyke. Concordant analyses 1.1 and 28.1 may be of analysis sites that have lost
some radiogenic Pb during an ancient disturbance event, whereas discordant analysis 3.1 is
interpreted to be of a xenocryst zircon.

178026: muscovite–biotite syenogranite, Russell Well
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 364600E 7360610N

Sampled on 3 October 2002
The sample was taken from the northeastern edge of a 20-m long, east-trending low pavement
located 1 km east of Russell Well.
Tectonic unit/relations
This sample is of a light grey, coarse-grained, heterogeneous, pegmatitic muscovite–biotite
syenogranite. The syenogranite belongs to the 1685–1620 Ma Durlacher Supersuite (Sheppard et
al., 2004). The syenogranite is the youngest igneous phase identified at the sampling site and has
intruded an inclusion of augen gneiss within an inclusion-rich biotite–muscovite granodiorite, of
which sample 178027 is representative. At the sampling site, the syenogranite contains irregular
layers that are richer in mafic minerals, mainly biotite.
Petrographic description
This sample consists principally of microcline (50 vol.%), quartz (25 vol.%), plagioclase (20
vol.%), muscovite (3 vol.%) and biotite (2 vol.%), with accessory tourmaline (trace), epidote
(trace), chlorite (trace) and zircon (trace). This is a heterogeneous muscovite–biotite syenogranite
with micaceous and mica-poor domains (pegmatoidal?), some of which contain segregations of
tourmaline. The micaceous domains are partly schistose and may represent schlieren of
metasedimentary origin (upper greenschist to lower amphibolite facies?), with secondary epidote
and rare clear, euhedral zircons. Plagioclase is weakly to moderately saussuritized, with minor
epidote and rare chlorite replacing biotite. This is a heterogeneous but mostly K-feldspar-rich
granitoid with large domains with and without disseminated biotite. Biotite occurs mostly in a
relatively quartz-poor band 10 to 15 mm wide. The bulk mineralogy indicates a two-mica
syenogranite with S-type affinities. The plagioclase is partly anhedral and partly subhedral and
occurs as grains to 5 mm long, locally with a partial mantle of albite exsolved from adjacent grains
of microcline. The microcline is mostly anhedral and partly poikilitic, with grains from 2 to 8 mm
in diameter. Albite has been exsolved, mostly along grain-boundaries, where “swapped rims” are
commonly developed. Quartz occurs largely as weakly deformed larger grains, to 4 mm long, but
areas containing fine-grained recrystallized new grains are present, with grains mostly less than
0.4 mm in diameter. Biotite occurs partly as primary flakes to 2 mm long and partly as aggregates
of largely decussate smaller flakes, especially in the mica-rich band referred to above, which also
contains most of the muscovite in the thin section. Muscovite is largely schistose and is oriented

parallel to the micaceous band across the thin section, with flakes to 3 mm long, cutting across and
post-dating the biotite in the same layer. Less strongly oriented muscovite is also present in this
layer, especially where it is intergrown with earlier decussate biotite, and the schistosity is not
entirely planar, with the possibility of an S-C fabric in some areas. There is also a patch of
tourmaline in the centre of one of the biotite-free areas. This patch is about 15 mm in diameter and
suggests a pegmatoidal aspect to the biotite-free areas. The plagioclase has been albitized and
shows weak or moderate development of sericite and epidote in a saussuritic alteration pattern.
The exsolved plagioclase is mostly fresh, but is rarely altered, with fibrous sericite in some areas.
Minor epidote has developed in some of the biotite, and rare flakes are altered to chlorite. In the
muscovite and biotite lenses there is some replacement of biotite by granular epidote, with
lamellae of leucoxene or microcrystalline titanite parallel to the cleavage of the former biotite.
Aggregates of muscovite and epidote also occur in the biotite-free areas, but are not as abundant as
in the biotite- and muscovite-rich band. Clear euhedral zircon crystals to 70 µm long occur only in
the biotite-rich band, with rare zoned crystals containing epidote and metamict-altered possible
allanite adjacent to this band. The overall fabric suggests that the micaceous areas may contain
schlieren of metasedimentary origin as well as disseminated primary magmatic biotite. It is
possible that any deformation that this sample has experienced may have been largely partitioned
into the micaceous areas; recrystallization of some of the quartz suggests the possibility of
amphibolite-facies deformation and metamorphism (or autometamorphism). The biotite,
muscovite and epidote assemblages in the possible schlieren suggest possibly lower amphiboliteto greenschist-facies conditions. In addition, low-temperature hydrothermal alteration to
saussuritic assemblages is evident.
Zircon morphology
The zircons isolated from this sample are pale yellowish brown or pinkish brown, generally
between 60 × 100 µm and 100 × 280 µm in size, and are euhedral, sometimes with rounded
terminations, and slightly elongate. Most grains are structureless, but a minority have faint internal
zonation and a few have structureless but fractured cores surrounded by zoned rims.
Cathodoluminescence images of representative zircons are given in Figure 178026.1.
Analytical details
This sample was analysed on 14 July 2003. The counter deadtime during the analysis session was
24 ns. Eight analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.40 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses, with the exception of analysis 12.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results

Twenty-five analyses were obtained from twenty-four zircons. Results are given in Table
178026.1 and shown on a concordia plot in Figure 178026.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. Twenty-two concordant analyses of twenty-one zircons have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1796 ± 6 Ma (chi-squared = 0.86). Concordant analyses 8.1 and 10.1 indicate slightly younger
207
Pb/206Pb dates, whereas discordant analysis 9.1 indicates a significantly older 207Pb/206Pb date,
than the main population.
The distribution of analyses along the Concordia curve indicates that most, if not all, of the
zircons within this sample are xenocrysts. Analysis 10.1 was obtained on a 30 × 100 µm, clear,
structureless grain. The date of 1691 ± 9 Ma (±1σ uncertainty) indicated by the 207Pb/206Pb ratio of
concordant analysis 10.1 is therefore interpreted as providing a maximum time for igneous
crystallization of the syenogranite.

178027: biotite–muscovite granodiorite, Mangaroon
Homestead
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 363140E 7357610N

Sampled on 3 October 2002
The sample was taken from a 0.5-m high, low undulating rock pavement located 4.5 km northeast
of Mangaroon Homestead.
Tectonic unit/relations
This sample is of a dark greenish grey, medium-grained, biotite–muscovite granodiorite that
contains abundant, ≤30 cm long, biotite-rich inclusions and zones of ≤1 cm long, aligned biotite
plates that may be inclusions of metasedimentary rock. The granodiorite has been intruded by a
pegmatitic leucogranite, of which sample 178026 is representative. The granodiorite is a schleiric
diatexite melt, and field relationships indicate that it is the oldest rock type in the 1685–1660 Ma
Durlacher Supersuite (Sheppard et al., 2004).
Petrographic description
This sample consists principally of plagioclase (60 vol.%), quartz (30–35 vol.%), biotite (5 vol.%)
and muscovite (2–3 vol.%), with minor opaque oxide (≤1 vol.%) and accessory muscovite (trace),
epidote (trace), chlorite (trace), titanite (trace), carbonate (trace) and zircon (trace). This is a
foliated or gneissic biotite tonalite or granodiorite, with probable greenschist-facies deformation
and metamorphism forming muscovite, epidote, chlorite, titanite with or without carbonate
assemblages, as well as saussuritic alteration of plagioclase. This sample contains no K-feldspar,
indicating a micaceous tonalite or altered granodiorite. Plagioclase occurs as subhedral grains or
augen to 4 mm long, mostly oblique to the foliation, but there are also lenses, to 15 mm long,
composed of sericite and quartz. These lenses may represent shear-lozenges or altered feldspar,
possibly K-feldspar, as this style of alteration is not evident in the plagioclase. Quartz occurs in
parallel lenses partly defining the foliation, with deformed grains to 4 mm long and minor finegrained recrystallized grains. Some of the biotite is also in lenses defining an anastomosing
foliation, with indications of an S-C fabric in some areas, but some of the biotite is unoriented and
occurs as augen to 4 mm in diameter, similar to the plagioclase augen. Muscovite occurs as partly
poikilitic flakes to 3 mm long, mostly parallel to the foliation, but may have formed later than the
biotite, and partly replaced earlier biotite. Lenses of opaque oxide occur parallel to the foliation
and there are clear but slightly pinkish zircon grains from 50 to 100 µm long. Plagioclase has been

albitized and has minor to abundant sericite or fine-grained decussate muscovite, locally with
microcrystalline clinozoisite or granular to prismatic epidote, where there is abundant muscovite
as opposed to sericite. Some of the biotite has been altered to epidote with lamellae of leucoxene
or microcrystalline titanite parallel to the cleavage of the former biotite, as well as replacement by,
or interlamination with muscovite, as indicated above. Muscovite, ilmenite and lenses of
microcrystalline titanite also occur in some of the larger biotite flakes, indicating readjustment to
low temperatures. Small flakes of chlorite are also present, but have formed independently of
former biotite, possibly as part of a greenschist-facies assemblage that also includes epidote and
muscovite. Some alteration of biotite to chlorite, with minor microcrystalline titanite in and
adjacent to the chlorite, is evident, however. Microcrystalline titanite also occurs in some
muscovite-rich lenses. These muscovite-rich lenses may have been derived from biotite. The
quartz–muscovite lenses have textures that are common in greisens, and are more probably shearrelated lenses, rather than (for example) altered K-feldspar. Rare patches of carbonate and epidote
occur in some of these lenses. The overall fabric suggests a foliated or gneissic tonalite with
enigmatic quartz-sericite lenses with a greisen-like appearance. Metamorphism is most clearly
indicated by muscovite-chlorite-epidote-titanite assemblages suggestive of greenschist-facies
conditions, with low-temperature hydrothermal alteration of plagioclase and biotite.
Zircon morphology
The zircons isolated from this sample are pale pinkish or yellowish brown or dark brown,
generally between 50 × 120 µm and 150 × 280 µm in size, and are commonly subhedral and
elongate. Many grains lack any internal zonation. Most grains have faint internal zonation, or have
structureless, fractured cores surrounded by zoned, radially fractured rims. Cathodoluminescence
images of representative zircons are given in Figure 178027.1.
Analytical details
This sample was analysed on 4 July 2003. The counter deadtime was 24 ns. Ten analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 1.86 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 9.1, 13.1 and 22.1, for which isotopic compositions determined using the
method of Cumming and Richards (1975) were assumed.
Results
Twenty-five analyses were obtained from 25 zircons. Results are given in Table 178027.1 and
shown on a concordia plot in Figure 178027.2.
Interpretation

The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of two groups. Twelve concordant analyses of twelve
zircons (3.1, 5.1, 6.1, 8.1, 9.1, 10.1, 13.1, 14.1, 15.1, 23.1, 24.1 and 15.1), assigned to Group 1,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1677 ± 5 Ma (chi-squared = 1.36). Concordant analyses 1.1, 2.1, 4.1, 18.1 and 20.1,
assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 1793 ± 12 Ma (chi-squared = 0.42). Apart from analyses 8.2 (obtained on
a hexagonal, structureless core evident in grain 8) and 16.1 (obtained on a slightly elongate,
structureless core of grain 16), which indicate significantly older 207Pb/206Pb dates than these
populations, the remaining analyses have 207Pb/206Pb dates that are intermediate between those of
Groups 1 and 2.
The date of 1677 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of twelve concordant
analyses of Group 1 is interpreted as the time of igneous crystallization of the granodiorite. The
remaining analyses indicating older 207Pb/206Pb dates, including those of Group 2, are interpreted
to be of xenocryst zircons or (in part) of xenocryst zircon cores.

178028: biotite–muscovite syenogranite dyke,
Coorabie Tank
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 385760E 7367230N

Sampled on 3 October 2002
The sample was taken from the southeastern edge of a large area of rock pavement located 4 km
southeast of Coorabie Tank.
Tectonic unit/relations
This sample is of a dark greenish grey, porphyritic, biotite–muscovite syenogranite dyke that
contains ≤1 cm long, tabular K-feldspar phenocrysts within a fine-grained groundmass. The dyke
is 3 to 4 m wide and, at the sampling site, ≥50 m long, and has intruded a coarse-grained,
porphyritic biotite monzogranite, of which sample 178029 is representative. The syenogranite
dyke is part of the Dingo Creek Granite, which belongs to the Durlacher Supersuite (Sheppard et
al., 2004).
Petrographic description
This sample consists principally of K-feldspar (40 vol.%), quartz (30–35 vol.%), plagioclase (10–
15 vol.%), biotite (3 vol.%) and muscovite (1–2 vol.%), with accessory opaque oxide (trace),
secondary titanite (trace), apatite (trace) and zircon (trace). This is a foliated, biotite–muscovite
syenogranite, with phenocrysts of microcline, augen of quartz, foliated lenses of biotite and
muscovite, as well as abundant fractures and lamellae with quartz, sericite and biotite, plus quartzcarbonate veins. This sample contains abundant biotite, as well as large elongate grains or
phenocrysts of K-feldspar, partly oriented parallel to the foliation but poorly oriented in other
areas. Oxides and titanite occur in some of the biotite aggregates, and there is minor accessory
apatite as well as zircon. About 7 to 8 vol.% of the rock is occupied by veins, lamellae and
fractures composed of secondary minerals and not clearly part of the original lithology. The Kfeldspar grains are composed of microcline as much as 20 mm long, with smaller, unoriented
grains from 1 to 4 mm long. Most of the quartz occurs as elliptical augen to 6 × 4 mm with
undulose extinction, but areas of fine-grained, recrystallized quartz are also present, even away
from the secondary mineral aggregates. Plagioclase is mostly fine-grained and anhedral, to 2 or 3
mm in grain size, locally in aggregates to 5 mm in diameter. Biotite and muscovite occur in lenses
parallel to the foliation, to 3 mm long, partly foliated, to 1 mm in grain size, and partly
recrystallized. Rare zircon, 50 to 100 µm in grain size, is mostly clear, euhedral and zoned and is

mostly enclosed in biotite. Plagioclase has a dusting of sericite and has been albitized, with very
minor secondary fine-grained biotite in some areas. Replacement of biotite by muscovite is evident
in some areas. Extensive fractures and microshears, parallel to the foliation and also at a high
angle to the foliation, are present, mostly filled by quartz and/or sericite, usually with minor
biotite, with rare larger fractures, cutting microcline grains, filled by carbonate and minor quartz.
Some of these fractures contain schistose material, especially those that are parallel to the
foliation, but others are decussate. These represent transitional brittle-ductile deformation and lowtemperature hydrothermal alteration, possibly at greenschist-facies temperatures. The original
foliation may have formed at amphibolite- or upper greenschist-facies temperatures, however. The
fabric of this sample indicates a foliated biotite syenogranite with microcline partly as phenocrysts,
and abundant lamellae and fractures containing quartz-sericite-biotite and quartz-carbonate
assemblages formed at low temperatures, possibly under greenschist-facies conditions, as well as
low-temperature hydrothermal alteration of plagioclase.
Zircon morphology
The zircons isolated from this sample are colourless, pale yellowish brown or dark brown,
generally between 60 × 90 µm and 100 × 280 µm in size, and are commonly euhedral and slightly
elongate . Many grains lack any internal zonation or have faint internal zonation, with a minority
having structureless, fractured cores surrounded by zoned, radially fractured rims.
Cathodoluminescence images of representative zircons are given in Figure 178028.1.
Analytical details
This sample was analysed on 8 July 2003. The counter deadtime was 24 ns. Eight analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 0.864 (1σ%). A calibration uncertainty
of 1.0 (1σ%) was applied to analyses of unknowns obtained during this analysis session.
Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic compositions
for all analyses, with the exception of analyses 10.1 and 17.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-six analyses were obtained from twenty-six zircons. Results are given in Table 178028.1
and shown on a concordia plot in Figure 178028.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of two groups. Fifteen concordant and highly discordant
analyses of fifteen zircons (1.1, 2.1, 3.1, 4.1, 5.1, 6.1, 11.1, 13.1, 15.1, 18.1, 19.1, 22.1, 23.1, 24.1

and 55.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating
a weighted mean 207Pb/206Pb date of 1674 ± 8 Ma (chi-squared = 1.30). Ten concordant analyses of
ten zircons (7.1, 8.1, 9.1, 10.1, 12.1, 16.1, 17.1, 20.1, 21.1 and 26.1), assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1794 ± 9 Ma (chi-squared = 0.55). Discordant analysis 14.1 cannot be grouped.
The date of 1674 ± 8 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
and highly discordant analyses of Group 1 is interpreted as the time of igneous crystallization of
the syenogranite dyke. The remaining analyses indicating older 207Pb/206Pb dates, including those
of Group 2 and analysis 14.1, are interpreted to be of xenocryst zircons or of zircon cores of
xenocrystic origin.

178029: biotite monzogranite, Coorabie Tank
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 385720E 7367230N

Sampled on 3 October 2002
The sample was taken from the southern edge of a large area of rock pavement located 4 km
southeast of Coorabie Tank. The sampling site is located 37 m west of the site of sample 178028.
Tectonic unit/relations
This sample is of a light grey, porphyritic biotite monzgranite that contains ≤3 cm diameter, white,
equant, rounded to oval K-feldspar phenocrysts within a medium-grained quartzofeldspathic
matrix. The monzogranite has been intruded by a dark greenish grey, porphyritic biotite–
muscovite syenogranite dyke, of which sample 178028 is representative. The monzogranite is part
of the extensive Pimbyana Granite (Pearson, 1996), which belongs to the Durlacher Supersuite
(Sheppard et al., 2004).
Petrographic description
This sample consists principally of plagioclase (45 vol.%), quartz (25 vol.%), K-feldspar (25
vol.%), biotite (2–3 vol.%) and muscovite (2–3 vol.%), with accessory fluorite (trace), carbonate
(trace), sericite (trace), apatite (trace), opaque oxide (trace), chlorite (trace) and zircon (trace). This
is a deformed, porphyritic two-mica monzogranite with microcline phenocrysts. Minor primary
biotite and muscovite indicate S-type affinities, and there are two sets of microshears (quartzbiotite with or without fluorite and carbonate; quartz-sericite and sericite). Fractures in K-feldspar
also contain quartz, fluorite and carbonate, and the plagioclase has been albitized and dusted with
sericite. The only probable zircon grains occur as minute radioactive inclusions in biotite.
Scattered phenocrysts of K-feldspar are visible in this sample, but are rarely elongate and less than
15 mm long. The K-feldspar is microcline and contains plagioclase in two forms: as rounded
primary inclusions from 0.2 to 1 mm long and as exsolution lamellae. Plagioclase occurs as
elongate but subhedral to anhedral grains to 7 mm long, commonly fractured and veined by
secondary minerals. Quartz occurs mostly as elongate highly strained old grains to 8 mm long with
undulose extinction and subgrains, but minor fine-grained quartz is present, representing
recrystallized new grains. These occur along grain-boundaries and within larger grains. Areas that
also contain recrystallized plagioclase and/or microcline are less common, however. The biotite is
partly of magmatic origin, as flakes to 2 mm long, commonly with very abundant pleochroic
haloes around microcrystalline radioactive grains, but is partly recrystallized in decussate
aggregates or in schistose foliae with quartz with or without muscovite, representing early shear

zones. Coarse-grained aggregates of muscovite occur, to 4 mm in diameter, as well as lamellae
rich in fine-grained muscovite and sericite, together with recrystallized quartz. The more sericiterich lamellae represent shear zones formed later than those with biotite. Some of the coarse
muscovite has totally altered inclusions, but the original mineralogy is uncertain, as these are now
massive decussate sericite. Minor apatite occurs, mostly within biotite aggregates, and rare opaque
oxide was noted, but only microcrystalline radioactive grains are evident. As indicated, there are
early microshears to 1.5 mm wide with quartz and biotite. Some of these have lenses of fluorite to
1.5 mm long and rare carbonate. Some of the K-feldspar has been fractured and has veins of
quartz, locally with minor fluorite with or without carbonate. The later quartz-sericite and sericiterich microshears are narrower and more likely to cut across individual feldspar grains. Minor finegrained muscovite has formed in and adjacent to the recrystallized biotite aggregates, and rare
flakes and aggregates of chlorite are present, not clearly derived from biotite. The plagioclase has
a relatively uniform dusting of sericite and has been albitized, with weak clay clouding in the
microcline. Very thin carbonate-filled fractures are also evident. This sample is a porphyritic
monzogranite with an extended history of deformation, recrystallization, shearing and fracturing
(in the K-feldspar phenocrysts and plagioclase grains), accompanied by quartz, biotite, sericite or
fine-grained muscovite, fluorite and rare carbonate. Early deformation of quartz and fracturing of
feldspar may have taken place under low amphibolite- to greenschist-facies conditions. The
temperatures may have passed from amphibolite into greenschist facies or may have been entirely
within the greenschist facies. Late-stage low-temperature hydrothermal alteration has affected the
plagioclase.
Zircon morphology
The zircons isolated from this sample are colourless, pale yellowish and pinkish brown or dark
brown, generally between 60 × 90 µm and 100 × 280 µm in size, and are commonly euhedral and
slightly elongate. Many grains lack any internal zonation or have faint internal zonation, with a
minority having structureless or zoned, fractured cores surrounded by zoned or structureless,
radially fractured rims. Cathodoluminescence images of representative zircons are given in Figure
178029.1.
Analytical details
This sample was analysed on 29 July 2003. The counter deadtime was 24 ns. Eight analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 1.14 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analysis 25.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Twenty-five analyses were obtained from twenty-five zircons. Results are given in Table 178029.1
and shown on a concordia plot in Figure 178029.1.

Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Twenty-four concordant and highly
discordant analyses of twenty-four zircons have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 1675 ± 11 Ma (chi-squared = 1.04). Concordant
analysis 191 indicates a significantly older 207Pb/206Pb date than those of the main population.
The date of 1675 ± 11 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty-four
concordant and highly discordant analyses is interpreted as the time of igneous crystallization of
the monzogranite. Analysis 19.1 is interpreted to be of a xenocryst zircon.

178030: biotite granodiorite, Robinson Well
Location and sampling
EDMUND (SF 50–14), MANGAROON (2050)

MGA Zone 50, 355600E 7395370N

Sampled on 4 October 2002
The sample was taken from a 5-m long whaleback amongst a rocky area of whalebacks, about 50
m east of the access track and 3 km southeast of Robinson Well.
Tectonic unit/relations
This sample is of a dark grey, medium-to coarse-grained, biotite-rich granodiorite of the 1685–
1660 Ma Durlacher Supersuite (Sheppard et al., 2004), Gascoyne Complex. The granodiorite
contains ≤3 mm diameter, irregular-shaped clots of biotite, ≤3 mm diameter feldspar and quartz
phenocrysts, and abundant 20 cm long, elongate and elliptical-shaped inclusions of
metasedimentary rock. The metasedimentary inclusions consist mainly of pelite, arkose and rare,
rounded inclusions of vein quartz.
Petrographic description
This sample consists principally of feldspar (60 vol.% ), quartz (30–35 vol.%) and biotite (7–8
vol.%), with accessory limonite (trace) possibly derived from pyrite, muscovite/sericite (trace),
leucoxene (trace), titanite (trace), apatite (trace), opaque oxide (trace), epidote (trace), zircon
(trace) and possible monazite (trace). This is a foliated, albitized, biotite-porphyritic monzogranite
or granodiorite, with sericite-clinozoisite alteration in plagioclase, epidote and muscovite/sericite
in biotite and pyrite altered to limonite and without visible K-feldspar. In thin section, the biotite is
weakly oriented and defines a magmatic fabric rather than a tectonic foliation, with flakes to 4 mm
long in various orientations. Very minor fine-grained recrystallized biotite is present. The feldspar
may have included large grains of K-feldspar to 20 mm long as well as plagioclase laths to 3 mm
long. The large altered feldspar grains enclose altered plagioclase, quartz and biotite, but a
checkerboard pattern is rarely developed well enough to be certain that this was formerly Kfeldspar. If this was K-feldspar, the rock may have been granodiorite or monzogranite, depending
on the proportions of K-feldspar and plagioclase. The quartz is interstitial and occurs as weakly
deformed grains to 12 mm long with undulose extinction and sutured grain-boundaries, but with
no signs of recrystallization. Accessory apatite occurs, mostly in the biotite, with rare fine-grained
opaque oxide, rimmed by titanite, and limonite after pyrite. Accessory zircon with or without
monazite, from 50 to 150 µm in grain size, is fresh and unaltered. The feldspars have been
albitized, with mostly minor sericite and clinozoisite in former plagioclase laths, indicating
incipient saussuritization. Sericite and irregular patches of possibly secondary quartz have formed

within large albitized grains interpreted as former K-feldspar, locally with checkerboard albite, in
an incipient form of greisen-like alteration. Minor to abundant granular to prismatic epidote has
formed within biotite flakes, with leucoxene or microcrystalline titanite disseminated and in
lamellae. In one area, relatively fine-grained biotite has been altered to clay, possibly vermiculite,
with extensive rims composed of parallel prisms of epidote. Leucoxene or rutile has also been
exsolved from the biotite as a response to cooling. Small decussate flakes of sericite cut across the
biotite in some areas, and muscovite accompanies the epidote in some areas. The epidote and
sericite/muscovite represent greenschist-facies alteration.
Zircon morphology
The zircons isolated from this sample are colourless or pale yellowish brown, generally between
50 × 120 µm and 80 × 280 µm in size, euhedral or subhedral, and are commonly highly elongate.
Many grains lack any internal zonation or have faint internal zonation, with a minority having
striations parallel to the grain long axis, or hollow tubular interiors. Fluid inclusions are abundant.
Cathodoluminescence images of representative zircons are given in Figure 178030.1.
Analytical details
This sample was analysed on 27 July 2003. The counter deadtime was 24 ns. Seven analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 1.22 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty-five analyses were obtained from twenty-five zircons. Results are given in Table 178030.1
and shown on a concordia plot in Figure 178030.1.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. All twenty-five concordant and slightly discordant
analyses of twenty-five zircons have 207Pb/206Pb ratios defining a single population and indicating
a weighted mean 207Pb/206Pb date of 1678 ± 6 Ma (chi-squared = 0.80).
The date of 1678 ± 6 Ma indicated by the weighted mean 207Pb/206Pb ratio of all twenty-five
concordant and slightly discordant analyses of twenty-five zircons is interpreted as the time of
igneous crystallization of the granodiorite.

149665: quartz sandstone, Phenoclast Hill
Location and sampling
TRAINOR (SG51–2), NICHOLLS (3448)

MGA Zone 51, 472120E 7270250N

Sampled on 9 April 2002
The sample was taken from the south side of the head of a prominent gully on the northern side of
the Cornelia Range and 8 km southeast of Phenoclast Hill.
Tectonic unit/relations
This sample is of a pale purplish brown, medium-grained, well-sorted, silicified quartz-rich
sandstone, originally considered to be from the stratigraphically lower part of Cornelia Sandstone
(as exposed in the Cornelia Range; Hocking et al., 2000) of the Edmund Group, Oldham Inlier.
Paleocurrent measurements indicate derivation broadly from the north. However, the results
obtained herein have raised doubt about this assignment, or about correlation of the Cornelia
Sandstone with the Edmund Group (Hocking et al., 2000; Hocking and Jones, 2002).
Petrographic description
This sample consists principally of quartz (85 vol.%) as single-crystal detrital quartz grains, lithic
detritus of polycrystalline (cherty) quartz-rich grains (10 vol.% ), sericite-bearing slate fragments
(3–4 vol.%) and minor sericite (<1 vol.%), with accessory tourmaline (trace), opaque oxide (trace),
muscovite (trace) and zircon (trace). This is a massive, coarse-grained (lithic) quartz sandstone
with common optically continuous overgrowths on the quartz grains. Minor clay-rich lithic grains
with or without cryptocrystalline silica, are commonly clouded by limonitic and/or hematitic dust.
Accessory minerals are bluish-green and brown tourmaline, and rarer grains of opaque oxide,
zircon and detrital muscovite. The single-crystal quartz grains are mostly less than 1 mm in
diameter (coarse-grained sandstone) and commonly have optically continuous overgrowths. Many
of the grains have incipiently sutured intergranular contacts, and internal deformation lamellae,
indicating low-grade metamorphism including weak deformation. The polycrystalline quartz-rich
lithic grains include cherty and granular types, with grains to 0.25 mm in diameter in some of the
latter. Some of the accessory tourmaline grains are etched, possibly during weathering of the
source rock, but rounded grains, rarely fragmented, are also apparent. One quartz grain has
inclusions of euhedral, pale green tourmaline inherited from the source rock. Trace zircon grains
from 0.1 to 0.15 mm in diameter are present, as angular crystal fragments, but clear and unaltered.
There is a very minor porosity, partly rimmed by minute quartz crystals, and partly filled by kaolin
as small white specks.

Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 200 × 250 µm in size,
colourless or pale yellowish brown, internally structureless but commonly fractured and are equant
or slightly elongate and rounded in shape. Fluid and mineral inclusions are common. The surfaces
of most grains are pitted, consistent with detrital transport. Cathodoluminescence images of
representative zircons are given in Figure 149665.1.
Analytical details
This sample was analysed on 20 March, 1 April and 6 November 2003. The counter deadtime
during all three analysis sessions was 24 ns. During the first analysis session, eight analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 0.850 (1σ%). A calibration uncertainty
of 1.0 (1σ%) was applied to analyses of unknowns obtained during this analysis session. Analyses
1.1 to 24.1 were obtained during the first analysis session. During the second analysis session,
twelve analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 2.55 (1σ%).
During the third analysis session, four analyses of the CZ3 standard indicated a Pb*/U calibration
uncertainty of 1.53 (1σ%). Common-Pb corrections were applied assuming Broken Hill commonPb isotopic compositions for all analyses.
Results
Forty analyses were obtained from thirty-six zircons. Results are given in Table 149665.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 149665.2 and
149665.3.
Interpretation
The analyses are concordant to slightly discordant and indicate a range of 207Pb/206Pb dates from c.
1390 to 1850 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of
three groups. Thirty-one concordant or near-concordant analyses of 31 zircons, assigned to Group
1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1780 ± 10 Ma (chi-squared = 0.91). Concordant or near-concordant analyses 2.1, 6.1 and
12.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 1695 ± 63 Ma (chi-squared = 0.45). Near-concordant analysis
9.1 indicates a significantly older 207Pb/206Pb date than those of Groups 1 and 2. Five concordant
and near-concordant analyses obtained on grain 23, assigned to Group 3, indicate a significantly
younger 207Pb/206Pb date of 1384 ±38 Ma (chi-squared = 0.24).
Grain 23 is 150 × 180 µm, colourless, structureless but fractured and subrounded grain inferred
to be of detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1384 ±38 Ma
indicated by five concordant and near-concordant analyses is interpreted as a maximum time for
deposition of the sandstone precursor to the quartzite. The remaining analyses are also interpreted

to be of detrital grains.
Source rocks within the western part of Australia having ages matching those of the zircons
within this sample include the Rudall (Nelson, 1994, 1995, 1996), Arunta (Williams et al., 1996
and references cited therein), Gascoyne (Nelson, 1997, 1998, 1999, 2000, this volume) and
Musgrave (White et al., 1999 and references cited therein) complexes and the Albany–Fraser
Orogen (Nelson et al., 1995).

149683: quartz sandstone, Well 14
Location and sampling
TRAINOR (SG51–2), TRAINOR (3449)

MGA Zone 51, 402590E 7308420N

Sampled on 9 April 2002
The sample was taken from three silicified 0.5-m diameter boulders from an outcrop located 5.7
km south of Well 14 on the Canning Stock Route.
Tectonic unit/relations
This sample is of a dark purplish grey, medium-grained, well-sorted, homogeneous silicified
quartz-rich sandstone assigned to the Oldham Sandstone, northern side of the Ward Inlier.
Petrographic description
This sample consists principally of quartz (85 vol.%) with other components including hematite,
goethite and kaolin (15 vol.%), and accessory detrital muscovite (trace), tourmaline (trace) and
zircon (trace). This is a massive, compact to weakly bedded, mostly medium- to coarse grained
quartz sandstone, with minor open porosity and with authigenic, intergranular kaolin. Quartz
occurs as a massive, compact aggregate of mostly subangular to subrounded quartzose grains, with
a complete range in size from 0.2 mm to (rarely) 1.5 mm. The quartz grains have an overall
moderate degree of sorting with an average size about 0.6 mm (i.e. coarse grained sand). There is a
poorly defined bedding, manifest as domains with better sorted grains about 0.3 mm, gradational
to coarser grained areas (0.8 mm) which incorporate the rare very coarse grains. Although most
grains are quartzose, these have some specific differences, reflecting slightly different sources.
Single crystal quartz grains are dominant generally with internal trails of minute fluid inclusions.
There are minor proportions of cryptocrystalline to microcrystalline “chert” grains that are
variably clear to clouded (with hematite dust), and lesser grains probably derived from vein quartz
and from metasiltstone and sandstone, some with inclusions of oxidized micas, and trace
tourmaline. There are accessory flakes of detrital muscovite, minor authigenic quartz overgrowths
on some individual quartz grains, and minor open porosity. The massive compact nature of this
quartz sandstone indicates consolidation during burial, perhaps during incipient, very low grade
metamorphism. Rounded, slightly clouded zircon grains and detrital (and/or authigenic)
tourmaline are rimmed by the fine hematitic oxide.
Zircon morphology

The zircons isolated from this sample are colourless or pale yellowish brown, generally between
50 × 70 µm and 200 × 250 µm in size, internally structureless but commonly fractured and are
equant or slightly elongate, rounded or elliptical in shape. Fluid and mineral inclusions are
common. The surfaces of most grains are pitted, consistent with detrital transport.
Cathodoluminescence images of representative zircons are given in Figure 149683.1.
Analytical details
This sample was analysed on 14 and 21 July 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 2.27 (1σ%). Analyses 1.1 to 12.1 were obtained during the first
analysis session. During the second analysis session, seventeen analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 3.23 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analysis 4.1, for which isotopic compositions determined using the method of Cumming and
Richards (1975) were assumed.
Results
Thirty-five analyses were obtained from thirty-five zircons. Results are given in Table 149683.1
and shown on concordia and Gaussian-summation probability density plots in Figures 149683.2
and 149683.3.
Interpretation
The analyses are concordant to slightly discordant and indicate a range of 207Pb/206Pb dates from c.
1390 to 2740 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of
four groups. Concordant or near-concordant analyses 2.1, 14.1, 24.1 and 33.1, assigned to Group
1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1397 ± 71 Ma (chi-squared = 1.41). Concordant analyses 8.1, 9.1 and 19.1, assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 1681 ± 57 Ma (chi-squared = 0.75). Twenty-two concordant or slightly
discordant analyses of twenty-two zircons, assigned to Group 3, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 1774 ± 16 Ma (chi-squared =
1.68). Concordant analyses 7.1 and 21.1, assigned to Group 4, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2030 ± 22 Ma (±1σ
uncertainty). The remaining analyses (5.1, 23.1, 26.1 and 32.1) cannot be confidently grouped.
Grain 2.1 is 130 × 140 µm, colourless, structureless but fractured and subrounded. Grain 14.1 is
a 100 × 140 µm, colourless, structureless and irregular grain fragment. Grain 2.1 is a 140 × 150
µm, colourless, structureless but fractured and subrounded grain. Grain 33.1 is 140 × 150 µm,
colourless, structureless but fractured and elliptical in shape. All of these zircons are inferred to be
of detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1397 ± 71 Ma indicated by
the analyses of Group 1 is interpreted as a maximum time for deposition of the sandstone. The

remaining analyses are also interpreted to be of detrital grains.
Source rocks within the western part of Australia having ages matching those of the zircons
within this sample include the Rudall (Nelson, 1994, 1995, 1996), Arunta (Williams et al., 1996
and references cited therein), Gascoyne (Nelson, 1997, 1998, 1999, 2000, this volume) and
Musgrave (White et al., 1999 and references cited therein) complexes and the Albany–Fraser
Orogen (Nelson et al., 1995).

