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PREFACE

The CSIRO-AMIRA Project "Exploration in Areas of Transported Overburden, Yilgarn Craton and
Environs" (Project 409) has, as its principal objective, development of geochemical methods for
mineral exploration in areas with substantial transported overburden, through investigations of the
processes of geochemical dispersion from concealed mineralization. The Project has two main
themes. One of these, ‘Surface and subsurface expression of concealed mineral deposits' is addressed
by this report, which focuses on the hydrogeochemistry of the Harmony Au deposit and the
surrounding area. This study complements other geochemical and geophysical investigations of the
regolith at this site.

Hydrogeochemistry has long been considered as having considerable potential in exploration, on the
premise that groundwaters are a pervasive medium by which ore-associated elements may be widely
dispersed and thus present a broader target than the mineralization itself. This target may be
relatively localized, indicating mineralization just missed by drilling, or be of district or regional
scale. Prospective zones of high reactivity, such as shears and faults, may also have distinct
hydrogeochemical signatures, though the rocks themselves may have unremarkable compositions. In
addition, hydrogeochemical studies may provide information on currently active processes of
weathering. Despite its potential, however, hydrogeochemical exploration has proved difficult to
apply, largely due to the complex element interactions and the strong influence of the local
environment on salinity, pH, composition and hydrology of the groundwater.

The Baxter study area includes the proposed Harmony pit, a significant Au deposit, as well as several
additional drill anomalies, with minor to significant overburden. It therefore represents a field area
where the hydrogeochemistry of these different environments can be compared. The groundwaters are
neutral and of low salinity. Results from this site and from elsewhere in the northern Yilgarn indicate
that such groundwaters have specific characteristics and responses to underlying mineralization,
distinct from those for the acid and/or saline groundwaters of the southern Yilgarn Craton. In
particular, these groundwaters have extremely low concentrations of dissolved Au, though other
elements (namely Mo, W, Sc and possibly Rb) may be useful pathfinders for exploration using
groundwater.

C.R.M. Butt and R.E. Smith,
Project Leaders.
November, 1995



ABSTRACT

The hydrogeochemistry of the Baxter study area was investigated, with a view to understanding the
interaction of groundwaters with mineralized rocks, and the potential for exploration, particularly in
areas of overburden. Groundwaters at Baxter are neutral, with a similar Eh range to other neutral
groundwaters from the Yilgarn Craton. However, they differ from groundwaters investigated at sites
in the southern Yilgarn in having very low salinities and marked divergence from sea water ratios,
suggesting that the major ion concentrations are strongly controlled by local lithological or
hydrological factors. The groundwaters at Baxter strongly resemble those at Lawlers, about 300 km
to the SE in the north Yilgarn. Elements that appear to be controlled by mineral equilibration in some
or all Baxter groundwaters are Ba (barite equilibration), Ca, Mg and HCO; (carbonate), Pb and V
(chervitite; Pb,V,0-).

The Baxter groundwaters have extremely low Au concentrations, similarly to areas of overburden at
Lawlers. This suggests that Au is not expected to be extensively chemically redistributed in the
regolith under present-day conditions, and therefore that it will not be a useful pathfinder in
groundwaters or in soils overlying extensive overburden. However, Sc, Mo, W and, possibly, Rb
were observed to have greater groundwater concentrations in areas of Au mineralization and at this
site are better pathfinders in groundwater than Au itself. This elemental suite is similar, though more
limited, to those observed at other sites. These elements may have scope as target elements for
selective extraction of soil or other regolith material. Other elements can be used in groundwaters to
indicate underlying rocks or other geochemical features. For example, dissolved Cr concentrations
correlate closely with the presence of ultramafic rocks at Baxter and elsewhere, even though the
groundwaters are in contact with highly weathered lithologies. Dissolved As and, to a lesser degree,
Ni correlate with a zone of As-enriched rocks to the SE of the study area.

Thus, results indicate exploration potential for groundwater in such environments, even where highly
weathered rock are overlain by transported material. The elements enriched in mineralized
groundwaters may also form part of a suite of elements that may yield a geochemical expression by
selective extraction.

(i)
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1 INTRODUCTION

Research work in Australia and elsewhere (Morris, 1982; Hamilton et al., 1983; Giblin and Snelling,
1984; Runnells, 1984; Dissanayake and Weerasooriya, 1986; Hall et al.,, 1986; McHugh, 1988;
Bergeron and Choiniére, 1989; Dekkers et al., 1989; Cidu and Edmunds, 1990) has suggested that
hydrogeochemistry may be useful for exploration for Au and other metals. Although many such
investigations have been undertaken in areas with a dominantly residual regolith, it is feasible that

groundwater may also provide a useful exploration medium in areas of extensive transported
overburden.

A primary justification given for the use of hydrogeochemistry in mineral exploration is that
groundwater anomalies may be broader and more regular than the mineralization and secondary
dispersion halo in the regolith, thus enhancing the exploration signature. In addition, areas of high
reactivity (e.g., faults and shear zones) may have distinct hydrogeochemical signatures even where
they are unremarkable in terms of elemental abundances, and where petrographic study is difficult.
However, such effects may also be counter-productive, as interpretation may become complicated by
the various factors. -

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.

The aims of this hydrogeochemical study were, therefore:

(1) 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 northern
Yilgarn and the adjoining Proterozoic belt in general,;

(ii) to yield data on geochemical dispersion processes;
(iii) 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 Baxter area holds considerable interest for hydrogeochemical investigations for a number of
reasons:

(i) it lies north of the Menzies line, in an area of extensive hardpan;

(ii) groundwater salinity is very low. This is similar to Lawlers and contrasts with Granny
Smith, the other sites north of the Menzies line investigated as part of AMIRA Project
409, permitting comparison of the effect of salinity differences on the chemistry of Au and
other elements;

(iii) groundwater investigations are complementary to other studies conducted by CSIRO at
this site (Butt ez al., 1995, Robertson et al., in prep).

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.



2 SITE STUDY AND METHODS

2.1 Site characteristics

Much of this Section is summarized from regolith investigations described in Robertson et al. (1996),
and the reader is referred to this Report for further discussion.

2.1.1 Regional and local geological setting

The Baxter study area includes the Harmony Deposit (previously known as the Contact Deposit),
with a reserve of 2.148 MT at 3.6 g/t Au, and is located approximately 10 km west of Peak Hill and
some 90 km north of Meekatharra (Figure 1). The region is arid, characterized by a low, irregular
rainfall averaging 200 mm per annum. Vegetation cover is thin and consists largely of mulga and
other drought-resistant shrubs and grasses. The deposit is located within a depositional plain bounded
to the west by the westerly extent of the Robinson Ranges, to the north by the southerly extension of
the Horseshoe Range and to the east and south by rises and low hills. The deposit was discovered in
1991 with mining commencing in mid-1995.

The Peak Hill District, within which the Baxter area is located, comprizes part of a major early
Proterozoic orogenic belt, the Capricorn Orogen, that developed on the northern margins of the
Yilgarn Craton around 1.8 Ga (Gee, 1987). The District is interpreted to represent part of an early
Proterozoic sequence containing thick trough and shelf sediments and mafic and ultramafic volcanics
that have been subject to complex folding and thrusting, and moderate metamorphism. The sequence
around Peak Hill is regarded as the western part of the Nabberu Basin, but is more properly thought
of as a tectonic province rather than a sedimentary basin. The main tectonic features of the region are
the fold belt associated with the Bryah, Glengarry and Padbury Groups, two basement highs - referred
to as the Marymia and Goodin Domes - and the Bangemall Basin to the north.

The local geology about the deposit is summarized in Figure 2. The Harmony deposit is located at
the contact between the Narracoota Volcanics and the Thaduna Greywacke which form part of the
Bryah Group. The Narracoota Volcanics comprise a folded sequence of mafic and ultramafic rocks.
The Thaduna Greywacke is a thick turbidite sequence of fine-grained lithic, feldspathic and mafic
wacke with subordinate interbedded slaty mudstone (Gee, 1987). To the north-west of the deposit,
calcareous, manganiferous shales and subgreywackes of the Horseshoe formation outcrop. BIFs of
the Padbury Group form prominent ridges south-east of the area.

2.1.2 Mineralization

Primary gold mineralization, associated with quartz veining, is stratabound, hosted within a mafic
sequence (albitized dolerite and basalt) at the top of the Narracoota Volcanics, close to the contact
with the overlying Thaduna Greywacke. The deposit is sulphide-poor with pyrite >> pyrrhotite. The
primary orientation of the mineralization appears to be sub-parallel to the hanging wall contact of the
sediments and volcanics associated with sub-vertical structures trending north-south. The detailed
structural setting of the deposit is currently under investigation. Mineralization also occurs as a
relatively flat-lying supergene deposit close to the surface. This occurs largely within the saprolite of
the volcanics but extends into the overlying lateritic residuum and colluvial material. The depth of
oxidation over the deposit is variable, averaging approximately 80 m, with a water-table at 30 m. The
deposit was found through a shallow RAB drilling program sampling buried “lateritic” material.
Anomalous Au concentrations were detected in the vicinity of Harmony and a follow-up drill
program located mineralization in what is now the southern part of the Harmony Pit.
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Figure 1 - Regional setting of the Baxter study area, with rainfall contours in mm.

2.1.3  Regolith geology

The deposit is located in a broad depositional plain, surrounded by low hills and ridges. The area is
aggraded by infrequently active sheet flow and channelled stream flow, with subordinate wind
erosion. To the south of the pit, the colluvium mantles the backslope of a bevelled breakaway. The
area south of the breakaway is an erosional plain developed in Thaduna metasediments. The regolith
is characterized by a coarse, blocky, quartz-rich polymictic lag developed over ferruginous saprolite.
Low rises characterize the landscape to the east and south-east of the deposit. The regolith comprises
variably preserved lateritic profiles developed over Narracoota Volcanics, consisting of Fe-rich
duricrust, lateritic gravels and ferruginous saprolites. Further east, the regolith is largely composed of
saprolite, subcrop and outcrop related to the Peak Hill metamorphics and the Narracoota Volcanics.
To the north-east of Harmony, the landscape becomes dominated by low hills developed in the mixed
sediments of the Horseshoe Formation. Thick, massive-vermiform, manganiferous duricrusts have
developed in places.
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Figure 2: Geology of the Baxter study area, showing the Harmony Pit, other Au anomalies and
valley fill sediments. (Based on information supplied by AFMECO.)



In the immediate vicinity of the deposit, the regolith is characterized by a variably thick, hardpanized,
red-brown, colluvial-alluvial blanket, beneath which the degree of complexity varies considerably. In
places, particularly close to the Harmony Deposit, the colluvium directly overlies a basement of
ferruginous saprolite, saprolite and saprock. Elsewhere, notably to the southwest and northeast of
Harmony, the colluvium is underlain by various mottled clay sediments which appear to infill
palaeochannels cut into the basement. Parts of the basement (residual saprolitic material) are mantled
by buried duricrust, complete with nodules and pisoliths, coated with pale brown, clay-rich cutans.

Intercalated within the palacochannel-fill sediments there are horizons containing lateritic nodules
and pisoliths with cutans. There are two possible origins. Firstly, the channel sediments had an
intermittent depositional history, with periods of exposure and further weathering of lower units and
the development of a lateritic duricrust, followed by the continued deposition of transported
materials. Secondly, and a more probably, these horizons may relate to local erosion, transport and
deposition of in situ lateritic debris from adjacent slopes of a palaco-valley, which was being
progressively infilled with finer sediments.

2.1.4  Regolith stratigraphy

Because of the complexity of the sub-surface regolith and the very extensive drilling around the
Harmony deposit, a 3-D regolith model of regolith stratigraphy has been developed for the site (Butt
et al., 1995, Robertson et al., 1996). Contour and isopach maps of the various surfaces and regolith
units were produced to provide some indication of palaeotopography and the spatial disposition of
regolith materials in three dimensions (Figures 3A-D).

The contour map of the top of the residual profile on the basement (Figure 3D) shows the Harmony
Deposit lying on a palaeohigh which trends in a north-westerly direction. Cut into the basement are
two palaeochannels. A major, deep palaecochannel, which appears to parallel the trend of the
palaeohigh, lies to the west of Harmony. The flow direction appears to be towards the north-west
(from the volcanics into the metasediments). A smaller, shallower palacochannel drains north-east
from the margins of the Harmony deposit. The regolith of the palacohigh largely consists of
ferruginous saprolite. Thick, mottled zones and clay-rich saprolites underlie the palacochannels.

