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Limitations, Uses and Reliance 

This document, once read in its entirety, may be relied upon for the purposes stated within the limits of: 

Environmental investigations and assessments are undertaken in accordance with an agreed term of reference and timeframe and may involve intrusive 
investigations of subsurface conditions, generally at a few selected locations.  Although due care, skill and professional judgement are applied in the 
interpretation and extrapolation of environmental conditions and factors to elsewhere, the potential for variances cannot be discounted.  Therefore, the 
results, analyses and interpretations presented herein cannot be considered absolute or conclusive.  Pendragon Environmental Solutions does not accept 
any responsibility for variances between the interpreted and extrapolated and those that are revealed by any means.  Specific warning is given that many 
factors, natural or artificial, may render conditions different from those that prevailed at the time of investigation and should they be revealed at any time 
subsequently, they should be brought to our attention so that their significance may be assessed and appropriate advice may be offered.  Users are also 
cautioned that fundamental assumptions made in this document may change with time and it is the responsibility of any user to ensure that assumptions 
made, remain valid. 

The comments, findings, conclusions and recommendations contained in this document represent professional estimates and opinions and are not to be 
read as facts unless expressly stated to the contrary.  In general, statements of fact are confined to statements as to what was done and/or what was 
observed; others have been based on professional judgement. The conclusions are based upon information and data, visual observations and the results 
of field and laboratory investigations and are therefore merely indicative of the environmental conditions at the time, including the presence or otherwise 
of contaminants or emissions.  In addition, presentations in this document are based upon the extent of the terms of reference and/or on information 
supplied by the client, agents and third parties outside our control.  To the extent that the statements, opinions, facts, conclusions and/or recommendations 
in this document are based in whole or part on this information, those are contingent upon the accuracy and completeness of the information which has 
not been verified unless stated otherwise.  Pendragon Environmental Solutions does not accept responsibility for omissions and errors due to incorrect 
information or information not available at the time of preparation of this document and will not be liable in relation to incorrect conclusions should any 
information be incorrect or have been concealed, withheld, misrepresented or otherwise not fully disclosed.  Neither will we be liable to update or revise 
the document to take into account any events, emergent circumstances or facts occurring or becoming apparent after the date of this document. 

Within the limitations imposed by the terms of reference, the assessment of the study area and preparation of this document have been undertaken and 
performed in a professional manner, by suitably qualified and experienced personnel, in accordance with generally accepted practices and using a degree 
of skill and care ordinarily exercised by environmental consultants under similar circumstances.  No other warranty, expressed or implied, is made. 

This document has been prepared for the purposes stated herein.  Every care was taken in the interpretation of environmental conditions and the nature 
and extent of impacts, presentation of findings and recommendations which are provided in good faith in the general belief that none of these are 
misleading.  No responsibility or liability for the consequences of use and/or inference by others is accepted. 

Intellectual and copyright in the information, data and representations such as drawings, figures, tabulations and text, included in this document remain 
the property of Pendragon Environmental Solutions.  This document is for the exclusive use of the authorised recipient(s) and may not be used, copied 
or re-produced in whole, or in part, for any purpose(s) other than that for which it was prepared for.  No responsibility or liability to any other party is 
accepted for any consequences and/or damages arising out of the use of this document without express and written consent. 

The above conditions must be read as part of the document and must be reproduced where permitted.  Acceptance of this document indicates acceptance 
of these terms and conditions. 
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Executive Summary 
 
Meeka Metals Limited intends disposing of tailings from processing oxide ores from the Turnberry and St 
Annes mining areas at their Gnaweeda Project into the mined-out Suzie Open Pit at Andy Well. 
 
Scope of Works 
 
The scope of works, with reference to the request for information from the Department of Energy, Mines, 
Industry Regulation and Safety (DEMIRS) pertaining to the leachability of contaminants with environmental 
significance from the tailings, included: 

 A review of geological, geotechnical, hydrological and hydrogeological data, information and reports. 

 Facilitate sampling and analytical laboratory testing to characterise tailings materials in terms of their 
potential to cause acid mine and metalliferous drainage. 

 The geochemical laboratory analytical work included: pH (pH1:5, pHf, pHfox and pHox), Electrical Conductivity, 
Total Sulfur (as %S), Sulfate-Sulfur (S-SO4), Chromium Reducible Sulfur (CRS), Net Acid Generation 
(NAG), Acid Neutralising Capacity (ANC), Net Acid Producing Potential (NAPP), Acid Buffering 
Characterisation Curve (ABCC), Total Inorganic and Organic Carbon, Total Metals and Leachable Metals 
(at pH’s of 5, 7 and 9), Cation Exchange Capacity (CEC), Exchangeable Cations, Exchangeable Sodium 
Percentage (ESP), Bulk Density and Emerson Aggregate Test (EAT). 

 Compile a report with recommendations on the assessment and management of the tailings materials. 
 
This technical document has been prepared, taking due cognisance of the Draft Guideline - Materials 
Characterisation - Baseline Data Requirements for Mining Proposals of the WA Department of Mines and 
Industry Regulation (DMIRS, 2016). 
 
