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Figure 15: Calculated Au grade for section across the orebody, Federal (40580N, looking NW).
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Figure 16: Calculated Au grade for section across the orebody, Federal (40480N, looking NW).
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Figure 17:  Calculated Au grade for longitudinal section along the Federal orebody (looking SW).
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4.1.2 Gold concentration calculations
Gold concentrations for individual slices were calculated for the orebody itself and the entire Federal
area (6633300 - 6635800 mN, 346400 - 348900 mE).  Calculations show similar results for both data
sets.  The data for the whole area have lower calculated Au concentrations and only results for the
orebody are discussed below.

Over half the regolith is logged as the transition zone (Figure 18), consistent with this unit
representing the entire saprolith (Figure 6).  Calculations of the mean Au concentrations in the major
regolith units (Figure 19) show an apparent enrichment in the transition zone (514 ppb) compared to
primary rock (281 ppb).  The oxide zone has a much lower mean Au concentration (139 ppb)
compared to primary rock indicating Au depletion.  The transported overburden is low in Au (45 ppb)
compared to the residuum and the bedrock.
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Figure 18: Calculated thickness of each regolith
layer, Federal orebody.

Figure 19: Mean Au concentration for each
regolith layer, Federal orebody.

Calculations of mean Au contents in the regolith as a function of elevation are based on 3 m thick
horizontal slices (Figure 20). The reliability of the results of each slice has been estimated using the
method described in Section 2.2.  Only the data for the slices considered ≥55% reliable are interpreted.
The Au concentration in the primary rock is relatively homogenous, ranging from 250 to 290 ppb.
Above the weathering front, Au content increases sharply at about 300 mRL, peaking to 790 ppb about
310 mRL.  It then decreases sharply upwards, returning to the bedrock abundance at 321 mRL.  The
gold concentration then increases slightly at the transition/oxide zone boundary (BOCO), with a
substantial drop to 30 ppb in the overlying oxide zone (340-350 mRL).

Calculations of the mean Au concentration for 3 m slices as a function of distance from the weathering
front (Figure 21) show similar Au contents (240-300 ppb) in primary rocks as for the calculations
based on elevation (Figure 20).  However, the greatest Au concentration was 660 ppb, 10 m above the
weathering front, compared with the 790 ppb maximum in the elevation calculation.  This suggests
that Au enrichment is more dependent on elevation than distance from the weathering front.  The Au-
rich zone is up to 27 m thick (297-318 mRL), located directly above fromweathering front, with the
maximum 6 - 12 m above it.  Compared to the primary rock, Au concentrations are 1.9-2.8-fold
greater in the enrichment.  Assuming that the residual Au concentration in saprolite is generally less
than 1.5 times, the data suggest a chemogenic redistribution of Au from the upper regolith.
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Figure 20: Mean Au concentration vs. elevation, Federal orebody.

Calculations of mean Au concentration as a function of distance from the BOCO (Figure 22) show a
minor Au peak (up to 266 ppb) approximately 6 m below the BOCO.  Above the BOCO, Au values
decrease to 105 ppb, indicating depletion.
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Figure 21: Mean Au concentration vs. distance
from the weathering front, Federal orebody.

Figure 22:  Mean Au  concentration vs. distance
from the transition/oxide zone boundary (BOCO)
for the oxide and transition zones, Federal
orebody.
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4.1.3 Gold associations in residuum
Geochemical Au associations in the regolith were studied using cluster analysis of the multi-element
data set for three drill holes (Appendix 3, Table A3.1).  After testing the data variability, 23 elements
were selected for further analysis, with data on Au, Br and Cl being log-transformed.  Cluster analysis
was performed using Ward’s method as the linkage rule, with the Pearson correlation coefficient as the
distance measure.  Three data sets on primary rock, clay saprolite and saprolith (saprolite + saprock)
were analysed with results shown as tree diagrams in Figure 23 - Figure 25.
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Figure 23:  Associations of elements within the primary rock, Federal
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Figure 24:  Associations of elements within the saprock and saprolite, Federal
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In primary rock, cluster analysis of 23 variables shows that Au is associatied with K, Rb and Cs,
reflecting a mineral assemblage of gold and muscovite in the mineralization (Figure 23). Gold
associated with primary mineralization (groupped with Na, As and Sb) is mostly retained in the
saprolith (Figure 24).  In the Au-depleted clay saprolite, Au is associated with Ba and Cr, reflecting
residual occurrence in the upper parts of the regolith profile (Figure 25).
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Figure 25:  Associations of elements within the clay saprolte, Federal.

4.2 Gold in the transported overburden

4.2.1 Gold distribution in the transported overburden
Gold concentrations in the transported overburden are generally lower than those in the residual
regolith.  Local surface anomalies with Au abundances up to 200 ppb can be seen in 3D images as
small spots along the mineralized structure (Figure 17).  With the cut-off lowered to 90 ppb, some
vertical “roots” of the surface anomalies appear, tracing through transported overburden to the residual
clay saprolite.  A broad patchy dispersion halo occurs at the surface up to 600 m to the NE of the
orebody at a 30 ppb cut-off.