149691: quartz sandstone, Mount Methwin
Location and sampling
NABBERU (SG51–5), METHWIN (3047)

MGA Zone 51, 264190E 7223320N

Sampled on 9 April 2002
The sample was taken from a large, fire-cracked face in a fresh cliff exposure located 19.5 km
north of Good Camp Rockhole and 3 km west of Mt Methwin.
Tectonic unit/relations
This sample is of a dark brown, laminated, medium-grained, well-sorted, homogeneous silicified
quartz-rich sandstone from the Wonyulgunna Sandstone, Scorpion Group, Edmund Basin. The
sample was taken within “tidal flat” facies, from c. 250 m above the stratigraphic base of the unit.
Palaeocurrent measurements indicate derivation broadly from the south to west. The sample
contained ≤2 to ≥15 mm thick, orange-brown layers.
Petrographic description
This sample consists principally of quartz (85 vol.%), with intergranular porosity (15 vol.%) party
occupied by limonite staining with or without clay-sericite, locally concentrated to form stylolitelike laminae and accessory detrital (and composite authigenic) tourmaline grains. This is a weakly
bedded, medium- to coarse-grained quartz sandstone. This rock mainly consists of a weakly
bedded and fairly compact aggregate of mostly subrounded to rounded single crystal detrital
quartz grains, overall size range 0.2 mm to (rarely) 1.3 mm. The degree of sorting is moderate to
good within poorly defined individual beds with an average size of about 0.4 mm in finer beds, to
0.8 mm in coarse beds. Up to 10 vol.% of the quartz grains are internally clouded, and/or consist
of cryptocrystalline to microcrystalline micromosaic. There is minor evidence of authigenic quartz
overgrowths. Intergranular porosity, on a size scale of about 0.2 mm, is partly occupied by a
limonitic (possibly with or without hematitic) lining with or without ironstained clay-sericite with
a void inner core. The limonite (with or without hematite) and the clay-sericite is more intense in
some thin beds however, filling porosity and locally concentrated to form ferruginized/fine
micaceous microcrenulated laminae. Scattered grains of blue-green tourmaline, 0.1 to 0.2 mm in
size, are inherently detrital, but partly modified by authigenic overgrowths. There are no discrete
individual flakes of detrital muscovite.
Zircon morphology

The zircons isolated from this sample are colourless or pale yellowish brown, generally between
50 × 70 µm and 200 × 250 µm in size, internally structureless but commonly fractured and are
equant or slightly elongate, rounded or elliptical in shape, or are irregular-shaped fragments. Fluid
and mineral inclusions are common. The surfaces of many grains are pitted, consistent with
detrital transport. Cathodoluminescence images of representative zircons are given in Figure
149691.1.
Analytical details
This sample was analysed on 21 and 27 July 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, seventeen analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 3.23 (1σ%). Analyses 1.1 to 19.1 were obtained
during the first analysis session. During the second analysis session, five analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 2.60 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analysis 20.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Thirty-six analyses were obtained from thirty-six zircons. Results are given in Table 149691.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 149691.2 and
149691.3.
Interpretation
The analyses are concordant to slightly discordant and indicate a range of 207Pb/206Pb dates from c.
1780 to 3290 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of
four groups. Twenty-six concordant or slightly discordant analyses of twenty-six zircons, assigned
to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 1788 ± 8 Ma (chi-squared = 0.74). Concordant analyses 22.1and 36.1, assigned
to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2012 ± 19 Ma (±1σ uncertainty). Concordant analyses 5.1and 33.1, assigned to
Group 3, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2598 ± 8 Ma (±1σ uncertainty). Concordant analyses 12.1and 18.1, assigned to
Group 4, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2691 ± 11 Ma (±1σ uncertainty). The remaining analyses (10.1, 20.1, 23.1 and
32.1) cannot be confidently grouped.
Many of the grains from which the analyses of Group 1 were obtained are subrounded and have
pitted surfaces, consistent with a detrital origin. Consequently, the weighted mean 207Pb/206Pb date
of 1788 ± 8 Ma indicated by the analyses of Group 1 is interpreted as a maximum time for
deposition of the sandstone. The remaining analyses are also interpreted to be of detrital grains.

Source rocks within the western part of Australia having ages matching those of the zircons
within this sample include the Rudall (Nelson, 1994, 1995, 1996), Arunta (Williams et al., 1996
and references cited therein) and Gascoyne (Nelson, 1997, 1998, 1999, 2000, this volume)
complexes, whereas grain 32 could have been derived from either the East Pilbara or West Pilbara
granite-greenstone terranes or the Narryer Gneiss Complex of the northwestern part of the Yilgarn
Craton.

171773: quartz sandstone, Ingebong Hills
Location and sampling
NABBERU (SG51–5), RHODES (3147)

MGA Zone 51, 312250E 7208470N

Sampled on 9 June 2002
The sample was taken from near the base of a sandstone bluff that forms Ingebong Hills, northeast
of the parking area off the Canning Stock Route.
Tectonic unit/relations
The sample is from near the base of the Wonyulgunna Sandstone, the basal unit of the
Mesoproterozoic succession on RHODES (3147) and METHWIN (3047). The Wonyulgunna
Sandstone was previously considered to be part of the Collier Group (Hocking and Jones, 2002,
Martin and Thorne, 2002) but is now considered part of the Scorpion Group (Hocking et al.,
2003), which is a probable correlative of the Edmund Group, Edmund Basin. Palaeocurrent
measurements indicate derivation broadly from the south to west.
Petrographic description
This sample consists principally of subrounded to rounded and elliptical single-crystal quartz
grains (85 vol.%) and optically continuous silica overgrowths (15 vol.%), with accessory sericite
(trace), tourmaline (trace) and zircon (trace). This is a coarse-grained, quartz-rich sandstone with
fairly common quartz overgrowths, minor lithic grains and incipiently stylolitic intergranular
sericite. Subrounded to rounded and elliptical single-crystal quartz grains dominate this sandstone,
with a maximum grain size mostly between 0.8 and 1 mm (coarse-grained sandstone). Optically
continuous overgrowths make up an estimated 15 vol.% of the thin section area. About 2 vol.% of
the quartz grain aggregate is composed of polycrystalline quartz grains, locally clouded with
limonite and/or clay, with rare detrital grains of slaty composition with schistose sericite as well as
extremely fine quartz. The single-crystal quartz grains are cemented by sporadic optically
continuous overgrowths as noted above and locally have deformation lamellae indicating lowgrade metamorphism involving weak deformation. Bluish green and lesser amounts of orangebrown tourmaline is present mostly as rounded grains to 0.2 mm size. Interstitial sericite occurs
irregularly throughout the quartz grains aggregate including incipient stylolitic networks and
laminae, indicating pressure-solution rather than authigenic quartz deposition.
Zircon morphology

The zircons isolated from this sample are generally between 70 × 90 µm and 250 × 350 µm in size,
colourless or pale yellowish or greenish brown, internally structureless or with patchy brown
discolouration, and are slightly elongate or equant and rounded or elliptical in shape. Fluid and
mineral inclusions are common. The surfaces of most grains are pitted, consistent with detrital
transport. Cathodoluminescence images of representative zircons are given in Figure 171773.1.
Analytical details
This sample was analysed on 1April 2003. The counter deadtime during the analysis session was
24 ns. Twelve analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 2.55
(1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses.
Results
Thirty-five analyses were obtained from thirty-five zircons. Results are given in Table 171773.1
and shown on concordia and Gaussian-summation probability density plots in Figures 171773.2
and 171773.3.
Interpretation
The analyses are concordant and indicate a wide range of 207Pb/206Pb dates, from c. 1750 to 2700
Ma. Twenty-four concordant and highly discordant analyses of twenty-four zircons (3.1, 4.1, 5.1,
6.1, 7.1, 8.1, 11.1, 12.1, 13.1, 14.1, 15.1, 16.1, 17.1, 19.1, 22.1 23.1, 25.1, 27.1, 28.1, 30.1, 31.1,
33.1, 34.1 and 35.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 1798 ± 9 Ma (chi-squared = 0.77). The remaining
analyses indicate older 207Pb/206Pb dates and cannot be confidently grouped.
Most grains giving analyses belonging to Group 1 have pitted surfaces and are inferred to be of
detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1798 ± 9 Ma indicated by the
twenty-four concordant and highly discordant analyses of Group 1 is interpreted as a maximum
time for deposition of the sandstone.
Source rocks within the western part of Australia having ages matching those of the zircons
within this sample include the Rudall (Nelson, 1994, 1995, 1996), Arunta (Williams et al., 1996
and references cited therein) and Gascoyne (Nelson, 1997, 1998, 1999, 2000, this volume)
complexes. Grains 2.1, 18.1, 20.1 and 32.1 may have been derived from either of the Yilgarn or
Pilbara cratons.

178001: biotite monzogranite, Junction Star Well
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 797140E 7613470N

Sampled on 23 May 2002
The sample was taken from a 1-m diameter low boulder amongst an area of low, scattered rocky
outcrops and 2 km west of Junction Star Well.
Tectonic unit/relations
This sample is of a pale grey, fine- to medium-grained, biotite monzogranite phase of the central
part of the Corunna Downs Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This principal minerals present in this sample are microcline (40 vol.%), weakly altered
plagioclase (andesine-oligoclase; 35–40 vol.%) and quartz (20–25 vol.%), with accessory biotite
(trace), titanite (trace), apatite (trace), titanite (trace), epidote (trace), sericite (trace), opaque oxide
(trace), carbonate (trace) and zircon (trace). This is a fine-grained relatively homogeneous granitic
rock with sparsely scattered larger grains of feldspar and small biotite-rich mafic clots visible in
hand specimen. The major minerals indicate an altered fine-grained biotite monzogranite. The
main accessory mineral was biotite, as poorly oriented flakes to 1 mm long, but there is rare
titanite to 0.5 mm in grain size, rare fine-grained opaque oxide and accessory fine-grained apatite.
Zircons occur as clear, largely euhedral grains from 40 to 200 µm long with complex zoning. The
biotite has been altered to chlorite with or without smectite, usually accompanied by granular or
poikiloblastic epidote, locally interlaminated with muscovite. Alteration has also affected the
plagioclase, with mostly minor sericite or fine-grained muscovite, partly in parallel bundles, and
minor mostly fine-grained epidote in most areas. Rims of muscovite occur rarely on the
plagioclase, with separate muscovite-epidote patches enclosed in quartz. Both plagioclase and
microcline occur partly as large grains, possibly phenocrysts, to 6 mm in diameter, with abundant
smaller grains, mostly from 0.2 to 1 mm in size, partly primary and partly formed by
recrystallization. Some of the larger plagioclase grains have inclusions of quartz, with quartz,
plagioclase and altered biotite in the microcline. Larger quartz grains, to 3 mm in diameter, show
partly rounded or bipyramidal outlines, suggesting an initial shallow emplacement level, and have
films of microcline, partly intergranular and partly along resorption channels. These grains also
have undulose extinction, however, and some of the smaller grains may have formed by
recrystallization. This indicates relatively high temperature (amphibolite facies) metamorphism
followed by low-temperature alteration forming sericite, muscovite, epidote and chlorite with or

without smectite.There are rare narrow veins filled by carbonate, with rims of quartz with or
without albite.
Zircon morphology
The zircons isolated from this sample are typically pale yellowish brown, greenish brown, dark
brown or black, between 60 × 140 µm and 120 × 250 µm in size and are elongate and euhedral in
shape. Most grains have remnant internal zonation and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 178001.1.
Analytical details
This sample was analysed on 23 January and 15 May 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis sesssion, six analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 2.97 (1σ%). Analyses 1.1 to 9.1 were obtained during
the first analysis session. During the second analysis session, ten analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 1.42 (1σ%). Common-Pb corrections were determined
using the method of Cumming and Richards (1975) for all analyses, with the exception of analyses
1.1, 4.1, 7.1 and 9.1, for which Broken Hill common-Pb isotopic compositions were assumed.
Results
Twenty-five analyses were obtained from seventeen zircons. Results are given in Table 178001.1
and shown on a concordia plot in Figure 178001.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both recent and ancient episodes of radiogenic-Pb loss. Nine concordant and near-concordant
analyses of 5 zircons (2.1, 2.2, 2.3, 4.1, 6.1, 6.2, 6.3, 10.1 and 15.1) have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3310 ± 4 Ma (chisquared = 0.63). Near-concordant analysis 17.1 indicates a slightly older 207Pb/206Pb date than the
main population. The remaining analyses are generally discordant and cannot be grouped.
The date of 3310 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of nine analyses of 5
zircons is interpreted as the time of igneous crystallization of the monzogranite. Near-concordant
analysis 17.1, which indicates a slightly older 207Pb/206Pb date than the main population, may be of
a xenocryst zircon. The remaining analyses are interpreted to be of analysis sites that have lost
some radiogenic Pb during ancient disturbance events.

178002: biotite tonalite, Denholm Well
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 788960E 7617870N

Sampled on 23 May 2002
The sample was taken from a 1.5-m diameter rounded boulder from a rocky, bouldery outcrop
located 1 km north of Denholm Well.
Tectonic unit/relations
This sample is of a medium grey, medium- to coarse-grained, biotite tonalite phase of the central
part of the Corunna Downs Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This principal minerals present in this sample are quartz (25 vol.%), plagioclase (andesineoligoclase; 60–65 vol.%), K-feldspar (6 vol.%) and biotite (5 vol.%), with accessory titanite
(trace), zoned allanite (trace), apatite (trace), opaque oxide with rims of titanite (trace), calcite
(trace), leucoxene (trace) and zircon (trace). There may be a weak layering in this sample, which is
a medium-grained plagioclase-rich granitoid with K-feldspar apparently within and between
plagioclase grains, as seen on the stained offcut. The two hand specimens have quartz veins to 15
mm wide, apparently normal to a weak fabric visible in hand specimen. Other primary minerals
include titanite, zoned allanite grains, apatite, opaque oxide with rims of titanite and angular or
rounded grains of zircon from 30 to 150 µm long. The plagioclase occurs as equant or elongate
laths to 6 mm long and seems to have been albitised, with sparsely disseminated sericite and
epidote representing incipient saussuritisation. Patches of clouded clinozoisite occur in some
grains. Irregular small patches of microcline occur within and between the plagioclase grains. The
quartz grains are anhedral and mostly interstitial, to 6 mm long, with fine-grained recrystallized
quartz mostly along grain-boundaries. The biotite formed patches to 5 mm in diameter, rich in
unoriented flakes about 1 mm long, with granular allanite to 1 mm in grain size and smaller
amounts of titanite, opaque oxide, epidote and partly fractured zircon. The biotite has been totally
replaced by chlorite and secondary titanite, while some of the primary titanite has been altered to
leucoxene. The allanite has partial rims of secondary epidote. Very minor calcite occurs in some of
these patches. The largest grain of allanite, 2 mm long, occurs separately but has a partial rim of
epidote. Lenticular quartz veins occur, with traces of albite, and there are zones containing
irregular fractures cutting and displacing quartz and plagioclase grains. These are mostly filled by
albite and minor K-feldspar, some of which may be adularia, but also contain traces of sericite and
carbonate. Separate carbonate-filled fractures occur, as well as fractures filled by albite with or

without quartz or by adularia alone. This sample shows some high-temperature, possibly
amphibolite-facies recrystallization but has low-temperature alteration forming albite, sericite,
epidote, chlorite and titanite. Quartz veining followed. Later leucoxene was also formed as well as
fractures filled by albite, K-feldspar, sericite and carbonate. This is a biotite-, allanite- and titanitebearing tonalite or trondhjemite, with chlorite-epidote-sericite-carbonate alteration, quartz veins
and fractures filled by albite and K-feldspar.
Zircon morphology
The zircons isolated from this sample are typically colourless, yellowish brown, pinkish brown or
dark brown, between 60 × 140 µm and 120 × 250 µm in size and are elongate and subhedral or
euhedral in shape. Most grains are strucureless and fractured, and many have remnant internal
zonation. Fluid and mineral inclusions are common. Cathodoluminescence images of
representative zircons are given in Figure 178002.1.
Analytical details
This sample was analysed on 20 January 2003. The counter deadtime during the second analysis
session was 24ns. Eight analyses of the CZ3 standard obtained during the first analysis sesssion
indicated a Pb*/U calibration uncertainty of 3.34 (1σ%). Common-Pb corrections were determined
using the method of Cumming and Richards (1975) for all analyses.
Results
Seventeen analyses were obtained from 17 zircons. Results are given in Table 178002.1 and
shown on a concordia plot in Figure 178002.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. All seventeen analyses have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 3314 ± 4 Ma (chi-squared =
1.64).
The date of 3314 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of all seventeen
analyses is interpreted as the time of igneous crystallization of the tonalite.

178003: biotite–hornblende quartz diorite, Dadgerina
Well
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 783540E 7608440N

Sampled on 23 May 2002
The sample was taken from a 4-m long, 1-m thick exfoliated sheet from a 1.5 m-high, 5-m long
outcrop among an area of rocky outcrops located 3 km north-northwest of Dadgerina Well.
Tectonic unit/relations
This sample is of a medium grey, medium- to coarse-grained, biotite–hornblende quartz diorite
phase of the central part of the Corunna Downs Granitoid Complex, East Pilbara Granite–
Greenstone Terrane.
Petrographic description
This principal minerals present in this sample plagioclase (andesine-oligoclase; 65 vol.%), quartz
(12–13 vol.%) hornblende (15 vol.%) and biotite (8 vol.%), with accessory opaque oxide (trace),
apatite (trace), albite (trace), sericite (trace), clinozoisite (trace), epidote (trace), chlorite (trace),
titanite (trace) and zircon (trace). This is an altered, biotite-hornblende quartz diorite with albite,
sericite, clinozoisite, epidote, chlorite and secondary titanite. Hornblende and biotite are visible in
hand specimen, giving the appearance of a mafic diorite or gabbro. The largest aggregate is
apparently cut by a vein-like zone of alteration with a low birefringence. The plagioclase occurs as
laths to 2 mm long with irregular but mostly strong saussuritisation (sericite, albite and
microcrystalline clouded clinozoisite) accompanied by minor muscovite and granular epidote with
or without rare calcite. The hornblende and biotite vary from 0.2 mm to 3 mm in length and are
unoriented but are fresh and unaltered, although secondary titanite along biotite grain-boundaries
represents titanium expelled from the biotite during cooling. Very minor chlorite occurs between
hornblende grains. Irregular masses of opaque oxide occur in the biotite and have narrow rims of
secondary titanite. Smaller aggregates occur in the plagioclase and there is rare primary titanite as
well as coarse-grained epidote interstitial to the hornblende and biotite. Apatite prisms are
common and as much as 0.4 mm long. This sample is a quartz diorite with low-temperature
hydrothermal alteration forming saussuritic assemblages as well as secondary titanite, granular
epidote and rare muscovite.
Zircon morphology

The zircons isolated from this sample are typically yellowish brown, light pinkish brown or dark
brown, between 60 × 300 µm and 120 × 450 µm in size and are elongate ,euhedral and rod-like in
shape. Most grains are have striations parallel to their long axis, and many are fractured.
Cathodoluminescence images of representative zircons are given in Figure 178003.1.
Analytical details
This sample was analysed on 29 December 2002 and 20 January 2003. The counter deadtime
during both analysis sessions was 24 ns. During the first analysis sesssion, three analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 3.51 (1σ%). Analyses 1.1 to 7.1 were
obtained during the first analysis session. During the second analysis session, eight analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 3.34 (1σ%). Common-Pb corrections
were determined using the method of Cumming and Richards (1975) for all analyses, with the
exception of analyses 10.1, 11.1, 14.1 and 15.1, for which Broken Hill common-Pb isotopic
compositions were assumed.
Results
Seventeen analyses were obtained from 17 zircons. Results are given in Table 178003.1 and
shown on a concordia plot in Figure 178003.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a an
ancient episode of radiogenic-Pb loss. Thirteen analyses have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3314 ± 3 Ma (chi-squared = 1.02).
Concordant analyses 7.1 and 15.1, and discordant analyses 4.1 and 10.1, indicate significantly
younger 207Pb/206Pb dates than the main population
The date of 3314 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirteen analyses
is interpreted as the time of igneous crystallization of the diorite. Concordant analyses 7.1 and 15.1
and discordant analyses 4.1 and 10.1, are interpreted to be of analysis sites that have lost
radiogenic Pb during an ancient disturbance episode.

178007: feldspar–quartz porphyry, Mount Elsie
Location and sampling
NULLAGINE (SF 51-5), EASTERN CREEK (3054)

MGA Zone 51, 251740E 7610210N

Sampled on 25 May 2002
The sample was taken from a 0.5-m diameter loose block from a ≤5-m thick dyke located 1.5 km
northeast of Mount Elsie.
Tectonic unit/relations
This sample is from a dark grey, feldspar–quartz porphyry with white, euhedral to subhedral,
cubic, strongly zoned feldspar phenocrysts and rare rounded quatz set in a dark grey, even-grained
groundmass. The porphyry dyke has intruded variolitic basaltic and mafic schist rocks of the Euro
Basalt, East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are quartz (25 vol.%), plagioclase (andesineoligoclase; 35 vol.%), K-feldspar (35 vol.%), chlorite and epidote (3 vol.%), muscovite (<1
vol.%), with accessory apatite (trace), epidote (trace), clinozoisite (trace), chlorite (trace), clay
minerals (trace), carbonate (trace) and zircon (trace). This is an altered monzogranite porphyry
with quartz and plagioclase phenocrysts in a largely microgranophyric groundmass. This sample
contains irregularly scattered phenocrysts of plagioclase and quartz in a fine-grained
quartzofeldspathic groundmass rich in K-feldspar. Plagioclase phenocrysts to 3 mm long comprise
about 35 vol.% of the rock with 3 vol.% quartz phenocrysts to 4 mm long and rare, largely fresh
biotite phenocrysts. The plagioclase phenocrysts have irregular spots of sericite and clouded
clinozoisite, rarely with coarser epidote and muscovite, and show oscillatory zoning. The quartz
phenocrysts vary from subhedral to rounded and are partly resorbed. Some show undulose
extinction, suggesting weak deformation. Mafic phenocrysts other than biotite have been replaced
by aggregates containing epidote as well as clay-chlorite-titanite-altered decussate fine-grained
biotite or chlorite with or without titanite of uncertain origin, with no more than 1–2 vol.% mafic
phenocrysts. Small prisms of apatite, to 0.5 mm long, may be regarded as microphenocrysts. The
groundmass includes lenses of quartz to 1 mm long, but is mostly composed of microgranophyric
aggregates of K-feldspar and quartz from 0.05 to 0.5 mm in diameter. The fine-scale of the
intergrowths seen in these patches makes it impossible to characterise the K-feldspar in terms of
orthoclase or microcline. The groundmass may contribute 35 vol.%, K-feldspar and quartz 20 to
25 vol.%, but the proportion of quartz in the microgranophyric patches is uncertain. Altered very
slender plates of biotite are disseminated with less abundant muscovite and epidote, and rare

slender prisms of zircon were seen, 50 µm long and less than 10 µm wide, with a spot of possible
limonite in one crystal. Rare miarolitic cavities occur, filled by carbonate and rimmed by quartz,
indicating a shallow emplacement level. This sample is a monzogranite porphyry with chloriteclay-epidote alteration and irregular sericite-clinozoisite alteration of the plagioclase at very lowtemperatures.
Zircon morphology
The zircons isolated from this sample are typically colourless, light yellowish brown or dark
brown, elongate and euhedral and between 90 × 140 µm and 130 × 280 µm in size. A minority of
grains are equant and structureless. Many grains have faint internal zonation, or have striations
parallel to the grain long axis. Fluid and mineral inclusions are common. Cathodoluminescence
images of representative zircons are given in Figure 178007.1.
Analytical details
This sample was analysed on 6 February 2003. The counter deadtime during the analysis session
was 24 ns. Nine analyses of the CZ3 standard obtained during the analysis sesssion indicated a
Pb*/U calibration uncertainty of 3.52 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis 9.1,
for which isotopic compositions determined using the method of Cumming and Richards (1975)
were assumed.
Results
Nineteen analyses were obtained from 18 zircons. Results are given in Table 178007.1 and shown
on a concordia plot in Figure 178007.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with at
least one recent and one ancient episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb
ratios, most analyses may be assigned to two groups. Fourteen concordant and slightly discordant
analyses of thirteen zircons (1.1, 2.1, 6.1, 7.1, 8.1, 9.1, 11.1, 13.1, 14.1, 15.1, 16.1, 17.1, 18.1 and
18.2), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3279 ± 4 Ma (chi-squared = 1.14). Concordant analyses 3.1 and
12.1, and discordant analysis 5.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3407 ± 22 Ma (chi-squared = 1.43).
Concordant analysis 4.1 and slightly discordant analysis 10.1 indicate slightly younger 207Pb/206Pb
dates than those of Group 1.
The date of 3279 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of fourteen
concordant and slightly discordant analyses of thirteen zircons of Group 1 is interpreted as the

time of igneous crystallization of the porphyry. The slightly younger 207Pb/206Pb dates indicated by
concordant analysis 4.1 and slightly discordant analysis 10.1 are interpreted to be due to
radiogenic Pb loss from these analysis sites, whereas the analyses of Group 2 are interpreted to be
of xenocryst zircons.

178008: foliated biotite–muscovite tonalite, Mount
Elsie
Location and sampling
NULLAGINE (SF 51-5), EASTERN CREEK (3054)

MGA Zone 51, 250130E 7615210N

Sampled on 25 May 2002
The sample was taken from a 1.5-m high, 1.5 m diameter boulder within a large area of bouldery
outcrops located 6 km north of Mount Elsie.
Tectonic unit/relations
This sample is from a light orange- grey, strongly foliated, medium-grained, biotite–muscovite
tonalite of the Yilgalong Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are quartz (20–25 vol.%), plagioclase (andesineoligoclase and myrmekite; 65–75 vol.%), microcline (7 vol.%), biotite (3 vol.%) and muscovite
(<1 vol.%), with accessory fine-grained oxide locally rimmed by titanite (trace), separate grains of
titanite (trace), apatite(trace) altered allanite (trace) and zircon (trace). This is a biotite–muscovite
tonalite or trondhjemite gneiss with sericite, epidote, clinozoisite and clays. There is a strong
gneissic foliation in this sample, with biotite-rich lamellae and parallel lenses rich in feldspar and
quartz. There is only very minor K-feldspar, in and between plagioclase grains. The plagioclase
occurs largely as subhedral or anhedral, mostly blocky grains to 4 mm long with oscillatory
zoning. Irregular patches of sericite and clouded clinozoisite have replaced some of the
plagioclase, with less abundant coarser epidote and muscovite. Lenses rich in fine-grained
recrystallized plagioclase are also common, with grains less than 0.5 mm in diameter. Microcline
accompanies the fine-grained plagioclase, with minor myrmekite separating the two types of
feldspar, and minor quartz also occurs in some aggregates. Microcline also occurs as rare larger
grains, to 1 mm long, between larger plagioclase grains, with abundant myrmekite adjacent to
these grains. The quartz occurs largely as weakly deformed grains to 2 mm in diameter, with
undulose extinction, but there are also smaller, less deformed grains that have been recrystallized.
Biotite, as flakes 0.1 to 1 mm long, defines an anastomosing foliation with suggestions of an S-C
fabric in some areas. Most of the biotite is fresh, but some has been altered to chlorite or to clay,
possibly vermiculite, with epidote replacing or overprinting biotite in some areas. Minor
muscovite accompanies the biotite and is partly parallel to the foliation, with rare poikilitic flakes
that may be of subsolidus origin. Most of the altered allanite has rims of epidote, in some areas

much larger than the allanite grains, and separate grains of epidote are also evident. Oxide and
titanite are scattered. Most of the titanite occurs as separate grains, with some titanite as rims on
oxide grains. There is also very minor apatite, but only one grain of zircon, about 25 µm long, was
seen. This sample is a tonalite or trondhjemite gneiss with low-temperature alteration
superimposed on amphibolite-facies metamorphism.
Zircon morphology
The zircons isolated from this sample are typically colourless or light pink, elongate and euhedral
and between 90 × 140 µm and 160 × 280 µm in size. Many grains have faint internal zonation, or
have fractured, unzoned interiors surrounded by weakly zoned exterior rims. Fluid and mineral
inclusions are common. Cathodoluminescence images of representative zircons are given in Figure
178008.1.
Analytical details
This sample was analysed on 30 January 2003. The counter deadtime during the analysis session
was 24 ns. Nine analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.40 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 5.1
and 7.1, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Nineteen analyses were obtained from 19 zircons. Results are given in Table 178008.1 and shown
on a concordia plot in Figure 178008.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Seventeen concordant and slightly
discordant analyses of seventeen zircons have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3292 ± 4 Ma (chi-squared = 1.34). Highly
discordant analyses 1.1 and 7.1 indicate substantially younger 207Pb/206Pb dates than the main
population.
The date of 3292 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of seventeen
concordant and slightly discordant analyses is interpreted as the time of igneous crystallization of
the tonalite. The slightly younger 207Pb/206Pb dates indicated by analyses 1.1 and 7.1 are
interpreted to be analysis sites that have lost radiogenic Pb.

178010: lithic quartz sandstone, Mount Olive
Location and sampling
NULLAGINE (SF 51-5), EASTERN CREEK (3054)

MGA Zone 51, 250130E 7615210N

Sampled on 25 May 2002
The sample was taken from a 1.5-m diameter block located 3 m west of the access track, on a ≥30
m high rocky ridge and at the northern entry to a rocky gorrge, 600 m west of Mount Olive.
Tectonic unit/relations
This sample is from a dark grey, poorly-sorted, coarse-grained sandstone from near the base of the
Mosquito Creek Formation, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This dark grey, weakly foliated rock is a lithic quartz sandstone with abundant (35 vol.%) singlecrystal quartz grains from 0.2 to 1 mm in diameter, accompanied by clasts of chert to 1.5 mm in
diameter (45 vol.%). It is a coarse-grained quartz-lithic (chert) sandstone with minor muscovite
and carbonaceous clasts, that has been cut by parallel limonite-filled fractures. Pyrite and hematite
or goethite-altered crystals are disseminated, with rare carbonate in some of the chert clasts. A few
of the chert clasts have disseminated carbonate as small rhombs, but others contain limonite or
sericite, passing into clasts composed of decussate fine-grained sericite. The larger clasts have a
subparallel orientation apparently parallel to bedding. There are also massive and laminated
quartz-rich clasts that may represent silicified acid volcanic fragments. Some of the large singlecrystal quartz grains have inclusions of apatite, suggesting an igneous provenance, but others have
inclusions of vermiform chlorite, indicating vein-quartz. Detrital muscovite is rare but occurs as
flakes, mostly less than 1 mm long, rarely 2 mm long, commonly rimmed by limonite. Flakes
altered to possible kaolin and diffuse leucoxene may have been biotite. Small clasts occur that are
rich in carbonaceous matter, but these are not abundant enough to account for the overall grey
colour of the hand specimen. Other clasts contain or consist of leucoxene with or without quartz
and there are clasts of chlorite or of sericite or illite and quartz. There is also rare pyrite, about 0.2
mm in grain size, as well as more abundant patches of limonite, hematite and/or goethite,
apparently replacing euhedral crystals, possibly of pyrite. Some of these have flakes of muscovite
coating their crystal faces. Possibly stylolite-like veins occur abundantly parallel to the layering
and are filled with goethite. The metamorphism of this sample seems to have been weak and at
low to very low grade.

Zircon morphology
The zircons isolated from this sample have a range of morphologies, but are typically colourless,
light yellowish brown or dark brown, equant or slightly elongate, subhedral and between 90 × 140
µm and 160 × 280 µm in size. Many grains are fractured and of the surfaces of many grains show
evidence of surface pitting or abrasion, consistent with detrital transport. Fluid and mineral
inclusions are common. Cathodoluminescence images of representative zircons are given in Figure
178010.1.
Analytical details
This sample was analysed on 30 January and 6 February 2003. The counter deadtime was 24 ns
during both analysis sessions. During the first analysis sesssion, nine analyses of the CZ3 standard
obtained during the analysis session indicated a Pb*/U calibration uncertainty of 1.40 (1σ%).
Analyses 1.1 to 18.1 were obtained during the first analysis session. During the second analysis
session, five analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 4.18 (1σ%).
Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic compositions
for all analyses, with the exception of analyses 4.1, 7.1 and 18.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-seven analyses were obtained from 27 zircons. Results are given in Table 178010.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 178010.2 and
178010.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with at
least one episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses may
be assigned to one of three groups. Concordant analyses 9.1, 21.1 and 27.1, and slightly discordant
analysis 24.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3294 ± 14 Ma (chi-squared = 0.52). Concordant
analyses 21. and 12.1, and slightly discordant analyses 5.1 and 8.1, assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3224 ± 12 Ma (chi-squared = 0.35). Eleven concordant and slightly discordant analyses of eleven
zircons (3.1, 6.1, 7.1, 10.1, 11.1, 13.1, 16.1, 18.1, 19.1, 20.1 and 22.1), assigned to Group 3, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3461 ± 7 Ma (chi-squared = 1.50). The remaining analyses cannot be confidently grouped.
Analyses 9.1, 21.1, 27.1 and 24.1 were obtained from small (generally less than 80 × 100 µm),
euhedral whole-grains and irregular-shaped grain fragments that show clear evidence of pitting
and abrasion on their grain surfaces, consistent with an episode of detrital transport. The date of

3294 ± 14 Ma indicated by the weighted mean 207Pb/206Pb ratio of concordant analyses 9.1, 21.
and 27.1, and slightly discordant analysis 24.1 of Group 1, is therefore interpreted to provide a
maximum time for deposition of the sandstone. The older dates provided by the remaining
analyses are also interpreted to be of detrital zircons. Source rocks within the western part of
Australia having ages matching those of the zircons within this sample include the Naryer
Complex and the East Pilbara granite-greenstone terrane.

178013: quartz diorite gneiss, Quartz Hill
Location and sampling
NULLAGINE (SF 51-5), NULLAGINE (2954)

MGA Zone 51, 214200E 7566640N

Sampled on 27 May 2002
The sample was taken from a 2-m high rock on the northeastern edge of a 40 × 15 m, low rocky
pavement, 150 m east of the access track and 2.3 km south-southwest of Quartz Hill.
Tectonic unit/relations
This sample is from a light grey, medium- and even-grained, foliated quartz diorite gneiss of the
Golden Eagle Orthogneiss, Kurrana Granitoid Complex, Kurrana Terrane. The sample may
contain at least two igneous phases; a coarse-grained pegmatite phase and an even-grained quartz
diorite phase.
Petrographic description
The principal minerals present in this sample are plagioclase (75–80 vol.%), quartz (15 vol.%),
microcline (5 vol.%) and biotite (2–3 vol.%), with accessory titanite (trace), apatite (trace), allanite
(trace), opaque oxide (trace) and zircon (trace). This is a weakly altered, quartz diorite gneiss with
sericite, clinozoisite, chlorite, epidote and carbonate alteration and a band of altered monzogranite
gneiss, similarly altered but with stilpnomelane and no carbonate. The diorite may have undergone
high-grade metamorphism followed by low-temperature hydrothermal alteration. This pale,
medium to fine-grained granitoid has a foliation defined by parallel lenses of quartz and is mostly
poor in K-feldspar, but has a band, close to the margin of the hand specimen, rich in quartz and Kfeldspar. The K-feldspar and quartz-rich band is about 10 mm wide, with microcline (30–35
vol.%), quartz (30 vol.%), plagioclase (possibly andesine; 30 vol.%) and biotite (7 vol.%), as well
as accessory titanite (trace), opaque oxide (trace) and apatite (trace). This indicates a monzogranite
gneiss. In the host-rock, there are scattered anhedral augen of plagioclase to 6 mm long with
irregular areas dusted by sericite and clinozoisite. In some grains, the alteration is intense, with
minor granular epidote and decussate muscovite, passing into definite saussuritic alteration.
Medium-sized plagioclase grains, mostly 1 to 2 mm long, are typically fresher than the larger
grains, as are smaller recrystallized grains, typically 0.2 to 0.5 mm in diameter, in small lenses of
micromosaic. Minor microcline occurs as inclusions in plagioclase, as a component in the
micromosaic lenses (with minor myrmekite) and as separate grains to 1 mm long, locally
intergrown with plagioclase. Rare examples of oriented rods of K-feldspar in plagioclase suggest
an antiperthitic texture. Lenses of quartz occur, to 5 mm long, largely composed of grains less than
2 mm long, and define a wavy foliation throughout the rock. Biotite was present as flakes to 0.5

mm long parallel to the foliation, disseminated and in small lenses, but has been altered to chlorite
and leucoxene, locally with minor to abundant epidote. There are also rare aggregates of
carbonate, epidote and chlorite of uncertain origin, possibly derived from amphibole rather than
biotite. Some of the more biotite-rich lenses contain minor titanite, and there is rare opaque oxide,
commonly mantled by epidote. Rare allanite occurs as small prisms, with fresh and altered zones,
mantled by epidote. Minor apatite is disseminated but zircon is rare and very fine-grained (≤40
µm). The more K-feldspar- and quartz-rich band has elliptical augen of microcline and plagioclase
to 5 mm long as well as abundant recrystallized feldspars, mostly less than 0.8 mm in grain size,
with weak alteration of the plagioclase as in the host-rock. Some of the larger plagioclase grains
may be antiperthitic. Quartz forms bands parallel to the foliation as in the host-rock, but larger (to
2 mm wide), more continuous and more abundant. There are also bands rich in schistose biotite to
1 mm in grain size, now totally altered to chlorite and leucoxene with or without clay, with minor
granular epidote. Minor to abundant titanite occurs in the biotite-rich bands and there is accessory
apatite as well as rare opaque oxide. Small aggregates of orange-brown ferristilpnomelane are
present but no zircon was seen in this band. The possibility of antiperthitic plagioclase suggests
initial higher-grade metamorphism (upper amphibolite to granulite-facies), followed by lowtemperature hydrothermal alteration. The rare stilpnomelane suggests some oxidation in the
monzogranite band.
Zircon morphology
The zircons isolated from this sample are typically colourless, light yellowish brown or dark
brown, elongate and euhedral or subhedral, and between 60 × 140 µm and 160 × 280 µm in size.
Many grains have faint internal zonation, whereas a minority are structureless or have unzoned
interiors surrounded by zoned rims, but contain abundant fluid and mineral inclusions.
Cathodoluminescence images of representative zircons are given in Figure 178013.1.
Analytical details
This sample was analysed on 10 and 26 February 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, seven analyses of the CZ3 standard were
obtained. Following deletion of one standard analysis, the remaining six standard analyses
indicated a Pb*/U calibration uncertainty of 2.46 (1σ%). Analyses 1.1 to 12.1 were obtained
during the first analysis session. During the second analysis session, six analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 0.685 (1σ%). A calibration uncertainty of 1.0
(1σ%) was applied to analyses of unknowns obtained during this analysis session. Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses,
with the exception of analyses 1.1, 2.1, 4.1, 6.1, 7.1, 8.1, 9.1, 10.1 and 19.1, for which isotopic
compositions determined using the method of Cumming and Richards (1975) were assumed.
Results

Twenty-one analyses were obtained from nineteen zircons. Results are given in Table 178013.1
and shown on a concordia plot in Figure 178013.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
single ancient episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses
may be assigned to one of two groups. Eight slightly discordant analyses of eight zircons (4.1, 5.1,
7.1, 8.1, 13.1, 16.1, 17.1 and 18.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3199 ± 3 Ma (chi-squared = 0.99).
Five concordant and slightly discordant analyses of three zircons (11.1, 11.2, 12.1, 12.2 and 14.1),
assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3225 ± 5 Ma (chi-squared = 0.64). Slightly discordant analysis 10.1
indicates a 207Pb/206Pb date that is intermediate between those of Groups 1 and 2, highly discordant
analyses 2.1, 3.1, 8.1, 9.1 and 19.1 indicate younger 207Pb/206Pb dates, whereas concordant analysis
15.1 indicates a substantially older 207Pb/206Pb date than those of Group 2.
The date of 3225 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of the five
concordant and slightly discordant analyses of three zircons of Group 2 is interpreted as the time
of igneous crystallization of the dioritic precursor to the gneiss. The older 207Pb/206Pb date
indicated by concordant analysis 15.1 is interpreted to be of a xenocryst zircon. The slightly
younger 207Pb/206Pb dates indicated by the slightly discordant analyses of Group 1 and the
remaining highly discordant analyses, are interpreted to be of analysis sites that have lost
radiogenic Pb during an ancient disturbance event.