Extensive colluvial deposits have infilled many of the palacovalleys, with the thickest colluvium
developed over the palaeochannels. The topography, prior to the deposition of the colluvium, is
shown in Figure 3B. The upper part of the colluvium is hardpanized. An isopach map of the
palacochannel sediments (Figure 3C) fits the palacochannels cut in the basement (Figure 3D). Some
of these sediments may be subdivided into an upper unit of dark, puggy clays and a lower unit of
pallid clays with silica. The present topography consists of a gently inclined surface which is being
incised by a southwest-flowing drainage system (Figure 3A).
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Figure 3: Contours of the palaeotopography and isopach maps of some regolith units at Baxter. (see
Butt e al., 1995, Robertson et al., in prep).




2.2 Sample collection, treatment and analysis

Groundwaters samples were collected by bailing in 1994 and in 1995, from cased and uncased drill
holes. At a number of the sites, the base of the drill holes were just above the water table, and/or the
drill holes lacked casing, and/or were in local depressions, thus allowing flow-in of surface run-off
(often including leaves and other material). Analytical results indicated that most of these samples
were unrepresentative (low oxidation potential, low pH, low salinities and/or anomalous in Mn or P)
and they were not included in data analysis.
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Figure 4: Water sample locations at Baxter. Figure 5: Variation in piezometric head at Baxter.

Samples used are marked as filled circles; those
contaminated, and therefore not used, as crosses.

Waters were analysed for pH, temperature, conductivity and oxidation potential (Eh) at the time of
sampling. A 125 mL water sample was collected in a polyethylene bottle (with overfilling to remove
all air) for later HCO;" analysis by alkalinity titration in the laboratory. Following this, about 1.5 L of
water was filtered through a 0.2 um membrane filter in the field. About 100 mL of the filtered
solution was acidified [0.1 mL 15 moles/litre (M) nitric acid (HNO;)], and analysed for Al, B, Ba,
Be, Ca, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P+I (distinction between P and I is difficult due
to spectral overlap), SO, (measured as S), Si, Sr, Ti, V and Zn by Inductively Coupled Plasma -
Atomic Emission Spectroscopy (ICP-AES), and for Ag, As, Bi, Cd, Ce, Cr, Co, Cs, Dy, Er, Eu, Ga,
Gd, Ge, Hg, Ho, La, Mo, Nd, Ni, Pb, Pr, Rb, Sb, Sc, Sm, Sn, Tb, Th, T1, Tm, U, W, Y, Yb and Zr by
Inductively Coupled Plasma - Mass Spectroscopy (ICP-MS) at CSIRO Laboratories in Sydney. Four
elements are analysed by both methods: for Cr the ICP-AES and ICP-MS results were averaged,
whereas for Co, Mo and Ni the ICP-MS results were used (with the ICP-AES results used as a check
where concentrations were high). There were no significant discrepancies between analytical
methods for these elements. Total phosphate (as P) was measured in acidified waters by the
molybdenum blue colorimetric method (Murphy and Riley, 1962). Iodine was determined by
subtraction of P from P+I concentration.




One litre sub-samples of the filtered water were acidified with 1 mL 15 M HNO, and one gram sachet
of activated carbon and 25 - 30g of AR grade NaCl added. The bottles were rolled for eight days in
the laboratory and the solution discarded. The carbon was analysed for Au by Neutron Activation
(NAA). Laboratory investigations by the author have indicated that this pre-concentration system
permits successful analysis of waters for Au to < 0.005 pug/L. Calibration of the method was obtained

by shaking Au standards of varying concentrations, and in varying salinities, with activated carbon
(Gray, unpublished data).

About 50 mL of filtered water was collected separately, and analysed for Cl by the Technicon
Industrial method (Zall etal., 1956) at CSIRO Division of Water Resources Floreat Park
Laboratories.

23 Speciation analysis

Speciation analysis involves computing the solution species and degree of mineral saturation from the
solution compositions, based on thermodynamic data. This is commonly done using the program
PHREEQE (Parkhurst et al, 1980; described in detail in Gray, 1990 and Gray, 1991), which
determines the chemical speciation of many of the major and trace elements. To obtain highly
accurate speciation data on a limited suite of the major elements (Na, K, Mg, Ca, Cl, HCO;, SO,, Sr
and Ba), the specific ion interaction model known as the Pitzer equations was applied, using the
program PHRQPITZ (courtesy USGS).

These programs calculate the solubility indices (SI) for a number of mineral phases for each water
sample. If the SI for a mineral equals zero (empirically from -0.2 to 0.2 for the major elements, and -
1 to 1 for the minor elements which did not have Pitzer corrections), the water is in equilibrium with
that particular solid phase, under the conditions specified. Where the SI is less than zero, the solution
is under-saturated with respect to the phase, so that, if present, the phase may dissolve. If the SI is
greater than zero the solution is over-saturated with respect to this phase and the phase can
precipitate. Note that this analysis only specifies possible reactions, as kinetic constraints may rule
out reactions that are thermodynamically allowed. Thus, for example, waters are commonly in
equilibrium with calcite, but may become over-saturated with respect to dolomite, due to the slow
rate of solution equilibration with the latter mineral (Drever, 1982).

The determinations are important in understanding solution processes at the site. They have
particular value in determining whether the spatial distribution of an element is correlated with
geological and/or mineralization phenomena or whether they are related to weathering or
environmental effects. Thus, if Ca distribution is controlled by equilibrium with gypsum in all
samples, then the spatial distribution of dissolved Ca will reflect SO, concentration alone and have no
direct exploration significance.



3 RESULTS

31 Compilation of results

Analytical results are compiled in Appendix 1. As discussed in Section 2.2, certain samples were
discarded, due to suspected contamination from rain-water or organic material. The total dissolved
solids (TDS), a measure of groundwater salinity, were calculated from the major element contents.

3.2 Comparison with results from other Yilgarn waters.

The groundwaters at Baxter were neutral (pH range 6 - 8). An important comparison for these data is
with other neutral groundwaters. Data for acid (pH < 6) groundwaters are not included as the
solubility of many metals and pathfinder elements is enhanced in acid conditions, thus complicating
any comparison between neutral and acid groundwaters. Table 1 shows the averaged elemental data
for Baxter groundwater, along with data for sea water (taken from Weast, 1983) and the averaged
data for five other gold deposits having neutral groundwater (for Mt. Gibson and Mulgarrie, acid
groundwaters samples were disregarded before averaging data):

(i) Lawlers: fresh/neutral groundwaters, about 300 km north of Kalgoorlie, with ultramafic

and mafic rocks, granitoids and sediments (northern Yilgarn; Gray, 1994)

(it) Mt. Gibson: fresh to saline / acid to neutral groundwaters, about 100 km north-east of
Dalwallinu (central-west Yilgarn; Gray, 1991);

(ii) Boags: saline/neutral groundwaters from a deposit at Bottle Creek, located 210 km north
north-west of Kalgoorlie (central Yilgarn; Gray, 1992a);

(iii) Golden Hope: saline/neutral groundwaters from a deposit at New Celebration some 40 km
southeast of Kalgoorlie (south Yilgarn; Gray, 1993b);

(iv) Granny Smith: saline/neutral groundwaters, about 25 km south of Laverton (central
Yilgam; Gray 1993a);

(v) Mulgarrie: saline/neutral groundwaters, about 40 km north of Kalgoorlie (south Yilgarn;
Gray 1992b).

Mt. Gibson, Boags and Golden Hope are designated as primarily residual sites in relict and erosional
landform regimes. The Granny Smith groundwaters are divided into two groups: those from the
north part of the study area (Goanna and Granny pits) which are primarily in residual landform
regimes; and samples from the southern part of the study area (Windich) that have appreciable
overburden (Gray, 1993a). Lawlers groundwaters can also be split in two groups, in a similar
manner. The Mulgarrie groundwaters are from a palaeodrainage overlying a gold deposit.

Comparisons with other sites may be useful in indicating the degree of any particular element
anomaly, and whether the groundwater composition is affected by particular lithological interactions.

The concentrations of various ions at Baxter and at other sites are plotted versus TDS or versus pH in
Appendix 2, Figures A2.1 - A2.40. The sea water data are used to derive the line of possible values if
sea water were diluted with freshwater or concentrated by evaporation, hereafter denoted as the sea
water line, and shown as the dotted line. Where the dotted line is not shown, this is because the sea
water concentration is too low, relative to the concentration of the element in groundwaters, to be
observed on the graph.

The salinities of the Baxter groundwaters are appreciably less than that of the other sites studied, so
that when a scale where most of the Baxter data can be resolved is used, only some of the
groundwaters from the previous sites are depicted.



Table 1: Averaged compositions of Baxter groundwaters, with averaged results from other sites and

sea water given for comparison.

4 Mt Golden | Granny | Granny
Baxter (42) Lawlers | Gibson | Boags | Hope | Smith- | Smith- [Mulgarrie] Sea
mean [std dv@| (40) 39) ) 3) Residual | Covered 6) Water
(7 (11)
pH 7.11 0.27 7.26 6.41 6.61 6.35 7.38 7.25 6.83
Eh (mV){ 300 40 270 330 160 200 270 240 180
Na * 0.18 0.03 0.21 0.33 0.25 0.27 0.32 0.33 0.29 0.30
Mg * 0.063| 0.007 0.070 | 0.031 0.052] 0.062] 0.026 0.023 0.052 0.039
Ca* 0.12 0.02 0.07 0.01 0.03 0.01 0.02 0.03 0.01 0.01
K * 0.039( 0.009 0.020 0.011 0.009 0.006 0.010 0.010 0.004 0.011
Ci* 0.29 0.03 0.30 0.54 0.47 0.52 0.47 0.46 0.54 0.55
SO, * 0.13 0.04 0.18 0.08 0.17 0.13 0.14 0.12 0.10 0.08
HCO;,3 80 30 120 220 620 690 210 170 400 140
TDS 410 130 800 | 19000 |21000 | 45000 21000 7000 41900 34400
Li <0.005 - <0.005 0.08 nd nd nd nd nd 0.18
Rb 0.018 0.005 0.009 nd nd nd nd nd nd 0.12
Sr 0.28 0.08 0.37 2.0 59 6.7 23 1.4 8.4 8.1
Cs <0.0002 - <0.0002 nd nd 0.05 0.005 0.002 nd 0.0005
Ba 0.05 0.03 0.05 0.04 0.01 0.04 0.03 0.03 0.05 0.03
B 0.5 0.2 0.9 nd nd nd nd nd nd 4.6
Al 0.004 0.003 0.005 0.03 <0.01 0.04 0.005 0.011 0.04 0.01
Si 22 9 24 29 7.2 8 8.5 22 12 3
P 0.02 0.01 0.04 nd nd 0.05 0.01 0.02 nd 0.06
I 0.2 0.1 0.5 04% | 213 | 288 1.3 0.6 0.5% 0.06
Sc 0.012 0.006 0.010 nd nd nd nd nd nd nd
Ti <0.002 - <0.002 nd nd nd <0.002 <0.002 nd 0.001
A\ 0.009 0.009 0.011 nd nd nd nd nd nd 0.002
Cr 0.03 0.02 0.03 <0.02 0.002 0.002 | <0.005 <0.005 0.03 0.00005
Mn 0.02 0.04 0.06 0.6 0.03 0.32 0.6 0.19 4 0.002
Fe 0.003 0.002 0.008 3 0.07 3 0.2 0.5 0.04 0.01
Co 0.0004( 0.0006] 0.02 <0.05 <0.005 0.004 0.03 0.005 0.06 0.00027
Ni 0.003 0.008 0.007 | <0.1 <0.01 0.03 0.06 0.013 0.14 0.005
Cu 0.003 0.003 0.002 | <0.03 0.008 0.040 0.003 0.03 0.021 0.003
Zn 0.007 0.006 0.009 | <0.2 0.015 0.014 0.10 0.05 0.03 0.01
. Ga 0.002 0.002 0.002 nd nd 0.009 0.001 0.001 nd 0.00003
Ge <0.0005 - <0.0005 nd nd nd nd nd nd 0.00007
As 0.001 0.005 0.04 nd 0.11 <0.02 0.06 0.03 <0.02 0.003
Y <0.0002 - <0.0002 nd nd 0.004 ] <0.0001 0.0002 nd 0.0003
Zr <0.0002 - <0.001 nd nd nd nd nd nd 0.00002
Mo 0.001 0.002 0.003 nd nd 0.019 0.03 0.025 nd 0.01
Ag <0.0002 - <0.001 nd nd 0.0041] 0.0003 0.0001 nd 0.0003
Cd <0.0005 - <0.002 nd 0.009 0.001 0.002 <0.002 nd 0.00011
Sn <0.0002 - <0.0002 nd nd 0.003 0.001 0.0005 nd 0.003
Sb <0.0002 - 0.0003 nd 0.17 <0.0003] 0.007 0.002 <(.0003 | 0.0003
La’ <0.0002 - <0.0002 nd nd 0.0010] 0.0001 0.0003 nd 0.00000
w 0.0004| 0.0012| 0.001 nd nd 0.056 | <0.0001 0.001 nd 0.0001
Au 0.003 0.002 3 0.16 0.5 0.004 0.03 0.006 0.05 0.011
Hg <0.0002 - <0.0002 nd nd 0.0039] 0.0002 0.0004 nd 0.00003
Tl <0.0002 - <0.0002 nd nd 0.0006] 0.0003 <0.0002 nd 0.00000
Pb 0.0005( 0.0010| 0.001 0.11 0.008 0.03 0.019 0.003 0.007 0.00005
Bi <0.0002 - <0.0003 nd <0.002 | <0.0001] <0.0003 <0.0003 <0.002 0.00002
Th <0.0002 - <0.0005 nd nd <0.0005] <0.0005 <0.0005 nd 0.00005
U 0.0003| 0.0010]| 0.001 nd <0.002 0.010 0.004 0.012 <0.002 0.003

All concentrations in mg/L (ppm), except Au in ug/L (ppb). Eh is measured in mV.
# Bracketed numbers denote the number of samples.
@ Standard Deviation or detection limit (whichever is the larger).