Objectives 
 
This document details the characterisation of waste rock materials across the Bottle Creek mining area and 
their potential for acid mine and metalliferous drainage impacting environmental factors.  The primary 
objectives are to ensure that the quality of land, soils, sediment and surface and ground water are maintained, 
to protect environmental values and existing and potential future uses and to facilitate decommissioning and 
closure in an ecologically sustainable manner. 
 
Summary and Conclusions of Salient Findings 
 
The deposition of tailings, highly alkaline, non-acid forming and non-saline albeit potentially containing arsenic 
in leachates, in the Suzie pit will extend over a period of 8.5 months.  The design incorporates a return water 
system with perimeter monitoring/seepage recovery bores that can be equipped with pumps, if necessary, to 
return water to the plant.  Water for processing ore at Andy Well will be drawn from dewatering of the 
underground mine. 
 
Tailings deposition and compaction are likely to result in a permeability of 10-8m/s and will tend to seal 
permeable zones in the walls of the Susie Pit, reducing the amount of seepage that will occur once the tailings 
levels rise to above the current groundwater levels in the surrounding bedrock. 
 
A numerical groundwater model to assess the fate of seepage from the pit in a worst-case scenario where 
seepage continues after tailings deposition and consolidation (Rockwater, 2024) indicated that: 

 Seepage flows will be radially away from the Suzie Pit to distances of 220m to 300m across strike after 100 
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 There are distinct advantages of mixing the Turnberry and St Annes tailings to fully utilise pH, Acid 
Neutralising Capacity, Net Acid Production Potential, total and leachable metal concentrations to arrive at 
a material with more environmentally acceptable average concentrations. 

 
The Suzie Pit at the Andy Well Project is a shallow pit that intersects a mineralised quartz-carbonate vein 
(porphyry) that has moderate permeability, and from which there have been groundwater flows of up to 
1,000m3/d during three months of mining and dewatering.  The surrounding wall rocks are expected to be of 
low permeability, and the mineralised zone is reported to be of limited extent and connectivity hence any 
seepage from the pit is likely to be confined within proximity of the pit. 
 
Emplacement and consolidation of tailings in the pit are likely to block the water-bearing joints and fractures 
and restrict seepage of tailings water from the pit.  Numerical modelling demonstrated that in a worst case of 
no reduction in aquifer permeability resulting from tailings emplacement, and a continuing source of water for 
seepage from the pit, the impact will extend to less than 400m after 100 years. 
 
There are no known pastoral bores or wells, or GDE that could be impacted by seepage from the tailings in 
the Suzie Pit. 
 
Monitoring bores should be installed on the north-eastern and south-western sides of the pit into the primary 
sheared/fractured system/mineralised zone to a depth of 60m below the depth of the pit.  These bores should 
be constructed with 150 mm Class 9 uPVC casing, with the bottom 20m of casing machine slotted to facilitate 
use as seepage recovery bores should it be required.  The casing should be gravel-packed, with an annular 
seal set above the gravel; and protective steel surface casing installed, with a lockable cap. 
 
The bores should be monitored quarterly for the following parameters: 

 Field measurements: groundwater level, pH and EC/salinity monthly. 

 Laboratory analysis for Electrical Conductivity, Total Dissolved Solids, Total Alkalinity, Calcium, 
Magnesium, Sodium, Potassium, Chloride, Sulphate, Nitrate and Dissolved Metals: Aluminium, Arsenic, 
Barium, Beryllium, Boron, Cadmium, Chromium, Cobalt, Copper, Iron, Lead, Manganese, Mercury, Nickel, 
Selenium, Thorium, Uranium, Vanadium and Zinc. 
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1. Introduction 
 

1.1 Background 
 
Meeka Metals Limited intends disposing of tailings from processing oxide ores from the Turnberry and 
St Annes mining areas at their Gnaweeda Project into the mined-out Suzie Open Pit at Andy Well (Figure 
1.1). 
 

 
Figure 1.1 Project Location and Tenure. 

 

1.2 Objectives 
 
This document details the characterisation of tailings materials pertaining to the potential for impacts 
because of acid mine and metalliferous drainage on environmental factors.  The primary objectives are 
to ensure that the quality of land, soils, sediment and surface and ground water are maintained to protect 
environmental values, existing and potential future uses and to facilitate decommissioning and closure 
in an ecologically sustainable manner. 
 
 

1.3 Scope of Work 
 
The scope of works, with particular reference to the request for information from the Department of 
Energy, Mines, Industry Regulation and Safety (DEMIRS) pertaining to the leachability of contaminants 
with environmental significance from the tailings, included: 
 
The particular scope of reference included: 

 A review of geological, geotechnical, hydrological and hydrogeological data, information and reports. 

 Facilitate sampling and analytical laboratory testing to characterise tailings materials in terms of their 
potential to cause acid mine and metalliferous drainage. 