178014: biotite monzogranite, Quartz Hill
Location and sampling
NULLAGINE (SF 51-5), NULLAGINE (2954)

MGA Zone 51, 220170E 7566020N

Sampled on 27 May 2002
The sample was taken from a low rounded outcrop on the south side, and at the base of, a
prominent tor- and boulder-covered hill, 250 m east of the access track and 6 km east-southeast of
Quartz Hill.
Tectonic unit/relations
This sample is from a light pinkish grey, medium- and even-grained, unfoliated biotite
monzogranite from a large granite body that is weakly foliated in places, of the Bonney Downs
Granite, Kurrana Granitoid Complex, Kurrana Terrane. The sample may contain at least two
igneous phases; a coarse-grained pegmatite phase and an even-grained granitic phase.
Petrographic description
The principal minerals present in this sample are K-feldspar (35 vol.% ), plagioclase (andesineoligoclase; 30–35 vol.%), quartz (30 vol.%) and altered biotite (3 vol.%), with accessory opaque
oxide (trace), chlorite (trace), clays (trace), epidote (trace), sericite (trace), clinozoisite (trace),
titanite (trace), leucoxene (trace), fluorite (trace) and zircon (trace). This is an undeformed biotite
monzogranite with chlorite-clay-epidote-sericite-titanite alteration. This massive fine-grained
granitoid rock has abundant pale pink feldspar that is mostly K-feldspar. The plagioclase occurs as
anhedral to subhedral grains and crystals to 6 mm long, commonly dusted with sericite and
clinozoisite, locally with coarser muscovite with or without epidote, rarely with fluorite. Some of
the more anhedral grains have been partly replaced by microcline during crystallization. The
microcline is inequigranular with larger grains to 8 mm long, partly anhedral and partly subhedral,
containing oriented small inclusions of plagioclase as euhedral laths less than 0.5 mm long.
Smaller, mostly anhedral microcline grains are commonly moulded onto, and apparently replace,
earlier plagioclase. Large patches of myrmekite occur locally, mostly as optically continuous
overgrowths on plagioclase. Quartz occurs as anhedral, partly interstitial grains to 4 mm long,
mostly undeformed with rare undulose extinction. Biotite, to 1 mm in grain size, has been totally
altered to chlorite and/or clay, possibly vermiculite, with minor to abundant granular epidote and
lamellae of titanite and/or leucoxene. Some of the altered biotite is interlaminated with muscovite.
Large masses of opaque oxide are present, to 1 mm in diameter, with apatite, altered biotite and
rare zircon in and adjacent to the oxide. Strongly zoned zircon crystals occur, to 0.15 mm long,
mostly in the altered biotite, rarely within quartz, but there are also zoned crystals that may be

allanite, rather than zircon, and have overgrowths of epidote. Small prisms of apatite also occur
away from the oxide masses. This sample is an undeformed but altered monzogranite with lowtemperature hydrothermal alteration to chlorite with or without clays, epidote, secondary titanite,
sericite and muscovite.
Zircon morphology
The zircons isolated from this sample are typically colourless, light yellowish brown or dark
brown, elongate and euhedral or subhedral, and between 60 × 140 µm and 160 × 280 µm in size.
Most grains have faint internal zonation, whereas a minority are structureless and unzoned but
contain abundant fluid and mineral inclusions. Cathodoluminescence images of representative
zircons are given in Figure 178014.1.
Analytical details
This sample was analysed on 10 and 26 February 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, seven analyses of the CZ3 standard were
obtained. Following deletion of one standard analysis, the remaining six standard analyses
indicated a Pb*/U calibration uncertainty of 2.46 (1σ%). Analyses 1.1 to 12.1 were obtained
during the first analysis session. During the second analysis session, six analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 0.685 (1σ%). A calibration uncertainty of 1.0
(1σ%) was applied to analyses of unknowns obtained during this analysis session. Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses,
with the exception of analyses 1.1, 2.1, 3.1, 4.1, 5.1, 7.4, 8.1, 8.3, 9.3, 10.1 and 11.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Twenty-two analyses were obtained from eleven zircons. Results are given in Table 178014.1 and
shown on a concordia plot in Figure 178014.1.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with at
least one ancient episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of two groups. Six discordant analyses of four zircons (7.2, 7.4,
8.2, 9.1, 9.2 and 9.4), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 2838 ± 6 Ma (chi-squared = 1.21). Five concordant
and slightly discordant analyses of three zircons (11.1, 11.2, 12.1, 12.2 and 14.1), assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3225 ± 5 Ma (chi-squared = 0.64). Highly discordant analyses 8.1, 8.3 and 9.3

indicate 207Pb/206Pb dates that are younger than those of Group 1, concordant analysis 7.1 and
near-concordant analysis 7.3, and highly discordant analyses 1.1, 2.1, 5.1 and 10.1 indicate
207
Pb/206Pb dates that are intermediate between those of Groups 1 and 2, whereas highly discordant
analysis 4.1 indicates a substantially older 207Pb/206Pb date than those of Group 2.
The 207Pb/206Pb dates indicated by the discordant analyses of Group 1, and of discordant
analysis 9.3, are interpreted to be of analysis sites that have lost radiogenic Pb during an ancient
disturbance event. Concordant analyses 7.1 and 7.3, which indicate a weighted mean 207Pb/206Pb
date of 2861 ± 4 Ma (±1σ uncertainty), are interpreted to provide the best estimate of the time of
igneous crystallization of the monzogranite. The date of 3225 ± 5 Ma indicated by the weighted
mean 207Pb/206Pb ratio of the six discordant analyses of four zircons of Group 1 is interpreted as a
minimum time for igneous crystallization of the monzogranite. The older 207Pb/206Pb dates
indicated by the remaining analyses, including those of Group 2, are interpreted to be of xenocryst
zircons.

178019: coarse sandstone, Mount Grant
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), DE GREY (2757) MGA Zone 50, 755200E 7745510N
Sampled on 30 May 2002
The sample was taken from a 0.5-m diameter block on the southeast side of an east-trending ridge
on the Paradise Plains and 2 km north-northeast of Mount Grant.
Tectonic unit/relations
This sample is from a medium grey coarse-grained sandstone containing ≤3 mm diameter milky
white quartz grains, pale greenish grey feldspar grains and rare, ≤2 mm diameter bright red
haematite clasts. The sample is from the Paradise Plains Formation, near the stratigraphic base of
the De Grey Group. The sampling site is c. 800 m north of the unconformity between the De Grey
Group and the Gorge Creek Group.
Petrographic description
The principal minerals present in this sample are quartz (90–95 vol.%) and sericite (6–7 vol.%) as
well as very minor limonite and leucoxene. This is a quartz-rich gritty sandstone or granule
conglomerate, with sericite-rich patches and clasts partly derived from feldspar, minor altered
biotite and limonite-leucoxene clasts. Rare zircon occurs, mostly within quartz. Abundant singlecrystal and polycrystalline quartz occurs as clasts to 4 mm in diameter, ranging from coarse sand
to granules. The larger quartz grains are mostly angular and may represent fragments of veinquartz. Many have deformation lamellae, partly close to the basal plane (0001) of quartz and partly
parallel to prism faces such as (10(0). Some of the smaller grains are irregular and may have been
etched. There are also large areas composed of weakly foliated sericite with generally minor or
very minor quartz. These include lithic clasts but also pass into areas of sericite-rich matrix. Some
of the more obvious clasts have sericite concentrated into planar arrays, possibly along the
cleavage planes in a former crystal. The arrangement of sericite lamellae would allow former
feldspar, possibly plagioclase, but this is not entirely clear. The fine-grained material interstitial to
the sericite may be quartz but, if these clasts represent altered feldspar, some albite is possible. The
fine grain size and clouded appearance of these grains makes it impossible to obtain full optical
characterization. Rare clasts occur that contain or consist of limonite and/or leucoxene, but these
are mostly less than 1 mm long. Small patches of planar or crumpled sericite or muscovite occur
with lamellae of leucoxene, indicating former biotite, rarely enclosing very fine-grained zircon.
Small crystals of clear, zoned zircon to 50 µm in diameter occur locally in quartz, suggesting some
granite-derived quartz. This sedimentary rock was formed in a high-energy environment with a

provenance that included granitic rocks. It has only low-grade metamorphism.
Zircon morphology
The zircons isolated from this sample are typically colourless, light pink, yellowish brown or dark
brown, elongate and subhedral grains and grain fragments, and are typically between 60 × 140 µm
and 160 × 280 µm in size. Many grains have faint internal zonation, whereas a minority are
structureless and unzoned but contain abundant fluid and mineral inclusions.
Cathodoluminescence images of representative zircons are given in Figure 178019.1.
Analytical details
This sample was analysed on 18 February 2002. The counter deadtime during the analysis session
was 24 ns. Thirteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 3.01 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty analyses were obtained from thirty zircons. Results are given in Table 178019.1 and shown
on concordia and Gaussian-summation probability density plots in Figures 178019.2 and
178019.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, most analyses
(apart from analysis 27.1) may be assigned to one of three groups. Concordant analyses 23.1 and
26.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3281 ± 10 Ma (±1σ uncertainty). Nine concordant and slightly
discordant analyses of nine zircons (1.1, 4.1, 5.1, 7.1, 8.1, 14.1, 17.1, 18.1 and 25.1), assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3425 ± 9 Ma (chi-squared = 0.23). Eighteen concordant and slightly discordant
analyses of eighteen zircons, assigned to Group 3, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3476 ± 6 Ma (chi-squared = 1.22).
Slightly reverse discordant analysis 27.1 cannot be grouped.
The date of 3281 ± 10 Ma (±1σ uncertainty) indicated by the weighted mean 207Pb/206Pb ratio
of concordant analyses 23.1 and 26.1 of Group 1 is interpreted providing a maximum time for
deposition of the sandstone. The remaining analyses, including slightly reverse discordant analysis
27.1, are interpreted to be of detrital zircons. Source rocks within the western part of Australia
having ages matching those of the zircons within this sample include the East Pilbara GraniteGreenstone Terrane or the Narryer Complex of the northwestern part of the Yilgarn Craton.

178020: pebble conglomerate, Mount Grant
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), DE GREY (2757) MGA Zone 50, 753980E 7745920N
Sampled on 30 May 2002
The sample was taken from a 0.5-m diameter block located about two-thirds of the way up, and
near the ridge top of, a rocky ridge on the Paradise Plains, and 2 km north of Mount Grant.
Tectonic unit/relations
This sample is from a medium-grey pebbly sandstone containing ≤2 mm diameter rounded, dark
grey chert pebbles, some of which are banded, and ≤2 mm diameter milky white quartz pebbles,
within a poorly sorted, sandy, silicified matrix. The sample is from the Paradise Plains Formation,
near the stratigraphic top of the preserved De Grey Group sequence.
Petrographic description
The principal minerals present in this sample are quartz (96–98 vol.%), with minor sericite (trace),
hematite (trace), leucoxene (trace), anatase (trace), rutile (trace) and zircon (trace). This is a pebble
and granule conglomerate with quartz and chert clasts locally passing into areas of sericite with or
without leucoxene. Patches of sericite and leucoxene occur, derived from biotite. Minor zircon
occurs in some of the quartz, with leucoxene, anatase or rutile in other quartz grains. Limonite,
hematite, sericite, tourmaline and possible leucoxene occur in the chert clasts, with quartz veins,
some restricted to chert clasts and some apparently cross-cutting the clasts. Granules and small
pebbles, to 30 mm in length occur in this sample, along with abundant quartz as well as lithic
grains. Some of the sericite is present along stylolitic grain-boundaries separating lithic grains
from quartz. The thin section lacks larger pebbles, some of which in the hand-specimen may
represent slates or shales, but has single-crystal and polycrystalline quartz grains mostly from 2 to
6 mm long (granules and small pebbles) and fragments of chert to 8 mm long (small pebbles). The
granules of quartz are mostly sub-rounded to sub-angular, with some clasts composed of two or
more grains with irregular grain-boundaries. One of the quartz fragments has small lamellae of
microcrystalline zircon, with a single larger, clear, zoned crystal 0.15 mm in diameter. Very small
zircon crystals occur in adjacent areas of quartz, possibly representing separate clasts or fragments
of the same clast separated by later fractures. Small lenses of leucoxene also occur in this clast.
Other clasts have microcrystalline anatase or rutile, partly enclosed in chlorite, or very finegrained zircon, mostly less than 50 µm in diameter. The chert fragments are massive or layered
with lamellae clouded by fine limonite, clays or leucoxene alternating with clearer lamellae. The
more massive chert areas contain very minor decussate sericite and rarely also contain

microcrystalline pale green tourmaline. Complex patterns of planar and lenticular layers are visible
in the chert fragments, with a pale brown clouding, evident in transmitted light, that is cream or
white in low-angle incident light, suggesting clay or leucoxene as well as or instead of limonite.
One clast has lamellae of hematite and minor leucoxene parallel to the layering. There is also a
clast composed of chalcedony with patches of earthy hematite, possibly of low-temperature
hydrothermal origin. Some areas of chert pass into sericite-rich areas, with or without more clearly
defined leucoxene lamellae. Separate contorted of planar patches of sericite also occur, with
lamellae of leucoxene, derived from biotite. Interstitial patches rich in hematite and/or leucoxene
are common. There are also rare leached voids to 5 mm long. Some of the chert clasts have planar
or irregular quartz veins. In most cases the quartz veins are confined within the chert, but other
veins occur in several clasts, although it is difficult to see where they cut intervening grains of
quartz. This sample is a conglomerate composed of quartz and chert fragments, with very minor
zircon in some of the quartz, as well as sericite, leucoxene (with or without rutile with or without
anatase), limonite or hematite and clays. It represents deposition in a high-energy environment
with traction currents. Metamorphism was weak and indicates low-temperatures.
Zircon morphology
The zircons isolated from this sample are typically colourless, light pink, yellowish brown or dark
brown, equant or slightly elongate, irregular shaped fragments or subhedral whole grains, and
between 30 × 100 µm and 250 × 280 µm in size. Some grains have faint internal zonation, whereas
others are structureless and unzoned. Mineral inclusions ar common. Cathodoluminescence images
of representative zircons are given in Figure 178020.1.
Analytical details
This sample was analysed on 23 February 2003. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard were obtained during the analysis session. Following
deletion of one analysis, the remaining nine analyses of the CZ3 standard indicated a Pb*/U
calibration uncertainty of 2.12 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses.
Results
Thirty-eight analyses were obtained from thirty-eight zircons. Results are given in Table 178020.1
and shown on concordia and Gaussian-summation probability density plots in Figures 178020.2
and 1780120.3.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, most analyses

(with the exception of analysis 24.1) may be assigned to one of two groups. Concordant and
slightly discordant analyses 12.1, 14.1, 15.1 and 21.1, assigned to Group 1, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3477 ± 14 Ma
(chi-squared = 1.14). Thirty-three concordant and slightly discordant analyses of thirty-three
zircons, assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3502 ± 4 Ma (chi-squared = 1.13). Concordant analysis 24.1
indicates a slightly older 207Pb/206Pb date than that of Group 2 and cannot be grouped.
The date of 3477 ± 14 Ma indicated by the weighted mean 207Pb/206Pb ratio of concordant and
slightly discordant analyses 12.1, 14.1, 15.1 and 21.1 of Group 1 is interpreted as providing a
maximum time for deposition of the sandstone. The remaining analyses are also interpreted to be
of detrital zircons. Source rocks within the western part of Australia having ages matching those of
the zircons within this sample include the East Pilbara Granite-Greenstone Terrane or the Narryer
Complex of the northwestern part of the Yilgarn Craton.

178022: biotite granodiorite, Granite Well
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), PARDOO (2857)

MGA Zone 50, 799700E 7738870N

Sampled on 31 May 2002
The sample was taken from a 0.5-m thick exfoliated sheet from a 3-m high, 3-m diameter,
fractured tor located 1.5 km south-southeast of Granite Well.
Tectonic unit/relations
This sample is from a light- to medium-grey, weakly foliated, K-feldspar porphyritic biotite
granodiorite of the Walline Monzogranite, Muccan Granitoid Complex, East Pilbara Granite–
Greenstone Terrane. The granodiorite contains ≤3 mm diameter, pinkish white, subrounded Kfeldspar phenocrysts.
Petrographic description
The principal minerals present in this sample are plagioclase (andesine-oligoclase; 55 vol.%),
quartz (30 vol.%), % K-feldspar (10–15 vol.%) and biotite (3 vol.%), with accessory epidote
(trace), calcite (trace), sericite (trace), chlorite, (trace), leucoxene (trace), titanite (trace), possible
allanite (trace) and zircon (trace). This is a fine-grained, weakly altered and metamorphosed biotite
granodiorite with greenschist-facies metamorphism. There is sparse disseminated pale salmonpink phenocrysts of K-feldspar to 15 mm long. The plagioclase occurs as anhedral to subhedral
grains to 8 mm long, rarely with bent and kinked cleavage planes. Epidote, calcite and sericite or
fine-grained muscovite are all variously disseminated sparsely through the plagioclase. Small
inclusions of microcline with or without quartz occur in some grains. Microcline, within the area
of the thin section, occurs as anhedral grains to 6 mm long, partly interstitial to plagioclase, with
inclusions of plagioclase, quartz and biotite. The quartz includes some larger grains, to 5 mm long,
but is mostly fine-grained, from 0.2 to 2 mm in grain size, suggesting some recrystallization.
Biotite occurs partly as olive-brown flakes from 0.4 to 2 mm long, mostly fresh with lamellae of
chlorite in some flakes. There are also diffuse lenses rich in fine-grained biotite, muscovite and
epidote, to 0.5 mm in grain size, in various proportions, and in these aggregates the biotite is more
commonly altered to chlorite, usually with leucoxene or titanite. These lenses are elongate and
define a weak anastomosing foliation. Patches and lamellae of titanite also occur in the fresher
biotite, apparently indicating cooling. Traces of allanite may have been present, now altered to
clay, within small aggregates of epidote. There are rare very small zircon crystals, to 40 µm long,
as well as smaller radioactive inclusions in biotite, possibly zircon, possibly partly metamict. This
sample is a biotite granodiorite with greenschist facies or low amphibolite-facies metamorphism

(c. 400–600°C) rather than static, low-temperature hydrothermal alteration.
Zircon morphology
The zircons isolated from this sample are typically light yellowish brown or dark brown, elongate
and euhedral or subhedral, and between 60 × 140 µm and 160 × 320 µm in size. Many grains are
fractured and have faint internal zonation, whereas a minority have zoned interiors surrounded by
unzoned, radially cracked rims, or are structureless and unzoned. Fluid and mineral inclusions are
common. Cathodoluminescence images of representative zircons are given in Figure 178022.1.
Analytical details
This sample was analysed on 13 February 2003. The counter deadtime during the analysis session
was 24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 3.18 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 1.1,
3.1, 6.2, 15.2, 20.1 and 27.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Thirty analyses were obtained from twenty-seven zircons. Results are given in Table 178022.1 and
shown on a concordia plot in Figure 178022.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with at
least one episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses may
be assigned to two groups. Fifteen concordant and highly discordant analyses of thirteen zircons
(4.1, 4.2, 6.1, 6.2, 7.1, 9.1, 10.1, 12.1, 13.1, 15.1, 17.1, 18.1, 21.1, 24.1 and 26.1), assigned to
Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3315 ± 3 Ma (chi-squared = 0.68). Concordant analyses 16.1 and 25.1, and
discordant analysis 14.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 3383 ± 19 Ma (chi-squared = 0.55).
Concordant analyses 5.1, 8.1, 19.1 and 20.1, assigned to Group 3, have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 3427 ± 18 Ma (chi-squared
= 1.42).The remaining analyses cannot be confidently grouped.
The date of 3315 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of the fifteen
concordant and highly discordant analyses of thirteen zircons of Group 1 is interpreted as the time
of igneous crystallization of the granodiorite. The older dates indicated by the remaining analyses
are attributed to the presence of xenocryst zircons.

178023: foliated biotite tonalite, Florries Well
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), PARDOO (2857)

MGA Zone 50, 797990E 7738470N

Sampled on 31 May 2002
The sample was taken from a 1-m high lens at the top of a 10 m high rocky hill located 1.8 km east
of Florries Well.
Tectonic unit/relations
This sample is from a dark grey, strongly foliated, K-feldspar porphyritic biotite granodiorite of
the Muccan Granitoid Complex, East Pilbara Granite–Greenstone Terrane. At the sampling site,
the tonalite has been intruded by a K-feldspar porphyritic granodiorite phase, of which sample
178022 is representative.
Petrographic description
The principal minerals present in this sample are plagioclase (?andesine: 70 vol.% ), quartz (20–25
vol.%) and biotite (7–8 vol.%), with accessory opaque oxide (trace), epidote (trace), titanite
(trace), sericite (trace), chlorite (trace), apatite (trace), calcite (trace), allanite (trace) and zircon
(trace). This is a biotite-tonalite gneiss, metamorphosed under low amphibolite-facies conditions
with epidote and titanite of metamorphic origin. Plagioclase occurs as anhedral, mostly rounded
grains from 0.2 to 3 mm long and is mostly very fresh, apart from rare clay-filled fractures and
rare disseminated sericite with or without calcite. Quartz occurs in irregular lenses as grains to 2
mm long with slightly irregular grain-boundaries and weak undulose extinction. Most of the biotite
is fresh and olive-brown in colour, defining a complex pattern of foliations. Coarser biotite, to 3
mm in grain size, is within 20° of a single foliation. The biotite rarely has lamellae of chlorite
parallel to the cleavage. Some of the finer-grained biotite is in lamellae with epidote and is partly
in an S-C fabric. Epidote also accompanies some of the coarser-grained biotite, rarely with
rounded cores of relatively fresh allanite. Apatite and titanite also accompany the biotite and
epidote, with rare lamellae of titanite parallel to the cleavage in some biotite flakes, suggesting
adjustments to cooling. Elsewhere, rare possible ilmenite occurs in the margins of biotite flakes.
Very minor accessory opaque oxide is present, partly microcrystalline and partly as grains to 0.3
mm long. Zircon is not abundant but occurs mostly as rounded grains from 50 to 200 µm long, all
fresh with fine oscillatory zoning. The larger grains have inclusions of apatite. Sparse pleochroic
haloes also occur within biotite, around radioactive grains. The mineralogy and texture suggest
metamorphism under low amphibolite-facies conditions forming a quartz-plagioclase-biotiteepidote-titanite assemblage, possibly in equilibrium at 500-600°C. However, if the plagioclase was

residual and not in equilibrium with the biotite-epidote assemblage, greenschist-facies
metamorphism is possible. Very weak chlorite-sericite alteration followed.
Zircon morphology
The zircons isolated from this sample are typically light yellowish brown or dark brown, elongate
and subhedral with rounded, faceted terminations, and between 100 × 240 µm and 160 × 340 µm
in size. Many grains have faint internal zonation, whereas a minority are structureless and unzoned
or have zoned interiors surrounded by unzoned rims. Fluid and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 178023.1.
Analytical details
This sample was analysed on 26 February and 3 March 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis sesssion, three analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 0.0455 (1σ%). Analyses 1.1 to 7.1 were obtained
during the first analysis session. During the second analysis session, nine analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 0.686 (1σ%). A calibration uncertainty of 1.0
(1σ%) was applied to analyses of unknowns obtained during both analysis sessions. Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty analyses were obtained from 30 zircons. Results are given in Table 178023.1 and shown on
a concordia plot in Figure 178023.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
single recent episode, and possibly an ancient episode, of radiogenic-Pb loss. On the basis of their
207
Pb/206Pb ratios, many analyses may be assigned to one of two groups. Twenty-four concordant
and slightly discordant analyses of twenty-four zircons, assigned to Group 1, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 3420 ± 3 Ma
(chi-squared = 1.37). Concordant and slightly discordant analyses 7.1, 21.1 and 29.1, assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3454 ± 9 Ma (chi-squared = 0.21). Slightly discordant analyses 13.1 and 26.1
indicate 207Pb/206Pb dates that are intermediate between groups 1 and 2, whereas discordant
analysis 14.1 indicates a younger 207Pb/206Pb date than those of Group 1.
The date of 3420 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of the twenty-four
concordant and slightly discordant analyses of Group 1 is interpreted as the time of igneous
crystallization of the tonalite. The analyses of Group 1 were obtained on both structureless rims
and grain interiors. Analyses 7.1 and 29.1 were obtained on structureless grains, whereas analysis

21.1 was obtained on an unzoned rim. The older date indicated by the analyses of Group 2 is
attributed to the presence of xenocryst zircons. Analysis 14.1 was obtained on a structureless rim.
The younger date indicated by analysis 14.1 may be due to an ancient radiogenic-Pb loss during a
disturbance event. Alternatively, it is possible, but considered unlikely, that the younger date
indicated by this analysis indicates the growth of some of the zircon rim zones at this time.

178031: porphyritic biotite granodiorite, Mulgandoona
Hill
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), COONGAN (2856) MGA Zone 50, 800060E 7701040N
Sampled on 5 September 2002
The sample was taken from a 2-m diameter low boulder located at the base, and on the north side
of a prominent bouldery kopje, 3.5 km northwest of Mulgandoona Hill. The sampling site is
located 25 m west-southwest of the site of sample 178032.
Tectonic unit/relations
This sample is of a medium bluish grey, foliated, porphyritic biotite-rich granodiorite of the
Carlindi Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The granodiorite contains
≤1.5 cm diameter K-feldspar phenocrysts.
Petrographic description
The principal minerals present in this sample are plagioclase (45 vol.%), quartz (30 vol.%),
microcline (20 vol.%), and biotite (3–4 vol.%), with accessory titanite (trace), opaque oxide
(trace), allanite (trace) and zircon (trace). This is a deformed, oxidized, I-type biotite granodiorite
with phenocrysts of microcline, an S-C fabric, and zones of recrystallization. Epidote has formed
during probable low amphibolite- to greenschist-facies metamorphism, with later low-temperature
hydrothermal alteration. Accessory zircons are mostly clear, but with microfractures in larger
grains. This sample has equant or elongate phenocrysts of K-feldspar to 15 mm long in a
plagioclase-rich host-rock. The microcline occurs as anhedral grains with inclusions of quartz,
plagioclase and biotite. Myrmekite has formed adjacent to plagioclase as inclusions and along the
margins of the microcline grains. The plagioclase may be andesine-oligoclase, is anhedral and as
much as 5 mm long, with irregular zones of fine-grained recrystallized plagioclase also containing
quartz, myrmekite and biotite. The quartz is mostly fine-grained, with undulose extinction only in
grains over 1 mm long and no obvious deformation in grains less than about 1 mm in diameter,
suggesting some recrystallization. Recrystallization is further indicated by zones with quartz less
than 0.2 mm in grain size, as well as plagioclase and biotite, as indicated above. Some of the
biotite is unoriented, probably in areas of low strain, but most of the biotite is foliated and may
define an S-C fabric. Flakes to 3 mm long occur locally as well as smaller flakes, occurring singly
or in aggregates parallel to the foliation. There are also rare areas rich in fine-grained decussate
biotite, as well as biotite in the fine-grained recrystallized lenses. Minor opaque oxide occurs to

about 1 mm in diameter as well as grains and aggregates of titanite to 1.5 mm in diameter and
altered possible allanite to 0.5 mm long, partly rimmed by epidote. Zircons mostly from 30 to 100
µm long are clear and free of fractures, with the largest grains, 200 µm in diameter, are clear but
have some fractures. Grains and aggregates of epidote accompany the foliated biotite and may be
part of a low amphibolite to greenschist-facies metamorphic assemblage rather than being primary.
Sericite, clinozoisite and minor granular epidote occur in irregular patches in the plagioclase, and
are of low-temperature hydrothermal origin. Minor chlorite has formed from biotite. This sample
may have been deformed at low amphibolite facies temperatures, producing an S-C fabric and
zones of recrystallization with quartz, biotite, plagioclase and myrmekite. Epidote may have
formed during part of this metamorphic event, with later low-temperature hydrothermal alteration
to sericite and clinozoisite-epidote.
Zircon morphology
The zircons isolated from this sample are typically pale yellowish or pinkish brown fragments and
whole grains, between 35 × 50 µm and 120 × 250 µm in size and are elongate and euhedral,
anhedral or irregular in shape. Most grains are have remnant internal zonation and fluid inclusions,
although a minority are structureless. Cathodoluminescence images of representative zircons are
given in Figure 178031.1.
Analytical details
This sample was analysed on 7 August 2003. The counter deadtime during the analysis session
was 24 ns. Twelve analyses of the CZ3 standard obtained during the second analysis session
indicated a Pb*/U calibration uncertainty of 1.21 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty-six analyses were obtained from twenty-six zircons. Results are given in Table 178031.1
and shown on a concordia plot in Figure 178031.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a dominant recent episode, of radiogenic-Pb redistribution. Thirteen
concordant to highly discordant analyses of thirteen zircons (1.1, 4.1, 7.1, 8.1, 11.1, 13.1, 14.1,
15.1, 18.1, 20.1, 21.1, 22.1 and 23.1) have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3250 ± 2 Ma (chi-squared = 1.29). Concordant
analysis 17.1 indicates a substantially older 07Pb/206Pb date than the main population, whereas the
remaining analyses are discordant and cannot be confidently grouped.
The date of 3250 ± 2 Ma indicated by the weighted mean 207Pb/206Pb ratio of the thirteen

concordant to highly discordant analyses of thirteen zircons is interpreted as the time of igneous
crystallization of the granodiorite. Analysis 17.1 is interpreted to be of a xenocryst zircon, whereas
the remaining analyses are interpreted to be of sites that have lost some of their radiogenic Pb.

178032: biotite monzogranite, Mulgandoona Hill
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), COONGAN (2856) MGA Zone 50, 800080E 7701050N
Sampled on 5 September 2002
The sample was taken from a 1-m high, 2-m diameter low boulder located 3.5 km northwest of
Mulgandoona Hill. The sampling site is located 25 m east-northeast of the site of sample 178031.
Tectonic unit/relations
This sample is of a light bluish grey, foliated, even- to medium-grained biotite monzogranite of the
Carlindi Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The monzogranite contains
dark schleren and is closely associated with, and was probably intruded by, a porphyritic
granodiorite, of which sample 178031 is representative.
Petrographic description
The principal minerals present in this sample are plagioclase (35–40 vol.%), microcline (30–35
vol.%), quartz (25–30 vol.%) and biotite (2–3 vol.%), with accessory opaque oxide (trace),
magnetite (trace), titanite (trace), apatite (trace), altered allanite (trace) and zircon (trace). This is a
foliated biotite monzogranite with zones of recrystallization, a metamorphic foliation (S-C fabric?)
defined by biotite and epidote and weak sericite-clinozoisite and chlorite alteration. Accessory
titanite, magnetite and allanite indicate an oxidized I-type character and there are rare small but
clear zircon grains. Metamorphism was probably lower amphibolite to greenschist-facies. The
microcline occurs as anhedral grains to 5 mm long with inclusions of quartz, plagioclase,
myrmekite and biotite. Separate grains of plagioclase (andesine-oligoclase?) are mostly rounded
and anhedral, to 4 mm long. The quartz occurs partly as elongate grains, to 4 mm long, with
undulose extinction and subgrains, and partly as undeformed smaller grains, mostly less than 1
mm in grain size. The minor biotite is mostly fine-grained, rarely over 1 mm in grain size, and is
mostly foliated, with suggestions of an S-C fabric in some areas. Clay-limonite-altered probable
allanite is present as elongate prisms, locally between 2 and 3 mm long, with mostly narrow rims
of epidote. The minor opaque oxide occurs in lenses to 3 mm long, parallel to the foliation,
composite with titanite, biotite and minor apatite and as small, disseminated grains. Apatite is
present as an accessory to 0.4 mm long. Rare zircon, from 40 to 100 µm long, is clear and mostly
lacks fractures. Irregular lenses of fine-grained recrystallized material are mostly feldspathic, with
plagioclase, microcline and myrmekite accompanied by muscovite, fine-grained biotite and minor
epidote, but very little quartz. Epidote is more abundant in areas containing foliated biotite, where
it may be part of a metamorphic assemblage, and with altered probable allanite. Some of the

biotite has been replaced by muscovite, with titanium released as probable ilmenite. Other flakes
of biotite have been altered to chlorite. There is also weak alteration of plagioclase to sericite with
or without clinozoisite, locally with larger flakes of muscovite with a poikilitic habit. These
features indicate low amphibolite to greenschist-facies metamorphism followed by weak lowtemperature hydrothermal alteration.
Zircon morphology
The zircons isolated from this sample are typically pale yellowish or pinkish brown fragments and
whole grains, between 35 × 50 µm and 80 × 120 µm in size and are elongate and euhedral or
anhedral in shape. Most grains are have remnant internal zonation and fluid inclusions, although a
minority are structureless. Cathodoluminescence images of representative zircons are given in
Figure 178032.1.
Analytical details
This sample was analysed on 4 and 7 August 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.993 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 16.1 were obtained
during the first analysis session. During the second analysis session, twelve analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 1.21 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 1.1, 3.1, 4.1, 5.1, 8.1 and 14.2, for which isotopic compositions determined
using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-five analyses were obtained from twenty-one zircons. Results are given in Table 178032.1
and shown on a concordia plot in Figure 178032.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a dominant recent episode, of radiogenic-Pb redistribution. Fifteen
concordant to highly discordant analyses of eleven zircons (2.1, 7.1, 10.1, 12.1, 14.1, 14.2, 15.1,
15.2, 17.1, 18.1, 18.2, 18.3, 19.1, 20.1 and 21.1) have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3251 ± 2 Ma (chi-squared = 1.32).
The remaining analyses are discordant and cannot be confidently grouped.
The date of 3251 ± 2 Ma indicated by the weighted mean 207Pb/206Pb ratio of the fifteen
concordant to highly discordant analyses of eleven zircons is interpreted as the time of igneous
crystallization of the monzogranite. The remaining analyses are interpreted to be of sites that have

undergone some redistribution of their radiogenic Pb.

