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ABSTRACT

Although regolith carbonate accumulations (RCAs) have been extensively used in
mineral exploration programs in the regolith-dominated terrains of the Yilgarn and
Gawler Cratons, their use has so far been limited within the Curnamona Province, SA.
This study shows how the detailed characterisation of RCAs in the southwestern
Curnamona Province enhances their use in mineral exploration programs at the regional
to prospect scales. A regional RCA distribution map for the study area shows that
RCAs are generally widespread, although certain RCA morphological facies are
dominant in different parts of the landscape, and in some areas RCAs are absent or at
best a very minor component of the regolith. A dataset of whole rock geochemical
assays of RCAs provides the basis of graphical presentations and geochemical maps
that highlight the chemical characteristics of RCAs proximal to areas of known Au
mineralisation in contrast to more distal samples. Several Au pathfinder elements in
RCA assays were found to include As, W, Bi, and Mo, and greatly assist in further
anomaly definition when used in conjunction with Au assays. Major element
composition (e.g. Ca, Mg, Fe) showed little relationship to local landform setting,
however, landscape setting appears to be a more important control on Au assay results
both at the regional and prospect scales. Gold distribution in the area was independent
of the presence of major elements such as calcium and magnesium. Microprobe
analysis showed that Au was rare and invisible at the resolution of the analysis and
existed in the calcium carbonate matrix as well as in detrital material. The composition
of the underlying rock lithologies was also compared to the whole rock chemistry of the
RCAs, and showed the possibilities of this technique to aid geological mapping in

regolith-dominated terrains and to assist in locating mineralised systems.
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INTRODUCTION

The use of regolith carbonate accumulations (RCAs) in Australian mineral exploration
programs has increased greatly in the past decade (e.g. McQueen et al. 1999; Lintern
2002). The main application of RCAs has been as a geochemical sampling media for
the detection of Au mineralisation within regolith-dominated terrains. The technique
has been responsible for mineral discoveries in the Yilgarn (e.g. Lintern & Butt 1993;
Anand et al. 1997) and Gawler Cratons (e.g. Lintern & Sheard 1999; Lintern 2001), but
to date has had limited application in other Precambrian terranes, such as the

Curnamona Province.

The aim of this study is to characterise RCAs in the Olary Domain in the southwestern
part of the Curnamona Province (CP). The study is designed to give an insight into
whether RCAs are an effective tool for detecting mineralisation and distinguishing it
from ‘background’ settings at both a regional and a tenement or prospect scale.
Additionally, an evaluation is made of the potential for RCA geochemical assays to

serve as an aid to geological mapping, in areas of shallow (< 10 m) transported cover.

The area for the RCA study (Figure 1) was chosen because it has historically been
prospective for Au, including the Luxemburg, Wilkins, and Green and Gold Cu-Au
mines (Drew 1992). The region is also a target area for ongoing exploration for Au

mineralisation, particularly after the recent discovery of the White Dam Au-Cu deposit



(Brown & Hill 2003; Busuttil & Bargman 2003; Cooke 2003). This study has
implications for the further development of exploration techniques for large areas of the
central and northern Curnamona Province, where there is minor exposure of rocks that
host mineralisation. The results from this study can also be linked with other research
in the area, such as remote sensing, regolith-landform mapping at various scales (e.g.
Crooks 2002; Brown & Hill 2003; Lau 2004), and other regolith geochemical
investigations (e.g. Brown et al. 2002) and biogeochemical studies (e.g. Hulme & Hill

2003).

SETTING

Geological setting

The Curnamona Province is located in eastern South Australia and western New South
Wales (Figure 1). It is composed of Palaeoproterozoic metasedimentary and
metaigneous rocks intruded by early Mesoproterozoic granitic intrusives and felsic
volcanics. Extensive Neoproterozoic and early Palaeozoic sequences unconformably
overlie basement. Cainozoic sediments associated with the Murray Basin to the south
(e.g. Fabris 2002) and the Lake Eyre Basin to the north (e.g. Alley 1998) are widespread

across the entire region.

Mineralisation at each of the Luxemburg, Green and Gold, White Dam and Wilkins
areas occurs near the top of the lower Willyama Supergroup (including Thackaringa and

Curnamona Groups), in mainly albitic and calc-albitic metasedimentary rocks, in



discordant zones or a stratabound fashion (Skirrow & Ashley 2000). The major

geological and alteration features of each are briefly described in Table 1.

Landscape setting, vegetation and regolith materials

Although the landscape of the study may at first appear to be a relatively simple
assemblage of undulating landforms, in detail it contains considerable local complexity.
Topographic elevations in the area ranges between over 370 m above sea level near
MacDonald Hill in the west to approximately 200 m above sea level along tributaries of
the Mingary Creek system in the north. The area contains the generally east-west
trending regional drainage divide between the Murray Basin to the south and the Lake
Eyre Basin to the north. To the south the drainage is mostly associated with the Olary

Creek system, whereas to the north it includes tributaries of the Mingary Creek system.

