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EXECUTIVE SUMMARY 

During 2012-2013, 127 representative samples of waste rock, 5 samples of low grade ore, 

2 samples of full grade ore, and 3 soil-clay samples, were geochemically characterised via a 

program of static testing (i.e. 'whole-rock' analyses and tests). These samples were derived from 

the weathered and fresh rock zones of the geologic profile. Eighteen samples were also 

subjected to kinetic testing using weathering columns. Extensive use was made of geological 

logging information and assay results within the Bowden Silver Project's geochemical data-base 

for sample selection. Process-tailings samples were also subjected to static testing in the GCA 

(2013) investigation. 

During 2017-2018, 90 representative samples from the fresh rock zone within the northern 

section of the proposed open cut pit was were assayed with 16 samples being subjected to static 

testwork. 

Waste Rock and Low Grade Ore Geochemistry 

The ignimbrites, crystal tuffs, and volcanic breccias, which make up the majority of the waste 

rock zone, are characterised by a relatively low abundance of sulphide minerals (chiefly pyrite) 

with Total-S values seldom above 3% (at the metre-scale). However, the Total-S values are also 

typically greater than 0.3%. The pervasive occurrence of sulphur means that the ignimbrites, 

crystal tuffs and volcanic breccias are geochemically similar to each other; waste rock and low 

grade ore are also geochemically identical (save for silver grade). 

The sandstone unit is typically characterised by Total-S values less than 0.1%. Although variable 

spatially, ignimbrites, crystal tuffs and volcanic breccias with Total-S values less than 0.3% occur 

within the uppermost 20-30 m of the geologic profile, and locally at depth in zones amenable to 

selective mining. 

The groundmass of all lithological units is generally deficient in carbonate minerals, and where 

carbonates occur, rhodochrosite (Mn-carbonate) invariably predominates. Illitic/smectitic clays 

are also a common prominent component of the groundmass. 

All waste rock and low grade ore with Total-S values greater than 0.3% are classified as 

Potentially-Acid Forming (PAF). Kinetic testing using laboratory columns indicate that lag-times 

may range up to several months. Irrespective of the stage of weathering, PAF units constitute a 

source of soluble-Mn forms, and mainly reflects buffering by rhodochrosite. Release of soluble-

Zn forms may also be significant, especially for Total-S values above 1%.  

The sandstone stands out in being Non-Acid Forming (NAF), and reflects minimal influences 

from mineralisation on this unit. 

In terms of demarcating mining streams for site-wide management, a distinction is made 

between material situated within the uppermost 20m to 30m of the proposed open cut pit (the 

weathered zone) and the underlying material (the primary zone, or fresh zone) with the benign 

waste rock (i.e. NAF) being situated within both the weathered zone and the primary zone. 

The waste rock from both the weathered and primary zones is further sub-classified as follows. 

Weathered Zone 

• WZ1: Total S <0.3% (initially sub-neutral but evolving to NAF over time as 'trace 

alunites' are leached with buffering from interactions with smectites) 

• WZ2: Total S >0.3% (PAF) 
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Primary Zone 

• PZ1: Total-S <0.1% (NAF) 

• PZ2: Total-S = 0.10-0.30% (NAF) within the northern section of proposed main 

open cut pit 

• PZ3: Total-S >0.3% (PAF), and Total-S = 0.10-0.30% is areas distant from the 

northern section of the proposed main open cut pit 

Although the environmental geochemistry of the waste rock and ore streams at Bowdens is 

relatively complex, a thorough understanding of this has been obtained from the investigations 

undertaken. 

All PAF streams would report to the lined Waste Rock Emplacement (WRE). 

Soil-Clays 

The soil-clays were classified as NAF, and had a clay mineral suite comprising kaolinites, illites, 

and smectites. 

Process-Tailings Geochemistry 

The process-tailings stream is classified as PAF, due to pyrite being a trace component in a 

groundmass with a low capacity to buffer at circum-neutral-pH. Traces of rhodochrosite have 

implications for Mn solubility at circum-neutral-pH. 

Closure Planning for Waste Rock Emplacement (WRE) and Tailings Storage Facility 

(TSF) 

Rehabilitation and closure of the WRE and TSF would need to cater for the isolation of reactive 

materials. Geochemical requirements pertinent to the construction and cover design are outlined 

in this report to assist engineering assessment and design. 

Although there would be a stockpile of low grade ore during the active lifetime of the Project, this 

would be removed at closure (i.e. WRE and TSF occurring as an integrated landform at closure). 
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1. I N T RO D U C TI ON  

The majority of the testwork performed for this assessment was previously conducted for 

Kingsgate Bowdens Pty Limited (KBPL) on a range of waste rock, ore, soil, and process tailings 

samples from the Bowdens Mine Site located near Lue, NSW. 

This bulk of the testwork program was completed during 2012-2013 with the Bowdens Silver 

Project (the “Project”) subsequently being placed on hold in November 2014 at the request of 

KBPL. 

In 2016, the Project was acquired by Silver Mines Limited (SVL) who formed a wholly owned 

subsidiary, Bowdens Silver Pty Limited to develop the Project. 

The earlier test work program was extended for selected samples from the weathered rock zone 

with low Total-Sulphur (0.1% < S < 0.3%) values by re-commencing the weathering columns in 

late-2014. The Low-Sulphur (Low-S) samples tested in these columns are derived from the 

upper section of the geologic profile (i.e. within c. 30-40 m of ground level). During 2017-2018, 

a range of Low-S samples from the fresh rock zone within the northern section of the proposed 

open cut pit was also subjected to geochemical testwork. 

The geochemical characterisation of waste rock, ore, soil and tailings samples conducted for 

this assessment forms part of the technical investigations undertaken to inform the 

Environmental Impact Statement (EIS) for the Project, as prepared by RW Corkery & Co Pty 

Limited.  

A copy of the report on the initial geochemical testing of the waste rock samples from internal-

waste-zone (GCA, 2012) is presented in Annexure 1. 

A copy of the report on the geochemical testing of the tailings samples (GCA, 2013) is presented 

in Annexure 2. 

Details of the sampling programs undertaken for the waste rock, ore and soil samples tested 

herein are presented in Annexure 3. Geological information and statistics of sulphur (S) assays 

from the geological database are also presented in Annexure 3.  

Details of the testwork methods employed are presented in Annexure 4, whilst the classification 

criteria for determining Acid Formation Potential (AFP) are presented in Annexure 5.1 

Copies of the laboratory reports are presented in Annexure 6. 

The findings of this assessment have implications for both the design and construction of the 

waste rock emplacement (WRE) and tailings storage facility (TSF), and the closure of these 

landforms (Section 6). 

 

 
1 References to the scientific and technical literature are presented in Annexures 4 and 5, as appropriate. 
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2. S TATI C  TE S TI N G P RO G R AM  

The main aim of the static testing program was to determine the acid forming tendency of a 

range of representative samples that were obtained from drill holes located within the proposed 

open cut pit. These samples were also assayed for the range of elements associated with the 

deposit mineralisation with sections representing the uneconomic (or un-mineralised) waste 

rock) zones selected for sampling. 

The selected samples correspond to downhole intervals varying in thickness from 1m to 5m, as 

determined by sample availability. These downhole intervals are comparable to an operating 

bench height of c. 5m, and therefore represent a practical 'resolution limit' for a selective mining 

operation. 

Based on the outcomes of the static testing program (Table 1), selected individual samples, and 

composite samples prepared from individual samples, were subjected to kinetic testing, multi-

element analyses and mineralogical characterisation, as detailed in Section 3. 

2.1 WASTE ROCK SAMPLES 

A total of 127 samples of waste rock were selected for tested comprising: 

• 54 samples with Total-Sulphur (Total-S) < 0.3% 

• 73 samples with Total-S > 0.3%2 

2.1.1 Total-S < 0.3% 

The 54 samples with Total-S < 0.3% were typically derived from less than 20-30 metres below 

ground-level (mbgl). 

The sample set comprised: 

• Shoalhaven Group  

– 17 samples (sandstone) 

• Rylstone Volcanics  

– 10 samples (crystal tuff) 

– 6 samples (ignimbrite) 

– 11 samples (volcanic breccia) 

– 7 samples (laminated tuff) 

– 3 samples (ignimbrite lithic tuff) 

These samples were characterised by: 

• pH-(1:2) values between pH 4.0 and pH 7.93 

• Total-S values that ranged from less than 0.01% to 0.29% 

 

 
2 The 127 samples include the 15 samples tested in the GCA (2012) (Annexure 1) study undertaken as 

a preliminary assessment of waste rock geochemistry. 
3 The pH-(1:2) tests (and other testwork) are described in Annexure 4. 
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• SO4-S values that ranged from less than 0.01%, to 0.22% 

• CO3-C values that ranged from less than 0.01%, to 0.63% 

• Acid Neutralisation Capacity (ANC) values that ranged from less than 1kg 

H2SO4/tonne (method detection limit), to 25kg H2SO4/tonne 

• NAG-pH values between pH 4.2 and pH 9.1, and NAG-pH 7 values that ranged 

from less than 0.5kg H2SO4/tonne, to 2.3kg H2SO4/tonne4 

Total-S occurs almost exclusively as SO4-S, with the main SO4-bearing minerals being alunites 

and jarosites (i.e. Al/Fe-hydroxysulphate-minerals) [Table 7]). 

The ANC values were typically less than 5kg H2SO4/tonne, and often close to, or less than, the 

method detection-limit of 1kg H2SO4/tonne. 

The sandstone samples, in particular, had ANC values close to the detection limit, and were 

naturally mildly-acidic with pH-(1:2) values of pH 4 to pH 5. 

The low ANC values reflect a lack of reactive carbonate minerals (e.g. calcites) in a groundmass 

dominated by quartz, K-feldspars, muscovites and clays (see mineralogical characterisation in 

Section 3). 

As a group, the volcanic breccia samples returned ANC values up to 25kg H2SO4/tonne. 

Although several of the samples returned CO3-C values within the range of 0.3 to 0.7%, the 

CO3-C is mostly associated with iron carbonates such as siderite (FeCO3), and manganese 

carbonates (rhodochrosite, MnCO3).5 Siderites are ineffective in circumneutral buffering under 

aerated conditions, save for the dissolution of 'trace' amounts of Mg, Ca and Mn that may be 

incorporated into the crystal structure of this mineral. Rhodochrosites are generally effective at 

circumneutral buffering, due to the sluggish aerobic oxidation kinetics of soluble-Mn(II) at circum-

neutral-pH.  

All samples were assayed for Zn, Cd, Pb, Cu, Mn, As, Ba, Sr, and Ag, and although variously 

enriched in these elements, none of the enrichments were marked (Table 2). The solubility 

characteristics of these elements (as well as other elements) are assessed in the kinetic testing 

program (Section 3). 

Almost all waste rock with Total-S concentrations of < 0.3% samples are classified as being 

Non-Acid Forming (NAF) material. 

However, classification of sample GCA10664 (sandstone), sample GCA10674 (crystal tuff), and 

samples GCA10678 and GCA10679 (both volcanic breccia), is complicated by the occurrences 

of trace amounts of Al/Fe-hydroxysulphate minerals (e.g. alunites and jarosites). These samples 

are classified as Uncertain (UC), though likely UC-(NAF). 

Annexure 5 details the criteria employed for classifying the waste rock samples with Total-S < 

0.3% as NAF. These criteria account for the presence of Al/Fe-hydroxysulphates (e.g. 'trace 

alunites' and 'trace jarosites') and the results of the kinetic testing program (Section 3) in terms 

of the weathering pH regime whereby the source of acidity is primarily the result of the dissolution 

of Al/Fe hydroxysulphates (cf. oxidation products of sulphide minerals occurring in situ, and thus 

generated over geological time) in the presence of smectitic / illitic clays.  

 

 
4 NAG = Net-Acid Generation. 
5 Siderite and rhodochrosite were identified in the mineralogical study for the samples subjected to kinetic 

testing (Table 7). 
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The ability of the smectitic / illitic clays to adsorb soluble Al forms released during the dissolution 

of the Al/Fe hydroxysulphates, thereby suppressing acidity associated with the full hydrolysis of 

soluble Al forms, is an important generic feature of waste rock mineralogy and geochemistry at 

the Mine Site. 

A key outcome of the program of kinetic testing performed on samples GCA10664, GCA10674, 

GCA10678, and GCA10679 (Section 3.1) is the demonstration of a weathering-pH regime near 

pH 5, and an eventual trending to pH 6 (with corresponding bicarbonate alkalinity) as the 'trace 

alunites' and 'trace jarosites' are depleted through dissolution and elution. This is shown in the 

extended kinetic testing program run for 162 weeks. 

2.1.2 Total-S > 0.3%  

The 73 samples with Total-S > 0.3% were derived from depths up to c. 150mbgl. The shallowest 

samples were derived from 5-10mbgl, and reflect the geology of the Project whereby both 

sulphide minerals (e.g. pyrite) and Al/Fe hydroxysulphate-minerals, may locally co-occur at 

shallow depths. 

The sample set comprised: 

• Shoalhaven Group  

– 2 samples (sandstone) 

• Rylstone Volcanics 

– 31 samples (crystal tuff) 

– 21 samples (ignimbrite) 

– 16 samples (volcanic breccia) 

– 3 samples (laminated tuff) 

The samples were characterised as follows: 

• pH-(1:2) values between pH 3.5 and pH 8.2 

• Total-S values between 0.30 and 5.2% 

• Cr(II) Reducible S values that ranged from less than 0.01% to 0.96%6 

• CO3-C values that ranged from less than 0.01% to 1.4% 

• ANC values that ranged from less than 1kg H2SO4/tonne to 61kg H2SO4/tonne 

• NAG-pH values between pH 2.4 and pH 8.7, and NAG-pH7 values that ranged 

from less than 0.5kg H2SO4/tonne to 89kg H2SO4/tonne 

The Total-S values obtained in this assessment were in good agreement with the corresponding 

Total-S values from the exploration database for the Project. 

Of the 33 samples with Total-S > 1%, 31 samples had Total-S values within the range 1-3%. 

This corresponds with logging of drillcore at Bowdens where sulphides (typically pyrite) occur as 

trace to accessory components (at the metre-scale) within the waste rock zones (Annexure 3). 

 

 
6 Not all samples were tested for Cr(II)-Reducible-S. 
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Total-S in the samples was increasingly dominated by Sulphide-S with depth and reflects the 

presence of sulphide minerals (e.g. pyrites and marcasites) also identified in the mineralogical 

study on those samples subjected to kinetic testing (Section 3). However, over all depths, SO4-S 

was also present as a sizeable proportion of Total-S, with Al/Fe hydroxysulphates (e.g. alunites 

and jarosites) being a characteristic feature of the mineralogy present throughout the various 

waste rock zones. 

The ANC values were often between 10 and 20kg H2SO4/tonne, though ANC values below, or 

close to, the detection limit of 1kg H2SO4/tonne were recorded for a number of samples. There 

was a broad correlation between ANC and CO3-C. 

Selected samples were subjected to auto-titrations with H2SO4 in order to assess their acid 

buffering properties that would be chiefly due to the dissolution of reactive carbonate minerals 

(Figures 1 and 2). The results of the auto-titrations indicated that the carbonate minerals 

typically exhibit non-limiting, circumneutral dissolution kinetics for the consumption of up to c. 

10kg H2SO4/tonne. However, where rhodochrosite (of ideal composition MnCO3) dominates the 

carbonate mineral suite, soluble Mn forms result. Manganese solubility during weathering of 

waste rock is addressed in the kinetic testing program (Section 3).7 

The samples had Zn, Cd and Pb contents that ranged up to 5,000mg/kg, 24mg/kg, and 

3,900mg/kg, respectively (Table 2), and reflect contributions from inter alia sphalerite (ZnS) and 

galena (PbS). The Mn content ranged up to 2.9%, and broadly correlates with CO3-C and S. 

This reflects the co-occurrence of rhodochrosite with pyrite. However, rhodochrosite was not the 

only Mn bearing mineral as Mn(II) may be substituted into the crystal structures of alunites and 

jarosites [Dill 2001]).8 

All samples of waste rock with Total-S concentrations of > 0.3% were classified as Potentially-

Acid Forming (PAF).9 

There was no systematic difference in the geochemical character of the ignimbrite, volcanic 

breccia, crystal tuff, and laminated tuff samples, suggesting that, in terms of environmental 

geochemistry, there is a high degree of uniformity (at the metre-scale) within the waste rock 

zones with Total-S > 0.3%. Therefore, this assessment indicates that, for practical purposes, all 

such (Total-S > 0.3%) ignimbrites, volcanic breccias, crystal tuffs, and laminated tuffs should be 

collectively treated as PAF. 

2.1.3 Size-fraction Testing for Total-S and CO3-C 

Selected samples of ignimbrite and crystal tuff with Total-S values within the range 1-3% were 

subjected to size fraction testing to assess the possibility of a 'concentrating-up' effect in the 

fines (< 2mm) fraction during blasting, excavation, and disposal to the waste rock emplacement 

(WRE). 

 

 
7 Release of Mn(II) through dissolution of rhodochrosite (as induced through sulphide oxidation by H2O2), 

and other sources, during NAG testing may catalyse the decomposition of H2O2 (e.g. Stadtman et al. 
1990). This side-reaction potentially complicates the use of NAG testing of waste rock samples from 
the Bowdens deposit, especially for Sulphide-S values less than 1% (i.e. 'trace sulphides'). 

8 Although Mn substitution in alunites is not listed by Dill (2001), substitution of Zn and Cu(II) in the 'B' 
sites (of 6-fold coordination) readily occurs within the cation sub-lattice of alunite. For 6-fold 
coordination, the ionic radius of Mn (0.81 Å) is similar to that of Zn (0.88 Å) and Cu(II) (0.87 Å) [Cotton 
et al. 1999]. 

9 See Annexure 5 for the criteria employed for classifying the waste rock samples with Total-S > 0.3% as 
either PAF or NAF. 
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This size fraction testing comprised an initial 'coarse crushing' of drillcore, where the jaw crusher 

was set to a nominal 20-30mm clearance, followed by dry sieving to obtain the < 2mm fraction. 

The resulting rejects (i.e. > 2mm fraction) were then 'fine crushed' for testing. 

The results of the size fraction testing (Table 3) indicates that negligible enrichment of sulphide 

and carbonate minerals would occur in the fines generated during drill, blast and extraction of 

the ignimbrites and crystal tuffs (i.e. the S and C occurrences would be similar in both the < 2mm 

and >2mm material fractions).  

This largely reflects the non-fissile nature of the ignimbrites and crystal tuffs, and a typically 

disseminated distribution of sulphide and carbonate minerals (where the latter occur) within the 

matrix of the crystal tuffs. Within the ignimbrite matrix, sulphide minerals are chiefly confined to 

micro-fractures which largely remain intact, so that only limited liberation of sulphide minerals 

would be expected to occur when subjected to mechanical stress. Geologically, the 'welded' 

nature of the ignimbrites renders this unit very hard and durable overall. 

2.2 ORE SAMPLES 

Of the 7 samples tested, 5 were Low Grade Ore (LGO) samples, and 2 were Full Grade Ore 

(FGO) samples. 

It is noted that the Silver (Ag) equivalent grade 'cut-off' values differentiating the high and low 

grade ores would vary throughout the life of the Project, as governed by the evolving geological 

model, ongoing metallurgical evaluations, and the economics of the Project. 

The FGO samples were tested for completeness as such ores would have only a transient 

existence on the ROM pad prior to Ag processing and recovery.10  

Using the same methods applied for classifying the acid forming potential of the waste rock, both 

the LGO and FGO samples are classified as PAF, and variously enriched in Zn, Cd, Pb, and Mn 

(Table 4, and Figure 3). 

These geochemical characteristics are similar to those for the waste rock samples with Total-S 

values between 1% and 2%, as discussed in Section 2.1.2 above. 

The acid-forming potential of the LGO and waste rock is expected to be similar, since mineralised 

and non-mineralised zones at the Mine Site are demarcated by Ag-equivalent (Ageq) values 

above, or below, c. 30g Ageq/tonne (= 0.003% Ageq/tonne). That is, the majority of the Total-S 

occurs as pyrite, marcasites, and Al/Fe-hydroxysulphates (cf. Ag-, Zn- and Pb-sulphides). 

  

 

 
10 The geochemical characteristics of the process-tailings samples is the subject of the GCA (2013) 
report [Annexure 2]. 
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3. K I NE TI C  T ES TI NG  P RO G R AM  

The main aim of the kinetic testing program was to assess the weathering behaviour over time 

for a range of waste rock and ore samples representing the different lithological units to be 

encountered over the life of the mine as well as the anticipated variation in Total-S values.11 

The initial kinetic testing program undertaken during 2012-2013 comprised the running of 

18 weathering columns over varying durations (for individual columns) up to 30 weeks. The 

testing duration for a given column was determined by the time from which the column test 

commenced until the establishment of steady time trends in leachate analysis results sufficient 

to inform management-decision making. In the extended kinetic testing program (columns re-

commended in 2014) on Low-S (alunitic) samples from the weathered rock zone, 4 columns 

were run for up to 162 weeks of weathering. 

Static testing results (including multi-element analyses and mineralogical assessment) for the 

samples subjected to kinetic testing are presented in Tables 5 to 7, and shown on Figure 4. 

Leachates produced by the columns were subjected to multi-element analyses, typically with 

detection-limits of 0.1-10 μg/L which is considered appropriate for environmental contexts. 

In addition to the kinetic testing the <2mm fraction and rock chips, the mineralogical work 

included isolation of the <2μm fraction, and treatment with organic solvents and heating to 

varying temperatures, to allow identification of clay minerals (e.g. illites, and regularly 

interstratified smectites/illites).12 

3.1 WASTE ROCK SAMPLES: TOTAL-S < 0.3% 

3.1.1 Initial Testing Program 

The weathering columns run for the Total-S <0.3% samples allowed for an assessment of the 

weathering behaviour of waste rock that would be potentially available for use as material for the 

construction of mine infrastructure, use as free-draining fill, and other applications (e.g. rock-

armouring and bunding) characterised by seasonal wetting and drying (weathering) over the 

longer-term. 

A key feature of the waste rock with Total-S <0.3% from the weathered rock zone is that the S 

occurs primarily as Al/Fe hydroxysulphates (e.g. alunites and jarosites). 

Previous research has shown that the weathering and dissolution of Al/Fe hydroxysulphates in 

waste rock units may 'fix' the pH regime around pH 4, and the resulting acidity levels in solution 

are generally low to moderate (e.g. < 50mg/L as CaCO3, Linklater et al. 2012). Whilst bereft of 

reactive carbonates (e.g. calcites), the Low-S waste rock at the Mine Site is characterised by a 

weathering pH regime near pH 5, primarily due to, in effect, the interaction between Al/Fe 

hydroxysulphates and the smectitic / illitic clays, as discussed below. 

4 weathering columns were run for samples with Total-S <0.1%: 

• Sandstone (GCA10651/53) 

• Crystal tuff (GCA10668/69 and GCA10682/83) 

• Volcanic breccia (GCA10687/91) 

 

 
11 Where composites were employed in the kinetic testing, they correspond to equal-weight-based 

composites of the respective individual samples subjected to static testing (Section 2.0). 
12 Regularly interstratified smectites/illites means that smectite and illite layers in the clay structure 

alternate in a 1:1 proportion overall. 
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3 weathering columns were run for samples with Total-S between 0.1% and 0.2%: 

• Sandstone (GCA10663/64) 

• Crystal tuff (GCA10674/75) 

• Volcanic breccia (GCA10678/79) 

(Note: The above three weathering columns were also included in the extended kinetic testing 

program as discussed in Section 3.1.2). 

The design of the weathering columns was similar to that described in AMIRA (2002), and 

comprised 1.50kg sample beds of either a <2mm, or <5mm particle size material.13 The sample 

height in the columns was c. 50mm and columns were initially flushed with successive 1.00kg 

lots of deionised water to remove pre-existing solutes (Plate 1).14 Following flushing, drying of 

the sample beds occurs under non-isothermal conditions via the use of flood-lamps located 

above the columns (Plate 2). The heat loads applied from the flood-lamps correspond to pan 

evaporation rates of 5-10mm/day, so that drying of the sample beds is both rapid and complete 

(i.e. attainment of residual-moistures).15 The leachates produced from the initial 'pre-rinsing-

cycles' were filtered using a 0.45μm-membrane and preserved for analysis, as were leachates 

generated from the subsequent weathering cycles.16 

Static testing results for the samples subjected to kinetic testing are presented in Tables 5 and 6. 

The tested samples comprised mostly quartz, clays (regularly interstratified smectites/illites, and 

kaolinites), and K-feldspars (Table 7). Manganese typically occupied a sizeable proportion of 

the clay cation exchange complex and attests to the 'pool' of Mn potentially available for 

biogeochemical cycling and leaching during weathering.17 

The pH buffering curves shown on Figure 4 are consistent with dissolution of siderites and 

ankerites. 

In the mineralogical analyses, trace amounts of alunites and jarosites were also identified in the 

samples with Total-S values between 0.1% and 0.2% (Table 7).18  

The analytical results for the leachates produced by the weathering columns are presented in 

Table 8. 

 

 
13 80 W flood-lamps were operated intermittently during the night-time (cf. 100 W flood-lamps operated 

continuously during the day-time [AMIRA 2002]) in order to constrain diurnal and seasonal variations 
in sample-bed temperatures (Campbell 2013; Campbell et al. 2012). 

14 In terms of length-scales employed in the kinetic testing, 1.00kg of applied deionised water corresponds 
to an equivalent 'storm depth' of c. 40-45mm. 

15 Residual-moistures correspond to a 'dry-and-dusty' state. 
16 Due to some of the tested samples being quite clayey, the dried-out sample beds could develop sizeable 

desiccation cracks (Plate 3). When this occurred, the top 5-10mm of the sample beds in the columns 
were chipped using a steel screwdriver, and worked over so that 'short-circuiting' during flushing was 
prevented. A plastic syringe was used to slowly add the 1.00kg lots of deionised water, so that matrix 
flow occurred during flushing thereby enhancing solute elution. 

17 A 1 M-NH4Cl solution was employed to displace exchangeable-cations from the clay exchange complex 
of the samples. It is possible that the dissolution of alunites and jarosites released Mn during extraction 
with 1 M-NH4Cl, so that the 'exchangeable-Mn' values are biased 'on-the-high-side'.  

18 Due to the clay-rich state of the samples, the clay-size fraction was first separated (via dispersion and 
centrifugation), and the 'non-clay fraction' subjected to examination using powder X-ray diffraction with 
long capture times in order to identify the 'trace alunites', in particular (see mineralogical report in 
Annexure 6). 
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The key findings of the kinetic testing and leachate analyses are that: 

a) pH either remains stable when initially above 6, or rapidly increases to 5-6 when 

initially near 4; and, 

b) SO4 and Mn was progressively removed from the columns at decreasing rates. 

Columns GCA10663/64 (sandstone), GCA10674/75 (crystal tuff), and GCA10678/79 (volcanic 

breccia) with Total-S = 0.1-0.2% produced leachate from the initial pre-rinsing step with pH 

values near 4 (Table 8). However, following the commencement of the weathering cycles, the 

Leachate-pH values increased to above pH 5 (Figure 5). Calculations indicate that the initial 

acidity removed from the columns (i.e. before the pH increased above pH 5), was c. 0.02-0.2kg 

CaCO3/tonne. This acidity loading is appreciably less than a typical 'ag-lime' (e.g. crushed-

limestone or limes and) application rate of c. 1-2 tonnes CaCO3 per hectare for raising the pH 

of acidic soils in broad-acre agriculture (Moore et al. 2004).19 Although approximate, these 

estimates place the initial acidity levels of the above waste rock samples into broad perspective. 

The initial Leachate-pH values near 4 are interpreted in terms of the enhanced solubility of 'trace 

alunites' and 'trace jarosites', attributable to the disturbed mineral-surfaces created by sample 

preparation (e.g. crushing). Disturbed mineral surfaces and increased reactivity are also 

expected from blasting, excavation and dumping during mining operations, therefore the ensuing 

'first-flush' of solute release is an important aspect of the early stage, full-scale weathering of 

waste rock (Morin 2013). 

In kinetic testing of samples of waste rock containing alunites and jarosites, Linklater et al. (2012) 

reported Leachate-pH values consistently near 4 over 40 weeks of testing.20 This weathering-pH 

regime was ascribed to dissolution of alunites and jarosites, and precipitation of Al- and Fe(III)-

oxyhydroxide minerals (e.g. gibbsite and goethite).  

In the current work, however, Leachate-pH values initially near 4 increased to near 5 within a 

matter of weeks. This suggests that there is a 'sink' for soluble Al and Fe forms (released from 

the dissolution of alunites and jarosites), so that precipitation of Al- and Fe-oxyhydroxides is 

restricted. The intercalation of (weakly-hydrolysed) Al and Fe forms within the interlayer spaces 

of the interstratified smectites/illites is one possibility (e.g. Al- and Fe-hydroxy-interlayered 

smectites [Wu et al. 2009; Saha et al. 2001]).21 In addition, Al-hydroxysulphate-interlayered 

smectites may form (Singh and Brydon 1970). 

Whatever the exact mechanism(s) involved, the present work indicates that, although there may 

be an initial 'pool' of acidity (viz. pH near 4) in waste rocks with Total-S = 0.1-0.3%, the 

weathering-pH regime stabilises near pH 5. Nonetheless, this 'initial' ‘pool’ of acidity has 

implications for establishing vegetation (Rengel, 2003) where such waste rocks are employed in 

cover profile applications (Section 5.2).22 

 

 
19 The latter application rates equate to c. 1-2kg CaCO3/tonne where the 'ag-lime' is worked into the plough 

layer of c. 0.1m. 
20 The groundmass of the samples tested by Linklater et al. (2012) comprised chiefly quartz, goethites 

and hematites. The actual kinetic testing program undertaken in the study by Linklater et al. (2012) was 
performed in the GCA Testing Laboratory (Bridgetown). 

21 Regularly interstratified smectites/illites were minor-to-major components of samples GCA10663/64, 
GCA10674/75 and GCA10678/79. 

