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Introduction

This Record contains zircon U-Pb geochronological data obtained between September 2001
and June 2002 on rocksfromtheYilgarn Craton, Western Australia. In addition, dataare presented
for rutile from sample 2001969019A. Zircon from this sample was analysed in the first year of
the project (Fletcher et al., 2001). Additional zircon data for this sample are aso reported here.
Approximate positions of sampling localities are shown in Figure 1.

Thedatawere collected as part of the Norseman-Wiluna Synthesis project, aNational Geoscience
Accord project that operates in collaboration with the Geological Survey of Western Australia.
Theresultsare helping to meet the objective of providing animproved geological and metallogenic
framework for the Norseman-Wiluna region of the eastern Yilgarn Craton, and help provide
geochronological constraints on geodynamic and tectonic models for the region. The data were
acquired through a collaborative research agreement between Curtin University of Technology,
Bentley, Western Australia and Geoscience Australia

This Record describes the analysed samples and data obtained from them, and provides a brief
discussion of their geochronological interpretation. The broader geological implications of the
data will be published elsewhere. The complete data files, including data for QGNG standards
and data for intercomparisons between QGNG and the TEMORA 1 and CZ3 standards (L.P.
Black et d., in prep.), are stored in the Geoscience Australia database, OZCHRON.




Compilation of SHRIMP U-Pb geochronological data, Yilgarn Craton, 2001-2002

120° 121°30' 123° 124°30'
-26° 7 ]
96969039 : !
$ : ;
96969038 1 :
Wiluna ;
R : |
2001967048 : :
270 |rm e e e e
2001967056 | 96969042/9044 ;
96969034 | /96969046 ; 98967051
96969025 ; O
o ° L o 2001969122 : °
o o : ® ' 98967052A-B
97965402 ® 96969031 ! 96969055 :
) W Ny | 2001969111B i
2001967052C : ;
28° |----- SEEEy \ENRNEN & e o8 = = 5 N e T & CEEEEEEEE
95969764B h ¥o !
96969076 ‘ ‘
. 97969225A :
99969014 ® 99966016A 2001969013A‘f |
001967027 03964145 ® 46060080 98967250A-B
2000967007 ! D (5N = ;
2001969043A/9044 > 1 ®)200138088
P 1 2001969007A © 2001969033A ® 2001969020/9021
N Leonora : ® '2001969019A-B
20° |NEEEER G WS T . — - LA Y ey - ___]
2001969053A-C ; e 2001967040 2001967053A-B
©96969016 1 96969087 ® ~5000969003/9004 :
96969024, 1
2001967041A o © 2000969005/9006 :
©96969012 ®  ©2001967043 ' @ 99967007A-B
1 . 1
© 2001967045 ‘
} 2 9 2001967028 |
! 2001969035 ;
&$ 96969006/9007 2001969039 @ ¢ ® 96969019 :
96969002 * ‘
-30° |-G TR - - T _ . Lococooooe oo
2001967014 ;
o |
20009670028 | 2000967006D
¢ Kalgoorlie
2001967017A = .
A 20019:39001 , YILGARN
2000967011D/7013
-31° O~ ™ - RUET N CRATON
2000967004 2000969007
2001967019A @ !
: Perth -
! 16/WA/250
-32°

I:l Greenstone I:l Gneiss (] Black et al 2003 samples 5] City/Town
I:l Granite |:| Post-Archaean o Dunphy et al 2003 samples

° Fletcher et al 2001 samples

Figure 1. Approximate locations of samples presented in this Record (Dunphy et al. 2003 samples), as well
aslocations of samples from Fletcher et al. (2001) and Black et al. (2003). The geol ogy, towns and
coastline are derived from Geoscience Australia’s national geoscience dataset.




Geoscience Australia Record 2003/15

Analytical Procedures

Sample processing

Sampling involved the splitting of boulders to access fresh rock, athough blasting of solid
outcrop was required for some samples. Other samples were obtained from drillcore in
collaboration with company geologists. The locations of field samples (= 50 m) were determined
using a hand-held GPS; drillcore collar locations were obtained from company data. Sample
locationsin this Record arereferred to the Geocentric Datum of Australia1994 (GDA 94) through
Map Grid Australia (MGA) coordinates, Zone 51.

At thefield site, the rock was broken into fist-size fragments, having regard to cleanliness at all
times, to avoid contamination of the sample. Typicaly, the sample weighed between 10 kg and
20 kg, sometimesmoreif alow zircon yield was suspected, but lessif only drillcorewasavailable.
In the mineral separation lab at Geoscience Australia each rock was cleaned and broken down to
2-5 cm pieces using a pre-cleaned hydraulic splitter. The pieces were ultrasonically washed in
water, dried under heat lamps and crushed using a jaw crusher or Rocklabs Boyd crusher. A
rotary disc mill or a Rocklabs Continuous Ring Mill was used for milling.

For most samples, for which the main geochronologica question is their magmatic age, zircon
sel ection was biassed towards the | east magnetic, clearest grains, without discrimination between
grain morphologies. Theinitial mineral-density separation was undertaken using aWilfley table,
reducing the sample to about 5% of its original weight. The highly magnetic grains were then
removed using a hand magnet. A second density separation stage, using Tetrabromoethane (2.96
g/ml), was followed by magnetic separation using a Frantz isodynamic separator. The non-
magnetic fraction then went to a third density separation in Methylene lodide (3.3 g/ml) and
additional Frantz separation. Approximately 100-150 zircon grains per sample were selected
for mounting by handpicking under a binocular microscope. For the metasedimentary samples,
where zircon provenance is the main factor, zircons were hand-picked without discrimination
from the heavy mineral concentrate.

The zircon grains were encapsulated in epoxy, together with similar quantities of one of the in-
house Geoscience Australiamulti-grain standards, QGNG (Daly et a., 1998), and asmall quantity
of the Perth standard CZ3 (Pidgeon et al., 1994). The mounts were polished to expose grainsin
section, and all grains were photographed in transmitted and reflected light, and imaged by
cathodoluminesence (CL) on a Hitachi S2250 NSEM located in the Electron Microscopy Unit
at theAustralian National University. After analysis, backscattered electron (BSE) and additional
CL images of typical grains of each sample were obtained at the Centre for Microscopy and
Microanalysis (CMM) at The University of Western Australia for inclusion in this report.

Rutile grainswere hand-picked from the heavy minera fraction of sample 2001969019A,, together
with the zircon recovered for this sample, and mounted with the zircon in mount Z3734. The
reference standard for rutile analyses was a small split of the Windmill Hill rutile (2625 Ma,
Clark et a., 2000; referred to as WH-1) in a separate mount (UWA mount 96-58).

All SHRIMP mounts were ultrasonically cleaned in petroleum spirit and a 10% Extran solution,
triple rinsed in quartz-distilled water, and dried overnight at 30°C in an oven prior to gold-
coating with high-purity gold at the CMM.

Data acquisition for zircon

SHRIMPanayseswere undertaken on the SHRIMPII located at Curtin University of Technology,
Perth, Western Australia, using procedures from Compston et al. (1984) and Smith et al. (1998).
In general, attemptswere made to analyse examples of all identified grain types. A raster (surface-

3
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cleaning) time of 3 minutes was used, and data were acquired over 7 scans through the mass
sequence, which is listed in Table 1. The primary O, beam was typically ~3 nA, but up to
~5nA, and produced an approximately 20-30 um elliptical spot. The mass resolution at 1%
peak height was 4,500-5,000 with secondary ion sensitivity on CZ3>15 cps/ppm Pb/nA. For
the few samples of detrital zircons extracted from sedimentary or volcano-sedimentary rock,
data acquisition was reduced to five scans of the mass spectrum.

Most analytical sessions involved analyses of two samples on one mount over a continuous 48-
hour period, with re-tuning of theinstrument after 24 hours. One session analysing three magmatic
samples and another session on detrital zircons lasted 3-days. Another session was shortened to
~30 hours, the remaining time being used to analyse possible cores in grains on other mounts.

Table1l. Run table for SHRIMP zrcon analyses.

Nomina Mass Species Count time (s)
196 Zro, 2
204 Pb 10
204.045 background 10
206 Pb 10
207 Pb 40
208 Pb 10
238 U
248 ThO
254 uo

Data acquisition for rutile

Data for rutile were also obtained using the Perth SHRIMP, following the procedures outlined
by Clark et a. (2000). The data acquisition sequence is shown in Table 2. The three U species
were recorded to provide options for data reduction. Thorium abundances were too small to
measure.

Table 2. Run table for SHRIMP rutile analyses.

Nomina Mass Species Count time (s)
208Ti Ti,O, 2
204 Pb 10
204.1 background 10
206 Pb 10
207 Pb 40
208Pb Pb 10
238 U
254 uo
270 uo

2
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Data reduction for zircon

QGNG was used for calibration of U/Pb, and CZ3 for U content (550 ppm U; Nelson, 1997).
Thereference®Ph/?8U agefor QGNG, determined by replicate analyses using thermal ionisation
mass spectrometry (TIMYS), is 1843.1 Ma (L.P. Black, pers. comm., 2001).

Datareduction was undertaken using SQUID 1.02c (Ludwig, 2001). For most analytical sessions,
the slope of the In[Pb/U]:InfUO/U] calibration line was sufficiently well defined and different
from the nominal value (2.0) to justify using a value determined from the data.

Corrections for common Pb were based on measured ?*Pb and the isotopic composition of
Broken Hill galena. Data are only used for age determinations if the common-Pb component is
sufficiently small such that corrections for its effect on radiogenic 2"Pb/?®Pb data are so minor
that the dates are insensitive to the choice of common Pb composition used in making the
corrections (over a wide range of Proterozoic—Archaean common-Pb compositions). Analyses
requiring larger correctionscommonly give discordant dataand are presumed to have experienced
some open-system disturbance. The origin and age (and hence composition) of their common
Pb components are unknown, but largely irrelevant, since these data are not used for age
determinations.

Data reduction for rutile

Rutile data were processed using the software package Krill (Kinny, 1997). Pb/U calibration
was based on a Pb*/UO":UQ," /UO* correlation. Uranium abundances were estimated from
UO"/Ti,O,", using an average vaue of 164 ppm (Clark et al., 2000) for WH-1. Giventhevariability

of WH-1, the resulting abundances are probably accurate to only £~50%.

Data presentation

All data from individual analyses are tabulated, and shown in concordia plots, at +1s precision.
All tabulated data are common-Pb corrected. Abbreviations used in table headings are

4f206: the proportion of total 2°Pb calculated to be common Pb,
conc.: concordance, defined as 100-t[2°Pb/Z8U]/t[*"Pb/**Pb].

Weighted mean *"Pb/?®Pb ages determined from grouped data are given in the text with 95%
confidence limits. The final ages are rounded off to integers and the corresponding uncertainties
arerounded up to cover therangethat isrequired by additional decimal places(e.g., 2660.2 £ 5.2
rounds to 2660 + 6 Ma).
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Data compilation for the QGNG standard

Introduction

Zircon grains from the QGNG standard were used for Pb/U calibration and as a monitor of
27Ph/2%Ph reproducibility and accuracy. As in the previous period of this work (Fletcher et al.,
2001), these analyses were interspersed with sample analyses (typically after every second
unknown), and were collected under the same standardised conditions. Data for one session
involving detrital zircons, for which only five scans of the mass spectrum were recorded, are not
included in this summary. Data from a short (< 1 day) session following session Z3963j, which
included data from two mounts, have also been omitted from this summary. However, the data
in both these cases are compatible with those reported here. A total of 383 QGNG analyses from
12 analytical sessions are reported.

Data processing

The full datasets (i.e. both 26Pb/%U and 2°’Ph/?®Pb) have been assessed in a standardised way,
as described in Fletcher at al. (2001), as rigorously as possible. The standard procedureis:

1. SQUID data reduction and preliminary Pb/U calibration;

2. ddetionof outliersin5Ph/28U (essentially asidentified by SQUID), and final Pb/U calibration;

3. deetion of ‘abnormd’ 2’Pb/?®Ph data (>5% discordance; >1000 ppm U; low-precision, possibly
due to primary beam instability);

4. deletion of any >3c 2"Pb/?Pb outliers;

5. progressivede etion of 2’Pb/?Ph datafrom thelow side, until MSWD isthe smallest possible
value >1.0. (Note that in 3 sessions MSWD <1.0 without culling.)

In three sessions (Z3812i, 23922i, Z3963i) the 2"Ph/?*Ph data distribution istoo broad to permit
low-side culling to force MSWD closeto 1.0 (step 5) without excluding an unreasonable portion
of thedata. These data sets have the appearance of single popul ationswhen shown on aprobability
plot (Fig. 2), but they are more dispersed than anticipated from the precision of individual analyses.
For session Z3963i (Fig. 2), ~60% culling would be required to force MSWD down to 1.0. For
these three cases, data culling was stopped at MSWD >1.3. All QGNGdata sets are discussed in
later chapters, with their corresponding sample data.

Data compilation

The weighted mean 2/Pb/?®Pb dates for each session are compiled in Table3 and shown in
Fig. 3. Both the grand mean (1850.0 = 0.8 Ma) and between-session reproducibility
(MSWD = 1.07) are similar to values for the first year of the program (1848.9 + 0.8 Ma;
MSWD = 0.8; Fletcher et al., 2001). The compiled MSWD values for *"Pb/?®Pb data from the
different analytical sessions (Fig. 4) show adistribution consistent with the form of the MSWD
function (Wendt and Carl, 1991), but displaced to higher values, indicating that the applied
culling procedure does not lead to excessively restricted distributions amongst the data retained.

Asinthefirst year of the project (Fletcher et al., 2001), we conclude that there are no significant
between-session variationsin 2’Pb/2Ph datafor QGNG, and thereforethat there are no significant
between-session variations in the sample data recorded in the following chapters, and no re-
normalisation has been applied to these data. However, comments in Fletcher et a. (2001)
regarding absolute uncertainties in ages also apply to these sample data.
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Figure 2. Probability plot of 27Pb/2%Ph ages for QGNG from session Z3963i, after SQUID 206Phb/?®U
calibration but prior to low-side 27Pb/2Pb culling (step 5). Point precisions shown as 1s.

Table 3. Data for QGNG, for 12 analytical sessions.

Session Date t[207/206] £ 95% MSWD n-used n-total
Z3739i 16/11/01 1850.8 2.6 1.03 33 34
Z3805i*? 10/11/01 1850.5 2.7 0.98 28 31
Z3805j 02/12/01 1849.2 2.8 1.15 32 36
Z3812i*2 17/12/01 1852.3 3.7 1.30 20 25
Z3877i 26/02/02 1851.4 2.1 1.04 30 41
Z3878i 15/03/02 1849.9 25 1.07 28 38
Z3878j*1 22/03/02 18475 2.7 0.89 33 37
Z3881i 26/04/02 1847.9 2.4 111 35 36
Z3881j 03/05/02 1850.3 24 1.00 29 33
Z23922i*2 13/05/02 1851.7 3.7 1.40 21 22
Z3963i*2 27/05/02 1849.2 3.3 1.30 25 31
Z3963j*13 07/06/02 1849.8 4.3 0.76 18 19

t[207/206] is the weighted mean 2"Pb/?Pb age, in Ma.

n-used is the number of analyses in the data subset averaged to give t[207/206].
n-total is the number of analyses recorded for the session.

*1 MSWD < 1.0 before any low-side 2°7Pb/?Pb culling.

*2 gbnormally broad 2°7Ph/?Ph distributions; culling stopped at MSWD >1.3.
*3 one-day session.
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Figure 3. Data for QGNG, in sequence from Table 3. The TIMSreference ageis 1851.8 + 0.6 Ma (20; L.P.
Black, pers. comm., 2001).
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Figure 4. Histogram of MSWD values for QGNG 2°7Ph/*®Ph data from the different analytical sessions. The
curve represents the distribution function of the MSWD for the appropriate degrees of freedom for
this sample population (Wendt and Carl, 1991).
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Intercomparison of the TEMORA 1, CZ3 and QGNG
standards

Introduction

During thefirst year of this project (Fletcher et al., 2001), one andytica session was dedicated to
analysesof standards, to complement work being carried out on potentia new standardsat Geoscience
Augtrdiain Canberra, and to improve the database for Perth/Canberrainterlaboratory comparisons.
The materials analysed were: TEMORA 1, a new standard under consideration in Canberra
(L.P. Black, pers. comm., 2001); CZ3, the current Perth standard (Nelson, 1997); and QGNG,
the Geoscience Australia standard used throughout this project (L.P. Black, pers. comm., 2001).

Data acquisition

A large quantity of the TEMORA 1 and QGNG multi-grain samples, and multiple fragments of
CZ3 were placed on asingle mount (Z3673). Datawere collected over a2-day analytical session,
using acontinuous 3-samplerotation asfor other analysesin this project. Since the prime interest
in this comparison is the 2®Ph/?8U characteristics of the samples, rather than 2’Pb/?®Ph, five
data scans were recorded for each analysisinstead of the usual seven. Thisisnormal practice for
Palaeozoic samples, and for detrital zircon samples, maximising the number of analyses without
significantly degrading °Pb/?®U data, but at some cost to the precision of 2"Pb/?%Ph data.

Data processing

Datawere processed the sameway throughout thisreport, using QGNG asthe 2°Ph/>8U reference
and CZ3 as the U abundance reference. The QGNG data were duplicated in the data file to be
processed as samples, to allow direct comparison of the three sample datasets after processing.
The 16 reproducibility of 2Pb/28U issimilar for the three samples, so the output datadistributions
would be little changed if a different sample was used as the initial 2°Ph/8U reference (but see
comments below on CZ3).

For QGNG, the data were corrected for common Pb on the basis of measured 2**Pb and Broken
Hill galena isotopic composition, as done for other data sets in this Record. The common Pb
correction for Temora 1 and CZ3 for 2Ph/?8U was based on measured 2°’Ph/?®Ph and a Stacey
and Kramers (1975) model Pb composition at the apparent age of the samples, as is common
procedure for Palaeozoic samples. For all three samples, the average measured 2*Pb* was
indistinguishable from zero (95% confidence limits), so none of the dataare significantly affected
by choices of common Pb compositions, or of correction procedure.

One QGNG analysis (15-1) is a>3c (low) outlier in 27Pb/Pb and another analysis (11-1) of
relatively poor precision was >2c low. These two analyses are a so the lowest in 25Pb/Z8U; they
have both been omitted from detailed data considerations. The remaining 45 analyses comprise
asinglepopulationin®’Pb/2%Ph (Fig. 5) withweighted mean ageof 1851.1 + 4.2 Ma(MSWD = 1.4).

Results

The main characteristics of the dataare summarised in Table 4 and all dataare listed in Tables 5~
7. Probability plots of 27Pb/2Pb (Fig. 5) and ?6Pb/U (Figs. 6-8) show all threeto conform to
the linear trends expected of data from homogeneous samples. However, MSWD for CZ3 is
sufficiently large (1.4) to suggest that this sample is less uniform than the others (ignoring the
two deleted analysesfor QGNG). Omitting one 3o outlier (analysis 9-1) from CZ3 would reduce
MSWD to 1.3 and change the weighted mean %°Pb/?®U age from 567.4 + 3.2 Ma to
568.0 £ 2.6 Ma.
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Figure 5. Probability plot of 27Ph/?%Pb ages for QGNG from session Z3673i, omitting points 11-1 and 15-1.
Point precisions shown as 1s.

Table4. Summary of SHRIMP 2%Ph/28U age data (ages in Ma) for standards on mount Z3673.

Sample n Ref.age  Meas. age + MSWD %eror %+

QGNG 45 18431 - 91 - - 0.43
Teml 47 4168 4165 22 109 -004 053
cz3 47 5640 567.4 32 140  +063 057

All uncertainties are 95% confidence limits.

n is the number of analyses used.

% error is the percent difference between the measured age and reference age.
% = is the percent 95% confidence limits for the measured age.

CZ3 is inconsistent with the other two samples, in that its SHRIMP-measured age does not
match the reference age (Table 4) when one of the other two is used for calibration. There
appears to be three possible reasons for this:

1. The Pb*/U* data vary with position on the mount surface. This is considered unlikely,
particularly since the analysed fragments of each sample were more widely distributed across
the mount than the distance between the sample clusters.

2. The reference age for CZ3 is wrong. While this is possible, and there are less reference
TIMS datafor CZ3 than the other samples, there are no other published data to support such
a conclusion.

3. Thereisatrace element (matrix) effect causing aPb*/U* data perturbation. Thereisavariation
of ~1 wt.%inthe HfO, contents of these samples (Figure 9), and itiswell knownthat variations
of this size in other elements (notably U) can cause significant variations in secondary ion
ratios (Williams, 1998).

There are insufficient grounds to choose between these possibilities at this stage.

10
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Figure 6. Probability plot of 2Ph/?8U ages for QGNG from session Z3673i, omitting points 11-1 and 15-1.
Point precisions shown as 1c.
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Figure 8. Probability plot of 2%Pb/Z8U ages for CZ3 from session 3673i. Point precisions shown as 1c.
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Figure 9. Correlation between apparent 26Pb/8U age defects and Hf content of the three samples (calibrated
against QGNG), illustrating a possible trace-element cause for the apparent age offset in CZ3.
HfO, data provided by L.P. Black (pers. comm., 2002).
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Table5. SHRIMP analytical results for standard QGNG on mount Z3673.

207Pb/206Fb 206Fh/238u
grain- U Th  4f206 27ph 206Ph 7P 28ph  conc. Age Age
spot  (ppm) (ppm) (%) 206ph + 28y + =y o+ ZTh (%) (Ma) £+ (Ma) =*
Q11 226 183 0.133 01138 0.0009 0.3305 0.0055 5.185 0.096 0.0963 99 1861 15 1841 27
Q21 241 241 0.062 01137 0.0007 0.3335 0.0056 5.230 0.094 0.0953 100 1860 12 1855 27
Q31 243 263 0292 01122 0.0007 0.3226 0.0054 4.990 0.089 0.0929 98 183511 1802 26
Q41 434 210 0329 01135 0.0005 0.3260 0.0052 5.102 0.085 0.0930 98 1856 8 1819 25
Q51 221 219 0144 01138 0.0007 0.3311 0.0055 5.197 0.093 0.0948 99 1861 11 1844 27
Q6-1 180 184 0.127 01122 0.0008 0.3281 0.0056 5.075 0.095 0.0971 100 183513 1829 27
Q7-1 270 164 029 0.1144 0.0008 0.3294 0.0055 5.197 0.094 0.0949 98 187113 1835 26
Q81 454 408 0329 0.1136 0.0005 0.3262 0.0053 5.110 0.086 0.0934 98 1858 8 1820 26
Q91 271 242 0305 01129 0.0007 0.3238 0.0054 5.043 0.089 0.0938 98 1847 11 1808 26
Q101 159 87 0148 01129 0.0009 0.3274 0.0057 5.098 0.097 0.0917 99 1847 14 1826 28
Q12-1 178 190 0251 0.1144 0.0008 0.3309 0.0057 5219 0.098 0.0945 99 1870 13 1843 28
Q.13-1 238 261 0021 0.1119 0.0007 0.3293 0.0055 5.082 0.091 0.0945 100 183112 1835 27
Q.14-1 270 239 0507 0.1147 0.0008 0.3266 0.0054 5.166 0.092 0.0950 97 187512 1822 26
Q.16-1 381 277 0155 0.1124 0.0006 0.3276 0.0053 5.075 0.086 0.0937 99 1838 9 1827 26
Q.17-1 258 209 -0.101 0.1125 0.0007 0.3326 0.0057 5.160 0.093 0.0960 101 1841 11 1851 27
Q.A18-1 235 255 0191 0.1136 0.0007 0.3300 0.0055 5.170 0.093 0.0961 99 1858 12 1838 27
Q.19-1 122 66 0,518 0.1143 0.0011 0.3211 0.0059 5.062 0.104 0.0962 96 1869 17 1795 29
Q.20-1 147 103 -0.416 0.1127 0.0009 0.3399 0.0063 5.279 0.107 0.0969 102 1843 15 1886 30
Q.21-1 182 194 -0.034 0.1133 0.0008 0.3361 0.0058 5.248 0.098 0.0955 101 1852 13 1868 28
Q221 131 81 0111 01128 0.0010 0.3300 0.0060 5.133 0.105 0.0939 100 184517 1838 29
Q231 248 243 0120 0.1125 0.0008 0.3278 0.0055 5.086 0.092 0.0947 99 1841 12 1828 27
Q.24-1 160 154 -0.145 0.1125 0.0009 0.3346 0.0059 5.190 0.101 0.0965 101 1840 15 1861 29
Q251 165 142 -0.053 0.1124 0.0009 0.3322 0.0059 5.151 0.100 0.0955 101 1839 14 1849 28
Q.26-1 197 174 -0207 0.1122 0.0008 0.3351 0.0057 5.184 0.096 0.0951 101 183513 1863 28
Q.27-1 140 77 0.128  0.1138 0.0012 0.3270 0.0059 5.132 0.107 0.0949 98 1861 19 1824 29
Q.28-1 470 283 0201 0.1138 0.0005 0.3305 0.0053 5.186 0.086 0.0947 99 1861 8 1841 25
Q291 226 216 0485 01141 0.0008 0.3246 0.0055 5.109 0.093 0.0930 97 1866 12 1812 27
Q30-1 276 295 -0.178 0.1125 0.0008 0.3359 0.0056 5213 0.094 0.0966 101 1841 12 1867 27
Q311 286 262 0.021 01120 0.0007 0.3278 0.0054 5.062 0.089 0.0954 100 1832 11 1828 26
Q321 153 137 0535 01152 0.0010 0.3271 0.0058 5.193 0.102 0.0957 97 188215 1824 28
Q.33-1 150 114 -0.466 0.1135 0.0009 0.3450 0.0062 5.401 0.106 0.0987 103 1857 15 1911 30
Q.34-1 250 262 -0.027 0.1121 0.0007 0.3316 0.0055 5.125 0.092 0.0957 101 1834 12 1846 27
Q351 265 274 0429 0.1146 0.0007 0.3263 0.0054 5.155 0.092 0.0955 97 187311 1820 26
Q.36-1 596 392 0229 0.1126 0.0005 0.3255 0.0051 5.052 0.082 0.0947 99 1841 8 1817 25
Q.37-1 178 130 0062 0.1111 0.0010 0.3287 0.0057 5.037 0.100 0.0914 101 1818 17 1832 28
Q.38-1 325 252 -0.377 0.1123 0.0006 0.3397 0.0056 5.258 0.091 0.0959 103 1836 10 1885 27
Q.38-2 509 45 0124 0.1132 0.0005 0.3305 0.0052 5.158 0.085 0.0947 99 1851 8 1841 25
Q391 252 245 -0.259 0.1137 0.0007 0.3400 0.0057 5.328 0.095 0.0976 102 1859 11 1887 27
Q392 281 279 0213 01131 0.0007 0.3270 0.0054 5.099 0.091 0.0943 99 1850 12 1824 26
Q40-1 158 134 0.130 0.1148 0.0009 0.3348 0.0059 5299 0.103 0.0952 99 1877 14 1862 29
Q41-1 227 230 -0.150 0.1120 0.0007 0.3324 0.0056 5.132 0.094 0.0952 101 183212 1850 27
Q42-1 266 277 -0583 0.1131 0.0007 0.3462 0.0058 5.400 0.096 0.0992 104 1850 11 1917 28
Q42-2 240 254 -0.187 0.1129 0.0007 0.3356 0.0056 5.223 0.094 0.0963 101 1846 12 1866 27
Q431 83 47 0118 01153 0.0012 0.3312 0.0066 5265 0.119 0.0983 98 188519 1844 32
Q44-1 327 327 -0.099 0.1141 0.0006 0.3388 0.0055 5.328 0.091 0.0975 101 1865 10 1881 26
Young outliers
Q11-1 123 64 0471 01098 0.0013 0.3151 0.0057 4.771 0104 0.0879 98 1796 22 1766 28
Q151 223 233 0101 01094 0.0007 0.3173 0.0053 4.786 0.086 0.0904 99 1789 12 1777 26

Dataare at 16 precision. All Pb data are common-Pb corrected (see text for details).
Analysis date: 11/06/01; session Z3673i.
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Table 6. SHRIMP analytical results for standard TEMORA 1 on mount Z3673.

207Pb/206pb
grain- U Th  4f206 "Ph 206Ph 27Ph 2085ph Age
spot (ppm)  (ppm) (%) 206Ph + 28y * =5y + Z2Th (Ma) =+
TEM.1-1 99 31 -0124 0.0583 0.0016 00670 0.0013 0538 0.018 0.0220 416 8
TEM.2-1 182 106 -0.007 0.0560 0.0012 0.0664 0.0012 0513 0.014 0.0207 414 7
TEM.3-1 238 129 -0066 0.0536 0.0024  0.0661 0.0011 0.488 0.023 00205 413 7
TEM.4-1 259 69 0434 00543 0.0020 0.0648 0.0011 0.485 0.020 00182 405 7
TEM.5-1 65 25 0224 00381 0.0070 0.0632 0.0016 0332 0062 0.0115 403 10
TEM.6-1 295 175 0156 0.0564 0.0010 0.0654 0.0011 0509 0.012 00208 408 7
TEM.7-1 88 30 -0.244 0.0443 0.0026 00653 0.0014 0399 0.025 0.0154 413 8
TEM.8-1 192 78 0.070 00578 0.0012 0.0665 0.0012 0530 0015 0.0215 414 7
TEM.9-1 173 93 0.007  0.0520 0.0028 0.0657 0.0012 0471 0.027 0.0198 412 7
TEM.10-1 181 116 -0.035 0.0504 0.0025 0.0653 0.0012 0454 0.024 00189 410 7
TEM.11-1 241 56 0198 0.0549 0.0012 0.0667 0.0012 0505 0014 0.0193 416 7
TEM.12-1 228 130 0.369 0.0546 0.0017 0.0652 0.0011 0491 0.018 0.0197 407 7
TEM.13-1 228 104 0.101  0.0564 0.0011 0.0693 0.0012 0.539 0.014 0.0204 431 7
TEM.14-1 212 106 0.153 0.0572 0.0015 0.0658 0.0012 0.519 0.016 0.0211 410 7
TEM.15-1 219 121 0.152  0.0554 0.0012 0.0665 0.0012 0.508 0.014 0.0211 415 7
TEM.16-1 295 158 0.164  0.0557 0.0013 0.0662 0.0011 0.508 0.014 0.0203 413 7
TEM.17-1 216 58 0.268  0.0578 0.0012 0.0685 0.0012 0545 0.015 0.0220 426 7
TEM.18-1 436 107 0.027  0.0559 0.0009 0.0672 0.0011 0.518 0.012 0.0205 419 7
TEM.19-1 106 29 0.108  0.0537 0.0024 0.0677 0.0014 0,501 0.025 0.0203 423 8
TEM.20-1 474 278 -0.045 0.0553 0.0008  0.0673 0.0011 0513 0.011 00205 420 7
TEM.21-1 113 50 -0.138 0.0630 0.0015 0.0663 0.0013 0576 0.018 0.0230 410 8
TEM.22-1 127 66 -0.017 00601 0.0015 0.0688 0.0014 0570 0018 0.0226 427 8
TEM.23-1 91 30 -0.096 0.0582 0.0020 00681 0.0014 0546 0.022 0.0239 423 9
TEM.24-1 197 74 0.085 00530 0.0018 0.0676 0.0013 0494 0020 0.0200 423 8
TEM.25-1 197 114 0.189  0.0609 0.0024 0.0673 0.0012 0565 0.025 0.0223 417 7
TEM.26-1 94 26 0255 00515 0.0037 0.0666 0.0014 0473 0036 0.0160 418 9
TEM.27-1 218 49 0.310 0.0592 0.0012 0.0652 0.0012 0532 0.014 0.0214 405 7
TEM.28-1 84 41 0159 0.0645 0.0055 00674 0.0015 0.600 0.053 0.0259 416 9
TEM.29-1 266 98 0172 00510 0.0021  0.0659 0.0011 0464 0.021 0018 414 7
TEM.30-1 207 115 -0.104 0.0494 0.0023 0.0671 0.0012 0457 0.022 0.0204 422 7
TEM.31-1 139 39 -0045 0.0527 0.0016 0.0686 0.0013 0499 0.018 0.0198 429 8
TEM.32-1 248 129 -0.188 0.0518 0.0016 0.0689 0.0012 0492 0.017 0.0209 431 7
TEM.33-1 100 52 0.095 0.0474 0.0033 0.0644 0.0014 0421 0.031 0.0182 406 9
TEM.33-2 83 28 -0.119 0.0517 0.0025 0.0670 0.0015 0477 0.025 0.0212 420 9
TEM.34-1 383 154 -0.008 0.0545 0.0013 0.0674 0.0011 0.506 0.015 0.0207 421 7
TEM.35-1 156 93 -0.134 0.0532 0.0022 0.0695 0.0013 0.510 0.023 0.0209 434 8
TEM.36-1 150 62 0.187 0.0583 0.0014 0.0662 0.0012 0.532 0.016 0.0211 412 8
TEM.37-1 317 187 -0.101 0.0544 0.0009 0.0676 0.0011 0507 0.012 0.0202 422 7
TEM.38-1 69 23 0232 00468 0.0024 0.0627 0.0013 0404 0023 0.0169 3% 8
TEM.39-1 82 27 -0167 00654 0.0056 0.0676 0.0015 0.610 0054 0.0265 416 9
TEM.40-1 92 48 0290 0.0500 0.0031 00668 0.0014 0461 0.031 0.0184 419 9
TEM.40-2 94 49 -0122 00511 0.0021 00670 0.0014 0472 0.022 0.0201 420 9
TEM.41-1 250 150 0136 0.0481 00031 0.0652 0.0012 0433 0.029 00178 410 7
TEM.42-1 124 63 -0.016 0.0522 0.0018 0.0661 0.0013 0475 0.019 0.0190 414 8
TEM43-1 283 153 -0224 0.0499 00018  0.0662 0.0011 0.455 0.018 00196 416 7
TEM.44-1 134 74 0105 00562 0.0014 0.0687 0.0013 0532 0017 0.0220 428 8
TEM.45-1 117 64 -0.095 00574 0.0020 0.0688 0.0013 0544 0022 0.0225 428 8

Dataare at 16 precision. All Pb data are common-Pb corrected (see text for details).
Analysis date: 11/06/01; session Z3673i.
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Table 7.  SHRIMP analytical results for standard CZ3 on mount Z3673.

207Pb/206pb
grain- u Th  4f206  *'Pb 25Ph 2P Mph  Age
spot (ppm)  (ppm) (%) “%Pb * 8y * U * #Th  (Ma) #*
Cz3.1-1 537 28 -0.024 00589 0.0007 00899 00015 0731 0014 00287 555 9
Cz3.2-1 556 29 0.012 00595 0.0006 00920 00015 0754 0014 0.0309 567 9
Cz3.31 548 29 0107 00603 0.0007 00930 00015 0773 0015 00317 573 9
CZ3.4-1 556 29 0105 00602 0.0006 00933 00015 0774 0015 0.0291 574 9
CzZ351 556 30 -0.117 00581 0.0006 00925 00015 0741 0015 00283 571 9
CzZ36-1 531 28 -0077 00581 00007 0091 00015 0722 0015 0.0269 557 9
Cz37-1 543 28 -0098 00575 00006 00913 00018 0724 0.016 0.0247 564 11
Cz38-1 569 30 0077 00592 00008 00894 00015 0730 0.016 0.0273 552 9
Cz39-1 559 29 003 00587 00006 00878 00014 0710 0.014 00285 542 8
CZ310-1 558 29 0059 00602 00006 0.0906 00014 0753 0.014 00317 558 9
Cz311-1 572 30 -0077 00589 00006 0.0926 00015 0753 0.014 00287 571 9
Cz3.12-1 522 26 -0.259 0.0556 0.0008 0.0929 0.0015 0711 0.015 0.0218 575 9
Cz3.13-1 550 29 0186 0.0614 0.0008 0.0915 0.0015 0.775 0.016 0.0321 563 9
Cz3.13-1 553 29 0074 0.0593 0.0008 0.0907 0.0014 0.741 0.015 0.0286 560 9
Cz3151 540 28 -0335 0.0569 0.0006 0.0936 0.0015 0.734 0.014 0.0302 579 9
Cz3.16-1 569 30 0104 0.0590 0.0007 0.0885 0.0014 0720 0.015 0.0257 546 9
Cz317-1 534 28 -0.065 0.0573 0.0009 0.0916 0.0015 0.724 0.017 0.0220 566 9
Cz3.18-1 560 30 0.091 0.0596 0.0006 0.0898 0.0014 0.738 0.014 0.0292 554 9
Cz319-1 541 28 0.019 0.0587 0.0008 0.0892 0.0014 0.722 0.015 00291 551 9
CZ320-1 572 30 0.034 00589 0.0008 00904 00014 0735 0015 0.0297 558 9
Cz321-1 539 28 0049 00591 0.0007 00937 00015 0763 0015 0.0277 578 9
Cz322-1 529 28 0.043 00602 0.0006 00946 00018 0785 0017 0.0295 582 11
Cz3231 551 29 -0.088 00577 0.007 00912 00015 0726 0015 0.0262 564 9
Cz324-1 564 30 0044 00593 00011 00928 00015 0758 0.019 00290 572 9
Cz3251 571 30 0001 00590 00006 0.0918 00015 0747 0.014 00276 566 9
Cz326-1 528 27 -0028 00603 00013 0.0921 00015 0766 0.020 0.0356 567 9
Cz327-1 540 28 019 00593 00007 0.093 00014 0738 0.014 00258 557 9
Cz328-1 557 29 019 00602 00011  0.0911 00015 0756 0.019 00268 561 9
Cz329-1 550 29 -0089 00588 00006 0.0934 00015 0757 0.014 00300 576 9
Cz329-2 552 29 -0076 00581 00006 0.0925 00015 0741 0.015 00275 571 9
Cz3.29-3 562 30 -0.130 0.0570 0.0009 0.0943 0.0015 0.741 0.016 0.0209 582 9
Cz3.29-4 548 28 -0.167 0.0590 0.0009 0.0941 0.0015 0.766 0.017 0.0339 580 9
Cz3.30-1 541 29 0194 0.0612 0.0010 0.0927 0.0015 0.782 0.018 0.0315 570 9
Cz331-1 533 28 -0.117 0.0578 0.0010 0.0931 0.0015 0.742 0.018 0.0273 575 9
Cz3.31-2 558 30 -0.184 0.0582 0.0011 0.0935 0.0015 0.750 0.018 0.0302 577 9
Cz3.32-1 555 29 0.057 0.0598 0.0006 0.0927 0.0015 0.764 0.015 0.0310 571 9
Cz3.32-2 556 29 0.080 0.0590 0.0008 0.0906 0.0015 0.737 0.015 0.0258 559 9
Cz3331 544 29 -0004 00598 0.0009 00925 00015 0763 0016 0.0315 570 9
Cz3332 550 29 0089 0059 0.0006 00905 00014 0742 0014 00291 558 9
Cz3333 555 29 0077 00592 0.0007 00943 00015 0770 0016 0.0283 581 9
CZ3341 543 29 -0063 00582 0.0007 00915 00015 0734 0015 0.0276 565 9
CZ3.24-2 540 28 0105 00583 0.0009 00928 00015 0746 0017 00261 573 9
Cz317-2 566 30 -0034 00591 00006 0.0932 00015 0760 0.015 00292 574 9
Cz317-3 558 29 -0027 00575 00007 00935 00015 0741 0.015 00231 577 9
Cz3351 547 28 -0276 00575 00006 0.0962 00015 0763 0.015 00315 594 9
Cz3353 536 28 0067 00591 00007 00929 00015 0757 0.015 00263 573 9
CZ3353 545 29 -0232 00568 0.0008 00944 00015 0740 0016 0.0246 583 9

Dataare at 16 precision. All Pb data are common-Pb corrected (see text for details).
Analysis date: 11/06/01; session Z3673i.
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2001967014: biotite granitic gneiss, Corriding Rock

1:250,000 sheet:  Kalgoorlie (SH5109)
1:100,000 sheet:  Davyhurst (3037)

MGA: 273443 mE 6631389 mN

L ocation: The sample was taken from the north-east side of a large outcrop located about 100 m
north of Corriding Rock and approximately 500 m north of Emu Rock Dam.

