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Executive Summary 

Image Resources NL is planning to expand its heavy mineral sands operations in the northern Perth 

Basin with the proposed development of the Bidaminna mineral sand deposit (the Project), located 

approximately 100 km NNW of Perth CBD. The Project occurs on crown land across two exploration 

tenements, E70/2844 and E70/3298.  

The proposal involves dredge mining of the identified mineralisation that exists as two strandlines (upper 

and lower, which do converge in areas) and extend over a strike length of 9.5 km, aligned in NNW to 

SSE direction. The upper strandline ranges from 90 to 345 m wide with an average thickness of 12 m. The 

underlying lower strandline is broader, ranging from 150 to 650 m wide, and thinner, 9 m thick on 

average. The depth of mineralisation ranges from 12 to 66 m bgl (below ground level). 

Subterranean fauna (stygofauna and troglofauna) can potentially be directly impacted by the 

development of resource projects through the physical removal of habitat from mining excavation and 

associated groundwater drawdown.  

The main objective of this subterranean fauna desktop study was to evaluate if subterranean fauna 

may represent an environmental factor that could be impacted by the Project’s development. An 

additional objective was to determine if further survey of subterranean fauna values is required in 

accordance with Environmental Protection Authority (EPA) Technical Guidance for subterranean fauna 

surveys. This report presents the findings of the stygofauna and troglofauna desktop study for the 

Project to support future environmental impact assessment (EIA) and applications for regulatory 

approval of the Project.  

Findings 

There were no records in any of the searched Federal and State Government databases, including 

WAM records, of any stygofauna or troglofauna species, threatened or priority subterranean fauna 

species or communities occurring from in or near the Project area. 

Stygofauna 

The stygofauna desktop studies and basic surveys completed within the northern SWA2 subregion 

concluded that the unconfined Surficial Aquifer hosted in the Bassendean Sand and Guildford Clays 

geological units, overlying the confined Leederville and / or Yarragadee aquifers, do not provide 

prospective stygofauna habitat. Generally, the very fine, fine to medium sized grain sand and clay 

geologies present in the assessed project areas were not considered to provide sufficient interstitial 

space for habitat connectivity and resource recharge needed for colonisation and persistence of 

stygofauna. In instances of where potentially prospective habitat might exist (e.g., alluvial, ferricrete 

deposits), basic surveys were completed with results demonstrating that stygofauna values were not 

present. 

The closest published records of stygofauna occurring to the Project were from the extensive cave 

systems formed in the Tamala Limestone, located in the Yanchep National Park, approximately 50 km 

to the south. The cave stream root mat habitats present within nine of the caves sampled were found 

to host a relatively diverse aquatic invertebrate community of which seven crustacean species were 

considered potential stygofauna. 

Studies of the Gnangara Mound area of the Superficial Aquifer, the northern boundary of which is 

25 km south of Project, found it does not host a diverse stygofauna assemblage. Of the 15 copepod 

species recorded from the Gnangara Mound groundwater systems, only two species were found to be 

endemic, either occurring primarily in springs or confined to caves comprising part of the cave root mat 

aquatic community in the Yanchep National Park. 
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Troglofauna 

The troglofauna desktop studies completed within the northern SWA2 subregion concluded that the 

Bassendean Sand and Guildford Clays do not represent prospective troglofauna habitat due to 

insufficient interstitial space present for habitat connectivity and resource recharge. As for stygofauna, 

the Tamala Limestone has been demonstrated to host troglofauna values. The closest record of 

troglofauna to the Project was 85 km to the northwest within Tamala Limestone caves in the Jurien karst 

area.  

Subterranean Habitats 

The subterranean habitat within the Project Area is considered to be of very low prospectivity for 

stygofauna and troglofauna with the absence of the more prospective Tamala Limestone habitat and 

extensive alluvial deposits associated with incised drainage channels. The target heavy mineral sand 

strands are generally overlain by deep fine (sometimes very fine) to medium sized grained sands that 

can extend for most or all of the drilled lithology. The sand grain size can sometimes range to coarse to 

very coarse, most commonly as a relatively thin band (2 to 8 m thick) at depth towards the end of the 

hole, sandwiched between much finer grained sand layers. Clayey sand strata do occur intermittently 

across a drill line at varying depths, and mostly range from very fine to fine to medium grained. Less 

commonly clay strata of fine grain size do occur, and at one of two depths, either relatively shallow 

varying between 12 to 22 m bgl, or at greater depth varying between 62 to 66 m bgl.  

The groundwater within the Project area is fresh, ranging from 700 to 1,700 µS/cm. The depth to 

groundwater ranges from around 6 to 8 m bgl in the northern part of the Project area, becoming 

slightly deeper, 8 to 10 m bgl to the south, with isolated pockets of 12 to 14 m bgl. The groundwater 

properties have yet to be fully defined in terms of aquifer transmissivity and yields, though from supplied 

drill logs it appears both may likely be low. 

Discussion 

The SWA2 sub-region has not been extensively sampled for subterranean fauna and no doubt further 

sampling of prospective habitats will collect more subterranean species. The subterranean fauna 

assemblages are not likely to be as diverse relative to the Pilbara and northern Yilgarn regions due to 

the comparatively much younger geology of the SWA2 sub- region, meaning a considerably shorter 

timeframe for the colonisation, evolution, and divergence process to unfold within suitable habitats.  

The survey work to date has shown that the karstic areas of Tamala Limestone represent the most 

prospective habitat for stygofauna and troglofauna. The Bassendean Sand and Guildford Clays are not 

considered prospective habitat due to the lack of adequate interstitial space within the sand and clay 

geologies required for sufficient habitat connectivity and resource exchange. Key factors influencing 

subterranean fauna persistence and distribution is the presence of extensive interconnected porosity 

within suitable geological and hydrogeological units that are in connection with adequate 

hydrological regimes to ensure pathways for the infiltration (vertical and/ or lateral) of resources such as 

oxygen and nutrients. 

Conclusion 

The subterranean fauna desktop study has indicated that the Bidaminna Mineral Sands Project area is 

highly unlikely to provide prospective habitat for subterranean fauna. The findings indicate that 

stygofauna and troglofauna do not represent an environmental factor for future regulatory approvals 

of the Project in accordance with EPA guidelines. Therefore, no further stygofauna or troglofauna 

assessment is considered necessary to provide further information on the subterranean fauna values of 

the Project area. 

The overall findings of this review indicate that the proposed development of the Project will meet the 

relevant EPA objectives in that the proposal does not pose a threat to maintaining the biological 

diversity and ecological integrity of subterranean fauna. 
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1 Introduction 
Image Resources NL (Image) is planning to expand its heavy mineral sands operations in the northern 

Perth Basin with the proposed development of the Bidaminna mineral sand deposit (the Project), 

located approximately 100 km NNW of Perth CBD, and 25 km NW of Image’s current Boonanarring 

mineral sand mine. The Project occurs on crown land across two exploration tenements, E70/2844 and 

E70/3298.  