The dominant landforms of the area are bedrock-dominated erosional low hills, rises
and plains, and transported regolith-dominated plains, drainage depressions and
channels. The southern and western areas tend to be associated with higher relief parts
of the landscape, including erosional rises (9 — 30 m relief) and low hills (30 — 90 m
relief). Alluvial drainage depressions have incised into many of the erosional landforms
and deliver sediment into the larger depositional plains associated with major valley

systems (Figure 2).

There are also major variations in regolith materials, associated with the differences in

landform setting. The dominant regolith units on the plains are sheet flow sediments



with minor aeolian accessions. The sediments are typically red-brown silts and sands
within the areas of high relief, and grade laterally towards red clays as the relief
decreases within the depositional plains. The southern and western parts of the area are
dominated by exposures of Willyama Supergroup and Adelaidean rocks. The bedrock
is slightly to moderately weathered, and generally flanked by colluvial sediment.

Alluvial lithic and quartzose, silts, sands and gravels dominate the drainage depressions.

The main vegetation community is a chenopod shrubland, which extends across most of
the area. The dominant plants include Maireana spp. (pearl bluebush and black
bluebush) and Atriplex spp. (bladder saltbush and pop saltbush). Scattered trees of
Alectrylon oleofolius (rosewood), Casuarina pauper (belah) and stumps (with only
occasional living specimens) of Acacia aneura (mulga) occur within these shrublands.
The undergrowth consists of copper burr and some grasses, as well as cryptogam mats
(combination of lichens, mosses and algae) colonising the surface soils. The species
composition of the chenopod shrubland closely relates to the landform and regolith
setting. There is a general transition from pearl bluebush to black bluebush to bladder
saltbush between high to low lying settings (Figure 3). A riparian woodland of
Eucalyptus camaldulensis (river red gums) occurs along the upper tributaries of Bulloo

Creek in the north of the area.

Climate and land use

The climate in the area is semi-arid, with an annual precipitation of around 150 mm. In

summer the temperature can reach 47° C and drop as low as —6° C on winter nights



(www.bom.com.au). The study area hosts three sheep grazing stations — ‘Tikalina’ in
the south and east central parts, ‘Wiawera’ in the southwest and ‘Bulloo Creek’ in the

north.

METHODS

Mapping

Regolith-landform mapping was completed at both the regional and detailed scales. A
regional (1:30 k) regolith-landform map of the study area has been recently completed
(Lau 2004), however, because this map contains minimal information about the regional
distribution of RCAs, a regional RCA morphological map was produced here (Figure
2). A detailed regolith-landform map of approximately 2 km? was also produced at the
Wilkins prospect. The regolith-landform units are given an abbreviated label, e.g.
CHep.2, which provides information such as regolith type (represented by upper case
abbreviations i.e. CH — sheet flow sediments) and landform (lower case abbreviations
i.e. ep — an erosional plain). The modifier number signifies lesser regolith-landform
differences (e.g. vegetation change or slight regolith lithological differences)(Figure 4a

and Appendix 1).

Sampling and geochemical analytical methods

The sampling strategy involved a 3-tier approach that is equivalent to the typical scales

of mineral exploration undertaken in a region:
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e A regional RCA dataset of 166 samples, including reconnaissance samples, over
an area of approximately 840 km?, which encompasses four known
mineralisation sites (Luxemburg, Wilkins, Green and Gold and White Dam) and
the areas in between;

e Single line transects to follow-up regional geochemical anomalies with samples
taken at about 50 m spacing over the 4 mineralisation sites, yielding a further 26
samples, with another 13 non-transect spot samples near mineralisation; and,

e A detailed, prospect-scale sampling array of 20 samples collected at a spacing of

about 50 - 250 m in the area of the Wilkins prospect.

RCAs were collected from surface exposures within the study area. The preferred sites
for sampling were rabbit warrens (Figure 4a, b). They were ideal sites because the
RCAs were brought from depth to the surface when the rabbits dug their burrows, and
the original morphology of the RCA sample could still be identified. Another
advantage of sampling rabbit warrens is that they can be easily located in the field and
on ortho-imagery, and therefore targeted in regional sampling programs. In some
places, where there were few rabbit warrens, there were abundant RCAs transported
across the land surface by shallow overland flow (sheet flow) and minor erosional
gullies. These typically correspond with erosional (ep) and depositional (pd) plain
landform settings. In addition, a profile of Willyama Supergroup saprock to soil was

sampled in the old Radium Hill cutting.

Approximately 200 g of RCA fragments were collected at each site, in addition to a

larger piece of ~7 cm diameter, which was to be kept aside for other analyses (e.g. thin
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sections). Sampling was difficult in certain areas where the calcium carbonate content
of the substrate was low, such as areas containing an abundance of quartz lag. Other
attributes were also noted at each site, including: the morphology and lithology of
RCAs, host regolith lithology, vegetation community and dominant species, and

landform setting.

