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 INTRODUCTION 

1.1 Project Background 

Botanica Consulting was commissioned by Northern Star Resources to undertake an assessment of soil and waste 

rock at the Wonder Gold Deposit, to inform a Mining Proposal for the proposed UG mining of Wonder. In 2019, 

Northern Star acquired ASX-listed Bligh Resources Limited. Bligh’s Bundarra project is located less than 30km 

south of Thunderbox Operations and adjacent to the sealed Goldfields Highway. The Bundarra project consists of 

five mining leases and six prospecting licences that host four known gold deposits including the Wonder gold 

deposit. The project area has previously been referred to as the Celtic Gold Mine. 

This materials characterisation focuses on the Wonder North Deposit. There are two existing open pits (Wonder 

North, and Wonder West) and one existing waste rock landform at Wonder North. The material characterised is 

collected from holes drilled to define resources to be accessed via a proposed underground mine located beneath 

the Wonder north and west pits.   

 

1.2 Location 

The project area is located in North-eastern Goldfields of Western Australia, within the Shire of Leonora (Figure 

2-1). It lies approximately 70 km north of the town of Leonora, and 270 km north of the regional hub of 

Kalgoorlie-Boulder. It is situated midway between Lake Carey, and Lake Raeside, several large salt lakes in the 

region, and is about 50km from each. The nearest residential area is Leonora (~65 km to the south), and Leinster 

(~70 km to the north west).   
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Figure 1-1: Location of Wonder Project 

1.3 Climate 

The climate of the East Murchison IBRA subregion is described as arid with mainly winter rainfall (Cowan, 2001). 

The nearest Bureau of Meteorology (BoM) weather station is in Leonora Aero (#012305), located 70 km north of 

the Project.  

The yearly average maximum and minimum temperatures are 36.8 °C in January, and 22°C in July respectively; 

for data recorded from 1991 to 2022. The mean annual rainfall for Leonora is about 290mm, however rainfall varies 

considerably from year to year. The mean monthly rainfall ranges from 52.5mm in February to 8.3mm in 

September. The highest recorded monthly rainfall in this time period was 284mm in February 1995, and the highest 

daily rainfall was 109.2mm in January 2014. The annual mean days of rain exceeding 25mm is 1.5 days.  

The mean annual evaporation of around 3000mm significantly exceeds the mean annual rainfall (BoM, 2006). 

Single point Design Rainfall analysis for the Project (Longitude 121.181, Latitude -28.343) indicates that a rainfall 

amount of 181 mm in 72 hours can be expected to be equalled or exceeded on average once every 100 years 

(BoM, 2016). 
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1.4 Geology 

The regional geology of the Yilgarn Craton is characterised by relatively narrow greenstone belts separated by 

expanses of granitoid rocks. The Wonder deposit lies within the Kurnalpi Terrane in the western portion of the 

Yilgarn Craton. To the west, it is separated from the Kalgoorlie Terrane by the Ockerburry Shear Zone. The Project 

area itself is located at the south end of the Yandal greenstone belt, where the Ockerburry shear intersects the 

Perseverance Fault and Agnew – Wiluna Greenstone Belt (Porter Geo Database). 

Locally, an Archean volcanic succession is dominated by granitoids intruding basalts, gabbros and felsic volcanics 

along the western edge of the Celtic Batholith. Within the Project tenements there are multiple mafic roof 

pendants/xenoliths within the fractionated granite batholith. The intrusive is highly variable in composition, with 

individual phases occurring as irregular intercalations over a broad zone that forms the transitional margin of the 

batholith. The bases of the roof pendants show evidence of oxidation by late-stage metasomatic fluids from the 

granite (NSR Memo). 

1.4.1 Deposit Geology 

Wonder North is hosted within a package of coarse grained tonalite intruded by both diorite porphyry and 

lamprophyric dykes, with mafic rafts and xenoliths seen in the footwall. Mineralisation at Wonder North can be 

characterised as a shear hosted gold deposit as it is associated with the west-northwest striking Wonder Shear 

Zone.  

The Wonder Shear Zone has developed in successive phases resulting in re-activated vein development, with 

different vein types within and proximal to the main shear zone. These vein types include brecciated, laminated 

and extensional tension veins with gold mineralisation closely associated with pyrite. High grade mineralisation is 

thought to be controlled by the interaction of the shear zone with the mafic/intermediate intrusives within the 

tonalite.  

A gradational alteration assemblage is observed related to proximity to the ore. Hematite alteration is located 

distally from the main ore zone, whilst biotite-chlorite alteration is observed closer to the main ore zone with sericite 

replacement of chlorite occurring proximal to the main shear zone. The Wonder North Shear Zone zone is 

characterised by quartz-albite-sericite-pyrite alteration, with high grade mineralisation associated with smokey, 

laminated quartz veins primarily situated within the footwall.  

The main waste material lithology types expected to comprise waste in the proposed Wonder UG are: 

• Tonalite 

• Lamprophyre (intrusive biotite rich dolerite) 

• Andesite (a biotite-feldspar diorite) 
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• Basalt/dolerite with minor xenoliths 

 

Figure 1-2: Drillholes selected for waste characterisation against the optimised UG shell drilled between 
July 2022 and January 2023 
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Figure 2-1: Plan View of Drillhole Locations used for Waste Material Characterisation 
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2.2 Mine Waste Analysis 

Samples were analysed at ChemCentre and Intertek in Perth. Waste analysis of 62 samples included the following: 

• Bulk geochemistry analysis for Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fe, Hg, K, La, Li, Mg, 

Mn, Mo, Na, Ni, P, Pb, S, Sb, Sc, Se, Si, Sn, Sr, Te, Ti, Tl, V, W, Zn. 

• Leachate analysis for As, B, Be, Cd, CrVI, Cu, Fe, Hg, Mo, Ni, Pb, Se, Zn. 

• Acid base balance analysis for: 

o Total sulphur (S) % and sulphur as SO4 % 

o Total inorganic carbon (C)% 

o Acid Neutralising Capacity (ANC) 

o Net acid generation (NAG) and NAGpH 

o Maximum Acid Production (MPA) and Net Acid Potential Production (NAPP) were calculated 

based on oxidisable S values. 

• pH and EC 

The ChemCentre, which is a NATA accredited laboratory, is operated under the Government of Western Australia 

under the Chemistry Centre (WA) Act 2007. Details on the laboratory analysis method for each parameter is 

specified in the laboratory report provided in Appendix C. 

Data interpretation of laboratory results was undertaken by Botanica Consulting. Qualifications of the personnel 

involved in the materials characterisation are provided below:  

• Anna Timmins - Environmental and Geosciences Consultant, Botanica Consulting Pty Ltd. B.Sc., M.Sc. 

2.3 Interpretation of Analyses 

2.3.1 Acid Base Accounting 

Acid-base accounting (ABA) and net acid generation testing used in conjunction with sulphur (S) and carbon (C) 

speciation are the primary tools for the analysis of AMD risk. ABA estimates the balance between the potential for 

a material to generate acid and to neutralise acid. Oxidation of sulphide minerals is the primary source of acidity 

in mine wastes however the neutralisation of acid can occur from reactions with carbonate minerals. Total sulphur 

(S) can be used to calculate the estimated maximum potential acidity (MPA) measured in kg of H2SO4 per tonne. 

Acid neutralising capacity can be assessed by measuring the consumption of acid by a sample and is also 

measured in kg of H2SO4 per tonne. This can then be used calculate the ANC to MPA ratio, and the Net Acid 

Producing Potential (defined as NAPP = MPA – ANC), which can serve as initial classifiers of AMD risk (Australian 

Government, 2016).  

Net acid generation quantified testing (NAG and NAGpH) (using multiple additions of hydrogen peroxide), and 

acid neutralising capacity quantified testing (by measured addition of hydrochloric acid) were carried out on all 

samples to provide further information on the acid generating properties of the assessed material. Generally, a 
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sediments (DEC 2010) to identify metals and metalloids that may pose a risk to the surrounding environment or 

to environmental values. The EIL used by the DEC are based primarily on the Environmental Investigation Levels 

listed in the Australian and New Zealand Guidelines for the Assessment and Management of Contaminated Sites 

(ANZECC/NHMRC, 1992). They represent screening levels in which to provide a first-pass assessment for a site. 

It is important to note that these levels do not specifically apply to mineralised zones where elevated metal and 

metalloid contents often exceed the EIL in a natural functioning ecosystem. Site specific information should 

therefore be used in conjunction with the EIL to assess the appropriateness of these criteria values. Therefore, 

the EIL are presented in conjunction the HIL (for recreational use and parklands) and the Interim Sediment Quality 

Guidelines (ISQG), together with the median soil values (MSV), and average crustal abundance (ACA) values to 

provide a greater context within which to interpret them.  

2.3.3 Elements in Leachate 

Leachate analysis is conducted to provide an indication of the solubility of metals and metalloids (elements) in 

neutral leachate from the tested materials. Low values indicate that metals and metalloids are either tightly bound 

to minerals or held within the crystal structures. Pathways for elements to the surrounding environment include 

rainwater derived leachate to surrounding soils, and the seepage of leachate from waste rock landforms (WRLs) 

to groundwater. The leachate concentrations of different elements in water have been assessed against guidelines 

for long and short term irrigation use in agriculture and for livestock drinking water (main land use rangelands 

pastoral). 

Trigger levels for long term irrigation were sourced from the Australian and New Zealand Guidelines for Fresh and 

Marine Water Quality (ANZECC updated in 2018). The trigger values from the ANZECC (2000) guidelines for 

livestock drinking water are also provided. The trigger values listed are not site specific and are inherently 

conservative. They are designed to trigger further investigation but may also be interpreted in the context of the 

site-specific environment where elevated values are associated with naturally occurring mineralisation. 

2.3.4 Resistance to Erosion and Chemistry 

Resistance to erosion assessment incorporates information as available from drill logging, geological reports and 

geotechnical assessments together with chemical assessments including electrolyte content and dispersibility. 

Goldich mineral dissolution series for each lithology is also considered (Churchman and Lowe 2012).  
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 RESULTS 

3.1 Acid Base Balance Analysis 

Overall the waste materials sampled were low in total sulphur and total oxidisable sulphur with maximum total 

sulphur of 0.77%S. The majority of samples had a high acid neutralising capacity, resulting in 58 out of 62 samples 

being classified as non acid forming or NAF, three samples as acid consuming material (ACM), with one sample 

was classified as Uncertain. The majority of samples had a total S% of below 0.1%, with only 13 exceeding 0.1% 

total S, and only three exceeding 0.3% total S. Sulphur as occurring as sulphate was low, with the highest value 

0.06% sulphate S.  

Total inorganic carbon (TIC) were moderate to high in many samples. Values ranged from below detection 

(<0.05%) to 4.09% in a lamprophyre. This resulted in high to very high acid neutralising capacities for most samples 

and lithologies. Even tonalites which commonly contain low levels of carbonate contained appreciable inorganic 

C and had appreciable ANC levels ranging from 9 to 74 kg of H2SO4 per tonne. Andesites samples had ANCs 

ranging from 29 to 230 kg of H2SO4 per tonne, basalts 8 to 100 kg of H2SO4 per tonne, and lamprophyres 18 to 

250 kg of H2SO4 per tonne. Only the vein materials had low ANCs, ranging from <0.5 to 71 kg of H2SO4 per tonne.  

The consistently high ANC values, combined with low to moderate sulphur levels of most samples, led to calculated 

net acid production potential (NAPP) values to be consistently strongly negative ranging from -8.5 to -250 kg of 

H2SO4 per tonne, with only two vein material samples recording values of 0 kg of H2SO4 per tonne. Neither of 

these samples contained any sulphides however. Similarly, all sample ANC/MPA ratios were consistently above 

2., with the exception of one sample of tonalite, which returned a calculated ANC/MPA a value of 1.9, resulting in 

a classification of “Uncertain”. This sample had a NAGpH of 8.5 and a NAPP of –12.2 and contained 0.42% sulphur 

kg of H2SO4 per tonne. The ANC/MPA ratios of all samples are shown in Figure 3-2. 

The pH of samples in CaCl2 was universally slightly alkaline with all samples between 8 and 8.9. NAG pH’s ranged 

between 5.9 and 9 (as shown in Figure 3-1 ). Widespread inorganic carbon in the granites is likely related to a 

widespread alteration associated with mineralisation. There is a low risk from all rock types of acid mine drainage. 

The full tabulated acid base analysis results are shown in Appendix B – Table B1. 
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3.2 Bulk Geochemical Analysis 

A small proportion of the 62 waste rock samples exceeded EILs for several elements, which were: cobalt ( 6 

samples, 4 of which were vein material, ranging from 51 to 106ppm compared to the EIL of 50ppm), chromium 

(two samples with values of 738ppm and 1191ppm, compared to the EIL of 400ppm), copper (two samples which 

were 114ppm and 106ppm compared to the EIL of 100ppm), manganese (16 samples, maximum value 1467ppm 

compared to the EIL of 500ppm), molybdenum (one sample of 90ppm compared to the EIL of 40ppm), nickel (eight 

samples maximum value 398ppm, compared to the EIL of 60ppm), vanadium (21 samples, maximum value 

201ppm, compared to the EIL of 50ppm), and zinc ( two samples, of 250ppm and 281ppm, compared to the EIL 

of 200ppm). Almost all samples with higher than EIL values were basalt, lamprophyre and vein materials.  From 

30 samples only two tonalite samples exceeded a EIL, one was a value for copper of 106ppm, and the other of 

vanadium at 57ppm. Full results of elemental concentrations compared to EIL and HIL values are given in 

Appendix B – Table B2. 