The proposed Project involves dredge mining targeting the currently identified mineralisation that exists 

as two strandlines (upper and lower, which do converge in areas) that extend over a strike length of 

9.5 km, aligned in NNW to SSE direction (Image Resources 2021)(Figure 1-1). The upper strandline ranges 

from 90 to 345 m wide with an average thickness of 12 m. The underlying lower strandline is broader, 

ranging from 150 to 650 m wide, and thinner, 9 m thick on average. The depth of mineralisation ranges 

from 12 to 66 m bgl (below ground level). 

Subterranean fauna (stygofauna and troglofauna) can potentially be directly impacted by the 

development of resource projects through the physical removal of habitat from mining excavation and 

associated groundwater drawdown. This report presents the findings of the stygofauna and troglofauna 

desktop study for the Project. 

1.1 Scope and Objectives 
The subterranean fauna desktop study aims to evaluate if subterranean fauna may represent an 

environmental factor that could be impacted by the Project’s development. This evaluation will 

support future environmental impact assessment (EIA) and applications for regulatory approval of the 

Project. The specific objectives were: 

• evaluate the likelihood of subterranean fauna species existing within the Project area and 

adjacent regional area. 

• assess whether or not subterranean fauna will represent an environmental factor. 

• determine if a basic (pilot) survey or more detailed (comprehensive baseline) survey of 

subterranean fauna values are required, in accordance with Environmental Protection 

Authority (EPA) Technical Guidance for subterranean fauna surveys for EIA (EPA 2021b). 

To achieve the above objectives, the following shall be completed: 

• desktop assessment involving database searches (e.g. Western Australian Museum (WAM); 

Atlas of Living Australia (ALA), etc), and literature review. 

• evaluation of the geology, hydrogeology, and hydrology present in the Project area to 

determine the prospectivity of the habitat to support subterranean fauna. 

The approach of the desktop assessment is aligned with the principles and objectives of relevant 

regulatory guidelines that include, but are not limited to:  

• EPA (2021b) Technical Guidance — Subterranean fauna surveys for environmental impact 

assessment. 

• EPA (2016) Environmental Factor Guideline — Subterranean Fauna 

• EPA (2021a) Statement of Environmental Principles, factors, and objectives. 
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Figure 1-1: Bidaminna Project heavy mineral sands resource area (Image Resources (2021)). 
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2 Subterranean Fauna 
Subterranean fauna may be distinguished from surface dwelling (epigean) species by morphological 

characteristics typical of a subterranean existence, such as a reduction or absence of pigmentation, 

absence or reduction of eyes, and the presence of extended locomotory and sensory appendages 

(Gorički et al. 2019, Humphreys 2008, Humphreys 2019). They may also be defined by ecological 

parameters such as longer life history stages, and lower rates of metabolism and fecundity (Cooper et 

al. 2002, Danielopol and Pospisil 2000, Gorički et al. 2019, Humphreys 2017, 2019).  

2.1 Stygofauna 
Stygofauna are predominantly comprised of invertebrate species, particularly crustaceans, that inhabit 

suitable groundwater systems across the globe, but can include vertebrate species, with the blind cave 

gudgeons (Milyeringa justitia and M. veritas (Larson et al. 2013, Page et al. 2018)) and the blind cave 

eel (Ophisternon candidum (Moore et al. 2018, White et al. 2020)) the only notable examples to occur 

in Australia. Other invertebrate stygofauna taxa can include gastropods, insects, water mites and 

worms (Humphreys 2019).  

In Western Australia, the Pilbara and the Yilgarn regions are global hotspots for stygofauna diversity 

(Guzik et al. 2010, Halse et al. 2014, Humphreys 2008). The karstic limestone anchialine and freshwater 

aquifer systems of Cape Range and Barrow Island (Bishop et al. 2020) host species rich, ecologically 

diverse, and globally significant stygofauna assemblages, which include the stygobitic blind cave 

gudgeons, blind cave eel, blind shrimps (Stygiocaris lancifera and S. stylifera (Page et al. 2008)), and 

the only southern hemisphere records of thermobanaceans (Halosbaena tulki) and remipedes 

(Lasionectes exleyi) that are both considered relicts from the ancient Tethys Ocean (Humphreys 2019, 

Jurado-Rivera et al. 2017, Poore and Humphreys 1992, Yager and Humphreys 1996). The calcrete and 

alluvial aquifer systems associated with palaeodrainage channels of the arid and semi-arid zones of 

Western Australia can contain rich stygofauna communities, with more than 70 species recorded from 

the Yeelirrie calcrete system (Bennelongia 2015, Subterranean Ecology 2011).  

Stygofauna are classified according to their ecological dependency on the subterranean 

environment: 

• stygoxenes — enter groundwaters passively or by accident. 

• stygophiles — permanent or temporary inhabitants of groundwaters. 

• stygobites — obligate groundwater inhabitants that cannot persist in surface water 

environments and are the focus of the stygofauna component of this assessment. 

2.2 Troglofauna 
Troglofauna are air-breathing subterranean fauna inhabitants of suitable humid underground 

environments, often considered relictual forms that evolved from epigean ancestors to avoid 

increasingly harsh arid surface conditions (Humphreys 2000b). Troglofauna are predominantly 

invertebrate taxa, well represented by species of arachnids, myriapods, and insects, but rarely can 

include vertebrate species such as troglobitic salamanders (Gorički et al. 2019) and snake species. The 

blind snake, Ramphotyphlops longissimus, from the Barrow Island karst has apparent troglomorphies 

(Aplin 1998) and is the only known troglobitic reptile globally (Humphreys 2019). Troglofauna occur 

worldwide and historically were classified as cave organisms (Culver and Sket 2000). The discovery of 

diverse troglofauna communities inhabiting sub-surface rock fractures in non-karstic environments in 

Europe in the 1980’s lead to a broader consideration of potential habitat (Juberthie 2000).  

In Western Australia, the well-researched karstic cave systems of Cape Range and Barrow Island first 

recorded the occurrence of relatively species rich troglofauna assemblages (Hamilton-Smith and 

Eberhard 2000, Humphreys et al. 2013, Humphreys 1991, 2000a). Further sampling in the Pilbara region 

identified diverse troglofauna assemblages from non-karstic geologies such as vuggy pisolite ore beds 

(Biota 2006, Humphreys 2008). Diverse troglofauna assemblages are commonly collected from 

groundwater associated calcrete (i.e. non-pedogenic calcrete) and alluvial/colluvial geologies within 

palaeodrainage channels of the arid and semi-arid zones, particularly in the Pilbara and Yilgarn regions 

(Harrison et al. 2014, MWH 2015, Outback Ecology 2011b, 2012a, b, Platnick 2008), but less so in the 

more arid interior of Australia (Outback Ecology 2011c). Less diverse troglofauna assemblages have 

also been recorded from weathered fractured rock (Outback Ecology 2011a, 2014) and metamorphic 

mafic rock systems (Bennelongia 2009). The most common environments in which troglofauna occur 

are those that support suitably sized and extensively connected crevices, small cavities or vugs 

associated with secondary porosity from erosion, fractures and shears zones, that remain relatively 

humid, an important condition considered to be a key requirement for troglofauna existence (EPA 

2021b).  
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Troglofauna are classified according to their ecological dependency on the subterranean 

environment: 

• Trogloxenes — use subsurface habitats passively or incidentally. 