*  For the elements Na, Mg, Ca, K, Cl and SO,, the ratio of the element concentration to

TDS is used rather than the concentration. (See Section 3.4 for details.)
$ All other REE were < 0.0002 at Baxter
nd not determined

- not applicable
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33 Acidity and oxidation potential

An Eh-pH plot of waters from Baxter and other sites is shown in Figure 6. For simplicity, the Mt.
Gibson, Boags, and Granny Smith groundwaters are combined into the Central Yilgarn group,
whereas the Southern Yilgarn group includes Mulgarrie and Golden Hope, as well as acid
groundwaters at Panglo, Wollubar, Argo and Steinway (Gray, 1990, 1993b; Lintern and Gray,
1995a,b). The Baxter groundwaters are neutral (6.2 < pH < 7.6) and have a similar Eh range to
neutral waters from other sites.
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Figure 6: Eh vs. pH for groundwaters from Baxter and other sites.

34 Major ion chemistry

For the ions Na, Mg, Ca, K, Cl and SO,, the ratio of the concentration divided by TDS (hereafter
called the TDS ratio) is used in Table 1 rather than the concentration. This is because the chemistries
of these ions are commonly controlled by salinity effects and therefore better understood by using the
TDS ratio. Additional information may also be obtained from concentration vs. TDS plots (Figures
A2.1 - A2.6). The TDS ratios for most of the major elements diverge markedly from those of sea
water. In particular, the major ions Na and Cl are depleted, relative to sea water, whereas the other
ions are proportionally enriched at Baxter. This is also demonstrated by plotting the groundwater
data on a Piper-Stiff diagram (Figure 7), which is a ternary plot of the ionic equivalences of the major
ions. The southern Yilgarn groundwaters and, to a lesser degree, the central Yilgarn groundwaters
have very similar ion proportions to sea water, suggesting a sea water origin, either due to an earlier
marine transgression, or a salt aerosol originating from sea water and subsequently concentrated by
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evaporation. In contrast, both Baxter and Lawlers have very similar ion proportions, and differ
markedly from sea water. The divergences are sufficiently great to suggest that the Baxter
groundwaters do not predominantly derive from sea water (albeit with minor depletions or
enrichments), but is, instead, a groundwater in which the major ion abundances are controlled by
lithological and hydrological factors. The similarity between Baxter and Lawlers is of interest, as it
suggests that these factors are regional rather than local. Further sampling in the northern Yilgarmn
will demonstrate whether this is coincidental or represents a groundwater trend for this entire region.

Figure 7: Piper-Stiff diagram for groundwaters from Baxter and other sites

The potential for dissolution or precipitation of minerals such as gypsum from the Baxter
groundwaters is tested by speciation analysis (Section2.3). The range, average and standard
deviation of the SI values of the water samples for a number of relevant solid phases are given in
Table 2, with SI values plotted in Appendix 3. As discussed in detail in Section 2.3, 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 and has the potential to precipitate.
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Table 2: SI Values for the Baxter groundwaters, for a number of relevant solid phases.
Saturation is indicated by italics and over-saturation by bold font.

Mineral Formula Lower | Upper | Mean Stax.ldgrd
Deviation
Halite NaCl =77 | -62 | -6.7 0.4
Gypsum CaS0O,.2H,0 3.1 [ -16 |-21 0.4
Celestine SrSO, -39 | -23 |-27 0.4
Barite BaSO, -1.4 0.0 |-0.6 0.4
Calcite CaCO, 26 |-01 |-09 0.5
Dolomite CaMg(CO,), -5.0 01 |-1.6 1.0
Magnesite MgCO, 33 1-07 |-1.5 0.5
Quartz Si0o, 0.3 1.1 0.8 0.2
Amorphous Silica " -1.0 |-01 |-04 0.2
Gibbsite Al(OH), 0.0 1.3 0.6 0.4
‘ Amorphous " 23 |-09 |-16 0.4
| Alumina
Kaolinite Al,Si,05(OH), 1.8 5.2 3.7 0.9
Siderite FeCO, 36 |-19 | -29 0.5
Ferrihydrite Fe,05.nH,0 0.5 14 | 09 0.4
Goethite FeOOH 5.5 6.4 5.9 0.4
Rhodochrosite MnCO, -29 |-02 |-20 0.6
Tenorite Cu(OH),.H,0O -1 -1 -1 -
| Smithsonite ZnCO, 44 |25 |-32 0.4
Cerussite PbCO,4 22 |-10 |-16 0.4
‘ Theophrasite Ni(OH), -6.1 |-2.1 |-43 0.7
Sphaerocobaltite CoCO;, -54 | -3.1 | -4.6 0.4
Eskolaite Cr,0,4 3.3 9.5 7.5 1.4
Au Metal Au 31 6.9 4.5 0.7
Sb(OH),4 Sb(OH), -16 |-10 |-1.3 0.2
Chervitite Pb,V,0, -0.6 01 |-02 0.3
Carnotite K,(UO,),(VO,),.3H,0| -39 | -2.6 | -3.3 0.5

- A3.3), in contrast with the majority of sites in the south Yilgarn in which waters are saline to
hypersaline and saturated with these salts. However, similarly to other sites, Baxter groundwaters
reach barite saturation (Figure A3.4). Baxter groundwaters are undersaturated to saturated with
respect to calcite, dolomite and magnesite (Figures A3.5 to A3.7), as previously observed at the other,
more saline, sites. At those sites, the great excess of Mg and Ca relative to bicarbonate means that
carbonate equilibration will control bicarbonate concentrations, but have little direct effect on those
of Mg and Ca. In contrast, the Baxter groundwaters are fresher and Mg and Ca concentrations are
less than that of bicarbonate so that, for the higher pH samples, equilibration with carbonate minerals
will therefore have a strong effect on the Mg and Ca concentration.

|
|
|
Groundwaters at Baxter are undersaturated with respect to halite, gypsum and celestine (Figures A3.1

The upper limit for HCO, concentration is less than most other sites (though, as for many other
species, it is similar to that for Lawlers; Figure A2.8), with some groundwaters having particularly
low HCO, contents. Aluminium concentrations are low in the Baxter groundwaters, approximating
that of sea water (Figure A2.15), again consistent with the neutral pH. All waters are saturated or
oversaturated with respect to gibbsite, but are undersaturated with respect to amorphous alumina
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(Figure A3.9). Similarly, the groundwaters are oversaturated with respect to quartz but
undersaturated with respect to amorphous silica (Figure A3.8), perhaps reflecting the presence of
phases such as opaline silica. Dissolved Si concentrations are above that for sea water but
approximately match other sites (Figure A2.16).

Dissolved Fe concentrations (Figure A2.21) are very low. The groundwaters are undersaturated with
respect to siderite (FeCO;; Figure A3.11), a Fell carbonate, and moderately oversaturated with respect
to ferrihydrite (Figure A3.12), a highly soluble Felll oxide. Manganese concentrations are similar to
other sites (Figure A2.20) and Baxter groundwaters are unsaturated with respect to rhodochrosite
(MnCOs; Figure A3.13). These results are also similar to those observed for Lawlers.

3.5 Minor element chemistry

Most of the minor elements have concentrations similar to those at other sites (Table 2; Figures
A2.17 - A2.40). As discussed previously, Fe concentrations are significantly lower at Baxter than
elsewhere. Chromium (Figure A2.19) is high at Baxter (and at Lawlers and Mulgarrie), specifically
due to the presence of ultramafic rocks. However, Ni concentrations are low at Baxter (Figure
A2.23), consistent with observations at Panglo (Gray, 1990), suggesting that Cr is readily dissolved
during neutral weathering of ultramafic rocks, whereas most of the Ni is included in more resistant
minerals and will only be released during acid weathering.

Most minor elements are undersaturated with respect to the least soluble mineral phase (Table 2; also
sece Figures A3.14 - A3.27), indicating little dissolution of these elements and/or removal from
solution via mechanisms such as sorption. Exceptions are Pb, V, REE and Cr, with groundwaters at
equilibrium with respect to solid chervitite (Pb,V,0,; Figure A3.22) and with monazite minerals
(LaPO, and CePO,; Figures A3.25 and A3.26), and being strongly oversaturated with respect to
eskolaite (Cr,0,; Figure A3.19). This is consistent with the above suggestion that Cr is being
released from weathering minerals and the groundwaters are not equilibrating with less soluble Cr
minerals,

3.6 Gold chemistry

The low salinity of the Baxter groundwaters means that the dominant mechanism for the mobilization
of Au in the southern Yilgarn, namely as the chloride complex (AuCl,):

2Au) +4CT + %0, + 2H* = 2AuCl, + H,0 A1)

is not expected to be significant at this site. Two other mechanisms for Au solubilization are as an
organic complex, which is not expected to be important in the organic-poor groundwaters occurring
at this site, and as the thiosulphate complex [Au(S,0;),3]:

Generation of this later complex is controlled by the production of thiosulphate:
FeS, +30, = Fe?*+8S,0,2 «(3)

which primarily occurs during oxidation of sulphides, when acid production is buffered by minerals
such as carbonates. Previous investigations (Butt et al., 1993; Gray, 1994) have indicated that this is
only significant for groundwaters sampled at the weathering interface, and will have little effect on
Au solubility for shallower groundwaters such as those analysed at Baxter. Therefore, dissolved Au
concentrations are expected to be very low, as is observed (Figure A2.36). A histogram of dissolved
Au data for all sites (Figure 8) also demonstrates the comparatively low Au concentrations at Baxter.
This is similar to groundwaters sampled at Lawlers from partially or wholly intact regolith and areas
of overburden (i.e., crossed diamonds in Figure A2.36) which also had very low Au contents (0.001 -
0.027 ng/L), but (consistent with the thiosulphate mechanism) not with Lawlers groundwaters
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sampled at the weathering interface, which had extremely high Au concentrations (up to 41 pg/L;
Gray, 1994).
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Figure 8: Histogram of dissolved Au concentrations for groundwaters from Baxter and other sites.

This suggests that Au is not expected to be actively dispersed in the regolith, and therefore will not be
a useful pathfinder in groundwater or in juvenile soils overlying extensive overburden. However,
other elements can be associated with Au mineralization and, at this site, may be better pathfinders
for Au mineralization than dissolved Au (Section 4).
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4 MAPPING OF THE DATA

4.1 Description of the mapping

Element distributions determined by groundwater sampling are given in Appendix 4, with the key for
the different map features given in Figure 2 and Figure A4.1. The highest assays for Au, As, Cr, Pb,
Cu and Ni in each hole (courtesy AFMECO) have been contoured (Figures A4.2 - A4.7) for
comparison. Some of the more critical distribution maps have been reproduced in the text.

4.2 Total dissolved solids and salinity-related elements

Total dissolved solids (Figures A4.8): The groundwaters vary from 140 to 650 mg/L TDS. Lowest
salinities appear to occur in the region of the main palaeovalley in the southwest of the study area,
possibly as a consequence of enhanced flow. Although the ion/TDS ratio has been mapped at other
sites (e.g., Gray, 1993a, 1994), this has not been done at Baxter, because Na, K, Mg, Ca, Cl and SO,
appears to be linearly correlated with TDS (Figures A2.1 - A2.6) and, with the low salinities at this
site, any deviation from linearity is probably less than analytical error. For example, SO,/TDS
(Figure A4.9) shows no clear spatial distribution.