Geochemical abundance index values for the samples showed that only four samples had single elements that 

were significantly enriched (i.e., GAI ≥3). These were a lamprophyre sample ((THU185187), with 8.6ppm bismuth, 

two vein samples (THU105242 and THU105203) with 105 and 106ppm of cobalt respectively, and a lamprophyre 

sample (THU105218) with 1191ppm of chromium. Full results of GAI levels for 3 and 6 for each element and 

sample are given in Appendix B – Table B3. Overall, there are not high or elevated values of elements of 

environmental concern in the waste rock, and these levels are typical of these rock types. Additionally the basalt, 

lamprophyre and vein materials only represent a small proportion of the waste in total, with 85% comprising 

environmentally benign tonalite,  

3.3 Leachate Analysis 

Neutral leachate analysis of waste material samples at Wonder showed leachates were very low in all elements 

tested with the exception of a single sample having the element molybdenum exceed the livestock drinking water 

fat 0.36mg/L compared to the recommended level of 0.15mg/. All other samples were very low in molybdenum, 

with the majority <0.001mg/L. Two samples exceeded the recommended short term irrigation value for cobalt, at 

0.27 and 0.34mg/L in samples of vein material. All other samples were very low in soluble cobalt with the majority 

of samples <0.001mg/L. Overall there is very low levels of soluble metals and arsenic in the waste material 

samples. Full results are shown in Appendix B – Table B4. 

 

3.4 Resistance to Erosion and Chemistry 

Resistance to erosion was not assessed, however waste materials are all fresh, and not of rock types that would 

be expected to be susceptible to erosion.  
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 SUMMARY AND RECOMMENDATIONS 

4.1 Mine Waste 

Based on samples analysed, all materials are categorised as NAF or ACM due to low overall sulphur content 

(most samples are <0.1%S) and high ANC and are considered suitable for placement on the outer surface 

of a WRL. The risk from acid metalliferous, neutral or saline drainage is considered very low. 

 

Waste lamprophyre and basalt are sporadically slightly elevated in cobalt, chromium, nickel, however this 

material constitutes a small portion of the waste and is itself only marginally elevated. The tonalite waste is 

considered environmentally benign, and overall, the risk to the surrounding environment from the Wonder 

UG waste requiring placement in a waste rock landform (based on the samples assessed) is considered to 

be low. 
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EXECUTIVE SUMMARY 

Botanica Consulting Pty Ltd (Botanica) was commissioned by Northern Star Resources Limited to 
undertake a reconnaissance flora/ vegetation and basic fauna survey of their proposed Bundarra 
Project. The survey area is approximately 2,647 ha and is located approximately 60 km north of 
Leonora, Western Australia (Figure 1-1).  

The study area lies within the Eastern Murchison (MUR1) subregion of the Murchison Bioregion, as 
defined by the Interim Biogeographic Regionalisation of Australia (IBRA).  

Botanica conducted a reconnaissance flora/ vegetation and basic fauna survey of the survey area 
on the 6-7th April 2022. The area was traversed on foot and all-terrain vehicle by Lauren Pick 
(Senior Consultant, BSc) and Jennifer Jackson (Senior Botanist, BSc (Honours) Environmental 
Management).  

Prior to the field assessment a desktop review was undertaken to identify any potential significant 
flora, vegetation and fauna that may occur within the survey area. The desktop review consisted of 
a literature review of previous flora and fauna assessments conducted within the local region, 
NatureMap Database search (DBCA, 2022a) and the Environmental Protection and Biodiversity 
Conservation (EPBC) Act 1999 Protected Matters search tool (DAWE, 2020a). Database search 
requests were also submitted to the Department of Biodiversity, Conservation and Attractions 
(DBCA) for records of significant flora (Ref: 35_0422FL), significant fauna (Ref: 7085) and 
Ecological Communities (Ref: 29_0322EC) occurring within 40 km of the survey area.  

Eight vegetation types were identified within the survey area. These vegetation types were 
identified within four landform types and comprised of four major vegetation groups, which were 
represented by a total of 26 families, 45 genera and 82 taxa. No Threatened Flora or Threatened 
Ecological Communities as listed under the Western Australian Biodiversity Conservation (BC) Act 
2016 or Commonwealth Environment Protection and Biodiversity Conservation (EPBC) Act 1999 
were identified within the survey area.  
 

Based on the vegetation condition rating scale specified in the Environmental Protection Authority 
(EPA) Technical Guidance - Flora and Vegetation Surveys for Environmental Impact Assessment – 
December 2016 (EPA, 2016a), vegetation ranged from ‘good’ to ‘very good’ with the majority of 

vegetation rated as ‘very good’.  Disturbance in the area was a result of existing mining, 
exploration, pastoral land use road siding of the Goldfields Highway and introduced species. Three 
introduced flora taxa were identified within the survey area, none of which are listed as a Declared 
Pest or Weed of National Significance.  

One Priority Flora taxon was listed on the Department of Biodiversity, Conservation and Attractions 
(DBCA) database as occurring within the survey area; Hemigenia exilis (P4). The location of this 
taxon were confirmed by Botanica. No other Priority Flora were identified within the survey area. 
No Priority Ecological Communities (as listed by DBCA) were identified within the survey area.  
 
Five fauna habitats were identified within the survey area.  Results of the desktop assessment 
identified 148 bird, 17 mammal, 41 reptile and four amphibian taxa as having been previously 
recorded in the general area, some of which have the potential to occur within the survey area. A 
total of nine species (including two introduced fauna) were observed during the field survey.  
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No Threatened fauna taxa as listed under the Western Australian BC Act and Commonwealth 
EPBC Act were identified within the survey area. No Priority fauna as listed by DBCA were 
recorded within the survey area.   
 
There are no wetlands of international importance (Ramsar Wetlands) or national importance 
(Australian Nature Conservation Agency Wetlands) within the survey area nor proposed or 
gazetted conservation reserves within the survey area.  
 

Based on the outcomes from the survey undertaken, Botanica assessed the results of the desktop 
and field survey with regards to the native vegetation clearing principles listed under Schedule 5 of 
the Environmental Protection (EP Act) 1986. The assessment found that the proposed vegetation 
clearing activities may be at variance with clearing principle (f).  
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1 INTRODUCTION 

Botanica Consulting Pty Ltd (Botanica) was commissioned by Northern Star Resources Limited to 
undertake a reconnaissance flora/ vegetation and basic fauna survey of their proposed Bundarra 
Project. The survey area is approximately 2,647 ha and is located approximately 60 km north of 
Leonora, Western Australia (Figure 1-1).  

1.1 Objectives 

The flora assessment was conducted in accordance with the requirements of a reconnaissance 
flora survey as defined in Technical Guidance - Flora and Vegetation Surveys for Environmental 
Impact Assessment – December 2016 (EPA, 2016a). The objectives of the assessment were to: 

• gather background information on flora and vegetation in the target area (literature review, 
database and map-based searches); 

• identify significant flora, vegetation and ecological communities and assess the potential 
sensitivity to impact; 

• conduct a field survey to verify / ground truth the desktop assessment findings; 

• undertake floristic community mapping to a scale appropriate for the bioregion and described 
according to the National Vegetation Information System (NVIS) structure and floristics; 

• undertake vegetation condition mapping; 

• assess the project area’s plant species diversity, density, composition, structure and weed 
cover, using NVIS classification system for vegetation description; 

• assess Matters of National Environmental Significance (MNES) and indicate whether potential 
impacts on MNES as protected under the Environment Protection and Biodiversity 
Conservation (EPBC) Act 1999 are likely to require referral of the project to the Commonwealth 
Department of Agriculture, Water and the Environment (DAWE); and 

• determine the State legislative context of environmental aspects required for the assessment. 

The fauna assessment was conducted in accordance with the requirements of a basic terrestrial 
fauna survey as defined in Technical Guidance - Terrestrial Fauna Surveys for Environmental 
Impact Assessment – June 2020 (EPA, 2020). The objectives of the assessment were to: 

• Undertake a literature review, including map-based information searches of all current and 
relevant literature sources and databases relating to the survey area; 

• Undertake a desktop investigation to identify any previously recorded occurrences of or 
potentially occurring Threatened and Priority listed fauna within the survey area; 

• Undertake searches on available databases for details relating to any Threatened and Priority 
listed fauna previously identified as occurring or potentially occurring within the survey area;  

• Conduct fauna habitat mapping and identify habitat types which are suitable for each significant 
fauna considered likely or possible to occur, or fauna recorded in the survey area; 

• Compile an inventory of fauna species occurrences within the survey area; 

• Undertake opportunistic, low intensity sampling of fauna; and 

• Report on the conservation status of species present using the Western Australian Museum 
and EPBC Act databases for presence of Threatened and Priority listed fauna species within 
the survey area. 
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Figure 1-1: Regional map of the Bundarra survey area 
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2 BIOPHYSICAL ENVIRONMENT 

2.1 Regional Environment  

The survey area lies within the Eremaean Province of Western Australia (WA). Based on the 
Interim Biogeographic Regionalisation of Australia (IBRA, Version 7) (DotEE, 2012) the survey 
area is located within the Murchison Bioregion of WA. This bioregion is further divided into 
subregions with the survey area located within the Eastern Murchison (MUR1) subregion of the 
Murchison Bioregion (Figure 2-1).  
 
The landscape of the Murchison Bioregion comprises low hills, mesas of duricrust separated by flat 
colluvium and alluvial plains (Commonwealth Government, 2020. It is dominated by the Archaean 
(over 2500 million years ago) granite greenstone terrain of the Yilgarn Craton (Commonwealth 
Government, 2008). Alluvial soils and sands mantle the granitic and greenstone units of the Yilgarn 
Craton. These soils are shallow, sandy and infertile. Underlying the soils in low areas is a red-
brown siliceous hard pan (Curry et al. 1994). The soils in the eastern half of the bioregion are 
typically red sands, calcareous red earth soil, duplex soil and clays. There are 41 vegetation 
associations (hummock grasslands, succulent steppe or low woodlands) that have at least 85 per 
cent of their total area in the bioregion. The bioregion is rich and diverse in both its flora and fauna 
but most species are wide ranging and usually occur in adjoining regions (McKenzie, May and 
McKenna, 2002).  
 
The Eastern Murchison subregion comprises the northern parts of the craton’s Southern Cross and 
Eastern Goldfields Terrains and is characterised by internal drainage and extensive areas of 
elevated red desert sandplains with minimal dune development.  Salt Lake systems are associated 
with the occluded paleodrainage system.  Broad plains of red-brown soils and breakaways 
complexes as well as red sandplains are widespread.  Vegetation is dominated by Mulga 
woodlands and is often rich in ephemerals, hummock grasslands, saltbush shrublands and 
Samphire shrublands (McKenzie et. al., 2002).  The Eastern Murchison subregion comprises 
diverse mulga woodlands, which occur on low greenstone belts.  The sand plains have red loamy 
earths and red deep sands which are found on the sandy banks.  

2.2 Land Use 

The dominant land uses of the Eastern Murchison subregion include grazing native pastures 
(85.47%), unallocated crown reserves (11.34%), conservation (1.4%) and mining (1.79%) (Cowan, 
2001). The survey area is located within the Tarmoola and Weebo Pastoral Lease. 
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Figure 2-1: Map of IBRA Bioregions in relation to the survey area 
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Figure 2-2: Map of soil landscape systems within the survey area 
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Figure 2-3:  Pre-European vegetation within the survey area 





Northern Star Resources Limited 
Bundarra Project – Reconnaissance Flora and Basic Fauna Assessment 

Prepared by Botanica Consulting 12 

 
Figure 2-5: Conservation areas in relation to the survey area 
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2.7 Hydrology 

According to the Geoscience Australia database (2015), there are no permanent/ perennial inland 
waters or drainage lines within the survey area. There are numerous minor ephemeral drainage 
lines occurring through the survey area (Figure 2-6).  

Groundwater Dependent Ecosystems (GDE) includes biological assemblages of species such as 
wetlands or woodlands that use groundwater either opportunistically or as their primary water 
source. For the purposes of this report, a GDE is defined as any vegetation community that derives 
part of its water budget from groundwater and must be assumed to have some degree of 
groundwater dependency. According to the BoM Atlas of Groundwater Dependent Ecosystems 
database (BoM, 2022b), there are no known or potential aquatic or terrestrial GDEs located within 
the survey area (Figure 2-6).  



Northern Star Resources Limited 
Bundarra Project – Reconnaissance Flora and Basic Fauna Assessment 

Prepared by Botanica Consulting 14 

 
Figure 2-6: Regional hydrology of the survey area 
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3 SURVEY METHODOLOGY 

3.1  Desktop Assessment 

Prior to the field assessment a literature review was undertaken of previous flora and fauna 
assessments conducted within the local region. Documents reviewed included:  

• Botanica. (2021). Detailed flora/vegetation survey and basic fauna survey of the Redcliffe Gold 
Project. Unpublished report prepared for Dacian Gold Ltd., October 2021. 

• Botanica (2014). Level 1 flora and vegetation survey of the Thunderbox to Bannockburn Project. 
Unpublished report prepared for Saracen, August 2014. 

• Botanica (2021). Reconnaissance Flora and Basic Fauna Survey of the proposed Bronzewing to 
Thunderbox Haul Road (L36/246). Unpublished report prepared for Northern Star Resources 
Ltd., October 2021. 
 

Database search requests were submitted to the DBCA for records of significant flora (Ref: 35-
0422FL) (DBCA, 2022a), significant fauna (ref: 7085) (DBCA, 2022b) and ecological communities 
(Ref: 29-0322EC) (DBCA, 2022c), with a centre-point located at coordinates: 28⁰ 21’ 06” S, 121⁰ 
10’ 55” E and with a 40 km buffer applied. 

In addition to the literature review and DBCA database search requests, searches of the following 
online databases were also undertaken (using the same centre-point and 40 km buffer as stated 
above) to aid in the compilation of a list of potential significant flora and fauna within the survey 
area: 

• Atlas of Living Australia (ALA) database (ALA, 2022); and 

• EPBC Protected Matters search tool (DAWE, 2022). 

 

Significant flora species identified by the desktop review were assessed with regards to their 
population extent and distribution and preferred habitat to determine their likelihood of occurrence 
within the survey area. The assessment categorised flora species as follows: 

• Unlikely: Suitable habitat is not expected to occur and/or the survey area is outside the known 
range of the species. 

• Possible: Suitable habitat may be present, and the area is within the known range of the 
species. This option is also used when there is insufficient information to determine the 
preferred habitat of a species. 

• Likely: Suitable habitat is expected to occur and there are records within 10 km of the survey 
area. 

• Previously Recorded: A record for this species is located within the survey area. Field survey 
will ground-truth currently occurring individuals and populations. 