The samples were analysed using the IC3E/M and AA9 techniques at Amdel
Laboratories, Thebarton, SA. The former involved a sub sample of 0.2 g of the
analytical pulp being digested using an HF/multi acid digest. This was followed by the
presentation of the solution to an inductively couple plasma mass spectrometer (ICP-
MS) and an inductively couple plasma optical emission spectrometer (ICP-OES) for the
quantification of the elements of interest. ICP-MS analysed elements included: Ag, As,
Bi, Cd, Cs, Ce, Co, Cu, Ga, In, La, Mo, Ni, Pb, Rb, Sb, Se, Sr, Te, Th, T1, U, W, Zn, Ce,
La, Dy, Er, Eu, Gd, Ho, Lu, Nd, Pr, Sm, Tb, Tm, Yb, Y. ICP-OES analysed elements
included: Ba, Ca, Cr, Fe, K, Mg, Mn, Na, P, Ti, V, S. The AA9 technique quantified
the Au content, where a sub-sample of 40 g of the analytical pulp was digested with
aqua-regia. The resulting Au in solution was extracted into di-iso butyl ketone (DIBK)

and quantified by Graphite Furnace Atomic Absorption Spectrometer to a resolution of

1 ppb.

These assay values were then imported to Data Desk® for statistical analysis. After the
below-detection limit values were allocated a numerical value (typically half of
detection limit), a series of box and whisker plots were generated for each element,

highlighting values that ranged between extremely high outliers, to extremely low
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outliers. These plots are basically designed to define anomalous values (outliers), with
respect to the bulk of the data (normally between the upper box to lower box range),
somewhat like a histogram. These cut-off numbers were recorded and entered into

ArcView GIS®, and a series of geochemical maps were plotted for each element.

The Philips XL30 FEGSEM was used to image selected RCA samples in backscatter
mode, and to search for any visible Au. The CAMECA SX51 electron microprobe was
used to compositionally search for Au in RCA samples. The machine was calibrated
with the following package features: accelerating potential of 20 keV, sample beam
current of 20 nA and beam diameter of 5 microns. Initial counting times of 30 seconds
produced an analytical precision of 0.5 W% Au, and subsequent 300 second counting
times reduced this detection limit to 0.03 W% nominally, and as low as 0.016 W%.
Corrections made in the analysis included the rejection of Au values below detection
limit, as they were related to instrumental noise, and the Au values where Zr was
present in large quantities (as the Zr peak strongly overlaps with the Au Ma peak).

Other elements analysed were O, Ca, Si, Mg, Na, Fe, As, Au, Pb and Zn.

MAPPING, GEOCHEMISTRY AND MICROANALYSIS RESULTS

Mapping

The RCA distribution map shows the presence or absence of RCAs, as well as the

dominant morphological facies associated with different regolith-landform settings in

the study area. This map serves as a “go-to map” for mineral explorers planning RCA
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sampling programs. The dominant RCA morphology recorded was fragmented
hardpan. The other major types were nodular, or a mixture of nodular and hardpan,
along with rhizomorphic and powdery carbonates and minor carbonate coatings on

detrital clasts (Figure 4c).

Regional-scale RCA assays

The regional-scale RCA assays are presented in appendix 2 and Figures 5 - 8. The Au
assay results within the regional sample set were independent of the results for other
elements, including pathfinder elements such as As, Sb, Mo, Bi, and W (Butt 1997)
(Figure 5a, b). Elements such as Cr, As, Ga, Sc, V and possibly Au, have been reported
to have an association with Fe-oxides in “lateritic” samples from previous studies (Butt
1997; Butt et al. 2000), however there were relatively poor correlations between these
elements in the regional RCA sample assays (except for Cr and possibly V) (Figure 5Sc,

d).

Strontium has a moderate correlation with Mg, whereas Ca poorly correlates with both
of these elements (Figure 6a). No significant correlation was observed between Au and
Ca or Mg on a regional scale (Figure 6b). For each of the landforms where RCAs
occurred (erosional rises, erosional plains and depositional plains), Ca, Mg, Fe and Sr
abundances were compared (Figure 7a, b). The following elements were plotted
without any significant correlation: Ca/Mg vs. Fe (Figure 7a), as well Ca vs. Mg, Ca vs.

Sr and Ca/Sr vs. Fe. A strong inversely proportional correlation was expressed in the
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plot of (Ca/Mg)/Sr, and was consistent for all three landform settings examined (Figure

7b).

The regional geochemical maps produced in ArcView GIS® via Data Desk® were useful
in displaying RCA elemental concentrations spatially (Figure 8 and Appendix 3). A

similar technique has been used by Reimann et al. (1998).