Gold concentrations are low in the silicified colluvium (19 ppb geometric mean) and hardpanized
colluvium (15 ppb geometric mean) and higher in the soil (29 ppb geometric mean) and duricrust
colluvium (75 ppb geometric mean).

In vertical profiles through transported overburden, Au shows significant correlation with Ca and Sr in
the upper calcareous part and with Fe and As at the sediment base in the duricrust colluvium
(Figure 26).  In soil, hardpanized and silicified colluvium Au shows highly significant (99.9%
significance level), positive correlations with Ca (0.70), Sr (0.68), Mg (0.65), S (0.63), La (0.50), Y
(0.49) and Na (0.48) and negative correlations with Sc (-0.56), Al (-0.54), Si (-0.51), Ga (-0.48) and Cr
(-0.44) (Appendix 4, Table  4.7).  These data correspond with results of the cluster analysis that show
Au to be associated with Mg, Ca, S and Sr (Appendix 4, Figure 4.2).
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Figure 26:  Distribution of Au, Ca, Sr and Fe with. depth through transported overburden, NE wall of
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4.2.2 Gold concentration calculations
Calculations of mean Au concentration for the major units (Figure 19) show that the transported
overburden is low in Au (45 ppb for the orebody) compared to the regolith and bedrock.  Calculations
of mean Au for 3 m slices as a function of distance away from the unconformity (Figure 27) show a
gradual decrease through the unconformity upwards, with 56 ppb Au at the transition, decreasing to
35 ppb Au at the top.  Calculations of mean Au concentration in transported material a function of
distance from the surface (Figure 28) show slightly higher Au values (46 ppb) in the top 3 m.
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Figure 27:  Mean Au concentration vs. distance
from the unconformity for alluvium and oxide,
Federal orebody.

Figure 28:  Mean Au concentration vs. distance
from the surface for alluvium, Federal orebody.
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4.2.3 Gold mass balance in transported overburden.
Seven samples of calcareous soil and sediments, and two samples of the duricrust colluvium from two
Au-rich vertical profiles were separated into major fractions, namely carbonate nodules, Fe oxide
nodules and quartz fragments, and analysed by XRF and INAA for major and trace elements,
including Au.  Bulk chemical analyses (Appendix 4, Table  A4.1) were used to calculate proportions of
the fraction percentage using chemical and mineral compositions of the fractions.  Firstly, it was
assumed that all Ca and Mg occurs as calcite and dolomite within carbonates; other elements were also
included as per their concentrations in the carbonate nodules (see above).  Secondly, it was assumed
that all remaining Fe occurs within the Fe oxide nodules, along with other elements as per analyses of
Fe oxide nodules.  The remaining Si (after calculating and subtracting of Si percentage as kaolinite)
was assumed to occur as quartz.

Carbonate nodule samples were crushed by hand and treated with pH 5 acetic acid for several weeks
until the carbonate was completely dissolved.  The solution was analysed for Au by INAA to obtain
data on Au solubility.  The residues were separated using a micropanner (see Section 2.1.4).
Recovered Au grains were studied using an optical microscope and SEM.

The carbonate nodules, Fe oxide nodules and quartz fragments together comprise the major part of the
sediments, ranging from 74 to 86% in total mass (Table 1).  Carbonate nodules comprise 56-70% of
total mass in soil and colluvium but only account for 31% in the duricrust colluvium (6-7 m depth) in
profile 1.  In profile 2, the proportion of the carbonate nodules decreased to 21-39%, with a substantial
percentage (15-25%) of Fe oxide nodules. Duricrust colluvium has 51% of Fe oxide nodules.

Mineral compositions of the carbonate nodules, calculated using SOILS.MH software (M.Hart,
CSIRO) show that they consist of calcite with kaolinite and silica.  Dolomite, Fe oxides, muscovite
and albite occur as minor minerals (Table 2).

Data on Au demonstrate some differences between two profiles studied (Table  1).  The carbonate
nodules have Au concentrations ranging 180-380 ppb in profile 1 and 70-90 ppb in profile 2.  The Fe
oxide nodules have more variable compositions, ranging from 48 to 410 ppb in profile 1, with
maximum concentration (410 ppb) at 3-5 m depth, and from below detection (5 ppb) for nodules in
soil and colluvium to 91 ppb in duricrust colluvium in profile 2.  Similar results are observed for
quartz fragments: Au abundances range from 9-40 ppb in profile 1 and are below detection in profile
2, except for the duricrust colluvium which contains 106 ppb Au.  These data indicate various sources
for both quartz and Fe oxide materials in the transported overburden.

Gold mass balance calculations show that carbonate nodules contain the greatest (83-97%) proportion
of total Au, despite the high Au concentrations in some of the Fe oxide nodules.  Proportions of Au in
Fe oxide nodules ranged from 1 to 12% in colluvium and show higher proportions (17-65%) in
duricrust colluvium (samples 431/7 and F115).  Quartz contained negligible proportions of Au, except
for the duricrust colluvium sample F115, in which 35% of the Au is in quartz.
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Table  1:  Gold mass balance in major fractions of transported overburden, Federal.