• Troglophiles — undergo most of their early lifecycle stages underground, with latter lifestage/s 

able to / needing to survive in epigean habitats. 

• troglobites — are obligate or permanent subterranean inhabitants and are the focus of the 

troglofauna component of this assessment. 

2.3 Habitat 

An important abiotic factor influencing the prospectiveness of habitat for stygofauna and 

troglofauna is the presence of vugs and voids of suitable size and connectivity to satisfy biological 

requirements. For this reason, subterranean fauna were believed to be mostly restricted to karst 

landscapes that provide a relatively high degree of secondary porosity, including large cave 

systems. In more recent times various types of non-karstic geologies and aquifer systems have been 

found to provide suitable voids to host diverse faunal assemblages (Humphreys 2008). Stygofauna 

are now known to occur in non-karstic aquifers in coarse alluvial sediments, fractured rock, pisolites 

and thin, rocky regolith (Eberhard et al. 2005, Guzik et al. 2010, Halse et al. 2014, Humphreys 2006, 

2008, MWH 2016, Outback Ecology 2014). Likewise, recent surveys have identified troglofauna from 

non-karstic geologies such as vuggy pisolite ore beds and fractured and weathered rock formations 

in the Pilbara and Yilgarn regions (Barranco and Harvey 2008, Bennelongia 2009, Halse et al. 2002, 

MWH 2015, Outback Ecology 2011b, Subterranean Ecology 2008).   

Ecologically, there are many factors that influence the extent of suitable subterranean fauna 

habitat and the persistence and distribution of species at a range of habitat and temporal scales 

(Boulton 2000). At the microhabitat (sediment) scale some of the more influential factors include 

sediment size and interstitial pore size (i.e. provision of connected network of habitable cavities), 

hydrological exchange inflow rates of resources (e.g. dissolved oxygen, organic carbon, biofilm 

growth, prey), and water quality parameters such as temperature, pH, dissolved oxygen and 

organic carbon levels (Humphreys 1991, Korbel and Hose 2015, Korbel et al. 2019, Sacco et al. 2019, 

Saccò et al. 2022, Schmidt et al. 2007). At the mesohabitat (catchment) scale, factors include 

surface water flow patterns influencing infiltration zones and hydrological exchange influx rates into 

the groundwater systems of energy resources or dissolved oxygen according to geomorphological 

features, as well as interactions with vegetation and parafluvial sediments that can shape the 

hydrochemical groundwater characteristics (Boulton et al. 1998, Framenau et al. 2021, Humphreys 

2009, Saccò et al. 2022, Schmidt et al. 2007, Strayer 1994).  

2.4 Short Range Endemics 
Subterranean fauna, particularly stygobites and troglobites, are considered to be mostly short-range 

endemic (SRE) species because they have limited distributions due to been restricted to their 

subterranean environment, resulting in high rates of endemism. SRE species are classified as having a 

geographically restricted range of less than 10,000 km2, therefore, are considered more vulnerable to 

extinction due of their limited distribution range (Harvey et al. 2011, Harvey 2002).  

2.5 Risk & Relevant Legislation 
Development and operation of mines in Western Australia pose a number of risks to subterranean 

fauna and their habitat, which include direct and indirect impacts (EPA 2021b). 

Direct impacts include: 

• Removal of, or disturbance to, habitats through mining excavation. 

• Lowering the groundwater table through groundwater abstraction for pit dewatering and 

supply.  

• Inundation through groundwater reinjection of waste or excess water. 

• Alterations to water quality parameters, to levels that may exceed species tolerance limits.  

Indirect impacts include: 

• Changes to surface topography causing changes to hydrology regimes, reduced infiltration 

and aquifer recharge, groundwater flow paths and rates. 

• Clearing of surface vegetation causing increased siltation rates and decreased resource inputs 

(e.g., oxygen, nutrients).  

• Potential leaks or leaching from tailings and wastewater resulting in alterations to ground water 

chemistry and quality, and introduction of toxins or radiation. 

• Salinisation due to intrusion of saline water into freshwater aquifers and leaching from pit voids. 



10 
Bestiolas Bidaminna SPEC-SF-2101 BC011 V1-2.docx 

 

Subterranean fauna are protected under State and Federal legislation, governed by three Acts: 

• Biodiversity Conservation Act 2016 (WA) (BC Act); 

• Environmental Protection Act 1986 (WA) (EP Act); and 

• Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act). 

2.6 Regulatory Survey Level 
The appropriate level of survey depends on the likely presence of subterranean fauna, the degree of 

impact proposed, and the adequacy to reliably inform decisions as part of the EIA process as to 

whether a proposal meets the EPA’s objective and is tailored to the circumstances of the proposal (EPA 

2021b).  

If the desktop assessment findings indicate that a project area is not prospective for subterranean 

fauna, then no further survey would be required (Figure 2-1). Conversely, should the desktop findings 

indicate that the area is likely to host subterranean fauna values then at least a Basic Survey (i.e. pilot 

survey) would be required. For proposals in areas already well known to host significant stygofauna and 

/ or troglofauna assemblages the standard practice is to go straight to a Detailed Survey that involves 

at least three sample phases staged around three months apart (EPA 2021b). 

 

 

Figure 2-1: Subterranean fauna EIA level of survey required determination process (source EPA 2021b).  
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3 Methods 

3.1 Database Searches 
The desktop review included searches of both Federal and State Government databases to reveal if 

any stygofauna or troglofauna taxa had been previously recorded from within or near the Project area, 

and to identify if any subterranean fauna threatened or priority ecological communities (TEC’s and 

PEC’s) were in the vicinity. The database and internet information sources included: 

• Department of Biodiversity, Conservation and Attractions (DBCA) TEC/PEC database was 

searched for TEC’s and PEC’s occurring within a 10 km radius of the Project. 

• Western Australian Museum’s (WAM) arachnid, crustacean, myriapod and oligochaete 

collection databases were searched for subterranean fauna. 

• Atlas of Living Australia (ALA). 

• Nature Map of Western Australia (DBCA). 

• Department of Water and Environmental Regulation’s (DMER) Index of Biodiversity Surveys for 

Assessments (IBSA). 

Federal and State government lists were checked against search results to identify if any threatened or 

priority subterranean fauna species occurred within the search area: 

• WC Act Schedule Species List; 

• EPBC Act TEC List; and 

• EPBC Act Threatened Fauna List. 

Defined search areas were either from a central point in the Project area or of a designated 

rectangular search area (Table 3-1). 

 

Table 3-1: Defined database and internet sourced search parameters. 

