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Compilation of geochronology data, 2002
by
D. R. Nelson

Introduction
This Record is the ninth in a series of publications that provide high-precision geochronology data
on rocks from Western Australia within 12 months of their acquisition. All results reported herein,
on samples taken from the East Pilbara, West Pilbara, Southern Cross and Eastern Goldfields
Granite-Greenstone Terranes, the Kurrana, Narryer and South West Terranes, the Gascoyne
Complex, the Oldham Inlier, and the Ashburton, Edmund, Hamersley, Mosquito Creek, Officer
and Yeneena Basins, were obtained during 2002. Approximate positions of sampling localities are
shown in Figure 1.
This Record describes the samples analyzed 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. Discussion of recently published geochronology
results is given in Eriksson et al. (2002), Van Kranendonk et al. (2002) and Zegers et al. (2002).

Analytical Procedures
Routine procedures applied at the Carlisle laboratories 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.
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).

Figure 1.
Approximate locations of samples for which geochronology data are given in this
report. Positions of samples described in previous GSWA compilations of SHRIMP U–Pb zircon
geochronology data (Nelson, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002) are also given.
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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 in order 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 scatter about the weighted mean value determined for the grouped
analyses can be accounted for by analytical sources of uncertainty alone. 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 208Pb*/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, threshold
value = 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 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
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assigned to the larger group, as larger groups were identified earlier during the grouping
procedure.
A total of 3972 analyses of the CZ3 zircon standard were obtained during routine analytical
sessions between 1993 and 2002. Of these, 3735 analyses indicated a 204Pb-corrected 207Pb/206Pb
ratio of 0.058973 ±0.000014 (±1σ uncertainty), corresponding to a weighted mean 207Pb/206Pb date
of 566.1 ± 1.1 Ma (95% confidence, chi-squared = 1.10).
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 207Pb/206Pb date at the ±2σ
uncertainty level) only.
For K–Ar analyses undertaken within the CSIRO K–Ar laboratory at Curtin University of
Technology, potassium content was determined by atomic absorption using a Varian AA 20
instrument and Cs at 1000 ppm concentration for ion suppression. Sample aliquots of 100 to 200
mg were dissolved with HF and HNO3 following the method of Heinrichs and Herrmann (1990).
The solution was then diluted to 0.3 to 1.5 ppm K for atomic absorption analysis. The pooled
uncertainty for duplicate K determinations is ≤±3%. Ar isotopic determinations were performed
using a procedure similar to that described by Bonhomme et al. (1975). Samples were pre-heated
under vacuum at 80°C for several hours to reduce the amount of atmospheric Ar adsorbed onto the
mineral surfaces during sample handling. Argon was extracted from the separated mineral
fractions by fusing samples within a vacuum line serviced by an on-line 38Ar spike pipette. The
isotopic composition of the spiked Ar was measured with a high sensitivity on-line VG3600 mass
spectrometer. The 38Ar spike was calibrated against standard biotite GA1550 (McDougall and
Roksandic, 1974). After fusion of the sample in a low blank Heine resistance furnace, the released
gases were subjected to a two-stage purification procedure with a Cu2O getter for the first step and
two TiO2 getters for the second step. Blanks for the extraction line and mass spectrometer were
systematically determined and the mass discrimination factor was determined periodically by
airshots. Typically, c. 2 mg of sample material was used for Ar isotopic analyses. The uncertainty
for Argon analyses is ≤1.0% and the 40Ar/36Ar value for airshots averaged 292.94 ± 0.10 (±2σ).
The age uncertainty includes uncertainties in sample weighing and 38Ar/36Ar, 40Ar/38Ar and K
concentration analyses.
Ar–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). Hand-picked mineral
grains were cleaned in methanol and de-ionized water in an ultrasonic bath. Samples were then
individually wrapped in aluminium foil and loaded into an aluminium package. Biotite age
standard Tinto B (K-Ar age of 409.24 ± 0.71 Ma) was loaded at 5 mm intervals along the package
to monitor the neutron flux gradient. The package was 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 step-heat the mineral sample, at increasing laser powers from 9.9–10.1 A. The laser was fired
through a Merchantek computer-controlled X-Y-Z sample-chamber stage and microscope system,
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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. J values and
their uncertainties are noted in the sample Ar–Ar data tables.
Cathodoluminescence imaging was undertaken using a Philips XL30 Scanning Electron
Microscope located within the Department of Applied Physics, Curtin University of Technology.
An accelerating voltage of 12 kV and spot size of 6 was used.
Analyses are listed in the tables in the order in which they were obtained. All Pb/U and
Pb/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. Locality coordinates for the majority of samples were obtained using a
hand-held Global Positioning System and the world Geodetic Datum 1984, 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.
207

Constants used
λU238 = 1.55125 × 10-10y-1
λU235 = 9.8485 × 10-10y-1
λTh232 = 4.9475 × 10-11y-1
λβ = 4.962 × 10-10y-1
λε = 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
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Abbreviations used
(a)
(b)
(c)
(d)
(e)
(f)

Pb*/U = (radiogenic 206Pb)/ 238U
208
Pb*/232Th = (radiogenic 208Pb)/232Th
f206% = 100 × (common 206Pb/total 206Pb)
% concordance = 100 × (206Pb/238U age)/(207Pb/206Pb age)
40
Ar* = radiogenic 40Ar
vol.% = volume percent
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169048: leucocratic gneiss, Mount Remarkable Bore
Location and sampling
MT EGERTON (SG 50–3), CANDOLLE (2348)

MGA Zone 50, 538150E 7242920N

Sampled on 12 October 2000
The sample was taken from a protruding edge of an uneven, steep pavement within a small rocky
creek bed on the west face of Mount Remarkable, 5 m downslope of the site of sample 169050 and
2.5 km northeast of Mount Remarkable Bore. Ion-microprobe U-Th-Pb isotopic analyses of
zircons from this sample were reported by Nelson (2002).
Tectonic unit/relations
This sample is from a white, layered coarse-grained leucocratic gneiss which contains dark greengrey flattened chlorite- and epidote-rich lenses, of the Gascoyne Complex. The gneiss phase has a
vertically dipping, east-west striking foliation and contains strongly deformed veins of milky white
quartz. The sampling site is located 15 m below an unconformity between the gneiss and the
overlying Tringadee Formation of the Edmund Group, Bangemall Supergroup.
Petrographic description
The principal minerals present in this sample are plagioclase (35–65 vol.%, averaging 45 vol.%),
quartz (25–35 vol.%), K-feldspar (10–35 vol.%, averaging 20–25 vol.%) and chlorite and epidote
(5 vol.%), with accessory limonite (trace), rare monazite (trace) and zircon (trace). There is a
strong L-S fabric in this leucocratic gneiss, with rods of quartz and mafic minerals in a weakly
layered arrangement in a feldspathic host. The thin-section shows elongate grains and aggregates
of quartz, from 1 to 4 mm long, mostly subparallel and defining a foliation. Patches of chlorite are
disseminated and represent deformed and recrystallized altered biotite in patches 0.4 mm in
diameter, commonly in poorly defined lenses connected by limonite-lined fractures. Minor epidote
accompanies the chlorite in some areas. Fine-grained, partly recrystallized feldspar is abundant,
with plagioclase usually abundant than microcline. The feldspars are distributed irregularly, with
lenses rich in plagioclase with little or no microcline as well as microcline-rich areas. Some of the
microcline is in graphic intergrowths with quartz, and there are areas of sericite flooding in the
plagioclase. The largest feldspar grains are about 1.5 mm long. Rare residual grains of antiperthitic
plagioclase suggest an earlier high-grade metamorphism followed by low temperature alteration
and recrystallization. There are narrow veinlets containing quartz, epidote, minor chlorite and
* Capitalized names refer to standard 1:250,000 and 1:100,000 scale map sheets respectively.
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limonite after pyrite. Alteration envelopes rich in K-feldspar occur adjacent to these veins. This is
a leucocratic granodiorite to monzogranite gneiss with chlorite and epidote alteration and narrow
veins.
Monazite morphology
The monazites isolated from this sample are typically colourless, pale yellowish grey or gold in
colour, subrounded and slightly elongate, between 20 × 30 µm and 60 × 150 µm and are internally
structureless, mottled or have irregular-shaped patches of dark-yellow or black discolouration. The
polished surfaces of many grains have abundant (typically ≤2 µm) black spots and rarer irregular
dark patches.
Analytical details
This sample was analysed on 6 March 2002. The counter deadtime during the analysis session was
32 ns. Eight analyses of the MAD monazite standard obtained during the analysis session indicated
a Pb*/U calibration uncertainty of 1.52 (1σ%) and a 208Pb*/Th calibration uncertainty of 2.79
(1σ%). A correction of –1.09 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, 5.1, 7.1, 10.1, 12.1 and 14.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Fourteen analyses were obtained from 14 monazites. Results are given in Table 1 and shown on a
concordia plot in Figure 2.
Interpretation
The analyses are concordant to highly reversely discordant and indicate a range of 207Pb/206Pb
dates of c. 1740 to 1870 Ma. 208Pb/232Th dates range from c. 1920 to 2270 Ma, consistent with
either gain of 208Pb or loss of 232Th from the analysis sites. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of two groups. Five reversely discordant analyses of five
monazites (5.1, 9.1, 10.1, 12.1 and 14.1), assigned to Group 1, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 1752 ± 2 Ma (chi-squared =
0.88). Concordant analysis 1.1 and reversely discordant analyses 2.1, 3.1 and 6.1, assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 1801 ± 4 Ma (chi-squared = 1.60). The remaining analyses cannot be
confidently grouped.
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Although several interpretations of these results are possible, the preferred interpretation is that
at least some of the monazites analysed initially crystallized, or were subsequently recrystallized,
during a metamorphic episode at 1801 ± 4 Ma, the time indicated by the weighted mean
207
Pb/206Pb date of the four concordant and slightly reverse discordant analyses of Group 2. The
weighted mean 207Pb/206Pb date of 1752 ± 2 Ma indicated by the six reverse discordant analyses of
Group 1 may correspond to the time of a second metamorphic disturbance event. The significantly
older 207Pb/206Pb dates of slightly reversely discordant analysis 4.1 and highly reverse discordant
analysis 11.1 may be attributable to ancient gain of radiogenic Pb at these analysis sites, or may
indicate that some monazites within this sample were of detrital origin.
Nelson (2002) reported ion-microprobe U-Th-Pb isotopic analyses of zircons from this sample.
The sculpted surfaces and intensively pitted surface terminations of many grains and the wide
range of 207Pb/206Pb dates indicated by the analyses were interpreted to indicate that a sedimentary
component may be present within this sample. The youngest concordant 207Pb/206Pb date of 1929 ±
4 Ma (±1σ uncertainty), obtained on an irregular shaped grain fragment with an intensively pitted
surface, was interpreted to provide a tentative maximum age for deposition of this sedimentary
component.
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169021: leucocratic syenogranite gneiss, Birthday Gift
Mine
Location and sampling
MARBLE BAR (SF 50-8), WALLARINGA (2656)

MGA Zone 50, 700110E 7678220N

Sampled on 8 September 2000
The sample was taken from a 1 m diameter, low boulder located in the bed of a creek among an
area of low, uneven pavements and 500 m west of the Birthday Gift Mine. Ion-microprobe U-ThPb isotopic analyses of zircons from this sample were reported by Nelson (2002).
Tectonic unit/relations
This sample is from a light grey, homogeneous, fine and even- grained, strongly foliated to
gneissic syenogranite phase of the Carlindi Granitoid Complex, East Pilbara Granite–Greenstone
Terrane. The sampling site is close to the western margin of the Pilgangoora greenstone belt.
Petrographic description
The principal minerals present in this sample are microcline (50 vol.%), quartz (30 vol.%),
plagioclase (15 vol.%) and biotite (5 vol.%), with accessory muscovite (trace), apatite (trace),
sericite (trace), limonite (trace), clinozoisite (trace), opaque oxide (trace), zircon (trace) and
monazite (trace). There is a strong foliation in this fine-grained leucocratic granitoid gneiss, with
possibly quartz-rich and feldspar-rich lamellae. The thin section shows that the quartz occurs
partly as ribbon-like grains and lenses from 1 to 7 mm long and up to 4 mm wide, alternating with
more feldspathic areas. Elongate grains of microcline, to 5 mm long, occur adjacent to some of the
quartz lenses. Plagioclase is not abundant, as rounded augen-like grains to 3 mm in diameter with
weak alteration to sericite, limonite and clouded clinozoisite. Leached patches in the plagioclase
may have contained carbonate. The main feldspar is fine-grained microcline, mostly 0.1 to 1mm in
grain size, with minor myrmekite against plagioclase. Fresh to chloritized biotite, to 1 mm in grain
size, defines a layer-parallel foliation, and is partly interlaminated with muscovite. Apatite is rare,
and there is also rare accessory opaque oxide, slender prisms of zircon and rounded grains that
may be monazite. This is a syenogranite gneiss, metamorphosed in the amphibolite-facies and with
weak alteration.
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Monazite morphology
The monazites isolated from this sample are typically colourless, pale yellowish grey or gold in
colour, subrounded and slightly elongate, between 50 × 60 µm and 60 × 200 µm and are mottled or
have irregular-shaped patches of dark-yellow or black discolouration. The polished surfaces of
many grains have abundant (typically ≤2 µm) black spots and rarer irregular dark patches.
Analytical details
This sample was analysed on 6 March 2002. The counter deadtime during the analysis session was
32 ns. Eight analyses of the MAD monazite standard obtained during the analysis session indicated
a Pb*/U calibration uncertainty of 1.52 (1σ%) and a 208Pb*/Th calibration uncertainty of 2.79
(1σ%). A correction of –1.09 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 9.1 and 12.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Fourteen analyses were obtained from 14 monazites. Results are given in Table 2 and shown on a
concordia plot in Figure 3.
Interpretation
The analyses are slightly to highly reversely discordant and indicate a range of 207Pb/206Pb dates of
from c. 2890 to 2936 Ma. The distribution of analyses along a reverse discordance trend is
consistent with gain of radiogenic Pb at the analysis sites during a recent radiogenic-Pb
redistribution event, with the scatter of analyses along the concordia curve possibly indicating
some ancient radiogenic-Pb redistribution. 208Pb/232Th dates range from c. 2895 to 3610 Ma, with
the anomalously old 208Pb/232Th dates consistent with either gain of 208Pb or loss of 232Th from the
analysis sites. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of
two groups. Four concordant and slightly reverse discordant analyses of four monazites (6.1, 8.1,
12.1 and 13.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 2903 ± 3 Ma (chi-squared = 0.02). Six concordant
and slightly reverse discordant analyses of six monazites (1.1, 4.1, 5.1, 7.1, 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 2915 ± 3 Ma (chi-squared = 1.74). The remaining analyses cannot be
confidently grouped.
Although several interpretations of these results are possible, the preferred interpretation is that
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the monazites initially crystallized, or were subsequently recrystallized, during a metamorphic
episode at 2915 ± 3 Ma, the time indicated by the weighted mean 207Pb/206Pb date of six
concordant and slightly reverse discordant analyses of Group 2. The weighted mean 207Pb/206Pb
date of 2903 ± 3 Ma indicated by the four concordant and slightly reverse discordant analyses of
Group 1 may also correspond to the time of a second metamorphic disturbance event.
A date of 2923 ± 3 Ma, indicated by the weighted mean 207Pb/206Pb ratio of the thirteen
concordant to slightly discordant analyses of twelve zircons, was reported by Nelson (2002). This
was interpreted as the time of igneous crystallization of the syenogranite precursor to the gneiss.
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148922: crystal–vitric tuff, Koonong Pool
Location and sampling
EDMUND (SF 50–14), CAPRICORN (2251)

MGA Zone 50, 493390E 7412000N

Sampled on 3 August 2001
The sample was taken at the foot of a cliff within a creek bed, 600 m north-northeast of the
Anticline-Bali Hi Pb, Au and Ag prospect and 5.3 km south of Koonong Pool on the Ashburton
River.
Tectonic unit/relations
This sample is of a light grey, fine-grained volcaniclastic rock within the upper part of the
Ashburton Formation, Ashburton Basin (Thorne et al., 2002). It was sampled from the lowest 1.5
m of a 45 m-thick volcanic unit that is interbedded with siltstones and is overlain unconformably
by a 3 m thick sandstone unit which forms the base of the Bywash Formation of the Capricorn
Group, Blair Basin.
Petrographic description
This sample is a fine-grained crystal-vitric tuff with sparsely scattered angular chips of quartz to
0.3 mm long (10 vol.%) as well as abundant altered shards that were formerly glassy. Textural
preservation is poor and abundance estimates uncertain, although the shards may form as much as
35 vol.% of the rock. The sample contains quartz, sericite and chlorite alteration, very minor
limonite after carbonate and leucoxene partly after opaque oxide. Accessory minerals include
apatite (trace), tourmaline (trace) and zircon (trace). Filaments of limonite parallel to the layering
and veins of quartz with or without limonite occur at a high angle to the layering. The angular and
cuspate outlines of the shards are visible throughout and are mostly less than 0.3 mm long.
Alteration of shards and matrix is mostly to cryptocrystalline quartz, with various but mostly
minor amounts of sericite and chlorite. Irregular domains, mostly 2 to 5 mm long, are rich in fine
quartz with or without sericite, or have chlorite as well as quartz and sericite. These domains have
a common elongation direction, which represents a bedding-parallel foliation, with shreds of
limonite in the same orientation, in poorly defined lenses to 5 mm long. The shreds may have
replaced filaments of low-temperature pyrite. There are also patches of limonite, apparently after
carbonate, to 0.6 mm in diameter with rhombic outlines. Small patches of variously diffuse to
compact leucoxene occur, some of which have replaced opaque oxide grains. Patches very rich in
chlorite, locally over 0.5 mm long, may represent lithic fragments. Apatite, tourmaline and sparse
rounded, clear crystals of zircon are accessory to rare heavy minerals. Narrow quartz veins, with or
without limonite, occur mostly at a high angle to the possible bedding foliation.
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Zircon morphology
The zircons isolated from this sample are colourless, pale yellowish brown or dark brown,
generally between 20 × 60 µm and 100 × 280 µm in size, and are commonly rod-shaped,
subrounded or irregular fragments. Many grains lack any internal zonation. Cathodoluminescence
images of representative zircons are given in Figure 4.
Analytical details
This sample was analysed on 16 April 2002. The counter deadtime was 32 ns. Ten analyses of the
CZ3 standard indicated a Pb*/U calibration uncertainty of 1.70 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty-five analyses were obtained from 25 zircons. Results are given in Table 3 and shown on a
concordia plot in Figure 5.
Interpretation
All analyses are concordant and have 207Pb/206Pb ratios defining a single population indicating a
weighted mean 207Pb/206Pb date of 1806 ± 9 Ma (chi-squared = 0.50).
The weighted mean 207Pb/206Pb date of 1806 ± 9 Ma indicated by all twenty-five analyses
obtained is interpreted as providing the time of igneous crystallization of the crystal–vitric tuff.
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148925: coarse lithic sandstone, Koonong Pool
Location and sampling
EDMUND (SF 50–14), CAPRICORN (2251)

MGA Zone 50, 493070E 7413760N

Sampled on 3 August 2001
The sample was taken from the northern edge of a sloping pavement, 75 m north of a prominent
bend in a northward-draining tributary of the Ashburton River. The site is located 2.4 km north of
Anticline-Bali Hi Pb, Au and Ag prospect and 3 km south southeast of Koonong Pool on the
Ashburton River.
Tectonic unit/relations
This sample is of a dark grey, coarse-grained lithic sandstone, sampled from a 1–2 m thick lens of
sandstone within a polymictic conglomerate unit within the upper part of the Mooline Formation
of the Capricorn Group, Blair Basin (Thorne et al., 2002).
Petrographic description
This sample is a massive heterogeneous coarse clastic sandstone to granule conglomerate with
grains and clasts of quartz. This sample contains clasts to 4 mm long representing a mixed
provenance, including derivation from sedimentary and metasedimentary rocks, altered acid
volcanic rocks and chlorite-rich rocks. Relatively minor (20–25 vol.%) single crystal quartz grains
are disseminated, covering the full range of grain sizes from 0.1 to 4 mm. Many of these have been
derived from an acid volcanic source and are bipyramidal, rounded or resorbed. There are also
polycrystalline quartz clasts (10 vol.%), some with textures reminiscent of quartz in granitoids and
one large clast has a columnar texture indicating that it was derived from a vein. Clasts of both
granular and prismatic vein quartz also occur. Clasts, possibly including intraclasts, of sandstone
and very fine-grained sandstone (30 vol.%), have angular quartz grains to 0.1 mm long in the
sandstones, smaller than 0.06 mm in the siltstones. Detrital muscovite and very minor chlorite
occur in these sediments, with rare euhedral, thin, clear zircon crystals in the sandstones. Shreds of
limonite and leucoxene are disseminated, suggesting altered detrital biotite, with some leucoxene
also after fine-grained opaque oxide. Sericite-rich claystone clasts (10 vol.%) occur, including one
with bands of sericite-rich claystone and quartz-rich siltstone. There is also a variety of clasts that
represent altered volcanic rocks (20 vol.%). These are mostly quartz-rich, with sericite clouding in
some clasts and patches of chlorite in others. One has a sericite–chlorite aggregate apparently
derived from a phenocryst of hornblende, with granular anatase as inclusions. Several of these
clasts have disseminated granular opaque oxide. Clasts composed of decussate or schistose
chlorite are also present (3–4 vol.%), with less abundant apatite, sericite, opaque oxide or quartz.
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Accessory (1–2 vol.%) clasts of fine-grained quartz–sericite schist, mostly quartz-rich but partly
sericite-rich occur locally. Grains with abundant opaque oxide, possibly including hematite, with
various combinations of quartz, chlorite and sericite, are mostly less than 0.5 mm in diameter.
Grains of fresh or leucoxenized opaque oxide occur and are also mostly smaller than 0.5 mm (2
vol.%). Rare grains of tourmaline and clear but fractured, subhedral zircon occur. The varied clasts
in this conglomerate suggest a complex provenance including unmetamorphosed and low-grade
metasedimentary, acid volcanic and possible granitoid rocks and quartz veins.
Zircon morphology
The zircons isolated from this sample are colourless, pale yellowish brown or dark brown,
generally between 20 × 60 µm and 100 × 280 µm in size, and are commonly subrounded or
elliptical, structureless and fractured. Many grains lack any internal zonation. The surfaces of most
grains are pitted, consistent with detrital transport. Cathodoluminescence images of representative
zircons are given in Figure 6.
Analytical details
This sample was analysed on 7 May 2002. The counter deadtime during the analysis session was
32 ns. Fourteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.28 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty analyses were obtained from 20 zircons. Results are given in Table 4 and shown on
concordia and Gaussian-summation probability density plots in Figures 7 and 8.
Interpretation
The analyses are concordant or near-concordant and indicate a wide range of 207Pb/206Pb dates,
from c. 1800 to 3280 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned
to one of two groups. Nine concordant analyses of nine zircons (1.1, 2.1, 5.1, 8.1, 9.1, 10.1, 11.1,
16.1 and 19.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 1801 ± 14 Ma (chi-squared = 1.47). Four
concordant analyses of four zircons (12.1, 13.1, 14.1 and 18.1), assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1969 ± 26 Ma (chi-squared = 1.29). The remaining analyses cannot be confidently grouped.
Discordant analysis 20.1 indicated a slightly younger 207Pb/206Pb date than those of Group 1.
The zircons of Group 1 are generally subrounded grains with pitted surfaces, inferred to be of
detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1801 ± 14 Ma indicated by
the nine concordant analyses of Group 1 is interpreted as a maximum time for deposition of the
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sandstone. The remaining analyses are also inferred to be of detrital zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of 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 4.1, 6.1, 7.1, 15.1 and 17.1 may have been derived from
either of the Yilgarn or Pilbara cratons.
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169081: pebbly sandstone, Meteorite Bore
Location and sampling
MT BRUCE (SF 50-11), ROCKLEA (2352)

MGA Zone 50, 504960E 7460930N

Sampled on 1 September 2001
The sample was taken from the lowest beds exposed at the eastern end of an east-west striking
sandstone and conglomerate ridge, and 3.8 km south-southeast of Meteorite Bore.
Tectonic unit/relations
This sample is of a dark grey medium-grained, lithic sandstone containing ≤3 cm diameter
rounded pebbles of banded iron-formation, of the stratigraphically lower part of the Mount
McGrath Formation of the Wyloo Group, Ashburton Basin (Thorne and Tyler, 1996).
Petrographic description
This sample is of a massive, pebbly, quartz-rich sandstone. It contains grains of single crystal
quartz, cherty quartz with or with out limonite and clays, limonite or earthy hematite-flooded
grains, minor opaque oxide, and rare possible monazite. A sparse matrix consists of quartz and
sericite. There is a large pebble in this sample, which is mostly a quartz-rich sandstone with
rounded single crystal quartz grains (65–70 vol.%) from 0.2 to 1 mm in diameter (coarse-grained
sandstone). Some of the quartz grains have optically continuous overgrowths, and most have
narrow rims of limonite. Rare larger single crystal quartz grains to 2 mm long are less rounded and
lack overgrowths. Much of this quartz has undulose extinction. There are also abundant grains of
fine-grained quartz, partly cherts (10 vol.%), with microcrystalline opaque oxide, or a diffuse
hematite stain in most of these. Others, to 3 mm long, have microcrystalline quartz that may
represent thermal recrystallisation of former chalcedony (10 vol.%) and others have granular to
columnar quartz (3 vol.%). The largest pebble forming about 3 vol.% of the section is 5 mm long
with layers of microcrystalline cherty quartz and layers of coarser-grained quartz, possibly in veins
to 1.5 mm wide, with undulose extinction and deformation lamellae. There is also a large clast, 4
mm long, of limonite or earthy hematite-flooded fine sediment with minor quartz in lamellae
parallel to the length of the clast. Smaller limonite or hematite-flooded clasts are also scattered (5
vol.%) as well as oxidised small oxide grains. A single large clast, 3 mm long, has abundant cherty
quartz with sericite, leucoxene and limonite-lined fractures and may represent a former volcanic
lithology. Interstitial quartz and sericite occur as a matrix but only forming about 5 vol.% of the
rock. There is little evidence of more than very low-grade metamorphism in this sample.
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Zircon morphology
The zircons isolated from this sample are typically colourless, yellowish or pinkish brown or black
fragments and whole grains, between 35 × 50 µm and 200 × 250 µm in size and equant to elongate
and rounded in shape. Many grains are internally structureless and most grains are have pitted
terminations, consistent with detrital transport. Cathodoluminescence images of representative
zircons are given in Figure 9.
Analytical details
This sample was analysed on 7 May 2002. The counter deadtime during the analysis session was
32 ns. Fourteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.28 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-four analyses were obtained from 34 zircons. Results are given in Table 5 and shown on
concordia and Gaussian-summation probability density plots in Figures 10 and 11.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb redistribution. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to four groups. Concordant analyses 1.1 and 24.1, assigned to
Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2455 ± 12 Ma (±1σ uncertainty). Concordant analyses 2.1, 15.1 and 20.1,
assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 2604 ± 36 Ma (chi-squared = 1.30). Seventeen concordant and slightly
discordant analyses of seventeen zircons (3.1, 4.1, 8.1, 9.1, 10.1, 12.1, 16.1, 17.1, 19.1, 22.1, 23.1,
25.1, 26.1, 28.1, 29.1, 31.1 and 33.1), assigned to Group 3, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2695 ± 7 Ma (chi-squared =
1.43). Concordant and slightly discordant analyses 11.1, 30.1 and 32.1), assigned to Group 4, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
2742 ± 22 Ma (chi-squared = 0.14). The remaining analyses cannot be confidently grouped.
The date of 2455 ± 24 Ma (±2σ uncertainty) indicated by the weighted mean 207Pb/206Pb ratio
of concordant analyses 1.1 and 24.1 of Group 1 is interpreted as a maximum time for deposition of
the sandstone. The older dates provided by the remaining analyses are interpreted to be of detrital
zircons. Possible source rocks within the western part of Australia having ages matching those of
the zircons within this sample include those of the Pilbara and Yilgarn cratons.
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169082: sandstone, Meteorite Bore
Location and sampling
MT BRUCE (SF 50-11), ROCKLEA (2352)

MGA Zone 50, 504970E 7460910N

Sampled on 1 September 2001
The sample was taken from the lowest beds exposed at the southeastern end of an east-west
striking sandstone and conglomerate ridge, and 3.8 km south-southeast of Meteorite Bore.
Tectonic unit/relations
This sample is of a dark grey and orange-yellow banded, medium- to coarse and even-grained,
silicifed sandstone of the stratigraphically lower part of the Mount McGrath Formation of the
Wyloo Group, Ashburton Basin (Thorne and Tyler, 1996). The sample was taken from a 0.5 m
thick sandstone bed located 10 m stratigraphically higher that the horizon from which 169081 was
taken.
Petrographic description
This sample is of a gritty, quartz-rich, very coarse-grained sandstone, with single crystal quartz
grains and cherty to limonite-rich clasts, minor opaque oxide grains, interstitial quartz-sericite
patches, and rare green tourmaline. This sandstone consists of a compact fairly tightly packed
aggregate of single crystal quartz grains to 1 mm in diameter (very coarse-grained sandstone).
These are commonly rimmed by limonite, but optically continuous siliceous overgrowths are
comparatively rare. Larger, angular quartz grains occur, to 2 mm long, but are rare. Some of the
single crystal quartz grains have deformation lamellae, mostly sub-basal but also prismatic. There
are also clasts, to 3 mm long, of polycrystalline quartz (15 vol.%), some of which have formed by
the thermal maturation of chalcedony, with lenses of more sparry vein quartz. One clast has a band
of fine-grained vein quartz passing into more sparry to columnar quartz on either side of the finegrained band, indicating derivation from a banded quartz vein. Smaller quartz-rich to hematite-rich
clasts are also common (5 vol.%). Some of these are laminated with quartz-rich and limonite-rich
lamellae. Leucoxenized grains occur, to 0.6 mm long, with smaller grains of oxidised opaque
oxide. Minor interstitial patches of quartz and sericite are scattered and some of these contain
minor green tourmaline. This sandstone shows only weak metamorphism.
Zircon morphology
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The zircons isolated from this sample are typically pale pink, pinkish brown or black fragments
and whole grains, between 35 × 50 µm and 200 × 250 µm in size and equant to elongate and
rounded in shape. Many grains are internally structureless and most grains are have pitted
terminations, consistent with detrital transport. Cathodoluminescence images of representative
zircons are given in Figure 12.
Analytical details
This sample was analysed on 5 August 2002. 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 1.47 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-four analyses were obtained from 34 zircons. Results are given in Table 6 and shown on
concordia and Gaussian-summation probability density plots in Figures 13 and 14.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb redistribution. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of three groups. Eight concordant and slightly discordant
analyses of eight zircons (3.1, 7.1, 8.1, 10.1, 15.1, 19.1, 26.1 and 28.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
2462 ± 22 Ma (chi-squared = 1.09). Twelve concordant and slightly discordant analyses of twelve
zircons (1.1, 4.1, 5.1, 6.1, 11.1, 12.1, 18.1, 21.1, 24.1, 31.1, 33.1 and 34.1), assigned to Group 2,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 2600 ± 19 Ma (chi-squared = 1.30). Six concordant and slightly discordant analyses of six
zircons (16.1, 17.1, 20.1, 22.1, 25.1 and 29.1), assigned to Group 3, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 2705 ± 22 Ma
(chi-squared = 0.56). The remaining analyses are concordant and indicate generally older
207
Pb/206Pb dates but cannot be confidently grouped.
The date of 2462 ± 22 Ma indicated by the weighted mean 207Pb/206Pb ratio of eight concordant
and slightly discordant analyses of eight zircons of Group 1 is interpreted as a maximum time for
deposition of the sandstone. The older dates provided by the remaining analyses are interpreted to
be of detrital zircons. Possible source rocks within the western part of Australia having ages
matching those of the zircons within this sample include those of the Pilbara and Yilgarn cratons.
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169093: sandstone, Cundarra Bore
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 362630E 7408600N

Sampled on 4 September 2001
The sample was taken from a 0.5 m diameter boulder in a low flat rocky area and 2.5 km
southwest of Cundurra Bore.
Tectonic unit/relations
This sample is of a pale grey-white, medium- to coarse-grained, quartz sandstone that contains
scattered dark tourmaline grains, from the Yilgatherra Formation of the Edmund Basin (Martin et
al., 2000).
Petrographic description
This is a compact and massive, quartz-rich gritty or granule-bearing, very coarse-grained
sandstone with primary and secondary porosity, and accessory tourmaline and rare leucoxene.
Fluid inclusions are unusually abundant. Quartz (96–97 vol.%) dominates this sample, which is a
gritty or granule-bearing very coarse-grained sandstone. It has abundant angular single crystal
quartz grains to 3 mm long, usually with undulose extinction. The host rock is almost entirely
composed of unsorted rounded and angular single crystal quartz grains from 0.05 to 2 mm in
diameter. Accessory dark grains of tourmaline (2 vol.%) are disseminated from 0.05 to 1 mm long,
partly rounded and detrital, partly prismatic and possibly authigenic. Open pores, some of which
are over 2 mm long, are present (1 vol.%), but there is also a minor porosity represented by
crystal-lined cavities, suggesting that some of the quartz was formed as optically continuous
overgrowths. Although clearly defined detrital cores are mostly lacking, the quartz lining these
pores has fine-scale growth zoning. Sparse leucoxene is disseminated (0.5 vol.%). There are
unusually abundant fluid inclusions in this sample, many with small salt crystals. No
metamorphism is apparent in this sample.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellowish or pinkish brown or
black fragments and whole grains, between 35 × 50 µm and 200 × 250 µm in size and equant to
elongate and rounded in shape. Many grains are internally structureless and most grains are have
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pitted terminations, consistent with detrital transport. Cathodoluminescence images of
representative zircons are given in Figure 15.
Analytical details
This sample was analysed on 7 August 2002. 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 1.67 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-two analyses were obtained from 32 zircons. Results are given in Table 7 and shown on
concordia and Gaussian-summation probability density plots in Figures 16 and 17.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb redistribution. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of three groups. Concordant and near-concordant analyses
11.1, 12.1, 18.1 and 23.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 1685 ± 33 Ma (chi-squared = 0.54). Nineteen
concordant and slightly discordant analyses of nineteen zircons (1.1, 3.1, 5.1, 6.1, 8.1, 9.1, 10.1,
13.1, 14.1, 16.1, 17.1, 20.1, 21.1, 24.1, 25.1, 26.1, 27.1, 28.1 and 31.1), assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1799 ± 11 Ma (chi-squared = 0.73). Seven concordant and slightly discordant analyses of seven
zircons (2.1, 7.1, 15.1, 22.1, 29.1, 30.1 and 32.1), assigned to Group 3, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 1983 ± 15 Ma
(chi-squared = 0.91). Analyses 4.1 and 19.1 indicate older 207Pb/206Pb dates but cannot be
confidently grouped.
The date of 1685 ± 33 Ma indicated by the weighted mean 207Pb/206Pb ratio of the oncordant
and near-concordant analyses 11.1, 12.1, 18.1 and 23.1, assigned to Group 1 is interpreted as a
maximum time for deposition of the sandstone. The older dates provided by the remaining
analyses are interpreted to be of detrital zircons. Possible source rocks within the western part of
Australia having ages matching those of the zircons within this sample include those of the Pilbara
and Yilgarn cratons.
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169084: ferrigenous sandstone, Miringee Well
Location and sampling
WYLOO (SF 50-10), HARDEY (2252)