Description: The sample is from a grey, banded, seriate to variably K-feldspar porphyritic, medium-

grained biotite quartzofeldspathic gneiss. The gneiss is cut by several generations of
variably deformed pegmatite and biotite granite dykes. The banded gneiss displays a
strong sub-vertical, SSE-striking gneissosity. It contains common biotite-rich schlieren
and thin (<50 cm), strongly-deformed, bictite-rich disrupted dykes and xenoliths.

The sample is characterised by a granular to granoblastic texture. Principal minerals are
guartz (35-40%), K-feldspar (30-35%), plagioclase (25-30%) and biotite (5-6%), with
K-feldspar>plagioclase. K-feldspar is subhedral to anhedral, with larger grains commonly
poikilitic, and displays well-developed tartan twinning, and common minor perthite.
Plagioclase forms subhedral grains which are very weakly zoned. Twinning is common
and minor myrmekite is present. Plagioclase is characterised by very minor to locally
moderate replacement by white mica and rare epidote/clinozoisite and carbonate. Quartz
is anhedral, moderately to locally strongly undulose, with common minor to moderate
sub-grain development. Biotite forms anhedral to ragged, light yellow to medium-dark
red-brown flakes that are locally partly replaced by chlorite, rutile and minor epidote/
clinozoisite and/or white mica. Accessory phasesinclude zircon, apatite, anhedral opague
minerals, and interstitial white mica

Mount, pop: Z3805D

Description of zircons

Zircon from this sample generally occurs as euhedral elongate (aspect ratios of 2:1 to 3:1) grains
with well-defined crystal faces, but some equant grains and fragments are also present. The
grains range from about 80 pm to 200 um in length. They are predominantly colourless to pale
grey-brown and dightly turbid, but some grains are clear or dark grey-brown. Small rounded
and/or rod-likeinclusions are present in many grains. Continuous coreto rim euhedral concentric
zoning iscommon in many grainsin CL (Fig. 10), but areas of disrupted zoning and dark patches
are present, indicative of recrystallisation and metamictisation. Grains with distinct cores and
rim overgrowths are present, but rare.

Concurrent standard data

After omitting two outliers identified by SQUID, the apparent calibration slope for QGNG is
2.26 (n = 34). The concurrent sample data also suggest a slope >2, and a value of 2.2 was used
for the calibration exponent. This gives a Pb/U calibration with 1o scatter of 1.08% and
MSWD = 4.5. Omitting the two Pb/U calibration outliers and one 3c (low) outlier, and culling
one other low point, leaves 32 points with a weighted mean 27Pb/?®Pb age of 1849.2 + 2.8 Ma
(MSWD = 1.15).

Element abundance calibration was based on CZ3 (n = 2).

Sample data

A total of 36 analyses were recorded from 35 grains (Table 8; Fig. 11). Two analyses (13-1, 18-
2) are >5% discordant and are not used for age interpretation. The concordant datafall into two
distinct groups on the basis of U content, those >500 ppm U and those <250 ppm. All 16 low-U
datafall inasinglecluster (Fig. 12) yielding aweighted mean 2"Ph/2%Ph age of 2686.8 + 4.4 Ma
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Figure 10. Representative SEM images (BSE on left, CL on right) for sample 2001967014: bictite granitic
gneiss, Corriding Rock. SHRIMP analysis spots are labelled. Remnant pits fromthe ion microprobe
analyses are faintly visible in some grains. Scale bar is 100 pm.
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(MSWD = 1.4). Omitting two 2c outliers(2-1, 36-1) would leave adlightly over-restricted group
(MSWD = 0.79) with an age of 2686.4 + 3.7 Ma.

The high-U data scatter and include both older and younger dates, probably reflecting zircon
inheritance and early Pb-loss, respectively (Fig. 11). Within these datathereisapossible subgroup
of eight analyses (Fig. 13) that givesapoorly constrained age of 2701.4 + 4.3 Ma(MSWD = 3.8).

Geochronological interpretation

The 2687 + 5 Madatefrom thelow-U group most likely representsthe age of the granitic protolith
of the gneiss, which contains inherited high-U grains. The low-U zircons could be either grains
that crystallised from the granite or inherited grains with reset U—Pb. Alternatively, the high-U
grains might date the crystallisation of the granite (~2700 Ma), in which case 2687 Ma is the
probable time of formation of the gneiss, but this can only be true if the granite also included
older high-U inherited grains (e.g., 7-1, 17-1, 23-1).
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Figure 11. Concordia plot for zircon data from 2001967014 biotite granitic gneiss, Corriding Rock. White
filled symbolsarefromlow-U analysesand are used to define an age in the sample; high-U analyses
are dark grey; discordant analyses are light grey.
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Figure 12. Enlargement of main group of zircon analyses for sample 2001967014: biotite granitic gneiss,

14.0

Corriding Rock. Symbol shading asin Figure 11.
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Figure 13. Probability plot for data from high-U zircons in 2001967014: biotite granitic gneiss, Corriding

Rock.
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Table 8. SHRIMP analytical results for zircon from sample 2001967014: bictite granitic gneiss, Corriding

Rock.

207Pb/206pb
gran- U Th  4f206 27Ph 205Pp 207Ph 205Ph conc. Age
spot  (ppm) (ppm) (%) 2065Ph + 28y + =y o+ Z2Th (%) (Ma) =+
Low-U group
3-1 88 60 0.111 0.1833 0.0009 0.508 0.007 12.83 0.18 0.139 99 2683 8
15-1 92 63 0.119 0.1823 0.0010 0.520 0.009 13.08 0.23 0.140 101 2673 9
16-1 116 73 0.017 0.1831 0.0008 0.495 0.007 12.50 0.17 0.134 97 2682 7
18-1 185 207 0.016 0.1834 0.0006 0.506 0.006 12.79 0.16 0.138 98 2684 5
19-1 80 60 0.094 0.1836 0.0009 0.486 0.007 12.31 0.18 0.130 95 2686 8
20-1 111 87 0.007 0.1835 0.0007 0.517 0.007 13.08 0.18 0.143 100 2685 7
21-1 140 97 -0.036 0.1849 0.0006 0.522 0.007 13.30 0.17 0.145 100 2697 6
24-1 209 148 0.593 0.1829 0.0007 0.493 0.006 12.42 0.16 0.153 96 2680 7
26-1 183 136 -0.013 0.1846 0.0007 0.507 0.006 12.90 0.17 0.141 98 2694 6
29-1 78 89 0.090 0.1833 0.0010 0.529 0.007 13.38 0.20 0.142 102 2683 9
30-1 96 83 -0.039 0.1837 0.0008 0.520 0.007 13.17 0.18 0.142 100 2686 7
331 113 76 -0.091 0.1833 0.0008 0.521 0.007 13.16 0.18 0.143 101 2683 7
34-1 99 70 0.019 0.1840 0.0008 0.524 0.007 13.30 0.18 0.148 101 2689 7
35-1 71 52 0.129 0.1843 0.0010 0.508 0.007 12.92 0.19 0.138 98 2692 9
Low-U 2c age out liers
2-1 60 46  0.166 0.1814 0.0010 0.515 0.007 12.87 0.20 0.140 100 2665 9
36-1 137 121 0.032 0.1852  0.0006 0.514 0.006 13.12 0.17 0.140 99 2700 6
Possible high-U subgroup
1-1 543 274 0551 0.1854 0.0004 0.517 0.006 13.21 0.16 0.163 99 2701 4
4-1 1342 701 0.282 0.1848 0.0003 0.524 0.006 13.35 0.15 0.144 101 2696 3
81 721 198 0.196 0.1859 0.0003 0.518 0.006 13.28 0.16 0.149 100 2706 3
10-1 1299 317 0.288 0.1854 0.0004 0.515 0.006 13.15 0.15 0.142 99 2702 3
12-1 886 95 0144 0.1846 0.0004 0.524 0.006 13.34 0.15 0.161 101 2694 4
14-1 1697 382 0.004 0.1849 0.0002 0.522 0.006 13.31 0.15 0.140 100 2698 2
25-1 849 70 0.023 0.1862 0.0003 0.519 0.006 13.32 0.15 0.140 99 2709 2
31-1 825 182 0.120 0.1859 0.0003 0.519 0.006 13.31 0.15 0.135 100 2706 3
Other high-U
51 868 289 0.610 0.1827 0.0007 0.502 0.006 12.64 0.15 0.163 98 2678 7
6-1 1783 991 0.018 0.1782 0.0003 0.499 0.005 12.25 0.14 0.133 99 2636 2
7-1 1596 172 0.252 0.1890 0.0004 0.552 0.007 14.38 0.17 0.283 104 2734 4
9-1 2229 202 0.425 0.1805 0.0003 0.520 0.006 12.94 0.14 0.161 102 2657 2
11-1 1331 309 0453 0.1823 0.0003 0.508 0.006 12.76 0.14 0.142 99 2674 2
17-1 1370 757 0.010 0.1935 0.0006 0.537 0.006 14.32 0.17 0.141 100 2772 5
23-1 1129 774 0.016 0.1894 0.0003 0.548 0.006 14.32 0.16 0.130 103 2737 3
27-1 862 638 0.022 0.1831 0.0003 0.515 0.006 13.01 0.16 0.129 100 2681 2
28-1 1183 85 0.106 0.1878 0.0003 0.507 0.006 13.14 0.15 0.180 97 2723 2
32-1 561 352 0.013 0.1828 0.0004 0.508 0.006 12.82 0.15 0.143 99 2679 4

>5% discordant

131 1730 362 0.229 0.1732  0.0002 0.442 0.005 10.54 0.12 0.117 91 2588 2

182 549 398 0.019 0.1813 0.0004 0.475 0.005 11.88 0.14 0.132 94 2665 3
Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 2/12/01; session Z3805.
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2001967017A: Bali Monzogranite

1:250,000 sheet:  Kalgoorlie (SH5109)
1:100,000 sheet:  Kagoorlie (3136)

MGA: 311413mE 6605289mN

L ocation: The sample was collected from a large flat outcrop located about 200 m east of a track
and about 400 m southeast of Camel Dam.

Description: This strongly deformed, grey, K-feldspar-megacrystic, medium-grained biotite

monzograniteisintruded, in ‘net-vein’ style, by severa generations of pink, fine-grained
biotite monzogranite dykes and aplites, and minor pegmatites and late quartz veins. It
also contains minor biotite-rich clots and patches. Thefoliation is sub-vertical and strikes
ESE.

The sample has a recrystallised granoblastic texture. Principal minerals are quartz (35—
40%), plagioclase (30-35%), K-feldspar (20-25%) and biotite (5-7%), with
plagioclase>K -feldspar. Plagioclase occurs as subhedral to anhedral grains. Zoning is
common, with mainly complex oscillatory zoningin cores, but therimsarelargely unzoned
rims. Myrmekite is common. Plagioclase is locally partly replaced by minor white mica
and traces of epidote/clinozoisite. K-feldspar is generally anhedral, with some poikilitic
grains to >1 cm (containing sub- to euhedral plagioclase and/or quartz inclusions), and
with common tarten twinning, minor simple twinning, and common perthite, particularlt
in the poikilitic grains. Quartz is anhedral of variable grain size, from <<1 mmto 1 cm,
and displays common weakly to moderately undulose extinction and minor weak sub-
grain development. Biotite occurs as aligned, pale yellow to dark red-brown elongate
flakes that are locally atered to chlorite and rutile and/or white mica. Accessory phases
include apatite, zircon and opague minerals. Secondary minerals include very minor to
trace amounts of white mica, chlorite, rutile and epidote/clinozoisite.

Mount, pop: Z3877C

Description of zircons

The zircon in this sample consists of stubby to elongate subhedral grainswith dight to moderate
rounding of crystal faces, and grains which are more equant and rounded. Both types vary in
size, with the subhedral grains ranging from about 50 um to 280 um in length (aspect ratios
from 2:1to 4:1), and the equant rounded grainsfrom approximately 65 um to 150 umin diameter.
The zircon varies from colourless to pale yellow-brown. Most grains contain cracks and small
inclusions. Continuous euhedral concentric zoning is visible in many grains in CL, and some
also contain sector zoning or distinct cores (Fig. 14). Other grains are more homogeneousin CL,
or contain irregular patches and zones, indicative of recrystallisation.

Concurrent standard data

Thisthree-day session wasinterrupted mid-way by severa arc‘drop-outs’ and related instabilities.
Thereisacalibration change across this period but it is considered too minor to justify splitting
the data into two blocks. The observed calibration slope is 2.16, with the corresponding sample
data suggesting values >2.3. A value of 2.2 was used for datareduction. Using all data (including
several of poor precision, which have little bearing on the result), the Pb/U calibration hasa 1o
scatter of 1.16% (MSWD = 7.82; n = 41). The 2"Pb/?®Pb data display a small amount of excess
scatter that is difficult to characterise. Omitting two 3o outliers and three points with internal
precision >15 Ma gives aweighted mean 2°’Pb/?®Pb age of 1849.9 + 2.4 Ma ,withMSWD =1.4
(n=36). Further omitting three >2c outliers (two low, one high) gives 1850.0 + 2.0 Ma
(MSWD = 1.10), whilethe preferred “ standard” low-side culling proceduregives 1851.4 + 2.1 Ma
(MSWD = 1.04; n= 30).

Element abundance calibration was based on CZ3 (n = 3).
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Figure 14. Representative SEM images (BSE on | eft, CL onright) for sample2001967017A: Bali Monzogranite.
SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe analyses are faintly
visible in some grains. Scale bar is 100 pm.
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Sample data

Thirty nine analyses were obtained from separate grains (Table 9). The data show a distinct
zero-age discordance trend (Fig. 15), nine of the points being >5% discordant. The discordant
data, and one extremely low-U analysis (6-1) are not considered for age interpretation. Of the
remainder, one (8-1) is anomalously young and two (20-1, 26-1) are ~3c young outliers. The
remaining 27 analyses form a single population (Fig. 16) with a weighted mean 2"Pb/?*Pb age
of 2666.8 £ 2.2 Ma (MSWD = 0.78).

Geochronological interpretation

The age of 2667 = 3 Mais taken to be the crystallization age of the granite.

Table9. SHRIMP analytical results for zircon from sample 2001967017A: Bali Monzogranite.

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 208Ph conc. Age
spot  (ppm) (ppm) (%) 26Pph + =y + =y o+ Z2Th (%) (Ma) =+
Main group
1-1 90 36 0.051 0.1813 0.0007 0.507 0.007 12.66 0.17 0.143 99 2665 6
31 183 115 0.192 0.1819 0.0006 0.493 0.006 12.37 0.16 0.144 97 2670 5
5-1 150 82 0.078 0.1807 0.0005 0.502 0.006 12.49 0.16 0.140 99 2659 5
7-1 80 37 -0.012 0.1820 0.0007 0.506 0.007 12.69 0.18 0.139 99 2671 6
9-1 84 46  0.072 0.1819 0.0008 0.481 0.006 12.07 0.17 0.112 95 2670 7
10-1 107 46  0.032 0.1803 0.0007 0.504 0.007 12.53 0.17 0.138 99 2656 6
11-1 67 44 0.055 0.1827 0.0008 0.505 0.007 12.71 0.18 0.140 98 2678 7
12-1 81 12 0.096 0.1820 0.0008 0.504 0.007 12.65 0.18 0.136 99 2671 7
13-1 169 26  0.004 0.1820 0.0005 0.519 0.007 13.02 0.18 0.144 101 2671 4
14-1 78 44 -0.007 0.1813 0.0007 0.512 0.007 12.79 0.18 0.144 100 2664 6
15-1 59 29 0.036 0.1819 0.0009 0.502 0.007 12.59 0.19 0.141 98 2670 8
16-1 86 45 0.004 0.1814 0.0007 0.498 0.007 12.46 0.17 0.139 98 2666 6
17-1 81 51 -0.009 0.1826  0.0006 0.509 0.007 12.83 0.18 0.142 99 2677 6
18-1 79 46 0.011 0.1810 0.0007 0.510 0.007 12.74 0.18 0.141 100 2662 6
19-1 83 33 -0.008 0.1809 0.0006 0.501 0.007 12.48 0.17 0.142 98 2661 6
21-1 59 30 0.110 0.1815 0.0009 0.511 0.007 12.79 0.19 0.140 100 2667 8
22-1 84 40 0.263 0.1822 0.0009 0.529 0.015 13.29 0.39 0.107 102 2673 8
23-1 148 86 0.131 0.1811 0.0006 0.513 0.007 12.80 0.17 0.142 100 2663 6
24-1 92 37 0.250 0.1818 0.0008 0.496 0.007 12.43 0.17 0.142 97 2670 8
28-1 147 105 0.010 0.1817 0.0005 0.515 0.006 12.89 0.17 0.142 100 2668 5
30-1 111 44 0.055 0.1819 0.0006 0.507 0.007 12.72 0.17 0.141 99 2670 6
32-1 119 48 0.044 0.1805 0.0006 0.495 0.006 12.31 0.16 0.145 97 2658 5
34-1 145 74 0.392 0.1815 0.0008 0.484 0.006 12.11 0.16 0.119 95 2667 7
35-1 244 153 0.085 0.1816 0.0004 0.509 0.006 12.74 0.16 0.142 99 2668 4
37-1 211 108 0.002 0.1814 0.0004 0.511 0.006 12.79 0.16 0.135 100 2666 4
381 206 105 0.186 0.1815 0.0005 0.505 0.006 12.64 0.16 0.135 99 2667 5
Young outliers
81 51 35 -0.170 0.1277 0.0010 0.378 0.006 6.66 0.11 0.109 100 2067 14
20-1 120 55 0.086 0.1784 0.0009 0.497 0.006 12.22 0.17 0.138 99 2638
26-1 71 44 0.108 0.1786 0.0008 0.523 0.007 12.89 0.19 0.141 103 2640 8
Discordant or low U
2-1 108 88 0.562 0.1805 0.0011 0.435 0.006 10.83 0.16 0.123 88 2657 10
4-1 150 93 1.358 0.1821 0.0018 0.424 0.005 10.65 0.17 0.150 85 2672 16
6-1 8 3 0330 0.1813 0.0029 0.483 0.012 12.06 0.35 0.145 95 2664 27
251 119 64 0.546 0.1822 0.0010 0.443 0.006 11.12 0.16 0.153 88 2673 9
27-1 139 54  1.305 0.1828 0.0017 0.483 0.006 12.16 0.19 0.183 94 2678 15
29-1 61 68 0.203 0.1826  0.0010 0.462 0.006 11.64 0.17 0.069 91 2677 9
31-1 111 30 0575 0.1799 0.0010 0.458 0.006 11.36 0.16 0.142 92 2652 9
33-1 105 46 0.378 0.1842 0.0009 0.457 0.006 11.61 0.16 0.143 90 2691 8
36-1 111 65 1127 0.1814 0.0017 0.364 0.005 9.10 0.15 0.130 75 2666 16
39-1 247 78 2336 0.1823 0.0028 0.349 0.004 8.77 0.17 0.188 72 2674 26

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).

Analysis date: 26/02/02; session Z3877i.
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Figure 15. Concordia plot for zircons from sample 2001967017A: Bali Monzogranite. White filled symbols
are used to define the age of the sample; discordant analyses are light grey; young outliers are

dark grey.
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Figure 16. Concordia plot for the main data cluster for sample 2001967017A: Bali Monzogranite. Shading as
in Figure 15.
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2001967019A: banded biotite granitic gneiss, Quairnie Rock

1:250,000 sheet:  Boorabbin (SH5113)
1:100,000 sheet:  Yilmia (3135)

MGA: 317248mE 6539438mN

L ocation: The sample was taken from the western side of alarge, low whaleback that forms part of
Quairnie Rock, about 11 km south of the abandoned Nepean Ni mine.

Description: Thislight grey, fine- to medium-grained, seriate, biotite-poor (<5%), biotite monzograniteis

interlayered with grey, fine- to medium-grained, equigranular to seriate, biotite-rich (8-10%),
biotite monzogranite. The bands of biotite-poor and biotite-rich monzogranite form a
complex, banded biotite quartzofeldspathic gneiss. The biotite-rich bands may constitute
highly-deformed, disrupted dykes or enclaves, and are generally sub-parallel and typically
parallel to amoderately NE-dipping, SSE-striking foliation that devel oped after generation
of the gneiss. Both phases are cut by severd generations of thin, syn- and post-kinematic
felsic granite and pegmatite veins, minor late quartz veins, and rare late monzogranite dykes.

The sample hasagranoblastic texture. Principal mineralsare quartz (30-35%), plagioclase
(30-35%), K-feldspar (30—35%) and biotite (5-7%). Plagioclase occurs as subhedra grains
with no visible zoning, variably developed and locally bent twinning, and rare minor
myrmekite. The plagioclase is commonly partly altered to white mica, carbonate and/or
epidote/clinozoisite, and contains traces of hematite. K-feldspar is generally anhedral,
commonly with tarten twinning and minor perthite. Quartz is anhedral, and mostly has
weakly to moderately devel oped undul ose extinction. Biotite occursasaligned, paleyellow
to dark-brown flakes that are locally partly altered to chlorite and rutile and/or white
mica. Accessory phases include zircon, opague minerals and apatite. Secondary minerals
are minor white mica, chlorite, rutile, and trace epidote/clinozoisite and hematite.

M ount, pop: Z3805C

Description of zircons

The zircon crystals and fragments range from ~70 pum to >250 pum in length and up to 180 pmin
width. Most grains are subhedral and elongate with aspect ratiosto 4.1, but some stubby, equant
grains and anhedral fragments are also present. Slight rounding of crystal faces is common.
About 25% of the grains are colourless and relatively clear in transmitted light, and are either
homogeneous and bright in CL or finely zoned (Fig. 17). The remainder are pale yellow-brown
or darker and turbid in transmitted light. Many have disrupted zoning patterns in CL or are
completely metamict and/or recrystallised. Fractures are pervasive in these grains. Cores are
visible in some grains.

Concurrent standard data

After omitting two outliers identified by SQUID, the apparent calibration dope for QGNG is 2.26
(n=34). The concurrent sample data also suggest a dope >2, and a vaue of 2.2 was used for the
calibration exponent. This gives a Pb/U cadlibration with 1c scatter of 1.08% and MSWD =4.5. For
207ph/2%6Ph, omitting the two Pb/U cadlibration outliers and one 36 (low) outlier, and culling one other
low point, leaves 32 pointswith awei ghted mean 2"Pb/2*Pb age of 1849.2 + 2.8 Ma(MSWD = 1.15).

Element abundance calibration was based on CZ3 (n = 2).

Sample data

Thirty five analyses were recorded from 33 grains (Table 10, Fig. 18). Two analyses (18-1, 33-
1) are >5% discordant and not considered reliable for geochronology. Three others (1-1, 2-1, 3-
1) have U > 1000 ppm, well above values that generally lead to metamictisation and Pb-lossin
Archaean grains. These also are not used for age interpretation, although two of them (2-1, 3-1)
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Figure 17. Representative SEM images (BSE on left, CL on right) for sample 2001967019A: banded biotite
granitic gneiss, Quairnie Rock. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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are consistent with the main group of data. Severa of these analyses (1-1, 33-1), aswell asone
concordant analysis (24-1) with a moderate U content, are clearly older than the main data
group, suggesting that these grains are xenocrysts (Fig. 18). The remaining datafall in asingle
cluster (Fig. 19) that has a weighted mean 2’Pb/?®Ph age of 2673.7 + 2.7 Ma, with some excess
scatter (MSWD = 1.5). Omitting two analyses ( 4-1, 9-1) that are low-age outliers at ~3c leaves
27 with an age of 2674.7 £ 2.1 Ma (MSWD = 0.95).

Geochronological interpretation

The 2675 =+ 3 Ma date is probably the age of the monzogranite that now constitutes the gneiss,
although it is also possible that this is the age of the gneiss-forming event, with the lower U
(typically magmatic) grains being recrystallised from high-U precursors.

Table 10. SHRIMP analytical results for zircon from sample 2001967019A: banded biotite granitic gneiss,
Quairnie Rock.

207Pb/206pb
gran- U Th  4f206 27pp 26ph 27pp 28pp  conc. Age
spot  (ppm) (ppm) (%) “*Pb * U * U+ #2Th (%) (Ma) =+
Main group

51 128 74 0.063 0.1837 0.0007 0.504 0.006 12.77 0.17 0.139 98 2687
6-1 150 51 0.058 0.1823 0.0006 0.519 0.006 13.04 0.17 0.143 101 2674
81 230 211 0.393 0.1825 0.0008 0.492 0.006 12.38 0.16 0.138 96 2676
10-1 249 147 0.022 0.1822  0.0005 0.504 0.006 12.65 0.15 0.139 98 2673
11-1 127 67 0.040 0.1817 0.0009 0.514 0.007 12.87 0.18 0.143 100 2668
12-1 198 86 -0.043 0.1833 0.0006 0.499 0.006 12.61 0.16 0.138 97 2683
13-1 187 117 0.083 0.1818 0.0006 0.502 0.006 12.58 0.16 0.138 98 2669
14-1 89 35 0.010 0.1818 0.0008 0.515 0.007 12.90 0.19 0.142 100 2669
151 219 100 0.068 0.1814 0.0006 0.515 0.006 12.89 0.16 0.141 101 2666
16-1 740 80 0.015 0.1824  0.0003 0.504 0.006 12.69 0.15 0.139 98 2675
17-1 176 90 0.009 0.1814 0.0006 0.496 0.007 12.41 0.18 0.136 97 2666
18-2 186 66 0.008 0.1825 0.0006 0.514 0.006 12.92 0.16 0.143 100 2675
19-1 194 69 0.079 0.1815 0.0006 0.505 0.006 12.64 0.16 0.139 99 2667
20-1 80 48 0.000 0.1824  0.0009 0.515 0.007 12.96 0.19 0.142 100 2674
21-1 162 99 -0.038 0.1833 0.0006 0.504 0.007 12.72 0.17 0.140 98 2683
21-2 191 118 -0.042 0.1827 0.0006 0.513 0.008 12.92 0.20 0.141 100 2678
22-1 134 53 0.329 0.1836  0.0008 0.492 0.006 12.46 0.17 0.144 96 2685
231 130 1 0.000 0.1829 0.0007 0.518 0.007 13.05 0.17 0.152 100 2679
251 128 51 -0.014 0.1820 0.0007 0.515 0.008 12.93 0.20 0.145 100 2671
26-1 173 88 0.021 0.1817 0.0006 0.512 0.006 12.81 0.16 0.140 100 2668
27-1 93 54 0.054 0.1823 0.0008 0.522 0.007 13.11 0.18 0.144 101 2674
28-1 258 74 0.098 0.1827 0.0005 0.509 0.006 12.83 0.16 0.142 99 2677
29-1 76 38 0.031 0.1826  0.0010 0.520 0.007 13.10 0.20 0.142 101 2676
30-1 103 44 0.032 0.1830 0.0008 0.509 0.007 12.84 0.18 0.139 99 2680
31-1 128 58 -0.025 0.1829 0.0007 0.517 0.007 13.04 0.17 0.141 100 2679
32-1 169 84 0.023 0.1826  0.0006 0.508 0.006 12.79 0.16 0.143 99 2677

OO NOUINUUITOOONUIOOWUIOTO WOoooo oo oo,

34-1 43 20 0.162 0.1814 0.0012 0.505 0.008 12.62 0.23 0.138 99 2665 11
Old outlier

24-1 114 54 0132 0.2008 0.0009 0.536 0.007 14.85 0.20 0.151 98 2833 7
Young outliers

4-1 204 72 0170 0.1802 0.0007 0.488 0.006 12.11 0.15 0.134 96 2655 6
9-1 121 59 0.047 0.1803 0.0007 0.503 0.007 12,51 0.18 0.139 99 2655 7
Discordant or high-U

1-1 2175 243 0.003 0.1889 0.0005 0.541 0.007 14.08 0.18 0.151 102 2732 4
2-1 1127 37 0.000 0.1812 0.0003 0.507 0.006 12.66 0.14 0.138 99 2664 3
3-1 1407 81 0.198 0.1824  0.0003 0.499 0.006 12.56 0.14 0.220 98 2675 3
18-1 163 64 0.564 0.1829 0.0010 0.407 0.005 10.26 0.14 0.123 82 2679 9

33-1 66 <1l -0.130 0.2161 0.0012 0.514 0.007 15.32 0.24 --- 91 2952 9

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 2/12/01; session Z3805;.
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Figure 18. Concordia plot for zircon data from sample 2001967019A: banded biotite granitic gneiss, Quairnie
Rock. White filled symbols are used to define the age of the sample; younger outliersare dark grey;
inherited grains and/or high-U analyses have diagonal shading; discordant analyses are light

grey.
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Figure 19. Enlargement of main data cluster from sample 2001967019A: banded biotite granitic gneiss,
Quairnie Rock. Shading asin Fig. 18.
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2001967027: quartz-feldspar porphyry dyke, Tower Hill mine

1:250,000 sheet:  Leonora (SH5101)
1:100,000 sheet:  Leonora (3140)

MGA: 336556mE 6802345mN

L ocation: The sample was collected aong the access ramp in the northeast corner of the Tower Hill
open-pit, about 1 km southwest of Leonora.

Description: Itisfromagrey-pink, strongly deformed and altered, quartz-feldspar porphyry that intrudes

amafic volcanic sequence. Both unitsare cut by quartz veins and associated hydrothermal
alteration; the selected sample is free from obvious quartz veins.

This rock is characterised by a distinctly recrystallised porphyroclastic texture, largely
the product of pervasive hydrothermal alteration and moderate deformation of a quartz-
feldspar porphyritic microgranite. Principal minerals are albite (~35-40%), white mica
(8-12%), bictite (5-8%), chlorite (3-5%), carbonate (3-5%), monocrystalline quartz (1—
2%), tourmaline (1-2%), minor opague minerals and trace zircon and apatite, in a very-
fine grained quartzofeldspathic groundmass (~35-40%). Albite, with minor white mica,
carbonate and biotite, forms porphyroclasts of variable size (mainly <2 mm, to 5 mm)
that display moderate twinning. The albite porphyroclasts are the product of recrystall-
isation and hydrothermal ateration of igneous feldspar phenocrysts. Quartz phenocrysts
show minor recrystallisation and minor to moderate undulose extinction. White micais
present as clusters of small (<0.1 mm), elongate grains that form seams and lenses, are
largely in optical continuity and define the strong foliation. Biotite occurs as light yellow
to dark brown, subhedral to ragged and irregular grains (<0.5 mm) and clusters of grains,
generaly in alignment with the white mica-defined foliation. Retrograde alteration has
locally replaced biotite with chlorite and opague minerals. Carbonate occurs mainly as
disseminated, irregular grains (<0.1 mm), and as clusters of irregular grains that may
represent the replacement product of igneous Fe-Mg silicates. Tourmaline forms minor,
disseminated, large (to 1 mm), blue-green-brown poikiloblastic grains. The fine-grained
quartzo-feldspathic mosaic contains minor white mica, carbonate, biotite and opague
minerals, and sometimes displays radiating intergrowths of quartz and feldspar (?albite).

Mount, pop: Z3739B

Description of zircons

Zircon from this sample is mostly turbid, pale grey to grey-brown, whole crystals, with a small
proportion of fragments. The grains are predominantly euhedral to subhedral, with slightly
rounded crystal faces. They vary from roughly equant to elongate grains, 50 um to 200 pm in
size (aspect ratios up to 5:1). The grains have well-defined continuous euhedral and concentric
zoning (clearly visible in reflected light and CL; Fig. 20), but patches of disrupted zoning in the
central regionsof somegrainsareinterpreted to result from recrystallisation. Some grainscontain
distinct cores which have zoning that is structurally truncated by new growth of euhedrally-
zoned zircon.

Concurrent standard data

There was a calibration shift after re-tuning half-way through this session, and the data were
therefore processed in two blocks. In thefirst block, the apparent calibration slope for all QGNG
(n=16) datais ~2.3. Omitting one outlier identified by SQUID reducesthisto 2.2, for a highly
linear array with 1c scatter in Pb/U of 0.5% (MSWD = 1.7). For the second block (n = 18) the
slopeiseven higher (2.5) but not aswell defined (1o scatter in Pb/U = 1.05%; MSWD =3.9). A
value of 2.2 was used for the calibration exponent in both cases. The 2"Pb/?Pb data form a
single population. Omitting only the one calibration outlier leaves 33 points with a weighted
mean 2’Pb/?%Pb age of 1850.8 + 2.6 Ma (MSWD = 1.03).
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Figure 20. Representative SEM images (BSE on left, CL on right) for sample 2001967027: quartz-feldspar
porphyry dyke, Tower Hill mine. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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Element abundance calibration was based on CZ3 (n = 1 in each block).

Sample data

Thirty four analyses were made on separate grains (Table 11). Many analyses are discordant,
with a strong zero-age Pb-loss trend (Fig. 21). There is aso evidence for ancient Pb loss in
several of the data (9-1, 11-1, 15-1, 30-1) that are close to concordia (Fig. 22); these analyses
also have high-U. Amongst the concordant data, there is one distinct old outlier (3-1), possibly
from axenocryst. The remaining 13 concordant points produce a weighted mean 2°’Pb/*Pb age
of 2670.3 + 4.6 Ma, with MSWD = 0.88.

Geochronological interpretation
The 2670 + 5 Madate is considered to be the crystallization age of the dyke.

Table 11. SHRIMP analytical results for zircon from sample 2001967027: quartz-feldspar porphyry dyke,
Tower Hill mine.

