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PREFACE

The CRC LEME-AMIRA Project 504 Supergene mobilization of gold and other elements in the
Yilgarn Craton has, as its principal objective, determination of the mechanisms of supergene/secondary
depletion, enrichment and dispersion of Au and other elements, so as to improve selection of drilling
targets and further optimize interpretation of geochemical data.  For this goal, it is important to develop
methods for recognition and understanding of any mobilization of Au and potential pathfinder elements.
This report summarizes the investigations undertaken at Carosue Dam by CRCLEME as part of AMIRA
P504.

The Carosue Dam Prospect, south of Lake Rebecca, is one of three Au prospects being investigated in
the Mulgabbie area, the other two sites being Twin Peaks and Monty Dam, which are within Goldfields
Exploration tenements.  All three sites are located within felsic rocks, with varied regolith and
geomorphological environments and differing mineralization styles.  In particular, there are changes in
thickness of alluvial cover from less than one metre to greater than 80 m.  For these reasons, this area is
valuable for the enhancement of our knowledge of Au and pathfinder element dispersion during
weathering of felsic rocks, and of the influence of geomorphological environment on these processes.
This report gives results on the 3D distribution of Au, Au concentration calculations, Au grain
investigations and hydrogeochemistry at Carosue Dam.

D.J. Gray,
Project Leader.
May, 2000
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ABSTRACT

Gold mineralization at Carosue Dam occurs in felsic rocks, which are now intensely weathered.  The
whole area has very low relief, with an in situ regolith of ferruginous material (0 - 30 m), generally
truncated to mottled zone, and saprolite (10 - 96 m).  The saprolite is strongly depleted in Au to 30 m
below surface, approximating to the base of the strongly oxidised zone.  There is no secondary Au
enrichment halo.  There is 5 - 20 m of transported cover (colluvium-alluvium, lacustrine clays and quartz
sands), including 1 - 6 m of calcrete at surface, overlying in situ regolith.  As elsewhere in the southern
Yilgarn Craton, the calcrete is highly enriched in Au, though with the Au enrichment translocated several
hundred metres to the south, relative to the underlying mineralization.  The northern extent of the
mineralized zone has a strongly truncated laterite profile, thick transported cover and reduced Au
expression at surface.  For the southern part of the mineralized zone there is a near-complete residual
laterite profile and less than 10 m of transported cover.  At the surface, Au has been dispersed
chemically and/or physically to the south, causing the observed separation between buried mineralization
and surface expression in the calcrete.  The surface Au distribution is less statistically skewed than at
depth, indicating significant redistribution and homogenisation at the surface.  Gold grain studies suggest
that much of this surface mobility is due to physical transport of residual primary Au

Groundwaters at Carosue Dam are saline to hypersaline  (2.5 - 11.6% TDS), and acid (pH 3.2 - 6.0),
except for a single neutral (pH 7.1) sample in the SW of the study area.  These ranges are similar to
groundwaters at Kalgoorlie, though are less (by 2 - 3 times) saline.  The Carosue Dam groundwaters are
significantly K-depleted, probably due to alunite precipitation under acid conditions.  However, though
many of the minor elements are enriched, due to the acid conditions, the enhancement is significantly
less than for acid and saline Kalgoorlie groundwaters in contact with weathered mafic and ultramafic
rocks.  This suggests that groundwaters in contact with weathered felsic rocks are likely to have lower
hydrogeochemical signatures, when pH effects are taken into account.  Because of the strong salinity and
acidity control, very few elements give hydrogeochemical signatures useful for exploration.  The best
(though patchy) correlation with mineralization was for dissolved Au.  Groundwaters at Carosue Dam
are ideal for Au dissolution as the chloride (AuCl2

-) or iodide (AuI2
-) complexes.  The groundwaters

range from moderately to highly oxidising:  two of the groundwaters have Eh values high enough to allow
dissolution of > 2 µg/L Au, with another three groundwaters able to dissolve > 0.2 µg/L Au.  As a
consequence, dissolved Au concentrations are, unlike other minor elements, as high as, if not higher
than, other sites on the Yilgarn.
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Gold data was kriged as described in Section 2.1.  Various plots are included as bitmap files in the
accompanying CD, in separate directories, as described briefly below, and listed in Appendix 1:

(i) The SliceN directory includes vertical slices at constant northing, with plots named according to
the particular northing.