Data Source Search Area Co-ordinates 

TECs & PECs 
10 km radius 

Central point @ 31.084 S, 115.591 E ALA 

Nature Map 40 km radius 

Western Australian Museum 

Arachnida, Crustacea, 

Myriapoda and Oligochaeta 

databases 

 NW corner: 30.958722°S, 115.303809°E 

SE corner: 31.372461°S, 115.944439°E 

 

 

3.2 Literature Review 
A literature review was conducted to update the information that may exist on subterranean fauna 

within the Project vicinity or of relevance to the Project. The review included environmental consultant 

technical reports, scientific journal articles and government publications. 
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4 Environmental Context 

4.1 IBRA Region 
The Project is located in the northern part of the Swan Coastal Plain 2 (SWA2) subregion of the Swan 

Coastal Plain (SWA) bioregion (DAWE 2020a, b, Mitchell et al. 2003, Thackway and Cresswall 1995) 

(Figure 4-1). The SWA2 subregion extends for about 410 km, from about 25 km north of Jurien Bay to 

approximately 15 km south of Busselton as a narrow coastal strip, ranging around 15 to 40 km wide, 

between the Indian Ocean to the west and the Darling, Gingin and Dandaragan Scarps to the East. 

The Project area is located midway between Jurien Bay, 100 km to the North, and the Perth CBD and 

the lower Swan River system, situated in the central SWA2 area, 100 km to the south.  

The SWA2 subregion is a low lying coastal plain shaped by relatively recent fluctuating sea-levels during 

the Pleistocene glaciation events that formed a series of geomorphological landforms aligned largely 

parallel to the current shoreline (Brooke et al. 2010, Davidson 1995, Gozzard 2007). The eastern most 

landforms are the Ridge Hill Shelf (remnants of shoreline deposits) and colluvial slopes that form the 

foothills (piedmont zone) of the Darling and Dandaragan Plateaus. West of the piedmont zone are the 

alluvial fan deposits of the Pinjara Plain, composed mostly of unconsolidated clay and loam alluvium 

transported down in rivers and streams from the Darling and Dandaragan Plateaus. The fluctuating sea-

level formed, east to west, successive phases of marine sand dune development along the ancient 

shorelines of the Darling Range: the older Bassendean Dune System, the Spearwood Dune system, and 

the younger Quindalup Dune system, which is still forming in parts along the current coastline (Davidson 

1995, Gozzard 2007). 

The Bassendean Dune system consists of gently undulating aeolian sand plains that formed as shoreline 

deposits and coastal dunes in the Middle-Upper Pleistocene (around 126 to 40 Ka (kiloannum)) during 

interglacial periods when sea levels were higher than present (Bufarale et al. 2019, Cohen and Gibbard 

2011, Gozzard 2007). Originally, the dune system would have consisted of mostly calcareous sand with 

quartz sand and minor fine-grained heavy mineral concentrations (Davidson 1995). Since deposition, 

the carbonate material has been completely leached, apart from a small local area south of Perth, 

leaving the dunes consisting entirely of quartz sand only (Davidson 1995). The Bassendean Dune System 

is the geomorphological expression of the Bassendean Sand geological formation (Davidson 1995, 

Gozzard 2007). 

The Spearwood Dune system formed as large-scale, bare, dune sheets that advanced over the land 

surface during the late Pleistocene to early Holocene (around 40 to 6.5 Ka) (Cohen and Gibbard 2011, 

Lipar and Webb 2015) to the west of the older Bassendean Dune System, with the surface delineation 

between the two systems often marked by a line of swamps and lakes (Gozzard 2007). The Spearwood 

Dune System comprise the eolian parts of the Tamala Limestone and consist of marginly calcareous 

aeolian sands remnant from the leaching of the underlying Tamala limestone (Davidson 1995). The 

Tamala limestone (calcarenite) represents an extensive karstic system that extends for approximately 

1,000 km along the coastline from Cape Leuwin northwards to Steep Cliff (approximately 200 km north 

of Kalbarri) (Davidson 1995). The solution cavities that form the secondary porosity in the Tamala 

Limestone, from small to large cavities such as cave systems (e.g., east of Yanchep and in the South-

West of Western Australia) represent the most prospective habitat for subterranean fauna in the SWA.  

The Quindalup Dune System is the most westerly dune system flanking the Indian Ocean, composed of 

unconsolidated to weakly consolidated calcareous sand that almost completely blanket the seaward 

margin of the westernmost ridge of the Spearwood Dune System (Gozzard 2007). The system began 

development over four main phases in the Holocene from wind-blown lime and quartz beach sand 

that formed dunes or ridges and may also occupy blowouts created within the Spearwood Dune 

System (Davidson 1995, Gozzard 2007). The first phase of the dune system development is considered to 

have begun around 6,500 years ago when sea levels were about 2.5 m lower than present (Searle and 

Woods 1986). The youngest phase is considered to be only a few hundred years old and still in progress 

in some areas (Gozzard 2007). The Quindalup Dune System is the geomorphological expression of the 

Safety Bay Sand geological formation (Davidson 1995). 

The vegetation of the SWA2 subregion is considered to be species rich, and prior to European 

occupation and subsequent development, was dominated by Banksia species and/or Tuart 

(Eucalyptus gomphocephala) woodland complexes on sandy soils, Swamp Sheoak (Allocasuarina 

obesa) and/or Marri (Corymbia calophylla) on outwash plains, and Melaleuca species shrublands and 

sedgelands in swampy areas (Cresswell and Bridgewater 1985, Mitchell et al. 2003). The vegetation 

complexity and species richness has appeared to have changed dynamically through time as the 

dune systems have become more stable and leached with the older Bassendean Dune System the 
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most species rich, the Spearwood Dune System the more complex, and the Quindulup Dune System 

the less species rich and complex (Cresswell and Bridgewater 1985).  

The SWA2 subregion is dissected by numerous rivers, all which arise from the catchments on or beyond 

the Darling and Dandaragan Plateaus (Gozzard 2007). On the coastal plain the river systems are 

flanked by clayey floodplains and terraces of relatively recent origins (Davidson 1995). Important 

swamp and lake wetland systems have formed within the inter-dunal swales of the Bassendean and 

Spearwood Dunes systems and in the inter-barrier depressions between the two dune systems 

(Davidson 1995).  

The Project occurs within the Bassendean Dune system, with the northern boundary approximately 

300 m south of Moore River (Figure 4-3). The entire Project area falls within the pre-European vegetation 

unit classification of Low Banksia Woodland (Beard et al. 2013).  

 

 

Figure 4-1: Location of the proposed Project in the northern sector of the Swan Coastal Plain 2 IBRA sub-

region. 
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Figure 4-2: Generalised geomorphology of the Swan Coastal Plain (Adapted from Gozzard 2007). 
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Figure 4-3: Pre-European vegetation units. 