207Pb/206pb
gran- U Th  4f206 27Ph 206Pp 207Ph 208Pp conc. Age
spot  (ppm) (ppm) (%) 2065ph + 28 =Y o+ 22Th (%) (Ma) =+
Main concordant group
1-1 82 50 0.315 0.1822 0.0012 0.487 0.004 12.24 0.12 0.087 96 2673 11
2-1 80 52 0.185 0.1812 0.0009 0.513 0.004 12.81 0.11 0.100 100 2664 8
6-1 102 34 0107 0.1831 0.0011 0.493 0.005 12.44 0.14 0.101 96 2681 10
8-1 115 54 0281 0.1802 0.0010 0.487 0.004 12.11 0.12 0.066 96 2655 10

I+

10-1 89 32 0148 0.1816 0.0010 0.484 0.005 1211 0.14 0.122 95 2667 10
14-1 85 28 0.033 0.1818 0.0010 0.503 0.005 12.61 0.14 0.132 98 2669 9
17-1 116 55 0.609 0.1803 0.0010 0.477 0.006 11.84 0.17 0.091 95 2655 9
19-1 72 17 -0.019 0.1823 0.0009 0.499 0.007 12.54 0.19 0.137 98 2674 8
23-1 92 38 0.100 0.1816  0.0009 0.507 0.007 12.70 0.18 0.134 99 2668 8
25-1 96 46 0.013 0.1820 0.0009 0.486 0.007 12.19 0.18 0.109 96 2671 8
27-1 57 22 0.052 0.1831 0.0013 0.518 0.008 13.08 0.22 0.143 100 2682 12
31-1 183 43 0.167 0.1822 0.0006 0.509 0.006 12.80 0.16 0.133 99 2673 6
331 81 24 0.234 0.1831 0.0009 0.503 0.007 12.70 0.19 0.113 98 2681 8
Old outlier

31 103 58 0.217 0.1889 0.0008 0.544 0.004 14.17 0.12 0.144 103 2732 7
Obvious early Pb loss

9-1 341 156 0.323 0.1747 0.0006 0.458 0.002 11.04 0.07 0.126 93 2603 6
11-1 308 101 0.130 0.1752 0.0006 0.473 0.002 11.42 0.07 0.131 96 2608 6
15-1 419 146 0.145 0.1715 0.0006 0.453 0.005 10.72 0.13 0.121 94 2572 5
30-1 403 190 0.133 0.1618 0.0004 0.438 0.005 9.76 0.11 0.123 95 2475 4
>5% discordant

4-1 196 67 0513 0.1834 0.0007 0.425 0.003 10.76 0.07 0.080 85 2684 6
51 133 112 1714 0.1865 0.0016 0.409 0.003 10.53 0.12 0.058 82 2712 14

7-1 166 111 0.536 0.1791 0.0011 0.341 0.003 8.43 0.08 0.054 72 2645 10
12-1 163 137 0.201 0.1822 0.0009 0.439 0.003 11.03 0.10 0.053 88 2673 8
13-1 214 139 2177 0.1787 0.0018 0.297 0.003 732 0.11 0.041 63 2641 17
16-1 175 197 1729 0.1826 0.0016 0.366 0.005 9.20 0.14 0.041 75 2677 15
18-1 98 127 0.504 0.1820 0.0024 0.395 0.018 9.91 0.46 0.029 80 2671 22
20-1 120 81 0.709 0.1831 0.0012 0.452 0.006 11.41 0.17 0.068 90 2681 11
21-1 161 169 1.076 0.1833 0.0015 0.404 0.005 10.22 0.15 0.051 82 2683 1
22-1 152 128 0.467 0.1808 0.0010 0.396 0.005 9.87 0.13 0.042 81 2660
24-1 151 78 0.367 0.1815 0.0008 0.459 0.006 11.50 0.15 0.053 91 2667
26-1 188 62 0.053 0.1838 0.0006 0.483 0.006 12.23 0.16 0.096 94 2687
28-1 162 218 1191 0.1903 0.0011 0.422 0.005 11.08 0.15 0.048 83 2745
29-1 140 114 0.787 0.1810 0.0010 0.407 0.005 10.15 0.14 0.063 83 2662
32-1 216 373 0.732 0.1834 0.0009 0.345 0.004 8.72 0.11 0.013 71 2684
34-1 98 43 0.301 0.1815 0.0009 0.468 0.006 11.72 0.17 0.073 93 2666

Data are at 16 precision. All Pb data are common-Pb corrected (based on 2**Pb and Broken Hill Pb composition).
Analysis date 16/11/01; session Z3739i.
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Figure 21. Concordia plot for zircon data from sample 2001967027: quartz-feldspar porphyry dyke, Tower
Hill mine, showing the strong zero-age Pb-loss trend.
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Figure 22. Enlargement of the main group of zircon data from sample 2001967027: quartz-feldspar porphyry
dyke, Tower Hill mine. White filled symbols are used to define the age of the sample; older outlier
(xenocryst?) has diagonal shading; analyses displaying ancient Pb loss are dark grey; discordant
analyses are light grey.
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2001967028: quartz-feldspar porphyry dyke, Safari prospect

1:250,000 sheet:  Edjudina (SH5106)

1:100,000 sheet:  Edjudina (3338)

MGA: 450887mE 6732052mN

L ocation: Thissamplewastaken from Sonsof GwaliaL td diamond drillhole MCD031, depth interval

203.75-205.27 m. The collar siteislocated within the Safari mining locality, about 3 km
west of Safari Bore.

Description: This is a grey, strongly deformed and altered, quartz-feldspar porphyry that intrudes a
felsic to intermediate volcaniclastic sequence. Both units are cut by quartz veins and
associated hydrothermal alteration. The porphyry contains quartz and fel dspar phenocrysts
inamoderately altered groundmass of sericite, quartz, albite, carbonate and minor pyrite.
The porphyry is strongly foliated and contains minor thin quartz-carbonate veins, which
are not present in the collected sample.

Mount, pop: Z73922B

Description of zircons

Colourless to pale grey-brown, euhedral to subhedra zircon fragments and whole crystals are
present. The grains are stubby to elongate, and range in size from about 60 pm to 200 pm, with
aspect ratios of 2:1 to 3:1. Inclusions are present in some grains. Continuous oscillatory zoning
isvisible in some grains in transmitted light, but in CL nearly all grains display zoning, as well
as recrystallisation features such as disrupted or irregular zoning (Fig. 23). Cores are localy
visible.

Concurrent standard data

During this analytical session, the primary beam progressively became unstable. Following
assessment, data were truncated after 30 hours, leaving arelatively short datafile. Nevertheless,
the remaining QGNG data give an acceptable Pb/U calibration (1o scatter = 0.96%; n = 22,
MSWD = 4.6; calibration slope = 2.1). Assessing the 2’Pb/?®Pb data is difficult, partly because
of the variable data quality and the modest number of points. The standard culling procedure
does not work well, removing a rather large proportion of the data. Culling was stopped at
MSWD >1.3 (refer to chapter on “Data compilation for the QGNG standard”), resulting in a
weighted mean °’Pb/?®Pb age of 1851.7 + 3.7 Ma (MSWD = 1.4; n=21).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

Individual analyses on 17 grains are presented for this sample (Fig. 24; Table 7). Although the
zircon appears to have suffered significant disturbance, its effect on 27Pb/?®Pb dates is difficult
to determine. A large proportion of analyses record high common Pb. In order to remove the
data most likely to have been disturbed, those with >2% common 2*Pb or >300 ppm U were not
considered for chronology, although one of these (12-1) falls in the main group of data The
remaining 11 analyses, which are al concordant (Fig. 24), give aweighted mean®’Pb/?Ph age
of 2673.1 + 5.1 Ma, withMSWD = 1.5. Thislevel of scatter issimilar to that seen in the concurrent
standards.

Geochronological interpretation
The 2673 + 5 Madate is considered to be the crystallisation age of the intrusion.
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Figure 23. Representative SEM images (BSE on left, CL on right) for sample 2001967028: quartz-feldspar
porphyry dyke, Safari prospect. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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Figure 24. Concordia plot of zircon data from sample 2001967028: quartz-feldspar porphyry dyke, Safari
prospect. White filled symbols are used to define the age of the sample; high common Pb and high-
U data are light grey. One analysis with very high common Pb (1-1) is not plotted.

Table 12. SHRIMP analytical results for zircon from sample 2001967028: quartz-feldspar porphyry dyke,

Safari prospect.

207Pb/206H)
grain- U Th  4f206 27Ph ] 27Ph 208Pp conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + By o+ 22Th (%) (Ma) +
Main group
2-1 254 62 0.685 0.1808 0.0029 0.501 0.006 1249 0.24 0.128 98 2660 26
31 209 61 0538 0.1838 0.0007 0.505 0.005 12.79 0.15 0.146 98 2688 6
7-1 225 55 0.044 0.1819 0.0005 0.510 0.006 12.79 0.14 0.139 99 2670 4
81 206 49  0.050 0.1822  0.0005 0.514 0.006 12.92 0.14 0.141 100 2673 5
9-1 236 64 0254 0.1808 0.0009 0.511 0.006 12.73 0.16 0.141 100 2660 8
11-1 247 81 0.279 0.1827 0.0006 0.495 0.005 1247 0.14 0.140 97 2677 6
15-1 70 31 0134 0.1827 0.0009 0.516 0.006 13.01 0.17 0141 100 2677 8
181 111 63 0.747 0.1814 0.0009 0.521 0.006 13.03 0.16 0142 101 2666 8
19-1 166 102 0.547 0.1830 0.0007 0.510 0.006 12.88 0.15 0.143 99 2680 6
20-1 110 32 0231 0.1838 0.0026 0.517 0.006 1311 0.24 0139 100 2687 24
21-1 151 93 0131 0.1813 0.0006 0.503 0.006 1257 0.14 0.138 99 2665 5
>2% 4f206 or >300ppm U
1-1 54 23 37435 0.1799 0.0403 0.452 0.019 11.22 2.56 90 2652 372

4-1 177 51 2297 0.1793 0.0011 0.489 0.005 12.10 0.15 0.128 97 2646 11
5-1 497 184 1.058 0.1684 0.0022 0.459 0.005 10.66 0.18 0.122 96 2541 22
6-1 208 73 3.750 0.1824 0.0032 0.498 0.006 12.53 0.26 0.131 97 2675 29
10-1 94 46 3.198 0.1771 0.0028 0.501 0.006 12.25 0.24 0.126 100 2626 26
12-1 342 185 0.132 0.1834 0.0006 0.511 0.005 12.93 0.14 0.141 99 2683 5
13-1 302 108 4.273 0.1789 0.0013 0.506 0.005 12.47 0.16 0127 100 2642 12
14-1 270 73 2732 0.1798 0.0011 0.503 0.007 12.47 0.18 0.127 99 2651 10
16-1 460 107 1423 0.1784 0.0022 0.500 0.005 12.30 0.20 0.137 99 2638 20
17-1 142 87 3.913 0.1805 0.0014 0.504 0.006 12.54 0.17 0.131 99 2657 13

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 13/05/02; session Z3922i.
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2001967039: Meredith monzogranite

1:250,000 sheet: Laverton (SH5102)
1:100,000 sheet:  Burtville (3440)

MGA: 464232mE 6824490mN

L ocation: The sample was taken from bouldery outcrop about 100 m south of atrack around 1 km
west of Meredith Well.

Description: This is a grey-pink, seriate to sparsely K-feldspar porphyritic, fine-grained biotite

monzogranite. Moderate foliation and weak lineation is defined by aligned biotite and
elongate quartz grains. The monzogranite contains minor, small, biotite-rich schlieren
and seams.

Theunit is characterised by granular to granoblastic texture. Principal minerals are quartz
(40-45%), K-feldspar (30-35%), plagioclase (20-25%), biotite (4-5%) and muscovite
(1-2%), with K-feldspar>plagioclase. K-feldspar is subhedral to localy poikilitic, and
displays well-developed tartan twinning, and very minor perthite. Plagioclase occurs as
subhedral to anhedral grains, with no visible to very weak normal zoning. Twinning is
common and trace quantities of myrmekite have been devel oped. Much of the plagioclase
has been replaced by white mica, epidote/clinozoisite and carbonate, including somelarge
grains of muscovite. Quartz is anhedral, with commonly weakly to moderately undulose
extinction, and very minor sub-grain development. Biotite forms aligned, light yellow to
medium-dark red-brown ragged flakesthat are generally partly to completely replaced by
chlorite, epidote/clinozoisite, rutile and/or white mica. Muscovite forms large (?primary)
flakes, to >1 mm, localised within biotite grain clusters, and as large (?secondary) grains
in altered plagioclase. Accessory phases include zircon, apatite, and opaque minerals.
Secondary mineralsinclude minor to locally more abundant chlorite, white mica/muscovite,
epidote/clinozoisite, rutile, carbonate, and trace hematite.

Mount, pop: Z3881C

Description of zircons

Zircon predominantly occurs as euhedral to subhedral zircon crystals, with only slight rounding
of crystal faces, although some fragments are also present. The grains are generally pae grey
and many are stained yellowish-brown. Grains range from small (~45 um) equant zircon, to
stubby crystals (aspect ratios 2:1 to 3:1), to elongate grains up to 200 um long (aspect ratios to
4:1). Small rod-like and/or equant inclusions are locally present. Most grains have continuous
euhedral oscillatory zoning from core to rim, as seen in transmitted light and CL (Fig. 25).
Irregular and discordant patches of recrystallised zircon in somegrainsareonly visiblein CL. A
few grains are homogeneous in CL. Some have distinct cores in which zoning is discordantly
truncated by new zircon growth.

Concurrent standard data

Theapparent cdibration dopefor QGNG was 1.93. Neither of the concurrent sampleswas sufficiently
single-aged to provide an aternate estimate, and the default lope of 2.0 was used. Omission of
two outliers identified by SQUID produces a 1c scatter in the Pb/U calibration of 0.88%
(MSWD =5.1; n=31). The standardised assessment of 2’Pb/?®Ph requires the omission of three
low-2"Ph/?%Ph analyses and gives aweighted mean age of 1850.3 + 2.4 (n=29; MSWD = 1.00).

Element abundance calibration was based on CZ3 (n = 4).

Sample data

Thirty one analyses were obtained from separate grains (Table 13). Approximately half of the
analysed zircons have obviously disturbed U—Pb systems, either giving discordant data or having
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Figure 25. Representative SEM images (BSE on left, CL on right) for sample 2001967039: Meredith
monzogranite. SHRIMP analysis spotsare labelled. Remnant pits from theion microprobe analyses
are faintly visible in some grains. Scale bar is 100 pm.
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high common Pb (Fig. 26). Amongst the concordant data are four analyses (11-1, 15-1, 21-1, 27-
1) that clearly represent xenocrystic grains, and there is another 3¢ outlier (8-1) at the older
edge of the main data group (Fig. 27). The removal of al these data leaves only 10 analyses,
which have some excess scatter (MSWD = 1.7) but still define a reasonably precise weighted
mean 2"Pb/?%Ph age of 2658.4 + 4.6 Ma.

Geochronological interpretation
The 2658 + 5 Ma date is taken to be the crystallization age of the monzogranite.

Table 13. SHRIMP analytical results for zircon from sample 2001967039: Meredith monzogranite.

207Pb/206pb

grain- U Th  4f206 27Ph ] 27Ph 208Pph conc. Age

spot  (ppm) (ppm) (%) 206Ph + =8y + =y o+ Z2Th (%) (Ma) =+
Main group

14-1 49 81 0.023 0.1812 0.0011 0.521 0.007 13.03 0.18 0.144 102 2664 10
17-1 134 104 -0.015 0.1824 0.0006 0.503 0.005 12.65 0.14 0.136 98 2675 6
18-1 361 161 -0.004 0.1806 0.0004 0.502 0.005 12.50 0.12 0.138 99 2658 3
20-1 244 304 -0.004 0.1807 0.0005 0.509 0.005 12.68 0.13 0.140 100 2659 4
22-1 189 148 1.040 0.1812 0.0010 0.490 0.005 12.25 0.14 0.140 96 2664 9
23-1 404 132 0.143 0.1808 0.0004 0.498 0.005 12.41 0.12 0.143 98 2660 4
24-1 146 154 0.108 0.1801 0.0007 0.513 0.005 12.75 0.14 0.141 101 2653 6
25-1 479 56 0.049 0.1796 0.0004 0.494 0.005 12.24 0.12 0.128 98 2650 4
26-1 e 47 0.227 0.1802 0.0011 0.522 0.006 12.97 0.17 0.146 102 2655 10
31-1 205 114 0.020 0.1808 0.0005 0.503 0.005 12.55 0.13 0.139 99 2660 5
Old outlier

81 125 90 -0.078 0.1828 0.0007 0.511 0.005 12.87 0.14 0.141 99 2678 6
Inherited grains

11-1 457 441 0.872 0.1860 0.0005 0.528 0.005 13.54 0.13 0.137 101 2707 4
151 279 149 0.009 0.1934 0.0005 0.523 0.005 13.94 0.14 0.144 98 2771 4
21-1 129 64 0.088 0.1926  0.0007 0.520 0.005 13.80 0.15 0.143 98 2764 6
27-1 168 59 0.733 0.1919 0.0008 0.528 0.005 13.96 0.15 0.155 99 2758 7
>5% discordant or 4f206 >2%

1-1 525 187 1.556 0.1762 0.0030 0.459 0.005 11.15 0.23 0.148 93 2617 29
2-1 85 70 9.151 0.2100 0.0032 0.385 0.005 11.15 0.23 0.116 72 2906 25
31 129 142 4126 0.1771 0.0022 0.388 0.004 9.49 0.16 0.153 81 2626 21
4-1 386 29 3.823 0.1819 0.0043 0.448 0.006 11.24 0.30 0.408 89 2670 39
51 308 285 3.752 0.1826 0.0049 0.487 0.005 12.27 0.35 0.164 96 2677 44
6-1 136 95 4.638 0.1781 0.0049 0.452 0.005 11.10 0.33 0.173 91 2635 46
7-1 352 65 0.667 0.1806 0.0013 0.466 0.006 11.60 0.16 0.158 93 2658 12
9-1 70 73 12576 0.1826 0.0142 0.579 0.014 1456 1.18 0.223 110 2676 128
10-1 366 166 2.220 0.1803 0.0009 0.440 0.004 10.94 0.12 0.148 89 2656 8
12-1 260 126 3.213 0.1917 0.0016 0.525 0.005 13.87 0.18 0.190 99 2757 14
13-1 139 79 7591 0.1900 0.0024 0.468 0.006 12.26 0.21 0.165 90 2742 20
16-1 452 196 0.729 0.1767 0.0005 0.446 0.005 10.87 0.12 0.126 91 2622 5
19-1 480 187 0.162 0.1753 0.0004 0.462 0.004 11.18 0.11 0.129 94 2609 4
28-1 134 90 3.310 0.1899 0.0054 0.488 0.006 12.79 0.39 0.172 94 27142 47
29-1 224 63 0.158 0.1835 0.0013 0.483 0.007 12.21 0.19 0.139 94 2685 11
30-1 1030 457 0.633 0.1369 0.0007 0.340 0.004 6.41 0.08 0.098 86 2188 9

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 2/05/02; session Z3881j.
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Figure 26. Concordia plot for zircons from sample 2001967039: Meredith monzogranite. White filled symbols
are used to define the age of the sample; inherited grains have diagonal shading; older statistical
outlier is dark grey; discordant and/or high common Pb analyses are light grey.
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Figure 27. Enlargement of the main data group from sample 2001967039: Meredith monzogranite. Shading
asin Figure 26.

39



Compilation of SHRIMP U-Pb geochronological data, Yilgarn Craton, 2001-2002

200196 7040: volcanogenic meta-sandstone,
Alabama prospect

1:250,000 sheet: Laverton (SH5102)

1:100,000 sheet:  Laverton (3340)

MGA: 436437mE 6795660mN

L ocation: The sample was taken from Placer Dome Ltd diamond drillhole ALADOO2, depth interval

266.50-268.00 m. The collar site is located in the Alabama prospect, approximately 10
km west-southwest of Brumby Well.

Description: Thisisfrom agrey, intensely atered, graded volcanogenic meta-sandstone unit, which is

part of astrongly deformed and altered felsic to intermediate vol caniclastic and sedimentary
sequence. The medium-grained, graded sandstone contains a variety of altered, sub-mm
to 5 mm size angular to sub-rounded, quartz, quartzo-feldspathic, and lithic clasts. The
lithic clasts include felsic, intermediate and mafic lithologies.
Principal minerals are micro-crystalline quartz and/or feldspar (45%), discrete poly- and
monocrystalline quartz (10%), very-fine grained sericite (~25%), carbonate (8-10%),
chlorite (5-8%), opaque minerals (2—3%), leucoxene/rutile (2—3%), and trace zircon.
The sample is a strongly recrystallised, and intensely altered, poorly-sorted, clast-rich
rock with a very fine-grained quartz-fel dspar-rich matrix forming up to 25% of the rock.
Recrystallised and altered clasts, generally < 3 mm, form about 75% of the rock and
include monocrystalline quartz (~5%), chert (~5%), feldspar (~5%) and a variety of rock
fragments. The quartz and chert clasts are generally sub-angular to sub-rounded, whereas
recrystallisation and alteration hamper identification of the other clast types. The rock
fragments have a variety of assemblages, including quartz-feldspar, quartz-sericite-
carbonate, sericite-chlorite-carbonate-leucoxene/rutile and chlorite-rich assemblages,
indicating arange of precursor lithol ogies. Opaque mineral soccur as subhedral to anhedral
and irregular grains disseminated throughout the matrix and concentrated in sericite-,
chlorite- and carbonate-rich rock fragments. Carbonate also forms irregular to anhedral
grains disseminated throughout the various rock fragments and matrix. Accessory phases
include trace zircon.

Mount, pop: Z3813C

Description of zircons

Zircon from this sample comprises colourless and clear fragments and crystals. They are
predominantly subhedral to euhedral, with moderate rounding of crystal faces. The zircon ranges
from relatively small (~50 pum), equant or stubby grains, to elongate (aspect ratios of 2:1to 3:1),
grains which are generally larger (to about 170 um, with one very large grain at 230 um in
length). Some grains contain small rounded and/or acicular inclusions, and some have pervasive
fractures. Continuous euhedral concentric zoning isvisible in transmitted light in about half the
grains, but most display well-defined zoning in CL (Fig. 28). Distinct cores, overgrown by
oscillatory-zoned zircon are common. Patchy or irregular zoning throughout some entire grains,
and parts of grains, istypica of recrystallisation.

Concurrent standard data

This three-day session, analysing detrital zircon grains, used a shortened runtable (five scans
instead of the standard seven). The session was interrupted twice: it was necessary to re-tune the
primary ion column after eight analyses, and the duoplasmatron arc “dropped out” about 12
hourslater. Both these interruptions caused adistinct shiftin P/U calibration. The early analyses
could not be properly assessed or recombined with later data, and were deleted. The second data
block was aso too small (n=7 for QGNG) for a robust calibration. However, this calibration
shift was smaller than the first. As the second block of data overlaps with others towards the end
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Figure 28. Representative SEM images (BSE on left, CL on right) for sample 2001967040: volcanogenic
meta-sandstone, Alabama prospect. SHRIMP analysis spots are labelled. Remnant pits from the
ion microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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of the session, the datawere all retained in asingle block for processing. Theresulting calibration
is less precise than usual, but acceptable. The data produce a 16 Pb/U scatter of 1.5% with
MSWD = 10.4. The observed calibration slope is 1.95, and the default value of 2.0 was used.
Omitting one ~3c (low) outlier and two other pointsleaves 41, with aweighted mean 2°’Pb/>°Ph
age of 1851.1 + 2.5 Ma (MSWD = 1.01).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

The 53 analyses on 52 grains (Table 14) are mostly concordant and apparently group fairly
closely onaconcordiaplot (Fig. 29), but thereisconsiderablereal spread and unusual distribution
of 27Ph/?%Ph ages (Fig. 30), being weighted towards older values. There are possible source age
peaks at ~2710 Ma and ~2670 Ma, with aminor peak at ~2650 Ma. The youngest single date is
2639 + 5 Ma(1c) from agrain (4-1) with moderate U content. A weighted mean "Pb/?®Pb age
of 2648 + 10 Ma (MSWD = 1.20) is obtained from the youngest 7 analyses.

Geochronological interpretation

The preferred interpretation for this sample is that the maximum depositional age for the rock is
~2650 Ma, although this peak is not strongly defined, with input from older sources at ~2670
Maand 2710 Ma
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Figure 29. Concordia plot for zircons from sample 2001967040: volcanogenic meta-sandstone, Alabama
prospect. White filled symbols are used to define the age of the sample and/or zircon sources,
discordant analyses are light grey.
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Figure 30. Cumulative probability plot for concordant data for zirconsfrom sample 2001967040: vol canogenic
meta-sandstone, Alabama prospect.
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Table 14. SHRIMP analytical results for zircon from sample 2001967040: volcanogenic meta-sandstone,
Alabama prospect, listed in order of 27Pb/2®Pb age.

207] Pb/ZOG Pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
S)Ot (ppm) (ppm) (%) 206% + 238U 235U + 232Th (%) (M a) +

I+

4-1 246 81 0.057 0.1785 0.0006 0.487 0.008 11.98 0.20 0.132 97 2639 5
38-1 95 39 -0.032 0.1795 0.0020 0.520 0.009 12.86 0.27 0.145 102 2649 19
49-1 50 19 0.103 0.1801 0.0017 0.511 0.009 12.68 0.26 0.138 100 2654 16
32-1 50 23 0.032 0.1803 0.0012 0.497 0.009 12.35 0.24 0.131 98 2655 11
10-1 133 59 -0.034 0.1803 0.0019 0.507 0.010 12.60 0.28 0.136 100 2655 17
7-1 64 24 0.093 0.1806 0.0011 0.508 0.009 12.66 0.24 0.137 100 2658 10
16-1 47 17 0.089 0.1817 0.0013 0.498 0.009 12.47 0.25 0.137 98 2669 12
20-1 192 59 0.025 0.1821 0.0006 0.510 0.008 12.80 0.21 0.139 99 2672 6
48-1 61 20 0.038 0.1822 0.0011 0.507 0.009 12.73 0.24 0.141 99 2673 10
45-1 124 86 0.054 0.1823 0.0008 0.504 0.008 12.67 0.22 0.131 98 2674 7
52-1 24 9 0.000 0.1825 0.0016 0.505 0.011 12.71 031 0.141 98 2676 15

15-1 140 78  0.066 0.1827 0.0007 0.496 0.008 1251 0.21 0.139 97 2678 6
34-1 101 31 0.074 0.1827 0.0009 0.496 0.008 12.50 0.22 0.134 97 2678 8
18-1 98 34 -0.033 0.1827 0.0009 0.494 0.008 12.44 0.22 0.128 96 2678 8
39-1 90 49 -0.001 0.1829 0.0008 0.526 0.009 13.26 0.23 0.145 102 2679 7
35-1 84 31 0.024 0.1833 0.0009 0.523 0.009 13.21 0.24 0.141 101 2683 8
27-1 78 30 -0.018 0.1833 0.0011 0.522 0.009 13.20 0.24 0.149 101 2683 10
41-2 115 49  0.039 0.1834 0.0008 0.513 0.009 12.97 0.22 0.139 99 2684 7
31-1 56 25 0.165 0.1836 0.0012 0.533 0.010 13.50 0.26 0.143 103 2685 11
19-1 71 22 -0.010 0.1836 0.0010 0.504 0.009 12.77 0.24 0.138 98 2686 9
17-1 73 24 0.078 0.1839 0.0011 0.519 0.009 13.17 0.24 0.139 100 2689 9
47-1 60 29 0.008 0.1841 0.0011 0.505 0.009 12.81 0.24 0.137 98 2691 10
50-1 109 38 0.032 0.1843  0.0009 0.500 0.008 12.71 0.22 0.135 97 2692 8
24-1 66 20 -0.039 0.1843 0.0010 0.513 0.009 13.04 0.24 0.139 99 2692 9
42-1 63 22 -0.041 0.1845 0.0011 0.514 0.009 13.07 0.24 0.147 99 2694 9
22-1 64 22 0.048 0.1848 0.0011 0.527 0.009 13.43 0.25 0.141 101 2696 10
13-1 55 41 0.075 0.1855 0.0012 0.506 0.009 12.95 0.25 0.140 98 2703 11
9-1 58 26 0.033 0.1856 0.0012 0.495 0.009 12.67 0.24 0.136 96 2703 10
30-1 279 128 0.004 0.1856 0.0005 0.513 0.008 13.13 0.21 0.140 99 27104 4
43-1 56 29 0.038 0.1856 0.0011 0.514 0.009 13.15 0.25 0.141 99 2704 10

36-1 43 23 0.048 0.1857 0.0014 0.512 0.010 13.12 0.27 0.141 99 2705 13
46-1 189 102 -0.007 0.1858 0.0008 0.511 0.008 13.10 0.22 0.140 98 2705 7
14-1 152 95 -0.014 0.1859 0.0007 0.503 0.008 12.89 0.22 0.140 97 2706 6
40-2 20 31 -0.001 0.1859 0.0009 0.515 0.009 13.21 0.23 0.141 99 2706 8
12-1 52 25 0.028 0.1860 0.0013 0.512 0.009 13.14 0.26 0.139 98 2708 12
23-1 86 48 0.045 0.1861 0.0009 0.504 0.009 12.93 0.23 0.141 97 2708 8
25-1 106 50 -0.011 0.1861 0.0008 0.527 0.009 1353 0.24 0.141 101 2708 7
51-1 56 30 0.200 0.1861 0.0012 0.511 0.009 13.11 0.25 0.141 98 2708 11
14-2 129 58 -0.019 0.1862 0.0008 0.510 0.008 13.10 0.22 0.139 98 2709
21-1 115 42 -0.034 0.1862 0.0008 0.504 0.008 12.95 0.22 0.141 97 2709
8-1 115 49 -0.081 0.1863 0.0008 0.536 0.009 13.77 0.24 0.150 102 2710
4-1 75 66 0.165 0.1864 0.0010 0.512 0.009 13.16 0.24 0.140 98 2711
54-1 111 72 0145 0.1865 0.0008 0.502 0.008 12.90 0.22 0.140 97 2712
31 55 22 0128 0.1865 0.0012 0.533 0.012 13.70 0.33 0.139 101 2712 11
51 158 76  0.008 0.1866 0.0007 0.518 0.009 13.34 0.22 0.142 99 2713 6
26-1 63 44 0.088 0.1868 0.0016 0.509 0.010 13.12 0.27 0.139 98 2714 14
37-1 153 74 0.043 0.1869 0.0007 0.515 0.008 13.28 0.22 0.140 99 2715 6
33-1 65 47 -0.034 0.1875 0.0011 0.515 0.009 13.31 0.25 0.143 98 2720 10
6-1 162 65 0.001 0.1876  0.0007 0.514 0.008 13.30 0.22 0.143 98 2721 6
11-1 85 34 -0.052 0.1881 0.0009 0.504 0.009 13.07 0.23 0.144 96 2725 8
>5% discordant

29-1 236 88 0.040 0.1858 0.0013 0.472 0.008 12.10 0.22 0.128 92 2705 12
28-1 108 41  0.059 0.1843 0.0009 0.484 0.008 12.30 0.21 0.128 94 2692 8
53-1 247 117 0.037 0.1844 0.0007 0.471 0.008 11.98 0.20 0.127 92 2693 6

Dataare at 16 precision. All Pb data are common-Pb corrected (based on #*Pb and Broken Hill Pb composition).
Analysis date: 28/01/02; session Z3813i.
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2001967041A: banded biotite granitic gneiss, Twin Hills

1:250,000 sheet:  Menzies (SH5105)
1:100,000 sheet:  Mélita (3139)

MGA: 315817mE 6743149mN

L ocation: This sample comes from a small pavement about 300 m south of a fence-line track, and
about 2.5 km northwest of Jasper Well.

Description: The sample is from a grey-white, seriate to sparsely K-feldspar porphyritic, medium-

grained biotite quartz-feldspathic gneiss. The granitic gneiss is intruded by sub-parallel
dykes (<2 min width) of foliated, fine- to medium-grained, biotite-poor seriate to quartz-
K-feldspar porphyritic biotite monzogranite. Both phases are intruded by cross-cutting
dykes (<3 m in width) of weakly-foliated, equigranular to moderately quartz-K-feldspar
porphyritic, fine-grained biotite monzogranite. The foliation is not as strongly expressed
in the later phases of monzogranite relative to the earlier granitic gneiss phase. Several
generations of pegmatite veins cut the various granitic phases.

The sample has a recrystallised granoblastic texture. Principal minerals are quartz (35—
40%), plagioclase (35-40%), K-fel dspar (15-20%) and biotite (7—9%). Plagioclase occurs
as subhedral to anhedral grains with no visible to very faint normal zoning, moderately
common twinning, and trace myrmekite development. There is very minor, weakly- and
locally-devel oped alteration to white mica, epidote/clinozoisite and carbonate. K-feldspar
is anhedral, and displays common tartan twinning. Quartz is anhedral, commonly with
very weak to moderate undul ose extinction and minor, very weak sub-grain development.
Biotite occursasaligned, paleyellow to moderate green-brown el ongate flakes, and clusters
of flakes associated with minor titanite that display very minor and local replacement by
chlorite, epidote/clinozoisite and rutile. Accessory phases include subhedral to anhedral
titanite (1-2%; some grains may be secondary), apatite, zircon, and opague mineras, and
minor altered allanite (<1%). Secondary minerals include very minor to trace amounts of
epidote/clinozoisite, chlorite, white mica, carbonate, rutile and titanite(?).

Mount, pop: 3881D

Description of zircons

Most zircon from this sample are pale grey-brown, euhedra to subhedra crystals with only
dlightly rounded crystal faces. Slight yellowish staining is present on some grains. The grains
are generally stubby to elongate, with aspect ratios from about 2:1 to 4:1 (75 um to 165 um
long), but some longer grains (up to 190 um in length, aspect ratio 7:1) and smaller equant
grains (from 40 um) are also present. Small rod-like inclusions are visible in some grains.
Continuous euhedral oscillatory zoning and some cores are clearly visible in transmitted light
and CL (Fig. 31). Patches of recrystallised zircon occur in some grains.

Concurrent standard data

Theapparent calibration dopefor QGNG was 1.93. Nether of the concurrent sampleswassufficiently
single-aged to provide an aternate estimate and the default slope of 2.0 was used. Culling two
outliersidentified by SQUID, yields a 1c scatter in the Pb/U calibration of 0.88% (MSWD =5.1;
n = 31). Applying the standardised assessment of 2°’Pb/?®Pb data results in the omission of three
low-2"Ph/2%Ph points, and gives a weighted mean age of 1850.3 + 2.4 (n = 29; MSWD = 1.00).

Element abundance calibration was based on CZ3 (n = 4).

Sample data

Thirty one analyses were obtained from individual grains (Table 15). Several show a strong zero-
agediscordancetrend (Fig. 32), andthereisoneobvioudy inherited grain (1-1), and one anomal ously
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Figure 31. Representative SEM images (BSE on left, CL on right) for sample 2001967041A: banded biotite
granitic gneiss, Twin Hills. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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young analysis which also has very high-U (13-1). The remaining 23 analyses fall in a single
group (Fig.33), but are considerably scattered (MSWD = 3.3). Omitting three analyses (20-1,
22-1, 27-1) that are >3c outliers to the main group leaves 20 analyses with a weighted mean
27Ph/2%Ph age of 2802.8 + 2.8 (essentialy unchanged date, but with MSWD = 1.9).

Geochronological interpretation

The age of 2803 £ 3 Ma is considered most likely to be the age of the granitic protolith of the
gneiss.

Table 15. SHRIMP analytical results for zircon from sample 2001967041A: banded biotite granitic gneiss,

Twin Hills.

207Pb/206pb
gran- U Th  4f206 27Ph 206Pp 27Ph 205Pp conc. Age
spot  (ppm) (ppm) (%) 2065Pph + =8y + =y o+ Z2Th (%) (Ma) =+
Main group
2-1 547 417 0.081 0.1977 0.0003 0.526 0.005 14.34 0.13 0.145 97 2807 3
31 219 66 0.058 0.1966 0.0005 0.528 0.006 14.30 0.18 0.143 98 2798 4
5-1 221 96 0.033 0.1985 0.0010 0.531 0.006 14.53 0.19 0.140 97 2814 8
6-1 120 57 0.032 0.1971  0.0007 0.534 0.006 1452 0.16 0.145 98 2803 6
7-1 492 365 0.013 0.1982 0.0003 0.525 0.005 14.35 0.13 0.143 97 2811 3
9-1 162 62 0.031 0.1961 0.0006 0.536 0.005 1450 0.15 0.144 99 2794 5
10-1 200 123 0.005 0.1976 0.0005 0.545 0.005 14.85 0.15 0.150 100 2807 4
11-1 125 57 0.006 0.1981 0.0007 0.547 0.006 14.94 0.17 0.151 100 2810 6
12-1 181 78 0.016 0.1960 0.0006 0.545 0.005 14.72 0.15 0.147 100 2793 5
15-1 239 124 0.012 0.1971  0.0005 0.543 0.005 14.75 0.15 0.149 100 2802 4
16-1 403 224 0.159 0.1974  0.0004 0.520 0.005 14.16 0.14 0.145 96 2805 3
18-1 232 134 0173 0.1971  0.0006 0.529 0.005 14.37 0.15 0.144 98 2803 5
19-1 87 41 -0.077 0.1963 0.0009 0.544 0.006 14.74 0.18 0.150 100 2796 7
21-1 250 117 0.049 0.1964 0.0005 0.545 0.005 14.77 0.15 0.147 100 2797 4
23-1 134 75 0.169 0.1967 0.0007 0.512 0.005 13.89 0.15 0.127 95 2799 6
24-1 208 84 0.127 0.1963 0.0005 0.529 0.005 14.32 0.15 0.132 98 2795 5
25-1 529 267 0.001 0.1966 0.0003 0.531 0.005 14.41 0.14 0.153 98 2799 3
26-1 314 93 0.038 0.1981 0.0013 0.537 0.006 14.68 0.18 0.147 99 2811 10
29-1 113 58 0.008 0.1970 0.0007 0.540 0.006 14.67 0.17 0.149 99 2802 6
30-1 95 45 0.024 0.1981 0.0008 0.536 0.006 14.64 0.17 0.149 98 2810 7
Inherited
1-1 264 204 0.155 0.2100 0.0008 0.538 0.005 15.58 0.16 0.133 95 2905 6
Young outlier
13-1 1907 793 0.017 0.1877 0.0009 0.500 0.004 12.94 0.13 0.122 96 2722 8
3o outliers

20-1 392 271 0.016 0.1952 0.0006 0.536 0.006 14.43 0.16 0.140 99 2786 5
22-1 597 195 0.030 0.1983 0.0003 0.541 0.005 14.80 0.14 0.154 99 2812 3
27-1 479 263 0.019 0.1959 0.0003 0.536 0.005 14.48 0.14 0.140 99 2793 3
>5% discordant

4-1 811 232 0.287 0.1872 0.0023 0.294 0.012 7.60 0.32 0.110 61 2718 20
81 1241 280 0.066 0.1870 0.0012 0.463 0.005 11.92 0.14 0.126 90 2716 10
141 174 50 0.446 0.1953 0.0008 0.471 0.007 12.67 0.18 0.132 89 2788 6
17-1 256 207 0.257 0.1988 0.0012 0.496 0.005 13.61 0.15 0.126 92 2816 10
28-1 173 98 0.357 0.1949 0.0010 0.340 0.003 9.12 0.10 0.071 68 2784 8
31-1 119 58 0.310 0.1972 0.0009 0.499 0.005 13.58 0.16 0.156 93 2803 7

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 2/05/02; session Z3881j.
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Figure 32. Concordia plot for zircons from sample 2001967041A: banded biotite granitic gneiss, Twin Hills.
Whitefilled symbols are used to define the age of the sample; inherited grain has diagonal shading;
three younger and one older outliers are dark grey; discordant analyses are light grey.
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Figure 33. Concordia plot for the main group of data from sample 2001967041A: banded biotite granitic
gneiss, Twin Hills. Shading asin Figure 32.
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2001967043: Galah Monzogranite

1:250,000 sheet:  Menzies (SH5105)
1:100,000 sheet:  Mélita (3139)

MGA: 333794mE 6741934mN

L ocation: The sample was collected from an old blast site near Galah Rockhole about 2 km east of
the Menzies - Leonora Road.