Profile Depth
(m)

Zone Sample
#

Fraction Weight
(% of
total)

Au content
(ppb)

Au mass
(% of total)

1 2-3 HC 431/3 Carbonate nodules 62 181 97
Fe oxide nodules 5 53 2

Quartz 14 9 1
1 3-4 HC 431/4 Carbonate nodules 67 305 91

Fe oxide nodules 5 349 8
Quartz 10 14 1

1 4-5 HC 431/5 Carbonate nodules 70 352 88
Fe oxide nodules 7 410 11

Quartz 9 40 1
1 5-6 HC 431/6 Carbonate nodules 56 327 87

Fe oxide nodules 20 127 12
Quartz 10 25 1

1 6-7 DC 431/7 Carbonate nodules 31 382 83
Fe oxide nodules 51 48 17

Quartz 2 14 0
2 4-5 HC F15 Carbonate nodules 21 93 93

Fe oxide nodules 25 <5 3
Quartz 30 <5 4

2 5-6 HC F16 Carbonate nodules 32 87 93
Fe oxide nodules 15 <5 1

Quartz 28 6 5
2 6-7 HC F17 Carbonate nodules 39 68 97

Fe oxide nodules 15 <5 1
Quartz 23 <5 2

2 14-15 DC F115 Carbonate nodules - - 0
Fe oxide nodules 51 91 65

Quartz 23 106 35
Zones:  HC – hardpanized colluvium, DC – duricrust colluvium.
# - Sample numbers as referred to in Appendix 4

Table  2:  Calculated mineral compositions of carbonate nodules, Federal.

Profile Depth
(m)

Calcite
(%)

Dolomite
(%)

Kaolinite
(%)

Muscovite
(%)

Albite
(%)

Goethite
(%)

Quartz
(%)

Anatase
(%)

Total
(%)

1 2-3 56.1 3.3 13.1 3.0 1.6 3.1 13.7 0.2 94.0
1 3-4 46.6 5.1 14.1 3.6 3.1 4.2 19.8 0.3 96.7
1 4-5 60.4 5.5 10.4 2.5 2.1 3.1 12.9 0.2 97.1
1 5-6 60.7 7.3 10.6 2.3 1.8 2.1 11.8 0.2 96.8
1 6-7 51.4 15.9 11.5 2.0 1.7 2.3 12.4 0.2 97.4
2 4-5 77.2 2.5 6.5 0.9 0.5 2.0 8.5 0.1 98.1
2 5-6 81.4 3.1 4.9 0.9 0.5 1.2 5.1 0.1 97.1
2 6-7 29.3 2.9 23.5 4.1 4.8 5.7 23.6 0.3 94.2

To separate particulate Au from carbonate nodules, eight samples were treated with pH 5 acetic acid
until the carbonate minerals were completely dissolved.  The solution and residue were analysed for
Au by INAA, with results shown in Table  3.  Substantial (34-82%) proportions of the samples were
dissolved, and are in good agreement with the calculated percentage of carbonate minerals (Table 2).
The solutions contain 12-83 ppb dissolved Au.  Mass balance calculations indicate that a substantial
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amount (8-29%) of Au was dissolved.  This indicates that, in part, Au occurs as a mobile element in
calcareous materials. The results on particulate Au, discussed below in Section 5.2.3, and strong
correlations of Au with Ca, Mg and Sr support these suggestions.

Table  3:  Gold concentrations and mass balance for experiments on carbonate dissolution.

Profile Depth
(m)

Total
weight

(g)

Residue
weight

(g)

Dissolved
material

(%)

Calculated
carbonates

(%)

Total Au
content

(ppb)

Total Au
mass

(mg)

Au content
in solution

(ppb)

Au mass in
solution

(mg)

Dissolved
Au

(% of total)
1 2-3 84.2 32.0 62.0 59.4 181.0 15232 42.7 3590 23.6
1 3-4 168.4 81.2 51.7 51.7 305.0 51354 83.1 14000 27.3
1 4-5 228.8 98.9 56.8 65.9 352.0 80544 27.6 6320 7.8
1 5-6 132.4 41.7 68.5 68.0 327.0 43286 50.7 6710 15.5
1 6-7 37.7 11.5 69.4 67.3 382.0 14401 26.3 993 6.9
2 4-5 56.6 10.0 82.3 79.7 92.6 5244 26.5 1500 28.6
2 5-6 97.4 12.2 87.5 84.5 86.5 8425 16.7 1630 19.3
2 6-7 156.9 103.1 34.3 32.2 68.4 10731 12.0 1890 17.6

5 CHARACTERISTICS OF PARTICULATE GOLD AT FEDERAL

5.1 Introduction

Gold grains were extracted from two bulk (5-10 kg) samples taken from the northern part of the open
pit, and from five 1-2 kg samples from drill cuttings (Table 4), representing Au-rich saprolite, saprock
and primary mineralization. The samples were separated using techniques described in Section 2.1.4.
The results of the Au grain study are discussed below and photos of the Au grains enclosed in
Appendix 1, Plates A1.1-A1.3.