178034: foliated muscovite granodiorite, Cotton Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 797610E 7643790N

Sampled on 6 October 2002
The sample was taken from a the southern edge of a prominent 3-m high pavement located 400 m
south-southwest of CottonWell.
Tectonic unit/relations
This sample is of a light-grey, foliated, medium- and even-grained muscovite granodiorite phase
that has intruded bedding and foliation of the Duffer Formation as a 1.5 × 3 km lens along the
southern margin of the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone
Terrane. The monzogranite contains ≤4 mm diameter irregular-shaped clots of greenish-grey
muscovite.
Petrographic description
This principal minerals present in this sample are plagioclase (50 vol.%), quartz (30 vol.%),
microcline (10–15 vol.%) and muscovite with traces of biotite (7–8 vol.%), with accessory zircon
(trace). This is a foliated, albite-rich leucocratic granodiorite with muscovite defining an apparent
L-S fabric, possibly crenulated, and traces of chloritized biotite. This sample may have an L-S
fabric with flattened rod-like aggregates of muscovite defining a foliation and a lineation. The
quartz occurs largely as interlocking anhedral grains to 4 mm long, with smaller grains in
plagioclase-rich areas. The plagioclase is also inequigranular and anhedral, to 2 mm in diameter,
and apparently all albite. Smaller grains of microcline are evident, but K-feldspar is more clearly
visible on the offcut than in thin section. Large lenses of coarse muscovite are scattered, partly
with a parallel orientation, defining a foliation, but possibly with either an S-C fabric or with a
crenulated foliation with some of the muscovite parallel to the axial planes of the crenulations. The
individual muscovite flakes are as much as 2 mm long, with muscovite lenses 2 to 8 mm long,
commonly foliated. Unoriented muscovite occurs enclosed in plagioclase and probably of
secondary origin. The very minor biotite is fine-grained and has been altered to chlorite. Traces of
carbonate and rare apatite are present, and there are abundant fluid inclusions. This sample was
metamorphosed under probable greenschist-facies conditions.
Zircon morphology

The zircons isolated from this sample are typically pale yellowish brown, light pinkish brown or
dark brown, between 60 × 300 µm and 120 × 450 µm in size and are elongate, euhedral and rodlike in shape. Most are structureless and lack internal igneous zonation. Some of the more elongate
grains are have striations parallel to their long axes, and many are fractured. Cathodoluminescence
images of representative zircons are given in Figure 178034.1.
Analytical details
This sample was analysed on 10 December 2003. The counter deadtime during the analysis session
was 24 ns. Eight analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 2.53 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 6.1,
13.1 and 16.3, for which isotopic compositions determined using the method of Cumming and
Richards (1975) were assumed.
Results
Twenty analyses were obtained from 17 zircons. Results are given in Table 178034.1 and shown
on a concordia plot in Figure 178034.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a recent episode, of radiogenic-Pb loss. Fourteen concordant and
highly discordant analyses of eleven zircons (1.1, 1.2, 2.1, 3.1, 4.1, 5.1, 8.1, 10.1, 13.1, 15.1, 16.1,
16.2, 16.3 and 17.1) have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3318 ± 3 Ma (chi-squared = 0.99). Concordant analyses 11.1 and 12.1
indicate significantly older 207Pb/206Pb dates than the main population, whereas the remaining
analyses are highly discordant and indicate significantly younger 207Pb/206Pb dates than the main
population.
The date of 3318 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of fourteen
concordant and highly discordant analyses of eleven zircons is interpreted as the time of igneous
crystallization of the granodiorite. Concordant analyses 11.1 and 12.1, which indicate older
207
Pb/206Pb dates than the main population, are interpreted to be of xenocrysts zircons. The
remaining discordant analyses are interpreted to be of analysis sites that have lost radiogenic Pb
during an ancient disturbance event.

178035: hornblende–biotite quartz diorite, Cotton Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 797690E 7643950N

Sampled on 6 October 2002
The sample was taken from a 2-m high boulder on the northwestern side of a prominent cluster of
tors and boulders located 300 m northwest of CottonWell.
Tectonic unit/relations
This sample is of a dark-grey, foliated, medium- and even-grained hornblende–biotite quartz
diorite phase that has intruded bedding and foliation of the Duffer Formation along the southern
margin of the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This principal minerals present in this sample are plagioclase (60–65 vol.%), hornblende (20
vol.%), quartz (10–15 vol.%), biotite (2–3 vol.%) and titanite (1–2 vol.%), with accessory opaque
oxide (trace), titanite (trace), sulphide (trace), prehnite (trace), epidote (trace) and zircon (trace).
This is a hornblende–biotite quartz diorite with an apparent flow foliation, strongly saussuritized
plagioclase and chloritized biotite (with or without prehnite or epidote) indicating low-temperature
hydrothermal alteration. The abundant plagioclase occurs as subhedral crystals to 4 mm long,
mostly aligned parallel to the foliation, with abundant interstitial granular quartz in lenses parallel
to the foliation. The hornblende is granular to prismatic and as much as 4 × 3 mm, usually elongate
parallel to the foliation but partly equant. Smaller grains occur in some areas and may show some
recrystallization. The biotite is mostly parallel to the foliation, as flakes from 1 to 3 mm, but some
flakes are poorly oriented. The titanite occurs as grains and lenses to 1 mm long, again parallel to
the foliation, and as small, disseminated grains. Pyrite occurs as ragged masses to 1 mm long. The
plagioclase has intense saussuritic alteration with sericite, clouded clinozoisite and rare larger
crystals of epidote. The biotite has been altered to chlorite, with granular epidote or with lenses of
prehnite parallel to the cleavage in some flakes. Minor epidote is disseminated and also forms a
rim around the sulphide grains. Alteration under low greenschist facies conditions has affected this
sample.
Zircon morphology

The zircons isolated from this sample are typically pale yellowish brown, light pinkish brown or
dark brown, between 60 × 300 µm and 120 × 450 µm in size and are elongate, euhedral and rodlike in shape. Most are structureless and lack internal igneous zonation. Some of the more elongate
grains are have striations parallel to their long axis, and many are fractured. Cathodoluminescence
images of representative zircons are given in Figure 178035.1.
Analytical details
This sample was analysed on 29 July and 4 August 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis sesssion, five analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 2.90 (1σ%). Analyses 1.1 to 12.1 were obtained
during the first analysis session. During the second analysis session, six analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 1.60 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty-five analyses were obtained from twenty-five zircons. Results are given in Table 178035.1
and shown on a concordia plot in Figure 178035.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. Twenty-four concordant analyses of twenty-four
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3464 ± 3 Ma (chi-squared = 1.31). Slightly discordant analysis 20.1 indicates a
slightly older 207Pb/206Pb date than the main population.
The date of 3464 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty-four
concordant analyses of twenty-four zircons is interpreted as the time of igneous crystallization of
the diorite. Slightly discordant analysis 20.1 is are interpreted to be of a xenocrysts zircon.

178036: biotite microtonalite, Gauntlet mine
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 800560E 7641700N

Sampled on 6 October 2002
The sample was taken from a 1-m high boulder amongst a small cluster of tors and boulders
located 3 km northeast of Gauntlet gold mine.
Tectonic unit/relations
This sample is of a medium-grey, foliated, fine- to medium- and even-grained biotite microtonalite
from the southern margin of the Mount Edgar Granitoid Complex, East Pilbara Granite–
Greenstone Terrane. At the sampling site, the microtonalite has been intruded by ≤5 cm think,
leucocratic granitic dykes that are aligned with the foliation.
Petrographic description
This principal minerals present in this sample are plagioclase (65–70 vol.%) quartz (20 vol.%), Kfeldspar (7–8 vol.%) and biotite (5 vol.%), with accessory allanite (trace), epidote (trace) and
zircon. This is a foliated, low metamorphic grade biotite microtonalite, transitional towards
granodiorite, with biotite, allanite and epidote, suggesting low amphibolite-facies metamorphism.
The thin section shows anhedral plagioclase and less abundant quartz to 1.5 mm in grain size, with
finer-grained microcline and biotite. The biotite defines a relatively weak foliation, with
suggestions of two conjugate foliations at 30 to 45° to the main foliation, and occurs as flakes
mostly less than 0.5 mm long. Small grains of altered allanite, to 0.3 mm long, are so fresh that
some zoning can be made out. Patches of clay and limonite occur in and around these grains, many
of which are rimmed by epidote. Separate grains of epidote, to 1 mm long, are also disseminated
and may be of metamorphic origin, as are small, unoriented flakes of muscovite. Fine-grained
apatite is also disseminated.
Zircon morphology
The zircons isolated from this sample are typically pale yellowish brown, light pinkish brown or
dark brown, between 30 × 100 µm and 120 × 300 µm in size and are typically elongate and
euhedral in shape. Most are structureless and lack internal igneous zonation. Many have mottled
interiors and abundant small dark spots and zones on their polished surfaces. These features are
attributed to extensive radiation damage and recrystallization of parts of the crystal microstructure.

Most grains are fractured and have remnant internal zonation, and many are metamict.
Cathodoluminescence images of representative zircons are given in Figure 178036.1.
Analytical details
This sample was analysed on 28 August and 8 September 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis sesssion, five analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 0.522 (1σ%). A calibration uncertainty of 1.0 (1σ%)
was applied to analyses of unknowns obtained during the first analysis session. Analyses 1.1 to
13.1 were obtained during the first analysis session. During the second analysis session, six
analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.16 (1σ%). CommonPb corrections were applied assuming Broken Hill common-Pb isotopic compositions for all
analyses.
Results
Twenty-three analyses were obtained from eighteen zircons. Results are given in Table 178036.1
and shown on a concordia plot in Figure 178036.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with
several episodes, including a recent episode, of radiogenic-Pb loss. On the basis of their
207
Pb/206Pb ratios, many analyses may be assigned to one of two groups. Five concordant and
highly discordant analyses of four zircons (1.1, 3.1, 3.2, 5.1 and 15.1) , assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3435 ± 4 Ma (chi-squared = 1.02). Nine concordant and highly discordant analyses of seven
zircons (2.1, 4.2, 7.1, 8.1, 13.1, 13.2, 16.1, 16.2 and 18.1) , assigned to Group 2, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 3461 ± 6 Ma
(chi-squared = 1.60). Concordant analysis 7.2 indicates an older 207Pb/206Pb date than those of
Group 1, whereas slightly discordant analyses 4.1, 11.1 and 14.1 indicate older 207Pb/206Pb dates
than those of Group 2. The remaining analyses are highly discordant and cannot be confidently
grouped.
The date of 3435 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of five concordant
and highly discordant analyses of Group 1 is interpreted as the time of igneous crystallization of
the microtonalite. Analyses of Group 2, concordant analysis 7.2 and slightly discordant analyses
4.1, 11.1 and 14.1, which indicate older 207Pb/206Pb dates than those of Group 1, are interpreted to
be of xenocrysts zircons, whereas discordant analyses 6.1, 9.1, 10.1, 12.1 and 17.1, which indicate
younger 207Pb/206Pb dates than those of Groups 1, are interpreted to be of sites that have lost
radiogenic Pb.

178037: biotite granodiorite, Nelson Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 799430E 7649660N

Sampled on 6 October 2002
The sample was taken from a 1-m high, 3-m long whaleback amongst amongst a small cluster of
pavements and boulders located 250 m southwest of the access track and 3 km west-northwest of
Nelson Well.
Tectonic unit/relations
This sample is of a light-grey, strongly foliated, medium- and even-grained biotite granodiorite
from the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane. At the
sampling site, the monzogranite has been intruded by ≤3 cm thick leucocratic granitic dykes and
veins that are aligned with the foliation. The sample taken was free of obvious veins.
Petrographic description
This principal minerals present in this sample are plagioclase (45–50 vol.%), quartz (35 vol.%), Kfeldspar (15 vol.%) and biotite (2–3 vol.%), with accessory opaque oxide (trace), titanite (trace),
muscovite (trace), epidote (trace), prehnite (trace), limonite (trace) and zircon (trace). This is a
foliated and partly recrystallized biotite granodiorite. The plagioclase occurs as rounded anhedral
grains from 1 to 5 mm long, with relatively fine-grained anhedral microcline interstitial to or
rimming the plagioclase. Minor myrmekite occurs between plagioclase and microcline. Small
lenses of fine-grained feldspars, usually with minor myrmekite, are scattered and have been
recrystallized. In some areas these aggregates also contain minor quartz, but most of the quartz is
between 0.5 and 3 mm in grain size, with subgrains mostly in the larger grains. The minor biotite,
to 1.5 mm in grain size, is mostly foliated with some areas suggesting an S-C fabric. Very minor
opaque oxide and titanite are present, suggesting some oxidized I-type characteristics. The rare
zircon crystals in this sample are mostly less than 40 µm long and are clear and unaltered. The
plagioclase is partly fresh and probably andesine-oligoclase, but has irregularly developed
alteration to sericite with or without clinozoisite, locally intense in areas of high fluid activity, with
sparse poikilitic flakes of muscovite or granular epidote in some patches, of secondary origin.
Much of the biotite has been altered to chlorite with or without leucoxene, with epidote in some
grains, usually carrying lamellae of leucoxene. Patches of prehnite occur in other grains, with clay
alteration or patches of probable ferristilpnomelane in other areas. The biotite alteration clearly
represents a range of temperatures from greenschist facies to possible prehnite-pumpellyite facies.
Minor ferristilpnomelane has also developed adjacent to the opaque oxide. Traces of limonite may

have replaced microcrystalline pyrite. The textures in this sample indicate some possibly low
amphibolite-facies recrystallization and deformation as well as gradual hydrothermal alteration at
greenschist- to prehnite-pumpellyite-facies temperatures of 400–250°C.
Zircon morphology
The zircons isolated from this sample are typically yellowish brown or dark brown, between
30 × 100 µm and 140 × 300 µm in size and are typically elongate and euhedral in shape. Most
have euheral zonation but a minority have narrow, cylindrical hollow cores or are structureless and
lack internal igneous zonation. Many grains are metamict. Cathodoluminescence images of
representative zircons are given in Figure 178037.1
Analytical details
This sample was analysed on 8 September 2003. The counter deadtime during the analysis session
was 24 ns. Six analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.16 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses, with the exception of analyses 11.1, 13.1, 14.1,
17.1 and 18.1, for which isotopic compositions determined using the method of Cumming and
Richards (1975) were assumed.
Results
Twenty-one analyses were obtained from 21 zircons. Results are given in Table 178037.1 and
shown on a concordia plot in Figure 178037.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with
several episodes, including a recent episode, of radiogenic-Pb loss. Fifteen concordant and highly
discordant analyses of fifteen zircons have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3313 ± 2 Ma (chi-squared = 1.61). The remaining
analyses are highly discordant and cannot be confidently grouped.
The date of 3313 ± 2 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
and highly discordant analyses of fifteen zircons is interpreted as the time of igneous
crystallization of the granodiorite. The remaining discordant analyses are interpreted to be of sites
that have lost radiogenic Pb.

178038: biotite tonalite, Fig Tree Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 809260E 7639660N

Sampled on 6 October 2002
The sample was taken from a 1-m high, 3-m long boulder located 150 m southwest of a prominent
rocky hill and 4 km east-southeast of Fig Tree Well.
Tectonic unit/relations
This sample is of a weakly foliated, medium- and even-grained biotite tonalite phase of the Mount
Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This principal minerals present in this sample are plagioclase (55 vol.%), quartz (35–40 vol.%)
and biotite (7 vol.%), with accessory apatite (trace), epidote (trace), titanite (trace), altered allanite
(trace), opaque oxide (trace) and zircon (trace). This is a foliated biotite tonalite or trondhjemite,
with a biotite-epidote-muscovite assemblage of lower amphibolite-facies, and there is evidence of
later sericite-clinozoisite alteration. K-feldspar is not present, although there are sparsely
disseminated plagioclase phenocrysts to 12 mm long. In the thin section the plagioclase is anhedral
to subhedral and from 1 to 8 mm in grain size, with weak zoning and a probable andesineoligoclase composition. The quartz varies from 0.5 to 3 mm in grain size, with weak undulose
extinction and subgrains in the larger grains. Flakes of biotite, from 0.4 mm to 4 mm long, define a
foliation with good evidence of an S-C fabric in many areas. Titanite occurs as crystals to 1 mm
long, with altered allanite locally more than 1 mm in grain size and minor fine-grained opaque
oxide. The assemblage titanite-magnetite-allanite is characteristic of I-type granitoids. Minor
apatite is disseminated, as well as crystals of zircon from 30 to 150 µm long. The smaller zircons
are mostly enclosed in biotite, but all are clear and unfractured, with zoning and inclusions visible
in some of the larger grains. Lenses of granular epidote are common, partly cross-cutting foliated
biotite, but less commonly in altered plagioclase. Lenses with interstitial quartz and with finegrained quartz, as inclusions, are common, including those that cut across the biotite. Chlorite
alteration of biotite is rare, however. The altered allanite referred to above also has rims of epidote,
and all of the epidote is considered to be of metamorphic origin, possibly formed during or after
the formation of the foliation defined by the biotite flakes. Irregular, mostly weak alteration to
sericite and clouded clinozoisite occurs in the plagioclase, with localized spots of more intense
alteration. Films of sericite occur along plagioclase grain-boundaries, rarely with carbonate.
Patches of decussate muscovite occur in some of the sericite-clinozoisite patches and more

schistose muscovite is a minor component of some of the biotite-epidote lenses, as a metamorphic
mineral. The primary titanite-magnetite-allanite assemblage indicates I-type affinities. The
epidote-biotite-muscovite-plagioclase assemblage suggests lower amphibolite-facies
metamorphism, with low-temperature hydrothermal sericite and clinozoisite and rare chlorite.
Zircon morphology
The zircons isolated from this sample are typically pale pinkish brown or dark brown, between
60 × 150 µm and 120 × 350 µm in size and are slightly elongate and euhedral and subhedral in
shape. Most contain internal igneous zonation, but a minority are structureless.
Cathodoluminescence images of representative zircons are given in Figure 178038.1.
Analytical details
This sample was analysed on 21 August 2003. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.11 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Fifteen analyses were obtained from fifteen zircons. Results are given in Table 178038.1 and
shown on a concordia plot in Figure 178038.2.
Interpretation
Apart from analysis 7.1, which is highly discordant, the analyses are concordant to slightly
discordant, with the discordance pattern consistent with a single recent episode of radiogenic-Pb
loss. Fourteen concordant analyses of fourteen zircons have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3312 ± 4 Ma (chi-squared = 1.13).
Highly discordant analysis 7.1 indicates a slightly younger 207Pb/206Pb date than the main
population.
The date of 3312 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of fourteen
concordant analyses of fourteen zircons is interpreted as the time of igneous crystallization of the
tonalite. Highly discordant analysis 7.1 is are interpreted to be of an analysis site that has lost
radiogenic Pb.

178040: biotite–hornblende granodiorite, Camel Well
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), COONGAN (2856) MGA Zone 50, 734520E 7698080N
Sampled on 7 October 2002
The sample was taken from an edge of an area of rock pavement located on the west bank of the
East Strelley River and 4.2 km south of Camel Well.
Tectonic unit/relations
This sample is of a black and white spotted, strongly foliated, medium- to coarse-grained biotite–
hornblende granodiorite of the Carlindi Granitoid Complex, East Pilbara Granite–Greenstone
Terrane. At the sampling locality, the granodiorite has been intruded by ≤1 m thick irregular, grey
dykes of fine-grained granite.
Petrographic description
The principal minerals present in this sample are plagioclase (50 vol.%), quartz (25–30 vol.%), Kfeldspar (15–20 vol.%), biotite (3–4 vol.%) and hornblende (1–2 vol.%), with accessory allanite
(trace), epidote (trace), titanite (trace), apatite (trace) and zircon (trace). This is a foliated and
possibly lineated biotite–hornblende granodiorite (I-type), with amphibolite-facies metamorphism
and weak sericite-epidote-chlorite alteration. Large crystals of plagioclase, to 15 mm long, are
visible in hand specimen, with the largest grain in the thin section about 10 mm long. Other grains
are mostly 1 to 5 mm long and are anhedral or subhedral. Small patches of K-feldspar occur in the
plagioclase, but may represent replacement rather than exsolution. Microcline is less abundant and
from 1 to 7 mm in grain size, with inclusions of quartz and plagioclase in the larger grains. Lenses
of recrystallized plagioclase, microcline and myrmekite are also present, with grains less than 0.4
mm in diameter. Minor quartz is present in these lenses. Larger quartz grains, to 4 mm long, have
undulose extinction and subgrains, but smaller grains are undeformed and may have been
recrystallized. Inequigranular biotite, from 0.1 to 3 mm in grain size, define two foliations at rightangles, in a probable S-C fabric, with most of the biotite in the foliation that is clearly visible in
hand specimen. The hornblende is mostly poorly oriented, however, as grains to 3 mm long, with
X = yellow, Y = green and Z = brownish green, indicating an iron-rich hornblende with some
titanium. Allanite crystals, to 1.5 mm long, are partly fresh and irregularly zoned, with inclusions
of apatite and zircon. Minor titanite, apatite and zircon are disseminated. The zircon grains are
from 50 to 200 µm long, with some fractures in the larger grains, but are clear and commonly
zoned. Alteration of the plagioclase to sericite and clouded clinozoisite is weak, but one grain has
a patch of stronger alteration 5 mm long. One plagioclase grain has been cut by a lenticular

fracture containing carbonate and K-feldspar. The biotite is mostly fresh, with slight alteration to
chlorite, clays and K-feldspar. Some of the allanite is altered to clay and epidote. Rims of epidote
occur on the allanite, and epidote also accompanies the biotite. The fabric indicates amphibolitefacies deformation and metamorphism of a biotite-hornblende granodiorite (I-type), with weak
low-temperature hydrothermal alteration. Very narrow fractures containing carbonate are
widespread, but may be of supergene origin.
Zircon morphology
The zircons isolated from this sample are typically pale pinkish brown, elongate and euhedral in
shape and between 35 × 50 µm and 100 × 250 µm in size. Most grains are fractured and have
remnant internal zonation and fluid and opaque mineral inclusions. Cathodoluminescence images
of representative zircons are given in Figure 178040.1.
Analytical details
This sample was analysed on 21 August 2003. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.11 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Nineteen analyses were obtained from nineteen zircons. Results are given in Table 178040.1 and
shown on a concordia plot in Figure 178040.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a dominant recent episode, of radiogenic-Pb loss. Seventeen
concordant to highly discordant analyses of seventeen zircons have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3252 ± 4 Ma (chi-squared =
0.79). Discordant analyses 11.1 and 19.1 indicate significantly younger 207Pb/206Pb dates than the
main population.
The date of 3252 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of the seventeen
concordant to highly discordant analyses of seventeen zircons is interpreted as the time of igneous
crystallization of the granodiorite. Discordant analyses 11.1 and 19.1 are interpreted to be of sites
that have lost some of their radiogenic Pb.

178042: altered volcaniclastic sandstone, Table Top
Well
Location and sampling
MARBLE BAR (SF 50-8), NORTH SHAW (2755)

MGA Zone 50, 708100E 7661530N

Sampled on 7 October 2002
The sample was taken from within a small gully along a prominent rocky chert ridge and 8.5 km
southwest of Table Top Well. The sampling site is 20 m east-northeast of the site of sample
178041.
Tectonic unit/relations
This sample is of a light yellowish-grey, homogeneous, silicified, cross-bedded, fine- to mediumgrained and even-grained volcanigenic sandstone that is interbedded with black cherts, from near
the base of the Euro Basalt Formation, Warrawoona Group, East Pilbara Granite–Greenstone
Terrane. The sample taken included some rare ≤1 mm thick quartz veins.
Petrographic description
The principal minerals present in this sample are quartz (80–85 vol.%), sericite (15 vol.%) and
leucoxene (1–2 vol.%), with accessory limonite (trace) and zircon (trace). This is a quartz-sericiteleucoxene-limonite-altered tuff to volcanic sandstone with a quartz-vein containing sericite. Minor
limonite may have replaced pyrite. This sample contains irregular quartz veins and may have a
bedding foliation. Sparsely scattered single-crystal quartz grains occur, to 0.5 mm in diameter, but
most of the rock is composed of leucoxene-rimmed, altered probable shards and lithic fragments to
1 mm long. Some of these shards are mostly microcrystalline quartz, but many have minor to
abundant sericite and a weak to moderate clouding by diffuse leucoxene. This may indicate a
mixture of felsic and mafic volcanics, or a range of compositions from felsic to more mafic. The
interstitial material is largely cherty to microsparry quartz with very minor sericite in some areas.
A small grain, altered to limonite, may have been pyrite. Small patches and filaments of limonite
are scattered. The more elongate clasts have a subparallel orientation, suggesting bedding and
possibly reworking, and the clasts are reasonably well-sorted. At one end of the thin-section there
is a vein to 2 mm wide, mostly filled with inequigranular granular to prismatic quartz, with minor
sericite and limonite after pyrite, and a large lens of decussate sericite.
Zircon morphology

The zircons isolated from this sample are typically pale yellowish brown and dark brown, equant
to slightly elongate and euhedral whole grains and fragments, and between 45 × 50 µm and
100 × 250 µm in size. Many have euhedral igneous zonation, although a minority are structureless.
Cathodoluminescence images of representative zircons are given in Figure 178042.1.
Analytical details
This sample was analysed on 24 and 28 August 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, thirteen analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 2.48 (1σ%). Analyses 1.1 to 6.1 were obtained during
the first analysis session. During the second analysis session, seven analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 1.58 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 2.1 and 11.1, for which isotopic compositions determined using the method of Cumming
and Richards (1975) were assumed.
Results
Twenty-nine analyses were obtained from twenty-seven zircons. Results are given in Table
178042.1 and shown on a concordia plot in Figure 178042.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. All twenty-nine analyses obtained from twentyseven zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3350 ± 3 Ma (chi-squared = 1.00).
The date of 3350 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of all twenty-nine
concordant to highly discordant analyses from twenty-seven zircons is interpreted as providing the
time of igneous crystallization for the volcaniclastic component within, and a maximum time for
deposition of, the sandstone.

178043: lithic–quartz sandstone, Strelley Pool
Location and sampling
MARBLE BAR (SF 50-8), NORTH SHAW (2755)

MGA Zone 50, 722290E 7664060N

Sampled on 8 October 2002
The sample was taken from a prominent rocky chert ridge located on the east side of Strelley Pool.
Tectonic unit/relations
This sample is of a medium grey, homogeneous, slilcified sandstone derived from a well-sorted
silicic sandstone from the Strelley Pool Chert, East Pilbara Granite–Greenstone Terrane. The
sample was taken from a 5-m thick sandstone unit that is interbedded between altered silicified
pillow basalts and black- and white-banded cherts.
Petrographic description
The principal minerals present in this sample are single-crystal quartz grains, mostly less than 0.5
mm in diameter (45 vol.%), as well as grains altered to microcrystalline quartz (35 vol.%), grains
altered to sericite (5 vol.%) and leucoxene-rich grains (2–3 vol.%), as well as a matrix of
microcrystalline quartz (15 vol.%), and accessory limonite (trace), tourmaline (trace) and zircon
(trace). This is a medium-grained lithic–quartz sandstone with quartz, sericite and leucoxene. It
has been cut by stylolites, with sericite and limonite, and a quartz vein. In hand-specimen, it is a
fine-grained quartz-rich sediment with a semiconchoidal fracture. It is difficult to distinguish
cherty silicified clasts from areas of matrix. Some of the single-crystal quartz grains have optically
continuous overgrowths, but others have been resorbed and may represent volcanic phenocrysts.
There are two types of leucoxene-rich fragments: one has textures indicating former feldspar laths
and has sericite as well as leucoxene and quartz, and represents altered possible basalt; the other
has lamellar leucoxene in sericite and/or quartz and represents former biotite. The silicified clasts
may represent felsic volcanic fragments. Rare tourmaline is present, as well as leucoxene after
opaque oxide and possibly limonite after pyrite. Rare zircon crystals, 50 to 100 µm long, are partly
enclosed in quartz and are clear, with zoning in the largest grain. Limonite and sericite occurs
along stylolites in this sample, and there is a narrow planar quartz-vein. The grain size indicates a
largely medium-grained sandstone with some coarse sand grains, and a mixed lithic-quartz
detritus, including rare zircon. Low-grade (greenschist-facies) metamorphism is probable with no
deformation.
Zircon morphology

The zircons isolated from this sample are typically pale pinkish brown and dark brown in colour.
There are both elongate and euhedral grains that have euhedral igneous zonation, as well as equant
and rounded, structureless grains. Most are between 45 × 50 µm and 100 × 250 µm in size. The
rounded grains have textured and pitted surfaces, consistent with detrital transport.
Cathodoluminescence images of representative zircons are given in Figure 178043.1.
Analytical details
This sample was analysed on 24 August 2003. The counter deadtime during the analysis session
was 24 ns. Thirteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 2.48 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Forty analyses were obtained from forty zircons. Results are given in Table 178043.1 and shown
on concordia and Gaussian-summation probability density plots in Figures 178043.2 and
178043.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a dominant recent episode, of radiogenic-Pb loss. On the basis of their
207
Pb/206Pb ratios, many analyses may be assigned to one of two groups. Thirty-three concordant
analyses of thirty-three zircons, assigned to Group 1, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3502 ± 3 Ma (chi-squared = 1.38).
Concordant analyses 23.1 and 34.1, slightly discordant analysis 12.1 and highly discordant
analyses 27.1 and 32.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 3479 ± 8 Ma (chi-squared = 0.73). Analyses
14.1, obtained on a pinkish brown, structureless, euhedral grain) indicate significantly older
207
Pb/206Pb date than these populations, whereas the remaining analyses (3.1, 19.1, 20.1, 27.1 and
32.1) are highly discordant and indicate significantly younger 207Pb/206Pb dates than those of
Groups 1 and 2.
Many grains lack convincing morphological evidence of detrital transport. All analyses are
inferred to be of detrital zircons, although many may have local volcanigenic provenance. Of the
five analyses within Group 2, only analyses 23.1 and 34.1 are concordant. Pooling of concordant
analyses 23.1 and 34.1 indicates a weighted mean 207Pb/206Pb date of 3482 ± 8 Ma (±1σ
uncertainty). Combining concordant analyses 23.1 and 34.1 with slightly discordant analysis 12.1
indicates a weighted mean 207Pb/206Pb date of 3482 ± 18 Ma (chi-squared = 0.79), which is within
uncertainty of the date obtained from the analyses of Group 1 at the 95% confidence level.
The date of 3502 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of the thirty-three
concordant analyses of Group 1 is interpreted as providing a maximum time for deposition of the

sandstone. The slightly younger date of 3479 ± 8 Ma indicated by the weighted mean 207Pb/206Pb
ratio of the five concordant to highly discordant analyses of Group 2 may be tentatively interpreted
as providing a younger maximum time for deposition of the sandstone. The younger 207Pb/206Pb
dates indicated by highly discordant analyses 3.1, 19.1, 20.1, 27.1 and 32.1 are interpreted to be of
sites that have lost some of their radiogenic Pb.
Potential source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Narryer Gneiss Complex of the northwestern part
of the Yilgarn Craton (Nelson, 1995, 1996, 1997) and the Warrawoona and Coonterunah
sequences of eastern part of the Pilbara Craton (Nelson, 2003, this volume).

178044: hornblende–biotite quartz monzodiorite, North
Shaw Well
Location and sampling
MARBLE BAR (SF 50-8), NORTH SHAW (2755)

MGA Zone 50, 750260E 7639580N

Sampled on 8 October 2002
The sample was taken from a 0.4-m diameter block from a low rubbly outcrop on the northern side
of a low rise, and 3 km east-southeast of North Shaw Well.
Tectonic unit/relations
This sample is of a medium-grained hornblende–biotite quartz monzodiorite of the North Shaw
Tonalite, Shaw Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The sample taken
contained epidotized patches and epidote-filled fractures.
Petrographic description
The principal minerals present in this sample are plagioclase (60 vol.%), hornblende (15 vol.%),
quartz (10 vol.%), K-feldspar (10 vol.%), biotite (2–3 vol.%), opaque oxide (1–2 vol.%) and
titanite (1 vol.%), with accessory apatite (trace) and zircon (trace). This is a massive, hornblende–
biotite quartz monzodiorite with saussuritized plagioclase (andesine?) and chlorite-clay-altered
biotite. The sample also includes an apparent vein of quartz, K-feldspar, epidote and calcite. The
plagioclase occurs as euhedral laths from 0.4 to 4 mm long with interstitial quartz, to 3 mm long
but partly recrystallized, and poikilitic grains of orthoclase to 5 mm in diameter. Zoning is visible
in the plagioclase, which may be andesine, although this is not certain. The hornblende varies from
small anhedral grains 0.2 mm in diameter, through prisms to 4 mm long to partly poikilitic grains
to 4 or 5 mm in diameter, and is pale green in colour, suggesting a magnesium-rich hornblende.
Biotite flakes to 3 mm long are also partly poikilitic, as are grains of titanite to 1.5 mm. Minor
opaque oxide is mostly granular, with small grains of apatite attached to the oxide. Rare zircon is
apparently 50 to 70 µm in diameter and zoned, but clear. The plagioclase shows moderate to
strong alteration to sericite, clouded clinozoisite and fine-grained granular epidote, rarely with
calcite, suggesting a style of saussuritic alteration. Chlorite, clay and leucoxene or microcrystalline
titanite have partly to completely replaced the biotite. The opaque oxide has been partly rimmed
by chlorite and titanite, with or without epidote.
Zircon morphology

The zircons isolated from this sample are typically colorless or pale yellowish brown, equant to
slightly elongate and euhedral whole grains and fragments, and between 50 × 60 µm and
100 × 250 µm in size. Most are structureless and fractured. Fluid and mineral inclusions are
common. Cathodoluminescence images of representative zircons are given in Figure 178044.1.
Analytical details
This sample was analysed on 9 and 20 October 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, ten analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 2.53 (1σ%). Analyses 1.1 to 3.1 were obtained during the first
analysis session. During the second analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.950 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty analyses were obtained from twenty zircons. Results are given in Table 178044.1 and
shown on a concordia plot in Figure 178044.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb redistribution. All twenty analyses obtained from twenty zircons
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 3468 ± 5 Ma (chi-squared = 1.18).
The date of 3468 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of all twenty
concordant to highly discordant analyses from twenty zircons is interpreted as providing the time
of igneous crystallization for the monzodiorite.

178045: sandstone, Quininya Well
Location and sampling
MARBLE BAR (SF 50-8), TAMBORAH (2754)

MGA Zone 50, 709240E 7597160N

Sampled on 8 October 2002
The sample was taken from a the top of a prominent 20-m high symmetrical rocky hill located 1.5
km north of Quininya Well.
Tectonic unit/relations
This sample is of a pale yellowish grey, coarse feldspathic sandstone of the Golden Cockatoo
Formation, East Pilbara Granite–Greenstone Terrane. The sample was taken from a weathered
sandstone sequence, with north-striking bedding dipping at 48°, that unconformably overlies
banded gneiss of the Yule Granitoid Complex. The sandstone contains ≤3 mm diameter clear
grains of quartz and weathered, pale yellowish white feldspar grains.
Petrographic description
The principal minerals present in this sample are quartz (85 vol.%), microcline (10 vol.%),
plagioclase (3–4 vol.%) and biotite (1–2 vol.%), with accessory titanite (trace), possible amphibole
(trace) and zircon (trace). This is a layered quartzite with microcline, partly altered plagioclase and
partly altered biotite, cut by a quartz vein. This sample is quartz-rich but has lamellae that contain
or consist of granular feldspar (K-feldspar and/or plagioclase), about 5 mm apart and 0.5 to 2 mm
wide. There is also a cross-cutting quartz vein about 2 or 3 mm wide. The quartz consists of
interlocking anhedral grains to 10 mm long, indicating exaggerated grain-growth, with sutured
grain boundaries. The microcline occurs as anhedral grains from 0.4 to 7 mm long, partly
poikiloblastic, with plagioclase mostly less than 2 mm in diameter and mostly fractured. Minor
biotite, to 2 mm long, is partly schistose and partly unoriented. The schistose grains may be more
altered than the unoriented grains. Accessory zircon, 30 to 150 µm in grain size, is mostly present
in a feldspar-rich layer, but there is also trace titanite, some of which has been altered to leucoxene
and may resemble metamict zircon. The larger zircon grains are zoned. Traces of possible
amphibole also occur, but are too fine-grained for positive identification. The zircon suggests a
former medium-grained sandstone. The metamorphic grade is uncertain, but amphibolite facies
metamorphism is possible, given the exaggerated grain-growth. The quartz vein has similar quartz
to that in the host-rock and is about 4 to 5 mm wide. The vein is at about 30° to the layering. The
biotite and feldspar have been partly or completely altered to clay, with total alteration of some of
the biotite.