MGA Zone 50, 456710E 7478460N

Sampled on 1 September 2001
The sample was taken from a 0.5 m diameter block about half way up a prominent hill on the east
side of an unnamed creekbed, and 8 km west-northwest of Miringee Well.
Tectonic unit/relations
This sample is of a purple-red, medium-grained, ferrigenous quartzite containing rare ≤1 cm long
clasts of red jasper and chert. It was taken from the reference section of the Beasley River
Quartzite of the Wyloo Group, Ashburton Basin (Seymour et al., 1988). The sandstone unit
occurred stratigraphically above a distinctive conglomerate unit that contains tabular pebbles, ≤20
cm long, of banded iron-formation and banded chert.
Petrographic description
This is a massive, medium to very coarse (hematitic) quartz-rich sandstone gradational to granule
conglomerate. It includes beds rich in small clasts of chert and banded iron formation, within a
fine to medium-siliceous sandstone with grains of chert, clouded polycrystalline quartz, single
crystal quartz grains and widespread interstitial hematite. There are numerous rounded or flaggy
lithic clasts, including iron-free chert (25 vol.%), and less abundant (7–8 vol.%) laminated quartzhematite facies, probably low-grade banded iron formation. These clasts are locally over 4 mm
long and thus constitute granules or small pebbles and tend to occur in poorly defined interbeds.
There are also relatively few larger clasts with silt-sized angular quartz grains scattered through
earthy hematite (2–3 vol.%). The smaller grains dominating the quartz rich sandstone host to these
clasts, measure up to 0.5 mm in diameter. These include chert (15 vol.%) as well as coarsergrained polycrystalline quartz clasts, mostly clouded and possibly of acid volcanic origin (20
vol.%), and more normal single crystal quartz grains (20 vol.%). The single crystal quartz grains
are mostly less than 0.25 mm in diameter and have possibly stylolitic grain boundaries. Elongate
masses of hematite are common (10 vol.%) and as much as 2 mm long, but largely interstitial and
may be partly authigenic. This sample has a sparse network of quartz veins to 0.5 mm wide with
rare sericite and limonite. There is no obvious evidence of metamorphism in this sample.
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Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellowish or pinkish brown or
black fragments and whole grains, between 35 × 50 µm and 200 × 250 µm in size and equant to
elongate and rounded in shape. Many grains are internally structureless and most grains are have
pitted terminations, consistent with detrital transport. Cathodoluminescence images of
representative zircons are given in Figure 18.
Analytical details
This sample was analysed on 30 July 2002. The counter deadtime during the analysis session was
32 ns. Seven analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.30 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses.
Results
Twenty-nine analyses were obtained from 29 zircons. Results are given in Table 8 and shown on
concordia and Gaussian-summation probability density plots in Figures 19 and 20.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb redistribution. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of two groups. Sixteen concordant and slightly discordant
analyses of sixteen zircons (1.1, 5.1, 7.1, 8.1, 11.1, 14.1, 15.1, 16.1, 18.1, 20.1, 21.1, 22.1, 23.1,
24.1, 25.1 and 29.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 2446 ± 8 Ma (chi-squared = 0.91). Concordant
analyses 2.1, 6.1, 26.1, 27.1 and 28.1, assigned to Group 2, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2541 ± 21 Ma (chi-squared =
0.55). Apart from discordant analysis 3.1, the remaining analyses are concordant and indicate older
207
Pb/206Pb dates but cannot be confidently grouped.
The date of 2446 ± 8 Ma indicated by the weighted mean 207Pb/206Pb ratio of the sixteen
concordant and slightly discordant analyses of sixteen zircons assigned to Group 1 is interpreted as
a maximum time for deposition of the sandstone. The older dates provided by the remaining
analyses are interpreted to be of detrital zircons. Possible source rocks within the western part of
Australia having ages matching those of the zircons within this sample include those of the Pilbara
and Yilgarn cratons.
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169086: biotite monzogranite, Boora Boora Bore
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 348770E 7454720N

Sampled on 2 September 2001
The sample was taken from a 1-m diameter boulder situated 200 m south of the access track and 5
km northwest of Boora Boora Bore.
Tectonic unit/relations
This sample is from a dark grey, even- and medium-grained, biotite monzogranite of the Gascoyne
Complex. The monzogranite forms a ≤3 m wide dyke that has intruded a pegmatite-banded,
foliated to gneissic granodiorite, of which sample 169087 is representative. Both the gneiss and the
dyke have been intruded by a later generation of pegmatite dykes. The sample taken contained
zones of alteration along fractures but was free of all obvious veins.
Petrographic description
The principal minerals present in this sample are quartz (35–40 vol.%), plagioclase (35–40 vol.%),
K-feldspar (20 vol.%) and biotite (5 vol.%) with epidote (<1 vol.%) and altered allanite (<1 vol.%)
and accessory titanite (trace), apatite (trace) and zircon (trace). This is a relatively quartz-rich,
foliated biotite monzogranite. Much of the quartz occurs as anhedral but elongate grains to 4 mm
long, commonly parallel to the foliation. These larger quartz grains have undulose extinction, but
fine-grained recrystallized quartz is rare. Plagioclase occurs as anhedral but usually elongate
grains to 2 mm long, with less abundant microcline, from 0.2 to 2 mm in grain size, less well
oriented than the plagioclase. Some of the plagioclase grains have rims of biotite, fine muscovite
and epidote, and very minor sericite occurs within plagioclase grains. The biotite is mostly less
than 1 mm in grain size, but occurs in lenses to 5 mm long defining a weak foliation. Minor finegrained titanite is present in some of the biotite grains, indicating adjustment to lower
temperatures, but alteration to chlorite is rare. Grains of altered probable allanite occur in these
lenses and are locally over 1 mm long, commonly with rims of epidote. Separate epidote grains
also occur, and in some areas are as much as 1.5 mm in grain size, apparently derived from
plagioclase. There is accessory apatite, but most of the zircons are minute as inclusions in biotite
and with pleochroic haloes.
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Zircon morphology
The zircons isolated from this sample are pale brown, dark reddish brown and black, generally
between 40 × 100 µm and 200 × 380 µm in size and are euhedral in shape. Most are structureless
but a minority have faint internal zonation or contain rounded cores and euhedral, facetted rims.
Cathodoluminescence images of representative zircons are given in Figure 21.
Analytical details
This sample was analysed on 31 June 2002. The counter deadtime during the analysis session was
24 ns. Five analyses of the CZ3 standard were obtained during the analysis session. Following
deletion of one standard analysis as an outlier, the remaining four analyses indicated a Pb*/U
calibration uncertainty of 0.811 (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
Sixteen analyses were obtained from 16 zircons. Results are given in Table 9 and shown on a
concordia plot in Figure 22.
Interpretation
Most analyses are concordant to slightly discordant, with the discordance patterns consistent with
a single recent episode of radiogenic-Pb loss. Fifteen concordant or near-concordant analyses of 15
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean date of
1784 ± 5 Ma (chi-squared = 0.77). Slightly discordant analysis 5.1 indicated a significantly older
207
Pb/206Pb date than the main population.
The date of 1784 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
or near-concordant analyses is interpreted to indicate the time igneous crystallization of the
monzogranite. The significantly older 207Pb/206Pb date indicated by slightly discordant analysis 5.1
is interpreted to be of a xenocryst zircon.
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169087: foliated biotite granodiorite, Minga Springs
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 351550E 7442960N

Sampled on 2 September 2001
The sample was taken from a sloping pavement on the northern side of a small creekbed and 6 km
west-northwest of Minga Springs.
Tectonic unit/relations
This sample is from a dark grey, even- and medium-grained, foliated to gneissic biotite
granodiorite of the Gascoyne Complex. At the sampling site, the granodiorite has a foliation that
strikes at 110°. The sample taken was free of all obvious veins.
Petrographic description
The principal minerals present in this sample are quartz (40 vol.%), plagioclase (35–40 vol.%),
microcline (15 vol.% ) and biotite (7–8 vol.%), with accessory epidote (trace), apatite (trace),
zircon (trace) and possible monazite (trace). This is a quartz-rich, foliated biotite granodiorite with
a complex fabric defined by relatively abundant biotite, approximating to an S-C fabric. The
quartz occurs as interstitial anhedral grains to 4 mm long with undulose extinction, but only rare
small lenses of fine-grained recrystallized quartz. The plagioclase is mostly less than 2 mm in
grain size and clouded with sericite with or without epidote, with more intense alteration in
specific sites. Minor anhedral microcline is also disseminated, but is fresh. Some of the biotite is in
parallel lamellae or microshears about 1–7 mm apart and some of this biotite has been altered to
sericite and leucoxene. More poorly oriented biotite is common between the microshears and
partly helps to define the S-C fabric. The biotite flakes are up to 2 mm long and commonly have
epidote parallel to the cleavage, much less commonly with microcrystalline titanite. Minor apatite
is present as well as grains of zircon with or without monazite to 100 µm in diameter.
Zircon morphology
The zircons isolated from this sample are pale pinkish brown, dark brown and black, generally
between 40 × 100 µm and 200 × 320 µm in size and are subhedral or irregular in shape or are rodshaped. Most are structureless but a minority have faint internal zonation or contain euhedral cores
and facetted rims. Fluid and mineral inclusions are common. Cathodoluminescence images of
representative zircons are given in Figure 23.
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Analytical details
This sample was analysed on 9 July 2002. 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 1.17 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses, with the exception of analysis 2.1, 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 10 and shown on
a concordia plot in Figure 24.
Interpretation
Most analyses are concordant to slightly discordant, with the discordance patterns consistent with
a single recent episode of radiogenic-Pb loss. Sixteen concordant or near-concordant analyses of
16 zircons (2.1, 3.1, 5.1, 7.1, 8.1, 9.1, 12.1, 14.1, 15.1, 17.1, 18.1, 19.1, 20.1, 21.1, 22.1 and 23.1)
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean date of 1794 ±
9 Ma (chi-squared = 1.14). The remaining analyses indicate significantly older 207Pb/206Pb dates
than the main population but cannot be confidently grouped.
The date of 1794 ± 9 Ma indicated by the weighted mean 207Pb/206Pb ratio of sixteen concordant
or near-concordant analyses is interpreted to indicate the time igneous crystllization of the
granodiorite. The significantly older 207Pb/206Pb dates indicated by the remaining analyses are
interpreted to be of xenocryst zircons.
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169088: foliated biotite monzogranite, Mundong Well
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 355440E 7440020N

Sampled on 3 September 2001
The sample was taken from 3-m long, 1-m high block on a sloping pavement on the southeastern
bank of the Telfer River and 0.5 km north of Mundong Well.
Tectonic unit/relations
This sample is from a dark grey, even- and fine-grained, biotite-rich monzogranite of the
Gascoyne Complex. The monzogranite has a weak foliation and has been intruded by numerous
pegmatites that have been deformed and aligned parallel to the foliation. The sample taken was
free of all obvious veins.
Petrographic description
The principal minerals present in this sample are quartz (50–55 vol.%), partly sericite- and
epidote-clouded plagioclase (35–40 vol.%), biotite (7–8 vol.%), epidote (1 vol.%), muscovite (1
vol.%) and opaque oxide (1 vol.%), with accessory zircon (trace) and possible monazite (trace).
This is a quartz-rich quartzofeldspathic rock with plagioclase, biotite, accessory opaque oxide,
muscovite, epidote, apatite and zircon. Petrographically, this sample contains too much quartz for
it to represent a normal granitoid rock. The quartz occurs as anhedral grains from 0.5 to 3 mm
long, partly poikilitic and interstitial to plagioclase and biotite. Most of the plagioclase is less than
2 mm in grain size, with some fresh grains and others weakly altered to sericite and epidote. These
quartz grains and the plagioclase grains have a weakly layered distribution through the thin
section. Random to locally weakly schistose biotite occurs as flakes to 1 mm long, commonly with
microcrystalline titanite. Fringes of fine muscovite occur on some of the biotite flakes, and
aggregates of epidote with or without muscovite are common. Minor opaque oxide grains from
0.05 to 0.5 mm in diameter, and accessory granular apatite are scattered. Small grains of zircon
and possible monazite occur. Some of the zircon grains are rounded, but nearly euhedral crystals
also occur.
Zircon morphology
The zircons isolated from this sample are pale pinkish brown, dark brown and black, generally
between 40 × 100 µm and 200 × 320 µm in size and are subhedral, rounded or irregular in shape.
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Many are structureless but a minority have faint internal zonation or contain subhedral
structureless cores and weakly zoned rims. Fluid and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 25.
Analytical details
This sample was analysed on 9 and 24 July 2002. The counter deadtime during all analysis
sessions was 24 ns. During the first analysis session, four analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.721 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 7.1 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 1.37 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analysis 19.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Twenty-five analyses were obtained from 23 zircons. Results are given in Table 11 and shown on
a concordia plot in Figure 26.
Interpretation
Most analyses are concordant to slightly discordant, with the discordance patterns consistent with
a single recent episode of radiogenic-Pb loss. Nineteen concordant or near-concordant analyses of
18 zircons (1.1, 2.1, 4.1, 5.1, 6.1, 7.1, 10.1, 11.1, 12.1, 13.1, 14.1, 15.1, 16.1, 16.2, 18.1, 19.1,
21.1, 22.1 and 23.1) have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean date of 1806 ± 7 Ma (chi-squared = 1.02). Concordant analysis 8.1, obtained on a 50 × 140
µm, rectangular, structureless grain fragment, indicated a slightly younger 207Pb/206Pb date than the
main population. The remaining analyses indicate significantly older 207Pb/206Pb dates but cannot
be confidently grouped.
The date of 1806 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of nineteen
concordant or near-concordant analyses is interpreted to indicate the time igneous crystallization
of the granodiorite. The slightly younger 207Pb/206Pb date indicated by concordant analysis 8.1 may
be due to ancient loss of radiogenic Pb from this analysis site. Alternatively, this grain may have
been derived from a pegmatite phase present within the sample. The significantly older 207Pb/206Pb
dates indicated by the remaining analyses are interpreted to be of xenocryst zircons.
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169089: granophyric syenogranite, Horse Well
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 354260E 7431450N

Sampled on 3 September 2001
The sample was taken from a buried jointed block located within a rubbly outcrop 20 m east of the
access track and 3 km north of Horse Well.
Tectonic unit/relations
This sample is from a light pinkish grey, even- and fine-grained, granophyric syenogranite of the
Gascoyne Complex, that has intruded the Yilgatherra Formation of the Bangemall Group (Martin
et al., 2000). The syenogranite has been intruded by numerous granophyric veins.
Petrographic description
The principal minerals present in this sample are orthoclase (60 vol.%), quartz (30–35 vol.%) and
plagioclase (5 vol.%), with minor epidote (trace), chlorite with or without smectite (trace), titanite
(trace), limonite (partly after pyrite; trace), apatite (trace) and fluorite (trace). This is a massive,
microgranophyric syenogranite. Most of this rock is composed of fine granophyric intergrowths of
quartz and clouded orthoclase to 1.5 mm long, with minor granular quartz. Plagioclase is scattered,
mostly less than 1 mm in grain size. Small aggregates of epidote and clay (chlorite with or without
smectite) are disseminated and there is a large block of limonite, 2 × 1.5 mm, possibly after pyrite.
Small shreds of chlorite may have replaced biotite. Equally sparse leucoxene is disseminated, as
well as trace titanite and rare apatite. Trace fluorite occurs in some chlorite-rich areas. The bulk
composition indicates a syenogranite, as a granophyre typical of calcalkaline, rather than tholeiitic,
suites.
Zircon morphology
The zircons isolated from this sample are colourless or pale pinkish brown, dark brown and black,
generally between 40 × 80 µm and 80 × 150 µm in size and are subhedral, rounded or irregular in
shape, or are irregular fragmenst. Many are structureless but a minority have faint internal
zonation or contain subhedral structureless cores and weakly zoned rims. Cathodoluminescence
images of representative zircons are given in Figure 27.
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Analytical details
This sample was analysed on 28 and 30 July 2002. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, two analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.046 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. 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 2.36 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Nineteen analyses were obtained from 10 zircons. Results are given in Table 12 and shown on a
concordia plot in Figure 28.
Interpretation
Most analyses are concordant to slightly discordant, with the discordance patterns consistent with
a single recent episode of radiogenic-Pb loss. Seventeen concordant or near-concordant analyses of
8 zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean date
of 1778 ± 11 Ma (chi-squared = 0.38). Concordant analyses 6.1 and 7.1 indicated significant older
207
Pb/206Pb dates than the main population.
The date of 1778 ± 11 Ma indicated by the weighted mean 207Pb/206Pb ratio of seventeen
concordant or near-concordant analyses of 8 zircons is interpreted to indicate the time igneous
crystallization of the granophyric syenite. The significantly older 207Pb/206Pb dates indicated by the
remaining analyses are interpreted to be of xenocryst zircons.
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169090: porphyritic biotite monzogranite, Hogan Well
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 349780E 7412530N

Sampled on 3 September 2001
The sample was taken from 1-m diameter fractured boulder on the western side, and at the base of
a prominent north-trending ridge of boulders and tors, about 40 m south of the site of 169091, and
4.5 km north-northeast of Mundong Well.
Tectonic unit/relations
This sample is from an undeformed, medium-grained, porphyritic biotite monzogranite of the
Durlacher Supersuite, Gascoyne Complex (Sheppard et al., 2003). The monzogranite contains
abundant ≤0.8 cm long, irregular- and lenticular-shaped feldspar phenocrysts, and has intruded a
metamorphosed feldspathic sandstone unit, of which sample 169091 is representative. The sample
taken was free of all obvious veins.
Petrographic description
The principal minerals present in this sample are quartz (35–40 vol.%), microcline (30–35 vol.%),
plagioclase (20 vol.%), biotite (5 vol.%), muscovite (2–3 vol.%) and opaque oxide (1 vol.%), with
accessory epidote (trace), altered allanite (trace), titanite (trace), apatite (trace) and zircon (trace).
This is a massive, inequigranular (megacrystic) weakly altered biotite monzogranite. Quartz is
abundant as anhedral interstitial grains to 5 mm long. There is also abundant microcline, partly as
megacrysts to 10 mm in diameter with inclusions of plagioclase, quartz and biotite. Plagioclase is
commonly clouded with sericite and epidote. Plagioclase inclusions in the microcline are mostly
slender bladed crystals, with more equant plagioclase to 2 mm in grain size in the host rock.
Biotite occurs as unoriented flakes to 3 mm long, locally enclosing opaque oxide and in places
with lamellae of muscovite parallel to the cleavage. Partly ragged flakes of muscovite, to 2 mm
long, occur adjacent to the biotite and in both types of feldspar. Some of the opaque oxide grains
have rims of titanite, and some are accompanied by small grains of altered possible allanite, some
of which have rims of epidote. Epidote also accompanies decussate fine-grained muscovite
adjacent to some of the biotite. There is very minor apatite but only rare zircon as slender crystals.
Weak greenschist-facies alteration is suggested by the presence of epidote and muscovite.
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Zircon morphology
The zircons isolated from this sample are pale brown, dark brown and black, generally between 40
× 100 µm and 200 × 320 µm in size and are subhedral, rounded or irregular in shape. Many are
structureless and fractured but a minority have faint internal zonation. A majority of grains contain
thin unzoned or weakly zoned rims. Fluid and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 29.
Analytical details
This sample was analysed on 24 July 2002. 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 1.37 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis
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 13 and shown on
concordia plots in Figures 30 and 31.
Interpretation
Most analyses are concordant to slightly discordant. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of three groups. Five concordant analyses of five zircons (3.1,
4.1, 7.1, 20.1 and 22.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 1696 ± 20 Ma (chi-squared = 1.58). Seven
concordant and near-concordant analyses of seven zircons (2.1, 13.1, 14.1, 16.1, 18.1, 19.1 and
23.1), assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 1790 ± 13 Ma (chi-squared = 1.00). Four concordant analyses
of four zircons (1.1, 10.1, 15.1 and 17.1), assigned to Group 3, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 1835 ± 19 Ma (chi-squared =
0.42). The remaining analyses cannot be confidently grouped. The remaining analyses indicate
significantly older 207Pb/206Pb dates than those of these groups and cannot be confidently grouped.
Thin rims could be distinguished on some of the grains belonging to all three groups (e.g. 7.1 of
Group 1, 2.1, 13.1, 14.1, 16.1, 18.1 and 23.1 of Group 2 and 1.1 and 15.1 of Group 3), but none of
the analysis sites obviously included any of the thin rim material.
Several interpretations of these results are possible. The pattern of analyses belonging to
Groups 1, 2 and 3 may be due to inclusion of various proportions of both rim zircon formed at a
time younger than that indicated by the analyses of Group 1, and of older core material at each
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analysis site. However, the analyses of Group 1 were obtained from sites that did not include any
rim zircon. The apparent alignment parallel to the concordia curve shown by the analyses
belonging to Groups 1, 2 and 3 may also be due to ancient loss of radiogenic Pb, approximately at
the time indicated by the analyses of Group 1. Alternatively, the analyses may indicate that there
were three closely spaced episodes of zircon crystallization, at the times indicated by Groups 1, 2
and 3.
The preferred interpretation is that the date of 1696 ± 20 Ma indicated by the weighted mean
Pb/206Pb ratio of five concordant analyses of Group 1 provides an estimate of the time igneous
crystallization of the monzogranite. The significantly older 207Pb/206Pb dates indicated by the
remaining analyses are interpreted to be of xenocryst zircons.
207
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169091: metasandstone, Hogan Well
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 349810E 7412580N

Sampled on 3 September 2001
The sample was taken from a low submerged boulder located about 25 m from the northern end of
a prominent north-trending ridge of boulders and tors, about 40 m north of the site of 169090, and
4.5 km north-northeast of Hogan Well.
Tectonic unit/relations
This sample is from a dark grey, fine and even-grained metasandstone of the Pooranoo
Metamorphics, Gascoyne Complex (Sheppard et al., 2003). The metasandstone has been intruded
by a porphyritic biotite monzogranite, of which sample 169090 is representative.
Petrographic description
The principal minerals present in this sample are quartz (65 vol.%), plagioclase (25 vol.%), Kfeldspar (2–3 vol.%), opaque oxide(2 vol.%) and biotite (5 vol.%), with accessory titanite (trace),
apatite (trace), chlorite (trace), epidote (trace) and zircon (trace). In thin section, this sample has
poorly sorted, single crystal quartz grains from 0.2 to 2 mm in diameter, loosely packed to form a
metamorphosed, very coarse-grained sandstone. There is minor plagioclase, mostly less than 1 mm
in grain size, clouded with sericite or with aggregates of decussate muscovite with or without
epidote. Random flakes of biotite, to 1 mm in grain size, are scattered and have some alteration to
chlorite and/or epidote. The stained offcut indicates minor K-feldspar, but this is not clearly visible
in this thin section. Minor opaque oxide grains are mostly less than 0.3 mm in diameter, rarely as
much as 1 mm, with rare titanite partly as rims on very small opaque oxide grains. Rare apatite is
disseminated, and there are rare rounded grains of clear zircon. This is a quartzofeldspathic
metasandstone with altered biotite, metamorphosed within the amphibolite facies.
Zircon morphology
The zircons isolated from this sample are pale yellowish brown, dark brown and black, generally
between 40 × 100 µm and 180 × 250 µm in size and are subhedral or rounded in shape, or are
irregular-shaped fragments. Many are structureless and fractured but a minority have faint internal
zonation. A minority of grains have pitted terminations, consistent with detrital transport. Fluid
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and mineral inclusions are common. Cathodoluminescence images of representative zircons are
given in Figure 32.
Analytical details
This sample was analysed on 2 September and 21 November 2002. The counter deadtime during
both analysis sessions was 24 ns. During the first analysis session, seven analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 1.52 (1σ%). Analyses 1.1 to 21.1 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 4.13 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses, with the
exception of analysis 3.1, 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 14 and shown on
concordia and Gaussian-summation probability density plots in Figures 33 and 34.
Interpretation
Most analyses are concordant to slightly discordant. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of two groups. Nineteen concordant analyses of nineteen zircons
(3.1, 5.1, 6.1, 7.1, 8.1, 9.1, 12.1, 13.1, 15.1, 16.1, 22.1, 23.1, 28.1, 30.1, 31.1, 32.1, 33.1 and 34.1),
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 1800 ± 4 Ma (chi-squared = 1.41). Concordant analyses 4.1, 24.1 and
27.1), assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2275 ± 17 Ma (chi-squared = 1.18). The remaining analyses
indicate older 207Pb/206Pb dates than those of Group 1 but cannot be confidently grouped.
The 207Pb/206Pb date of 1800 ± 4 Ma indicated by the nineteen concordant analyses of Group 1
is interpreted to provide a maximum time for deposition of the sedimentary precursor to the
metasandstone. The older 207Pb/206Pb dates indicated by the remaining analyses, including those of
Group 2, are interpreted to be of detrital zircons.
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169092: biotite–muscovite monzogranite, Red Rock
Bore
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 361420E 7409000N

Sampled on 4 September 2001
The sample was taken from an exfoliated 2-m long and 1 m thick boulder on the eastern side of an
extensive area of low rocky pavement and 1 km east-northeast of Red Rock Bore.
Tectonic unit/relations
This sample is from an undeformed, medium- and even-grained, biotite–muscovite monzogranite
of the Durlacher Supersuite, Gascoyne Complex (Sheppard et al., 2003). The monzogranite has
intruded a pegmatite-banded, fine-grained metamorphosed feldspatihic sandstone, of which sample
169091 is representative. The sample taken was free of all obvious veins.
Petrographic description
The principal minerals present in this sample are microcline (35–40 vol.%), quartz (30 vol.%),
plagioclase (25–30 vol.%), chlorite pseudomorphs of well-aligned biotite flakes (2–3 vol.%),
unoriented muscovite flakes (2–3 vol.%), epidote (trace), garnet (trace) and zircon (trace). This is a
massive, mostly medium grained, altered and recrystallized leucocratic biotite–muscovite
monzogranite containing rare garnet, titanite, fluorite and fractured zircon grains. There are rare
strained old quartz grains, but most of the quartz is fine-grained and recrystallized, indicating
deformation and metamorphism. The microcrystalline occurs as grains to 8 mm long, commonly
enclosing minor plagioclase and quartz. Plagioclase is more abundant as subhedral crystals mostly
1 to 3 mm long, fresh apart from very minor sericite. Chlorite has replaced almost all of the biotite
in this sample, partly defining a foliation and partly along stylolite-like veins at a high angle to the
foliation. Rare decussate aggregates of largely fresh biotite occur, with greenish biotite, to 1 mm in
diameter. Small grains and aggregates of garnet occur but are not abundant (<1 vol.%) with even
less abundant fine granular epidote. Muscovite is more abundant, partly as flakes to 4 mm long,
some of which are elongate at a high angle to the cleavage, partly as fine-grained aggregates.
Lenses of microcrystalline titanite occur in some muscovite flakes and there is rare fluorite, in
aggregates of altered biotite. Most of the radioactive grains in this sample are less than 30 µm in
diameter, but rare fractured and altered larger grains of probable zircon occur, with pleochroic
haloes in adjacent flakes of chlorite.
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Zircon morphology
The zircons isolated from this sample are pale brown, dark brown and black, generally between 40
× 100 µm and 180 × 250 µm in size and are euhedral subhedral or irregular in shape. Many are
structureless and fractured but a minority have faint internal zonation. A minority of grains have
thin structureless or finely zoned rims. Fluid and mineral inclusions are common.
Cathodoluminescence images of representative zircons are given in Figure 35.
Analytical details
This sample was analysed on 7 and 12 August 2002. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, eleven analyses of the CZ3 standard indicated
a Pb*/U calibration uncertainty of 1.67 (1σ%). Analyses 1.1 to 8.1 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 1.37 (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
Twenty-four analyses were obtained from 24 zircons. Results are given in Table 15 and shown on
a concordia plot in Figure 36.
Interpretation
Most analyses are concordant to slightly discordant. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of two groups. Twelve concordant analyses of twelve zircons
(2.1, 4.1, 8.1, 12.1, 13.1, 15.1, 16.1, 17.1, 18.1, 20.1, 22.1 and 23.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1681 ± 10 Ma (chi-squared = 1.48). Eight concordant and near-concordant analyses of eight
zircons (1.1, 3.1, 5.1, 6.1, 7.1, 10.1, 11.1 and 21.1), assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 1810 ± 22 Ma
(chi-squared = 1.06). Concordant analysis 24.1, which was obtained on a finely zoned rim,
indicates a significantly younger 207Pb/206Pb date than those of Group 1, whereas the remaining
analyses cannot be confidently grouped.
Two alternative interpretations of these results are possible. The 207Pb/206Pb date of 1619 ± 15
Ma (±1σ uncertainty) indicated by analysis 24.1, of a structureless zircon rim, may provide an
estimate of the time of igneous crystallization of the monzogranite, with the date of 1681 ± 10 Ma
indicated by the weighted mean 207Pb/206Pb ratio of twelve concordant analyses of twelve zircons
of Group 1 interpreted as a maximum time for igneous crystallization of the monzogranite.
Alternatively, the date of 1681 ± 10 Ma indicated by the weighted mean 207Pb/206Pb ratio of twelve
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concordant analyses of twelve zircons of Group 1 may be interpreted as the time of igneous
crystallization of the monzogranite, with the younger 207Pb/206Pb date indicated by analysis 24.1
attributed to ancient loss of radiogenic Pb. The significantly older 207Pb/206Pb dates indicated by
the remaining analyses are interpreted to be of xenocryst zircons.
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169094: quartz–plagioclase–biotite–sillimanite gneiss,
Woorkadjia Pool
Location and sampling
EDMUND (SF 50–14), MAROONAH (2051)

MGA Zone 50, 353090E 7402980N

Sampled on 4 September 2001
The sample was taken from a 1.5 cm thick slab on the southeast side of a small rocky hill and 1.5
km east of Woorkadjia Pool.
Tectonic unit/relations
This sample is of a dark grey, medium- to coarse-grained pelitic gneiss of the Pooranoo
Metamorphics (Sheppard et al., 2003), Gascoyne Complex.
Petrographic description
The principal minerals present in this sample are quartz (30 vol.%), plagioclase (30 vol.%),
sillimanite (10–15 vol.%), biotite (15 vol.%), muscovite (3–4 vol.%) and opaque oxide (4 vol.%),
with accessory apatite (trace), monazite (trace) and zircon (trace). This is a quartz–plagioclase–
biotite–sillimanite (pelitic) gneiss with muscovite, opaque oxide, rare apatite, trace monazite and
microcrystalline radioactive grains, metamorphosed at high amphibolite facies grade. Abundant
biotite is scattered as unoriented, partly ragged flakes to 5 mm in diameter, with irregular lamellae
of microcrystalline ilmenite. There is also abundant quartz, plagioclase and fibrolitic sillimanite.
Rare prismatic sillimanite is also present. The quartz and plagioclase occur as poikiloblastic grains
to 4 or 5 mm in diameter, with abundant sericite in the plagioclase. Opaque oxide occurs as
euhedral grains in quartz and plagioclase, to 0.5 mm in diameter, but is more elongate in fibrolitic
sillimanite lenses. Muscovite occurs as poikiloblastic flakes to 4 mm in diameter, partly rimming
and replacing biotite, partly within quartz grains. Accessory apatite is present and there is rare
monazite to 50µm in diameter, but most of the radioactive grains occur as minute inclusions in
biotite, with pleochroic haloes. This sample is a pelitic gneiss and has experienced high
amphibolite facies metamorphism with some retrogression.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellowish or pinkish brown
fragments and whole grains, between 35 × 50 µm and 200 × 250 µm in size and equant to elongate
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and rounded in shape. Many grains are internally structureless and a few grains have pitted
terminations, consistent with detrital transport. Cathodoluminescence images of representative
zircons are given in Figure 37.
Analytical details
This sample was analysed on 5 September and 14 and 29 November 2002. The counter deadtime
during all three analysis sessions was 24 ns. During the first analysis session, eleven analyses of
the CZ3 standard obtained during the analysis session indicated a Pb*/U calibration uncertainty of
1.02 (1σ%). Analyses 1.1 to 16.1 were obtained during the first analysis session. During the
second analysis session, three analyses of the CZ3 standard indicated a Pb*/U calibration
uncertainty of 2.68 (1σ%). Analyses 17.1 to 23.1 were obtained during the second analysis
session. During the third analysis session, five 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-three analyses were obtained from 31 zircons. Results are given in Table 16 and shown on
concordia and Gaussian-summation probability density plots in Figures 38 and 39.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb redistribution. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of three groups. Five concordant and slightly discordant
analyses of four zircons (7.1, 7.2, 11.1, 20.1 and 30.1), assigned to Group 1, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 1680 ± 13 Ma
(chi-squared = 0.70). Concordant and slightly discordant analyses 4.1, 5.1 and 21.1, assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 1741 ± 23 Ma. Eighteen concordant and slightly discordant analyses of
eighteen zircons (1.1, 3.1, 6.1, 8.1, 9.1, 10.1, 13.1, 14.1, 15.1, 18.1, 20.2, 22.1, 23.1, 25.1, 26.1,
27.1 28.1 and 31.1), assigned to Group 3, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 1783 ± 6 Ma (chi-squared = 1.46). The remaining
analyses cannot be confidently grouped.
Analyses 7.1, 7.2, 11.1 and 20.1 were obtained from small (generally less than 80 × 100 µm),
euhedral whole-grains and irregular-shaped grain fragments. There is no compelling evidence that
the 207Pb/206Pb dates indicated by the analyses of Group 1 may have been modified (by
metamorphism, for example) other than by some recent redistribution of radiogenic Pb, nor is
there any clear evidence of pitting and abrasion on the surfaces of the grains of Group 1 that would
indicate an episode of detrital transport. Although several alternative interpretations of these
results are possible, the preferred interpretation is that the 207Pb/206Pb dates obtained on the grains
of Group 1 provide their original igneous crystallization ages. Therefore, the date of 1680 ± 13 Ma
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indicated by the weighted mean 207Pb/206Pb ratio of concordant and near-concordant analyses 7.1,
7.2, 11.1, 20.1 and 30.1 of Group 1 is interpreted to provide a maximum time for deposition of the
sedimentary precursor to the gneiss. The older dates provided by the remaining analyses are also
interpreted to be of detrital zircons. Possible source rocks within the western part of Australia
having ages matching those of the zircons within this sample include those of the Gascoyne
Complex and Pilbara and Yilgarn cratons.
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154666: arenite, Empress 1A
Location and sampling
WESTWOOD (SG 51-16), WAHLGU (3943)