Table 4:  Gold concentration in the bulk samples

Regolith zone Sample
location

Depth (m) Gold grade
(ppm)

Saprolite WCUCD 411 38-39 0.13
WCUCD 436 63-64 1.12

Saprock WCUCD 431 79-80 0.46
WCUCD 511 107-108 1.05

Primary mineralization WCUCD 431 104-105 0.39
Open pit, F1 65 3.26

Open pit, F14 65 74.90

5.2 Characteristics of gold grains

5.2.1 Gold in primary mineralization
In the primary mineralization, Au grains are relatively small, commonly less than 100 µm in diameter,
with some larger particles up to 500 µm in size.  Most grains are irregular in shape and xenomorphic,
with rough surfaces (Photos 3-6). Some of the surfaces are smooth, due to imprinting from adjacent
minerals.  The principal minerals associated with Au in primary mineralization are pyrite and
aluminosilicates, usually hornblende and biotite (Photos 1-5).  All primary Au grains contain
approximately 5-10% Ag, according to SEM.
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5.2.2 Gold in the residual regolith
In the saprock and the saprolite, Au grains occur as primary, slightly corroded grains containing some
Ag and as high-fineness, supergene Au crystals (Photos 7-12).  The supergene crystals are very small,
commonly less than 20 µm in diameter.  The majority are subhedral, with euhedral crystals less
common. Very thin, platy pseudo-hexagonal crystals are predominant, with minor prismatic and
tabular crystal forms and rounded grains.  Pristine crystals are rare; most crystals have rough surfaces,
pits, cavities and imprints from adjacent minerals.  All supergene crystals are of high fineness and
contain no Ag (at the detection limit of energy dispersion X-ray system, which ranges from 0.1 -
 1.0%).  In contrast to primary Au, supergene Au grains commonly have no intergrowths or inclusions
of other minerals, although rarely there are inclusions of aluminosilicates (Photo 10).

5.2.3 Gold in carbonate materials
Particulate Au was separated from 8 samples of carbonate nodules using the residues after carbonate
dissolution (see Chapter 4.2.3).  Gold grains were found in two samples: 13 grains in the sample 431/5
and 3 grains in the sample 431/6.  One grain of Os-Pt composition was recovered from the sample
431/5.

All Au grains recovered are of high fineness with no Ag.  Some EDX analyses of Au grains show a
higher C peak compared to the normal C signal arising from the glue used for sample preparation, but
it is difficult to distinguish a useful signal and different sample preparation technique is needed.  The
Au grains are of different morphologies, varying from xenomorphic oval and platy grains to pristine
crystals.  Some of the particles are strongly corroded (Photo 13) possibly as a result of the acid pre-
treatment.  Two Au morphologies are different from the supergene Au found in the regolith: thin platy
particles (Photos 14-15) and complex aggregates (Photos 16-18).  Unlike the supergene crystals in the
regolith, platy particles in the carbonate nodules have no definite crystal shapes, and their surfaces
show hatching (Photo 14).  Complex aggregates mainly consist of very fine (1-6 µm) oval, spheroidal
and slightly crystallised particles connected together directly or by rods (Photos 17-18). Some of the
larger grains consist of agglomerated small micrometre-size particles.  These Au aggregates contain
traces of Fe and Ti, but no Ag.

5.3 Discussion

Particulate Au at Federal shows similar characteristics to that in many other sites in the Yilgarn Craton
(e.g., Freyssinet and Butt, 1988; Gedeon and Butt, 1990; Lawrance and Griffin, 1994; Porto et al.,
1999, Sergeev and Gray, 1999).  Primary Au grains are irregular and xenomorphic and alloyed with
Ag (up to 10%).  The grains are also associated with pyrite, which is typical for Au-sulphide
mineralization in the Yilgarn Craton.

Unlike primary Au, supergene particulate Au occurs mainly as small crystals of high fineness with
very low or no detectable Ag.  At Federal, supergene Au is smaller in size than other sites, with a
majority of particles less than 20 µm in diameter.  The princ ipal Au crystal forms are very thin platy,
pseudo-hexagonal crystals, similar to those observed at the Panglo and Hannan South deposits.

The characteristics of the supergene Au crystals in the Yilgarn Craton do not give us direct indicators
of the mechanism of Au transport in the regolith.  The Au chemical composition, hydrogeochemistry
and Eh-pH constraints support Au remobilization as halide complexes.  Lack of specific supergene
minerals in association with supergene Au indirectly supports this hypothesis because halides (mostly
halite) are highly soluble in water (used for Au grain separation).  The dependence of the supergene
Au crystal shape on transport conditions, e.g., groundwater salinity, is still unclear and needs more
data.
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Gold grains found in carbonate nodules are different in shape from those in the primary mineralization
and the regolith.  Fragile, complex Au aggregates, to some extent, resemble those found in some of the
Alaskan and South Australian placers, that are interpreted as Au-replaced bacteria (Watterson, 1992;
Keeling, 1993).  The possibility of a bacterioform origin of these Au particles needs further
investigation.