Zircon morphology
The zircons isolated from this sample are typically colourless, pale pinkish brown, yellowish
brown and dark brown in colour. Most are elongate and euhedral, have euhedral igneous zonation
or have unzoned, fractured cores surrounded by radially fractured, zoned rims, and are between
60 × 80 µm and 100 × 250 µm in size. Many are metamict. A minority of grains have textured and
pitted surfaces, consistent with detrital transport. Cathodoluminescence images of representative
zircons are given in Figure 178045.1.
Analytical details
This sample was analysed on 9 October 2003. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 2.53 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 1.1
2,1. 4.1, 5.1, 17.1, 19.2, 19.3, 23.1, 26.1, 27.2 and 29.2, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Thirty-five analyses were obtained from 29 zircons. Results are given in Table 178045.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 178045.2 and
178045.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a dominant recent episode, of radiogenic-Pb loss. On the basis of their
207
Pb/206Pb ratios, many analyses may be assigned to one of four groups. Concordant analysis 19.1
and highly discordant analyses 17.1 and 19.2, assigned to Group 1, have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 3192 ± 74 Ma (chi-squared
= 1.08). Eight concordant and highly discordant analyses of seven zircons (2.1, 12.1, 16.2, 24.1,
24.2, 26.1, 27.1 and 29.2), assigned to Group 2, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3273 ± 14 Ma (chi-squared = 1.35).
Twelve concordant and highly discordant analyses of eight zircons (1.1, 3.1, 5.1, 6.1, 9.1, 11.1,
15.1, 21.1, 22.1, 23.1, 25.1 and 27.1), assigned to Group 4, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3617 ± 9 Ma (chi-squared =
1.5). Concordant analyses 13.1 and 14.1 have 207Pb/206Pb ratios indicating a weighted mean
207
Pb/206Pb date of 3531 ± 4 Ma (±1σ uncertainty) whereas the remaining analyses are highly
discordant and cannot be confidently grouped.
Although many grains lack obvious morphological evidence of detrital transport, all analyses
are inferred to be of detrital zircons. Grain 17 is light yellowish brown, elongate, subhedral to

subrounded, 100 × 250 µm whole grain. Grain 19 is light yellowish brown, subrounded, fractured,
130 × 350 µm whole grain with a pitted surface. The date of 3192 ± 74 Ma indicated by the
weighted mean 207Pb/206Pb ratio of the concordant analysis 19.1 and highly discordant analyses
17.1 and 19.2, assigned to Group 1, is interpreted as providing a maximum time for deposition of
the sandstone. The younger 207Pb/206Pb date indicated by highly discordant analysis 19.3 is
interpreted to be of an analysis site that has lost some of its radiogenic Pb.
Potential source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the East Pilbara Granite-Greenstone Terrane (Nelson,
2003, this volume) and the Narryer Gneiss Complex of the northwestern part of the Yilgarn Craton
(Nelson, 1995, 1996, 1997).

178049: biotite monzogranite, Bamboo Springs
Homestead
Location and sampling
ROY HILL (SF 50-12), WARRIE (2853)

MGA Zone 50, 769330E 7558790N

Sampled on 9 October 2002
The sample was taken from the eastern side of a large area of rocky pavement located 3 km westsouthwest of Bamboo Springs Homestead.
Tectonic unit/relations
This sample is of a light greenish-grey, even- and medium-grained biotite monzogranite of the
Shaw Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The sample contained
epidote-rich patches.
Petrographic description
The principal minerals present in this sample are plagioclase (50 vol.%), microcline (25 vol.%),
quartz (20–25 vol.%) and biotite (2-3 vol.%), with accessory opaque oxide (trace), apatite (trace),
possible allanite (trace), clays (trace), chlorite (trace), epidote (trace), prehnite (trace), pumpellyite
(trace), sericite (trace) and zircon (trace). This is a foliated, medium-grained biotite monzogranite
to granodiorite. The plagioclase is inequigranular, from 1 to 6 mm in grain size, and commonly
rhomb-shaped, with one diagonal of the rhomb parallel to the overall trend of the foliation, which
defines an S-C fabric. Large anhedral grains of microcline are present, to 8 mm long, usually
parallel to the foliation, with inclusions of plagioclase and quartz. The quartz occurs largely as
anhedral grains with undulose extinction and subgrains, partly elongate parallel to the foliation and
as much as 3 or 4 mm long. Small lenses of recrystallized quartz occur and some of these contain
fine-grained recrystallized microcline and/or plagioclase. The biotite is inequigranular with small
flakes less than 0.3 mm as well as larger flakes to 1.5 mm long, parallel to the foliation or wrapped
around the margins of the plagioclase grains in an apparent S-C fabric. Rare fine-grained opaque
oxide occurs as well as apatite and altered possible allanite, rimmed by epidote. Poikilitic flakes of
muscovite occur in some of the plagioclase grains and may be deuteric or secondary in origin.
Clay, sericite and minor epidote also occur in irregular patches in the plagioclase. Clay-chlorite
alteration is ubiquitous in the biotite, with minor granular epidote and fine-grained schistose
muscovite in some areas. Lenses of prehnite and less abundant pumpellyite occur, parallel to the
cleavage in some flakes. This sample has been deformed with the formation of a possible S-C
fabric defined by biotite and fine-grained muscovite, with deformation and recrystallization of the

quartz. The biotite has clay-chlorite-epidote and prehnite-pumpellyite alteration with weak
alteration in the plagioclase.
Zircon morphology
The zircons isolated from this sample are typically yellowish brown or dark brown, between
30 × 100 µm and 140 × 300 µm in size and are typically elongate and euhedral in shape. Most
have euheral zonation but a minority are structureless and lack internal igneous zonation, or have
structureless or strongly zoned cores. Many grains are metamict. Cathodoluminescence images of
representative zircons are given in Figure 178049.1
Analytical details
This sample was analysed on 29 September 2003. The counter deadtime during the analysis
session was 24 ns. Six analyses of the CZ3 standard obtained during the analysis session indicated
a Pb*/U calibration uncertainty of 0.723 (1σ%). A calibration uncertainty of 1.0 (1σ%) was
applied to analyses of unknowns obtained during this analysis session. Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 2.4, 3.1, 5.1, 6.1, 8.1, 9.1, 9.3, 10.2 and 13.1, for which isotopic
compositions determined using the method of Cumming and Richards (1975) were assumed.
Results
Eighteen analyses were obtained from 13 zircons. Results are given in Table 178049.1 and shown
on a concordia plot in Figure 178049.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. Eleven concordant and highly discordant analyses
of six zircons (1.1, 2.1, 2.2, 2.3, 2.4, 8.1, 9.1, 9.2, 10.1, 10.2 and 13.1) have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 2926 ± 6 Ma (chisquared = 0.33). Discordant analyses 11.1 and 12.1 indicate significantly older 207Pb/206Pb dates
than those of the main population. The remaining analyses are highly discordant and cannot be
confidently grouped.
The date of 2926 ± 6 Ma indicated by the weighted mean 207Pb/206Pb ratio of eleven concordant
and highly discordant analyses of six zircons is interpreted as the time of igneous crystallization of
the monzogranite. Discordant analyses 11.1 and 12.1, which indicate significantly older
207
Pb/206Pb dates than those of the main population, are interpreted to be of xenocrysts zircons.

169260: foliated biotite tonalite, Bullyarrie Well
Location and sampling
NULLAGINE (SF 51-5), YILGALONG (3055)

MGA Zone 51, 256340E 7627380N

Sampled on 24 September 2002
The sample was taken from a 0.5-m diameter boulder on the top of a ridge, 3.3 km bearing 242°
from Bullyarrie Well.
Tectonic unit/relations
This sample is from a dark greenish grey, fine-grained weakly foliated biotite tonalite phase of the
Yilgalong Granitoid Complex.
Petrographic description
The principal minerals present in this sample are plagioclase (70 vol.%), quartz (25 vol.%) Kfeldspar (2–3 vol.%) and biotite (3 vol.%), with accessory opaque oxide (trace), apatite (trace) and
zircon (trace). This is a fine-grained, weakly foliated tonalite. The plagioclase, possibly oligoclase,
is mostly from 1 to 4 mm in grain size, with rare grains to 10 × 5 mm, and is anhedral or
subhedral. Some grains are rhombic with one diagonal at a low angle to the foliation. Quartz
grains to 3 mm long are partly in lenses parallel to the foliation but partly unoriented. The
microcline is mostly fine-grained and occurs between quartz and plagioclase grains. Biotite flakes
from 0.1 to 1 mm long are mostly foliated, but some are unoriented or parallel to the margins of
plagioclase grains, suggesting aspects of an S-C fabric. Biotite enclosed in plagioclase is
unoriented. Fine-grained opaque oxide, and minor inequigranular apatite are disseminated.
Irregular patches of saussuritic sericite-epidote alteration are seen in the plagioclase, with biotite
altered to chlorite with or without epidote, locally with lamellae of clay, possibly vermiculite or
smectite. Minor muscovite has formed adjacent to altered biotite. The chlorite, epidote and
muscovite represent low-temperature alteration, with even lower temperatures indicated by the
saussuritic alteration in the plagioclase. There is no obvious recrystallization of the quartz and
feldspar, despite the foliation defined by the biotite, which may suggest a magmatic foliation
rather than one of tectonic origin.
Zircon morphology
The zircons isolated from this sample are generally colourless, pale yellowish brown or dark
brown, between 30 × 60 µm and 80 × 230 µm in size, and are elongate and euhedral in shape or

are irregular-shaped grain fragments. Many grains are fractured and internally structureless, but a
minority show fine euhedral zonation. Mineral inclusions are common. Cathodoluminescence
images of representative zircons are given in Figure 169260.1.
Analytical details
This sample was analysed on 24 November 2003. The counter deadtime during the analysis
session was 24 ns. Six analyses of the CZ3 standard obtained during the analysis session indicated
a Pb*/U calibration uncertainty of 4.98 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Eighteen analyses were obtained from 18 zircons. Results are given in Table 169260.1 and shown
on a concordia plot in Figure 169260.2.
Interpretation
On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of two groups.
Fourteen concordant analyses of fourteen zircons (1.1, 3.1, 4.1, 6.1, 12.1, 13.1, 14.1, 15.1, 16.1,
17.1, 20.1, 21.1, 22.1, 23.1 and 24.1), assigned to Group 1, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3277 ± 6 Ma (chi-squared =
1.28). Concordant analyses 1.1, 11.1 and 14.1, assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3249 ± 15 Ma
(chi-squared = 1.28). Analysis 5.1 indicates a slightly older 207Pb/206Pb date than those of these
two groups.
The date of 3277 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
and discordant analyses of fifteen zircons is interpreted as the time of igneous crystallization of the
tonalite. The slightly younger 207Pb/206Pb dates indicated by the analyses of group 2 are interpreted
to be of analysis sites that have lost radiogenic Pb, whereas the slightly older 207Pb/206Pb date
indicated by analysis 5.1 is interpreted to be of a xenocryst zircon.

169261: tonalite gneiss, Bullyarrie Well
Location and sampling
NULLAGINE (SF 51-5), YILGALONG (3055)

MGA Zone 51, 252440E 7627290N

Sampled on 24 September 2002
The sample was taken from a low outcrop on the eastern side of a narrow, incised sandy creek, 6.7
km bearing 257° from Bullyarrie Well.
Tectonic unit/relations
This sample is from a light-grey and black, coarse-grained, strongly foliated to gneissic biotite
granodiorite phase of the Yilgalong Granitoid Complex.
Petrographic description
The principal minerals present in this sample are plagioclase (75–80 vol.%), quartz (15–20 vol.%),
microcline (1 vol.%) and biotite (4 vol.%), with accessory titanite (trace), altered possible allanite
(trace), apatite (trace) and zircon (trace). This is a gneissic tonalite or quartz diorite. Quartz is
distributed irregularly and is locally abundant, with larger grains, to 3 mm long, showing undulose
extinction, and smaller, possibly recrystallized grains. The abundant plagioclase occurs as
subhedral and anhedral grains to 4 mm in diameter. Zoning and twinning are both weak,
suggesting andesine-oligoclase, as twinning and zoning are weakest at about An20. Microcline is
rare and fine-grained, about 0.5 mm in grain size. Biotite is more abundant and largely foliated,
with an S-C fabric, as flakes to 1.5 mm long, now totally altered. Minor granular titanite is
disseminated as well as clay-carbonate or chlorite-limonite altered grains, possibly allanite but
only rarely rimmed by epidote. Accessory apatite and zircon are disseminated. The titanite
suggests an I-type granitoid, but the lack of opaque oxide suggests a relatively low oxygen
fugacity. Sericite, clouded clinozoisite and carbonate occur in various proportions in irregular
patches in the plagioclase, but are not abundant. Minor granular epidote occurs in some
plagioclase grains. The biotite is totally altered, with chlorite with or without epidote as the most
common alteration, but with lenses of carbonate parallel to the cleavage in some flakes. Minor
muscovite occurs in and adjacent to altered biotite in some areas. Lamellae of clay are locally
evident, and leucoxene has been exsolved from the altered mica. Some of the titanite has been
altered to leucoxene. These secondary minerals may represent low-temperature hydrothermal
alteration, but the original foliation may be of igneous origin or of amphibolite-facies metamorphic
origin.

Zircon morphology
The zircons isolated from this sample are generally colourless, pale yellowish-brown or black,
between 30 × 60 µm and 80 × 230 µm in size, and are elongate and euhedral in shape or are
irregular-shaped grain fragments. Many grains are fractured and internally structureless, but a
minority show fine euhedral zonation. Mineral inclusions are common. Cathodoluminescence
images of representative zircons are given in Figure 169261.1.
Analytical details
This sample was analysed on 17 and 21 November 2003. The counter deadtime during both
analysis sessions was 24 ns. Seven analyses of the CZ3 standard obtained during the first analysis
session indicated a Pb*/U calibration uncertainty of 1.27 (1σ%). Analyses 1.1 to 16.1 were
obtained during the first analysis session. Three analyses of the CZ3 standard obtained during the
second analysis session indicated a Pb*/U calibration uncertainty of 1.85 (1σ%). Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses,
with the exception of analyses 10.1, 11.1, 15.1 and 19.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-four analyses were obtained from 24 zircons. Results are given in Table 169261.1 and
shown on a concordia plot in Figure 169261.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
several episodes, including a dominant recent episode, of radiogenic-Pb loss. Fifteen concordant
and discordant analyses of fifteen zircons (1.1, 3.1, 4.1, 6.1, 12.1, 13.1, 14.1, 15.1, 16.1, 17.1, 20.1,
21.1, 22.1, 23.1 and 24.1) have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3291 ± 4 Ma (chi-squared = 1.28). The remaining analyses are
highly discordant and cannot be confidently grouped.
The date of 3291 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
and discordant analyses of fifteen zircons is interpreted as the time of igneous crystallization of the
tonalite precursor to the gneiss. The remaining highly discordant analyses are interpreted to be of
analysis sites that have lost radiogenic Pb.

169262: foliated biotite granodiorite, Bullyarrie Well
Location and sampling
NULLAGINE (SF 51-5), YILGALONG (3055)

MGA Zone 51, 247570E 7627520N

Sampled on 25 September 2002
The sample was taken from the eastern end of a cluster of prominent tors, 125 m south of a sandy,
rocky creek and 11.8 km bearing 264° from Bullyarrie Well.
Tectonic unit/relations
This sample is from a medium pinkish-grey, strongly foliated to gneissic, seriate medium-grained
biotite granodiorite phase of the Yilgalong Granitoid Complex. The granodiorite has ≤5 mm
diameter pinkish feldspar augen and black, biotite-rich feldspathic layers.
Petrographic description
The principal minerals present in this sample are plagioclase (50–55 vol.%), quartz (25–30 vol.%),
microcline (15 vol.%), biotite (4 vol.%), titanite (≤1 vol.%) and opaque oxide (≤1 vol.%), with
accessory apatite (trace), altered allanite (trace), zircon (trace) and with secondary chlorite (trace),
epidote (trace), sericite (trace) and clays (trace). This is a strongly foliated granodiorite gneiss with
an S-C fabric and cross-cutting microshears. Anhedral and rare subhedral plagioclase grains, to 6
mm long, have combined oscillatory and normal zoning and vary from andesine to oligoclase, with
rims at least as sodic as An15. Most of the quartz occurs in ribbon-like lenses from 0.4 to 3 mm
wide, with larger grains, to 3 mm long, showing undulose extinction, contrasting with smaller
recrystallized grains with possibly a monoclinic fabric. Microcline grains over 0.5 mm in diameter
are rare, but there are lamellae of fine-grained recrystallized feldspar that are rich in microcline, as
seen on the stained offcut, but also contain plagioclase and myrmekite. The biotite is fine-grained
and schistose, with an S-C fabric and narrow cross-cutting shears, at about 40° to the overall trend
of the schistosity, with sericite as well as biotite. Sparse patches of poorly oriented biotite are
disseminated, however. Minor opaque oxide is disseminated, partly rimmed by titanite, with lenses
of partly recrystallized titanite elongate parallel to the schistosity. Accessory altered allanite is
present, rimmed by epidote, and there is accessory apatite, but zircons are rare and slender, albeit
clear and unaltered. The plagioclase has irregular but locally intense alteration to sericite with or
without clouded clinozoisite, commonly in the cores of grains or along specific zones. About a
third of the biotite has been altered to chlorite, clay and epidote in various proportions, with lenses
and lamellae of sericite with or without opaque oxide (ilmenite?) in microshears. The textures
suggest amphibolite-facies metamorphism and deformation with the biotite approaching mylonitic
characteristics. Later greenschist-facies and low-temperature hydrothermal alteration have affected

the plagioclase and biotite.
Zircon morphology
The zircons isolated from this sample are generally colourless, pale yellowish-brown or black with
patchy yellowish brown discolouration, between 30 × 60 µm and 80 × 230 µm in size, and are
euhedral in shape or are irregular-shaped grain fragments. Many grains are fractured and internally
structureless, but a minority show fine euhedral zonation. Mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 169262.1.
Analytical details
This sample was analysed on 22 October 2003. The counter deadtime during the analysis session
was 24 ns. Nine analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.62 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 8.1
and 20.1, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Twenty-four analyses were obtained from 20 zircons. Results are given in Table 169262.1 and
shown on a concordia plot in Figure 169262.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
several episodes, including a dominant recent episode, of radiogenic-Pb loss. Thirteen concordant
and near-concordant analyses of eleven zircons (2.1, 3.1, 3.2, 4.1, 5.1, 6.1, 11.1, 12.1, 14.1, 15.1,
16.1, 16.2 and 18.1) have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3291 ± 4 Ma (chi-squared = 0.57). Concordant analysis 20.1 indicates a
slightly younger 207Pb/206Pb date than the main population, whereas the remaining analyses are
highly discordant and cannot be confidently grouped.
The date of 3291 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirteen
concordant and near-concordant analyses of eleven zircons is interpreted as the time of igneous
crystallization of the granodiorite. Concordant analysis 20.1, which indicates a slightly younger
207
Pb/206Pb date than the main population, and the remaining highly discordant analyses, are
interpreted to be of analysis sites that have lost radiogenic Pb.

169263: tonalite gneiss, Bullyarrie Well
Location and sampling
NULLAGINE (SF 51-5), YILGALONG (3055)

MGA Zone 51, 244390E 7623250N

Sampled on 26 September 2002
The sample was taken from the southern edge of creek in a rocky gorge and 15.8 km bearing 250°
from Bullyarrie Well.
Tectonic unit/relations
This sample is from a dark greenish-black, fine- and even-grained, recrystallized tonalite gneiss
phase of the Yilgalong Granitoid Complex. The sampling site is located about 150 m from the
western margin of the Yilgalong Granitoid Complex.
Petrographic description
This principal minerals present in this sample are plagioclase (60 vol.%), quartz (35 vol.%), biotite
(3 vol.%) and muscovite (2 vol.%), with accessory opaque oxide (trace), altered possible titanite
(trace) and zircon (trace). This is an augen gneiss of tonalite or trondhjemite composition, with a
foliation defined by biotite and muscovite, and by lamellae of quartz and of recrystallized feldspar.
Sericite, chlorite and carbonate represent low-temperature alteration. Variously rounded, elliptical
or elongate plagioclase augen are mostly 1 to 3 mm long or in diameter and occur singly or in
small aggregates. The plagioclase augen have combined oscillatory and normal zoning and are
probably andesine-oligoclase. Lamellae of quartz are abundant and mostly 0.4 to 1 mm wide, with
some strained larger grains to 1.5 mm long and abundant recrystallized new grains. There is no
obvious quartz fabric, however. Lenses that may contain or consist of recrystallized fine-grained
plagioclase are also common, however, as are lamellae of schistose muscovite and altered biotite.
Oxide grains are common, with very minor altered possible titanite. The plagioclase has irregular
patches of sericite and carbonate, rather than clinozoisite, commonly in the cores of grains and
outlining specific zones. Carbonate also accompanied chlorite in and adjacent to altered biotite,
with leucoxene or microcrystalline anatase replacing the probable titanite. The biotite and
muscovite are both of metamorphic origin and suggest low amphibolite- to greenschist-facies
metamorphism, deformation and recrystallization, with low-temperature alteration forming the
sericite-carbonate assemblages.
Zircon morphology

The zircons isolated from this sample are generally colourless, pale yellowish-brown or dark
brown, between 30 × 60 µm and 80 × 230 µm in size, and are euhedral in shape or are irregularshaped grain fragments. Many grains are fractured and internally structureless, but a minority
show fine euhedral zonation. Cathodoluminescence images of representative zircons are given in
Figure 169263.1.
Analytical details
This sample was analysed on 11 November 2003. The counter deadtime during the analysis
session was 24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 1.54 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 3.1, 14.1 and 18.2, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Twenty analyses were obtained from 18 zircons. Results are given in Table 169263.1 and shown
on a concordia plot in Figure 169263.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, including a dominant recent episode, of radiogenic-Pb loss. Nineteen concordant
and discordant analyses of eighteen zircons have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 3290 ± 4 Ma (chi-squared = 1.17). Analyses
14.1 and 18.2 are highly discordant and cannot be confidently grouped.
The date of 3290 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of nineteen
concordant and discordant analyses of eighteen zircons is interpreted as the time of igneous
crystallization of the tonalite precursor to the gneiss. Highly discordant analyses 14.1 and 18.2 are
interpreted to be of analysis sites that have lost radiogenic Pb.

178203: foliated biotite granodiorite, Brunette Hill
Location and sampling
BALFOUR DOWNS (SF 51-9), NOREENA DOWNS (2953)

MGA Zone 51, 241670E 7564260N

Sampled on 18 July 2002
The sample was taken from bouldery outcrop on the west side of a rocky knoll located 2 km
southeast of Brunette Hill.
Tectonic unit/relations
This sample is from a dark pinkish-grey, strongly foliated and medium-grained biotite granodiorite
sill that has intruded rocks of the Coondamar Formation close to the southern boundary of the
Mosquito Creek Basin, East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (50–55 vol.%), quartz (25 vol.%), Kfeldspar (20 vol.%), and biotite and magnetite (3–4 vol.%), with accessory amphibole (trace),
apatite (trace), titanite (trace), epidote (trace), chlorite (trace), carbonate (trace) and zircon (trace).
This is an altered granodiorite augen-gneiss with very fine chlorite and epidote (with or without
amphibole?) developed in altered foliae/lamellae of biotite. Extremely fine cloudy sericite, with
scattered small crystals of epidote-carbonate, have replaced plagioclase augen. Macroscopically,
this is a foliated and apparently lineated gneiss, with feldspar as augen in a strongly deformed
recrystallized matrix mosaic. Plagioclase occurs largely as clouded augen to 6 mm in diameter,
singly or in small aggregates separated by much finer-grained feldspar mosaic with or without
biotite. Some smaller discrete plagioclase grains are present in the matrix, but most of the quartz
and microcline grains are small (0.05 to 1 mm long), apparently due to recrystallization. Variably
continuous foliae of schistose, altered fine biotite occur mostly within the fine granular quartzmicrocline, undulating between plagioclase augen. The biotite is mostly less than 1 mm in grain
size and variably accompanied by fine granular opaque oxide, probably magnetite and epidote.
Accessory titanite and apatite are disseminated. Plagioclase has commonly been flooded by and
clouded by extremely fine sericite, usually accompanied by minor very fine crystals of epidote
and/or carbonate. As noted above, very fine granular to prismatic epidote is scattered through the
altered biotite foliae/laminae, which are ubiquitously altered to chlorite and leucoxene. Small tufts
of fibrous possible amphibole also occur in some of the altered biotite lenses, but the mineral is too
fine-grained for confident identification. The texture and mineralogy indicate initial amphibolitefacies metamorphism and deformation with later greenschist-facies metamorphism forming the
fine chlorite-epidote-carbonate assemblages. The extremely fine sericite in plagioclase may be part

of a later very low-temperature alteration event.
Zircon morphology
The zircons isolated from this sample are typically yellowish-brown or dark brown, elongate and
euhedral and between 60 × 140 µm and 160 × 280 µm in size. Many grains have faint internal
zonation, whereas a minority are structureless and unzoned but contain abundant fluid and mineral
inclusions. Cathodoluminescence images of representative zircons are given in Figure 178203.1.
Analytical details
This sample was analysed on 23 January and 15 May 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis sesssion, six analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 2.97 (1σ%). Analyses 1.1 to 9.1 were obtained during
the first analysis session. During the second analysis session, ten analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 1.42 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 2.1, 3.1, 4.1, 6.1, 8.1, 12.2, 15.1 and 16.1, for which isotopic compositions determined
using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-two analyses were obtained from sixteen zircons. Results are given in Table 178203.1 and
shown on a concordia plot in Figure 178203.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
both ancient and recent episodes of radiogenic-Pb loss. Concordant and slightly discordant
analyses 1.1, 2.1 and 4.1 have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3292 ± 15 Ma (chi-squared = 1.55). Near-concordant analysis
15.1 indicates a younger 207Pb/206Pb date of 3035 ± 6 Ma (±1σ uncertainty). The remaining
analyses cannot be confidently grouped.
The wide range of 207Pb/206Pb dates obtained suggests that most, if not all, of the zircons
contained within this sample are probably xenocrystic in origin. Therefore, the date of 3292 ±
15 Ma indicated by the weighted mean 207Pb/206Pb ratio of concordant and slightly discordant
analyses 1.1, 2.1 and 4.1 is interpreted to provide a maximum time for igneous crystallization of
the granodiorite. The younger 207Pb/206Pb date of 3035 ± 6 Ma (±1σ uncertainty) indicated by
near-concordant analysis 15.1 provides a tentative younger maximum time estimate for igneous
crystallization of the granodiorite.

178230: biotite granodiorite, Limestone Bore
Location and sampling
BALFOUR DOWNS (SF 51-9), BALFOUR DOWNS (3052)

MGA Zone 51, 256530E 7482860N

Sampled on 8 September 2002
The sample was taken from a fractured boulder at the top of a bouldery, 10-m high knoll located
10 km east of Limestone Bore. The sampling site is located 1100 m north-northeast of the
sampling site for 178231.
Tectonic unit/relations
This sample is from a pinkish-grey, fine- and- even-grained biotite granodiorite phase within the
Cooninia Inlier of the East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (50–55 vol.%), quartz (25 vol.%),
microcline (20 vol.%), biotite (1 vol.%) and opaque oxide (1 vol.% ), with accessory apatite
(trace), possible allanite (trace) and zircon (trace). This is a massive, fine-grained, leucocratic
biotite-bearing granodiorite with sericite, epidote, chlorite and carbonate alteration. There are
sparse plagioclase phenocrysts to 4 or 5 mm long, but most of the plagioclase is subhedral and 0.5
to 1.5 mm in grain size. Microcline occurs partly as rims on plagioclase and partly as separate
grains to 2 mm long, essentially all anhedral. Most of the quartz is less than 2 mm in grain size,
with biotite to 1.5 mm and fine-grained opaque oxide. Accessory apatite occurs mostly in and
adjacent to the opaque oxide. Rare grains, to 0.15 mm long, may be altered allanite. Sericite, clays,
carbonate and clinozoisite or epidote have altered the plagioclase, which may also have been
albitized. Chlorite and epidote have replaced the biotite and some of the opaque oxide has been
altered to leucoxene. Some of the altered possible allanite has been rimmed by epidote. This
sample is essentially unmetamorphosed but has low-temperature alteration.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellowish-brown or dark
brown, equant to slightly elongate and euhedral, and between 50 × 60 µm and 120 × 200 µm in
size. Many grains are fractured and have faint internal zonation, whereas a minority are
structureless and unzoned. Cathodoluminescence images of representative zircons are given in
Figure 178230.1.

Analytical details
This sample was analysed on 11 November 2003. The counter deadtime during the analysis
session was 24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 1.54 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 2.1, 3.1, 4.1, 6.1, 7.1, 9.1, 10.1, 13.1, 16.1, 22.1 and 23.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-four analyses were obtained from 23 zircons. Results are given in Table 178230.1 and
shown on a concordia plot in Figure 178230.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant ancient episode, combined with a recent episode, of radiogenic-Pb loss. Twelve analyses
of eleven zircons (1.1, 2.1, 3.1, 4.1, 5.1, 8.1, 8.2, 14.1, 16.1, 18.1, 19.1 and 20.1) have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 2897 ± 6 Ma
(chi-squared = 1.21). The remaining analyses are highly discordant cannot be confidently grouped.
The date of 2897 ± 6 Ma indicated by the weighted mean 207Pb/206Pb ratio of twelve analyses of
eleven zircons is interpreted as the time of igneous crystallization of the granodiorite. The younger
207
Pb/206Pb dates indicated by the remaining analyses are interpreted to be of analysis sites that
have lost radiogenic Pb.

178231: biotite monzogranite, Limestone Bore
Location and sampling
BALFOUR DOWNS (SF 51-9), BALFOUR DOWNS (3052)

MGA Zone 51, 256090E 7481840N

Sampled on 8 September 2002
The sample was taken from a fractured 3-m high boulder on the southeastern edge of a low
bouldery knoll located 10 km east of Limestone Bore. The sampling site is located 1100 m southsouthwest of the sampling site for 178230.
Tectonic unit/relations
This sample is from a dark pinkish-grey, medium- to coarse-grained, weakly porphyritic biotite
monzogranite phase within the Cooninia Inlier of the East Pilbara Granite–Greenstone Terrane.
The monzogranite contains ≤1 cm diameter, pink, irregular feldspar phenocrysts.
Petrographic description
The principal minerals present in this sample are quartz (30 vol.%), plagioclase (25 vol.%),
microcline (40 vol.%), biotite (3 vol.% ), titanite (2 vol.%) and altered allanite (≤1 vol.%), with
accessory opaque oxide (trace), apatite (trace), fluorite (trace) and zircon (trace). This is a
porphyritic biotite monzogranite with weak sericite-chlorite-carbonate alteration. It contains
phenocrysts of microcline, some of which are more than 15 mm long. The microcline phenocrysts
are subhedral and have partly aligned inclusions of plagioclase to 5 mm long. About 5 to 7 vol.%
exsolved plagioclase is also present. Smaller microcline grains, to 3 mm in diameter, are also
common but are anhedral. Mostly anhedral plagioclase occurs as grains to 4 mm in diameter,
commonly in aggregates of three or four grains, with aggregates of smaller grains between larger
grains of microcline. Poikilitic quartz grains to 8 mm long are weakly deformed and have mostly
rectangular subgrains. Partly poikilitic flakes of biotite occur, to 3 mm long, with elongate crystals
of titanite also as much as 3 mm long. Crystals of altered allanite are locally more than 1 mm long.
Minor opaque oxide is mostly from 0.1 to 0.5 mm in grain size, and there is fine-grained apatite,
but the zircons in this sample are mostly very small, to 70 µm long. A single grain of fluorite was
seen, adjacent to biotite. Sericite and rare carbonate occur in irregular patches in the plagioclase,
but all of the biotite has been altered to chlorite and leucoxene. Some of the opaque oxide has rims
of titanite but there is no epidote as rims on the allanite. This is an undeformed and
unmetamorphosed monzogranite with minor low-temperature alteration.
Zircon morphology

The zircons isolated from this sample are typically pale green, yellowish brown or dark brown,
elongate and euhedral and between 60 × 120 µm and 160 × 280 µm in size. Many grains are
fractured and have faint internal zonation, whereas a minority are structureless and unzoned.
Cathodoluminescence images of representative zircons are given in Figure 178231.1.
Analytical details
This sample was analysed on 22 October 2003. The counter deadtime during the analysis session
was 24 ns. Nine analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.62 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 4.1
and 5.1, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Twenty-three analyses were obtained from 23 zircons. Results are given in Table 178231.1 and
shown on a concordia plot in Figure 178231.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant ancient episode, combined with a recent episode, of radiogenic-Pb loss. Concordant
analyses 6.1, 7.1 and 12.1 and discordant analyses 17.1 and 19.1 have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2896 ± 20 Ma (chi-squared =
1.67). The remaining analyses are highly discordant cannot be confidently grouped.
The date of 2896 ± 20 Ma indicated by the weighted mean 207Pb/206Pb ratio of concordant
analyses 6.1, 7.1 and 12.1 and discordant analyses 17.1 and 19.1 is interpreted as the time of
igneous crystallization of the monzogranite. The younger 207Pb/206Pb dates indicated by the
remaining analyses are interpreted to be of analysis sites that have lost radiogenic Pb.

178083: rhyolite, Gallop Well
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 193440E 7624090N

Sampled on 25 July 2003
The sample was taken from a 0.5-m diameter block about half way up a steep rocky cliff face
along the southern side of Sandy Creek and 4 km west of Gallop Well.
Tectonic unit/relations
This sample is of a pale grey, fine- and even-grained rhyolite that contains rare ≤ 1 mm diameter
quartz phenocrysts, from a unit that was previously correlated with the Duffer Formation of the
Warrawoona Group (Hickman, 1983). The sample was taken 150 m below the boundary of a lower
volcanic cycle evident at this site, and 150 m above the contact with the Carbana Granite of the
Corunna Downs Granitoid Complex.
Petrographic description
This sample consists principally of quartz (50–55 vol.%) and sericite (45 vol.%), with accessory
rutile (trace), clinozoisite (trace), tourmaline (trace) and zircon (trace). It is a fine-grained quartzsericite schist with accessory rutile, tourmaline and clinozoisite, possibly derived from a sediment
or felsic volcanic, and altered prior to metamorphism. The bulk of the rock is composed of
massive, fine-grained quartz and schistose sericite with no clear textural preservation. Grains and
lamellae rich in microcrystalline rutile are present, as well as rare clinozoisite aggregates and
patches of greenish-blue tourmaline. Lamellae of quartz occur in various orientations and may
represent different generations of quartz veins. The widest vein is about 0.5 mm wide and contains
limonite after pyrite as well as sericite-bearing zones. This sample may have suffered lowtemperature hydrothermal alteration, probably phyllic, but the original lithology is obscure. A
former fine-grained metasediment or acid volcanic rock would be possible.
Zircon morphology
The zircons isolated from this sample are commonly pale pinkish-brown to dark yellow-brown,
rounded, slightly elongate or irregular fragments, and are typically between 40 × 70 µm and
50 × 150 µm in size. Many grains are structureless or striated. Cathodoluminescence images of
representative zircons are given in Figure 178083.1.

Analytical details
This sample was analysed on 29 November and 10 December 2003. The counter deadtime during
both analysis sessions was 24 ns. During the first analysis sesssion, five analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 1.27 (1σ%). Analyses 1.1 to 14.1 were
obtained during the first analysis session. During the second analysis session, four analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 1.34 (1σ%). Common-Pb corrections
were determined using the method of Cumming and Richards (1975) for all analyses.
Results
Twenty-one analyses were obtained from 21 zircons. Results are given in Table 178083.1 and
shown on a concordia plot in Figure 178083.2.
Interpretation
Most analyses are concordant to slightly discordant, with the discordance pattern consistent with
several episodes, including at least one a recent episode, of radiogenic-Pb redistribution. Twenty
concordant and slightly discordant analyses of 20 zircons have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3433 ± 2 Ma (chi-squared = 1.27).
Discordant analysis 14.1 indicates slightly lower 207Pb/206Pb dates than the main population.
The date of 3433 ± 2 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty concordant
and slightly discordant analyses of twenty zircons is interpreted as the time of igneous
crystallization of the rhyolite. The younger 207Pb/206Pb date indicated by analysis 14.1 is
interpreted to be of a site that has lost some proportion of its accumulated radiogenic Pb during a
disturbance event.