 

4.2 Climate 
The Swan Coastal Plain region experiences a Mediterranean type of climate with most of the rainfall 

received during the cooler months of the year (April to September) from late Autumn / Djeran (Season 

of Adulthood), throughout Winter / Makuru (Season of Fertility), to early Spring / Djilba (Season of 

Conception) (Bureau of Meteorology 2022) (Figure 4-4). The mean annual rainfall recorded since 1970 

from the Baramba weather station (# 009144; located approximately 7 km W of the Project area) is 

635 mm (range 412 mm, in 2010, to 905 mm in 1999). On average, nearly 80 % of the rainfall received 

fell during the cooler months with mean falls of 524 mm (range 325 to 752 mm) over the cooler six 

month period compared to the mean warmer period of 109 mm (range 23 to 287 mm) (Bureau of 

Meteorology 2022). As a consequence of the much higher ‘winter’ rainfalls and subsequent surface 

runoff, the stream flows in the region are strongly seasonal (Rehman and Saleem 2014). 

The average annual pan evaporation for the northern part of the SWA2 subregion is around 2000 mm, 

based on at least 10 years of records from 1975 to 2005 (Bureau of Meteorology 2006). During the 

cooler months, with mean maximum and minimum temperatures of 8.0 to 21.2°C, the evaporation rate 

is about 635 mm. The evaporation rate during the warmer months, with mean maximum and minimum 

temperatures of 16.2 to 32.2°C, is around 1,575 mm.  
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Figure 4-4: Monthly mean rainfall data (1970 to 2021) recorded from Baramba weather station (# 

009144; located approximately 7 km W of Project area) and monthly mean minimum and maximum 

temperatures (1996 and 2021) recorded at Gingin Aero weather station (#009178; located 

approximately 45 km SE of Project area) (Bureau of Meteorology 2022). 

 

4.3 Land Use and Tenure 
The dominate land uses in the SWA2 are agriculture (mostly dry land, but including irrigated horticulture, 

agriculture and plantations, grazing), Conservation and Crown reserves, Urban and Rural residential, 

with smaller areas of mining and Defence lands (Mitchell et al. 2003).  

The Project occurs on crown land across two exploration tenements, E70/2844 and E70/3298. The 

northern portion of mineralisation (roughly half) is located on E70/2844 and is 100%-owned by Image. 

The southern portion of Bidaminna mineralisation is located on E70/3298 and is 90%-owned by Image. 

The area surrounding the Project is undeveloped botanically diverse sandplain heathland including 

Banksia woodland. 

4.4 Environmental Significant Areas 
Stretching east to west across the central Project area is the endangered Threatened Ecological 

Community (TEC) of Banksia attenuata woodland over species rich shrublands (Mitchell et al. 2003) that 

is associated with a seasonally waterlogged dampland (Bureau of Meteorology 2012, Semeniuk and 

Semeniuk 2011) (Figure 4-5, Figure 5-1). To the north of the Project is the Moore River and to the east the 

Moore River National Park.  
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Figure 4-5: Environmentally significant areas in the surrounding region of the Project. 
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4.5 Geology 
The Swan Coastal Plain and Rottnest Shelf are surficial sediments of the Perth Basin that began as an 

oblique rift valley between the Australian continent and the Indian Plate as the latter separated from 

Gondwana during the Permian to the Early Cretaceous (Bufarale et al. 2017, Gozzard 2007). The Perth 

Basin is over 1,000 km long and infilled by a 15 km thick sequence of continental and marine sediments, 

spanning the Permian to Late Cretaceous, forming the bedrock geology of the SWA2 subregion 

(Bufarale et al. 2017, Kendrick et al. 1991, Kern 1993, Playford et al. 1976).  

The bedrock geology of the Project Area consists of the Osborne Formation, flanked by the Leederville 

Formation to the East and the Lancelin Formation to the West (Kern 1993) (Figure 4-6). The Osborne 

Formation developed in a shallow marine environment during the Early to Late Cretaceous 

(approximately 125 to 90 Ma), and consists of a weakly consolidated, relatively thick basal sandstone 

layer (Henley Sandstone Member), overlain by a siltstone-shale sequence (Kardinya Shale Member), 

with an upper sandstone-shale sequence (Mirrabooka Member) (Davidson 1995, Kern 1993). The 

Leederville Formation is a non-marine to near-shore depositional unit formed during the Early 

Cretaceous (approximately 140 to 125 Ma) and consists of sandstone, siltstone, and shale with some 

conglomerates in the east (Davidson 1995, Kern 1993). The younger Lancelin Formation is of marine 

origin formed during the Late Cretaceous (approximately 90 to 66 Ma) and consists of glauconitic 

chalk, marl, over calcareous mudstone (Davidson 1995, Kern 1993). 

The SWA2 regolith is mostly composed of sands and calcareous deposits (limestone and secondarily 

cemented calcareous sands), with greater predominance of mud deposits (silts and clays) to the east, 

closer to the Darling Range (Gozzard 2007, Kern 1993) (Figure 4-7). Within the Project area and 

surrounding vicinity, the main geological unit overlying the bedrock is Bassendean Sand (Kern 1993, 

MWES Consulting 2021b). The Bassendean Sand unconformably overlies the Mesozoic formations, inter-

fingers with the Guildford Formation to the east, and is unconformably overlain by the Tamala 

Limestone to the west (Davidson 1995, Kern 1993) (Figure 4-8). The Bassendean Sand is characterised as 

light grey to white in colour, moderately sorted, sub-rounded to rounded, fine to coarse grained, but 

predominantly medium grained quartz sand (Kern 1993, Playford et al. 1976). The thickness of the unit 

varies from 1 to 2 m to a maximum of about 80 m (Davidson 1995, Kern 1993). The mode of deposition 

of the Bassendean Sand unit is considered likely to have occurred in a variety of fluvial, estuarine, and 

shallow marine environments (Bufarale et al. 2017, Bufarale et al. 2019, McPherson and Jones 2005). 

The Tamala Limestone formation forms a strip that lies roughly parallel to the present coastline for 

approximately 1000 km, from the South West region of Western Australia northwards to Shark Bay in the 

north, extending up to 10 km inland and 30 km offshore (Brooke et al. 2010, Gozzard 2007, Smith et al. 

2012). The formation is the world’s most extensive aeolianite deposit that formed as a series of coastal 

deposits and associated aeolianite cemented dunes during Pleistocene marine transgressive events 

(Brooke et al. 2010, Brooke et al. 2014, Smith et al. 2012). The geological unit consists of a creamy-white 

to yellow, or light-grey, calcareous aeolianite composed of coastal carbonate sediment (fine to 

medium grained shell fragments) and quartz sand with minor presence of small clayey lenses 

(McPherson and Jones 2005, Playford et al. 1976). The quartz sand is predominantly medium grained 

but does vary from fine to coarse-grained, moderately sorted, and sub-angular to rounded (Bufarale et 

al. 2017, Kern 1993, McPherson and Jones 2005, Playford et al. 1976).  