6 HYDROGEOCHEMISTRY

6.1 Introduction

The primary justification given for the use of hydrogeochemistry in mineral exploration is that
groundwater anomalies may be broader and more regular than the primary mineralization and the
secondary dispersion haloes in the regolith, thus enhancing the geochemical signature.  In addition,
areas of high chemical reactivity (e.g., faults and shear zones) may have distinct hydrogeochemical
signatures even where the “solids” are unremarkable in terms of elemental abundances, and where
petrographic study is difficult.  Hydrogeochemical studies also provide information on how various
materials are weathering.  This enhances understanding of active dispersion processes and assists in
the development of weathering and geochemical models that are essential for effective exploration in
regolith-dominated terrain.

Therefore, the aims of this hydrogeochemical study were:

(i) to yield data on geochemical dispersion processes, and to assist in interpretation of
geochemical data;

(ii) to provide information on whether groundwater can be used successfully as an exploration
medium in this area in particular and, in conjunction with other studies, in the central Yilgarn
in general;

(iii) to check for differences in groundwaters contacting granitic rocks in comparison with other
Archean rock types;

(iv) to contribute to a groundwater database on the characteristics of groundwaters at various sites,
and to enhance our understanding of groundwater processes in mineralized zones.

6.2 Compilation of results and comparison with other sites

The concentrations of various ions at Woodcutters and at other sites are plotted versus salinity (TDS)
or pH in Appendix 5, Figures A5.1 – A5.36.  The sea water data (Weast et al., 1984) are used to derive
the line of possible values (denoted as the sea water line) if sea water (TDS 3.5%) were diluted with
freshwater or concentrated by evaporation; the line is shown on each figure except where the
concentration in sea water is too low to be observable, relative to the concentration of the element in
groundwaters.  The results from Woodcutters can be compared with those from other sites in southern
WA, which are grouped as follows:

(i) Northern groundwaters (Northern Yilgarn and margins) -
Lawlers (Gray, 1994) and Baxter (Gray, 1995). Groundwaters in these areas are fresh and
neutral, trending more saline in the valley floors.

(ii) Central groundwaters (close to and north of the Menzies line) -
Granny Smith (Gray 1993a), Golden Delicious (Bristow et al., 1996), Mt. Gibson (Gray,
1991) and Boags (Gray, 1992a)
Groundwaters are neutral and brackish (commonly < 1% TDS) to saline (about 3% TDS),
trending to hypersaline (10 - 30% TDS) at the salt lakes, with common increases in salinity
with depth.
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(iii) Kalgoorlie groundwaters -
Golden Hope mine, (Gray, 1993b), Wollubar palaeochannel (Gray, 1993b), Panglo deposit
(Gray, 1990), Baseline mine, Mulgarrie palaeochannel (Gray, 1992b), Steinway palaeochannel
(Lintern and Gray, 1995a) and Argo palaeochannel (Lintern and Gray, 1995b).
These groundwaters are commonly acid (pH 3 - 5), except where buffered by extremely
alkaline materials (e.g., ultramafic rocks), and saline within the top part of the groundwater
mass, trending to more neutral (pH 5 - 7) and hypersaline at depth and where within a few
kilometres of salt lakes.

(iv) Officer Basin - Mulga Rock palaeodrainage system (Douglas et al., 1993).
Groundwaters are saline to hypersaline and neutral to acid.  The major ion chemistry is similar
to that of the Kalgoorlie region, but the dissolved concentration of many other ions is low, due
to sorption on lignites in the channel sediments.

Wollubar, Baseline and Panglo are acid groundwater systems, whereas the other sites have dominantly
neutral groundwater.  Comparisons with other sites may be useful in indicating the significance of any
particular element anomaly, and whether the groundwater composition is affected by particular
lithological interactions.  Specific descriptions of the varying sites are found in the referenced reports,
with generalized descriptions of the hydrogeochemistry of the Yilgarn Craton given in Gray (1996)
and Butt et al. (1997).

Saturation index (SI) values for various minerals (Section 2.1.5) are plotted in Appendix 6, Figures
A6.1 – A6.28.  The equilibrium point is shown as a dashed line.  The shaded area denotes the zone in
which waters may be in equilibrium with that mineral.  Note that where a mineral has a very broad
zone, this indicates significant uncertainty in the thermodynamic data for this mineral and/or
calculation problems - i.e., samples within that zone are not necessarily at equilibrium, though samples
above or below the zone are out of equilibrium.  In addition, the distributions of elemental
concentrations are plotted in Appendix 7, Figures A7.1 – A7.30.