127238: felsic tuff, Anaconda Cu mine
Location and sampling
LAVERTON (SH51–2), MINERIE (3240)

MGA Zone 51, 380715E 6794483N

Sampled on 21 March 2002
The sample was taken from a 0.5 m3 boulder located on the access track and 1 km south of the
Anaconda Cu mine.
Tectonic unit/relations
This sample is of a pale grey, fine-grained, homogeneous felsic volcanic rock. The sample was
taken from a 0.5 m thick, c. 70 m long felsic lens interbedded with spinefix-textured komatiitic
flows. The felsic lens has bedding distinguished by varying grain sizes and contains white,
spherical, ≤5 mm diameter accretionary lapilli-like structures.
Petrographic description
This sample is cryptocrystalline to microcrystalline, which makes a precise assessment of the
mineralogy uncertain, but quartz and albite almost certainly are the main minerals, with accessory
disseminated very fine leucoxene and apatite. This hand specimen shows a diffuse compositional
macrolayering, with some layers containing small elliptical bodies, and a cross-cutting pale vein.
Etching with HF has preferentially etched probable albite from this sample, indicating that albite is
less abundant (20–40 vol.%) than quartz (60–80 vol.%) in the bulk rock but albite is the dominant
mineral in the vein. The small elliptical bodies noted above are 0.5 to 1 mm long. Some layers are
essentially microcrystalline (to 100 µm grain size) but others have minor grains from 50 to 100 µm
long within finer-grained quartz and albite. Two types of leucoxene occur in poorly defined
lamellae, roughly parallel to the layering, but are different when observed in low-angle incident
light. One type occurs as fluffy white aggregates to 0.15 mm long and may be composed of
loosely aggregated cryptocrystalline anatase, but the other occurs as more compact golden-yellow
patches and may be microcrystalline rutile. Very small prisms of apatite are also scattered, mostly
about 50 µm long. The vein is from 0.4 to 1 mm wide and is largely filled by albite as columnar
crystals at a high angle to the vein wall, with minor quartz, which is seen on the etched surface of
the offcut where it has resisted etching. The mineralogy does not allow any assessment of
metamorphic grade but there is no evidence of deformation and the very fine grain size suggests
minimal recrystallization. The spheroidal bodies are mostly less than 4 mm in diameter and occur
singly or in small aggregates of 3 or 4 bodies. They are poorly differentiated from the host in thin
section, can make up about 45 vol.% of the petrography sample, as seen on the etched offcut.
Traces of pale yellow leucoxene, possibly microcrystalline rutile, occur in the circular bodies.

Small lenses of microsparry albite, to 50 µm in grain size, occur largely where bodies are in
contact, but have the same refractive index as the microcrystalline material in the bodies, with
grains mostly less than 20 µm in diameter. The interstitial material has some quartz grains to 100
µm long, but is also mostly microcrystalline with grains less than 20 µm in diameter. Patches of
fluffy white leucoxene (cryptocrystalline anatase?) occur, mostly less than 30 µm in diameter,
rather than the yellow leucoxene seen in the circular bodies. Elongate aggregates of a broadly
apatite-like mineral occur, to 1 mm long, in the circular bodies and the host. This mineral has a
higher refractive index than that of apatite and the grains are clouded by fluid inclusions and the
crystal shape is also not typical, so that identification cannot be made with confidence. The sample
is interpreted as a layered cryptocrystalline to microcrystalline quartz-albite rock, with small
quartz-rich elliptical bodies and lamellae defined by two types of disseminated very fine leucoxene
and minor apatite. It may represent a layered felsic tuff, with accretionary coarse ash, undeformed,
and with little obvious recrystallization apart from that accompanying total alteration to quartz and
albite.
Zircon morphology
The zircons isolated from this sample are generally between 25 × 30 µm and 50 × 80 µm in size,
colourless, internally structureless and are equant and euhedral to subhedral in shape.
Cathodoluminescence images of representative zircons are given in Figure 127238.1.
Analytical details
This sample was analysed on 6 and 10 February 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, nine analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 3.52 (1σ%). Analyses 1.1 to 15.1 were obtained during the first
analysis session. During the second analysis session, four analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 3.82 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty analyses were obtained from thirty zircons. Results are given in Table 127238.1 and shown
on a concordia plot in Figure 127238.2.
Interpretation
The analyses are concordant and have 207Pb/206Pb ratios defining a single population and indicating
a weighted mean 207Pb/206Pb date of 2698 ± 5 Ma (chi-squared = 0.49).
The weighted mean 207Pb/206Pb date of 2698 ± 5 Ma indicated by all thirty analyses is
interpreted as the time of igneous crystallization of the felsic tuff.

169075: quartzite, Kohler Bore
Location and sampling
YOUANMI (SH 50–4), EVERETT CREEK (2841)

MGA Zone 50, 777070E 6845090N

Sampled on 28 October 2000
The sample was taken from a 0.5-m diameter block located on the top of a southeast-trending
ridge, and 2.5 km west-southwest of Kohler Bore. Ion-microprobe U-Th-Pb zircon isotopic
analyses from this sample were reported by Nelson (2002).
Tectonic unit/relations
This sample is from a pale pinkish-grey, coarse-grained, massive recrystallized quartzite with thin
(<1 mm thick) red-yellow clay-rich layers, from a quartzite ridge on the eastern side of the
southern part of the Maynard Hills greenstone belt of the Southern Cross Granite-Greenstone
Terrane, Yilgarn Craton. The quartzite forms massive blocks with surfaces that are strongly
lineated, suggesting strong deformation. The sample taken was free of all obvious veins and dykes.
Petrographic description
The principal minerals present in this sample are quartz (98–99 vol.%) and biotite (1–2 vol.%).
This is a pale pinkish-grey quartzite with limonite and kaolin altered schistose biotite and
exaggerated grain growth. It has interlocking quartz grains, to 2.5 mm long, with undulose
extinction and subgrains. Lamellae of limonitized, possibly kaolinized foliated biotite are scattered
and connected by limonite-lined fractures parallel to the foliation.
Zircon morphology
The zircons isolated from this sample are pale yellowish-brown, dark brown and black, generally
between 30 × 60 µm and 100 × 280 µm in size, and are slightly elongate and anhedral to rounded
and irregular in shape. Most grains are internally structureless or have faint internal zonation.
Many grains have irregular zones or patches of yellow discoloration. Fluid and mineral inclusions
are common. Many grains are metamict. Many grains have sculpted or irregular surfaces and have
pitted terminations, consistent with detrital transport.
Analytical details

This sample was analysed on 29 October, 13 and 29 November 2001, and 21 September 2003. The
counter deadtime during the analysis sessions undertaken during 2001 was 32 ns. The counter
deadtime during the year 2003 analysis session was 24 ns. During the first analysis session, four
analyses of the CZ3 standard indicated a Pb*/U calibration error of 0.360 (1σ%). Analyses 1.1 to
14.1 were obtained during the first analysis session. During the second analysis session, six
analyses of the CZ3 standard indicated a Pb*/U calibration error of 1.30 (1σ%). Analyses 15.1 to
32.1 were obtained during the second analysis session. During the third analysis session, six
analyses of the CZ3 standard indicated a Pb*/U calibration error of 0.868 (1σ%). Analyses 30.2 to
39.1 were obtained during the second analysis session. During the fourth analysis session, six
analyses of the CZ3 standard indicated a Pb*/U calibration error of 0.483 (1σ%). A calibration
error of 1.0 (1σ%) was applied to analyses of unknowns obtained during the first, third and forth
analysis sessions. Common-Pb corrections were applied assuming Broken Hill common-Pb
isotopic compositions for all analyses, with the exception of analyses 6.1, 7.1, 24.1, 10.9 and
10.12, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Seventy-eight analyses were obtained from 39 zircons. Results are given in Table 169075.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 169075.2,
169075.3 and 169075.4.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many
analyses (apart from those obtained on grain 10) may be assigned to one of three groups. Six
concordant to slightly discordant analyses of six zircons (3.1, 7.1, 12.1, 13.1, 18.1 and 38.1),
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3318 ± 7 Ma (chi-squared = 1.03). Seventeen concordant to slightly
discordant analyses of sixteen zircons (9.1, 14.1, 17.1, 19.1, 20.1, 21.1, 22.1, 23.1, 24.1, 26.1, 29.1,
30.2, 30.3, 31.1, 33.1, 35.1 and 39.1), assigned to Group 2, have 207Pb/206Pb ratios defining a
single population indicating a weighted mean 207Pb/206Pb date of 3375 ± 4 Ma (chi-squared =
1.73). Six concordant to slightly discordant analyses of six zircons (16.1, 27.1, 28.1, 32.1, 34.1 and
37.1), assigned to Group 3, have 207Pb/206Pb ratios defining a single population indicating a
weighted mean 207Pb/206Pb date of 3681 ± 6 Ma (chi-squared = 1.18). Apart from analyses
obtained on grain 10, the remaining analyses cannot be confidently grouped.
Grain 10 consisted of a 120 × 100 µm pale brown, irregular, internally structureless grain
fragment. Nineteen analyses were obtained from grain 10. Reversely discordant analysis 10.6,
concordant analyses 10.4 and 10.5, slightly discordant analyses 10.2 and 10.6, and highly
discordant analyses 10.10 and 10.9, have 207Pb/206Pb ratios defining a single population indicating
a weighted mean 207Pb/206Pb date of 4350 ± 5 Ma (chi-squared = 1.46). Concordant analysis 10.3
indicates a slightly older 207Pb/206Pb date of 4364 ± 4 Ma (±1σ uncertainty), whereas concordant
analyses 10.1 and 10.16, slightly reversely discordant analysis 10.7 and highly discordant analyses

10.8, 10.11 and 10.18, indicate younger 207Pb/206Pb dates than the main population of analyses
obtained on this grain.
The analyses of Group 1 were obtained on rounded and internally structureless grains that have
morphological features (such as sculpted surfaces and surface pitting that is more intensive at grain
terminations) consistent with detrital transport. The weighted mean 207Pb/206Pb date of 3318 ±
7 Ma indicated by the six concordant to slightly discordant analyses of the six zircons of Group 1
is interpreted as a maximum time for deposition of the sedimentary precursor to the quartzite.
Analyses 1.1 and 6.1 were obtained on clear, internally structureless and slightly elongate grains.
Both analyses are slightly reversely discordant and indicated slightly younger 207Pb/206Pb dates
(3299 ± 3 and 3265 ±9 Ma respectively, ±1σ uncertainties) than those of Group 1. These analyses
may tentatively be interpreted as providing younger constraints on the maximum time for
deposition of the sedimentary precursor to the quartzite. The remaining analyses are also
interpreted to have been obtained from detrital zircons. The range and distribution of the analyses
obtained on grain 10 closely resemble that reported by Wilde et al. (2001) for their grain W74/236 from a conglomerate from the Jack Hills, Narryer Gneiss Complex. Source rocks within the
western part of Australia having ages matching those of the zircons within this sample include the
Narryer Gneiss Complex and (with the exception of grain 10) the Pilbara Craton.

178050: foliated biotite granodiorite, Tom Well
Location and sampling
YOUANMI (SH 50-4), RAYS ROCKS (2740)

MGA Zone 50, 719790E 6805440N

Sampled on 28 October 2002
The sample was taken from the edge of a low uneven rock pavement and 1.5 km southeast of Tom
Well.
Tectonic unit/relations
This sample is from a medium grey, medium- and even-grained, foliated biotite granodiorite
within the eastern part of the Yuinmery Shear Zone, Southern Cross Granite–Greenstone Terrane.
At the sampling site, the foliated granodiorite has been intruded by ≤2 cm thick, white pegmatite
dykes that have been aligned parallel to the foliation. The foliation strikes northwest and dips
vertically.
Petrographic description
The principal minerals present in this sample are plagioclase (55 vol.%), quartz (20–25 vol.%),
microcline (20 vol.%), biotite (2 vol.%) and opaque oxide (1 vol.%), with accessory zircon (trace),
apatite (trace), muscovite (trace), sericite (trace), chlorite (trace), epidote (trace), carbonate (trace),
titanite (trace) and altered allanite (trace). This is a biotite granodiorite with a foliation defined by
biotite and minor muscovite, sericite, chlorite, epidote, carbonate, titanite and rare possible
pumpellyite as metamorphic minerals and low-temperature alteration products representing
amphibolite- to prehnite-pumpellyite facies metamorphism and alteration. The foliated
granodiorite is dominated by rounded or rhomb-shaped grains of plagioclase (andesine-oligoclase)
and microcline to 5 mm in diameter with less abundant, typically deformed, quartz to 1.5 mm in
grain size. Small patches of microcline occur locally in the plagioclase, together with opaque
oxides and apatite. There are abundant anastomosing lamellae and lenses of fine-grained,
recrystallized feldspar, with or without quartz, and myrmekite which is most abundant in and
adjacent to these lenses. Some biotite is randomly oriented and reaches 0.8 mm in grain size, but
most is very fine-grained and defines an anastomosing foliation with some characteristics of an S–
C fabric. Disseminated granular opaque oxide occurs locally in small lenses, and there is accessory
apatite. Zircon crystals in this sample vary from 40 to 100 µm long, including very small, slender
prisms and larger, zoned crystals, some of which have rounded cores. Trace altered allanite is up
to 0.5 mm. Sericite, carbonate, epidote and rare pumpellyite form irregular patches in the
plagioclase. Some of the biotite has been altered to chlorite or clay, but most is fresh. Minor
muscovite, carbonate and epidote in the biotite lamellae may be metamorphic. Epidote rims altered

allanite, and fine-grained titanite rims some opaque oxide grains. The fabric of this sample shows
incipient mylonitic recrystallization and a foliation partly defined by fine-grained biotite and
metamorphic muscovite. The granodiorite was probably metamorphosed in the amphibolite facies
followed by retrograde metamorphism in the prehnite–pumpellyite facies.
Zircon morphology
The zircons isolated from this sample are typically pale yellow, dark brown or black, euhedral and
elongate, and between 50 × 80 µm and 160 × 80 µm in size. Most grains have faint internal
zonation, with a minority having structureless, fractured cores surrounded by zoned, radially
fractured rims. Many grains have a speckled appearance in transmitted light, and many are
metamict. In reflected light, the surfaces of many grains have irregular, dark patches and zones.
Cathodoluminescence images of representative zircons are given in Figure 178050.1.
Analytical details
This sample was analysed on 10 March 2003. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 0.998 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Common-Pb corrections were
applied assuming isotopic compositions determined using the method of Cumming and Richards
(1975), with the exception of analyses 4.1, 5.1, 8.1, 8.2 and 13.1, for which Broken Hill commonPb isotopic compositions were assumed.
Results
Sixteen analyses were obtained from 15 zircons. Results are given in Table 178050.1 and shown
on a concordia plot in Figure 178050.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of three groups. Six concordant to highly discordant
analyses of five zircons (4.1, 5.1, 7.1, 8.1, 8.2 and 15.1), assigned to Group 1, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 2718 ±
13 Ma (chi-squared = 1.04). Concordant analysis 13.1 and highly discordant analyses 10.1, 11.1
and 13.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2761 ± 16 Ma (chi-squared = 0.59). Concordant analysis 14.1
and discordant analyses 9.1 and 11.1, assigned to Group 3, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 2796 ± 30 Ma (chi-squared = 0.89).

Analyses 1.1 and 2.1 are highly discordant, whereas concordant analysis 3.1 indicates a
significantly older 207Pb/206Pb date than these populations.
The date of 2718 ± 13 Ma indicated by the weighted mean 207Pb/206Pb ratio of six concordant to
highly discordant analyses of five zircons of Group 1 is interpreted as the time of igneous
crystallization of the granodiorite. The remaining analyses indicating older 207Pb/206Pb dates,
including those of Groups 2 and 3 and analysis 3.1, are interpreted to be of xenocryst zircons.
Discordant analyses 1.1 and 2.1 are interpreted to be of analysis sites that have undergone
radiogenic-Pb loss.

178051: foliated biotite granodiorite, Yuinmery
Homestead
Location and sampling
YOUANMI (SH 50-4), RAYS ROCKS (2740)

MGA Zone 50, 695950E 6835460N

Sampled on 29 October 2002
The sample was taken from a 1-m high, 4-m long block located 25 m east of an north-trending
fenceline and 4 km southwest of Yuinmery Homestead.
Tectonic unit/relations
This sample is from a dark grey, medium- and even-grained, strongly foliated and lineated biotite
granodiorite within the Yuinmery Shear Zone, Southern Cross Granite–Greenstone Terrane. At the
sampling site, the foliated granodiorite has been intruded by ≤2 cm thick, white pegmatite dykes
aligned parallel to the foliation. The foliation strikes northwest and dips vertically, with a lineation
that plunges to the south.
Petrographic description
The principal minerals present in this sample are plagioclase (60 vol.%), quartz (20–25 vol.%),
microcline (20 vol.%), biotite (2–3 vol.%), and titanite and opaque oxide (1 vol.%), with accessory
apatite (trace), sericite (trace), clinozoisite (trace), chlorite (trace), clays (trace), epidote (trace),
possible allanite (trace) and zircon (trace). This is a protomylonitic biotite granodiorite gneiss
which has undergone greenschist- to amphibolite-facies metamorphism and deformation followed
by low-temperature hydrothermal alteration. Zircon is rare but apparently unaltered. There is a
strong foliation and possibly a lineation, with rare feldspar augen to 7 mm in diameter in a finegrained gneissic groundmass. The fabric is protomylonitic with abundant augen of plagioclase and
less abundant microcline to 3 mm in diameter. There is local development of both perthite and
antiperthite. The quartz is recrystallized with lenses of slightly coarser quartz to 0.4 mm with caxes at a low angle to the foliation. There are also lamellae with microcrystalline quartz (with or
without feldspar?), some of which contain microcrystalline, mylonitic biotite and/or sericite as
well as, or instead of, quartz. The quartz fabric is less clear in these lamellae, however, due to the
very small grain size. Coarser biotite is also disseminated but is partly unoriented. Small crystals
of titanite are up to 1 mm long, and there are grains and aggregates of opaque oxide. Accessory
apatite is disseminated, but zircon is rare with grains 50 to 100 µm long, and apparently unaltered.
Weak sericite and clinozoisite alteration is evident in the plagioclase, with rare chlorite and clay in
the biotite. Minor epidote accompanies biotite and sericite in the schistose lamellae, and is part of

the low-grade metamorphic assemblage. There may be some altered allanite within the epidote in
some areas. Initial metamorphism and quartz recrystallization may have been in the amphibolitefacies, with later metamorphism under greenschist-facies conditions and low-temperature
hydrothermal alteration.
Zircon morphology
The zircons isolated from this sample are typically colourless to pale greenish-yellow, euhedral
and elongate, and between 50 × 80 µm and 160 × 80 µm in size. A majority of grains are
internally structureless, but some have faint internal zonation. Cathodoluminescence images of
representative zircons are given in Figure 178051.1.
Analytical details
This sample was analysed on 10 March 2003. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 0.998 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 3.1, 5.1, 10.1, 14.1, 16.1, 18.1 and 20.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-four analyses were obtained from twenty-four zircons. Results are given in Table
178051.1 and shown on a concordia plot in Figure 178051.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. Twenty concordant and highly discordant analyses of twenty
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2681 ± 4 Ma (chi-squared = 1.37). Concordant analysis 18.1 indicates a
significantly older 207Pb/206Pb date, whereas concordant analysis 4.1 indicates a slightly younger
207
Pb/206Pb date, than the main population. The remaining analyses (10.1 and 20.1) are discordant
and cannot be grouped.
The date of 2681 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty concordant
and highly discordant analyses of twenty zircons is interpreted as the time of igneous
crystallization of the granodiorite. Concordant analysis 4.1 and discordant analysis 10.1 are
interpreted to be of analysis site that has undergone ancient radiogenic-Pb loss, whereas
concordant analysis 18.1 and possibly also discordant analysis 20.1 are interpreted to be of
xenocryst zircons.

178052: biotite microgranodiorite, Yuinmery
Homestead
Location and sampling
YOUANMI (SH 50-4), RAYS ROCKS (2740)

MGA Zone 50, 697330E 6843460N

Sampled on 29 October 2002
The sample was taken from a 2-m high, 8-m diameter tor located 30 m east of the road from
Sandstone to Yuinmery Homestead and 4.6 km north of Yuinmery Homestead.
Tectonic unit/relations
This sample is from a light grey, fine- and even-grained, undeformed biotite granodiorite located
1.5 km east of the Yuinmery Shear Zone, Southern Cross Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (60 vol.%), quartz (20 vol.%), Kfeldspar (15 vol.%), biotite (4 vol.%), opaque oxide (≤1 vol.%) and titanite (≤1 vol.%), with
accessory apatite (trace), chlorite (trace), epidote (trace), possible allanite (trace), sericite (trace),
clinozoisite (trace), carbonate (trace) and zircon (trace). This is a very fine-grained, massive biotite
microgranodiorite with oxidized I-type affinities. There has been weak alteration to sericite,
epidote, chlorite and carbonate formed at low temperatures. The plagioclase occurs as laths to 3
mm long, possibly defining a weak flow foliation in some areas. Normal zoning is present,
apparently from andesine to oligoclase, with rims having less than about 15 vol.% anorthite
(maximum extinction angle = 0°). Minor interstitial microcline occurs as poikilitic grains to 4 mm
in diameter and there is more abundant interstitial quartz. Some of the quartz is euhedral against
the microcline, with suggestions of a bipyramidal habit suggesting a shallow emplacement level.
Minor biotite, to 1 mm in grain size, is unoriented and is accompanied by fine granular oxide and
mostly euhedral titanite crystals less than 1 mm long. Apatite is a common accessory mineral and
there are grains of epidote with altered cores that may have been allanite. The plagioclase has
patches and zones altered to sericite and clinozoisite, locally with carbonate. Alteration of biotite
to chlorite is weak, but minor epidote has developed in and adjacent to biotite in some areas. In
addition, some of the titanite has been altered to leucoxene, but alteration is weak and of low
temperature origin. The fabric shows a lack of deformation and possibly a shallow emplacement
level.
Zircon morphology

The zircons isolated from this sample are typically colourless to pale greenish yellow, dark brown
and black, euhedral and elongate whole grains and grain fragments, and between 50 × 80 µm and
160 × 80 µm in size. A majority of grains are internally structureless, but some have faint
internal zonation. Cathodoluminescence images of representative zircons are given in Figure
178052.1.
Analytical details
This sample was analysed on 23 October 2003. The counter deadtime during the analysis session
was 24 ns. Seven analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 0.999 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 6.1 and 3.2, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Seventeen analyses were obtained from 9 zircons. Results are given in Table 178052.1 and shown
on a concordia plot in Figure 178052.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. Sixteen concordant and highly discordant analyses
of nine zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2688 ± 11 Ma (chi-squared = 1.41). Concordant analysis 2.2 indicates a slightly
younger 207Pb/206Pb date than the main population.
The date of 2688 ± 11 Ma indicated by the weighted mean 207Pb/206Pb ratio of sixteen
concordant and highly discordant analyses of nine zircons is interpreted as the time of igneous
crystallization of the microgranodiorite. Concordant analysis 2.2 is interpreted to be of analysis
site that has undergone ancient radiogenic-Pb loss.

178054: foliated biotite granodiorite, Bell Chamber Well
Location and sampling
YOUANMI (SH 50-4), ATLEY (2741)

MGA Zone 50, 709810E 6889310N

Sampled on 29 October 2002
The sample was taken from the southern edge of a large area of rocky pavement 3 km northeast of
Bell Chamber Well.
Tectonic unit/relations
This sample is from a dark grey, medium- and even-grained, strongly foliated biotite granodiorite
within the Youanmi Shear Zone, Southern Cross Granite–Greenstone Terrane. The foliation strikes
northeast and dips steeply to the northwest. At the sampling site, the foliated granodiorite has been
intruded by ≤2 cm thick, white pegmatite dykes aligned parallel to the foliation. The sample taken
was free of pegmatite dykes.
Petrographic description
The principal minerals present in this sample are plagioclase (50–55 vol.%), K-feldspar (25
vol.%), biotite (2 vol.%) and opaque oxide (1 vol.%), with accessory titanite (trace), magnetite
(trace), altered allanite (trace) and zircon (trace), and secondary chlorite (trace), sericite (trace),
epidote (trace) and leucoxene (trace). This is a protomylonitic augen gneiss of granodioritic or
monzogranitic composition. Augen of plagioclase to 3 cm long are enclosed in a matrix composed
of lamellae of plagioclase, quartz and K-feldspar. These augen enclose minor biotite and make up
possibly 20 vol.% of the thin section. The bulk of the rock has been recrystallized, but there are
rare larger grains of quartz up to 2 mm long. Lamellae of fine-grained, strongly oriented biotite are
abundant and define a layer-parallel schistosity, with lenses of quartz parallel to the schistosity. Caxes of quartz in these lenses are typically at a low angle to the foliation. Recrystallized microcline
and plagioclase are also abundant, mostly in separate layers that are best seen on the stained offcut
as the grain size is too small (typically <50 µm) for adequate optical identification. Larger grains
of microcline and plagioclase are up to 0.5 mm in diameter. Feldspathic aggregates contain minor
myrmekite. Disseminated accessory magnetite, titanite and apatite are up to 0.5 mm in grain size,
and rare altered allanite is rimmed by epidote. Rare zircon crystals are about 40 to 100 µm. Cores
of plagioclase are partly altered sericite and clinozoisite. Some of the biotite has been altered to
chlorite and leucoxene, with lenses and lamellae of metamorphic sericite parallel to the biotite
lamellae. Very minor epidote which is either granular, or rims altered allanite, is probably
metamorphic. Some titanite is partly altered to leucoxene. Metamorphism at about the greenschist
to amphibolite facies transition was followed by weak low-temperature alteration.

Zircon morphology
The zircons isolated from this sample are typically colourless, straw yellow, dark brown or black,
euhedral and elongate, and between 50 × 80 µm and 160 × 80 µm in size. A majority of grains
have faint internal zonation but some are internally structureless. Many grains have a speckled
appearance in transmitted light, and many are metamict. Cathodoluminescence images of
representative zircons are given in Figure 178054.1.
Analytical details
This sample was analysed on 24 April 2003. The counter deadtime during the analysis session was
24 ns. Nine analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.15 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses, with the exception of analyses 1.1, 9.1, 12.1,
13.1 and 14.1, for which isotopic compositions determined using the method of Cumming and
Richards (1975) were assumed.
Results
Fourteen analyses were obtained from fourteen zircons. Results are given in Table 178054.1 and
shown on a concordia plot in Figure 178054.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Eleven concordant and highly discordant
analyses of eleven zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2674 ± 9 Ma (chi-squared = 0.73). The remaining analyses (4.1,
9.1 and 13.1) are discordant and cannot be grouped.
The date of 2674 ± 9 Ma indicated by the weighted mean 207Pb/206Pb ratio of eleven concordant
and highly discordant analyses of eleven zircons is interpreted as the time of igneous
crystallization of the granodiorite. Discordant analyses 4.1, 9.1 and 13.1 are interpreted to be of
analysis sites that have undergone ancient radiogenic-Pb loss.

178056: foliated hornblende monzogranite, Coomb
Bore
Location and sampling
YOUANMI (SH 50-4), ATLEY (2741)

MGA Zone 50, 745070E 6894850N

Sampled on 29 October 2002
The sample was taken from the southern side of a large rocky hill about 1.5 km southwest of
Coomb Bore.
Tectonic unit/relations
This sample is from a pinkish-grey, very fine- and even-grained hornblende monzogranite of the
Southern Cross Granite–Greenstone Terrane. At the sampling site, the monzogranite contains ≤20
cm diameter, rounded inclusions of weathered granite and ≤10 cm diameter inclusions of feldspar
and milky quartz.
Petrographic description
The principal minerals present in this sample are K-feldspar (45 vol.%), plagioclase (25 vol.%),
quartz (25 vol.%), hornblende (4–5 vol.%) and opaque oxide (<1 vol.%), with accessory magnetite
(trace), ilmenite (trace), pumpellyite (trace), prehnite (trace), chlorite (trace), smectite (trace),
clays (trace), hematite (trace) and zircon (trace). This is a hornblende-bearing, partly granophyric
monzogranite, with textures indicating remelting. It contains fritted, large plagioclase grains and
lenses of quartz probably inherited from the original granite, in a granophyric matrix formed by
remelting. Patches of low-temperature hydrothermal minerals include pumpellyite, prehnite and
chlorite–smectite. Clays and hematite have clouded the feldspars. Some plagioclase forms rounded
or equant grains from 2 to 7 mm in diameter that are extensively fritted, with common deep
resorption channels filled by remelted granitic material. Elongate, euhedral crystals of plagioclase
to 10 mm long are rare, with most as euhedral laths from 0.2 to 1.5 mm long, commonly mantled
by K-feldspar, probably orthoclase. Large irregular quartz-rich lenses are up to 8 mm long and 3
mm wide. These are mostly fine-grained but contain areas with low-angle grain-boundaries,
suggesting old-grain control of recrystallization. Quartz also occurs as a component of abundant
granophyre. Abundant orthoclase may be granular, but also occurs as rims on plagioclase. The
granophyre is mostly less than 0.8 mm in grain size, and has various proportions of quartz and
orthoclase in different areas, making it difficult to estimate the proportions of quartz and
orthoclase in the rock as a whole. Brown hornblende occurs partly as slender elongate prisms to 2
mm long, but more equant grains are more abundant in and adjacent to the quartz-rich lenses

described above. Some of the amphibole may be secondary, derived from pyroxene. Fresh and
altered opaque oxide is scattered, with granular oxide (magnetite?) and microplaty oxide
(ilmenite?). Some of the hornblende crystals in the quartz-rich lenses have optically continuous
overgrowths of green hornblende that are darker and more iron-rich adjacent to the primary
hornblende grain, and paler and more magnesian away from the primary hornblende grain. These
overgrowths may be of deuteric origin, but there are also secondary or hydrothermal patches.
Probable chlorite–smectite and prehnite are rare, with interstitial patches filled with a fibrous
mineral, interpreted as most probably iron-rich pumpellyite, more abundant. The feldspars, which
may have been iron rich, have been clouded by sericite and limonite or earthy hematite, probably
due to oxidizing low-temperature fluids. Two adjacent plagioclase grains have been cut by a vein
including fine-grained feldspar, chlorite and sericite, suggesting complex fluid-rock interactions.
The textures in this sample are complex, but the fritted plagioclase and irregular quartz-rich lenses
may have been inherited from the original granitic parent, with the smaller plagioclase laths and
granophyre formed as a result of remelting. Later, lower temperature processes have formed
actinolite rims on the hornblende, followed by aggregates of prehnite, pumpellyite and chloritesmectite. Alteration of the feldspars may represent interactions between weakly acidic, oxidizing
fluids, possibly including meteoric fluids.
Zircon morphology
The zircons isolated from this sample are typically dark brown or black, subrounded and slightly
elongate or irregular shaped fragments, and between 50 × 80 µm and 160 × 80 µm in size. Faint
internal zonation can be discerned in a majority of grains. Cathodoluminescence images of
representative zircons are given in Figure 178056.1.
Analytical details
This sample was analysed on 24 April and 17 November 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis session, nine analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 1.15 (1σ%). Analyses 1.1 to 12.1 were obtained
during the first analysis session. During the second analysis session, five analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 2.05 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 11.1, 15.1 and 16.1, for which isotopic compositions determined using the
method of Cumming and Richards (1975) were assumed.
Results
Twenty-four analyses were obtained from twenty-three zircons. Results are given in Table
178056.1 and shown on a concordia plot in Figure 178056.2.
Interpretation

The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Thirteen concordant and highly discordant
analyses of thirteen zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2689 ± 6 Ma (chi-squared = 1.68). The remaining analyses are
discordant and cannot be confidently grouped.
The date of 2689 ± 6 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirteen
concordant and highly discordant analyses of thirteen zircons is interpreted as the time of igneous
crystallization of the monzogranite. The remaining analyses are interpreted to be of analysis sites
that have undergone ancient radiogenic-Pb loss.

178057: biotite monzogranite, Kurrajong Well
Location and sampling
SANDSTONE (SG 50-16), LAKE MASON (2842)

MGA Zone 50, 750960E 6911380N

Sampled on 30 October 2002
The sample was taken from the edge of a low rocky pavement, 150 m southeast of the SandstoneWiluna Road and 7 km southwest of Kurrajong Well.
Tectonic unit/relations
This sample is from a light grey, medium- and even-grained, unfoliated biotite monzogranite of
the Southern Cross Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (35–40 vol.%), K-feldspar (35
vol.%), quartz (25 vol.%), biotite (2–3 vol.%) and opaque oxide (1 vol.%), with accessory apatite
(trace), chlorite (trace), epidote (trace), stilpnomelane (trace), sericite (trace), clinozoisite (trace),
allanite (trace) and zircon (trace). This is a fine-grained, weakly foliated biotite monzogranite, with
biotite defining a foliation of possibly magmatic origin. Chlorite, epidote and rare stilpnomelane
suggest low greenschist-facies alteration, with later sericite-clinozoisite alteration of plagioclase.
Anhedral to subhedral plagioclase from 0.4 to 3 mm in grain size may be andesine-oligoclase.
Anhedral microcline is also abundant, with a similar grain size to the plagioclase, but the quartz
occurs as partly poikilitic interstitial grains to 4 mm long. Biotite, from 0.2 to 2 mm in grain size,
is mostly aligned and there is some suggestion of an S-C fabric. However, as the other minerals
show no evidence of deformation, this may be a primary magmatic foliation. Disseminated grains
and lenses of opaque oxide are up to 0.8 mm long, and there is also disseminated apatite and
altered allanite. Some of the smaller zircons, less than 70 µm long, are clouded and fractured, but
others, from 40 to 100 µm in diameter, are clear and partly zoned. Coarse poikilitic muscovite seen
in some of the plagioclase may be of deuteric or low-temperature metamorphic origin, with
chlorite and/or epidote replacing biotite. Rare probable ferristilpnomelane suggests low
greenschist-facies metamorphism. Irregular patches of sericite and clouded clinozoisite indicate
weak to moderate, low-temperature hydrothermal, saussurite-like alteration. Narrow carbonatefilled fractures are a few micrometres wide. The fabric in this sample is essentially
unmetamorphosed and undeformed, with some low-temperature alteration producing chlorite–
epidote–stilpnomelane assemblages under low greenschist-facies conditions and weak to moderate
saussuritization of plagioclase.

Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellow, dark brown and black,
euhedral and slightly elongate, and between 50 × 80 µm and 160 × 80 µm in size. A majority of
grains have faint internal zonation, whereas the remainder are internally structureless. Many grains
have a speckled appearance in transmitted light, and many are metamict. Cathodoluminescence
images of representative zircons are given in Figure 178057.1.
Analytical details
This sample was analysed on 13 and 17 April 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, ten analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 1.63 (1σ%). Analyses 1.1 to 13.1 were obtained during the first
analysis session. During the second analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 1.74 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 1.1,
3.1, 9.1, 18.1, 20.1 and 25.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Twenty-five analyses were obtained from 25 zircons. Results are given in Table 178057.1 and
shown on a concordia plot in Figure 178057.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with
ancient and recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of three groups. Nine concordant to slightly discordant analyses
of nine zircons (2.1, 4.1, 11.1, 12.1, 14.1, 17.1, 19.1, 22.1 and 24.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
2648 ± 6 Ma (chi-squared = 1.50). Six concordant to slightly discordant analyses of six zircons
(6.1, 8.1, 9.1, 21.1, 23.1 and 25.1), have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 2708 ± 9 Ma (chi-squared = 1.29). Concordant to
slightly discordant analyses 5.1, 15.1 and 21.1, assigned to Group 3, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 2732 ± 18 Ma
(chi-squared = 0.07). Concordant analysis 18.1 indicates a slightly younger 207Pb/206Pb date,
whereas the remaining analyses indicate significantly older 207Pb/206Pb dates than those of Group 1
and cannot be grouped.
The date of 2648 ± 6 Ma indicated by the weighted mean 207Pb/206Pb ratio of nine concordant to
slightly discordant analyses of Group 1 is tentatively interpreted as the time of igneous
crystallization of the monzogranite. If this interpretation is correct, then discordant analysis 18.1 is

interpreted to be of analysis site that has undergone radiogenic-Pb loss during an ancient
disturbance event, whereas the remaining older analyses, including those of Groups 2 and 3, are
interpreted to be of xenocryst zircons. An alternative (and less favoured) interpretation is that the
analyses of Group 1 were also obtained on xenocryst zircons. If this interpretation is correct, then
the 207Pb/206Pb date of 2625 ±6 (±1σ uncertainty) indicated by concordant analysis 18.1 provides a
maximum age for igneous crystallization of the monzogranite.