Description: Thisisacream to grey-pink, seriate to weakly K-feldspar porphyritic, medium to coarse-

grained biotite monzogranite. It contains minor biotite-rich schlieren, and is cut by minor
thin pegmatite veins and joints.

The unit is characterised by a granular texture. The principal minerals are K-feldspar
(80—-35%), quartz (30—35%), plagioclase (25-30%), biotite (4-5%) and muscovite (2—
3%). K-feldspar is subhedral to anhedral, with common well-devel oped tartan twinning,
and minor perthite, particularly in larger grains. Plagioclase is subhedral to anhedral, and
displays locally-developed, faint oscillatory or normal zoning, mostly in grain cores.
Twinning is common and some myrmekite is present. Locally, plagioclase is variably
replaced by white mica, epidote/clinozoisite and carbonate, including some large grains
of muscovite. Quartz is anhedral, with moderately-developed undulose extinction and
minor sub-grain development along grain boundaries. Biatite occurs as light yellow to
medium-dark red-brown elongate flakes that are generally partly to completely replaced
by chlorite, epidote/clinozoisite, rutile, fluorite and/or white mica. Muscovite formslarge
(?primary) flakes (to >1 mm) localised with biotite grain clusters, and aslarge (?secondary)
grainsin atered plagioclase. Accessory phasesinclude zircon, opaque minerals, and rare
altered titanite. Secondary mineralsinclude minor chlorite, white mica/muscovite, epidote/
clinozoisite, rutile, fluorite, carbonate, and trace hematite.

Mount, pop: Z3812B

Description of zircons

The zircon grains are predominantly euhedral to subhedral whole crystals, but some anhedral
fragments are also present. The grains vary from equant to elongate (aspect ratio to 4:1) and
from 65 um to >350 um in size. Some rounding of crystal faces is noted, and fracturing is
common. The zircon are pale grey to brown, mostly turbid, but occasionaly clear. Continuous
core to rim euhedral zoning is common, as is recrystallisation and metamictisation (Fig.34).
Some grains contain well-rounded or euhedral cores with clear overgrowths.

Concurrent standard data

The primary beam becameincreasingly unstable during thelast 12 hoursof thisanalytical session,
and the last ~8 hours of data were subsequently deleted from files. The retained datafor QGNG
give a robust Pb/U calibration; after omitting one outlier identified by SQUID, the apparent
calibration slopeis 2.08 (n = 24), with 1c scatter in Pb/U = 1.04% and MSWD = 5.7. Thisslope
is sufficiently close to the default value (2.0) for it to be used.

Assessment of 27Pb/?%Pb for these data is difficult. Omitting only the single U/Pb calibration
outlier results in a typical weighted mean 2’Pb/*Pb age (1850 + 4 Ma) but with considerable
excess scatter (MSWD = 1.7). This might be associated with primary beam instability late in
the session — if the data had been truncated ~8 hours earlier, there would be no scatter (MSWD
=1.08, n= 16) and the mean age similar (1848.2 + 3.9 Ma). Alternatively, omitting two 2c
outliers (one high and one low value) and two other points very close to 2c (also one high and
one low) gives 1849.4 + 3.2 Ma with MSWD = 1.03. The nature of the excess scatter is such
that the preferred data assessment protocol (refer to chapter on “Data compilation for the QGNG
standard”) does not work well. Applying alow-side culling procedure to force MSWD close to
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Figure 34. Representative SEM images (BSE on left, CL onright) for sample 2001967043: Galah Monzogranite.
SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe analyses are faintly
visible in some grains. Scale bar is 100 pm.
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unity results in an abnormally high number of data rejections (>30% of data). For consistency
with other data sets, we have applied low-side culling, but stopped a8 MSWD = 1.3, which
retains 20 analyses. The corresponding weighted mean 2"Pb/?®Ph age is 1852.3 + 3.7 Ma.

Element abundance calibration was based on CZ3 (n = 2).

Sample data

Twenty four analyses were taken, each on separate grains (Table 16). Three analyses (1-1, 7-1,
17-1) are strongly discordant and another (20-1) is anomalously young, presumably due to Pb
loss(Fig. 35). Two analyses (11-1, 21-1) areclearly old outliers, interpreted to represent inherited
grains, and one low-precision analysis (2-1) is also apparently older than the main group. The
remaining cluster of dataisinternally complex, including datafrom at least two age populations
(Fig. 36). A possible older group of five analyses gives a weighted mean ?"Pb/?*Pb age of
2689.3 + 3.5 Ma (MSWD = 0.78), while the youngest six give 2641.6 + 6.7 Ma, with
MSWD = 1.3 (Fig. 37).

Geochronological interpretation

Given that the monzogranite shows no signs of intense metamorphism, and the youngest data
subgroup is from zircons with modest U contents (i.e. they do not have the typically low U of
metamorphic grains), the age of the youngest subgroup is taken to be the crystallisation age of
the rock (2642 £ 8 Ma). There is a significant xenocrystic component at ~2690 Ma, although
this date could be partially reset from an older value.

206Pb / 238U

0.3 - e i
4 8 12 16

207Pb / 235U

Figure 35. Concordia plot for zircons from sample 2001967043 Galah Monzogranite. White filled symbols
are used to define ages for the two groups in the main data cluster; inherited grains have diagonal
shading; statistical outliers are dark grey; discordant analyses are light grey.
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Figure 36. Cumulative probability plot for the main data cluster (n = 17) for sample 2001967043: Galah
Monzogranite showing (poorly defined) multiple age sub-populations.
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Figure 37. Enlargement of main data cluster for sample 2001967043: Galah Monzogranite. Shading as in
Fig. 35.

52



Geoscience Australia Record 2003/15

Table 16. SHRIMP analytical results for zircon from sample 2001967043: Galah Monzogranite.

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 205ph conc. Age
spot  (ppm) (ppm) (%) *Pb t U U+ #Th (%) (Ma) =
Possibly magmatic grains
10-1 136 165 0.044 0.1793 0.0006  0.488 0.006 12.05 0.14 0.137 97 2647
12-1 208 189 0.020 0.1788 0.0006  0.506 0.006 12.48 0.15 0139 100 2642
14-1 219 200 -0.006 0.1781 0.0005  0.505 0.006 12.39 0.15 0.140 100 2635
151 130 108 0.046 0.1779 0.0007  0.509 0.006 12.47 0.16 0139 101 2633
18-1 150 174 0.013 0.1794 0.0006  0.501 0.006 1241 0.15 0138 99 2648
25-1 144 70 0152 0.1795 0.0007 0.495 0.006 12.24 0.15 0.136 98 2648
Inherited
2-1 8 36 -0.007 0.1875 0.0027  0.505 0.008 13.05 0.28 0140 97 2720 24

I+

~N o o ool o

11-1 251 113 -0.012 0.1938  0.0005 0.544 0.006 14.53 0.17 0.149 101 2775 4
21-1 119 40 0.081 0.1941 0.0007 0.525 0.006 14.04 0.18 0.138 98 2778 6
Possibly inherited

31 414 99 0.006 0.1800 0.0004 0.497 0.005 12.34 0.14 0.135 98 2653 3
4-1 382 94 -0.035 0.1839 0.0004 0.514 0.006 13.04 0.15 0.143 99 2689 4
5-1 266 132 -0.002 0.1846 0.0005 0.508 0.006 12.93 0.16 0.139 98 2695 4
6-1 218 128 0.121 0.1834 0.0006 0.515 0.007 13.02 0.17 0.141 100 2684 5
9-1 344 122 0.001 0.1802 0.0004 0.505 0.005 12,55 0.14 0.138 99 2655 3
13-1 57 23 0.102 0.1822 0.0009 0.523 0.007 13.14 0.19 0139 101 2673 9
16-1 198 59 0457 0.1807 0.0009 0.489 0.006 12.19 0.15 0.210 96 2659 8
19-1 478 224 0.006 0.1840 0.0004 0.504 0.005 12.78 0.14 0.140 98 2689 3
22-1 342 150 0.153 0.1827 0.0008 0.516 0.006 13.01 0.16 0.145 100 2677 7
23-1 433 238 0.280 0.1814 0.0006 0.498 0.005 1245 0.14 0.142 98 2665 6
24-1 309 112 -0.016 0.1839 0.0005 0.507 0.006 12.86 0.15 0.140 98 2689 4

>5% discordant or anomalously young

1-1 413 231 0.078 0.1831 0.0006  0.447 0.005 11.30 0.13 0124 89 2682 5
7-1 1638 2374 0.255 0.1688 0.0006  0.383 0.004 891 0.10 0095 82 2546 6
17-1 229 122 0.021 0.1885 0.0010 0.431 0.005 11.19 0.15 0.115 85 2729 9
20-1 573 423 0513 0.1095 0.0008  0.304 0.003 4.58 0.06 0.087 95 1791 14

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
No analysis was made on grain 8. Analysis date: 17/12/01; session Z3812i.
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2001967045: biotite monzogranite dyke, Balarky Rocks

1:250,000 sheet: Menzies (SH5105)
1:100,000 sheet:  Menzies (3138)

MGA: 333452mE 6725745mN

L ocation: The sample was taken from a large boulder, on the eastern edge of the extensive rocky
outcrops at Balarky Rock, about 2 km west-southwest of Balarky Tank.

Description: Itisfrom agrey-pink, equigranular to moderately quartz-fel dspar porphyritic, fine-grained

bi otite monzogranite dyke which intrudes the Balarky monzogranite, a seriate to sparsely
K-feldspar porphyritic, medium-grained biotite monzogranite. The dyke contains minor,
small (<10 cm), biotite-rich clots and schlieren, K-feldspar, quartz, and plagioclase
phenocrysts. It is cut by rare, thin, pegmatite veins.

The sample has a granular texture. Principal minerals are K-feldspar (32-37%), quartz
(32-37%), plagioclase (22—-27%), and biotite (5-6%). K-feldspar is subhedral to anhedral,
and displays common well-developed tartan twinning, rare simple twinning, and minor
to locally moderate perthite. Plagioclase occurs as subhedral to anhedral grains, that are
unzoned to variably zoned. Patchy normal or oscillatory zoning occurs in grain cores.
Minor to moderate twinning is present. Minor to locally moderate myrmekite devel oped.
Theplagioclaseislocally atered to white micaand epidote/clinozoisite. Quartzisanhedral,
with common minor to moderate undul ose extinction and minor sub-grain devel opment
along grain boundaries. Biotite forms small, light yellow to medium-dark red-brown,
ragged flakes that are variably replaced by chlorite, epidote/clinozoisite, rutile, fluorite
and/or white mica. Accessory phases include zircon, opague minerals and trace apatite.
Secondary minerals include minor chlorite, white mica, epidote/clinozoisite, rutile, and
trace fluorite and hematite.

M ount, pop: Z3812A

Description of zircons

The zircon consists of fragments and crystals ranging from small (~65 um) and equant, to larger
(up to 200 um) elongated (aspect ratio 3:1) grains. Most grains are subhedral to euhedral and
have relatively well-defined crystal faces, although some rounding is present. The grains are
colourless to yellow-brown (due to Fe-oxide staining?), and are either clear or turbid. Fractures
arecommon, and the grains contain somerod-like and/or rounded inclusions. Many grainsdisplay
well-defined zoning in CL (Fig. 38), but some recrystalisation and metamictisation is present.
Both euhedral and well-rounded cores with thin rims are visible in transmitted and reflected
light, and in CL. In rare cases, up to two stages of overgrowth are visible.

Concurrent standard data

The primary beam becameincreasingly unstable during thelast 12 hoursof thisanalytical session,
and the last ~8 hours of data were subsequently deleted from files. The retained datafor QGNG
give a sound Pb/U calibration; after omitting one outlier identified by SQUID, the apparent
calibration slopeis 2.08 (n = 24), with 1c scatter in Pb/U = 1.04% and MSWD = 5.7. Thisslope
is sufficiently close to the default value (2.0) for it to be used.

Assessment of 2"Pb/?%®Pb for these data is difficult. Omitting only the single U/Pb calibration
outlier resultsin atypical weighted mean 27Ph/**Pb age (1850 + 4 Ma) but there is considerable
excess scatter (MSWD = 1.7). This might be associated with primary beam instability late in the
session — if the data had been truncated ~8 hours earlier, there would be no scatter (MSWD
=1.08, n= 16) and the mean age similar (1848.2 + 3.9 Ma). Alternatively, omitting two 2c
outliers (one high and one low value) and two other points very close to 26 (also one high and
one low) gives 1849.4 + 3.2 Ma with MSWD = 1.03. The nature of the excess scatter is such
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Figure 38. Representative SEM images (BSE on left, CL onright) for sample 2001967045 biotite monzogranite
dyke, Balarky Rocks. SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe
analyses are faintly visible in some grains. Scale bar is 100 pm.
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that the preferred data assessment protocol (refer to chapter on “Data compilation for the QGNG
standard”) does not work well. Applying alow-side culling procedure to force MSWD close to
unity results in an abnormally high number of data rejections (>30% of data). For consistency
with other data sets, we have applied low-side culling, but stopped at MSWD = 1.3, which
retains 20 analyses. The corresponding weighted mean 2"Pb/?%Ph age is 1852.3 + 3.7 Ma.

Element abundance calibration was based on CZ3 (n = 2).

Sample data

Twenty two analyses were obtained from individual grains (Table 17). Severa anayses were
disregarded, including one discordant analysis (22-1), one with high common Pb (21-1), two
with very high U and Th (11-1 and 24-1), and five (3-1, 12-1, 16-1, 20-1, 23-1) that appear to
represent inherited grains (Fig. 39). One of thelatter appearsto be derived from ametamorphosed
rock (23-1; very low U and Th). The remaining 13 analyses appear to form a single group (Fig.
40), and give aweighted mean 2"Ph/?Pb age of 2651.3 + 5.8 Ma, but with some excess scatter
(MSWD = 1.9). Omitting one ~2¢c old outlier (13-1) improvesthisto MSWD = 1.5 and givesan
age of 2649.4 + 5.7 Ma (Fig. 34).

Geochronological interpretation
The crystallisation age of the dyke is interpreted to be 2649 + 7 Ma.

Table 17. SHRIMP analytical resultsfor zircon fromsample 2001967045: biotite monzogranite dyke, Balarky

Rocks.

207Pb/206pb
gran- U Th  4f206 207Ph 206Pp 207Ph 208Pp conc. Age
spot  (ppm) (ppm) (%) 206Pph + 8y + =y o+ Z2Th (%) (Ma) =+
Main group
6-1 224 285 0.143 0.1795 0.0006 0.505 0.006 12,50 0.15 0.143 100 2648 6
1-1 61 76 0413 0.1805 0.0011 0.499 0.007 12.43 0.19 0.144 98 2658 10
4-1 141 121 0.169 0.1809 0.0008 0.497 0.006 12.39 0.16 0.147 98 2661 7
81 77 128 0.078 0.1798 0.0008 0.486 0.006 12.04 0.16 0.136 96 2651 8
9-1 157 85 0.021 0.1803 0.0005 0.512 0.006 12.74 0.15 0.143 100 2656 5
10-1 60 54  0.048 0.1809 0.0009 0.494 0.006 12.33 0.17 0.137 97 2662 9
14-1 73 52 -0.003 0.1782 0.0009 0.511 0.007 12.56 0.17 0.139 101 2636 9
151 125 175 0204 0.1784 0.0009 0.483 0.006 11.89 0.15 0.129 96 2638 8
17-1 66 85 0.036 0.1789 0.0009 0.506 0.007 12.47 0.18 0.140 100 2643 9
18-1 107 93 0141 0.1779 0.0009 0.485 0.006 11.90 0.16 0.134 97 2634 8
19-1 119 134 0.021 0.1799 0.0007 0.493 0.006 12.22 0.16 0.137 97 2652 7
25-1 107 156 0.068 0.1788 0.0009 0.500 0.007 12.33 0.19 0.139 99 2642 8
Old outliers
31 118 17 0.762 0.1864 0.0019 0.534 0.007 13.71 0.22 0.396 102 2710 16
12-1 102 38 0.067 0.1889 0.0008 0.527 0.006 13.73 0.18 0.145 100 2733 7

13-1 150 61 0.044 0.1812 0.0006 0.511 0.006 12.76 0.15 0.141 100 2664 5
16-1 85 53 0.329 0.1965 0.0011 0.530 0.007 14.36 0.20 0.149 98 2797 9
20-1 68 48 0.099 0.1923 0.0010 0.516 0.007 13.68 0.19 0.151 97 2762 8
231 12 3 0.058 0.1825 0.0025 0.492 0.011 12.39 0.32 0.127 96 2675 23

>5% discordant, high common Pb or high U+Th

11-1 898 994 0.024 0.1847 0.0003  0.515 0.005 13.12 0.14 0143 99 2695 2
21-1 117 130 1.840 0.1800 0.0027 0.537 0.006 13.33 0.25 0.207 104 2653 24
22-1 61 17 0.258 0.1800 0.0021  0.403 0.006 10.01 0.20 0099 82 2653 19
24-1 874 1074 0.043 0.1774 0.0011 0.530 0.006 12.97 0.17 0.151 104 2628 10

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 17/12/01; session Z3812i. Analyses 2-1, 5-1, 7-1 were lost due to technical problems.
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Figure 39. Concordia plot for zircons from sample 2001967045: biotite monzogranite dyke, Balarky Rocks.
White filled symbols might define the age of the sample; inherited grains have diagonal shading;
older outlier is dark grey; discordant, high common Pb and high U+Th analyses are light grey.
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Figure 40. Concordia plot for the main data group from sample 2001967045: biotite monzogranite dyke,
Balarky Rocks. Shading asin Figure 39.
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2001967048: Republic amphibole porphyry, Wiluna

1:250,000 sheet:  Wiluna (SG5109)

1:100,000 sheet:  Wiluna (2944)

MGA: 225386mE 7052780mN

L ocation: The sample comesfrom Newmont AustraliaLtd diamond drillhole WD494, depth interval

1080.10-1085.30 m. Thecoallar siteislocated above the Golden Age deposit, approximately
5 km southeast of Wiluna.

Description: Thisisasmall, moderately altered, medium-grained amphibole-feldspar porphyry dyke,
locally referred to as the Republic porphyry. The ~20 m thick intrusion is one of several,
stratigraphy-parallel dykes localised beneath the Golden Age reef and interpreted to be
syn-kinematic. The porphyry contains altered amphibole and feldspar phenocrysts within
amoderately altered groundmass of chlorite, sericite, carbonate, quartz and albite.

M ount, pop: Z3922A

Description of zircons

Zircon from this sample are strikingly uniform in size, morphology and colour. The population
consists of predominantly prismatic euhedral crystals with little, if any, rounding of crystal
faces. The grains are all colourless to very pale yellow-grey, and are very clear, although small
inclusions are locally present. Fractures are absent. Most grains range from about 50 pm to
100 um in length (aspect ratios of 2:1), but a few larger, more elongate grains are also present
(up to 170 pm long, aspect ratiosto 4:1). There are no obvious internal featuresin transmitted or
reflected light, but in CL many grains display distinct sector zoning and/or oscillatory zoning
(Fig. 42).

Concurrent standard data

During this analytical session, the primary beam progressively became unstable. Following
assessment, data were truncated after 30 hours, leaving arelatively short data file. Nevertheless,
the remaining QGNG data give an acceptable Pb/U calibration (1o scatter = 0.96%; n = 22;
MSWD = 4.6). Assessing the 2’Pb/?®Ph data is difficult, partly because of the variable data
quality and the modest number of points. The standard culling procedure does not work well,
removing a rather large proportion of the data. Culling was stopped at MSWD >1.3 (refer to
chapter on “Data compilation for the QGNG standard”), resulting in a weighted mean %"Phb/
26ph age of 1851.7 + 3.7 Ma (MSWD =1.4; n=21).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

Twenty one analyses were obtained from separate grains (Table 18). The data are all concordant
and group closely on a concordia plot (Fig. 42), but with some excess scatter in 2’Pb/?%Ph
(MSWD = 1.5). Omitting one >2¢ outlier (10-1)gives a weighted mean *°’Pb/**Pb age of
2770.1 = 2.4 Mafor theremaining 20 analyses, withMSWD = 1.3. Thislevel of scatterissimilar
to that seen in the concurrent datafor QGNG, and might result from some unidentified systematic
problem during this session. Additional culling of data is not justified.

Geochronological interpretation
The age of 2770 £ 3 Mais considered to be the crystalisation age of the lamprophyre.
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Figure 41. Representative SEM images (BSE on left, CL onright) for sample 2001967048: Republic amphibole
porphyry, Wiluna. SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe
analyses are faintly visible in some grains. Scale bar is 100 pm.
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Table 18. SHRIMP analytical results for zircon from sample 2001967048: Republic amphibole porphyry,

Wiluna.
207Pb/206pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group

1-1 163 66 0.013 0.1935 0.0005 0.526 0.006 14.02 0.16 0.142 98 2772
2-1 170 64 0.016 0.1929 0.0005 0.529 0.006 14.07 0.16 0.146 99 2767
31 205 78 -0.001 0.1927 0.0005 0.532 0.006 14.14 0.16 0.143 99 2766
4-1 179 75 0.007 0.1943 0.0005 0.527 0.006 14.13 0.16 0.145 98 2779
5-1 171 63 0.023 0.1926 0.0005 0.537 0.006 14.26 0.16 0.146 100 2765
6-1 164 66 -0.003 0.1932 0.0005 0.533 0.006 14.20 0.16 0.143 99 2770
7-1 181 68 0.020 0.1925 0.0005 0.532 0.006 14.11 0.16 0.148 99 2764
81 153 61 0.053 0.1934 0.0006 0.541 0.007 14.42 0.18 0.148 101 2772
9-1 208 89 0.010 0.1935 0.0005 0.533 0.006 14.21 0.16 0.147 99 2772
11-1 190 67 0.047 0.1934 0.0005 0.539 0.006 14.36 0.16 0.146 100 2771
12-1 183 72 0.043 0.1929 0.0005 0.524 0.006 13.94 0.16 0.145 98 2767
13-1 145 5 0.011 0.1931 0.0006 0.536 0.006 14.28 0.16 0.144 100 2769
14-1 148 63 0.013 0.1944  0.0007 0.529 0.006 14.19 0.17 0.147 98 2780
151 162 63 -0.012 0.1932  0.0005 0.535 0.006 14.26 0.16 0.147 100 2770
16-1 166 54 -0.002 0.1939 0.0005 0.536 0.006 14.33 0.16 0.148 100 2775
17-1 186 67 -0.004 0.1937 0.0005 0.538 0.006 14.37 0.16 0.148 100 2774
18-1 219 91 0.013 0.1923 0.0004 0.523 0.006 13.87 0.17 0.145 98 2762
19-1 145 65 0.022 0.1924 0.0007 0.535 0.009 14.20 0.24 0.148 100 2763
20-1 160 65 0.065 0.1935 0.0005 0.527 0.006 14.05 0.16 0.146 98 2772
21-1 162 60 0.026 0.1943 0.0007 0.531 0.006 14.21 0.16 0.145 99 2779
Young outlier

10-1 139 53 0.025 0.1918 0.0006 0.540 0.006 14.28 0.16 0.147 101 2758 5

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 13/05/02; session Z3922j.
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Figure 42. Concordia plot for zircons from sample 2001967048: Republic amphibole porphyry, Wiluna. White
filled symbols are used to define the age of the sample; young outlier is dark grey.
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2001967052C: Fifima sandstone

1:250,000 sheet:  Sir Samuel (SG5113)

1:100,000 sheet:  Depot Springs (2942)

MGA: 253813mE 6902721mN

L ocation: The sample was taken from Barrick Gold of Australia Ltd diamond drillhole GSUG0072,

interval 293.00-294.00 m. The collar for the west-directed subhorizontal drillhole isin
the Genesis South underground mine, about 2.5 kms northwest of Agnew.

Description: It is an atered, medium-grained meta-sandstone that is locally referred to as the Fifima

sandstone. It contains cyclic graded beds of fine- to very coarse-grained sandstone, with
pebbly and silty horizons, granitoid and rip-up clasts. The sandstone is characterised by
trough cross-bedding, scours with armoured bases and pebble layers, and asymmetric
ripple marks. This rock is part of the Scotty Creek conglomerate, a west-facing, cyclic-
graded siltstone to conglomerate sequence that dips very steeply to thewest and islocally
overturned.
Principal minerals are quartz (47-52%), plagioclase (22—27%), biotite (12-17%) and
carbonate (8-12%), with minor opague minerals, white mica, chlorite, leucoxene/rutile
and trace zircon and apatite. The sample exhibits a strongly recrystallised, granulated
guartz, feldspar and biotite mosaic, with a typical grain size of 0.1 to 0.2 mm through
whichlarger, recrystallised quartz, feldspar, and lithic clasts, up to>1 mm, are disseminated.
The quartz and feldspar clasts are broken and variably recrystallised. Lithic clastsinclude
recrystallised granitoid, chert and more micarich lithologies (characterised by biotite-
rich aggregates). Chert clastsareidentified by fine-grained disseminated opaque minerals,
and the granitoid clasts by variably recrystallised and altered quartz and feldspar grainsin
a finer-grained quartz-feldspathic matrix. The rock is strongly foliated, as defined by
aligned, elongate clusters of yellow to red-brown biotite flakes and the fine-grained
quartzofeldspathic mosaic. Feldspar grains display weak to moderate albite twinning,
and are variably altered to white mica and carbonate. Carbonate aso occurs as irregular
to anhedral grains. Accessory phases include zircon and apatite. Retrograde alteration
minerals include minor chlorite and white mica

Mount, pop: Z3813B

Description of zircons

The zircon ranges in size from approximately 50 pum to over 200 um in length (aspect ratios from
1:1to 4:1). The colourless to pale grey-brown crystals and fragments are subhedral to euhedral
with dight rounding of crystal faces. Inclusions and fractures are locally present. Systematic
euhedral oscillatory zoningisvisiblein most grainsin CL (Fig. 43), athough somegrainsdisplay
recrystallisation features. A number of grains are comprised of small cores and overgrowths.

Concurrent standard data

This three-day session, analysing detrital zircon grains, used a shortened runtable (five scans
instead of the standard seven). The session was interrupted twice: it was necessary to re-tune the
primary ion column after eight analyses, and the duoplasmatron arc “dropped out” about 12
hours|ater. Both theseinterruptions caused adistinct shift in Pb/U calibration. The early analyses
could not be properly assessed or recombined with later data, and were deleted. The second data
block was also too small (n=7 for QGNG) for a robust calibration. However, this calibration
shift was smaller than the first, and as the second block of data overlaps with others towards the
end of the session, the data were al retained in a single block for processing. The resulting
calibration isless precise than usual, but acceptable. The data produce a 16 Pb/U scatter of 1.5%
with MSWD = 10.4. The observed calibration slope is 1.95, and the default value of 2.0 was
used. Omitting one ~3c (low) outlier and two other points leaves 41 analyses with a weighted
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Figure 43. Representative SEM images (BSE on left, CL on right) for sample 2001967052C: Fifima sandstone.
SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe analyses are faintly
visible in some grains. Scale bar is 100 pm.
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mean *"Pb/**Pp age of 1851.1 + 2.5 Ma (MSWD = 1.01).
Element abundance calibration was based on CZ3 (n = 3).

Sample data

A modest number of the 53 grains that were analysed show signs of U-Pb disturbance, with
~30% of analyses being >5% discordant (Table 19, Fig.44). Although those grains are not used
for age interpretation, they demonstrate a complex pattern including both ancient and recent Pb
loss. Thisis important for the interpretation of the concordant data. There is one distinctly old
concordant grain (39-1, ~2816 Ma) and a preponderance of grains at ~2690 Ma (Figs. 44, 45).
The age distribution tails to lower values (Fig. 45), ending at 2655 Ma except for analysis 23-1,
which has a *"Pb/?Pb age of 2635+ 7 Ma (1c). This analysis aso has 4f206 >0.2%, higher
than almost all other analyses for this sample and a level commonly associated with minor U—
Pb disturbance. It aso haslow 2Pb/Z?Th. Given thesefeatures, and the clearly disturbed character
of many other grainsin this sample, this analysisis not considered reliable for chronology. The
next youngest date is 2655 + 6 Ma (1c). A weighted mean *"Pb/?®Pb age of 2662+ 5Ma is
obtained from the youngest eight analyses, excluding 23-1 (MSWD = 1.05).

Geochronological interpretation

The maximum depositional agefor thissampleisconsidered to be 2662 + 5 Ma, despiteindications
for a younger age from one lower-quality analysis.
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Figure 44. Concordia plot for zircons from sample 2001967052C: Fifima sandstone. White filled symbols are
used to define the age of the sample; discordant analyses are light grey. Onelow-U analysis (15-1)
is not plotted.
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Figure 45. Cumulative probability plot of concordant 2°’Ph/2Ph data for zircons from sample 2001967052C:
Fifima sandstone. One low-U analysis (15-1) is not plotted.
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Table 19. SHRIMP analytical results for zircon from sample 2001967052C: Fifima sandstone, in order of

207Pp/2%Ph age.
207Pb/206pb
gran- U Th  4f206 27pp 206ph 27pp 28ph  conc. Age
spot  (ppm) (ppm) (%) 206pp * 28 * =Y o+ 22Th (%) (Ma) =+
23-1 209 118 0.277 0.1781 0.0008 0.481 0.008 11.81 0.20 0.123 96 2635 7
7-1 195 268 0.001 0.1802 0.0006 0.497 0.008 12.35 0.20 0.138 98 2655 6
45-1 161 1 0.043 0.1803 0.0007 0.506 0.008 12.58 0.21 0.067 99 2655 7
22-1 414 287 0.056 0.1803 0.0009  0.478 0.008 11.89 0.20 0129 95 2656 8
46-1 121 21 0022 0.1809 0.0010  0.507 0.008 12.65 0.22 0145 99 2661 9
52-1 36 24 0.053 0.1811 0.0013  0.521 0.010 13.01 0.26 0.143 102 2663 12
51-1 107 49 0.068 0.1814 0.0011 0.493 0.008 12.34 0.22 0.132 97 2665 10

12-1 324 225 0.005 0.1819 0.0005 0.482 0.008 12.09 0.20 0.137 95 2670
10-1 86 48 0.144 0.1820 0.0010 0.490 0.008 12.30 0.22 0.138 96 2671
47-1 53 29 -0.012 0.1823 0.0011 0.524 0.010 13.16 0.25 0.145 101 2674
53-1 57 40 0.025 0.1823 0.0017 0.497 0.009 12.49 0.25 0.139 97 2674
40-1 258 138 0.163 0.1825 0.0006 0.495 0.008 12.45 0.20 0.138 97 2676
431 144 124 0.053 0.1827 0.0007 0.521 0.009 13.11 0.22 0.143 101 2678
55-1 322 401 -0.006 0.1830 0.0005 0.489 0.008 12.33 0.20 0.136 96 2680
48-1 349 226 0.267 0.1830 0.0008 0.496 0.008 12.52 0.20 0.138 97 2680
16-1 139 117 0.040 0.1834 0.0007 0.503 0.008 12.72 0.22 0.138 98 2684
17-1 119 77 0.042 0.1834 0.0008 0.508 0.008 12.85 0.22 0.140 99 2684
20-1 344 194 0.025 0.1835 0.0007 0.508 0.008 12.86 0.21 0.138 99 2685
41-1 296 203  0.099 0.1836  0.0005 0.487 0.008 12.34 0.20 0.132 95 2685
381 175 78 0.037 0.1836  0.0007 0.510 0.008 12.90 0.22 0.141 99 2686
50-1 326 153 0.053 0.1840 0.0005 0.494 0.008 12.52 0.20 0.134 96 2689
281 265 135 0.102 0.1840 0.0006 0.492 0.008 12.48 0.20 0.134 96 2689
441 294 122 0119 0.1840 0.0005 0.512 0.008 12.98 0.21 0.150 99 2689
32-1 206 156 -0.002 0.1841 0.0006 0.500 0.008 12.69 0.21 0.140 97 2690
331 210 135 0.071 0.1841 0.0006 0.505 0.008 12.81 0.21 0.128 98 2690
51 350 244 0.246 0.1842 0.0006 0.498 0.008 12.65 0.20 0.138 97 2691
26-1 207 51 -0.004 0.1842 0.0006 0.511 0.008 12.98 0.22 0.140 99 2691
27-1 222 90 -0.031 0.1844  0.0006 0.506 0.008 12.86 0.21 0.138 98 2693
49-1 178 62 0.099 0.1844  0.0007 0.508 0.008 12.92 0.21 0.145 98 2693
30-1 261 144 0.043 0.1846  0.0005 0.508 0.008 12.93 0.21 0.140 98 2694
54-1 232 57 -0.005 0.1847 0.0007 0.505 0.008 12.85 0.21 0.141 98 2695
13-1 239 182 0.014 0.1849  0.0005 0.490 0.008 12.48 0.20 0.136 95 2697
11-1 250 101 0.041 0.1850 0.0006 0.490 0.008 12.49 0.20 0.136 95 2698
6-1 237 148 0.021 0.1851 0.0006 0.491 0.008 12.54 0.21 0.136 95 2699
251 90 110 -0.062 0.1852 0.0009 0.502 0.009 12.83 0.23 0.139 97 2700
4-1 244 124 -0.014 0.1856 0.0005 0.492 0.008 12.60 0.20 0.135 95 2704

=
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31 61 28 0.032 0.1856 0.0011 0.521 0.009 13.34 0.26 0.138 100 2704 10
39-1 213 107 0.000 0.1987 0.0006 0.543 0.009 14.86 0.24 0.150 99 2816 5
>5% discordant or U <10ppm

81 254 112 0.100 0.1785 0.0006 0.439 0.007 10.81 0.18 0.114 89 2639 5
9-1 946 261 0.308 0.1384 0.0007 0.306 0.005 5.84 0.10 0.089 78 2207 9
14-1 419 343 0.210 0.1753  0.0007 0.436 0.007 10.54 0.17 0.120 89 2609 7
15-1 3 1 0.140 0.1961 0.0079 0.535 0.023 14.45 0.86 0.198 99 2794 66
18-1 798 289 0.095 0.1590 0.0011 0.409 0.007 8.96 0.16 0.112 90 2446 12
19-1 133 36 -0.044 0.1832 0.0009 0.557 0.010 14.07 0.25 0.165 106 2682 9
21-1 468 258 0.005 0.1816 0.0004 0.478 0.007 11.98 0.19 0.132 94 2668 4
24-1 259 158 0.110 0.1785 0.0016 0.463 0.007 11.40 0.21 0.099 93 2639 15
29-1 764 416 0.430 0.1598 0.0007 0.388 0.006 8.55 0.14 0.108 86 2453 8
31-1 657 604 0.093 0.1620 0.0005 0.411 0.006 9.17 0.15 0.109 90 2477 6
34-1 1632 483 0.001 0.1673  0.0002 0.434 0.007 10.01 0.16 0.136 92 2531 2
35-1 595 425 0.179 0.1685 0.0006 0.434 0.007 10.08 0.16 0.117 91 2543 6
36-1 780 430 0.029 0.1647 0.0007 0.441 0.007 10.01 0.16 0.120 94 2504 7
37-1 381 245 0.232 0.1724  0.0006 0.438 0.007 1041 0.17 0.120 91 2581 6

42-1 249 129 0.051 0.1755 0.0010 0.454 0.007 10.99 0.19 0.122 92 2611 10

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 20/01/02; session Z3813i.
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2001967053A: biotite migmatite, Mt Dennis

1:250,000 sheet: Laverton (SH5102)
1:100,000 sheet:  Burtville (3440)

MGA: 488672mE 6793990mN

L ocation: The sample was taken from the northern side of a large outcrop about 250 m east of the
Coglia- Merolia Road, and about 1 km north of Mt Dennis.