 

Significant fauna species identified by the desktop review were assessed with regards to their 
distribution and preferred habitat to determine their likelihood of occurrence within the survey area. 
The assessment categorised fauna species as follows: 

• Would Not Occur: There is no suitable habitat for the species in the survey area and/or there is 
no documented record of the species in the general area since records have been kept and/or 
the species is generally accepted as being locally/regionally extinct (supported by a lack of 
recent records). 
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• Locally Extinct: Populations no longer occur within a small part of the species natural range, in 
this case within 10 or 20 km of the survey area. Populations do however persist outside of this 
area. 

• Regionally Extinct: Populations no longer occur in a large part of the species natural range, in 
this case within the Southern Cross region. Populations do however persist outside of this area. 

• Unlikely to Occur: The survey area is outside of the currently documented distribution for the 
species in question, or no suitable habitat (type, quality and extent) was identified as being 
present during the field assessment. Individuals of some species may occur occasionally as 
vagrants/transients especially if suitable habitat is located nearby but the site itself would not 
support a population or part population of the species. 

• Possibly Occurs: Survey area is within the known distribution of the species in question and 
habitat of at least marginal quality was identified as likely to be present during the field survey 
and literature review, supported in some cases by recent records being documented in literature 
from within or near the survey area. In some cases, while a species may be classified as 
possibly being present at times, habitat may be marginal (e.g. poor quality, fragmented, limited 
in extent) and therefore the frequency of occurrence and/or population levels may be low. 

• Known to Occur: The species in question has been positively identified as being present (for 
sedentary species) or as using the survey area as habitat for some other purpose (for non-
sedentary/mobile species) during field surveys within or near the survey area. This information 
may have been obtained by direct observation of individuals or by way of secondary evidence 
(e.g. tracks, foraging debris, scats). In some cases, while a species may be classified as known 
to occur, habitat may be marginal (e.g. poor quality, fragmented, limited in extent) and therefore 
the frequency of occurrence and/or population levels may be low. 

 

It should be noted that these lists are based on observations from a broader area than the 
assessment area (40 km radius) and therefore may include taxa not present. The databases also 
often include very old records that may be incorrect or in some cases the taxa in question have 
become locally or regionally extinct. Information from these sources should therefore be taken as 
indicative only and local knowledge and information also needs to be taken into consideration when 
determining what actual species may be present within the specific area being investigated.  

The conservation significance of flora and fauna taxa was assessed using data from the following 
sources:  

• Environment Protection and Biodiversity Conservation (EPBC) Act 1999. Administered by 
the Australian Government (DAWE);  

• Biodiversity Conservation (BC) Act 2016. Administered by the WA Government (DBCA);  

• Red List produced by the Species Survival Commission (SSC) of the World Conservation 
Union (also known as the IUCN Red List – the acronym derived from its former name of the 
International Union for Conservation of Nature and Natural Resources). The Red List has no 
legislative power in Australia but is used as a framework for State and Commonwealth 
categories and criteria; and  

• Priority Flora/ Fauna list. A non-legislative list maintained by DBCA for management 
purposes (fauna list released 10th April 2019; flora list released 5th December 2018).  
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The EPBC Act also requires the compilation of a list of migratory species that are recognised under 
international treaties including the: 

• Japan Australia Migratory Bird Agreement 1981 (JAMBA)1;  
• China Australia Migratory Bird Agreement 1998 (CAMBA); 
• Republic of Korea-Australia Migratory Bird Agreement 2007 (ROKAMBA); and  
• Bonn Convention 1979 (The Convention on the Conservation of Migratory Species of 

Wild Animals). 
 
Most but not all migratory bird species listed in the annexes to these bilateral agreements are 
protected in Australia as Matters of National Environmental Significance (MNES) under the EPBC 
Act.  Descriptions of conservation significant species and communities are provided in Appendix A. 

3.2 Flora and Vegetation Field Assessment 

Botanica conducted a reconnaissance flora/ vegetation and basic fauna survey of the Bundarra 
Project survey area on the 6-7th April 2022. The area was traversed using an all-terrain vehicle and 
4WD by Lauren Pick (Senior Consultant, BSc) and Jennifer Jackson (Senior Botanist, BSc 
(Honours) Environmental Management). The GPS track log of the survey effort is shown in Figure 
3-1. Given the degree of existing disturbance within the survey area (existing mining/ pastoral land 
use), the survey area is not located in a fragmented landscape, high biodiversity region or a 
conservation reserve and the desktop assessment identified low potential for significant habitats 
(i.e. widespread/ common habitats), a reconnaissance survey was conducted. 

Prior to the commencement of field work, aerial photography was inspected and obvious differences 
in the vegetation assemblages were identified. The different vegetation communities identified were 
then inspected during the field survey to assess their validity. A handheld GPS unit was used to 
record the coordinates of the boundaries between existing vegetation communities.  

The survey was conducted using a series of survey sites (relevés) as shown in Figure 3-1. At each 
relevé site, the area was walked on foot to observe and record all flora species. The distance 
surveyed at each relevé varied dependent on the diversity/ variability of species and landforms/ 
vegetation types. At each relevé, the following information was recorded:  
 
At each sample point, the following information was recorded:  

• GPS location;  
• Photograph of vegetation;  
• Dominant taxa for each stratum;  
• All vascular taxa (including annual taxa); 
• Landform classification; 
• Vegetation condition rating; 
• Collection and documentation of unknown plant specimens; and  
• GPS location, photograph and collection of flora of conservation significance (if 

encountered).  

 

 

 
 
1 Most but not all species listed under JAMBA are also specially protected under Specially Protected Species of the BC 
Act. 
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Unknown specimens collected during the survey were identified with the aid of samples housed at 
the Botanica Herbarium and Western Australian Herbarium. Vouchering of the specimens with the 
Western Australian Herbarium was not required as none of the specimens were of significance (i.e. 
conservation flora, novel taxa, range extensions etc.). A complete species list was generated from 
the relevé data for each of the vegetation types identified within the survey area (Appendix B). 
Structural vegetation classification was used to characterise the different vegetation types. 
Vegetation types were described in accordance with NVIS classifications-Vegetation Types (Level 
V).  
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Figure 3-1: GPS track log of the survey effort 
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Figure 4-1: Significant flora records in relation to the survey area  
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4.1.2 Fauna 

The NatureMap database search (DBCA, 2022a) identified a total of 210 terrestrial vertebrate fauna 
taxa within 40 km of the survey area, consisting of 148 bird, 17 mammal, 41 reptile and four 
amphibian taxa. The full list of vertebrate fauna identified by the desktop search is contained in 
Appendix D. 

4.1.2.1 Conservation Significant Fauna 

The desktop review identified eight terrestrial vertebrate fauna species of conservation significance 
as previously being recorded in the regional area, consisting of five Threatened species, two 
migratory terrestrial species and one otherwise protected species. In addition several migratory 
shorebirds were identified in the desktop assessment which were assessed collectively based on 
shared habitat requirements. Habitat and distribution data was used to determine the likelihood of 
occurrence within the survey area (Table 4-3). The locations of DBCA database records for 
Significant Fauna (DBCA, 2022d) in relation to the survey area is shown in Figure 4-2.  
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Figure 4-2: Significant fauna records in relation to the survey area 
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4.2.1.2 Significant Flora 

According to the EPA Environmental Factor Guideline for Flora and Vegetation (EPA, 2016b) 
significant flora includes:   

• flora being identified as threatened or priority species; 

• locally endemic flora or flora associated with a restricted habitat type (e.g. surface water or 
groundwater dependent ecosystems); 

• new species or anomalous features that indicate a potential new species; 

• flora representative of the range of a species (particularly, at the extremes of range, recently 
discovered range extensions, or isolated outliers of the main range); 

• unusual species, including restricted subspecies, varieties or naturally occurring hybrids; and 

• flora with relictual status, being representative of taxonomic groups that no longer occur widely 
in the broader landscape. 

 

One Priority Flora taxon was listed on the DBCA database as occurring within the survey area; 
Hemigenia exilis (P4). These records (shown spatially in Figure 4-1) were obtained in 1996. The 
locations of this taxon were confirmed by Botanica (total of 15 plants recorded) as shown in Figure 
4-4. No Threatened or otherwise significant flora species were recorded within the survey area.  
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Figure 4-4: Significant Flora recorded within the survey area 
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4.2.2 Vegetation 

4.2.2.1 Vegetation Communities 

A total of eight broad-scale vegetation communities were identified within the survey area. 
Vegetation community descriptions and extent are listed below in Table 4-5 and illustrated spatially 
in Figure 4-5. Vegetation community descriptions and extents were determined from field survey 
results, aerial imagery interpretation and extrapolation of the communities.  
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Figure 4-5: Vegetation types within the survey area  
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Figure 4-6: Vegetation condition within the survey area 
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Figure 4-7: Fauna habitats within the survey area 
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4.2.3.2 Significant Fauna 

According to the EPA Environmental Factor Guideline for Terrestrial Fauna (EPA, 2016c) 
significant fauna includes:  

• Fauna being identified as a Threatened or Priority species; 

• Fauna species with restricted distribution; 

• Fauna subject to a high degree of historical impact from threatening processes; and 

• Fauna providing an important function required to maintain the ecological integrity of a 
significant ecosystem.  

The current status of some species on site and/or in the general area is difficult to determine, 
however, based on the habitats present and, in some cases, direct observations or recent nearby 
records, the following species of conservation significance can be regarded as possibly utilising the 
survey area for some purpose at times, these being: 

• Malleefowl (Leipoa ocellata) - Vulnerable (EPBC Act and BC Act)  

This species is occasionally recorded in the Eastern Murchison subregion. The majority of habitat 
within the survey area appears unsuitable for breeding due to the moderately low density of the 
vegetation and leaf litter, with no evidence of this species occurring within the survey area, 
including nesting mounds, tracks or other signs, recorded within the survey area. Habitat appears 
to be marginal in extent/quality however this species is considered as possibly occurring as it may 
visit the area for short periods as infrequent vagrants.  

No evidence of significant fauna species were observed during the survey.  

4.3 Matters of National Environmental Significance 

4.3.1 Environment Protection and Biodiversity Conservation Act 1999  

The EPBC Act protects Matters of National Environmental Significance (MNES) and is used by the 
Commonwealth DAWE to list threatened taxa and ecological communities into categories based 
on the criteria set out in the EPBC Act (www.environment.gov.au/epbc/index.html). The EPBC Act 
provides a national environmental assessment and approval system for proposed developments 
and enforces strict penalties for unauthorised actions that may affect matters of national 
environmental significance. MNES as defined by the Commonwealth EPBC Act include:  

• Nationally threatened flora and fauna species; 

• World heritage properties; 

• National heritage places; 

• Wetlands of international importance (often called ‘Ramsar’ wetlands after the international 
treaty under which such wetlands are listed); 

• Nationally threatened ecological communities; 

• Commonwealth marine area; 

• The Great Barrier Reef Marine Park; and  

• Nuclear actions (including uranium mining) a water resource, in relation to coal seam gas 
development and large coal mining development.  
 

No MNES were identified within the survey area. 
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4.4 Matters of State Environmental Significance 

4.4.1 Environmental Protection Act 1986 (WA) 

The EP Act provides for the prevention, control and abatement of pollution and environmental 
harm, for the conservation, preservation, protection, enhancement and management of the 
environment. The Act is administered by The Department of Water and Environment Regulation 
(DWER), which is the State Government’s environmental regulatory agency. 

Under Section 51C of the EP Act and the Environmental Protection (Clearing of Native Vegetation) 
Regulations (Regulations) 2004 (WA) any clearing of native vegetation in Western Australia that is 
not eligible for exemption under Schedule 6 of the EP Act or under the Regulations requires a 
clearing permit from the DWER or the Department of Mines, Industry Regulation and Safety 
(DMIRS). Under Section 51A of the EP Act native vegetation includes aquatic and terrestrial 
vegetation indigenous to Western Australia, and intentionally planted vegetation declared by 
regulation to be native vegetation, but not vegetation planted in a plantation or planted with 
commercial intent. Section 51A of the EP Act defines clearing as “the killing or destruction of; the 

removal of; the severing or ringbarking of trunks or stems of; or the doing of substantial damage to 
some or all of the native vegetation in an area, including the flooding of land, the burning of 
vegetation, the grazing of stock or an act or activity that results in the above”. Exemptions under 
Schedule 6 of the EP Act and the EP Regulations do not apply in ESAs as declared under Section 
51B of the EP Act or TEC listed under State and Commonwealth legislation.  

No Environmentally Sensitive Areas were identified within the survey area. 

4.4.2 Biodiversity Conservation Act 2016 

The BC Act is used by the Western Australian DBCA for the conservation and protection of 
biodiversity and biodiversity components in Western Australia and to promote the ecologically 
sustainable use of biodiversity components in the State. Taxa are classified as ‘Threatened” when 

their populations are geographically restricted or are threatened by local processes (see following 
sections for Threatened definitions). Under the BC Act all native flora and fauna are protected 
throughout the State. Financial penalties are enforced under the BC Act if threatened species are 
collected without an appropriate licence.  

Under Section 54(1) of the BC Act, habitat is eligible for listing as critical habitat if:  

a) it is critical to the survival of a threatened species or a threatened ecological community; 
and 

b) its listing is otherwise in accordance with the ministerial guidelines. 

No threatened species or critical habitat listed under the BC Act were recorded within the survey 
area. 

4.5 Other Areas of Conservation Significance 

The DBCA lists ‘Priority’ species and communities which are under consideration for declaration as 

‘Threatened’ under the BC Act. These Priority species/ communities have no formal legal 

protection until they are endorsed by the Minister as being Threatened. No PEC’s as listed by 
DBCA were identified within the survey area. One Priority Flora taxon was listed on the DBCA 
database as occurring within the survey area; Hemigenia exilis (P4). The locations of this taxon 
were confirmed by Botanica. 