178058: biotite monzogranite, No. 1 Bore
Location and sampling
SANDSTONE (SG 50-16), LAKE MASON (2842)

MGA Zone 50, 783150E 6923390N

Sampled on 30 October 2002
The sample was taken from the edge of a 1.5-m high, 3-m diameter boulder on the south side of a
large area of rocky pavement 2 km north of No. 1 Bore.
Tectonic unit/relations
This sample is from a light grey, medium- and even-grained, unfoliated biotite monzogranite of
the Southern Cross Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (50–55 vol.% ), K-feldspar (25
vol.%), quartz (20 vol.%), biotite (2–3 vol.%) and opaque oxide (<1 vol.%), with accessory
chlorite (trace), epidote (trace), carbonate (trace), muscovite (trace), clay (trace), sericite (trace),
fluorite (trace), possible allanite (trace), leucoxene (trace), titanite (trace) and zircon (trace). This
is a massive biotite monzogranite transitional towards granodiorite, with rare small zircon grains.
There is weak alteration to produce chlorite–epidote–carbonate–muscovite and later clay–sericite
alteration assemblages. Anhedral to subhedral plagioclase and anhedral microcline grains are
mostly less than 3 mm long, with perthitic and antiperthitic textures preserved locally. The
plagioclase is dominantly oligoclase, with some possible andesine and albite, the latter exsolved
from adjacent microcline. Some plagioclase grains contain large, poorly defined patches of
myrmekite. Partly poikilitic quartz grains reach 6 mm in length and have weak undulose
extinction. The biotite, to 1 mm in grain size, is unoriented and accompanied by granular opaque
oxide as single grains and small lenses. A single patch of purple fluorite is less than 1 mm in
diameter. Zircons are small (<50 µm in diameter) and mostly attached to opaque oxide grains.
Rare, small clouded grains could be altered zircon, but are more probably altered allanite. Titanite
is rare. Relatively coarse-grained alteration products in the plagioclase include muscovite, calcite
and epidote, developed in various combinations, with later clays and sericite in irregular patches.
Chlorite and epidote have replaced a small proportion of the biotite, with leucoxene or
microcrystalline titanite resulting from the replacement. Late carbonate-filled microfractures may
be of supergene origin. The fabric of the granitoid suggests minimal deformation and
metamorphism, with low-temperature muscovite–epidote–chlorite–carbonate and clay–sericite
assemblages.

Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellow, dark brown and black,
euhedral and slightly elongate, and between 50 × 80 µm and 160 × 80 µm in size. A majority of
grains have faint internal zonation, whereas the remainder are internally structureless. Many grains
have a speckled appearance in transmitted light, and many are metamict. Cathodoluminescence
images of representative zircons are given in Figure 178058.1.
Analytical details
This sample was analysed on 13 April 2003. The counter deadtime was 24 ns. Ten analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 1.63 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 3.1, 6.1, 8.1, 13.1, 15.1 and 23.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-four analyses were obtained from 24 zircons. Results are given in Table 178058.1 and
shown on a concordia plot in Figure 178058.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, most analyses may be
assigned to one of two groups. Nineteen concordant to highly discordant analyses of nineteen
zircons, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2660 ± 4 Ma (chi-squared = 1.17). Concordant to slightly
discordant analyses 4.1, 17.1, 18.1 and 22.1, assigned to Group 2, have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 2684 ± 11 Ma (chi-squared
= 0.56). Discordant analysis 14.1 indicates a significantly older 207Pb/206Pb date than these
populations.
The date of 2660 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of nineteen
concordant to highly discordant analyses of Group 1 is interpreted as the time of igneous
crystallization of the monzogranite. The analyses of Group 2 and analysis 14.1 are interpreted to
be of xenocryst zircons.

178059: biotite monzogranite, Michel Bore
Location and sampling
SANDSTONE (SG 50-16), LAKE MASON (2842)

MGA Zone 50, 789160E 6943480N

Sampled on 30 October 2002
The sample was taken from a 0.5-m high, 3-m long boulder located 4 km north of Michel Bore and
4.5 km north of Mofrey Bore.
Tectonic unit/relations
This sample is from a medium pinkish-grey, medium- and even-grained to sparsely porphyritic,
unfoliated biotite monzogranite of the Southern Cross Granite–Greenstone Terrane. The
monzogranite contains rare, ≤2cm diameter, pink, irregular-shaped K-feldspar phenocrysts, ≤1 cm
diameter yellowish patches that may have been formed by the decomposition of sulphide, and
greenish epidotized zones.
Petrographic description
The principal minerals present in this sample are plagioclase (45 vol.%), K-feldspar (30 vol.%),
quartz (25 vol.%), and biotite (1 vol.%), with accessory magnetite (trace), apatite (trace), allanite
(trace) and zircon (trace), and disseminated secondary muscovite (trace), epidote (trace), chlorite
(trace), sericite (trace) and clays (trace). This is a leucocratic biotite monzogranite. Anhedral and
subhedral plagioclase grains are up to 6 mm long, with some perthitic grains. Myrmekite occurs
locally adjacent to microcline. Some of the larger grains have oscillatory zoning, possibly from
andesine to oligoclase, with rims of albite exsolved from adjacent grains of microcline. The
microcline is anhedral and occurs as grains to 8 mm in diameter, commonly enclosing quartz,
plagioclase and biotite. Irregular, partly poikilitic grains of quartz, to 8 mm long, have weak
undulose extinction but are not strongly deformed. Unoriented biotite crystals, to 1.5 mm long, are
accompanied by granular opaque oxide (<1 vol.%) and rare apatite. Rare altered possible allanite
is also present, with rare, small, partly clouded crystals of zircon, mostly less than 50 µm long and
20 µm wide. Muscovite to 1 mm in grain size has formed within plagioclase, as a deuteric or
metamorphic mineral, with minor epidote accompanying the muscovite. Chlorite is a secondary
mineral in altered biotite or forms rims on altered probable allanite. Clays have replaced some of
the biotite, as well as chlorite with or without epidote, with the formation of leucoxene in the
altered grains. Irregular patches of sericite, with or without clouded clinozoisite, are common in
the plagioclase. The fabric of this granite indicates weak deformation and probable greenschistfacies metamorphism as well as low-temperature hydrothermal alteration.

Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellow, dark brown and black,
euhedral and slightly elongate or irregular in shape, and between 50 × 80 µm and 160 × 80 µm in
size. A majority of grains have faint internal zonation, whereas a minority are internally
structureless. Many grains have a speckled apprearance in transmitted light, and many are
metamict. Cathodoluminescence images of representative zircons are given in Figure 178059.1.
Analytical details
This sample was analysed on 18 August 2003. The counter deadtime was 24 ns. Nine analyses of
the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.33 (1σ%). Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses,
with the exception of analyses 2.1, 3.1, 5.1, 7.1, 8.1, 9.1, 10.2, 11.2, 13.1, 1, 15.1, 17.1, 18.1 and
4.3, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Twenty-four analyses were obtained from nineteen zircons. Results are given in Table 178059.1
and shown on a concordia plot in Figure 178059.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios,
most analyses may be assigned to one of two groups. Fifteen concordant to highly discordant
analyses of nineteen zircons (2.1, 3.1, 3.2, 4.1, 5.1, 6.1, 7.1, 8.1, 10.1, 10.2, 11.1, 12.1, 12.2, 18.1
and 19.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating
a weighted mean 207Pb/206Pb date of 2647 ± 4 Ma (chi-squared = 0.84). Slightly to highly
discordant analyses 4.3, 9.1, 13.1, 15.1 and 16.1, assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 2607 ± 7 Ma (chisquared = 0.57). Discordant analysis 11.2 indicates a significantly younger 207Pb/206Pb date,
whereas discordant analysis 1.1 indicates a significantly older 207Pb/206Pb date, than these
populations.
The date of 2647 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
to highly discordant analyses of Group 1 is interpreted as the time of igneous crystallization of the
monzogranite. The analyses of Group 2 and analysis 11.2 are interpreted to be analysis sites that
have lost some radiogenic Pb, whereas analysis 1.1 is interpreted to be of a xenocryst zircon.

178060: biotite monzogranite, Sandstone
Location and sampling
SANDSTONE (SG 50-16), LAKE MASON (2842)

MGA Zone 50, 731420E 6914200N

Sampled on 30 October 2002
The sample was taken from a 0.5-m high, 20-cm thick fractured block located 200 m south of an
east-west access track and 13.5 km north-northeast of Sandstone.
Tectonic unit/relations
This sample is from a light greenish-grey, fine- to medium- and even-grained, foliated biotite
monzogranite of the Southern Cross Granite–Greenstone Terrane. The foliation trends to the
northwest and plunges 30° to the southeast. At the sampling site, abundant ≤2 cm thick white
pegmatite dykes are aligned parallel to the foliation.
Petrographic description
The principal minerals present in this sample are microcline (40 vol.%), plagioclase (30–35
vol.%), quartz (25 vol.%), biotite (2–3 vol.%), opaque oxide (≤1 vol.%) and titanite (≤1 vol.%),
with accessory zircon (trace), and secondary muscovite (trace), epidote (trace), chlorite (trace) and
clay-sericite (trace) representing retrograde metamorphism and alteration. This is a quartz-poor
biotite monzogranite gneiss with a strong quartz fabric. Much of the quartz occurs in narrow lenses
and ribbons parallel to the foliation, with the majority of the quartz c-axes at a low angle to the
foliation. Most of the plagioclase and microcline grains are less than 1 mm in grain size and are
anhedral, but there are some microcline grains to 2 mm long, elongate parallel to the foliation.
Biotite flakes to 0.5 mm long define a strong schistosity. Granular opaque oxide is mostly less than
0.3 mm in grain size, but rare titanite reaches 1 mm. Altered grains, which may have been allanite,
are scattered but lack epidote rims. Zircon crystals range from 50 to 200 µm long and as much as
50 µm wide, with zoning visible in the largest crystals. Muscovite, carbonate and minor epidote
have formed within plagioclase grains as well as later fine-grained clay-sericite with or without
clinozoisite alteration. The plagioclase may also have been albitized. About 40 vol.% of the biotite
has been altered to chlorite and clay, rarely with fine-grained epidote or muscovite, but the
remaining biotite is fresh. Minor carbonate occurs as an inclusion in titanite. This is a foliated or
gneissic monzogranite with probably low amphibolite-facies metamorphism and strong
deformation, accompanied by recrystallization, as indicated by the quartz fabric.
Zircon morphology

The zircons isolated from this sample are typically yellowish-brown, dark brown and black,
euhedral and elongate in shape, and between 50 × 80 µm and 160 × 80 µm in size. A majority of
grains have faint internal zonation, whereas a minority are internally structureless. Many grains are
metamict. Cathodoluminescence images of representative zircons are given in Figure 178060.1.
Analytical details
This sample was analysed on 23 October and 29 November 2003. The counter deadtime during
both analysis sessions was 24 ns. During the first analysis session, four analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 0.912 (1σ%). Analyses 1.1 to 4.1 were
obtained during the first analysis session. Six analyses of the CZ3 standard were obtained during
the second analysis session. Following deletion of one of these analyses as an outlier, the
remaining 5 analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 0.733
(1σ%). A calibration uncertainty of 1.0 (1σ%) was applied to analyses of unknowns obtained
during both analysis sessions. Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses, with the exception of analyses 5.1, 7.1, 8.1 and
2.2, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Eighteen analyses were obtained from thirteen zircons. Results are given in Table 178060.1 and
shown on a concordia plot in Figure 178060.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Ten concordant to highly discordant
analyses of six zircons (1.1, 1.2, 1.3, 2.1, 2.2, 2.3, 3.1, 3.2, 5.1 and 13.1) have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 2683 ± 8 Ma (chisquared = 0.44). The remaining analyses are highly discordant and indicate significantly younger
207
Pb/206Pb dates.
The date of 2683 ± 8 Ma indicated by the weighted mean 207Pb/206Pb ratio of ten concordant to
highly discordant analyses of six zircons is interpreted as the time of igneous crystallization of the
monzogranite. The remaining analyses are interpreted to be analysis sites that have lost some
radiogenic Pb.

178061: biotite monzogranite, Waukenjerrie Well
Location and sampling
SANDSTONE (SG 50-16), SANDSTONE (2742)

MGA Zone 50, 730380E 6929450N

Sampled on 30 October 2002
The sample was taken from a 1.5-m high, 2-m diameter boulder located among a cluster of
boulders and tors 1.5 km southwest of Waukenjerrie Well.
Tectonic unit/relations
This sample is from a pinkish-grey, medium- and even-grained, unfoliated biotite monzogranite
that has intruded the Edale Shear Zone of the Southern Cross Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are microcline (35–45 vol.%), plagioclase (35–40
vol.% ), quartz (25 vol.%) and biotite (1–2 vol.%), with accessory opaque oxide (trace), chlorite
(trace), carbonate (trace), muscovite (trace), epidote (trace), limonite (trace), clays (trace), sericite
(trace), possible allanite (trace) and zircon (trace). This is a weakly foliated or unfoliated biotite
monzogranite with accessory opaque-oxide grains and rare elongate, thin zircons. Muscovite,
carbonate, epidote, chlorite, clay and sericite represent low to very low-temperature
metamorphism and alteration. Quartz and feldspar grains are mostly less than 2 mm in grain size
and are anhedral, with rare feldspar to 3 or 4 mm. Quartz forms poikilitic inclusions in plagioclase,
and there are inclusions of quartz, plagioclase and myrmekite in microcline. Some of the quartz in
the microcline has a poorly defined graphic texture. The quartz is mostly polygonal, suggesting
recrystallization, with very weak undulose extinction in some grains. The very minor biotite, to 1
mm in grain size, is mostly foliated but there are scattered poorly oriented grains. Granular opaque
oxide is scattered, locally in small lenses. Rare altered possible allanite is partly rimmed by
epidote. Rare zircon forms elongate, thin, zoned crystals up to 150 µm long. Muscovite, carbonate
and epidote in the plagioclase are low-grade metamorphic minerals, with chlorite, epidote and
muscovite also replacing plagioclase. Clays, sericite and minor limonite represent further, very
low-temperature alteration of plagioclase, with clays replacing probable allanite.
Zircon morphology
The zircons isolated from this sample are typically pale yellow or dark brown, equant to slightly
elongate and irregular in shape, and between 50 × 80 µm and 200 × 80 µm in size. A majority of

grains are internally structureless, and the remainder have faint internal zonation. Many grains
have a speckled appearance in transmitted light, and many are metamict. In reflected light, the
surfaces of many grains have irregular, dark patches and zones. Cathodoluminescence images of
representative zircons are given in Figure 178061.1.
Analytical details
This sample was analysed on 26 and 29 May 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, four analyses of the CZ3 standard indicated
a Pb*/U calibration uncertainty of 0.774 (1σ%). Analyses 1.1 to 11.1 were obtained during the
first analysis session. During the second analysis session, two analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 0.278 (1σ%). A calibration uncertainty of 1.0 (1σ%)
was applied to analyses of unknowns obtained during the both analysis sessions. Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Sixteen analyses were obtained from sixteen zircons. Results are given in Table 178061.1 and
shown on a concordia plot in Figure 178061.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. Thirteen concordant to slightly discordant analyses of
thirteen zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 2664 ± 10 Ma (chi-squared = 1.56). Concordant analysis 15.1 and slightly
discordant analyses indicate slightly older 207Pb/206Pb dates, whereas discordant analysis 16.1
indicates a significantly older 207Pb/206Pb date, than the main population.
The date of 2664 ± 10 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirteen
concordant to highly discordant analyses of thirteen zircons is interpreted as the time of igneous
crystallization of the monzogranite. The remaining analyses (13.1, 15.1 and 16.1) are interpreted to
be of xenocryst zircons.

178062: foliated biotite monzogranite, Waukenjerrie
Well
Location and sampling
SANDSTONE (SG 50-16), SANDSTONE (2742)

MGA Zone 50, 730380E 6929130N

Sampled on 30 October 2002
The sample was taken from a 1-m high, 2 × 1 m diameter block located in an area of boulders 1.5
km south-southwest of Waukenjerrie Well.
Tectonic unit/relations
This sample is from a light grey, medium-grained, strongly foliated porphyritic biotite
monzogranite that has intruded the Edale Shear Zone of the Southern Cross Granite–Greenstone
Terrane. The monzogranite contains ≤3 cm long pinkish feldspar phenocrysts that have been
aligned with the foliation.
Petrographic description
The principal minerals present in this sample are plagioclase (35 vol.%), microcline (30–35
vol.%), quartz (30 vol.%) and biotite (2–3 vol.%) with accessory opaque oxide (trace), titanite
(trace), altered allanite (trace) and zircon (trace), and secondary chlorite (trace), epidote (trace),
muscovite (trace) and clay-sericite (trace). This is a foliated biotite monzogranite with lamellae of
quartz and K-feldspar, and with biotite parallel to the foliation. Metamorphism in the amphibolitefacies was followed by low-temperature alteration. The quartz occurs largely in anastomosing
lamellae from 0.4 to 2 mm wide, as a mosaic of grains to 1.5 mm in diameter, but there is no
obvious quartz fabric. The plagioclase (oligoclase?) is partly as grains to 4 mm long, whereas the
largest microcline grains are as much as 8 mm long, with inclusions of quartz, plagioclase and
biotite. All of the feldspar is anhedral. Minor myrmekite is present between the plagioclase and
microcline. Lenses of recrystallized feldspar are of two types: some have grains about 0.4 mm in
diameter, but others are finer grained. Microcline and myrmekite are more abundant in the finergrained lenses. The biotite is fine-grained but some flakes are over 1 mm long. An anastomosing
foliation, parallel to the quartz lenses, is present, but some poorly oriented biotite occurs in
pressure-shadows and there may be an incipient S-C fabric. Oxides and rare altered allanite occur,
to 0.8 mm in grain size, with rare titanite largely altered to leucoxene. Some of the plagioclase and
microcline have been deformed with bent twin planes, but the quartz and the finer-grained
feldspars have been recrystallized. Minor muscovite has formed in and adjacent to biotite, with
minor chlorite and rare epidote replacing the biotite. Clay-sericite alteration occurs in the

plagioclase and in small areas within larger microcline grains. Epidote rims occur on some of the
altered allanite, and leucoxene has replaced titanite. The fabric has evidence of deformation and
metamorphism, probably initiated under amphibolite-facies conditions, with alteration continuing
to low temperatures.
Zircon morphology
The zircons isolated from this sample are typically pale yellow or dark brown, elongate and
irregular in shape, and between 50 × 80 µm and 200 × 320 µm in size. A majority of grains have
faint internal zonation. Many grains have a speckled appearance in transmitted light, and many are
metamict. Cathodoluminescence images of representative zircons are given in Figure 178062.1.
Analytical details
This sample was analysed on 29 May and 18 August 2003. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis sesssion, nine analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 1.33 (1σ%). Analyses 1.1 to 9.1 were obtained during
the first analysis session. During the second analysis session, five analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 3.04 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 1.1, 4.1, 5.1, 6.1, 6.2, 9.1, 9.2, 10.1, 12.3, 13.1 and 17.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-three analyses were obtained from seventeen zircons. Results are given in Table 178062.1
and shown on a concordia plot in Figure 178062.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both recent and ancient episodes of radiogenic-Pb loss. Seventeen concordant to highly discordant
analyses of twelve zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2697 ± 6 Ma (chi-squared = 0.66). Discordant analysis 14.1
indicates a significantly older 207Pb/206Pb date, than the main population. The remaining analyses
are highly discordant.
The date of 2697 ± 6 Ma indicated by the weighted mean 207Pb/206Pb ratio of seventeen
concordant to highly discordant analyses of twelve zircons is interpreted as the time of igneous
crystallization of the monzogranite. Discordant analysis 14.1 is interpreted to be of a xenocryst
zircon. The remaining analyses are interpreted to be of analysis sites that have lost radiogenic Pb
during ancient and recent disturbance episodes.

178063: quartz micromonzonite, Barlangi Rock
Location and sampling
SANDSTONE (SG 50-16), NOWTHANNA (2643)

MGA Zone 50, 680150E 6991510N

Sampled on 31 October 2002
The sample was taken from a 0.5-m diameter boulder located 2 km southwest of Barlangi Rock.
Tectonic unit/relations
This sample is from a pale pinkish-white, fine-grained quartz micromonzonite containing
scattered, ≤5 cm diameter, composite inclusions of quartz, and scattered ≤4 mm diameter feldspar
phenocrysts. Barlangi Rock is within the Murchison Granite–Greenstone Terrane of Tyler and
Hocking (2001) and the Southern Cross domain of the Southern Cross Province of Cassidy et al.
(2002).
Petrographic description
The principal minerals present in this sample are orthoclase (55–60 vol.%), plagioclase (30 vol.%)
and quartz (10–15 vol.%), with accessory chlorite (trace), leucoxene (trace), opaque oxide (trace),
sericite (trace), clay (trace), hematite (trace), possible titanite or anatase (trace) and zircon (trace).
This fine-grained, pale pinkish-red lithology represents an altered, biotite-bearing quartz
micromonzonite transitional towards microsyenite, with chlorite after biotite, leucoxene after
accessory opaque oxide, and sericite–clay–hematite-altered feldspar. Rounded and elliptical grains
and aggregates of quartz, 1 to 4 mm in diameter, may represent xenoliths or xenocrysts, some of
which have been recrystallized. Large corroded and fritted plagioclase grains may also represent
xenocrysts. Most of the rock is composed of elongate laths of pale reddish plagioclase to 1 mm
long, with rims of darker red, hematite-stained orthoclase. Aggregates of fine-grained, red
orthoclase are also abundant, with interstitial late-magmatic quartz. Some of the quartz has
replaced platy crystals of tridymite. Accessory biotite has been totally replaced by chlorite and
leucoxene, with leucoxene also replacing opaque oxide and rare grains that may be titanite or
anatase. The feldspars have clay–sericite and hematite alteration but may have been iron-rich,
especially the orthoclase. This sample may represent a dyke that has incorporated some material
from an adjacent granitoid. An alternative explanation is that it represents a largely remelted
granitoid with the fritted feldspar and quartz-rich aggregates representing residual grains inherited
from the original granitoid. The possibility that tridymite was present is more consistent with the
latter possibility.

Zircon morphology
The zircons isolated from this sample are typically colourless, pale pink or yellow, dark brown or
black, subhedral to elliptical and equant to slightly elongate, and between 50 × 80 µm and
160 × 80 µm in size. Many grains are spherical or elliptical but have smooth surfaces, consistent
with their partial resorption within an igneous melt rather than a detrital origin. A majority of
grains are internally structureless, but a minority have faint internal zonation. Many grains have a
speckled apprearance in transmitted light, and many are metamict. In reflected light, the surfaces
of many grains have irregular, dark patches and zones. Cathodoluminescence images of
representative zircons are given in Figure 178063.1.
Analytical details
This sample was analysed on 19 May 2003. The counter deadtime during the analysis session was
24 ns. Twelve analyses of the CZ3 standard were obtained during the analysis session. Following
deletion of the first three standard analyses as outliers, the remaining nine standard analyses
indicated a Pb*/U calibration uncertainty of 1.62 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 9.1 and 18.1, for which isotopic compositions determined using the method of Cumming
and Richards (1975) were assumed.
Results
Twenty-eight analyses were obtained from twenty-eight zircons. Results are given in Table
178063.1 and shown on a concordia plot in Figure 178063.2.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses may
be assigned to one of three groups. Concordant analyses 13.1 and 28.1, and discordant analyses 1.1
and 2.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2647 ± 11 Ma (chi-squared = 0.84). Eight concordant to highly
discordant analyses of eight zircons (5.1, 7.1, 8.1, 9.1, 20.1, 21.1, 22.1 and 24.1), assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2689 ± 7 Ma (chi-squared = 1.26). Seven concordant to highly discordant
analyses of seven zircons (4.1, 6.1, 10.1, 11.1, 15.1, 23.1 and 27.1), assigned to Group 3, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
2793 ± 5 Ma (chi-squared = 0.56). Concordant analysis 26.1 indicates a slightly younger
207
Pb/206Pb date than those of Group 1, whereas the remaining analyses can not be confidently
grouped.

The morphologies of the zircons and the distribution of analyses along the Concordia suggests that
all zircons analysed were of xenocrystic origin. The date of 2647 ± 11 Ma indicated by the
weighted mean 207Pb/206Pb ratio of concordant analyses 13.1 and 28.1, and discordant analyses 1.1
and 2.1, assigned to Group 1, is therefore interpreted as providing a maximum time for igneous
crystallization of the host micromonzonite. The slightly younger 207Pb/206Pb date of 2586 ± 19 Ma
(±1σ uncertainty) indicated by concordant analysis 26.1 provides a tentative younger maximum
time for igneous crystallization of the host micromonzonite.

178064: coarse sandstone, The Stock Well
Location and sampling
YOUANMI (SH 50-4), RICHARDSON (2840)

MGA Zone 50, 792660E 6805480N

Sampled on 31 October 2002
The sample was taken from a 0.5-m long, 20-cm thick block located 5.5 km northeast of The Stock
Well.
Tectonic unit/relations
This sample is of a light pinkish-white, medium- to coarse- and even-grained, well-sorted quartz
sandstone from a 20 m thick, bedded quartzite unit from the stratigraphic base of the Illarra
greenstone belt, Southern Cross Granite–Greenstone Terrane. Bedding in the quartzite unit strikes
at 350° and dips steeply to the west.
Petrographic description
The principal minerals present in this sample are quartz (96 vol.%), muscovite (1 vol.%) and
aluminosilicate (mostly andalusite, but also sillimanite and kyanite; 2–3 vol.%), with accessory
rutile (trace), possibly pyrophyllite and/or diaspore (trace), possibly paragonite and/or margarite
(trace) and zircon (trace). This is a laminated quartzite or coarse-grained sandstone with retrograde
metamorphism, containing schistose mica, andalusite, sillimanite and kyanite, partly altered to
possible pyrophyllite with or without diaspore. This pale, pinkish quartzite is laminated and has a
white weathering rind. Both the mica and aluminosilicate are elongate parallel to the foliation. The
mica occurs as very narrow flakes 0.1 to 1 mm long. The aluminosilicate is mostly andalusite, but
rare grains of kyanite and sillimanite are also present, with grains apparently 0.2 to 1 mm long.
The quartz occurs as anhedral grains to 2 mm in diameter, indicating exaggerated grain-growth.
Rare lamellae occur that are rich in rutile, but zircon, to 0.1 mm in grain size, is sparse. The grain
size of the zircon suggests a former coarse-grained sandstone with minor clay. The
aluminosilicates are partly altered to phyllosilicate, possibly pyrophyllite, with or without
diaspore. The mineral assemblage suggests metamorphism under conditions close to the
aluminosilicate triple point (c. 500–530ºC at 400–420 MPa), with subsequent retrogression. Micas
possibly present include muscovite and paragonite, with margarite less likely.
Zircon morphology

The zircons isolated from this sample are typically colourless, pale yellow, dark brown or black,
elliptical or subhedral and with rounded terminations, equant or slightly to substantially elongate,
and between 50 × 80 µm and 160 × 80 µm in size. A majority of grains are fractured and have
faint internal zonation. Many grains have a speckled appearance in transmitted light, and many are
metamict. The surfaces of many grains are pitted, consistent with detrital transport. In reflected
light, the surfaces of many grains have irregular, dark patches and zones. Cathodoluminescence
images of representative zircons are given in Figure 178064.1.
Analytical details
This sample was analysed on 19 and 26 May 2003. The counter deadtime during both analysis
sessions was 24 ns. Twelve analyses of the CZ3 standard were obtained during the first analysis
session. Following deletion of the first three standard analyses as outliers, the remaining nine
analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.62 (1σ%). Analyses
1.1 to 10.1 were obtained during the first analysis session. During the second analysis session, nine
analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 2.21 (1σ%). CommonPb corrections were applied assuming Broken Hill common-Pb isotopic compositions for all
analyses, with the exception of analyses 6.1, 8.1, 24.1 and 30.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Thirty-five analyses were obtained from thirty-five zircons. Results are given in Table 178064.1
and shown on concordia and Gaussian-summation probability density plots in Figures 178064.2
and 178064.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with at
least one recent episode of radiogenic-Pb loss. Nine concordant to highly discordant analyses of
nine zircons (2.1, 3.1, 7.1, 11.1, 17.1, 19.1, 23.1, 26.1 and 35.1) have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3632 ± 7 Ma (chi-squared =
1.26). The remaining analyses can not be confidently grouped. Concordant analysis 33.1 indicates
a 207Pb/206Pb date of 3504 ± 8 Ma (±1σ uncertainty).
The analyses are interpreted to be of zircons of detrital origin. Analysis 33.1 was obtained on a
pinkish-brown, 50 × 80 µm rounded, structureless but fractured grain. The date of 3504 ± 8 Ma
(±1σ uncertainty) indicated by the 207Pb/206Pb ratio of concordant analysis 33.1 is therefore
interpreted as providing a maximum time for deposition of the presursor sandstone.
Potential source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Narryer Gneiss Complex of the northwestern part
of the Yilgarn Craton (Nelson, 1995, 1996, 1997) and the eastern part of the Pilbara Craton
(Nelson, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, this volume).

178065: recrystallized sandstone, Minga Bore
Location and sampling
YOUANMI (SH 50-4), EVERETT CREEK (2841)

MGA Zone 50, 775220E 6849290N

Sampled on 31 October 2002
The sample was taken from a 0.5-m diameter block located about half way up the southwest side
of a northwest-trending rocky ridge, 50 m southeast of the access track and 0.5 km west of Minga
Bore. The sampling site is 50 m west of the site of sample 178066.
Tectonic unit/relations
This sample is of a white, coarse- and even-grained, recrystallized quartz sandstone from a bedded
quartzite unit of the Southern Cross Granite–Greenstone Terrane. Bedding in the quartzite unit
strikes at 340° and dips steeply to the southwest. The sample is from 50 m stratigraphically above
the unit from which sample 178066 was taken. The sample taken contained ≤1 mm thick quartz
veins.
Petrographic description
The principal mineral present in this sample is quartz (100 vol.%), with accessory muscovite
(trace), rutile (trace) and zircon (trace). This is a massive to weakly foliated quartzite with traces of
mica and rare rutile and zircon. The metamorphic grade and original lithology are uncertain. The
sample consists mostly of interlocking anhedral quartz grains, some of which are optically
continuous over areas 10 mm or more in length. Mica occurs as flakes 30 to 100 µm long, and
there is a single grain of rutile 100 µm long. The mica defines a weak schistosity, with the quartz
c-axes mostly within 45° of the mean orientation of the schistosity. Some of the mica has been
leached, mostly in and adjacent to fractures. The quartz contains fluid inclusions. The
metamorphic grade and original lithology are uncertain.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellow, dark brown or black,
elliptical or subhedral and with rounded terminations, equant or slightly to substantially elongate,
and between 50 × 80 µm and 160 × 80 µm in size. A majority of grains are fractured and
internally structureless, but some have faint internal zonation. Many grains have a speckled
appearance in transmitted light, and many are metamict. The surfaces of many grains are pitted,
consistent with detrital transport. In reflected light, the surfaces of many grains have irregular, dark

patches and zones. Cathodoluminescence images of representative zircons are given in Figure
178065.1.
Analytical details
This sample was analysed on 5 May 2003. The counter deadtime during the analysis session was
24 ns. Fourteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.39 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 8.1
and 12.1, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Thirty-nine analyses were obtained from thirty-nine zircons. Results are given in Table 178065.1
and shown on concordia and Gaussian-summation probability density plots in Figures 178065.2
and 178065.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of six groups. Eight concordant to highly discordant
analyses of eight zircons (2.1, 4.1, 6.1, 9.1, 20.1, 22.1, 29.1 and 36.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3276 ± 7 Ma (chi-squared = 1.57). Concordant analyses 13.1, 16.1 and 28.1, and discordant
analysis 30.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3324 ± 15 Ma (chi-squared = 1.27). Thirteen
concordant to highly discordant analyses of thirteen zircons (1.1, 3.1, 5.1, 7.1, 10.1, 14.1, 17.1,
19.1, 26.1, 31.1, 33.1, 37.1 and 39.1), assigned to Group 3, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3379 ± 6 Ma (chi-squared =
1.59). Concordant analyses 27.1 and 35.1, and discordant analysis 25.1, assigned to Group 4, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3419 ± 14 Ma (chi-squared = 0.70). Concordant analysis 34.1 and discordant analyses 15.1 and
32.1, assigned to Group 5, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3491 ± 19 Ma (chi-squared = 0.75). Concordant analysis 23.1
and discordant analyses 11.1 and 12.1, assigned to Group 6, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3596 ± 19 Ma (chi-squared =
1.58). The remaining analyses cannot be confidently grouped.
The analyses are interpreted to be of zircons of detrital origin. The date of 3276 ± 7 Ma
indicated by the weighted mean 207Pb/206Pb ratio of eight concordant to highly discordant analyses
of Group 1 is therefore interpreted as providing a maximum time for deposition of the presursor
sandstone. Source rocks within the western part of Australia having ages matching those of the

zircons within this sample include the Narryer Gneiss Complex of the northwestern part of the
Yilgarn Craton (Nelson, 1995, 1996, 1997) and the eastern part of the Pilbara Craton (Nelson,
1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, this volume).

178066: recrystallized sandstone, Minga Bore
Location and sampling
YOUANMI (SH 50-4), EVERETT CREEK (2841)

MGA Zone 50, 775270E 6849310N

Sampled on 31 October 2002
The sample was taken from a 0.5-m diameter block located about half way up the northwest side
of a northwest-trending rocky ridge, 100 m southeast of the access track and 0.5 km west of Minga
Bore. The sampling site is 50 m east of the site of sample 178065.
Tectonic unit/relations
This sample is of a massive, grayish-white, coarse- and even-grained, recrystallized quartz
sandstone from a bedded quartzite unit of the Southern Cross Granite–Greenstone Terrane.
Bedding in the quartzite unit strikes at 340° and dips steeply to the southwest. The sample is from
50 m stratigraphically below the unit from which sample 178065 was taken. The sample contained
≤1 mm thick fractures than may contain quartz veins.
Petrographic description
The principal mineral present in this sample are quartz (99 vol.%), with minor muscovite (<1
vol.%) and accessory rutile (trace) and zircon (trace). This is a massive quartzite consisting of
anhedral quartz grains to 7 mm long, with fluid inclusions and some stylolitic grain-boundaries.
Minor mica to 0.15 mm in grain size is weakly aligned but quartz c-axes mostly fall within a 90°
arc across the thin section. The metamorphic grade and original lithology are uncertain.
Zircon morphology
The zircons isolated from this sample are typically colourless to pale yellow or dark brown,
elliptical or subhedral and with rounded terminations, equant to slightly elongate, and between
50 × 80 µm and 160 × 80 µm in size. A majority of grains are fractured and internally
structureless, but some have faint internal zonation. Many grains have a speckled appearance in
transmitted light, and many are metamict. The surfaces of many grains are pitted, consistent with
detrital transport. In reflected light, the surfaces of many grains have irregular, dark patches and
zones. Cathodoluminescence images of representative zircons are given in Figure 178066.1.
Analytical details

This sample was analysed on 1 and 17 April 2003. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis sesssion, three analyses of the CZ3 standard indicated
a Pb*/U calibration uncertainty of 2.06 (1σ%). Analyses 1.1 to 7.1 were obtained during the first
analysis session. During the second analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 1.74 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses
26.1 and 30.1, for which isotopic compositions determined using the method of Cumming and
Richards (1975) were assumed.
Results
Thirty-five analyses were obtained from 35 zircons. Results are given in Table 178066.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 178066.2 and
178066.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses
may be assigned to one of three groups. Twenty-five concordant to highly discordant analyses of
twenty-five zircons (1.1, 2.1, 3.1, 4.1, 5.1, 6.1, 7.1, 8.1, 11.1, 13.1, 14.1, 15.1, 16.1, 17.1, 18.1,
20.1, 21.1, 22.1, 23.1, 24.1, 25.1, 26.1, 27.1, 29.1, 31.1, 35.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3374 ± 3 Ma (chi-squared = 1.43). Concordant analyses 19.1 and 28.1, assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3269 ± 2 Ma (±1σ uncertainty). Concordant analyses 10.1 and 12.1, assigned to Group 3, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3331 ± 4 Ma (±1σ uncertainty). The remaining analyses cannot be confidently grouped.
The analyses are interpreted to be of zircons of detrital origin. The date of 3269 ± 2 Ma (±1σ
uncertainty) indicated by the weighted mean 207Pb/206Pb ratio of concordant analyses 19.1 and 28.1
of Group 2 is therefore interpreted as providing a maximum time for deposition of the presursor
sandstone. Source rocks within the western part of Australia having ages matching those of the
zircons within this sample include the Narryer Gneiss Complex of the northwestern part of the
Yilgarn Craton (Nelson, 1995, 1996, 1997) and the eastern part of the Pilbara Craton (Nelson,
1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, this volume).