RCA assays from Mineralisation transects

The transect-scale RCA assays are presented in Appendix 4 and Figure 9, and spot
samples near mineralisation are in Appendix 5. Transects over mineralisation at the
four prospects showed an increase in Au assay values from the RCAs closer to
mineralisation. This trend was also expressed in other elements, including Zn, Pb, Fe,
Cu, Bi, Co, Mo, V, W and Ni. The association between Au and certain pathfinder
elements was also much stronger in the RCAs over mineralisation than in the regional
samples (Figure 9a, b, c). Likewise, a similar trend was observed with the elements
associated with Fe in the RCAs over mineralisation, where Ga and V were the dominant
accumulative elements (Figure 9d, e, f). No significant correlation was observed
between Au and Ca or Mg in the transect scale (Figure 9a, b, c), akin to the regional

samples.
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Prospect-scale RCA assays (Wilkins Prospect case study)

The prospect scale RCA assays are presented in appendix 6 and Figure 10. Another set
of box and whisker plots were determined by using the local Wilkins prospect scale
data, rather than the entire regional data set (e.g. Au in Figure 10). The Au values for
the Wilkins box and whisker plots, for both the regional and Wilkins data, were fairly
similar to the regional values in the non-anomalous cut off values (e.g. lower and upper
box values), but the regional values were higher in the anomalous value cut off range.
This was expected as the regional data includes the four transects over mineralisation,
which had some very high Au assays. The ranges of results at both scales were similar,
but the values for ‘anomalous’ elements increased when the sample locations were near

the mineralisation.

Microanalysis

Based on thin section review, an average carbonate nodule (not including RCA coatings
which contain a high lithic input) would include approximately 75% calcite and/or
dolomite, 15% silica, 5% clay minerals and 5% detrital fragments including Fe + Ti
oxides, zircon, manganese nodules and lithic rock fragments. Samples GGOlc (from
Green & Gold), WKO03c¢ (from Wilkins) and LBO8c (from Luxemburg) were targeted
for microprobe analysis, as they yielded the highest bulk Au assays, but three other
regional high Au samples (TBC025, TBC029 and TBC090) were also analysed. The

Field Emission Gun Scanning Electron Microscope (FEGSEM) analysis showed that it
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was not possible to identify visible Au at the resolution of analysis (3 wm), but

identified various detrital phases, including the aforementioned in thin section review.

Given the well-documented association of Au with Fe-oxide material (e.g. Ferris et al.
2002), microprobe analysis was targeted at Fe-oxide detrital grains. Additionally, 15
lines of different size and varying point spacing (80 — 300 microns) for a total of 780
points were run across calcite grains to search for traces of Au within the carbonate
material. Figure 11 shows typical areas where points and lines on the thin sections were
microprobed. Gold was found at only 11 locations out of over 1000 probed points, and
existed in various parts of the RCAs (Table 2). This included Au being finely and
unevenly dispersed, both within the CaCOs, as well as in various detrital phases
including Fe oxides, Fe & Ti oxides (probably ilmenite), and Ti oxides (probably

rutile).

DISCUSSION

RCA morphologies and mapping

RCAs most extensively occur in ‘mid-slope’ landscape settings, particularly along the
upper margins of depositional plains and the lower parts of erosional plains and rises.
This largely reflects an area where there is a suitable balance between: the destruction of
RCAs due to dissolution (such as within valleys) and erosion (on rise crests) and, the

accumulations of RCAs due to physical and chemical transport and precipitation.
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The nodular RCAs tended to coexist with hardpan RCAs within plains, however, as
relief increased there was a gradual dominance of hardpan RCAs (Figure 3). The
reason for this may be due to erosion of hardpan RCAs in upslope settings and their
downslope transport and deposition within plains. This may also partly explain the
rounding of the carbonate-rich cores of many nodules, which then nucleate later
carbonate overgrowths. Some hardpans have also reformed in low-lying depositional
plains due to the nodular growth leading to coalescence and eventual
hydromorphological ‘plugging’ of carbonate-rich zones within the regolith profile

(Figure 4d).

The vertically extending profile upwards from Willyama Supergroup saprock to soil,
sampled in the disused Radium Hill railway cutting, revealed that the RCA development
was not laterally continuous. This observation suggests that local variations in the
range of RCA formation factors such as Ca source (aeolian, bedrock etc.), carbonate
source (vegetation respiration, meteoric water etc.), vegetation type, soil, groundwater
etc. have a significant impact on RCA development. On such a small scale, other RCA
formation factors such as landform and climate cannot affect the RCA distribution, as

these affect more widespread areas.