Rubidium (Figures 13 and A4.9): Rubidium concentrations are poorly correlated with K (Figure 9)
and TDS, and are higher than expected if the groundwaters had the same ion ratios as sea water.
Mineralized groundwaters tend to be Rb-rich (Figure 13).

0.03
®
® o : : .
o Lawlers 3
......... = ° e o
L N ]
0.02 - ;-
X ) .
"X ] °
B . .
J . . | )
(X ) . . :
é [ 22 o :
o0 . ) o
0.01 - o | | |
) ) ST
0“ . o -------------
S S
° et E
- co® o
° N
................ o
Qe
N | l . T Y
0 . : |
K(mg/L)

Figure 9: Rb vs. K for groundwaters from Baxter and Lawlers

Strontium (Fiéures A4.10): Strontium concentrations show no clear spatial distribution.
Barium (Figures A4.11): Although an alkaline earth, Ba commonly shows different behaviour from

Sr and Ca, partially because of a major solubility control by equilibration with barite (i.e., an increase
in salinity will lower the Ba concentration because higher SO, concentration will enhance the
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precipitation of barite). Barium concentrations are greatest in groundwaters from the southwest of
the study area, possibly because of the decreased salinity of the palaco-valley waters.

Boron (Figure A4.12): Boron concentrations are highly correlated with TDS for both Baxter and
Lawlers (though the B/TDS ratio is considerably greater than that for sea water; Figure 10) and the B
distribution closely matches that of TDS (Figure A4.8).
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Figure 10: B vs. TDS for groundwaters from Baxter and Lawlers.

Phosphorus (Figures A4.13): Contaminated groundwaters are P-rich (Section 2.2) and P is therefore
expected to be unreliable at this site.

4.3 pPH, alkalinity and oxidation potential

PH, alkalinity and oxidation potential (Figures A4.14 - A4.16): None of these parameters show any
clear spatial distribution.

4.4 Aluminium, gallium and silicon

Aluminium (Figure A4.17): Aluminium concentration is strongly controlled by pH and is generally
very low under neutral conditions. The greatest Al concentrations at Baxter are observed in the major
palaeo-valley to the southwest and in the Thaduna Formation. In contrast, groundwaters from within
the Narracoota Volcanics generally have less than 0.005 mg/L dissolved Al.

Gallium (Figure A4.18): Gallium has a similar ionic radius to Al (Ga3* - 0.62 A, AB* - 0.51 A) and
therefore is almost always found substituted in Al minerals (Goldschmidt, 1954). The distribution of

Ga in groundwater is similar to that of Al (Figure A4.17), although the lithological differences are
even more marked.
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Silicon (Figure A4.19): Silicon concentrations show no explainable spatial distribution.

4.5 First row transition metals

Scandium (Figures 14 and A4.20): Scandium is often linked with Y and REE, though by virtue of its
smaller jonic radius (0.75 A, compared with 0.86 - 1.05 A for Y and REE), it is commonly associated
with Fe3* or Al minerals and has a different geochemical behaviour than REE (Frondel, 1978).
Previous investigations (Giblin, 1990, page 88; Gray, 1993b, 1994) have suggested that dissolved Sc
may be a useful indicator element in Au exploration. This is supported by the observed groundwater
enhancement of Sc in the mineralized zone at Baxter.

Vanadium (Figure A4.21): Results suggest a highly variable V distribution.

Chromium (Figures 18 and A4.22): Groundwater Cr concentrations at Baxter are primarily related to
lithology, with greatest concentrations above Cr-rich ultramafic rocks. Gray (1990, 1992b, 1994), has
shown that dissolved Cr is a very specific indicator for ultramafic rocks, regardless of pH.

Manganese and iron (Figures A4.23 and A4.24): Manganese and Fe concentrations in the
uncontaminated groundwaters are very low, relative to other sites (Figures A2.20 and A2.21).
Manganese concentrations are very high (up to 2.7 mg/L; Section 2.2) in contaminated groundwaters,
so dissolved Mn is expected to be a very unreliable groundwater parameter at Baxter.

Cobalt (Figure A4.25): Cobalt concentrations show no explainable spatial distribution.

Nickel (Figures 19 and A4.26): Although the geochemical database is incomplete, it appears that the
Ni distribution (Figure A4.6) in the solids closely matches that of Cr (Figure A4.4), presumably
mapping the ultramafic occurrence in the Narracoota volcanics. However, unlike Cr, dissolved Ni
correlates very poorly with the ultramafic distribution (Figure 19), and instead appears to be enriched
with dissolved As (Figure 11), suggesting that both of these elements are dissolved from the same
mineral.

Copper and zinc (Figures A4.27): Copper (not shown) was close to or below detection at Baxter, and
Zn concentrations show no explainable spatial distribution.

4.6 Yttrium and rare earth elements

Concentrations of these elements are close to or below detection at Baxter.

4.7 Second and third row transition elements, metalloids, iodine and uranium

Molybdenum and tungsten (Figures 15, 16, A4.28 and A4.29): These elements have similar co-
ordination chemistry, but differ in that Mo mostly occurs as a sulphide (e.g., MoS,), whereas W may
be found as oxygen compounds (e.g., FeWO,; Goldschmidt, 1954; Evans et al., 1978; Evans and
Krauskopf, 1978). Both elements have similar enrichments for groundwaters from the Harmony
deposit, though Mo has the clearer anomaly at Harmony, and is also enriched in groundwaters from
the area of enriched Au to the SE of the study area.
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Figure 11: As vs. Ni for groundwaters from Baxter and Lawlers.

Cadmium, mercury, thallium, germanium, tin, antimony, bismuth and uranium: These elements were
close to or below detection for Baxter groundwaters.

Arsenic (Figures 17 and A4.30): Dissolved As shows a strong enrichment in groundwaters in the SE
of the study area, correlated with an “As corridor”, i.e., a band of As-rich rocks to the south-east of
the study area. As discussed above (Section 4.5), dissolved Ni also appears to be enriched in this
area, but the correlation is not as clearly defined, possibly because of the higher detection limit for Ni.

Lead (Figures 20 and A4.31): Dissolved Pb did not correlate with Pb in the solid, or with any other
known geochemical factor. The highest Pb concentrations (up to 0.005 mg/L) were observed at or
close to the interface between the Narracoota Volcanics and the Thaduna Formation, and may reflect
alteration at the contact.

Iodine (Figure A4.32): Iodine concentrations show no explainable spatial distribution.

4.8 Gold

As discussed previously (Section 3.6), dissolved Au concentrations (Figures 12 and A4.33) are very
low at Baxter. There is no discernible spatial distribution for the dissolved Au data, with the greater
number of high dissolved Au samples in the region of Harmony probably due only to the higher
sampling density in that zone.
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Figure 12: Dissolved Au distribution at Baxter (dots) superimposed on
maximum Au contents in the regolith.
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Figure 13: Dissolved Rb distribution at Baxter (dots) superimposed on
maximum Au contents in the regolith.
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Figure 14: Dissolved Sc distribution at Baxter (dots) superimposed on
maximum Au contents in the regolith.
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Figure 15: Dissolved Mo distribution at Baxter (dots) superimposed on
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maximum Au contents in the regolith.
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Figure 16: Dissolved W distribution at Baxter (dots) superimposed on
maximum Au contents in the regolith.
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Figure 17: Dissolved As distribution at Baxter (dots) superimposed on

maximum As contents in the regolith.
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Figure 19: Dissolved Ni distribution at Baxter (dots) superimposed on
maximum Ni contents in the regolith.
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Figure 20: Dissolved Pb distribution at Baxter (dots) superimposed on

maximum Pb contents in the regolith.
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5 DISCUSSION AND CONCLUSIONS

Baxter is located north of the Menzies line with neutral, low salinity groundwaters, similar to those
found at Lawlers (Gray, 1994). These contrast with the dominantly saline groundwaters further south
(Gray, 1990, 1991, 1992a, b, 1993a, b). The low salinities of the Baxter and Lawlers groundwaters,
coupled with the marked divergence from sea water ion ratios (Section 3.4), suggest that major ion
concentrations are strongly controlled by lithology or hydrology. Elements that appear to be
controlled by mineral equilibration in some or all groundwaters (Sections 3.4 and 3.5) are Ba (barite
equilibration), Ca, Mg and HCO, (carbonate equilibration), Pb and V (chervitite; Pb,V,05).

The very low Au concentration (close to detection), suggests that dissolved Au would not have value
either for deposit delineation or for regional investigations in similar areas. The low dissolved Au
concentration also suggests that secondary anomalies and/or development of soil Au anomalies in
overburden are unlikely to be forming at the present-day, with clear implications for exploration
strategies to be used in such areas. Low concentrations (and therefore a poor exploration response)
for dissolved Au in neutral groundwater sampled from areas of transported overburden have also
been observed at Mulgarrie, Granny Smith and Lawlers (Gray, 1992b, 1993a, 1994), as opposed to
acid/saline groundwaters which can have very high Au concentrations even in areas of extensive
overburden (Gray 1990, 1993b, Lintern and Gray, 1995a, b).

There is, however, some potential for hydrogeochemical exploration for Au using pathfinder
elements such as Mo, W, Sc and, possibly, Rb. This is a similar (though smaller) suite of elements to
those observed for other sites (Gray, 1993a,b, 1994, Lintern and Gray, 1995a, b), suggesting a general
potential for these elements in exploration hydrogeochemistry. These elements may be chemically
transported into overburden and/or soils and selective extraction of these elements may be a useful
exploration tool.