There are no wetlands of international importance (Ramsar Wetlands) or national importance 
(Australian Nature Conservation Agency Wetlands) within the survey area.  
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APPENDIX D: 
NATUREMAP DESKTOP SEARCH (40KM) 

Vascular Flora 

Abutilon aff. leucopetalum 

Abutilon cryptopetalum 

Abutilon leucopetalum 

Acacia ?coolgardiensis 

Acacia acuminata 

Acacia aneura 

Acacia aptaneura 

Acacia ayersiana 

Acacia burkittii 

Acacia caesaneura 

Acacia colletioides 

Acacia coolgardiensis 

Acacia craspedocarpa 

Acacia craspedocarpa hybrid 

Acacia donaldsonii 

Acacia effusifolia 

Acacia grasbyi 

Acacia incurvaneura 

Acacia jamesiana 

Acacia ligulata 

Acacia macraneura 

Acacia megacephala 

Acacia minyura 

Acacia mulganeura 

Acacia oswaldii 

Acacia oswaldii (Narrow phyllode variant) 

Acacia papyrocarpa 

Acacia pteraneura 

Acacia quadrimarginea 

Acacia ramulosa 

Acacia ramulosa var. linophylla 

Acacia ramulosa var. ramulosa 

Acacia Sect. Juliflorae (Microneurae, flat) 

Acacia sibirica 

Acacia sp. 

Acacia sp. Marshall Pool (G. Cockerton 3024) 

Acacia sp.Juliflorae - terete Eremaean Region 

Acacia sp.Juliflorae-flat, Eremaean region 

Acacia tetragonophylla 

Acacia victoriae 

Actinobole oldfieldianum 

Agave americana 

Alyogyne pinoniana 

Amyema fitzgeraldii 

Amyema nestor 
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Androcalva luteiflora 

Aristida contorta 

Asteridea athrixioides 

Atriplex codonocarpa 

Atriplex holocarpa 

Atriplex semilunaris 

Austrostipa elegantissima 

Austrostipa nodosa 

Austrostipa scabra 

Avena sp. 

Bonamia erecta 

Boronia purdieana subsp. purdieana 

Bossiaea walkeri 

Brachychiton gregorii 

Brachyscome ciliaris 

Brachyscome iberidifolia 

Brunonia australis 

Calandrinia balonensis 

Calandrinia eremaea 

Calandrinia polyandra 

Calandrinia pumila 

Calandrinia schistorhiza 

Calandrinia translucens 

Calocephalus knappii 

Calocephalus multiflorus 

Calotis hispidula 

Calotis multicaulis 

Calotis sp. Carnarvon Range (D.J. Edinger & K.F. Kenneally D 2708 K 12243) 

Calytrix desolata 

Calytrix erosipetala 

Calytrix praecipua 

Calytrix uncinata 

Casuarina obesa 

Cephalipterum drummondii 

Chenopodium nitrariaceum 

Chrysocephalum puteale 

Chthonocephalus pseudevax 

Crassula sp. 

Cryptandra connata 

Cuphonotus andraeanus 

Cuscuta planiflora 

Cylindropuntia fulgida var. mamillata 

Cylindropuntia imbricata 

Cymbopogon ambiguus 

Cymbopogon obtectus 

Dampiera ramosa 

Dampiera roycei 

Dianella revoluta 

Dichanthium sericeum subsp. humilius 
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Dicrastylis brunnea 

Dicrastylis sessilifolia 

Dodonaea adenophora 

Dodonaea petiolaris 

Dodonaea rigida 

Duma florulenta 

Duperreya commixta 

Dysphania glomulifera subsp. eremaea 

Eleusine indica 

Enchylaena tomentosa 

Enchylaena tomentosa var. tomentosa 

Enekbatus eremaeus 

Enneapogon caerulescens 

Eragrostis eriopoda 

Eragrostis setifolia 

Eremophila alternifolia 

Eremophila clarkei 

Eremophila conglomerata 

Eremophila decipiens subsp. decipiens 

Eremophila eriocalyx 

Eremophila exilifolia 

Eremophila foliosissima 

Eremophila forrestii 

Eremophila forrestii subsp. forrestii 

Eremophila fraseri 

Eremophila galeata 

Eremophila georgei 

Eremophila gilesii subsp. gilesii 

Eremophila gilesii subsp. variabilis 

Eremophila granitica 

Eremophila homoplastica 

Eremophila hughesii subsp. hughesii 

Eremophila jucunda subsp. jucunda 

Eremophila lanceolata 

Eremophila latrobei 

Eremophila latrobei subsp. glabra 

Eremophila latrobei subsp. latrobei 

Eremophila longifolia 

Eremophila maculata subsp. brevifolia 

Eremophila malacoides 

Eremophila margarethae 

Eremophila metallicorum 

Eremophila oldfieldii subsp. angustifolia 

Eremophila oppositifolia subsp. angustifolia 

Eremophila pantonii 

Eremophila platycalyx subsp. Leonora (J. Morrisey 252) 

Eremophila platycalyx subsp. platycalyx 

Eremophila platythamnos subsp. platythamnos 

Eremophila ramiflora 
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Eremophila scoparia 

Eremophila serrulata 

Eremophila shonae subsp. shonae 

Eremophila simulans subsp. megacalyx 

Eremophila simulans subsp. simulans 

Eremophila sp. 

Eremophila spectabilis subsp. brevis 

Eremophila spectabilis x ? 

Eremophila spuria 

Eremophila youngii subsp. youngii 

Eriachne flaccida 

Eriachne helmsii 

Eriachne mucronata 

Erodium aureum 

Erodium cygnorum 

Erymophyllum ramosum subsp. ramosum 

Eucalyptus caesia 

Eucalyptus camaldulensis subsp. arida 

Eucalyptus camaldulensis subsp. obtusa 

Eucalyptus carnei 

Eucalyptus eremicola 

Eucalyptus eremicola subsp. eremicola 

Eucalyptus eremicola subsp. peeneri 

Eucalyptus gongylocarpa 

Eucalyptus gypsophila 

Eucalyptus kingsmillii 

Eucalyptus lucasii 

Eucalyptus striaticalyx 

Eucalyptus striaticalyx subsp. striaticalyx 

Eucalyptus trichopoda 

Eucalyptus youngiana 

Euryomyrtus maidenii 

Exocarpos aphyllus 

Frankenia georgei 

Frankenia laxiflora 

Frankenia pauciflora var. pauciflora 

Frankenia setosa 

Glycine canescens 

Gnephosis arachnoidea 

Gnephosis brevifolia 

Gnephosis tenuissima 

Goodenia macroplectra 

Goodenia mimuloides 

Goodenia mueckeana 

Goodenia scaevolina 

Goodenia triodiophila 

Grevillea extorris 

Grevillea inconspicua 

Grevillea juncifolia subsp. juncifolia 
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Grevillea obliquistigma subsp. obliquistigma 

Grevillea sarissa subsp. sarissa 

Grevillea stenobotrya 

Hakea leucoptera subsp. sericipes 

Hakea lorea subsp. lorea 

Hakea preissii 

Hakea recurva 

Halgania cyanea 

Haloragis trigonocarpa 

Harnieria kempeana subsp. muelleri 

Helipterum craspedioides 

Hemigenia botryphylla 

Hemigenia exilis 

Hibiscus burtonii 

Hibiscus solanifolius 

Hibiscus sp. Gardneri (A.L. Payne PRP 1435) 

Hibiscus sp. Gardneri (A.L.Payne PRP 1435) 

Homalocalyx thryptomenoides 

Hybanthus floribundus 

Hybanthus floribundus subsp. curvifolius 

Hybanthus floribundus subsp. floribundus 

Hypolaena grandiuscula 

Hysterobaeckea occlusa 

Indigofera georgei 

Indigofera sp. Indet 

Isoetes sp. 

Isoetopsis graminifolia 

Isotoma petraea 

Juncus aridicola 

Kennedia prorepens 

Keraudrenia velutina subsp. elliptica 

Keraudrenia velutina subsp. elliptica ms 

Korthalsella leucothrix 

Lawrencella davenportii 

Laxmannia arida 

Leiocarpa semicalva subsp. semicalva 

Lemooria burkittii 

Lepidium oxytrichum 

Lepidosperma sp. 

Leptosema chambersii 

Leucochrysum fitzgibbonii 

Leucochrysum stipitatum 

Lobelia sp. indet 

Lobelia winfridae 

Lysiana casuarinae 

Lysiana murrayi 

Lysimachia arvensis 

Maireana aff. planifolia 

Maireana carnosa 
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Maireana georgei 

Maireana planifolia 

Maireana pyramidata 

Maireana sedifolia 

Maireana thesioides 

Maireana tomentosa subsp. tomentosa 

Maireana trichoptera 

Maireana triptera 

Marsdenia australis 

Melaleuca hamata 

Melaleuca interioris 

Melaleuca xerophila 

Micromyrtus chrysodema 

Micromyrtus flaviflora 

Mirbelia microphylla 

Mirbelia rhagodioides 

Mirbelia spinosa 

Monachather paradoxus 

Myriocephalus guerinae 

Myriocephalus oldfieldii 

Myriocephalus pygmaeus 

Myriocephalus rhizocephalus 

Nicotiana rosulata 

Nicotiana rosulata subsp. rosulata 

Nicotiana stenocarpa 

Olearia calcarea 

Olearia humilis 

Olearia stuartii 

Ophioglossum lusitanicum 

Opuntia elata 

Opuntia sp. 

Ozothamnus cassiope 

Philotheca brucei subsp. brucei 

Philotheca tubiflora 

Phyllanthus baeckeoides 

Phyllanthus calycinus 

Phyllanthus sp. 

Pimelea trichostachya 

Pittosporum angustifolium 

Plantago debilis 

Plantago drummondii 

Pluchea dentex 

Podolepis aristata subsp. affinis 

Podolepis canescens 

Podolepis capillaris 

Podolepis gardneri 

Podolepis kendallii 

Podolepis lessonii 

Pogonolepis muelleriana 
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Pogonolepis stricta 

Poranthera leiosperma 

Poranthera microphylla 

Prostanthera althoferi subsp. althoferi 

Prostanthera wilkieana 

Psydrax rigidula 

Psydrax suaveolens 

Ptilotus aervoides 

Ptilotus divaricatus 

Ptilotus gaudichaudii 

Ptilotus helipteroides 

Ptilotus macrocephalus 

Ptilotus nobilis subsp. nobilis 

Ptilotus obovatus 

Ptilotus polystachyus 

Ptilotus roei 

Ptilotus schwartzii 

Ptilotus schwartzii var. schwartzii 

Rhagodia drummondii 

Rhagodia eremaea 

Rhodanthe battii 

Rhodanthe charsleyae 

Rhodanthe chlorocephala subsp. splendida 

Rhodanthe citrina 

Rhodanthe manglesii 

Rhodanthe maryonii 

Rhyncharrhena linearis 

Roebuckiella ciliocarpa 

Roebuckiella similis 

Roycea sp. 

Salsola australis 

Samolus repens 

Santalum acuminatum 

Santalum spicatum 

Sauropus ramosissimus 

Sauropus rigens 

Scaevola spinescens 

Sclerolaena cuneata 

Sclerolaena densiflora 

Sclerolaena fusiformis 

Sclerolaena gardneri 

Senecio glossanthus 

Senecio magnificus 

Senna artemisioides subsp. filifolia 

Senna artemisioides subsp. filifolia x glutinosa subsp. chatelainiana 

Senna artemisioides subsp. helmsii 

Senna artemisioides subsp. x artemisioides 

Senna artemisioides subsp. x sturtii 

Senna charlesiana 
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Senna glaucifolia 

Senna glutinosa subsp. chatelainiana 

Senna manicula 

Senna sp. 

Senna sp. Austin (A. Strid 20210) 

Senna stowardii 

Seringia elliptica 

Setaria dielsii 

Sida calyxhymenia 

Sida sp. dark green fruits (S. van Leeuwen 2260) 

Sida sp. Excedentifolia (J.L. Egan 1925) 

Sida sp. Golden calyces glabrous (H.N. Foote 32) 

Solanum ferocissimum 

Solanum lasiophyllum 

Solanum nigrum 

Solanum nummularium 

Solanum orbiculatum 

Solanum terraneum 

Sonchus oleraceus 

Stackhousia muricata subsp. annual (W.R. Barker 2172) 

Stenanthemum patens 

Stenanthemum stipulosum 

Stenopetalum filifolium 

Stenopetalum nutans 

Streptoglossa liatroides 

Stylidium induratum 

Stylidium longibracteatum 

Swainsona beasleyana 

Swainsona formosa 

Swainsona oroboides 

Synaptantha tillaeacea var. tillaeacea 

Tecticornia disarticulata 

Templetonia incrassata 

Teucrium teucriiflorum 

Threlkeldia diffusa 

Thryptomene decussata 

Thryptomene sp. Leinster (B.J. Lepschi & L.A. Craven 4362) 

Thyridolepis multiculmis 

Thysanotus patersonii 

Tietkensia corrickiae 

Trachymene ceratocarpa 

Trachymene ornata 

Triodia basedowii 

Triptilodiscus pygmaeus 

Velleia glabrata 

Velleia rosea 

Verticordia interioris 

Vittadinia sp. 

Vittadinia sulcata 
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Wahlenbergia capillaris 

Wahlenbergia sp. 