 The geochemical laboratory analytical work included: pH (pH1:5, pHf, pHfox and pHox), Electrical 
Conductivity, Total Sulfur (as %S), Sulfate-Sulfur (S-SO4), Chromium Reducible Sulfur (CRS), Net 
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Acid Generation (NAG), Acid Neutralising Capacity (ANC), Net Acid Producing Potential (NAPP), 
Acid Buffering Characterisation Curve (ABCC), Total Inorganic and Organic Carbon, Total Metals 
and Leachable Metals (at pH’s of 5, 7 and 9), Cation Exchange Capacity (CEC), Exchangeable 
Cations, Exchangeable Sodium Percentage (ESP), Bulk Density and Emerson Aggregate Test 
(EAT). 

 Compile a report with recommendations on the assessment and management of the tailings 
materials. 

 
This technical document has been prepared, taking due cognisance of the Draft Guideline - Materials 
Characterisation - Baseline Data Requirements for Mining Proposals of the WA Department of Mines 
and Industry Regulation (DMIRS, 2016). 
 
 

1.4 Description of Operations 
 
Information gleaned from supporting information for a works approval for Category 5 processing or 
beneficiation of metallic or non-metallic ores (Meeka Metals Limited, 2024) and relevant to this 
assessment include: 

 The Suzie Pit located approximately 1km south of the main Andy Well Open pit, some 1.65ha in 
extent with a circular footprint is 152m long and 139m wide and 54m deep with pit wall angles at 60o, 
has the capacity to hold 474,045 tonnes (335,000m3) of tailings, allowing for 0.7m of freeboard, 
sufficient to provide capacity to hold a 72 hour 1 in 100-year rainfall event. 

The pit is suitable for in pit tails disposal (SRE, 2024).  Tailings will be pumped to the pit via a slurry 
pipeline from the processing plant.  The pipeline will extend out over the crest of the pit, sufficiently 
far to prevent the deposition of tailings causing erosion of the pit walls.  A central floating pontoon 
with a pump will recover water, which will then be pumped back to the processing plant. 

Tailings will be deposited to a level 2m below the pit crest when the remaining water will be removed, 
and the tailings allowed to settle and consolidate.  Once dry enough to support machinery, the pit 
will be backfilled to ground level with compacted NAF waste material and then covered with a 200mm 
layer of topsoil to form a slight dome encouraging runoff rather than infiltration.  The area will be 
allowed to revegetate naturally; however, seeding may be required should natural revegetation not 
occur quickly enough.  The final landform will be a safe, stable, and non-polluting structure, that will 
in time, lend back in with the surrounding topography and ecosystem. 
 

 

 
Looking north from the southern end. 

 
Looking south from the northern end. 
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 The regional geology of the area, the northern margin of the Yilgarn Craton, comprises Archaean 
rocks, predominantly granitoids, with elongated, north-north-west striking belts of sedimentary and 
volcanic rock (greenstones) oxidised to depths of up to 120m. 

Superficial cover includes degraded laterite and ferruginised rubble and colluvium over areas of 
subdued relief which grade in to sheetwash deposits 5m to 8m thick and alluvium in surrounding 
watercourses related to north-westerly flowing tributaries to the Yalgar drainage system (SRE, 2024). 

 The Suzie Pit is located on relativity flat ground with bunds and surface flows diverted around the pit 
to the west.  The pit water level is currently 27m below the level of the pit crest.  The pit is within the 
upper transition zone aquifer, which exists between 35m to 40m below ground level, in a highly 
fractured zone.  The zone is highly oxidised with iron staining on fracture surfaces.  The pit walls 
were found to be moderate to high permeability (SRE, 2024). 

 Groundwater quality is: 

o fresh to slightly brackish with Total Dissolved Solids (TDS) between 990mg/L and 1,400mg/L; 

o slightly alkaline with pH varying between 7.9 and 8.1; and 

o of the sodium-chloride water type, typical of endpoint type groundwater with long residence times 
and little indication of recharge. 

 Geochemical characterisation of the tailings undertaken during earlier studies found that: 

o The Andy Well ore materials were characterised as having low Maximum Potential Acidity 
(approximately 12kg/H2SO4/t) with elevated Acid Neutralising Capacity (approximately 
195kg/H2SO4/t) resulting in a large negative Net Acid Producing Potential (approximately 
183kg/H2SO4/t) and ANC/MPA Ratios of between 15.0 and 16.9 (markedly more than 2) hence 
was considered Non-Acid Forming (NAF).  The sulphide sulphur and total sulphur concentrations 
differed by between 0.02% and 0.04% indicating that almost all the sulphur is present as sulphide, 
and from the mineralogy, likely to be dominated by pyrite. 

o Multi-elemental analysis indicated enrichment in Silver (Ag), Arsenic (As), Tellurium (Te) and 
Titanium (Ti).  Silver occurs as a native metal or an alloy and is stable in air and water.  Titanium 
readily reacts with oxygen to form TiO2, a stable compound.  Tellurium, a rare stable element in 
the earth’s crust, has a strong affinity to Gold (Au) and Silver and is often present as gold 
tellurides.  Arsenic concentration levels are well below the Health Investigation Levels (HIL-F) for 
commercial/industrial sites.  Laboratory leachate testing indicated that under a range of 
conditions, metals were not readily leachable from the tailings. 