6.3 Acidity and oxidation potential

An Eh-pH plot of waters from Woodcutters and other sites is shown in Figure 29, along with the
particular redox couples controlling groundwater Eh and pH, namely:

Fe - controlled by redox reactions between dissolved Fe2+ and Fe oxides
Mn - controlled by redox reactions between dissolved Mn2+ and Mn oxides
Al - controlled by reactions between dissolved Al3+ and kaolinite and other aluminosilicates.

These redox couples are described in detail in Gray (1996).  Groundwaters are combined into the
various groups, as described in Section 6.2.  The Woodcutters groundwaters are neutral in the Grand
and Criterion areas, tending to acid (pH 5.8) in the Federal area.  Also included in Figure 29 is the
minimum Eh required for dissolution of 0.2 ppb Au in Cl and/or iodide enriched groundwaters:  none
of the groundwaters have Eh values high enough to allow dissolution of > 0.2 µg/L Au.  As described
below (Section 6.6), this is entirely consistent with the observed dissolved Au concentrations.
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Figure 29:  Eh vs. pH for groundwaters from Woodcutters and other sites.  Key:  Fe - Fe2+/Fe(OH)3,
Al - Al3+/kaolinite, Mn - Mn2+/MnxOy.

6.4 Salinity effects and major element hydrogeochemistry

Data are plotted in Appendix 5, Figures A5.1 – A5.14.  The Woodcutters groundwaters range from
weakly saline at Criterion (0.4 - 1% TDS, compared with sea water salinity of 3.5% TDS) trending to
higher salinities (0.8 – 2.9% at Grand and 1.0 – 6.8% for Federal) to the south.  These trends in acidity
and salinity (Figure 30) fit within the variations observed for Central Yilgarn groundwaters, though
some of the Federal groundwaters have lower pH values than for others in this group.  For most of the
major elements (Na, Mg, Cl, SO4), the element/TDS plots lie on a straight line defined by that for
dilution or concentration of sea water (Figures A5.1, A5.3, A5.5 and A5.6).  This implies that these
groundwaters are in some manner (e.g., by previous sea water incursion or from salt aerosol) sourced
from sea water and then subsequently concentrated by evaporation.  The Grand and Criterion
groundwaters are moderately depleted in K, relative to the concentrations expected if the groundwater
had been diluted sea water (Figure A5.2, shown in more detail in Figure 31), whereas the Federal
groundwaters show a significant K depletion, a characteristic commonly observed for Kalgoorlie
groundwaters which is probably due to precipitation of alunite [KAl3(SO4)2(OH)6] in acid groundwater
systems, as a by-product of the dissolution of kaolinite and other aluminosilicates (Gray, 1996).  Thus
the pH and major element data suggest the groundwaters at Woodcutters to trend from “Central-type”
in the north towards “Kalgoorlie-type” at Federal.
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Figure 31:  Potassium vs. TDS for groundwaters from Woodcutters and other sites

The groundwaters at Woodcutters have salinities well below that required for halite saturation (Figure
A6.1), although the most saline samples are close to equilibrium with gypsum (Figure A6.2) and
celestine (Figure A6.3), reflecting the relatively high Sr proportions at Woodcutters  (Figure A5.7).
Other major elements that appear to be controlled by equilibration with respect to a number of
minerals in some or all of the groundwaters are Ca (calcite; Figure A6.5), Mg (sepiolite, dolomite
and/or magnesite; Figures A6.6, A6.7 and A6.9), Ba (barite; Figure A6.4), Si (amorphous silica and/or
sepiolite; Figures A6.8 and Figure A6.9), Mn (rhodochrosite; Figure A6.15) and Al (amorphous
alumina; Figure A6.13).
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6.5 Minor element hydrogeochemistry

Concentrations of the minor elements (Table 5; Figures A5.15 – A5.36) show similar trends to the
major element and acidity data.  The Grand and Criterion groundwaters are comparable to Central
groundwaters, whereas the Federal groundwaters trend towards a Kalgoorlie-type groundwater.  In
particular, Li, base metals, Ag and Au (Figures A5.10, A5.19 – A5.24, A5.27 and A5.34), have greater
concentrations in the Federal groundwaters, than at Grand or Criterion.

Table  5:  Median minor element compositions of groundwaters.

Woodcutters samples Northern Central Kalgoor Mulga Sea
Federal
Pit (6)

Federal
Area (5)

Grand
(19)

Criterion
(5)