Other dissolved elements may indicate underlying lithology or other geochemical features. Thus,
dissolved Cr concentrations correlate well with the presence of ultramafic rocks (Figure 18), even
though the contact is in strongly altered regolith. This relationship could be used to locate ultramafic
rocks at sites where they can not be recognized by logging. This correlation is also observed
elsewhere, but surprisingly does not apply to Ni, presumably because more severe (i.e. acidic)
conditions are required to dissolve Ni from the solids than to dissolve Cr (Butt etal., 1993).
Dissolved As and, to a lesser degree, Ni also appear to correlate with a zone of As-enriched rocks.
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Concentrations
. East | North | RL Eh
No| Drill hole ™ m | pH ™mv DS | Na|Mg|Ca| K Cl |SO4|HCO3| P ] Be
Included samples
1] Piezo ! 9091 12894| 555.5| 7.08] 288] 517 82| 25| 55| 15| 148 57| 75| 0.015] <0.005|<0.002
2] Piezo 2 8952 12620] 555.5] 7.56| 279] 389| 71| 24| 53| 14| 108] &1 79| 0.007] <0.005|<0.002
3] Piezo 3 9052 12236| 555.5| 7.29] 273] 373 73| 24| 59| 11| 107 63 10] 0.023] <0.005]|<0.002
| 4] Plezo 4 9500] 12515 555.5| 7.25] 259] 382| 65| 27| 50| 15| 108] 42| 94| 0.009] <0.005|<0.002
| 5] Piezo 5 9602| 12725| 655.5| 7.26] 283 457| 92| 26| 48] 16| 142 78| 71| 0.003] <0.005|<0.002
6] Piezo 6 9352| 12821| 555.5| 7.13| 2748 394| 77| 24| 47] 16| 12| 57| 84| 0.014] <0.005|<0.002
7] Piezo7 9275| 12640| 555.6] 7.13| 289] 470| 85| 28] 57| 18| 145| 75| 84| 0.013] <0.005|<0.002
8] HRC083 | 9200| 12680] 555.9] 7.18] 305] 449] 84] 27| 55| 17| 138] 49| 69| 0.024] <0.005|<0.002
10] HRC207 | 9140| 12740| 556.4] 7.4| 274] 399| 78| 23| 48] 20| 109| 57| 73| 0.013] <0.005|<0.002
11] HRC219 | 9180| 12780] 555.8] 7.22| 283] 450| 89| 25| 54| 18] 134 69| 76| 0.013] <0.005|<0.002
12] HRC233 | 9281| 12701] 556.1] 6.98] 307] 161 27| 10| 20] 12| 40| 14| 49| 0.006] <0.005|<0.002
13] HRC190 |  9261| 12700] 556.2] 7.03| 318] 442| 81| 27| 54| 19 137 72| 65| 0.005] <0.005|<0.002
14] HRC151 9341| 12500| 555.7| 7.25] 313] 559| 104] 33| 8| 18] 168] 87] 99| 0.008| <0.005]|<0.002
15] HRCO78 | 9201 12480] 555.5] 7.35] 317] 429] 77| 26| 58] 15| 122] 60| 87| 0.009] <0.005]<0.002
16] HRC275 | 9200] 12360| 554.7) 7.18] 324] 488| 81| 32| 71| 16| 144] 57| 106] 0.007| <0.005]<0.002
| 18] 263H923 | 9200| 12240| 554.9] 6.71] 263] 198] 271 14] 26| 9| 48] 13] 63| 0.014] <0.005]<0.002
19] HRCO56 | 9340| 12420| 555.5| 7.25] 304] 509| 87| 32| 68| 17| 155] 75| 89| 0.010] <0.005]<0.002
22] 29741210 10040| 12080| 558.5| 7.09| 283] 556| 111| 33| &3] 17| 178] 102 74| 0.011| <0.005|<0.002
23] nd 10020| 12000] 559.2| 7.3 317] 588] 111] 34| 65| 17] 171 99| 94] 0.009] <0.005|<0.002
24] 263H704 | 9840] 12001| 558.3| 7.15] 321] 480| 90| 29] 56| 16| 138| 81 95| 0.015| <0.005]<0.002
26] 263H832 | 9520| 12080| 557.0| 7.23| 258] 384 68| 27| 48] 18] 13| 36 94| 0.015] <0.005]<0.002
27] 263H816 | 9360| 11920] 566.5| 6.68| 282] 235] 45| 13| 21| 12| &3] 24] 72| 0.044] <0.005|<0.002
28] 297H1101| 8980| 11920] 554.8| 7.38| 283] 458] 69| 34| 68| 15| 148] 63| 99| 0.008] <0.005|<0.002
291 297H1173| 8480| 12000 552.5| 7.12| 269] 401| 61| 30| 58] 14| 121 60| 98| 0.014] <0.005|<0.002
30| 297H1095] 8905] 12001| 554.3| 7.28] 273] 479] 71| 35| 70| 15| 148| 81 92| 0.004] <0.005|<0.002
31]297H1113|  9320| 11760] 556.1) 7.09| 317] 344] 71| 21| 33| 14| 96| 57| 48] 0.007| <0.005|<0.002
33| 263H1056| 8880| 11520] 554.5) 6.78| 270] 228] 40| 13| 24] 12| &1] 18]  84] 0.020] <0.005|<0.002
34| 263H1060| 8720| 11520] 553.8] 6.77| 312] 377| 65| 27| 44] 17] 18] 8 78| 0.012] <0.005|<0.002
35| 263H1047| 9240| 11520 585.0] 7.35] 288] 137 27| 9| 16| 8] 23| 10| 80| 0.023] <0.005|<0.002
| 36| 263H1067| 9600| 11360| 554.7) 6.69] 344] 149| 30| 8| 15| 8] 45| 16] 26| 0.009| <0.005|<0.002
‘ 38| 263H616 |  9642| 13201| 556.4] 6.86] 372] 258| 14| 20| 46] 9| 82| 4| 90| 0.007| <0.005|<0.002
42] 263H546 |  9400| 13519| 556.1) 6.88] 377] 429| 82| 27| 46] 19| 159| 54| 60| 0.006| <0.005|<0.002
43| 263H529 | 9840| 13679| 558.1| 7.43] 123] 646| 117| 41| 68| 20| 225| 75| 187| 0.028| <0.005|<0.002
46] 263H739 | 10080| 12720| 558.9| 7.25] 261] 584 109| 35| 74] 18] 208| 99| 70| 0.011] <0.005|<0.002
47] 263H884 |  9760| 12640| 557.5| 6.79| 285] 476] 91| 28] 50| 17| 139| 78] 99| 0.008| <0.008|<0.002
| 49] 263H494 | 9422| 12306| 556.1| 7.04| 257] 479| 78| 32| 62| 15| 133| 63| 124| 0.032| <0.005|<0.002
50| 682H1155]| 8560| 11360| 554.5| 6.94| 295] 365 57| 24| 40| 15| 110| 51 67| 0.009] <0.005|<0.002
53] nd 9980| 11880| 558.6| 7.44| 342] s508| 103| 32| 55| 16| 149 81| 116| 0.007| <0.005|<0.002
54f nd 10060| 11880| 558.3] 7.49] 343] 588| 120 34| 62] 17| 182| 102 107| 0.048] <0.005|<0.002
55| 263H1041| 9720| 11520| 555.7| 7.13| 351] 335] 66| 24| 371 13| 94| 36| 84| 0.035| <0.005|<0.002
56| 263H1061| 9840| 11360| 555.2| 6.19] 388] 228 50| 12| 24| 10| 72| 25| 21| 0.006] <0.005|<0.002
57] RBXO1 7638| 12250| 550.2| 7.17| 347] 405] 74] 23] 51| 15| 114] 54| 85| 0.051] <0.005|<0.002
| Excluded samples
‘ 9] HDHo32 | 9120] 12700] 555.5] 7.22| 109] 19866 325] 312| 790|8160]10092] 87] 113] 0.031] nd |<0.002
17] 263H416 |  9205] 12226] 565.0] 6.13| 143] 132| 15| 10| 20| ¢&| 16| 13| 61| 0.004] <0.005|<0.002
20] 263H842 | 10240| 12319] 559.7| 6.87| 171] 354] 60| 21| 43| 15| 114] 36| 112| 0.013]| <0.005|<0.002
21] 263H843 | 10200| 12319] 559.6| 593 165] 57| 15| 2| 2| 4 9| 3| 33| 0.006| <0.005|<0.002
25] 263H824 | 9640| 12000| 557.8| 6.8] 142] 490 86| 35| 67 18] 130| 16| 234| 0.200| <0.005|<0.002
32| 263H1033|  8920| 11680| 554.3| 7.13| 289 197| 21| 16| 291 10| 37| 29| 96| 0.065| <0.005|<0.002
‘ 37]263H1079] 9120| 11360| 554.5| 5.82] 405] 96| 17} 4y 71 7| 19| 13} 43| 0.003| <0.005|<0.002
39 263H558 | 9840| 13359] 557.1| 6.45| 163] 197] 34 M) 171 10| 40| 42| 43| 0.009] <0.005|<0.002
40) 263H565 | 9540 13361 556.0| 6.15] 298] 28] of 2| 4] 3 1 1 23| 0.002| <0.005|<0.002
41] 263H553 |  9560| 13439| 556.4| 6.12| 180] 38| 1| 3| & 4 11 35| 0,006| <0.005|<0.002
44| 263H532 | 9720| 13681| 557.6| 6.28| 285] 85 13| 3| & 5 7| 6| 43| 0.027| <0.005|<0.002
45] 263H754 | 9680 13000| 557.1| 6.24| 300l 81 9| s 100 5| 16| 17| 26| 0.007] <0.005|<0.002
s 48| 2634851 | 9880| 12321 558.4| 6.45| 173} 57 9| 3 4| 5 3 45| 0.007| <0.005|<0.002
| 51 1350 9040( 13280| 555.0( 6.26| 429] 391| 72| 22| 471 17| 135 63 11| 0.008| <0.005]<0.
52 1328 8800| 13760] 554.8] 6.21| 410 613] 129] 36| 63| 23] 228] 105| 33| 0.002| <0.005 <Q§2|
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Ti

Cr
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22|
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28
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| 30]
31
33
34
35
36
38
42
43
46
47
49
501
53
54
55
56
57

Included samples

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.02
0.02
0.02
0.03
0.03
0.02
0.02
0.01
0.03
0.02
0.02
0.02
0.03
0.01
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.02

027
0.24
0.25
0.26
0.26
0.26
0.28
0.28
0.25
0.28
on
0.29
0.32
0.25
0.33
013
032
0.38
0.39
0.31
0.35
0.17
0.39
0.38
041
0.28
0.16
0.33
0.10
0.11
0.18
0.28
0.36
0.42
0.25
0.33
031
0.35
0.37
0.27
0.15
0.25

0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002

0.007
0.031
0.086
0.040
0.031
0.014
0.028
0.008
0.031
0.009
0.023
0.034
0.027
0.021
0.050
0.071
0.058
0.032
0.014
0.040
0.010
0.014
0.092
0.100
0.065
0.050
0.061
0.081
0.030
0.073
0.109
0.055
0.062
0.003
0.041
0.034
0.122
0.029
0.051
0.012
0.039
0.082

0.41
0.44
0.40
0.48
0.60
0.64
0.53
0.55
049
0.56
0.25
0.57
0.59
0.45
0.43
0.22
0.48
0.61
0.61
0.59
0.46
0.30
0.83
0.57
0.46
0.45
0.30
0.49
0.20
0.23
0.21
0.65
1.01

0.61
0.47
0.36
0.60
0.61
0.42
0.41
0.45

0.01
0.006
0.006
0.005
k0.002
0.003
0.003
0.005
0.007
0.005
0.006
0.004
k0.002
0.002
0.002
0.004
0.002
0.002
0.002
0.002
0.002
0.010
0014
001
<0.002
0.003
0.004
0.002
0.010
0.010
0.007
0.005
0.003
0.002
0.002
0.005
0.003
0.002
0.003
0.002
0.007
0.005

23
29
30
28
19
18
20
24
28
23
13
19
32
28
35
29
31
15
14
24
26
21
N

13
28
19
16

14
39
1

24
34
34
14
18
24
24
32

0.16
0.19
0.20
0.13
0.17
0.21
0.22
0.20
0.21
0.25
0.08
0.21
0.24
0.21
0.20
0.07
0.22
0.22
0.30
0.7
6.19
0.18
0.27
0.67
0.24
0.22
0.17
0.19
0.08
L0.0?

0.06
0.15
0.30
0.24
0.22
0.17
0.18
0.56
0.23
0.27
0.16
0.57

0.013
0.017
0.018
0.017
0.012
0.0n
0.013
0.015
0.018
0.017
0.009
0.014
0.023
0.020
0.023
0.019
0.019
0.009
0.008
0.015
0.016
0.012
0.006
0.004
0.008
0.016
0.010
0.009
0.003
0.008
0.022
0.006
0.004
0.005
0014
0.019
0.020
0.002
0.003
0.004
0.004
0.006

0.003
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002

0.005
<0.006
<0.005

0.016

0.009
<0.005

0.006
<0.005

0.008
<0.005
<0.005
<0.005

0.025

0013

0.009

0.008

0.027
<0.005
<0.005

0.008

0.031

0.010

0.007

0.042
<0.005

0.009

0.007
<0.005

0.007
<0.005
<0.005
<0.005
<0.006
<0.005

0.013

0.015

0.008
<0.005

0.011

0.022
<0.005

0.009

0.013
0.029
0.028
0.043
0.114
0.024
0.007
0.040
0.044
0.031
0.009
0.030
0.042
0.039
0.034
0.003
0.044
0.021
0.003
0.056
0.035
0.002
0.040
0.023
0.038
0.058
0.001
0.016
0.002
0.017
0.003
0.024
0.002
0.031
0.052
0.028
0.008
0.003
0.018
0.096
0.048
0.020

0.022
<0.002
<0.002

0.003

0.002
<0.002

0.056

0.002
<0.002

0.003

0.013

0.002

0.004
<0.002
<0.002

0.069
<0.002

0.006

0.003

0.003

0.006

0.039
<0.002

0.003
<0.002
<0.002

0.089

0.063

0.010

0.039

0.021

0.062

0.187

0.006

0.008

0.006

0.007

0.012

0.017
<0.002

0.052

0.007

<0.005
<0.005

0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

0.008
<0.005
<0.005
<0.005
<0.005

0.009
<0.005
<0.005
<0.005
<0.006
<0.005

0.009
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

0012
<0.005

0.007
<0.006
<0.005
<0.006
<0.005
<0.005
<0.005
<0.005

0.0007
0.0003
0.0003
0.0002
0.0002
0.0002
0.0005
0.0003
0.0004
0.0003
<0.0002
0.0003
0.0003
0.0002
0.0003
0.0004
0.0002
0.0003
0.0007
0.0003
0.0002
0.0003
0.0002
0.0002
0.0002
<0.0002
0.0006
0.0005
0.0003
<0.0002
0.0002
0.0002
0.0005
0.0003
0.0004
0.0002
0.0006
0.0003
0.0040
<0.0002
<0.0002
<0.0002

0.003
0.001
0.002
0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002
0.001
0.002
0.001
0.001
0.002
0.002
0.002
0.008
0.002
0.001
0.001
0.002
0.002
0.002
0.001
0.001
0.002
0.001
0.001
0.001
0.002
0.002
0.001
0.002
0.001
0.003
0.017
0.050
0.0031
0.0019
0.0019