MGA Zone 51, 714050E 7005940N

Sampled on 3 December 1997
GSWA stratigraphic drillhole Empress 1A (spudded 13 July 1997), located about 59 km eastnortheast of the Tjukayirla Roadhouse and 200 m north of the Great Central Road. The sample was
taken from depth interval 1059.65–1060.57 m.
Tectonic unit/relations
This sample is from a grey to light pink, medium-grained sandstone from the middle part of the
Hussar Formation, Officer Basin.
Petrographic description
This sample consists principally of quartz (80–85 wt.%), with lithic (carbonate-, clay- and quartzrich) clasts (7–8 wt.%), interstitial carbonate (3–4 wt.%), porosity (3–4 wt.%), microcline (2–3
wt.%) and plagioclase (<1 wt.%). This is a well-sorted, quartz-rich coarse-grained and bimodal
sandstone with lithic granules, very coarse sand-sized quartz grains and a fine-grained sand
component containing quartz, minor microcline and rare plagioclase. Interstitial carbonate and
porosity are present. There are well-sorted and poorly-sorted (bimodal) layers, from 2 to about 15
mm thick. Abundant, well-rounded single crystal quartz grains to 1 mm in diameter occur
throughout, but in some layers are accompanied by less well-rounded single crystal quartz grains
to 0.25 mm in diameter, accompanied by microcline and rare plagioclase. Lithic fragments to 3
mm long are mostly present in the bimodal layers. These fragments include fine-grained
carbonate, clay-carbonate aggregates and cherty quartz with or without opal with minor
disseminated carbonate. Voids to 2 mm in diameter also occur and may represent leached
carbonate-rich clasts. One void has a rim of clay containing disseminated microcrystalline
carbonate. Rare clasts composed of clouded quartz may represent altered acid volcanic fragments.
There is a sparse cement of carbonate as well as areas of intergranular porosity, possibly caused by
the leaching of carbonate.
Zircon morphology
The zircons isolated from this sample are commonly colourless to light pinkish brown, between 40
× 50 µm and 250 × 350 µm in size and are generally fractured but internally structureless or
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weakly zoned. Most are rounded and have pitted and abraided surfaces, consistent with detrital
transport. Many contain mineral or fluid inclusions. Cathodoluminescence images of
representative zircons are given in Figure 40.
Analytical details
This sample was analysed on 25 June 2002. The counter deadtime during the analysis session was
24 ns. Fifteen analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 1.49 (1σ%). Common-Pb corrections were applied assuming Broken Hill
common-Pb isotopic compositions for all analyses.
Results
Twenty-nine analyses were obtained from 29 zircons. Results are given in Table 17 and shown on
concordia and Gaussian-summation probability density plots in Figures 41 and 42.
Interpretation
Most analyses are concordant or slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. A range in 207Pb/206Pb dates of 920 to 2520 Ma is
indicated. On the basis of their 207Pb/206Pb ratios, many may be assigned to one of five groups.
Analyses 2.1, 15.1, 19.1 and 20.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean date of 1048 ± 159 Ma (chi-squared = 0.72). The
206
Pb/238U ratios of these analyses define a single population indicating a weighted mean
206
Pb/238U date of 926 ± 25 Ma (chi-squared = 0.05). Six analyses of 6 zircons (1.1, 4.1, 14.1, 23.1,
24.1 and 28.1), assigned to Group 2, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean date of 984 ± 92 Ma (chi-squared = 1.39). The weighted mean
206
Pb/238U date indicated by this group is 976 ± 17 Ma (chi-squared = 0.65). Analyses 7.1, 17.1,
27.1 and 29.1, assigned to Group 3, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean date of 1088 ± 68 Ma (chi-squared = 0.26). The 206Pb/238U ratios of
these analyses define a single population indicating a weighted mean 206Pb/238U date of 1050 ±
30 Ma (chi-squared = 1.02). Analyses 9.1, 11.1 and 21.1, assigned to Group 4, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean date of 1756 ± 64 Ma (chisquared = 0.25). Analyses 3.1, 5.1, 13.1 and 26.1, assigned to Group 5, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean date of 2518 ± 22 Ma (chi-squared =
0.88). The remaining analyses cannot be confidently grouped.
Analyses 2.1, 15.1, 19.1 and 20.1 of Group 1 were obtained from clear, structureless and rounded
or ellipical grains that have extensively pitted surfaces, consistent with detrital transportation. The
weighted mean 207Pb/206Pb and 206Pb/238U dates of 1048 ± 159 Ma and 926 ± 25 Ma obtained on
the grains of Group 1 are therefore interpreted as providing maximum possible times for
deposition of the arenite.
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The remaining analyses are also interpreted to be of detrital grains, with the age-groups consistent
largely with an origin from either the Musgrave Complex (White et al., 1999 and references cited
therein) or the Albany–Fraser Orogen (Nelson et al., 1995).
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154667: sandstone, Empress 1A
Location and sampling
WESTWOOD (SG 51-16), WAHLGU (3943)

MGA Zone 51, 714050E 7005940N

Sampled on 3 December 1997
GSWA stratigraphic drillhole Empress 1A (spudded 13 July 1997), located about 59 km eastnortheast of the Tjukayirla Roadhouse and 200 m north of the Great Central Road. The sample was
taken from depth interval 692.4–694.3 m.
Tectonic unit/relations
This sample is from a greenish grey, medium- to coarse-grained sandstone unit that has been
correlated with similar lithologies within the Kanpa Formation of the Officer Basin (Stevens and
Apak, 1999).
Petrographic description
This sample consists principally of quartz (70–75 wt.%), cement (25 wt.%) and microcline and
lithic grains (1–2 wt.%). It is a bedded quartz-rich sandstone with layers showing low-angle crossbedding and a carbonate cement, partly leached. This sample has millimetre to centimetre scale
bedding laminations and a large leached-out void parallel to the layering, 15 × 6 mm. The coresegment indicates layers with low-angle cross-bedding. The bulk of the rock is dominated by
rounded to subangular single crystal quartz grains with a maximum grain size of 0.25 to 0.5 mm in
different layers, indicating fine to medium-grained sandstone. Some layers contain or consist of
well-rounded single crystal quartz grains to 1 mm in diameter, comprising coarse-grained
sandstone. Very minor microcline is present, as well as rare limonite to quartz-rich lithic grains.
There is abundant microsparry carbonate cementing the quartz grains, except where leaching has
produced a secondary porosity.
Zircon morphology
The zircons isolated from this sample are commonly colourless to light pinkish brown, between
100 × 150 µm and 250 × 350 µm in size and are generally fractured but internally structureless or
weakly zoned. Most are rounded and have pitted and abraided surfaces, consistent with detrital
transport. Many contain mineral or fluid inclusions. Cathodoluminescence images of
representative zircons are given in Figure 43.
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Analytical details
This sample was analysed on 20 and 25 June 2002. The counter deadtime during both analysis
sessions was 24 ns. During the first analysis session, five analyses of the CZ3 standard were
obtained. Following deletion of one standard analysis as an outlier, the remaining four analyses of
the CZ3 standard indicated a Pb*/U calibration uncertainty of 0.853 (1σ%). A calibration
uncertainty of 1.0 (1σ%) was applied to analyses of unknowns obtained during the analysis
session. Analyses 1.1 to 12.1 were obtained during the first analysis session. During the second
analysis session, fifteen analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of
1.49 (1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses.
Results
Thirty-seven analyses were obtained from 33 zircons. Results are given in Table 18 and shown on
concordia and Gaussian-summation probability density plots in Figures 44 and 45.
Interpretation
Most analyses are concordant or slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. A range in 207Pb/206Pb dates of 714 to 2270 Ma is
indicated. On the basis of their 207Pb/206Pb ratios, many may be assigned to one of three groups.
Eleven analyses of 6 zircons (9.1, 11.1, 13.1, 13.3, 15.1, 15.2, 20.1, 20.2 and 22.2), assigned to
Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean date
of 714 ± 107 Ma (chi-squared = 0.66). The weighted mean 206Pb/238U date indicated by this group
is 725 ± 11 Ma (chi-squared = 1.23). Ten analyses of 10 zircons (3.1, 4.1, 12.1, 18.1, 21.1, 25.1,
27.1, 28.1 and 33.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean date of 1100 ± 25 Ma (chi-squared = 1.07). Five analyses of 5 zircons
(5.1, 14.1, 16.1, 23.1 and 32.1), assigned to Group 3, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean date of 1657 ± 38 Ma (chi-squared = 1.39). The
remaining analyses cannot be confidently grouped.
The analyses of Group 1 were obtained from clear, structureless, elongate but rounded grains that
have extensively pitted surfaces, consistent with detrital transportation. The weighted mean
207
Pb/206Pb and 206Pb/238U dates of 714 ± 107 Ma and 725 ± 11 Ma obtained on the grains of
Group 1 are therefore interpreted as providing maximum possible dates for deposition of the
arenite.
The remaining analyses are also interpreted to be of detrital grains, with the age-groups consistent
largely with an origin from 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).
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161283: quartz sandstone, Phenoclast Hill
Location and sampling
TRAINOR (SG51–2), NICHOLLS (3448)

MGA Zone 51, 454920E 7270320N

Sampled on 28 August 2000
The sample was taken from low bouldery exposures located 10 m west of the access track to the
GSWA Trainor 1 stratigraphic drill hole, 52 km north-northeast of Sunday Well and 15 km
southwest of Phenoclast Hill.
Tectonic unit/relations
This sample is of a pale greyish white, coarse, gritty quartz-rich sandstone from the Mundadjini or
Skates Hills Formation of the Sunbeam Group, Officer Basin (R. M Hocking, written comm.,
2003).
Petrographic description
This sample consists principally of quartz (96–97 vol.%), with scattered leached areas constituting
a minor porosity (1–2 vol.%) and sericite (1 vol.%), with accessory limonite (trace) and zircon
(trace). This is a coarse-grained, quartz-rich sandstone, gradational to orthoquartzite, with planar
bedding, interstitial sericite/illite and minor porosity. Planar bedding laminations are visible in
hand-specimen (with limonite-stained and limonite-poor layers) also in the thin section, where
there is a layer 5 mm in apparent thickness that is finer-grained than the adjacent layers. The
coarser layers are dominated by single crystal quartz grains from 0.4 to 1 mm in diameter, with
quartz from 0.25 to 0.6 mm in grain size in the finer-grained layer. Both lithologies are coarsegrained sandstones. Some of the quartz has well-defined cores, some of which are clouded by
limonite, others having thin coatings of limonite between the cores and optically continuous
siliceous overgrowths. Many of the quartz grains lack well-defined cores. Deformation lamellae
are rare, and partly decorated with secondary limonite. Polycrystalline quartz grains occur mostly
in the coarser layers, and include possible vein quartz, rare clouded grains similar to silicified
volcanics and cherty grains. Intergranular films of sericite or illite are common, with some larger
patches in the coarser sandstone. This sandstone has suffered only very low-grade metamorphism
and weak deformation. Weathering has emphasised the bedding laminations largely by limonite
staining and the development of a minor secondary porosity.
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Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 200 × 250 µm in size,
colourless or pale greenish brown, internally structureless and are equant 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 46.
Analytical details
This sample was analysed on 13 and 17 March 2002. The counter deadtime during all analysis
sessions was 32 ns. During the first analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.799 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 13.1 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 1.11 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-eight analyses were obtained from 35 zircons. Results are given in Table 19 and shown on
concordia and Gaussian-summation probability density plots in Figures 47 and 48.
Interpretation
The analyses are concordant to slightly discordant and indicate a wide range of 207Pb/206Pb dates,
from c. 1340 to 2710 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned
to one of three groups. Twenty-nine concordant or near-concordant analyses of 27 zircons,
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 1769 ± 7 Ma (chi-squared = 0.91). Concordant analysis 24.1 and slightly
discordant analyses 34.1 and 23.2, assigned to Group 2, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 1707 ± 58 Ma (chi-squared = 1.37).
Concordant analyses 2.1, 8.1 and 16.1, assigned to Group 3, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2659 ± 33 Ma (chi-squared =
1.70). The remaining analyses cannot be confidently grouped.
Grains 23 and 24 are 80 × 150 µm, structureless, elongate and subrounded, whereas grain 34 is
a 100 × 100 µm, structureless, equant and spherical. These grains are inferred to be of detrital
origin. Consequently, the weighted mean 207Pb/206Pb date of 1707 ± 58 Ma indicated by the three
analyses of Group 1 obtained on these grains 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.
Possible source rocks within the western part of Australia having ages matching those of the
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zircons within this sample include those of 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). Grains 2.1, 6.1 and 16.1 of Group 3 may have been
derived from either of the Yilgarn or Pilbara cratons.
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177101: metasandstone, Gunanya Spring
Location and sampling
GUNANYA (SG51–14), GUNANYA (3451)

MGA Zone 51, 467720E 7452940N

Sampled on 2 May 2001
The sample was taken from a strike-ridge of metasandstone near the hinge of the McKay Anticline
located 5 km south of the Talawana Track and 8 km northwest of Gunanya Spring.
Tectonic unit/relations
This sample is of a medium- and even-grained, silicified quartz metasandstone from the base of
the Gunyana Sandstone of the Tarcunyah Group, Officer Basin.
Petrographic description
This sample consists principally of quartz (99 vol.%), with accessory sericite (trace), tourmaline
(trace), muscovite (trace), limonite (trace), opaque oxide (trace) and zircon (trace). This is a
bedded, medium- to coarse-grained quartzite with disseminated quartz to sericite-rich grains, rare
tourmaline and opaque oxide, with two layers rich in opaque oxide apparently defining low-angle
cross-bedding. One layer has heavy mineral laminations with fresh, oxidized and leucoxenized
opaque oxide grains and abundant zircon, all cemented by limonite. In the thin section, there are
five different layers, all dominated by rounded or subrounded quartz grains, commonly with
optically continuous overgrowths and undulose extinction. In two of the layers the maximum
grainsize is 0.8 mm, with two thin layers having a maximum grain size of 1 mm (all coarsegrained sandstone layers) and a layer with quartz to 0.4 mm in grain size (medium-grained
sandstone). All of these layers also contain grains that vary from quartz-rich to sericite-rich and
may represent altered acid volcanics. Minor tourmaline is also present, and is mostly brownish
green or blue. Some of the quartz to sericite-rich grains are limonite-stained and rare opaque oxide
is disseminated. The heavy mineral laminations in the medium-grained sandstone layer contain
abundant opaque oxide and abundant rounded to euhedral zircon grains. Some of oxide grains are
now leucoxene but others are fresh or oxidized as seen in low angle incident light, and there is a
limonite cement in the heavy mineral laminations. Rare detrital muscovite is present.
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

53

discolouration, and are slightly elongate or equant 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 49.
Analytical details
This sample was analysed on 17 and 21 March 2002. The counter deadtime during all analysis
sessions was 32 ns. During the first analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.341 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 14.1 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 1.70 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-five analyses were obtained from 35 zircons. Results are given in Table 20 and shown on
concordia and Gaussian-summation probability density plots in Figures 50 and 51.
Interpretation
The analyses are concordant and indicate a wide range of 207Pb/206Pb dates, from c. 1170 to 3060
Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of five groups.
Five concordant analyses of five zircons (2.1, 15.1, 16.1, 17.1 and 19.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1064 ± 44 Ma (chi-squared = 0.64). Ten concordant analyses of ten zircons (1.1, 3.1, 8.1, 13.1,
18.1, 20.1, 22.1, 30.1, 32.1 and 33.1), assigned to Group 2, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 1772 ± 25 Ma (chi-squared =
1.34). Five concordant analyses of five zircons (10.1, 24.1, 25.1, 28.1 and 31.1), assigned to Group
3, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1332 ± 26 Ma (chi-squared = 1.25). Concordant analyses 4.1, 23.1, 26.1 and 34.1, assigned
to Group 4, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 1656 ± 33 Ma (chi-squared = 1.68). Concordant analyses 12.1, 27.1 and 35.1,
assigned to Group 5, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 1773 ± 47 Ma (chi-squared = 0.77). The remaining analyses cannot be
confidently grouped.
Grain 2 is a 50 × 200 µm, colourless, internally structureless, elongate and subrounded grain
with a pitted surface. Grain 15 is 100 × 250 µm, colourless, internally structureless but fractured,
elongate and subrounded, whereas grain 16 is an 40 × 80 µm, colourless, internally structureless
elongate grain fragment. Grain 17 is a 200 × 200 µm, colourless, internally structureless but
fractured, irregular-shaped but subrounded grain with a pitted surface, and grain 19 is a 100 × 230
µm, colourless, internally structureless but fractured, elongate and subrounded grain with a pitted
surface. These grains are inferred to be of detrital origin. Consequently, the weighted mean
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Pb/206Pb date of 1064 ± 44 indicated by the five analyses of Group 1 is interpreted as a
maximum time for deposition of the sandstone precursor to the quartzite. The remaining analyses
are also inferred to be of detrital zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of 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). Grains 14.1 and 29.1 may have been derived from
either of the Yilgarn or Pilbara cratons.
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177104: fine-grained metasandstone, Nimberra Well
Location and sampling
RUNTON (SG51–15), CRONIN (3551)

MGA Zone 51, 528570E 7425830N

Sampled on 2 May 2001
The sample was taken from a low-lying, 20 m long strike-ridge of sandstone in an isolated area 20
km south-southeast of No. 23 Well located on the Canning Stock Route and 14 km south-southeast
of the abandoned Nimberra Well.
Tectonic unit/relations
This sample is of a light grey, fine- to medium- and even-grained, well-sorted silicified quartz
metasandstone from the upper part of the Tarcunyah Group, Officer Basin.
Petrographic description
This sample consists principally of rounded, single crystal quartz grains less than 0.25 mm in
diameter (95 vol.%), commonly with limonite or sericite-rich rims defining the detrital core and
abundant optically continuous overgrowths. In some areas there are larger grains, up to 0.8 mm in
diameter, but the rock is essentially a fine-grained sandstone. Rare lithic grains (2 vol.%) are
mostly polycrystalline quartz, with deformed possible vein quartz as well as clouded grains
possibly representing altered felsic volcanics. The main accessory mineral is orange-brown
tourmaline, and there is rare zircon. Rare patches of porosity occur, to 0.2 mm in diameter. This is
a quartz-rich fine-grained sandstone with rare coarse sand grains, cemented by optically
continuous overgrowths. Rare lithic grains occur as well as tourmaline and rare zircon.
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 and are equant and rounded or elongate
with rounded terminations 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 52.
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Analytical details
This sample was analysed on 4 April and 12 June 2002. The counter deadtime was 32 ns during
the first analysis session and 24 ns during the second analysis session. During the first analysis
session, thirteen analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 2.45
(1σ%). Analyses 1.1 to 12.1 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
1.26 (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-four analyses were obtained from 31 zircons. Results are given in Table 21 and shown on
concordia and Gaussian-summation probability density plots in Figures 53 and 54.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends consistent with
recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 110 to 1800 Ma are indicated.
On the basis of their 207Pb/206Pb ratios, all analyses may be assigned to one of five groups. Four
concordant or near-concordant analyses of grain 13 (13.1, 13.2, 13.3 and 13.4), assigned to Group
1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1101 ± 54 Ma (chi-squared = 0.46). Ten concordant or near-concordant analyses of 10
zircons (2.1, 3.1, 9.1, 10.1, 15.1, 16.1, 18.1, 20.1, 23.1 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
1249 ± 30 Ma (chi-squared = 0.96). Five concordant analyses of five zircons (5.1, 12.1, 17.1, 19.1
and 29.1), assigned to Group 3, have 207Pb/206Pb ratios defining a single population and indicating
a weighted mean 207Pb/206Pb date of 1515 ± 46 Ma (chi-squared = 1.26). Eleven concordant or
near-concordant analyses of 11 zircons (1.1, 6.1, 7.1, 8.1, 14.1, 21.1, 24.1, 25.1, 28.1, 30.1 and
31.1), assigned to Group 4, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 1692 ± 27 Ma (chi-squared = 1.56). Concordant or nearconcordant analyses 4.1, 11.1, 22.1 and 27.1), assigned to Group 5, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 1766 ± 37 Ma
(chi-squared = 0.30).
Grain13 is a 110 × 120 µm, deep yellow, structureless, rounded grain inferred to be of detrital
origin. The weighted mean 207Pb/206Pb date of 1101 ± 54 Ma indicated by the four analyses of
Group 1 obtained on grain 13 is interpreted as a maximum time for deposition of the sandstone
precursor to the quartzite.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Rudall (Nelson, 1994, 1995, 1996), Arunta
(Williams et al., 1996 and references cited therein), Gascoyne (Nelson, 1997, 1998, 1999, 2000,
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this volume) and Musgrave (White et al., 1999 and references cited therein) complexes and the
Albany–Fraser Orogen (Nelson et al., 1995).
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154668: sandstone, Empress 1A
Location and sampling
WESTWOOD (SG 51-16), WAHLGU (3943)

MGA Zone 51, 714050E 7005940N

Sampled on 3 December 1997
GSWA stratigraphic drillhole Empress 1A (spudded 13 July 1997), located about 59 km eastnortheast of the Tjukayirla Roadhouse and 200 m north of the Great Central Road. The sample was
taken from depth interval 319.0–320.8 m.
Tectonic unit/relations
This sample is from a reddish brown, coarse-grained sandstone unit with minor granule and
mudstone bands of the Wahlgu Formation, Officer Basin (Stevens and Apak, 1999). The sampled
sandstone unit lies stratigraphically below a thin dolomite that may correspond to the “cap
dolomite” of the Marinoan glaciation (Walter et al., 1995).
Petrographic description
This sample consists principally of quartz (70–80 vol.%), with the amount of cement plus porosity
ranging from 15–25 vol.% and between 2–8 vol.% lithic grains and microcline. This is a hematitestained rock consisting of interbedded coarse-grained sandstone and bimodal medium-coarse and
fine-grained sandstone with minor microcline, lithic clasts, opaque oxide and tourmaline in a
partly oxidized and leached carbonate-rich cement. In thin section, bedding laminations range
from 1 to 20 mm thick. A layer with rounded single crystal quartz grains less than 1 mm in
diameter and subangular single crystal quartz grains mostly less than 0.15 mm in diameter with
interstitial limonite and areas of porosity occurs at one end of the thin section. Rare small
aggregates of glauconite occur in this layer, as well as oxidized and leucoxenized opaque oxide
and tourmaline. The adjacent layer is about 20 mm thick, with abundant rounded single crystal
quartz grains to 0.8 mm in diameter and an abundant carbonate cement. Areas from which the
cement has been leached occur adjacent to the bimodal layer described above and more irregularly
throughout. Aggregates of fine-grained granular quartz and clasts of chalcedony also occur, to 0.8
mm in diameter, as well as aggregates of more ragged possible vein quartz. Some of the quartzrich lithic grains are clouded and could represent altered acid volcanics. Rare grains of clear, fresh
microcline also occur, but are uncommon to rare. The remaining layers are bimodal, with larger
single crystal quartz grains reaching 0.4 to 0.8 mm in diameter in the various layers (medium to
coarse-grained sandstone), or dominated by the finer component of subrounded to subangular
single crystal quartz grains, mostly less than 0.25 mm in diameter (fine-grained sandstone). Grains
of microcline occur as a very minor component as well as quartz-rich lithic grains. One layer has a
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single large quartz-rich clast about 1.5 mm long, but large grains are rare in this sample. Some of
the carbonate in these layers may be detrital, with some carbonate also in the cement. Most of the
cement in these layers is limonite-stained and possibly clay-rich, but may have been derived from
carbonate. Accessory oxidized or leucoxenized opaque oxide and tourmaline are present.
Zircon morphology
The zircons isolated from this sample are commonly colourless to light pinkish brown, between
100 × 150 µm and 250 × 350 µm in size and are generally fractured but internally structureless or
weakly zoned. Most are rounded and have pitted and abraided surfaces, consistent with detrital
transport. Many contain mineral or fluid inclusions. Cathodoluminescence images of
representative zircons are given in Figure 55.
Analytical details
This sample was analysed on 31 June 2002. The counter deadtime during the analysis session was
24 ns. Twenty-one analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 3.48 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Forty-two analyses were obtained from 39 zircons. Results are given in Table 22 and shown on
concordia and Gaussian-summation probability density plots in Figures 56 and 57.
Interpretation
Most analyses are concordant or slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. A range in 207Pb/206Pb dates of c. 700 to 2010 Ma
is indicated. On the basis of their 207Pb/206Pb ratios, many may be assigned to one of four groups.
Eight analyses of 5 zircons (4.1, 4.2, 5.1, 5.2, 18.1, 20.1, 34.1 and 34.2), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean date of 752 ±
110 Ma (chi-squared = 1.24). The weighted mean 206Pb/238U date indicated by this group is 691 ±
22 Ma (chi-squared = 0.75). Twenty-one analyses of 21 zircons (3.1, 6.1, 9.1, 10.1, 11.1, 12.1,
15.1, 16.1, 17.1, 19.1, 21.1, 24.1, 25.1, 26.1, 27.1, 28.1, 30.1, 31.1, 33.1, 36.1 and 39.1), assigned
to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
date of 1143 ± 43 Ma (chi-squared = 1.37). Five analyses of 5 zircons (8.1, 13.1, 23.1, 35.1 and
38.1), assigned to Group 3, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean date of 1540 ± 60 Ma (chi-squared = 0.15). Six analyses of 6 zircons (2.1, 7.1,
14.1, 22.1, 29.1 and 37.1), assigned to Group 6, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean date of 1697 ± 38 Ma (chi-squared = 0.59). The
remaining analyses (1.1 and 32.1) cannot be confidently grouped.
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The analyses of Group 1 were obtained from clear, structureless, elongate but rounded grains or
grain fragments that have extensively pitted surfaces, consistent with detrital transportation. The
weighted mean 207Pb/206Pb and 206Pb/238U dates of 752 ± 110 Ma and 691 ± 22 Ma obtained on the
grains of Group 1 are therefore interpreted as providing maximum possible times for deposition of
the arenite.
The remaining analyses are also interpreted to be of detrital grains, with the age-groups
consistent largely with an origin from 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).
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161282: silicified quartz sandstone, Phenoclast Hill
Location and sampling
TRAINOR (SG51–2), NICHOLLS (3448)

MGA Zone 51, 455330E 7262950N

Sampled on 28 August 2000
The sample was taken from a rock face located about half way down the east-facing slope of a
north-facing gorge, 500 m east of the access track to the GSWA Trainor 1 stratigraphic drill hole,
41 km north-northeast of Sunday Well and 21 km southwest of Phenoclast Hill.
Tectonic unit/relations
This sample is of a pale yellowish white, coarse, gritty quartz-rich metasandstone containing
scattered ≤2 mm feldspar grains, from the Oldham Sandstone, a possible correlative of part of the
Collier Group, Collier Basin (Hocking et al., 2000).
Petrographic description
This sample consists principally of quartz (99 vol.%), with sparse disseminated leucoxene (trace),
a single patch of blue tourmaline (trace) and rare zircon (trace). The visually estimated mineralogy
and gross textures, including authigenic silicification, indicates an orthoquartzite formed from a
medium to very coarse-grained quartz-rich sandstone. Irregular bedding laminations are dominated
by single crystal quartz grains with optically continuous siliceous overgrowths, less abundant
polycrystalline grains (vein quartz, possible silicified volcanic fragments and cherty grains and/or
limonite), accessory leucoxene and rare zircon. Most of the quartz occurs as single crystal quartz
grains with optically continuous siliceous overgrowths filling a pre-existing intergranular porosity.
There is 2 to 3 vol.% polycrystalline quartz, partly cherty and partly possible vein quartz with
ragged grain boundaries. Rare clouded polycrystalline grains are similar to silicified acid volcanic
grains and some of the chert grains are rich in limonite or hematite, suggesting derivation from
silicified sedimentary rocks. Planar and cross-bedding occurs in hand-specimen and millimetre to
centimetre scale lenticular layers with different grain sizes occurs in the thin section. The coarsest
components are single crystal quartz grains, (with siliceous overgrowths), to 2 mm in diameter,
whereas the finer-grained lenses have maximum grain sizes varying from 0.5 to 1 mm. Many of
the larger grains have lamellae of extremely fine limonite between the detrital core and the
overgrowth, but others lack any visible demarcation between core and rim. Deformation lamellae,
commonly with a sub-basal orientation, are common but some have apparently been annealed and
are indicated by lamellae of limonite at a high angle to the c-axis trace in the quartz grains. Rare
leucoxene occurs in rounded aggregates to 0.25 mm in diameter and rare quartz grains occur with
inclusions of muscovite. Deformation lamellae are best developed in quartz at low or very low
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metamorphic grades or at high strain-rates, although the simple mineralogy of this sample makes it
difficult to estimate the peak metamorphic grade experienced. Quartz grains derived from plutonic
and vein quartz dominate over grains derived from possible volcanic quartz and/or silicified
sedimentary rocks.
Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 200 × 250 µm in size,
colourless or pale greenish brown, internally structureless and are equant 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 58.
Analytical details
This sample was analysed on 24 February and 13, 17 and 24 March 2002. The counter deadtime
during all analysis sessions was 32 ns. During the first analysis session, five analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 2.09 (1σ%). Analyses 1.1 to 16.1 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 0.779 (1σ%). A calibration uncertainty
of 1.0 (1σ%) was applied to analyses of unknowns obtained during this analysis session. Analyses
17.1 to 35.1 were obtained during the second analysis session. During the third analysis session,
nine analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.11 (1σ%).
Analyses 12.2 and 12.3 were obtained during the third analysis session. During the fourth analysis
session, four analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.04
(1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses.
Results
Forty-four analyses were obtained from 35 zircons. Results are given in Table 23 and shown on
concordia and Gaussian-summation probability density plots in Figures 59 and 60.
Interpretation
The analyses are concordant to slightly discordant and indicate a wide range of 207Pb/206Pb dates,
from c. 1340 to 2710 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned
to one of two groups. Nine concordant or near-concordant analyses of 2 zircons (20.1, 20.2, 20.3,
25.1, 25.2, 25.3, 25.4, 25.5 and 25.6), assigned to Group 1, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 1338 ± 27 Ma (chi-squared =
1.90). Twenty-eight concordant or near-concordant analyses of 27 zircons, assigned to Group 2,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
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date of 1779 ± 11 Ma (chi-squared = 1.35). Analysis 12.1 is highly reverse-discordant, whereas the
remaining analysis are concordant but cannot be confidently grouped.
Grain 20 is 80 × 100 µm, pale green, structureless but fractured and subrounded, whereas grain
25 is a 100 × 120 µm, pale green, structureless, fractured and subrounded. Both grains are inferred
to be of detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1338 ± 27 Ma
indicated by the three analyses of Group 1 obtained on these grains 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.
Possible 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). Grains 6.1 and 9.1 may have been derived from either of the Yilgarn
or Pilbara cratons.
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161284: silicified quartz sandstone, Quadrio Lake
Location and sampling
TRAINOR (SG51–2), NICHOLS (3448)

MGA Zone 51, 465490E 7284540N

Sampled on 28 August 2000
The sample was taken from a prominent sandstone ridge located adjacent to the access track to the
GSWA Trainor 1 stratigraphic drill hole, 1 km east of Quadrio Lake and 6 km northwest of
Phenoclast Hill.
Tectonic unit/relations
This sample is of a silicified pale pinkish white, coarse-grained, quartz-rich sandstone from the
Quadrio Formation, which is recognized only in the Oldham Inlier and is a possible correlative of
part of the Edmund Group of the Edmund Basin. (Hocking et al., 2000). The Quadrio Formation
may coarsen up into the Cornelia Sandstone, rather than overlie it (R. M Hocking, written comm.,
2002).
Petrographic description
This sample consists principally of quartz (96 vol.%), with 3–4 vol.% limonite and/or earthy
hematite and traces of chalcedony, accessory tourmaline (trace), leucoxene (trace) and zircon
(trace). It is a pale reddish brown, laminated, poorly sorted orthoquartzite formed from fine to
coarse-grained sandstone. The colour is due to the presence of minor disseminated limonite, partly
after carbonate. The hand-specimen is a pale purple-red limonite-stained orthoquartzite with
scattered spots of dense limonite and poorly defined, subparallel bedding laminations. The bedding
laminations are visible in thin section, which shows a poorly sorted sand aggregate of single
crystal quartz grains from 0.1 to 1 mm in diameter (fine- to coarse-grained sandstone). Many of
the single crystal quartz grains have well-defined rounded cores with films of limonite between the
core and optically continuous overgrowths. Some grains have undulose extinction or deformation
lamellae, locally decorated by limonite. Rarely, there are inclusions of biotite in the quartz. The
polycrystalline quartz grains are mostly cherty, but may be of hydrothermal origin, or modified by
hydrothermal processes, as some have veins of chalcedony and some have limonite clearly derived
from rhombs of carbonate. Others have fine-grained disseminated limonite of uncertain origin.
Interstitial patches of chalcedony occur, as well as very rare patches of limonite-stained kaolin,
and there are patches of limonite, some clearly derived from rhombohedral carbonate, possibly
siderite. Accessory rounded grains of tourmaline include blue, brown and green varieties as
identified in thin section. Leucoxene is rare and a single minute elongate crystal inclusion in quartz
may be zircon. Needles in several quartz grains may be of sillimanite or, less probably, rutile. This
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is a weakly metamorphosed sandstone with quartz probably derived from granitoid and/or
metamorphic provenance.
Zircon morphology
The zircons isolated from this sample are generally between 50 × 60 µm and 200 × 250 µm in size,
colourless or pale yellowish brown, internally structureless and are equant 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 61.
Analytical details
This sample was analysed on 12 May 2002. The counter deadtime during the analysis session was
32 ns. Fifteen analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.28
(1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses.
Results
Twenty-six analyses were obtained from 26 zircons. Results are given in Table 24 and shown on
concordia and Gaussian-summation probability density plots in Figures 62 and 63.
Interpretation
The analyses are concordant to slightly discordant, with the discordance patterns consistent with a
dominant episode of recent loss of radiogenic Pb. A wide range of 207Pb/206Pb dates, from c. 1840
to 3240 Ma, is indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to
one of seven groups. Concordant analyses 7.1 and 14.1 and slightly discordant analyses 1.1 and
23.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 1845 ± 62 Ma (chi-squared = 1.56). Concordant analyses 16.1
and 19.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2052 ± 11 Ma (±1σ uncertainty). Concordant analysis 22.1 and
slightly discordant analysis 2.1, assigned to Group 3, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 2122 ± 11 Ma (±1σ uncertainty).
Concordant analyses 6.1, 21.1 and 25.1, assigned to Group 4, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2175 ± 32 Ma (chi-squared =
0.05). Concordant analyses 4.1 and 10.1, assigned to Group 5, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2284 ± 9 Ma (±1σ
uncertainty). Five concordant or near-concordant analyses of 5 zircons (5.1, 8.1, 12.1, 18.1 and
20.1), assigned to Group 6, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2635 ± 14 Ma (chi-squared = 0.58). Concordant analyses 11.1
and 24.1, assigned to Group 7, have 207Pb/206Pb ratios defining a single population and indicating a
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weighted mean 207Pb/206Pb date of 2677 ± 10 Ma (±1σ uncertainty). The remaining analyses
cannot be confidently grouped.
The zircons of Group 1 are structureless and subrounded to rounded and are inferred to be of
detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1845 ± 62 Ma indicated by
the three analyses of Group 1 obtained on these grains is interpreted as a maximum time for
deposition of the sandstone. The remaining analyses are also interpreted to be of detrital grains.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of 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 of Groups 6 and 7, and grains 13, 15 and 26 may have been
derived from either of the Yilgarn or the Pilbara cratons.
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161285: silicified sandstone, Phenoclast Hill
Location and sampling
TRAINOR (SG51–2), NICHOLS (3448)