22 Leachates from the pre-rinsing step with pH values near 4 also had Al concentrations within the mg/L 
range, and would include Al-hydroxy species toxic to plant roots. However, Leachate-Al concentrations 
for subsequent weathering cycles were less than 0.01 mg/L for Leachate-pH values of 5+. 
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The 'stabilised' Leachate-SO4 concentrations of 16-45mg/L in the current study (Table 8) are 

similar to the 15-35mg/L reported by Linklater et al. (2012) for 'near-equilibrium' solubility control 

due to alunites. Similar Leachate-SO4 concentrations are to be expected, since the fate of 

soluble SO4 released during alunite dissolution would be minimally affected by the presence of 

smectites/illites (cf. soluble-Al forms). 

By Week 10, Leachate-Mn concentrations had typically decreased to near 1 mg/L, or to less 

than 0.1mg/L (Figure 6). However, for column GCA10678/79, although steadily decreasing, the 

Leachate-Mn concentration was still 5-10mg/L by Week 10. 

3.1.2 Extended Testing Program 

The leachate-analysis results for the extended kinetic testwork program are presented in 

Table 9. 

Initially, the kinetic weathering testing program of the following 3 columns (Total-S = 0.1-0.2%) 

was recommenced following a pre-rinsing step: 

• sandstone (GCA10663/64); 

• crystal tuff (GCA10674/75); and 

• volcanic breccia (GCA10678/79) 

In mid-2014, an additional sandstone column (GCA10664) (Total-S = 0.25%) was added to the 

testing program. The extended kinetic testing program therefore comprised 4 columns in total. 

The extended testing program was based on the non-forced air flow Option B in ASTM D5744-13 

(2013), and employed varying periods between flushing for leachate generation. The sample 

beds in the columns were maintained in a moist state corresponding to a Gravimetric Water 

Content (GWC) within the range 5-10% (w/w) with regular weighing, and misting with deionised 

water to compensate for any water losses via evaporation.23 All weathering columns were stored 

in a constant-temperature room at 20 (+/- 2) °C. To ensure that the sample beds were 

desaturated swiftly following flushing, an oscillating fan was used over the first 1-2 days after 

drainage from flushing was complete with weighing to assess when the above GWC range had 

been attained. Drying with the fan then ceased. 

The variation in Leachate-pH values and Leachate-Mn concentrations for the samples with 

Total-S values of 0.1-0.3% are shown on Figures 7 and 8, respectively. In terms of weathering 

behaviour and trends, the extended testing (to 162 weeks) was characterised by: 

• Leachate-pH values close to pH 5 for the majority of the time, though trending to 

the pH 5.5-6.0 over the latter months of testing (Figure 7); and 

• Leachate-Mn concentrations consistently within the range 1-2mg/L (Figure 8). 

Leachate-SO4 concentrations closely matched those recorded initially, and mass balance 

calculations indicated that a sizeable fraction (e.g. up to c. 60+%) of the Total-S had been 

removed from the columns during the course of the program. 

 

 
23 The tops of the columns were covered with large watch-glasses during weathering to constrain 

evaporative water losses to within the range c. 0.5-1mm/day. 
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Leachate-Acidity values, established via titration with NaOH solution to a ‘pH 8.3’ endpoint, 

typically did not exceed 5 mg/L (as CaCO3), and may be compared with the 1-2mg/L (as CaCO3) 

recorded for the high-purity deionised water (HPDW) added to the columns during flushing.24 

Leachate Al and Leachate-Fe concentrations were invariably below the detection limit of 

0.01mg/L. 

The results of recirculation testing undertaken after almost 12 months of weathering are 

presented in Table 10. This testing corresponds to leachate derived from a given weathering 

column being recirculated through that column up to ten times before being analysed. The results 

of the recirculation testing show conformity with equilibrium solubility control for 'contact-times' 

of-the-order hours, and is similar to the outcomes of related testing reported by Linklater et al. 

(2012) for samples of waste rock containing alunites. 

Leachates generated at an advanced stage of weathering were also subjected to a 'full analysis' 
employing detection-limits for trace elements of 0.1-10μg/L relevant to environmental contexts. 
The results of the analytes are presented in Table 11, and show that, save for Mn, the 
concentrations of trace elements were either below, or close to, the detection limits for the 
respective analytes. 

In summary, over a period of 162 weeks of weathering, the columns containing samples with 
Total-S values between 0.1-0.3% were consistently characterised as having Leachate-pH values 
close to pH 5, and trending towards pH 5.5 over the latter months of testing.25 The Leachate-
acidity values were c. 5 mg/L (as CaCO3) during the early stages of testing, and with Leachate-
Al and Leachate-Fe concentrations less than (or just above) the detection limits of 0.01mg/L. 
Leachate-Mn concentrations were generally 1-2mg/L.  

The results of the extended kinetic testing program therefore indicate that, in terms of the quality 
of 'contact-water', waste rock from the weathered rock zone with Total-S values of 0.1-0.3% can 
be characterised as having a sub-neutral pH, and as being a weak source of SO4 and Mn.  

3.2 WASTE ROCK SAMPLES: TOTAL-S BETWEEN 0.3% AND 0.5% 

The weathering columns run for the waste rock samples having Total-S between 0.3% and 0.5% 

allow assessment of waste rock weathering where 'trace sulphides' (e.g. pyrite and marcasite) 

co-occur with 'trace alunites' and 'trace jarosites'. 

3 columns were run for waste rock with this range in Total-S: 

• crystal tuff (GCA10730/31) 

• laminated tuff (GCA10740/41) 

• volcanic breccia (GCA10706/07) 

As a result of static testing, all samples are classified as PAF (Table 5), and variously enriched 

in Zn, As and Sb (Table 6). The Zn content of GCA10740/41 was 1,400mg/kg. 

The samples comprised mostly quartz, clays (regularly interstratified smectites/illites, and 

kaolinites), and K-feldspars (Table 7). Pyrites and marcasites were trace components. Although 

alunites and jarosites were not identified in the mineralogical study, their presence is inferred 

from the difference between the corresponding Total-S and Cr(II)-Reducible-S values (Table 5). 

 

 
24 The pH value of the HPDW was 5.6 (+/- 0.1-0.2) reflective of equilibration with 'atmospheric-CO2'. 
25 Over the 162 weeks of testing, c. 1,800mm of deionised water had been added to the columns when 

summing over all of the flushing steps undertaken. 
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The weathering columns were run under conditions similar to those for the extended weathering 

of the Low-S samples, as described in Section 3.1.2, except that weathering was conducted in 

an incubator set at 20.0 (+/- 0.1) °C (see Plate 4). Also, for these columns, in order to desaturate 

the sample beds following completion of drainage they were first placed under flood-lamps for 

2-3 nights prior to being put into the incubator.26 

The results of analysis of the leachates produced by the weathering columns are presented in 

Table 8. 

Trends in the Sulphate Release Rates (SRRs) are shown on Figure 9. 

The measured SRRs represent the net outcome of: 

a) SO4 released from the dissolution of 'trace alunites' and 'trace jarosites' 

b) SO4 produced by oxidation of 'trace pyrites, and 'trace marcasites' during the 

weathering cycles 

In simple inorganic chemistry theory, dissolution of Al/Fe-hydroxysulphates should be 

suppressed by SO4 produced from sulphide oxidation (i.e. 'common-ion' effect influencing 

equilibrium solubility control). 

Although variable, the SRRs were 100+ mg SO4/kg/week during the period of testing, and so 

represent a much stronger 'solute-source term', compared with the columns with Total-S < 0.3% 

above with negligible amounts of sulphide minerals. 

Column GCA10730/31 was characterised by Leachate-Mn concentrations of c. 30mg/L by the 

end of the testing period which represents a strong source of soluble-Mn forms. 

In summary, the kinetic testing showed that waste rock with Total-S values within the range 

0.3-0.5% is characterised by behaviour more complex weathering behaviour, especially in terms 

of the solubility of Mn, and to a lesser extent Zn. 
 

3.3 WASTE ROCK AND ORE SAMPLES: TOTAL-S > 0.5% 

The majority of the waste rock and ore expected to be extracted from the proposed open cut pit 

would be characterised by Total-S values greater than 0.5%, though less than 3% (Annexure 3). 

Weathering columns with Total-S >0.5% therefore provide an understanding as to the expected 

weathering behaviour for the bulk of the waste rock placed in the WRE. The kinetic testing results 

correspond to a testing period duration of up to 30 weeks. 

The results for the weathering columns with waste rock and ore sample beds are discussed 

below. It is noted that, due to the nature of the mineralisation within the Mine Site, the overall 

weathering behaviour of the waste rock and the ore is similar.  

2 weathering columns for waste rock with Total-S = 0.6-0.7%, were run: 

• ignimbrite (GCA10053) 

• volcanic breccia (GCA10747/48/49) 

4 weathering columns for waste rocks with Total-S = 1-3%, were run: 

• crystal tuff (GCA10754/55, GCA10043 and GCA10044) 

• ignimbrite (GCA10039) 

 

 
26 The more clayey samples took the longest to dewater to a GWC values within the range 5-10% (w/w), 

as indicated by weighing. 
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1 weathering column for ore with Total-S = 1% was run: 

• ignimbrite/ volcanic breccia (GCA10729/52) 

1 weathering column for low grade ore with Total-S = 1% was run: 

• ignimbrite (GCA10049) 

As a result of static testing, all samples are classified as PAF (Table 5, and Figure 4), and 

variously enriched in Zn, Cd, Pb, Mn, As and Sb (Table 6). The Zn, Pb and Mn contents ranged 

up to 2,400mg/kg, 4,000mg/kg, and 1.4%, respectively. 

The samples comprised mostly of quartz, muscovites, illites, and K-feldspars (Table 7). Pyrites 

and rhodochrosite were typically accessory components. Traces of marcasites, sphalerites and 

galena were also common. Alunites and jarosites are also inferred to occur as trace components 

based on the difference between the respective Total-S and Cr(II)-Reducible-S values (Table 5). 

The same kinetic testing approach presented in Section 3.2 was employed (i.e. samples beds 

unsaturated though constantly moist during the weathering cycles). However, the SRR 

determinations were supplemented with direct measurement of the rate of O2 consumption (see 

below), enabling an assessment of the overall relative contribution of sulphide oxidation to the 

SO4 removed from the columns. The results of the analysis of the leachates produced by the 

weathering columns are presented in Table 8. 

A summary of the results of analysis of the leachate during the final few weeks of testing is 

presented in Table 12. 

The results indicate that the early stage weathering of the waste rock (Total-S >0.5%) would be 

characterised by pH regimes ranging from circum-neutral (pH 6-8) to acidic (pH 3). The 'acidic 

columns' produced acidic leachates from the outset (Figure 10), a process which continued 

throughout the test duration. 

Although most weathering columns produced circum-neutral leachate during the period of 

testing, all weathering columns would eventually acidify with advancing sulphide oxidation. 

During the early stages of weathering within the WRE, contact of local acidic pore fluids with 

circum-neutral waste rock during drainage along flow paths should result in neutralisation 

through buffering by carbonate minerals (e.g. rhodochrosites and ankerites). However, soluble-

Mn forms would result from rhodochrosite dissolution. 

Trends in the SRRs are shown on Figure 11 with the trends in Leachate-Mn and Leachate-Zn 

concentrations shown on Figure 12 for those columns with Total-S values of 1.5-2.6%. 

During 30 weeks of weathering, columns GCA10043 and GCA10044 (both crystal tuff samples) 

were characterised by Leachate-pH values of 5-6, and SRRs which stabilised at approximately 

10mg SO4/kg/week (GCA10043) and 60mg SO4/kg/week (GCA10044). The Leachate Mn and 

Leachate Zn concentrations during the final weeks of testing were 10-20mg/L and 2-3 mg/L, 

respectively, for GCA10043. The corresponding Leachate-Mn and Leachate-Zn concentrations 

for column GCA10044 were near 100 mg/L and 20-30 mg/L, respectively. The major-ion 

chemistry of the leachates produced by column GCA10044 was dominated by MnSO4 and 

ZnSO4. 

The acidic column (GCA10039, ignimbrite) with Leachate-pH values consistently near pH 3, was 

characterised by Leachate-Mn and Leachate-Zn concentrations each c. 10 mg/L during the final 

few weeks of testing. The SRRs for this column exhibited an increasing trend that approached 

100mg SO4/kg/week by Week 30. 
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After the 30 week period of testing, weathering columns GCA10039, GCA10043 and GCA10044 

were placed in sealed acrylic cells for the direct determination of Oxygen Consumption Rates 

(OCRs).27 The OCRs were obtained from the decrease in the O2 concentration in the headspace 

of the cells after a reaction time of 33 days. The OCRs @ 20°C were 6.3 x 10-11kg O2/kg/s 

(GCA10039), 1.4 x 10-11kg O2/kg/s (GCA10043), and 5.4 x 10-11kg O2/kg/s (GCA10044). 

Based on the measured OCRs, calculations indicate that the majority of the SO4 removed from 

the weathering columns by Week 30 was produced from active sulphide oxidation during the 

weathering cycles (cf. dissolution of pre-existing alunites and jarosites). 

Where sulphide oxidation is controlled by the diffusive supply of O2 (e.g. waste rock profile within 

WRE constructed by the bottom-up method [Section 5.3.1]), the measured OCRs suggest that 

the 'O2-diffusion-front' would range up to c. 10m. 

The results for the weathering columns in Table 12 show that Zn solubility (generally) steadily 

increased as pH decreased. However, the pH relationship with Mn solubility was more complex 

(i.e. Mn concentrations of several tens-of-mg/L occurred even in circum-neutral leachates). 

Furthermore, of the weathering columns which produced acidic leachates, the highest Leachate 

Mn (and Zn) concentrations were produced by GCA10044 with Leachate-pH values near 5, and 

not GCA10039 with Leachate-pH values near 3. 

Although the quality of drainage associated with percolation through the WRE would be 

influenced by many factors and would vary over time, the leachate analysis results indicate that 

the ignimbrites, crystal tuffs and volcanic breccias with Total-S >0.5% constitute a strong source 

of soluble forms of Mn and Zn even during lag-phase (i.e. circum-neutral) weathering of these 

PAF units.28 Where circum-neutral pH buffering arises from rhodochrosite dissolution, soluble 

Mn forms are produced, and so amounts, in effect, to a parallel 'buffering' of soluble Mn 

concentrations at the same time. 

Rhodochrosite dissolution, however, is not the only source of soluble Mn, as shown by the Mn 

solubility during weathering for GCA10044 (CO3-C = 0.01%), and GCA10039 (CO3-C < 0.01%) 

(see Table 5). Dissolution of Al/Fe-hydroxysulphates may also be significant source of soluble-

Mn forms, as discussed earlier. 

Other elements also displayed variable solubility during weathering of those samples with Total-

S >0.5% (Table 8). In particular, Leachate As concentrations of 50-60mg/L were recorded for 

the ore sample GCA10729/52. 

Whilst the weathering column containing the LGO sample (GCA10049), produced circum-neutral 

leachate with Mn and Zn concentrations less than 1mg/L, it is anticipated that, had a greater 

number of LGO samples been subjected to kinetic testing, the resulting range in leachate quality 

would be similar to those presented for the waste rock samples in Table 12 with corresponding 

Total-S values.  

 

 
27 After completion of the flushing step to generate the leachates for Week 30, the columns were placed 

under the flood-lamps until the GWC was c. 6-7% (w/w) before being placed in the cells for determining 
OCR (i.e. sample beds desaturated). 

28 The lag-phase weathering of PAF units corresponds to the initial stages of weathering where 
circumneutral buffering ensues invariably via the dissolution of carbonate minerals. 
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4. 2 0 17 -2 01 8  TES T I N G P R OG RA M  O N L OW -S  

( < 0 . 3%)  S A MPL E S F RO M F RE S H RO C K Z ON E   

During 2017-2018, a program of static testing was undertaken specifically to assess the 

geochemical character of Low-S (< 0.3%) samples of waste rock from the fresh rock zone of the 

proposed open cut pit. Low-S samples from the fresh rock zone had not been tested in the 

historical testing programs. 

Interrogation of the geological database of S assays by Bowdens Silver geologists indicated that 

mineable blocks of Low-S varieties from the fresh rock zone are essentially restricted to the 

northern end of the proposed open cut pit. Mining of such Low-S waste rock stands to be a 

useful source of rock for both construction, and decommissioning and closure works. 

A set of samples was selected for testing, and correspond to one transect of drill holes along the 

western edge of the northern end of the proposed open cut pit, and another transect that cuts 

across the northeastern corner, as shown in Annexure 3. The majority of these Low-S samples 

correspond to volcanic breccia that geologically is generally highly siliceous, hard, and durable. 

Initially, 90 samples (as 4m-composite pulps) were tested for Total-S and Total-C, and selected 

composites were also tested for CO3-C. Multi-element assays from the geological database were 

also provided. 

The key results of this initial of this initial 'screening' program are presented in Table 13, and 

shown on Figure 13. 

This testing shows that there are multi-metre runs of volcanic breccia which are characterised 

by: 

• Total-S values almost always less than 0.3%; and 

• CO3-C values ranging up to c. 1%, and though variable, indicate at least 'trace 

carbonates' being fairly common. 

Within individual drill holes, the above S and C values correspond to continuous downhole runs 

ranging from c. 20m to c. 50m. 

The pH-buffering curves (Figure 13) indicate that there is a wide range in the reactivity of the 

carbonates, and reflective of varying contributions from ankerites, rhodochrosites and siderites. 

Table 13 also shows that the Mn content ranges up to c. 0.5-1.0% within the northeastern corner 

of the proposed open cut pit with little correlation between Mn and S contents. Along the western 

edge of the open cut pit, Mn contents range up to 0.2-0.3%. The Mn chiefly reflects the presence 

of rhodochrosite. 

After reviewing the assays for the 90 pulps above, 16 samples (2m-intervals) of diamond drill 

core were subjected to static testing with results presented in Tables 14 to 17. The samples 

were selected on the basis of S, C and Mn contents. 

Of these 16 samples, 13 were classified as NAF, whilst 3 samples were classified as PAF-[Low 

Capacity (LC)], where PAF-[LC] signifies an insufficient reserve of carbonates for neutralisation 

of acid generated by the complete oxidation of the 'trace pyrite'.29 Of these PAF-[LC] samples, it 

should be noted that BD17007_55 had a Total-S value of 0.41% (cf. < 0.3%S). Sample 

 

 
29 PAF-[LC] signifies PAF rock that would produce less than 5 kg H2SO4/tonne of net acidity should all of 

the contained sulphide minerals be completely oxidised. 
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BD17004_48 with a CO3-C value of only 0.04% adjoins intervals in this drill hole with CO3-C 

values around 0.3% (Table 13), and so through mixing during actual mining, acid neutralisation 

of this waste rock would benefit from carbonates in neighbouring intervals. 

The samples subjected to multi-element analysis were variously enriched in Sb, Ag, Cd, and Tl 

(Table 15), though the degree of enrichment was not marked. 

The mineralogical results showed that the groundmass of the tested samples of volcanic breccia 

comprised mostly Na/K-feldspars, quartz and sericites (Table 16). Pyrite occurred as a trace 

component, and the 'trace carbonates' included rhodochrosites, ankerites, dolomites, and 

siderites. 

The water-extraction testwork employed a solid:solution ratio of 1:2 (w/w), and showed that the 

tested sample from drill hole BD17007 was characterised by 'pools' of soluble-Mn forms ranging 

up to c. 30-40mg Mn/kg, when expressed on a dry-solids basis (Table 17). These samples had 

Total-S values of 0.32-0.41%. 

Summarising, the 2017-2018 testing program on Low-S (< 0.3%) samples from the fresh rock 

zone has shown that down-hole runs up to some tens-of-metres of Low-S volcanic breccia 

occurs in the northern end of the proposed open cut pit, located chiefly along the western edge 

and across the northeast corner. The tested samples represent NAF variants of Low-S rock from 

the fresh rock zone. The corresponding groundmass commonly contains at least traces of 

carbonates which includes reactive carbonates such as ankerites and dolomites. However, 

rhodochrosites also occur, and thus where they are active neutralisers for acid produced from 

the oxidation of 'trace pyrite', soluble-Mn forms would result locally. 

Finally, that multi-metre mineable runs of NAF variants of Low-S waste rock within the fresh rock 

zone are restricted within the proposed open cut pit reflects the overall style of mineralisation 

and alteration within the Bowdens deposit (i.e. relatively weak sulphidisation that is pervasive 

across all lithologies, and also related to pervasive occurrences of rhodochrosite). 
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5. T E S TI NG O F SO I L S A MP L ES  

As part of the assessment, 3 composited soil samples, obtained from an auger drilling program 

in 2013, were submitted for testing. Details of this sampling program are presented in 

Annexure 3. 

All samples were classified as NAF, with major/minor element contents either below, or close to, 

those typically recorded for unmineralised soils, regoliths and bedrocks (Tables 18 and 19). The 

clay mineral suites were dominated by kaolinites with subordinate smectites/illites (randomly 

interstratified varieties), and smectites (Table 20). 
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6. M A N A G EM E N T I M PL I C ATI O NS  

6.1 MATERIAL CLASSIFICATION SCHEME 

The testing and analyses completed for this assessment, coupled with the geological 

understanding of the Bowdens deposit and a statistical assessment of S occurrence within the 

waste rock zones (Annexure 3), provides for a sound basis for a 'working model' of waste rock 

geochemistry and geochemical behaviour for the Project. 

However, it is anticipated that, as operations at the mine progress and further knowledge and 

understanding of the geochemistry of the ore, low grade ore and waste rock is developed, this 

model would be regularly reviewed and refined to inform management decisions and actions.  

With respect to the implications for waste rock management, the material classifications and 

terminology detailed below are recommended for the development of mining volumes and 

schedules, handling, and placement.  

To assist in the development of the mining model and waste rock management strategies, it is 

constructive to discuss waste rock geochemistry in terms of two zones within the overall 

geological profile of the proposed open cut pits, namely: 

• Weathered Rock Zone, designated as WZ (Weathered Zone) for brevity; and 

• Fresh Rock Zone, designated as Primary Zone (PZ) 

Although spatially variable, the WZ corresponds nominally to the upper 20-30m of the geologic 

profile. 

It is understood that the information provided below serves as input to the projections of mining 

volumes and schedules for the Project by AMC Consultants Pty Ltd (AMC). 

6.1.1 Weathered Zone 

The following sub-classifications apply to waste rock derived from the weathered zone (WZ): 

• WZ1: Total-S <0.3% 

• WZ2: Total-S ≥0.3% 

Use of the descriptor NAF (i.e. Non-Acid Forming) implies generation of 'contact waters' 

(leachate) from NAF waste rock that is circum-neutral (i.e. pH 6-8) with bicarbonate alkalinities 

within the multi-mg/L range (as CaCO3).  

The WZ1 category captures weathered waste rock that is characterised by traces of Al/Fe-

hydroxysulphates minerals (alunites and jarosites) in a groundmass devoid of carbonates, and 

thus which yield contact waters with pH value of 5, and essentially devoid of bicarbonate 

alkalinity. However, in reality the WZ1 also includes NAF (barren) waste rock that is totally devoid 

of both Al/Fe-hydroxysulphates and sulphides (e.g. pyrite). 

This WZ1 material may be handled as a Run-of-Mine (ROM) operation, and used in site-wide 

applications, such as construction activities, fill, or in cover / rehabilitation profiles. For those 

applications, involving cover/rehabilitation profiles the WZ1 rock would be stockpiled within the 

southern barrier, and exposed to atmospheric conditions (seasonal wetting and drying) until 

required towards the end of the mine life. Where traces of Al/Fe-hydroxysulphates occur, slow 

dissolution would result in a weak source of SO4 and soluble-Mn that would progressively 

weaken further as these minerals are depleted over time. 
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The WZ1 (S <0.3%) material is therefore a source of benign material suitable for use without 

geochemical constraints.  

The WZ2 (S ≥0.3%) is considered reactive (i.e. Potentially-Acid Forming, PAF), and therefore 

requires management strategies to be put in place, such as selective handling, placement and 

isolation, as outlined in Section 5.3. 

6.1.2 Primary Zone 

The following sub-classifications apply to waste rock derived from the primary zone (PZ): 

• PZ1: Total-S ≤0.1% 

• PZ2: Total 0.1% < S <0.3% within the northern section of proposed main open cut 

pit 

• PZ3: Total-S ≥0.3% and Total-S = 0.10-0.30% is areas distant from the northern 

section of the proposed main open cut pit 

Geochemically, the PZ1 category corresponds to NAF waste rock (i.e. generation of 'contact 

waters' that are circum-neutral (pH 6-8) with bicarbonate alkalinities within the multi-mg/L range, 

as CaCO3. However, it is understood that it is unlikely that significant volumes of PZ1 would 

actually be mined during any given stage of mining (i.e. only rare occurrences of mineable, multi-

metre runs of PZ1 waste rock). In practice, this category may therefore become redundant. 

The PZ2 category is NAF, and reflects 'trace pyrite' in a groundmass that is calcareous, albeit 

weakly, overall. Within the northern end of the proposed open cut pit, PZ2 chiefly comprises the 

volcanic breccia unit whose occurrence corresponds to some tens-of-metres in thickness 

vertically, and thus amenable to bulk mining. Within the majority of the primary waste zone, PZ2 

occurs locally in multi-metres runs amenable to selective mining. Within the northern section of 

proposed open cut pit, the carbonate mineral suite comprises typically dolomites and ankerites, 

rhodochrosites are likely more abundant in the locally occurring PZ2 within the bulk primary 

waste rock zone. 

Although this category should not lead to acidification through oxidation of 'trace pyrite', it may 

locally be a source of soluble-Mn forms where 'trace pyrite' slowly oxidises. This source of 

soluble-Mn would be weak, reflective of slow pyrite oxidation, and steadily decrease through 

time as the 'trace pyrite' is progressively decomposed.30 A key attribute of the volcanic breccia 

is its highly siliceous, hard, and durable nature, and thus physically ideal for cladding and 

sheeting works for erosion control for final landforms, safety bund around pit perimeter, etc. 

Material classified as PZ3 is PAF, and therefore requires management strategies such as the 

selective handling, placement, and isolation, as outlined in Section 5.3. 

6.2 MATERIAL FOR CONSTRUCTION USES 

WZ1 material excavated during works prior to commencement of processing operations would 

be variously sourced for construction of the TSF embankment, and other Mine Site 

infrastructure. 

 

 
30 Further work would be needed as the Project progresses to more completely assess options for use of 

PZ2 rock (mostly volcanic breccia) to take as much advantage as possible of its desirable physical 
stability. 
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Based on mine scheduling developed by AMC, it is understood that c. 10 million tonnes of 

material classified as WZ1 would be produced, corresponding to c. 22% of the total tonnage of 

waste rock to be produced.31 WZ1 would primarily (65%) be produced during the early stages of 

the Project (Mining Years 1 – 4) during the mining of benches between 660 m AHD and 

570 m AHD. 

Where the WZ1 material contains trace amounts of Al/Fe-hydroxysulphate minerals, soluble-Mn 

concentrations within the range c. 1-2 mg/L may occur during weathering as these minerals 

slowly dissolve.32 Site wide application of agricultural lime (i.e. crushed limestone), or equivalent, 

is one option for restricting Mn solubility via precipitation reactions (e.g. Zachara et al. 1991). 

Broad scale surface dressing with crushed limestone is an integral method for controlling Mn 

solubility in PAF waste rock at the Martha Mine, New Zealand (Miller 2014). 

Use of agricultural lime within the Mine Site for controlling Mn solubility would require the 

establishment of agricultural lime stockpiles on site for use, as required. Methods and rates of 

application should be developed with site experience, and periodically reviewed and revised, 

where required. 

Ideally, rock material (Total-S <0.1%) should be separately stockpiled, where practicable within 

the southern barrier. As an added safeguard, agricultural lime should be applied both to the outer 

surfaces of the southern barrier, and the ground in the immediate vicinity of this barrier, in order 

to constrain Mn concentrations in runoff. Ensuring that the outer-most section of the southern 

barrier has a Mn content less than c. 1,000mg/kg should ensure that Mn concentrations in 

'contact waters' are within the sub-mg/L range initially, and steadily decreasing over time. 

Though restricted to the northern end of the proposed open cut pit, NAF PZ2 rock (predominantly 

volcanic breccia) constitutes a valuable source of chunky, hard, durable rock for cladding and 

armouring works, and other applications where exposure to seasonal wetting and drying would 

occur over the longer term. Further, this material would mainly be produced beyond the initial 

stages of the Project (i.e. Mining Years 4 – 12), and thus its timing of mining is well suited to 

construction demands as the Mine advances and matures. 

Though the NAF PZ2 rock would be characterised by circum-neutral weathering, soluble-Mn 

concentrations in contact waters may, on occasions, be locally within the low mg/L range, as 

governed by the slow oxidation of contained 'trace pyrite', and water flow regime attendant with 

varying amounts of rainfall (i.e. dilution effects being significant for major wet-spells). Further 

work would be needed as the mine advances to refine how the PZ2 rock is to be best utilised in 

specific applications.  

Given the hard, durable nature of the highly siliceous volcanic breccia, screening to +50mm is 

one option to consider, since this would remove the 'rock fines' fraction which is the main seat 

of weathering reactions, and thus potential soluble-Mn release, on surface area grounds. It might 

also prove useful to demarcate sub-variants of the PZ2 mining stream based on Mn content (e.g. 

adoption of 0.1% Mn as a cut-off between 'Low-Mn' and 'High-Mn' sub-variants of the PZ2 rock). 

The logistic, economics, and indicative volumes of such Mn-based sub-variants would need to 

be determined to allow assessment of the best way to make use of the volcanic breccia with its 

desirable physical stability. 