Description: The sample is from a grey, seriate to moderately feldspar-porphyritic, medium-grained

biotite quartzofeldspathic migmatite. This is the earliest phase of a granitoid complex
that contains more than five generations of biotite granodiorite and monzogranite, several
generations of pegmatite veins, and evidence for severa deformation events. Successive
phases of biotite granodiorite and monzogranite record decreasing intensities of
deformation. The last major phase is a seriate to moderately K-feldspar porphyritic fine-
grained biotite monzogranite, of which sample 2001967053B is representative.

This rock has a recrystallised granoblastic texture. Principal minerals are quartz (37—
42%), plagioclase (37-42%), K-fel dspar (10-15%) and biotite (7—9%). Plagioclase occurs
as subhedral to anhedral grains with variably developed normal and oscillatory zoning,
particularly in grain cores. Twinning is well-developed and locally bent. Trace quantities
of myrmekite are present. The plagioclase grains are locally replaced by white mica and
epidote/clinozoisite. K-feldspar isanhedral, with common tartan twinning and very minor
perthite. Quartz is anhedral with common weak to moderate undul ose extinction. Biotite
occurs as aligned and elongate, pale yellow to moderate-dark red-brown ragged flakes,
and clusters of flakes associated with minor titanite and opaque minerals. The bictite is
locally replaced by chlorite, epidote/clinozoisite, white mica, rutile, and titanite. Accessory
phasesinclude apatite, anhedral titanite, zircon and opaque minerals. Secondary minerals
include rare epidote/clinozoisite, chlorite, white mica, rutile and titanite(?).

Mount, pop: Z3881A

Description of zircons

Zircon occurs as euhedral to subhedral crystals and fragments with dightly rounded crystal
faces. The grains vary from roughly equant to elongate, and from 35 pm to 165 um in length
(aspect ratios to 4:1). Most are colourless to pae grey, with a faint reddish-yellow stain. Small
sub-rounded and rod-like inclusions are present in a number of grains. Continuous concentric
oscillatory zoning isvisiblein most grains in transmitted and reflected light and in CL (Fig. 46).
Recrystallised zones and possible cores are also revealed by CL.

Concurrent standard data

The apparent calibration slope for QGNG was 1.93. Neither of the concurrent samples was
sufficiently single-aged to provide an aternate estimate and the default slope of 2.0 was used.
The calibration is highly precise with 36 points giving a 1o scatter in Pb/U of 0.49%
(MSWD = 2.15). The standardised assessment of 27Ph/?®Pb data results in a weighted mean
age of 18479+ 2.4 (n= 35, MSWD = 1.11).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

About 40% of the 35 analyses (Table 20) are discordant, showing both early and recent Pb loss
(Fig. 47). Six of the more concordant analyses are 4-5% discordant, which have aso suffered
early Pb loss (Fig. 47). The remaining 15 analyses give a weighted mean 2’Pb/?®Pb age of
2767 = 3.3 Mawith significant excess scatter (MSWD = 2.1). Given the evidence in other data
for early Pb loss, and the lack of any obvious inheritance in the analysed grains, the younger
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Figure 46. Representative SEM images (BSE on left, CL on right) for sample 2001967053A: biotite migmatite,
Mt Dennis. SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe analyses
are faintly visible in some grains. Scale bar is 100 pm.
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dates in this group are considered the least reliable. Culling from the low-age side leads to an
age of 2770.0 £ 3.3 Ma (n=10; MSWD = 1.2; Fig. 48).

Geochronological interpretation

The 2770 + 4 Ma is considered to be the age of the precursor granite, with ancient Pb loss
possibly a result of migmatisation.

Table 20. SHRIMP analytical results for zircon from sample 2001967053A: biotite migmatite, Mt Dennis.

207Pb/206H)
grain- U Th  4f206 27Ph ] 27Ph 208Pph conc. Age
spot  (ppm) (ppm) (%) 26Pph * 28 * =y o= 22Th (%) (Ma) =
Main group
31 182 56 0.143 0.1926  0.0006 0.520 0.003 13.80 0.10 0.145 98 2765 5
4-1 217 130 0.028 0.1928 0.0008 0.514 0.006 13.67 0.16 0.142 97 2766 7
6-1 275 142 0.215 0.1929  0.0005 0.516 0.003 13.73 0.09 0.137 97 2767 4
11-1 528 365 0.296 0.1937 0.0004 0.515 0.003 13.75 0.08 0.137 96 2774 4
14-1 559 568 0.053 0.1930 0.0003 0.512 0.003 13.64 0.08 0.138 96 2768 3
151 249 169 0.127 0.1941  0.0006 0.533 0.008 14.27 0.21 0.144 99 2777 5
26-1 271 139 0.071 0.1934  0.0005 0.515 0.003 13.74 0.09 0.140 97 2771 4
28-1 88 47  0.300 0.1926  0.0010 0.504 0.004 13.40 0.14 0.148 95 2765 9
29-1 393 191 0.190 0.1941 0.0004 0.530 0.003 14.20 0.09 0.138 99 2777 4
34-1 412 110 0.052 0.1928 0.0004 0.522 0.004 13.87 0.10 0.141 98 2766 3
Possible young outliers
2-1 371 292 0183 0.1922 0.0004 0.509 0.003 13.49 0.08 0.128 96 2761 3
21-1 232 45 0.038 0.1921  0.0005 0.505 0.003 13.36 0.09 0.137 95 2760 4
22-1 335 242 0.067 0.1921 0.0006 0.507 0.003 13.42 0.09 0.140 96 2760 5
24-1 228 153 0.270 0.1918 0.0006 0.519 0.003 13.72 0.10 0.145 98 2757 5
30-1 226 59 0.215 0.1921  0.0006 0.519 0.003 13.74 0.10 0.140 98 2760 5
Near concordant; early Pb loss
7-1 260 155 0.657 0.1883 0.0006 0.498 0.003 12.92 0.09 0.136 95 2727 5
9-1 315 145 0.153 0.1900 0.0004 0.502 0.003 13.14 0.09 0.137 95 2742 4
12-1 429 321 0.049 0.1840 0.0003 0.491 0.003 12.47 0.08 0.131 96 2689 3
17-1 474 237 0.319 0.1884 0.0005 0.499 0.003 12.97 0.08 0.130 96 2728 4
19-1 497 345 0.698 0.1861 0.0010 0.496 0.003 12.74 0.10 0.130 96 2708 9
331 260 139 0.556 0.1895 0.0009 0.499 0.004 13.03 0.11 0.138 95 2737 8
>5% discordant or high common Pb
1-1 337 157 0.155 0.1862 0.0004 0.480 0.003 12.31 0.08 0.127 93 2709 4
5-1 351 268 0.173 0.1906 0.0004 0.484 0.003 12.73 0.08 0.138 93 2748 4
81 600 381 0.504 0.1607 0.0004 0.402 0.002 8.90 0.05 0.107 88 2463 4
10-1 344 109 0.150 0.1852  0.0005 0.486 0.003 12.42 0.08 0.138 94 2700 4
13-1 444 177 0451 0.1807 0.0004 0.452 0.003 11.26 0.07 0.125 90 2660 4
16-1 1005 892 0.154 0.1755 0.0002 0.457 0.003 11.06 0.06 0.126 93 2611 2
18-1 686 344 1.659 0.1843  0.0006 0.439 0.002 11.17 0.07 0.126 87 2692 5
20-1 292 260 0435 0.1884 0.0006 0.474 0.003 12.32 0.09 0.130 92 2728 5
23-1 293 193 0.469 0.1892 0.0006 0.477 0.003 12.44 0.08 0.133 92 2735 5
25-1 469 278 0.377 0.1803  0.0005 0.464 0.003 11.53 0.09 0.127 93 2655 5
27-1 458 246 0.383 0.1925 0.0007 0.489 0.003 12.98 0.09 0.141 93 2764 6
31-1 250 169 0.661 0.1895 0.0010 0.487 0.003 12.74 0.11 0.128 93 2738 9
32-1 208 139 0.629 0.1895 0.0008 0.479 0.003 12.51 0.10 0.127 92 2738 7
35-1 241 145 0.460 0.1767 0.0010 0.431 0.003 10.50 0.09 0.119 88 2622 9

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 26/04/02; session Z3881i
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Figure 47. Concordia plot for zircons from sample 2001967053A: biotite migmatite, Mt Dennis. White filled
symbols are used to define the age of the sample; young outliers are dark grey; discordant and/or
high common Pb analyses are light grey; near-concordant analyses showing early Pb loss have
horizontal shading.
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Figure 48. Concordia plot of the main data cluster for sample 2001967053A: biotite migmatite, Mt Dennis.
Shading asin Figure 47.
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2001967053B: biotite monzogranite, Mt Dennis

1:250,000 sheet: Laverton (SH5102)
1:100,000 sheet:  Burtville (3440)

MGA: 488672mE 6793990mN

L ocation: The sample was taken from the northern side of a large outcrop about 250 m east of the
Coglia- Merolia Road, about 1 km north of Mt Dennis.

Description: It is a pink-grey, seriate to moderately K-feldspar porphyritic, fine-grained biotite

monzogranite that occurs as small intrusions and is the last major phase of the granitoid
complex. It ranges from a biotite quartzofel dspathic migmatite (sample 2001967053A),
through biatite-rich and biotite-poor granodiorite, to biotite-poor monzogranite. Several
generations of pegmatite veins cut the major granitic phases. The monzogranite contains
minor bictite-rich clots and schlieren and displays aweak foliation defined by biotite and
elongate quartz and feldspar.

The rock has a granular to granoblastic texture. Principal minerals are K-feldspar (32—
37%), quartz (30-35%), plagioclase (25-30%), and biotite (5-6%), with K-
feldspar>plagioclase. K-feldspar is subhedral to anhedral, and displays common well-
developed tartan twinning, and minor to locally moderate perthite. Plagioclase is present
as subhedral to anhedral grains that are generally unzoned or have locally developed
patchy normal or oscillatory zoning in grain cores. The plagioclase is commonly twinned,
particularly at grain rims. Minor myrmekiteis present. Plagioclase coresarelocally replaced
by coarse-grained muscovite and/or minor to moderate white mica, epidote/clinozoisite
and carbonate. Quartz isanhedral, and generally has moderate undul ose extinction. Biotite
occurs as light yellow to medium-dark red-brown, subhedral to anhedral ragged flakes
that are locally variably altered to chlorite, epidote/clinozoisite, rutile, fluorite and/or
white mica. Accessory phases include apatite, zircon, and opaque minerals. Secondary
minerals include minor coarse-grained muscovite, chlorite, white mica, epidote/
clinozoisite, carbonate, hematite and trace fluorite and rutile.

Mount, pop: 3881B

Description of zircons

The fragments and crystals of euhedral to subhedral zircon have dlightly rounded crystal faces.
Grain size varies widely, from small equant and stubby grains, aslittle as45 pmin size, to large
stubby (up to 220 um long, aspect ratio 2:1) and elongate grains (maximum length of 300 pm;
aspect ratio 6:1). The zircon is colourless to pale grey, and many grains have a dight reddish-
yellow stain. Continuous, euhedral, oscillatory zoning is visible in many grains in transmitted
light. Locally thiszoning appears patchy in CL, being disrupted by irregular zones of recrystallised
zircon (Fig.49). A few grains (e.g., 20) have very bright CL, and some cores are visible.

Concurrent standard data

The apparent calibration slope for QGNG was 1.93. Neither of the concurrent samples was
sufficiently single-aged to provide an aternate estimate and the default slope of 2.0 was used.
The calibration is highly precise with 36 points giving a 1o scatter in Pb/U of 0.49%
(MSWD = 2.15). The standardised assessment of 27Ph/?®Pb data results in a weighted mean
age of 18479+ 2.4 (n= 35, MSWD = 1.11).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

Thirty five analyses of separate grains were made. The data (Table 21, Fig. 50) scatter widely,
most likely due to amixture of original ages and variable Pb |oss, both in the Archaean and more
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Figure 49. Representative SEM images (BSE on left, CL on right) for sample 2001967053B: biotite
monzogranite, Mt Dennis. SHRIMP analysis spotsarelabelled. Remnant pitsfromtheion microprobe
analyses are faintly visible in some grains. Scale bar is 100 pm.
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recently. Many of the data are >5% discordant, and not considered reliable for geochronol ogy.
Some concordant data are also considered to be unreliable (10-1 with high common Pb, and 3-1
and 27-1 which have high U and Th), even though one of them (27-1) falls amongst a cluster of
concordant data. The ?7Pb/?°*®Pb dates from the remaining 19 concordant data range from
~2770 Mato ~2550 Ma (Fig. 51), with peaks close to each end of the range. The oldest seven
analyses give a weighted mean 2°’Pb/?®Pb age of 2763 + 8 Ma (MSWD = 1.8); the youngest
eight give 2650 £ 8 Ma (MSWD = 1.5). Neither of these is expected to be totally reliable.

Geochronological interpretation
Theintrusive age of thisrock is probably ~2650 Ma, but the strong inheritance pattern prevents
the application of a strict uncertainty to this age. The majority of the inherited grains appear to
come from rocks of similar age to 2001967053A, which this monzogranite intrudes.

Table 21. SHRIMP analytical resultsfor zircon from sample 2001967053B: biotite monzogranite, Mt Dennis.

207Pb/206pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208Ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Concordant data, in order of 27Ph/2%°Ph age
20-1 26 16 0.132 0.1776  0.0020 0.511 0.007 1251 0.22 0.140 101 2631 19
14-1 146 159 0.303 0.1786 0.0007 0.485 0.004 11.95 0.12 0.137 96 2640 6
11-1 275 225 0.157 0.1791 0.0005 0.478 0.003 11.80 0.08 0.130 95 2645 5
21-1 78 48 0.136 0.1793 0.0009 0.505 0.004 12,50 0.13 0.139 100 2646 9
24-1 66 78 0.239 0.1800 0.0011 0.508 0.005 12.61 0.14 0.139 100 2653 10
35-1 71 229 0578 0.1802 0.0013 0.484 0.005 12.01 0.14 0.060 96 2655 12
26-1 32 51 -0.024 0.1803 0.0013 0.510 0.007 12.67 0.19 0.139 100 2656 12
28-1 323 24 0.237 0.1808 0.0005 0.486 0.003 12.11 0.08 0.172 96 2661 5
29-1 44 38 0.077 0.1822 0.0013 0.503 0.006 12.63 0.17 0.138 98 2673 12
30-1 195 147 0.104 0.1828 0.0006 0.502 0.003 12.65 0.10 0.130 98 2678 5
34-1 36 35 0149 0.1865 0.0014 0.517 0.007 13.30 0.20 0.142 99 2711 12
12-1 394 134 0.258 0.1872 0.0004 0.503 0.003 13.00 0.08 0.145 97 2718 4
4-1 33 114 0.907 0.1914 0.0017 0.513 0.003 13.53 0.15 0.145 97 2754 15
51 312 101 0.126 0.1917 0.0006 0.508 0.003 13.41 0.09 0.142 96 2757 5
32-1 260 66 0.038 0.1920 0.0005 0.527 0.003 13.96 0.10 0.136 99 2759 4
181 130 91 -0.004 0.1923 0.0006 0.533 0.004 14.13 0.12 0.144 100 2762 5
22-1 159 130 0.240 0.1926  0.0007 0.505 0.004 1341 0.11 0.143 95 2764 6
331 204 74 0.186 0.1933 0.0006 0.521 0.004 13.88 0.11 0.146 97 2771 5
7-1 191 174 0.126 0.1946 0.0009 0.522 0.003 14.02 0.11 0.148 97 2781 8
Discordant, high common Pb or U+Th
1-1 194 122 0.39%5 0.1915 0.0008 0.418 0.003 11.03 0.09 0.150 82 2755 7
2-1 603 204 0.398 0.1771  0.0006 0.451 0.003 11.02 0.07 0.123 91 2626 6
31 751 28 0.601 0.1439 0.0010 0.398 0.002 7.90 0.07 0.109 95 2275 11
6-1 663 89 0404 0.1662 0.0011 0.398 0.002 9.11 0.08 0.118 86 2520 11
81 139 144 0.829 0.1796 0.0011 0.455 0.003 11.26 0.11 0.149 91 2649 10
9-1 116 77 0.626 0.1920 0.0009 0.470 0.003 1245 0.11 0.152 0] 2759 8
10-1 223 92 1.566 0.1918 0.0008 0.504 0.003 13.32 0.10 0.154 95 2757 7
131 932 73 0488 0.1684 0.0004 0.414 0.002 9.62 0.06 1.281 88 2542 4
151 401 77 0584 0.1724  0.0005 0.430 0.003 10.23 0.07 0.118 89 2581 5
16-1 111 100 3.092 0.1807 0.0016 0.400 0.003 9.97 0.12 0.091 82 2659 15
17-1 319 100 0.989 0.1905 0.0006 0.484 0.003 12.71 0.08 0.161 93 2747 5
19-1 513 884 0.917 0.1660 0.0005 0.414 0.002 9.46 0.06 0.114 89 2517 5
23-1 207 289 0.731 0.1807 0.0007 0.459 0.003 11.43 0.09 0.017 92 2659 7
25-1 421 12 0.215 0.1730 0.0006 0.440 0.003 10.51 0.07 0.149 91 2587 6
27-1 541 1028 0.099 0.1820 0.0004 0.497 0.003 12.48 0.08 0.139 97 2671 3
31-1 354 132 0351 0.1699 0.0006 0.440 0.003 10.31 0.07 0.128 92 2557 6

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).

Analysis date: 26/04/02; session Z388L1i.
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Figure 50. Concordia plot of all data for zircons from sample 2001967053B: biotite monzogranite, Mt Dennis.
White filled symbols are used to define the history of the sample; discordant and/or high common
Pb analyses are light grey.
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Figure 51. Cumulative probability plot for concordant data for zircons from sample 2001967053B: biotite
monzogranite, Mt Dennis.
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2001967056: deformed pebble meta-conglomerate,
Hurleys Reward

1:250,000 sheet:  Sir Samuel (SG5113)
1:100,000 sheet:  Wanggannoo (3143)

MGA: 347735mE 6969499mN

L ocation: The sample was collected from a small rocky hill, on the south side of atrack, about 300
m west of Hurleys Reward.

Description: This is a strongly deformed pebble meta-conglomerate that contains extensively

recrystallised quartz and chert clasts which vary from 1 mmto 5 cmin width and 5 mmto
25 cm in length. All clasts are strongly deformed and elongate, with length:width ratios
ranging from 3 to 7 and generally being greater than 5.

Quartz isdominant (>95 %), with minor white mica (2—3%), opaque minerals (~2%) and
trace quantitiesof zircon and chlorite. The sample consists of strongly recrystallised quartz
and chert clasts, ranging from <1 mm to > 1 cm, and some individual quartz grains (up to
>0.5 mm) within a strongly recrystallised, quartz-rich mosaic. The latter consists of fine-
grained quartz, with a typica grain size of <0.1 mm, and minor white mica flakes and
opaque minerals. Original grain size is indicated by the distribution of the quartz-rich
mosiac, in particular theinterstitial decussate white micaand disseminated opague minerals.
Individual quartz grains, particularly the larger single quartz clasts, exhibit moderate
undulose extinction, and are moderately to strongly aligned and variably elongated. The
alignment of the quartz grains, and the white mica and opaque minerals, defines a strong
foliation. Opague minerals occur as subeuhedral to anhedral crystalsupto 0.1 mmissize,
and are generally confined to the quartz-rich mosaic, as well as some recrystallised chert
clasts. Accessory phases include zircon and chlorite.

Mount, pop: Z3813A

Description of zircons

A moderately uniform size population of predominantly pale brown-grey zircon crystas (with
lesser fragments) i s present. Most grainsare subhedral to euhedral, with variable rounding of crystal
faces. Grainsvary from about 50 um to 180 pm in length, with aspect ratios up to 3:1. Small rounded
inclusions are present in many grains. Well-defined continuous euhedral oscillatory zoning is
clearly visiblein many grainsin transmitted and reflected light, although afew grainsare uniform
and lack visible internal features. However, al grains appear well-zoned in CL (Fig. 52), with
numerous grains having visually distinct cores in which zoning is truncated by an overgrowth of
zircon. In some grains, zoning of the coreisirregular or disrupted, indicative of recrystallisation.

Concurrent standard data

This three-day session, analysing detrital zircon grains, used a shortened runtable (five scans
instead of the standard seven). The session was interrupted twice: it was necessary to re-tune the
primary ion column after eight analyses, and the duoplasmatron arc “dropped out” about 12
hourslater. Both these interruptions caused adistinct shiftin P/U calibration. The early analyses
could not be properly assessed or recombined with later data, and were deleted. The second data
block was aso too small (n=7 for QGNG) for a robust calibration. However, this calibration
shift was smaller than the first, and as the second block of data overlaps with others towards the
end of the session, the data were al retained in a single block for processing. The resulting
calibration isless precise than usual, but acceptable. The data produce a 1c Pb/U scatter of 1.5%
with MSWD = 10.4. The observed calibration slope is 1.95, and the default value of 2.0 was
used. Omitting one ~3c (low) outlier and two other points leaves 41 analyses with a weighted
mean *"Pb/**Pp age of 1851.1 + 2.5 Ma (MSWD = 1.01).
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Figure 52. Representative SEM images (BSE on left, CL on right) for sample 2001967056: deformed pebble
meta-conglomerate, Hurleys Reward. SHRIMP analysis spots are labelled. Remnant pits from the
ion microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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Element abundance calibration was based on CZ3 (n = 3).

Sample data

About 30% of the 53 analyses of individual grains are discordant (Table 22, Fig. 53). The data
are dominated by a strong "Ph/?®Pb age peak at ~2955 Ma (Fig. 54). The few younger analyses
suggest an age of sedimentation <2870 Ma.

Geochronological interpretation

The maximum age of sedimentation isinterpreted to be ~2870 Ma, with asignificant contribution
from a ca 2955 Ma source.

206Pb / 238U

0.3 : . : : : : : : : :
8 10 12 14 16 18

207Pb / 235U

Figure 53. Concordia plot for zirconsfrom sample 2001967056: defor med pebble meta-conglomerate, Hurleys
Reward. White filled symbols are used to define the age of the sample; discordant and/or high
common Pb analyses are light grey.
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Figure 54. Cumulative probability plot of concordant 27Pb/2®Pb data for zrcon from sample 2001967056:
deformed pebble meta-conglomerate, Hurleys Reward.
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Table 22. SHRIMP analytical results for zircon from sample 2001967056: deformed pebble meta-
conglomerate, Hurleys Reward, in order of 27Pb/?%Pb age.

207Pb/206pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
34-1 93 66 0.040 0.2043 0.0009  0.554 0.009 1561 0.27 0149 99 2861 7
40-1 146 113 0.025 0.2053 0.0007  0.558 0.009 15.79 0.27 0152 100 2869 6
48-1 110 43 -0.057 0.2056 0.0008  0.569 0.009 16.13 0.28 0156 101 2872 6
6-1 105 77 0.061 0.2093 0.0009 0.576 0.010 16.61 0.30 0153 101 2900 7
10-1 66 30 0.163 0.2126 0.0015  0.549 0.010 16.11 0.31 0.142 9% 2926 11

27-1 92 64 0.103 0.2136 0.0011 0.581 0.010 17.12 0.30 0.144 101 2933
36-1 65 26 -0.004 0.2143 0.0011 0.582 0.010 17.19 0.32 0.159 101 2938
331 33 13 0.067 0.2147 0.0017 0.568 0.011 16.80 0.36 0.154 99 2941
141 141 57 0.063 0.2149 0.0007 0.560 0.009 16.61 0.28 0.154 97 2943
30-1 137 65 0.016 0.2153 0.0007 0.563 0.009 16.72 0.28 0.136 98 2946
29-1 87 29 -0.018 0.2154 0.0010 0.579 0.010 17.19 0.30 0.163 100 2946
44-1 140 215 0.099 0.2155 0.0008 0.584 0.010 17.34 0.29 0.155 101 2947
54-1 138 54 0.000 0.2157  0.0007 0.569 0.010 16.94 0.29 0.151 99 2949
39-1 97 34 -0.040 0.2161 0.0009 0.586 0.010 17.46 0.31 0.158 101 2952
45-1 89 59 0.068 0.2162 0.0010 0.560 0.010 16.70 0.30 0.126 97 2952
111 56 184 -0.036 0.2162 0.0012 0.563 0.010 16.78 0.31 0.150 97 2952
49-1 112 44 0192 0.2162 0.0009 0.551 0.009 16.43 0.28 0.133 96 2953
20-1 86 39 0110 0.2164 0.0010 0.577 0.010 17.21 0.31 0.153 99 2954
37-1 90 55 -0.040 0.2164 0.0010 0.573 0.010 17.11 0.30 0.151 99 2954
25-1 89 56 0.021 0.2165 0.0010 0.568 0.010 16.95 0.30 0.152 98 2955
351 115 54 -0.024 0.2166  0.0008 0.576 0.010 17.19 0.29 0.155 99 2956
81 87 30 -0.037 0.2166  0.0009 0.594 0.010 17.74 0.31 0.163 102 2956
381 103 46 0.005 0.2167 0.0009 0.590 0.010 17.64 0.31 0.160 101 2956
26-1 68 35 0.039 0.2167 0.0011 0.563 0.010 16.84 0.31 0.144 97 2957
23-1 157 60 0.031 0.2168 0.0007 0.579 0.009 17.30 0.29 0.149 100 2957
4-1 76 32 0.041 0.2169 0.0011 0.577 0.010 17.24 0.31 0.157 99 2958
24-1 143 101 -0.012 0.2170  0.0008 0.575 0.009 17.21 0.29 0.157 99 2958
42-1 123 43 0.048 0.2171  0.0008 0.585 0.010 17.52 0.30 0.156 100 2959
22-1 155 55 0.002 0.2173 0.0010 0.581 0.010 17.40 0.30 0.159 100 2961
12-1 98 57 0.079 0.2176  0.0009 0.547 0.010 16.40 0.29 0.134 95 2963
32-1 91 43 -0.033 0.2177 0.0009 0.567 0.010 17.01 0.30 0.158 98 2964
21-1 123 50 0.037 0.2180 0.0009 0.574 0.010 17.25 0.30 0.157 99 2966
41-1 118 68 0.034 0.2181 0.0008 0.560 0.009 16.85 0.29 0.105 97 2967
28-1 48 14 0134 0.2185 0.0014 0.573 0.011 17.28 0.34 0.154 98 2970
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13-1 55 30 -0.104 0.2187 0.0012 0.550 0.010 16.59 0.31 0.150 95 2971 9
46-1 50 24 0.128 0.2192 0.0013 0.581 0.011 17.58 0.33 0.154 99 2975 9
>5% discordant

31 100 58 0.170 0.2158 0.0012 0.525 0.009 15.63 0.28 0.090 92 2949 9
51 128 116 0.069 0.2182 0.0009 0.529 0.009 15.92 0.27 0.108 92 2967 7
7-1 137 128 0.548 0.2152 0.0012 0.454 0.008 13.46 0.24 0.065 82 2945 9
9-1 129 134 0.356 0.2173 0.0011 0.427 0.007 12.79 0.22 0.069 77 2961 8
151 111 82 0.051 0.2202 0.0009 0.527 0.009 15.99 0.27 0.089 91 2982 6
16-1 146 97 0.244 0.2152 0.0011 0.525 0.009 15.57 0.27 0.089 92 2945 8

17-1 181 201 0.704 0.2084 0.0014 0.306 0.005 8.80 0.16 0.031 60 2893 11
18-1 167 229 1341 0.2196 0.0034 0.310 0.005 9.39 0.22 0.031 58 2978 25
19-1 159 293 0.737 0.2050 0.0018 0.358 0.006 10.13 0.19 0.024 69 2867 15
31-1 53 29 0.039 0.2149 0.0012 0.541 0.010 16.03 0.30 0.137 94 2943 9

43-1 153 129 0.068 0.2147 0.0008 0.540 0.009 15.97 0.27 0.137 94 2941 6
47-1 84 47 0.088 0.2056 0.0010 0.514 0.009 14.56 0.26 0.084 93 2871 8
50-1 140 157 0.635 0.2162 0.0012 0.448 0.007 13.35 0.23 0.040 81 2952 9
51-1 109 104 0.290 0.2168 0.0011 0.476 0.008 14.23 0.25 0.073 85 2957 8
52-1 89 66 0.092 0.2178 0.0010 0.510 0.009 15.31 0.27 0.060 90 2064 7
531 95 51 0.328 0.2185 0.0011 0.520 0.009 15.68 0.27 0.106 91 2970 8
55-1 122 41 0.042 0.2083 0.0010 0.529 0.009 15.20 0.26 0.128 94 2893 8

Dataare at 16 precision. All Pb data are common-Pb corrected (based on #*Pb and Broken Hill Pb composition).
Analysis date: 28/01/02; session Z3813i.
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2001969001: Juglah Monzogranite

1:250,000 sheet:  Kurnalpi (SH5110)
1:100,000 sheet: Kanowna (3236)

MGA: 403198mE 6586119mN

L ocation: The sample is from a flat pavement, about 4.8 km along the road from Boundary Dam
and approximately 70 m north of afenceline.

Description: This is a white, equigranular to very sparsely feldspar porphyritic, medium-grained

homogeneous biotite monzogranite. The rock has no obviousfabric, contains no enclaves,
and is cut by minor to rare aplite and pegmatite.

The unit has a granular texture. Principal minerals are equal proportions of K-feldspar
and plagioclase, and lesser quartz and biotite. K-feldspar grains are subhedral to anhedral,
locally to 6 mm, with common tartan twinning and minor perthite. Plagioclaseis subhedral
and well twinned, with some normal and/or oscillatory zoning, and minor myrmekitic
outgrowths. Also present is minor, but pervasive, coarse white mica, relatively common
fine white mica, epidote (particularly dusting plagioclase cores), and minor to uncommon
carbonate. Quartz is anhedral, with minor to moderately undul ose extinction. Biotite (5—
6%) is light yellow to medium-dark brown, and commonly chloritised, with minor to
moderate epidote. Accessory phases include zircon, apatite, relatively common opaque
minerals and minor allanite.

Mount, pop: Z3739A

Description of zircons

The zircon mainly occurs as euhedral to subhedral crystals and fragments which are stubby to
elongate, and vary in size from 65 pm to 320 um in length. A smaller proportion of the grains
are anhedral fragments. Some of the crystals and fragments are well-rounded, but many have
sharp crystal faces and/or only dlightly abraded faces. The grains are colourless to pale grey-
brown and vary from clear to turbid. Fractures are common, particularly in the darker grains.
Several grains have discrete cores and rims, visible in both transmitted and reflected light, and
in CL. Many grains have well-defined continuous euhedral concentric zoning, but a number
appear more uniform in CL (Fig. 55). Recrystallisation is present in a number of grains.

Concurrent standard data

There was a calibration shift after re-tuning half-way through this session, and the data were
therefore processed in two blocks. In thefirst block, the apparent calibration slope for all QGNG
(n=16) datais~2.3. Omitting one outlier identified by SQUID reduces thisto 2.2, for ahighly
linear array with 1o scatter in Pb/U of 0.5% (MSWD = 1.7). For the second block (n = 18) the
slopeiseven higher (2.5) but not aswell defined (1o scatter in Pb/U = 1.05%; MSWD = 3.9). A
value of 2.2 was used for the calibration exponent in both cases. The 2’Pb/?®Pb data form a
single population. Omitting only the one calibration outlier leaves 33 points with a weighted
mean *"Pb/?%Ph age of 1850.8 + 2.6 Ma (MSWD = 1.03).

Element abundance calibration was based on CZ3 (n = 1 in each block).

Sample data

Thirty three analyses from 33 grains (Table 23) are al concordant, but three (1-1, 9-1, 10-1) are
discounted because of significant common Pb. The data fall into two clusters (Fig. 56). The
older of these may be acollection of inherited grainsfrom multiple sources, reflected inaM SWD
of 4.4 for 2’Pb/?®Ph. However, the oldest 11 analyses, with a weighted mean °"Phb/**Pb age of
2710.6 = 4.9 Ma (MSWD = 0.93) could be derived from a single source. The younger cluster,
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Figure 55. Representative SEM images (BSE on left, CL on right) for sample 2001969001: Juglah
Monzogranite. SHRIMP analysis spotsare labelled. Remnant pits fromtheion microprobe analyses
are faintly visible in some grains. Scale bar is 100 pm.
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of 16 analyses, has a weighted mean *"Pb/?®Pb age of 2632.0 + 3.2 Ma with MSWD = 1.12.
Theolder analyses are predominantly from grainswith well-defined zoning, whereas the younger
grains are generally clear, but there are some exceptions.

Geochronological interpretation

The intrusive age of the monzogranite is considered to be 2632 + 4 Ma, with alarge proportion
of the monzogranite derived from ~2710 Ma precursors.

2632 £ 4 Ma
MSWD =1.12
0.54 +
n=16
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Figure 56. Concordia plot for zircons from sample 2001969001: Juglah Monzogranite. White filled symbols
are used to define the age of the sample; inherited grains have diagonal shading; high common Pb
analyses are light grey.
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Table 23. SHRIMP analytical results for zircon from sample 2001969001: Juglah Monzogranite.

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Young group
4-1 174 197 -0.013 0.1782 0.0005  0.502 0.003 12.33 0.08 0.139 99 2636 5
5-1 109 142 -0.004 0.1778 0.0007 0.494 0.003 12.11 0.09 0.136 98 2633 6
7-1 129 161 0.013 0.1780 0.0008  0.507 0.004 12.44 0.11 0141 100 2634 7
8-1 197 178 0.166 0.1775 0.0007 0.501 0.003 12.25 0.09 0119 100 2630 7
11-1 241 116 0.033 0.1783 0.0006  0.503 0.003 12.35 0.08 0139 100 2637 5
151 112 65 0.006 0.1778 0.0011 0.508 0.005 12.46 0.14 0143 101 2633 10
16-1 149 139 0.003 0.1779 0.0007 0.498 0.004 12.23 0.11 0.138 99 2634 7
17-1 117 77 -0.042 0.1786 0.0007 0.504 0.007 12.40 0.17 0142 100 2640 7
18-1 157 284 0.105 0.1762 0.0007 0.499 0.006 12.13 0.16 0137 100 2617 6
19-1 97 115 0.041 0.1778 0.0008  0.500 0.008 12.25 0.20 0.138 9 2632 7
23-1 171 208 0.109 0.1783  0.0007 0.496 0.006 12.20 0.16 0.138 99 2637 6
26-1 114 148 0.085 0.1770 0.0008  0.502 0.007 12.24 0.17 0137 100 2625 8
29-1 114 119 0.085 0.1766 0.0009 0.513 0.007 12.49 0.17 0140 102 2621 8
31-1 142 141 -0.040 0.1783 0.0006  0.507 0.006 12.47 0.16 0141 100 2637 6
32-1 122 142 0.043 0.1782 0.0007 0.506 0.006 12.45 0.17 0141 100 2637 7
34-1 114 118 0.051 0.1763  0.0007 0.512 0.007 12.46 0.17 0140 102 2619 7
Old group
2-1 176 97 0.265 0.1824 0.0007 0.513 0.003 12.91 0.08 0125 100 2675 6
5-1 82 54 0.026 0.1861 0.0008  0.531 0.005 13.62 0.14 0146 101 2708 7
12-1 122 67 0.159 0.1867 0.0009 0.513 0.004 13.20 0.13 0.144 98 2714 8
13-1 63 31 0262 0.1869 0.0015 0.518 0.006 13.36 0.19 0.139 99 2715 14
14-1 121 133 0.110 0.1854 0.0010 0.512 0.004 13.08 0.13 0.141 99 2702 9
20-1 68 37 -0.091 0.1879 0.0010  0.525 0.008 13.60 0.21 0147 100 2724 9
21-1 60 49 0.100 0.1858 0.0011 0.509 0.008 13.05 0.21 0.139 98 2706 10
22-1 64 55 0.164 0.1853 0.0011 0.517 0.008 1322 0.21 0.141 99 2701 10
24-1 97 99 -0.082 0.1871 0.0008  0.522 0.007 13.47 0.19 0145 100 2717 7
251 101 86 -0.021 0.1865 0.0008  0.527 0.007 13.56 0.19 0146 101 2712 7
27-1 80 1 0077 0.1872  0.0009 0.508 0.007 1311 0.19 0.115 97 2717 8
28-1 129 60 -0.005 0.1835 0.0007 0.509 0.006 12.87 0.17 0.139 99 2684 6
30-1 118 102 0.206 0.1828 0.0008  0.506 0.007 12.75 0.17 0.128 98 2679 7
33-1 80 77 0114 0.1850 0.0009 0.527 0.007 1345 0.20 0140 101 2698 8

High common Pb

1-1 107 234 3411 0.1765 0.0018 0.494 0.004 12.02 0.15 0.065 99 2620 17
9-1 71 27 2958 0.1773 0.0024 0.531 0.006 12.99 0.23 0.172 105 2628 22
10-1 89 76 1114 0.1858 0.0016 0.510 0.005 13.07 0.17 0.142 98 2705 14

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 16/11/01; session Z3739i.
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2001969013A: biotite granodiorite enclave, Ivor Rocks

1:250,000 sheet: Laverton (SH5102)
1:100,000 sheet: McMillan (3441)

MGA: 493287mE 6856695mN

L ocation: The sample was collected from the north-east side of large, low granite dome at Ivor
Rocks, just south of the White Cliffs — Yamarna Road and 2.5 km north-west of White
Cliffs Homestead.

Description: This foliated, dark grey, equigranular, fine- to medium-grained (<1-2 mm) biotite

granodiorite occursas pods, up to 10 minlength. The podsare al approximately elongated
in roughly the same direction within the host porphyritic monzogranite (sample
2001969013B). Faliation is defined by elongated quartz and well-aligned bictite.