 
The Suzie Pit Tailings Storage Facility Design Report (SRE, 2024) indicated that samples of ore from 
the Turnberry and St Annes mining areas did not contain significant concentrations of heavy metals and 
metalloids.  Some samples contained elevated concentrations of arsenic (between 1,880mg/kg and 
10,400mg/kg), however most samples contained arsenic at a concentration less than 240mg/kg.  There 
were no other significant concentrations of metals within the ore.  An assessment for leachability and 
acid formation revealed that most metals and metalloids were immobile under acidic and neutral 
leaching conditions, with concentrations of As, Be, Cd, Pb, Se, V and Hg below their limits of reporting.  
The metals and metalloids B, Cr, Co, Cu, Ni and Zn reported trace concentrations within the leaching 
solutions with concentrations generally increasing by a small margin under acidic conditions.  Ba and 
Mn reported small concentrations within the leachates for most of the samples tested, with 
concentrations again increasing slightly from neutral to acidic leaching conditions. 
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2. Tailings Materials Characterisation 
 

2.1 Characterisation of Tailings 
 

2.1.1 Key Lithologies at the Gnaweeda Project 
 
The Turnberry and St Annes deposits are located within the greenstone belt comprising a succession 
of metamorphosed mafic to ultramafic, felsic and metasedimentary rocks, with minor felsic to 
intermediate intrusives.  The stratigraphy dips steeply east to sub-vertical with isoclinal folding along a 
north-north-east axis with a north-north-east trending foliation. 
 
Lithologies at Turnberry are dominated by dolerites with the best mineralisation along a 1.7km north-
north-east trending hosted within a magnetic quartz dolerite.  The area is covered with transported 
colluvium to a depth of ~10m to 25m and is highly weathered with a depth to fresh rock of approximately 
100m. 
 
The local geology and stratigraphy of St Annes, from east to west, comprise of ultramafic meta-
sedimentary rocks, siliciclastic sediments, basalt and felsic volcaniclastics which is highly weathered 
with a depth to fresh rock between ~100m and 160m covered with transported colluvium to a depth of 
~25m.  Mineralisation is aligned along an 800m north-north-east trending shear divided into the St Annes 
North and South zones. 
 
The salient findings of waste materials characterisations at the Gnaweeda Project concluded: 

 The waste materials possess neutral to alkaline and non-saline characteristics. 

 Sulfides, hence Potentially Acid Forming (PAF) materials, are absent in the oxide and transitional 
materials, the target of the current mining plan, with limited and random occurrences at depth in the 
transitional and fresh rock lithologies. 

 Sulfur concentrations were uniformly low with the dominant waste lithologies containing low available 
buffering capacities.  The potential for AMD within the major waste lithologies is low, with the 
generally low buffering capacity sufficient to neutralise the negligible reported sulfide mineralisation. 

 Multi-element composition and leaching tests indicated low metal and metalloid concentrations within 
solid materials and in both the neutral and acidic static leaches.  Consequently, the development of 
metalliferous drainage following disturbance of the waste materials is low. 

 
 

2.1.2 Sampling of Tailings 
 
The ALS Metallurgy and Mineral Processing laboratory in Balcatta Perth prepared two composite 
samples of tailings (1kg each P80: 150µm) representative of the Turnberry and St Annes ore bodies 
from 15 tailings leach residues from each ore body, each weighing 800g. 
 
 

2.1.3 Sample Analysis 
 
The two composite samples were submitted to ALS Environmental Laboratories, a National Association 
of Testing Authorities (NATA) accredited laboratory, in Wangara Perth and analysed for the parameters 
listed in Table 2.1. 
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reactive pyrite.  It is therefore an inherently conservative assessment as it discounts non-acid forming 
sulfur species or any inherent neutralising capacity. 

 The Acid Potential Ratio (APR = ANC:MPA) vary between 5.0 (Turnberry) and 7.2 (St Annes). 

This ratio is an alternative way of reporting laboratory data to ascertain initial AMD risk and provides 
an indication of the relative margin of safety (or factor of safety) with respect to the potential for net 
acid generation (INAP, 2009). 

Generally speaking, and depending on the mineralogy, an APR of less than 1 indicates the material 
is likely to be acid forming (PAF) as it contains more acid generating than acid neutralising minerals. 
An APR ratio of between 1 and 2 generally indicates an area of uncertainty (UC) that requires 
additional investigation, while an APR of greater than 2 generally indicates that the material is likely 
to be self-buffering upon oxidation, again depending on which minerals are present (AMIRA 2002).  
High ANC:MPA values indicate a high probability that the material may remain circum-neutral in pH 
and should not be problematic by generating acid rock drainage. 

Maximum Potential Acidities (MPAs) vary between 15.1 and 0.3kgH2SO4/t.  The same sample 
(Turnberry) with a Total Sulfur concentration >0.3%S have a MPA above the accepted low capacity 
value of 10kgH2SO4/t (DITR, 2007). 

Acid Neutralisation Capacities (ANCs) vary between 75.9 (Turnberry) and 2.2kgH2SO4/t (St Anne). 

 Net Acid Producing Potential (NAPP = MPA-ANC) vary between -60.8 (Turnberry) and -1.9kgH2SO4/t 
(St Annes). 