(ii) The SliceE directory includes vertical slices at constant easting, with plots named according to
the particular easting.  Thus the plot shown in Figure 30 is named 8200mE.BMP.

(iii) The Cut-offs directory includes the various layers coloured as in Figure 5, either merged together
to show the true stratigraphy (LAYERS.BMP), exploded as in Figure 5 so as to show the
characteristics of the various layers (EXP_AU.BMP), or with a particular Au grade cut-off (thus
the plot shown in Figure 29 is named 50PPBAU.BMP).

(iv) The Plans directory includes plans of regolith distribution or calculated Au grade at a particular
RL (e.g., the plot of the calculated Au concentrations at 300 mRL is named 300MRL-AU.BMP)
at a particular surface (e.g., the plot of the calculated Au grade at the unconformity is named
UNCONF-AU.BMP) or at a set vertical distance from a weathering surface (e.g., the plot of the
calculated Au grade 2 m below base of weathering the is named BOW-2-AU.BMP).

(v) The Interactive directory includes interactive 3D models written with Virtual Reality Modelling
Language (VRML) which can be manipulated by the user (rotate, pan, zoom) and simply require
an internet browser (Netscape, Explorer, no outside line necessary) with a plug-in that is
provided on the report CD.  See Appendix 1 for details.

The various characteristics briefly described in Section 4, namely the ore zone in the north of the study
area, the depleted zone and the carbonate Au-enrichment are observed in the cut-off diagrams
(Figure 29), vertical slices (Figure 30) and by comparing Au grade at various depths (CD, PLANS
directory).  The major depletion occurs down to 330 mRL and closely matches the base of strongly
oxidised zone:  i.e., the strongly oxidised zone, ferruginous zone (as defined in Section 2.1) and
transported cover (though not the carbonate zone) are all Au-poor.

Analysis of Figure 29 offers some possible explanations for the origin of the carbonate Au anomaly.  As
stated previously (Section 4), the surface Au anomaly matches underlying mineralization at
approximately 3000 mN, with a surface anomaly overlying poorly mineralized rocks southwards and
poor surface expression of mineralization northwards.  This can be observed as the minor expression of
mineralization within the ferruginous zone (the red column) at approximately 3100 mN, which visually
appears to supply Au to the surface.  North of 3000 mN, there is a significant decrease in thickness of
the ferruginous zone (Figure 7), possibly representing truncation of the (once) Au-rich gravel layer, and
thickening of the transported cover (Figure 6) from 8 - 10 m to > 12 m.  Thus the area at 3000 - 3100
mN represents the only part of the study area with conditions conducive to a Au signal at surface: i.e.,
mineralization through the elsewhere depleted zone, moderately intact residuum and less than 10 m
transported cover.  Results compare with those from Safari (Bristow et al., 1996b), where transported
cover was 5 - 10 m thick, with good Au responses in the carbonate horizon above the unconformity.



Figure 29:  Gold distribution using a 0.05 ppm cut-off, Carosue Dam.  Thus, where Au is greater than
0.05 ppm, the area will be coloured according to the regolith horizon:  purple - rock, blue - weakly
oxidised saprolite, green - moderately oxidised saprolite, yellow - strongly oxidised saprolite, red -

ferruginous zone (Section 2.1), orange - transported cover, yellow/green - carbonate zone.
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Figure 30:  Calculated Au grade for 8200 mE traverse, Carosue Dam (2x vertical exaggeration).