178067: recrystallized sandstone, Four Corners Bore
Location and sampling
YOUANMI (SH 50-4), EVERETT CREEK (2841)

MGA Zone 50, 769640E 6861250N

Sampled on 31 October 2002
The sample was taken from a 0.5-m diameter block located on the eastern side and near the top of
a north-northwesterly-trending rocky ridge, 4 km south of Four Corners Bore. The sampling site is
100 m east of the site of sample 178068.
Tectonic unit/relations
This sample is of a massive, grayish-white, coarse- and even-grained, recrystallized quartz
sandstone from a bedded quartzite unit of the Southern Cross Granite–Greenstone Terrane.
Bedding in the quartzite unit strikes at 330° and dips at 50° to the west. The sample may contain
≤1 mm thick quartz veins.
Petrographic description
The principal minerals present in this sample are quartz (98 vol.%) and fine schistose mica (≤1
vol.%), with accessory rutile (trace) and partly clouded, fractured zircon (trace). This massive
quartzite consists of a metamorphic quartz mosaic with interlocking anhedral grains to 10 to 15
mm long, and traces of very fine, schistose mica, mostly less than 0.1 mm in crystal size. Rare
rutile and accessory zircon are up to 70 µm. Slightly larger possible mica flakes have been leached
out, and possible larger zircon grains are fractured, clouded and altered. Fluid inclusions in the
quartz may be rich in CO2.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellow, dark brown or black,
elliptical or subhedral and with rounded terminations, equant or slightly to substantially elongate,
and between 50 × 80 µm and 160 × 80 µm in size. A majority of grains are fractured and
internally structureless, but some have faint internal zonation. Many grains have a speckled
appearance in transmitted light, and many are metamict. The surfaces of many grains are pitted,
consistent with detrital transport. In reflected light, the surfaces of many grains have irregular, dark
patches and zones. Cathodoluminescence images of representative zircons are given in Figure
178067.1.

Analytical details
This sample was analysed on 20 June and 20 October 2003. The counter deadtime during both
analysis sessions was 24 ns. Fourteen analyses of the CZ3 standard obtained during the first
analysis session indicated a Pb*/U calibration uncertainty of 1.39 (1σ%). Analyses 1.1 to 15.1
were obtained during the first analysis session. Seven analyses of the CZ3 standard obtained
during the second analysis session indicated a Pb*/U calibration uncertainty of 0.918 (1σ%). A
calibration uncertainty of 1.0 (1σ%) was applied to analyses of unknowns obtained during the
second analysis session. Common-Pb corrections were applied assuming Broken Hill common-Pb
isotopic compositions for all analyses.
Results
Thirty-nine analyses were obtained from 36 zircons. Results are given in Table 178067.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 178067.2 and
178067.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses may
be assigned to one of five groups. Concordant analysis 11.1 and discordant analyses 5.1, 24.1,
24.2, 24.3 and 35.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3283 ± 11 Ma (chi-squared = 1.43). Concordant
and near-concordant analyses 6.1, 9.1, 12.1, 17.1, 20.1 and 26.1, assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3325 ± 10 Ma (chi-squared = 0.55). Thirteen concordant to highly discordant analyses of thirteen
zircons (1.1, 3.1, 8.1, 13.1, 15.1, 16.1,19.1, 23.1, 25.1, 27.1, 28.1, 30.1 and 36.1), assigned to
Group 3, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3383 ± 7 Ma (chi-squared = 1.37). Concordant analysis 22.1 and discordant
analyses 31.1 and 32.1, assigned to Group 4, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 3413 ± 23 Ma (chi-squared = 0.17). Nearconcordant analyses 7.1, 18.1, 29.1 and 33.1, assigned to Group 5, have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 3693 ± 13 Ma (chi-squared
= 0.38). The remaining analyses cannot be confidently grouped.
The analyses are interpreted to be of zircons of detrital origin. The date of 3283 ± 11 Ma
indicated by the weighted mean 207Pb/206Pb ratio of concordant analysis 11.1 and discordant
analyses 5.1, 24.1, 24.2, 24.3 and 35.1 of Group 1 is therefore interpreted as providing a maximum
time for deposition of the precursor sandstone. Source rocks within the western part of Australia
having ages matching those of the zircons within this sample include the Narryer Gneiss Complex
of the northwestern part of the Yilgarn Craton (Nelson, 1995, 1996, 1997) and the eastern part of
the Pilbara Craton (Nelson, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, this volume).

178068: recrystallized sandstone, Four Corners Bore
Location and sampling
YOUANMI (SH 50-4), EVERETT CREEK (2841)

MGA Zone 50, 769540E 6861230N

Sampled on 31 October 2002
The sample was taken from a 30-cm diameter block located on the western side and near the top of
a north-northwest-trending rocky ridge, 4 km south of Four Corners Bore. The sampling site is 100
m west of the site of sample 178067.
Tectonic unit/relations
This sample is of a massive, pinkish-white, coarse- and even-grained, recrystallized quartz
sandstone from a quartzite unit of the Southern Cross Granite–Greenstone Terrane. Bedding in the
quartzite unit strikes at 330° and dips at 50° to the west. The sample may contain ≤1 mm thick
quartz veins.
Petrographic description
The principal minerals present in this sample are quartz (98 vol.%) and schistose mica (1–2
vol.%), with accessory rutile (trace) and zircon (trace). This pale pink quartzite is dominated by
massive metamorphic quartz mosaic of interlocking grains to 8 mm long, incorporating schistose
mica, locally with lamellae in a second schistosity at about 35° to the main schistosity. Minor
lenses of mica to 1 mm long are present and there are sparse scattered grains and minute
aggregates of rutile. The original lithology was probably a medium to coarse-grained sandstone,
but the metamorphic grade is uncertain.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellow, dark brown or black,
elliptical or subhedral and with rounded terminations, equant or slightly to substantially elongate,
and between 50 × 80 µm and 160 × 80 µm in size. A majority of grains are fractured and
internally structureless, but some have faint internal zonation. Many grains have a speckled
appearance in transmitted light, and many are metamict. The surfaces of many grains are pitted,
consistent with detrital transport. In reflected light, the surfaces of many grains have irregular, dark
patches and zones. Cathodoluminescence images of representative zircons are given in Figure
178068.1.

Analytical details
This sample was analysed on 17 and 24 April 2003. The counter deadtime during both analysis
sessions was 24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 3.40 (1σ%). Analyses 1.1 to 10.1 were obtained
during the first analysis session. During the second analysis session, six analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 2.47 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analyses 2.1, 9.1, 10.1 and 25.1, for which isotopic compositions determined using
the method of Cumming and Richards (1975) were assumed.
Results
Twenty-six analyses were obtained from 25 zircons. Results are given in Table 178068.1 and
shown on concordia and Gaussian-summation probability density plots in Figures 178068.2 and
178068.3.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many analyses may
be assigned to one of six groups. Concordant analyses 22.1 and 25.1, assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3296 ± 5 Ma (±1σ uncertainty). Concordant analyses 3.1, 18.1 and 21.1, assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3318 ± 12 Ma (chi-squared = 0.67). Five concordant to highly discordant analyses of five zircons
(2.1, 12.1, 15.1, 16.1, 17.1 and 24.1), assigned to Group 3, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3373 ± 7 Ma (chi-squared = 0.93).
Concordant analyses 14.1 and 17.2, assigned to Group 4, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3476 ± 5 Ma (±1σ uncertainty).
Concordant analyses 6.1 and 20.1, assigned to Group 5, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3537 ± 6 Ma (±1σ uncertainty).
Concordant and near-concordant analyses 13.1, 16.1 and 23.1, assigned to Group 6, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3692 ± 12 Ma (chi-squared = 0.29).
The analyses are interpreted to be of zircons of detrital origin. The date of 3296 ± 5 Ma (±1σ
uncertainty) indicated by the weighted mean 207Pb/206Pb ratio of concordant analyses 22.1 and 25.1
of Group 1 is therefore interpreted as providing a maximum time for deposition of the presursor
sandstone. Source rocks within the western part of Australia having ages matching those of the
zircons within this sample include the Narryer Gneiss Complex of the northwestern part of the
Yilgarn Craton (Nelson, 1995, 1996, 1997) and the eastern part of the Pilbara Craton (Nelson,
1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, this volume).

178070: amphibolite, Haig Cave
Location and sampling
LOONGANA (SH 52-9), TURNER (4136)

MGA Zone 52, 253750E 6589540N

Sampled on 26 February 2003
The sample was taken from Helix Resources Limited drill hole LNGD-0002, depth interval 363.52
to 364.0 m, located 4.5 km south-southeast of Haig Cave.
Tectonic unit/relations
This sample is from a dark, medium- to coarse-grained pegmatitic zone within a mafic rock unit.
The sample contained some diffuse epidote- and quartz-rich zones and carbonate veins.
Petrographic description
The principal minerals present in this sample are hornblende (55 vol.%) and plagioclase (45
vol.%), with accessory chlorite (trace), sericite (trace), epidote (trace), clinozoisite (trace), titanite
(trace), pyrite (trace) and zircon (trace). This is a fine-grained, heterogeneous, partly schistose to
coarse granular amphibolite. It includes chlorite-rich shear zones and altered coarse-grained
segregations with largely saussuritized (epidote-sericite-altered) plagioclase, actinolite with or
without chlorite, epidote after pyroxene and minor pyrite. A carbonate-quartz-epidote vein is also
present. The thin section reveals a roughly banded but thoroughly heterogeneous sample. Some
areas are fine-grained, partly massive and partly schistose amphibolite with hornblende and
plagioclase, mostly less than 0.3 mm in grain size, as well as microcrystalline titanite, but there are
also fine-grained and coarse-grained areas. Some of the fine-grained areas are schistose and are
rich in chlorite as well as having hornblende and fresh of clinozoisite-clouded plagioclase. These
may represent irregular shear zones, with a single schistosity either parallel to the layering or
oblique. Coarser areas contain larger fresh plagioclase, or clinozoisite- with or without sericiteclouded plagioclase grains and aggregates of amphibole, locally with cores of chlorite with or
without epidote, apparently derived from coarse pyroxene. Some recrystallization has affected
these grains and aggregates, but an original grain size of as much as 4 or 5 mm is suspected. These
coarse-grained areas may represent magmatic segregations or pegmatoidal lenses, possibly
boudinaged, derived from the mafic host-rock. Minor granular and crystalline sulphide, probably
pyrite, occurs in the coarse-grained areas and in some of the chlorite-rich shear zones. Cubic and
possibly octahedral pyrite to 0.4 mm in grain size is indicated in low-angle incident light. An
irregular vein, up to 2 mm wide, occurs at a low angle to the foliation, passing across a shear zone.
This vein is carbonate-rich with less abundant microcrystalline quartz and irregular lenses of
epidote, but no sulphide.

Zircon morphology
The zircons isolated from this sample are typically colourless to pale yellow or pale brown, equant
to slightly elongate and multifaceted or irregular in shape, and between 50 × 80 µm and
160 × 80 µm in size. A majority of grains are internally structureless. Most have smooth surfaces
but a minority have irregularly textured surfaces. Cathodoluminescence images of representative
zircons are given in Figure 178070.1.
Analytical details
This sample was analysed on 5 June and 19 July 2003. The counter deadtime during both analysis
sessions was 24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 0.923 (1σ%). A calibration uncertainty of 1.0 (1σ%)
was applied to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 25.1
were obtained during the first analysis session. During the second analysis session, twelve analyses
of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.43 (1σ%). Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-seven analyses were obtained from thirty-seven zircons. Results are given in Table
178070.1 and shown on a concordia plot in Figure 178070.2.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. Thirty-four concordant to slightly discordant analyses of
thirty-four zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 1415 ± 7 Ma (chi-squared = 1.01). Discordant analyses 10.1 and 16.1
indicate slightly older 207Pb/206Pb dates, whereas concordant analysis 19.1 indicates a significantly
older 207Pb/206Pb date, than the main population.
The date of 1415 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of thirty-four
concordant to slightly discordant analyses of thirty-four zircons is interpreted as the time of
igneous crystallization of the igneous precursor to the amphibolite. Discordant analyses 10.1 and
16.1, and concordant analysis 19.1, may be of xenocryst zircons.

178071: recrystallized biotite microtonalite, Haig Cave
Location and sampling
LOONGANA (SH 52-9), TURNER (4136)

MGA Zone 52, 252720E 6587520N

Sampled on 26 February 2003
The sample was taken from Helix Resources Limited drill hole LNGD-0001, depth interval 611.8
to 612.5 m, located 4.5 km south-southeast of Haig Cave.
Tectonic unit/relations
This sample is from a pinkish-white, fine- and even-grained, unfoliated biotite monzogranite
containing 1 to 3 mm diameter, dark green, irregular-shaped mafic minerals and abundant ≤1 mmthick quartz-feldspar veins.
Petrographic description
The principal minerals present in this sample are plagioclase (60–65 vol.%) and quartz (35 vol.%),
with accessory K-feldspar (trace), altered mafic minerals, possibly biotite (trace), chlorite (trace),
muscovite (trace), epidote (trace), titanite (trace), opaque oxide (trace), titanite (trace), apatite
(trace) and zircon (trace). This is a pale, fine-grained, recrystallized microtonalite or
microtrondhjemite, with rare K-feldspar. Rare patches of coarse primary quartz occur to 4 mm in
diameter, with interlocking ragged grains showing undulose extinction. There are also sparse
augen of plagioclase to 3 mm in diameter, usually clouded by clays and sericite, as well as an
abundant laminated micromosaic of quartz and plagioclase from 0.05 to 0.5 mm in grain size. The
quartz has a strong fabric with the c-axes mostly at a low angle to the lamination, in an arc of
about 50 to 60°. Minor K-feldspar is present in this micromosaic but is best seen on the stained
offcut. Patches of chlorite, epidote, secondary biotite and minor muscovite represent small mafic
aggregates, possibly derived from primary biotite. Minor primary, mostly orange-coloured titanite
is present, as well as colourless secondary titanite rimming opaque oxide, and there is trace apatite
with fluid inclusions. The titanite suggests an I-type affinity. There is a fracture filled by finegrained muscovite, adjacent to which the opaque oxide has been altered to leucoxene and the
plagioclase is more strongly altered to sericite. The fabric represents recrystallization and
deformation extending from low amphibolite to greenschist facies conditions with later sericite
replacing plagioclase and in fractures.
Zircon morphology

The zircons isolated from this sample are typically colourless to pale brown, euhedral to subhedral
and equant to slightly elongate, and between 50 × 80 µm and 160 × 80 µm in size. Most grains
are fractured and have faint internal zonation. Fluid and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 178071.1.
Analytical details
This sample was analysed on 28 April 2003. The counter deadtime during the analysis session was
24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.47 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses.
Results
Twenty analyses were obtained from twenty zircons. Results are given in Table 178071.1 and
shown on a concordia plot in Figure 178071.2.
Interpretation
The analyses are concordant to highly discordant (analysis 19.1), with the discordance pattern
consistent with a recent episode of radiogenic-Pb loss. All twenty concordant to highly discordant
analyses of twenty zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 1408 ± 7 Ma (chi-squared = 0.46).
The date of 1408 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty concordant
to highly discordant analyses of twenty zircons is interpreted as the time of igneous crystallization
of the microtonalite.

178072: tonalitic gneiss, Haig Cave
Location and sampling
LOONGANA (SH 52-9), TURNER (4136)

MGA Zone 52, 253750E 6589540N

Sampled on 26 February 2003
The sample was taken from Helix Resources Limited drill hole LNGD-0002, depth interval 637.6
to 640.0 m, located 4.5 km south-southeast of Haig Cave.
Tectonic unit/relations
This sample is from a pinkish-white, medium- to coarse-grained, foliated biotite tonalite gneiss
containing ≤3 mm diameter flattened white feldspar grains and diffuse epidote-rich veins.
Petrographic description
The principal minerals present in this sample are plagioclase (55–60 vol.%), quartz (35–40 vol.%),
biotite (2–3 vol.%) and opaque oxide (1–2 vol.%), with accessory epidote (trace), titanite (trace),
chlorite (trace), sericite (trace) and zircon (trace). This is a foliated augen gneiss of tonalite or
trondhjemite composition, with lenses of recrystallized biotite-epidote-titanite-chlorite-opaque
oxide and weakly saussuritized plagioclase. No K-feldspar is evident, indicating a tonalite or
trondhjemite composition. The quartz occurs in lenses and lamellae defining a foliation, with some
large deformed old grains to 4 mm in diameter as well as ubiquitous recrystallized new grains. The
recrystallized new grains have a strong fabric with the c-axes mostly at a low angle to the foliation,
partly shared with the large strained grains. Large augen of plagioclase, probably andesine or
oligoclase, are also disseminated, to 8 × 5 mm, with zoning and undulose extinction. Fine-grained
recrystallized plagioclase is also abundant, as are lenses of recrystallized biotite with or without
epidote to 7 mm long, also parallel to the foliation, with minor chlorite in many of the lenses. The
biotite-epidote and quartz foliations are parallel and anastomose around some of the plagioclase
augen. Minor to abundant titanite and opaque oxide occur in the biotite lenses and as separate
small lenses and aggregates. Sericite and epidote are irregularly scattered through the plagioclase,
with patches of coarser epidote containing secondary quartz, chlorite and opaque oxide. Minute
radioactive grains occur as inclusions in biotite, with pleochroic haloes, but no zircon grains were
specifically identified. The titanite suggests an I-type affinity. The quartz fabric indicates strong
deformation under low amphibolite to greenschist-facies conditions, with recrystallization of
biotite-epidote-chlorite-titanite-opaque oxide lenses under probable greenschist-facies conditions
and low temperature alteration in the plagioclase.

Zircon morphology
The zircons isolated from this sample are typically colourless to pale brown, euhedral to subhedral
and equant to slightly elongate, and between 60 × 80 µm and 180 × 80 µm in size. Most grains
are fractured and have faint internal zonation. Fluid and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 178072.1.
Analytical details
This sample was analysed on 28 April 2003. The counter deadtime during the analysis session was
24 ns. Eleven analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.47 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses
Results
Seventeen analyses were obtained from seventeen zircons. Results are given in Table 178072.1
and shown on a concordia plot in Figure 178072.2.
Interpretation
The analyses are concordant to highly discordant (analysis 15.1), with the discordance pattern
consistent with a recent episode of radiogenic-Pb loss. All seventeen concordant to highly
discordant analyses of seventeen zircons have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 1407 ± 7 Ma (chi-squared = 0.79).
The date of 1407 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of seventeen
concordant to highly discordant analyses of seventeen zircons is interpreted as the time of igneous
crystallization of the tonalitic precursor to the gneiss.

112131: hornblende granite gneiss, Cape Leeuwin
Location and sampling
AUGUSTA (SI 50-9), LEEUWIN (1929)

AMG Zone 50, 328600E 6194400N

Sampled on 31 May 1992
Sample taken from the rock platform south of the Cape Leeuwin lighthouse. Ion-microprobe UTh-Pb zircon isotopic analyses from this sample were reported by Nelson (1996).
Tectonic unit/relations
This sample is of a granite gneiss from the southern part of the Leeuwin Complex.
Petrographic description
This rock contains a coarse-grained (approximately 2 mm grain size), moderately oriented
granoblastic assemblage of perthite/microcline, quartz, and oligoclase, with lesser hornblende,
minor biotite, and accessory opaques, apatite, and zircon. A single small grain of garnet was noted.
Microcline crystals are up to 6 mm across and enclose small quartz and plagioclase grains.
Plagioclase crystals are commonly up to 2 mm across. Many feldspar grains are separated by a
narrow zone of clear albite or untwinned K-feldspar. Hornblende is a dark green hastingsitic
variety with low 2V, and forms trains that outline the foliation in the rock. Biotite forms thin
plates, up to 3 mm long, and commonly shows dark oxidized margins. Zircon forms small crystals
up to 100 µm long. The original rock was an iron-rich granite, metamorphosed to medium grade or
lowest high grade.
Analytical details
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.
Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml

glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar
and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)
concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 15
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately sixteen 230 to 450 µm diameter
amphibole grains. The Ar–Ar results are given in Table 112131.1 and shown on a 40Ar/39Ar age
spectrum plot in Figure 112131.1.
Interpretation
The 40Ar/39Ar plateau spectrum obtained for this sample indicates that anomalously low and high
40
Ar/39Ar dates were obtained for the first two steps, and with step six also indicating an
anomalously low 40Ar/39Ar date. On an inverse isochron plot, the ratios 39Ar/40Ar and 36Ar/40Ar are
correlated, indicating that the Ar released during the step-heating was a binary mixture of trapped
(atmospheric and/or excess Ar) and radiogenic-Ar components. Significant trapped Ar was present
mainly in heating steps 1 and 2. Heat steps 3 to 12, which comprise 97.1% of the 39Ar released,
provide a weighted mean 40Ar/39Ar date of 496 ± 1.4 Ma. The total fusion 40Ar/39Ar date is 472 ±
88 Ma (±1σ uncertainty).
The weighted mean 40Ar/39Ar date of 496 ± 1.4 Ma indicated by heating steps 3 to 12 is
interpreted as the time at which the granite gneiss last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.

112132: hornblende granite gneiss, Cape Leeuwin
Location and sampling
AUGUSTA (SI 50-9), LEEUWIN (1929)

AMG Zone 50, 328600E 6195300N

Sampled on 31 May 1992
Sample was taken at Sarge Bay, north of the Leeuwin Road to Cape Leeuwin lighthouse and east
of the junction with Skippy Rock road. Ion-microprobe U-Th-Pb zircon isotopic analyses from this
sample were reported by Nelson (1996).
Tectonic unit/relations
This sample is a granite gneiss from the southern part of the Leeuwin Complex.
Petrographic description
This sample is a medium- to coarse-grained (approximately 1 mm grain size), granoblastic gneiss
consisting of perthite/microcline, quartz, and plagioclase with lesser dark-green hastingsitic
hornblende (with low 2V), minor biotite, and accessory opaques, titanite, apatite, and zircon.
Distinctive features are the relatively low quartz content for a granite, abundant accessory zircons
up to 200 µm long, and abundant accessory titanite. The original rock was an iron-rich granite,
metamorphosed to medium grade or lowest high grade.
Analytical details
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.
Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml
glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar
and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)

concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 19
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately twenty-one 230 to 470 µm diameter
amphibole grains. The Ar–Ar results are given in Table 112132.1 and shown on a 40Ar/39Ar age
spectrum plot in Figure 112132.1.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with earlier steps indicating
anomalously low and high 40Ar/39Ar dates. On an inverse isochron plot, 39Ar/40Ar and 36Ar/40Ar
are strongly correlated for steps 3 to 10, whereas steps 1 and 2 do not plot along the correlation
line. For heating steps 3 to 10, the Ar released was a binary mixture of trapped (atmospheric
and/or excess Ar) and radiogenic-Ar components. Significant trapped Ar was present mainly in
heating steps 1 and 2.
Heat steps 3 to 10, which comprise 98.6% of the 39Ar released, provide a weighted mean
40
Ar/39Ar date of 485 ± 5 Ma. Heat steps 5 to 7, which comprise 48.9% of the 39Ar released,
provide a weighted mean plateau 40Ar/39Ar date of 498 ± 0.3 Ma. The total fusion 40Ar/39Ar date is
483 ± 56 Ma (±1σ uncertainty).
The weighted mean plateau 40Ar/39Ar date of 498 ± 0.3 Ma indicated by heating steps 5 to 7 is
interpreted as the time at which the granite gneiss last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.

112134: granite gneiss, Cosy Corner
Location and sampling
AUGUSTA (SI 50-9), LEEUWIN (1929)

AMG Zone 50, 318200E 6207800N

Sampled on 31 May 1992
Sample taken from a site west of the car park. Ion-microprobe U-Th-Pb zircon isotopic analyses
from this sample were reported by Nelson (1996).
Tectonic unit/relations
This rock is a coarse-grained, strongly foliated granoblastic granite gneiss from the Leeuwin
Complex. The gneiss contains indistinct melt patches and has been intruded by coarse-grained
pegmatite dykes that post-date the main phase of deformation.
Petrographic description
The principal minerals in this sample are perthite, quartz, and albite, with minor opaque oxides and
altered amphibole, and accessory titanite, zircon, calcite, and chlorite. Much of the perthite has
unmixed to microcline with veins of albite, and to discrete grains of microcline and poorly twinned
albite. A few grains of original plagioclase are probably oligoclase in composition. Original
amphibole has been altered to secondary iron oxides, fringed by arfvedsonite. Titanite forms
rounded blebs throughout the rock.
Analytical details
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.
Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml
glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar

and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)
concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 13
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately twenty-eight 150 to 400 µm diameter
amphibole grains. The Ar–Ar results are given in Table 112134.1 and shown on a 40Ar/39Ar age
spectrum plot in Figure 112134.1.
Interpretation
Heating steps 1 and 2 indicate anomalously low 40Ar/39Ar dates for this sample. On an inverse
isochron plot, 39Ar/40Ar and 36Ar/40Ar are not correlated for heating steps 1 to 4, whereas these
ratios are weakly correlated for steps 5 to 10, indicating that the Ar released for these steps was a
binary mixture of trapped (atmospheric and/or excess Ar) and radiogenic-Ar components.
Significant trapped Ar was present mainly in heating steps 1 to 3.
Heat steps 3 to 10, which comprise 96.2% of the 39Ar released, provide a weighted mean
plateau 40Ar/39Ar date of 497 ± 2 Ma. Heat steps 5 to 10, which comprise 74.2% of the 39Ar
released, provide a weighted mean plateau 40Ar/39Ar date of 493 ± 8 Ma. The total fusion 40Ar/39Ar
date is 458 ± 95 Ma (±1σ uncertainty).
The weighted mean plateau 40Ar/39Ar date of 497 ± 2 Ma indicated by heating steps 3 to 10 is
interpreted as the time at which the granite gneiss last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.

112140: biotite–hornblende monzogranite dyke,
Gracetown
Location and sampling
BUSSELTON (SI 50-5), BUSSELTON (1930)

AMG Zone 50, 313200E 6249600N

Sampled on 1 June 1992
Coastal outcrop about 1 km south of Gracetown. Ion-microprobe U-Th-Pb zircon isotopic analyses
from this sample were reported by Nelson (1996).
Tectonic unit/relations
This rock is an undeformed monzogranite dyke in the Leeuwin Complex that has intruded granite
gneiss at a high angle to the foliation.
Petrographic description
This sample is a medium- to coarse-grained, slightly foliated and metamorphosed granitic rock
containing oligoclase, quartz, and microcline, with lesser biotite and green hornblende, minor
titanite and metamict allanite, and accessory opaques, zircon, apatite, and secondary calcite.
Microcline forms subhedral crystals up to 2 mm across, often sieved with small blebs of quartz,
and possibly originating from a granophyric intergrowth. Biotite and hornblende are commonly
associated, with biotite replacing hornblende in part. Titanite is colourless and forms large masses
up to 1.5 mm across. Metamict allanite forms crystals up to 1 mm across. The texture of the rock is
essentially igneous and metamorphism has been of low grade. The original rock was probably a
mafic-rich monzogranite.
Analytical details
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.

Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml
glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar
and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)
concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 18
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately twenty-three 140 to 400 µm diameter
amphibole grains. The Ar–Ar results are given in Table 112140.1 and shown on a 40Ar/39Ar age
spectrum plot in Figure 112140.1.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with steps 1 and 2 indicating
anomalously low 40Ar/39Ar dates and heating steps 3 and 7 indicating anomalously high 40Ar/39Ar
dates. On an inverse isochron plot, 39Ar/40Ar and 36Ar/40Ar are weakly correlated, indicating that
the Ar released was a binary mixture of trapped (atmospheric and/or excess Ar) and radiogenic-Ar
components. Significant trapped Ar was present mainly in heating steps 1 to 3.
Heat steps 3 to 8, which comprise 71.0% of the 39Ar released, provide a weighted mean plateau
40
Ar/39Ar date of 489 ± 4 Ma. Heat steps 3 to 10, which comprise 83.4% of the 39Ar released,
provide a weighted mean plateau 40Ar/39Ar date of 494 ± 4 Ma. The total fusion 40Ar/39Ar date is
491 ± 7 Ma (±1σ uncertainty).
The weighted mean plateau 40Ar/39Ar date of 494 ± 4 Ma indicated by heating steps 3 to 10 is
interpreted as the time at which the granite dyke last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.

112143: hornblende–biotite monzogranite gneiss,
Cowaramup Bay north
Location and sampling
AUGUSTA (SI 50-9), LEEUWIN (1929)

AMG Zone 50, 313800E 6252200N

Sampled on 1 June 1992
From a coastal outcrop about 1 km north of Cowaramup Bay. Ion-microprobe U-Th-Pb zircon
isotopic analyses from this sample were reported by Nelson (1996).
Tectonic unit/relations
This sample is of a granite gneiss from the Leeuwin Complex.
Petrographic description
This sample consists of a medium-grained mosaic of quartz, oligoclase, and microcline, with
minor hornblende, opaques, and biotite, and accessory muscovite, apatite, titanite, and zircon. The
average grain size is less than 1 mm and orientation of grains is negligible, but there appears to be
minor layering in the felsic minerals. Plagioclase twinning is poorly developed or absent: the
untwinned plagioclase is commonly antiperthitic, containing small blebs of microcline.
Hornblende is an olive-green/brown variety, and biotite is a red-brown titaniferous variety. Zircon
grains are very small. The original rock was an iron-rich monzogranite that has since been
metamorphosed to medium grade.
Analytical details
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.
Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml

glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar
and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)
concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 14
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately twenty-eight 240 to 350 µm diameter
amphibole grains. The Ar–Ar results are given in Table 112143.1 and shown on a 40Ar/39Ar age
spectrum plot in Figure 112143.1.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with steps 1 to 6 indicating
anomalously high but progressively younger 40Ar/39Ar dates. On an inverse isochron plot,
39
Ar/40Ar and 36Ar/40Ar are weakly correlated, indicating that the Ar released for these steps was a
binary mixture of trapped (atmospheric and/or excess Ar) and radiogenic-Ar components.
Significant trapped Ar was present mainly in heating steps 1 to 4.
Heat steps 7 to 11, which comprise 59.7% of the 39Ar released, provide a weighted mean
plateau 40Ar/39Ar date of 499 ± 6 Ma. Heat steps 7 to 10, which comprise 47.7% of the 39Ar
released, provide a weighted mean plateau 40Ar/39Ar date of 497 ± 3 Ma. The total fusion 40Ar/39Ar
date is 600 ± 164 Ma (±1σ uncertainty).
The weighted mean plateau 40Ar/39Ar date of 497 ± 3 Ma indicated by heating steps 7 to 10 is
interpreted as the time at which the granite gneiss last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.

112144A: hornblende–biotite monzogranite gneiss,
Canal Rocks north
Location and sampling
AUGUSTA (SI 50-9), LEEUWIN (1929)

AMG Zone 50, 315500E 6273700N

Sampled on 1 June 1992
Sampled from headland south of Smiths Beach. Ion-microprobe U-Th-Pb zircon isotopic analyses
from this sample were reported by Nelson (1996).
Tectonic unit/relations
This rock is a granite gneiss from the Leeuwin Complex.
Petrographic description
This sample is a medium- to coarse-grained (0.5–4 mm), moderately foliated, granoblastic gneiss
containing perthite, quartz, hornblende, and plagioclase with accessory biotite, opaques, apatite,
and zircon. The plagioclase occurs mostly as untwinned albite in large patches of myrmekitic
intergrowth. The hornblende is a dark olive-green, hastingsitic variety with low 2V. The original
rock was a granite that has since undergone medium-grade metamorphism.
Analytical details
Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.
Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml
glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar
and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)

concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 12
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately twenty 150 to 310 µm diameter
amphibole grains. The Ar–Ar results are given in Table 112144A.1 and shown on a 40Ar/39Ar age
spectrum plot in Figure 112144A.1.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with steps 1, 3, 4 and 6
indicating anomalously high 40Ar/39Ar dates. On an inverse isochron plot, 39Ar/40Ar and 36Ar/40Ar
are weakly correlated, indicating that the Ar released for these steps was a binary mixture of
trapped (atmospheric and/or excess Ar) and radiogenic-Ar components. Significant trapped Ar was
present mainly in heating steps 1 and 2.
Heat steps 7 to 9, which comprise 52.7% of the 39Ar released, provide a weighted mean plateau
Ar/39Ar date of 495 ± 3 Ma. Heat steps 5 to 9, which comprise 74.8% of the 39Ar released,
provide a weighted mean plateau 40Ar/39Ar date of 495 ± 2 Ma. The total fusion 40Ar/39Ar date is
515 ± 36 Ma (±1σ uncertainty).
40

The weighted mean plateau 40Ar/39Ar date of 495 ± 2 Ma indicated by heating steps 5 to 9 is
interpreted as the time at which the granite gneiss last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.

169014: foliated biotite–hornblende quartz diorite,
Mount Gratwick
Location and sampling
MARBLE BAR (SF 50-8), WHITE SPRINGS (2654)

MGA Zone 50, 675720E 7595740N

Sampled on 7 September 2000
The sample was taken from a 1 m3 boulder located on the northern slopes of a low rocky hill, 12
km southeast of Mount Gratwick. The sampling site is 10 m north of the site of sample 169016.
Ion-microprobe U-Th-Pb zircon isotopic analyses from this sample were reported by Nelson
(2002).
Tectonic unit/relations
This sample is from a dark grey, medium- and even-grained foliated diorite phase that occurs as
rafts and xenoliths within a leucocratic granite phase of the Yule Granitoid Complex, East Pilbara
Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (60 vol.%), biotite (10–15 vol.%),
hornblende (10–15 vol.%), quartz (7–8 vol.%), opaque oxide (3 vol.%), titanite (2 vol.%), epidote
(1 vol.%), allanite (1 vol.%), apatite (1 vol.%) and zircon (trace). One joint has a feldspathic or
quartzofeldspathic vein. In thin section, abundant weakly zoned plagioclase to 2.5 mm in diameter
has minor, very irregular alteration to sericite. The foliation is defined by flakes of fresh to
chloritized biotite to 2 mm long, with equally abundant, less well-oriented green hornblende. Some
of the biotite has been altered to feldspar in optical continuity with adjacent plagioclase. Quartz is
not abundant, as grains to 2 mm long. Minor epidote occurs, 0.2 to 1 mm in grain size, with pale
cores and yellow, more pistacite-rich rims. Inclusions of zoned altered probable allanite occur
locally, and some of the epidote has partly replaced biotite. Opaque oxide grains are disseminated,
rimmed by titanite, with separate grains of titanite, especially in and adjacent to the hornblende.
Apatite is also common, and there are few zircon grains. The rock is a fine-grained and foliated
biotite–hornblende quartz diorite, with low-grade alteration possibly after amphibolite-facies
metamorphism.
Analytical details

Samples were trimmed of all weathered surfaces and secondary veins using a rock saw. Following
thorough washing in distilled water and drying, the trimmed material was then crushed to cm-sized
fragments using a hydraulic press. Between 0.5 and 3 kg of rock fragments were ground in a
tungsten carbide ring-mill using the minimum grinding time necessary for the resultant powder to
pass through a 400 µm mesh size disposable nylon sieve cloth. The seived powder was then
“elutriated” in 300 g batches with filtered water, under controlled flow conditions (400–2400
ml/min), using a 2000 ml glass funnel apparatus designed and constructed within the GSWA
Carlisle Laboratory (see Nelson, 1999, for further details). The residue was then dried in an oven.
Less than 150 g quantities of the heavy fraction were then thoroughly mixed by shaking with
concentrated sodium polytungstate solution (Na6[H2W12O40].H2O, density 2.9 g/cm3) in 1000 ml
glass separating funnels. The funnels were periodically shaken by hand and left overnight to
facilitate density separation. The low-density (≤2.9 g/cm3) concentrate, consisting of K-feldspar
and quartz, was then washed thoroughly and dried in an oven. The high-density (≥2.9 g/cm3)
concentrate was also washed thoroughly and dried in an oven and then passed through a Frantz
isodynamic magnetic separator to concentrate amphibole. Ar–Ar analyses were undertaken on 11
August 2003 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Step-heating analyses were obtained from approximately eight 170 to 600 µm diameter amphibole
grains. The Ar–Ar results are given in Table 169014.1 and shown on 40Ar/39Ar age spectra and
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Ar/39Ar plots in Figure 169014.1.
Interpretation
Anomalously low 40Ar/39Ar dates were obtained for heating steps 1 to 4 and step 8. There is no
correlation between 39Ar/40Ar and 36Ar/40Ar, indicating that either insignificant or no inherited (or
excess ) Ar component was present. Heat steps 5 to 12, which comprise 80.5% of the 39Ar
released, provide a weighted mean 40Ar/39Ar date of 2946 ± 8 Ma. The total fusion 40Ar/39Ar date
is 2840 ± 205 Ma (±1σ uncertainty).
The weighted mean plateau 40Ar/39Ar date of 2946 ± 8 Ma indicated by heating steps 5 to 12 is
interpreted as the time at which the diorite last cooled to a temperature less than the closure
temperature for Ar loss from amphibole.
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