NAPP calculates a theoretical net acid producing (or consuming) value of a sample by subtracting 
the theoretical Acid Neutralising Capacity (ANC) of a sample from the Maximum Potential Acidity 
(MPA) of a sample (Total Sulphur in this instance).  This calculation identifies the severity and extent 
of the potential of the materials to produce acid across the site in general. 

 Graphical illustrations indicate that both the tailings’ samples classify as NAF. 
 

  
 
Saline Drainage 
 
Electrical Conductivity (EC) is a measure of the salinity of a soil or rock.  Drainage of water from saline 
rocks may release water with high salt concentrations (saline drainage) which may impact and 
deteriorate the ecological function and particularly water quality in the downstream environment. 
 
The Cation Exchange Capacities (CEC’s) of the tailings materials vary between 3.0meq/100g (St Annes) 
and 16.8meq/100g (Turnberry) hence vary between low (<10 indicative of soils prone to leaching and 
nutrient loss with a low water holding capacity) and medium (10 to 15 which is typical range for loams 
with a moderate nutrient and water holding capacity). 
 
The exchangeable sodium percentage (ESP) of the tailings vary between 1.7 (Turnberry) and 9.0 (St 
Annes) hence vary between non sodic and sodic (when the ESP is greater than 6).  The Turnberry 
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tailings have an Emerson Class of 4 (no dispersion) whilst the St Annes tailings have an Emerson Class 
of 2 (some dispersion). 
 
 
Total Metals/Metalloids 
 
The most dominant metals are Iron, Aluminium and Manganese (Appendix A).  Regarding potential 
contamination from the tailings once deposited in the Suzie Pit, the following are relevant: 

 Barium, Beryllium, Boron, Cadmium Mercury and Selenium are absent. 

 Chromium, Cobalt, Copper, Lead, Thorium, Uranium, Vanadium and Zinc occur in low concentrations 
and in all instances below the relevant ASC NEPM Areas of Ecological Significance Investigation 
Levels. 

 Arsenic occurs in concentrations between 61mg/kg (Turnberry) and 854mg/kg (St Annes) exceeding 
the ASC NEPM Areas of Ecological Significance Investigation Level of 40mg/kg. 

 Nickel occurs in concentrations between 39mg/kg (St Annes) and 56mg/kg (Turnberry) exceeding 
the ASC NEPM Areas of Ecological Significance Investigation Level of 30mg/kg. 

 
A geochemical abundance index (GAI, Förstner et. al., 1993) was calculated to assess enrichment of 
the tailings by metals/metalloids: 

GAI = log[(Cn/(1.5*Bn)),2] 

where Cn is the measured content of the nth element in the sample and Bn is the average crustal 
abundance of the element.  The Average Crustal Abundance values were sourced from the GARD 
Guide, Chapter 5 (INAP, 2009) and where no value was available for a particular element, values were 
obtained from Environmental Chemistry of the Elements (Bowen, 1979). 
 
The GAI is expressed in integer increments from 0 to 6, where a value of 0 indicates that the element 
is present at a concentration less than, or similar to, the average crustal abundance; and a GAI value 
of 6 indicates a 96-fold enrichment above the median crustal abundance.  Generally, a GAI of 3 or 
greater signifies enrichment that may warrant further examination; this is particularly the case with 
some environmentally important trace elements, such as arsenic, chromium, cadmium, copper, lead, 
selenium and zinc, more so than with major rock-forming elements, such as aluminium, calcium, iron, 
manganese and sodium. 
 
Elements identified as enriched may not necessarily be a concern for revegetation, drainage water 
quality or public health, but their significance should still be evaluated.  Cognizance should be taken 
of: 

 Whilst some element concentrations can be elevated relative to the median crustal abundance, the 
nature of an ore deposit implies that background levels are generally expected to be elevated. 

 If a sample is enriched relative to the average crustal abundance, there is no direct correlation that 
that sample will also leach metals/metalloids at elevated concentrations.  The mobility, 
bioavailability and toxicity of metals/metalloids are dependent on many factors including mineralogy, 
adsorption/desorption and the environment in which it occurs. 

 Because an element is not enriched does not mean it will never be a concern, because under some 
conditions (e.g. low pH) the solubilities of common environmentally important elements such as 
aluminium, copper, cadmium, iron and zinc increase significantly. 
 

The GAI calculations (Appendix A) for tailings materials indicate that only one element, namely Arsenic, 
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be expected during actual operations. 

 Aquifers at Andy Well are largely restricted to the mineralised zones, which cut the basaltic rock, 
hence they are of limited extent along strike and interconnection between zones across strike 
(Rockwater, 2024).  During mining of the Suzie Pit, dewatering flows of up to 1,000m3/d (11.6L/s) 
were recorded, primarily from storage in the mineralised zones.  Since mining ceased, the pit lake 
level in Suzie Pit has stabilised at 457mAHD, 18m below the original static water level (between 5m 
and 7m below surface), with groundwater inflow and rainfall balancing evaporative losses.  The 
current water balance for the pit indicates low groundwater inflows at about 27m3/d (0.3L/s), from 
throughflow along the mineralised zone.  The cross-cutting dolerite dyke is likely to truncate 
groundwater flows from north of the deposit (Rockwater, 2024.  Regional groundwater flow is towards 
the north-north-west towards the Yalgar River, a tributary of Murchison River. 
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4. Conclusions and Recommendations 
 

4.1 Conclusions 
 
The salient findings of the Gnaweeda Project tailings characterisation include: 

 The tailings are alkaline and non-saline. 