MGA Zone 51, 454850E 7269820N

Sampled on 28 August 2000
The sample was taken from low exposures adjacent to the Trainor track, 55 km north-northeast of
Sunday Well and 16 km southwest of Phenoclast Hill.
Tectonic unit/relations
This sample is of a silicified, pale pinkish grey, coarse-grained, quartz-rich intensely silicified
sandstone from the Cornelia Sandstone in the Oldham Inlier (Hocking et al. 2000), Paterson
Orogen. The sandstone may be a correlative of the Edmund Group, Edmund Basin (Hocking et al.,
2000).
Petrographic description
This sample consists principally of >99 vol.% quartz, and is a coarse-grained, quartz-rich
sandstone gradational to orthoquartzite with a lens containing several subrounded/elliptical
granules (or very small quartz pebbles) of quartz to 4mm in diameter. It includes a layer of quartz
granules (very small quartz pebbles), rare opaque oxide and zircon and trace limonite. About half
of the granules are single crystal quartz grains, the others being polycrystalline and possibly vein
quartz. The host rock is a massive aggregate of single crystal quartz grains from 0.1 to 1 mm in
diameter, but well-defined cores and with distinct optically continuous siliceous overgrowths are
relatively rare. Some of the quartz grains have deformation lamellae or trails of fluid inclusions,
locally decorated with limonite. Polycrystalline grains, including vein quartz and chert, occur in
the host sandstone. Inclusions of leucoxene and opaque oxide occur in some of the single crystal
quartz grains, with rare muscovite and fine unidentified fibres (sillimanite?). A single zircon
crystal was identified between quartz grains. Small patches of interstitial limonite are present but
there may be abundant stylolitic grain boundaries in this sample. This is a weakly metamorphosed
quartz-rich pebbly sandstone with rare zircon. Plutonic and vein-derived quartz dominate the
detrital quartz grains.
Zircon morphology
The zircons isolated from this sample are generally between 50 × 60 µm and 200 × 250 µm in size,
colourless or pale yellowish brown, internally structureless and are equant and rounded in shape.
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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 64.
Analytical details
This sample was analysed on 12 and 15 May 2002. The counter deadtime during both analysis
sessions was 32 ns. Fifteen analyses of the CZ3 standard obtained during the first analysis session
indicated a Pb*/U calibration uncertainty of 1.28 (1σ%). Analyses 1.1 to 30.1 were obtained
during the first analysis session. During the second analysis session, two analyses of the CZ3
standard obtained during the first analysis session indicated a Pb*/U calibration uncertainty of
0.265 (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
Thirty-two analyses were obtained from thirty zircons. Results are given in Table 25 and shown on
concordia and Gaussian-summation probability density plots in Figures 65 and 66.
Interpretation
The analyses are concordant to slightly discordant and indicate a range of 207Pb/206Pb dates from c.
1670 to 2600 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of
three groups. Concordant analyses 3.1, 3.2 and 3.2, assigned to Group 1, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 1669 ± 46 Ma
(chi-squared = 0.53). Concordant analyses 19.1 and 22.1, assigned to Group 2, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 1735 ± 32
Ma (±1σ uncertainty). Twenty-five concordant analyses of twenty-five zircons, assigned to Group
3, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1799 ± 10 Ma (chi-squared = 1.05). The remaining analyses (8.1 and 25.1) cannot be
confidently grouped.
Grain 3 is 50 × 80 µm, structureless and subrounded and inferred to be of detrital origin.
Consequently, the weighted mean 207Pb/206Pb date of 1669 ± 46 Ma indicated by the three analyses
of Group 1 obtained on grain 3 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.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of 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. Grain 25 may have been derived from either of the Yilgarn or
Pilbara cratons.
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161286: sandstone, Sunday Well
Location and sampling
TRAINOR (SG51–2), BRASSEY (3318)

MGA Zone 51, 440180E 7248980N

Sampled on 28 August 2000
The sample was taken from low exposures within the main outcrop area of the Brassey Range
Formation, located immediately east of the Trainor Track, 2 km northeast of Sunday Well and 38
km southwest of Phenoclast Hill.
Tectonic unit/relations
This sample is of a pale pinkish grey, coarse, gritty, feldspathic quartz-rich sandstone from the
Brassey Range Formation of the Salvation Group, a possible correlative of the Collier Group,
Collier Basin (Hocking et al., 2000; Hocking and Jones, 2002).
Petrographic description
This sample consists principally of quartz (90 vol.%), microcline (7–8 vol.%), altered plagioclase
(1–2 vol.%) and barite (1 vol.%), with accessory leucoxene (trace), limonite (trace), tourmaline
(trace), clays (trace), muscovite (trace) and zircon (trace). This is a weakly metamorphosed,
feldspathic but quartz-rich medium-grained sandstone, with minor barite, sericite, detrital
muscovite, altered biotite and rare tourmaline. The dominant single crystal quartz grains are up to
0.4 mm in diameter, including poorly defined optically continuous overgrowths, but also has
minor grains of cherty quartz, as well as feldspars and rare detrital muscovite to 0.4 mm in grain
size. Accessory brown tourmaline is altered to clays and leucoxene. The quartz grains are
anhedral, some with fairly discrete cores, defined by films of limonite. Deformation lamellae are
also rare but are locally decorated with limonite. Some of the single crystal quartz grains, and
some of the cherty grains, are clouded and were probably derived from an acid volcanic
provenance, but other cherty grains are clear. The microcline is mostly rounded but some grains
have been partly etched. The plagioclase has been partly altered to sericite or to possible kaolin.
Small lenses of barite, mostly less than 0.5mm long, are interstitial to the detrital grains and
composed of small prismatic crystals. A very few grains have been altered to barite and sericite,
and there are rare interstitial films of sericite. The tourmaline is rounded and about 0.3 mm in
grain size. Areas of porosity occur close to the edge of the thin section, possibly representing
leached feldspar grains. This is a weakly metamorphosed, medium-grained feldspathic quartz
sandstone, with metamorphism indicated by the presence of sericite. Minor barite may be of
hydrothermal or authigenic origin.
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Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 200 × 250 µm in size,
colourless, pale brown or black, internally structureless or with patchy brown discolouration, and
are structureless, equant and rounded in shape or are irregular-shaped grain fragments. 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 67.
Analytical details
This sample was analysed on 24 March and 4 April 2002. The counter deadtime during all analysis
sessions was 32 ns. During the first analysis session, four analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.787 (1σ%). A calibration uncertainty of 1.0 (1σ%) was applied
to analyses of unknowns obtained during this analysis session. Analyses 1.1 to 9.1 were obtained
during the first analysis session. During the second analysis session, thirteen analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 2.45 (1σ%). Common-Pb corrections were
applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-two analyses were obtained from 32 zircons. Results are given in Table 26 and shown on
concordia and Gaussian-summation probability density plots in Figures 68 and 69.
Interpretation
The analyses are concordant to highly discordant and indicate a wide range of 207Pb/206Pb dates,
from c. 1230 to 2200 Ma. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned
to one of two groups. Concordant or near-concordant analyses 5.1, 8.1 and 30.1, assigned to Group
1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 1229 ± 85 Ma (chi-squared = 1.01). Fourteen concordant or near-concordant analyses of 14
zircons (1.1, 3.1, 4.1, 6.1, 7.1, 9.1, 10.1, 13.1, 15.1, 17.1, 20.1, 27.1, 29.1 and 31.1), assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 1342 ± 27 Ma (chi-squared = 1.48). Ten concordant analyses of 10 zircons
(11.1, 12.1, 16.1, 19.1, 21.1, 22.1, 25.1, 26.1, 28.1 and 32.1), assigned to Group 3, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 1664 ± 14
Ma (chi-squared = 1.06). Nineteen concordant analyses of 19 zircons, assigned to Group 3, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
1760 ± 24 Ma (chi-squared = 0.30). Concordant analyses 2.1, 14.1, 18.1 and 24.1 discordant
analysis 23.1 cannot be assigned to these groups.
Grains 5, 8 and 30 are colourless, structureless, euhedral and slightly elongate grain fragments
inferred to be of detrital origin. Consequently, the weighted mean 207Pb/206Pb date of 1229 ± 85
Ma indicated by the three analyses of Group 1 are interpreted as a maximum time for deposition of
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the sandstone precursor to the quartzite. The remaining analyses are also interpreted to be of
detrital grains.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of 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).
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177102: metasandstone, Gunanya Spring
Location and sampling
GUNANYA (SG51–14), GUNANYA (3451)

MGA Zone 51, 464880E 7454490N

Sampled on 2 May 2001
The sample was taken from a 3-m long, 1-m wide outcrop located 3.5 km south of the Talawana
Track and 11 km northwest of Gunanya Spring
Tectonic unit/relations
This sample is of a dark reddish-black, medium- to coarse-grained ,even-grained, silicified quartz
metasandstone from the lower part of the Pungkuli Formation, which is tentatively considered to
belong to the Throssell Group, Yeneena Basin.
Petrographic description
This sample consists principally of quartz (75–80 vol.%), with different layers having between 5
and 20 vol.% microcline (averaging 10–15 vol.%) and as much as 5 vol.% sericite-clouded
plagioclase, but with less abundant feldspar in the conglomerate bands. Accessory minerals
include muscovite (trace), opaque oxide (trace), tourmaline (trace) and zircon (trace). This is a
low-grade metamorphosed coarse- to very coarse-grained sandstone with layers of fine-grained
conglomerate. Microcline and sericite-clouded plagioclase occur as well as quartz and very minor
muscovite. Diffuse layers rich in heavy minerals contain opaque oxide, tourmaline and minor
zircon. This is a layered quartzofeldspathic sedimentary rock with layers from 3 mm to over 20
mm thick, having maximum grain sizes varying from 1 to 4 mm, indicating coarse to very coarsegrained sandstone, with maximum grainsizes of 1 to 1.5 mm, and fine-grained conglomerate. The
grains are mostly angular and subangular, with a weak common elongation direction that is
oblique to bedding. The conglomerate layers are from 3 to 10 mm thick but the sandstone layers
are thicker. Most of the grain boundaries are sutured and many of the quartz grains have undulose
extinction, indicating low-grade metamorphism and deformation. Minor muscovite occurs in
lenses to 1 mm long. Diffuse lenses occur that are rich in heavy minerals. These contain fresh,
oxidized or leucoxenized oxides and pale brown or green tourmaline grains, locally as much as 0.5
mm in diameter. Minor zircon is scattered and is commonly fractured. The heavy minerals are
mostly in layers of coarse-grained sandstone.
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Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 200 × 250 µm in size,
colourless or pale yellowish green, internally structureless and are equant and rounded or elongate
with rounded terminations 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 70.
Analytical details
This sample was analysed on 21 and 24 March 2002. The counter deadtime during all analysis
sessions was 32 ns. During the first analysis session, twelve analyses of the CZ3 standard indicated
a Pb*/U calibration uncertainty of 1.70 (1σ%). Analyses 1.1 to 25.1 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 1.04 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-eight analyses were obtained from 35 zircons. Results are given in Table 27 and shown on
concordia and Gaussian-summation probability density plots in Figures 71 and 72.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends consistent with
recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 1308 to 1800 Ma are
indicated. On the basis of their 207Pb/206Pb ratios, most analyses may be assigned to one of three
groups. Four concordant or near-concordant analyses of grain 11 (11.1, 11.2, 11.3 and 11.4),
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 1308 ± 16 Ma (chi-squared = 0.05). Thirteen concordant or nearconcordant analyses of 13 zircons (1.1, 2.1, 5.1, 10.1, 13.1, 14.1, 15.1, 16.1, 19.1, 20.1, 23.1 and
32.1), assigned to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 1664 ± 14 Ma (chi-squared = 1.06). Nineteen concordant
analyses of 19 zircons, assigned to Group 3, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 1775 ± 9 Ma (chi-squared = 1.36). Concordant
analyses 28.1 and 34.1 cannot be assigned to these groups.
Grain11 is a 80 × 120 µm, pale greensih yellow, structureless, slightly elongate and rounded
grain inferred to be of detrital origin. The weighted mean 207Pb/206Pb date of 1308 ± 16 Ma
indicated by the four analyses of Group 1 obtained on grain 11 is interpreted as a maximum time
for deposition of the sandstone precursor to the quartzite.
Possible source rocks within the western part of Australia having ages matching those of the
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zircons within this sample include those of 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).
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172840: coarse-grained sandstone, Rainbow Prospect
Location and sampling
NULLAGINE (SF 51-5), BRAESIDE (3155)

MGA Zone 51, 335050E 7628700N

Sampled on 6 October 2000
The sample was taken from Straits Resources Ltd diamond-drillhole TRD 1, depth interval
109.60 to 109.87 m, located 1.5 km southeast of the Rainbow Prospect.
Tectonic unit/relations
This sample is of a coarse feldspathic quartz-rich metasandstone from the Coolbro Sandstone, or
an older unassigned unit structurally below the Broadhurst Formation of the Throssell Group,
Yeneena Basin.
Petrographic description
This principal minerals present in this sample are quartz (45 wt.%), microcline and orthoclase (35–
40 wt.%), sericite (7–8 wt.%), biotite (2–3 wt.%), plagioclase (2–3 wt.%), carbonate (3 wt.%),
opaque oxide (1–2 wt.%), zircon (<1 wt.%), sulphide (pyrite or, less probably, chalcopyrite; trace)
and chlorite (trace). This is an arkosic, very coarse-grained sandstone with microcline and rare
plagioclase as well as quartz, in a quartz-sericite schist with biotite and carbonate. Lenses occur
that are rich in opaque oxide and carry disseminated zircon, and there is rare sulphide. The thin
section shows a very coarse-grained arkosic sandstone with single crystal quartz grains and
abundant microcline to 2 mm in grain size as well as less abundant perthitic orthoclase and
clouded plagioclase. The smaller grains, from 0.25 to 1 mm in diameter, are mostly polycrystalline
and quartz-rich, but smaller grains of microcline and single crystal quartz grains are also abundant.
One clast is composed of felted albitized plagioclase laths with minor opaque oxide and carbonate
and may represent a microdiorite. There are disseminated patches of carbonate to 1.5 mm in
diameter and a sparse matrix of quartz-sericite schist with minor biotite. Some of the biotite is
disseminated but there are also aggregates of recrystallized biotite, possibly replacing a mafic
silicate such as hornblende. Lenses and lamellae rich in disseminated fresh to leucoxenized opaque
oxide are present and these commonly contain partly fractured zircon crystals to 0.25 mm in
diameter.
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Zircon morphology
The zircons isolated from this sample are generally between 50 × 60 µm and 200 × 250 µm in size,
colourless, pale yellowish brown or black, internally structureless or with patchy brown
discolouration, and are structureless, equant and rounded in shape or are irregular-shaped grain
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 73.
Analytical details
This sample was analysed on 4 June 2002. The counter deadtime during the analysis session was
32 ns. Thirteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 0.745 (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
Thirty analyses were obtained from 30 zircons. Results are given in Table 28 and shown on
concordia and Gaussian-summation probability density plots in Figures 74 and 75.
Interpretation
The analyses are concordant to highly discordant with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. A range of 207Pb/206Pb dates from c. 2710 to 2870 Ma is
indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of two
groups. Concordant or near-concordant analyses 3.1, and 13.1 and discordant analysis 25.1,
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 2710 ± 31 Ma (chi-squared = 0.25). Twenty-six concordant or nearconcordant analyses of twenty-six zircons (1.1, 2.1, 4.1, 5.1, 6.1, 7.1, 9.1, 10.1, 11.1, 12.1, 14.1,
15.1, 16.1, 17.1, 18.1, 19.1, 20.1, 21.1, 22.1, 23.1, 24.1, 26.1, 27.1, 28.1, 29.1 and 30.1), assigned
to Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2763 ± 6 Ma (chi-squared = 0.61). Concordant analysis 8.1 indicated a
substantially older 207Pb/206Pb date.
Grains 3, 13 and 25 are colourless or yellowish brown, structureless, slightly elongate and
rounded grain fragments inferred to be of detrital origin. Consequently, the weighted mean
207
Pb/206Pb date of 2710 ± 31 Ma indicated by the 3 analyses of Group 1 are interpreted as a
maximum time for deposition of the sandstone precursor to the sandstone. The remaining analyses
are also interpreted to be of detrital grains.
Possible source rocks within the western part of Australia having ages matching those of the
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zircons within this sample include the Yilgarn or Pilbara cratons.
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144682: foliated biotite tonalite, Baroona Hill
Location and sampling
NULLAGINE (SF 51-5), YILGALONG (3055)

MGA Zone 51, 244910E 7621670N

Sampled on 23 September 2000
The sample was taken from the south bank of Elsie Creek, 4.2 km bearing 100° from Baroona Hill.
Tectonic unit/relations
This sample is from a greenish grey, strongly foliated, biotite–muscovite tonalite phase of the
Yilgalong Granitoid Complex. The tonalite has been intruded by garnet-bearing pegmatites and
thin quartz veins. The sampling site is 150 m from the contact with Warrawoona Group units of
the Mount Elsie Greenstone Belt, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This principal minerals present in this sample are plagioclase (including sericite and carbonate
alteration; 55 vol.%), quartz (35–40 vol.%), altered biotite (2 vol.%) and muscovite (5 vol.%),
with accessory apatite (trace), leucoxene (trace), zircon (trace) and rare microcrystalline
radioactive grains (trace). This is a tonalite or trondhjemite gneiss and has a greenschist-facies
metamorphic assemblage, with chloritized biotite, muscovite and carbonate. In thin section, there
are abundant augen of plagioclase from 0.5 to 4 mm long, generally containing abundant sericite
and microcrystalline carbonate. Interstitial areas are rich in fine-grained recrystallized quartz, with
chloritized biotite and fresh muscovite defining a foliation. The foliation to some extent
anastomoses around the plagioclase augen, with suggestions of an S-C fabric, and the quartz has a
fabric with its c-axes mostly at a high angle to the foliation. Minor recrystallized plagioclase also
occurs in these areas, with its (010) planes apparently at a low angle to the foliation. Chloritized
biotite, to 1 mm long, is less abundant than muscovite, although the muscovite is mostly less than
0.5 mm in grain size and passes into areas of sericite and/or carbonate. Leucoxene, apatite and rare
deformed grains of titanite occur, but only microcrystalline radioactive grains, with pleochroic
haloes in altered biotite, were observed.
Zircon morphology
The zircons isolated from this sample are generally between 30 × 60 µm and 80 × 230 µm in size,
colourless, pale yellowish brown or black with patchy brown discolouration, and are euhedral in
shape or are irregular-shaped grain fragments. Many grains are internally structureless, but a

79

minority show fine euhedral zonation. Mineral inclusions are common. Cathodoluminescence
images of representative zircons are given in Figure 76.
Analytical details
This sample was analysed on 4 June 2002. The counter deadtime during the analysis session was
32 ns. Thirteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 0.745 (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 4.1, 7.1 and 10.1, for which isotopic compositions determined using the
method of Cumming and Richards (1975) were assumed.
Results
Ten analyses were obtained from 10 zircons. Results are given in Table 29 and shown on a
concordia plot in Figure 77.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, all analyses
may be assigned to one of two groups. Concordant analysis 3.1 and discordant analysis 5.1,
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3255 ± 9 Ma (±1σ uncertainty). Eight concordant or near-concordant
analyses of eight zircons, assigned to Group 2, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 3299 ± 10 Ma (chi-squared = 1.01).
Several interpretations of these results are possible. The low abundance of zircon recovered
from this sample and the distribution of analyses along the concordia curve suggests that all
analyses may be of xenocryst zircons. The date of 3255 ± 9 Ma (±1σ uncertainty) indicated by the
weighted mean 207Pb/206Pb ratio of concordant analysis 3.1 and discordant analysis 5.1 is therefore
interpreted as a maximum time for igneous crystallization of the tonalite. The analyses of Group 2,
which indicated significantly higher 207Pb/206Pb ratios, are interpreted to be of xenocryst zircons.
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160208: altered biotite–hornblende granodiorite,
Northern Gross Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 789700E 7632150N

Sampled on 21 September 2000
The sample was taken from a 2-m diameter boulder located 20 m east of the access track and 3.5
km north-northeast of Northern Gross Well.
Tectonic unit/relations
This sample is of a foliated, black and white spotted, medium-grained, altered biotite–hornblende
granodiorite phase of the northwestern part of the Corunna Downs Granitoid Complex, East
Pilbara Granite–Greenstone Terrane. The dark spots are clots of biotite and minor hornblende.
Petrographic description
This principal minerals present in this sample are quartz (35 vol.%), microcline (7–8 vol.%),
biotite (6 vol.%), hornblende (2 vol.%), titanite (1 vol.%), and epidote (1 vol.%), with accessory
apatite (trace), titanite (trace), zircon (trace), carbonate (trace) and possible allanite (trace). This is
an altered biotite–hornblende granodiorite with saussuritized plagioclase and minor epidote. Clots
of mafic silicates are abundant in the hand-specimen. The thin section shows a quartz-rich
granodiorite with clots of biotite and minor hornblende, as well as clear to clouded plagioclase and
minor microcline. The abundant plagioclase occurs as laths to 7 × 4 mm with large areas clouded
by sericite and clinozoisite. Larger grains of epidote, muscovite and chlorite occur in some of the
plagioclase grains. The quartz is also coarse-grained with ragged grains to 6 mm long and sutured
grain boundaries. Microcline is relatively uncommon as grains to 3 mm long, with very minor
myrmekite between plagioclase and microcline. The mafic clots are dominated by biotite flakes to
3 mm long, usually accompanied by fine-grained epidote. The epidote has zones containing very
small inclusions of quartz and may be of subsolidus origin. Some clots have minor to abundant
green hornblende to 1.5 mm in grain size, but others lack hornblende. Fine-grained primary titanite
occurs in the mafic clots, with secondary titanite parallel to the cleavages of biotite flakes and
along biotite grain boundaries. Minor apatite is disseminated and there are scattered crystals of
zircon. Rare altered possible allanite is present, with rims of epidote and rare carbonate is
disseminated.
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Zircon morphology
The zircons isolated from this sample are typically yellowish brown, greenish brown, dark brown
or black, 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, but many have remnant internal
zonation and fluid and mineral inclusions are common. Cathodoluminescence images of
representative zircons are given in Figure 78.
Analytical details
This sample was analysed on 13 February 2002. The counter deadtime during the analysis session
was 32 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.35 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Seventeen analyses were obtained from 17 zircons. Results are given in Table 30 and shown on a
concordia plot in Figure 79.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. All analyses have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3300 ± 3 Ma (chi-squared = 1.13).
The date of 3300 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of all analyses is
interpreted as the time of igneous crystallization of the granodiorite.
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160209: altered biotite–hornblende granodiorite, No. 9
Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 785290E 7630190N

Sampled on 24 September 2000
The sample was taken from a 4-m diameter boulder located 300 m west of the access track and 1.6
km west of No. 9 Well.
Tectonic unit/relations
This sample is of a foliated, black and white spotted, medium-grained altered biotite–hornblende
granodiorite phase of the Corunna Downs Granitoid Complex, East Pilbara Granite–Greenstone
Terrane. The dark spots consist mainly of clots of biotite and hornblende.
Petrographic description
This principal minerals present in this sample are quartz (35–40 vol.%), plagioclase (40 vol.%), Kfeldspar (15 vol.%), biotite (4 vol.%) and hornblende (2–3 vol.%), with accessory titanite (trace),
apatite (trace) and zircon (trace). This is an altered biotite-hornblende granodiorite with
saussuritised plagioclase. There are scattered mafic clots in this sample, apparently containing
hornblende as well as, or instead of, biotite. The thin section shows a quartz-rich granitoid with
plagioclase to 7 × 4 mm largely clouded by sericite and clouded clinozoisite, but with clear zones
and rims. Relatively coarse epidote occurs in some of the altered plagioclase grains. The abundant
quartz occurs as ragged grains to 4 mm long, with sutured grain boundaries. There is relatively
minor microcline to 4 mm in grain size, but mostly less than 1.5 mm. Minor myrmekite occurs
adjacent to microcline in some areas, but in other areas there is little or no myrmekite. Biotite
occurs as ragged flakes to 3 mm long, with very minor granular epidote locally containing altered
cores that may have been allanite. There is also minor brownish green hornblende in the mafic
clots, to 2 mm in grain size.
Zircon morphology
The zircons isolated from this sample are typically yellowish brown, greenish brown, dark brown
or black, 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, but many have remnant internal
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zonation and fluid and mineral inclusions are common. Cathodoluminescence images of
representative zircons are given in Figure 80.
Analytical details
This sample was analysed on 13 and 16 February 2002. The counter deadtime during both analysis
sessions was 32 ns. During the first analysis session, ten analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 1.35 (1σ%). Analyses 1.1 to 4.1 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 1.75 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Nineteen analyses were obtained from 18 zircons. Results are given in Table 31 and shown on a
concordia plot in Figure 81.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with
ancient and recent episodes of radiogenic-Pb loss. Eighteen concordant to slightly discordant
analyses of seventeen zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3313 ± 3 Ma (chi-squared = 1.05). Slightly discordant analysis
7.1 indicates a slightly younger 207Pb/206Pb date than the main population.
The date of 3313 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of eighteen
concordant to slightly discordant analyses of seventeen zircons is interpreted as the time of
igneous crystallization of the granodiorite. The younger 207Pb/206Pb date indicated by slightly
discordant analysis 7.1 is interpreted to be of an analysis site that has undergone radiogenic-Pb
loss during a recent disturbance event.
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160210: biotite–hornblende granodiorite,
Bookargemoona Pool
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 788440E 7626210N

Sampled on 21 September 2000
The sample was taken from a pavement on the east bank of a small tributary that flows into Emu
Creek and 0.4 km east of Bookargemoona Pool.
Tectonic unit/relations
This sample is of a weakly foliated, black and white spotted, coarse grained biotite–hornblende
granodiorite phase of the Corunna Downs Granitoid Complex, East Pilbara Granite–Greenstone
Terrane.
Petrographic description
This principal minerals present in this sample are plagioclase (40–45 wt.%), quartz (35–40 wt.%),
K-feldspar (10–15 wt.%), biotite (4 wt.%), hornblende (2–3 wt.%), opaque oxide (1 wt.%) and
titanite (1 wt.%), with accessory apatite (trace) and zircon (trace). This is a weakly foliated biotite–
hornblende granodiorite with large zircon crystals and with chloritized biotite. There is a weak
foliation evident in the hand-specimen. The thin section shows mafic clots with a weak parallel
orientation, but the minerals in the clots are poorly oriented. The granodiorite is quartz-rich with
plagioclase to 4 mm in grain size, mostly fresh but with zones clouded by sericite and clouded
clinozoisite. Quartz occurs as poikilitic grains to 6 mm in diameter as well as smaller ragged
grains. Microcline is locally common as anhedral grains to 3 mm long. Biotite flakes to 3 mm long
were common, but most have been replaced by chlorite and leucoxene, locally with K-feldspar
parallel to the cleavage. There is rare possible hydrogarnet parallel to the cleavages of the altered
biotite. Some fresh biotite occurs locally and many of the mafic clots contain or consist of
brownish green hornblende to 3 mm in grain size, partly as poikilitic grains, partly enclosing
altered biotite. Granular and less abundant platy opaque oxide is present, largely as inclusions in
hornblende. Minor titanite and apatite are disseminated and there are unusually large crystals of
zircon, to 0.4 mm long.
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Zircon morphology
The zircons isolated from this sample are typically dark brown or black, between 60 × 140 µm and
80 × 250 µm in size and are elongate and subhedral or euhedral in shape. Many have mottled
interiors and abundant small black 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 82.
Analytical details
This sample was analysed on 17 June 2002. 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 0.942 (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
Nineteen analyses were obtained from 19 zircons. Results are given in Table 32 and shown on a
concordia plot in Figure 83.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. All nineteen analyses have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 3312 ± 3 Ma (chi-squared =
0.81).
The date of 3312 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of all 19 analyses is
interpreted as the time of igneous crystallization of the granodiorite.
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168992: volcaniclastic metasandstone, Bob Bore
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), CARLINDIE (2756) MGA Zone 50, 752010E 7689400N
Sampled on 30 June 2000
The sample was taken from the southwestern side of a prominent ridge, within 5 m of the top of
the ridge, and 7.5 km east-southeast of Bob Bore.
Tectonic unit/relations
This sample is of a dark grey, silicified, fine- to medium-grained, well-sorted volcaniclastic
sandstone of the Wyman Formation, Warrawoona Group, East Pilbara Granite–Greenstone
Terrane. The sandstone has ≤3 mm thick lenses and layers of coarse black chert fragments, up to 1
to 2 cm in diameter.
Petrographic description
This sample consists principally of altered lithic or vitric fragments (70 vol.%) and siliceous
(chalcedonic) cement (20 vol.%), with large siliceous clasts (7–8 vol.%) and quartz grains (2–3
vol.%). It is of a lithic–vitric tuff, possibly reworked to constitute a reasonably well sorted,
medium grained volcaniclastic sandstone. The sample includes detritus of fine quartz-sericite
alteration material derived from mafic to acid source and also includes several larger siliceous
clasts. Lenticular possible bedding laminations are evident in hand-specimen. At least 65 vol.% of
the thin section is a fairly homogeneous, compact and weakly bedded aggregate of
grains/fragments of extremely fine quartz-sericite alteration material, with an average grain size of
about 0.3 mm. Subordinate glass shards to 0.8 mm are also widespread. Sparsely disseminated
single crystal quartz grains are up to 0.4 mm in diameter, and patches rich in limonite after pyrite,
to 2 mm in diameter. The textural preservation and the textures preserved within this detrital
material are variable, with some clearly crystalline fabrics preserved, and possibly mafic to acid
volcanic-derived particles. These have different proportions of leucoxene and limonite as well as
sericite and quartz, and may include some fine-scale tubular pumice. There are rare stringers with
quartz and limonite after pyrite, and several crosscutting limonitic microfractures. Greenschist
facies metamorphism is suggested.
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Zircon morphology
The zircons isolated from this sample are typically pale brown or dark brown fragments and whole
grains, between 35 × 50 µm and 80 × 120 µm in size and are equant to slightly elongate and
euhedral or irregular in shape. Many grains are internally structureless, although a minority have
remnant internal zonation and fluid inclusions, and many are metamict. A minority of grains are
rounded and have pitted terminations, suggesting detrital transport. Cathodoluminescence images
of representative zircons are given in Figure 84.
Analytical details
This sample was analysed on 9 September and 21 November 2002. The counter deadtime during
both analysis sessions was 32 ns. During the first analysis session, thirteen analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 1.27 (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 were obtained. Following deletion of one standard analysis as an outlier, the
remaining five standard analyses indicated a Pb*/U calibration uncertainty of 3.88 (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-four analyses were obtained from 34 zircons. Results are given in Table 33 and shown on
concordia and Gaussian-summation probability density plots in Figures 85 and 86.
Interpretation
The analyses are concordant to highly discordant (e.g. analysis 4.1), with the discordance pattern
consistent with several episodes, including a dominant recent episode, of radiogenic-Pb
redistribution. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of
two groups. Thirteen concordant to slightly discordant analyses of 13 zircons (1.1, 2.1,5.1, 8.1,
11.1, 12.1, 13.1, 16.1, 17.1, 18.1, 20.1, 24.1 and 25.1), assigned to Group 1, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3324 ± 4 Ma (chisquared = 0.47). Eleven concordant and slightly discordant analyses of 11 zircons (6.1, 7.1, 15.1,
19.1, 21.1, 23.1, 26.1, 28.1, 29.1, 32.1 and 34.1), assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3603 ± 5 Ma (chisquared = 1.29). The remaining analyses cannot be confidently grouped.
The analyses of Group 1 were obtained on small, structureless, euhedral to rounded zircons
interpreted to be of detrital origin. The date of 3324 ± 4 Ma indicated by the weighted mean
207
Pb/206Pb ratio of the 13 concordant to slightly discordant analyses of Group 1 is therefore
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interpreted as a maximum time for deposition of, and may provide the age of a zirconiferous,
volcanigenic component present within, the precursor sandstone. The younger dates indicated by
discordant analyses 9.1 and 10.1 may be attributable to ancient loss of radiogenic Pb from these
analysis sites, whereas older dates, including those of the analyses of Group 2 are interpreted to be
of detrital zircons.
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168999: quartzite, Pethernurrina Spring
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 781960E 7588150N