 

 
31 Information Source: Email of 30th March 2017 from Mr Adrian Jones of AMC. 
32 Soluble-Mn concentrations would necessarily decrease to within the sub-mg/L range as the AlFe-

hyroxysulphates, and/or 'trace rhodochrosites' are deleted through progressive dissolution. 
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6.3 MATERIAL REQUIRING SPECIFIC MANAGEMENT 

6.3.1 General 

Waste rock in categories WZ2 and PZ3 is reactive (PAF), and thus needs to be isolated and 

encapsulated within the WRE. The tailings are also reactive (PAF) [Annexure 2], and thus also 

need to be encapsulated upon decommissioning of the TSF. 

The reactive (PAF) WZ2 and PZ3 waste rock typically have Total-S values ranging up to 2-3% 

(at the metre scale), and are characterised by weathering lag-times ranging from 'near-zero' (i.e. 

essentially acidic rock upon excavation), to several months. Based on the samples subjected to 

kinetic testing (Table 12), lag-phase weathering over some months seems more common. 

Irrespective of the stage of weathering and the prevailing pH regime, these reactive (PAF) 

materials constitute a strong source of soluble Mn. The sources of Mn include the dissolution of 

rhodochrosites and other Mn-bearing minerals (e.g. Mn(II)) incorporated in jarosites and 

alunites). Release of soluble Zn forms may also be significant during lag phase weathering, 

especially for material with Total S <1%. 

Illitic clays are prevalent throughout the groundmass of waste rock within the Mine Site, and 

locally include interstratified smectite/illite forms. Following wetting-up of the waste rock profile 

in the WRE, pyrite oxidation within the clayey fine (<2mm) fractions of waste rock would be 

suppressed by being near saturated, thus reaction rates limited by oxygen diffusion. At the 

'micro-scale', surface armouring of pyrite by the attachment of clays, and the resulting retardation 

of oxidation rates, may also occur.33 

In terms of the geochemical behaviour of the reactive (PAF) waste rock, and thus implications 

for management strategies, all lithologies (viz. ignimbrites, crystal tuffs, and volcanic breccias) 

are essentially identical.  

Based on the mining schedule for the Project prepared by AMC, it is understood that, during the 

early years of the Project, waste rock with Total-S ≥0.3% (WZ2 and PZ3) would be dominated 

by ignimbrites over crystal tuffs (and laminated tuffs) with sub-ordinate volcanic breccias. 

However, during the later years of the Project, crystal tuffs would predominate, since at depth 

these units generally occur beneath the ignimbrites within the waste rock zones of the proposed 

open cut pit. 

6.3.2 Waste Rock Emplacement 

Central to the management of the reactive (PAF) waste rock produced during the Project is the 

construction and development of the WRE whereby pervious, preferential drainage pathways 

(resulting from segregation of larger cobbles and boulders), which would lead to rapid, deep 

infiltration via channel flow, is prevented (Miller 2014). Such pathways are conduits for rapid 

ingress of air and water, which enhance sulphide oxidation rates and the generation of leachate, 

and where interconnected over several tens-of-metres (e.g. between adjoining lifts), advance 

geochemical weathering processes throughout the waste rock profile.  

Management of reactive (PAF) waste rock requires the placement of low permeability material 

over the footprint of the WRE. This low permeability basal layer needs to be designed to intersect 

and direct vertical and horizontal drainage to drainage control infrastructure of sufficient design 

capacity. Such internal drainage control is required to prevent seepage to groundwater beneath 

the WRE and surface discharge to downstream watercourses.  

 

 
33 Armouring of pyrite surfaces by clays (including illites) derived from tuffaceous waste rock was inferred 

to be effective in reducing oxidation rates in laboratory kinetic testing reported by Pearce (2014). 
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Preliminary WRE design (Advisian, 2020a) identifies that the WRE would be developed in a 

staged fashion via cells and using methods suitable for the management of PAF waste rock (e.g. 

bottom-up method of lift construction via paddock dumping).  

In addition, the preliminary WRE design (Advisian, 2020a) incorporates the progressive cell 

development via a series of 10m lifts comprised of 2m layers. Each of these layers would be 

compacted during WRE development. Since the crystal tuffs should predominate over the 

ignimbrites during the later years of the Project, the layers of lifts constructed as construction of 

the WRE matures should be relatively 'fines-enriched'. 

Construction of the WRE via the bottom-up method means that sulphide oxidation overall should 

be limited by the diffusive supply of O2 (cf. convective air flow through preferential pathways). 

The kinetic testing results indicate that the reach of the O2 diffusion-front within the active WRE 

should be to a profile depth of c. 10m. Over time, as 'fines-enriched' layers wet-up to relative 

saturations of >80%, rates of sulphide oxidation would be further limited by the O2 supply. At 

WRE decommissioning, following reprofiling, recontouring and sheeting works, sulphide 

oxidation would be also limited by the infiltration-control final cover system (e.g. store-and-

release cover system). 

6.4 LOW-GRADE ORES 

A low-grade ore (LGO) stockpile would be developed in stages predominantly to the east of the 

processing area and would overlie a section of the WRE as it develops into the later stages of 

the mining operation. It is understood that, at the conclusion of mining and processing 

operations, stockpiled low grade ore would either have been processed, or capped in a method 

similar to the WRE and incorporated into the final WRE landform.  
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Plate 1 Pre-rinsing Treatment at Commencement of 

Kinetic Testing of Waste Rock and Ore 

Samples 

 Pre-rinsing undertaken to elute pre-existing 

solutes in dry, crushed samples packed into 

columns 

Plate 2 Kinetic Testing Set-up Based on 

AMIRA (2002) 

 Power of flood-lamps and operational 

procedures to constrain diurnal 

temperature variations, especially as 

residual moistures are approached 

during drying phase, are described in 

Campbell et al. (2012). 

 

 

Plate 3 Desiccation Cracking During Drying of 

Clayey Samples 

 Prior to addition of deionised water for the 

flushing step the top 5-10 mm of the cracked, 

dried sample-beds were chipped back using a 

steel screwdriver, and worked-over so that 

'short-circuiting' during flushing was prevented. 

Plate 4 Kinetic Testing Set-up Based on ASTM D5744-13 

(2013), Option B (No Forced Air Flow) 

Weathering Columns in incubator @ 20°C after being 
dewatered, following flushing step, to a gravimetric water 
content (GWC) value of c. 5-10% (w/w) via either flood-
lamps, or an oscillating fan at room temperature, over the 
course of 1-2 days. Tops of columns covered with large 
watch glasses to reduce evaporative drying in incubator, 
and every few days deionised water misted onto sample-
beds to readjust GWC, as required. See Campbell (2013). 
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Figure 1 pH-Buffering Curves for Selected Waste Rock Samples (Total-S = 0.3-0.6%) 

 
 

Figure 2 pH-Buffering Curves for Selected Waste Rock Samples (Total-S = 0.9-1.7%) 
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Figure 3 pH-Buffering Curve for Low grade ore Sample 

 
 

Figure 4 pH-Buffering Curves for Selected Columns 
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Figure 5 Variation in Leachate-pH Values for Columns (Total-S < 0.1% and 

Total-S = 0.1-0.2%) 

 
 

Figure 6 Variation in Leachate-Mn Concentrations for Columns 

(Total-S < 0.1% and Total-S = 0.1-0.2%) 
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Figure 7 Variation in Leachate-pH Values for Extended Weathering of Low-S (Alunitic) 

Samples (0.1% < S < 0.3%) from Weathered Rock Zone 
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Figure 8 Variation in Leachate-Mn Concentrations for Extended Weathering of Low-S 

(Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone  
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Figure 9 Variation in Sulphate Release Rates for Columns (Total-S = 0.4-0.5%) 

 
 

Figure 10 Variation in Leachate-pH Values for Columns (Total-S = 1-3%) 
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Figure 11 Variation in Sulphate Release Rates for Columns (Total-S = 1-3%) 

 
 

Figure 12 Variation in Leachate-Mn and Leachate-Zn Concentrations for Columns 

(Total-S = 1-3%) 
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Figure 13 pH-Buffering Curves for Low-S Samples from Fresh Rock Zone 

(4m Composite Pulps, 2017-2018) 
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Table 1 
  

Results of Static Testing to Assess Acid-forming Characteristics of Waste Rock Samples 
Page 1 of 4 

GCA- 

Sample No. 

Site- 

Sample 

No. 

Drill hole and 

Down-hole interval 

(m) 

Depth below 

Ground level (m) Lithology pH-(1:2) 

EC-(1:2) 

[mS/cm] 

Total-S (%) 
SO4-S 

[Na2CO3] 

(%) 

Sulphide-S 
Cr(II)- 

Reducible

- S (%) 

Total-C 

(%) 

CO3-C 

(%) 

Bulk-

ANC NAPP 

NAG-

(pH 7.0) 

NAG-pH 

ANC / 

MPA 

Ratio 

AFP 

Category 

Site 

Database 

This 

Study 

[Total-S] - 

[SO4-S] (%) kg H2SO4/tonne 

Samples with Total-S < 0.3% 

GCA10651 B000681 BD12009, 4-5 4.5 sandstone 5.3 0.11 <0.01 0.02 0.02 <0.01  0.02 0.01 1 (1) nc 0.7 6.6 nc NAF 

GCA10652 B000685 BD12009, 8-9 8.5  5.0 0.092 <0.01 0.02 <0.01 0.02  0.02 0.01 1 nc <0.5 6.5 nc NAF 

GCA10676 B000688 BD12009, 11-12 11.5  4.6 0.27 <0.01 0.04 0.04 <0.01  0.06 0.01 <1 nc 0.7 5.5 nc NAF 

GCA10677 B000692 BD12009, 15-16 15.5  4.4 0.23 <0.01 0.05 0.04 0.01  0.05 0.01 1 nc <0.5 5.8 nc NAF 

GCA10653 B000864 BD12010, 5-6 4.7 

 

5.2 0.054 <0.01 <0.01 <0.01 <0.01  0.02 <0.01 1 nc 0.9 6.2 nc NAF 

GCA10654 B000868 BD12010, 9-10 8.2 4.9 0.10 <0.01 <0.01 0.01 <0.01  0.02 <0.01 1 nc 0.9 6.0 nc NAF 

GCA10655 B000873 BD12010, 14-15 12.6 4.6 0.082 <0.01 0.02 0.02 <0.01  0.01 <0.01 1 nc 0.9 5.8 nc NAF 

GCA10656 B001043 BD12011, 4-5 3.9 

 

4.6 0.027 <0.01 0.02 <0.01 0.02  0.07 0.04 1 nc 0.7 5.6 nc NAF 

GCA10657 B001048 BD12011, 9-10 8.2 4.6 0.073 <0.01 <0.01 <0.01 <0.01  0.04 0.02 1 nc 0.7 5.7 nc NAF 

GCA10658 B001053 BD12011, 14-15 12.6 4.3 0.068 <0.01 0.02 0.02 <0.01  0.02 0.01 <1 nc 1.0 5.4 nc NAF 

GCA10660 B012245 BRC12089, 7-8 7.5 
 

4.8 0.15 <0.01 0.02 <0.01 0.02  0.06 0.01 3 nc 0.9 6.3 nc NAF 

GCA10661 B012248 BRC12089, 10-11 10.5 4.8 (4.8) 0.17 (0.17) <0.01 0.02 <0.01 0.02  0.07 0.01 4 nc 1.0 6.1 nc NAF 

GCA10662 B001251 BD12012, 5-6 4.7 

 

4.3 0.15 0.10 0.07 0.04 0.03  0.08 0.06 <1 nc 1.5 4.6 nc NAF 

GCA10663 B001260 BD12012, 14-15 12.6 4.1 0.085 <0.01 0.02 <0.01 0.02  0.03 0.02 <1 nc 1.4 4.8 nc NAF 

GCA10664 B001266 BD12012, 20.0-21.3 17.9 4.1 0.11 0.30 0.25 0.22 0.03  0.06 0.04 <1 nc 2.3 4.2 nc UC-(NAF) 

GCA10684 B009979 BRC12072, 7-8 7.5  5.4 0.27 <0.01 0.04 0.02 0.02  0.06 0.02 2 nc 0.7 5.7 nc NAF 

GCA10685 B009986 BRC12072, 13-14 13.5  7.7 0.42 <0.01 0.04 0.02 0.02  0.10 0.08 10 nc <0.5 8.1 nc NAF 

GCA10665 B000695 BD12009, 18-19 18.5 crystal tuff 4.1 0.25 <0.01 0.05 0.05 <0.01  0.02 0.02 1 nc 1.2 5.0 nc NAF 

GCA10666 B000701 BD12009, 23-24 23.5  4.2 0.46 <0.01 0.11 0.09 0.02  <0.01 <0.01 2 nc 1.2 4.9 nc NAF 

GCA10668 B001068 BD12011, 29-30 25.5 

 

4.5 0.096 <0.01 0.02 0.02 <0.01  <0.01 <0.01 1 nc 1.5 (1.2) 5.1 (5.1) nc NAF 

GCA10669 B001071 BD12011, 32-33 28.1 4.8 0.045 0.10 0.04 0.02 0.02  0.06 0.06 1 nc 1.2 4.9 nc NAF 

GCA10670 B001073 BD12011, 34-35 29.9 4.0 0.13 0.10 0.15 0.14 0.01  0.01 <0.01 2 nc 2.2 4.5 nc NAF 

GCA10671 B012258 BRC12089, 19-20 19.5 

 

5.5 (5.6) 0.084 (0.096) <0.01 0.02 <0.01 0.02  0.10 0.07 2 nc <0.5 5.9 nc NAF 

GCA10672 B012262 BRC12089, 22-23 22.5 5.3 0.14 <0.01 0.04 <0.01 0.04  0.11 0.10 3 (3) nc 0.7 5.9 nc NAF 

GCA10673 B012265 BRC12089, 25-26 25.5 6.3 0.076 <0.01 0.02 <0.01 0.02  0.50 0.45 10 nc <0.5 7.3 nc NAF 

GCA10674 B001278 BD12012, 31-32 27.3  4.3 0.23 0.20 0.15 0.14 0.01  0.01 <0.01 4 nc 1.7 4.7 nc UC-(NAF) 

GCA10675 B001282 BD12012, 35-36 30.7  5.0 0.14 0.10 0.02 <0.01 0.02  <0.01 <0.01 6 nc 0.7 5.8 nc NAF 

GCA10667 B000887 BD12010, 28-29 24.7 ignimbrite 4.4 0.19 0.10 0.05 0.05 <0.01  0.03 <0.01 2 nc 0.7 5.3 nc NAF 

GCA10681 B001289 BD12012, 41-42 35.9 

 

4.7 (4.7) 0.12 (0.13) 0.10 0.08 0.02 0.06  <0.01 <0.01 7 nc <0.5 4.6 nc NAF 

GCA10682 B001291 BD12012, 43-44 37.7 5.7 0.11 0.10 0.07 <0.01 0.07  0.64 0.63 12 nc <0.5 6.7 nc NAF 

GCA10683 B001294 BD12012, 46-47 40.3 6.1 0.13 0.10 0.03 <0.01 0.03  0.54 0.53 13 nc <0.5 7.1 nc NAF 

GCA10700 B010726 BRC12077, 10-11 10.5  5.7 0.032 <0.01 0.04 0.03 0.01  0.03 <0.01 1 nc <0.5 5.8 nc NAF 

GCA10701 B010733 BRC12077, 17-18 17.5  5.8 (5.7) 0.062 (0.057) 0.10 0.04 0.03 0.01  0.03 <0.01 1 nc <0.5 (0.9) 5.8 (5.8) nc NAF 

GCA10678 B001272 BD12012, 26-27 22.9 volcanic breccia  4.3 0.80 0.10 0.19 0.20 <0.01  0.02 <0.01 3 nc 1.4 4.6 nc UC-(NAF) 
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Samples with Total-S < 0.3% (Cont’d) 

GCA10679 B001273 BD12012, 27-28 23.8  4.4 1.3 0.20 0.24 0.22 0.02  <0.01 <0.01 4 nc 1.2 4.7 nc UC-(NAF) 

GCA10680 B001274 BD12012, 28-29 24.7  4.5 0.75 0.10 0.14 0.13 0.01  0.02 <0.01 3 nc 0.9 4.9 nc NAF 

GCA10686 B009993 BRC12072, 20-21 20.5  6.5 0.30 0.10 0.10 0.03 0.07  0.11 0.09 6 nc 0.9 (<0.5) 5.7 (5.7) nc NAF 

GCA10687 B009995 BRC12072, 22-23 22.5  7.8 0.22 0.10 0.05 <0.01 0.05  0.46 0.44 25 nc <0.5 8.7 nc NAF 

GCA10690 B006184 BRC12036, 18-19 18.5 
 

7.4 0.097 <0.01 0.02 <0.01 0.02  0.07 0.04 5 nc <0.5 7.0 nc NAF 

GCA10691 B006189 BRC12036, 23-24 23.5 7.9 (7.9) 0.15 (0.14) 0.10 0.05 0.01 0.04  0.42 0.40 24 nc <0.5 9.1 nc NAF 

GCA10692 B006592 BRC12038, 10-11 10.5  7.4 0.099 <0.01 0.02 <0.01 0.02  0.06 0.05 6 nc <0.5 7.0 nc NAF 

GCA10693 B006429 BRC12037, 28-29 28.5 
 

7.9 0.097 <0.01 0.02 <0.01 0.02  0.25 0.22 12 nc <0.5 8.4 nc NAF 

GCA10694 B006438 BRC12037, 37-38 37.5 7.6 0.15 0.10 0.10 <0.01 0.10  0.35 0.33 15 (15) -11 <0.5 8.7 >2 NAF 

GCA10705 61904 BRC12040, 27-30 28.5  6.7 1.1 0.27 0.29 0.08 0.21  0.20 0.14 15 -8.5 <0.5 6.9 >2 NAF 

GCA10715 61914 BRC12071, 6-11 8.5 laminated tuff 5.7 0.83 0.04 0.03 0.03 <0.01  0.04 0.01 3 nc <0.5 6.6 nc NAF 

GCA10716 61915 BRC12071, 11-16 13.5  5.1 0.41 0.02 0.03 0.02 0.01  0.05 <0.01 3 nc <0.5 6.3 nc NAF 

GCA10717 61916 BRC12071, 16-21 18.5  6.5 0.34 <0.01 0.02 0.02 <0.01  0.04 <0.01 7 nc <0.5 7.0 nc NAF 

GCA10723 61922 BRC12036, 1-6 3.5  5.1 0.13 <0.01 0.02 0.02 <0.01  0.06 0.02 4 nc <0.5 7.1 nc NAF 

GCA10724 61923 BRC12036, 6-11 8.5  5.8 0.12 <0.01 0.01 <0.01 0.01  0.03 <0.01 4 nc <0.5 7.8 nc NAF 

GCA10695 B006171 BRC12036, 7-8 7.5  5.8 0.086 <0.01 0.01 <0.01 0.01  0.02 <0.01 4 nc <0.5 6.8 nc NAF 

GCA10696 B006177 BRC12036, 12-13 12.5  6.2 0.19 0.10 0.05 0.03 0.02  0.08 0.05 6 nc <0.5 6.5 nc NAF 

GCA10697 B007096 BRC12041, 10-11 10.5 ignimbrite lithic tuff 6.5 0.033 <0.01 0.02 <0.01 0.02  0.04 0.01 1 nc <0.5 6.8 nc NAF 

GCA10698 B007105 BRC12041, 18-19 18.5  6.5 0.049 <0.01 0.04 0.02 0.02  0.05 0.04 1 nc <0.5 6.6 nc NAF 

GCA10699 B007117 BRC12041, 30-31 30.5  5.8 0.097 0.10 0.11 0.07 0.04  0.04 0.02 1 nc 1.4 4.6 nc NAF 

Samples with Total-S = 0.3-1.0% 

GCA10702 61901 BRC12039, 13-18 15.5 volcanic breccia  6.8 0.46 0.46 0.50 (0.51) [0.47] 0.05 0.46 0.31 0.26 0.23 19 (16) -0.3 <0.5 (<0.5) 7.3 (7.5) 1.0 PAF 

GCA10703 61902 BRC12039, 21-25 23  6.1 0.60 0.43 0.47 [0.45] 0.13 0.34 0.23 0.30 0.24 10 4.4 <0.5 7.2 <1 PAF 

GCA10704 61903 BRC12040, 24-27 25.5  6.1 1.2 0.37 0.40 [0.41] 0.09 0.31 0.24 0.20 0.14 11 1.6 <0.5 5.6 <1 PAF 

GCA10706 61905 BRC12072, 30-33 31.5  6.5 0.56 0.53 0.53 [0.53] 0.06 0.47 0.36 0.11 0.05 10 6.2 6.1 (4.9) 4.3 (4.1) <1 PAF 

GCA10707 61906 BRC12072, 33-37 35  7.1 0.59 0.50 0.51 [0.47] 0.06 0.45 0.32 0.38 0.32 19 -3.3 <0.5 7.3 1.2 PAF 

GCA10708 61907 BRC12072, 49-53 51  4.6 0.72 0.75 0.78 [0.72] 0.12 0.66 0.50 0.11 0.08 7 17 9.0 3.7 <1 PAF 

GCA10744 B001100 BD12011, 58-59 50.7  6.6 0.55 0.70 0.47 [0.42, 0.42] <0.01 0.47 0.47 0.34 0.32 12 2.4 1.4 (1.5) 4.7 (4.8) <1 PAF 

GCA10745 B001101 BD12011, 59-60 51.5  6.7 0.36 0.40 0.38 [0.38] <0.01 0.38 0.29 0.19 0.16 10 1.7 <0.5 7.1 <1 PAF 

GCA10746 B001102 BD12011, 60-61 52.4  6.7 0.20 0.40 0.46 [0.38] <0.01 0.46 0.29 0.12 0.11 8 6.1 0.7 (<0.5) 6.2 (6.0) <1 PAF 

GCA10747 B001104 BD12011, 62-63 54.1  7.9 0.16 0.50 0.57 [0.55] <0.01 0.57 0.46 0.42 0.40 14 3.5 <0.5 (<0.5) 7.1 (6.7) <1 PAF 

GCA10748 B001105 BD12011, 63-64 55  7.2 0.17 0.40 0.46 <0.01 0.46 0.24 0.11 0.08 7 7.1 2.0 (1.7) 4.7 (4.6) <1 PAF 

GCA10750 B001107 BD12011, 65-66 56.7  7.3 0.16 0.60 0.51 [0.49] 0.03 0.48 0.39 0.35 0.33 18 -2.3 <0.5 7.1 1.1 PAF 

GCA10751 B001108 BD12011, 66-67 57.6  6.7 0.18 0.90 1.0 [0.84] 0.04 0.96 0.71 0.14 0.11 7 24 8.7 3.4 <1 PAF 

GCA10753 B001110 BD12011, 68-69 59.3  6.3 0.21 0.40 0.40 [0.38] <0.01 0.40 0.29 0.02 <0.01 3 9.3 6.3 3.7 <1 PAF 

GCA10712 61911 BRC12072, 59-64 61.5 crystal tuff 5.4 (5.4) 1.5 (1.5) 0.76 0.77 [0.79] 0.10 0.67 0.54 0.28 0.23 9 16 <0.5 (1.8) 5.7 (5.7) <1 PAF 

GCA10713 61912 BRC12072, 64-69 66.5  6.0 0.70 0.72 0.78 [0.74] 0.10 0.68 0.39 0.41 0.38 20 3.4 <0.5 (1.2) 6.5 (6.6) <1 PAF 
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GCA10719 61918 BRC12071, 35-40 37.5  7.8 0.33 0.52 0.50 [0.51] 0.03 0.47 0.39 0.29 0.24 21 -5.3 <0.5 (<0.5) 7.9 (8.1) 1.3 PAF 

GCA10720 61919 BRC12071, 40-45 42.5  7.5 0.25 0.56 0.57 [0.54] 0.02 0.55 0.38 0.17 0.10 10 7.5 3.2 (2.8) 4.5 (4.1) <1 PAF 

GCA10721 61920 BRC12071, 45-50 47.5  8.0 0.23 0.56 0.57 [0.54] 0.02 0.55 0.39 0.31 0.22 22 -4.5 <0.5 8.3 1.2 PAF 

GCA10722 61921 BRC12071, 50-55 52.5  7.9 (7.9) 0.28 (0.19) 0.44 0.34 <0.01 0.34 nm 0.77 0.73 41 -30 <0.5 8.4 >2 NAF 

GCA10730 61929 BRC12067, 3-7 5  4.9 0.21 0.50 0.49 [0.49] 0.45 0.04 <0.01 0.06 0.04 <1 15 <0.5 5.0 <1 PAF 

GCA10731 61930 BRC12067, 8-13 10.5  3.7 0.61 0.40 0.48 0.10 0.38 0.31 0.04 <0.01 <1 15 8.2 3.3 <1 PAF 

GCA10732 61931 BRC12067, 13-18 15.5  5.8 0.44 0.50 0.54 [0.50] 0.04 0.50 0.33 0.29 0.22 10 6.6 <0.5 (<0.5) 6.4 (6.5) <1 PAF 

GCA10042 30454 BGD029, 37-38 37.4  6.2 0.23 - 0.92 0.02 0.90 nm 0.63 0.05 20 8.2 7.9 4.1 <1 PAF 

GCA10740 B000014 BD12001, 12.3-13.0 12.75 laminated tuff 5.9 0.31 0.50 0.45 [0.45] 0.02 0.43 0.34 0.13 0.10 9 4.8 1.2 5.6 <1 PAF 

GCA10741 B000015 BD12001, 13-14 13.5  7.0 0.16 0.40 0.35 [0.37] 0.02 0.33 0.08 0.12 0.09 6 5.4 1.0 5.6 <1 PAF 

GCA10742 B000016 BD12001, 14.0-14.8 14.4  7.9 (8.1) 0.19 (0.18) 0.40 0.67 [0.60] 0.04 0.63 0.34 0.22 0.20 13 7.6 <0.5 (1.2) 6.8 (6.9) <1 PAF 

GCA10709 61908 BRC12072, 37-42 39.5 ignimbrite 7.5 0.56 0.30 0.31 [0.30] 0.04 0.27 0.23 0.37 0.32 23 -13 <0.5 7.7 >2 NAF 

GCA10710 61909 BRC12072, 42-47 44.5  7.8 0.51 0.40 0.38 [0.37] 0.04 0.34 0.30 0.47 0.42 24 -12 <0.5 8.3 2.0 NAF 

GCA10718 61917 BRC12071, 23-28 25.5  6.2 1.2 0.54 0.53 [0.53] 0.03 0.50 0.28 0.21 0.15 13 3.2 <0.5 (<0.5) 5.5 (5.4) <1 PAF 

GCA10725 61924 BRC12094, 0-4 2  4.6 0.15 0.35 0.30 [0.33] 0.24 0.06 0.06 0.05 <0.01 <1 11 1.8 4.5 <1 PAF 

GCA10726 61925 BRC12094, 4-8 6  3.7 0.34 0.63 0.64 [0.60] 0.20 0.44 0.33 0.05 0.01 <1 20 9.5 3.4 <1 PAF 

GCA10047 31871 BGD042, 84-85 84.2  5.1 0.34 - 0.73 0.03 0.70 nm 0.19 0.01 13 9.4 1.5 4.0 <1 PAF 

GCA10050 31926 BGD042, 134-135 134  5.9 0.43 - 0.93 0.03 0.90 nm 0.31 0.01 16 13 9.8 3.2 <1 PAF 

GCA10051 31927 BGD042, 135-136 135  6.1 0.29 - 0.86 0.02 0.84 nm 0.21 <0.01 17 9.4 <0.5 8.7 <1 PAF 

GCA10052 31929 BGD042, 137-138 137  5.0 0.50 - 0.76 0.04 0.72 nm 0.22 0.01 15 8.3 5.6 3.6 <1 PAF 

GCA10053 31930 BGD042, 138-139 138  5.7 (5.6) 0.34 (0.33) - 0.67 0.03 0.64 nm 0.25 0.01 20 0.6 2.0 (2.7) 4.2 (4.1) <1 PAF 

GCA10738 61937 BRC12088, 25-29 27 sandstone 4.8 0.11 <0.01 0.51 [0.53] 0.46 0.05 0.03 0.04 <0.01 <1 17 2.3 4.5 <1 PAF 

GCA10739 61938 BRC12088, 36-38 37  4.1 0.38 0.70 0.57 [0.39] 0.57 <0.01 0.01 0.14 <0.01 <1 18 1.8 4.7 <1 PAF 

Samples with Total-S > 1% 

GCA10733 61932 BRC12054, 13-18 15.5 crystal tuff 3.6 0.34 1.98 1.7 [1.9] 0.21 1.6 1.1 0.06 <0.01 <1 59 38 2.7 <1 PAF 

GCA10734 61933 BRC12054, 18-23 20.5  3.5 0.35 2.36 2.3 [2.5] 0.11 2.2 1.4 0.07 0.03 <1 77 56 2.5 <1 PAF 

GCA10736 61935 BRC12054, 28-33 30.5  5.6 0.82 1.46 1.5 0.05 1.5 nm 0.44 0.39 7 39 15 3.2 <1 PAF 

GCA10754 B001301 BD12012, 52-53 45.5  7.6 0.21 1.6 1.6 [1.7] 0.02 1.6 1.1 0.85 0.81 29 24 12 3.1 <1 PAF 

GCA10755 B001303 BD12012, 53-54 46.3  7.6 0.24 1.2 1.2 0.03 1.2 1.0 0.84 0.78 40 -3.2 <0.5 (1.0) 5.4 (5.1) 1.1 PAF 

GCA10756 B001304 BD12012, 54-55 47.2  8.2 (8.2) 0.14 (0.14) 1.2 0.93 [0.80] 0.02 0.91 0.06 1.6 1.4 61 -32 <0.5 8.7 >2 NAF 