The nodular RCAs generally overlie the fragmented hardpan or hardpan morphological
facies (Figure 4e). The nodular RCAs may also have formed in situ by pedogenic
accretion of calcium carbonate around grains of rock or other particles (ie. coated
clasts). This seems feasible as nodular RCAs exhibited the concentric rings of calcium-

carbonate accreted around rock fragments. These observations suggest a genetic model
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that includes in sifu accretion of the nodular RCAs followed by further accretion to
eventually form hardpan RCAs. In contrast, the ‘chronostratigraphic’ RCA theory
suggests that the RCAs are treated the same way as sedimentary layers, whereas in
undeformed sequences the top of a profile is younger (e.g. Firman 1967). The evidence
here does not support that theory, where instead the carbonate-rich zones have formed
by overprinting. This interpretation is significant for understanding how trace metal
assay results are monitored through dispersion pathways in the landscape, and it raises
the potential for nodular morphologies to include geochemical signatures derived from
broad areas of the scale of at least several hundred metres, compared to other
morphologies that may form in situ and therefore have more localised dispersion
pathways. This also increases the probability for nodular RCAs to host enlarged
anomaly ‘footprints’ that translate to being larger area exploration targets (although in

this case the ‘anomaly’ magnitude may not be as great).

Regional scale

The geochemical results from the regional data set provide a view of the background
levels of Au and associated pathfinder elements in the region. The pathfinder element
contents here are relatively low, but their poor association with Au is potentially
overemphasised here because the Au assay concentrations were also low. Iron has some
correlation with elements including V and Cr, which may mean its cumulative
properties are relatively consistent at all scales. In addition, the regional geochemical

maps showed that the values within a certain range in the box and whisker plots (e.g.
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upper outliers) are independent of their spatial distribution, and it was possible for

points a small distance away from each other to have completely different values.

The regional sampling program enables some assessment of associations between the
RCA whole rock chemical assays with their morphology and landform settings. In
general, the values of anomalously high element assays increased as the relief of the
landscape decreased, and the fragmented hardpan RCAs generally showed higher trace
metal assay values than the nodular morphological facies. There were, however, fewer
nodular samples in the dataset, reducing the confidence of this suggestion. The regional
samples also showed that sampling within drainage depressions, including very small
ones, could have a major impact on the Au assay values. Site R028 showed assay
values of 160 - 185 ppb in a small drainage depression, however further upslope and
away from the drainage depressions the Au contents decreased to 59 ppb, and across
slope to 29 ppb (Figure 4f). The anomalously high values in the drainage depression
may relate to underlying mineralisation but this may also be due to lateral physical

dispersion across the landscape.

The Au assay values in the regional samples were plotted according to the relative relief
of the sample locations. The Au assays were generally lowest on the rises, increased as
the relief decreased, and then declined again on the lowest relief landform (Figure 12).
In contrast, a strong relationship between major element RCA geochemistry (e.g. Ca,
Mg, Fe etc) and landform setting was not shown by this study. Figure 7 however, shows

that there were high Mg assay values obtained on the erosional areas, and low Mg assay
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values (<13000 ppm) from the depositional plains. This could be due to the mobility

properties of Mg, or simply a result of fewer depositional samples in the dataset.

The poor correlation of Au with both Ca and Mg in both the regional and transect
scales, suggests that the Au in this area is not reliant on the abundance of Ca or Mg to

exist as a component of the RCAs.

Mineralisation zone transect scale

When exploring for Au mineralisation using RCA samples, the best pathfinder indicator
element is Au, however, given the low absolute concentrations of Au in many samples,
the other pathfinder elements may also be useful. The close association between them
in certain cases may be significant, but it must be stressed that the correlations between
Au and all of its pathfinder elements in this study were not particularly strong, and they

should not be heavily relied upon as an indicator for mineralisation.

In the mineralised areas of the geochemical maps, certain elements such as Fe, Au and
Cu were shown as highly abundant outliers. With the linkage of the regional values and
the transect values from these maps, and their significant contrast, confidence can be
obtained in the determination of RCA Au anomaly definition in this area. In this study,
the box and whisker plots suggest that Au anomalies lay in the upper part of the range

of 4 - 12 ppb (i.e. >8 ppb) on the regional scale.
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Prospect-scale

The box and whisker plots from the Wilkins prospect scale (figure 10) suggest that Au
anomalies lay in the upper part of the range of 7 - 11 ppb (when using only the local
data), i.e. >9 ppb. This is similar to the regional-scale anomaly definition, but is more
tightly constrained. The Au assay values were particularly high near the mineralisation
at Wilkins, but were also influenced by physical dispersion pathways up to a hundred
metres away from the source. More steeply sloping landform settings directly
influenced these pathways, where values obtained from up-slope settings reasonably
close to the mineralisation were not very high, but further down-slope anomalously high

values were recorded.