Therock has agranoblastic texture. Principal minerals are plagioclase, K-feldspar, quartz
and bictite, with plagioclase>>K -feldspar. Plagioclaseis subhedral to anhedral, with faint
to very faint twinning. Minor amounts of myrmekite are developed. The plagioclase is
locally atered to white mica and carbonate. Quartz is anhedral to elongate, weakly to
strongly undulose, and aligned. K-feldspar is anhedral to interstitial; tartan twinning is
common, minor perthite is present. Biotite (6-9%) occurs as well-aligned, light-yellow
to medium (-dark) brown, elongated grains, with minor chloritisation. Accessory phases
include zircon, relatively common, large apatite, minor allanite (<1%, subhedral), and
opague minerals.

Mount, pop: Z3805A

Description of zircons

The fragments and crystals of zircon range from anhedral, well-rounded, grains, to subhedral
grains with slight rounding of crystals faces. Grain size is mostly from 70 pum to 300 pm (aspect
ratio 1:1 to 4:1), athough afew larger grains are present. Most grains are colourless and many
contain small inclusions and internal features that make the grains appear dightly turbid in
transmitted light. These grains show well-defined zoning in CL (Fig. 57). However, there is
evidence of local recrystallisation, and numerous grains contain cores that are overgrown by
rims of variable thickness. A minority of grains that are clear and featureless in transmitted and
reflected light, appear bright and display faint zoning in CL.

Concurrent standard data

The main analytical session was interrupted by a period of duoplasmatron instability and
communication problems. Data were therefore processed in two blocks. For the first of these,
omission of one outlier identified by SQUID yields an apparent calibration slope for QGNG of
1.9 (n = 19), but the scatter isrelatively large (16 in Pb/U = 1.4%; MSWD = 9.8). For the second
block (n = 11) there is also one obvious outlier, but the slope is better defined and closer to the
~2.2 long-term average (dope=2.3; 1o in Pb/U = 0.95%; MSWD = 3.7). A vaue of 2.2 was
used for the calibration exponent in both cases. The 2"Pb/?Pbh data form a single population.
Using the standard culling procedure (refer to chapter on "Data compliation for the QGNG
standard") two calibration outliers and one 3c (high) outlier were excluded leaving 28 points
with a weighted mean 2"Pb/*®Pb age of 1850.5 + 2.7 Ma (MSWD = 0.98). Element abundance
calibration was based on CZ3 (n = 2 in each block).

Additional analyseswere made on this sample and on 2001969019A (analysed in 2001; Fletcher
et a., 2001) as part of session Z3963], concentrating on possible inherited grain cores. Over 11
hours, atotal of 11 analyses of QGNG were taken from mounts Z3805 and Z3734. These were
treated as an independent data set, though they are entirely compatible with the QGNG data
from Z3963. The 1c scatter in Pb/U is 0.53% (MSWD = 1.80) and the calibration factor is<1%
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Figure 57. Representative SEM images (BSE on left, CL onright) for sample 2001969013A: biotitegranodiorite
enclave, Ivor Rocks. SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe
analyses are faintly visible in some grains. Scale bar is 100 pm.
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different from that for Z3963j. The weighted mean ?7Pb/?®Pb age for the 11 analyses is
1852.4 + 6.3 Ma (MSWD = 1.4). Element abundance calibration was based on CZ3 (n = 1).

Sample data

Nine of the 39 analyses (from 38 grains; Table 24, Fig. 52) are >5% discordant or have >1%
common 2%Ph and are herefore considered unreliable. The remaining data define a wide range
of 27Pb/?%Ph (Fig. 59). They are mostly low in U and Th, suggesting metamorphic
recrystallisation. However, there is no correlation between U and 2"Pb/2%Pb.

Geochronological interpretation

These data must be considered with those for the enclosing porphyritic granite 2001969013B.
Both appear to include a complex array of reset, or partially reset, grains. Even though there are
no obvious extremely old cores, it is possible that the majority of grains are xenocrysts in both
samples, and that the different age spectra reflect different degrees of resetting. Note that the
enclaves of this sample have a higher proportion of older grains than the enclosing granite. If
thisisthe case, both rocks might have crystallised at ~2640 Ma. However, it is also possible that
this sample is ~2700 Ma old, includes xenocrysts >2750 Ma, and had its zircon U-Pb systems
partially reset when disrupted and incorporated into the porphyritic granite at ~2670 Ma. The
isotopic array is difficult to interpret.
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Figure 58. Concordia plot for zircons from sample 2001969013A: biotite granodiorite enclave, Ivor Rocks.
White filled symbols include both inherited and reset grains, and possibly magmatic grains,
discordant and/or high common Pb analyses are grey.
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Figure 59. Cumulative probability plot of concordant 2’Pb/?®Ph data for sample 2001969013A: biotite
granodiorite enclave, Ivor Rocks (white filled symbols in Fig. 58).
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Table 24. SHRIMP analytical results for zircon from sample 2001969013A: bictite granodiorite enclave,

Ivor Rocks.
207Pb/206Pb
gran- U Th  4f206 27Ph 206Pp 207Ph 205Pp conc. Age
spot  (ppm) (ppm) (%) 206pp + 28 + =Y+ 22Th (%) (Ma) =+

2-2 481 470 0472 0.1843 0.0011 0.493 0.007 12.52 0.18 0.183 96 2692 10
3-1 44 20 0.030 0.1834 0.0010 0.508 0.009 12.85 0.24 0.140 99 2684 9
5-1 50 34 0141 0.1837 0.0011 0.517 0.009 13.11 0.25 0.142 100 2687 10
6-1 35 16 0271 0.1818 0.0015 0.510 0.010 12.78 0.26 0.137 99 2670 13
7-1 31 12 -0.065 0.1852 0.0012 0.512 0.010 13.07 0.27 0.148 99 2700 11
81 53 21 -0.087 0.1826 0.0016 0.544 0.010 13.69 0.27 0.155 104 2676 14
9-1 35 22 -0.110 0.1849 0.0012 0.510 0.010 13.00 0.26 0.145 98 2697 11
10-1 87 49 0.082 0.1859 0.0008 0.527 0.009 1351 0.23 0.143 101 2707 7
11-1 61 17  0.007 0.1800 0.0008 0.522 0.009 12.94 0.23 0.142 102 2653 8
13-1 42 78 0.639 0.1849 0.0017 0.500 0.009 12.74 0.27 0.145 97 2697 15
14-1 24 8 0.469 0.1796 0.0021 0510 0.011 12.64 0.31 0.129 100 2650 20
15-1 26 9 0111 0.1855 0.0016 0526 0.011 1345 0.30 0.146 101 2703 14
16-1 249 132 0.303 0.1821 0.0007 0.491 0.007 12.34 0.19 0.113 96 2672 6
17-1 14 16 0.388 0.1866 0.0026 0.545 0.013 14.02 0.39 0.149 103 2712 23
19-1 150 65 0.099 0.1922  0.0006 0.533 0.008 14.13 0.23 0.148 100 2761 5
20-1 33 10 0.283 0.1813 0.0023 0.517 0.010 12.91 0.30 0134 101 2665 21
21-1 18 5 0437 0.1793 0.0027 0520 0.013 12.86 0.38 0131 102 2647 25
22-1 74 70 0.213 0.1794 0.0013 0.513 0.007 12.69 0.20 0.140 101 2647 12
23-1 52 59 0215 0.1808 0.0017 0.506 0.008 12.62 0.23 0.139 99 2661 15
24-1 323 226 0.163 0.1936  0.0006 0.526 0.005 14.03 0.13 0.133 98 2773 5
25-1 45 1 0.502 0.1785 0.0018 0.526 0.009 12.96 0.26 — 103 2639 17
28-1 132 63 0.157 0.1909 0.0009 0.549 0.006 14.46 0.17 0.150 103 2750 8
29-1 41 13 0.190 0.1814 0.0015 0.536 0.009 13.39 0.26 0145 104 2665 14
30-1 62 46  0.285 0.1844 0.0018 0.521 0.008 13.25 0.23 0.141 100 2693 16
31-1 41 29 0.502 0.1837 0.0020 0.523 0.009 13.24 0.27 0.138 101 2686 18
33-1 74 24 -0.014 0.1825 0.0010 0.508 0.005 12.78 0.14 0.181 99 2676 9
341 129 89 0.109 0.1840 0.0008 0.507 0.003 12.85 0.10 0.177 98 2689 7
35-1 14 2 1312 0.1766 0.0039 0.490 0.010 11.92 0.36 0.236 98 2621 37
36-1 411 51 0.018 0.1837 0.0004 0.514 0.002 13.02 0.06 0.182 100 2687 4
38-1 53 21 0.019 0.1830 0.0013 0.509 0.005 12.84 0.16 0.181 99 2680 12
>5% discordant or high common Pb

1-1 377 206 0.689 0.1835 0.0006 0.433 0.007 10.97 0.17 0.104 86 2685
2-1 307 221 0310 0.1788 0.0005 0.454 0.007 11.19 0.17 0.088 91 2642
4-1 226 103 0.313 0.1808 0.0006 0.463 0.007 11.53 0.18 0.141 92 2660
12-1 83 46 0.071 0.1777 0.0036 0.463 0.008 11.35 0.30 0.063 93 2632
18-1 49 10 0.085 0.1809 0.0012 0.476 0.008 11.87 0.22 0.144 94 2661 11
26-1 98 54 0.308 0.1848 0.0015 0.463 0.006 11.81 0.18 0.061 91 2696 13
27-1 81 49  0.047 0.1840 0.0012 0.482 0.006 12.24 0.18 0.131 94 2690 11
32-1 549 150 2478 0.1324 0.0017 0.377 0.004 6.89 0.11 0.167 97 2130 23
37-1 301 287 0.087 0.1801 0.0008 0.463 0.002 11.50 0.07 0.161 92 2654 7

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2**Pb and Broken Hill Pb composition).
Analysis date: 20/11/01; session Z3805i and 8/06/02; part of session Z3963j (spots 2-2 and 32-1 to 38-1).
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2001969013B: K-feldspar porphyritic monzogranite,

Ivor Rocks

1:250,000 sheet: Laverton (SH5102)

1:100,000 sheet: McMillan (3441)

MGA: 493287mE 6856695mN

L ocation: The sample was collected from the north-east side of a large, low granite dome at Ivor
Rocks, just south of the White Cliffs — Yamarna Road and 2.5 km north-west of White
Cliffs Homestead.

Description: Thisisagrey-pink, variably (mostly moderately-) K-feldspar porphyritic, medium-grained

allanite-biotite monzogranite. Potassium-feldspar phenocrysts are pinkish, and to 1-3 cm
in length. The unit contains elongated enclaves of foliated finer-grained granodiorite
(sample 2001969013A), and biotite-rich schlieren and bands that are sub-paralel to the
margins of the enclaves.

Principal mineralsof the granobl astic texture are plagioclase, K-fel dspar, quartz and biotite,
with plagioclase~K-feldspar. Plagioclase occurs as anhedral to subhedral grainswith faint
to very faint twinning, minor zoning, relatively common myrmekitic outgrowths, and
weak white mica alteration. K-feldspar forms as subhedral to anhedral poikilitic
phenocryststo anhedral smaller grains, with well-devel oped tartan twinning, and common
perthite. Quartz is anhedral and elongated, and displays moderately to locally strongly
undulose extinction, with subgrain development and some recrystallisation. Biotite (5—
6%) occurs as light yellow to medium red-brown flakses to 3-4 mm, that are partly
chloritic, with secondary rutile. Accessory phases include euhedral zircon and apatite,
irregular opague minerals, and minor alanite (<3mm).

M ount, pop: Z3805B

Description of zircons

Most zircon grainsare el ongate (aspect ratiosup to 5:1), ranging in length from 50 pmto >250 um,
with subhedral to euhedral morphologies. The grains are colourlessto pale yellow, with some Fe-
oxidestaining. They aregenerally clear todightly turbid, thelatter feature being dueto the presence
of small inclusions and zoning. Well-defined zoning isvisiblein many grainsin both transmitted
and reflected light and in CL (Fig. 60). A small number of grains have visible cores. Many display
evidence of recrystallisation, as indicated by the complex internal features seen in CL.

Concurrent standard data

This analytical session was interrupted by a period of duoplasmatron instability and
communication problems. Dataweretherefore processed in two blocks. Inthefirst block, omission
of oneoutlier identified by SQUID yieldsan apparent calibration slopefor QGNG of 1.9 (n = 19),
but the scatter isrelatively large (1o in Pb/U = 1.4%; MSWD = 9.8). For the second block (n =
11) there is also one obvious outlier, but the slope is better defined and closer to the ~2.2 long-
term average (dope = 2.3; 16 in Pb/U = 0.95%; MSWD = 3.7). A vaue of 2.2 was used for the
calibration exponent in both cases. The 2’Pb/*Pb data form a single population. Using the
standard culling procedures (refer to chapter on "Data compliation for the QGNG standard”),
two calibration outliersand one 3¢ (high) outlier were excluded leaving 28 pointswith aweighted
mean *"Pb/?%Ph age of 1850.5+ 2.7 Ma (MSWD = 0.98).

Element abundance calibration was based on CZ3 (n = 2 in each block).

Sample data

About 25% of the 30 analyses from individual grains (Table 25, Fig. 61) are too discordant to be
useful, even though the dominant Pb-loss trend appears to be recent. The concordant data give a
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Figure 60. Representative SEM images (BSE on left, CL on right) for sample 2001969013B: K-feldspar
porphyritic monzogranite, Ivor Rocks. SHRIMP analysis spots are labelled. Remnant pits from the
ion microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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wide range of 2”Pb/?Pb dates with apeak at ~2670 Ma (Fig. 56). One concordant analysis (26-
1) contains relatively high common-Pb and is ayounger outlier; this grain may have undergone
Pb-loss and hence is not considered reliable. Many analyses have low U and Th, but thereis no
correlation between these abundances and 2°’Ph/?®Pb dates, as might be expected if the array
was solely due to (?remelting) resetting.

Geochronological interpretation

These data must be considered with those for the enclaves of foliated granite 2001969013A.
Both samples appear to include a complex array of reset, or partially reset, grains. There are no
dramatically old ages, but it is possible that the majority of grainsin both samples are xenocrysts,
and that the different age spectrareflect different degrees of resetting. This sample has asmaller
proportion of older grains than the enclaves of 2001969013A. Although there is no well-defined
data subset, it is likely that the data peak at ~2670 Ma (Fig. 62) records magmatism and the
minor ~2640 Ma peak is due to alater (unidentified) magmatic event.

Table 25. SHRIMP analytical results for zircon from sample 2001969013B: K-feldspar porphyritic
monzogranite, Ivor Rocks.

207Pb/206pb
gran- U Th  4f206 27Ph 205Ph 27Ph 205pPh conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group

1-1 118 66 0034 0.1817 0.0007  0.525 0.008 13.14 0.22 0.144 102 2668 7
3-1 162 82 0.128 0.1841 0.0006  0.508 0.008 12.89 0.20 0140 98 2690 5
51 54 45 0.410 0.1791 0.0012 0.514 0.009 12.69 0.24 0.137 101 2645 11
6-1 29 26 0.046 0.1820 0.0016  0.492 0.010 12.35 0.27 0140 96 2672 14
7-1 48 34 0.082 0.1813 0.0011 0.538 0.010 1344 0.25 0.146 104 2665 10
8-1 89 59 -0.029 0.1858 0.0007  0.507 0.008 13.00 0.22 0143 98 2706 6
9-1 55 59 0124 0.1813 0.0014  0.484 0.008 12.10 0.23 0143 95 2665 13
10-1 88 91 0.118 0.1822 0.0008  0.508 0.008 12.77 0.22 0.142 99 2673 7
11-1 90 54 0203 0.1814 0.0009  0.501 0.009 1254 0.24 0.137 98 2666 8
12-1 28 23 0.207 0.1833 0.0013 0.500 0.010 12.64 0.26 0.139 97 2683 12
13-1 87 32 0.084 0.1820 0.0008 0.504 0.008 12.65 0.22 0.137 99 2671 7
15-1 59 63 0.069 0.1814 0.0010 0.502 0.009 12.56 0.23 0.139 98 2666 9
18-1 24 19 0.397 0.1783 0.0015 0.508 0.011 12.49 0.28 0.136 100 2637 14
21-1 34 26 0137 0.1825 0.0017 0.494 0.010 12.43 0.28 0.148 97 2675 15
22-1 210 157 0.066 0.1846 0.0007 0.515 0.005 1311 0.14 0.139 99 2695 6
23-1 41 45 0.064 0.1826 0.0019 0.522 0.009 13.14 0.27 0.144 101 2676 17
24-1 78 79 0221 0.1795 0.0016 0.515 0.007 12.76 0.21 0.143 101 2649 14
25-1 73 38 0.001 0.1890 0.0011 0.527 0.007 13.73 0.20 0.146 100 2734 10
27-1 72 88 0.207 0.1818 0.0012  0.514 0.007 12.88 0.20 0139 100 2669 11
28-1 592 445 0.189 0.1871 0.0005  0.498 0.004 12.86 0.11 0131 96 2717 4
31-1 116 128 0.112 0.1807 0.0010  0.517 0.006 12.88 0.17 0141 101 2659 9
>5% discordant and/or high common Pb

4-1 222 68 2.067 0.1802 0.0009 0.416 0.006 10.34 0.17 0.166 84 2655 8
14-1 195 354 1573 0.1801 0.0009  0.392 0.006 9.74 0.16 0036 80 2654 9
16-1 71 89 0174 0.1826 0.0010  0.421 0.007 10.60 0.19 0098 8 2677 10
17-1 244 338 0.616 0.1822 0.0009  0.445 0.007 11.17 0.18 0099 89 2673 8
19-1 90 71 0.361 0.1806 0.0013 0.461 0.008 11.47 0.21 0.137 92 2658 12
26-1 86 64 0.946 0.1760 0.0016 0.513 0.012 12.44 0.31 0.213 102 2616 15
29-1 168 123 0.515 0.1819 0.0010 0.425 0.006 10.66 0.17 0.135 85 2671 10
30-1 94 190 0.552 0.1816 0.0014 0.462 0.006 11.57 0.17 0.078 92 2668 13
32-1 124 115 0.582 0.1799 0.0014 0.471 0.005 11.68 0.16 0.144 94 2652 13

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 20/11/01; session Z3805i. Analysis 2-1 was aborted when high 204Pb counts were observed; 20-1
was lost due to failure of the duoplasmatron arc.
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Figure 61. Concordia plot for zircons from sample 2001969013B: K-feldspar porphyritic monzogranite, |vor
Rocks. White filled symbols possibly include inherited and magnatic grains; discordant analyses
are grey.
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Figure 62. Cumulative probability plot of concordant data for sample 2001969013B: K-feldspar porphyritic
monzogranite, Ivor Rocks (white filled symbolsin Fig. 61).
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2001969019A: biotite granodiorite, Ironstone Point

1:250,000 sheet: Laverton (SH5102)

1:100,000 sheet:  Burtville (3440)

MGA: 493149mE 6801680mN

L ocation: The sample comesfrom alarge boulder onthe northeast side of abouldery hill, immediately

south of the track, about 9 km east of the Coglia-Merolia Road, and approximately 9 km
south of Ironstone Point.

Description: This sampleisagrey fine- to medium-grained equigranular biotite granodiorite. It forms
one of a number of bands that vary in thickness from <1 cm to >80 cm within a banded
granitoid complex; other bands comprise pegmatite, felsic granitoid, medium- to coarse-
grained granodiorite, and thin biotite-rich layers and schlieren. The sampled layer is
interpreted to have been a thin dyke in coarser-grained granodiorite. Moderate foliation
inthe banded granitoid complex isdefined by aligned mineralsand elongate quartz grains.
The unit is cut by aswarm of late syenogranite dykes, of which sample 200196 9019B is
representative.

The unit is characterised by a granoblastic assemblage of plagioclase (50-60%), quartz
(20-30%), bictite (10%), and lesser (mostly interstitial) K-feldspar (<10%). Accessory
minerals include Fe oxides, zircon and (acicular and more equant) apatite. Secondary
phases include minor white mica, and lesser chlorite and carbonate.

Mount, pop: Z3734B

Introduction

Zircon from this sample was originally analysed in 2001 during the first year of the project
(Fletcher et ., 2001). Subsequently, additional zircon analyseswere made and rutilewas analysed
for thefirst time, as reported below (zircon) and in the next chapter (rutile). Zircon descriptions
and representative SEM images were presented in Fletcher et al. (2001).

Concurrent standard data

Additional analyses were made on this sample and on 2001969013A (mount Z3805A) as part of
session Z3963j, concentrating on possible inherited grain cores. Over 11 hours, a total of 11
analyses of QGNG were taken from mounts Z3805 and Z3734. These were treated as an
independent data set, though they are entirely compatible with the QGNG datafrom Z3963. The
1o scatter in Pb/U is 0.53% (MSWD = 1.80) and the calibration factor is <1% different from
that for Z3963j. The weighted mean 2’Pb/?®Pb age for the 11 analyses is 1852.4 + 6.3 Ma
(MSWD = 1.4). Element abundance calibration was based on CZ3 (n = 1).

Sample data

Eight zircon analyses were obtained (Table 26, Fig. 63). Four of these are >5% discordant (34-
1, 37-1, 38-1, 39-1) and are unsuitable for accurate dating, although one of them (39-1) isclearly
older than the 2668 + 4 Ma age obtained for the main data group (Fig. 64) during the original
analysis of this sample (Fletcher et a., 2001). Three of the analyses (22-2, 35-1, 36-1) fall
amongst the main data group from the original analyses, and one (18-2) is distinctly younger.
Thelow U and Th for this analysis suggest that it might be from a recrystallised zone.

Geochronological interpretation

When these data are combined with those obtained previously by Fletcher et a. (2001), the
weighted mean *"Ph/?Pb age changes only very dightly, to 2669 + 4 Ma (MSWD = 1.20; n =
29). The one distinct xenocryst analysed during this session supports the meagre evidence in the
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original data set for inheritance. However, there are insufficient xenocryst dates to determine
inheritance patterns or identify likely precursor rocks.

Table 26. Supplementary SHRIMP analytical results for zircon from sample 200196 9019A: biotite
granodiorite, Ironstone Point.

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
Spot (ppm) (ppm) (%) ZOGH) + 238U + 235U + 232Th (%) (M a) +
Main group

B.22-2 202 126 0.372 0.1809 0.0012 0.490 0.002 12.24 0.10 0.176 97 2662 11
B.351 176 177 0.068 0.1824 0.0008 0.509 0.003 12.82 0.09 0.181 99 2674 7
B.36-1 99 59 -0.002 0.1838 0.0008 0.499 0.004 12.66 0.11 0.181 97 2687 8
>5% discordant

B.34-1 57 47  0.347 0.1784 0.0015 0.465 0.005 11.46 0.15 0.172 93 2638 14
B.37-1 162 113 2.082 0.1809 0.0014 0.352 0.002 8.76 0.09 0.162 73 2661 13
B.38-1 515 307 0.483 0.1603 0.0006 0.415 0.001 9.19 0.04 0.157 91 2459 6
Xenocrystic core

B.39-1 38 23 1684 0.1867 0.0026 0.481 0.006 12.39 0.23 0.198 93 2713 23
Young outlier

B.18-2 22 8 0.899 0.1759 0.0026 0.484 0.008 11.74 0.26 0.160 97 2614 24

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 8/06/02; session Z3963].
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0.34 ' ; ' ; ' ;
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Figure 63. Concordiaplot for supplementary anal yses of zircon from sample 2001969019A: bictitegranodiorite,
Ironstone Point. White filled symbols are consistent with those used previously to define the age of
the sample; inherited grain has diagonal shading; younger outlier isdark grey; discordant and/or
high common Pb analyses are light grey.
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Figure 64. Concordia plot for all zircon data from sample 2001969019A: biotite granodiorite, Ironstone Point.
Both the new supplementary analyses as well as data from Fletcher et al. (2001) are plotted.
Shading asin Fig. 63.
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2001969019A: biotite granodiorite, Ironstone Point

1:250,000 sheet: Laverton (SH5102)

1:100,000 sheet:  Burtville (3440)

MGA: 493149mE 6801680mN

L ocation: The sample comesfrom alarge boulder onthe northeast side of abouldery hill, immediately

south of the track, about 9 km east of the Coglia-Merolia Road, and approximately 9 km
south of Ironstone Point.

Description: Thisisagrey fine- to medium-grained equigranular biotite granodiorite. It forms one of
anumber of bandsthat vary in thickness from <1 cm to >80 cm within abanded granitoid
complex; other bands comprise pegmatite, felsic granitoid, medium- to coarse-grained
granodiorite, and thin biotite-rich layers and schlieren. The sampled layer is interpreted
to have been athin dykein coarser-grained granodiorite. Moderate foliation in the banded
granitoid complex is defined by aligned minerals and elongate quartz grains. The unit is
cut by aswarm of |ate syenogranite dykes, of which sample2001969019B isrepresentative.
The unit is characterised by a granoblastic assemblage of plagioclase (50-60%), quartz
(20-30%), bictite (10%), and lesser (mostly interstitial) K-feldspar (<10%). Accessory
minerals include Fe oxides, zircon and (acicular and more equant) apatite. Secondary
phases include minor white mica, and lesser chlorite and carbonate.

Mount, pop: 23734

Introduction

Bothrutileand zirconwererecovered fromthissample. Zirconfromthissamplewasoriginaly andysed
in 2001 during thefirst year of the project (FHetcher et d., 2001). Subsequently, new rutilewas analysed
and additional zirconandysesweremade, asreported bel ow (rutile) and inthe previous chapter (zircon).
Details of the analytica procedures for rutile are presented in the Analytical Procedures chapter.

Description of rutile

A small number of light yellow-brown to dark honey brown rutile grains were obtained from the
sample. They are generally clear, subhedral grains, with some rounding of crystal faces. They
are mostly less than 60 pm in size. Small inclusions and fractures are present in some grains.

Concurrent standard data

Datafor theWH-1 standard are listed bel ow with the sample data(Table 27). For the early analyses,
before data collection began for sample 2001969019A, the mass-204 position was set too low,
causing some spurious counts to be recorded from anearby interference peak. The corresponding
dataare not shown. The data scatter is more than expected in 2%Pb/?8U, with a 1c reproducibility
of ~7%, resulting in the propagation of a large uncertainty in 2°Pb/U to the sample data.

To assess the accuracy of 27Ph/?Ph, 2®Pb is used asamonitor of initial (common) Pb. Figure 65
shows all 2"Ph/*Ph data plotted agai nst 2Ph/2°Pb. Thereisadistinct correlation, though the best-
fit line has a higher dope than expected for model common-Pb compositions. In principle, this
approach could be complicated by small amounts of 22Pb derived from trace Th in the sample.
However, this would move data laterally and would be unlikely to generate a high slope, but it
would cause additional scatter in this plot. The trend projects to an intercept (no common Pb)
27Pp/2%6Ph date of 2632 + 7 Ma, indistinguishable from the TIMS reference age (2625 Ma).
There are two possible outliersin these data: point 1-7 is clearly above the trend and point 1-2 is
extreme in 28Pb/2%Ph. Omitting either of these improves agreement with the TIMS 2/Pb/%Ph
age. Using a conventional 2*Ph-based common Pb correction on the samples for which thisis
valid (and omitting 1-7) gives an aimost identical resullt.
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Figure 65. SHRIMP Pb/Pb data for rutile standard WH-1. Best-fit line (dashed) using York Model 1, with
95% confidence error envelope (solid lines).

Sample data

Dataarelisted in Table 28. A concordia plot (Fig. 66) shows the datato be generally concordant,
but the scatter in 26Pb/28U for WH-1, which is propagated to Pb/U for the data, makes this an
imprecise test of data quality. These data are actually better grouped in 2°Pb/?¥U than WH-1
(MSWD = 0.39), this grouping being a stronger argument for a closed system history for these
grains than the apparent concordance values.

There is no significant correlation between measured 2°’Pb/?®Ph and 2®Pb/?®Pb (Fig. 67),
suggesting that there are spurious mass-208 counts. These counts might represent 2%Pb from the
decay of trace Th, but their actual origin is unknown. If the data are forced to fit aline through
a likely common-Pb composition (Fig. 67) the resulting ?7Pb/?®Pb date is 2628 + 6 Ma
(MSWD = 3.3.) Anadlternative approachisto simply apply aconventional common Pb correction
from the recorded ?*Pb. This gives a weighted mean 2°’Pb/?Ph age of 2630.8 + 4.6 Ma
(MSWD = 1.8). Omitting one~3c outlier (9-1) would changethisto 2629.5 + 3.1 (MSWD = 0.88).
Clearly, theresult isonly marginally affected by any choice of common-Pb correction procedure
or by possible data exclusions. Given the relatively small number of analyses, we prefer to use
an age of 2630 Mawith a conservative uncertainty of + 7 Ma.
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Figure 66. Concordia plot of rutile data from sample 2001969019A: biotite granodiorite, Ironstone Point.
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Figure 67.SHRIMP Pb/Pb data for rutile from sample 2001969019A: biotite granodiorite, Ironstone Point,
with a York Model 1 lin€fit, projected to a common Pb composition (Sacey and Kramers, 1975) at
sample age.
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Geochronological interpretation

The 2630 Madate obtained from rutile is much younger than the 2668 + 4 Maagefor the zircons
from thisrock (Fletcher et al., 2001), but closeto the 2638 + 2 Mazircon age for the crosscutting
syenogranite dyke 2001969019B (Fletcher et al., 2001). Given the lower closure temperature
for rutile, relative to zircon (~400°C vs ~750°C), 2630 + 7 Ma could record cooling through the
closure temperature of rutile.
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2001969033A: Burtville granodiorite

1:250,000 sheet: Laverton (SH5102)
1:100,000 sheet:  Burtville (3440)

MGA: 464917mE 6817670mN

L ocation: The sample comes from mine dump material from the Burtville open-pit, and stockpiled
just west of theit.

Description: Thisisagrey, seriate medium-grained biotite granodiorite that contains mafic (?greenstone)

enclaves (10-30 cm), biotite-clots (<6 mm), and microdiorite enclaves.

Principal mineralsin the granoblastic rock are plagioclase, quartz, K-feldspar and biotite,
with plagioclase>>K -feldspar. Plagioclase occurs as subhedral to euhedral grainsthat are
either zoned or display broad oscillatory to complex zoning. The plagioclase is variably
atered to fine- to coarse-grained white mica and lesser biotite, with minor epidote/
clinozoisite and carbonate. Quartz is present as minor to moderately undulose, anhedral
grains. K-feldspar is anhedral to interstitial, and locally perthitic. Biotite (6-9%) occurs
as medium brown to light yellow, ragged flakes, and commonly displays minor chlorite
alteration, with relatively common fine epidote, rutile and Fe-oxides. Accessory phases
include zircon, apatite and opaque minerals.

M ount, pop: Z3963A

Description of zircons

Zircon from this sample consists of colourless to pale grey-brown fragments and crystals, most
of which are dightly rounded to subhedral (in some crystals, very sharp prismatic terminations
are preserved). Grains range from equant to elongated (60 um to 240 um long; aspect ratios up
to 4:1). Inclusions and zoning are locally visible in transmitted and reflected light; other grains
are clear. Oscillatory zoning is variably developed, as shown by CL (Fig. 68). A number of
grains have patchy or irregular zoning patterns, consistent with recrystallisation. Some grains
appear to contain xenocrystic cores.

Concurrent standard data

The primary beam became unstable in the latter part of this session. Following subsequent
assessment, the data file was truncated after 38 hours, but this makes no significant differenceto
the data structures of either QGNG or the samples. Two of the 31 QGNG analyses that were
retained aredistinctly low in both 26Ph/228U and 2°"Ph/2%Ph, and were omitted from the calibration.
The apparent calibration slope for QGNG is ~2.1; one of the concurrent samples indicates a
value ~2.4. The long-term average value of 2.2 was used for data processing. The 29 analyses
give a Pb/?8U cdlibration with a 1o scatter of 0.68% (MSWD = 2.47). Corresponding *’Pb/
26Ph data have an unusually wide spread, and the preferred low-side culling procedure resultsin
excessive deletion if MSWD is forced to 1.0. Culling was therefore stopped at MSWD >1.3
(refer to chapter on “Data compilation for the QGNG standard”), resulting in a weighted mean
27Ph/2%%Ph age of 1849.2 + 3.3 Ma (MSWD = 1.3; n = 25). Alternate data treatments, such as
deleting the most extreme outliers (severa at ~2c, both high and low) give a similar average.

Element abundance calibration was based on CZ3 (n = 3).

Sample data

There are thirty analyses from individua grains in the truncated data file (Table 29). Three of
these are discordant (12-1, 21-1, 27-1; Fig. 69) and are not considered for geochronological
interpretation. The remainder form a single population (Fig. 70) that has a weighted mean 2°'Ph/
26pPh age of 2715.6 £ 2.8 Ma (MSWD = 0.91).
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Figure 68. Representative SEM images (BSE on left, CL on right) for sample 2001969033A: Burtville
granodiorite. SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe analyses

are faintly visible in some grains. Scale bar is 100 pm.

101




Compilation of SHRIMP U-Pb geochronological data, Yilgarn Craton, 2001-2002

Geochronological interpretation
The crystallization age of the granodiorite is considered to be 2716 + 4 Ma.

Table 29. SHRIMP analytical results for zircon from sample 2001969033A: Burtville granodiorite.

207Pb/206pb
grain- U Th  4f206 27Ph ] 27Ph 208Pph conc. Age
spot  (ppm) (ppm) (%) *®Ph x =y * =y o+ #2Th (%) (Ma) =+
Main group

1-1 88 62 0.103 0.1863 0.0010 0.524 0.005 13.47 0.16 0.139 100 2710
2-1 99 46  0.009 0.1868 0.0007 0.525 0.008 13.51 0.20 0.144 100 2714
31 117 77 0.123 0.1860 0.0007 0.521 0.005 13.36 0.14 0.140 100 2707
4-1 113 54  0.206 0.1866 0.0008 0.515 0.005 13.24 0.14 0.141 99 2713
51 77 49 0.048 0.1878 0.0009 0.520 0.006 13.47 0.16 0.143 99 2723
6-1 80 28 0.172 0.1858 0.0009 0.525 0.006 13.45 0.16 0139 101 2706
7-1 81 57 -0.015 0.1876 0.0008 0.526 0.006 13.61 0.16 0.145 100 2721
8-1 84 64 0.124 0.1871 0.0008 0.530 0.006 13.68 0.16 0.144 101 2717
9-1 139 143 0.405 0.1873 0.0008 0.513 0.005 13.24 0.14 0.138 98 2718
10-1 129 148 0.032 0.1881 0.0007 0.518 0.005 1343 0.14 0.144 99 2726
11-1 75 64 0.249 0.1878 0.0012 0.498 0.005 12.90 0.16 0.117 96 2723
13-1 101 99 -0.020 0.1878 0.0010 0.522 0.005 13.51 0.15 0.145 99 2723
14-1 92 55 0.033 0.1869 0.0008 0.526 0.005 13.56 0.15 0.144 100 2715
15-1 116 102 -0.056 0.1874 0.0007 0.520 0.005 1343 0.14 0.143 99 2720
16-1 123 42  0.096 0.1840 0.0022 0.526 0.005 13.35 0.21 0.142 101 2689
17-1 88 29 0112 0.1863 0.0008 0.526 0.005 13.52 0.15 0.146 101 2709
18-1 86 61 0.252 0.1872 0.0009 0.518 0.005 13.37 0.16 0.139 99 2717
19-1 104 73 -0.036 0.1880 0.0011 0.536 0.005 13.89 0.16 0.148 101 2725
20-1 88 89 0.263 0.1860 0.0011 0.495 0.005 12.70 0.15 0.121 96 2707
22-1 85 75 0.103 0.1850 0.0008 0.528 0.005 13.47 0.15 0.143 101 2699
23-1 92 80 0.007 0.1877 0.0007 0.520 0.005 13.47 0.14 0.143 99 2722
24-1 71 30 0.021 0.1873 0.0009 0.527 0.006 13.62 0.16 0.146 100 2719
25-1 114 51 0.721 0.1863 0.0009 0.509 0.005 13.07 0.14 0.134 98 2710
26-1 91 33 -0.020 0.1874 0.0007 0.531 0.005 13.71 0.14 0.147 101 2719
28-1 104 94 -0.036 0.1870 0.0007 0.530 0.005 13.66 0.14 0.146 101 2716
29-1 84 61 0.000 0.1870 0.0009 0.525 0.005 13.55 0.15 0.143 100 2716
30-1 89 61 0.259 0.1862 0.0009 0.505 0.005 12.96 0.14 0.074 97 2709
>5% discordant

12-1 103 64 0.485 0.1864 0.0009 0.488 0.005 12.55 0.14 0.135 94 2711 8
21-1 162 67 2.893 0.1877 0.0014 0.458 0.006 11.85 0.17 0.129 89 2722 13
27-1 169 225 7.705 0.1877 0.0037 0.354 0.004 9.17 0.21 0.083 72 2722 33

Dataare at 16 precision. All Pb data are common-Pb corrected (based on #*Pb and Broken Hill Pb composition).
Analysis date: 27/05/02; session Z3963i.
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Figure 69. Concordia plot for zircons from sample 2001969033A: Burtville granodiorite. Whitefilled symbols
are used to define the age of the sample; discordant and/or high common Pb analyses are light

grey.
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Figure 70. Concordia plot for the main data group for sample 2001969033A: Burtville granodiorite. Shading
asin Figure 69.
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2001969035: Menangina monzogranite

1:250,000 sheet:  Edjudina (SH5106)
1:100,000 sheet:  Boyce (3238)

MGA: 397629mE 6698658mN

L ocation: This sample was collected from alow whaleback, in aregion of good outcrop, that forms
part of Menangina Rocks, about 600 m west of Yarri Road.