 The tailings are non-acid forming. 

 Laboratory leachate testing indicated that the tailings materials have the potential to leach elevated 
concentrations of Aluminium, Arsenic and Iron. 

 There are distinct advantages of mixing the Turnberry and St Annes tailings to fully utilise pH, Acid 
Neutralising Capacity, Net Acid Production Potential, total and leachable metal concentrations to 
arrive at a material with more environmentally acceptable averages. 

 
The Suzie Pit at the Andy Well Project is a shallow pit that intersects a mineralised quartz-carbonate 
vein (porphyry) that has moderate permeability, and from which there have been groundwater flows of 
up to 1,000m3/d during three months of mining and dewatering.  The surrounding wall rocks are 
expected to be of low permeability, and the mineralised zone is reported to be of limited extent and 
connectivity hence any seepage from the pit is likely to be confined within proximity of the pit. 
 
Emplacement and consolidation of tailings in the pit are likely to block the water-bearing joints and 
fractures and restrict seepage of tailings water from the pit.  Numerical modelling demonstrated that in 
a worst case of no reduction in aquifer permeability resulting from tailings emplacement, and a 
continuing source of water for seepage from the pit, the impact will extend to less than 400m after 100 
years. 
 
There are no known pastoral bores or wells, or GDE that could be impacted by seepage from the tailings 
in the Suzie Pit. 
 
 

4.2 Recommendations 
 
Monitoring bores should be installed on the north-eastern and south-western sides of the pit into the 
primary sheared/fractured system/mineralised zone to a depth of 60m below the depth of the pit.  These 
bores should be constructed with 150 mm Class 9 uPVC casing, with the bottom 20m of casing machine 
slotted to facilitate use as seepage recovery bores should it be required.  The casing should be gravel-
packed, with an annular seal set above the gravel; and protective steel surface casing installed, with a 
lockable cap. 
 
The bores should be monitored quarterly for the following parameters: 

 Field measurements: groundwater level, pH and EC/salinity monthly. 

 Laboratory analysis for Electrical Conductivity, Total Dissolved Solids, Total Alkalinity, Calcium, 
Magnesium, Sodium, Potassium, Chloride, Sulphate, Nitrate and Dissolved Metals: Aluminium, 
Arsenic, Barium, Beryllium, Boron, Cadmium, Chromium, Cobalt, Copper, Iron, Lead, Manganese, 
Mercury, Nickel, Selenium, Thorium, Uranium, Vanadium and Zinc. 
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Appendix A: Tailings Characterisation. 
 
 
 