-lie Rock water Controls

Li 0.208 0.225 0.040 0.025 <0.005 <0.005 0.9 nd 0.18 Ac ?
Ba 0.033 0.070 0.025 0.050 0.04 0.02 0.04 0.03 0.013 Eq/Min
Sc < 0.005 < 0.005 < 0.005 < 0.005 0.009 0.017 0.019 nd 0.0000006 Ac/Min
V < 0.005 < 0.005 < 0.005 0.005 0.007 <0.005 <0.005 nd 0.002 ?
Cr 0.04 0.04 0.04 0.03 0.01 <0.005 0.003 0.002 0.0003 Um
Mn 0.73 0.08 0.12 0.07 0.01 0.1 2 0.3 0.0002 Mf/Um/Ac
Fe 0.19 0.20 0.20 0.21 0.003 0.05 0.1 1 0.002 S
Co 0.026 0.009 0.005 0.002 <0.0005 0.002 0.16 <0.002 0.00002 Um/Mf/Ac
Ni 0.100 0.090 0.060 0.050 0.002 0.001 0.26 0.020 0.00056 Ac/Mf/Um
Cu 0.008 0.010 0.005 0.003 0.003 0.003 0.05 0.00 0.00025 Ac/Mf
Zn 0.050 0.030 0.025 0.015 0.006 0.01 0.05 0.04 0.0049 Ac/Mf
Ga < 0.001 < 0.001 < 0.001 < 0.001 0.002 <0.005 0.006 nd 0.00003 S
As < 0.01 < 0.01 < 0.01 < 0.01 <0.0002 0.09 <0.02 <0.02 0.0037 S
Mo 0.010 < 0.002 0.002 < 0.002 0.001 0.009 <0.01 nd 0.01 S
Ag 0.0014 0.0029 < 0.0001 < 0.0001 <0.001 0.0005 0.001 nd 0.00004 ?
Cd < 0.005 < 0.005 < 0.005 < 0.005 <0.002 0.001 <0.002 <0.001 0.00011 ?
Sb < 0.002 < 0.002 < 0.002 < 0.002 <0.0003 0.001 <0.001 <0.0004 0.00024 S

REE <0.002 <0.002 <0.002 <0.002 <0.002 <0.008 0.8 0.013 0.000013 Ac
W 0.006 0.010 0.010 < 0.005 <0.0002 0.001 0.001 nd 0.0001 S
Au 0.028 0.065 0.006 0.005 0.004 0.03 0.05 0.001 0.004 Min
Pb 0.01 < 0.01 < 0.01 < 0.01 <0.001 0.001 0.06 0.012 0.00003 Ac/Min
Bi < 0.001 < 0.001 < 0.001 < 0.001 <0.0002 0.001 <0.001 <0.002 0.00002 S ?

All concentrations in mg/L (ppm), except Au in µg/L (ppb) nd: not determined
Number of samples given in brackets

Eq mineral equilibrium Min enriched in waters contacting Au mineralization
Ac enriched in acid groundwaters S enriched in waters contacting weathering sulphides
Um enriched in waters contacting ultramafic rocks Sal enriched in saline groundwaters
Mf enriched in waters contacting mafic rocks ? not clearly defined
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6.6 Gold chemistry

The moderate salinity of the groundwaters at this site means that the dominant mechanism for the
mobilization of Au in the southern Yilgarn, namely as the chloride complex (AuCl2

-):

2Au(S) + 4Cl- + ½O2 + 2H+  ⇔  2AuCl2
- + H2O ...(1)

is expected to be significant at Woodcutters, but at much lower Au concentrations (Figure A5.34) than
in the Kalgoorlie region, due to the lower oxidation potential of these groundwaters (Section 6.3;
Figure 29).  The Woodcutters groundwaters are all above equilibrium for Au metal (Figure A6.29),
indicating a poor capability of these groundwaters to dissolve Au, even at the small concentrations
observed.  In all cases (Figure 32) the groundwaters have measured oxidation potentials below that
required for dissolution of 0.002 µg/L Au.
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Figure 32:  Dissolved Au concentration vs. Eh for Woodcutters and other Western Australian
groundwaters, with the Eh values for dissolution of 0.02 and 0.2 µg/L Au.

6.7 Mapping of the groundwater data

Element distributions of Woodcutters groundwaters are given in Appendix 7, Figures A7.1 - A4.30.
The most clearly observed feature is the lower pH values (Figure A7.4) and greater concentrations of
Au (Figure 33), Li, Mn, Co, Ni, Cu, Zn, Ag, Y and REE (Figures A7.2, A7.9 – A7.14, A7.19, A7.20 –
A7.22) in the Federal groundwaters, relative to those at Grand and Criterion.  As a result of this effect
and the small number of “background” samples, no clear hydrogeochemical signature could be derived
that mirrored the presence of mineralization in the Woodcutters area.  The best candidate as a
hydrogeochemical pathfinder for Au in this area (particularly considering results from elsewhere;
Gray, 1996) is Mo (Figure 34), though results are equivocal, possibly because of a lack of background
samples.
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Figure 33:  Dissolved Au distribution at Woodcutters, with the areas where average Au grades are
greater than 50 ppb, the Federal Pit and the surface elevation also shown.
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Figure 34:  Dissolved Mo distribution at Woodcutters, with the areas where average Au grades are
greater than 50 ppb, the Federal Pit and the surface elevation also shown.
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7 CONCLUSIONS

7.1 Regolith and landform evolution

For an extended period prior to the Eocene, warm and humid climate conditions and stable landscape
favoured weathering in the Yilgarn Craton (Mabbutt, 1980).  In the Woodcutters area, granitoids of the
Scotia pluton are deeply weathered (up to 60 m), with weathering extending a further 5-25 m over the
Federal mineralized zone due to sulphide weathering.  The specific hornblende-rich composition of
granodiorites and monzogranites in the area led to development of smectite in the saprolite.  The
uppermost, bleached clay saprolite is overlain by a continuous 2-16 m thick cover of transported
duricrust pisoliths, mostly derived from granite terrain (Mahizhnan, 2000).  This indicates truncation
of the residual laterite and much of the mottled zone in the area.  Regolith evolution under semi-arid to
arid conditions since the Miocene included further deposition of sediments, accompanied by
silicification of the base sediment facies and top of the residual profile, and development of pedogenic
carbonates close to the surface.