Description: The sample isfrom awhite-pink, sparsely (quartz-)feldspar porphyritic, medium-grained

titanite-biotite monzogranite. Phenocrysts comprise pinkish K-feldspar (1 to >2 cm),
subhedra plagioclase (to >5 mm), and anhedral quartz (5 to 7 mm).

The rock has a granular to granoblastic texture. Principal minerals are plagioclase, K-
feldspar, quartz and biotite, with plagioclase>K-feldspar. Plagioclase forms subhedral
laths that are unzoned to variably zoned (including broad oscillatory zoning), complexly
zoned cores, and normally zoned rims. The plagioclase grains are weakly to moderately
altered to fine- to medium-grained white micaand minor carbonate. Myrmekitic outgrowths
are common. K-feldspar largely occurs as anhedral to subhedral poikilitic phenocrysts
and anhedral to interstitial smaller grains. It displays variably-devel oped tartan twinning.
Perthite is rare to absent. Quartz is present as anhedral grains with mild to locally
moderately undulose extinction. Biotite (~5%) occurs as ragged to irregular, light yellow
to medium red-brown, flakes, to 34 mm, that are moderately atered to chlorite with
minor rutile. Accessory phasesinclude altered subhedral titanite (<1-2 mm), zircon, apatite,
and relatively common irregular to subhedral opaque minerals.

Mount, pop: Z3877B

Description of zircons

This sample contains colourless or pale grey to dark brown zircon fragments and whole crystals
which vary from clear to turbid (the latter due to the presence of fineinclusions and/or extensive
metamictisation). Cracksand highly corroded patches (mainly along growth planes) are pervasive
in some grains. The grains are predominantly subhedral, with slightly rounded crystal faces; a
small proportion of anhedral and/or moderately to well-rounded grains are also present. Grain
size ranges from 45 pum to 250 pm in length, with aspect ratios extending from 1:1 to 4:1. Well-
defined continuous core to rim oscillatory zoning is visible in most grains in CL, although a
small number only have faint zoning, or are partially to completely recrystallised (Fig. 71).
Cores and rims are visible in some grains in BSE; some rims appear very dark in CL.

Concurrent standard data

Thisthree-day session wasinterrupted mid-way by several arc‘drop-outs and related instabilities.
Therewas acalibration change acrossthis period but it is considered too minor to justify splitting
the data into two blocks. Using all data (including several of poor precision, which have little
bearing on the result), the Pb/U calibration has a 1¢ scatter of 1.16% (MSWD = 7.82; n = 41).
The observed calibration slopeis 2.16, with the corresponding sample data suggest values >2.3.
A value of 2.2 was used for data reduction. The 27Ph/?®Pb data display a small amount of excess
scatter that is difficult to characterise. Omitting two 3o outliers and three points with interna
precision >15 Ma gives aweighted mean 2°’Pb/?®Pb age of 1849.9 + 2.4 Ma ,with MSWD = 1.4
(n=36). Further omitting three >2c ouitliers (two low, one high) gives 1850 + 2 Ma (MSWD
= 1.10), whilethe preferred “ standard” low-side culling proceduregives 1851.4 + 2.1 Ma(MSWD
=1.04; n=30).

Element abundance calibration was based on CZ3 (n = 3).
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Figure 71. Representative SEM images (BSE on left, CL on right) for sample 2001969035: Menangina
monzogranite. SHRIMP analysis spots arelabelled. Remnant pits fromthe ion microprobe analyses
are faintly visible in some grains. Scale bar is 100 pm.
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Sample data

Only one of the 39 analyses (19-1), each from a separate grain, is >5% discordant (Table 30;
Fig. 72). The others plot on concordia but are significantly scattered. Two analyses (2-1, 18-1)
are old ©’Pb/?®Pp outliers, and four others (3-1, 8-1, 11-1, 17-1) are approximately 2c outliers,
although this depends somewhat on the definition of the main group. Omitting these seven
analyses leaves 32 with aweighted mean 2"Pb/?°Pb age of 2671 + 4 Ma, but with MSWD = 2.8.
The excess scatter cannot be attributed to systematic factors, since the concurrent datafor sample
2001967017A have a simple “main group” of data with MSWD <1.0.

There is no apparent structure in the 2"Pb/?%Pb distribution with dates ranging from about 2690
Mato 2645 Ma. There is no statistical justification in chosing any age group over another. An
internally consistent youngest group (n = 12) gives2659.9 + 3.6 Ma(MSWD = 1.08). Conversely,
an oldest group (n = 21) gives 2677 £ 2.8 Ma (MSWD = 1.05).

Geochronological interpretation

Given the obvious existence of some old outliers, one possible interpretation is that all grains
are reset xenocrysts. This is supported by generally low U, and in some cases very low Th,
contents, such as are commonly seen in metamorphic grains. In thisinterpretation, the age of the
monzogranite is 2660 + 4 Ma.

However, it is possible that the younger dates come from grains that have lost radiogenic Pb
since the crystallisation of the granite. Given that all grains are relatively low-U and low-Th,
and the rock is not highly metamorphosed, this seems unlikely, but it might result from very
slow cooling. In this case, the monzogranite age could be ~2680 Ma, but not precisely defined.
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Figure 72. Concordia plot for zircon data from sample 2001969035: Menangina monzogranite. White filled
symbols might define the age of the sample; one discordant analysisislight grey; old outliers are
dark grey.
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Table 30. SHRIMP analytical resultsfor zircon from sample 2001969035: Menangina monzogranite, in order

of 27Pp/?%Ph age.
207Pb/206pb
gran- U Th  4f206 27Ph 206Pp 207Ph 205Pp conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + ®Y o+ #2Th (%) (Ma) =+
Main group
16-1 33 2 0165 0.1791 0.0014  0.505 0.008 12.46 0.22 - 100 2645 13

22-1 28 9 0.052 0.1795 0.0013 0.530 0.008 13.11 0.23 0.150 103 2648 12
30-1 60 19 0.120 0.1795 0.0009 0.516 0.007 12.78 0.19 0.144 101 2649 8
34-1 45 7 0.586 0.1796 0.0015 0.516 0.008 12.79 0.21 0.153 101 2649
39-1 98 59 0.030 0.1800 0.0006 0.510 0.007 12.65 0.17 0.142 100 2653
37-1 180 66 0.051 0.1804 0.0005 0.523 0.007 13.02 0.17 0.142 102 2656
12-1 71 39 -0.063 0.1807 0.0007 0.505 0.007 12.57 0.18 0.140 99 2659
351 129 99 0.264 0.1810 0.0008 0.494 0.006 12.32 0.17 0.138 97 2662
231 214 158 0.232 0.1812 0.0007 0.512 0.006 12.78 0.17 0.144 100 2664
40-1 74 27 0118 0.1812 0.0008 0.528 0.007 13.18 0.19 0.144 102 2664
351 159 19 -0.002 0.1812 0.0005 0.508 0.006 12.70 0.16 0.142 99 2664
20-1 140 73 0.014 0.1817 0.0005 0.510 0.007 12.78 0.18 0.144 100 2668
38-1 86 28 0.064 0.1818 0.0007 0.509 0.007 12.76 0.18 0.140 99 2669
6-1 106 31 0.056 0.1819 0.0007 0.515 0.007 12.92 0.17 0.141 100 2670
31-1 60 47 -0.018 0.1819 0.0008 0.518 0.007 12.98 0.19 0.144 101 2671
331 156 52 -0.023 0.1819 0.0005 0.511 0.006 12.81 0.16 0.145 100 2671
25-1 29 7 0.072 0.1820 0.0012 0.524 0.008 13.16 0.23 0.150 102 2671
28-1 96 45 -0.009 0.1824  0.0008 0.526 0.008 13.24 0.22 0.145 102 2675
14-1 53 19 -0.050 0.1828 0.0008 0.507 0.007 12.79 0.19 0.142 99 2679
21-1 59 22 0.035 0.1828 0.0008 0.501 0.007 12.64 0.18 0.139 98 2679
4-1 132 57 -0.029 0.1829  0.0005 0.516 0.007 13.00 0.17 0.145 100 2679
15-1 81 77 -0.056 0.1829 0.0007 0.507 0.007 12.79 0.18 0.143 99 2680
11 98 36 0.052 0.1830 0.0007 0.506 0.007 12.75 0.17 0.140 98 2680
51 58 20 0.062 0.1831 0.0009 0.508 0.007 12.83 0.19 0.144 99 2681
13-1 96 37 -0.027 0.1833 0.0006 0.517 0.007 13.06 0.18 0.143 100 2683
7-1 57 24 0325 0.1834 0.0011 0.506 0.007 12.81 0.20 0.139 98 2684
27-1 111 79 0131 0.1834 0.0006 0.523 0.007 13.22 0.18 0.150 101 2684
29-1 18 7 -0.041 0.1835 0.0014 0.518 0.010 13.11 0.26 0.148 100 2684
26-1 52 20 0.036 0.1836 0.0010 0.524 0.007 13.27 0.20 0.149 101 2685
9-1 61 23 -0.023 0.1839 0.0008 0.506 0.007 12.82 0.19 0.143 98 2688
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10-1 28 1 -0.260 0.1839 0.0014 0.511 0.008 12.95 0.23 99 2688 12
24-1 56 33 0.024 0.1840 0.0009 0.534 0.008 13.55 0.21 0.150 103 2689 8
>5% discordant

19-1 108 42  0.429 0.1818 0.0009 0.477 0.008 11.96 0.21 0.168 94 2670 8
Old outliers

17-1 81 33 0.0 0.1850 0.0010 0.519 0.007 13.25 0.19 0.145 100 2698 9
11-1 56 23 -0.044 0.1854 0.0008 0.528 0.008 13.49 0.20 0.148 101 2702 7
81 95 70 -0.049 0.1857 0.0007 0.518 0.007 13.28 0.18 0.144 100 2705 6
31 69 26 -0.047 0.1860 0.0008 0.519 0.007 13.32 0.19 0.148 100 2707 7
2-1 106 61 0.440 0.1887 0.0010 0.514 0.007 13.37 0.19 0.148 98 2731 9
18-1 102 37 0.074 0.1904 0.0006 0.534 0.007 14.02 0.19 0.148 100 2745 6

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 26/02/02; session Z3877i. Th/Pb data are considered unreliable for Th<5 ppm, hence no ratios are
given for such analyses.
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2001969039: Donkey Rocks monzogranite

1:250,000 sheet:  Edjudina (SH5106)
1:100,000 sheet:  Boyce (3238)

MGA: 377114mE 6699755mN

L ocation: The sample was taken from outcrop at Donkey Rocks, approximately 200 m north of a
track about 800 m northwest of Donkey Rocks Well.

Description: Thisgrey-pink, seriateto quartz-feldspar porphyritic, medium-grai ned biotite monzogranite

contains phenocrysts of pinkish K-feldspar (<1 cm), plagioclase (<5-6 mm) and dark/
smokey quartz (<5-8 mm). Minor uncommon biotite-rich schlieren, up to 10 cmin length,
are present.

Principal mineralsin thisgranoblastic rock are K-feldspar, plagioclase, quartz and biotite,
with K-feldspar>plagioclase. K-feldspar is subhedral to anhedral. Larger grains are
commonly poikilitic. Tartan twinning is variably developed, as is perthite. Plagioclase
formssubhedral to anhedral grainsthat are unzoned to variably zoned. Thesegrainsinclude
normally zoned rims, patchy-zoned cores, broad oscillatory zoning, and locally bent twins.
Minor myrmekiteis present. The plagioclaseis characterised by minor to locally moderate
replacement by white micaand minor carbonate. Quartz isanhedral, moderately to locally
strongly undulose, with common, locally well-devel oped, sub-grain development. Biotite
(<5%) formsanhedral to ragged, light yellow to medium-dark brown flakesthat arelocally
deformed. It ismostly chloritised, with secondary rutile and minor epidote/clinozoisite or
white mica. Accessory phases include zircon, apatite and anhedral opaque minerals.

Mount, pop: Z3877A

Description of zircons

The zircon consists of euhedral whole crystals and fragments, with only slight rounding of
crystal faces. It variesfrom small (~35 pm), equant grains, to stubby prismatic grains, to elongate
grains up to 170 pm in length (aspect ratios to 4:1). Subhedral to anhedral rounded grains also
vary in size, from about 35 um to 100 ym. The zircon is colourless to pale yellow-brown and
mostly fractured to highly fractured. Continuous concentric oscillatory zoning is present in most
grains (Fig. 73), but chaotic patches and/or irregular zones indicative of recrystallisation/
metamictisation are often present. Some grains contain cores.

Concurrent standard data

Thisthree-day session wasinterrupted mid-way by several arc‘drop-outs and related instabilities.
Therewas acalibration change acrossthis period but it is considered too minor to justify splitting
the data into two blocks. Using all data (including several of poor precision, which have little
bearing on the result), the Pb/U calibration hasa lc scatter of 1.16% (MSWD =7.82; n=41). The
observed calibration dopeis 2.16, with the corresponding sample data suggest vaues>2.3. A value
of 2.2 was used for data reduction. The 2’Ph/?Ph data display a small amount of excess scatter
that is difficult to characterise. Omitting two 3o outliers and three points with internal precison
>15 Ma gives a weighted mean 2"Pb/?®Pb age of 1849.9 + 2.4 Ma with MSWD = 1.4 (n= 36).
Further omitting three >2c outliers (two low, one high) gives 1850 + 2 Ma(MSWD = 1.10), while
the preferred “ standard” low-side culling procedure gives 1851.4 + 2.1 Ma(MSWD = 1.04; n = 30).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

Forty analyses were obtained from individual grains (Table 31). Three low-precision analyses
taken during periods of primary beam instability mid-way through the session were deleted from
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Figure 73. Representative SEM images (BSE on left, CL on right) for sample 2001969039: Donkey Rocks
monzogranite. SHRIMP analysis spotsare labelled. Remnant pits from theion microprobe analyses

are faintly visible in some grains. Scale bar is 100 pm.
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Compilation of SHRIMP U-Pb geochronological data, Yilgarn Craton, 2001-2002

files. One discordant analysis (4-1), one other with >2% common Pb (41-1) and four with
U > 1000 ppm (2-1, 3-1, 18-1, 26-1) are not considered reliable for chronology, although two of
the high-U points are consistent with the main data group. The remaining data group fairly well,
but tail towards higher dates, with an apparent break at ~2665 Ma (Fig. 74). Omitting dates
> 2665 Ma and one 3o young outlier (39-1) leaves 24 with a weighted mean *"Ph/?®Pb age of
2650.2 £ 2.8 Ma (Fig. 75). This group has some excess scatter (MSWD = 1.4), but additional
data deletions are difficult to justify.

Geochronological interpretation
The 2650 + 3 Ma age is considered to date the crystallisation of the monzogranite.
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Figure 74. Probability plot for data from sample 2001969039: Donkey Rocks monzogranite. There is an
apparent break in the data at 2665 Ma; these older analyses (marked with "X") are excluded from
the final weighted mean calculation.
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Figure 75. Concordia plot for zircons from 2001969039: Donkey Rocks monzogranite. White filled symbols
are used to define the age of the sample; data for older outliers (inherited grains?), and one young
outlier, are dark grey; high-U analyses are light grey. Two low-precision analyses from spots with
high common Pb (4-1, 41-1) are not plotted.
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Table 31. SHRIMP analytical results for zircon from sample 2001969039: Donkey Rocks monzogranite.

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group

51 171 131 0.013 0.1795 0.0005 0.503 0.006 12.45 0.16 0.141 99 2649
6-1 133 97 0.035 0.1794  0.0008 0.506 0.006 12.52 0.17 0.141 100 2647
7-1 105 130 0.112 0.1801 0.0007 0.501 0.007 12.45 0.17 0.140 99 2654
81 104 131 -0.015 0.1810 0.0007 0.502 0.007 12.53 0.17 0.141 99 2662
9-1 183 178 0.021 0.1787 0.0006 0.505 0.006 12.45 0.16 0.139 100 2641
10-1 96 124 -0.031 0.1805 0.0006 0.500 0.007 12.43 0.17 0.142 98 2657
11-1 194 167 0.055 0.1797 0.0005 0.499 0.007 12.36 0.18 0.140 98 2650
12-1 162 204 0.065 0.1793  0.0005 0.496 0.006 12.25 0.16 0.139 98 2646
13-1 79 80 0.109 0.1791 0.0007 0.504 0.007 12.45 0.18 0.139 99 2645
151 239 244 0.021 0.1787 0.0005 0.496 0.006 12.22 0.15 0.138 98 2640
16-1 92 119 0.011 0.1798 0.0007 0.496 0.007 12.30 0.17 0.139 98 2651
19-1 241 212 0.036 0.1796 0.0004 0.500 0.006 12.39 0.15 0.139 99 2649
20-1 197 122 0.006 0.1810 0.0004 0.513 0.006 12.80 0.16 0.144 100 2662
241 114 142 0.067 0.1790 0.0007 0.515 0.007 12.70 0.17 0.143 101 2644
251 130 119 0.142 0.1793 0.0006 0.516 0.007 12.75 0.17 0.144 101 2646
28-1 85 93 0.091 0.1796 0.0007 0.519 0.007 12.86 0.18 0.142 102 2649
30-1 188 149 -0.027 0.1803 0.0006 0.504 0.006 12.53 0.16 0.141 99 2655
31-1 72 75  0.099 0.1787 0.0008 0.496 0.007 12.23 0.17 0.138 98 2641
331 166 136 0.124 0.1801 0.0006 0.505 0.006 12.54 0.16 0.144 99 2654
34-1 121 144 0.347 0.1800 0.0008 0.521 0.007 12.94 0.18 0.145 102 2652
36-1 131 196 0.098 0.1800 0.0008 0.512 0.007 12.71 0.17 0.143 100 2653
37-1 86 82 0.041 0.1802 0.0007 0.512 0.007 12.72 0.18 0.141 100 2655
381 108 98 0.205 0.1790 0.0007 0.503 0.007 12.41 0.17 0.139 99 2644
40-1 94 118 0.142 0.1790 0.0007 0.518 0.007 12.78 0.17 0.144 102 2644

CDONNNU~NOOO~NDAANNCINURNDONO® NN

Young outlier
39-1 306 187 0.065 0.1776 0.0004  0.498 0.006 12.20 0.16 0.139 99 2631 4
Old outliers
14-1 105 47  0.006 0.1847 0.0007 0.508 0.007 12.92 0.18 0.142 98 2695 6
17-1 207 87 0476 0.1819 0.0008 0.507 0.006 12.71 0.17 0.122 99 2671 7

27-1 39 23 0.229 0.1834 0.0012 0.515 0.008 13.02 0.22 0.143 100 2684 11
29-1 112 57 0.027 0.1821 0.0006 0.521 0.007 13.09 0.17 0.144 101 2672
32-1 87 105 -0.121 0.1824 0.0007 0.507 0.007 12.75 0.18 0.141 99 2675
35-1 183 81 0.285 0.1833 0.0006 0.516 0.006 13.05 0.17 0.145 100 2683
>5% discordant or >2% 4206

4-1 177 229 2.032 0.1795 0.0024 0.598 0.008 14.79 0.27 0.157 114 2648 23
41-1 183 159 3.688 0.1815 0.0063 0.516 0.016 12.92 0.60 0.149 101 2667 57
U >1000 ppm

2-1 1552 349 0.004 0.1816 0.0002 0.492 0.006 12.32 0.14 0.135 97 2667
31 1156 324 0.015 0.1823 0.0002 0.490 0.006 12.32 0.15 0.140 96 2674
18-1 1323 55 0.017 0.1885 0.0002 0.533 0.006 13.86 0.17 0.164 101 2729
26-1 5400 2384 0.015 0.1779 0.0008 0.493 0.006 12.09 0.15 0.148 98 2634 7

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 26/02/02; session Z3877i. Analyses 21-1, 22-1 and 23-1 were recorded during periods of primary
beam instability, resulting in imprecise data; these were deleted from files.
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2001969043A: foliated biotite monzogranite, Blueys Well

1:250,000 sheet:  Leonora (SH5101)
1:100,000 sheet:  Wilbah (3040)

MGA: 258698mE 6805799mN

L ocation: The sample was collected from alarge outcrop located about 350 m east of the Lawlers—
Mt Ida Road, and about 3 km west of Blueys Well.

Description: It is a foliated, grey-white, moderately feldspar porphyritic, medium-grained biotite

monzogranite. Phenocrysts comprise grey-pink and grey K-feldspar (and minor
plagioclase) to 1.5 cm in length. The monzogranite contains a moderate foliation defined
by elongate quartz grains, aligned biotitetrails, and aigned phenocrysts. Theunit isintruded
by dykesand pods of unfoliated equigranular biotite granite, of which sample 2001969044
is representative.

Thisrock hasagranoblastic texture. Principal minerals are K-feldspar, plagioclase, quartz
and biotite, with K-feldspar>plagioclase. K-feldspar is present as subhedral to anhedra
grains. Larger grainsare poikilitic, and have moderate tartan twinning and variable perthite.
Plagioclase is subhedral, and is variably zoned. Minor myrmekite is developed. The
plagioclase is weakly to moderately atered to white mica and carbonate. Quartz occurs
asanhedral to markedly elongate grains, with moderately to strongly undul ose extinction.
Biatite (5-7%) occurs as aligned, light yellow to red-brown, elongate subhedral flakes
that are commonly altered to chlorite, rutile, epidote and/or coarse white mica. Accessory
phasesinclude zircon, apatite, opaque mineralsand minor, mostly atered, titanite (possibly
partly secondary).

Mount, pop: Z3878B

Description of zircons

Most zircon grains are pale grey-brown to colourless, and have pervasive fractures and contain
small inclusions. The grains are generally subhedral to euhedral, with dlightly rounded faces.
Relatively small, equant grains (~40 um), stubby, prismatic grains (aspect ratiosfrom 2:1 to 3:1,
up to >300 um), and long, thin, elongate grains (>200 um, aspect ratios up to 5:1) are present.
Most grains display continuous core to rim euhedral zoning in CL, but features consistent with
recrystallisation (patches of unzoned or irregular zoned zircon disrupting the regular zoning)
are also present (Fig. 76). Some cores are present.

Concurrent standard data

The apparent calibration slope for QGNG was ~2.1, and that for each of the two concurrent
samples was > 2.2; avalue of 2.2 was used for data reduction. Omitting two outliers identified
by SQUID and two with extreme UO*/U* leaves 33 analyses with a 1c scatter in Pb/U of 0.63%
(MSWD = 2.12). Deleting two additional points that are 3¢ (low) outliersin 2’Pb/?®Pb gives a
weighted mean 27Pb/2%Ph age of 1847.5+ 2.7 Ma (MSWD = 0.89).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

Thirty six analyses were obtained from 36 grains (Table 32). Only three of these (20-1, 22-1, 29-
1) were >5% discordant (Fig. 77). Several grains are presumably xenocrysts (analyses 1-1, 2-1
and 31-1). One high-U analysis (8-1) is a young outlier and plots above concordia, and is
interpreted to have suffered open system behaviour. In general, there is no correlation between
U content and 2°’Pb/?%®Pb dates. The remaining analyses group relatively well, but there is excess
scatter. Given the clear evidence for inheritance and the preservation of ~2800 Ma dates in at
least one high-U grain (1-1), it has been assumed that the spread in the main data represents
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Figure 76. Representative SEM images (BSE on left, CL on right) for sample 2001969043A: foliated biotite
monzogranite, Blueys Well. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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inheritance (possibly with variable resetting), and culling has been from the high-age side. This
gives a weighted mean 2/Pb/?®Pb age of 2674.4 + 2.5 Ma (MSWD = 1.3) from 25 analyses.
Any additional culling gives MSWD <1.

Geochronological interpretation

The 2674 + 3 Ma date is interpreted to be the magmatic age of the granite. This date is
indistinguishable from the 2670 Ma date, interpreted as a metamorphic age, for the banded
gneiss 2001969053C intruded by this granite. However, this sample shows none of the low-U,
Th characteristics of the banded gneiss zircons.
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Figure 77. Concordia plot for zircons from sample 2001969043A: foliated bictite monzogranite, Blueys Well.
White filled symbols are used to define the age of the sample; inherited grains have diagonal
shading; younger outlier isdark grey; discordant and/or high common Pb analyses are light grey.
One very imprecise, discordant analysis (20-1) is not shown.

115



Compilation of SHRIMP U-Pb geochronological data, Yilgarn Craton, 2001-2002

Table 32. SHRIMP analytical results for zircon from sample 200196 9043A: foliated biotite monzogranite,

Blueys WeI.
207Pb/206pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group

3-1 397 73 0.019 0.1821 0.0004 0.511 0.004 12.83 0.10 0150 100 2672 4
4-1 141 133 0115 0.1835 0.0007 0.499 0.005 12.63 0.13 0.126 97 2684 7
5-1 176 166 0.035 0.1827 0.0006 0.508 0.004 12.79 0.12 0.140 99 2678 6
6-1 140 145 0.076 0.1832 0.0009 0.510 0.005 12.88 0.14 0.141 99 2682 8
7-1 113 103 0.586 0.1818 0.0010 0.486 0.005 12.19 0.14 0.076 95 2670 9
9-1 133 84 0.021 0.1831 0.0007 0.516 0.005 13.03 0.13 0.141 100 2681 6
10-1 189 164 0.062 0.1829  0.0006 0.517 0.004 13.03 0.12 0.143 100 2679 6
11-1 82 97 0.076 0.1832 0.0011 0.515 0.005 13.00 0.16 0.142 100 2682 10
12-1 90 139 0.936 0.1806 0.0013 0.499 0.005 12.42 0.16 0.080 98 2659 12
13-1 88 78 0.281 0.1810 0.0012 0.504 0.006 12.59 0.16 0.139 99 2662 11
14-1 453 646 0.178 0.1820 0.0004 0.501 0.004 12.57 0.10 0.149 98 2671 4
151 683 219 0.045 0.1819 0.0003 0.502 0.004 12.60 0.09 0.138 98 2671 3
16-1 57 37 0.087 0.1827 0.0012 0.517 0.006 13.02 0.18 0142 100 2677 11

17-1 584 91 0.074 0.1823 0.0003 0.505 0.004 12.69 0.09 0.138 99 2674 3
18-1 82 110 0.071 0.1814 0.0009 0.512 0.005 12.79 0.15 0.139 100 2665 8
23-1 86 65 0.040 0.1832 0.0009 0.514 0.006 12.98 0.15 0.142 100 2682 8
241 664 270 0.028 0.1821 0.0003 0.492 0.004 12.35 0.09 0.138 96 2672 3
26-1 87 89 0.010 0.1822 0.0009 0.512 0.005 12.87 0.15 0.142 100 2673 8
28-1 451 336 0.017 0.1834 0.0004 0.513 0.004 12.98 0.10 0.139 99 2684 3
30-1 154 196 0.426 0.1817 0.0011 0.496 0.004 12.43 0.13 0.115 97 2668 10
32-1 139 82 0.031 0.1826  0.0007 0.509 0.005 12.82 0.13 0.142 99 2676 6
33-1 84 52 -0.010 0.1816 0.0009 0.512 0.006 12.81 0.15 0.141 100 2667 8
34-1 76 42 -0.016 0.1827 0.0009 0.508 0.006 12.80 0.16 0.138 99 2677 8
35-1 62 56 0124 0.1828 0.0013 0.500 0.006 12.60 0.18 0.138 98 2678 11
36-1 73 73 0127 0.1801 0.0010 0.510 0.006 12.65 0.16 0.139 100 2654 9
Probably inherited

21-1 85 45 -0.036 0.1836 0.0008 0.513 0.005 12.98 0.15 0.143 99 2686 7
251 112 63 0171 0.1839 0.0009 0.500 0.005 12.68 0.14 0.140 97 2689 8
27-1 141 282 0.000 0.1847 0.0009 0.493 0.005 12,55 0.13 0.137 96 2696 8
19-1 741 253 0.036 0.1858 0.0005 0.518 0.004 13.27 0.11 0.156 99 2705 4
Inherited

1-1 518 337 -0.009 0.1977 0.0004 0.546 0.004 14.88 0.13 0.150 100 2808 3
2-1 186 139 0.048 0.1980 0.0006 0.547 0.005 14.92 0.13 0.150 100 2810 5
31-1 208 105 0.079 0.1982 0.0006 0.540 0.005 14.76 0.13 0.147 99 2811 5

Young outlier
8-1 872 100 0.023 0.1784 0.0004 0.526 0.004 12.94 0.09 0141 103 2638 4
>5% discordant
20-1 199 112 3.768 0.1850 0.0218 0.477 0.010 12.17 1.46 0.168 93 2698 195
22-1 157 221 0.390 0.1832 0.0008 0.468 0.004 11.82 0.12 0.087 92 2682 8
29-1 425 412 1.092 0.1789 0.0023 0.460 0.011 11.34 0.31 0.128 92 2643 22

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2**Pb and Broken Hill Pb composition).
Analysis date: 2203/02; session Z3878;.
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2001969044: Mars Bore monzogranite

1:250,000 sheet:  Leonora (SH5101)
1:100,000 sheet:  Wilbah (3040)

MGA: 258288mE 6804422mN

L ocation: The sampleisfrom alow, large platform about 200 m east of Lawlers - Mt Ida Road, and
about 5 km northwest of Mars Bore.

Description: The sampleisagrey-white, equigranular to seriate, medium-grained biotite monzogranite

which has aweak fabric defined by aligned biotite. The unit is alate biotite monzogranite
phase that intrudes banded granitic gneiss (sample 2001969053C) and foliated granitoids
(sample 2001969043A).

This rock has a granular texture. Principal minerals are K-feldspar, plagioclase, quartz
and biotite, with K-feldspar>plagioclase. K-feldspar is subhedral to anhedral, with
moderate to well-developed tartan twinning and minor perthite. Plagioclase is subhedral
to anhedral, and is generaly faintly twinned. It is generally unzoned to weakly normally
zoned. Complex/patchy zoning occurs in some cores. Myrmekite is present. Plagioclase
islocally atered to white mica and minor carbonate, especialy in grain centres. Quartz
occursas undulose grainsto 5-6 mm. Biotite (5-6%) formslight yellow to reddish brown,
subhedral to anhedral flakes, that are often replaced by chlorite with rutile, and minor
fluorite and epidote and/or coarse white mica. Accessory phases include common apatite,
zircon and irregular opague minerals.

Mount, pop: Z3878D

Description of zircons

Zircon is colourless to pale yellow-grey, with a pale yellowish red-brown stain present on
numerous grains. Fractures are pervasive in some grains. Inclusions are present in numerous
grains. Subhedral to euhedral morphologies are present, generally with slightly rounded crystal
faces, but somegrainsare moderately- to well-rounded. Stubby (generally < 150 um) and elongate
(aspect ratiosto 5:1, upto ~250 pm length) grainsare present. Continuous euhedral zoning is present
in some grains in transmitted and reflected light. Most grains have concentric zoning patternsin
CL, but some also contain disrupted patches (Fig. 78). Cores are visible in some grains.

Concurrent standard data

The apparent calibration slope for QGNG was ~2.1, and that for each of the two concurrent
samples was >2.2; avalue of 2.2 was used for data reduction. Omitting two outliers identified
by SQUID and two with extreme UO*/U* leaves 33 analyses with a 1c scatter in Pb/U of 0.63%
(MSWD = 2.12). Deleting two additional points that are 3c (low) outliersin 2’Pb/?®Pb gives a
weighted mean 2°’Pb/?®Pb age of 1847.5+ 2.7 Ma (MSWD = 0.89).

Element abundance calibration was based on CZ3 (n = 3).

Sample data

Five of the 36 grains (Table 33, Fig. 79) are >5% discordant (8-1, 9-1, 11-1, 13-1, 33-1); severad
of these also have high common Pb. There are two distinctly olders grains (16-1, 21-1), asisone
of the discordant analyses (9-1). The remaining 29 analyses form a cluster, with some excess
scatter in 27Ph/?%Ph (MSWD = 1.7). Omitting two 3o (old) outliers (17-1, 34-1) leaves 27 with
a weighted mean 2"Pb/?Pb age of 2646.5 + 2.5 Ma (MSWD = 0.78).

Geochronological interpretation
The crystallization age of the monzogranite is 2647 + 3 Ma.
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Figure 78. Representative SEM images (BSE on left, CL on right) for sample 2001969044: Mars Bore
monzogranite. SHRIMP analysis spots arelabelled. Remnant pits fromtheion microprobe analyses
are faintly visible in some grains. Scale bar is 100 pm.
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Figure 79. Concordiaplot for zirconsfrom sample 2001969044: Mars Bore monzogranite. Whitefilled symbols
are used to define the age of the sample; inherited grains have diagonal shading; old outliers are
dark grey; discordant and/or high common Pb analyses are light grey.

119



Compilation of SHRIMP U-Pb geochronological data, Yilgarn Craton, 2001-2002

Table 33. SHRIMP analytical results for zircon from sample 2001969044 Mars Bore monzogranite.

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group
1-1 208 148 0.010 0.1797 0.0005  0.509 0.004 1261 0.11 0.142 100 2650 5
2-1 233 254 0.026 0.1795 0.0005  0.504 0.004 1246 0.11 0.139 99 2648 5
3-1 358 393 0.331 0.1793 0.0006  0.509 0.004 12,58 0.10 0135 100 2646 5
4-1 90 94 0.008 0.1808 0.0009 0.508 0.007 12.67 0.18 0.140 100 2660 9
5-1 193 177 0.038 0.1792 0.0006  0.506 0.004 1250 0.11 0141 100 2646 6
6-1 172 192 0.068 0.1797 0.0006 0.512 0.004 12.69 0.12 0.141 101 2650 6
7-1 143 211 0.092 0.1795 0.0007 0.517 0.005 12.79 0.13 0.146 101 2648 7
10-1 149 177 0141 0.1792 0.0008 0.508 0.005 1254 0.13 0.137 100 2646 7
12-1 126 216 1.728 0.1810 0.0014 0.483 0.005 12.06 0.15 0.102 95 2662 13
14-1 94 31 0.013 0.1782 0.0009 0.504 0.005 12.39 0.15 0132 100 2636 8
15-1 84 83 0.025 0.1786 0.0009 0.509 0.005 1255 0.15 0.141 101 2640 8
181 133 150 0.015 0.1790 0.0007 0.515 0.005 12.71 0.13 0.143 101 2644 7
19-1 133 201 -0.049 0.1788 0.0007 0.503 0.005 12.40 0.12 0.137 99 2642 6
20-1 187 149 0.070 0.1798 0.0006 0.507 0.004 12.56 0.12 0.139 100 2651 6
22-1 68 80 0.055 0.1789 0.0010 0.504 0.006 12.44 0.16 0.139 100 2642 10
23-1 106 116 0.112 0.1783 0.0008 0.504 0.005 12.40 0.13 0.137 100 2637 8
24-1 184 221 0.067 0.1789 0.0007 0.503 0.004 12.42 0.12 0.139 99 2643 6
251 170 128 0.089 0.1792 0.0006 0.501 0.004 12.38 0.12 0.137 99 2645 6
26-1 69 78 0.146 0.1793 0.0011 0.494 0.006 12.22 0.16 0.134 98 2646 10
27-1 195 279 0.088 0.1788 0.0007 0.495 0.004 12.20 0.11 0.136 98 2642 6
28-1 175 229 0.000 0.1803 0.0006  0.503 0.004 1251 0.12 0.139 99 2656 6
29-1 37 32 -0.150 0.1806 0.0013  0.519 0.008 1292 0.21 0.143 101 2658 12
30-1 149 206 0.088 0.1779 0.0007 0.508 0.005 1245 0.12 0140 100 2634 7
31-1 92 100 0.014 0.1789 0.0009 0.501 0.005 12.36 0.15 0.136 99 2642 9
32-1 97 107 0.152 0.1802 0.0009 0.489 0.005 12.15 0.14 0.136 97 2655 8
35-1 113 121 0.077 0.1789 0.0008  0.502 0.005 12.37 0.13 0.135 99 2643 7
36-1 186 273 0.027 0.1797 0.0007 0.504 0.004 12,50 0.12 0.140 99 2650 6
3o old outliers
17-1 185 137 0.028 0.1817 0.0006  0.514 0.004 12.89 0.12 0143 100 2669 6
34-1 471 93 -0.001 0.1807 0.0004 0.505 0.004 12.58 0.09 0.141 99 2660 3

Inherited

16-1 575 548 0.023 0.1896 0.0004 0.564 0.004 14.73 0.11 0.137 105 2738 3
21-1 246 135 0.740 0.1961 0.0014 0.528 0.004 14.26 0.15 0.144 98 2794 11
Discordant

8-1 153 203 0.997 0.1793 0.0018 0.437 0.004 10.81 0.15 0.130 88 2646 16
9-1 181 239 0.010 0.1832 0.0006 0.588 0.005 14.85 0.14 0.121 111 2682 6
11-1 383 117 1.289 0.1759 0.0020 0.463 0.003 11.22 0.15 0.134 94 2615 19
131 100 157 1.706 0.1781 0.0020 0.428 0.004 10.51 0.16 0.115 87 2636 18
33-1 94 92 0.195 0.1816 0.0011 0.466 0.005 11.66 0.14 0.085 92 2667 10

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 22/03/02; session Z3878;.
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2001969053A: granodiorite leucosome, Turkey Well

1:250,000 sheet:  Leonora (SH5101)
1:100,000 sheet:  Wilbah (3040)

MGA: 267154mE 6800317mN

L ocation: The sampleisfrom alow pavement, next to afencelinetrack, about 3 km west-southwest
of Turkey Well.