Sampled on 3 July 2000
The sample was taken from a site immediately below a cliff face formed by a tuffaceous siltstone
unit, below the top of a prominent north-northwest-trending ridge, and 2.5 km southwest of
Pethernurrina Spring.
Tectonic unit/relations
This sample is of a white, recrystallized quartzite within the Euro Basalt, Warrawoona Group, East
Pilbara Granite–Greenstone Terrane. The sampling site is within 50 m of the contact of the
greenstones with the Corunna Downs Granitoid Complex. The quartzite occurs as discontinuous
lenses, typically ≤2 m thick, within the siltstone unit.
Petrographic description
This sample consists principally of quartz (98–99 vol.%) and sericite (1 vol.%), with accessory
leucoxene (trace), rutile (trace), opaque oxide (trace), pyrite (trace), sphalerite (trace) and zircon
(trace). This is a massive, extensively recrystallized and foliated, fine quartzite with a strong fabric
and very minor foliated sericite. In handspecimen, there is no obvious texture or individual grains.
Disseminated fine-grained sericite to 0.1 mm in grain size defines a weak foliation. The quartz
forming this compact mosaic varies from 0.1 mm to 3 mm in individual grain size, with larger
elongate grains parallel to the sericite foliation, and a strong quartz fabric. Almost all of the quartz
has c-axes at a low angle to the foliation (up to 10° in one direction and up to 30° in the other) in a
weakly monoclinic fabric. Rare extremely fine accessory minerals include pyrite (rimmed by
sericite), leucoxene, rutile, opaque oxide and a single patch of pale, iron-poor sphalerite 0.4 mm
long. Cryptic quartz veins may be present, as indicated by trails of fluid inclusions. There are no
diagnostic metamorphic minerals.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellowish, dark brown or black
fragments and whole grains, between 35 × 50 µm and 80 × 120 µm in size and are equant to
elongate and euhedral or irregular in shape. Most grains are structureless, although a minority have
remnant internal zonation and fluid inclusions, and many are metamict. Many grains are rounded

90

and have pitted terminations, consistent with detrital transport. Cathodoluminescence images of
representative zircons are given in Figure 87.
Analytical details
This sample was analysed on 5 September 2002. 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 1.02 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 1.1,
5.1, 16.1 and 24.1, 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 34 and shown on
concordia and Gaussian-summation probability density plots in Figures 88 and 89.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode of radiogenic-Pb redistribution. On the basis of their 207Pb/206Pb ratios,
many analyses may be assigned to one of two groups. Seven concordant to highly discordant
analyses of 7 zircons (8.1, 9.1, 13.1, 15.1, 16.1, 21.1 and 23.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3335 ± 7 Ma (chi-squared = 1.40). Twelve concordant and highly discordant analyses of 12
zircons (2.1, 3.1, 4.1, 5.1, 10.1, 11.1, 12.1, 17.1, 18.1, 19.1, 20.1 and 22.1), assigned to Group 2,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 3468 ± 5 Ma (chi-squared = 1.54). The remaining analyses are discordant and cannot be
confidently grouped.
The analyses of Group 1 were obtained on small, structureless euhedral and rounded zircons
interpreted to be of detrital origin. The date of 3335 ± 7 Ma indicated by the weighted mean
207
Pb/206Pb ratio of the seven concordant and highly discordant analyses of Group 1 is therefore
interpreted as a maximum time for deposition of the sedimentary precursor to the quartzite. The
older date provided by the analyses of Group 2 is also interpreted to be of a detrital component
present within the sandstone precursor.
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169009: lithic tuff, Coongan Belt Well
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 773750E 7601200N

Sampled on 4 July 2000
The sample was taken from a 0.5 m diameter block located 5 m east of the access track and 5 km
north of Coongan Belt Well.
Tectonic unit/relations
This sample is of a pale greyish white dacite, with ≤1 mm diameter quartz phenocrysts and cubic
vacancies, of the Duffer Formation in the Warrawoona Group, East Pilbara Granite–Greenstone
Terrane.
Petrographic description
This sample consists of volcanic fragments (65 vol.%) in a quartz-rich matrix (35 vol.%). It is a
lithic tuff that includes micro-porphyritic feldspar-rich fragments and altered glassy material in a
sparse, quartz-rich matrix. Extensive extremely fine K-feldspar (?adularia) and sericite indicates
phyllic to potassic alteration. The stained offcut indicates abundant fragments various rich and
poor in K-feldspar. The thin section indicates a fairly compact bedded aggregate of elongate
abundant fragments, mostly volcanic lithic fragments, to 3 mm long. These have microphenocrysts
of feldspar, including sparse K-feldspar to sericite-altered probable plagioclase phenocrysts to 1
mm long, in an extremely fine clouded groundmass of a K-feldspar or sericite to quartz-rich
alteration with diffuse leucoxene. The K-feldspar-rich fragments are commonly flow-textured with
abundant feldspar microlites. Some of the fragments are rimmed by leucoxene, with little or no
leucoxene within the fragment and poor textural preservation. These may have been formerly
glassy. Leucoxene has also replaced microphenocrysts of opaque oxide in and between the lithic
fragments. The whole rock matrix consists of extremely fine quartz with very minor sericite.
Irregular spots of limonite occur in and between the fragments. This is a lithic tuff with phyllic to
potassic alteration, possibly involving adularia as well as sericite and quartz. The original primary
lithology may have been andesite to trachyte, or less probably an acid volcanic. Very low-grade to
low-grade metamorphism is suggested.
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Zircon morphology
The zircons isolated from this sample are typically pale brown or dark brown, between 50×90 µm
and 200×350 µm in size and are equant to elongate and subhedral or euhedral in shape. A minority
of grains are subrounded or rounded. Most grains are fractured and a minority have remnant
internal zonation. Fluid and mineral inclusions are common. Cathodoluminescence images of
representative zircons are given in Figure 90.
Analytical details
This sample was analysed on 22 and 26 September 2002. The counter deadtime during both
analysis sessions was 24 ns. Eight analyses of the CZ3 standard obtained during the first analysis
session indicated a Pb*/U calibration uncertainty of 2.78 (1σ%). Analyses 1.1 to 8.1 were obtained
during the first analysis session. Five analyses of the CZ3 standard obtained during the first
analysis session indicated a Pb*/U calibration uncertainty of 1.27 (1σ%). Common-Pb corrections
were applied assuming Broken Hill common-Pb isotopic compositions for all analyses.
Results
Twenty-four analyses were obtained from 23 zircons. Results are given in Table 35 and shown on
a concordia plot in Figure 91.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode combined with an ancient episode of radiogenic-Pb loss. Twenty-three
concordant and discordant analyses of twenty-two zircons have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3464 ± 3 Ma (chi-squared = 1.36).
Concordant analysis 7.1, obtained on a grain that is morphologically similar to those of Group 1,
indicated a slightly younger 207Pb/206Pb date than the main group.
The date of 3464 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty-three
concordant and discordant analyses of twenty-two zircons is interpreted as the time of igneous
crystallization of the lithic tuff. The younger 207Pb/206Pb date indicated by analysis 7.1 is
interpreted to be of an analysis site that has undergone radiogenic-Pb loss during an ancient
disturbance event.
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169013: metasandstone, Punduna Pool
Location and sampling
PYRAMID (SF 50-7), HOOLEY (2554)

AMG Zone 50, 647130E 7613390N

Sampled on 18 September 2000
The sample was taken from 4-m high rocky hill located 5 km east-northeast of Punduna Pool.
Tectonic unit/relations
This sample is of a light grey strongly recrystallized pyroxene-bearing, coarse-grained feldspathic
metasandstone with an average grain size of 1 mm, that is associated with mafic rocks of the
Cheearra greenstone belt, East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are quartz (45–50 vol.%), clinopyroxene (30–35
vol.%), microcline (10–15 vol.%), plagioclase (5 vol.%), titanite (2 vol.%), with accessory titanite
(trace) and zircon (trace), and may represent an impure sandstone, with calcareous/dolomitic and
potassic impurities. It is a quartz–clinopyroxene–microcline–plagioclase–tremolite–actinolite
metasandstone that has undergone amphibolite facies metamorphism, with minor retrograde
tremolite-actinolite. The hand-specimen suggests an impure lithology with feldspar and a
ferromagnesian mineral as well as quartz. There is a foliation that may be defined by tremolite–
actinolite prisms. The weathering rind, in particular, is mottled and suggests abundant amphibole
or pyroxene. In thin section, the sample is granuloblastic and, although there are some elongate
grains, these are not uniformly oriented. Quartz is abundant, as grains from 0.4 to 2 mm long, but
there is also abundant granular clinopyroxene, to 1.5 mm in grain size. Microcline is common, but
less abundant than clinopyroxene, and generally less than 1 mm in grain size. Minor sericiteclouded plagioclase is disseminated and has been partly replaced by microcline. Two generations
of tremolite-actinolite occur: one is coarse-grained, with prisms to 3 mm long cross-cutting the
clinopyroxene (and therefore later), with even later fine fibrous tremolite–actinolite rimming some
of the pyroxene. The main accessory mineral is fine-grained titanite, as relatively euhedral crystals
to 0.3 mm long, but there are also rounded zircon grains.
Zircon morphology
The zircons isolated from this sample are commonly yellowish brown to dark brown and black,
euhedral or subrounded, fractured whole grains, between 40 × 60 µm and 150 × 250 µm in size.
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Internal zonation is common but a minority of grains are structureless. Many grains are metamict.
Cathodoluminescence images of representative zircons are given in Figure 92.
Analytical details
This sample was analysed on 23 May 2002. The counter deadtime during the analysis session was
32 ns. Eight analyses of the CZ3 standard obtained during the analysis session 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 5.1, 10.1 and
11.1, for which isotopic compositions determined using the method of Cumming and Richards
(1975) were assumed.
Results
Thirty analyses were obtained from 30 zircons. Results are given in Table 36 and shown on
concordia and Gaussian summation probability density plots in Figures 93 and 94.
Interpretation
All analyses are concordant to highly discordant, with the discordance patterns consistent with
several episodes, including a single recent episode, of radiogenic-Pb redistribution. On the basis of
their 207Pb/206Pb ratios, many analyses may be assigned to two main groups. Ten concordant and
highly discordant analyses of ten zircons (2.1, 4.1, 6.1, 16.1, 18.1, 19.1, 20.1, 25.1, 28.1 and 30.1),
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean date of 3524 ± 4 Ma (chi-squared = 1.12). Concordant analysis 22.1 and slightly discordant
analyses 9.1 and 21.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean date of 3639 ± 15 Ma (chi-squared = 1.61). Slightly discordant
analysis 7.1 indicated a substantially younger 207Pb/206Pb date, whereas the remaining analyses are
discordant and cannot be assigned to discrete groups.
Many of the zircons of Group 1 have morphological features consistent with a detrital origin
and the date of 3524 ± 4 Ma indicated by the ten concordant and highly discordant analyses of
Group 1 is therefore interpreted as a maximum time of deposition for the host sandstone. The
younger 207Pb/206Pb date of 3331 ± 5 Ma (±1σ uncertainty) indicated by discordant analysis 7.1,
obtained from a dark brown, elliptical fractured grain, provides a tentative younger maximum time
of deposition for the host sandstone. The remaining analyses (apart from discordant analyses 19.1
and 24.1) indicate 207Pb/206Pb dates consistent with derivation of these detrital zircons from the
eastern part of the Pilbara Craton.
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169026: volcaniclastic metasandstone, Lawson Well
Location and sampling
PORT HEDLAND–BEDOUT ISLAND (SF 50-4), DE GREY (2757) MGA Zone 50, 750090E 7748660N
Sampled on 10 September 2000
The sample was taken from the top of a low rocky hill about 75 m north of a scrubby valley and
3.2 km south of Lawson Well.
Tectonic unit/relations
This sample is of a light grey to buff coloured, fine- to medium-grained, well-sorted volcaniclastic
sandstone the Warrawoona Group, East Pilbara Granite–Greenstone Terrane. The sandstone is
interbedded with finer material and grades upwards to finely-bedded cherts. The sample taken had
rare ≤1 mm thick quartz veins.
Petrographic description
This sample is of a fine- to medium-grained sandstone of volcanic origin, with low grade
metamorphism and siliceous-phyllic alteration. It consists of 15–20 vol.% quartz as angular clasts
and 40 vol.% lithic fragments, with 35–40 vol.% matrix. In hand specimen, this is a fine-grained,
massive siliceous rock with a hackly fracture. Quartz and lithic clasts (quartz, sericite and
leucoxene-rich) occur in a quartz-rich matrix. The thin section shows disseminated angular chips
of quartz to 0.5 mm long, as well as abundant fine-grained quartz-rich to sericite-rich clasts to 1
mm in diameter, representing a lithic component. Some of these lithic clasts have diffuse
leucoxene, but others have leucoxene after discrete opaque oxide dendrites, suggesting a more
mafic protolith. Aggregates of decussate muscovite with or without quartz also occur and may
have replaced feldspar laths, but residual feldspar is rare, occurring in a very few lithic fragments.
Small opaque oxide crystals have been replaced by leucoxene with or without limonite and rare
aggregates of rutile are disseminated. Rare etched crystals of tourmaline are also present. The
matrix or cement is composed of cherty fine-grained quartz with very minor sericite.
Zircon morphology
The zircons isolated from this sample are typically colourless or pale yellowish or greenish brown
or black fragments and whole grains, between 35 × 50 µm and 80 × 120 µm in size and are equant
to elongate and euhedral or irregular in shape. Most grains are structureless, although a minority
have remnant internal zonation and fluid inclusions, and many are metamict. A minority of grains
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are rounded and have pitted terminations, suggesting detrital transport. Cathodoluminescence
images of representative zircons are given in Figure 95.
Analytical details
This sample was analysed on 20 May 2002. The counter deadtime during the analysis session was
32 ns. Thirteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.29 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-one analyses were obtained from 31 zircons. Results are given in Table 37 and shown on
concordia and Gaussian-summation probability density plots in Figures 96 and 97.
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. On the
basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of two groups. Five
concordant to highly discordant analyses of five zircons (6.1, 7.1, 8.1, 10.1 and 31.1), assigned to
Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3458 ± 9 Ma (chi-squared = 1.61). Twenty-four concordant and slightly
discordant analyses of twenty-four zircons (1.1, 2.1, 3.1, 4.1, 5.1, 9.1, 12.1, 13.1, 14.1, 15.1, 17.1,
18.1, 19.1, 20.1, 21.1, 22.1, 23.1, 24.1, 25.1, 26.1, 27.1, 28.1 and 30.1), assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3513 ± 2 Ma (chi-squared = 0.98). Analyses 11.1 and 16.1 are discordant and cannot be
confidently grouped.
The analyses of Group 1 were obtained on small, structureless rounded zircons interpreted to be
of detrital origin. The date of 3458 ± 9 Ma indicated by the weighted mean 207Pb/206Pb ratio of the
five concordant and highly discordant analyses of Group 1 is therefore interpreted as a maximum
time for deposition of the sandstone. The older date provided by the analyses of Group 2 may
provide the age of a zirconiferous, volcanigenic component present within the sandstone.
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169027: biotite monzogranite, Dadgerina Well
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 784600E 7608080N

Sampled on 11 September 2000
The sample was taken from a 1 m high, 3 m diameter boulder located in the bed of the Coongan
River, 5 m south of the access track and 2.5 km north-northwest of Dadgerina Well.
Tectonic unit/relations
This sample is of a light- to medium-grey, coarse and even-grained, unfoliated biotite
monzogranite phase of the Carbana Monazogranite of the Corunna Downs Granitoid Complex,
East Pilbara Granite–Greenstone Terrane.
Petrographic description
This principal minerals present in this sample are quartz (40 vol.%), microcline (30 vol.%),
plagioclase (25 vol.%), biotite (5 vol.%), opaque oxide (2 vol.%) and titanite (2 vol.%), with
accessory carbonate (trace), fluorite (trace), allanite (trace) and zircon (trace). This is a massive
monzogranite with low-grade alteration and possibly secondary carbonate-fluorite patches. Veins
of albite–adularia–chlorite–carbonate, and of carbonate, are present. Pink and grey feldspars are
visible in this medium-grained massive granitoid rock, with quartz and scattered clots of biotite.
The thin section shows an unusually quartz-rich granite with large interstitial grains of quartz to 8
mm in diameter. Inequigranular microcline is also abundant as anhedral to subhedral grains to 8
mm long. The plagioclase has apparently been albitized and dusted with sericite, occurring as
complex grains to 6 mm long. Patches of fine-grained muscovite and aggregates of epidote with
and without chlorite occur in some of the plagioclase laths, with chlorite–epidote aggregates also
between the feldspar grains. Biotite occurs as flakes from 0.4 to 4 mm long, singly or in decussate
aggregates. Some of the biotite has been altered to chlorite with or without secondary K-feldspar,
rarely with minor epidote. Accessory titanite is common, mostly as euhedral crystals, locally over
1 mm in grain size. There is also accessory opaque oxide, rimmed by titanite or, especially when
enclosed by plagioclase, by epidote. Patches of carbonate occur, enclosing small crystals of
fluorite and fluorite is also present parallel to the cleavage in biotite, but this is rare. Altered
prisms of probable allanite occur, to 1.5 mm long, with partial rims of epidote. Euhedral zircon
crystals are mostly enclosed in opaque oxide. A quartz vein up to 4 mm wide is present, with
columnar quartz. There are also albite–K-feldspar–chlorite–carbonate veins and later carbonate
veins.
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Zircon morphology
The zircons isolated from this sample are typically yellow-brown, dark brown or black, between
50 × 90 µm and 80 × 250 µm in size and are elongate and subhedral or euhedral in shape. Many
have mottled interiors and abundant small black 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 have remnant internal zonation and many are metamict.
Cathodoluminescence images of representative zircons are given in Figure 98.
Analytical details
This sample was analysed on 7 January 2002. The counter deadtime during the analysis session
was 32 ns. Eleven analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.49
(1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses, with the exception of analyses 2.1, 18.1, 20.1 and 22.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Twenty-two analyses were obtained from 22 zircons. Results are given in Table 38 and shown on a
concordia plot in Figure 99.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
dominant recent episode combined with an ancient episode of radiogenic-Pb loss. Eighteeen
concordant and discordant analyses of eighteen zircons have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3315 ± 6 Ma (chi-squared = 1.72).
Apart from analysis 1.1 which is concordant, the remaining analyses are highly discordant. These
indicate younger 207Pb/206Pb dates and cannot be confidently grouped.
The date of 3315 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of the eighteeen
concordant and discordant analyses of eighteen zircons is interpreted as the time of igneous
crystallization of the monzogranite. The younger 207Pb/206Pb dates indicated by the remaining
analyses, most of which are discordant, are interpreted to be either of analysis sites that have
undergone radiogenic-Pb loss during both ancient and recent disturbance events, or possibly
derived from a younger granitic vein phase present within the sample.
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169028: porphyritic biotite–hornblende granodiorite,
Nelson Well
Location and sampling
MARBLE BAR (SF 50-8), SPLIT ROCK (2854)

MGA Zone 50, 782780E 7602400N

Sampled on 11 September 2000
The sample was taken from a 3 m long, 1 m wide elongate block located within a cluster of granite
tors, 3 km north of Nelson Well.
Tectonic unit/relations
This sample is of an unfoliated porphyritic biotite–hornblende granodiorite phase of the Carbana
Monazogranite of the Corunna Downs Granitoid Complex, East Pilbara Granite–Greenstone
Terrane. The granodiorite contains ≤1 cm diameter cubic feldspar phenocrysts.
Petrographic description
This principal minerals present in this sample are plagioclase (40 vol.%), quartz (35 vol.%),
microcline (15 vol.%), biotite (4 vol.%), hornblende (3 vol.%), titanite (1 vol.%), opaque oxide
(0.5 vol.%), epidote and allanite (0.5 vol.%), with accessory apatite (trace) and zircon (trace). This
is a heterogeneous biotite–hornblende granodiorite, with centimetre-scale domains variously richer
and poorer in quartz, plagioclase and ferromagnesian minerals. Quartz-rich lenses, to 20 mm long
in the thin section, have ragged grains to 8 mm in diameter, and locally enclose minor microcline.
Altered plagioclase is also present, and large interstitial grains of microcline, to 8 mm in diameter,
occur at the ends of the quartz-rich domains. Plagioclase is coarse-grained, to 6 mm in grain size,
and zoned, with some zones selectively altered to sericite and/or clinozoisite. Coarser muscovite
and epidote occur in some areas. Rims and inclusions of microcline are present, with areas
containing apparently residual plagioclase in a matrix of coarse microcline. Mafic clots are up to 7
mm in diameter vary from biotite-rich to hornblende-rich, with green hornblende to 3 mm in grain
size but with mostly finer-grained biotite. Titanite, opaque oxide and epidote occur in the mafic
clots, and lenses of possible lime garnet (or hydrogarnet?) occur in some of the biotite flakes.
Some of the epidote has large inclusions of altered possible allanite, and rare zircon occurs as 100
µm long grains. Apatite is rare Low temperature alteration is evident, especially in the plagioclase.
Zircon morphology
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The zircons isolated from this sample are typically dark brown or black, between 60 × 140 µm and
80 × 250 µm in size and are elongate and subhedral or euhedral in shape. Many have mottled
interiors and abundant small black 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 have remnant internal zonation and many are metamict. Cathodoluminescence images
of representative zircons are given in Figure 100.
Analytical details
This sample was analysed on 5 January 2002. The counter deadtime during the analysis session
was 32 ns. Nine analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 2.29
(1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses, with the exception of analysis 1.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty analyses were obtained from 20 zircons. Results are given in Table 39 and shown on a
concordia plot in Figure 101.
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. Fifteen concordant
and discordant analyses of 15 zircons have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3314 ± 4 Ma (chi-squared = 1.72). Concordant
analysis 12.1 indicated a slightly older 207Pb/206Pb date, whereas the remaining analyses are
discordant and indicated lower 207Pb/206Pb dates, than the main population.
The date of 3314 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of fifteen concordant
and discordant analyses of 15 zircons is interpreted as the time of igneous crystallization of the
granodiorite. The older date indicated by analysis 12.1 is interpreted to be of a xenocryst zircon,
whereas the remaining discordant analyses indicating younger 207Pb/206Pb dates than the main
population are interpreted to be of analysis sites that have undergone radiogenic-Pb loss during
several recent disturbance events.
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169033: quartz–orthoclase rhyolite porphyry, Rod Well
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 208190E 7655190N

Sampled on 13 September 2000
The sample was taken from a 0.5 m diameter block located at the site where the porphyry dyke
transects the boundary fence of the Mount Edgar pastoral lease, 20 m south of the boundary fence
and 2.8 km northwest of Rod Well.
Tectonic unit/relations
This sample is from a as a 40° trending dyke of medium grey porphyry that contains abundant
≤0.5 cm diameter rounded feldspar phenocrysts and lesser amounts of clear quartz phenocrysts
within a fine-grained, dark grey groundmass. The porphyry dyke has intruded the Bishop Creek
Monzogranite of the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
This sample consists of orthoclase phenocrysts (20 vol.%) and quartz phenocrysts (15 vol.%), as
well as rare plagioclase phenocrysts and altered ferromagnesian phenocrysts, set in a spherulitic to
groundmass of microgranular quartz, orthoclase, minor plagioclase and disseminated dark green
iron-rich chlorite. Minor chlorite, sericite, carbonate, fluorite, opaque oxide and titanite are present
and there is a cross-cutting quartz-fluorite vein. In hand-specimen, phenocrysts of quartz and pink
feldspar are abundant. The thin section has abundant quartz phenocrysts to 4 mm in diameter,
mostly euhedral to rounded and weakly resorbed. There are also and abundant phenocrysts of
perthitic orthoclase to 4 mm long, with brown-stained orthoclase and clear exsolved plagioclase.
Rare albitized plagioclase phenocrysts occur, to 2 mm in diameter, with very minor sericite.
Adjacent to the phenocrysts the groundmass is spherulitic or, in places, microgranophyric. Away
from abundant phenocrysts the groundmass is microgranular, with quartz, orthoclase, minor
plagioclase and disseminated dark green iron-rich chlorite. Rare fluorite is disseminated.
Microphenocrysts of hornblende or pyroxene have been replaced by decussate chlorite containing
traces of fluorite, but thin flakes of biotite are now chlorite and leucoxene. Sparse interstitial
patches of pale yellow, possibly phengitic sericite occur as well as disseminated opaque oxide and
rare titanite. A possible zircon crystal occurs in an altered mafic microphenocryst. A cross-cutting
quartz vein is present with segments containing fluorite. The quartz is euhedral against the fluorite,
where this is present.
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Zircon morphology
The zircons isolated from this sample are typically light yellowish brown or dark brown, euhedral,
elongate and equant, and between 25 × 40 µm and 160 × 280 µm in size. Many grains have faint
internal zonation, or have unzoned or strongly zoned interiors surrounded by weakly zoned or
unzoned exterior zones. Fluid and mineral inclusions are common. Many grains are metamict.
Cathodoluminescence images of representative zircons are given in Figure 102.
Analytical details
This sample was analysed on 15 May 2002. The counter deadtime during the analysis session was
32 ns. During the first analysis session, five analyses of the CZ3 standard indicated a Pb*/U
calibration uncertainty of 1.55 (1σ%). Seven analyses of the CZ3 standard indicated a Pb*/U
calibration uncertainty of 0.952 (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 4.1 and 9.1, 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 40 and shown on a
concordia plot in Figure 103.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. Nine concordant and discordant analyses of 9
zircons (6.1, 7.1, 11.1, 12.1, 15.1, 18.1, 19.1, 20.1 and 21.1) have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2765 ± 3 Ma (chi-squared =
1.33). The remaining analyses are highly discordant and indicate a significantly younger
207
Pb/206Pb dates, than the main population.
The date of 2765 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of nine concordant
and discordant analyses of nine zircons is interpreted as the time of igneous crystallization of the
porphyry. The younger 207Pb/206Pb dates indicated by the remaining discordant analyses are
attributed to radiogenic-Pb loss from these analysis sites.
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169034: biotite monzogranite, Ripon Hills Road–Talga
River Crossing
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 215670E 7652000N

Sampled on 13 September 2000
The sample was taken from a 1 m diameter block located 20 m south of the edge of the Ripon
Hills road, on the west side of the Talga River Crossing.
Tectonic unit/relations
This sample is from a light grey, medium- and even-grained, unfoliated to weakly foliated
granodiorite phase of the Bishop Creek Monzogranite, Mount Edgar Granitoid Complex, East
Pilbara Granite–Greenstone Terrane. At the sampling site, the monzogranite contained faint
pinkish patches typically ≤3 cm diameter and has been intruded by coarse pegmatite dykes. The
sample taken was free of all obvious dykes and veins.
Petrographic description
The principal minerals present in this sample are quartz (40 vol.%), plagioclase (30 vol.%),
microcline (25 vol.%) and altered biotite (now largely chlorite, epidote and stilpnomelane; 3–4
vol.%), with accessory titanite (trace), magnetite (trace), allanite (trace) and zircon (trace). This is
an altered, quartz-rich biotite monzogranite with low-grade (greenschist facies) alteration. A
lustre-mottling on the surface of this rock is due to poikilitic feldspar grains to 20 mm in diameter.
Poikilitic microcline occurs in thin section, as grains to 12 mm long, with quartz as amoeboid
interstitial grains to 8 mm long. The microcline is weakly perthitic. Plagioclase is also abundant, to
6 mm in grain size, with saussuritic (albite, sericite and epidote) alteration mainly in the cores of
each grain, and is mostly subhedral. Some replacement of the rims by microcline is evident.
Biotite, to 2 mm in grain size, has been replaced by chlorite with minor to abundant granular
epidote. Very small tufts of oxidized ferristilpnomelane are common, extending from the altered
biotite into quartzofeldspathic areas. Rounded grains of titanite are disseminated, with less
abundant apatite and opaque oxide, with rare altered allanite, partly as inclusions in epidote. Very
small zircon crystals have formed pleochroic haloes in the altered biotite.
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Zircon morphology
The zircons isolated from this sample are typically colourless, light brown or dark brown, elongate
and euhedral or more equant, irregular- or rectangular-shaped fragments and between 25 × 40 µm
and 160 × 280 µm in size. Many grains have faint internal zonation, or have unzoned or strongly
zoned interiors surrounded by weakly zoned or unzoned exterior zones. Fluid and mineral
inclusions are common. Cathodoluminescence images of representative zircons are given in Figure
104.
Analytical details
This sample was analysed on 12 and 15 January 2002. The counter deadtime during both analysis
sessions was 32 ns. During the first analysis session, five analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 1.55 (1σ%). Analyses 1.1 to 16.1 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 0.943 (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 and 7.1, 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 41 and shown on
a concordia plot in Figure 105.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. Fifteen concordant and discordant analyses of fifteen
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3246 ± 3 Ma (chi-squared = 0.86). Concordant analysis 8.1 and discordant
analysis 12.1 indicate significantly older 207Pb/206Pb dates, whereas the remaining analyses (1.1,
3.1, 7.1, 13.1, 14.1, 15.1, 20.1 and 24.1) are highly discordant and indicate a significantly younger
207
Pb/206Pb dates, than the main population.
The date of 3246 ± 3 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
monozogranite. The slightly older 207Pb/206Pb date indicated by concordant analysis 8.1 and
possibly also of discordant analysis 12.1 are interpreted to be of xenocryst zircons, whereas the
younger 207Pb/206Pb date indicated by the remaining discordant analyses are attributed to
radiogenic-Pb loss from these analysis sites.
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169036: biotite granodiorite, Bullgarina Hill
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 223520E 7653920N

Sampled on 14 September 2000
The sample was taken from a 2 m diameter boulder among a rocky, bouldery outcrop located 120
m west of the access track and 1.3 km west of Bullgarina Hill.
Tectonic unit/relations
This sample is from a light pink-grey, medium-grained, unfoliated to weakly foliated biotite
granodiorite phase of the Bishop Creek Monzogranite, Mount Edgar Granitoid Complex, East
Pilbara Granite–Greenstone Terrane. Two other granitoid phases are evident at the sampling site; a
porphyritic phase and a leucocratic, fine- to medium-grained phase that occurs as veins and dykes
within the sampled biotite granodiorite phase.
Petrographic description
The principal minerals present in this sample are plagioclase (45 vol.%), quartz (35 vol.%),
microcline (15–20 vol.%), and alteration products (chlorite, epidote and stilpnomelane; 2–3
vol.%), with accessory opaque oxide (trace), apatite (trace) and zircon (trace). This is a weakly
foliated and altered biotite granodiorite, metamorphosed under greenschist-facies conditions. Pink
and grey feldspar types occur in this inequigranular, fine to medium-grained granitoid rock. In thin
section, there is abundant plagioclase as rounded to subhedral grains from 0.5 to 6 mm in length,
irregularly altered to sericite, with or without clinozoisite. Quartz occurs as anhedral to ragged
grains to 5 mm long, with weakly sutured grain boundaries. Microcline is not abundant, occurring
partly as anhedral grains to 3 mm in diameter, partly in recrystallized quartzofeldspathic
aggregates with or without plagioclase. Some of the more plagioclase-rich recrystallized
aggregates also contain abundant myrmekite as small patches adjacent to microcline. Biotite, to 1
mm in grain size, has been replaced by chlorite, epidote and K-feldspar and, especially in and
adjacent to the recrystallized areas, is foliated. Rare tufts and microspherulites of stilpnomelane
occur adjacent to the altered biotite, and there is rare metamorphic muscovite. Opaque oxide grains
are disseminated and rimmed by epidote, with no evidence of titanite. Apatite is disseminated, but
only rare small zircon crystals were identified.
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Zircon morphology
The zircons isolated from this sample are typically light brown, dark brown or black, between
60 × 140 µm and 80 × 250 µm in size and are elongate and subhedral or euhedral in shape. Most
grains have remnant internal zonation but a minority have unzoned equant cores. Many have
mottled interiors and abundant small black spots and zones on their polished surfaces. These
features are attributed to extensive radiation damage and recrystallization of parts of the crystal
microstructure. Many are metamict. Cathodoluminescence images of representative zircons are
given in Figure 106.
Analytical details
This sample was analysed on 7 and 12 January 2002. The counter deadtime during both analysis
sessions was 32 ns. During the first analysis session, eleven analyses of the CZ3 standard indicated
a Pb*/U calibration uncertainty of 1.49 (1σ%). Analyses 1.1 to 13.1 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 1.11 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis 6.1,
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 42 and shown on
a concordia plot in Figure 107.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. Nineteen concordant and discordant analyses of 19
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3294 ± 5 Ma (chi-squared = 1.14). The remaining analyses (1.1, 4.1, 10.1, 22.1
and 23.1) are discordant and indicate younger 207Pb/206Pb dates than the main population.
The date of 3294 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of nineteen
concordant and discordant analyses of nineteen zircons is interpreted as the time of igneous
crystallization of the granodiorite. The younger 207Pb/206Pb dates indicated by the remaining
discordant analyses are attributed to radiogenic-Pb loss from these analysis sites.
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169040: biotite granodiorite gneiss, Walline Well
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 215700E 7641310N

Sampled on 14 September 2000
The sample was taken from a 1 m high, elongate whaleback located amongst a cluster tors and
boulders, 150 m west of the access track and 1.8 km north of Walline Well.
Tectonic unit/relations
This sample is from a light grey, even- and medium-grained, strongly foliated to gneissic
leucocratic biotite granodiorite of the Walline Granodiorite on the southeastern margin of the
Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The sample taken was
free of all obvious dykes and veins.
Petrographic description
The principal minerals present in this sample are plagioclase (50 vol.%), quartz (25–30 vol.%),
microcline (20 vol.%) and partly altered biotite (3 vol.%), with accessory opaque oxide (trace),
titanite (trace), apatite (trace) and zircon (trace). This is a weakly altered biotite granodiorite gneiss
with wisps of biotite defining a foliation and grey feldspar augen. In thin section, there are
plagioclase augen to 7 mm long, with zones of sericitic to saussuritic alteration and rare granular
epidote, in a layered gneissic host rock. Layers and lenses that contain or consist of granular quartz
are abundant and may be 10 mm or more in length, generally paralleled by thin lamellae of
schistose biotite, to 8 mm long. Some of the biotite is fresh and some has been altered to chlorite
and/or clay. Elsewhere, some of the biotite has been replaced by epidote. Bands of finer-grained
feldspar, with both plagioclase and microcline to 3 mm in grain size, are abundant, with
myrmekite commonly developed between plagioclase and microcline. Accessory opaque oxide
occurs, to 0.5 mm in grain size, with lenses of titanite parallel to the foliation and rare apatite and
zircon.
Zircon morphology
The zircons isolated from this sample are typically colourless, pale yellowish brown, dark brown
or black, elongate and euhedral and between 20 × 80 µm and 120 × 280 µm in size. Many grains
have strongly zoned interiors surrounded by weakly zoned or unzoned exterior zones. A minority
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are internally structureless and many are fractured. Many are metamict. Cathodoluminescence
images of representative zircons are given in Figure 108.
Analytical details
This sample was analysed on 15 January and 28 July 2002. The counter deadtime during both
analysis sessions was 32 ns. During the first analysis sesssion, six analyses of the CZ3 standard
indicated a Pb*/U calibration uncertainty of 0.943 (1σ%). A calibration uncertainty of 1.0 (1σ%)
was applied to analyses of unknowns obtained during the first analysis session. Analyses 1.1 to 6.1
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 1.03 (1σ%). Common-Pb
corrections were applied assuming Broken Hill common-Pb isotopic compositions for all analyses,
with the exception of analyses 12.1, 13.1, 17.1, 18.1 and 19.1, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty-two analyses were obtained from 20 zircons. Results are given in Table 43 and shown on a
concordia plot in Figure 109.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Concordant and near-concordant analyses
5.2 and 19.1, and discordant analyses 2.1, 3.1, 5.1, 6.1 and 11.1, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3314 ± 6 Ma (chi-squared =
1.29). The remaining analyses are highly discordant and cannot be confidently grouped.
The date of 3314 ± 6 Ma indicated by the 207Pb/206Pb ratios of concordant and near-concordant
analyses 5.2 and 19.1, and discordant analyses 2.1, 3.1, 5.1, 6.1 and 11.1 is tentatively interpreted
to provide an estimate of the time of igneous crystallization of the host granodiorite precursor to
the gneiss. The remaining analyses are interpreted to be of sites that have lost radiogenic Pb.
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169041: biotite granodiorite, Wilina Well
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 208750E 7632090N