GCA10041 30451 BGD029, 34-35 34.4  5.6 0.33 - 2.2 0.05 2.2 nm 0.53 0.04 25 43 39 2.7 <1 PAF 

GCA10043 30458 BGD029, 39-40 39.4  6.3 0.39 - 1.9 0.03 1.9 1.4 0.76 0.07 21 38 23 3.1 <1 PAF 

GCA10044 30475 BGD029, 55-56 55.3  5.0 0.42 - 2.6 0.06 2.6 1.8 0.32 0.01 19 61 47 2.6 <1 PAF 

GCA10045 30476 BGD029, 56-57 56.3  5.0 0.72 - 5.2 0.08 5.2 nm 0.41 0.03 28 140 89 2.4 <1 PAF 

GCA10046 30488 BGD029, 65-66 65.2  5.1 0.81 - 3.3 0.08 3.3 nm 0.29 0.02 17 84 59 2.5 <1 PAF 

GCA11075 B000325 BD12004, 108-109 94  6.1 0.50 1.2 1.6 0.02 1.6 nm 0.57 0.53 16 33 13 3.1 <1 PAF 

GCA11076 B000513 BD12006, 85-86 85.5  6.1 0.29 1.4 1.2 0.02 1.2 nm 0.25 0.22 7 30 21 2.9 <1 PAF 

GCA11077 B000703 BD12009, 25-26 25.5  3.8 1.7 1.5 1.3 0.02 1.3 nm 0.02 <0.01 -3 43 12 3.0 <1 PAF 

GCA11078 B000707 BD12009, 29-30 29.5  5.7 1.4 2.3 1.9 0.11 1.8 nm 1.2 1.1 24 35 9.7 3.4 <1 PAF 
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GCA11079 B000710 BD12009, 32-33 32.5  5.1 1.4 2.1 2.1 0.12 2.0 nm 0.39 0.37 8 57 42 2.5 <1 PAF 

GCA11081 B000721 BD12009, 41-42 41.5  6.2 0.54 1.8 1.5 0.03 1.5 nm 0.87 0.83 27 19 5.3 4.1 <1 PAF 

GCA11080 B000775 BD12009, 87-88 87.5  5.4 0.44 1.1 1.6 0.04 1.6 nm 0.31 0.29 5 44 31 2.6 <1 PAF 

GCA11082 B001034 BD12010, 158-159 137.3  7.5 0.16 1.1 1.1 0.02 1.1 nm 0.66 0.61 13 (13) 21 2.3 5.0 <1 PAF 

GCA11084 B001211 BD12011, 161-162 139.9  6.4 (6.3) 0.59 (0.53) 1.6 1.5 0.04 1.5 nm 0.32 0.24 10 36 20 (21) 2.9 (2.8) <1 PAF 

GCA11083 B001225 BD12011, 172-173 149.4  6.8 0.42 1.5 1.9 0.03 1.9 nm 0.34 0.28 10 49 31 2.6 <1 PAF 

GCA10727 61926 BRC12094, 8-13 10.5 ignimbrite 4.1 0.54 1.36 1.3 [1.4] 0.08 1.3 0.83 0.07 0.03 <1 43 39 2.7 <1 PAF 

GCA10728 61927 BRC12094, 13-17 15  5.2 0.70 1.45 1.5 [1.5] 0.09 1.5 0.96 0.18 0.12 5 41 25 2.8 <1 PAF 

GCA10048 31922 BGD042, 130-131 130  6.4 (6.4) 0.38 (0.42) - 1.2 0.02 1.2 nm 0.34 0.02 22 15 14 3.0 <1 PAF 

GCA10039 30430 BGD029, 13-14 13.4  3.8 0.52 - 1.6 (1.6) 0.05 1.6 1.1 <0.01 <0.01 4 (4) 45 43 2.6 <1 PAF 

GCA10040 30436 BGD029, 19-20 19.4  5.1 0.33 - 1.3 0.04 1.3 nm 0.10 <0.01 4 36 34 2.7 <1 PAF 

GCA11069 B000059 BD12002, 7-8 7.5  4.0 0.74 1.3 1.5 0.05 1.5 nm 0.01 <0.01 <1 46 42 2.4 <1 PAF 

GCA11070 B000578 BD12007, 43-44 43.5  5.6 0.48 1.4 1.3 0.03 1.3 nm 0.29 0.26 12 28 42 2.9 <1 PAF 

GCA11071 B000769 BD12009, 83-84 83.5  5.6 0.51 2.0 1.6 0.04 1.6 nm 0.33 0.29 8 41 28 2.7 <1 PAF 

GCA11072 B000955 BD12010, 88-89.4 76.7  4.7 0.47 2.1 1.9 0.04 1.9 nm 0.04 <0.01 2 57 47 2.4 <1 PAF 

GCA11073 B000894 BD12010, 35-36 30.7  5.8 0.68 2.0 2.2 0.04 2.2 nm 0.75 0.70 10 58 32 2.7 <1 PAF 

GCA11074 B001436 BD12012, 174-175 151.1  6.1 0.47 1.4 1.1 0.03 1.1 nm 0.21 0.18 6 28 21 2.8 <1 PAF 

GCA10743 B001099 BD12011, 57-58 49.8 volcanic breccia  5.0 0.46 0.90 1.2 [1.1] 0.05 1.2 0.80 0.06 0.06 6 31 20 2.9 <1 PAF 

GCA10749 B001106 BD12011, 64-65 55.8  7.3 0.16 0.80 1.1 0.03 1.1 0.74 0.35 0.29 16 18 1.5 (2.0) 5.5 (5.3) <1 PAF 

Notes: 

EC = Electrical Conductivity; ANC = Acid-Neutralisation-Capacity; NAPP = Net Acid Producing Potential; AFP = Acid Formation Potential; NAF = Non-Acid Forming; PAF = Potentially-Acid Forming; Cr(II)-Red.-S = Chromium(II)-Reducible-S; NAG = Net Acid Generation; 

MPA = Maximum Potential Acidity; nc = not calculated; nm = not measured. 

pH-(1:2) and EC-(1:2) values correspond to pH and EC measured on sample slurries prepared with deionised water, and a solid:solution ratio of c. 1:2 (w/w).  

All results expressed on a dry-weight basis, except for pH-(1:2), EC-(1:2), and NAG-pH. Values in parentheses represent duplicates. 

Total-S values in square-parentheses correspond to duplicate determination by SGS (cf. GLS). 
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Table 2 
  

Results of Selected-Assays for Waste Rock Samples 
Page 1 of 4 

GCA-

Sample No. 

Site- 

Sample No. 

Drill hole & Down-

Hole Interval (m) Lithotype 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Mn 

(mg/kg) 

As 

(mg/kg) 

Ba 

(mg/kg) 

Sr 

(mg/kg) 

Ag 

(mg/kg) 

Samples with Total-S < 0.3% 

GCA10651 B000681 BD12009, 4-5 sandstone 27 0.04 12 4 120 30 370 300 0.11 

GCA10652 B000685 BD12009, 8-9  38 0.04 12 5 230 53 560 380 0.21 

GCA10676 B000688 BD12009, 11-12  60 0.10 22 10 510 31 220 130 0.05 

GCA10677 B000692 BD12009, 15-16  200 0.21 25 9 1,100 24 270 220 0.23 

GCA10653 B000864 BD12010, 5-6  33 <0.02 18 8 17 75 580 490 0.06 

GCA10654 B000868 BD12010, 9-10 13 <0.02 13 4 12 35 180 270 0.06 

GCA10655 B000873 BD12010, 14-15 10 <0.02 11 3 38 54 400 390 0.07 

GCA10656 B001043 BD12011, 4-5  32 0.05 16 5 15 96 410 420 0.08 

GCA10657 B001048 BD12011, 9-10 16 0.03 13 3 9 24 290 330 0.15 

GCA10658 B001053 BD12011, 14-15 17 0.02 25 9 9 46 230 610 0.09 

GCA10660 B012245 BRC12089, 7-8  94 0.11 38 2 130 3.4 290 36 0.12 

GCA10661 B012248 BRC12089, 10-11 110 0.08 46 2 190 4.2 560 76 1.4 

GCA10662 B001251 BD12012, 5-6  67 0.02 19 14 17 48 430 450 0.09 

GCA10663 B001260 BD12012, 14-15 12 0.05 17 3 31 20 250 360 <0.05 

GCA10664 B001266 BD12012, 20.0-21.3 29 0.12 26 8 150 110 290 510 0.07 

GCA10684 B009979 BRC12072, 7-8  79 0.09 19 3 340 16 560 140 0.33 

GCA10685 B009986 BRC12072, 13-14  93 0.10 21 2 2,300 9.8 1,400 65 0.57 

GCA10665 B000695 BD12009, 18-19 crystal tuff 140 0.14 26 10 1,600 98 290 490 0.06 

GCA10666 B000701 BD12009, 23-24  300 0.13 19 20 2,200 17 860 520 0.22 

GCA10668 B001068 BD12011, 29-30  33 0.18 26 7 150 8.7 160 210 0.08 

GCA10669 B001071 BD12011, 32-33 13 0.03 22 3 49 18 490 750 0.10 

GCA10670 B001073 BD12011, 34-35 39 0.07 23 17 130 47 660 630 <0.05 

GCA10671 B012258 BRC12089, 19-20  79 0.05 34 1 560 3.3 92 47 1.3 

GCA10672 B012262 BRC12089, 22-23 110 0.05 57 3 780 8.6 210 86 1.1 

GCA10673 B012265 BRC12089, 25-26 190 0.12 67 4 5,400 4.4 190 110 0.59 

GCA10674 B001278 BD12012, 31-32  73 0.02 32 2 720 5.0 96 73 0.06 

GCA10675 B001282 BD12012, 35-36  85 0.04 12 2 810 3.7 120 85 <0.05 



BOWDENS SILVER PTY LIMITED SPECIALIST CONSULTANT STUDIES 

Bowdens Silver Project Part 3: Materials Characterisation 

Report No. 429/25 
 

3 - 56 Graeme Campbell and Associates Pty Ltd 
 

Table 2 (Cont’d) 
  

Results of Selected-Assays for Waste Rock Samples 
Page 2 of 4 

GCA-

Sample No. 

Site- 

Sample No. 

Drill hole & Down-

Hole Interval (m) Lithotype 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Mn 

(mg/kg) 

As 

(mg/kg) 

Ba 

(mg/kg) 

Sr 

(mg/kg) 

Ag 

(mg/kg) 

Samples with Total-S < 0.3% (Cont’d) 

GCA10667 B000887 BD12010, 28-29 ignimbrite 170 0.20 27 29 1,700 12 940 550 0.09 

GCA10681 B001289 BD12012, 41-42  53 0.02 32 1 340 4.4 87 64 <0.05 

GCA10682 B001291 BD12012, 43-44  110 0.06 44 2 3,300 3.7 56 44 0.19 

GCA10683 B001294 BD12012, 46-47  130 <0.02 27 1 3,600 4.8 60 76 0.10 

GCA10700 B010726 BRC12077, 10-11  61 5.1 360 5 93 900 560 120 16 

GCA10701 B010733 BRC12077, 17-18  120 2.6 300 4 130 470 570 120 9.1 

GCA10678 B001272 BD12012, 26-27 volcanic breccia  110 0.25 25 4 1,300 38 330 150 0.10 

GCA10679 B001273 BD12012, 27-28  110 0.28 27 3 1,600 24 140 97 0.10 

GCA10680 B001274 BD12012, 28-29  89 0.17 36 2 980 9.5 120 110 0.08 

GCA10686 B009993 BRC12072, 20-21  420 0.38 93 3 450 12 310 120 0.19 

GCA10687 B009995 BRC12072, 22-23 450 0.19 53 2 630 9.0 290 160 0.10 

GCA10690 B006184 BRC12036, 18-19  28 0.19 76 2 1,400 5.8 580 99 0.10 

GCA10691 B006189 BRC12036, 23-24 46 0.11 73 2 580 4.7 630 130 0.07 

GCA10692 B006592 BRC12038, 10-11  210 0.54 160 2 640 20 750 93 2.4 

GCA10693 B006429 BRC12037, 28-29  23 0.24 49 2 620 3.4 490 110 0.06 

GCA10694 B006438 BRC12037, 37-38 230 6.5 520 3 3,600 6.2 310 84 0.07 

GCA10705 61904 BRC12040, 27-30  71 0.40 37 2 530 29 410 210 0.07 

GCA10715 61914 BRC12071, 6-11 laminated tuff 75 0.12 35 3 200 15 770 49 0.19 

GCA10716 61915 BRC12071, 11-16  82 0.22 44 2 370 37 510 48 0.41 

GCA10717 61916 BRC12071, 16-21  210 0.67 56 9 3,100 23 500 530 0.46 

GCA10723 61922 BRC12036, 1-6  98 0.26 29 3 1,300 4.0 390 60 0.16 

GCA10724 61923 BRC12036, 6-11  65 0.20 26 2 1,800 7.8 590 140 0.15 

GCA10695 B006171 BRC12036, 7-8  64 0.12 26 3 690 9.3 570 180 0.09 

GCA10696 B006177 BRC12036, 12-13  79 0.23 44 3 350 21 1,300 81 0.44 

GCA10697 B007096 BRC12041, 10-11 ignimbrite lithic tuff 30 1.2 120 2 110 170 550 140 4.8 

GCA10698 B007105 BRC12041, 18-19  26 2.0 220 7 69 200 540 85 5.9 

GCA10699 B007117 BRC12041, 30-31  310 16 560 4 78 440 490 86 44 

AV.-Crustal Abundance (mg/kg) 75 0.03 14 50 950 1.5 500 370 0.07 
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Table 2 (Cont’d) 
  

Results of Selected-Assays for Waste Rock Samples 
Page 3 of 4 

GCA-

Sample No. 

Site- 

Sample No. 

Drill hole & Down-

Hole Interval (m) Lithotype 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Mn 

(mg/kg) 

As 

(mg/kg) 

Ba 

(mg/kg) 

Sr 

(mg/kg) 

Ag 

(mg/kg) 

Samples with Total-S = 0.3-1.0%  

GCA10702 61901 BRC12039, 13-18 volcanic breccia  350 1.6 45 2 420 24 570 230 0.33 

GCA10703 61902 BRC12039, 21-25  190 0.32 110 2 2,700 45 960 220 0.74 

GCA10704 61903 BRC12040, 24-27  190 0.53 53 2 790 34 460 130 0.20 

GCA10706 61905 BRC12072, 30-33  170 0.51 38 2 680 30 650 230 0.16 

GCA10707 61906 BRC12072, 33-37  200 0.41 64 2 4,100 20 420 150 0.17 

GCA10708 61907 BRC12072, 49-53  490 1.9 130 2 3,400 140 810 160 4.8 

GCA10744 B001100 BD12011, 58-59  4,100 22 1,500 4 12,000 43 250 110 5.0 

GCA10745 B001101 BD12011, 59-60  490 2.3 140 1 5,500 32 450 110 1.3 

GCA10746 B001102 BD12011, 60-61  750 4.1 250 4 3,300 60 660 130 2.1 

GCA10747 B001104 BD12011, 62-63  2,800 17 730 7 15,000 270 470 120 12 

GCA10748 B001105 BD12011, 63-64  870 4.5 190 3 3,900 230 420 140 3.0 

GCA10749 B001106 BD12011, 64-65  1,600 7.2 300 5 14,000 250 370 150 5.0 

GCA10750 B001107 BD12011, 65-66  1,600 8.9 560 5 14,000 110 390 200 4.9 

GCA10751 B001108 BD12011, 66-67  1,200 5.7 620 9 4,600 51 450 180 18 

GCA10753 B001110 BD12011, 68-69  1,100 7.1 460 5 620 38 420 120 12 

GCA10712 61911 BRC12072, 59-64 crystal tuff 190 0.97 140 5 11,000 160 550 180 9.6 

GCA10713 61912 BRC12072, 64-69  1,100 4.1 150 5 16,000 73 720 230 6.9 

GCA10719 61918 BRC12071, 35-40  240 0.82 97 2 3,800 31 390 220 4.1 

GCA10720 61919 BRC12071, 40-45  45 0.17 30 1 3,800 40 440 200 0.93 

GCA10721 61920 BRC12071, 45-50  25 0.05 22 2 8,000 51 470 320 0.54 

GCA10722 61921 BRC12071, 50-55  1,100 5.3 280 4 29,000 220 440 240 8.2 

GCA10730 61929 BRC12067, 3-7  48 0.07 44 2 860 69 290 180 1.2 

GCA10731 61930 BRC12067, 8-13  86 0.97 24 1 720 62 350 160 0.42 

GCA10732 61931 BRC12067, 13-18  180 0.21 26 1 11,000 76 370 150 0.52 

GCA10042 30454 BGD029, 37-38  2,300 4.8 3,600 22 13,000 110 1,100 360 9.0 
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Table 2 (Cont’d) 
  

Results of Selected-Assays for Waste Rock Samples 
Page 4 of 4 

GCA-

Sample No. 

Site- 

Sample No. 

Drill hole & Down-

Hole Interval (m) Lithotype 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Mn 

(mg/kg) 

As 

(mg/kg) 

Ba 

(mg/kg) 

Sr 

(mg/kg) 

Ag 

(mg/kg) 

Samples with Total-S = 0.3-1.0% (Cont’d) 

GCA10740 B000014 BD12001, 12.3-13.0 laminated tuff 1,600 7.7 360 3 4,400 67 300 110 2.6 

GCA10741 B000015 BD12001, 13-14  2,000 11 620 2 3,800 59 210 130 1.8 

GCA10742 B000016 BD12001, 14.0-14.8  540 1.9 160 1 5,500 46 640 170 0.98 

GCA10709 61908 BRC12072, 37-42 ignimbrite 220 0.53 43 2 5,000 24 490 190 0.15 

GCA10710 61909 BRC12072, 42-47  340 1.4 75 2 12,000 66 470 190 1.1 

GCA10718 61917 BRC12071, 23-28  630 2.7 120 2 300 38 490 300 1.6 

GCA10725 61924 BRC12094, 0-4  50 0.28 100 2 730 190 630 140 2.3 

GCA10726 61925 BRC12094, 4-8  57 1.1 37 2 480 91 740 140 1.3 

GCA10047 31871 BGD042, 84-85  220 0.76 160 8 7,800 37 1,100 370 7.2 

GCA10050 31926 BGD042, 134-135  600 2.6 270 12 11,000 41 460 190 4.0 

GCA10051 31927 BGD042, 135-136  340 1.5 76 6 7,600 33 520 190 3.6 

GCA10052 31929 BGD042, 137-138  580 2.3 240 5 8,700 32 600 150 5.3 

GCA10053 31930 BGD042, 138-139  720 2.8 150 3 9,700 44 550 170 2.7 

GCA10738 61937 BRC12088, 25-29 sandstone 25 0.09 20 11 250 29 650 370 0.24 

AV.-Crustal Abundance (mg/kg) 75 0.03 14 50 950 1.5 500 370 0.07 

Samples with Total-S > 1% 

GCA10733 61932 BRC12054, 13-18 crystal tuff 480 1.2 120 6 560 160 1,300 730 12 

GCA10734 61933 BRC12054, 18-23  1,200 2.9 350 13 1,400 210 1,500 790 54 

GCA10736 61935 BRC12054, 28-33  830 2.5 350 11 14,000 250 1,200 450 18 

GCA10754 B001301 BD12012, 52-53  140 0.11 27 17 1,300 30 120 510 0.19 

GCA10755 B001303 BD12012, 53-54  74 0.13 22 10 1,000 33 190 720 0.18 

GCA10756 B001304 BD12012, 54-55  140 0.53 19 19 2,000 29 320 930 0.14 

GCA10041 30451 BGD029, 34-35  2,300 4.0 3,100 8 12,000 97 890 260 7.8 

GCA10043 30458 BGD029, 39-40  2,000 2.8 1,500 7 13,000 87 900 270 5.7 

GCA10044 30475 BGD029, 55-56  2,100 3.8 1,500 18 9,200 180 710 220 11 
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Table 3 
  

Total-S, Total-C and CO3-C Results for Size-fractions of Waste Rock Samples 

GCA- 

Sample No. Site-Sample No. 

Drill hole & 

Downhole-Interval 

(m) 

Total-S (5) Total-C (%) CO3 (5) 

-2mm +2mm -2mm +2mm -2mm +2mm 

Samples of Ignimbrite 

GCA11069 B000059 B12002, 7-8 1.5 1.4 0.01 <0.01 0.01 <0.01 

GCA11070 B000578 BD12007, 43-44 1.3 1.3 0.29 0.25 0.26 0.21 

GCA11071 B000769 BD12009, 83-84 1.6 1.9 0.33 0.28 0.29 0.24 

GCA11072 B000955 BD12010, 88.0-89.4 1.9 1.8 0.04 0.03 <0.01 <0.01 

GCA11073 B000894 BD12010, 35-36 2.2 2.0 0.75 0.59 0.70 0.54 

GCA11074 B001436 BD12012, 174-175 1.1 1.2 0.21 0.16 0.18 0.13 

Samples of Crystal Tuff 

GCA11075 B000325 BD12004, 108-109 1.6 1.2 0.57 0.58 0.53 0.53 

GCA11076 B000513 BD12006, 85-86 1.2 1.2 0.25 0.23 0.22 0.19 

GCA11077 B000703 BD12009, 25-26 1.3 1.1 0.02 0.02 <0.01 <0.01 

GCA11078 B000707 BD12009, 29-30 1.9 1.7 1.20 0.83 1.1 0.79 

GCA11079 B000710 BD12009, 32-33 2.1 2.0 0.39 0.31 0.37 0.29 

GCA11080 B000775 BD12009, 87-88 1.6 2.1 0.31 0.32 0.29 0.29 

GCA11081 B000721 BD12009, 41-42 1.5 1.6 0.87 0.71 0.83 0.67 

GCA11082 B001034 BD12010, 158-159 1.1 1.0 0.66 0.63 0.61 0.55 

GCA11083 B001225 BD12011, 172-173 1.9 2.2 0.34 0.27 0.28 0.22 

GCA11084 B001211 BD12011, 161-162 1.5 1.5 0.32 0.27 0.24 0.24 
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Table 4 
  

Results of Static Testing of Ore Samples 

GCA-Sample 

No. 

Site-sample 

no. 

Drill hole & Down-

Hole Interval (m) Lithotype 

pH-

(1:2) 

EC-(1:2) 

[mS/cm] 

Total-S 

(%) 

SO4-S 

(%) 

[Total-S] - 

[SO4-S] (%) 

Cr(II)-RED.-

S (%) 

Total-C 

(%) 

CO3-C 

(%) 

Bulk-ANC NAPP NAG 

kg H2SO4/tonne 

Low grade ore Samples 

GCA10711 61910 BRC12072, 54-59 Crystal tuff 6.2 1.2 1.1(1.0) 0.07 1.1 0.71 0.33 0.33 12 22 4.1 (3.6) 

GCA10714 61913 BRC12072, 69-73  6.6 0.85 0.61 0.06 0.55 nm 0.60 0.58 28 -9.3 <0.5 

GCA10735 61934 BRC12054, 23-28  5.3 0.69 1.8 0.09 1.8 nm 0.45 0.36 9 47 25 

GCA10737 61936 BRC12054, 33-38  4.9 1.1 1.7 0.09 1.7 nm 0.13 0.01 3 50 37 (38) 

GCA10049 31924 BGD042, 132-133 Ignimbrite 6.9 0.35 1.1 0.03 1.1 0.94 0.46 0.03 32 1.7 <0.5 

Ore Samples 

GCA10729 61928 BRC12094, 27-32 Ignimbrite 4.6 0.43 1.5 0.06 1.5 nm 0.16 <0.01 1 45 38 

GCA10752 B001109 BD12011, 67-68 volcanic 

breccia  

6.5 

(6.4) 

0.24 (0.22) 0.58 0.04 0.58 nm 0.13 0.10 5 13 2.8 

 

GCA-Sample 

No. 

Site-sample 

no. 

Drill hole & Down-

Hole Interval (m) NAG-pH 

ANC / 

MPA Ratio 

AFP 

Category 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

Mn 

(mg/kg) 

As 

(mg/kg) 

Ba 

(mg/kg) 

Sr 

(mg/kg) 

Ag 

(mg/kg) 

Low grade ore Samples 

GCA10711 61910 BRC12072, 54-59 4.9 (4.6) <1 PAF 1,700 8.6 750 5 12,000 580 570 210 32 

GCA10714 61913 BRC12072, 69-73  1.5 PAF 1,700 9.5 670 3 22,000 79 690 270 22 

GCA10735 61934 BRC12054, 23-28 2.9 <1 PAF 640 1.8 350 13 13,000 190 990 490 21 

GCA10737 61936 BRC12054, 33-38 2.6 (2.6) <1 PAF 1,500 4.6 580 14 4,100 260 1,100 460 35 

GCA10049 31924 BGD042, 132-133 6.2 <1 PAF 710 2.9 1,700 6 16,000 51 270 210 25 

Ore Samples 

GCA10729 61928 BRC12094, 27-32 2.6 <1 PAF 2,800 12 460 11 360 5,000 660 230 70 

GCA10752 B001109 BD12011, 67-68 4.5 <1 PAF 1,600 9.8 730 13 4,000 60 420 120 42 

AV.-Crustal Abundance (mg/kg) 75 0.03 14 50 950 1.5 500 370 0.07 
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Table 5 
  

Acid-base-analysis and Net-acid-generation Results for Samples Subjected to Kinetic Testing 

GCA-Sample 

No. 

Site-sample 

no. Drill hole ID 

Approximate 

Down-hole 

Interval (m) Lithotype pH-(1:2) 

EC-(1:2) 

[mS/cm] 

TOTAL-S 

(%) 

SO4-S 

(%) 

[Total-S] - 

[SO4-S] 

(%) 

Cr(II)- 

RED.-S (%) 

Total-C 

(%) 

CO3-C 

(%) 

Mn 

(%) 

Bulk-

ANC NAPP 

NAG 

NAG-pH 

ANC / 

MPA 

Ratio 

AFP 

Category 

pH=4.5 pH=7.0 

kg H2SO4/tonne 

Total-S < 0.1% 

GCA10651/53 B000681 / 

B000864 

BD12009/10 4-6 Sandstone 5.5 0.16 0.02 (0.03) 0.02 (<0.01) 0.03 <0.01 0.01 (-

0.02) 

<0.01 <0.01 <1 (2) nc <0.5 0.9 5.6 nc NAF 

GCA10668/69 B001068/69 BD12011 29-33 Crystal-Tuff 4.8 0.11 0.03 0.02 0.01 <0.01 <0.01 <0.01 <0.01 -1 nc <0.5 2.5 5.2 nc NAF 

GCA10682/83 B001291/94 BD12012 43-47  6.3 0.21 0.07 0.01 0.06 0.04 0.66 0.63 0.49 8 nc <0.5 <0.5 7.3 nc NAF 

GCA10687/91 B009995 / 

B006189 

BRC12072/36 22-24 Volcanic Breccia 8.2 (8.3) 0.2 (0.23) 0.07 0.02 0.05 0.04 0.38 0.35 0.063 22 nc <0.5 (<0.5) <0.5 (<0.5) 8.9 (8.9) nc NAF 

Total-S = 0.1-0.2% 

GCA10663/64 B001260/64 BD12012 14-21 Sandstone 4.5 0.15 0.13 0.12 0.01 <0.01 0.04 0.01 0.012 -1 nc <0.5 1.7 4.2 nc UC-(NAF) 

GCA10674/75 B001278/82 BD12012 31-36 Crystal-Tuff 4.8 0.24 0.1 0.1 <0.01 <0.01 0.01 0.01 0.085 <1 nc <0.5 1.8 5.2 nc UC-(NAF) 

GCA10678/79 B001272/73 BD12012 26-28 Volcanic Breccia 4.5 1.2 0.18 0.16 0.02 <0.01 0.03 0.03 0.16 2 nc <0.5 0.7 5.1 nc UC-(NAF) 

Total-S = 0.4-0.5% 

GCA10730/31 61929/30 BRC12067 3-13 Crystal-Tuff 4.5 0.34 0.45 0.26 0.19 0.13 0.04 <0.01 0.082 -2 16 2.5 5.5 3.5 <1 PAF 

GCA10740/41 B000014/15 BD12001 3-13 Laminated-Tuff 6.5 0.35 0.43 0.03 0.4 0.23 0.12 0.07 0.3 8 5.2 <0.5 3 5 <1 PAF 

GCA10706/07 61905/06 BRC12072 30-37 Volcanic Breccia 6.8 0.41 0.49 (0.51) 0.05 (0.05) 0.46 0.33 0.24 (0.21) 0.18 (0.16) 0.24 13 (11) 4.7 <0.5 <0.5 6.9 <1 PAF 

Total-S = 0.6-0.7% 

GCA10053 61937 BRC12088 138-139 Ignimbrite 5.7 (5.6) 0.34 (0.33) 0.67 0.03 0.64 0.53 0.25 0.01 0.89 20 0.6 nm 2.0 (2.7) 4.2 (4.1) <1 PAF 

GCA10747/48/49 B001104/05/06 BD12011 62-65 Volcanic Breccia 6.7 0.16 0.65 0.02 0.63 0.26 0.15 0.16 0.89 12 7.9 <0.5 1.2 5.5 <1 PAF 

Total-S = 1-3% 

GCA10754/55 B001301/03 BRC12054 52-54 Crystal-Tuff 7.5 (7.5) 0.33 (0.32) 1.5 0.03 1.5 1.1 0.75 0.72 0.12 30 16 4.8 (5.3) 7.5 (7.1) 3.3 (3.3) <1 PAF 

GCA10043 30458 BGD029 39-40  6.3 0.39 1.9 0.03 1.9 1.4 0.76 0.07 1.1 21 37 nm 23 3.1 <1 PAF 

GCA10044 30475 BGD029 55-56  5 0.42 2.6 0.06 2.6 1.8 0.32 0.01 0.85 19 61 nm 47 2.6 <1 PAF 

GCA10039 30430 BGD029 13-14 Ignimbrite 3.8 0.52 1.6 (1.6) 0.05 1.6 1.1 <0.01 <0.01 1.4 4 (4) 45 nm 43 2.6 <1 PAF 

GCA10049 31924 BGD042 Low Grade Ore  6.9 0.35 1.1 0.03 1.1 0.94 0.46 0.03 1.4 32 1.7 nm <0.5 6.2 <1 PAF 

GCA10729/52 61928/B001109 BRC12094 / 

BD12011 

Full Grade Ore Ignimbrite / 

Volcanic Breccia 

nm nm 0.99 (0.97) 0.02 (0.03) 0.97 0.73 0.11 (0.12) <0.01 (0.02) 0.18 1 (2) 30 nm nm nm <1 PAF 

Note: Values in parenthesis are for duplicates 
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Table 6 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing 

Table 6a 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S < 0.1% 
Page 1 of 7 

Element 

Total-Element Content (mg/kg or %) 
Average- 
Crustal- 

Abundance 
(mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Sandstone 
(GCA10651/53) 

Crystal Tuff 
(GCA10668/69) 

Crystal Tuff 
(GCA10682/83) 

Volcanic Breccia 
(GCA10687/91) 

Sandstone 
(GCA10651/53) 

Crystal Tuff 
(GCA10668/69) 

Crystal Tuff 
(GCA10682/83) 

Volcanic 
Breccia 

(GCA10687/91) 

Al 7.0% 6.8% 8.9% 7.9% 8.2% 0 0 0 0 

Fe 0.59% 0.73% 3.1% 0.81% 4.1% 0 0 0 0 

Na 0.037% 0.039% 0.022% 0.33% 2.3% 0 0 0 0 

K 1.3% 1.5% 2.3% 4.1% 2.1% 0 0 0 0 

Mg 0.12% 0.05% 0.24% 0.43% 2.3% 0 0 0 0 

Ca 0.2% 0.2% 0.5% 0.8% 4.1% 0 0 0 0 

Ag 0.09 0.44 0.18 0.08 0.07 0 2 1 0 

Cu 15 4 <1 1 50 0 0 0 0 

Zn 32 23 140 260 75 0 0 0 1 

Cd 0.02 0.10 0.03 0.13 0.11 0 0 0 0 

Pb 22 23 62 41 14 0 0 2 1 

Cr <50 <50 <50 <50 100 0 0 0 0 

Ni 2 3 13 2 80 0 0 0 0 

Co 0.9 1.3 12 1.4 20 0 0 0 0 

Mn 68 88 4,900 630 950 0 0 2 0 

Hg 0.01 0.02 <0.01 0.06 0.05 0 0 0 0 

Sn 2.3 3.1 3.8 2.9 2.2 0 0 0 0 

Sr 460 410 120 150 370 0 0 0 0 

Ba 540 270 59 430 500 0 0 0 0 

Th 14 19 26 18 12 0 0 1 0 

U 3.4 3.1 4.5 5.7 2.4 0 0 0 1 
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Table 6a (Cont’d)  
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S < 0.1% 
Page 2 of 7 

Element 

Total-Element Content (mg/kg or %) 

Average Crustal 

Abundance 

(mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Sandstone 

(GCA10651/53) 

Crystal Tuff 

(GCA10668/69) 

Crystal Tuff 

(GCA10682/83) 

Volcanic Breccia 

(GCA10687/91) 

Sandstone 

(GCA10651/53) 

Crystal Tuff 

(GCA10668/69) 

Crystal Tuff 

(GCA10682/83) 

Volcanic 

Breccia 

(GCA10687/91) 

Tl 0.87 2.1 1.2 2.4 0.6 0 1 0 1 

V 79 14 9 11 160 0 0 0 0 

As 220 13 4.6 7.3 1.5 6 3 1 2 

Bi 0.19 0.43 0.75 0.32 0.048 1 3 3 2 

Sb 2.00 2.5 0.83 1.1 0.2 3 3 1 2 

Se 0.18 0.05 <0.05 <0.05 0.05 1 0 0 0 

Mo 8.4 0.4 0.3 1 1.5 2 0 0 0 

B <50 <50 <50 <50 10 0 0 0 0 

P 630 440 95 99 1,000 0 0 0 0 

F 680 850 850 1,100 950 0 0 0 0 

Notes: Average-crustal abundance based on Bowen (1979). Geochemical-Abundance Index (GAI) defined in Annexure 4. 