Waitzia acuminata 

Waitzia acuminata var. acuminata 

Wurmbea deserticola 

Wurmbea tenella 

Zygophyllum ammophilum 

Zygophyllum eremaeum 

Zygophyllum ovatum 

Zygophyllum simile 
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Terrestrial Vertebrate Fauna 

Acanthagenys rufogularis 

Acanthiza (Acanthiza) apicalis subsp. apicalis 

Acanthiza (Geobasileus) uropygialis 

Acanthiza apicalis 

Acanthiza chrysorrhoa 

Acanthiza robustirostris 

Acanthiza uropygialis 

Accipiter cirrocephalus 

Actitis hypoleucos 

Aegotheles cristatus 

Anas gracilis 

Anas superciliosa 

Anthus australis 

Aphelocephala leucopsis 

Aquila (Uroaetus) audax 

Aquila audax 

Ardea pacifica 

Ardeotis australis 

Artamus cinereus 

Artamus minor 

Artamus personatus 

Aythya australis 

Barnardius zonarius 

Biziura lobata 

Cacatua roseicapilla 

Cacomantis pallidus 

Caimanops amphiboluroides 

Calidris canutus 

Certhionyx variegatus 

Chalinolobus gouldii 

Charadrius ruficapillus 

Chenonetta jubata 

Cheramoeca leucosterna 

Chroicocephalus novaehollandiae 

Chrysococcyx basalis 

Cincloramphus cruralis 

Cincloramphus mathewsi 

Cinclosoma castaneothorax 

Cinclosoma marginatum 

Circus assimilis 

Cladorhynchus leucocephalus 

Climacteris (Climacterobates) affinis subsp. affinis 

Climacteris affinis 

Climacteris rufa 

Colluricincla harmonica 

Coracina maxima 

Coracina novaehollandiae 
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Corvus bennetti 

Corvus coronoides 

Corvus orru 

Corvus orru subsp. orru 

Cracticus nigrogularis 

Cracticus tibicen 

Cracticus torquatus 

Cryptoblepharus beaucaneri 

Ctenophorus caudicinctus subsp. infans 

Ctenophorus caudicinctus subsp. mensarum 

Ctenophorus isolepis subsp. gularis 

Ctenophorus nuchalis 

Ctenophorus reticulatus 

Ctenotus leonhardii 

Ctenotus uber 

Cuculus pallidus 

Cygnus atratus 

Daphoenositta chrysoptera 

Dicaeum hirundinaceum 

Diplodactylus conspicillatus 

Diplodactylus granariensis subsp. granariensis 

Diplodactylus granariensis subsp. rex 

Diplodactylus pulcher 

Dromaius novaehollandiae 

Egernia depressa 

Egernia formosa 

Egretta novaehollandiae 

Elanus axillaris 

Elseyornis melanops 

Eolophus roseicapillus 

Epthianura albifrons 

Epthianura aurifrons 

Epthianura tricolor 

Eremiascincus richardsonii 

Erythrogonys cinctus 

Eurostopodus argus 

Falco (Ieracidea) berigora subsp. berigora 

Falco berigora 

Falco cenchroides 

Falco longipennis 

Falco peregrinus 

Fulica atra 

Gavicalis virescens 

Gehyra variegata 

Gerygone fusca 

Grallina cyanoleuca 

Haliastur sphenurus 

Heteronotia binoei 

Hieraaetus (Hieraaetus) morphnoides 
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Hieraaetus morphnoides 

Himantopus himantopus 

Hirundo neoxena 

Hirundo nigricans 

Lalage tricolor 

Leipoa ocellata 

Lerista desertorum 

Lerista rhodonoides 

Lerista timeda 

Lerista timida 

Lichenostomus penicillatus 

Lichenostomus plumulus 

Lichenostomus virescens 

Lichmera (Lichmera) indistincta 

Lichmera indistincta 

Litoria cyclorhyncha 

Litoria rubella 

Macropus robustus 

Macropus rufus 

Macrotis lagotis 

Malacorhynchus membranaceus 

Malurus leucopterus 

Malurus splendens 

Manorina (Myzantha) flavigula 

Manorina flavigula 

Melanodryas cucullata 

Melopsittacus undulatus 

Menetia greyii 

Merops ornatus 

Microcarbo melanoleucos 

Microeca fascinans 

Milvus migrans 

Morethia butleri 

Mormopterus sp. 3 

Neophema bourkii 

Neopsephotus bourkii 

Nephrurus vertebralis 

Nephrurus wheeleri subsp. wheeleri 

Ningaui ridei 

Ninox novaeseelandiae 

Notaden nichollsi 

Nycticorax caledonicus 

Nyctophilus geoffroyi 

Nymphicus hollandicus 

Ocyphaps lophotes 

Oreoica gutturalis 

Oreoica gutturalis subsp. gutturalis 

Oryctolagus cuniculus 

Pachycephala (Alisterornis) rufiventris 
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Pachycephala rufiventris 

Parasuta monachus 

Pardalotus striatus 

Pelecanus conspicillatus 

Petrochelidon ariel 

Petrochelidon nigricans 

Petroica (Petroica) goodenovii 

Petroica cucullata 

Petroica goodenovii 

Phalacrocorax (Phalacrocorax) carbo 

Phalacrocorax carbo 

Phalacrocorax melanoleucos 

Phalacrocorax sulcirostris 

Phaps chalcoptera 

Phylidonyris albifrons 

Platalea (Platibis) flavipes 

Platalea flavipes 

Platycercus varius 

Platycercus zonarius 

Podargus strigoides 

Pogona minor subsp. minor 

Poliocephalus poliocephalus 

Pomatostomus superciliosus 

Pseudantechinus woolleyae 

Pseudomys hermannsburgensis 

Pseudonaja modesta 

Pseudophryne occidentalis 

Psophodes occidentalis 

Ptilonorhynchus guttatus 

Ptilonorhynchus maculatus subsp. guttatus 

Purnella albifrons 

Pygopus nigriceps 

Pyrrholaemus brunneus 

Recurvirostra novaehollandiae 

Rhipidura leucophrys 

Rhynchoedura ornata 

Scotorepens balstoni 

Simoselaps bertholdi 

Smicrornis brevirostris 

Sminthopsis dolichura 

Sminthopsis macroura 

Strepera versicolor 

Strophurus assimilis 

Strophurus wellingtonae 

Tachybaptus novaehollandiae 

Tadarida australis 

Tadorna tadornoides 

Taeniopygia guttata 

Taphozous hilli 
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Threskiornis spinicollis 

Todiramphus pyrrhopygius 

Tribonyx ventralis 

Tringa glareola 

Tringa nebularia 

Turnix velox 

Tympanocryptis pseudopsephos 

Underwoodisaurus milii 

Vanellus tricolor 

Varanus caudolineatus 

Varanus gouldii 

Varanus panoptes 

Varanus panoptes subsp. rubidus 

Varanus tristis 

Vespadelus baverstocki 

Vespadelus finlaysoni 
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APPENDIX E: 
EPBC PROTECTED MATTERS SEARCH (40KM BUFFER) 



EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected. Please see the caveat for interpretation of
information provided here.

Report created: 31-Mar-2022

Summary
Details

Matters of NES
Other Matters Protected by the EPBC Act
Extra Information

Caveat
Acknowledgements



Summary

Matters of National Environment Significance
This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

World Heritage Properties: None
National Heritage Places: None
Wetlands of International Importance (Ramsar None
Great Barrier Reef Marine Park: None
Commonwealth Marine Area: None
Listed Threatened Ecological Communities: None
Listed Threatened Species: 4
Listed Migratory Species: 6

Other Matters Protected by the EPBC Act
This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment', these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Commonwealth Lands: None
Commonwealth Heritage Places: None
Listed Marine Species: 8
Whales and Other Cetaceans: None
Critical Habitats: None
Commonwealth Reserves Terrestrial: None
Australian Marine Parks: None
Habitat Critical to the Survival of Marine Turtles: None

Extra Information
This part of the report provides information that may also be relevant to the area you have
State and Territory Reserves: None
Regional Forest Agreements: None
Nationally Important Wetlands: None
EPBC Act Referrals: 1
Key Ecological Features (Marine): None
Biologically Important Areas: None
Bioregional Assessments: None
Geological and Bioregional Assessments: None



Details

Matters of National Environmental Significance

Listed Threatened Species [ Resource Information ]
Status of Conservation Dependent and Extinct are not MNES under the EPBC Act.
Number is the current name ID.

Buffer StatusScientific Name Threatened Category Presence Text
BIRD

Grey Falcon [929] Vulnerable Species or species
habitat may occur
within area

Falco hypoleucos

Malleefowl [934] Vulnerable Species or species
habitat likely to occur
within area

Leipoa ocellata

Princess Parrot, Alexandra's Parrot [758] Vulnerable Species or species
habitat may occur
within area

Polytelis alexandrae

MAMMAL

Chuditch, Western Quoll [330] Vulnerable Species or species
habitat may occur
within area

Dasyurus geoffroii

Listed Migratory Species [ Resource Information ]
Buffer StatusScientific Name Threatened Category Presence Text

Migratory Terrestrial Species

Grey Wagtail [642] Species or species
habitat may occur
within area

Motacilla cinerea

Yellow Wagtail [644] Species or species
habitat may occur
within area

Motacilla flava

Migratory Wetlands Species

Common Sandpiper [59309] Species or species
habitat may occur
within area

Actitis hypoleucos



Buffer StatusScientific Name Threatened Category Presence Text

Sharp-tailed Sandpiper [874] Species or species
habitat may occur
within area

Calidris acuminata

Pectoral Sandpiper [858] Species or species
habitat may occur
within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species
habitat may occur
within area

Charadrius veredus

Other Matters Protected by the EPBC Act

Listed Marine Species [ Resource Information ]
Buffer StatusScientific Name Threatened Category Presence Text

Bird
Actitis hypoleucos
Common Sandpiper [59309] Species or species

habitat may occur
within area

Calidris acuminata
Sharp-tailed Sandpiper [874] Species or species

habitat may occur
within area

Calidris melanotos
Pectoral Sandpiper [858] Species or species

habitat may occur
within area overfly
marine area

Chalcites osculans as Chrysococcyx osculans
Black-eared Cuckoo [83425] Species or species

habitat likely to occur
within area overfly
marine area

Charadrius veredus
Oriental Plover, Oriental Dotterel [882] Species or species

habitat may occur
within area overfly
marine area

Merops ornatus
Rainbow Bee-eater [670] Species or species

habitat may occur
within area overfly
marine area



Buffer StatusScientific Name Threatened Category Presence Text
Motacilla cinerea
Grey Wagtail [642] Species or species

habitat may occur
within area overfly
marine area

Motacilla flava
Yellow Wagtail [644] Species or species

habitat may occur
within area overfly
marine area

Extra Information

EPBC Act Referrals [ Resource Information ]
Buffer StatusTitle of referral Reference Referral Outcome Assessment Status

Not controlled action
Improving rabbit biocontrol: releasing
another strain of RHDV, sthrn two
thirds of Australia

2015/7522 Not Controlled
Action

Completed



Caveat
1          PURPOSE

This report is designed to assist in identifying the location of matters of national environmental significance (MNES) and other matters protected by
the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act) which may be relevant in determining obligations and
requirements under the EPBC Act.

Where data are available to inform the mapping of protected species, the presence type (e.g. known, likely or may occur) that can be determined
from the data is indicated in general terms.  It is the responsibility of any person using or relying on the information in this report to ensure that it is
suitable for the circumstances of any proposed use. The Commonwealth cannot accept responsibility for the consequences of any use of the report
or any part thereof. To the maximum extent allowed under governing law, the Commonwealth will not be liable for any loss or damage that may be
occasioned directly or indirectly through the use of, or reliance

Threatened ecological communities

The report contains the mapped locations of:

• Wetlands of International and National Importance;

• World and National Heritage properties;

• Commonwealth and State/Territory reserves;

• distribution of listed threatened, migratory and marine species;

• listed threatened ecological communities; and

• other information that may be useful as an indicator of potential habitat value.

2          DISCLAIMER

This report is not intended to be exhaustive and should only be relied upon as a general guide as mapped data is not available for all species or
ecological communities listed under the EPBC Act (see below). Persons seeking to use the information contained in this report to inform the referral
of a proposed action under the EPBC Act should consider the limitations noted below and whether additional information is required to determine the
existence and location of MNES and other protected matters.

3          DATA SOURCES

For threatened ecological communities where the distribution is well known, maps are generated based on information contained in recovery plans,
State vegetation maps and remote sensing imagery and other sources. Where threatened ecological community distributions are less well known,
existing vegetation maps and point location data are used to produce indicative distribution maps.

Threatened, migratory and marine species

Threatened, migratory and marine species distributions have been discerned through a variety of methods.  Where distributions are well known and
if time permits, distributions are inferred from either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc.) together with
point locations and described habitat; or modelled (MAXENT or BIOCLIM habitat modelling) using

Where little information is available for a species or large number of maps are required in a short time-frame, maps are derived either from 0.04 or
0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull); or
captured manually or by using topographic features (national park boundaries, islands, etc.).

In the early stages of the distribution mapping process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to
rapidly create distribution maps. More detailed distribution mapping methods are used to update these distributions

• migratory species that are very widespread, vagrant, or only occur in Australia in small numbers.

4          LIMITATIONS

• listed migratory and/or listed marine seabirds, which are not listed as threatened, have only been mapped for recorded

The following species and ecological communities have not been mapped and do not appear in this report:

• threatened species listed as extinct or considered vagrants;

• some recently listed species and ecological communities;

• seals which have only been mapped for breeding sites near the Australian continent

• some listed migratory and listed marine species, which are not listed as threatened species; and

The following groups have been mapped, but may not cover the complete distribution of the species:

The breeding sites may be important for the protection of the Commonwealth Marine environment.

Refer to the metadata for the feature group (using the Resource Information link) for the currency of the information.
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1 INTRODUCTION

Northern Star Resources (NSR) is planning an underground mine beneath the existing pits at Wonder, and 

a new pit south-east of the existing pits, located about 60 km north of Leonora. This hydrological 

assessment is needed in planning the mine and infrastructure, and for obtaining regulatory approvals.  

There are indicated to be portals to the underground workings in Wonder North pit; and the main 

infrastructure (offices, workshops etc.) are to be in an area immediately to the north of the south-eastern 

North Pit (Fig. 1). It is assumed that the existing pit abandonment bund will be retained. 

The scope of work covered in this report includes the following: 

 Identification of catchment areas and natural water courses that could impact the planned pit, 
mine portals, and infrastructure.  

 Hydrological analyses to estimate peak flows for 1-in-2, 5, 10, 20, 50 and 100-year ARI rainfalls 
for the critical storm duration in the relevant catchment areas; and for a 1-in-2000-year 
rainfall, taken to be the Probable Maximum Precipitation (PMP) event; 

 Surface water hydraulic analyses at critical locations and sections in order to examine the 
impact of the 1-in-100 year ARI peak flow and Probable Maximum Flood (PMF); and 

 Concept designs and recommendations for any surface water control structures to prevent 
flooding of the mine portals, pit and infrastructure during a 1-in-100 year ARI flow event. 

2 SURFACE WATER HYDROLOGY 

The Wonder Gold Project area is situated on ground that generally slopes downwards to the south-east, 

about 8 km south of a drainage divide. There are several minor drainage lines within the mining area that 

could carry flood flows; and runoff within the abandonment bund is likely to report to the existing pits. 