SA OX1 SA OX2 SA OX3 TB OX 1 TB OX 2 TB OX 3 TB OX 4 TB OX 5 TB TR 1 TB TR 2 TB TR 3 TB TR 4 TB TR 5 TB TR 6 TB FR 1 TB FR 2 TB FR 3 TB FR 4 TB FR 5 TB FR 6 AW 1
Al 2.04 8.44 9.28 9.28 9.28 9.72 7.64 7.4 7.44 9.28 5.6 7.72 7.2 5.76 5.64 5.84 6.2 6.6 6.4 8.8 2.2
As 550 1430 2620 140 120 30 130 140 170 80 240 40 200 90 1790 210 100 1880 200 10400 40 13 0.51
Ba 75 320 210 300 300 160 520 220 200 50 640 200 200 120 90 75 420 140 200 560 40
Co 5 20 35 35 80 40 20 60 105 50 20 40 80 120 55 50 40 40 40 40 20 0.081
Cr 50 190 30 50 50 250 75 25 20 40 425 400 100 1250 30 20 225 100 150 100 275
Cu 94 64 62 240 480 388 216 168 40 280 210 258 148 374 76 348 192 88 198 90 45 3.8
Fe 2.56 5.72 4.22 8 8.44 7.06 5.24 6.62 12.5 9.22 5.56 6.54 9.36 8.08 9 9.98 5.34 6.5 6.34 5.96 3.08 0.71
Mn 100 900 200 700 1200 500 1100 1500 2200 600 400 900 900 700 1100 1000 600 1000 1100 1300 600 180 15
Ni 25 95 155 75 135 140 60 60 65 130 140 180 80 1120 80 25 120 60 80 140 100 23 3
Pb 55 <5 <5 <5 <5 80 40 25 <5 <5 85 215 55 35 10 10 30 50 35 35 60 6.2 0.35
S 55 <5 <5 <5 <5 0.06 0.04 0.02 <5 <5 0.06 0.12 0.04 0.06 4.04 4 0.66 1.2 0.96 2.06 0.21
Sr 12 50 86 28 30 15 40 35 76 22 35 40 50 20 60 200 35 65 45 135 20
Ti 0.1 0.38 1.46 4000 4200 4400 4200 6200 5400 5000 2600 3200 5800 3200 5400 7000 3400 3600 3200 4200 1000
V 144 236 444 260 244 220 170 385 308 258 105 140 230 120 232 288 95 180 155 120 75
Zn 34 110 114 94 110 178 76 58 142 164 112 174 116 80 40 48 180 126 150 140 105 5.4 1.4
Ca <10 <10 <10 <10 <10 0.0625 0.1875 0.3625 <10 <10 0.0875 1.1 0.35 0.0875 4.4 5.9 0.8625 4.44 3.6 0.76 2.01 250 370
Mg 800 2000 1200 1.48 1.84 0.64 0.92 0.84 2.2 3.12 1.2 3.96 3.76 9.48 2.4 1.44 2.48 2.8 3.76 1.16 2.24 43 4.5
Na 460 980 900 0.06 0.056 0.04 0.155 0.05 1.04 0.066 0.115 0.47 0.62 0.095 2.16 2.24 0.17 0.67 0.66 1.23 2950 530 680
K 0.6 2.4 1.6 1.4 1.2 0.625 1.45 0.825 0.6 0.4 0.975 1.03 0.675 0.85 4600 5000 2.13 1 0.98 2.53 1000 44 53
S-2 55 <5 <5 <0.02 <0.02 <0.02 <0.02 <0.02 0.06 <0.02 <0.02 0.12 0.04 0.04 3.66 3.8 0.64 1.16 0.92 2.08 0.18
Ctot 50 190 30 50 50 0.12 0.09 0.45 20 40 0.12 0.27 0.09 0.09 1.08 0.39 0.48 1.38 1.29 0.69 0.6
Corg 5 20 35 35 80 <0.03 0.09 0.27 105 50 0.09 0.12 0.06 0.06 0.06 0.06 0.09 0.15 0.09 <0.03 0.09
P 100 100 200 75 135 250 250 500 65 130 250 250 1000 250 600 600 500 500 500 1250 500
SiO2 55 <5 <5 59.2 58 57.8 59.4 59.6 52.6 55.2 66.8 56.8 52.8 50.4 52.8 58.2 62.2 50.2 52.6 56.2 77.4
pH 9.2 9.6
Total Dissolved Solids 2500 3100
WAD Cyanide 22 44
Free Cyanide 41
Sulphate in water 550 580
Electrical Conductivity 4300 5000
Bicarbonate Alkalinity <5 <5
Chloride 930 1200
Notes:
ppm or mg/kg

Au removed from assya data
Analytes removed from analyses (they are generally below their limits of reporting and have no assessment level): Ag, B, Be, Bi, Cd, Hg, Li, Mo, Se, Y.

Doray
AW Tails Assay

Meeka Doray Meeka Doray Meeka Doray

The data above is a quick compilation of head assays from each deposit and by oxidation (ox/tr/fr where relevant) before any processing (ie geology head assay). But, the last two columns are tails assays from that actual Andy well processing 
plant when it was in operation. These relate to fresh rock from Andy well. We can discuss further but I included the head assay data so you could see the element composition prior to processing as I assumed of these concentration were 
really low, even with any post processing leaching would this be of concern? Maybe?

Analyte



TOS

TOS=S-S-SO4 Laboratory NAPP=AP-ANC

µS/cm MPA=TOS*30.6 APR=ANC/MPA

Turnberry Tailings EP2414617; 1 Oct 2024 0.55 0.06 0.50 0.51 0.96 0.03 0.99 87 9.3 9.3 6.3 2 - Moderate 9.6 8.8 9.9 <0.1 <0.1 15.1 5.0 2 - Moderate 75.9 -59.1 -60.8 NAG pH>4.5; NAPP negative; APR>2 - Non Acid Forming

St Annes Tailings EP2414617; 1 Oct 2024 0.02 0.01 0.01 0.02 <0.02 0.06 0.07 83 9.2 9.2 6.2 2 - Moderate 8.9 7.6 6.9 <0.1 1.2 0.3 7.2 0 - None 2.2 -1.6 -1.9 NAG pH>4.5; NAPP negative; APR>2 - Non Acid Forming

Note: Samples did not contain Titratable Actual Acidity and/or Titratable Peroxide Acidity.

Sample ID Laboratory Certificate
pH(1:5)

pH units pH units kgH2SO4/t%

Net Acid Production Potential (NAPP)

Waste Material Classification

kgH2SO4/t

S S-S04 SCR TIC TOC TC EC(1:5) pHf pHfox
ANC Fizz Rating

Field Screen 
Reaction Rate

Field Screen

Acid Neitralising 
Capacity (ANC)

pHKCl pHox pHox NAGpH 4.5 NAGpH 7.0

Net Acid Generation

Maximum Potential Acidity MPA 
(or Acid Forming Potential, AFP)

 Acid Potential Ratio 
(APR)







Aluminium Arsenic Barium Beryllium Boron Cadmium Chromium Cobalt Copper Iron Lead Manganese Mercury Nickel Selenium Thorium Uranium Vanadium Zinc

Turnberry Tailings EP2414617; 1 Oct 2024 10,700 61 <10 <1 <50 <1 54 26 74 32,300 16 613 <0.1 56 <5 3 0.3 20 66