Microanalysis

It was expected that the anomalous Au in some of the RCAs would be found only in Fe-
Ti oxides as detrital material, given the shallow sub-cropping to exposed bedrock in the
prospect regions. Instead, the Au within the RCAs was also randomly dispersed
throughout the calcite grains as well as within the Fe-Ti oxide grains. Importantly, the
abundance of Au appears to be independent of Ca or Fe in the RCAs, although it has
previously been linked with these elements in other studies (e.g. McQueen ef al. 1999;
Lintern 2002). The source of Ca in RCAs in the southern Curnamona Province has
been investigated by Dart et al. (2004). Their work revealed a 96 to 100% atmospheric
input of Ca, with a 4% input or less from bedrock. It is therefore proposed that the

processes that are transporting Au from bedrock to sites in the RCAs are not the same
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processes that are precipitating the RCAs. The RCAs are products of pedogenic
systems, as they do not have a large, flat-lying, blocky structure typical of groundwater
types. The existence of Au in the detrital Fe-Ti oxides is expected. However, the
occurrence of Au situated randomly in the carbonate grains may be attributed to
biological processes, allowing the Au to be highly soluble (e.g. Gray & Lintern 1997;

Gray et al. 1997; Lintern & Butt 1998).

Regolith geochemical mapping

In order to evaluate the potential of RCA geochemistry as an indicator of the underlying
basement geology, we compared the RCA ‘whole rock’ data with the interpreted solid
geology maps and/or surface geology. Davy et al. (1999) have successfully used a
similar technique in Western Australia to determine the extent or subdivision of bedrock
units. The dominant lithologies in the study region include non-magnetic granitoids,
variably magnetic mica-bearing granitoids, the Willyama Supergroup sequences and the
various Adelaidean sediments as determined from mapping programs (Geological
Survey of Primary Industries & Resources South Australia 2003). An important
difference was noticed in the RCA geochemistry between the non-magnetic granitoids
and the other variably magnetic biotite-muscovite granitoids, with the former plotting in
distinct fields on a plot of Fe/Mg vs. K and Ca/Mg vs. Fe (Figure 13). This could
possibly be attributed to the lack of magnetite, for example, in the non-magnetic
granites, rather than an abundance of other Fe-bearing non-magnetic minerals.
Additionally, some RCAs sampled over the known anomalous metallic occurrences of

Bimba Formation showed:
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e extreme upper outlier values for P;
e upper outlier values for Au, W, Mn, Cu, Pb; and,

e upper hinge values for As, Zn, Mo, U in the regional geochemical maps.

Also, some RCA assay values over mafic dykes showed upper outlier values for Ag,
Cu, Pb, Zn, As, and upper hinge values for Au, Co. In contrast, some RCAs over
Adelaidean sediments showed much lower anomalous concentrations of the same
package of elements, compared to the Bimba Formation sites, with the values lying near

the median (i.e. the upper box to lower box range in box and whisker plots).

CONCLUSIONS

The regolith geology and geochemistry of RCAs in this study contributes greatly to
their application and interpretation for use in mineral exploration programs within the
southern Curnamona Province. In particular it shows that an initial understanding of
RCA morphology, distribution and landform setting is vital for the subsequent
interpretations of exploration assay results across a region and within a prospect.
Mineral explorers need to know where and what to sample and any anomalous element
values need to be taken into the context of the landform setting. In addition, the sample
spacing and quantity of data collected needs to be taken into account, as it may have a
significant effect on anomalous value determination. As the tenement-scale sampling
illustrated, it is also useful to include various other elements in the analysis package

when analysing for Au in the RCAs, as the presence of certain minor elements, such as
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some pathfinders, may also be useful indicators of mineralisation. The identifiable links
between RCA major and trace element geochemical signatures in areas of shallow cover
and the underlying bedrock lithologies may also provide insights for refining the

interpreted geology maps in areas of shallow cover, and therefore aid further discoveries

of mineralisation.
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FIGURE CAPTIONS

Figure 1

Map of the Curnamona Province, located in eastern South Australia and western New
South Wales. The RCA sample locations are overlain onto the Olary 1:250 k geology
map of the study area, highlighting the range of bedrock lithologies that do not
extensively subcrop or outcrop in the area.

Figure 2

RCA distribution map highlighting the RCA occurrences. It shows the generally east-

west trending alluvial drainage depressions, which incise through erosional landforms
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and deposit sediment on low-lying plains. It also shows the various RCA morphologies
found in the area including the dominant fragmented hardpan, nodular/nodular &
hardpan, as well as minor carbonate coatings, rhizomorphic and powdery carbonates.
Figure 3

Catenary diagram showing the general observation of the morphological facies grading
from fragmented hardpan style (FHP) on higher relief to nodular (Nod) RCAs on the
plains. The downslope transition from pearl bluebush to black bluebush to bladder
saltbush was also noticed over these landform changes.