Three local surface water catchments (Catchments A, B & C, Fig. 2) have the potential for peak flows to 

impact the pits or pit bunds. Catchments D and E are within the abandonment bund and so would drain 

into the existing pits. The boundary between them is uncertain, but runoff could be controlled by 

constructing a bund on the conceptual boundary as depicted in Fig. 2. 

For this assessment, the flood-estimation methods described in the Australian Rainfall and Runoff 1987 

(Pilgrim et. al., 1987) guideline for the Arid Region of Western Australia were used. It should be noted that 

a revision of the Australian Rainfall and Runoff (ARR 2019) was published and is planned to replace the 

1987 version. However, the new publication uses the Regional Flood Frequency Estimation (RFFE) model 

which has been found to produce unrealistic and unreliable results for the Pilbara and Arid regions of WA.  

The results from the ARR 1987 guideline are therefore taken to be more appropriate for the purpose of this 

report. 

2.1 CLIMATE 

The Wonder project area is located in a semi-arid climatic region. There are no long-term rainfall stations 

located in the immediate vicinity of the project site. The nearest Bureau of Meteorology (BoM) station is 

Weebo (Stn. 012082), located 38 km north of the project. Annual Rainfall (1930 to 2022) averaged 241.8 

mm at that station (Table 1). 
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Dam evaporation at Melrose Station, located about 45 km north of Wonder averages about 2,427 mm/yr 

(Luke, Burke and O’Brien, 1988). On average, evaporation exceeds rainfall in all months of the year, and by 

a factor of 10 overall. 

Table 1: Average Monthly Rainfall (Weebo) and Dam Evaporation (mm) (Melrose) 

2.2 RAINFALL ANALYSIS 

Intensity-Frequency-Duration (IFD) curves for the site were obtained from the Bureau of Meteorology 

(BoM) web-site, and are based on the statistical and meteorological analyses given in the ARR 1987 

Guideline (Pilgrim et. al., 1987). The IFD tables and curves are included in Appendix A. 

The Probable Maximum Flood (PMF), assumed to be equivalent to the 1-in-2000 year ARI peak flow, was 

calculated by applying the Probable Maximum Precipitation (PMP) depths derived using the 2016 BoM data 

for rare design rainfall events. The Probable Maximum Flood (PMF) would result from a PMP event and is 

used in assessing likely worst-case flows for mine protection and mine closure requirements. The design 

rainfall for this event is also included in Appendix A. 

2.3  CATCHMENT CHARACTERISTICS 

The relevant catchment areas were identified from the 2 m interval contour plan provided by NSR (Fig. 2). 

The characteristics of the catchments which could impact the project area are listed in Table 1. 

Table 2: Catchment Characteristics  

Catchment  Area (km2) Length (km) 

A 0.195 0.91 

B 0.091 0.86 

C  0.909 1.62 

D 0.193 0.59 

E 0.342 0.83 

2.4 TIME OF CONCENTRATION 

The time of concentration is required to estimate the critical storm duration for peak flows in each 

catchment. This was estimated using Equation 1 for the Arid Region of Western Australia as recommended 

by ARR 1987 and later editions: 

tc = 0.56 ∙ A0.38 Equation 1

Where: 
tc is the time of concentration (hours) 
A is the catchment area (km2) 

2.5 RATIONAL METHOD 

The Statistical Rational Method, used in peak-flow estimation, is presented in Equation 2. 

Equation 2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Rainfall 34.6 38.3 32.6 23.5 22.5 22.7 15.2 11.5 5.9 8.2 11.9 17.7 241.8

Dam Evap. 367 282 260 172 113 79 80 109 160 229 261 315 2,427

AICQ tcyyy  278.0
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3 HYDRAULIC ANALYSES  

3.1 RUNOFF INTO EXISTING PITS 

The runoff into the existing pits, where the underground portals are likely to be located (particularly 

Wonder North), was estimated by assuming a worst case that all of a 1-in-100 year rainfall for each 

catchment within the abandonment bund and the conceptual bund between the pits, will report to the 

pits. In reality, a portion of the rainfall outside of the pit perimeters will be lost by evaporation and 

infiltration to the soil. 

The estimated volumes were then used to calculate the theoretical height of water-level rise above the 

March 2020 pit lake levels (prior to pumping from Wonder North pit) so that the underground portals can 

be planned with a factor of safety. It was further assumed that there will be negligible flow from the pit 

lakes back into the surrounding groundwater. The calculations are summarised in Table 4. 

Table 4: Predicted Pit Water Levels with Runoff from a 1-in-100 Year Rainfall 

The results indicate that the rainfall runoff in a 1-in-100 year event could raise the pit lake levels by 5 m 

(Wonder North) to 7 m (Wonder West) above the march 2020 levels. 

3.2 IMPACT OF FLOOD FLOWS ON THE PROJECT AREA 

Peak flows in each of Catchments A to C were analysed to assess whether they could adversely impact the 

proposed infrastructure, and also to provide data for the conceptual design of flood protection structures, 

should they be required. 

The locations of the flow paths that could impact the project were identified from aerial photography 

(Google Earth) and the contour plan (Fig. 2). The lateral extent, depth and velocity of flows along these flow 

paths were then determined at selected cross-sections where stage-discharge and stage-velocity 

relationships were calculated using Manning’s equation.  

The results of the hydraulic analyses are presented below. Cross-sections in the figures are presented 

looking upstream of the natural creeks. Details of the hydraulic calculations are given in Appendix B. 

FLOOD IMPACT ON WORKSHOPS, OFFICES ETC  

The planned mining infrastructure (buildings, parking areas etc.) will be located within the existing 

abandonment bunds and so will not be susceptible to flooding from minor drainage lines in the surrounding 

area (Fig. 1). Local runoff will flow into the Wonder North or West pit, and should have no impact on the 

infrastructure. 

FLOOD IMPACT ON BUND NORTH AND WEST OF WONDER WEST PIT  

Flows from Catchment A will be diverted by, and around the existing abandonment bund north and west 

of Wonder West pit. The stage and velocity of peak flows were analysed at Cross-Section 1 (Fig. 2) to assess 

the extent to which the 1-in-100 year ARI and PMF flows could impact the bund. 

Wonder Pit Catchment Mar-20 WL Catchment Area 100-Y Depth Mar-20 vol. Water Vol. Tot. Vol. Predicted RLWL

(m AHD) (m
2
) (72-hour, m) 100-y Rain. (m AHD)

West D 443.6 192,600 0.184 30,964 35,438 66,402 450.8

North E 456.2 342,100 0.184 173,110 62,946 236,056 461.0
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Flow in the minor drainage line which will intersect the pit bund at its north-western end would move a 

short distance along the bund before flowing south into the main drainage line. A normal safety bund 

around the pit should be sufficient to control the flood flows described above, and any other minor local 

surface water flows. 

4 CONCLUSIONS & RECOMMENDATIONS 

The Wonder Gold Project area is situated on ground that generally slopes downwards to the south-east, 

about 8 km south of a drainage divide. There are several minor drainage lines within the mining area that 

could carry flood flows; and runoff within the existing abandonment bund is likely to report to the Wonder 

West and North pits. 

The assessment of peak flows indicate that the rainfall runoff in a 1-in-100 year event could raise the pit 

lake levels by 5 m (Wonder North) to 7 m (Wonder West) above the March 2020 levels (assuming the runoff 

is divided by a bund between the pits). These lake-level rises should be taken into account when planning 

portals to the underground workings, and underground pumping requirements. Consideration should be 

given to constructing another bund around the Wonder North pit, close to the pit edge, to minimise 

surface-water runoff into the pit and consequently reduce seepage into the underground workings. 

The planned mining infrastructure (buildings, parking areas etc.) will be located within the existing 

abandonment bund and so will not be susceptible to flooding from minor drainage lines in the surrounding 

area; and local drainage will be into the pits.  

The existing abandonment bunds should prevent any flood flows outside of the bunds from entering the 

existing pits, and the flows would be shallow and of low velocity and so are unlikely to impact the bunds. 

Similarly, a usual safety bund around the planned Golden Wonder pit should protect the pit from runoff 

during flood events. 
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REGION: ARID INTERIOR 

LOCATION: WONDER 

CATCHMENT: A 

Arid Interior Region 

Catchment
A 

(km2) 

L 

(km) 

P 

(mm) 

Characteristics 0.195 0.91 241.8 

RATIONAL METHOD:

Care needs to be taken when catchment characteristics fall outside the following:

A = 59.0 km2

L = 11.5 km 

Se = 5.71 m/km 

P = 255 mm 

QY = 0.278CY.Itc,Y.A ……….  (1.1)

tc = 0.76A0.38 ………….  (1.2)

tc = 0.408 Hrs 

C10 = 3.46x10-1L-0.42                                                                                …………. (1.3)

C10 = 0.36 

Frequency Factors (CY/C10) 

ARI (YEARS)

2 5 10 20 50 100

CY/C10 0.34 0.70 1.00 1.28 1.62 1.91

100 year ARI extrapolated using the logarithmic trend-line
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Therefore: 

ARI (YEARS)

Discharge 

(m3/s) 
2 5 10 20 50 100

CY 0.12 0.25 0.36 0.46 0.58 0.69 

DETERMINE AVERAGE RAINFALL INTENSITY FOR DESIGN DURATION

tc = 0.408 hours 

Use IFD curves 

ARI (YEARS) [mm/hr)

Duration 
(hours) 

2 5 10    20 50 100 

0.408 26.52 37.19 44.10 52.91 65.09 74.79 

Calculate peak discharge using equation (1.1)

ARI (YEARS)

Discharge 

(m3/s) 
2 5 10 20 50 100 

Q 0.18 0.51 0.86 1.32 2.06 2.79 

PMF 4.23 m3/s
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REGION: ARID INTERIOR 

LOCATION: WONDER  

CATCHMENT: B 

Arid Interior Region 

Catchment 

A 

(km2) 

L 

(km) 

P 

(mm) 

Characteristics 0.091 0.86 241.8 

RATIONAL METHOD:

Care needs to be taken when catchment characteristics fall outside the following:

A = 59.0 km2

L = 11.5 km

Se = 5.71 m/km

P = 255 mm

QY = 0.278CY.Itc,Y.A ……….  (1.1)

tc = 0.76A0.38 ………….  (1.2)

tc = 0.306 Hrs 

C10 = 3.46x10-1L-0.42                                                                              …………. (1.3)

C10 = 0.369 

Frequency Factors (CY/C10) 

ARI (YEARS)

2 5 10 20 50 100

CY/C10 0.34 0.70 1.00 1.28 1.62 1.91

100 year ARI extrapolated using the logarithmic trend-line
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Therefore: 

ARI (YEARS)

Discharge 

(m3/s) 
2 5 10 20 50 100

CY 0.13 0.26 0.37 0.47 0.60 0.70 

DETERMINE AVERAGE RAINFALL INTENSITY FOR DESIGN DURATION

tc = 0.306 hours 

Use IFD curves 

ARI (YEARS) [mm/hr)

Duration 
(hours) 

2 5 10 20 50 100 

0.306 30.9 43.45 51.57 61.92 76.27 87.71 

Calculate peak discharge using equation (1.1)

ARI (YEARS)

Discharge 

(m3/s) 
2 5 10 20 50 100

Q 0.10 0.28 0.48 0.74 1.15 1.56 

PMF 1.74 m3/s
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REGION: ARID INTERIOR 

LOCATION:              WONDER 

CATCHMENT: C 

Arid Interior Region 

Catchment 

A 

(km2) 

L 

(km) 

P 

(mm) 

Characteristics 0.91 1.62 241.8 

RATIONAL METHOD:

Care needs to be taken when catchment characteristics fall outside the following:

A = 59.0 km2

L = 11.5 km

Se = 5.71 m/km

P = 255 mm

QY = 0.278CY.Itc,Y.A ……….  (1.1)

tc = 0.76A0.38 ………….  (1.2)

tc = 0.73 Hrs 

C10 = 3.46x10-1L-0.42                                                                                 …………. (1.3)

C10 = 0.283 

Frequency Factors (CY/C10) 

ARI (YEARS)

2 5 10 20 50 100

CY/C10 0.34 0.70 1.00 1.28 1.62 1.91

100 year ARI extrapolated using the logarithmic trend-line
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Therefore: 

ARI (YEARS)

Discharge 

(m3/s) 
2 5 10 20 50 100

CY 0.10 0.20 0.28 0.36 0.46 0.54 

DETERMINE AVERAGE RAINFALL INTENSITY FOR DESIGN DURATION

tc = 0.73 hours 

Use IFD curves 

ARI (YEARS) [mm/hr)

Duration 
(hours) 

2 5 10 20 50 100 

0.73 18.82 26.41 31.30 37.56 46.20 53.08 

Calculate peak discharge using equation (1.1)

ARI (YEARS)

Discharge 

(m3/s) 
2 5 10 20 50 100

Q 0.46 1.32 2.23 3.43 5.34 7.24 

PMF 19.35 m3/s
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Manning’s Formula:  � =
�

�
�
�

�
�
�
��

�
�
��

Cross-Section 1 (Catchment A) 

Stage Top Length A P 
Manning's 

n 
Slope V Q 

(m) (m^2) (m) (m/m) (m/s) (m^3/s) 

503.4 0 0 0 0.06 0.007 0.00 0.0 

503.6 18 1.8 18.4 0.06 0.007 0.30 0.5 

503.8 31 6.2 31.8 0.06 0.007 0.47 2.9 

504.0 34 10.2 35.2 0.06 0.007 0.61 6.2 

504.2 38 15.2 39.6 0.06 0.007 0.74 11.2 

Cross-Section 2 (Catchment B) 

Stage Top Length A P 
Manning's 

n 
Slope V Q 

(m) (m^2) (m) (m/m) (m/s) (m^3/s) 

503.5 0 0 0 0.06 0.0087 0.00 0.0 

503.7 22.9 2.3 23.3 0.06 0.0087 0.33 0.8 

503.9 27 5.3 27.4 0.06 0.0087 0.52 2.8 

504.1 31 9.3 32.3 0.06 0.0087 0.68 6.3 

Cross-Section 3 (Catchment C) 

Stage Top Length A P 
Manning's 

n 
Slope V Q 

(m) (m^2) (m) (m/m) (m/s) (m^3/s) 

491.2 0 0 0 0.06 0.0052 0.00 0.0 

491.4 191.2 20.1 191.6 0.06 0.0052 0.27 5.4 

491.6 305 62.5 305.8 0.06 0.0052 0.42 26.1 

491.8 454 138.5 455.2 0.06 0.0052 0.54 75.3 
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1 INTRODUCTION

Northern Star Resources (NSR) is planning an underground mine beneath the existing North pit at Wonder, 

and in future a new pit (Golden Wonder) south-east of the existing pits, located about 60 km north of 

Leonora.  