Sampled on 15 September 2000
The sample was taken from a 1 m diameter boulder located in an area of scattered tors and
boulders, 150 m west of the Mount Edgar pastoral lease boundary fence and 3.5 km west of Wilina
Well.
Tectonic unit/relations
This sample is from a light pink-grey, coarse-grained, strongly foliated biotite granodiorite of the
Walline Granodiorite, Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
The granodiorite phase contains abundant coarse, orange-pink feldspar grains and ≤2 cm long
lenses and clots of biotite. The sample taken was free of all obvious dykes and veins.
Petrographic description
The principal minerals present in this sample are quartz (40 vol.%), plagioclase (40–45 vol.%),
microcline (1015 vol.%), altered biotite (chlorite, epidote and muscovite; 4 vol.%), with accessory
magnetite (trace), titanite (trace), apatite (trace) and zircon (trace). The visually estimated
mineralogy suggests an altered, foliated granodiorite with low temperature (greenschist-facies)
alteration. There is a foliation in this sample, possibly an S-C fabric, with one foliation cut at 2530° by the thin section. In thin section the rock is gneissic and quartz-rich, with plagioclase more
abundant than microcline. Lenses of altered biotite define two foliations at a high angle to each
other, possibly in an S-C fabric. Irregular masses of quartz occur, to 10 mm long, weakly elongate
parallel to the main foliation, with anhedral, commonly ragged grains to 6 mm long. Subhedral
plagioclase crystals occur, from 1 to 6 mm long, with saussuritized zones. There are also anhedral
interstitial grains of microcline to 6 mm long, enclosing plagioclase. Lenses of finer, probably
recrystallized feldspars also occur, with plagioclase > microcline and minor to abundant
myrmekite. The biotite is partly disseminated and partly in lenses to 4 mm long. Some has been
altered to chlorite and muscovite (± K-feldspar), but most has been altered to chlorite and epidote.
There are two foliations at a high angle to each other, as seen in the thin section. Very minor
magnetite occurs, to 0.7 mm in diameter, with rare titanite intergrown with altered biotite, and
accessory apatite. Zircon grains are very rare and very small, as inclusions in altered biotite with
pleochroic haloes.
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Zircon morphology
The zircons isolated from this sample are typically colourless, pale greenish brown, yellowish
brown dark brown or black, elongate with subrounded terminations and between 60 × 80 µm and
120 × 280 µm in size. Many grains have faint internal zonation, or have strongly zoned interiors
surrounded by weakly zoned or unzoned exterior zones. A minority are internally structureless and
many are fractured. Many are metamict. Cathodoluminescence images of representative zircons
are given in Figure 110.
Analytical details
This sample was analysed on 2 and 13 February 2002. The counter deadtime during both analysis
sessions was 32 ns. During the first analysis sesssion, ten analyses of the CZ3 standard obtained
during the analysis session indicated a Pb*/U calibration uncertainty of 2.39 (1σ%). Analyses 1.1
to 5.2 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 1.47 (1σ%). CommonPb corrections were applied assuming Broken Hill common-Pb isotopic compositions for all
analyses, with the exception of analyses 2.1 and 3.1, 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 44 and shown on a
concordia plot in Figure 111.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of two groups. Concordant and near-concordant analyses 1.1, 4.1,
5.1, 8.1, 12.1 and 18.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 3466 ± 4 Ma (chi-squared = 0.33). Concordant
and slightly discordant analyses 14.1, 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 3427 ± 11 Ma
(chi-squared = 1.23). Apart from highly discordant analysis 5.2, which indicates a significantly
younger 207Pb/206Pb date, the remaining analyses (2.1, 3.1, 6.1, 7.1, 9.1, 10.1, 11.1, 13.1 and 17.1)
are slightly or highly discordant and indicate 207Pb/206Pb dates between 3209 and 3320 Ma but
cannot be confidently grouped.
Some of the dates between 3209 and 3320 Ma indicated by the slightly or highly discordant
analyses 2.1, 3.1, 6.1, 7.1, 9.1, 10.1, 11.1, 13.1 and 17.1 are interpreted to be of analysis sites that
have undergone radiogenic-Pb loss during several recent disturbance events and may have been
obtained from zircons that cyrstallized during igneous crystallization of the host granodiorite. The
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older dates indicated by the analyses of Groups 1 and 2 attributed to the presence of xenocryst
zircons.
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169042: biotite granodiorite, Wilina Well
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 211150E 7631920N

Sampled on 15 September 2000
The sample was taken from a 0.5 m high, 1 m diameter boulder located in an area of low scattered
boulders and weathered pavements, 150 m west of the access track and 1.4 km southwest of
Wilina Well.
Tectonic unit/relations
This sample is from a light pink-grey, medium-grained, weakly foliated biotite granodiorite of the
Walline Granodiorite, that has intruded the southestern margin of the Mount Edgar Granitoid
Complex and Warrawoona Group, East Pilbara Granite–Greenstone Terrane. The granodiorite
contains ≤1cm diameter hexagonal plates of biotite. The sample taken was free of all obvious
dykes and veins.
Petrographic description
The principal minerals present in this sample are plagioclase (55 vol.%), quartz (25–30 vol.%),
microcline (10–15 vol.%), biotite (4 vol.%), and magnetite and titanite (1 vol.%), with accessory
muscovite (trace), epidote (trace), allanite (trace), apatite (trace) and zircon (trace). This is a
weakly foliated biotite granodiorite, with weak low temperature alteration. Irregularly
disseminated mafic clots to 8 mm long of biotite are relatively sparse and define a weak foliation.
In thin section, there are flakes of biotite to 6 mm long, with smaller flakes adjacent to the larger
flakes and also occurring separately. The biotite defines a weak foliation, with magnetite, apatite
and titanite in and adjacent to the biotite. The biotite is also intergrown with quartz and plagioclase
and has been partly altered to chlorite, epidote with or without muscovite. Plagioclase is abundant
as subhedral grains to 5 mm long with zones clouded by sericite and clinozoisite. Crystals of
muscovite and epidote occur locally. Quartz occurs in lenses to 10 mm long, roughly parallel to
the foliation, as ragged grains to 3 mm long, but is not highly deformed. Microcline is not
abundant, with some highly irregular grains to 3 mm in diameter, some of which have replaced
plagioclase. Lenses of recrystallized feldspars also occur, with both plagioclase and microcline.
Myrmekite is common in the recrystallized lenses and adjacent to the larger microcline grains,
occurring not only between microcline and plagioclase, but also between microcline and quartz.
Rare grains of altered allanite occur, to 1 mm long, with partial rims of epidote. Accessory
magnetite, titanite and apatite are common, partly in and adjacent to the biotite, as indicated above,
and partly in quartzofeldspathic areas. Rare small zircon crystals with pleochroic haloes occur in
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the biotite.
Zircon morphology
The zircons isolated from this sample are of a several morphological types. Most are typically dark
greenish-brown, dark brown or black with mottled interoirs, irregular-shaped or slightly elongate
with subrounded terminations, between 45 × 80 µm and 160 × 280 µm in size and are metamict. A
minority of grains are colourless or pale yellowish-green, euhedral, multifacetted, cracked and
internally structureless or with zoned rims and between 45 × 80 µm and 100 × 160 µm in size.
Cathodoluminescence images of representative zircons are given in Figure 112.
Analytical details
This sample was analysed on 2 February 2002. The counter deadtime during the analysis session
was 32 ns. Ten analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 2.39 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analyses 8.1,
10.1, 13.2 and 15.1, for which isotopic compositions determined using the method of Cumming
and Richards (1975) were assumed.
Results
Twenty-six analyses were obtained from 21 zircons. Results are given in Table 45 and shown on a
concordia plot in Figure 113.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. On the basis of their 207Pb/206Pb ratios, many
analyses may be assigned to one of three groups. Concordant and near-concordant analyses 7.1,
16.1 and 17.1, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean 207Pb/206Pb date of 3310 ± 8 Ma (chi-squared = 0.80). Concordant and
slightly discordant analyses 1.1, 13.1 and 21.1, assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3323 ± 9 Ma (chisquared = 0.62). Ten analyses of 10 zircons (2.1, 4.1, 5.1, 6.1, 9.1, 11.1, 12.1, 14.1, 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 3464 ± 3 Ma (chi-squared = 1.57). Concordant analysis 15.2 indicates a
slightly younger 207Pb/206Pb date than those of Group 3, whereas the remaining analyses are
slightly or highly discordant and cannot be confidently grouped.
Analyses 15.1 and 15.2 were obtained on a straw-coloured, euhedral, structureless grain.
Concordant analysis 15.2 was obtained from the centre of grain 15. Although there is no
morphological evidence of a core or overgrowth within this grain, the disparity between the
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207

Pb/206Pb dates indicated by these two analyses suggests that patchy within-grain
recrystallization or new rim zircon growth on older (Group 3) cores may have ocurred during at
least one of the younger (Group 1 or 2) events.
Several interpretations of these results are possible. The date of 3310 ± 8 Ma indicated by the
weighted mean 207Pb/206Pb ratio of the three concordant and near-concordant analyses 7.1, 16.1
and 17.1 of Group 1 may be interpreted as the time of igneous crystallization of the granodiorite,
with the older dates indicated by the analyses of Groups 2 and 3 attributed to the presence of
xenocryst zircons. Alternatively, the date of 3323 ± 9 Ma indicated by the analyses of Group 2
may provide the time of igneous crystallization of the granodiorite, with the younger analyses of
Group 1 due either to the presence of indistinct veins or dykes in the sample, or to an ancient
radiogenic-Pb redistribution event. The analyses of Group 3, which indicated an older 207Pb/206Pb
date than those of Groups 1 and 2, are interpreted to be of xenocryst zircons. The remaining
discordant analyses are interpreted to be of analysis sites that have undergone radiogenic-Pb loss
during several recent disturbance events.
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169044: muscovite–biotite monzogranite, Ripon Hills
road–Yandicoogina Creek Crossing
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 189590E 7655920N

Sampled on 15 September 2000
The sample was taken from a 0.5 m high, 1 m diameter boulder located in an area of weathered
pavements and tors, 1.2 km west of Yandicoogina Creek and 2 km northwest of the Ripon Hills
road–Yandicoogina Creek Crossing.
Tectonic unit/relations
This sample is from a light grey, medium- and even-grained, unfoliated muscovite–biotite
monzogranite phase from the southeastern margin of the Moolyella Monzogranite, Mount Edgar
Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The sampling site is within 50 m of
the contact of the monzogranite with a foliated, pegmatite-banded granitic gneiss of the Mount
Edgar Granitoid Complex.
Petrographic description
The principal minerals present in this sample are quartz (35 vol.%), microcline (35 vol.%),
plagioclase (25–30 vol.%), muscovite (2 vol.%) and altered biotite (<1 vol.%), with accessory
magnetite (trace), apatite (trace), zircon (trace) and fluorite (trace). This is an altered biotite–
muscovite leucomonzogranite with rare opaque oxide, apatite and fluorite, possibly a minimum
melt. Small micaceous clots are disseminated throughout this leucocratic granitoid sample. In thin
section, the rock is granular, with quartz and feldspar grains from 1 to 5 mm in grain size. The
abundant plagioclase is subhedral and sodic, with a light dusting of sericite. Slightly more
abundant microcline is anhedral, with inclusions of plagioclase and muscovite, and anhedral grains
of quartz occur in lenses to 8 mm in diameter. Minor biotite has been altered to chlorite and/or
clay and is commonly interlaminated with muscovite. The most abundant mica is muscovite, as
poikilitic grains to 3 mm in diameter, or in polycrystalline aggregates, with or without altered
biotite. Rare opaque oxide and apatite occur, as well as very rare deep purple fluorite.
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Zircon morphology
The zircons isolated from this sample are typically yellowish brown, dark brown or black, between
20 × 40 µm and 80 × 240 µm in size and are elongate or irregular and subhedral or euhedral in
shape. Many have mottled interiors and abundant small black 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 have remnant internal zonation and many are metamict.
Cathodoluminescence images of representative zircons are given in Figure 114.
Analytical details
This sample was analysed on 16 and 24 February 2002. The counter deadtime during both analysis
sessions was 32 ns. During the first analysis sesssion, five analyses of the CZ3 standard obtained
during the analysis session indicated a Pb*/U calibration uncertainty of 1.26 (1σ%). Analyses 1.1
to 8.1 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 0.057 (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, with the exception of analyses 1.1 and 6.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Sixteen analyses were obtained from 9 zircons. Results are given in Table 46 and shown on a
concordia plot in Figure 115.
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. Concordant and nearconcordant analyses 8.1, 8.4, 9.1, 9.3 and 9.4, assigned to Group 1, have 207Pb/206Pb ratios defining
a single population and indicating a weighted mean 207Pb/206Pb date of 2831 ± 12 Ma (chi-squared
= 0.44). Concordant analysis 9.2 and slightly discordant analysis 8.5, assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
2862 ± 5 Ma (±1σ uncertainty). The remaining analyses are discordant and cannot be confidently
grouped.
The date of 2831 ± 12 Ma indicated by the weighted mean 207Pb/206Pb ratio of concordant and
near-concordant analyses 8.1, 8.4, 9.1, 9.3 and 9.4 of Group 1 is tentatively interpreted as the time
of igneous crystallization of the monzogranite. The older 207Pb/206Pb dates indicated by the
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analyses of Group 2 and of discordant analyses 1.1, 2.1, 4.1, 5.1, 7.1 are interpreted to be of
xenocryst zircons, whereas the younger 207Pb/206Pb dates indicated by the remaining analyses (3.1,
6.1, 8.2 and 8.3) is attributed to radiogenic-Pb loss from these analysis site.
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169045: biotite tonalite, Warrawoona Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 795470E 7648060N

Sampled on 17 September 2000
The sample was taken from a 1 m diameter, low boulder located amongst an area of low boulders
and tors, 150 m east of the access track and 1 km south of Warrawoona Well.
Tectonic unit/relations
This sample is of a weakly to moderately foliated, dark grey, coarse-grained, seriate biotite tonalite
phase of the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The
tonalite has lighter ≤1 mm thick, indistinct veins that may be altered fracture zones or thin veins.
The sample taken was free of these veins.
Petrographic description
This principal minerals present in this sample are altered plagioclase (60–65 vol.%), quartz (25–30
vol.%), microcline (5 vol.%) and altered biotite, including chlorite and epidote (4 vol.%), with
accessory magnetite (trace), titanite (trace), apatite (trace), allanite (trace) and zircon (trace). This
is an altered, weakly foliated inequigranular to porphyritic biotite tonalite with greenschist facies
alteration. There are possible plagioclase phenocrysts in this sample, in a finer-grained granitoid
rock with disseminated mafic grains. The thin section shows scattered plagioclase grains from 1
mm in diameter to about 10 × 5 mm, the larger grains possibly representing phenocrysts. Irregular
alteration, to sericite, epidote and carbonate in various proportions, is evident in some areas, but
some of the plagioclase is fresh. Inclusions of microcline occur in some areas, but separate grains
of microcline, to 2 mm in diameter, are rare. Quartz occurs as anhedral grains to 5 mm long, with
undulose extinction. Rare lenses of recrystallization feldspar also contain microcline, but without
myrmekite. Fresh to chloritized biotite is common, as flakes to 2 mm long, defining a weak
foliation. Both fresh and chloritized biotite are intergrown with epidote, as anhedral, partly
poikilitic grains to 1.5 mm in diameter. Rarely, the epidote has inclusions of altered allanite. Minor
magnetite and euhedral crystals of titanite occur, with zones in the titanite altered to leucoxene.
Apatite and zircon are rare.
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Zircon morphology
The zircons isolated from this sample are typically dark brown or black, between 60 × 140 µm and
80 × 250 µm in size and are elongate and subhedral or euhedral in shape. Many grains have
remnant internal zonation or have unzoned interiors surrounded by zoned exterior zones. Many are
metamict. Cathodoluminescence images of representative zircons are given in Figure 116.
Analytical details
This sample was analysed on 20 January 2002. The counter deadtime during the analysis session
was 32 ns. Eight analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.44
(1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses.
Results
Twenty-six analyses were obtained from 26 zircons. Results are given in Table 47 and shown on a
concordia plot in Figure 117.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. Sixteen concordant and discordant analyses of
sixteen zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3307 ± 3 Ma (chi-squared = 0.91). Concordant analysis 25.1 and slightly
discordant analysis 24.1 indicate slightly older 207Pb/206Pb dates, whereas the remaining analyses
are highly discordant, indicate younger 207Pb/206Pb dates than the main population and cannot be
confidently grouped.
The date of 3307 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of the sixteen
concordant and discordant analyses of sixteen zircons is interpreted as the time of igneous
crystallization of the tonalite. The older date indicated by concordant analysis 25.1, and possibly
also of slightly discordant analysis 24.1, are interpreted to be of xenocryst zircons, whereas the
remaining discordant analyses are interpreted to be of analysis sites that have undergone
radiogenic-Pb loss during several recent disturbance events.
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169046: biotite diorite gneiss, Cotton Well
Location and sampling
MARBLE BAR (SF 50-8), MARBLE BAR (2855)

MGA Zone 50, 795310E 7647500N

Sampled on 17 September 2000
The sample was taken from the edge of a sloping pavement on the west side of a creek bed and 5
km northwest of Cotton Well.
Tectonic unit/relations
This sample is of a strongly foliated, fine and even-grained, biotite-rich diorite gneiss phase of the
Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane. The gneiss is the
oldest phase present at this locality and has numerous ≤5 cm thick, white and pink pegmatite veins
and veins of seriate biotite granodiorite resembling sample 169045. The veins are aligned parallel
to, and predate, the foliation. The sample taken contained pegmatite and granodiorite veins.
Petrographic description
This principal minerals present in this sample are plagioclase (80 vol.%), biotite (10–15 vol.%),
quartz (5 vol.%) and epidote (1 vol.%), with accessory allanite (trace), titanite (trace) and opaque
oxide (trace). This is a quartz-bearing diorite gneiss. Leucocratic bands have quartz (20–25 vol.%),
plagioclase (70 vol.%) and microcline (<1 vol.%), with minor biotite (0–2 vol.%), indicating a
tonalite or trondhjemite. This is a biotite diorite gneiss with minor quartz and rare small zircon
grains, cut by bands of leucotonalite with or without biotite parallel to the foliation, without visible
zircon. Centimetre-scale leucocratic bands or veins occur in this sample, separated by fine-grained
grey granitoid or gneiss. In thin section, the leucocratic bands are dominated by plagioclase to 4
mm in grain size with less abundant granular quartz. One of the bands has more abundant smaller
grains than the other, and also has 2 to 3 vol.% fresh to chloritized biotite and rare epidote. Biotite
is rare in the other band, which has few grains less than 1 mm in diameter. Rare microcline occurs
locally between the plagioclase grains. The host rock is a strongly foliated gneiss with plagioclase
and biotite to 1.5 mm in grain size. The biotite defines a strong foliation and is accompanied by
granular to prismatic epidote. Minor quartz is disseminated as small grains, less than 1 mm in
diameter but increasing in grain size and abundance towards the leucocratic bands. Titanite and
apatite occur in the gneiss, with rare altered allanite enclosed in epidote. Only rare, small grains of
zircon, with pleochroic haloes, occur in biotite.
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Zircon morphology
The zircons isolated from this sample are typically dark yellowish brown, greenish brown or black,
between 40 × 80 µm and 80 × 200 µm in size and are elongate and subhedral or subrounded in
shape. Many grains have remnant internal zonation and many are metamict. A minority of grains
are colourless, internally structureless and fractured. Cathodoluminescence images of
representative zircons are given in Figure 118.
Analytical details
This sample was analysed on 16 and 24 February 2002. The counter deadtime during both analysis
sessions was 32 ns. During the first analysis sesssion, five analyses of the CZ3 standard obtained
during the analysis session indicated a Pb*/U calibration uncertainty of 1.26 (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 0.567 (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, with the exception of analyses 1.1 and 15.1, for which
isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Twenty-one analyses were obtained from 20 zircons. Results are given in Table 48 and shown on a
concordia plot in Figure 119.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
several episodes, possibly including 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. Fourteen concordant and
discordant analyses of fourteen zircons, assigned to Group 1, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3310 ± 4 Ma (chi-squared =
1.74). Discordant analyses 12.2, 13.1, 15.1 and 19.1, assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3295 ± 9 Ma (chisquared = 1.37). Concordant analysis 1.1 indicates a slightly younger 207Pb/206Pb date than thos of
Group 2, whereas the remaining analyses are highly discordant and cannot be confidently grouped.
Several interpretations of these results are possible. The preferred interpretation is that the date
of 3310 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of the fourteen concordant and
discordant analyses of fourteen zircons of Group 1 provides the time of igneous crystallization of
the diorite precursor to the gneiss, with the younger dates indicated by analysis 1.1 and the
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weighted mean 207Pb/206Pb ratio of the analyses of Group 2 attributed to the presence of zircons
derived from the pegmatite veins present in this sample. Alternatively, the date of 3295 ± 9 Ma
indicated by the analyses of Group 2 may provide the time of igneous crystallization of the diorite
precursor to the gneiss, with the older analyses of Group 1 due either to the presence of xenocryst
zircons within the diorite precursor to the gneiss. The remaining discordant analyses are
interpreted to be of analysis sites that have undergone radiogenic-Pb loss during both ancient and
recent disturbance events.
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169037: feldspar–quartz porphyry, King Rockhole
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 226170E 7650760N

Sampled on 14 September 2000
The sample was taken from a road cutting on the north side of the Ripon Hills Road and 3.5 km
west-northwest of King Rockhole. Travelling to the west, the site is on the first major road cutting
on the hill along the north side of the Ripon Hills road.
Tectonic unit/relations
This sample is from an unfoliated, jointed, black prophyritic rock, with ≤0.5 cm diameter pink and
green feldspar phenocrysts and glassy quartz phenocrysts, of the Bamboo Creek Member of the
Hardey Formation, Fortescue Group, Hamersley Basin. The porphyry is underlain by a pale,
fiamme-textured volcaniclastic rock containing flattened crystal-vitric tuff fragments, visible in a
road cutting 800 m west of the sampling site. The sample taken was free of all obvious dykes and
veins.
Petrographic description
The principal minerals present in this sample are altered feldspar phenocryst (25–30 vol.%), quartz
phenocrysts (3 vol.%), altered pyroxene and opaque oxide phenocrysts (1 vol.% ) and groundmass
(60–65 vol.%), with accessory apatite (trace) and rare zircon (trace). The sample may be of a
dacite but the original nature of the feldspar phenocrysts is uncertain. Low temperature alteration
is quite strong. It is an albite, sericite, chlorite, carbonate, quartz and leucoxene-altered, and
quartz-feldspar porphyritic, acid volcanic or subvolcanic intrusive rock. Phenocrysts of quartz and
feldspar are visible in a grey, siliceous groundmass. In thin section, abundant feldspar phenocryst,
occurring singly or in complex aggregates, to 5 mm in diameter, have been replaced by albite,
clouded variously by sericite and carbonate. Quartz phenocrysts are less abundant, with larger
phenocrysts (3–5 mm in diameter) having resorption channels filled by groundmass material. The
smaller quartz phenocrysts (0.2 to 1.5 mm in diameter) are more rounded, without resorption
channels. Rare phenocrysts, possibly of pyroxene, have been altered to quartz, carbonate, chlorite,
sericite and leucoxene and are as much as 1.5 mm long. Scattered opaque oxide microphenocrysts,
to 1 mm in diameter, are now leucoxene, with apatite needles in and adjacent to the altered opaque
oxide. Rare zircon occurs in an altered possible pyroxene phenocryst. The groundmass is
inequigranular but fine-grained to microcrystalline, with quartz, albite, sericite and chlorite.
Irregular patches of carbonate are scattered, with possible vesicles to 0.8 mm in diameter
containing quartz, sericite and chlorite.
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Zircon morphology
The zircons isolated from this sample are typically colourless or pale yellowish brown or black
fragments and whole grains, between 35 × 50 µm and 120 × 220 µm in size and are equant to
elongate and euhedral or irregular in shape. Most grains are structureless and fractured, although a
minority have remnant internal zonation and fluid inclusions, and many are metamict.
Cathodoluminescence images of representative zircons are given in Figure 120.
Analytical details
This sample was analysed on 20 May 2002. The counter deadtime during the analysis session was
32 ns. Thirteen analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.29 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Seventeen analyses were obtained from 17 zircons. Results are given in Table 49 and shown on a
concordia plot in Figure 121.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
single episode of radiogenic-Pb loss. All seventeen analyses obtained have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 2766 ± 7 Ma (chisquared = 1.27).
The date of 2766 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of all seventeen
analyses obtained is interpreted as the time of igneous crystallization of the feldspar–quartz
porphyry.
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169043: quartz–K-feldspar–plagioclase rhyolite
porphyry, No. 5 Well
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 202890E 7634300N

Sampled on 15 September 2000
The sample was taken from a 0.5 m diameter boulder located 10 m south of the access track where
the track crosses the dyke and 3 km east of No. 5 Well.
Tectonic unit/relations
This sample is from a dark greenish-grey to black porphyry with ≤2 mm diameter clear, rounded
quartz phenocrysts and ≤3 mm long white, pink and red tabular feldspar pehnocrysts. The
porphyry occurs as a prominent dyke that trends at 5–10° and has intruded the foliated
Yandicoogine Granodiorite, of which sample 169038 is representative, of the Mount Edgar
Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal phenocryst minerals present in this sample are quartz (15–20 vol.%), K-feldspar (7–
8 vol.%), plagioclase (2–3 vol.% ) and biotite (1 vol.%). These are set within a dark grey,
siliceous, spherulitic and microcrystalline groundmass (70 vol.%). This is an altered quartz–Kfeldspar–plagioclase rhyolite porphyry, with sericite, carbonate and chlorite alteration. Small
quartz phenocrysts and inequigranular, mostly larger feldspar phenocrysts are visible in a dark
grey siliceous groundmass. About a third of the groundmass is spherulitic, whereas the remainder
is microcrystalline. In thin section, there are abundant quartz phenocrysts from 0.2 to 1.5 mm in
diameter, mostly euhedral or slightly rounded, rarely with resorption channels. Feldspar
phenocrysts are less abundant, but mostly 1–4 mm long, and are composed of K-feldspar and
abundant carbonate, with less abundant sericite in some phenocrysts. The K-feldspar may be
secondary, and it is not certain whether these were originally K-feldspar or plagioclase, but the
presence of rare albitized plagioclase phenocrysts, to 1 mm in diameter, suggests that they were Kfeldspar. Rare biotite phenocrysts have been altered to iron-rich chlorite and sericite. The
groundmass adjacent to the phenocrysts is spherulitic, with quartz-rich or quartzofeldspathic
spherulites to 1.5 mm in diameter, but away from the phenocrysts is a microcrystalline aggregate
of yellow, possibly phengitic sericite and quartz. Thin plates of biotite have been replaced by
sericite and leucoxene, but no other accessory minerals were identified.
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Zircon morphology
The zircons isolated from this sample are typically colourless to pale yellow or dark brown,
euhedral and equant to slightly elongate, and between 50 × 80 µm and 160 × 280 µm in size. A
majority of grains are internally structureless, but a minority have faint internal zonation. Fluid and
mineral inclusions are common. Cathodoluminescence images of representative zircons are given
in Figure 122.
Analytical details
This sample was analysed on 12 and 17 June 2002. The counter deadtime was 32 ns during the
first analysis session and 24 ns during the second analysis session . During the first analysis
sesssion, five analyses of the CZ3 standard obtained during the analysis session indicated a Pb*/U
calibration uncertainty of 0.843 (1σ%). Analyses 1.1 to 11.1 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 0.942 (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, with the
exception of analysis 2.1, 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 50 and shown on
a concordia plot in Figure 123.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with
several recent episodes of radiogenic-Pb loss. Twenty-one concordant to slightly discordant
analyses of 20 zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2760 ± 4 Ma (chi-squared = 1.18). Discordant analyses 2.1, 3.1,
and 10.1 indicate slightly younger 207Pb/206Pb dates than the main population.
The date of 2760 ± 4 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty-one
concordant to slightly discordant analyses of twenty zircons is interpreted as the time of igneous
crystallization of the porphyry. The remaining discordant analyses are interpreted to be of analysis
sites that have undergone radiogenic-Pb loss during several recent disturbance events.
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178005: porphyritic hornblende–quartz
micromonzodiorite, Eastern Creek Well
Location and sampling
NULLAGINE (SF 51-5), EASTERN CREEK (3054)

MGA Zone 51, 246470E 7595160N

Sampled on 24 May 2002
The sample was taken from a 0.4-m diameter boulder on a 3-m high, c. 70 × 30 m bouldery area
and 8 km west-southwest of Eastern Creek Well.
Tectonic unit/relations
This sample is from a dark pinkish grey, fine-grained, porphyritic monzodiorite that has intruded
sedimentary rocks of the Mosquito Creek Formation. The monzodiorite has acicular ≤1 cm long
black hornblende phenocrysts and grey, pink and white feldspar, and lesser quartz. At the sampling
site, the monzodiorite contained rare ≤2 mm thick pegmatite dykes.
Petrographic description
The principal minerals present in this sample are plagioclase (50 vol.%), K-feldspar (20 vol.%),
quartz (15 vol.%), hornblende (13–15 vol.%), altered biotite (≤1 vol.%) and opaque oxide (≤1
vol.%), with accessory opaque oxide (trace), apatite (trace), titanite (trace) and zircon (trace). This
is a fine-grained monzodiorite with oriented prisms of hornblende visible in hand specimen, as
well as larger grains of feldspar in a fine-grained quartzofeldspathic groundmass. Hornblende
defines a flow-foliation. A pale pink vein is present, with a microgranular, quartzofeldspathic
appearance on the stained offcut, where represents a very fine-grained aplite. Plagioclase occurs as
subhedral and anhedral grains to 3 mm long, with smaller grains of weakly perthitic orthoclase, to
2 mm in diameter. The plagioclase has mostly weak alteration to clinozoisite and pale brown clay,
with a pale brown clay clouding the orthoclase. Quartz is mostly fine-grained, from 0.2 to 1 mm in
grain size, but is partly euhedral against orthoclase. The quartz is also partly accompanied by finegrained feldspar suggesting sparse areas of groundmass. Prisms of olive-green hornblende are
common and reach 3 mm in length. Patches of chlorite and/or epidote occur within some
hornblende prisms. Biotite is fine-grained, to 0.5 mm in grain size, and altered to chlorite and/or
clay (vermiculite?). Lamellae of prehnite and/or K-feldspar occur parallel to the cleavage in some
flakes, indicating alteration at 250 to 350°C. The vein is about 1 mm to 1.5 mm wide and is largely
microcrystalline, with quartz, plagioclase and orthoclase in subequal amounts. These minerals
occur as grains mostly less than 0.05 mm in diameter, defining a micromosaic. Larger orthoclase
and plagioclase grains occur sparsely, with plagioclase to 1 mm in grain size, and there are traces
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of chlorite and epidote. The vein has a composition typically seen in aplites and is of magmatic
origin. The red colour in hand specimen is the result of oxidation of iron-bearing feldspars. This is
a porphyritic hornblende quartz micromonzodiorite with weak chlorite-epidote-clay alteration and
a vein of aplite.
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 160 × 280 µm in size. Many grains
have faint internal zonation, or have fractured interiors surrounded by weakly zoned or unzoned
and fractured exterior zones. Fluid and mineral inclusions are common. Cathodoluminescence
images of representative zircons are given in Figure 124.
Analytical details
This sample was analysed on 10 October 2002. 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 1.58 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis 2.1,
for which isotopic compositions determined using the method of Cumming and Richards (1975)
were assumed.
Results
Twenty-two analyses were obtained from 22 zircons. Results are given in Table 51 and shown on a
concordia plot in Figure 125.
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, all analyses
apart from analysis 17.1 may be assigned to two groups. Sixteen concordant and slightly
discordant analyses of 16 zircons, assigned to Group 1, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 2755 ± 7 Ma (chi-squared = 1.06).
Concordant analyses 16.1, 20.1 and 22.1, assigned to Group 2, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 2844 ± 32 Ma (chi-squared =
0.09). Concordant analysis 17.1 indicates a 207Pb/206Pb date that is intermediate between these two
groups.
The date of 2755 ± 7 Ma indicated by the weighted mean 207Pb/206Pb ratio of sixteen concordant
and slightly discordant analyses of Group 1 is interpreted as the time of igneous crystallization of
the micromonzogranite. The slightly older 207Pb/206Pb dates indicated by the remaining analyses
are interpreted to be of xenocryst zircons.
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178012: biotite tonalite gneiss, Quartz Hill
Location and sampling
NULLAGINE (SF 51-5), NULLAGINE (2954)