The hypothesised processes leading to the observed supergene Au distribution at Carosue Dam are
shown diagrammatically in Figure 31.  During laterization in the Tertiary, Au could have been dispersed
into the surface laterite away from the ore body (Figure 31A).  To the north, this laterite cover would
have been lost during later erosion, with thicker deposition of alluvium than in the southern part of the
study area (Figure 31B).  With the more extensive laterite and the lesser transported cover, a surface Au
signature could be readily formed to the south.  Since the Tertiary, surface groundwaters have become
corrosive for Au (Section 6.6), and Au has been leached down to the strongly to moderately oxidised
transition  (i.e., the major Au depletion approximately corresponds to the strongly oxidised saprolite and
the ferruginous zone).



Examination of Au distribution below, at and above the base of weathering show little indication of Au
dispersion during initial weathering (see accompanying CD), though a small amount of mobility would be
difficult to see due to the primarily dispersed nature of the mineralization.
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anomaly in the south, and leaching of buried Au above strongly to moderately oxidised transition.



5. CHARACTERISTICS OF PARTICULATE GOLD AT CAROSUE DAM

5.1 Introduction

Gold grains were extracted from 10 bulk samples taken from drill spoils along the 3125N line. The
samples were taken from the subsurface anomaly, the saprolite dispersion halo and the primary
mineralization (Table 2, Figure 32). The samples were separated using techniques describing in
Section 2.3, with results discussed below and photos of the Au grains enclosed in the Appendices.

Table 2:  Gold concentration of the bulk samples, with sample numbers as used in Figure 32

Regolith zone Sample Drill hole Depth (m) Gold grade (ppm)

Calcareous colluvium A 49 1-2 0.28
B 49 4-5 0.52
C 50 1-2 0.48

Lower saprolite D 61 40-41 0.15
E 49 48-49 32.3
F 15 59-60 10.3
G 30 45-46 1.5
H 16 48-49 2.5

Primary mineralization J 49 110-111 5.1
K 50 105-106 7.2

Figure 32: Position of Au grain sampling, from Carosue Dam Section 3125N

5.2 Characteristics of gold grains

5.3 Primary mineralization

Gold grains are small in the primary mineralization (Samples J and K), with 80 - 85% less than 100 µm
diameter, and only 2-5% exceeding 200 µm.  Most grains are irregular and xenomorphic, with minor



occurrence of equant and elongated grains and flakes (Photo 1).  The surfaces of the primary grains are
rough, with numerous cavities, fractures, scratches and imprints from adjacent minerals.  Some of the
scratches are probably the result of mechanical damage to the grains during drilling and sample
preparation.

The principal minerals associated with Au in primary mineralization are pyrite and aluminosilicates,
usually feldspar (Photos 2-3), with lesser quartz and calcite.  All primary Au grains have up to 14% Ag
content.  Quantitative microprobe analysis of two Au grains shows 6.9 and 13.7% of Ag, 210 and 140
ppm of Cu and 160 and 140 ppm of Si respectively (Table 3).

Below the sub-horizontal front of weathering, some small high fineness Au crystals, (4-10% of total
grains) are presumably supergene (Photo 1).  These Au crystals appear to form as a result of deeper
weathering along fractures, with chemogenic Au transport and deposition at least 30 m below the
weathering front.  Sporadic occurrences of Fe oxides as intergrowths with Au crystals and films at the
pyrite grain surface corroborate this hypothesis.