20}
21
25
32
37

41
44
45
48
51
52

Excluded samples

nd

0.01
0.02
0.00
0.03
0.02
0.02
0.01
0.00
0.00
0.00
0.01
0.01
0.02
0.02

4.70
0.10
0.28
0.02
0.39
0.16
0.04
0.12
0.03
0.05
0.03
0.06
0.03
0.28
0.36

nd
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002

nd
0.084
0.189
0.008
0.119
0.118
0.018
0.054
0.013
0.031
0.013
0.029
0.016
0.076
0.068

0.44
0.09
0.34
0.06
0.46
0.22
0.10
0.32
0.05
0.04
0.18
0.10
0.04
0.43
0.75

<0.002
0.007
0.002
0.019
0.008
0.005
0.016
0.008
0.020
0.009
0.032
0.021
0.032
0.009

0.005

0.28
0.28
0.1
<0.01
0.39
0.21
0.06
on
k0.03
0.01
0.14
k0.08
0.01
0.18

0.75

nd

0.013
0.005
0.003
0.014
0.004
0.004
0.005
0.002
0.002
0.014
0.004
0.005
0.004
0.002

nd

<0.002
<0.002
<0.002
<0.002

0.003
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002

<0.005
<0.005

0.007
<0.005

0.013

0.006
<0.005
<0.005
<0.005
<0.005
<0.005
<0.005

0.009
<0.005
<0.005

0.007
0.002
0.002
0.002
0.003
0.004
0.001
0.001
0.001
0.001
0.001
0.001
0.002
0.025
0.059

2.450
2,730
0.984
0.200
0.673
0.143
0.036
0.966
0.435
1.640
0.418
0.486
0.185
1.310
0.888

0.119
1.010
0.024
0.787
0.260
0.006
0.008
1.240
0.033
0.022
0.049
0.012
0.022
0.009
<0.005

nd
0.0129
0.0016
0.0012
0.0053
0.0010
<0.0002
0.0084
0.0003
0.0010
0.0010
0.0018
0.0014
0.0020
0.0017

nd
0.010
0.004
0.001
0.007
0.002
0.001
0.004
0.001
0.001
0.001
0.003
0.002
00N
0.0072

F

nd: not determined
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Concentrations
No] Cu Zn Ga Ge As Y I Mo Ag Cd Sn Sb La

Included samples
1] 0.009] 0.012] <0.0005] <0.0005| <0.0002] <0.0002| <0.0002] 0.0006]<0.0002| <0.0004| 0.0008] 0.0002| <0.0002
2]<0.005] 0.007| 0.0016] <0.0005| <0.0002| <0.0002| <0.0002] 0.0005|<0.0002| <0.0004] 0.0002]| <0.0002| <0.0002
3]<0.005|<0.005| 0.0045| <0.0005| <0.0002| <0.0002| <0.0002] 0.0022|<0.0002| <0.0004] <0.0002] <0.0002| <0.0002
4]<0.005| 0.008| 0.0021]| <0.0005| 0.0004] <0.0002| <0.0002] 0.0004|<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
5]<0.005|<0.005|] 0.0017] <0.0005] <0.0002| <0.0002| <0.0002] 0.0006]|<0.0002| <0.0004| 0.0002| <0.0002| <0.0002
6]<0.005| 0.007| 0.0008] <0.0005] <0.0002] <0.0002| <0.0002] 0.0007]<0.0002] <0.0004| <0.0002| <0.0002| <0.0002
7]<0.005] 0.011] 0.0016] <0.0005| <0.0002] <0.0002| <0.0002| 0.0009]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
8]<0.005] 0.007| 0.0006] <0.0005] <0.0002| <0.0002| <0.0002| 0.0009|<0.0002| <0.0004| <0.0002] <0.0002| <0.0002
10§<0.005] 0.006] 0.0015| <0.0005| <0.0002| <0.0002| <0.0002| 0.0006|<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
11]<0.005] 0.018| 0.0008| <0.0005| <0.0002| <0.0002| <0.0002] 0.0089|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
12]<0.005|<0.005] 0.0014] <0.0005] <0.0002] <0.0002| <0.0002] 0.0064]|<0.0002] <0.0004| <0.0002| <0.0002| <0.0002
13]<0.005|<0.005] 0.0023]| <0.0005] <0.0002] <0.0002| <0.0002] 0.0045|<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
14]<0.005] 0.008] 0.0019| <0.0005] 0.0005] <0.0002| <0.0002] 0.0035|<0.0002] <0.0004] <0.0002| <0.0002| <0.0002
150<0.005] 0.006] 0.0014] <0.0005] 0.0002] <0.0002| <0.0002| 0.0026]<0.0002] <0.0004| <0.0002| <0.0002| <0.0002,
16]<0.005| 0.008| 0.0029] <0.0005| <0.0002| <0.0002| <0.0002|] 0.0021]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
18J<0.005] 0.009| 0.0043] <0.0005| <0.0002| <0.0002| <0.0002] 0.0024|<0.0002| <0.0004] 0.0003| <0.0002] <0.0002,
191<0.005|<0.005| 0.0029] <0.0005| 0.0003| <0.0002| <0.0002| <0.0002]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
22]<0.005|<0.005| 0.0019] <0.0005| 0.0004| <0.0002] <0.0002| 0.0003|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
23]1<0.005|<0.005] 0.0008| <0.0005| 0.0020| <0.0002]| <0.0002| 0.0011]<0.0002| <0.0004| <0.0002| 0.0004] <0.0002
24]1<0.005] 0.015] 0.0024] <0.0005] 0.0012]| <0.0002] <0.0002| <0.0002]<0.0002| <0.0004| <0.0002] <0.0002| <0.0002
26]<0.005|<0.005| 0.0006] <0.0005] <0.0002] <0.0002| <0.0002]| <0.0002|<0.0002| <0.0004] <0.0002| <0.0002] <0.0002,
27]<0.005]|<0.005] 0.0007] <0.0005] <0.0002| <0.0002] <0.0002| <0.0002]<0.0002]| <0.0004] <0.0002| <0.0002| <0.0002
28]1<0.005] 0.017| 0.0049] <0.0005] <0.0002| <0.0002] <0.0002| <0.0002]<0.0002| <0.0004] <0.0002| <0.0002] <0.0002
29]<0.005] 0.015] 0.0052] <0.0005] <0.0002| <0.0002| <0.0002| <0.0002]<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
300<0.005]<0.005] 0.0034| <0.0005] <0.0002| <0.0002] <0.0002| <0.0002]<0.0002] <0.0004] <0.0002| <0.0002| <0.0002
31]<0.005] 0.008] 0.0026] <0.0005| <0.0002| <0.0002| <0.0002| <0.0002]|<0.0002] <0.0004| <0.0002| <0.0002| <0.0002
33]<0.005] 0.006] 0.0030| <0.0005] <0.0002| <0.0002| <0.0002| <0.0002]<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
34]<0.005|<0.005| 0.0040] <0.0005| <0.0002] <0.0002| <0.0002| <0.0002]<0.0002] <0.0004| <0.0002| <0.0002| <0.0002
35]<0.005|<0.005] 0.0017| <0.0005| <0.0002] <0.0002| <0.0002| <0.0002]|<0.0002| <0.0004| 0.0002] <0.0002| <0.0002
36]<0.005|<0.005] 0.0037| <0.0005| <0.0002] <0.0002| <0.0002| <0.0002]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
38]<0.005|<0.005] 0.0047| <0.0005| <0.0002] <0.0002| <0.0002| <0.0002]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
42]<0.005|<0.005] 0.0026| <0.0005| <0.0002] <0.0002| <0.0002| <0.0002]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
43]<0.005] 0.014] 0.0030] <0.0005| <0.0002| <0.0002| <0.0002| 0.0018]|<0.0002| <0.0004] <0.0002] <0.0002| <0.0002
46]<0.005(<0.005| <0.0005] <0.0005| <0.0002] <0.0002| <0.0002| <0.0002]|<0.0002| <0.0004| <0.0002] <0.0002| <0.0002
47]<0.005|<0.005| 0.0019| <0.0005| <0.0002] 0.0004] <0.0002| 0.0003]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
49]1<0.005|<0.005| 0.0015| <0.0005| 0.0004| <0.0002| <0.0002| 0.0003|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
50§<0.005| 0.011| 0.0057| <0.0005| <0.0002| <0.0002| <0.0002| 0.0003|<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
53]<0.005|<0.005| <0.0005| <0.0005| 0.0038] <0.0002| <0.0002| 0.0029|<0.0002| 0.00025| <0.0002| 0.0009| <0.0002
54]<0.005| 0.021| <0.0005| <0.0005| 0.0330] <0.0002| <0.0002| 0.0029]<0.0002| 0.00025| <0.0002] 0.0004| <0.0002
55]<0.005| 0.006| <0.0005| <0.0005| 0.0004] <0.0002| <0.0002| 0.0005]<0.0002| 0.00025| <0.0002| <0.0002| <0.0002
56]<0.005| 0.018| <0,0005| <0.0005| <0.0002| <0.0002| <0.0002| 0.0003]|<0.0002| 0.00025| <0.0002| <0.0002| <0.0002
57]<0.005| 0.018] <0.0005| <0.0005] 0.0003] <0.0002] <0.0002] <0.0002]<0.0002| 0.00025| <0.0002| <0.0002| <0.0002

Excluded samples
9]<0.005|<0.005] nd nd nd nd nd nd |<0.0002| <0.0004] 0.0009| <0.0002| <0.0002
17]<0.005]<0.005] 0.0051| <0.0005| <0.0002| <0.0002| <0.0002| 0.0022|<0.0002| <0.0004| <0.0002| <0.0002 o.oooar
20]<0.005]<0.005| 0.0097| <0.0005]| <0.0002| <0.0002| <0.0002| <0.0002]<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
21]<0.005|<0.005| 0.0005]| <0.0005] <0.0002| <0.0002| <0.0002| <0.0002|<0.0002| <0.0004| 0.0003]| <0.0002| <0.0002
25]<0.005] 0.006| 0.0068| 0.0005] 0.0017| <0.0002] <0.0002| <0.0002]|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
32] 0.009| 0.018] 0.0057] <0.0005| <0.0002] <0.0002] <0.0002] <0.0002]<0.0002| <0.0004| <0.0002] <0.0002| <0.0002
37]<0.005| 0.008| 0.0009| <0.0005| <0.0002| <0.0002] <0.0002| <0.0002|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
39]<0.005| 0.006| 0.0025| <0.0005| <0.0002| <0.0002| <0.0002| <0.0002]<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
40]<0.005| 0.011] 0.0006| <0.0005| <0.0002| <0.0002] <0.0002| <0.0002]<0.0002| <0.0004] <0.0002| <0.0002| <0.0002
41]<0.005| 0.009 0.0014| <0.0005| <0.0002| <0.0002| <0.0002| <0.0002]|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
44]<0.005|<0.005| 0.0006| <0.0005]| <0.0002| <0.0002] <0.0002| 0.0005]|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
45]<0.005| 0.005| 0.0014| <0.0005| <0.0002| <0.0002] <0.0002| <0.0002|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
48]<0.005| 0.007| 0.0008| 0.0005] 0.0021| <0.0002| <0.0002| 0.0002|<0.0002| <0.0004| <0.0002| <0.0002| <0.0002
51] 0.010| 0.176| <0.0005| <0.0005] 0.0011| <0.0002| <0.0002| <0.0002|<0.0002| 0.00025| <0.0002| <0.0002| ©0.0002
52] 0.005( 0.030| <0.0005{ <0.0005] 0.0008| 0.0008] <0.0002f <0.0002]<0.0002| 0.00025] <0.0002| <0.0002| 0.0010|

nd: not determined
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No

Ce

Pr

Nd

Sm

Eu

Concentrations

Gd

]

Dy

Ho

Er

m

Yb

O~ ON O D WA —

Included samples

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

10} <0.0002

1
12
13
14
15
16
18
19
22
23
24
26
27
28
29

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

30} <0.0002

31
33
34
35
36
38
42
43
46
47
49

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

50] <0.0002

63
54
55
56
57

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
0.0002
0.0002
<0.0002
k0.0002
0.0002
0.0002
0.0002
0.0002
k0.0002
<0.0002
0.0002
0.0002
0.0002
<0.0002
0.0002
<0.0002
0.0002
0.0002
k0.0002
k0.0002
<0.0002
k0.0002
k0.0002
k0.0002
0.0002
0.0002
0.0002
0.0002
k0.0002
0.0002
k0.0002
<0.0002
<0.0002
0.0002
<0.0002
k0.0002
k0.0002
0.0002
0.0002
k0.0002
0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.,0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002,