Three pits were mined in 2002 and 2003 by Sons of Gwalia: Wonder, Wonder West, and Wonder North (the 

south-eastern pit). Wonder pit was backfilled.  Wonder West and Wonder North extend to depths of about 

80 m. The underground workings beneath the latter will be about 600 m deep. The existing and planned 

workings are shown in Figure 1. 

This hydrogeological desktop assessment was prepared using existing data, and is needed by NSR in 

planning the mine and infrastructure, and for obtaining regulatory approvals. 

1.1 CLIMATE 

The Wonder project area is located in a semi-arid climatic region. There are no long-term rainfall stations 

located in the immediate vicinity of the project site. The nearest Bureau of Meteorology (BoM) station is 

Weebo (Stn. 012082), located 38 km north of the project. Annual Rainfall (1930 to 2022) averaged 241.8 

mm at that station (Table 1). 

Dam evaporation at Melrose Station, located about 45 km north of Wonder averages about 2,427 mm/yr 

(Luke, Burke and O’Brien, 1988). On average, evaporation exceeds rainfall in all months of the year, and by 

a factor of 10 overall. 

Table 1: Average Monthly Rainfall (Weebo) and Dam Evaporation (mm) (Melrose) 

2 GEOLOGICAL SETTING 

The Wonder project is situated in granitic rocks that have intruded the north-north-west trending 

Norseman-Wiluna greenstone belt of Archaean age. A geological description by Sons of Gwalia (2003) 

indicates that the area is dominated by granite with frequent lensoidal mafic xenoliths (rafts) trending 

parallel to west-north-west shear zones, including the Wonder Shear. The granites have been mapped as 

tonalite/granodiorite/quartz diorite at Wonder North and in the Golden Wonder area; and there are similar 

rocks in the northern part of Wonder West, with porphyritic tonalite in the southern part of the pit and a 

hybrid, partly granitised mafic in the centre of the pit (Jeffrey, 2008). 

There are numerous narrow east-west porphyry and lamprophyre dykes, and north-easterly trending 

structures containing aplite, pegmatite and dolerite dykes. 

Mineralisation at Wonder North is in granitic rocks within a brecciated shear zone striking at 300 degrees, 

and dipping between vertical and 65o to the north-east. There are also cross-cutting faults trending 330o to 

350o. 

The depth of weathering is variable, and up to about 70 m at Wonder West and 80 m at Wonder North.  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Rainfall 34.6 38.3 32.6 23.5 22.5 22.7 15.2 11.5 5.9 8.2 11.9 17.7 241.8

Dam Evap. 367 282 260 172 113 79 80 109 160 229 261 315 2,427
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3 HYDROGEOLOGICAL ASSESSMENT 

3.1 GROUNDWATER OCCURRENCE 

The Wonder Project area lies in an elevated area near the catchment divide between the Raeside and Carey 

palaeodrainages.  

There are some major north-westerly trending faults that cut both the granitic and greenstone rocks; these 

structures include the Garden Well Shear, the Craig Fault, the Black Cat Shear, the Wonder Shear, and the 

Celtic Shear. The mineralisation is associated with these. Strong air-photograph lineaments are common 

and trend in various directions including north-south, east-west and north-east south-west; these probably 

follow fracture zones or geological contacts. 

The results of previous investigations including one by Rockwater (2009) indicate that rocks in the area are 

generally of low permeability, and groundwater inflows to bores are small. The most prospective targets 

for groundwater supplies are fractured greenstone rocks, particularly felsic volcanics, close to drainage lines 

where there is the maximum potential for recharge during rainfall events. Granitic rocks are generally less 

prospective except where fractured or near contact zones where they intrude greenstones. There can also 

be some groundwater flows in the transition zone between weathered and fresh rocks. 

Recharge rates are low, probably around one percent of average annual rainfall, or less. 

Palaeochannel aquifers are the principal source of water supplies in the north-eastern goldfields, but these 

aquifers are unlikely to extend to anywhere near the Wonder Project tenements. The Sullivan Creek 

palaeochannel extends as far north as Wendys Bore, but probably becomes thin and unsaturated north of 

that borefield. There could be a tributary palaeochannel extending further north to the east: passing near 

Deadhorse Well and towards Christmas Well, although this potential channel has not been tested. If it 

exists, it would be about 15 km from Wonder. 

Sons of Gwalia (2003) reported that all RC holes drilled at Wonder from 1995 to 1998 were dry; and in a 

Notice of Intent (NOI) to mine Wonder by Tarmoola Australia Pty Ltd (2001) it was stated that “exploration 

drilling in excess of 155 metres failed to encounter any significant volumes of groundwater” and “water 

flow testing of several of these holes revealed insufficient flow for v-notch measurement”.  

A number of drillholes recorded in the NSR database have comments that indicate where significant 

groundwater inflows were intersected, often at depth in fresh granite. Details of these are summarised in 

Table 2, and the locations of the tops of the flow zones and the downhole extents, are shown in Fig. 2. 

These indicate that the groundwater intersections are associated with the mineralised Wonder Shear and 

possibly cross-cutting faults. There may have been other drillholes that intersected groundwater inflows 

but the information was unrecorded. For several other holes, there are records of the depths at which 

groundwater was intersected (“water table”) – these are also shown in Fig. 2, with the depths shown as 

elevations (m AHD). 

Details of bores in the area recorded in the Department of Water and Environmental Regulation (DWER) 

Water Information Reporting (WIR) database are summarised in Table 3. The bore yields of more than 100 

m3/d are all at least 8 km to the south-south-west, around theTeutonic mine. No significant aquifers are 

recorded in the Wonder area. 
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Table 2: Groundwater Air-lift Flows Recorded in Wonder Drillholes (NSR Database) 

3.2 GROUNDWATER LEVELS AND FLOW DIRECTIONS 

Groundwater levels recorded in the WIR database at various times were reduced to m AHD using recorded 

ground levels or the Geoscience Australia SRTM DEM-H topographic contours, to prepare the groundwater 

level contour plan shown in Fig. 3. These should be taken as approximate, as some would have been 

pumping-affected; they were measured in various years over a long period, and there is some uncertainty 

in the measurements and the topographic levels. 

The contours show that the natural groundwater flow-direction is southwards under a fairly even hydraulic 

gradient, with low levels around the Teutonic workings and bores. Pre-mining groundwater levels at 

Wonder were about 468 m AHD, and these have been lowered in Wonder West by evaporation, to about 

444 m AHD, 

3.3 GROUNDWATER QUALITY 

Groundwater salinity measurements given in the WIR database, and made at various times, are shown in 

Fig. 4. They indicate brackish groundwater of salinity generally in the range 1,100 to 1,700 mg/L TDS around 

Wonder; with some lower and higher salinities (up to 8,400 mg/L TDS) in the south-west near Teutonic. 

Water analyses were made on five samples from Wonder drillholes in July 2001, and have been reported 

in the NOI. There are also analyses of six samples from Wonder North pit, taken from January 2020 to July 

2021 (Saprolite Environmental, 2021). The results of the analyses are included herein as Appendix A. The 

2001 (pre-mining) analyses show the groundwater was brackish (salinity 1,600 to 2,100 mg/L TDS), of 

sodium chloride type with high sulphate concentrations, alkaline (pH 7.9 to 8.4), with low metal 

concentrations and high nitrate (27 to 95 mg/L nitrate-N). 

Hole mE mN RLGL Dip Azimuth
Wet Interval  

(m)
Summary of Comments

BNRC088 322813 6862837 494.38 60 225 94-100 Water throughout hole. Significant at base

BNRC106 323118 6862626 491.94 60 220 155-180 Hit water in shear zone

BNRC107 323147 6862652 491.43 60 225 186-196 Water from 169 m. Most from 186 to 196 m

BNRC108 323173 6862677 491.62 60 225 137-178 Water at various levels from 137 m to EOH

BNRC119 323339 6862558 489.44 60 225 137-160 Water 137-160

BNRC120 323357 6862576 489.48 60 225 155-220 Lots of water (fil led sump) from 155m to EOH

BNRC122 323364 6862525 489.40 60 225 118-160 Water from 118m to EOH

BNRC123 323385 6862547 489.98 60 225 140-208 Filled sump. High flows from 140 m to EOH. 

BNRC128 323436 6862434 490.14 60 225 120-166 Minimal water 120 to 166 m

BNRC129 323452 6862448 490.02 60 225 185-202 Hit high flows at 185m. 

BNRC135 323546 6862379 489.16 60 225 190-196 high flows of water 190 to 196 m

BRC021 321805 6861852 495.31 60 220 256-262 Lots of water 256 m

BRC022 321843 6861624 495.50 60 220 244-247 Strong water flow from 244 m

BRCD003 322177 6863703 502.50 53 210 262-264 Abandoned hole: lots of water. 

GWRC052 321622 6866278 514.46 60 0 48-49 Waterlogged

GWRC054 321623 6866241 514.67 67 0 54-162
High water flow. Head of water restricted EOH 

to 162 m

WNRD1014 321745 6863862 503.67 60 220 204-205 Dril ler reported a large water flow

WWRD029A 321293 6864090 506.60 56 220 107-216
High flows 107 to 108 m and 216 to 216 m. 

Fi lled two sumps

WNRD1028 322174 6863579 501.83 60 225 200-225 Hole stopped due to high flows

WNRD1104 322354 6863343 499.77 60 220 200-220 Hole stopped due to wet samples
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Table 3: Summary of Bore Details, WIR Database 

Water from the pumped Wonder North pit in 2020-21 was saline (salinity 9,700 to 10,000 mg/L TDS), of 

sodium chloride type with high sulphate concentrations, alkaline (pH 8.1 to 8.7), with low metal 

concentrations and low nitrate (0.2 to 0.4 mg/L nitrate-N). 

3.4 PIT WATER BALANCES AND HYDRAULIC CONDUCTIVITY 

As indicated in Section 3.1 above, groundwater inflows to drillholes from zones of significant permeability 

(hydraulic conductivity) are probably limited to the mineralised Wonder Shear, and there could also be 

some permeable zones in cross-cutting faults and in the transition zone between weathered and fresh 

rocks. 

Site Ref Name Easting (m)
Northing 

(m)
Depth (m) SWL (m bgl) Aquifer

Yield 

(m
3
/d)

Salinity 

(mg/L TDS)

120412491 Wandery Wel l 329369 6869834 26.67 4150

120412498
Wil sons  Patch 

Wel l
322494 6867320 39.62 30.48 1300

120412499 Homestead 320835 6865775 74.37

120412500 Ga rden Wel l 317142 6867773 18.3 18.75 1200

120412501 Pickaway Wel l 327942 6862549 22.56 1680

120412506 Wil sons 313073 6862086 23.16

120412509 Ten Mile Wel l 327033 6857374 18 1300

120412510 Ptb Wb 105 Prod 317512 6858974 70 54.57 Porph. Fel . Volc 35 450

120412511 Ptb Wb 94 Prod 318120 6856511 78 38.24 dolertie  + Qtz 38 750

120412512 Ptb Wb 104 Prod 318120 6856518 70 39.28 Basal t 371 466

120412513 Ptb Wb 95 Prod 317165 6856028 73 26.9 Basa lt + Qtz 432 5608

120412514 Ptb Wb 107 Prod 319613 6855657 64 26.32 Porph. Fel . Volc 86 985

120412515 Ptb Wb 108 Prod 318114 6855774 80 36 330 540

120415438 Bore 322306 6866325 15.24

120415439 Ptb Wb 85 317427 6860067 60 Granite 0

120415440 Rd 4A 320525 6860317 42 rock 0

120415441 Rd 4B 319431 6861435 37 Granite 0

120415442 4C 320695 6863358 37 Granite 0

120415443 4D 318684 6866327 21 rock 0

120415444 4E 317685 6868177 31 0

120415445 Teutonic 319569 6857310 32.8 300

120415453 Ptb Wb 76 317524 6858974 88 55.23 35 480

120415454 Ptb Wb 77 317518 6858974 80

120415455 Ptb Wb 83 317518 6858974 80 44.4 43 1152

120415456 Ptb Wb 106 Prod 317512 6858974 70 44.41 Porph. Granite 22 1100

120415457 Ptb Wb 78 318120 6856511 96 38.15 112 720

120415458 Ptb Wb 79 317165 6856028 76 27.3 850 5880

120415459 Ptb Wb 81 317165 6856028 80 26.5 670 7150

120415460 Ptb Wb 80 316980 6857108 80 69 8352

120415461 Ptb Wb 84 316677 6859337 80 0

120415462 3C 320783 6852060 50 cla y 0

120415463 Ptb Wb 82 315925 6857844 80 0

120419220 Sola r 320436 6865782

120470080 07TBWB002 317547 6856186 75

120470204 OSTBRC031 318651 6856337 165 87 2160
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Water balances for the existing pits give an indication of groundwater flows to the pits from both the 

mineralised zone and the base of weathering – there are few drillholes with weathering data in and around 

the existing pits but those available indicate that the pits extend down into fresh rock. 

WEST PIT 

West pit extends down to a base elevation of about 427 m AHD, 78 m below the ground level of 505 m 

AHD. In March 2020, before there had been any significant pumpage from North pit (and none from West 

pit), the water level in West pit was at 443.6 m AHD – about 25 m below the pre-mining groundwater level 

interpolated from Fig. 3. Assuming that the pit water level in March 2020 was at or near-equilibrium (i.e. 

groundwater inflows plus rainfall accumulation balanced evaporation losses), the pit water balance would 

be as given in Table 4, with the following assumptions: 

 80 percent of average rainfall (Table 1) within the pit perimeter reports to the pit lake; and 

 Evaporation from the pit lake was at the annual rate given in Table 1. 