Description: Itisafoliated, white, (sparsely plagioclase porphyritic to) seriate, medium-grained biotite

granodioritic leucosome in a banded gneiss, of which sample 2001969053C is
representative. The leucosome contains plagioclase grains that vary in size from <4 mm
to locally >7 mm. The leucosome cross-cuts banding in the host granitic gneiss, including
felsic layers which are mineralogically similar to the leucosome.

The sample is characterised by a granoblastic texture. Principal minerals are plagioclase,
K-feldspar, quartz and biotite, with plagioclase>>K-feldspar. Plagioclase is subhedral to
anhedral/rounded. It is well-zoned, with very common irregular complex/patchy-zoned
cores and/or subhedral unzoned cores, and normally or oscillatory zoned rims. Moderate
myrmekite is developed. The plagioclaseis variably atered to white mica and carbonate.
K-feldspar occurs as anhedral to interstitial grains, which are commonly poikilitic, and
have moderate tartan twinning. Quartz is anhedral, with moderately to locally strongly
undulose extinction. Biotite (5-6%) occursasaligned, light yellow to medium-dark brown,
anhedral to ragged flakes that are moderately atered to chlorite, rutile, epidote and/or
minor white mica. Accessory phases include zircon (with apparent cores in some of the
larger grains), apatite, opaque minerals and possibly anhedral titanite (secondary?).
Mount, pop: Z3878A

Description of zircons

Zircon from this sample is predominantly colourless to pale yellow-brown and clear, but some
grains contain inclusions and fractures. The grains are generally euhedral to subhedral crystals
and fragments, with dightly to moderately rounded crystal faces. Grainsvary from approximately
65 um to 180 um in length, with aspect ratios of 2:1 to 3:1. Concentric oscillatory zoning is
faintly visible in many grainsin CL, although irregular patches of recrystallised zircon are also
present (Fig. 80). A small number of grains are very bright in CL. Cores and thin rims are
present in some grains, visible in both CL and transmitted light.

Concurrent standard data

This session gave an extremely good Pb/U calibration. The omission of one outlier leaves 37
analyses with a 16 Pb/U reproducibility of 0.59% (MSWD = 2.73). The apparent calibration
slope for QGNG is 2.18 and the concurrent sample data also indicate values ~2.2, which was
used for calibration. The standardised assessment procedure produced a weighted mean 2°’Ph/
26Ph age for QGNG is 1849.9 + 2.5 Ma (MSWD = 1.07; n = 28).

Element abundance calibration was based on CZ3 (n = 1).

Sample data

One analysis was obtained from each of 37 grains (Table 34). Only one analysis (2-1) is >5%
discordant, and there are two distinct young outliers (4-1, 19-1; Fig. 81). The remaining data
group together, but with excess scatter in 27Pb/2°Ph (MSWD = 1.7). Omitting two >3c outliers
(20-1 and 22-1) leaves 32 analyses with a weighted mean 2"Ph/?%Ph age of 2809 + 2 Ma and
MSWD = 1.19.
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Figure 80. Representative SEM images (BSE on left, CL on right) for sample 2001969053A: granodiorite
leucosome, Turkey Well. SHRIMP analysis spotsare labelled. Remnant pitsfromtheion microprobe
analyses are faintly visible in some grains. Scale bar is 100 pm.
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Geochronological interpretation

The relatively tight structure of this data set suggests that it records a single crystalization
event, but identifying that event is difficult, despite constraints from the ages of associated
rocks. There are two main possibilities. Either this is the age of the leucosome, or the age of a
pre-existing rock from which the leucosome was derived.

If 2809 £ 2 Ma is the age of the leucosome, this requires a severe metamorphic resetting of
zircons in the enclosing banded gneiss (2001969053C; 2670 Ma) that has not affected those in
the leucosome. The zircons in the banded gneiss do have the low-U high U/Th character of
metamorphic grains. If the banded gneiss (or its protolith) are actualy 2670 Ma, the 2809 + 2 Ma
date must be the age of the rock from which the leucosome was derived, and the formation of the
fractionated melt and its transport and intrusion all happened with ailmost no interaction with
other sources of zircon. The two distinct young outliers, one of them within uncertainty of
2670 Ma, is consistent with this scenario.
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Figure 81. Concordia plot for zircons from sample 2001969053A: granodiorite leucosome, Turkey Well. White
filled symbols are used to define the age of the sample; outliers are dark grey; discordant analysis

islight grey.
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Table 34. SHRIMP analytical results for zircon from sample 2001969053A: granodiorite leucosome, Turkey

WEll.
207Pb/206pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group

1-1 125 61 -0.025 0.1977 0.0006 0.544 0.004 14.83 0.13 0.154 100 2807
31 122 63 0.036 0.1987 0.0006 0.544 0.004 14.90 0.13 0.150 99 2815
51 81 33 0.022 0.1966 0.0007 0.551 0.005 14.94 0.14 0.151 101 2798
6-1 87 41 -0.012 0.1985 0.0007 0.552 0.005 15.10 0.14 0.151 101 2814
7-1 87 37 0.019 0.1982 0.0007 0.546 0.005 14.93 0.14 0.149 100 2811
8-1 125 44 0.025 0.1984 0.0006 0.544 0.004 14.88 0.13 0.145 100 2813
9-1 161 103 0.098 0.1976 0.0005 0.555 0.004 15.13 0.12 0.153 101 2807
10-1 144 83 -0.017 0.1972 0.0005 0.547 0.004 14.87 0.12 0.152 100 2803
11-1 168 95 0.011 0.1987 0.0005 0.548 0.004 15.01 0.12 0.152 100 2815
12-1 138 71 -0.009 0.1985 0.0005 0.546 0.004 14.95 0.13 0.148 100 2814
131 104 37 0.033 0.1981 0.0007 0.541 0.005 14.77 0.13 0.148 99 2811
14-1 151 94  0.355 0.1963 0.0009 0.528 0.004 14.29 0.13 0.144 98 2796
151 139 62 0.101 0.1985 0.0006 0.527 0.004 14.42 0.12 0.147 97 2814
16-1 130 79 0284 0.1977 0.0007 0.534 0.004 1456 0.13 0.149 98 2808
17-1 144 80 -0.040 0.1982 0.0005 0.545 0.004 14.90 0.12 0.154 100 2812
18-1 80 36 0.013 0.1978 0.0007 0.554 0.005 15.10 0.15 0.149 101 2808
21-1 119 68 -0.038 0.1987 0.0006 0.535 0.004 14.65 0.13 0.148 98 2816
23-1 112 49 0.104 0.1982 0.0007 0.533 0.004 1456 0.13 0.144 98 2812
25-1 35 10 -0.118 0.2003 0.0012 0.544 0.007 15.03 0.20 0.157 99 2828
26-1 110 51 0.033 0.1973 0.0006 0.546 0.005 14.85 0.13 0.150 100 2804
27-1 147 75 0.020 0.1974 0.0005 0.541 0.004 14.71 0.12 0.148 99 2805
28-1 94 45 -0.014 0.1966 0.0007 0.558 0.005 15.12 0.14 0.153 102 2798
29-1 157 98 0.045 0.1980 0.0005 0.539 0.004 14.70 0.12 0.147 99 2810
30-1 132 68 -0.058 0.1981 0.0006 0.540 0.004 14.75 0.13 0.151 99 2811
31-1 131 77 0.179 0.1970 0.0006 0.529 0.004 14.38 0.12 0.148 98 2802
32-1 166 131 -0.006 0.1981 0.0005 0.542 0.004 14.80 0.12 0.149 99 2811
331 168 112 0.012 0.1980 0.0005 0.541 0.004 14.76 0.12 0.147 99 2810
34-1 130 58 -0.003 0.1972  0.0006 0.542 0.004 14.74 0.12 0.147 100 2803
35-1 94 30 0.048 0.1975 0.0007 0.545 0.005 14.83 0.14 0.147 100 2805
36-1 105 47  0.028 0.1976  0.0006 0.540 0.005 14.70 0.13 0.142 99 2807
37-1 97 46 -0.026 0.1983 0.0007 0.550 0.005 15.04 0.14 0.152 100 2812
38-1 122 63 -0.010 0.1966 0.0007 0.542 0.004 14.70 0.13 0.151 100 2798
>5% discordant

O‘)U'IU'IO’U'l-b-bUTUTh@hmgmtﬂmh@m\lw&bbbwmmmm(ﬂ

2-1 161 83 0.383 0.1984 0.0010 0.450 0.003 12.30 0.11 0.130 85 2813 8
>3c outliers

4-1 68 0 0.029 0.1911 0.0008 0.520 0.005 13.70 0.14 0.190 98 2752 7
19-1 43 3 -0.063 0.1827 0.0010 0.532 0.006 13.41 0.17 0.160 103 2678 9
20-1 117 72 -0.005 0.1959 0.0006 0.535 0.004 14.46 0.13 0.147 99 2792 5

22-1 110 33 -0.051 0.1996 0.0006 0.549 0.005 1511 0.13 0.158 100 2823 5

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysisdate: 15/03/02; session Z3878i. Secondary ion beams were not centred correctly during analysis 24-1 and
this was deleted from files.
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2001969053C: banded biotite granitic gneiss, Turkey Well

1:250,000 sheet:  Leonora (SH5101)
1:100,000 sheet:  Wilbah (3040)

MGA: 267154mE 6800317mN

L ocation: The sample comes from a low pavement, next to a fence line track, about 3 km west-
southwest of Turkey Well.

Description: Thisisawhite and blue-grey, fine- to medium-grained, banded biotite granitic gneissthat

is cut by leucosome (sample 2001969053A) and by late biotite monzogranite (sample
2001969044). Banding (<5 mm to >3 cm in width) is defined by variable biotite content
(5-6% to >20%), variable grain size and by the presence of concordant pegmatite layers.
The banding is locally isoclinally folded.

Principal mineralsin the granoblastic rock are plagioclase, K-feldspar, quartz and biotite,
with plagioclase>>K-feldspar. Plagioclase occurs as mostly anhedral, rounded to lesser
subhedral grainswith faint to no visible twinning, and no obvious zoning. Minor myrmekite
ispresent. The plagioclase grains are variably atered, mostly minor white micaand minor
carbonate, but some grains are partly to moderately pseudomorphed by coarse white
mica. K-feldspar is anhedral to interstitial and locally poikilitic, with variably developed
tartan twinning, and minor perthite. Quartz occurs as anhedral grains, with mild to locally
moderately undulose extinction. Bictite is present as light yellow to medium red-brown,
subhedral to irregular flakes, with minor to moderate chlorite, epidote, and/or white mica
alteration. Accessory mineralsinclude zircon, large hexagonal apatite, and opagque minerals.

Mount, pop: Z3878C

Description of zircons

Many zircon grains are fragments of larger crystals that range in length from ~60 pm to 250 pm
(aspect ratios vary from 2:1 to 4:1), although whole crystals are also present. Approximately
equal proportions of subhedral and anhedral grains are present, with most being moderately- to
well-rounded. The zircon is colourless to pale brown-grey, and is commonly fractured. Some
grainscontaininclusions. Most of the grains have clearly-defined featuresin CL, with continuous
layer-parallel or concentric zoning commonly present (Fig. 82). However, many grains also
contain irregular patches or zones, mostly defined by very sharp angular boundaries which
possibly represent recrystallisation fronts. Core-rim relationships are visible in afew grains.

Concurrent standard data

This session gave an extremely good Pb/U calibration. The omission of one outlier leaves 37
analyses with a 1o Pb/U reproducibility of 0.59% (MSWD = 2.73). The apparent calibration
slope for QGNG is 2.18 and the concurrent sample data aso indicate values ~2.2, which was
used for calibration. The standardised assessment procedure produced a weighted mean 2°’Ph/
26Ph age for QGNG of 1849.9 + 2.5 Ma (MSWD = 1.07; n= 28).

Element abundance calibration was based on CZ3 (n = 1).

Sample data

Thirty nine analyses were obtained from 38 grains (Table 35). Only one analysis (21-1) is >5%
discordant (Fig. 83), but two others (1-1, 24-1) with <10 ppm U are also considered unreliable
for geochronology. Amongst the remainder there are two dightly older outliers (15-1, 27-1) and
two other 3c outliers (one younger, 4-1; one older, 28-1). Omitting these |eaves 32 well-grouped
analyses with a weighted mean *"Pb/?®Pb age of 2670.1 + 3.2 Ma (MSWD = 1.07).
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Figure 82. Representative SEM images (BSE on left, CL on right) for sample 2001969053C: banded biotite
granitic gneiss, Turkey Well. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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Geochronological interpretation

These data must be reconciled with those for the crosscutting leucosome 2001969053A and
foliated granite 2001969043A. The latter is 2674 + 3 Ma (interpreted as a crystallisation age),
indistinguishable from 2670 £ 4 Mabut unlikely to be younger; the former gives a zircon age of
2809 Ma, interpreted to represent the age of inherited grains from the protolith. It seems most
likely that the 2670 + 4 Ma date is a metamorphic age for this banded gneiss, even though the
grains do not show complete recrystallisation. The low U and low Th/U are typical of intensely
metamorphosed zircons. Although there are no distinctly earlier ages preserved, the several old
outliers could be incompletely reset older grains.
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Figure 83. Concordia plot for zircons from sample 2001969053C: banded biotite granitic gneiss, Turkey Well.
White filled symbols are used to define the age of the sample; older and younger outliers ar dark
grey; discordant or low-U analyses are light grey.
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Table 35. SHRIMP analytical results for zircon from sample 2001969053C: banded biotite granitic gneiss,

Turkey Well.
207Pb/206pb
gran- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group
2-1 43 <1 0112 0.1818 0.0013 0.522 0.006 13.09 0.17 — 101 2669 12
3-1 42 <1 0202 0.1836 0.0012 0.520 0.006 13.17 0.17 — 101 2685 10
5-1 42 13 -0.030 0.1827 0.0010  0.519 0.008 13.06 0.21 0.146 101 2677 9
6-1 63 <1 0.020 0.1837 0.0009 0.505 0.005 12.78 0.13 — 98 2686 8
7-1 74 <1 -0.017 0.1828 0.0008 0.520 0.005 1311 0.14 —_ 101 2679 7
81 29 <1 0.167 0.1825 0.0014 0.535 0.007 13.47 0.20 — 103 2675 12
9-1 53 25 0.126 0.1822 0.0013  0.502 0.005 12.62 0.16 0.136 98 2673 11
10-1 52 1 0191 0.1817 0.0012 0.522 0.006 13.08 0.16 — 102 2668 11
11-1 45 <1 0118 0.1822 0.0012 0.522 0.006 13.13 0.17 — 101 2673 11
12-1 49 <1 0.090 0.1832 0.0010 0.515 0.005 13.02 0.16 — 100 2682 9
13-1 46 <1 0.109 0.1809 0.0011 0.519 0.006 12.95 0.16 — 101 2661 10
14-1 52 16 0.061 0.1813 0.0009 0.514 0.005 12.86 0.15 0.142 100 2665 8
16-1 48 18 0.120 0.1818 0.0011 0.507 0.005 12.71 0.16 — 99 2670 10
17-1 22 <1 -0.035 0.1826 0.0014 0.520 0.008 13.08 0.21 — 101 2677 12
17-2 76 <1 0.071 0.1815 0.0008 0.526 0.005 13.17 0.13 102 2667

18-1 55 22 0.009 0.1822 0.0009 0.514 0.005 12.93 0.15 0.140 100 2673
19-1 51 21 -0.003 0.1831 0.0009 0.510 0.005 12.86 0.15 0.141 99 2681
20-1 64 <1 0.056 0.1822  0.0008 0.510 0.005 12.80 0.14 — 99 2673
22-1 52 21 -0.023 0.1810 0.0009 0.513 0.005 12.80 0.15 0.147 100 2662
231 45 24 0.045 0.1805 0.0011 0.497 0.005 12.36 0.15 0.137 98 2657 10
25-1 32 13 -0.072 0.1834 0.0011 0.510 0.006 12.90 0.18 0.141 99 2684 10

0 ~N 00 00~

26-1 18 <l 0.385 0.1828 0.0025 0.500 0.008 12.61 0.27 — 98 2678 22
29-1 24 <l -0.117 0.1814 0.0013 0.520 0.007 13.00 0.20 — 101 2666 12
30-1 36 13 -0.207 0.1828 0.0014 0.509 0.006 12.83 0.18 0.149 99 2678 12
31-1 36 <l -0.118 0.1813 0.0012 0.520 0.006 13.00 0.18 — 101 2664 11
32-1 54 19 0134 0.1798 0.0009 0.514 0.005 12.74 0.15 0.137 101 2651 9
331 50 7 0126 0.1819 0.0012 0.502 0.005 12.60 0.16 — 98 2671 11
34-1 73 <1 0.209 0.1815 0.0010 0.504 0.005 12.61 0.14 — 99 2667 9

351 95 49 0.074 0.1810 0.0007 0.501 0.004 12.50 0.12 0.114 98 2662 6
36-1 114 62 -0.008 0.1814 0.0006 0.507 0.004 12.68 0.11 0.130 99 2666 5
37-1 38 15 0.094 0.1792 0.0011 0.510 0.006 12.61 0.17 0.138 100 2646 10

38-1 40 <1 0.015 0.1829 0.0019 0.526 0.006 13.26 0.20 — 102 2679 17
>3 age outliers

4-1 19 <l 0741 0.1755 0.0023 0.516 0.008 12.49 0.25 —- 103 2610 22
15-1 21 <1l -0.068 0.1891 0.0015 0.533 0.008 13.91 0.24 — 10 2734 13
27-1 53 <1l -0.037 0.1905 0.0009 0.531 0.006 13.94 0.16 —- 100 2746 8
28-1 39 <l 0.109 0.1861 0.0012 0.517 0.006 13.26 0.18 — 99 2708 11
>5% discordant or U <10ppm

1-1 6 <l 0.047 0.1852 0.0038 0.552 0.014 14.09 0.47 —- 105 2700 34
21-1 138 49  0.369 0.1809 0.0007 0.440 0.003 10.97 0.10 0.007 88 2661 7
24-1 9 <l -0.194 0.1860 0.0022 0.517 0.011 13.26 0.33 — 99 2707 20

Dataare at 16 precision. All Pb data are common-Pb corrected (based on 2**Pb and Broken Hill Pb composition).
Analysis date: 15/03/02; session Z3878i. 26Pb/?*Th data are not reported where Th<10ppm.
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2001969111B: gneissic biotite trondhjemite, Wingora Soak

1:250,000 sheet:  Duketon (SG5114)
1:100,000 sheet:  Tate (3243)

MGA: 373648mE 6961614mN

L ocation: The sample was collected from a granite pavement, on the southern side of a low hill,
about 400 m north of Wingora Soak.

Description: Thefoliated, white, seriate, medium-grained banded gneissic biotite (5-6%) trondhjemite

isinterlayered with subordinate grey, equigranul ar, fine- to medium-grained titanite-biotite
granodiorite. The latter forms bands, locally to >1 m thick but often much thinner (<1 to
>10 cm), which are characterised by significantly more mafic and biotite-rich (20-30%)
compositions, than the dated host. These bands may represent original dykes or enclaves
(now strung out) within the host trondhjemite. The bands are generally sub-parallel and
typically paralel to thefoliation. Both phases are cut by thin discordant felsic granite and
pegmatite veins, and by later, essentially unfoliated, pink monzogranite dykes, up to 10
m in width, which form part of alarge dyke swarm.

The principal minerals contributing to the granobl astic texture are plagioclase, K-feldspar,
quartz and biotite, with plagioclase>>K-fel dspar. Plagioclase occurs as subhedral to lesser
anhedral grains, with faint to no visible twinning, and no obvious to minor zoning. Minor
myrmekiteis present. The plagioclase displays minor to moderate white micaand carbonate
alteration. K-feldspar is present as anhedral to interstitial grains, with moderately- to
well-devel oped tartan twinning, and minor perthite. Quartz islargely anhedral, with mostly
moderately undulose extinction. Biotite occurs as irregular to locally subhedral flakes. It
is light yellow to medium red-brown in colour, with minor alteration to chlorite, rutile,
fluorite and/or minor white mica. Accessory mineral sinclude zircon and apatite (commonly
large hexagonal grains), anhedral to subhedral minor titanite (<1%), and irregular opaque
minerals.

M ount, pop: Z3963B

Description of zircons

The zircon occurs as colourless and clear to pale brown and turbid crystals and fragments. It
varies from stubby, equant grains, approximately 65 um long, to large, elongate grains, greater
than 400 um in length (aspect ratios up to 7:1). There is slight to moderate rounding of crystal
faces. A small proportion of anhedral, rounded grains are al so present, ranging from about 60 pm
to 190 pm in diameter. Fractures and inclusions are common. Zoning and cores are visible in
many grainsin transmitted and reflected light, although some are devoid of any features. In CL
many grains display patchy, irregular zones, and/or oscillatory zoning (Fig. 84). Cores with
truncated zoning are clearly visible in a number of grains.

Concurrent standard data

The primary beam became unstable in the latter part of this session. Following subsequent
assessment, the data file was truncated after 38 hours, but this makes no significant differenceto
the data structures of either QGNG or the samples. Two of the 31 QGNG analyses that were
retained aredistinctly low in both 2%Pb/2¥U and 2°"Pb/?®Ph, and were omitted from the calibration.
The apparent calibration slope for QGNG is ~2.1; one of the concurrent samples indicates a
value ~2.4. The long-term average values of 2.2 was used for data processing. The 29 analyses
give a ?®Pb/>¥U calibration with a 1o scatter of 0.68% (MSWD = 2.47). The corresponding
27Ph/2%Ph data have an unusualy wide spread, and the preferred low-side culling procedure
resultsin excessive deletion if MSWD isforced to 1.0. Culling was therefore stopped at MSWD
>1.3 (refer to chapter on “Data compilation for the QGNG standard”), resulting in a weighted
mean *"Pb/**Ph age of 1849.2 + 3.3 Ma (MSWD = 1.3; n=25). Alternate data treatments,
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Figure 84. Representative SEM images (BSE on left, CL on right) for sample 2001969111B: gneissic biotite
trondhjemite, Wingora Soak. SHRIMP analysis spots are labelled. Remnant pits from the ion
microprobe analyses are faintly visible in some grains. Scale bar is 100 pm.
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such as deleting the most extreme outliers (several at ~2c, both high and low) give a similar
average. Element abundance calibration was based on CZ3 (n = 3).

A second session (Z3963)) on this sample and sample 2001969122 included 19 analyses of
QGNG, which gave aPb/U cdibration with a 1c scatter of 1.36% (MSWD = 4.97) and aweighted
mean 2’Pb/?%Pb age of 1849.8 + 4.3 Ma (MSWD = 0.76). Element abundance calibration was
based on CZ3 (n = 2). See chapter on sample 2001969122 for additional details.

Sample data

Thirty four analyses were obtained from 33 grains, including four analyses from the partial
supplementary session (Table 36). The data display a high degree of scatter (Fig. 85), possibly
due to ancient and recent Pb loss; many of the grains are xenocrysts up to ~2955 Ma (cores were
specificaly targeted in a number of analyses). Amongst the concordant data there is only one
small cluster of 13 points (Fig. 86), at ~2710 Ma, that is likely to retain age significance. One
analysis (25-1) with very high U (>1100 ppm) is considered unreliable for chronology and is
discarded, although it is consistent with the main group of data. The weighted mean 2°’Pb/?Ph
age for these 13 analysesis 2709 + 5 Ma, with MSWD = 2.2. There are two possible outliers to
this group (16-1, 39-1) at 2689 + 7 Ma (1c). Omitting these is a reasonable option, given the
existence of four younger, marginally discordant points (12-1, 14-1, 18-1, 20-1). The culling of
either of these analyses revisesthe date to 2710.0 + 4.4 MaMSWD = 1.6), while removing both
gives 2711.1 + 3.1 Ma(MSWD = 0.70). All these possible groupings are covered by arounding
to 2710+ 5 Ma.

Geochronological interpretation

The very old dates obtained for some of the grains implies that these, at least, are xenocrysts.
Because there is no grouping for the older dates, we interpret all these grains as xenocrysts. The
2710 Madate could be either the magmatic age of the granitic precursor to the banded gneiss, or
thetime of gneissformation . Because of the overall data scatter and the small number of analyses
in the main group, the age cannot be considered to be well-determined, and using a notional age
of ~2710 Maiis preferable to quoting a seemingly rigorous uncertainty.
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Figure 85. Concordia plot for zircons from sample 2001969111B: gneissic biotite trondhjemite, Wingora Soak.
White filled symbols are used to define the age of the sample; inherited grains have diagonal
shading; younger outliers are dark grey; discordant and/or high U analyses are light grey.
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Figure 86. Concordia plot for the main data group from sample 2001969111B: gneissic biotite trondhjemite,
Wingora Soak. Shading as in Figure 85.
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Table 36. SHRIMP analytical results for zircon from sample 2001969111B: gneissic biotite trondhjemite,

Wingora Soak.

207Pb/206pb
gran- U Th  4f206 27Ph 205Ph 27Ph 205pPh conc. Age
spot  (ppm) (ppm) (%) 206Ph + 28y + =y o+ 22Th (%) (Ma) =+
Main group
1-1 332 24 0.001 0.1865 0.0004  0.514 0.004 1321 0.11 0.142 99 2711 3
2-1 157 12 0.013 0.1868 0.0006 0.517 0.005 13.31 0.13 0.143 9 2714 5
3-1 287 73 -0.002 0.1867 0.0004  0.515 0.004 13.26 0.11 0.143 9 2713 4
5-1 147 13 0.047 0.1858 0.0006 0.522 0.005 13.38 0.13 0.137 100 2706 6
6-1 155 49 0.061 0.1862 0.0006 0.511 0.005 13.13 0.13 0.142 98 2709 6
151 123 31 -0.014 0.1870 0.0007 0.513 0.005 13.24 0.14 0.142 98 2716 6
16-1 165 6 0344 0.1840 0.0007 0.503 0.005 12.75 0.13 0.079 98 2689 7
17-1 163 40 0.073 0.1864 0.0006 0.514 0.005 13.21 0.13 0.140 99 2711 6
22-1 22 5 0247 0.1856 0.0017 0.530 0.008 1355 0.25 0129 101 2703 15
28-1 200 15 0.019 0.1867 0.0005  0.521 0.004 1343 0.12 0141 100 2714 4
29-1 118 5 0470 0.1849 0.0008 0.521 0.005 13.29 0.14 0140 100 2698 7
39-1 164 18 0.122 0.1840 0.0008 0.521 0.008 1322 0.21 0136 101 2689 7
Xenocrysts
4-1 313 118 0.305 0.1932 0.0005 0.516 0.004 13.75 0.11 0.142 97 2769 4
7-1 148 107 0.091 0.2164 0.0007 0.561 0.005 16.75 0.16 0.157 97 2954 5
81 292 131 0.030 0.2075 0.0013 0.543 0.004 15.53 0.16 0.150 97 2886 10
9-1 182 97 0.261 0.2120 0.0008 0.538 0.005 15.74 0.16 0.142 95 2921 6
11-1 201 99 0.039 0.2142  0.0006 0.568 0.005 16.79 0.15 0.154 99 2938 4
13-1 166 47  0.000 0.2100 0.0006 0.557 0.005 16.14 0.15 0.155 98 2906 5
19-1 143 49 0.017 0.2035 0.0006 0.550 0.005 1542 0.15 0.148 9 2854 5
21-1 527 273 0.120 0.2079 0.0003 0.546 0.004 15.65 0.12 0.151 97 2839 3
26-1 262 285 0.008 0.1982 0.0005  0.547 0.004 14.93 0.13 0.150 100 2811 4
27-1 318 95  0.039 0.2152 0.0004  0.569 0.004 16.87 0.14 0.156 99 2945 3
37-1 174 59  0.007 0.1896 0.0008 0.531 0.008 13.88 0.22 0147 100 2739 7
381 215 18 0.181 0.1981 0.0008 0.524 0.008 14.31 0.22 0.162 9% 2811 6
Young outliers
12-1 82 15 0.229 0.1835 0.0009 0.487 0.005 12.33 0.14 0.123 95 2685 8
14-1 710 78 0.429 0.1836 0.0005  0.494 0.004 1251 011 0.135 9% 2685 5
18-1 218 10 0.125 0.1805 0.0006 0.482 0.004 11.99 0.11 0.113 95 2658 5
20-1 662 184 0.357 0.1821 0.0008 0.487 0.005 12.23 0.14 0.124 % 2672 7
>5% discordant or high U
6-2 75 18 0.881 0.1843 0.0026 0.414 0.007 10.53 0.23 0.116 83 2692 23
10-1 416 205 0.349 0.2043  0.0007 0.503 0.005 14.17 0.15 0.145 92 2861 5
23-1 1001 160 0.991 0.1734 0.0005  0.446 0.003 10.67 0.08 0.145 92 25091 5
24-1 324 5 0242 0.1832 0.0004  0.472 0.004 11.93 0.10 0.169 93 2682 4
25-1 1119 234 0.778 0.1866 0.0003 0.520 0.004 13.38 0.10 0151 100 2712 3
30-1 69 371 0.309 0.1860 0.0004  0.484 0.004 12.41 0.10 0.120 94 2708 4

Dataare at 16 precision. All Pb data are common-Pb corrected (based on #*Pb and Broken Hill Pb composition).
Analysis date: 27/05/02; session Z3963i and four analyses (6-2 and 37-1 to 39-1) on 07/06/02; session Z3963].
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2001969122: Mt Joanna granodiorite

1:250,000 sheet: Duketon (SG5114)
1:100,000 sheet:  Urarey (3343)

MGA: 396502mE 6967198mN

L ocation: The sample was collected from a moderate-sized whaleback in an area of good bouldery
outcrop north of fence line, about 4.6 km north-northwest of Six Mile Hill.

Description: Thissampleisafoliated, lineated, incipiently banded, grey-white, fine- to medium-grained

biotite granodiorite. The fine banding (<2 cm in width) is defined by biotite-rich and
biotite-poor layers. The rock is an early granitic gneiss that is cut by late granite dykes
and pegmatites.

Principal mineralsin the granoblastic to granular rock are plagioclase, K-feldspar, quartz
and biotite, with plagioclase >>K-feldspar. Plagioclase occurs as subhedral to anhedral
grains in which twinning is faint to absent. Zoning is not obvious in these grains. Minor
myrmekite is present. Plagioclase displays minor to moderate white mica and carbonate
alteration. K-feldspar isanhedral to interstitial, with moderately devel oped tartan twinning,
and minor perthite. Quartz occursasanhedral to elongate grainsthat are mostly moderately
to mildly undulose. Bictite is present as irregular to locally subhedral, light yellow to
medium-dark brown flakes, with minor ateration to chlorite, rutile, epidote and/or minor
white mica. Accessory minerals include apatite, zircon, opaque minerals and alanite.

Mount, pop: Z3963C

Description of zircons

A relatively small number of zircon grains were recovered from this sample. They consist of
colourless to pale brown-grey fragments and a smaller proportion of whole crystals. Many of
the grains are euhedral to subhedral prismatic fragments with aspect ratios of 2:1 to 3:1; they
vary from about 65 pm to 175 pm in length. Some fragments are up to 100 um wide. The grains
contain small inclusions, and in many cases zoning and cores are visible in transmitted and
reflected light. The CL images more clearly display continuous euhedral oscillatory zoning and
the cores, as well as the presence of irregular or weak zoning in some grains, which suggests
partial recrystallisation (Fig. 87).

Concurrent standard data

This session involved analyses on this mount over 35 hours, followed by analyses on several
other mounts in search of old grain cores. This summary deals only with the analyses on mount
Z3963. Nineteen analyses of QGNG give a Pb/U calibration with a 1 scatter of 1.36%
(MSWD = 4.97). Although the omission of two extreme values would reduce the scatter to
0.68%, all of the data have been retained. After omitting one >3c young %"Ph/?®Pb outlier, the
remaining 18 analyses give awei ghted mean 2’Pb/?®Ph age of 1849.8 + 4.3 Ma(MSWD = 0.76).

Element abundance calibration was based on CZ3 (n = 2).

Sample data

The 29 analyses (Table 37), obtained from individual grains, show a strong recent Pb-loss trend
(Fig. 88), with more than half of them being >5% discordant. The 13 concordant analyses form
a single 2’Pb/?®Pb age population (Fig. 89), with a weighted mean age of 2939.2 + 5.4 Ma
(MSWD = 0.84).

Geochronological interpretation
The 2939 + 6 Ma age is interpreted to be the crystallisation age of the granodiorite.

134



Geoscience Australia Record 2003/15

]
e

M

X

11}

N

=
LM
(R |

X

MMULA

Figure 87. Representative SEM images (BSE on left, CL on right) for sample 2001969122: Mt Joanna
granodiorite. SHRIMP analysis spots are labelled. Remnant pits from the ion microprobe analyses
are faintly visible in some grains. Scale bar is 100 pm.
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Table 37. SHRIMP analytical results for zircon from sample 2001969122: Mt Joanna granodiorite

207Pb/206pb
grain- U Th  4f206 27Ph 206Ph 27Ph 208ph conc. Age
spot  (ppm) (ppm) (%) *Pb t U U+ #Th (%) (Ma) =
Concordant subgroup
1-1 157 47 0421 0.2151 0.0012 0.542 0.008 16.09 0.26 0.166 95 2945 9
3-1 152 28 0052 0.2137 0.0022 0.574 0.009 16.91 0.31 0.164 100 2934 17
9-1 97 55 0.202 0.2143 0.0013  0.577 0.012 17.05 0.38 0.152 100 2938 10
11-1 130 39 0.19% 0.2147 0.0009 0.572 0.009 16.93 0.27 0.156 99 2941 6
12-1 87 28 0.262 0.2138 0.0018 0.566 0.009 16.68 0.31 0.149 98 2935 14
14-1 438 19 0.119 0.2174 0.0017 0.559 0.010 16.76 0.33 0.152 97 2962 13
16-1 83 24 -0.040 0.2132 0.0011 0.578 0.009 16.98 0.29 0.157 100 2930 8
20-1 107 62 0334 0.2136 0.0011 0.569 0.010 16.77 0.32 0.145 99 2933 8
22-1 106 62 0.140 0.2138 0.0014 0.574 0.009 16.91 0.29 0.147 100 2934 11
26-1 101 42 0.726 0.2162 0.0018 0.549 0.010 16.37 0.31 0.114 95 2953 13
28-1 124 47  0.233 0.2132 0.0011 0.574 0.009 16.88 0.29 0.151 100 2930 8
30-1 112 45  0.482 0.2158 0.0014 0.560 0.009 16.67 0.30 0.160 97 2950 10
Discordant
2-1 151 40 1.685 0.2134 0.0014 0.530 0.008 15.59 0.26 0.181 93 2032 11
4-1 76 20 0619 0.2129 0.0014 0.526 0.009 15.44 0.27 0.143 93 2028 11
51 159 52 1.362 0.2125 0.0037 0.424 0.008 12.43 0.31 0.162 78 2925 28
6-1 110 30 2033 0.2080 0.0022 0.496 0.009 14.23 0.30 0.151 90 2890 17
7-1 157 45 0814 0.2134 0.0015 0.440 0.011 12.95 0.34 0.155 80 2931 11
8-1 111 42 0.633 0.2108 0.0013  0.530 0.008 15.42 0.26 0.150 94 2912 10
10-1 84 28 0.309 0.2143 0.0012 0.517 0.008 15.27 0.26 0.151 91 2939 9
131 118 98 0.757 0.2136 0.0014 0411 0.007 12.11 0.21 0.051 76 2933 11
151 94 37 0618 0.2156 0.0017 0.487 0.008 14.47 0.26 0.145 87 2948 13
17-1 87 33  1.609 0.2131 0.0019 0.498 0.008 14.64 0.27 0.163 89 2929 14
18-1 90 28 0452 02152 0.0045  0.522 0.032 1550 1.01 0.154 92 2945 34
19-1 86 23 1075 0.2106 0.0015 0.466 0.008 1355 0.25 0.156 85 2910 12
21-1 81 37 2366 0.2080 0.0021 0.387 0.008 11.09 0.26 0.099 73 2890 17
27-1 626 136 13.988 0.1994 0.0039 0.133 0.002 3.64 0.09 0.175 28 2822 32
29-1 161 79 0.628 0.2167 0.0013 0.439 0.007 13.11 0.22 0.124 79 2957 10
31-1 301 126 7.032 0.2070 0.0024  0.355 0.005 10.14 0.19 0.143 68 2882 19
32-1 131 126 0.252 0.2125 0.0012 0.505 0.008 14.81 0.25 0.058 90 2925 9

Dataare a 1o precision. All Pb data are common-Pb corrected (based on 2*Pb and Broken Hill Pb composition).
Analysis date: 7/06/02; session Z3963]. Analyses on grains 23-25 were lost due to computer and primary beam
problems.
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206Pb / 238U

207Pb / 235U

Figure 88. Concordia plot for zircons from sample 2001969122 Mt Joanna granodiorite. Whitefilled symbols
are used to define the age of the sample; discordant analyses are light grey.
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Figure 89. Concordant data from sample 2001969122: Mt Joanna granodiorite. Shading asin Figure 88.
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