MGA Zone 51, 212190E 7567170N

Sampled on 27 May 2002
The sample was taken from a 1-m diameter lens within a low rocky, rubbly area 50 m west of the
access track and 3 km west-southwest of Quartz Hill.
Tectonic unit/relations
This sample is from a light grey, fine- and even-grained, foliated homogeneous tonalite gneiss
consisting of aligned biotite, and quartz and feldspar, of the Kurrana Granitoid Complex, Kurrana
Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (andesine–oligoclase; 60 vol.% ),
quartz (25–30 vol.%), K-feldspar (5 vol.%) and mafic minerals, mostly biotite and magnetite (3
vol.%), with accessory apatite (trace), magnetite (trace), allanite (trace), zircon (trace), sericite
(trace), chlorite (trace), epidote (trace) and stilpnomelane (trace). This fine-grained foliated
granitoid rock has only very minor fine-grained K-feldspar and is a biotite tonalite or trondhjemite
gneiss. The plagioclase occurs largely as anhedral, commonly rounded grains or augen to 2.5 mm
in diameter with patches of sericite, clinozoisite and epidote. Rarely, there are irregular inclusions
of microcline in the plagioclase. Smaller, possibly recrystallized grains of plagioclase are also
common and are about 0.5 mm in diameter, with similar-sized grains of microcline and
myrmekite. The quartz occurs as grains to 2 mm long and as smaller, possibly recrystallized
grains, commonly in lamellae parallel to the foliation. Fine-grained biotite defines a wavy foliation
in the rock. Much of the biotite has been altered to chlorite and/or epidote, with granular epidote
also adjacent to altered biotite flakes, rarely with cores of altered allanite. Small bundles of
ferristilpnomelane flakes occur in and adjacent to altered biotite or in plagioclase. Minor opaque
oxide, probably magnetite, occurs as grains from 0.2 to 1.5 mm long, usually parallel to the
foliation. Some of the magnetite has a coating of chloritized biotite. Traces of apatite are present
but only rare zircon as slender prisms, was observed. This sample is an amphibolite-facies tonalite
or trondhjemite gneiss with later low-temperature alteration involving chlorite, sericite, epidote
and stilpnomelane, suggesting low-temperature oxidation.
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Zircon morphology
The zircons isolated from this sample are typically colourless, light 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 126.
Analytical details
This sample was analysed on 3 October 2002. 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 3.42 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis 5.1,
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 52 and shown on a
concordia plot in Figure 127.
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 two groups. Fourteen concordant and slightly discordant analyses of 14
zircons, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3178 ± 3 Ma (chi-squared = 1.10). Concordant and slightly
discordant analyses 1.1, 2.1, 4.1 and 9.1, assigned to Group 2, have 207Pb/206Pb ratios defining a
single population and indicating a weighted mean 207Pb/206Pb date of 3150 ± 9 Ma (chi-squared =
0.52). The remaining analyses (10.1, 12.1 and 15.1) are discordant and cannot be grouped.
There are no obvious morphological differences between the grains from which analyses
belonging to Groups 1 and 2 were derived. There are two plausible alternative interpretations of
these results. The date of 3150 ± 9 Ma indicated by the weighted mean 207Pb/206Pb ratio of the four
concordant and slightly discordant analyses 1.1, 2.1, 4.1 and 9.1, assigned to Group 2, may be
interpreted as the time of igneous crystallization of the tonalitic precursor to the gneiss, with the
older date indicated by the analyses of Group 1 attributed to the presence of xenocryst zircons.
Alternatively, the date of 3178 ± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of the
fourteen concordant and slightly discordant analyses of Group 1 may be interpreted as the time of
igneous crystallization of the tonalite, with the younger date indicated by the analyses of Group 2

131

due to ancient radiogenic-Pb loss during a disturbance event (?metamorphism) at or near this time.
As the analyses of Group 2 generally indicated high U concentrations at these analysis sites, the
latter interpretation is preferred. The slightly younger 207Pb/206Pb dates indicated by the remaining
highly discordant analyses are interpreted to be of analysis sites that have lost radiogenic Pb
during an ancient disturbance event.
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169187: coarse lithic–quartz sandstone, Blue Spec
mine
Location and sampling
NULLAGINE (SG51–5), NULLAGINE (2954)

MGA Zone 51, 218210E 7587620N

Sampled on 9 September 2001
The sample was taken from a 2-m thick sandstone unit interbedded with siltsone and 3.5 km north
of Blue Spec mine (abandoned).
Tectonic unit/relations
This sample is of a pale grey, medium- to coarse-grained, poorly-sorted silicified quartz
metasandstone of the Mosquito Creek Formation, Mosquito Creek Basin. The sample was taken
from a 2-m thick sandstone unit interbedded with siltsone.
Petrographic description
This sample consists principally of single crystal quartz grains (70 vol.%), lithic grains with finegrained quartz with or without chlorite (15–20 vol.%) and interstitial quartz-chlorite cement (10
vol.%), with accessory leucoxene (trace), limonite after pyrite (trace) and zircon (trace). This is a
very coarse-grained, lithic-quartz sandstone or granule conglomerate with a quartz-chlorite
cement, quartz and quartz-chlorite clasts, and with quartz veins and limonite-lined fractures. In
thin section there are abundant rounded single crystal quartz grains to 2 mm in diameter, with less
abundant grains of chert and of granular microsparry quartz with disseminated fine-grained
chlorite. One clast of massive chlorite is evident, and the interstitial material is granular to
prismatic quartz with minor to abundant chlorite. Leucoxene has replaced rare opaque oxide grains
to 0.5 mm long and rare fine-grained probable pyrite has been replaced by limonite. Rare rounded
zircon grains occur. There are abundant very narrow quartz veins, most easily visible in the finegrained chlorite-rich clasts, but evident in the quartz as areas without fluid inclusions, or as trains
of secondary fluid inclusions. Limonite-lined fractures are also evident, with weak limonite
staining adjacent to these fractures. Leached voids to 10 mm in diameter are evident in thin
section. There are also abundant, mostly very narrow quartz veins, most clearly visible where they
cut areas of cement or cherty lithic clasts. Where these veins have cut single crystal quartz grains
they have deposited quartz in optical continuity with the detrital quartz, but with less abundant
fluid inclusions, so that they are just visible using low angle incident light on the top of the normal
microscope stage. The widest veins, to 0.4 mm wide, locally pass into voids, where they cut some
of the lithic clasts. Rarely, lamellae of chlorite occur on the vein walls. These veins are in various
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orientations, but the most abundant are at about 90° to bedding. The veins indicate a high fluid
flux through this rock, which may partly explain the abundance of chlorite.
Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 250 × 350 µm in size,
colourless or pale yellowish brown, internally structureless and are equant and angular or elongate
with rounded terminations in shape. 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 128.
Analytical details
This sample was analysed on 25 August and 2 September 2002. The counter deadtime during both
analysis sessions was 24 ns. During the first analysis session, thirteen analyses of the CZ3 standard
obtained indicated a Pb*/U calibration uncertainty of 1.73 (1σ%). Analyses 1.1 to 18.1 were
obtained during the second analysis session. During the second analysis session, five analyses of
the CZ3 standard obtained indicated a Pb*/U calibration uncertainty of 0.874 (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
Thirty-two analyses were obtained from thirty-two zircons. Results are given in Table 53 and
shown on concordia and Gaussian-summation probability density plots in Figures 129 and 130.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends mainly consistent
with recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 3030 to 3540 Ma are
indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of four
groups. Five concordant or near-concordant analyses of 5 zircons (11.1, 21.1, 23.1, 24.1 and 25.1),
assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3039 ± 18 Ma (chi-squared = 1.55). Seven concordant or near-concordant
analyses of 7 zircons (5.1, 7.1, 16.1, 17.1, 20.1, 29.1 and 30.1), assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3088 ± 10 Ma (chi-squared = 1.40). Concordant analyses 2.1, 12.1 and 27.1, assigned to Group 3,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 3159 ± 29 Ma (chi-squared = 1.51). Seven concordant or near-concordant analyses of 7
zircons (13.1, 15.1, 18.1, 19.1, 26.1, 28.1 and 32.1), assigned to Group 4, have 207Pb/206Pb ratios
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defining a single population and indicating a weighted mean 207Pb/206Pb date of 3522 ± 9 Ma (chisquared = 1.24). The remaining analyses cannot be confidently grouped.
Grains 11, 21, 23 and 25 are colourless or pale yellowish brown, structureless whole grains or
grain fragments inferred to be of detrital origin. The weighted mean 207Pb/206Pb date of 3039 ± 18
Ma indicated by the five concordant or near-concordant analyses of Group 1 is interpreted as a
maximum time for deposition of the sandstone precursor to the sandstone. The remaining older
analyses are also interpreted to be of detrital zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Pilbara Craton (Nelson, 1998, 1999, 2000, 2001,
this volume) and the Narryer Gneiss Complex (Nelson, 2000, 2001, 2002).
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169194: coarse lithic–quartz sandstone, Blue Spec
mine
Location and sampling
NULLAGINE (SG51–5), NULLAGINE (2954)

MGA Zone 51, 210460E 7589410N

Sampled on 16 September 2001
The sample was taken from ≤3 m long, low outcrop located 9.5 km west-northwest of Blue Spec
mine (abandoned).
Tectonic unit/relations
This sample is of a pale grey, medium- to coarse-grained, poorly-sorted silicified quartz
metasandstone of the Mosquito Creek Formation, Mosquito Creek Basin.
Petrographic description
This sample consists principally of single crystal quartz grains (55 vol.%), lithic detritus (25–30
vol.%) and quartz-sericite schist (15–20 vol.%), indicating a very coarse-grained lithic quartz
sandstone. It has been metamorphosed to a very coarse-grained lithic quartz sandstone with quartzrich to sericite-rich lithic clasts in a matrix of quartz-sericite schist containing limonite-lined
stylolites and rare zircon. Diffuse limonite stainingoccurs throughout the sample. In thin section,
there are abundant subangular single crystal quartz grains to 2 mm long, defining a bedding
parallel foliation. Clasts of chert, locally with internal quartz veins, are less abundant than single
crystal quartz grains. Clasts of microsparry granular quartz (with or without chlorite, sericite
and/or limonite) and sericite-rich fragments are also scattered, but are less abundant. Rare biotite
has been replaced by chlorite and limonite, with limonite/hematite also after opaque grains
(opaque oxide or sulphide?). Patches of fine-grained decussate muscovite are scattered, and the
matrix is a fine-grained quartz-sericite schist with limonite-lined stylolites. Rare zircon crystals are
enclosed in quartz.
Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 250 × 350 µm in size,
colourless or pale yellowish brown, internally structureless and are equant and angular or elongate
with rounded terminations in shape. Fluid and mineral inclusions are common. The surfaces of
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many grains are pitted, consistent with detrital transport. Cathodoluminescence images of
representative zircons are given in Figure 131.
Analytical details
This sample was analysed on 25 August 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 1.73 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Thirty-one analyses were obtained from 31 zircons. Results are given in Table 54 and shown on
concordia and Gaussian-summation probability density plots in Figures 132 and 133.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends mainly consistent
with recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 3000 to 3600 Ma are
indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of six
groups. Concordant analyses 9.1, 15.1, 22.1, 23.1 and 31.1, assigned to Group 1, have 207Pb/206Pb
ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of 3038 ± 11
Ma (chi-squared = 0.64). Concordant analyses 7.1, 16.1 and 24.1, assigned to Group 2, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3090 ± 17 Ma (chi-squared = 0.53). Concordant analyses 6.1, 11.1 and 30.1, assigned to Group 3,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 3172 ± 32 Ma (chi-squared = 1.73). Concordant analyses 1.1, 2.1 and 21.1, assigned to
Group 4, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3493 ± 29 Ma (chi-squared = 1.35). Seven concordant or near-concordant
analyses of 8 zircons (4.1, 10.1, 12.1, 13.1, 26.1, 28.1 and 29.1), assigned to Group 5, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3543 ± 9 Ma (chi-squared = 1.67). Concordant analyses 3.1, 14.1, 18.1 and 25.1, assigned to
Group 6, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3600 ± 10 Ma (chi-squared = 0.34). The remaining analyses cannot be
confidently grouped.
Grain 27 is a 80 × 130 µm, colourless to pale yellowish brown, structureless grain fragment
inferred to be of detrital origin. The 207Pb/206Pb date of 3003 ± 9 Ma (±1σ uncertainty) indicated
by concordant analysis 27.1 is interpreted as a maximum time for deposition of the sandstone
precursor to the sandstone. The remaining older analyses are also interpreted to be of detrital
zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Pilbara Craton (Nelson, 1998, 1999, 2000, 2001,
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this volume) and the Narryer Gneiss Complex (Nelson, 2000, 2001, 2002).

169199: coarse lithic–quartz sandstone, Branchies Well
Location and sampling
NULLAGINE (SG51–5), NULLAGINE (2954)

MGA Zone 51, 222470E 7590790N

Sampled on 16 September 2001
The sample was taken from a 5 m long, low-lying outcrop located 5.5 km north of Branchies Well.
Tectonic unit/relations
This sample is of a pale grey, medium- to coarse-grained, poorly-sorted, silicified quartz
metasandstone of the Mosquito Creek Formation, Mosquito Creek Basin.
Petrographic description
This sample consists principally of quartz-rich to sericite-rich lithic clasts (55 vol.%), single
crystal quartz grains (25–30 vol.%), and matrix of quartz-sericite schist with sericite-limonite-rich
stylolites (15–20 vol.%). This is a lithic-quartz sandstone (bimodal and poorly sorted) with rare
quartz and chert granules to 3 mm in diameter, possibly at least partly of acid volcanic origin, with
rare fragments of zircon and a quartz-sericite schist matrix with a spaced cleavage. There are
scattered grains 1 to 2 mm in diameter and abundant smaller grains, from 0.1 to 0.6 mm in
diameter. The largest grains include coarse-grained possible vein quartz and a granule of chert
with vein quartz and an aggregate of limonite after pyrite, locally with pressure shadows of fibrous
quartz. The smaller clasts are mostly single crystal quartz grains, but cherty clasts and quartzsericite-altered grains are also common to abundant. Some of the quartz grains are most probably
volcanic phenocrysts, so that the cherty and quartz- and sericite-altered grains could be partly
derived from acid volcanics. Rare fragments of zoned euhedral zircon crystals, to 0.2 mm long,
may also be of acid volcanic origin. Rare detrital mica includes muscovite and clay-altered biotite.
The matrix consists of quartz and partly schistose sericite, with a spaced cleavage and lamellae
rich in leucoxene and/or limonite.
Zircon morphology
The zircons isolated from this sample are generally between 30 × 50 µm and 200 × 250 µm in size,
colourless pale yellowish brown or dark brown, internally structureless or weakly zoned and are
equant and angular or elongate with rounded terminations in shape. Many grains are fractured and
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many are metamict. 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 134.
Analytical details
This sample was analysed on 19 September 2002. The counter deadtime during the analysis
session was 24 ns. Thirteen analyses of the CZ3 standard obtained during the first analysis session
indicated a Pb*/U calibration uncertainty of 1.27 (1σ%). Common-Pb corrections were applied
assuming Broken Hill common-Pb isotopic compositions for all analyses, with the exception of
analyses 7.1 and 23.1.1, for which isotopic compositions determined using the method of
Cumming and Richards (1975) were assumed.
Results
Thirty-six analyses were obtained from 36 zircons. Results are given in Table 55 and shown on
concordia and Gaussian-summation probability density plots in Figures 135 and 136.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends mainly consistent
with recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 3280 to 3650 Ma are
indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of four
groups. Six concordant or near-concordant analyses of 6 zircons (4.1, 9.1, 16.1, 22.1, 23.1 and
25.1), assigned to Group 1, have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 3290 ± 11 Ma (chi-squared = 1.44). Concordant analyses 5.1,
33.1, and 36.1, and highly discordant analysis 31.1, assigned to Group 2, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3428 ± 18 Ma
(chi-squared = 1.09). Concordant analyses 27.1 and 29.1 and highly discordant analysis 7.1,
assigned to Group 3, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3495 ± 18 Ma (chi-squared = 0.08). Thirteen concordant or nearconcordant analyses of 13 zircons (1.1, 6.1, 11.1, 12.1, 14.1, 17.1, 19.1, 20.1, 21.1, 24.1, 28.1, 30.1
and 32.1), assigned to Group 4, have 207Pb/206Pb ratios defining a single population and indicating
a weighted mean 207Pb/206Pb date of 3539 ± 6 Ma (chi-squared = 1.44). The remaining analyses
cannot be confidently grouped.
Grains 4, 9, 16, 22, 23 and 25 are colourless or pale yellowish brown, structureless whole grains
or grain fragments inferred to be of detrital origin. The weighted mean 207Pb/206Pb date of 3290 ±
11 Ma indicated by the six concordant or near-concordant analyses of Group 1 is interpreted as a
maximum time for deposition of the sandstone precursor to the sandstone. The remaining older
analyses are also interpreted to be of detrital zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Pilbara Craton (Nelson, 1998, 1999, 2000, 2001,
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this volume) and the Narryer Gneiss Complex (Nelson, 2000, 2001, 2002).
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169200: coarse lithic quartz sandstone, Branchies Well
Location and sampling
NULLAGINE (SG51–5), NULLAGINE (2954)

MGA Zone 51, 222160E 7590280N

Sampled on 16 September 2001
The sample was taken from a 3 m long, low outcrop located 5 km north-northwest of Branchies
Well.
Tectonic unit/relations
This sample is of a pale grey, medium- to coarse-grained, poorly-sorted silicified quartz
metasandstone of the Mosquito Creek Formation, Mosquito Creek Basin.
Petrographic description
This sample consists principally of single crystal quartz grains (75 vol.%), lithic grains (15–20
vol.%) and interstitial sericite and quartz (7–8 vol.%). This is a lithic quartz-rich coarse to very
coarse and gritty sandstone with quartz-sericite-rich lithic fragments and parallel opaque oxiderich lamellae with sericite, rutile or anatase-altered grains and very minor zircon. Possible bedding
laminations about 5 to 10 mm thick are visible in hand-specimen. The thin section shows mostly
quartz-rich coarse to very coarse-grained and gritty sandstone. Part of the thin section is occupied
by sandstone with single crystal quartz grains to 2.5 mm in diameter, generally without any
cement or optically continuous overgrowths, but with stylolitic grain boundaries. A layer, rich in
opaque oxide, occurs parallel to the long side of the thin section. A second lenticular oxide-rich
layer occurs in a sandstone layer with single crystal quartz grains mostly less than 1 mm in
diameter (coarse-grained sandstone), interbedded with sandstone layers having quartz to 1.5 mm in
grain size (very coarse-grained sandstone). In addition to single crystal quartz grains there are also
grains of cherty to granular quartz, commonly clouded with sericite, some of which may represent
altered acid volcanics. Rare fragments consist of sericite-leucoxene pseudomorphs after biotite
with very minor quartz attached. Lithic grains make up about 10–20 vol.% of the layers in this
sample, being more abundant in the finer-grained layers. Rare oxidized opaque oxide is
disseminated, but oxidised magnetite is abundant in the opaque oxide-rich layers referred to above.
The main oxide-rich layer is about 1 mm thick. This layer contains oxidized magnetite to 0.3 mm
in grain size as well as grains altered to rutile or anatase and scattered crystals of zircon to 0.2 mm
long. Some of the zircon is euhedral, but some has been fractured. These grains are all enclosed in
decussate sericite. The thinner layer has less abundant oxidised magnetite and rare fractured zircon
grains, with only minor sericite and is more planar.
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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 and are equant and angular or elongate
with rounded terminations in shape. 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 137.
Analytical details
This sample was analysed on 20 August 2002. The counter deadtime during the analysis session
was 24 ns. Ten analyses of the CZ3 standard obtained during the first analysis session indicated a
Pb*/U calibration uncertainty of 1.88 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis 1.1,
for which isotopic compositions determined using the method of Cumming and Richards (1975)
were assumed.
Results
Thirty-four analyses were obtained from 31 zircons. Results are given in Table 56 and shown on
concordia and Gaussian-summation probability density plots in Figures 138 and 139.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends mainly consistent
with recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 2930 to 3680 Ma are
indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of five
groups. Concordant and highly discordant analyses 29.1, 29.2, 29.3 and 29.4, assigned to Group 1,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb
date of 2948 ± 24 Ma (chi-squared = 0.58). Concordant analyses 16.1, 16.2 and 27.1, assigned to
Group 2, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2997 ± 40 Ma (chi-squared = 1.48). Eight concordant or near-concordant
analyses of 8 zircons (3.1, 9.1, 10.1, 18.1, 20.1, 22.1, 23.1 and 25.1), assigned to Group 3, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean 207Pb/206Pb date of
3366 ± 9 Ma (chi-squared = 0.97). Five concordant or near-concordant analyses of 5 zircons (5.1,
11.1, 13.1, 17.1 and 21.1), assigned to Group 4, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3410 ± 15 Ma (chi-squared = 0.26).
Five concordant or near-concordant analyses of 5 zircons (2.1, 4.1, 12.1, 24.1 and 28.1), assigned
to Group 5, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3543 ± 12 Ma (chi-squared = 0.93). Highly discordant analysis 1.1 and
concordant or near-concordant analyses 6.1 and 30.1, assigned to Group 6, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3594 ± 19 Ma
(chi-squared = 0.26). The remaining analyses cannot be confidently grouped.
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Grain 29 is a 80 × 140 µm, colourless to pale yellowish brown, structureless grain fragment
with pitted terminations, inferred to be of detrital origin. The weighted mean 207Pb/206Pb date of
2948 ± 24 Ma indicated by the four concordant and discoordant analyses of Group 1 is interpreted
as a maximum time for deposition of the sandstone precursor to the sandstone. The remaining
older analyses are also interpreted to be of detrital zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Pilbara Craton (Nelson, 1998, 1999, 2000, 2001,
this volume) and the Narryer Gneiss Complex (Nelson, 2000, 2001, 2002).
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177131: coarse-grained metasandstone, Lionel Well
Location and sampling
NULLAGINE (SG51–5), NULLAGINE (2954)

MGA Zone 51, 206730E 7596140N

Sampled on 2 May 2001
The sample was taken from a 0.5 km long sandstone unit exposed along the northern bank of the
Nullagine River and 4.5 km south of Lionel Well.
Tectonic unit/relations
This sample is of a dark grey to black, medium- to coarse-grained, poorly-sorted silicified quartz
metasandstone containing angular mafic clasts, from the northern and basal part of the Mosquito
Creek Formation, Mosquito Creek Basin.
Petrographic description
This sample consists principally of abundant angular fragments of 'micritic' and 'microsparry'
cherty fine-grained quartz (45 vol.%) and as much as 3 mm long, with abundant single crystal
quartz grains (30 vol.%) less than 1.5 mm in diameter. Some of the cherty fragments have
spherulitic aggregates apparently upgraded from chalcedony, and small fragments of chalcedony
are also present, without recrystallization and upgrading. Other cherty clasts are banded and rare
fragments have leucoxene defining what may have been shards or vesicles. Accessory and rare
components in the cherty fragments include chlorite and limonite after very fine-grained pyrite.
Chlorite-rich fragments occur (5 vol.%), with minor quartz partly as small spherules, and quartzrich fragments with minor chlorite are also evident. The chlorite-rich fragments are as much as 3
mm long and have minor leucoxene, suggesting altered glassy volcanics. The cement (20 vol.%) is
variously rich in chlorite, quartz and earthy hematite or limonite, with limonite or hematite
apparently after pyrite cubes to 0.4 mm in grain size. This sample is a granule conglomerate with
grains of chert, single crystal quartz grains and chlorite to quartz-rich possibly volcanic fragments
in a chlorite, quartz and limonite cement with limonite after pyrite.
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 and are equant and angular or elongate
with rounded terminations in shape. Fluid and mineral inclusions are common. The surfaces of
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many grains are pitted, consistent with detrital transport. Cathodoluminescence images of
representative zircons are given in Figure 140.
Analytical details
This sample was analysed on 12 and 15 August 2002. The counter deadtime during the analysis
session was 24 ns. During the first analysis session, four analyses of the CZ3 standard indicated a
Pb*/U calibration uncertainty of 0.855 (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 1.55 (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-four analyses were obtained from thirty-four zircons. Results are given in Table 57 and
shown on concordia and Gaussian-summation probability density plots in Figures 141 and 142.
Interpretation
The analyses are concordant to slightly discordant, with the discordance trends mainly consistent
with recent loss of radiogenic Pb. A range of 207Pb/206Pb dates of from c. 2930 to 3550 Ma are
indicated. On the basis of their 207Pb/206Pb ratios, many analyses may be assigned to one of five
groups. Concordant or near-concordant analyses 17.1, 23.1 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
2981 ± 49 Ma (chi-squared = 1.47). Six concordant or near-concordant analyses of 6 zircons (3.1,
15.1, 19.1, 26.1, 27.1 and 30.1), assigned to Group 2, have 207Pb/206Pb ratios defining a single
population and indicating a weighted mean 207Pb/206Pb date of 3178 ± 16 Ma (chi-squared = 1.21).
Six concordant or near-concordant analyses of 6 zircons (1.1, 2.1, 6.1, 12.1, 22.1 and 34.1),
assigned to Group 3, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean 207Pb/206Pb date of 3285 ± 11 Ma (chi-squared = 0.95). Highly discordant analysis 4.1 and
concordant or near-concordant analyses 13.1 and 31.1, assigned to Group 4, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean 207Pb/206Pb date of 3336 ± 30 Ma
(chi-squared = 0.54). Concordant or near-concordant analyses 8.1, 14.1 and 18.1, assigned to
Group 5, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 3469 ± 23 Ma (chi-squared = 0.19). The remaining analyses cannot be
confidently grouped.
Grain 17 is a 120 × 140 µm, yellowish brown, structureless, rounded grain inferred to be of
detrital origin. Grains 23 and 34 are structureless angular grain fragments. The weighted mean
207
Pb/206Pb date of 2981 ± 49 Ma indicated by the three concordant and near-concordant analyses
of Group 1 is interpreted as a maximum time for deposition of the sandstone precursor to the

145

sandstone. The remaining older analyses are also interpreted to be of detrital zircons.
Possible source rocks within the western part of Australia having ages matching those of the
zircons within this sample include those of the Pilbara Craton (Nelson, 1998, 1999, 2000, 2001,
this volume) and the Narryer Gneiss Complex (Nelson, 2000, 2001, 2002).
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169080: quartz diorite, Terenar Pool
Location and sampling
ROUBOURNE (SF 50–3), ROUBOURNE (2356)

AMG Zone 50, 547720E 7695670N

Sampled on 23 May 2001
The sample was taken from Outukumpu Pty. Ltd. diamond drill hole GSD 001, depth interval
243.3–244.0 m. The drill hole collar is located 1.5 km west-southwest of Terenar Pool.
Tectonic unit/relations
This sample is from a light grey, medium-grained, undeformed but recrystallized quartz diorite
phase of the Harding Granitoid Complex, West Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal minerals present in this sample are plagioclase (75–80 vol.%), quartz (15 vol.%),
granophyre which contains most of the primary K-feldspar (4–5 vol.%), partly altered biotite (1
vol.%) and opaque oxide partly rimmed by leucoxene (1 vol.%), with accessory opaque oxide
(trace), apatite (trace), pyrite (trace) and zircon (trace). This is an altered quartz diorite with minor
granophyre and K-feldspar, partly antiperthitic plagioclase, altered biotite (and/or amphibole?).
The thin section is dominated by anhedral plagioclase from 0.5 to 3 mm in grain size, with
irregular clouded by sericite and/or clouded clinozoisite. Alteration is most intense adjacent to
fractures containing albite or K-feldspar. Irregularly distributed zones within the plagioclase are
antiperthitic with as much as 25 vol.% exsolved K-feldspar in some areas. Most of the quartz is
anhedral and interstitial, in lenses to 3 mm long, but some quartz occurs in granophyre patches to 1
mm long adjacent to rare granular orthoclase with exsolved plagioclase. Biotite flakes, to 0.7 mm
long, are disseminated and mostly altered to clays and leucoxene, rarely with carbonate, but some
of the clays in this sample may have been derived from amphibole crystals. Accessory opaque
oxide to 0.5 mm in grain size occurs as platy crystals partly rimmed by leucoxene. Rare apatite is
present and rare pyrite occurs as cubic crystals to 0.1 mm in size. This is a leucocratic quartz
diorite with low temperature alteration and rare pyrite. Low temperature veins of albite or Kfeldspar occur. The antiperthitic plagioclase suggests initial emplacement under granulite-facies or
high amphibolite-facies conditions.
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Zircon morphology
The zircons isolated from this sample are colourless to pale yellowish brown, generally between
30 × 70 µm and 100 × 280 µm in size, and are elongate and rectangular in shape. Most grains are
internally structureless but thin, hollow central tubes are evident in a minority of grains.
Cathodoluminescence images of representative zircons are given in Figure 143.
Analytical details
This sample was analysed on 15 August 2002. The counter deadtime during the analysis session
was 24 ns. Twelve analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 1.56 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses.
Results
Sixteen analyses were obtained from 16 zircons. Results are given in Table 58 and shown on a
concordia plot in Figure 144.
Interpretation
The analyses are concordant and have 207Pb/206Pb ratios defining a single population indicating a
weighted mean 207Pb/206Pb date of 2931 ± 8 Ma (chi-squared = 1.08).
The date of 2931 ± 8 Ma indicated by the weighted mean 207Pb/206Pb ratio of all concordant
analyses is interpreted as the time of igneous crystallization of the quartz diorite.
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153317: dacite, Duketon Battery
Location and sampling
DUKETON (SG 51-14), DUKETON (3342)

MGA Zone 51, 432340E 6941110N

Sampled on 14 September 2001
The sample was taken from WMC Swanson Hill base metals project, diamond drill hole LSHD6,
depth interval 165.9 to 169.7 m, located about 3.5 km east-southeast of the site of the Duketon
Battery.
Tectonic unit/relations
This sample is from a medium to dark grey, homogeneous-textured, fine- to medium-grained
dacite, with scattered feldspar and quartz phenocrysts ≤3 mm diameter. The rock has a fine, poorly
defined, pale-grey layering. The sample is from a mineralized, intermediate to felsic volcanic
sequence within the central part of the Duketon greenstone belt of the Eastern Goldfields Granite–
Greenstone Terrane. The unit from which the sample was taken contained numerous quartz veins,
but all veins were removed from the sample prior to processing.
Petrographic description
The principal minerals present in this sample are plagioclase (now largely albite; 60 vol.%), quartz
(25 vol.%), mafic-silicate (now largely chlorite; 15 vol.%), carbonate (7 vol.%) and opaque oxide
(2 vol.%), with accessory sericite (trace), leucoxene (trace) and zircon (trace). This is a
plagioclase-dominated, flow-layered dacite, with minor small phenocrysts of plagioclase and
sparse quartz microphenocrysts. Low grade metamorphism and weakly hydrothermal alteration are
evident from the recrystallized quartz, schistose chlorite and associated albite, and the presence of
minor fine carbonate. At least one third of the thin section is dominated by a compact
microcrystalline aggregate of interlocking and flow-aligned, albitized plagioclase laths that are
typically about 0.03 × 0.2 mm, with minor to subordinate, microcrystalline to cryptocrystalline
(recrystallized) interstitial quartz. Minor phenocrysts of subhedral plagioclase crystals, about 2.5
mm in size, are sparsely scattered to form about 7 vol.% of the whole rock. These are dusted by
very fine sericite, chlorite and minor carbonate. The flow-aligned plagioclase laths that dominate
the groundmass warp around these phenocrysts. There are also sparse, smaller quartz
microphenocrysts. Fine, wispy flakes of green chlorite, gradational to larger shredded lenses, to
0.2 mm wide and up to 3 mm long, have an even distribution throughout the fine quartzplagioclase groundmass. Chlorite is mostly aligned with the layering to form a weak foliation, but
some grains are oblique at a low angle suggesting a second (S2) direction. Sparse, very small
primary opaque oxide grains are disseminated and locally in very small clusters, mostly within
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chlorite and with leucoxene. Minor fine carbonate is also widespread and, together with the
albitization of the plagioclase and the schistose chlorite, indicates hydrothermal alteration. This
alteration was probably contemporaneous with the metamorphism that produced the chloritic
schistosity, and the extremely fine microcrystalline (recrystallized) quartz. Several veinlets of
quartz with minor carbonate cut across the layering.
Zircon morphology
The zircons isolated from this sample are typically colourless to pale yellow or dark brown,
euhedral to subhedral, slightly elongate and between 60 × 100 µm and 160 × 80 µm in size. A
majority of grains have faint, finely laminated internal zonation. Cathodoluminescence images of
representative zircons are given in Figure 145.
Analytical details
This sample was analysed on 29 October and 14 November 2002. 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 1.61 (1σ%). Analyses 1.1 to 14.1 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 1.43 (1σ%). Common-Pb corrections
were determined using the method of Cumming and Richards (1975) for all analyses, with the
exception of analyses 16.1 and 20.1, for which Broken Hill common-Pb isotopic compositions
were assumed.
Results
Thirty analyses were obtained from 28 zircons. Results are given in Table 59 and shown on a
concordia plot in Figure 146.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with an
ancient episode, possibly combined with a recent episode, of radiogenic-Pb loss. Sixteen
concordant to slightly discordant analyses of 14 zircons (2.1, 7.1, 9.1, 11.1, 12.1, 13.1, 14.1, 15.1,
22.1, 23.1, 24.1, 25.1, 27.1, 28.1, 28.2, 28.3) have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean 207Pb/206Pb date of 2714 ± 5 Ma (chi-squared = 1.41). The
remaining analyses are discordant and indicate significantly younger 207Pb/206Pb dates than the
main population.
The date of 2714 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of sixteen concordant
to slightly discordant analyses of fourteen zircons is interpreted as the time of igneous
crystallization of the dacite. The younger 207Pb/206Pb dates indicated by the remaining discordant
analyses are interpreted to be of analysis sites that have undergone radiogenic-Pb loss during an
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ancient disturbance event.
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153318: dacite, Duketon Battery
Location and sampling
DUKETON (SG 51-14), DUKETON (3342)