Table 3:  Comparative characteristics of the primary and supergene Au, Carosue Dam

Gold type Grain length Shape Composition (EMPA)

<100 µm, % Ag (%) Cu (ppm) Si (ppm)

Primary 80 Irregular, xenomorphic 6.9 - 13.7 140 - 220 140 - 160

(2 samples) grains
Supergene
(5 samples)

100 Prismatic, tabular
crystals

Bdl
(150 ppm)

Up to
30 ppm

140 - 290

Fe and Pd concentrations below detection limit (Bdl)

5.4 Gold dispersion halo within saprolite

Gold grains are smaller in this zone than in the primary mineralization, with 90 to 100% (mean 96%) of
the grains less than 100 µm in diameter.  In contrast to the primary mineralization, Au crystals are
predominant (50-70%, mean 61%) within the dispersion halo, except for the residual mineralized zone,
where the proportion of crystals is 22%.

The majority of the Au crystals are subhedral, with euhedral crystals less common.  Prismatic and
tabular crystals are predominant, with rare elongated crystals and combinations of cubic and octahedral
forms (Photos 4-8).  Commonly, complex aggregates occur, composed of subhedral crystals or unclear
crystalline grains.  Pristine crystals are rare, and crystals with rough surfaces, pits, cavities and imprints
from adjacent minerals are common.  Some crystals and grains are corroded (Photo 5).  All the crystals
in the zone are of high fineness and contain no Ag (detection limit 150 ppm) and only 140-290 ppm of Si
(Table 3).  Only one in nine analysed Au crystals has Cu and Fe at the detection limit (30 ppm), with the
other crystals below detection.

Supergene gold is mainly associated with Fe oxides, forming complex intergrowths or being covered by
films of Fe oxides.  Inclusions of quartz and silicates are less common (Photo 6). Similar to adjacent
Twin Peaks site, one of the supergene Au crystals studied has complex intergrowths with phase of Ca -
 P composition, presumably apatite (Photo 8).

5.5 Subsurface anomaly

Gold grains from calcareous colluvium are small in size, with 99-100% particles less than 100 µm.  Gold
occurs mainly as irregular and equant grains (35-55%) and crystals (27-47%).  The crystals are
commonly uncorroded, in contrast to irregular grains which show moderate to strong corrosion (Photos
9-12).  Corroded Au grains contain some Ag and presumably are relic primary Au.  Among residual Au
grains some relic primary minerals (pyrite and cinnabar) were identified. No specific Au morphologies
that could be related to Au redeposition in the calcrete environment were detected.



5.6 Discussion

Gold in the regolith at the Carosue Dam is quite similar to that in many other studied sites in the Yilgarn
Craton (e.g. Freyssinet and Butt, 1988; Gedeon and Butt, 1990; Lawrance and Griffin, 1994; Porto et
al., 1999).  Primary Au grains are irregular and xenomorphic and tend to be 950 fine or less, alloyed with
Ag and trace amounts of other elements (e.g. Cu, Hg, Te, S).

Unlike the primary Au, free supergene Au mainly occurs as small crystals of high fineness with very low
or no detectable Ag and other admixtures. Some supergene Au particles contain trace Fe, S and As.  The
supergene Au has many crystal forms, with the most common varieties as follows:

combinations of cubes, octahedra and dodecahedra, elongated in one of the axes;
very thin platy pseudo-hexagonal and triangular crystals.

In a broad sense, the crystal shape of a mineral is a function of the environment. One of the hypotheses
on supergene Au, based on the experimental study of Gatellier and Disnar (1988) was that supergene Au
crystal shape is dependent on groundwater salinity (Butt, 1991).  For example, thin platy crystals were
found in the highly saline environment of the Hannan South (Lawrance and Griffin, 1994) and Panglo
deposits (Scott and Davis, 1990).  Gold grain studies performed within previous CSIRO projects as well
as the P504 do not at present support this idea. Despite different hydrogeochemical characteristics of Mt
Joel, Panglo and Old Plough Dam area (Twin Peaks, Monty Dam and Carosue Dam), the supergene Au
morphologies are very similar: Au mainly occurs as tabular and prismatic crystals at these sites (Scott and
Davis, 1990; Sergeev and Gray, 1999). One possible explanation is that Au transport in the past was by
groundwaters different in salinity from the present studied ones.