The Tamala limestone does contain many solution channels and cavities, particularly in the fluctuation 

zone of the groundwater table, and can have extensive karstic areas (e.g. Nambung National Park 

and Yanchep Caves region) (Davidson 1995, Gozzard 2007, Kern 1993). The upper level of the unit is 

exposed and weathered to the extent that it is comprised of unconsolidated sand. In the Perth region 

the unit has a maximum thickness of 110 m, but can be up to 150 m thick in other SWA2 areas 

(Davidson 1995, Gozzard 2007). Depending on the location in the SWA2, the Tamala Limestone 

unconformably overlies the Leederville Formation, Osborne Formation, or the Bassendean Sand 

(Davidson 1995, Gozzard 2007). Along the coast the formation is unconformably overlain by the Becher 

Sand or the Safety Bay Sand geological units (Brooke et al. 2014, Bufarale et al. 2017, Bufarale et al. 

2019, Davidson 1995). 

The Becher Sand extends along the coastal margin, is typically 10 to–15 m thick with a maximum 

thickness of 20 m in the Rockingham area, and consists of fine to medium-grained quartz and skeletal 

sand that is mostly structureless and bioturbated (Davidson 1995, Semeniuk and Searle 1985). The 

Becher Sand unit was originally considered to be part of the Safety Bay Sand unit until it was later 

defined as a distinct unit due to it not been formed from aeolian processes but having nearshore 

marine origins (Davidson 1995, Semeniuk and Searle 1985). Becher Sand unconformably overlies the 

western margins of the Tamala Limestone and is itself unconformably overlain by the Safety Bay Sand 

(McPherson and Jones 2005, Semeniuk and Searle 1985).  
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The Safety Bay Sand geological unit occurs along the coastal margin as stable and mobile aeolian 

dunes (Bufarale et al. 2017, Davidson 1995). The unit consists of white, unlithified, calcareous fine to 

medium-grained quartz sand and shell fragments with traces of fine-grained, black, heavy minerals 

and can get close to 100 m thick in areas (Bufarale et al. 2017, Davidson 1995, McPherson and Jones 

2005).  

 

 
Figure 4-6: Bedrock Geology of the Project Area. 
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Figure 4-7: Main geological units of the Swan Coastal Plain (Adapted from Gozzard 2007). 

 

Figure 4-8: Geological stratigraphy of Section A — A’ in Figure 4-7 (Adapted from Gozzard 2007). 
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4.6 Hydrogeology 
The groundwater of the SWA2 subregion mostly occurs within a major unconfined aquifer system, 

termed the Superficial aquifer, as well as the major confined Leederville and Yarragadee aquifers 

(Davidson 1995). There are also the minor Kings Park confined aquifers and the two minor semi-confined 

Rockingham and Mirrabooka aquifers (Davidson 1995). The groundwater within the Project tenements 

and close neighbouring area are part of the Superficial aquifer system, hosted within the Bassendean 

Sand, and overlie the deeper confined Leederville aquifer hosted within the Osborne and Leederville 

Formations (Davidson 1995).  

The Superficial aquifer is a predominantly unconfined, complex multi-layered, groundwater flow system 

within the superficial SWA2 sediment units (arranged east to west in order of chronology older to 

younger): Ascot Formation, Yoganup Formation, Guildford Clay, Gnangara Sand, Bassendean Sand, 

Tamala Limestone, Becher Sand, and Safety Bay Sand (Davidson 1995, Kern 1993). The sediments of the 

superficial aquifer system range from mostly clayey (Guildford Clay) in the east along the Darling 

Range, through sand (Bassendean Sand and Gnangara Sand) in the more central plains areas, to sand 

and limestone (Tamala Limestone, Safety Bay Sand and Becher Sand) along the coastal strip (Davidson 

1995).  

The superficial aquifer systems are recharged mainly by direct infiltration of rainfall but do receive input 

from upward leakage from the Mesozoic confined aquifers (Kern 1993). The general groundwater flow 

direction is westwards from the Gingin and Darling Scarps to discharge along the coast above a 

saltwater wedge, as well as downward leakage to the major confined aquifer systems (Davidson 1995, 

Kern 1993). The maximum thickness of the superficial aquifer is approximately 70 m, but generally about 

45 m on average in the SWA2 north of Perth (and south of Moore River), and 25 m in the southern 

region (Davidson 1995). North of Moore River the superficial aquifer thins from around 50 m thick to less 

than 10 m near the Nambung River (Kern 1993). The alluvial deposits present along the Moore River, 

which flows close to the northern boundary of the Project, would also be in connection with the 

superficial aquifer system (Kern 1993).  

The superficial aquifer salinity levels vary from less than 1,000 mg/L along the coastal formations, to 250 

to 3,850 mg/L within the Bassendean Sands (Kern 1993). The lower salinity levels generally occur in areas 

of recharge where the groundwater flows originate, with salinity increasing in the direction of the 

groundwater flow (Davidson 1995). The higher recorded salinities can occur at the groundwater table 

due to evaporation in areas of discharge such as in swamplands and drainage lines (Davidson 1995, 

Kern 1993). Near the Moore River, the salinity levels vary between 500 to 1,000 mg/L (Kern 1993).  

4.7 Hydrology 
The SWA2 subregion is dissected by numerous rivers, all which arise from the catchments on or beyond 

the Darling and Dandaragan Plateaus (Gozzard 2007). On the coastal plain the river systems are 

flanked by clayey floodplains and terraces of relatively recent origins (Davidson 1995). Important 

swamp and lake wetland systems have formed within the inter-dunal swales of the Bassendean and 

Spearwood Dunes systems and in the inter-barrier depressions between the two dune systems 

(Davidson 1995).  

The Project occurs just south of the Moore River within the Moore-Hill Rivers drainage basin that covers 

an area of 24,666 km2 (Bureau of Meteorology 2012) (Figure 4-5). The Moore River extends for over 

220 km, with origins from just south of Dalwallinu, in the Avon Wheatbelt IBRA region, running south-

westwards then south along the base of the Darling Scarp before cutting west to flow across the 

Dandaragan Plateau and Swan Coastal Plain to reach the coast at Guilderton (MWES Consulting 

2021b). The catchment of the Moore River covers 13,630 km2 with the middle catchment area of 

3,412 km2 contributing most to the streamflow (MWES Consulting 2021b). Near to the northern boundary 

of the Project the lower Moore River forms a slightly incised, meandering, 12 m wide tree-lined inner 

channel (MWES Consulting 2021b).  

The Project area runs along the western slope of a Bassendean Dune system with a low surface 

gradient ranging in elevation from 60 to 55 AHD (MWES Consulting 2021b) (Figure 4-9). There are only a 

few poorly developed surface drainage depressions in and neighbouring the Project area. Due to the 

low gradient and sandy soils, there is limited surface run-off. Stretching east to west across the central 

Project area is a seasonally waterlogged dampland (Bureau of Meteorology 2012, Semeniuk and 

Semeniuk 2011) with the Banksia attenuata woodland over shrubland vegetation association (Figure 

5-1). 
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Figure 4-9: Ground elevation (Source MWES Consulting (2021a)).  
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5 Results 

5.1 Database Searches 
There were no records in any of the searched Federal and State Government databases, including 

WAM records, of any stygofauna or troglofauna species, threatened or priority subterranean fauna 

species or communities occurring from in or near the Project area. There are threatened or priority flora 

and vegetation communities near the Project (Figure 5-1). There were no IBSA listed subterranean 

fauna studies relevant to the Project. 