0.0002

0.0022
<0.0002
<0.0002
<0.0002

0.0074

0.0012

0.0004
<0.0002

0.0004

0.0007

0.0002

0.0002
<0.0002
<0.0002

0.0010)
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002,

0.0012
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0007
<0.0002
<0.0002
<0.0002

17
20
21
25
32
37
39
40
1,
44
45
48
51
52

Excluded samples

0.0003

0.0011
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0004

0.0026

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0002

<0.0002

0.0009
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0010

k0.0002
0.0002
k0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
<0.0002
k0.0002
0.0002
k0.0002
k0.0002
k0.0002
0.0002

0.0004
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0003
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002

0.0021
<0.0002
<0.0002
<0.0002

0.0003
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0.0002
<0,0002
<0.0002

nd: not determined
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Concentrations Saturation Indices
No| p’:‘)‘l‘o) g | m | o | B | m | u |cact '?;’I'T‘; M‘:ﬁ:e' Gypsum Cﬁer:? Barite
Included samples
1] 0.008|<0.0002|<0.0002| 0.0047]|<0.0002]<0.0002| 0.0003 09 16 1.6 1.9 27 -1.3
2] 0.005|<0.0002|<0.0002| 0.0030]<0.0002|<0.0002|<0.0002 0.4 0.6 -1 20 2.8 0.6
3] 0.004]|<0.0002]|<0.0002| 0.0027|<0.0002|<0.0002| 0.0006 -15 29 22 -19 2.7 0.1
4] 0.005]|<0.0002]|<0.0002| 0.0022|<0.0002]<0.0002|<0.0002 06 -10 -1.3 2.1 -2.8 06
5] 0.003]|<0.0002|<0.0002| 0.0014]<0.0002]<0.0002|<0.0002 08 1.4 -1.4 -19 26 05
6] 0.003]<0.0002]<0.0002| 0.0027|<0.0002]<0.0002|<0.0002 08 -15 15 20 27 09
7] 0.004]|<0.0002|<0.0002| 0.0012]<0.0002|<0.0002|<0.0002 08 -1.4 -14 -1.8 26 0.5
8] 0.002|<0.0002|<0.0002| 0.0005]|<0.0002|<0.0002|<0.0002 08 -15 -5 -19 26 -1
10] 0.011]<0.0002|<0.0002]<0.0002]<0.0002| <0.0002| <0.0002 06 -1 -13 20 2.7 06
11] 0.003]<0.0002]<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 07 -1.3 -14 -1.9 26 -1
12] 0.002]<0.0002]<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 -15 28 22 28 35 1.2
13] 0.007]<0.0002]<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 -10 -1.8 1.7 -19 26 05
14] 0.004]<0.0002|<0.0002]<0.0002|<0.0002| <0.0002| <0.0002 05 09 -1.2 1.7 2.5 05
150 0.003|<0.0002|<0.0002]<0.0002]<0.0002|<0.0002]<0.0002 05 09 1.2 -19 2.7 08
16] 0.002|<0.0002|<0.0002]<0.0002]<0.0002]<0.0002|<0.0002 05 09 ‘1.2 19 26 04
18] 0.004]<0.0002|<0.0002]<0.0002]<0.0002]<0.0002|<0.0002 1.6 29 22 -2.8 35 07
19] 0.004]<0.0002|<0.0002]<0.0002]<0.0002]<C.0002|<0.0002 06 -10 -1.2 -1.8 25 03
22| 0.003]<0.0002]|<0.0002|<0.0002]<0.0002|<0.0002| 0.0002 09 -15 -15 1.7 23 04
23] 0.002]<0.0002]<0.0002]|<0.0002]<0.0002|<0.0002| 0.0003 05 08 -1.2 -1.7 23 038
24] 0.003]<0.0002]<0.0002|<0.0002|<0.0002| <0.0002|<0.0002 07 12 -1.3 -1.8 25 0.4
26] 0.002]<0.0002]<0.0002|<0.0002|<0.0002]| <0.0002|<0.0002 07 -1 -1.3 2.2 2.7 -1.3
27| 0.002]|<0.0002]|<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 16 =30 22 26 3.1 1.2
28] 0.004]<0.0002]<0.0002|<0.0002|<0.0002|<0.0002| 0.0005 04 06 -10 -1.8 25 0.1
291 0.002]|<0.0002|<0.0002| 0.0005|<0.0002|<0.0002| 0.0004 07 -1.2 -1.3 -1.9 -25 0.1
30§ 0.004|<0.0002|<0.0002]<0.0002|<0.0002]<0.0002| 0.0003 05 08 1.2 1.7 24 0.2
31] 0.003|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 -1.3 2.2 -1.8 2.1 26 03
33| 0.002]<0.0002]|<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 -4 26 20 2.7 33 0.7
34] 0.002]<0.0002]<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 -1.3 22 -18 2.1 2.6 0.2
35| 0.004]<0.0002]|<0.0002]|<0.0002|<0.0002|<0.0002| 0.0002 -10 -1.8 1.6 3.1 -3.7 -1.2
36] 0.003]|<0.0002]|<0.0002|<0.0002|<0.0002|<0.0002| <0.0002 22 42 2.8 29 -3.4 0.6
38] nd |<0.0002]|<0.0002|<0.0002|<0.0002|<0.0002| 0.0003 -1.0 -19 -1.8 -3.1 -39 -1
42] 0.004]<0.0002|<0.0002|<0.0002|<0.0002|<0.0002| <0.0002 1.2 2.2 -1.8 20 27 04
43] 0.003]<0.0002]<0.0002|<0.0002|<0.0002|<0.0002| 0.0068 0.1 0.1 0.7 -1.8 25 03
46 0.002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002| 0.0004 06 -1 -1.3 1.6 23 -1.4]
47| 0.003|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 -1 20 1.7 -1.9 26 04
49| 0.006<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 0.7 1.1 -13 -19 26 05
50| 0.002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 -1.2 2.1 -1.8 2.1 26 00|
53| 0.003|<0.0002|<0.0002|<0.0002]|<0.0002|<0.0002| 0.0003 0.4 05 09 -1.8 25 05
54| 0.004|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002| 0.0003 03 04 09 1.7 24 0.2
55| 0.004]<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 09 -5 -15 23 -2.8 -1.2
56| 0.003|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 26 5.0 33 25 3.2 0.7
57] 0.003]<0.0002]<0.0002]<0.0002]<0.0002|<0.0002| <0.0002 0.8 -1.4 -15 2.0 2.7 0.2
Excluded samples
9l 0.007]|<0.0002]|<0.0002| 0.0017|<0.0002] 0.0002| 0.0004] 0.1 0.2 0.7 1.6 22| nd
17] 0.005|<0.0002|<0.0002| 0.0003|<0.0002]<0.0002|<0.0002 23 43 29 -2.8 3.6 0.6
20] 0.003]<0.0002]<0.0002]<0.0002|<0.0002|<0.0002| 0.0003 -10 -1.8 1.7 -2.2 28 0.0
21] 0.005]<0.0002]<0.0002|<0.0002|<0.0002| <0.0002| <0.0002 34 49 4. 43 49 2.2
251 0.002]<0.0002]<0.0002]<0.0002|<0.0002]<0.0002| 0.0002 06 -1.0 1.2 24 3.1 06
32| 0.009]<0.0002|<0.0002]<0.0002|<0.0002|<0.0002| 0.0004 09 1.6 -5 24 3.1 0.2
37] 0.004]<0.0002|<0.0002|<0.0002]<0.0002|<0.0002|<0.0002 3.1 6.0 -3.7 -3.2 -39 -1.3
39| 0.003]|<0.0002|<0.0002|<0.0002]<0.0002|<0.0002|<0.0002 20 37 246 24 -30 0.4
40| 0.003]|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 33 63 -39 4.4 49 23
41| 0.005]|<0.0002|<0.0002|<0.0002|<0.0002| <0.0002|<0.0002 30 58 3.6 45 5.1 22
44] 0.001]<0.0002|<0.0002| 0.0002]<0.0002|<0.0002|<0.0002 28 5.3 34 3.7 43 1.7
45| 0.002|<0.0002|<0.0002|<0.0002| <0.0002| <0.0002| <0.0002 28 5.4 35 30 37 09
48] 0.004]<0.0002|<0.0002|<0.0002|<0.0002<0.0002|<0.0002 26 49 32 -43 5.0 22
51| 0.004|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002|<0.0002 26 50 -3.3 -1.9 26 0.2
52| 0.010]|<0.0002| <0.0002] <0.0002]<0.0002| <0.0002| <0.0002 2.1 -39 2.7 -1.7 24 0.1

Where space is blank, at least one of the mineral components is below detection In solution
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Saturation Indices
Nol Haiite SiO2 [AIOH3 Alunite Jurba-|Kaoli-| Side- | Ferri- | Rhodo- | Teno- | Smith-|Cerus-] Theo- |Sphaero-| Esko-
(am)| (am) nite | nite | rite | hyd | chroslte] rite |sonite| site |phrasite]cobaltite] laite
Included samples|

1 65| 04 -13 30| -48] 46 -1.7) 10| -32] -1.2 -4, 44| 7.1

2 671 03] -19 65| -64] 35 -30] -10 -3.6 -43] 9.0]

3 67| 03] -1.7 -49] -55] 40] -36] 13 -20 -39 54| 8.4

4 b7 03] -17 5.1 57| 39 -2.3 3.1 1.3 -4.3 -46] 8.6

5 -65| -05 -2.6 -1.6 -4.3 A7 9.5

6 66| 05| -1.8 -48| -54| 33 33 -14 -4.4 -48] 7.8

7 65| 04 -18 -45] -53| 34 -13 -32] -18 -4.4 -45] 6.9

BI 65| 04 -7 -42 83| 39 -2.7 34| -22 -4.2 -4.8] 8.4
10 66| 03] -17 5.1 58| 3.9 -3.2 -3.7 4.4 9.0
N -65] 04 -17 -44] -54| 3.8 -25 -29 -4.1 -47] 83
12 -75] 06| -1.4 41 52| 39| -29] 14 -2.1 -45 6.6
13 -65] 05| -16 =36 -49] 3.7 -2.9 -4.6 -4.9 7.8#
14 6.3 02 2.2 3.1 -4.1 -4.5 8.6
15 -6.6] -0.3 -3.2 -4.1 -4.6] 8.8
16 -65| -0.2 -3.2 -4.4 -46] 82
18 -74| 03] -14 -35] -4.6] 46| -3.1] 06 -1.4 - 37 6.1 50| 446
19 -65] 02 -2 58] -59] 3.2 -4.1 -47] 8.4
22 -63] -06] -20 -46] -53] 28 -23 -4.4 -4.81 7.6
23 -63] 06 -24 -3.3 41 67
24 -65| 04 -25 -30 43 47 8.4
26 -67] 03 -20 -4.2 -4.6] 8.4
27 7.1 -04] -09 -1.5] -39] 52| -31] 08 -1.8 5.4 5.1 33
28 66| -07] 14 -43| -55] 3.7 2.7 -3.8 -44] 8.9
29 -6.7] -08] -13 -3.1| -48] 37 -25 30| -2 -4.4 A7) 7.7
30] 66| 06 -4,0 -4.6] 8.5
31 67| 03] -1.8 -45| -53] 37 -35 -4.6 8.4
33 72| 05] -14 =34 -47] 42 -1.3 -3.7 -5.2 -4.7
34 67| 05 -16 -5.0 -48] 6.3
35 -7.7] -10]1 -158 60| 62| 29 -1.7 -39 -44] 54
36 74| 06| 09 191 41| 48 -2.2 5.4 6.2
38 -75] 03] -1.2 46| -54| 5.2 -1.8 -50 50| 54
42 -65] 071 -14 -27| -45| 37 -1.6 -4.8 5.1 7.0}
43 -62| 09| -2.1 -64| -62| 18] -19] 05 -0.2 -25 -3.7 39| 54
46 -6.2| 08| -21 56| -68| 20 -2.2 -4.2 46| 83
47 -65| -04 -3.0] 09 -2.4 -5.0 -48| 7.4
49 66| 02 -18 36| -49| 44 2.2 -4.6 471 7.6
508 -6.8] -0.2] -1.7 -3.8] -49| 42 -24 -34 -45 46| 6.2
53 64| -06] -23 69 -64| 21 -15 -2.7 -4.3
54 63| 05| -22 65| -63| 26 -14 -25 -2 -3.1 8.4
55 -68| 04 -20 -6.7] -58] 3.2 -34 -4.0 9.0
&6 70| -04] 10 02| -30| 52 2.7 -4.4 -6.1 5.4
57 -66] -02] -17 -4.4] -53] 4.1 -2.1 -2.9 -4,2 7.7