Table 4: West Pit Water Balance 

Pit Area 
Pit Lake 

Area 
Av. 

Rainfall 
Av. Evap. GW Inflows 

(m2) (m2) (m/yr) (m/yr) (m3/d) 

48,300 4,200 0.2418 2.427 -2 

The small negative value in the last column of Table 4 suggests minor groundwater outflow (but this is 

unlikely). In reality, some of the assumptions are probably inexact, for example the lake level is probably 

still recovering, but the results do indicate that any groundwater inflows are very small, probably less than 

10 m3/d. 

NORTH PIT 

North pit extends down to a base elevation of about 422 m AHD, 80 m below ground level at 502 m AHD. 

The pit has been pumped as a water source since about April 2020, with records available of pumping 

volumes and pit lake levels, although there is some uncertainty in the data. Prior to pumping, the pit lake 

level was 456.2 m AHD, about 12 m below the pre-mining groundwater level (Fig. 3). 

The stress applied to the groundwater flow system does provide more data for determining the pit water 

balance, and groundwater flows. The water balance is given in Table 5. 

Table 5: North Pit Water Balance 

Date WL Vol Pumped Lake Area Del Lake Vol Evap Loss RR Accum.

(m AHD) (m
3
) (m

2
) (m

3
) (m

3
) (m

3
) (m

3
) (m

3
/d)

15-Apr-20 456.15 17,840

15-Jul-20 455.48 13464 17,300 -8,410 5,565 0 10,619 117

15-Oct-20 452.70 13802 15,080 -30,090 6,848 0 -9,440 -104

15-Jan-21 453.40 13534 15,680 6,800 13,403 711 33,026 359

15-Apr-21 451.90 16855 14,540 -14,500 12,165 4,347 10,173 113

15-Jul-21 451.70 13233 14,290 -2,500 4,579 1,630 13,682 150

15-Nov-21 451.30 9564 13,980 -3,900 9,419 1,128 13,954 114

28-Feb-22 449.40 4741 12,550 -17,950 14,441 4,263 -3,031 -29

30-Jun-22 446.90 4071 10,960 -17,190 7,363 1,588 -7,344 -60

GW Inflow
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For this water balance, actual rainfalls were used in calculating rainfall (RR) accumulation.  

The irregularity of the calculated groundwater inflows, particularly the negative values, indicates that some 

of the pumpage data are unreliable. However, overall groundwater inflows averaged about 80 m3/d with 

pit lake levels 12 m to 21 m below pre-mining levels.  

4 ASSESSMENT OF MINE DEWATERING 

A numerical groundwater model was constructed to make a first estimate of potential dewatering flow 

rates during the planned underground mining, and groundwater flows to the final mine void. The calculated 

values are based on limited data, and should be regarded as approximate only. 

4.1 MODEL DESCRIPTION 

The model consists of a rectangular grid of 100 columns, 74 rows and two layers covering an area of 5 km 

north-west to south-east and 3.7 km north-east to south-west. The grid is aligned with the geological strike 

at Wonder, 53 degrees west of north. Model cells are 50 m by 50 m in size. 

Layer 1 includes the upper 100 m of rocks at Wonder; these are likely to be the most permeable in the 

model area, and have relatively high groundwater-storativity. Layer 2 extends down to 280 m AHD, below 

the water bearing zones intersected in the wet drillholes. 

The model utilises Processing Modflow Pro version 8.0.47 which incorporates Modflow, finite difference 

groundwater flow modelling software designed by the U.S. Geological Survey (McDonald and Harbaugh, 

1988), and utilises subsequent modifications. 

The model was established with low values of hydraulic conductivity and storativity for the granitic wall 

(country) rocks, and low (Wonder West) to moderate (Wonder North) conductivity and storativity for the 

mineralised zone. Recharge was assumed to be negligible, and constant heads were assumed at distances 

of 1.6 km north-west of Wonder West, and 700 m south-east of Golden Wonder to simulate groundwater 

flows into the modelled area. The pre-mining water table was assumed to be flat at 468 m AHD. 

Model parameters were adjusted in calibrating the model to calculated groundwater flows at Wonder West 

and Wonder North (Section 4.2). The adopted parameters are summarised in Table 6. 

Table 6: Summary of Adopted Aquifer Parameters 

4.2 MODEL CALIBRATION 

The model was calibrated by using Modflow’s Drain package to simulate current groundwater flows to the 

Wonder West and North pits, and then adjusting parameters until the model-calculated flows were close 

to those calculated from the pit water balances: 91 m3/d for North pit and 19 m3/d for West pit. 

The calibration should be taken as very approximate, as evaporative losses from the pits that induce 

groundwater inflows apply only a low degree of stress to the aquifer. 

Storage Coeff. 

(v/v)

Wall  Rocks
Wonder W 

Min. Zone

Rest of Min. 

Zone
Wall  Rocks

Wonder W 

Min. Zone

Rest of Min. 

Zone
Wall  Rocks Min. Zone

Layer 1 0.005-0.017 0.011 0.02-1 0.002 0.01 0.06-0.3 0.001 0.01 0.02

Layer 2 0.005 0.008 0.1-0.3 0.001 0.006 0.022 0.001 0.005 0.01

Horiz. Hyd. Conductivity (m/d) Vert. Hyd. Conductivity (m/d) Specific Yield (v/v)
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4.3 DEWATERING FLOW RATES 

The numerical model was run, again using Modflow’s Drain package, to estimate dewatering flow rates 

during development of the underground mine and subsequent drainage of groundwater to the workings 

over the mine life. 

Mining is expected to commence late in 2023, with the decline extending down from a portal in Wonder 

North to about 340 m AHD by December 2024; to about 240 m AHD in December 2025; and then to about 

-75 m AHD by December 2029. In the final five years of mining there will mostly be driving and stoping from 

the decline, with the workings extending down to about -100 m AHD. 

Based on the recorded water intersections in drillholes and experience at other sites, there is likely to be 

very little permeability below about 220 m depth, i.e. below about 280 m AHD. Consequently, the highest 

flow rates are expected to be in the first two years of mining. 

Estimated average dewatering flows calculated using the groundwater model are given in Table 7. They do 

not include dewatering of the pond in North pit or any surface water flows to the pit. 

Table 7: Estimated Average Dewatering Flow Rates, Wonder North Underground 

Year Model Calc. Total Av. Flow 

Stress Period Flow Vol. (m3) (m3/d) 

1 1 448,400 1,230 

2 2 427,700 1,170 

3 3 323,400 890 

4 to 10 4 1,646,500 640 

4.4 SENSITIVITY ANALYSIS 

Model parameters could be more or less than the assumed values, and so there is uncertainty in the 

estimated dewatering flow rates. The most sensitive parameters are horizontal hydraulic conductivity (KH), 

drainable porosity (specific yield, SY), and the nature of the model boundaries. 

A sensitivity analysis was carried out to assess the potential ranges of dewatering flow rates for two cases: 

1. Low flows, if values of KH and SY were only half those assumed, and the model boundaries were of 

no-flow type (rather than constant-head); and 

2. High flows, if values of KH and SY were double those assumed (with constant-head boundaries). 

The results are given in Table 8. They indicate that the highest average flows in Year 1 or two could possibly 

range from 680 to 2,300 m3/d, compared to the best estimate of about 1,200 m3/d. 

Table 8: Results of Sensitivity Analysis 

Year Model 
Calc. Av. Dewatering Flows 

(m3/d) 
Stress 
Period 

Low Flow Case High Flow Case 

1 1 680 2,260 

2 2 580 2,300 

3 3 450 1,720 

4 to 10 4 320 1,260 
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4.5 POTENTIAL IMPACTS OF DEWATERING 

Pumping from Wonder North pit has lowered the water level in the pit by 18 m, and has had a minor impact 

on Wonder West pit, lowering the water level by 1.4 m. It is unlikely that groundwater-level drawdowns 

during dewatering will extend more than 500 m west-north-west of Wonder West where geological 

mapping by Jeffery (2008) depicts that the Wonder Shear is truncated by basaltic rocks. Drawdowns could 

also extend about 1 km from the underground workings to the south-east along the Wonder Shear, and 

smaller distances across-strike to the north-east and south-west. 

There are no known groundwater dependent ecosystems (GDE) at risk of being impacted by the 

dewatering.  

The nearest bore or well recorded in the WIR database is Bundarra Homestead bore, located 2.4 km north-

west of Wonder North and north of the Wonder Shear (Fig. 1). It is very unlikely that the bore would be 

impacted by water-level drawdown. 

5 NATURE OF FINAL MINE VOID 

The planned underground workings will be below Wonder North pit, and the water-balance calculation for 

that pit gives an estimate of the final pit lake level. Assuming the following: that 80 % of the average rainfall 

within the pit perimeter reaches the lake; evaporation from the lake at the dam evaporation is at the rate 

given in Luke, Burke and O’Brien (1988); and groundwater inflows are as determined by the numerical 

model: the calculated pit water balance values will be be those given in Table 9. 

Table 9: Final Void Water Balance, Wonder North 

Pit Lake 
Pit Lake 

Area 
Rainfall 

Gain 
Evap. Loss GW Inflows Balance 

Elev. (m AHD) (m2) (m3/d) (m3/d) (m3/d) (m3/d) 

435 4,827 28 32 126 122 

440 7,277 28 48 110 89 

445 9,747 28 65 92 55 

450 12,943 28 86 72 14 

455 16,945 28 113 51 -34 

460 20,840 28 139 29 -82 

A zero value for the balance term - interpolated from the final column of Table 9 – is indicated to occur at 

a lake level of 451.4 m AHD; this would be 16.5 m below the pre-mining (static) groundwater level. The 

actual pre-pumping lake level in April 2020 was 456.2 m AHD (11.7 m below the static level) – the latter 

higher observed level may indicate there has been some runoff into the pit, or that evaporation rates are 

lower than those used in the final void balance.  

In either case, the final void is indicated to be a permanent groundwater sink. Water in the pit lake will 

gradually increase in salinity, but there will be no seepage from the pit lakes back into the surrounding 

groundwater. 

6 CONCLUSIONS  

The Wonder project is in an area of generally low hydraulic conductivity, with low groundwater flows in 

any bores and wells. 
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Reports on the Wonder deposits in 2001 and 2003 stated that all drillholes were dry and that drilling to 

greater than 155 m depth had failed to intersect any significant volumes of groundwater. Also, there are 

no significant aquifers in the area indicated in the DWER WIR database. However, comments on some 

more-recent drillhole logs indicate some significant groundwater flows were intersected at depth in fresh 

granite along the mineralised Wonder shear zone. 

Pit water balances indicate very low groundwater flows (less than 10 m3/d) to Wonder West pit; and low 

to moderate flows averaging about 80 m3/d to Wonder North pit. The groundwater flowing into the pits is 

brackish (salinity 1,600 to 2,100 mg/L TDS), of sodium chloride type with high sulphate concentrations, 

alkaline (pH 7.9 to 8.4), with low metal concentrations and high nitrate (27 to 95 mg/L nitrate-N). 

A simple groundwater model was constructed of the Wonder area to estimate dewatering flows during the 

planned underground mining. It was approximately calibrated to the indicated groundwater flows to the 

pits. The results of the modelling suggest that dewatering flows could average about 1,200 m3/d during the 

first two years of mining, and decreasing thereafter. 

Groundwater-level drawdowns are expected to extend about 1 km from the workings along the Wonder 

Shear, and to smaller distances across-strike. There are no known GDEs that could be affected by the 

dewatering; and the nearest bore (Bundarra Homestead bore), 2.4 km north-west of Wonder North pit, is 

very unlikely to be impacted. 

The final mine void will be a permanent groundwater sink. Water in the pit lake will gradually increase in 

salinity, but there will be no seepage from the pit lake into the surrounding groundwater. 
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APPENDIX A 

RESULTS OF CHEMICAL ANALYSES 















Northern Star Resources Ltd
Thunderbox Operations
Annual Groundwater Monitoring Report

GWL170438 - BUNDARRA Historical Lab Chemistry Data

pH EC TDS TSS
Total

Hardness
as CaCO3

Carbonate 
Alkalinity
as CaCO3

Hydroxide 
Alkalinity
as CaCO3

Bicarbonate 
Alkalinity
as CaCO3

Total
Alkalinity
as CaCO3

Cl SO4 Ca Mg Na K Al As Cd Co Cr Cu Fe Mn Ni Pb Se Zn SiO2
NO3

(as N)
NO2

(as N)
TN

No Unit μS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
6.5-8.5 4,000 1000 1000 5 0.5 0.01 1 1 1 1 0.1 0.02 20

Wonder Pit (North) 24/01/2020 8.60 14,500 9,750

Wonder Pit (North) 28/06/2020 8.31 15,000 9,700 1,910 3 <1 237 240 4580 1390 136 382 2610 47 0.31 0.001 0.77 0.002 <0.001 0.3 0.04

Wonder Pit (North) 12/10/2020 8.66 14,400 9,630 1,890 52 <1 179 232 4540 1600 142 373 2640 48 <0.01 0.001 0.14 <0.001 <0.001 0.26 0.02

Wonder Pit (North) 3/01/2021 8.08 14,300 10,000 2,100 <1 206 206 4480 1450 138 426 2820 54 <0.01 <0.001 0.39 <0.001 <0.001 0.17 0.03

Wonder Pit (North) 12/04/2021 8.50 15,000 9,810 1,960 <1 172 198 3960 1450 144 388 2480 38 <0.01 <0.001 <0.05 <0.001 <0.001 0.21 0.01

Wonder Pit (North) 10/07/2021 8.33 14,300 9,650 7 1,880 <1 232 238 4100 1450 140 373 2710 43 0.02 <0.001 <0.0001 <0.001 <0.001 <0.001 0.06 0.07 <0.001 <0.001 <0.01 0.006 0.4 0.07

Leonora-Leinster Rd 4B

Leonora-Leinster Rd 4C

SITE ID DATE

NWQMS 2000 (Livestock)
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