7.2 Gold geochemistry

At the Federal deposit, Au in the regolith is enriched at two levels (Figures 14-17): at the weathering
front and at the top of the transition zone.  The major supergene Au enrichment and dispersion occur
at the base of the regolith as a horizon up to 27 m thick, with maximum Au concentrations 6-12 m
above the weathering front.  Compared to the primary rock, Au concentrations are 1.9-2.8-fold greater
in the enrichment zone.  Assuming that the residual Au concentration in saprolite is generally less than
1.5 times compared to primary rock, the data indicate chemogenic Au redistribution from the upper
regolith.  A patchy enrichment zone extends up to 400 m E, at a 60 ppb cut-off.  However, much of
this enrichment zone is located above the slightly (up to 30 ppb) mineralized primary rocks,
suggesting that this blanket is a combination of residual and absolute enrichment.

The upper enrichment is several metres below the transition/oxide zone boundary.  Within the
orebody, the supergene enrichment occurs as a chain of local Au-rich (up to 1 ppm) spots along the
mineralized structure, with a decreased Au concentration above the boundary due to depletion. The
overlying oxide zone is Au depleted.

In the transported overburden, Au is concentrated at the base of the duricrust colluvium and near the
surface in calcareous soil and colluvium.  In the duricrust colluvium, Au is mostly enclosed within
ferruginous nodules and quartz, indicating mechanical Au transport.  In the calcareous materials, the
majority of Au (83-97%) is enclosed within carbonate nodules indicating chemogenic Au mobilization
in the calcrete environment. The morphology of supergene Au grains possibly suggests a bacterioform
origin.

7.3 Hydrogeochemistry

Groundwaters in the Woodcutters area are neutral and less saline in the northern Grand and Criterion
areas, tending to acid (pH 5.8) and saline in the Federal area.  However, they are less corrosive than in
the Kalgoorlie region, and none of the groundwaters have Eh values high enough to allow dissolution
of appreciable Au, consistent with the low concentrations of Au dissolved in all groundwaters.

The differences in groundwater characteristics are reflected in greater Li, base metals, Ag and Au
concentrations in the Federal groundwaters, relative to those at Grand or Criterion.  No clear
hydrogeochemical signature could be derived that mirrored the presence of mineralization in the
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Woodcutters area.  The best candidate as a hydrogeochemical pathfinder for Au in this area is Mo,
though results are equivocal, due to a lack of background samples.

7.4 Implications for exploration

In primary mineralization at Federal the concentration of pathfinder elements (As, Sb, Ag, W, and
Mo) is generally low.  According to cluster analysis, Au in primary mineralization is associated with
K, Rb and Cs, but use of these elements as pathfinders is doubtful because of an occurrence of various
K-minerals in the regolith, such as muscovite, biotite and feldspar.  These data suggest that Au itself is
one of the best indicators of mineralization in the area.

Primary mineralization at the Federal deposit is indicated by a broad anomaly in the transported
overburden.  The best sample media appear to be pedogenic carbonates within the soil and
hardpanized colluvium at 1-3 m depth. Previous CRC LEME studies in the southern Yilgarn showed
good geochemical response in pedogenic carbonates through transported overburden up to 5 and,
locally, to 10 m thick (Butt et al., 1997). Chemogenic dispersion through the transported overburden
up to 10 m thick at the Federal deposit supports that observations and provides a point for exploration
within areas with moderately deep transported overburden.  Mechanism of chemogenic Au enrichment
within pedogenic carbonates is still unclear and needs further investigation.  A detrital source of the
calcrete Au anomaly can not be excluded because of variability in sediment cover thickness at the site.
Gold could be mechanically transported to the surface in places with thin sediment cover, with further
supergene Au mobilization and lateral redistribution in the calcrete environment.

The significance of elevated concentrations of Au in the duricrust colluvium, comprising mostly
detrital Au, is unclear.  This horizon, which is widely distributed in the area, could probably be of help
as sampling media on a sub-regional scale.  This can be tested using the database on Au, but it is
beyond of the scope of this study.

In the residual regolith, one of possible targets is the top of the saprolite (transition zone) just below
BOCO, where minor Au enrichment occurs.  Supergene Au enrichment immediately above (up to
20 m) the weathering front is the most pronounced though sampling to this depth (50 m below surface)
will involve greater drilling costs.  Results indicate that Au dispersion in the saprock follows modern
relief (lowering to the east).  This feature should be borne in mind for further exploration in the
Woodcutters area.
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