Excluded samples

9 -43] -04 -18] 03 0.0 -2.3 -3.3 -3.5 7.0J
17 -82| 05| -10 -0.8] -3.1] 50| -16| -10 -0.6 -3.4 -55 40| 2.5
200 -67] -08] -18 -4.2] -50] 27| -23] 00 -0.1 -4.5 40| 3.8
21 -84 -10] -07 -05] -30] 45] -21] -1.3 -2.1 -6.7 55| 0.7
25 -65| -04] -11 -28| -46| 48] -1.11 03 -0.1 -3.3 -4.4 33| 49
32 7.7 09| -16 -47) -54| 30| -27] 13 07| -10] -28 4.1 40| 4.4
37 -80| -09] -09 07 -23] 44) -41] 02 2.9 -4.7 -7.3
39 -7.4) -0.8 -0.9 0.3 -3.2 45] -1.2] 03 -0.7 -4.1 -5.2 -39
dor -109] -1.1] 05 -1.6] -3.6] 46] -34| 02 -1.7 -4.5 -6.5 -6.0
411 -104] -1l -09 -3.0] -42| 39] -3.4| -2.1 -10 -4.4 -6.4 -5.3
44 -86| -04] 03 04| -30| 66| -29] 05 -13 -3.3 -6.0 5.1
45 -84| 09| -05 07 -27| 52| 37| 00 -15 -4.7 -5.8 -5.1
48 -9.1] -08] -03 -1.5| -40| 5.6] -3.0] -1.2 -1.6 -4.1 -54 -48( 25
51 -6.6| 03| 09 08| -27| 56| -43] 10 16 21 -36 -5.2 56| 5.0
52 -6.1] -07] -1.2 06| -27] A2 14 26| -40 -6.5 53| 55

Where space is blank, at least one of the mineral components is below detection In solution
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‘o Saturation Indices
Au Bismo- Urani- [Ruther-| Na- |Carmno
| NoJ metal [*PCOM] “cite [ VaNa | PRVEOT| "t | fordine | Autunite | tite | SOMOO4 FOWO | LOPO4 | CePOu
|
| Included samples
| ] 52| -16 01| 98] 57 99| -35 3.4
| 2 42 35
3 47 91 62 8.7 28| -8
4 5.2 0.1 36
5 a5 03 -35
6 48 35
7 47 06 33
8 40 33
| 10] 5.0 -35
| 1 45 23
| 12 46 271 7
13 a6 26
14] a4, 26
15 3.7 2.8
16 3.8 28
18 60 14 -3.1
19 43
22 47 96| 57| -100 3.8
23 36| -14 2| 58] -104 3.2
| 24] 40
| 26 a8
27 5.3 213
28 a4 -100] 57 -108] 3.2
29 a5 02| 92| -s71 -103] -26
3o a7 971 59 -115
31 43
33 53
34 47
35 a4 -106] 62| 10| -39
| 36 46
| 38 ‘122 54 17
a2 38
43 6.9 42| 50 83 29
46 47 88| 56 95
47 5.2 -1.4 -3.8
49 5.6 -3.8
50| 46 -39
53 31l -10 128 -6 1.3 2.8
54 31 12 -128] 63 98| -35 28
| 55 3.7 3.6
| 56 39 -40
57 3.3
Excluded samples
9 7.7 43| 61 -100 19 52 0.1
17 7.9 3.2 09| 05
20| 7. 1.3 56| 56| -104] -36
21 9.4
25 7.0 05 65| -72| -1.8| -53 5.0
32 5.1 20 107 64| 13| -4
37 a7
39 7.9
401 6.5
4 8.8
44 -44
45 6.0
48 8.1 -1.1 -4.6
51 3.3 09| 05
52 29 -10 05

Where space Is blank, af least one of the mineral components is below detection in solution
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No[CeO,

PrPQy4

Saturation Indices

NdPQO,

EUPO, | GdPO,

YPO,

—
O OO B W —

1
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18
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23
24
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35
36
38
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50]

54
55
56
57

Included samples
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511 1.8
1.9

-1.6

Excluded samples

0.7

-1.1

-05 -0.5

-1.6

-0.7

-1.1

Where space is blank, at least one of the mineral components is below detection in solution
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‘ Appgl_ldix 2: Element/Ion Concentration Plots

42



| | | 1
800— 8 —
m Baxter & .0
1 Residua- v Mt Gibson - '
o Granny Smith e
¢ Lawlers
600 Covered- ® Lawlers B
&  Granny Smith B
-------- Sea water =
= "
a
E’ 400 -
1 B
200 - -
° LB
-l
0 L I T I { 3 I L] l L]
0 500 1000 1500 2000 2500
TDS (mg/L)
Figure A2.1: Na vs. TDS for groundwaters from Baxter and other sites.
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Figure A2.2: K vs. TDS for groundwaters from Baxter and other sites.
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Figure A2.3: Mg vs. TDS for groundwaters from Baxter and other sites.
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Figure A2.5: Cl vs. TDS for groundwaters from Baxter and other sites.
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Figure A2.6: SO , VS. TDS for groundwaters from Baxter and other sites.
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Figure A2.8: HCO3 vs. pH for groundwaters from Baxter and other sites.
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Figure A2.12: B vs. pH for groundwaters from Baxter and other sites.
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Figure A2.13: P vs. pH for groundwaters from Baxter and other sites.
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Figure A2.14: Ivs. pH for groundwaters from Baxter and other sites.
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Figure A2.16: Si vs. pH for groundwaters from Lawlers and other sites.

50




V(mgll)

0.00

s Baxter

Residual - = Lawers
Covered- © Lawlers

° -
o
o
[ N |
o o
a [ ] -
a ]
[ ] [ ]
] |
] a
[ [ ]
|
as
o ]
B [ ]
® B ¥ —
] ]
C g %
] by O ® Ed | ]
L. ®
- ]
» [ ] [
® ® o
T L S - Y
7 8

Figure A2.17: Sc vs. pH for groundwaters from Baxter and other sites.
(Value for sea water concentration not available)

0.04 +

0.03 -

m Baxter
Covered- © Lawers
-------- Sea water
]
below o
detection [ ] -

............ W B

a
4
B

B
]
]

]

#
4 % -
4
o ®
[ ]
®
]
® 3% [ ]
| m e %
[ ] [ ] ..I
%
[ ]
]
............ L B DO L B LR R T e
I L] L] T L]

Figure A2.18: V vs. pH for groundwaters from Baxter and other sites.
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Figure A2.19: Cr vs. pH for groundwaters from Baxter and other sites.
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Figure A2.20: Mn vs. pH for groundwaters from Baxter and other sites.
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Figure A2.21: Fe vs. pH for groundwaters from Baxter and other sites.
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Figure A2.22: Co vs. pH for groundwaters from Baxter and other sites.
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Figure A2.23: Ni vs. pH for groundwaters from Baxter and other sites.
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Figure A2.24: Cuvs. pH for groundwaters from Baxter and other sites.
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Figure A2.25: Zn vs. pH for groundwaters from Baxter and other sites.
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Figure A2.26: Ga vs. pH for groundwaters from Baxter and other sites.
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Figure A2.27: Ge vs. pH for groundwaters from Baxter and other sites.
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Figure A2.28: As vs. pH for groundwaters from Baxter and other sites.
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Figure A2.30: Mo vs. pH for groundwaters from Baxter and other sites.
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Figure A2.31: Snvs. pH for groundwaters from Baxter and other sites.
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Figure A2.32: Sb vs. pH for groundwaters from Baxter and other sites.
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Figure A2.33: Lavs. pH for groundwaters from Baxter and other sites.
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Figure A2.34: Ce vs. pH for groundwaters from Baxter and other sites.
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Figure A2.35: W vs. pH for groundwaters from Baxter and other sites.
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Figure A2.36: Au vs. pH for groundwaters from Baxter and other sites.
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Figure A2.38: Tl vs. pH for groundwaters from Baxter and other sites.
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Figure A2.40: U vs. pH for groundwaters from Baxter and other sites.
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Appendix 3: Speciation Analysis Output
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Figure A3.1: SI for halite vs. TDS for groundwaters from Baxter and other sites.
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Figure A3.2: SI for gypsum vs. TDS for groundwaters from Baxter and other sites.
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Figure A3.3: Sl for celestine vs. TDS for groundwaters from Baxter and other sites.
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Figure A3.4: Sl for barite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.5: SI for calcite vs. pH for groundwaters from Baxter and other sites.
=
2 v
=
] AA o ?
e} = ® v ® 0 O ] ®
r— (o] v ®
,\N 0 = ""‘--"--"""""V““-TR“-:E-Q.V """"""""""""" 'v"v' """""""""""""""" g"'.'f%; """"""""""""""""
8“”> v 00 " @ %‘. g
| A O Sy o8 U,
g - v ® x hﬁ-Q
8 0 b am @ ]
O, Voov = aut®
(]
E 1 o &7 mc tom m| & S
IS v o 7 Residua - v Mt Gibson
8 -4_:7 % A Bm
1 [ o Golden Hope
B o Granny Smith
4 - o Lawers
Covered- # Lawers
= Granny Smith
6 - &  Mulgarie
T T ¥ L] I T L] L] L]
6 7
pH

Figure A3.6: SI for dolomite vs. pH for groundwaters from Baxter and other sites.
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Sl - Magnesite (MgCOs)
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Figure A3.7: SI for magnesite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.8: SI for silica vs. pH for groundwaters from Baxter and other sites.
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Sl - Alumina [AI(OH), ]

Sl - Kaolinite [AI28i205(OH)4]

Figure A3.10: SI for kaolinite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.9: SI for alumina vs. pH for groundwaters from Baxter and other sites.
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Sl - Siderite (FeCO, )

Sl - Ferrihydrite [Fe(OH), ]

Figure A3.12: SI for ferrihydrite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.14: SI for tenorite vs. pH for groundwaters from Baxter and other sites.
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Sl - Smithsonite (ZnCO,)

Sl - Cerussite (PbCOs)

Figure A3.16: SI for cerussite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.17: SI for theophrasite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.18: SI for sphaerocobaiﬁte vs. pH for groundwaters from Baxter and other sites.
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S| - Eskolaite (Cr, O,)

Sl - Au metal

Figure A3.20: SI for Au metal vs. pH for groundwaters from Baxter and other sites.
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Figure A3.22: SI for chervitite vs. pH for groundwaters from Baxter and other sites.
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Sl - Powelite (CaMoO, )

Sl - Ferberite (FEWO, )

Figure A3.24: SI for ferberite vs. pH for groundwaters from Baxter and other sites.
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Figure A3.26: SI for monazite-(Ce) vs. pH for groundwaters from Baxter and other sites.
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Figure A3.27: SI for Camotite vs. pH for groundwaters from Baxter and other sites.
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Appendix 4: Element/Ion Distribution Maps

78




Narracoota Volcanics
[] Thaduna Metasediments
------- Other gold anomalies

------ Valley fill sediments
— Harmony Pit

Northing (km)

9

. . ' v
Easting (km) B ®  Easting (km) ®
Geology of the Baxter study area, Figure A4.2: Contours of maximum Au from RAB
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Figure A4.3: Contours of maximum As from RAB Figure A4.4: Contours of maximum Cr from RAB
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Figure A4.5: Contours of maximum Cu from RAB
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Figure A4.6: Contours of maximum Ni from RAB
drill cuttings at Baxter.
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Figure A4.8: TDS distribution in Baxter
groundwaters.
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Figure A4.13: P distribution in Baxter groundwaters.
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Figure A4.16: Eh distribution in Baxter
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Figure A4.20: Sc distribution in Baxter
groundwaters.
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groundwaters.
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Figure A4.23: Mn distribution in Baxter
groundwaters.
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Figure A4.24: Fe distribution in Baxter
groundwaters.
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Figure A4.25: Co distribution in Baxter
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Figure A4.27: Zn distribution in Baxter

groundwaters.
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Figure A4.28: Mo distribution in Baxter
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Figure A4.29: W distribution in Baxter
groundwaters.

Pb (ppm)

° <0.0002 5

o 0.0003 - 0.0005

& 0.0012-0.0022
@ 0.0027 - 0.0047

9 Easting (km)
Figure A4.31: Pb distribution in Baxter
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Figure A4.32: I distribution in Baxter groundwaters.
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Figure A4.33: Au distribution in Baxter groundwaters.
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