Detailed investigations at Twin Peaks (Sergeev and Gray, 1999) and the study performed at Carosue
Dam discussed here show that substantial proportions of Au within subsurface dispersion haloes are
represented by relics of the primary Au, indicating at least in part residual Au concentration and
mechanical transport near the surface. This observation is critical to the understanding of surface Au
mobility in these environments.



6. HYDROGEOCHEMISTRY

6.1 Introduction

A primary justification given for the use of hydrogeochemistry in mineral exploration is that groundwater
anomalies may be broader and more regular than mineralization and 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, which 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 felsic rocks in comparison with other
Archaean 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.

The scope of this investigation includes the effect of underlying lithology on the observed water
chemistry, thermodynamic modelling, mapping of the data and comparison with results from other
Western Australian sites.

6.2 Compilation of results and comparison with other sites

The concentrations of various ions at Carosue Dam and at other sites are plotted versus TDS, pH or Eh
in Appendix 2, Figures A2.1 - A2.46.  The sea water data (Weast, 1983) 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, relative to the concentration of the element in groundwaters to be observable.  The
results from Carosue Dam can be compared with those from other sites in southern WA, which are
grouped as follows:

(i) Northern groundwaters (N 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., 1996a), 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.

(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) are plotted in Appendix 3, Figures A3.1 -
A3.30.  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
4, Figures A4.1 - A4.30.

6.3 Acidity and oxidation potential

An Eh-pH plot of waters from Carosue Dam and other sites is shown in Figure 33, 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 Carosue Dam groundwaters are acid (pH 3.2 - 6.0), except for
a single neutral (pH 7.1) sample in the SW of the study area (Figure A4.1), and range from moderately
to highly oxidising, similar to the pH and Eh range of Kalgoorlie groundwaters, such as Panglo (Gray,
1990).  Also included as the two parallel lines in Figure 33 are the Eh values for dissolution of Au:  two
of the groundwaters have Eh values high enough to allow dissolution of > 2 µg/L Au, with another 3
groundwaters able to dissolve > 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 33:  Eh vs. pH for groundwaters from Carosue Dam 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 2, Figures A2.1 - A2.14.  The Carosue Dam groundwaters range from
saline (2.5% TDS, compared with sea water salinity of 3.5% TDS) to hypersaline (11.6%).  The
particular characteristics of the groundwaters at Carosue Dam are demonstrated by a plot of pH vs. TDS
(Figure 34).  Unlike the Central groundwaters, which have a wide range of salinities and remain neutral,
the Carosue Dam groundwaters have pH variations similar to those of the Kalgoorlie groundwaters,
though with significantly lower (by 2 - 3 times) salinities than the Kalgoorlie groundwaters.  For most of
the major groundwater 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 A2.1, A2.3, A2.5 and A2.6):  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 Carosue Dam
groundwaters are moderately depleted in Ca, relative to the concentrations expected if the groundwater
had been diluted sea water (Figure A2.4), presumably due to gypsum and/or calcite precipitation.
Additionally, these groundwaters show a significant K depletion, although not as great as that observed
for Kalgoorlie (Figure A2.2).  This 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 alumino-silicates (Gray,
1996).  Alunite has been noted at several sites in the southern Yilgarn, e.g., Panglo and Mt. Percy.
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Figure 34:  pH vs. TDS for groundwaters from Carosue Dam and other sites

The potential for dissolution or precipitation of minerals from groundwaters at Carosue Dam has been
tested by speciation analysis (Section 2.1).  The range, mean and standard deviation of the SI values of
the water samples for a number of relevant solid phases are given in Table 4, with SI values plotted in
Appendix 3.  As discussed in detail in Section 2.1, in general, a SI of zero indicates the solution is
saturated with respect to that mineral, a SI less than zero indicates under-saturation and a SI greater than
zero indicates the solution is over-saturated with respect to the mineral phase.