 

Table 6b 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S = 0.1-0.2% 

Element 

Total-Element Content (mg/kg or %) 

Average Crustal 

Abundance (mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Sandstone 

(GCA10663/64) 

Crystal Tuff 

(GCA10674/75) 

Volcanic Breccia 

(GCA10678/79) 

Sandstone 

(GCA10663/64) 

Crystal Tuff 

(GCA10674/75) 

Volcanic Breccia 

(GCA10678/79) 

Al 5.4% 9.0% 7.6% 8.2% 0 0 0 

Fe 0.89% 1.2% 0.93% 4.1% 0 0 0 

Na 0.028% 0.025% 0.026% 2.3% 0 0 0 

K 1.6% 2.6% 2.7% 2.1% 0 0 0 

Mg 0.11% 0.46% 0.18% 2.3% 0 0 0 
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Table 6b (Cont’d)  
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S = 0.1-0.2% 
Page 3 of 7 

Element 

Total-Element Content (mg/kg or %) 

Average Crustal 

Abundance (mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Sandstone 

(GCA10663/64) 

Crystal Tuff 

(GCA10674/75) 

Volcanic Breccia 

(GCA10678/79) 

Sandstone 

(GCA10663/64) 

Crystal Tuff 

(GCA10674/75) 

Volcanic Breccia 

(GCA10678/79) 

Ag 0.05 0.03 0.10 0.07 0 0 0 

Cu 4 <1 2 50 0 0 0 

Zn 21 86 120 75 0 0 0 

Cd 0.07 <0.02 0.33 0.11 0 0 1 

Pb 22 28 45 14 0 0 1 

Cr <50 <50 <50 100 0 0 0 

Ni 3 10 15 80 0 0 0 

Co 1.6 6.4 11 20 0 0 0 

Mn 120 850 1,600 950 0 0 0 

Hg 0.11 0.02 0.03 0.05 1 0 0 

Sn 2.0 4.2 2.8 2.2 0 0 0 

Sr 460 73 120 370 0 0 0 

Ba 270 110 260 500 0 0 0 

Th 9.1 23 11 12 0 0 0 

U 3.1 2.3 3.3 2.4 0 0 0 

Tl 6.7 1.6 2.9 0.6 3 1 2 

V 49 6 18 160 0 0 0 

As 62 3.8 37 1.5 5 1 4 

Bi 0.11 0.51 0.29 0.048 1 3 2 

Sb 3.7 0.72 1.7 0.2 4 1 3 

Se 0.11 <0.05 0.03 0.05 1 0 0 

Mo 4.6 0.6 1.3 1.5 1 0 0 

B <50 <50 <50 10 0 0 0 

P 410 82 120 1,000 0 0 0 

F 650 3,400 700 950 0 1 0 
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Table 6c 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S = 0.4-0.5% 
Page 4 of 7 

Element 

Total-Element Content (mg/kg or %) 

Average Crustal 
Abundance (mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Crystal Tuff 
(GCA10730/31) 

Laminated Tuff 
(GCA10740/41) 

Volcanic Breccia 
(GCA10706/07) 

Crystal Tuff 
(GCA10730/31) 

Laminated Tuff 
(GCA10740/41) 

Volcanic Breccia 
(GCA10706/07) 

Al 6.9% 6.7% 8.0% 8.2% 0 0 0 

Fe 0.79% 0.66% 0.86% 4.1% 0 0 0 

Na 0.064% 0.046% 0.053% 2.3% 0 0 0 

K 3.3% 4.0% 3.6% 2.1% 0 0 0 

Mg 0.18% 0.16% 0.26% 2.3% 0 0 0 

Ca 0.2% 0.3% 0.6% 4.1% 0 0 0 

Ag 0.43 2.3 0.18 0.07 2 4 1 

Cu 1 3 1 50 0 0 0 

Zn 80 1,400 130 75 0 4 0 

Cd 0.49 0.32 7.0 0.11 2 1 5 

Pb 29 900 39 14 0 5 1 

Cr <50 <50 <50 100 0 0 0 

Ni <1 <1 <1 80 0 0 0 

Co 0.8 0.9 0.7 20 0 0 0 

Mn 820 3,000 2,400 950 0 1 1 

Hg 0.07 0.03 <0.01 0.05 0 0 0 

Sn 2.0 2.5 2.7 2.2 0 0 0 

Sr 170 130 220 370 0 0 0 

Ba 320 250 480 500 0 0 0 

Th 13 17 16 12 0 0 0 

U 3.5 3.8 7.1 2.4 0 0 1 

Tl 3.5 4.0 3.0 0.6 2 2 2 

V 10 9 11 160 0 0 0 

As 65 79 21 1.5 5 5 3 

Bi 0.02 0.38 0.30 0.048 0 2 2 

Sb 8.3 15 5.3 0.2 5 6 4 

Se 0.01 0.06 <0.01 0.05 0 0 0 

Mo 2.7 2.2 2.0 1.5 0 0 0 

B <50 <50 <50 10 0 0 0 

P 220 140 210 1,000 0 0 0 

F 960 820 680 950 0 0 0 
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Table 6d 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S = 0.6-0.7% 
Page 5 of 7 

Element 

Total-Element Content (mg/kg or %) Average Crustal Abundance 
(mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Ignimbrite (GCA10053) Volcanic Breccia (GCA10747/48/49) Ignimbrite (GCA10053) Volcanic Breccia (GCA10747/48/49) 

Al 6.0% 6.8% 8.2% 0 0 

Fe 0.99% 0.99% 4.1% 0 0 

Na 0.070% 0.067% 2.3% 0 0 

K 5.0% 4.8% 2.1% 1 1 

Mg 0.12% 0.19% 2.3% 0 0 

Ca 0.3% 0.3% 4.1% 0 0 

Ag 2.7 5.4 0.07 5 6 

Cu 2 3 50 0 0 

Zn 730 1,600 75 3 4 

Cd 2.9 8.3 0.11 4 6 

Pb 160 300 14 3 4 

Cr <50 <50 100 0 0 

Ni <1 <1 80 0 0 

Co 0.8 1.8 20 0 0 

Mn 8,900 8,900 950 3 3 

Hg 0.02 0.03 0.05 0 0 

Sn 1.5 3.1 2.2 0 0 

Sr 180 110 370 0 0 

Ba 550 420 500 0 0 

Th 12 12 12 0 0 

U 4.4 5.3 2.4 0 1 

Tl 4.1 4.7 0.6 2 2 

V 11 18 160 0 0 

As 45 220 1.5 4 6 

Bi 0.02 0.45 0.048 0 3 

Sb 3.9 25 0.2 4 6 

Se <0.01 <0.01 0.05 0 0 

Mo 9.2 2.2 1.5 2 0 

B <50 <50 10 0 0 

P 190 130 1,000 0 0 

F 950 980 950 0 0 
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Table 6e 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Waste Rock: Total-S = 1-3% 
Page 6 of 7 

Element 

Total-Element Content (mg/kg or %) Average Crustal 
Abundance 

(mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Crystal Tuff 
(GCA10754/55) 

Crystal Tuff 
(GCA10043) 

Crystal Tuff 
(GCA10044) 

Volcanic Breccia 
(GCA10039) 

Crystal Tuff 
(GCA10754/55) 

Crystal Tuff 
(GCA10043) 

Crystal Tuff 
(GCA10044) 

Ignimbrite 
(GCA10039) 

Al 7.7% 7.2% 6.6% 6.2% 8.2% 0 0 0 0 

Fe 3.4% 4.4% 3.0% 1.7% 4.1% 0 0 0 0 

Na 0.028% 0.078% 0.065% 0.10% 2.3% 0 0 0 0 

K 1.9% 6.4% 6.0% 6.2% 2.1% 0 1 1 1 

Mg 0.59% 0.17% 0.10% 0.08% 2.3% 0 0 0 0 

Ca 1.0% 0.3% 0.3% 0.2% 4.1% 0 0 0 0 

Ag 0.18 6.3 11 9.2 0.07 1 6 6 6 

Cu 11 6 15 5 50 0 0 0 0 

Zn 110 2,000 2,100 640 75 0 4 4 3 

Cd 0.10 2.8 4.0 3.5 0.11 0 4 5 4 

Pb 26 1,700 1,600 4,000 14 0 6 6 6 

Cr <50 <50 <50 <50 100 0 0 0 0 

Ni 6 <1 4 <1 80 0 0 0 0 

Co 7.0 6.7 22 4.2 20 0 0 0 0 

Mn 1,200 11,000 8,500 14,000 950 0 3 3 3 

Hg 0.01 0.01 0.03 0.02 0.05 0 0 0 0 

Sn 2.9 3.9 4.5 3.3 2.2 0 0 0 0 

Sr 600 280 230 220 370 0 0 0 0 

Ba 150 920 730 1,100 500 0 0 0 1 

Th 14 8.0 6.7 11 12 0 0 0 0 

U 3.0 2.1 2.1 3.7 2.4 0 0 0 0 

Tl 1.7 4.1 5.3 5.2 0.6 1 2 3 3 

V 90 52 41 17 160 0 0 0 0 

As 31 89 180 230 1.5 4 5 6 6 

Bi 0.42 0.80 0.08 0.05 0.048 3 3 0 0 

Sb 3.7 5.0 15 12 0.2 4 4 6 5 

Se 0.20 <0.01 0.03 0.02 0.05 1 0 0 0 

Mo 0.6 1.4 3.3 4.7 1.5 0 0 1 1 

B <50 <50 <50 <50 10 0 0 0 0 

P 460 460 420 210 1,000 0 0 0 0 

F 810 690 590 560 950 0 0 0 0 
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Table 6f 
  

Multi-element Analysis Results for Samples Subjected to Kinetic Testing: Ore: Total-S = 1-3% 
Page 7 of 7 

Element 

Total-Element Content (mg/kg or %) 

Average Crustal 
Abundance (mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Low-grade ore Ore Low-grade ore Low-grade ore 

Ignimbrite (GCA10049) Ignimbrite / Volcanic Breccia (GCA10729/52) Ignimbrite (GCA10049) Volcanic Breccia (GCA10729/52) 

Al 5.9% 6.3% 8.2% 0 0 

Fe 1.6% 1.3% 4.1% 0 0 

Na 0.038% 0.077% 2.3% 0 0 

K 3.5% 6.0% 2.1% 0 1 

Mg 0.17% 0.10% 2.3% 0 0 

Ca 0.4% 0.3% 4.1% 0 0 

Ag 26 63 0.07 6 6 

Cu 5 13 50 0 0 

Zn 720 2,400 75 3 4 

Cd 3.1 12 0.11 4 6 

Pb 1,800 670 14 6 5 

Cr <50 <50 100 0 0 

Ni <1 2 80 0 0 

Co 1.0 1.2 20 0 0 

Mn 14,000 1,800 950 3 0 

Hg 0.02 0.05 0.05 0 0 

Sn 1.6 2.5 2.2 0 0 

Sr 210 210 370 0 0 

Ba 270 630 500 0 0 

Th 11 14 12 0 0 

U 2.4 5.4 2.4 0 1 

Tl 3.1 7.7 0.6 2 3 

V 9 8 160 0 0 

As 53 3,000 1.5 5 6 

Bi 0.09 0.29 0.048 0 2 

Sb 9.3 18 0.2 5 6 

Se <0.01 0.17 0.05 0 1 

Mo 3.9 7.9 1.5 1 2 

B <50 <50 10 0 0 

P 240 140 1,000 0 0 

F 1,300 580 950 0 0 
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Table 7 
  

Mineralogical Results for Samples Subjected to Kinetic Testing 

Table 7a 
  

Mineralogical Results for Samples Subjected to Kinetic Testing: Total-S < 0.1% 
Page 1 of 3 

Sandstone [4-6 m approx.] 

(GCA10651/53) 

Crystal Tuff [29-33 m approx.] 

(GCA10668/69) 

Crystal Tuff [43-47 m approx.] 

(GCA10682/83) 

Volcanic Breccia [22-24 m approx.] 

(GCA10687/91) 

Dominant  Dominant quartz Dominant  Dominant  

Major kaolinite Major  Major smectite/ Major smectite/illite quartz 

quartz  illite quartz  

Minor  Minor kaolinite Minor kaolinite Minor K-feldspar 

Accessory smectite/illite Accessory smectite/illite Accessory Siderite Accessory Ankerite 

muscovite/illite K-feldspar  kaolinite 

K-feldspar   plagioclase 

Ti-oxides    

Trace hematite Trace hematite Trace chlorite Trace siderite (?) 

tourmaline Goethite Hematite hematite 

zircon   goethite 

   Ti-oxides 

eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC 

Na K Mg Ca Mn Na K Mg Ca Mn Na K Mg Ca Mn Na K Mg Ca Mn 

4.4 19 20 47 9 5 3.2 <1 37 39 20 4 20 <1 5 41 52 2 20 2 9 44 45 <1 

Notes: eCEC = effective Cation Exchange Capacity 

dominant = greater than 50%; major = 20-50%; minor = 10-20%; accessory = 2-10%; and, trace is less than 2% 
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Table 7b 
  

Mineralogical Results for Samples Subjected to Kinetic Testing: Total-S = 0.1-0.2% 
Page 2 of 3 

Sandstone [14-21 m approx.] 

(GCA10663/64) 

Crystal Tuff [31-36 m approx.] 

(GCA10674/75) 

Volcanic Breccia [26-28 m approx.] 

(GCA10678/79) 

Dominant quartz Dominant  Dominant  

Major  Major smectite/illite 

quartz 

Major smectite/illite 

quartz 

Minor smectite/illite Minor kaolinite Minor  

Accessory kaolinite 

muscovite/illite 

Ti-oxides 

Accessory K-feldspar Accessory Kaolinite 

K-feldspar 

 

Trace Alunite 

jarosite 

hematite 

goethite 

tourmaline 

zircon 

Trace Alunite 

jarosite 

hematite 

goethite 

Trace Alunite 

jarosite 

hematite 

zircon 

eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC 

Na K Mg Ca Mn Na K Mg Ca Mn Na K Mg Ca Mn 

3.2 3 41 32 12 12 23 <1 10 55 22 13 26 <1 9 38 31 22 

 

Table 7c 
  

Mineralogical Results for Samples Subjected to Kinetic Testing: Total-S = 0.4-0.5% 

Crystal Tuff [3-13 m approx.] 

(GCA10730/31) 

Laminated Tuff [12-14 m approx.] 

(GCA10740/41) 

Volcanic Breccia [30-37 m approx.] 

(GCA10706/07) 

Dominant quartz Dominant  Dominant  

Major illite/muscovite Major smectite/illite 

K-feldspar 

quartz 

Major smectite/illite 

quartz 

Minor  Minor  Minor K-feldspar 

Accessory K-feldspar Accessory rhodochrosite 

Ti-oxides 

Accessory rhodochrosite 

Trace Pyrite 

marcasite 

jarosite 

hematite  

goethite 

Ti-oxides 

Trace Pyrite 

marcasite 

sphalerite 

galena 

Trace Pyrite 

marcasite 

barite 

Ti-oxides 

 

Table 7d 
  

Mineralogical Results for Samples Subjected to Kinetic Testing: Total-S = 0.6-0.7% 

Ignimbrite [138-139 m approx.] 

(GCA10053) 

Volcanic Breccia [62-65 m approx.] 

(GCA10747/48/49) 

Major feldspar quartz Major illite/muscovite quartz 

Minor illite Minor K-feldspar 

Accessory Pyrite 

rhodochrosite 

muscovite 

Ti-oxides 

Accessory rhodochrosite 

Ti-oxides 

Trace Sphalerite 

galena 

zircon 

Trace pyrite 

marcasite sphalerite 

galena 

zircon 
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Table 7e 
  

Mineralogical Results for Samples Subjected to Kinetic Testing: Total-S = 1-3% 
Page 3 of 3 

Crystal Tuff [52-54 m 

approx.] (GCA10754/55) 

Crystal Tuff [39-40 m 

approx.] (GCA10043) 

Crystal Tuff [55-56 m 

approx.] (GCA10044) 

Ignimbrite [13-14 m 

approx.] (GCA10039) 

Major smectite/illite 

quartz 

Major Muscovite 

K-feldspar 

quartz 

Major muscovite K 

feldspar 

quartz 

Major Feldspar 

quartz 

Minor kaolinite Minor  Minor  Minor muscovite 

Accessory pyrite 

dolomite 

siderite 

chlorite 

Ti-oxides 

Accessory pyrite 

sphalerite 

rhodochrosite 

siderite 

Ti-oxides 

Accessory Pyrite 

marcasite 

rhodochrosite 

Ti-oxides 

Accessory pyrite 

Ti-oxides 

Trace marcasite Trace galena Trace sphalerite 

galena 

apatite 

Trace sphalerite 

galena 

apatite 

 

Table 7f 
  

Mineralogical Results for Samples Subjected to Kinetic Testing: Low Grade Ore 

Ignimbrite (GCA10049) 

Major quartz 

Minor illite 

Accessory pyrite 

rhodochrosite 

K-feldspar 

muscovite 

Ti-oxides 

Trace sphalerite galena 
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Table 8 
  

Analysis Results for Leachates Produced by Weathering Columns 

Table 8a(i) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S < 0.1% 
GCA10651/53 sandstone (c. 4-5 m bgl), Total-S = 0.03%, Cr(II)-Red.-S < 0.01%, CO3 < 0.01%, Mn < 0.01% 

Page 1 of 16 

Element/ Parameter 

Pre-Rinse-Cycles Weeks of Weathering Element Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 2 4 6 8  0a 0b 2 4 6 8 

Major-Parameters Other Elements (mostly metals) [µg/L] 

pH 5.4 [5.9] 7.0 [6.5] 6.7 [6.4] 6.7 [6.4] 6.7 [6.3] 6.2 [6.1] Mn 2,800 200 50 30 40 20 

EC (µS/cm) 1,200 [980] 210 [200] 130 [120] 64 [65] 93 [54] 49 [37] Zn 840 40 20 <10 <10 20 

HCO3 (mg/L) 8 6 4 5 5 4 Cd 0.8 0.02 <0.02 <0.02 <0.02 0.04 

Major-Ions (mg/L)              

Na 180 31 19 11 8.3  Pb 3.0 <0.5 2.1 <0.5 <0.5 <0.5 

K 7.6 1.4 1.1 0.6 0.4  Co 11 0.7 1.0 0.2 0.2  

Mg 8.6 0.6 0.25 0.16 0.15  As 1.8 1.4 1.2 1.5 0.8 42 

Ca 29 6.4 9.2 0.93 1.3  Cu 10 <10 <10 <10 <10  

SO4 360 69 36 19 15  Ni <10 <10 <10 <10 <10  

Cl 65 4 3 <2 <2  Cr <10 <10 <10 <10 <10  

F 0.2 0.1 0.2 0.3 0.3  Hg 0.1 <0.1 <0.1 <0.1 <0.1  

      10 Sb 0.30 0.30 0.36 0.33 0.35 0.48 

Fe 0.24 <0.01 0.02 0.02 <0.01  Bi <0.005 <0.005 <0.005 <0.005 <0.005  

AI 0.27 0.08 <0.01 0.01 <0.01  Se <0.05 <0.05 <0.5 <0.5 <0.5  

Si 11 9.9 13 11 11  B 20 20 30 <10 <10  

       Mo 0.11 <0.05 0.15 0.17 0.32  

       P <100 <100 <100 <100 <100  

      11 Ag <0.01 <0.01 0.01 <0.01 0.04  

       Ba 10 2.6 1.2 0.77 0.90  

       Sr 130 24 5.5 3.8 5.9  

       TI 0.68 0.10 0.06 0.03 0.03 0.02 

       V <10 <10 <10 <10 <10  

       Sn <0.1 0.1 <0.1 <0.1 0.1  

       U 0.41 0.016 0.017 0.026 0.011  

       Th 0.054 <0.005 0.020 0.011 <0.005  

Leachate Wt (kg) 0.61 0.95 0.64 0.62 0.64 0.66        

Notes: EC = Electrical Conductivity; Cr(II)-Red.-S = Cr(II)-Reducible-S; m bgl = metres below ground-level  

pH and EC values in square-parentheses correspond to determinations in GCA Testing Laboratory. 

Values in parenthesis are for duplicates 
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Table 8a(ii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S < 0.1% 

GCA10668/69, crystal tuff (c. 29-33 m bgl), Total-S = 0.03%, Cr(II)-Red.-S < 0.01%, CO3 < 0.01%, Mn < 0.01% 
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Element/ Parameter 

Pre-Rinse-Cycles Weeks of Weathering  

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 0c 2 4 6 8 10 0a 0b 0c 2 4 6 8 10 

 

Major-Parameters 

 
pH 

EC (µS/cm) 

acidity (mg H2SO4/L) 

HCO3 (mg/L) 

 

Major-Ions (mg/L) 

 

Na 

K 

Mg 

Ca 

SO4 

Cl  

F 

 

Fe 

Al 

Si 

                 

        

Other Elements (mostly 
metals) [µg/L] 

      

 

5.2 [5.4] 

280 [250] 

 

5 

 

 

 

9.1 

30 

6.4 

6.7 

83 

6 

<0.1 

 

0.21 

0.16 

4.1 

 

5.0 [5.0] 

270 [260] 

10 

2 

 

 

 

6.7 

27 

8.6 

7.6 

95 

2 

0.1 

 

0.08 

0.29 

9.8 

 

5.9 [5.1] 

160 [130] 

 

2 

 

 

 

2.4 

14 

3.4 

3.0 

42 

<2 

<0.1 

 

0.04 

0.13 

6.8 

 

5.3 [5.3] 

120 [110] 

 

2 

 

 

 

3.1 

13 

2.6 

2.4 

35 

<2 

<0.1 

 

0.02 

0.03 

6.2 

 

5.5 [5.3] 

98 [96] 

 

2 

 

 

 

1.5 

13 

2.4 

2.1 

31 

<2 

<0.1 

 

0.02 

0.04 

6.2 

 

5.5 [5.2] 

90 [71] 

 

2 

 

 

 

1.0 

10 

1.7 

1.5 

23 

<2 

<0.1 

 

<0.01 

<0.01 

6.4 

 

5.2 [5.2] 

73 [66] 

 

2 

 

 

 

 

 

 

 

 

22 

 

 

 

 

 

 

6.4 

 

5.6 [5.3] 

68 [56] 

 

2 

 

 

 

 

 

 

 

 

17 

 

 

 

 

 

 

5.9 

 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

 

1,700 

370 

2.7 

1.2 

24 

1.1 

40 

40 

<10 

<0.1 

0.02 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

38 

43 

5.8 

<10 

<0.1 

0.57 

<0.005 

 

2,600 

470 

3.6 

1.4 

37 

0.4 

<10 

40 

<10 

<0.1 

0.07 

<0.005 

0.6 

<10 

<0.05 

<100 

<0.01 

21 

51 

6.5 

<10 

<0.1 

0.61 

<0.005 

 

1,100 

210 

1.6 

1.0 

14 

0.3 

10 

20 

<10 

<0.1 

0.02 

<0.005 

<0.5 

10 

<0.05 

<100 

<0.01 

15 

20 

3.6 

<10 

0.1 

0.22 

0.006 

 

740 

140 

1.1 

0.7 

15 

0.7 

20 

<10 

<10 

<0.1 

0.06 

<0.005 

<0.5 

30 

0.13 

<100 

0.01 

16 

17 

3.4 

<10 

<0.1 

0.10 

0.014 

 

690 

120 

1.1 

3.0 

9.4 

1.0 

<10 

<10 

<10 

<0.1 

0.04 

<0.005 

<0.5 

<10 

<0.05 

<100 

0.01 

19 

14 

3.3 

<10 

<0.1 

0.13 

<0.005 

 

510 

80 

0.69 

0.7 

6.9 

0.6 

<10 

10 

<10 

<0.1 

0.04 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

20 

11 

2.6 

<10 

<0.1 

0.095 

<0.005 

 

430 

80 

0.61 

1.2 

 

2.0 

 

 

 

 

0.01 

 

 

 

 

 

 

 

 

 

2.7 

 

380 

70 

0.50 

<0.5 

 

0.6 

 

 

 

 

0.06 

 

 

 

 

 

 

 

 

 

2.2 

Leachate Wt (kg) 0.67 0.97 0.95 0.70 0.75 0.75 0.74 0.73 
         

Note: Values in parenthesis are for duplicates 
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Table 8a(iii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S < 0.1% 
GCA10682/83 crystal tuff (c. 43-47 m bgl), Total-S = 0.07%, Cr(II)-Red.-S = 0.04%, CO3 = 0.63%, Mn = 0.49% 
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Element/ 
Parameter 

Pre-Rinse-Cycles Weeks of Weathering  

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 2 4 6 8 10 0a 0b 2 4 6 8 10 

 

Major-
Parameters 

pH 

EC (µS/cm) 
HCO3 (mg/L) 

 

Major-Ions 
(mg/L) 
 

Na 

K 

Mg 

Ca 

SO4 

Cl 

F 

 

Fe 

Al 

Si 

               

       Other Elements (mostly metals) [µg/L]     

 

6.7 [7.1] 

1,200 [950] 

56 

 

 

 

25 

29 

54 

110 

470 

14 

0.3 

 

<0.01 

0.08 

6.6 

 

7.5 [7.2] 

200 [190] 

37 

 

 

 

5.4 

11 

6.7 

13 

58 

4 

0.5 

 

<0.01 

0.05 

3.4 

 

7.0 [6.5] 

320 [300] 

9 

 

 

 

5.5 

11 

11 

21 

130 

6 

0.9 

 

<0.01 

0.02 

2.1 

 

7.0 [6.8] 

240 [230] 

12 

 

 

 

5.0 

12 

8.2 

16 

93 

7 

1.2 

 

<0.01 

0.01 

2.1 

 

7.1 [6.9] 

220 [160] 

12 

 

 

 

3.5 

8.7 

5.4 

11 

50 

<2 

1.3 

 

<0.01 

<0.01 

1.7 

 

6.9 [6.9] 

120 [120] 

14 

 

 

 

 

 

 

 

36 

<2 

1.6 

 

 

 

1.6 

 

7.3 [7.1] 

64 [100] 

 

 

 

 

 

 

 

 

26 

 

 

 

 

 

1.4 

 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

 

11,000 

130 

0.35 

<0.5 

50 

0.5 

<10 

60 

<10 

<0.1 

0.07 

<0.005 

0.9 

<10 

<0.05 

<100 

<0.01 

13 

740 

0.51 

<10 

<0.1 

1.2 

0.005 

 