5.2 Literature Review 

 Stygofauna 
The stygofauna desktop studies and basic surveys completed within the northern SWA2 subregion have 

found the Surficial Aquifer systems hosted in the Bassendean Sand and Guildford Clays geological units, 

overlying the confined Leederville and / or Yarragadee aquifers, do not provide prospective 

stygofauna habitat (Table 5-1). Generally, the very fine, fine to medium sized grain sand and clay 

geologies present in the project areas assessed were not considered to provide sufficient interstitial 

space for habitat connectivity and resource recharge needed for colonisation and persistence of 

stygofauna (360 Environmental 2013a, b). Instances of where potentially prospective habitat might exist 

(e.g. alluvial, ferricrete deposits), basic surveys were completed with results demonstrating that 

stygofauna values were not present (Bennelongia 2013a, b, 2020, 2021).  

The closest published records of stygofauna occurring to the Project are from the extensive cave 

systems that have formed in the Tamala Limestone, located in the Yanchep National Park, 

approximately 50 km to the south (Table 5-1). The cave stream root mat habitats present within nine of 

the caves sampled were found to host a relatively diverse aquatic invertebrate community of which 

seven crustacean species were considered potential stygofauna (Jasinska 1997, Jasinska et al. 1996).   

Assessments concluded that the Gnangara Mound area of the Superficial Aquifer, the northern 

boundary of which is considered to be Gingin Brook (25 km south of Project), does not host a diverse 

stygofauna assemblage (Bennelongia 2008b, Tang and Knott 2009) (Table 5-1). Of the 15 copepod 

species recorded from the Gnangara Mound groundwater systems, only two species were found to be 

endemic, either occurring primarily in springs (Eucyclops edytae), or confined to caves (Paranitocrella 

bastiani) comprising part of the cave root mat aquatic community in the Yanchep National Park (Tang 

and Knott 2009).  

Sampling of bores in the Eneabba area, within the Leseur Sandplain subregion of the Geraldton 

Sandplains IBRA region, recorded a depauperate stygofauna assemblage (De Laurentiis et al. 2001) 

(Table 5-1). The three stygofauna species found were only collected from surficial groundwater habitat 

hosted within Tamala Limestone. No stygofauna were recorded from the majority of samples collected, 

which did not intersect Tamala Limestone.  

The most extensive and intensive stygofauna study closest to the Project (70 km SE) is the long term 

study in the Darling Ranges of surficial aquifer systems associated with coarse alluvial/colluvial and 

fractured rock strata within the Brockman River and Marbling Brook drainage systems (Schmidt et al. 

2007) (Table 5-1). The study area occurs in the Northern Jarrah Forest sub-region of the Jarrah Forest 

IBRA bioregion, within the Avon River catchment. The stygofauna assemblage recorded was more 

typical of the higher taxonomic groups found in the northern Yilgarn and Pilbara (e.g., amphipods, 

bathynellaceans, copepods, ostracods, and oligochaetes), albeit not as diverse (species rich and 

abundant). The stygofauna assemblage/s were found to be more influenced by the intensity of 

hydrological exchange and less by the geology present (Schmidt et al. 2007). 

The most prospective stygofauna habitat present in the northern SWA2 region is within the Surficial 

Aquifer associated with Tamala Limestone, and not in the Bassendean Sand and Guildford Clays 

geological units. There may exist some stygofauna values in alluvial aquifer systems associated with 

more significant drainage systems with sufficient intensity of hydrological exchange.  

 Troglofauna 
The troglofauna desktop studies completed within the northern SWA2 subregion concluded that the 

Bassendean Sand and Guildford Clays do not represent prospective troglofauna habitat due to 

insufficient interstitial space present for habitat connectivity and resource recharge (Table 5-2). As for 

stygofauna, the Tamala Limestone has been demonstrated to host troglofauna values (Harvey and 

Mould 2006, Moulds 2007). 
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Figure 5-1: Threatened and Priority Ecological Communities within 10 km radius of the Project. 
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Table 5-1: Stygofauna studies of relevance to the Project. 

Area       

(IBRA      

Sub-region) 

Location Distance & 

Direction 

From Project 

Aquifer / Geological 

Unit/s Assessed 

Findings Source 

Gingin 

(SWA2 & 

SWA1*) 

Boonanaring 

Mineral Sands 

Project 

15 km SE Surficial aquifer in 

Bassendean Sands 

interbedded with 

Guildford Clays. 

Confined Leederville 

and Yarragadee 

aquifers. 

Desktop assessment concluded that stygofauna values were likely to 

be very low to not present due to the lack of suitable habitat present 

and absence of records of fauna occurring in similar habitats in 

region. Therefore, no further survey was required. 

360 Environmental 

(2013a, b) 

Cooljarloo  

(SWA2 & 

GS2*)  

Cooljarloo West 

Mineral Sands 

Project 

50 km NNW Surficial aquifer in 

Bassendean Sands, 

Guildford Clays, plus 

Yoganup and Ascot 

Formations. 

Confined Yarragadee 

aquifer. 

Desktop assessment concluded prospective stygofauna habitat was 

possible in the ferricrete pebble layer (6 m bgl) present in 

Bassendean Sand unit of Superficial aquifer in vicinity of proposal. 

Therefore, proposed need for basic survey to verify if stygofauna 

values were present.  

Basic (pilot) survey concluded that stygofauna were not present in 

prospective habitat. Only one nematode^ specimen (not 

considered in EIA) was collected from one of the 30 groundwater 

samples collected. Therefore, no further survey was required.  

Bennelongia (2013a, 

b) 

Yanchep 

Caves 

(SWA2) 

Yanchep 

National Park 

50 km SSE Cave stream root 

mat communities of 

the Yanchep Caves.  

Seven potential stygofauna crustacean species (amphipod (2 spp.), 

bathynellaceans (1 spp.), copepods (2 spp.), and ostracods (2 spp.)) 

confined to root mats and/or cave stream recorded, as well as 

oligochates, nematods and turbellarians taxa.   

Jasinska (1997), 

Jasinska et al. (1996) 

Gnangara 

Mound 

(SWA2) 

Area bounded 

by Gingin Brook 

to the north, 

Gingin Scarp to 

east, Swan River 

to South and 

Indian Ocean to 

west. 