MGA Zone 51, 432340E 6941110N

Sampled on 14 September 2001
The sample was taken from WMC Swanson Hill base metals project, diamond drill hole LSHD6,
depth interval 94.93 to 96.20 m, located about 3.5 km east-southeast of the Duketon Battery.
Tectonic unit/relations
This sample is from a pale to medium grey, homogeneous, medium-grained, porphyritic dacite
with scattered ≤3 mm diameter microphenocrysts of feldspar and quartz, within a darker grey,
finer crystalline matrix. The sample is from a mineralized, intermediate to felsic volcanic sequence
within the central part of the Duketon greenstone belt of the Eastern Goldfields Granite–
Greenstone Terrane. The unit from which the sample was taken contained numerous quartz veins,
but these were removed from the sample before processing.
Petrographic description
The principal minerals present in this sample are plagioclase (50 vol.%), quartz (25 vol.%) and
chlorite (15 vol.%), with accessory sericite (trace), carbonate (trace), biotite (trace), opaque oxide
(trace) and zircon (trace). The texture indicates a microporphyritic, plagioclase-rich dacite,
probably of high-level intrusive or extrusive origin. Low grade metamorphism has produced a
weak chloritic foliation, and recrystallization of the quartz, with moderate hydrothermal alteration
involving albite with lesser sericite, carbonate, leucoxene and chlorite. All of the pale crystals are
subhedral (and some euhedral) plagioclase, ranging in size from 0.5 mm to, rarely, 3 mm, and
forming about 45 vol.% of the rock. These are at least partly albitized, and are crowded with small
randomly oriented crystals of muscovite (sericite), with rarer carbonate and chlorite alteration.
Quartz microphenocrysts (7 vol.%) occur to 1.2 mm size, and minor clusters of decussate chlorite,
minor biotite and fine leucoxene represent completely altered, sparse, ex-mafic silicate
phenocrysts. All of these crystals are loosely packed but are locally weakly flow aligned, within a
groundmass dominated by quartz micromosaic, with subordinate random plagioclase <0.5 mm,
chlorite, accessory scattered fine biotite, sericite, leucoxenitic opaque oxide grains, and local
carbonate micromosaic. The fine chlorite, biotite, sericite and carbonate form a vague network
between the plagioclase phenocrysts. A local semi-continuous grain alignment represents a weak
foliation that overprints fine precursor phases throughout the original groundmass. Some of the
carbonate, as a relatively late (introduced) phase, forms short stringers along this incipient
foliation, and some of the clusters of chlorite after ex-phenocrysts noted above are also
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lenticular/attenuated in the same plane. Minor associated hydrothermal alteration is manifest as
secondary albite with subordinate sericite and carbonate, and by leucoxenitic alteration of
accessory opaque oxides. The original rock was likely to have been emplaced as a high level
intrusive rather than as an extrusive. Low-grade metamorphism has produced a weak chloritic
foliation and has recrystallized the original quartz.
Zircon morphology
The zircons isolated from this sample are typically colourless to pale yellowish brown, subhedral
and multifaceted, equant to slightly elongate, between 60 × 100 µm and 160 × 80 µm in size, and
are fractured. A majority of grains lack internal zonation. Cathodoluminescence images of
representative zircons are given in Figure 147.
Analytical details
This sample was analysed on 29 October and 14 November 2002. 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 1.61 (1σ%). Analyses 1.1 to 17.1 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 1.43 (1σ%). Common-Pb corrections
were determined using the method of Cumming and Richards (1975) for all analyses.
Results
Twenty-eight analyses were obtained from 28 zircons. Results are given in Table 60 and shown on
a concordia plot in Figure 148.
Interpretation
The analyses are concordant to slightly discordant, with the discordance pattern consistent with a
single recent episode of radiogenic-Pb loss. Twenty-five concordant to slightly discordant analyses
of twenty-five zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2719 ± 5 Ma (chi-squared = 1.09). Concordant analyses 12.1
and 15.1 indicate significantly older 207Pb/206Pb dates, whereas slightly reversely discordant
analysis 20.1 indicates a slightly younger 207Pb/206Pb date, than the main population.
The date of 2719 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of twenty-five
concordant to slightly discordant analyses of twenty-five zircons is interpreted as the time of
igneous crystallization of the dacite. The significantly older 207Pb/206Pb dates indicated by
concordant analyses 12.1 and 15.1 are interpreted to be of xenocryst zircons, whereas the younger
207
Pb/206Pb date indicated by slightly reverse discordant analysis 20.1 is interpreted to be of an
analysis site that may have gained and/or lost radiogenic-Pb.
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142986: metasandstone, Eranondoo Hill
Location and sampling
BYRO (SG 50-10), MILLY MILLY (2245)

MGA Zone 50, 499280E 7105660N

Sampled during November 1997
This sample was taken from a cross-bedded metasandstone unit located about 6 km east of
Eranondoo Hill. Ion-microprobe U-Th-Pb zircon isotopic analyses from this sample were reported
by Nelson (2000).
Tectonic unit/relations
The sample is from a metamorphosed, cross-bedded feldspathic sedimentary rock from the Jack
Hills metasedimentary belt.
Petrographic description
This is a weakly sericitic, schistose quartzite with accessory leucoxene, rutile, and zircon, derived
from a medium to coarse sandstone. It consists of a massive metamorphic mosaic of quartz to 1.5
mm in grain size, incorporating minor irregularly anastomosing lenses and lamellae of schistose
muscovite or sericite (≤5 vol.%). The quartz is finer grained in areas of more abundant mica as
grain boundaries have been trapped against mica flakes. There are rare patches of leucoxene, and
rutile occurs as relict detrital grains ≤100 µm in diameter.
Zircon morphology
Zircons with a wide range of morphologies, from euhedral grains to spherical and irregular-shaped
fragments between 100 × 100 µm and 150 × 500 µm, were extracted from this sample. The
majority are black and metamict, but a minority of grains, particularly those that are more rounded,
are yellow-brown and dark brown in colour. Igneous zonation and small fluid inclusions may be
seen in many crystals. Many of the zircon surfaces show evidence of surface pitting or abrasion,
consistent with detrital transport. Cathodoluminescence images of representative zircons are given
in Figure 149.
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Analytical details
This sample was analysed on 11 April and 1 May 1999, and 26 September, 15 October and 29
November 2002. The counter deadtime was 32 ns during the first two analysis sessions and 24 ns
during the last three analysis sessions. During the first analysis session, six analyses of the CZ3
standard were obtained. Following deletion of one standard analysis as an outlier, the remaining
five standard analyses indicated a Pb*/U calibration uncertainty of 1.18 (1σ%). Analyses 1.1 to
17.1 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 3.15 (1σ%). Analyses
17.2 to 17.5 were obtained during the second analysis session. During the third analysis session,
three analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.43 (1σ%).
Analyses 23.1 to 30.1 were obtained during the third analysis session. During the fourth analysis
session, three analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of 1.08
(1σ%). Analyses 31.1 to 36.1 were obtained during the fourth analysis session. During the fifth
analysis session, five analyses of the CZ3 standard indicated a Pb*/U calibration uncertainty of
3.61 (1σ%). Common-Pb corrections were applied assuming Broken Hill common-Pb isotopic
compositions for all analyses, with the exception of analyses 3.1, 7.1, 10.1, 11.1, 35.1 and 41.1, for
which isotopic compositions determined using the method of Cumming and Richards (1975) were
assumed.
Results
Fifty-eight analyses were obtained from 54 zircons. Results are given in Table 61 and shown on
concordia and Gaussian summation probability density plots in Figures 150 and 151.
Interpretation
Many analyses are discordant, with the discordance pattern consistent with either a single recent
episode, or several recent episodes, of radiogenic-Pb redistribution. On the basis of their
207
Pb/206Pb ratios, many analyses may be assigned to one of 8 groups. All five analyses obtained
from grain 17, assigned to Group 1, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean date of 3064 ± 17 Ma (chi-squared = 1.82). Deletion of slightly
discordant analysis 17.1 and pooling of the remaining four concordant analyses obtained from
grain 17 results in a slightly lower chi-squared value of 1.15 and a weighted mean date of 3060 ±
17 Ma. Concordant and near-concordant analyses 9.1, 26.1 and 36.1, and discordant analyses 3.1,
7.1, 9.1, 13.1 and 41.1, assigned to Group 2, have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean date of 3362 ± 7 Ma (chi-squared = 1.39). Seven near-concordant
analyses of seven zircons (4.1, 10.1, 18.1, 20.1, 31.1 and 32.1), assigned to Group 3, have
207
Pb/206Pb ratios defining a single population and indicating a weighted mean date of 3402 ± 7 Ma
(chi-squared = 1.23). Analyses 42.1, 43.1 and 47.1, assigned to Group 4, have 207Pb/206Pb ratios
defining a single population and indicating a weighted mean date of 3428 ± 13 Ma. Analyses 2.1,
33.1 and 39.1, assigned to Group 5, have 207Pb/206Pb ratios defining a single population and
indicating a weighted mean date of 3450 ± 13 Ma. Eleven near-concordant analyses of eleven
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zircons (5.1, 12.1, 16.1, 21.1, 23.1, 29.1, 34.1, 39.1, 40.1, 46.1 and 49.1), assigned to Group 6,
have 207Pb/206Pb ratios defining a single population and indicating a weighted mean date of 3481 ±
4 Ma (chi-squared = 0.93). Concordant analyses 15.1, 32.1 and 28.1 and discordant analysis 45.1,
assigned to Group 7, have 207Pb/206Pb ratios defining a single population and indicating a weighted
mean date of 3498 ± 7 Ma (chi-squared = 0.79). Concordant analyses 25.1, 47.1 and 48.1, assigned
to Group 8, have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
date of 3571 ± 14 Ma (chi-squared = 1.48). The remaining analyses cannot be assigned to the
above groups.
Grain 17 is a dark yellow-brown, spherical, fractured grain that lacks evidence of internal
structure but has a pitted surface and is clearly of detrital origin. All five analyses obtained on
grain 17 have 207Pb/206Pb ratios defining a single population and corresponding to a weighted
mean date of 3064 ± 17 Ma. The date of 3064 ± 17 Ma obtained for grain 17 is interpreted as
corresponding to a maximum time for deposition of the host precursor sandstone. Apart from the
analyses on grains older than 4.0 Ga (analyses 8.1 and 22.1), the remaining analyses obtained for
the detrital zircons from the sandstone can be closely matched with dates obtained for the Dugel
(3.30 to 3.38 Ga), Eurada (3.46 to 3.48 Ga) and Meeberrie (3.3 to 3.73 Ga, with resolvable
components at 3.60, 3.62 and 3.67 Ga) gneiss associations within the Narryer Complex, consistent
with a local provenance for the quartzite.
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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 a felsic rock within the Troy Resources NL Bulchina open pit.
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
impossible 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.
Zircon morphology
The zircons isolated from this sample are typically colourless to pale yellow or dark brown,
euhedral and equant to slightly elongate, and between 50 × 80 µm and 160 × 80 µm in size. A
majority of grains are internally structureless, but a minority 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 152.
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Analytical details
This sample was analysed on 20 June and 26 September 2002. The counter deadtime was 32 ns
during the first analysis session and 24 ns during the second analysis session . During the first
analysis sesssion, seven analyses of the CZ3 standard obtained during the analysis session
indicated a Pb*/U calibration uncertainty of 0.640 (1σ%). Analyses 1.1 to 5.1 were obtained
during the first analysis session. During the second analysis session, three analyses of the CZ3
standard indicated a Pb*/U calibration uncertainty of 0.704 (1σ%). A calibration uncertainty of 1.0
(1σ%) was applied to analyses of unknowns obtained during the both analysis sessions. CommonPb corrections were determined using the method of Cumming and Richards (1975) for all
analyses, with the exception of analysis 8.1, for which Broken Hill common-Pb isotopic
compositions were assumed.
Results
Fourteen analyses were obtained from 12 zircons. Results are given in Table 62 and shown on a
concordia plot in Figure 153.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with a
recent episode of radiogenic-Pb loss. Twelve concordant to highly discordant analyses of 10
zircons have 207Pb/206Pb ratios defining a single population and indicating a weighted mean
207
Pb/206Pb date of 2731 ± 14 Ma (chi-squared = 0.50). Discordant analysis 10.1 indicates a
slightly younger 207Pb/206Pb date, whereas discordant analysis 3.1 indicates a significantly older
207
Pb/206Pb date, than the main population.
The date of 2731 ± 14 Ma indicated by the weighted mean 207Pb/206Pb ratio of twelve
concordant to highly discordant analyses of ten zircons is interpreted as the time of igneous
crystallization of the porphyry. Discordant analysis 10.1 is interpreted to be of an analysis site that
has undergone radiogenic-Pb loss during several recent disturbance events, whereas discordant
analysis 3.1 is interpreted to be of a xenocryst zircon.
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165365: foliated biotite granodiorite, Coomb Bore
Location and sampling
YOUANMI (SH 50-4), ATLEY (2741)

MGA Zone 50, 745650E 6894870N

Sampled on 29 August 2001
The sample was taken from a 3-m long boulder at the top of a 15 m high rocky ridge and 1.5 km
north of Coomb Bore.
Tectonic unit/relations
This sample is from a dark pinkish-grey, medium-grained porphyritic biotite granodiorite that has
intruded the Edale Shear Zone of the Southern Cross Granite–Greenstone Terrane. The
granodiorite contains abundant tabular ≤5 mm long feldspar phenocrysts that have been aligned
with the foliation. The foliation is subvertical and trends at 330°.
Petrographic description
The principal minerals present in this sample are plagioclase (45 vol.%), quartz (30 vol.%),
orthoclase (20 vol.%), chloritized biotite (4 vol.%), opaque oxide (<1 vol.%), apatite (<1 vol.% ),
with accessory altered possibly radioactive grains. This is an altered granodiorite with chlorite,
sericite and rare prehnite as well as altered zircon. There are abundant rounded or euhedral
feldspar augen, from 2 to 15 mm long in a foliated granitic matrix. The larger augen are clouded
but untwinned orthoclase grains with rounded inclusions of quartz and sericite-clouded
plagioclase. Smaller augen of plagioclase, irregularly dusted with sericite, are more abundant. The
matrix is dominated by largely recrystallized quartz with a fabric in which the quartz c-axes are
mostly within 30 to 40° of a foliation defined by chloritized biotite lamellae. Rare patches of
prehnite are adjacent to the altered biotite. Some larger quartz grains are up to 1 mm in diameter,
and there are lenses of fine-grained recrystallized plagioclase, generally clouded by clays. Lenses
of opaque oxide and apatite are also present. Altered, possibly metamict grains to 0.4 mm long
may include altered zircon. These grains have been partly replaced by a reddish-brown or yellowbrown microcrystalline material.
Zircon morphology
The zircons isolated from this sample are typically colourless to dark reddish brown and black,
euhedral and equant to slightly elongate, and between 20 × 80 µm and 260 × 400 µm in size. Most
grains have faint internal zonation or have unzoned, fractured interiors surrounded by strongly
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zoned exteriors, but a minority of grains are internally structureless. Many are metamict.
Cathodoluminescence images of representative zircons are given in Figure 154.
Analytical details
This sample was analysed on 31 June 2002. The counter deadtime during the analysis session was
24 nsTwenty-one analyses of the CZ3 standard obtained during the analysis session indicated a
Pb*/U calibration uncertainty of 3.48 (1σ%). Common-Pb corrections were applied assuming
Broken Hill common-Pb isotopic compositions for all analyses, with the exception of analysis 7.2,
for which isotopic compositions determined using the method of Cumming and Richards (1975)
were assumed.
Results
Twenty-three analyses were obtained from 22 zircons. Results are given in Table 63 and shown on
a concordia plot in Figure 155.
Interpretation
The analyses are concordant to highly discordant, with the discordance pattern consistent with
both ancient and recent episodes of radiogenic-Pb loss. Eighteen concordant to slightly discordant
analyses of 18 zircons have 207Pb/206Pb ratios defining a single population and indicating a
weighted mean 207Pb/206Pb date of 2686 ± 5 Ma (chi-squared = 1.08). Discordant analyses 4.1, 5.1,
6.1, 7.2 and 9.1 indicate slightly younger 207Pb/206Pb dates than the main population.
The date of 2686 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of eighteen
concordant to slightly discordant analyses of eighteen zircons is interpreted as the time of igneous
crystallization of the granodiorite. The remaining discordant analyses are interpreted to be of
analysis sites that have undergone radiogenic-Pb loss during several disturbance events.
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168902: biotite syenogranite, Hospital Rocks
Location and sampling
MENZIES (SH 51–5), MULLINE (2938)

AMG Zone 51, 221260E 6695850N

Sampled on 11 May 1999
The sample was taken from the edge of a pavement, about one third of the way up a rock slope,
and 200 m northwest of the rock cairn at Hospital Rocks.
Tectonic unit/relations
This sample is from a coarse-grained, porphyritic biotite syenogranite of the Southern Cross
Granite–Greenstone Terrane. The syenogranite contains ≤2 cm long, tabular and irregular-shaped
feldspar phenocrysts that are weakly aligned, defining a foliation that is probably tectonic in
origin. The sample contained epidotized fractures.
Petrographic description
The principal minerals present in this sample are alkali feldspar (60 vol.%), quartz (20 vol.%),
plagioclase (15–20 vol.%) and biotite (3 vol.%), with accessory chlorite (trace), muscovite (trace),
epidote (trace), opaque oxide (trace) and zircon (trace). This is an altered biotite syenogranite with
chloritized biotite and minor sericite. There is a primary igneous foliation in this sample, defined
by megacrysts of K-feldspar to 15 mm long, with lenses of quartz and granular to bladed
plagioclase. The alkali feldspar is orthoclase or microcline, with areas showing microcline
twinning and areas that lack twinning. It is weakly perthitic and has inclusions of plagioclase to
1.5 mm in grain size, locally with lobate masses of myrmekite. Plagioclase also occurs to 4 mm in
grain size, typically with weak sericitization, and rarely with fine-grained muscovite and epidote.
Rims of myrmekite occur locally. Quartz is not abundant in the thin section but occurs as ragged
deformed grains in lenses to 8 × 5 mm. Biotite, to 2 mm in grain size and partly contorted, is
completely altered to chlorite, muscovite and/or epidote. Opaque oxide occurs as grains to 0.3 mm
in diameter, in lenses to 0.5 mm in diameter, or enclosed in altered biotite. Some of the biotite has
pleochroic haloes.
Zircon morphology
The zircons isolated from this sample are pale yellowish- brown, dark yellow-brown to black,
generally between 30 × 60 µm and 150 × 300 µm in size and euhedral and elongate in shape.
Many are black and metamict but most show traces of internal growth zoning. Many grains have a
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speckled appearance in transmitted light. In reflected light, the surfaces of many grains have
irregular, dark patches and zones. Cathodoluminescence images of representative zircons are given
in Figure 156.
Analytical details
This sample was analysed on 22 September 2002. The counter deadtime during the analysis
session was 24 ns. Eight analyses of the CZ3 standard obtained during the first analysis session
indicated a Pb*/U calibration uncertainty of 2.78 (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, 8.1, 10.1, 11.1, 12.1 and 3.2, for which isotopic compositions
determined using the method of Cumming and Richards (1975) were assumed.
Results
Twenty analyses were obtained from 13 zircons. Results are given in Table 64 and shown on a
concordia plot in Figure 157.
Interpretation
All analyses are concordant or slightly to highly discordant, with the discordance pattern
consistent with several or more episodes, including a dominant recent episode, of radiogenic-Pb
loss. All twenty analyses of thirteen zircons have 207Pb/206Pb ratios defining a single population
and indicating a weighted mean date of 2621 ± 5 Ma (chi-squared = 1.20).
The date of 2621 ± 5 Ma indicated by the weighted mean 207Pb/206Pb ratio of all twenty
analyses of thirteen zircons is interpreted as the time of igneous crystallization of the syenogranite.
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169079: biotite granodiorite gneiss, Harvey Dam intake
tower
Location and sampling
COLLIE (SI 50–6), BUNBURY (2031)

MGA Zone 50, 399860E 63339630N

Sampled on 8 September 2001
The sample was taken from the base of the water intake tower at Harvey Dam.
Tectonic unit/relations
This sample is from a dark grey to black and pink, strongly foliated to gneissic augen orthogneiss
of the South West Terrane, Yilgarn Craton. The gneiss contains 5 cm diameter feldspar augen
within a foliated, medium- to coarse-grained, biotite-rich groundmass. The sample taken was free
of all obvious pegmatite dykes.
Petrographic description
The principal minerals present in this sample are plagioclase (45–50 vol.%), quartz (30 vol.%), Kfeldspar (15–20 vol.%), biotite (5 vol.%), with accessory apatite (trace), secondary titanite (trace)
and rare zircon (trace). This is a biotite granodiorite gneiss with irregularly disseminated large
augen of K-feldspar and plagioclase. A band of mylonite, 2 to 4 mm wide, with curviplanar,
slightly anastomosing but subparallel lamellae of microcrystalline biotite, crosses the thin section.
The feldspar augen include largely fresh plagioclase to 8 mm in diameter, locally with small
inclusions of K-feldspar, and perthitic K-feldspar (with untwinned areas as well as areas
containing microcline twinning) as polycrystalline augen to 10 mm in diameter. The K-feldspar
augen usually enclose smaller grains of orthoclase or microcline as well as minor plagioclase and
myrmekite. Smaller grains of plagioclase, from 0.5 to 2.5 mm in diameter, are abundant, and there
is abundant recrystallized quartz from 0.1 to 0.8 mm in grain size. Fine-grained microcline is less
abundant but locally accompanied by myrmekite. Disseminated biotite to 0.8 mm in grain size, has
a weak orientation pattern, and there may be more than one foliation. In the mylonitic zone, biotite
is mostly from 0.05 to 0.25 mm in grain size and defines a strong mylonitic foliation within a
quartz-rich matrix composed of recrystallized quartz to 0.4 mm in grain size incorporating lesser
plagioclase and K-feldspar. Very fine-grained quartz is in and adjacent to the biotite-rich lamellae
and fine-grained recrystallized microcline lies adjacent to K-feldspar augen. There is accessory
zircon, as well as apatite to 0.3 mm, rare titanite, opaque oxide and epidote. This is a mediumgrade (amphibolite-facies) granodiorite gneiss incorporating a localized small mylonite zone.

163

Zircon morphology
The zircons isolated from this sample are pale yellowish brown, dark brown and black, generally
between 30 × 70 µm and 100 × 280 µm in size, and are elongate and anhedral to rounded in shape.
Most grains are internally structureless or have faint internal zonation. A minority of grains are
equant and rounded. Many grains have irregular zones or patches of yellow discoloration. Many
grains are metamict. Cathodoluminescence images of representative zircons are given in Figure
158.
Analytical details
This sample was analysed on 16 April and 23 May 2002. The counter deadtime during both
analysis sessions was 32 ns. During the first analysis session, ten analyses of the CZ3 standard
obtained during the analysis session indicated a Pb*/U calibration uncertainty of 1.70 (1σ%).
Analyses 1.1 to 10.1 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 0.876
(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
Twenty analyses were obtained from 20 zircons. Results are given in Table 65 and shown on a
concordia plot in Figure 159.
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 three groups. Seven near-concordant to highly discordant
analyses of seven zircons (2.1, 5.1, 6.1, 7.1, 10.1, 13.1 and 15.1), assigned to Group 1, have
207
Pb/206Pb ratios defining a single population indicating a weighted mean 207Pb/206Pb date of 2607
± 3 Ma (chi-squared = 1.49). Concordant analysis 3.1 and highly discordant analyses 9.1 and 11.1,
assigned to Group 2, have 207Pb/206Pb ratios defining a single population indicating a weighted
mean 207Pb/206Pb date of 2599 ± 5 Ma (chi-squared = 0.29). Concordant analyses 12.1 and 14.1,
assigned to Group 3, have 207Pb/206Pb ratios defining a single population indicating a weighted
mean 207Pb/206Pb date of 2614 ± 1 Ma (±1σ uncertainty). Concordant analysis 1.1 indicated a
significantly younger 207Pb/206Pb date than any of these groups, whereas the remaining analyses
are discordant and cannot be confidently grouped.
The scatter of concordant analyses along the concordia curve is consistent with at least one
episode of ancient loss of radiogenic Pb from the analysis sites and there is also clear evidence of
recent loss of radiogenic Pb. Several interpretations of these results are possible. The date of 2607
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± 3 Ma indicated by the weighted mean 207Pb/206Pb ratio of seven near-concordant to highly
discordant analyses of Group 1 may be interpreted as the time of igneous crystallization of the
granodiorite precursor to the gneiss, with the date of 2614 ± 1 Ma (±1σ uncertainty) indicated by
the weighted mean 207Pb/206Pb ratio of concordant analyses 12.1 and 14.1 of Group 3 interpreted to
be of xenocryst zircons. Alternatively, the date of 2614 ± 1 Ma (±1σ uncertainty) indicated by the
weighted mean 207Pb/206Pb ratio of the analyses of Group 3 may be interpreted as the time of
igneous crystallization of the granodiorite precursor to the gneiss, with the younger date of 2607 ±
3 Ma indicated by the weighted mean 207Pb/206Pb ratio of the seven near-concordant to highly
discordant analyses of Group 1 interpreted to be due to ancient radiogenic-Pb loss, possibly during
a metamorphic episode. This ancient radiogenic-Pb loss event has also been combined with a
recent episode radiogenic-Pb loss.
The preferred interpretation is that the date of 2607 ± 3 Ma indicated by the weighted mean
Pb/206Pb ratio of seven near-concordant to highly discordant analyses of Group 1 provides a
minimum age for igneous crystallization of the granodiorite precursor to the gneiss. The
significantly younger 207Pb/206Pb ratios of concordant analysis 1.1 and of discordant analyses 17.1
and 18.1 are interpreted to be due to ancient loss of radiogenic Pb from these analysis sites.
207
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142825: coarse-grained granodiorite, No. 3 Well
Location and sampling
YARRIE (SF 51-1), MUCCAN (2956)

MGA Zone 51, 202720E 7678980N

Sampled on 19 September 1996
The sample was taken from the eastern side of the east knoll of a double knoll hill, located about 2
km east-northeast of No. 3 Well. U–Pb zircon results for this sample were previously given in
Nelson (1998) and K–Ar results were reported by Nelson (2002).
Tectonic unit/relations
The sample is of a even, coarse-grained granodiorite that has intruded the Coppin Gap
Granodiorite of the Mount Edgar Granitoid Complex, East Pilbara Granite–Greenstone Terrane.
Petrographic description
The principal mineral in this sample is plagioclase, with abundant K-feldspar, quartz and
hornblende, minor chlorite and sericite/clay and accessory opaques, apatite, carbonate, epidote,
?albite, titanite, pyroxene, leucoxene and zircon. This is a medium-grained, hypidiomorphic
granular granodiorite composed of randomly-orientated, lightly-sutured, subhedral and commonly
zoned plagioclase, subhedral to euhedral green hornblende and interstitial quartz and K-feldspar,
with accessory subhedral to euhedral apatite, opaques and titanite. The K-feldspar is commonly
poikilitic and antiperthitic. Hornblende forms an aggregate >1 cm across composed of subhedral
crystals enveloping a larger, ragged, colourless pyroxene crystal in excess of 6 mm in grain size.
Smaller pyroxene relicts are seen in the cores of two or three other hornblende crystals elsewhere
in the thin section. The plagioclase is moderately altered to sericite/clay with minor epidote and
carbonate and the K-feldspar is cloudy with brownish clay and/or oxide dust and contains a few
inclusions of carbonate. Hornblende shows extensive fracture and cleavage-controlled alteration to
green chlorite and minor epidote, leucoxene and carbonate. Locally, plagioclase shows
pseudomorphous replacement by chlorite embedded with epidote granules. No metamorphic
modification of the igneous texture is apparent, but the rock has undergone moderate propylitic
alteration. Two possible zircons, about 0.03 mm in size, are embedded in plagioclase and quartz
and there are a few pleochroic haloes in hornblende around small unidentified inclusions.
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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 21
June 2002 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Analyses were obtained from approximately twelve 280–350 µm diameter amphibole grains. The
Ar–Ar results are given in Table 66 and shown on 40Ar/39Ar age spectra and 37Ar/39Ar plots in
Figure 160.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with earlier steps indicating
anomalously low 40Ar/39Ar dates and with a low 40Ar/39Ar date also obtained for 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 3 to 6, which comprise 44.2% of the 39Ar
released, provide a plateau 40Ar/39Ar date of 1640 ±6 Ma (±1σ uncertainty). The total fusion
40
Ar/39Ar date is 1583 ± 181 Ma (±1σ uncertainty).
Heating steps indicating high 40Ar/39Ar dates generally indicate elevated 37Ar/39Ar ratios,
suggesting that the presence of a comparatively young (?secondary), high Ca/K but K-bearing
phase may account for much of the observed scatter about the plateau. Petrographic examination
(see Petrographic Description section, above) indicates that hornblende grains in this sample
commonly have pyroxene intergrowths, or have inclusions of feldspar, chlorite, epidote, leucoxene
and/or carbonate.
40

The oldest 40Ar/39Ar date, indicated by step 7, is associated with the lowest 37Ar/39Ar ratio. This
Ar/39Ar date, 1730 ± 9 Ma (±1σ uncertainty), is interpreted as a minimum time for igneous
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crystallization of the granodiorite.
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169032: hornblende–clinopyroxene–quartz
micromonzonite, Mount Edgar
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 205880E 7648190N

Sampled on 13 September 2000
The sample was taken from a 1 m diameter, 30 cm thick slab located about one third of the way up
the southern side of Mount Edgar. U–Pb and K–Ar results for this sample were reported by Nelson
(2002).
Tectonic unit/relations
This sample is from a dark pinkish grey, hornblende-porphyritic micromonzonite that has intruded
the Bishop Creek Monzogranite of the Mount Edgar Granitoid Complex, East Pilbara Granite–
Greenstone Terrane. The intrusion at Mount Edgar is one of several irregular-shaped syenitic and
monzonitic plugs that have intruded the complex. A fine-grained hornblende trachyandesite phase
is also present at the sampling site but was not sampled. The sample taken was free of all obvious
veins.
Petrographic description
The principal minerals present in this sample are hornblende (35 vol.%), orthoclase (20–25 vol.%),
clinopyroxene and actinolite (15–20 vol.%), plagioclase (10–15 vol.%), quartz (7–8 vol.%),
magnetite (3 vol.%), titanite (2 vol.% ) and apatite (1 vol.%). This is a lamprophyric hornblende–
clinopyroxene–quartz micromonzonite, with accessory magnetite, titanite, apatite, secondary
carbonate, epidote, sericite and actinolite and minor chlorite. There is a lamprophyric character to
this rock, with dark greenish brown to black hornblende prisms to 10 mm long in a fine-grained
groundmass of hornblende and pink feldspar. In thin section, the largest hornblende crystal is 8
mm long, but most of the crystals are less than 2 mm wide. Minor clinopyroxene is also present, to
3 mm in grain size, partly to completely replaced by uralitic actinolite. There is also a
quartzofeldspathic component to 1.5 mm in grain size, with irregularly disseminated quartz as well
as brown, iron-stained K-feldspar (orthoclase) and altered plagioclase. The plagioclase has been
altered to albite, sericite and clouded clinozoisite, with or without clear granular epidote.
Carbonate occurs as interstitial patches and in the orthoclase, and there is a possible vesicle
rimmed by actinolite, with an inner zone of chlorite and titanite. Primary magnetite, titanite and
apatite are the main accessory minerals. The mineralogy indicates a lamprophyric quartz
monzonite, transitional towards quartz syenite.
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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 21
June 2002 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Analyses were obtained from approximately ten 210–310 µm diameter amphibole grains. The Ar–
Ar results are given in Table 67 and shown on 40Ar/39Ar age spectra and 37Ar/39Ar plots in Figure
161.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with earlier steps indicating
anomalously low 40Ar/39Ar dates and with a high 40Ar/39Ar dates obtained for steps 5, 9 and 10.
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 3 to 12, which comprise 97.5% of the
39
Ar released, provide a weighted mean 40Ar/39Ar date of 1674 ± 2 Ma (±1σ uncertainty). The total
fusion 40Ar/39Ar date is 1613 ± 152 Ma (±1σ uncertainty).
Heating steps show a range of 37Ar/39Ar ratios, suggesting that the presence of high Ca/K, Kbearing phases may account for much of the observed scatter about the 40Ar/39Ar plateau. The
oldest 40Ar/39Ar dates are indicated by heating steps 5, 9 and 10. These steps, which comprise
39.8% of the 39Ar released, have a weighted mean 40Ar/39Ar date of 1703 ± 3 Ma (±1σ
uncertainty). This is interpreted as a minimum time for igneous crystallization of the
micromonzonite.
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144683: hornblende–quartz monzonite, Pelican Pool
Location and sampling
NULLAGINE (SF 51-5), MOUNT EDGAR (2955)

MGA Zone 51, 227340E 7642590N

Sampled on 25 September 2000
The sample was taken from a site located 30 m above a creek bed, and 5.1 km bearing 015° from
Pelican Pool on the Nullagine River. U–Pb and K–Ar results for this sample were reported by
Nelson (2002).
Tectonic unit/relations
This sample is from an unfoliated, pinkish grey hornblende–quartz monzonite that has intruded
basalts of the Kylena Formation, Fortescue Group, Hamersley Basin. The monzonite contains
numerous scattered mafic xenoliths, composed largely of hornblende. The sample was taken from
the northwestern side of the monzonite pluton, about 50 m from the basalt contact.
Petrographic description
The principal minerals present in this sample are orthoclase (35–40 vol.%), plagioclase (30 vol.%),
quartz (15–20 vol.%), altered chlorite, carbonate and epidote (7–8 vol.%), magnetite (2–3 vol.%)
and apatite (<1 vol.%), with accessory titanite (trace), carbonate (trace) and zircon (trace). This is
an altered, hornblende-bearing quartz monzonite, transitional towards monzogranite, with chlorite,
epidote, carbonate and sericite. Pink and cream feldspars are visible in hand specimen, as well as
disseminated possible amphibole. The thin section shows abundant feldspar to 3 mm in grain size.
Brownish, iron-stained orthoclase is more abundant than fresh to sericite-clouded plagioclase, but
is anhedral, whereas the plagioclase is euhedral. Possible amphibole crystals, from 0.4 to 4 mm
long, have been replaced by aggregates of chlorite, quartz, carbonate and epidote in various
proportions, with carbonate rarely in the same aggregate as epidote. Chlorite has a very low
birefringence, with anomalous brown and blue interference colours. Interstitial quartz is common
to abundant, with anhedral grains and subhedral, partly resorbed crystals suggesting a low
pressure, possibly subvolcanic intrusion. Magnetite is disseminated as grains and aggregates to 0.5
mm in diameter, with minor apatite and rare titanite. Rare possible cavities contain quartz and
carbonate, consistent with subvolcanic intrusion.
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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 21
June 2002 within the Western Australian Argon Isotope Facility at Curtin University of
Technology.
Results
Analyses were obtained from approximately twelve 140–370 µm diameter amphibole grains. The
Ar–Ar results are given in Table 68 and shown on 40Ar/39Ar age spectra and 37Ar/39Ar plots in
Figure 162.
Interpretation
A complex 40Ar/39Ar plateau spectrum was obtained for this sample, with earlier steps indicating
anomalously low 40Ar/39Ar dates and with a high 40Ar/39Ar dates obtained for steps 5 and 12.
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 3 to 13, which comprise 97.5% of the
39
Ar released, provide a weighted mean 40Ar/39Ar date of 1693 ± 2 Ma (±1σ uncertainty). The total
fusion 40Ar/39Ar date is 1633 ± 183 Ma (±1σ uncertainty).
Heat steps show a range of 37Ar/39Ar ratios, suggesting that the presence of high Ca/K, Kbearing phases may account for much of the observed scatter about the 40Ar/39Ar plateau.
Petrographic examination (see Petrographic Description section, above) indicates that hornblende
grains in this sample have commonly been replaced by aggregates of chlorite, quartz, carbonate
and epidote. The oldest 40Ar/39Ar date, indicated by heating step 12 and which comprises 1.3% of
the 39Ar released, indicated a 40Ar/39Ar date of 1760 ± 19 Ma (±1σ uncertainty). This is interpreted
as a minimum time for igneous crystallization of the monzonite.
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