1,600 

30 

0.08 

<0.5 

5.9 

0.4 

<10 

<10 

<10 

<0.1 

0.05 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

2.4 

90 

0.21 

<10 

<0.1 

0.36 

<0.005 

 

2,800 

50 

0.06 

0.7 

7.1 

0.3 

10 

<10 

<10 

<0.1 

0.07 

<0.005 

<0.5 

20 

0.06 

<100 

<0.01 

4.7 

160 

0.28 

<10 

0.2 

0.10 

0.036 

 

2,200 

20 

0.03 

0.5 

4.3 

0.3 

<10 

<10 

<10 

<0.1 

0.07 

<0.005 

<0.5 

<10 

0.08 

<100 

0.01 

3.6 

120 

0.23 

<10 

<0.1 

0.11 

<0.005 

 

1,500 

<10 

0.02 

<0.5 

2.5 

0.2 

<10 

<10 

<10 

<0.1 

0.07 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

2.8 

76 

0.16 

<10 

<0.1 

0.085 

<0.005 

 

1,100 

10 

0.02 

<0.5 

 

1.1 

 

 

 

 

0.06 

 

 

 

 

 

 

 

 

0.15 

 

1,000 

10 

0.03 

<0.5 

 

0.3 

 

 

 

 

0.09 

 

 

 

 

 

 

 

 

0.16 

Leachate Wt (kg) 0.57 0.96 0.64 0.61 0.63 0.64 0.66         

Note: Values in parenthesis are for duplicates 
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Table 8a(iv) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S < 0.1% 

GCA10687/91, volcanic breccia (c. 22-24 m bgl), Total-S = 0.07%, Cr(II)-Red.-S = 0.04%, CO3 = 0.35%, Mn = 0.063% 
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Element/ 
Parameter 

Pre-Rinse-Cycles Weeks of Weathering 
 

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 0c 2 4 6 8 0a 0b 0c 2 4 6 8 

 

Major-Parameters 

 

pH 

EC (µS/cm)  

HCO3 (mg/L) 

 

Major-Ions (mg/L) 

 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

Fe  

Al  
Si 

 
              

 
      

Other Elements (mostly metals) [µg/L] 

    

 

7.9 [7.3] 

1,800 [1,500] 

240 

 

 

 

130 

35 

90 

150 

630 

80 

2.6 

 

0.02 

0.07 

4.1 

 

8.4 [7.6] 

420 [400] 

170 

 

 

 

48 

16 

12 

18 

58 

2 

2.9 

 

<0.01 

0.02 

4.5 

 

8.4 [8.0] 

290 [270] 

140 

 

 

 

33 

14 

7.4 

12 

28 

<2 

2.7 

 

<0.01 

0.02 

4.4 

 

8.2 [7.6] 

240 [230] 

83 

 

 

 

21 

9.4 

5.7 

9.2 

30 

<2 

2.2 

 

<0.01 

<0.01 

3.0 

 

8.0 [7.9] 

200 [190] 

82 

 

 

 

17 

9.5 

5.4 

8.6 

21 

<2 

1.5 

 

<0.01 

0.09 

2.8 

 

8.1 [7.6] 

210 [160] 

70 

 

 

 

13 

8.5 

4.7 

7.5 

14 

<2 

0.7 

 

<0.01 

0.02 

2.6 

 

7.8 [7.6] 

140 [140] 

69 

 

 

 

 

 

 

 

12 

 

 

 

 

 

2.8 

 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

 

700 

<10 

0.03 

0.7 

4.8 

7.0 

10 

20 

<10 

<0.1 

3.1 

<0.005 

1.3 

<10 

42 

<100 

<0.01 

28 

1400 

0.44 

<10 

0.1 

95 

0.041 

 

100 

10 

<0.02 

<0.5 

0.7 

5.9 

<10 

<10 

<10 

<0.1 

2.1 

<0.005 

<0.5 

<10 

32 

<100 

<0.01 

41 

170 

0.21 

<10 

<0.1 

85 

<0.005 

 

100 

<10 

<0.02 

<0.5 

0.5 

4.9 

<10 

<10 

<10 

<0.1 

1.8 

<0.005 

<0.5 

<10 

13 

<100 

<0.01 

51 

110 

0.18 

<10 

<0.1 

36 

<0.005 

 

70 

10 

<0.02 

<0.5 

0.9 

6.0 

10 

<10 

<10 

<0.1 

1.4 

<0.005 

<0.5 

30 

14 

<100 

<0.01 

55 

87 

0.16 

<10 

0.2 

20 

0.034 

 

70 

<10 

<0.02 

0.6 

0.5 

5.7 

<10 

<10 

<10 

<0.1 

1.3 

<0.005 

<0.5 

<10 

7.8 

<100 

<0.01 

71 

83 

0.14 

<10 

0.1 

24 

0.005 

 

40 

<10 

<0.02 

<0.5 

0.2 

5.5 

<10 

<10 

<10 

<0.1 

1.1 

<0.005 

<0.5 

<10 

5.5 

<100 

<0.01 

63 

74 

0.12 

<10 

<0.1 

19 

<0.005 

 

50 

20 

<0.02 

1.3 

 

8.9 

 

 

 

 

1.1 

 

 

 

 

 

 

 

 

 

0.13 

Leachate Wt (kg) 0.53 0.97 0.96 0.58 0.53 0.61 0.55 
        

Note: Values in parenthesis are for duplicates 
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Table 8b(i) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.1-0.2% 
|GCA10663/64, sandstone (c. 14-21 m bgl), Total-S = 0.13%, Cr(II)-Red.-S = <0.01%, CO3 = 0.01%, Mn = 0.012% 
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Element/ 
Parameter 

Pre-Rinse-Cycles Weeks of Weathering 

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 0c 2 4 6 8 10 0a 0b 0c 2 4 6 8 10 

 

Major-Parameters 
 

pH 

EC (µS/cm) 

acidity (mg H2SO4/L) 

HCO3 (mg/L) 
 

Major-Ions (mg/L) 
 

Na  

K 

Mg  

Ca  

SO4 

Cl 

F 
 

Fe  

Al  

Si 

           
 

 
3,000 

230 

1.6 

<0.5 

28 

2.1 

<10 

60 

<10 

<0.1 

0.06 

<0.005 

<0.5 

20 

<0.05 

<100 

<0.01 

23 

45 

16 

<10 

0.1 

0.71 

<0.005 

 

 
 

1,400 

80 

0.44 

<0.5 

13 

0.6 

<10 

<10 

<10 

<0.1 

0.07 

<0.005 

<0.5 

30 

<0.05 

<100 

<0.01 

12 

25 

8.1 

<10 

<0.1 

0.10 

0.015 

 

 
 

1,500 

110 

0.59 

0.6 

14 

0.9 

<10 

30 

<10 

<0.1 

0.07 

<0.005 

<0.5 

<10 

0.07 

<100 

<0.01 

12 

22 

7.7 

<10 

<0.1 

0.14 

<0.005 

 

 
 

1,400 

90 

0.57 

<0.5 

13 

1.1 

<10 

20 

<10 

<0.1 

0.05 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

15 

19 

7.4 

<10 

<0.1 

0.25 

<0.005 

 

  

        

Other Elements (mostly 
metals) [µg/L] 

  

4.7 [4.7] 

910 [820] 

37 

4.9 [5.0] 

550 [500] 

17 

5.5 [5.4] 

200 [200] 
 

3 

7.0 [6.5] 

120 [110] 
 

6 

6.5 [6.2] 

97 [95] 
 

4 

6.0 [5.7] 

110 [82] 
 

3 

5.9 [5.7] 

66 [63] 
 

2 

6.3 [5.9] 

60 [49] 
 

3 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

15,000 

1,200 

7.2 

1.2 

140 

1.2 

50 

240 

10 

<0.1 

0.19 

<0.005 

<0.5 

<10 

0.09 

<100 

<0.01 

38 

190 

42 

<10 

<0.1 

11 

<0.005 

9,900 

750 

4.3 

0.9 

92 

1.2 

20 

160 

<10 

<0.1 

0.08 

<0.005 

<0.5 

20 

0.06 

<100 

<0.01 

21 

150 

33 

<10 

<0.1 

3.5 

<0.005 

 

 

990 

90 

0.44 

<0.5 

 

760 

50 

0.30 

<0.5 

        
2.6 0.7 

46 

36 

17 

67 

340 

42 

<0.1 

16 

30 

11 

43 

230 

5 

0.1 

3.0 

15 

3.4 

13 

68 

<2 

<0.1 

1.3 

8.0 

1.8 

7.1 

33 

<2 

<0.1 

1.0 

8.7 

1.8 

5.3 

31 

<2 

<0.1 

0.7 

8.2 

1.6 

4.3 

26 

<2 

<0.1 

 

 

 

 

21 

 

 

 

 

 

16 

 

 

 
 

0.04 

 

 

 
 

0.09 

0.58 

4.3 

5.3 

0.37 

1.2 

14 

0.13 

0.11 

13 

<0.01 

0.03 

8.0 

0.03 

0.03 

9.6 

0.07 

<0.01 

11 

 

 

9.1 

 

 

7.7 

  

        6.5 4.7 

Leachate Wt (kg) 0.64 0.98 0.93 0.70 0.68 0.70 0.71 0.69 
  

Note: Values in parenthesis are for duplicates 



BOWDENS SILVER PTY LIMITED SPECIALIST CONSULTANT STUDIES 

Bowdens Silver Project Part 3: Materials Characterisation 

Report No. 429/25 
 

3 - 78 Graeme Campbell and Associates Pty Ltd 
 

Table 8b(ii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.1-0.2% 
GCA10674/75, crystal tuff (c. 31-36 m bgl), Total-S = 0.10%, Cr(II)-Red.-S < 0.01%, CO3 = 0.01%, Mn = 0.085% 
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Element/ 
Parameter 

Pre-Rinse-Cycles Weeks of Weathering  

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 0c 2 4 6 8 10 0a 0b 0c 2 4 6 8 10 

 

Major-Parameters 

 

pH 

EC (µS/cm) 

acidity (mg H2SO4/L) 

HCO3 (mg/L) 

 

Major-Ions (mg/L) 
 

Na  

K 

Mg  

Ca  

SO4 

Cl 

F 

 

Fe  

Al  

Si 

           
 

 
 

2,100 

70 

0.05 

3.8 

9.9 

0.4 

<10 

20 

<10 

<0.1 

0.03 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

5.2 

20 

1.2 

<10 

<0.1 

0.15 

<0.005 

 

 
 

2,900 

110 

0.10 

0.7 

15 

0.6 

<10 

<10 

<10 

<0.1 

0.04 

<0.005 

<0.5 

20 

<0.05 

<100 

<0.01 

12 

29 

1.3 

<10 

<0.1 

0.20 

0.025 

 
 

 

1,700 

60 

0.07 

1.0 

8.1 

0.9 

<10 

20 

<10 

<0.1 

0.06 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

7.0 

17 

0.98 

<10 

<0.1 

0.082 

<0.005 

 

 

 

2,200 

80 

0.07 

2.5 

11 

0.7 

<10 

10 

<10 

<0.1 

0.02 

<0.005 

<0.5 

<10 

<0.05 

<100 

0.09 

9.9 

24 

1.1 

<10 

<0.1 

0.12 

<0.005 

 
 

        

Other Elements (mostly 
metals) [µg/L] 

 
 

4.7 [5.0] 

1,800 [1,400] 

43 

5.7 [5.6] 

380 [370] 

 

4 

5.9 [5.5] 

120 [110] 

 

3 

5.5 [5.5] 

160 [160] 

 

2 

5.8 [6.7] 

96 [93] 

 

3 

5.5 [5.4] 

150 [120] 

 

2 

5.4 [5.4] 

81 [98] 

 

2 

5.7 [5.4] 

93 [79] 

 

2 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

74,000 

2,400 

2.0 

14 

330 

0.7 

30 

260 

40 

<0.1 

0.07 

<0.005 

<0.5 

<10 

0.07 

<100 

<0.01 

17 

660 

5.8 

<10 

<0.1 

7.7 

0.063 

11,000 

360 

0.25 

1.4 

50 

0.8 

<10 

60 

10 

<0.1 

0.16 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

11 

110 

2.7 

<10 

<0.1 

0.68 

<0.005 

1,400 

60 

0.04 

1.0 

1,400 

40 

0.04 

0.6 

        1.5 0.5 

27 

58 

120 

86 

840 

16 

0.4 

8.0 

25 

18 

14 

160 

<2 

0.2 

2.3 

11 

3.6 

2.7 

39 

<2 

0.1 

2.8 

13 

4.9 

3.5 

50 

<2 

<0.1 

1.9 

9.3 

2.9 

2.0 

32 

<2 

<0.1 

2.1 

11 

3.8 

2.9 

38 

<2 

0.1 

 

 

 

 

 

28 

 

 

 

 

 

26 

 

 

 

 

0.02 

 

 

 

 

0.03 

0.25 

2.1 

24 

0.09 

0.14 

22 

0.04 

0.07 

9.8 

0.01 

0.04 

12 

0.03 

<0.01 

9.4 

<0.01 

<0.01 

12 

 

 

9.5 

 

 

11 

  

        0.86 0.87 

Leachate Wt (kg) 0.54 0.96 0.98 0.60 0.54 0.61 0.63 0.66 
  

Note: Values in parenthesis are for duplicates 
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Table 8b(iii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.1-0.2% 

GCA10678/79, volcanic breccia (c. 26-28 m bgl), Total-S = 0.18%, Cr(II)-Red.-S < 0.01%, CO3 = 0.03%, Mn = 0.16% 
Page 7 of 16 

 

Element/ 

Parameter 

Pre-Rinse-Cycles Weeks of Weathering  

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 0c 0d 0e 2 4 6 8 10 0a 0b 0c 0d 0e 2 4 6 8 10 

 

Major-Parameters 

 

pH 

EC (µS/cm) 

acidity (mg H2SO4/L) 

HCO3 (mg/L) 

 

Major-Ions (mg/L) 

 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

Fe  

Al  

Si 

               

 

 

95,000 

3,300 

15 

0.8 

410 

0.8 

30 

500 

60 

<0.1 

0.28 

<0.005 

<0.5 

<10 

0.10 

<100 

<0.01 

12 

240 

8.7 

<10 

<0.1 

2.7 

0.025 

 

 

 

91,000 

3,200 

14 

0.7 

400 

1.4 

20 

490 

70 

<0.1 

0.13 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

12 

240 

7.8 

<10 

<0.1 

2.5 

0.018 

 

 

 

34,000 

1,200 

5.2 

0.7 

160 

0.7 

20 

180 

20 

<0.1 

0.17 

0.017 

<0.5 

50 

0.09 

<100 

<0.01 

14 

110 

6.2 

<10 

<0.1 

0.60 

0.017 

 

 

 

21,000 

780 

3.3 

2.4 

99 

1.0 

20 

130 

30 

<0.1 

0.12 

<0.005 

<0.5 

<10 

<0.05 

<100 

0.01 

9.2 

69 

4.8 

<10 

0.2 

0.31 

0.005 

 

 

 

8,900 

330 

1.4 

3.7 

42 

0.9 

<10 

60 

<10 

<0.1 

0.07 

<0.005 

<0.5 

<10 

<0.05 

<100 

0.01 

8.5 

32 

3.0 

<10 

<0.1 

0.15 

<0.005 

  

          Other Elements (mostly metals) [µg/L]   

 

4.0 [4.2] 

4,100 [3,100] 

130 

 

4.4 [4.6] 

1,600 [1,400] 

42 

 

4.6 [4.8] 

900 [820] 

21 

 

4.6 [4.7] 

1,200 [1,100] 

29 

 

4.6 [4.8] 

1,100 [1,100] 

27 

 

4.8 [4.9] 

620 [570] 

20 

 

5.1 [5.0] 

410 [400] 

11 

 

5.1 [5.1] 

240 [200] 

 

2 

 

5.2 [5.1] 

170 [160] 

 

2 

 

5.7 [5.2] 

150 [130] 

 

2 

 

Mn 

Zn  

Cd  

Pb  

Co  

As  

Cu  

Ni 

Cr  

Hg  

Sb  

Bi  

Se  

B 

Mo  

P 

Ag  

Ba  

Sr  

Tl  

V 

Sn  

U 

Th 

 

480,000 

17,000 

73 

6.0 

2,000 

1.7 

100 

2,000 

320 

<0.1 

0.65 

<0.005 

<0.5 

<10 

0.15 

<100 

0.01 

30 

1200 

23 

<10 

0.3 

25 

0.72 

 

150,000 

5,100 

22 

2.3 

610 

0.8 

30 

710 

90 

<0.1 

0.18 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

9.5 

340 

12 

<10 

<0.1 

4.5 

0.055 

 

69,000 

2,500 

11 

1.5 

290 

0.5 

20 

370 

50 

<0.1 

0.08 

<0.005 

<0.5 

<10 

<0.05 

<100 

<0.01 

7.6 

170 

6.8 

<10 

<0.1 

1.8 

0.027 

 

6,500 

250 

1.1 

2.4 

 

5,200 

190 

0.71 

1.1 

          1.4 0.5 

29 

79 

320 

290 

2,800 

7 

0.5 

7.5 

37 

98 

87 

860 

<2 

<0.1 

3.3 

23 

46 

50 

430 

<2 

<0.1 

4.2 

28 

64 

69 

590 

<2 

<0.1 

3.7 

26 

62 

70 

570 

<2 

<0.1 

2.6 

21 

24 

36 

270 

3 

<0.1 

1.5 

18 

16 

24 

180 

<2 

<0.1 

1.0 

12 

6.6 

11 

72 

<2 

<0.1 

 

 

 

 

 

59 

 

 

 

 

 

45 

 

 

 

 

0.07 

 

 

 

 

0.09 

0.29 

8.7 

9.8 

0.07 

2.0 

11 

0.04 

0.83 

6.4 

0.03 

1.2 

10 

0.03 

1.3 

11 

<0.01 

0.17 

9.6 

<0.01 

0.13 

9.4 

<0.01 

0.02 

7.8 

 

 

8.1 

 

 

9.6 

  

          3.1 2.6 

Leachate Wt (kg) 0.61 0.95 0.98 0.94 0.98 0.66 0.66 0.68 0.69 0.70   

Note: Values in parenthesis are for duplicates 
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Table 8c(i) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.4-0.5% 

GCA10730/31, crystal tuff (c. 3-13 m), Total-S = 0.45%, Cr(II)-Red.-S = 0.13%, CO3 < 0.01%, Mn = 0.082% 
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Element/ Parameter 

Pre-Rinse-Cycles Weeks of Weathering 

 

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 2 4 6 8 0a 0b 2 4 6 8 

 

Major-Parameters 

pH 

EC (µS/cm) 

acidity (mg H2SO4/L) 

 

Major-Ions (mg/L) 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

Fe  

Al  

Si 

             

      Other Elements (mostly metals) [µg/L]    

4.0 [4.0] 

4,900 [3,900] 

420 

 

 

 

500 

120 

220 

67 

2,500 

250 

1.4 

 

7.2 

54 

21 

4.7 [4.9] 

560 [560] 

13 

 

 

 

64 

31 

8.0 

2.8 

210 

12 

0.2 

 

0.39 

0.36 

17 

4.7 [4.8] 

360 [350] 

11 

 

 

 

23 

22 

8.3 

3.2 

140 

6 

0.1 

 

0.27 

0.52 

6.2 

4.7 [4.8] 

280 [270] 

11 

 

 

 

13 

19 

7.3 

2.9 

110 

8 

0.1 

 

0.35 

0.30 

4.4 

4.2 [4.0] 

790 [780] 

40 

 

 

 

30 

43 

33 

12 

330 

5 

0.3 

 

1.8 

2.0 

19 

4.3 [4.1] 

1,300 [580] 

31 

 

 

 

17 

35 

25 

9.0 

230 

 

 

 

1.8 

1.4 

19 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

260,000 

12,000 

250 

8.9 

290 

130 

30 

290 

250 

<0.1 

3.7 

0.01 

1.0 

10 

0.23 

<100 

<0.01 

19 

830 

8.6 

<10 

0.1 

95 

1.2 

8,400 

400 

5.9 

0.8 

9.8 

67 

<10 

10 

10 

<0.1 

2.7 

<0.005 

<0.5 

<10 

0.09 

<100 

<0.01 

7.3 

35 

1.9 

<10 

<0.1 

1.6 

0.014 

9,200 

420 

7.5 

1.1 

12 

36 

10 

<10 

<10 

<0.1 

1.2 

<0.005 

<0.5 

40 

0.09 

<100 

0.02 

14 

38 

1.2 

<10 

<0.1 

1.2 

0.012 

7,900 

360 

6.3 

1.9 

8.6 

11 

<10 

10 

10 

<0.1 

0.76 

<0.005 

<0.5 

60 

0.22 

<100 

<0.01 

9.5 

32 

0.94 

<10 

<0.1 

0.79 

<0.005 

37,000 

1,700 

33 

3.6 

45 

15 

<10 

50 

30 

<0.1 

1.1 

0.008 

<0.5 

10 

0.07 

<100 

0.01 

31 

150 

2.3 

<10 

<0.1 

5.8 

0.014 

29,000 

1,400 

24 

2.6 

32 

16 

10 

40 

30 

<0.1 

0.91 

0.006 

<0.5 

10 

<0.05 

<100 

<0.01 

25 

120 

1.9 

<10 

<0.1 

4.8 

0.012 

Leachate Wt (kg) 0.40 0.98 0.47 0.53 0.44 0.51  
      

Note: Values in parenthesis are for duplicates 
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Table 8c(ii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.4-0.5% 

GCA10740/41, laminated tuff (c. 12-14 m bgl) Total-S = 0.43%, Cr(II)-Red.-S = 0.23%, CO3 = 0.07%, Mn = 0.30% 
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Element/ Parameter 

Pre-Rinse-Cycles Weeks of Weathering 

 

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 2 4 6 0a 0b 2 4 6 

 

Major-Parameters 

pH 

EC (µS/cm) 

acidity (mg H2SO4/L) 

 

Major-Ions (mg/L) 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

 

Fe  

Al  

Si 

           

     Other Elements (mostly metals) [µg/L]   

6.8 [7.1] 

2,200 [1,800] 

28 

 

 

160 

41 

89 

130 

920 

57 

0.3 

 

 

<0.01 

0.08 

7.0 

7.7 [7.1] 

280 [290] 

30 

 

 

26 

12 

5.7 

8.0 

80 

2 

0.6 

 

 

0.03 

0.40 

6.1 

6.5 [6.3] 

360 [360] 

4 

 

 

20 

14 

12 

17 

140 

2 

0.6 

 

 

<0.01 

0.06 

4.0 

6.5 [6.5] 

470 [460] 

6 

 

 

18 

18 

19 

26 

190 

2 

0.3 

 

 

<0.01 

0.03 

5.3 

6.5 [6.5] 

470 [530] 

7 

 

 

17 

21 

23 

33 

210 

5 

0.3 

 

 

<0.01 

<0.01 

6.6 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

6,300 

1,700 

2.0 

18 

23 

21 

<10 

20 

<10 

<0.1 

9.7 

<0.005 

1.6 

30 

4.8 

<100 

0.05 

17 

1200 

1.8 

<10 

<0.1 

0.35 

0.014 

710 

80 

0.13 

7.2 

1.1 

30 

<10 

<10 

<10 

<0.1 

12 

<0.005 

<0.5 

40 

5.0 

<100 

<0.01 

3.1 

72 

0.43 

<10 

0.2 

0.082 

0.188 

2,500 

260 

0.69 

14 

5.9 

7.8 

10 

<10 

<10 

<0.1 

10 

<0.005 

<0.5 

20 

1.9 

<100 

0.02 

7.5 

160 

0.57 

<10 

<0.1 

0.025 

0.012 

4,700 

560 

1.7 

65 

5.7 

2.6 

<10 

<10 

<10 

<0.1 

7.4 

<0.005 

<0.5 

30 

0.88 

<100 

<0.01 

12 

240 

0.72 

<10 

<0.1 

0.015 

<0.005 

7,200 

900 

3.2 

130 

7.8 

2.6 

<10 

<10 

<10 

<0.1 

7.1 

<0.005 

<0.5 

30 

0.59 

<100 

<0.01 

17 

310 

0.99 

<10 

<0.1 

0.016 

0.006 

Leachate Wt (kg) 0.60 0.97 0.62 0.44 0.44  
     

Note: Values in parenthesis are for duplicates 
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Table 8c(iii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.4-0.5% 

GCA10706/07, volcanic breccia (c. 30-37 m bgl), Total-S = 0.51%, Cr(II)-Red.-S = 0.33%, CO3 = 0.16%, Mn = 0.24% 
Page 10 of 16 

Element/ 
Parameter 

Pre-Rinse-Cycles Weeks of Weathering 

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 0c 2 4 6 8 10 0a 0b 0c 2 4 6 8 10 

Major-
Parameters 

pH 

EC (µS/cm) 

HCO3 (mg/L) 

 

Major-Ions 
(mg/L) 
 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

Fe  

Al  

Si 

                 

        Other Elements (mostly metals) [µg/L]     

7.6 [7.1] 

4,000 [3,400] 

63 

 

 

 

130 

81 

280 

560 

2,900 

110 

0.3 

 

<0.01 

0.01 

4.9 

7.6 [7.5] 

1,600 [1,500] 

140 

 

 

 

33 

40 

85 

190 

770 

4 

0.5 

 

<0.01 

<0.01 

3.8 

8.2 [8.1] 

370 [390] 

140 

 

 

 

12 

19 

14 

31 

67 

<2 

0.8 

 

<0.01 

<0.01 

3.1 

7.5 [7.2] 

290 [270] 

19 

 

 

 

17 

18 

8.6 

9.3 

120 

3 

0.8 

 

0.17 

0.32 

4.4 

7.2 [7.4] 

620 [560] 

34 

 

 

 

8.6 

19 

24 

53 

230 

5 

1.0 

 

<0.01 

0.05 

1.5 

7.6 [7.4] 

560 [480] 

33 

 

 

 

6.4 

15 

17 

41 

160 

5 

0.9 

 

<0.01 

0.03 

1.3 

7.8 [7.5] 

420 [400] 

48 

 

 

 

6.8 

16 

16 

36 

140 

 

 

 

0.02 

<0.01 

1.6 

7.7 [7.7] 

320 [290] 

47 

 

 

 

5.3 

14 

12 

25 

86 

 

0.9 

 

<0.01 

0.20 

2.0 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

18,000 

90 

1.9 

<0.5 

26 

3.7 

30 

50 

<10 

<0.1 

3.4 

<0.005 

0.7 

<10 

9.4 

<100 

0.09 

20 

5,600 

1.3 

<10 

<0.1 

2.4 

0.013 

5,700 

20 

0.38 

<0.5 

6.5 

6.5 

10 

10 

<10 

<0.1 

4.1 

<0.005 

<0.5 

<10 

32 

<100 

0.02 

22 

1,800 

0.54 

<10 

<0.1 

8.0 

<0.005 

890 

<10 

0.04 

<0.5 

0.9 

3.7 

<10 

<10 

<10 

<0.1 

5.3 

<0.005 

<0.5 

20 

55 

<100 

<0.01 

37 

290 

0.25 

<10 

0.1 

3.9 

<0.005 

610 

270 

0.05 

<0.5 

1.5 

2.0 

<10 

<10 

<10 

<0.1 

2.3 

<0.005 

<0.5 

<10 

29 

<100 

<0.01 

27 

190 

0.15 

<10 

<0.1 

0.12 

0.013 

1,600 

<10 

0.04 

<0.5 

1.4 

2.4 

10 

<10 

<10 

<0.1 

3.0 

<0.005 

<0.5 

<10 

61 

<100 

<0.01 

26 

470 

0.22 

<10 

0.9 

1.1 

0.006 

1,100 

<10 

0.06 

<0.5 

0.6 

1.7 

<10 

<10 

<10 

<0.1 

2.7 

<0.005 

<0.5 

<10 

55 

<100 

0.02 

28 

350 

0.17 

<10 

0.2 

0.79 

0.020 

980 

20 

0.12 

<0.5 

0.7 

3.2 

<10 

<10 

<10 

<0.1 

3.6 

<0.005 

<0.5 

<10 

68 

<100 

0.02 

44 

340 

0.19 

<10 

<0.1 

1.8 

<0.005 

710 

20 

0.02 

<0.5 

0.9 

6.3 

<10 

<10 

<10 

<0.1 

3.7 

<0.005 

<0.5 

<10 

55 

<100 

<0.01 

48 

250 

0.21 

<10 

<0.1 

1.5 

0.030 

Leachate Wt 
(kg) 

0.39 0.95 0.98 0.45 0.33 0.42 0.32 0.45 
         

Note: Values in parenthesis are for duplicates 
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Table 8d(i) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.6-0.7% 

GCA10053, ignimbrite (c. 138-139 m bgl), Total-S = 0.67%, Cr(II)-Red.-S = 0.53%, CO3 = 0.01%, Mn = 0.89% 
Page 11 of 16 

 

Element/ Parameter 

Pre- 

Rinse-

Cycle 

Weeks of Weathering  

Element/ 

Parameter 

Pre- 

Rinse- 

Cycle 

Weeks of Weathering 

2 4 6 8 10 12 16 20 22 24 26 28 30 2 4 6 8 10 12 16 20 22 24 26 28 30 0 0 

 

Major-Parameters 

 

pH 

EC [µS/cm]  

HCO3 (mg/L) 

acidity (mg/L H2SO4) 

 

Major-Ions (mg/L) 

 

Na  

K 

Mg  

Ca  

SO4 

 

Fe  

Al  

Si 

                             

              Other Elements (mostly metals) [µg/L]          

 

4.8 [5.0] 

900 [850] 

1 

24 

 

 

 

 

 

 

 

 

410 

 

1.7 

0.52 

 

4.4 [4.4] 

830 [800] 

 

25 

 

 

 

 

 

 

 

 

400 

 

0.41 

0.14 

 

4.9 [5.0] 