Figure 4

Photo plate 1. (a) The subtle but important regolith and landform changes found in the
area, and two vegetation types including black bluebush (BBB) and bladder saltbush
(BSB). Photo from Wilkins catchment facing south at 0457357 E, 6437693 N. (b) The
preferred sampling sites were intact rabbit warrens, shown for example near Wilkins at
0456591 E, 6437058 N. (c) Difficult sampling areas, where quartz or other lithic
fragments were coated by CaCOs, shown near White Dam at 0460104 E, 6450381 N.
(d) Looking down a rabbit warren, where nodular RCAs were overlying fragmented
hard pan, at 0456591 E, 6437058 N near Wilkins. (e) Cutting in a quarry at 0465657 E,
6433093 N on the old Radium Hill road, which revealed the cementation of hard pan
RCAs around nodular morphologies. (f) A reconnaissance sample site, where the
original sample recorded a Au assay of 160-185 ppb in a small channel near White Dam
at 0460134 E, 6450379 N, and further samples were taken nearby, to evaluate the effect
of a better range of landforms, morphologies and occurrences on the values. (All

coordinates are in UTM Zone 54 S GDA-94)
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Figure 5

Regional RCA geochemical results, highlighting the poor correlation between (i) Au
and its pathfinder elements (a & b); and, (ii) Fe and the elements normally accumulated
with it (c & d).

Figure 6

(a) Sr vs. Mg and Sr vs. Ca graphs in regional RCAs. (b) Au vs. Ca and Mg plots in
regional RCAs.

Figure 7

The influence of three landforms on major element chemistry, including erosional rises,
erosional plains, and depositional plains: (a) Ca/Mg vs. Fe plot; and (b) Ca/Sr vs. Mg
plot.

Figure 8

Geochemical map of Au assay values over the study area, highlighting the contrast
between regional Au values and the values over the mines.

Figure 9

Prospect scale RCA geochemistry on transects over the three known mineralisation
sites: Luxemburg, Wilkins and Green and Gold. These show the direct linkage between
Au and some of its pathfinder elements: (a) Au vs. W; (b) Au vs. Mo; and (c) Au vs. Bi;
and Fe and its generally accumulated elements: (d), (e), (f) Fe vs. V, As, Ga. Plotted
also are Au vs. Ca, Mg in (a), (b) and (c), highlighting their lack of correlation. It must
be stressed that the lines between the values, on these graphs and others, are purely
interpolative, and are not intended to reflect any trends. They are shown for viewing

ease only.
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Figure 10

Detailed regolith-landform map over the Wilkins Prospect, with overlain box plot Au
values from Data desk, determined from only the Wilkins local data. This shows the
influence of landform setting on physical dispersion geochemical pathways.

Figure 11

Field Emission Gun Scanning Electron Microscope (FEGSEM) back scattered electron
images highlighting the major components of RCAs in thin section: (a) CaCO;3,
Fe/Fe+Ti oxides, and SiO»; (b) CaCOs3, SiO,, biotite and Fe oxides; and (c) Fe oxide and
easily mistakeable remanent Sn from the thin section polishing process. Also shown are
typical areas probed for composition information, in both selected point form (black
circles on Fe oxides) and random lines of points (white circles).

Figure 12

Reconnaissance sample locations and the landform effect on their Au assays: (a) Three
specific sites on a plot of Au vs. decreasing relief, highlighting Au value increase in
erosional plain sites, rather than depositional; and b) Plot of all reconnaissance site Au
assays vs. their relative relief setting.

Figure 13

Major element RCA chemistry investigation over underlying near-surface geology: (a)
Fe/Mg vs. K; and (b) Ca/Mg vs. Fe, showing a distinct separation between circular non-
magnetic S-type granites and S-type granites in both plots, with Adelaidean samples
lying between them. (c) Plot of Ca/Mg vs. Fe, where the Adelaidean values appear
separate from the Thackaringa Group, with the Thorndale composite gneiss appearing

between them.
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RCA distribution, morphology and associated landform map
of the Tikalina-Bulloo Creek Station area

Compiled by P.D. Wittwer (2004)

445000

450000 455000 460000 465000

6455000

6435000 6440000 6445000 6450000

6430000

000SS+9

)

¢ l ’u

000S+¥9 0000S+9

0000¥+9

000SE#9

0000EY9

445000

450000 455000 460000 465000

South Australia
Study area

laide

Q0 2 4 :
— Kilometres

Coordinates in GDA-94 datum, UTM UPS location format,
zone 54 S
Fragmented hardpan - erosional rises/erosional plains
Nodular/Nodular & hardpan - depositional plains/erosional plains
Carbonate coating - rare occurrences
Rhizomorphic - rare occurrences
Powdery carbonate - rare occurrences
Minor carbonate - clay regions near drainage depressions
- alluvial drainage depressions
Scarce carbonate - low lying plains

- saprolite outcrop
- subcrop basement

ERERECOCC



SPOOMSSO0J;

ysngjjes Jsppe|q -
ysngsniq %9e|q e

ysngan|q [iead » ¢ 2inb1

A3

w

7 PON B

E3

D = &

dH4's

»4§ o

9¢



87

nodular

hard pan

Drill hole

Figure 4



38

Pathfinder elements for Au in regional RCAs
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Regional RCAs
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Regolith-landform and geochemical map of Wilkins