St Annes Tailings EP2414617; 1 Oct 2024 1,710 854 20 <1 <50 <1 39 10 36 25,800 42 327 <0.1 39 <5 1 0.2 34 39

ns 40 ns ns ns ns 130 ns 270 ns 470 ns ns 30 ns ns ns ns 90

71,000 6 500 6 10 0.4 70 8 30 40,000 35 1,000 0.06 50 0.4 9 2 90 90

Global Abundance Index GAI = log2 [ C / (1.5*S) ] 

Turnberry Tailings -3 3 - - - - -1 1 1 -1 -2 -7 - 0 - -2 -3 -3 -1

St Annes Tailings -6 7 -5 - - - -1 0 0 -1 0 -8 - -1 - -5 -4 -2 -2

GAI Assessment (a GAI of 3 or above is considered significant and such an enrichment may warrant further examination)

Turnberry Tailings 0 3 - - - - 0 1 1 0 0 0 - 0 - 0 0 0 0

St Annes Tailings 0 7 0 - - - 0 0 0 0 0 0 - 0 - 0 0 0 0

ASC NEPM Areas of Ecological Significance (most 
stringent; indicative only); clay content > 10%

Average Crustal Abundance GARDGuide

mg/kg
Sample ID Laboratory Certificate



Aluminium Arsenic Barium Beryllium Boron Cadmium Chromium Cobalt Copper Iron Lead Manganese Mercury Nickel Selenium Thorium Uranium Vanadium Zinc

Acetic Acid Leachate (pH=5) 0.1 0.005 0.1 0.001 0.1 0.001 0.01 0.01 0.01 0.05 0.01 0.01 0.001 0.01 0.01 0.001 0.001 0.01 0.1

Turnberry Master Comp P80: 150 um <0.1 <0.005 0.3 <0.001 <0.1 <0.001 <0.01 <0.01 <0.01 <0.05 0.02 4.59 <0.001 0.02 <0.01 <0.001 <0.001 <0.01 <0.1

St Anne's Master Comp P80: 150 um <0.1 0.027 0.4 <0.001 0.1 <0.001 <0.01 <0.01 <0.01 <0.05 <0.01 0.50 <0.001 0.01 <0.01 <0.001 <0.001 <0.01 <0.1

DI Water Leachate (pH=7) 0.01 0.001 0.001 0.001 0.05 0.0001 0.001 0.001 0.001 0.05 0.001 0.001 0.0001 0.001 0.01 0.001 0.001 0.01 0.005

Turnberry Master Comp P80: 150 um 0.73 0.009 0.007 <0.001 0.06 <0.0001 0.002 <0.001 <0.001 0.69 0.002 0.009 <0.0001 0.001 <0.01 <0.001 <0.001 <0.01 <0.005

St Anne's Master Comp P80: 150 um 0.79 0.108 0.006 <0.001 0.06 <0.0001 0.004 <0.001 0.002 0.69 0.006 0.010 <0.0001 0.002 <0.01 <0.001 <0.001 <0.01 <0.005

Leachate (pH=9) 0.1 0.050 <1.0 0.001 - 0.001 0.01 0.01 0.01 0.050 <0.10 <0.10 0.001 <0.10 <0.10 0.001 0.001 <0.10 <1.0

Turnberry Master Comp P80: 150 um 2.70 0.052 <1.0 0.071 - <0.010 <0.10 <0.10 <0.10 2.42 <0.10 <0.10 <0.001 <0.10 <0.10 0.012 <0.010 <0.10 <1.0

St Anne's Master Comp P80: 150 um <1.0 0.311 <1.0 0.071 - <0.010 <0.10 <0.10 <0.10 0.52 <0.10 <0.10 <0.001 <0.10 <0.10 <0.010 <0.010 <0.10 <1.0

Australian Drinking Water Guidelines: 
Table 10.6 Guideline values for physical 
and chemical characteristics

0.2 (A) 0.01 (H) 2 (H) 0.06 (H) 4 (H) 0.002 (H) ns ns
2 (H)         
1 (A)

0.3 (A) 0.01 (H)
0.5 (H)                
0.1 (A)

0.001 (H) 0.02 (H) 0.01 (H) ns 0.02 (H) ns 3 (A)

ASC NEPM Table 1C Groundwater 
Investigation Levels (GILs) Drinking Water

ns 0.01 2 0.06 4 0.002 ns ns 2 ns 0.01 0.5 0.001 0.02 0.01 ns 0.017 ns ns

ANZG, 2023: Draft Livestock Drinking 
Water Guidelines (Cattle)

5 0.025 ns 0.06 5 0.01 0.050 1 1 ns 0.10 10 0.002 1 0.02 ns 0.2 0.1 20

Notes: A denotes Aesthetic, H Health and ns not specified.

0.3 Concentration exceeds Limit of Reporting (LoR or Detection Limit).  LoRs have been raised for some samples due to matrix interferences.

0.052 Concentration exceeds lowest assessment level (colour coded)

Leachable Metals 

Sample ID (EP2414617; 1 October 2024)

mg/L