720 [690] 

2 

 

 

 

 

 

 

 

 

 

320 

 

0.17 

0.10 

 

5.3 [5.4] 

580 [500] 

2 

 

 

 

 

 

 

 

 

 

230 

 

0.04 

0.09 

 

5.7 [5.5] 

510 [450] 

3 

 

 

 

 

 

 

 

 

 

190 

 

0.10 

0.06 

 

5.7 [5.5] 

440 [410] 

3 

 

 

 

 

 

 

 

 

 

170 

 

0.10 

0.06 

 

5.7 [5.6] 

400 [370] 

3 

 

 

 

 

0.7 

9.0 

6.7 

22 

170 

 

0.02 

0.12 

2.7 

 

5.4 [5.4] 

540 [520] 

2.7 

 

 

 

 

0.6 

9.4 

9.1 

31 

260 

 

0.08 

0.12 

2.9 

 

5.5 [5.4] 

540 [490] 

2 

 

 

 

 

0.6 

8.0 

8.0 

27 

240 

 

0.10 

0.17 

2.5 

 

5.8 [5.7] 

350 [340] 

2.6 

 

 

 

 

 

 

 

 

 

140 

 

0.03 

0.03 

 

5.8 [5.8] 

310 [320] 

3 

 

 

 

 

 

 

 

 

 

130 

 

<0.01 

0.07 

 

5.8 [5.6] 

270 [250] 

3 

 

 

 

 

 

 

 

 

 

94 

 

<0.01 

0.03 

 

5.8 [5.7] 

230 [230] 

3 

 

 

 

 

 

 

 

 

 

89 

 

<0.01 

0.04 

 

5.8 [5.6] 

280 [260] 

3 

 

 

 

 

 

 

 

 

 

110 

 

 

 

1.7 

 

Mn 

Zn 

Cd 

Cu 

Ni 

Co 

Pb 

Cr 

Hg 

As 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

 

45,000 

2,900 

4.4 

<10 

 

 

42 

 

 

11 

 

59,000 

2,400 

4.0 

<10 

 

 

18 

 

 

5.8 

 

62,000 

2,000 

3.7 

<10 

 

 

15 

 

 

3.4 

 

49,000 

1,400 

2.9 

<10 

 

 

13 

 

 

2.2 

 

47,000 

1,300 

2.8 

<10 

 

 

15 

 

 

3.1 

 

47,000 

1,300 

2.8 

<10 

 

 

18 

 

 

2.7 

 

48,000 

1,300 

3.0 

<10 

 

 

19 

 

 

2.3 

 

83,000 

2,200 

5.2 

<10 

 

 

41 

 

 

3.1 

 

81,000 

2,300 

5.1 

<10 

10 

16 

60 

60 

<0.1 

2.3 

0.35 

<0.005 

<0.5 

<10 

0.12 

<100 

0.02 

11 

330 

0.74 

<10 

<0.1 

0.31 

<0.005 

 

51,000 

1,300 

3.3 

<10 

 

9.9 

22 

 

 

1.2 

 

45,000 

1,200 

2.9 

<10 

 

8.0 

19 

 

 

1.3 

 

38,000 

930 

2.3 

<10 

 

6.8 

19 

 

 

0.8 

 

36,000 

890 

2.3 

<10 

 

6.4 

16 

 

 

0.9 

 

41,000 

1,100 

2.6 

 

 

19 

19 

 

 

0.8 

0.21 

 

 

 

 

 

 

 

 

 

0.39 

Leachate Wt (kg) 1.21 0.82 0.79 0.79 0.77 0.80 0.80 0.79 0.82 0.83 0.84 0.84 0.84 0.86                

Note: Values in parenthesis are for duplicates 
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Table 8d(ii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 0.6-0.7% 

GCA10747/48/49 volcanic breccia Total-S = 0.65% Cr(II)-Red.-S = 0.26% CO3 = 0.16% Mn = 0.89% 
Page 12 of 16 

Element/ Parameter 

Pre-Rinse-Cycles Weeks of Weathering 

Element 

Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 2 4 6 8 0a 0b 2 4 6 8 

 

Major-Parameters 

 

pH 

EC (µS/cm) 

HCO3 (mg/L) 

 

Major-Ions (mg/L) 

 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

Fe  

Al  

Si 

             

      

Other Elements (mostly metals) [µg/L] 
    

 

7.1 [7.3] 

1,300 [1,200] 

37 

 

 

 

24 

60 

55 

120 

540 

17 

1.3 

 

<0.01 

0.02 

3.0 

 

8.2 [7.7] 

360 [380] 

81 

 

 

 

8.0 

32 

13 

24 

91 

<2 

1.8 

 

<0.01 

0.01 

4.9 

 

7.1 [5.1] 

210 [220] 

2 

 

 

 

4.0 

17 

6.1 

12 

69 

2 

2.4 

 

0.01 

0.06 

3.4 

 

7.1 [6.9] 

170 [160] 

14 

 

 

 

3.3 

14 

4.5 

8.6 

45 

<2 

1.9 

 

0.01 

0.06 

2.9 

 

7.1 [7.1] 

160 [160] 

18 

 

 

 

2.0 

14 

4.6 

9.0 

39 

<2 

1.6 

 

<0.01 

0.48 

3.9 

 

7.5 [7.4] 

240 [170] 

27 

 

 

 

2.2 

15 

5.8 

11 

44 

 

1.8 

 

1.8 

0.09 

3.7 

 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

 

3,500 

30 

0.06 

<0.5 

1.9 

39 

<10 

<10 

<10 

<0.1 

14 

<0.005 

<0.5 

10 

40 

<100 

<0.01 

25 

570 

0.89 

<10 

0.1 

1.1 

0.006 

 

990 

10 

<0.02 

1.0 

0.6 

260 

<10 

<10 

<10 

<0.1 

27 

<0.005 

<0.5 

20 

24 

<100 

<0.01 

6.3 

120 

0.45 

<10 

<0.1 

4.1 

0.007 

 

790 

30 

0.17 

1.3 

3.7 

130 

20 

<10 

<10 

<0.1 

29 

0.006 

<0.5 

50 

32 

<100 

0.02 

3.7 

60 

0.27 

<10 

0.1 

0.11 

0.047 

 

870 

50 

0.15 

3.6 

0.8 

72 

10 

<10 

<10 

<0.1 

20 

<0.005 

<0.5 

40 

20 

<100 

0.01 

3.0 

45 

0.20 

<10 

0.2 

0.079 

0.012 

 

790 

20 

0.09 

1.9 

0.4 

55 

<10 

<10 

<10 

<0.1 

23 

<0.005 

<0.5 

10 

23 

<100 

0.02 

3.3 

45 

0.24 

<10 

0.2 

0.19 

0.054 

 

930 

20 

0.11 

1.8 

0.5 

81 

<10 

<10 

<10 

<0.1 

32 

0.005 

<0.5 

10 

31 

<100 

0.01 

3.9 

60 

0.23 

<10 

<0.1 

0.41 

0.008 

Leachate Wt (kg) 0.63 0.96 0.62 0.63 0.67 0.70        

Note: Values in parenthesis are for duplicates 
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Table 8e(i) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 1-3% 

GCA10754/55 crystal tuff (c. 52-54 m bgl) Total-S = 1.5% Cr(II)-Red.-S = 1.1% CO3 = 0.72% Mn = 0.12% 
Page 13 of 16 

Element/ Parameter 

Pre-Rinse-Cycles Weeks of Weathering Element Pre-Rinse-Cycles Weeks of Weathering 

0a 0b 2 4 6 8 10 0a 0b 2 4 6 8 10 

 

Major-Parameters 

 

pH 

EC (µS/cm) 

HCO3 (mg/L) 

 

Major-Ions (mg/L) 

 

Na  

K 

Mg  

Ca  

SO4 

Cl  

F 

 

Fe  

Al  

Si 

               

       

Other Elements (mostly metals) [µg/L] 
     

 

7.5 [7.3] 

1,900 

[1,700] 

73 

 

 

 

24 

49 

110 

250 

950 

12 

0.5 

 

<0.01 

0.03 

1.9 

 

8.1 [7.9] 

490 [490] 

110 

 

 

 

6.1 

22 

21 

47 

150 

<2 

0.7 

 

<0.01 

0.04 

1.7 

 

7.8 [7.4] 

430 [420] 

35 

 

 

 

4.4 

16 

17 

39 

150 

<2 

1.3 

 

<0.01 

0.04 

1.1 

 

7.9 [7.8] 

410 [390] 

69 

 

 

 

4.8 

16 

16 

36 

120 

4 

1.4 

 

<0.01 

0.02 

1.2 

 

7.9 [7.8] 

280 [250] 

69 

 

 

 

2.9 

12 

9.2 

22 

47 

<2 

1.2 

 

<0.01 

<0.01 

1.1 

 

7.8 [7.7] 

230 [220] 

64 

 

 

 

2.2 

12 

8.8 

22 

49 

 

 

 

<0.01 

<0.01 

1.1 

 

7.9 [7.9] 

240 [220] 

67 

 

 

 

1.9 

11 

8.5 

21 

43 

 

1.1 

 

<0.01 

0.05 

1.1 

 

Mn 

Zn 

Cd 

Pb 

Co 

As 

Cu 

Ni 

Cr 

Hg 

Sb 

Bi 

Se 

B 

Mo 

P 

Ag 

Ba 

Sr 

Tl 

V 

Sn 

U 

Th 

 

2,600 

<10 

0.11 

1.4 

27 

0.5 

<10 

20 

<10 

<0.1 

0.28 

<0.005 

8.4 

<10 

0.88 

<100 

<0.01 

32 

1600 

1.1 

<10 

<0.1 

0.86 

<0.005 

 

500 

<10 

<0.02 

<0.5 

4.0 

0.7 

<10 

<10 

<10 

<0.1 

0.40 

<0.005 

1.2 

<10 

3.6 

<100 

<0.01 

7.2 

310 

0.41 

<10 

<0.1 

1.4 

<0.005 

 

270 

30 

0.07 

<0.5 

3.7 

0.9 

10 

<10 

<10 

<0.1 

0.59 

<0.005 

0.8 

40 

5.0 

<100 

<0.01 

7.5 

260 

0.27 

<10 

<0.1 

0.20 

0.012 

 

260 

20 

<0.02 

0.9 

1.4 

1.2 

<10 

<10 

<10 

<0.1 

0.75 

<0.005 

1.2 

20 

6.5 

<100 

<0.01 

6.8 

240 

0.25 

<10 

0.2 

0.51 

<0.005 

 

160 

<10 

<0.02 

<0.5 

0.7 

0.5 

<10 

<10 

<10 

<0.1 

0.76 

0.007 

<0.5 

<10 

4.0 

<100 

<0.01 

5.2 

140 

0.18 

<10 

<0.1 

0.33 

<0.005 

 

120 

10 

<0.02 

0.7 

0.8 

3.8 

<10 

<10 

<10 

<0.1 

0.80 

<0.005 

<0.5 

<50 

2.5 

<100 

0.04 

5.6 

140 

0.17 

<10 

<0.1 

0.47 

0.006 

 

120 

20 

<0.02 

<0.5 

0.4 

12 

<10 

<10 

<10 

<0.1 

1.1 

<0.005 

<0.5 

<10 

2.3 

<100 

<0.01 

5.0 

140 

0.18 

<10 

<0.1 

0.32 

0.006 

Leachate Wt (kg)                

Note: Values in parenthesis are for duplicates 
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Table 8e(ii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 1-3% 

GCA10043 crystal tuff (c. 39-40 m bgl) Total-S = 1.9% Cr(II)-Red.-S = 1.4% CO3 = 0.07% Mn = 1.1% 
Page 14 of 16 

 

Element/ 

Parameter 

Pre- 

Rinse-

Cycle 

Weeks of Weathering  

Element/ 

Parameter 

Pre- 

Rinse- 

Cycle 

Weeks of Weathering 

2 4 6 8 10 12 16 20 22 24 26 28 30 2 4 6 8 10 12 16 20 22 24 26 28 30 0 0 

 

Major-Parameters 

 

pH 

EC [µS/cm]  

HCO3 (mg/L) 

acidity (mg/L H2SO4) 

 

Major-Ions (mg/L) 

Na  

K 

Mg  

Ca  

SO4 

 

Fe  

Al  

Si 

                             

 
             

Other Elements (mostly metals) [µg/L] 

          

 

5.5 [6.6] 

610 [580] 

8 

 

 

 

 

 

 

 

 

250 

 

 

0.03 

0.04 

 

5.0 [5.0] 

500 [480] 

2 

26 

 

 

 

 

 

 

 

210 

 

 

0.32 

0.06 

 

5.6 [5.8] 

570 [570] 

 

130 

 

 

 

 

 

 

 

240 

 

 

0.03 

0.07 

 

4.7 [5.8] 

440 [380] 

3 

 

 

 

 

 

 

 

 

160 

 

 

0.06 

0.05 

 

6.1 [5.9] 

400 [350] 

4 

 

 

 

 

 

 

 

 

140 

 

 

0.06 

0.03 

 

5.8 [5.8] 

290 [280] 

4 

 

 

 

 

 

 

 

 

110 

 

 

0.04 

0.03 

 

6.2 [6.1] 

280 [250] 

4 

 

 

 

 

1.2 

7.4 

5.9 

15 

110 

 

0.05 

0.05 

1.1 

 

4.4 [5.9] 

380 [330] 

3.3 

 

 

 

 

1.1 

7.9 

7.5 

19 

140 

 

0.09 

0.08 

1.1 

 

6.4 [6.2] 

330 [310] 

4 

 

 

 

 

0.9 

8.0 

7.4 

18 

140 

 

0.01 

<0.01 

0.93 

 

6.4 [6.0] 

230 [230] 

3.2 

 

 

 

 

 

 

 

 

85 

 

 

0.04 

0.01 

 

6.1 [6.3] 

190 [200] 

4 

 

 

 

 

 

 

 

 

68 

 

 

<0.01 

0.02 

 

6.1 [6.2] 

200 [160] 

4 

 

 

 

 

 

 

 

 

57 

 

 

<0.01 

<0.01 

 

5.6 [6.0] 

150 [140] 

3 

 

 

 

 

 

 

 

 

48 

 

 

0.10 

<0.01 

 

6.4 [6.1] 

150 [140] 

4 

 

 

 

 

 

 

 

 

48 

 

 

 

0.63 

 

Mn  

Zn  

Cd  

Cu  

Ni 

Co  

Pb  

Cr  

Hg  

As  

Sb  

Bi  

Se  

B 

Mo 

P 

Ag  

Ba  

Sr  

Tl  

V 

Sn  

U 

Th 

 

32,000 

6,500 

0.32 

<10 

 

 

4.7 

 

 

1.6 

 

29,000 

5,100 

0.18 

<10 

 

 

40 

 

 

0.9 

 

37,000 

6,000 

0.28 

<10 

 

 

28 

 

 

1.3 

 

25,000 

4,400 

0.28 

<10 

 

 

29 

 

 

0.7 

 

25,000 

4,700 

0.35 

<10 

 

 

28 

 

 

0.8 

 

21,000 

3,900 

0.21 

<10 

 

 

27 

 

 

0.5 

 

21,000 

3,900 

0.35 

<10 

 

 

21 

 

 

0.6 

 

30,000 

5,800 

0.56 

<10 

 

 

42 

 

 

0.8 

 

32,000 

7,200 

0.59 

<10 

<10 

31 

84 

30 

<0.1 

0.3 

0.31 

<0.005 

<0.5 

<10 

0.08 

<100 

<0.01 

8.4 

190 

0.57 

<10 

<0.1 

0.012 

<0.005 

 

22,000 

4,200 

0.42 

<10 

 

21 

39 

 

 

0.4 

 

18,000 

3,500 

0.39 

<10 

 

16 

30 

 

 

0.5 

 

15,000 

3,100 

0.36 

<10 

 

15 

30 

 

 

0.4 

 

13,000 

2,700 

0.41 

<10 

 

12 

27 

 

 

0.9 

 

14,000 

2,900 

0.29 

 

 

 

27 

 

 

0.3 

0.17 

 

 

 

 

 

 

 

 

 

0.27 

Leachate Wt (kg) 1.19 0.81 0.78 0.79 0.78 0.78 0.78 0.82 0.82 0.82 0.84 0.84 0.84 0.86   
             

Note: Values in parenthesis are for duplicates 

 

  



 
 
 
 
 

 This page has intentionally been left blank 

 This page has intentionally been left blank 



SPECIALIST CONSULTANT STUDIES BOWDENS SILVER PTY LIMITED 

Part 3: Materials Characterisation Bowdens Silver Project 

 Report No. 429/25 

Graeme Campbell and Associates Pty Ltd 3 - 93 
 

Table 8e(iii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 1-3% 

GGCA10044 crystal tuff (c. 55-56 m bgl) Total-S = 2.6% Cr(II)-Red.-S = 1.8% CO3 = 0.01% Mn = 0.85% 
Page 15 of 16 

 

Table 8e(iv) 
  

Analysis Results for Leachates Produced by Weathering Columns: Total-S = 1-3% 

GCA10039 ignimbrite (c. 13-14 m bgl) Total-S = 1.6% Cr(II)-Red.-S = 1.1% CO3 < 0.01% Mn = 1.4% 

 
Note: Values in parenthesis are for duplicates 
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Table 8f 
  

Analysis Results for Leachates Produced by Weathering Columns: Low grade ore 

GCA10049 ignimbrite Total-S = 1.1% Cr(II)-Red.-S = 0.94% CO3 = 0.03% Mn = 1.4% 
Page 16 of 16 

 
Note: Values in parenthesis are for duplicates 

Table 8g 
  

Analysis Results for Leachates Produced by Weathering Columns: Low grade ore 

GCA10729/52 ignimbrite/volcanic breccia Total-S = 0.99% Cr(II)-Red.-S = 0.73% CO3 < 0.01% Mn = 0.18% 

 
Note: Values in parenthesis are for duplicates 
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Table 9 
  

Analysis Results for Leachates Produced by Weathering Columns: Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone 

Table 9a(i) 
  

Analysis Results for Leachates Produced by Weathering Columns: Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone  
GCA10663/64, Sandstone (c. 14-21 m bgl), Total-S = 0.13%, Cr(II)-Red.-S < 0.01%, CO3-C = 0.01%, Mn = 120 mg/kg 

Page 1 of 4 
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Table 9a(ii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone  
GCA10674/75, Crystal-Tuff (c. 31-36 m bgl), Total-S = 0.10%, Cr(II)-Red.-S < 0.01%, CO3-C = 0.01%, Mn = 850 mg/kg 

Page 2 of 4 

 

 
Note: Values in parenthesis are for duplicates 
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Table 9a(iii) 
  

Analysis Results for Leachates Produced by Weathering Columns: Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone  

GCA10678/79, Volcanic Breccia (c. 26-28 m bgl), Total-S = 0.18%, Cr(II)-Red.-S < 0.01%, CO3-C = 0.03%, Mn = 1,600 mg/kg 
Page 3 of 4 

 

 

Note: Values in parenthesis are for duplicates 
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Table 9a(iv) 
  

Analysis Results for Leachates Produced by Weathering Columns: Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone 
GCA10664, Sandstone (c. 18 m bgl), Total-S = 0.25%, SO4-S-[Na2CO3] = 0.22% CO3-C = 0.04%, Mn = 150 mg/kg 

Page 4 of 4 

 

 
Note: Values in parenthesis are for duplicates 
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Table 10 
  

Analysis Results for Recirculation Testing During Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone 

 GCA10664 

Sandstone 

(0.25%S) 

GCA10663/64 

Sandstone 

(0.13%S) 

GCA10674/75 

Crystal-Tuff 

(0.10%S) 

GCA10678/79 

Volcanic Breccia 

(0.18%S) 

FEED RC10 FEED RC10 FEED RC10 FEED RC10 

pH 4.9 4.8 5.1 4.9 5.5 5.0 5.8 5.2 

pH (GCA) 4.8 4.7 5.2 4.9 5.4 5.1 5.8 5.2 

EC (µS/cm) 54 68 43 46 81 107 61 84 

EC (GCA, µS/cm) 47 62 38 43 71 97 59 75 

Acidity (mg/L 

CaCO3) 

11 12 10 9 5 8 6 5 

SO4 (mg/L) 16 21 12 13 25 34 20 27 

Al (mg/L) 0.02 0.05 0.02 0.04 0.02 0.03 <0.01 0.01 

Fe (mg/L) 0.02 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Si (mg/L) 6.61 8.50 5.98 5.34 9.16 8.72 8.21 7.16 

Mn (mg/L) 0.94 1.74 0.50 0.80 1.02 1.77 1.36 2.42 

Na (mg/L) 0.5 0.4 0.5 0.5 0.8 0.7 0.5 0.3 

K (mg/L) 6.7 6.3 5.4 4.8 11.4 12.3 8.2 8.1 

Mg (mg/L) 0.90 1.74 0.57 0.88 1.77 3.12 1.07 1.82 

Ca (mg/L) 0.61 1.1 0.61 0.70 1.20 2.09 1.64 2.68 

Notes: 

EC= Electrical Conductivity. 

Leachates recirculated 10 times corresponding to residence-times of ca. 1 day for each recirculation. 

For GCA10663/64, GCA10675/75, and GCA10678/79, the recirculation testing was performed after 47 weeks of 

weathering. 

For GCA10663, the recirculation testing was performed after 36 weeks of weathering. 
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Table 11 
  

Multi-element Analysis Results for Leachates Produced by Weathering Columns:  

Extended Weathering of Low-S (Alunitic) Samples (0.1% < S < 0.3%) from Weathered Rock Zone 

 
Note: Values in parenthesis are for duplicates 
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Table 12 
  

Key Analysis Results for Final Few Weeks of Kinetic Testing of Waste Rock and Ore Samples (Total-S > 0.5%) 

Column Rock Type Total-S 

(%) 

CO3-C 

(%) 

Weeks 

Tested 

Leachate Concentration (mg/L) 

HCO3 Mn Zn 

Leachate-pH = 6-8 

10053 ignimbrite 0.67 0.01 30 <5 30-40 1 

10049 LGO  1.1 0.03 30 10 <0.5 <0.2 

10754/55 crystal tuff 1.5 0.72 10 60-70 <0.2 <0.1 

10043  1.9 0.07 30 <5 10-20 2-3 

10747/48/49 volcanic breccia 0.65 0.16 8 20-30 1 <0.1 

Leachate-pH = 4-5 

10044 crystal tuff 2.6 0.01 30  100-120 20-30 

10729/52 HGO ignimbrite/volcanic breccia 0.99 <0.01 8  5-10 5-10 

Leachate-pH = 3 

10039 ignimbrite 1.6 <0.01 30  10 10-20 
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Table 13 
  

Assay Results for Low-S Samples from Fresh Rock Zone (2017-2018) 
Page 1 of 4 

Composite_ID Hole_ID From To Downhole Lithology S Total-S Total-C CO3-C Mn Ca Mg K Na Fe Al Ti 

(m) (m) Run (m)  (%) (%, IR07) (%, IR07) (%) mg/kg    %    

Transect Along Western Edge of Pit (Drill holes in North-to-South Location Order) 

BD17016_031035 BD17016 31 35  Laminated tuff 0.02 0.02 1.19 1.19 2,900 1.96 0.71 2.15 0.04 1.26 6.33 0.17 

BD17016_035039 BD17016 35 39 10-15 Laminated tuff 0.04 0.03 0.54  2,200 0.84 0.30 3.32 0.06 1.04 6.72 0.15 

BD17016_039043 BD17016 39 43  Laminated tuff 0.03 0.03 0.32 0.32 700 0.46 0.19 4.67 0.07 0.56 7.26 0.16 

BD17018_013017 BD17018 12.8 17  Laminated tuff 0.03 0.02 0.52  600 0.69 0.41 3.70 0.06 1.15 7.02 0.16 

BD17018_017022 BD17018 17 22.3  Laminated tuff 0.06 0.04 0.17 0.17 600 0.19 0.16 4.32 0.09 0.89 6.57 0.17 

BD17018_022026 BD17018 22.3 26 20 Volcanic Breccia 0.02 0.01 0.37  700 0.54 0.28 5.21 0.19 1.00 6.86 0.13 

BD17018_026030 BD17018 26 30  Volcanic Breccia 0.05 0.04 0.39 0.39 1,700 0.39 0.26 4.23 0.13 1.36 6.94 0.14 

BD17018_030034 BD17018 30 34  Volcanic Breccia 0.05 0.04 0.37  600 0.69 0.33 3.62 0.07 0.80 6.98 0.14 

BD16003_027033 BD16003 27 31  Volcanic Breccia 0.02 0.01 0.23 0.21 500 0.35 0.21 4.27 0.41 0.70 6.79 0.13 

BD16003_031035 BD16003 31 35.3  Volcanic Breccia 0.02 0.01 0.58 0.55 2,500 1.02 0.37 4.46 0.56 1.11 6.64 0.12 

BD16003_035039 BD16003 35.3 39  Volcanic Breccia 0.01 <0.01 0.20 0.20 400 0.49 0.22 3.92 0.23 0.76 7.03 0.16 

BD16003_039043 BD16003 39 43 30-35
 

Volcanic Breccia 0.03 0.02 0.36 0.36 400 0.67 0.36 3.64 0.13 0.66 6.46 0.14 

BD16003_043047 BD16003 43 47.2  Volcanic Breccia 0.06 0.05 0.71 0.69 700 0.93 0.44 3.74 0.08 0.65 6.77 0.17 

BD16003_047051 BD16003 47.2 51  Volcanic Breccia 0.04 0.02 0.51 0.49 900 0.93 0.32 3.23 0.09 0.77 6.17 0.17 

BD16003_051055 BD16003 51 55.2  Volcanic Breccia 0.03 0.03 0.36 0.36 1,100 0.68 0.25 2.76 0.03 0.66 8.38 0.25 

BD16003_055059 BD16003 55.2 59.8  Volcanic Breccia 0.07 0.04 0.23 0.20 800 0.50 0.18 3.74 0.08 0.54 5.51 0.18 

BD17007_025029 BD17007 25.2 29  Volcanic Breccia 0.02 0.02 0.27  300 0.69 0.28 4.12 0.96 0.93 6.93 0.13 

BD17007_029033 BD17007 29 33  Volcanic Breccia 0.03 0.02 0.44 0.44 400 1.16 0.34 3.75 0.82 0.96 7.10 0.14 

BD17007_033037 BD17007 33 37  Volcanic Breccia 0.02 0.01 0.27  400 0.63 0.23 4.74 0.72 0.69 6.76 0.13 

BD17007_037041 BD17007 37 41  Volcanic Breccia 0.03 0.02 0.32 0.32 500 0.70 0.27 4.10 0.33 0.88 6.64 0.14 

BD17007_041045 BD17007 41 45  Volcanic Breccia 0.03 0.02 0.42  900 0.85 0.35 3.81 0.10 0.90 7.00 0.13 

BD17007_045049 BD17007 45 49 45 Volcanic Breccia 0.16 0.14 0.26 0.22 500 0.63 0.20 4.70 0.10 0.43 6.98 0.17 

BD17007_049053 BD17007 49 53  Volcanic Breccia 0.21 0.16 0.44  900 1.00 0.31 2.36 0.04 0.59 6.95 0.24 

BD17007_053057 BD17007 53 57  Volcanic Breccia 0.33 0.31 0.31  1,100 0.57 0.21 2.44 0.04 0.89 6.43 0.20 

BD17007_057061 BD17007 57 61  Volcanic Breccia 0.15 0.10 0.32 0.26 800 0.71 0.29 3.72 0.06 0.64 7.39 0.17 
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Table 13 (Cont’d) 
  

Assay Results for Low-S Samples from Fresh Rock Zone (2017-2018) 
Page 2 of 4 

Composite_ID Hole_ID From To Downhole Lithology S Total-S Total-C CO3-C Mn Ca Mg K Na Fe Al Ti 

(m) (m) Run (m)  (%) (%, IR07) (%, IR07) (%) mg/kg    %    

Transect Along Western Edge of Pit (Drill holes in North-to-South Location Order) (Cont’d) 

BD17007_061065 BD17007 61 65  Volcanic Breccia 0.18 0.14 0.35  700 0.69 0.28 4.64 0.17 0.65 7.13 0.13 

BD17007_065069 BD17007 65 69  Volcanic Breccia 0.23 0.21 0.27 0.25 600 0.58 0.31 3.31 0.05 0.72 7.57 0.15 

BD17017_019023 BD17017 19 23  Volcanic Breccia 0.05 0.04 0.43 0.43 1,300 0.72 0.42 3.80 0.36 0.85 6.59 0.17 

BD17017_023027 BD17017 23 26.7 10-15 Volcanic Breccia 0.04 0.03 0.18 0.18 500 0.31 0.25 3.30 0.71 0.45 6.65 0.13 

BD17017_027031 BD17017 26.7 31  Volcanic Breccia 0.04 0.03 0.34  900 0.54 0.34 4.36 0.34 0.60 7.08 0.13 

BD17014_031035 BD17014 31.2 35  Volcanic Breccia 0.05 0.05 0.37 0.35 1,000 0.32 0.43 3.22 0.21 1.09 7.48 0.21 

BD17014_035039 BD17014 35 39  Volcanic Breccia 0.07 0.06 0.24  800 0.29 0.32 2.87 0.43 0.67 6.63 0.16 

BD17014_039043 BD17014 39 43 20 Volcanic Breccia 0.07 0.06 0.29 0.29 1,500 0.27 0.42 2.26 0.05 0.84 7.34 0.14 

BD17014_043047 BD17014 43 47  Volcanic Breccia 0.05 0.04 0.40  2,000 0.30 0.54 2.38 0.05 1.02 7.27 0.15 

BD17014_047051 BD17014 47 51  Volcanic Breccia 0.22 0.21 0.25  600 0.23 0.21 3.02 0.08 0.61 6.69 0.17 

BD17010_038042 BD17010 37.9 41.5  Laminated tuff 0.21 0.18 0.09  500 0.22 0.26 3.04 0.05 0.66 7.86 0.10 