Compiled by P.D. Wittwer (2004)
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APPENDICES
Appendix 1 - regolith-landform map units of the Wilkins Prospect

Mapping unit description technique

1) Regolith lithology 4) Dominant vegetation
2) Landform setting 5) Geohazards (if any)
3) Minor features

Transported regolith
ALLUVIAL SEDIMENTS

Aed -
Clay rich sediments, sub rounded, moderately sorted, red-orange, in a low lying,
broad drainage depression, with little sharp incision. Common lithic and
quartzose fragments, with minor silts, sands and gravels. Minor RCA
occurrences in either rabbit warrens or sheet wash. Chenopod shrubland
dominanted by Atriplex spp. (bladder saltbush and pop salt bush). Geohazards:
snakes, sunburn.

COLLUVIAL SEDIMENTS Sheet flow deposit

CHpd —
Clay rich red-orange sediments on a low lying depositional plain. Some
moderately consolidated red-light brown, sub rounded silt. Minor RCA
occurrences in sheet wash deposits, but sparse rabbit warrens bringing up
fragmented hardpan and nodular RCAs. Chenopod shrubland dominated by
Atriplex spp. (bladder saltbush and pop salt bush) and various grasses.
Geohazards: snakes, sunburn.

CHep; —

Silt sized, poorly sorted, unconsolidated red-brown sediments on slightly higher
areas of relief (0 — 9 m) to adjacent depositional plains. Fragments of RCAs
common from rabbit warrens, and occasional rounded fragmented hardpan
RCAs. A few areas contain bare vegetation exposing red-brown clay/silt patches
up to 30 m wide. Generally thick chenopod shrubland dominated by Afriplex
spp. (bladder saltbush and pop salt bush), with minor Maireana spp. (black
bluebush, but no pearl blue bush), and scattered trees of Alectrylon oleofolius
(rosewood). Geohazards: snakes, rabbit warrens caving in, sunburn,

CHep, —
Dominant silt sized sediments, with minor aeolian clay particles, deposited on
areas slightly higher in relief than CHep;, but still in the erosional plain relief
range. Fragmented hardpan RCAs commonly found in rabbit warrens.
Chenopod shrubland dominated by Maireana spp. (pearl bluebush and black
bluebush), copper burr and various grasses. Geohazards: snakes, rabbit warrens
caving in, sunburn.
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CHer —
Red brown silts and fine to medium sand sized particles on erosional rises
adjacent to CHep, units. Frequent fragmented hardpan RCAs found in rabbit
watrens, minor RCA sheet flow occurrences from nearby rabbit wartens, and
occasional laminar hardpan RCAs.  Chenopod shrubland dominated by
Maireana spp. (pearl bluebush and black bluebush), with minor copper burr and
few grasses. Geohazards: snakes, rabbit warrens caving in, sunburn.

Colluvial sediments
Cer —
Rocky areas adjacent subcrop, with angular, poorly sorted lithic fragments of
Willyama Supergroup saprock on erosional rises. No RCAs on this setting,
Sparse chenopod shrubland, with only few occurrences of Maireana spp. (pearl
bluebush and black bluebush). Geohazards: snakes, rocky terrain, sunburn.

FILL Fill

Fm - »
Wide area shaped for the Barrier Highway with road base added and adjacent
railway cutting and built up area for the railway tracks. Common surficial lag
and vegetation relatively unaffected immediately adjacent to the road and
railway, and is a chenopod shrubland of Maireana spp. (black bluebush and
pearl bluebush), with few Casuarina pauper (belah) next to the highway.
Geohazards: snakes, sunburn, moving vehicles and trains.

In-situ regolith
SAPROLITH Saprock

SMer —

Exposed outcrop of moderately surficially weathered Willyama Supergroup
bedrock, containing undifferentiated schist, gneiss, migmatite, quartzite, and
hornblende gneiss, on a moderate topographic relief of 30 — 90 m. Medium to
coarse grained granitoids are also present, with a quartz-K-feldspar-plagioclase-
biotite-muscovite-magnetite mineralogy. Common angular to subangular lithic
and quartz fragments. No RCAs on this setting. Bare chenopod shrubland of
Muaireana spp. (pearl bluebush and black bluebush) around the outcrop.
Geohazards: snakes, rocky terrain, sunburn.

SSep —
Exposed outcrop of the ferruginous banded formation known as the Wilkins
mineralisation, occurring on an erosional plain of relief 0 — 9 m. Pits expose
quartz magnetite alteration and secondary copper (crysocolla) staining. Some
RCAs from rabbit warrens and sheet wash nearby the ironstone. Chenopod
shrubland of Maireana spp. (pearl bluebush and black bluebush) around the
ironstone, with some grasses. Geohazards: snakes, rocky terrain, sunburn.
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Appendix 3 - Regional RCA assay geochemical maps
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