BD17010_042046 BD17010 41.5 46  Volcanic Breccia 0.10 0.08 0.40 0.40 700 0.65 0.28 4.26 0.08 0.70 6.99 0.23 

BD17010_046050 BD17010 46 50  Volcanic Breccia 0.04 0.03 0.34  500 0.70 0.38 3.23 0.03 0.80 9.02 0.23 

BD17010_050054 BD17010 50 54 30-35 Volcanic Breccia 0.06 0.05 0.35 0.35 400 0.68 0.34 4.31 0.07 0.57 7.53 0.16 

BD17010_054058 BD17010 54 58  Volcanic Breccia 0.06 0.04 0.29  400 0.55 0.22 5.78 0.18 0.53 6.55 0.17 

BD17010_058062 BD17010 58 62  Volcanic Breccia 0.28 0.25 0.39 0.37 600 0.74 0.24 5.29 0.15 0.88 6.78 0.18 

BD17010_062066 BD17010 62 66  Volcanic Breccia 0.29 0.25 0.07  400 0.20 0.11 4.66 0.07 0.54 7.18 0.15 

Transect Across Northeastern Corner of Pit 

BD17001_075078 BD17001 74.5 78  Volcanic Breccia 0.22 0.21 0.89 0.86 5,000 1.65 0.53 2.20 0.03 0.87 6.63 0.15 

BD17001_078082 BD17001 78 82  Volcanic Breccia 0.13 0.10 0.29 0.27 5,000 0.46 0.22 2.62 0.03 0.58 6.69 0.15 

BD17001_082086 BD17001 82 86 25 Volcanic Breccia 0.11 0.10 0.45 0.42 9,200 0.47 0.24 2.71 0.03 0.82 6.93 0.17 

BD17001_086090 BD17001 86 90  Volcanic Breccia 0.16 0.14 0.26  4,200 0.41 0.19 3.15 0.03 0.83 6.60 0.15 

BD17001_090094 BD17001 90 94  Volcanic Breccia 0.2 0.13 0.17 0.15 3,600 0.24 0.17 4.25 0.05 1.10 6.93 0.15 

BD17001_094098 BD17001 94 98  Volcanic Breccia 0.22 0.21 0.33 0.29 7,800 0.21 0.15 4.53 0.06 1.24 6.82 0.19 

BD16005_106110 BD16005 106 110  Volcanic Breccia 0.19 0.15 0.35  2,100 0.65 0.24 2.60 0.03 0.75 6.89 0.20 

BD16005_110114 BD16005 110 114  Volcanic Breccia 0.19 0.17 0.20 0.18 700 0.54 0.22 2.19 0.04 0.69 6.08 0.16 
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Table 13 (Cont’d) 
  

Assay Results for Low-S Samples from Fresh Rock Zone (2017-2018) 
Page 3 of 4 

Composite_ID Hole_ID From To Downhole Lithology S Total-S Total-C CO3-C Mn Ca Mg K Na Fe Al Ti 

(m) (m) Run (m)  (%) (%, IR07) (%, IR07) (%) mg/kg    %    

Transect Across Northeastern Corner of Pit (Cont’d) 

BD16005_114118 BD16005 114 118 20 Volcanic Breccia 0.11 0.09 0.21 0.21 1,100 0.33 0.20 2.81 0.04 0.97 7.30 0.13 

BD16005_118122 BD16005 118 122  Volcanic Breccia 0.03 0.02 0.15 0.12 400 0.28 0.11 5.32 0.12 0.43 6.34 0.11 

BD16005_122126 BD16005 122 126  Volcanic Breccia 0.04 0.04 0.24 0.24 600 0.34 0.14 4.96 0.09 0.60 6.76 0.13 

BD16016_054059 BD16016 54.5 59  Laminated tuff 0.05 0.04 0.75 0.69 2,200 0.27 0.31 2.87 0.03 3.38 7.95 0.36 

BD16016_059063 BD16016 59 63  Laminated tuff 0.07 0.06 0.78  1,800 0.84 0.42 3.10 0.04 2.14 7.22 0.31 

BD16016_063067 BD16016 63 67  Laminated tuff 0.07 0.06 0.73  1,800 0.65 0.40 2.61 0.03 2.15 7.40 0.34 

BD16016_067071 BD16016 67 71  Laminated tuff 0.23 0.22 0.68 0.64 2,200 0.91 0.36 1.98 0.04 1.54 6.79 0.23 

BD16016_071075 BD16016 71 75  Volcanic Breccia 0.09 0.07 0.26 0.23 1,200 0.41 0.18 1.91 0.03 0.81 6.75 0.15 

BD16016_075079 BD16016 75 79  Volcanic Breccia 0.04 0.02 0.29 0.27 900 0.41 0.21 2.47 0.03 0.97 7.33 0.16 

BD16016_079083 BD16016 79 83 50-55 Volcanic Breccia 0.02 0.01 0.35  800 0.67 0.27 2.14 0.03 0.82 6.19 0.21 

BD16016_083087 BD16016 83 87  Volcanic Breccia 0.02 0.02 0.11  400 0.28 0.15 3.05 0.04 0.51 7.01 0.16 

BD16016_087091 BD16016 87 91  Volcanic Breccia 0.03 0.02 0.04  200 0.19 0.10 4.45 0.06 0.34 7.17 0.13 

BD16016_091095 BD16016 91 94.8  Volcanic Breccia 0.03 0.02 0.07  200 0.23 0.13 3.94 0.06 0.44 7.68 0.14 

BD16016_095099 BD16016 94.8 99  Volcanic Breccia 0.16 0.13 0.06  200 0.19 0.09 4.63 0.08 0.45 6.78 0.13 

BD16016_099103 BD16016 99 103  Volcanic Breccia 0.14 0.11 0.04  200 0.17 0.08 4.85 0.07 0.36 6.68 0.13 

BD16016_103107 BD16016 103 107  Volcanic Breccia 0.17 0.14 0.15 0.12 500 0.22 0.12 4.29 0.06 0.78 7.08 0.14 

BD16016_107111 BD16016 107 111  Volcanic Breccia 0.07 0.06 0.22 0.18 600 0.23 0.14 4.87 0.07 0.94 7.52 0.14 

BD17008_058062 BD17008 58 62  Volcanic Breccia 0.11 0.09 0.13  900 0.15 0.10 5.47 0.10 0.71 7.17 0.19 

BD17008_062066 BD17008 62 66  Volcanic Breccia 0.04 0.03 0.13 0.13 900 0.15 0.12 4.29 0.06 0.69 6.69 0.19 

BD17008_066070 BD17008 66 70  Volcanic Breccia 0.09 0.07 0.09  800 0.19 0.17 2.29 0.03 0.68 6.91 0.12 

BD17008_070074 BD17008 70 74  Volcanic Breccia 0.08 0.06 0.05  400 0.14 0.12 4.38 0.09 0.47 6.70 0.12 

BD17008_074078 BD17008 74 78  Volcanic Breccia 0.06 0.05 0.08  700 0.12 0.08 6.25 0.16 0.45 7.11 0.13 

BD17008_078082 BD17008 78 82 40-45 Volcanic Breccia 0.04 0.04 0.05  300 0.07 0.02 6.97 0.29 0.38 6.23 0.11 

BD17008_082086 BD17008 82 86  Volcanic Breccia 0.14 0.12 0.09 0.07 1,000 0.07 0.04 6.64 0.19 0.53 6.25 0.17 

BD17008_086090 BD17008 86 90  Volcanic Breccia 0.08 0.06 0.11  600 0.07 0.06 6.30 0.16 0.69 6.26 0.18 

BD17008_090094 BD17008 90 94  Volcanic Breccia 0.08 0.06 0.12  600 0.09 0.07 6.47 0.16 0.71 6.88 0.12 
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Table 13 (Cont’d) 
  

Assay Results for Low-S Samples from Fresh Rock Zone (2017-2018) 
Page 4 of 4 

Composite_ID Hole_ID From To Downhole Lithology S Total-S Total-C CO3-C Mn Ca Mg K Na Fe Al Ti 

(m) (m) Run (m)  (%) (%, IR07) (%, IR07) (%) mg/kg    %    

Transect Across Northeastern Corner of Pit (Cont’d) 

BD17008_094098 BD17008 94 98  Volcanic Breccia 0.18 0.15 0.10 0.07 600 0.10 0.09 5.58 0.13 0.67 6.17 0.16 

BD17008_098102 BD17008 98 102  Volcanic Breccia 0.10 0.08 0.06  400 0.07 0.04 6.11 0.15 0.57 6.14 0.15 

BD13128_071075 BD13128 71 75  Volcanic Breccia 0.06 0.04 0.32 0.32 6,000 0.11 0.11 5.23 0.09 1.01 6.00 0.19 

BD13128_075079 BD13128 75 79  Volcanic Breccia 0.02 0.02 0.41 0.41 8,000 0.12 0.12 4.94 0.07 1.22 5.99 0.19 

BD13128_079083 BD13128 79 83  Volcanic Breccia 0.03 0.02 0.37 0.30 3,700 0.13 0.21 3.36 0.03 1.28 6.66 0.26 

BD13128_083087 BD13128 83 87 40-45 Volcanic Breccia 0.14 0.17 0.27 0.25 3,600 0.11 0.16 5.70 0.05 1.22 7.17 0.18 

BD13128_102106 BD13128 102 106  Welded Tuff 0.04 0.04 0.08  400 0.05 0.01 7.65 0.15 0.46 5.94 0.14 

BD13128_106110 BD13128 106 110  Welded Tuff 0.06 0.05 0.07  400 0.05 0.01 7.63 0.15 0.51 5.93 0.14 

BD13128_110114 BD13128 110 114  Welded Tuff 0.08 0.07 0.05  300 0.05 0.02 7.01 0.14 0.40 5.75 0.13 

BRC17001_037041 BRC17001 37 41  Volcanic Breccia 0.07 0.05 0.14  2,000 0.06 0.07 6.08 0.10 0.91 6.46 0.14 

BRC17001_041045 BRC17001 41 45  Volcanic Breccia 0.08 0.06 0.30 0.26 6,500 0.09 0.04 6.66 0.20 0.80 6.88 0.13 

BRC17001_045049 BRC17001 45 49 20 Volcanic Breccia 0.24 0.23 0.09 0.05 1,100 0.06 0.04 5.91 0.17 0.81 6.77 0.12 

BRC17001_049053 BRC17001 49 53  Volcanic Breccia 0.02 0.02 0.24  4,700 0.09 0.09 5.87 0.10 1.08 6.55 0.12 

BRC17001_053057 BRC17001 53 57  Volcanic Breccia 0.02 0.01 0.32 0.29 4,500 0.10 0.06 6.40 0.16 1.12 6.43 0.13 
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Table 14 
  

Results for Acid-Base-Analysis (ABA) and Net-Acid-Generation (NAG) Testing for Low-S Samples from Fresh Rock Zone (2017-2018) 

Sample_ ID 

Drill hole 

ID 

Downhole- 

Interval 

(m) 

 

Lithology 

pH-(1:2) 

EC-(1:2) 

[mS/cm] 

Total-S 

(%) 

Cr(II)- 

RED.-S 

(%) Sulphide- S 

(%) 

Total-C 

(%) 

CO3-C 

(%) 

Bulk- 

ANC 

NAG- 

pH4.5 

NAG- 

pH7.0 

NAG-pH 
ANC/ MPA 

Ratio 

AFP 

Category 

GCA GCA GCA 

GCA GCA GLS SGS GLS GLS kg H2SO4/tonne GCA 

Transect Along Western Edge of Pit (Drill holes in North-to-South Location Order) 

BD17016_35 BD17016 35-37 laminated tuff 7.3 0.27 0.02  <0.1 0.59 0.56 34    nc NAF 

BD16003_57 BD16003 57-58 Volcanic Breccia 6.6 0.19 0.02  <0.1 0.02 <0.01 2    nc NAF 

BD17007_53 BD17007 53-55 Volcanic Breccia 6.6 1.61 0.32 0.14 0.14 0.58 0.55 34 <0.5 <0.5 8.5 >2 NAF 

BD17007_55 BD17007 55-57 Volcanic Breccia 5.1 2.47 0.41 0.13 0.13 0.14 0.10 6 <0.5 1.1 4.7 1.5 PAF-[LC] 

BD17007_65 BD17007 65-67 Volcanic Breccia 6.2 2.22 0.32 0.14 0.14 0.41 0.38 15 <0.5 0.6 5.9 >2 NAF 

BD17014_48 BD17014 48-50 Volcanic Breccia 5.1 1.65 0.25 0.11 0.11 0.24 0.04 3 <0.5 2.9 4.0 <1 PAF-[LC] 

BD17010_60 BD17010 60-62 Volcanic Breccia 7.1 0.94 0.57 0.34 0.34 0.44 0.40 21 (21) <0.5 <0.5 8.0 2.0 NAF 

Transect Across Northeastern Corner of Pit  

BD17001_74 BD17001 74.5-76 Volcanic Breccia 7.2 0.94 0.27 0.16 0.16 1.08 1.05 58 (63) <0.5 

(<0.5) 

<0.5  

(<0.5) 

8.9 

(8.8) 

>2 NAF 

BD17001_76 BD17001 76-78 Volcanic Breccia 7.2 0.54 0.12 0.086 <0.1 1.02 0.99 35 (39) <0.5 <0.5 9.1 nc NAF 

BD17001_96 BD17001 96-98 Volcanic Breccia 7.3 0.55 0.23 0.20 0.20 0.24 0.21 10 <0.5 <0.5 7.3 1.6 PAF-[LC] 

BD16005_114 BD16005 114-116 Volcanic Breccia 7.4 (7.3) 0.50 (0.48) 0.11 0.068 <0.1 0.28 0.28 12    nc NAF 

BD13128_73 BD13128 73-75 Volcanic Breccia 7.1 (6.9) 0.33 (0.35) 0.05  <0.1 0.26 0.22 8    nc NAF 

BD16016_105 BD16016 105-107 Volcanic Breccia 6.5 0.31 0.08  <0.1 0.15 0.12 6 (6)    nc NAF 

BD16016_67 BD16016 67-69 laminated tuff 7.4 0.86 0.38 0.22 0.22 0.73 0.70 37 <0.5 <0.5 8.7 >2 NAF 

BD16016_69 BD16016 69-71 laminated tuff 7.6 0.39 0.05  <0.1 0.76 0.73 41    nc NAF 

BD13128_111 BD13128 111-113 welded tuff 5.8 0.55 0.08  <0.1 0.05 0.02 2    nc NAF 

Notes: EC = Electrical Conductivity; ANC = Acid-Neutralisation Capacity; NAG = Net-Acid Generation; MPA = Maximum-Potential Acidity; AFP = Acid-Formation Potential; NAF = Non-Acid 

Forming; PAF = Potentially-Acid Forming; PAF-[LC] = PAF-[Low Capacity]. 

pH-(1:2) and EC-(1:2) values correspond to pH and EC measured on sample slurries prepared with deionised water, and a solid:solution ratio of ca. 1:2 (w/w). All results expressed on a 

dry-weight basis, except for pH-(1:2), EC-(1:2), and NAG-pH. 

Values in parentheses represent duplicates. 
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Table 15 
  

Multi-element Analysis Results for Low-S Samples from Fresh Rock Zone (2017-2018) 

Element 

Total-Element Content (mg/kg or %) 

 

Average Crustal 
Abundance 
(mg/kg or %) 

Geochemical-Abundance Index (GAI) 

Western Edge of Pit Northeastern Corner of Pit Western Edge of Pit Northeastern Corner of Pit 

Volcanic 
Breccia 
(BD17007_53) 

Volcanic 
Breccia 
(BD17014_48) 

Volcanic 
Breccia 
(BD17001_96) 

Laminated Tuff 

(BD16016_67) 

Volcanic 
Breccia 
(BD17007_53) 

Volcanic 
Breccia 
(BD17014_48) 

Volcanic 
Breccia 
(BD17001_96) 

Laminated Tuff 

(BD16016_67) 

Al 7.14% 8.00% 7.98% 7.57% 8.2% 0 0 0 0 

Fe 1.22% 0.53% 0.93% 1.52% 4.1% 0 0 0 0 

Na 0.040% 0.050% 0.066% 0.027% 2.3% 0 0 0 0 

K 2.60% 2.91% 6.23% 2.30% 2.1% 0 0 1 0 

Mg 0.37% 0.22% 0.18% 0.46% 2.3% 0 0 0 0 

Ca 1.0% 0.3% 0.2% 1.1% 4.1% 0 0 0 0 

Ag 0.10 1.45 0.45 0 0.07 0 4 2 1 

Cu <1 <1 1 9 50 0 0 0 0 

Zn 269 169 93 205 75 1 1 0 1 

Cd 1.26 0.78 0.11 1.20 0.11 3 2 0 3 

Pb 54.7 269.3 17.8 25.3 14 1 4 0 0 

Cr <50 <50 <50 <50 100 0 0 0 0 

Ni <1 <1 <1 5 80 0 0 0 0 

Co 1.5 0.7 0.7 9.8 20 0 0 0 0 

Mn 517 1,940 6,890 1,500 950 0 0 2 0 

Hg 0.02 0.03 0.01 0.02 0.05 0 0 0 0 

Sn 2.4 2.6 2.4 2.5 2.2 0 0 0 0 

Sr 237.2 87.22 227.9 817.4 370 0 0 0 1 

Ba 427.8 480.5 508.7 427.7 500 0 0 0 0 

Th 14.83 14.78 14.44 12.53 12 0 0 0 0 

U 4.27 8.03 3.37 7.20 2.4 0 1 0 1 

Tl 3.16 3.01 5.28 2.79 0.6 2 2 3 2 

V 17 13 12 64 160 0 0 0 0 

As 11.5 11.1 15.8 15.0 1.5 2 2 3 3 

Bi 0.23 0.31 0.17 0.36 0.048 2 2 1 2 

Sb 6.33 5.01 8.76 5.90 0.2 4 4 5 4 

Se 0.03 0.04 0.01 0.09 0.05 0 0 0 0 

Mo 1.6 0.9 0.6 1.1 1.5 0 0 0 0 

B <50 <50 <50 <50 10 0 0 0 0 

P 207 87 278 681 1,000 0 0 0 0 

F 506 1,030 869 576 950 0 0 0 0 

Notes: Average-crustal abundance based on Bowen (1979). Geochemical-Abundance Index (GAI) defined in Annexure 4. 
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Table 16 
  

Mineralogical Results for Low-S Samples from Fresh Rock Zone (2017-2018) 

Western Edge of Pit Northeastern Corner of Pit 

Volcanic Breccia 

(BD16003_57) 

Volcanic Breccia  

(BD17007_53) 

Volcanic Breccia 

(BD16003_57) 

Na/K-feldspar 

quartz 

major Na/K-feldspar 

quartz 

major Na/K-feldspar 

quartz 

major 

sericite minor sericite minor sericite minor 

leucoxene trace Pyrite 

Rhodochrosite 

Dolomite 

Mn-siderite 

leucoxene 

trace Pyrite 

Ankerite 

Mg-siderite 

leucoxene 

trace 

Notes: major = 20-50%; minor = 10-20%; and, trace is less than 2% 
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Table 17 
  

Water-Extraction-Testwork Results for Low-S Samples from Fresh Rock Zone (2017-2018) 

Sample_ID Hole_ID Downhole- 

Interval (m) 

Lithology Total-S 

(%) 

CRS 

(%) 

CO3-C 

(%) 

AFP pH EC HCO3 

(as mg/L 

CaCO3) 

Cl (mg/L) SO4 

(mg/L) 

F 

(mg/L) 

Ca Mg K Na Al Fe Mn Si As Sb Se Mo B 

(µS/cm)  
mg/L µg/L 

Transect Along Western Edge of Pit 

BD17007_53 BD17007 53-55 Volcanic Breccia 0.32 0.14 0.55 NAF 6.8 1,216 98 3.8 628 0.3 181.9 66.33 17.0 16.1 0.05 <0.01 8.13 4.04 1.7 2.18 <0.5 3.03 <10 

BD17007_55 BD17007 55-57 Volcanic Breccia 0.41 0.13 0.10 PAF-[LC] 4.9 1,716 7 7.6 1,140 <0.1 259.8 101.0 20.9 22.1 0.23 10.3 16.90 6.85 2.1 0.25 <0.5 3.30 <10 

BD17007_65 BD17007 65-67 Volcanic Breccia 0.32 0.14 0.38 NAF 5.9 1,875 53 8.7 1,260 <0.1 302.3 113.0 29.4 25.7 0.08 0.14 13.33 4.83 1.6 0.83 <0.5 0.31 <10 

BD17014_48 BD17014 48-50 Volcanic Breccia 0.25 0.11 0.04 PAF-[LC] 5.0 928 5 4.4 490 <0.1 96.33 44.57 22.6 17.4 0.07 1.11 8.08 9.29 3.4 0.28 1.5 0.12 <10 

Transect Across Northeastern Corner of Pit 

BD17001_74  BD17001  74.5-76  Volcanic Breccia 0.27  0.16  1.05  NAF  7.8 677 51 4.0 288 1.5 80.18 28.53 16.5 8.9 0.01 <0.01 0.49 2.55 2.0 4.07 <0.5 72.59 <10 

BD17001_96  BD17001  96-98  Volcanic Breccia 0.23  0.20  0.21  PAF-[LC] 7.8 397 70 3.0 103 2.0 35.71 13.24 22.0 6.8 0.03 <0.01 0.22 7.10 5.1 2.97 <0.5 9.75 <10 

BD16016_67  BD16016  67-69  laminated tuff 0.38  0.2 0.70  NAF  7.6 - 100 4.0 271 0.5 85.47 33.31 18.3 8.8 0.02 <0.01 0.94 2.57 2.0 2.07 3.4 14.95 <10 

 

Sample_ID Hole_ID Downhole- 

Interval (m) 

Lithology Total-S (%) CRS 

(%) 

CO3-C 

(%) 

AFP Ni Cr Co Cu Zn Cd Pb Hg Ag Bi Sn Ba Sr P Tl Th U V 

µg/L  

Transect Along Western Edge of Pit 

BD17007_53 BD17007 53-55 Volcanic Breccia 0.32 0.14 0.55 NAF <10 <10 20.4 <10 150 2.3 56 <0.1 <0.01 0.012 <0.1 15.24 1,576 <100 1.07 <0.005 1.599 <10 

BD17007_55 BD17007 55-57 Volcanic Breccia 0.41 0.13 0.10 PAF-[LC] 20 <10 73.3 <10  3,820  18.2 81 <0.1 0.02 0.015 <0.1 16.05 2,494 <100 4.16 0.016 1.938 <10 

BD17007_65 BD17007 65-67 Volcanic Breccia 0.32 0.14 0.38 NAF <10 <10 20.3 <10 40 1.9 3 <0.1 0.10 0.011 <0.1 21.90 3,269 <100 5.61 <0.005 0.202 <10 

BD17014_48 BD17014 48-50 Volcanic Breccia 0.25 0.11 0.04 PAF-[LC] 20 <10 17.4 <10 140 3.2 15 <0.1 0.02 0.009 <0.1 15.08 1,083 <100 1.04 0.035 3.384 <10 

Transect Across Northeastern Corner of Pit 

BD17001_74 BD17001 74.5-76 Volcanic Breccia 0.27 0.16 1.05 NAF <10 <10 0.6 <10 <10 <0.5 4 <0.1 <0.01 <0.005 <0.1 10.88 596.0 <100 0.15 <0.005 0.495 <10 

BD17001_96 BD17001 96-98 Volcanic Breccia 0.23 0.20 0.21 PAF-[LC] <10 <10 <0.1 <10 <10 <0.5 <2 <0.1 <0.01 <0.005 0.2 8.26 333.3 <100 0.18 <0.005 3.406 <10 

BD16016_67 BD16016 67-69 laminated tuff 0.38 0.2 0.70 NAF <10 <10 11.3 <10 <10 <0.5 <2 <0.1 <0.01 <0.005 <0.1 12.98 716.1 <100 0.38 <0.005 18.82 <10 

Notes: EC = Electrical Conductivity; CRS = Cr(II)-Reducible-S; AFP = Acid Formation Potential; NAF = Non-Acid Forming; PAF = Potentially-Acid Forming; PAF-[LC] = PAF-[Low Capacity] 

Water-Extraction Testwork corresponds to slurries prepared from the crushed (nominal -2mm) samples prepared using high-purity-deionised water (HPDW), and a solid:water ratio of 1:2 (w/w). Test-slurries bottle-rolled overnight and then left to 'still-stand' for ca. 1-2 days prior to 

decanting supernatants for vacuum filtration (0.45µm-membrane) for analysis. 
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Table 18 
  

Static Testing to Assess Acid-forming Characteristics of Soil-clay samples 

GCA- 

Sample 

No. 

Site- 

sample No. 

Total-S 

(%) 

SO4-S [Na2CO3] 

(%) 

Total-C 

(combustion) 

(%) 

Total-C (Walkley- 

Black, % ) 

Bulk-ANC AFP 

Category 
(kg H2SO4/ 

tonne) 

GCA11380 A00428 0.02 (0.02) <0.01 (<0.01) 0.40 (0.40) 0.4 (0.4) 4 (4) NAF 

GCA11381 A00429 0.02 <0.01 0.51 0.6 3 NAF 

GCA11382 A00430 0.01 <0.01 0.24 0.3 4 NAF 

 

Table 19 
  

Multi-element Analysis Results for Soil-clay Samples 

Element Total-Element Content (mg/kg or %) Average- Crustal 

Abundance 

(mg/kg or %) 

Geochemical-Abundance Index (GAI) 

GCA11380 

(A00428) 

GCA11381 

(A00429) 

GCA11382 

(A00430) 

GCA11380 

(A00428) 

GCA11381 

(A00429) 

GCA11382 

(A00430) 

Al 5.1% 5.2% 6.0% 8.2% 0 0 0 

Fe 2.0% 2.5% 2.8% 4.1% 0 0 0 

Na 0.079% 0.053% 0.28% 2.3% 0 0 0 

K 1.1% 0.74% 1.2% 2.1% 0 0 0 

Mg 0.23% 0.19% 0.24% 2.3% 0 0 0 

Ca <0.1 0.1% 0.1% 4.1% 0 0 0 

Ag 0.07 0.07 1.1 0.07 0 0 3 

Cu 10 14 34 50 0 0 0 

Zn 49 44 79 75 0 0 0 

Cd <0.02 0.05 0.13 0.11 0 0 0 

Pb 17 19 43 14 0 0 1 

Cr 70 80 79 100 0 0 0 

Ni 22 25 22 80 0 0 0 

Co 9.1 9.2 13 20 0 0 0 

Mn 370 290 810 950 0 0 0 

Hg 0.03 0.02 0.02 0.05 0 0 0 

Sn 2.1 2.4 2.2 2.2 0 0 0 

Sr 89 79 110 370 0 0 0 

Ba 320 260 430 500 0 0 0 

Th 10 9.8 9.7 12 0 0 0 

U 2.1 2.4 2.3 2.4 0 0 0 

Tl 0.34 0.38 0.83 0.6 0 0 0 

V 42 59 79 160 0 0 0 

As 4.6 7.5 16 1.5 1 2 3 

Bi 0.23 0.28 0.20 0.048 2 2 1 

Sb 0.43 0.67 1.2 0.2 1 1 2 

Se 0.07 0.18 0.09 0.05 0 1 0 

Mo 1.0 1.1 1.2 1.5 0 0 0 

B <50 <50 <50 10 0 0 0 

P 340 270 400 1,000 0 0 0 

F 400 260 300 950 0 0 0 

Notes: Average-crustal abundance based on Bowen (1979). Geochemical-Abundance Index (GAI) defined in Annexure 4. 
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Table 20 
  

Mineralogical Results for Soil-clay samples 

GCA11380 (A00428) GCA11381 (A00429) GCA11382 (A00430) 

Dominant quartz Dominant quartz Dominant quartz 

Major  Major kaolinite Major  

Minor kaolinite Minor  Minor kaolinite 

Accessory smectite/illite 

(RI) 

muscovite/illite 

K-feldspar 

goethite 

Accessory muscovite/illite 

goethite 

K-feldspar 

Accessory muscovite/illite 

goethite 

K-feldspar 

Trace T-oxides 

carbonaceous 

material 

Trace smectite/illite (RI) 

smectite 

carbonaceous 

material 

Trace smectite/illite (RI) 

smectite 

carbonaceous 

material 

eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC eCEC 

[cmol 

(p+)/kg] 

%-Proportion of eCEC 

Na K Mg Ca Na K Mg Ca Na K Mg Ca 

9.4 (9.9) 4.9 

(4.8) 

4.8 

(4.8) 

55.2 

(55.2) 

35.1 

(35.2) 

7.0 8.5 4.2 53.2 34.1 9.9 6.9 3.7 47.1 42.3 

Notes: eCEC = effective Cation Exchange Capacity; RI = randomly interstratified 

dominant = greater than 50%; major = 20-50%; minor = 10-20%; accessory = 2-10%; and, trace is less than 2% 
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Annexures 

(Total No. of pages including blank pages = 442) 

 

Annexure 1* GCA (2012) Report on Initial Geochemical 
Testing of Waste Rock Samples from 
Internal Waste Zone (14 pages) 

Annexure 2* GCA (2013) Report on Process-Tailings 
Geochemistry (60 pages) 

Annexure 3* Details of Sampling Programs for Waste 
Rock, Ore and Soil Samples (52 pages) 

Annexure 4 Testwork Methods (8 pages) 

Annexure 5 Acid-Formation Potential (AFP): 
Classification Criteria (4 pages) 

Annexure 6* Laboratory Reports (302 pages) 

 
 

* This Annexure is only available on the digital version of this document 
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Annexure 1 

  

GCA (2012) Report on 

Initial Geochemical 

Testing of Waste Rock 

Samples from Internal 

Waste Zone 

(Total No. of pages including blank pages = 14) 

Note: This Annexure is only available on the digital version of this document 
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Annexure 2 

  

GCA (2013) Report on 

Process-Tailings 

Geochemistry 

(Total No. of pages including blank pages = 60) 

 

Note: This Annexure is only available on the digital version of this document 
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