50 km SSE 

(Yanchep 

Caves) to 

85 km SE 

(Edgecombe 

Spring) 

Gnangara Mound 

region (2,200 km2) of 

the Superficial aquifer  

A total of 15 copepod species recorded from 23 sites (12 cave, 3 

bore, 5 spring, 3 surface water) sampled periodically from 1990 to 

1996 and 2002 to 2008. Most were widespread species, likely 

epigean, stygophiles or stygoxenes, however, 2 species were 

endemic to Gnangara Mound aquifer system, occurring primarily in 

springs (Eucyclops edytae), or confined to caves (Paranitocrella 

bastiani) in the Yanchep National Park that have formed in Tamala 

Limestone that contained Tuart root mats. 

Bennelongia (2008a), 

Tang and Knott (2009) 
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Area       

(IBRA      

Sub-region) 

Location Distance & 

Direction 

From Project 

Aquifer / Geological 

Unit/s Assessed 

Findings Source 

Cervantes 

(SWA2)  

Atlas Mineral 

Sands Project 

65 km NNW Surficial aquifer in 

Bassendean Sands 

interbedded with 

Guildford Clays. 

Confined Leederville 

and Yarragadee 

aquifers. 

Desktop assessment concluded that a moderate amount of 

prospective stygofauna habitat was possible in the alluvial, 

Bassendean Sand and Guildford Formation geological units of the 

Superficial aquifer because groundwater found to be transmissive 

and may hold appropriate spaces for stygofauna. Therefore, 

proposed need for basic survey to verify if stygofauna values were 

present.  

Basic (pilot) survey concluded that stygofauna did not occur in the 

moderately prospective habitat. Only one nematode^ specimen 

(not considered in EIA) was collected from one of the 6 sites 

sampled. Therefore, no further survey was required. 

Bennelongia (2020, 

2021) 

Lower 

Chittering 

(JF1*) 

Brockman River 

& Marbling 

Brook in Avon 

Valley 

Catchment 

70 km SE Shallow aquifer 

systems associated 

with alluvial/colluvial 

and fractured rock 

strata neighbouring 

incised drainage 

systems. 

Total of 804 samples from 32 groundwater sample sites recorded 16 

stygofauna taxa comprised of the more typical higher level 

taxonomic groups known to commonly represent stygofauna 

assemblages: amphipods (2 spp.), bathynellaceans (2 spp.), 

copepods (8 spp.), ostracods (1 sp.) and oligochates, as well as 

nematods and turbellarians.  

Schmidt et al. (2007) 

Eneabba 

(GS2*) 

Sites along 

coast between 

Port Denison / 

Dongara and 

Eneabba 

185 km NNE Superficial and 

confined aquifers 

hosted in Tamala 

Limestone and/or 

Mesozoic strata, 

within 0.5 to 2.5 km of 

coastline. 

From 13 groundwater sample sites, stygofauna were found from 3 

sites that intersected the Tamala Limestone. No stygofauna were 

recorded from sites that were not associated with Tamala Limestone.  

Stygofauna assemblage recorded was not diverse with low numbers 

of three taxa (Fierscyclops fiersi (copepod), bathynellacean sp., and 

oligochaete sp.) collected. 

Copepods were collected from the upper 5 m of the water column 

above the saltwater interface.  

De Laurentiis et al. 

(2001) 

* GS2 — Leseur Sandplain ; JF1 — Northern Jarrah Forest; SWA1 — Dandaragan Plateau. 

^ Nematodes are not considered in EIA because they are ubiquitous in the environment, occurring in soil, surface-water, groundwater, on and in plants, and as 

parasites. There is not the ecological or taxonomic framework (morphological and genetic) to determine what species, if any, are truly stygobitic. 
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Table 5-2: Troglofauna studies of relevance to the Project. 

Area       

(IBRA      

Sub-region) 

Location Distance 

& 

Direction 

From 

Project 

Geological Unit/s 

Assessed 

Findings Source 

Gingin 

(SWA2 & 

SWA1*) 

Boonanaring 

Mineral Sands 

Project 

15 km SE Bassendean Sands 

interbedded with 

Guildford Clays. 

Desktop assessment concluded that troglofauna values were likely to 

be very low to not present due to the lack of suitable habitat present 

and absence of records of fauna occurring in similar habitats in region. 

Therefore, no further survey required. 

360 Environmental 

(2013a, b) 

Cooljarloo  

(SWA2 & 

GS2*)  

Cooljarloo West 

Mineral Sands 

Project 

50 km 

NNW 

Bassendean Sands, 

Guildford Clays, plus 

Yoganup and Ascot 

Formations. 

Desktop assessment concluded troglofauna fauna values were likely 

to be very low to not present due to the lack of suitable habitat 

present. Therefore, no further survey required.  

Bennelongia (2013a, 

b) 

Cervantes 

(SWA2)  

Atlas Mineral 

Sands Project 

65 km 

NNW 

Bassendean Sands 

interbedded with 

Guildford Clays. 

Desktop assessment concluded troglofauna fauna values were likely 

to be very low to not present due to the lack of suitable habitat 

present. Therefore, no further survey required. 

Bennelongia (2020) 

Coral Coast 

Karst Region 

(SWA2 & 

GS2*) 

Eneabba, Jurien 

& Nambung Karst 

areas 

85 to 

150 km 

NNW 

Tamala Limestone 

cave systems in 

Eneabba, Jurien, and 

South Hill (Nambung) 

karst areas 

Most of the terrestrial invertebrate species collected were from the 

entrance or twilight zone of the caves sampled. A total of 78 species 

were recorded from the 20 caves sampled, with 56 species considered 

to be troglophiles / potential troglophiles, and three species 

(Neotomnopteryx sp. cf. 'douglasi' (cockroach), Meenopliidae sp1 

(true bug), and Trinemura sp1 (silver fish), considered potential 

troglobites.    

Moulds (2007) 

Ludlow 

(SWA2) 

Ludlow State 

Forest 

275 km S Sandy regolith over 

Tamala Limestone. 

Troglomorphic pseudoscorpion, Austrochthonius strigosus, described 

from single specimen collected in a stygofauna net haul sample from 

bore with groundwater level approximately 5 m bgl. Additional bores 

sampled in area did not collect any troglofauna.  

Harvey and Mould 

(2006) 

* GS2 — Leseur Sandplain. 
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5.3 Subterranean Habitats 
The subterranean habitat within the Project Area is considered to be of very low prospectivity for 

stygofauna and troglofauna with the absence of the more prospective Tamala Limestone habitat and 

extensive alluvial deposits associated with incised drainage channels. The target heavy mineral sand 

strands are generally overlain by deep fine (sometimes very fine) to medium sized grained sands that 

can extend for most or all of the drilled lithology (Images Resources drill log data) (Figure 5-2 to Figure 

5-8). The sand grain size can sometimes range to coarse to very coarse, most commonly as a relatively 

thin band (2 to 8 m thick) at depth towards the end of the hole, sandwiched between much finer 

grained sand layers (Images Resources drill log data). Clayey sand strata do occur intermittently across 

a drill line at varying depths, and mostly range from very fine to fine to medium grained. Less commonly 

clay strata of fine grain size do occur, and at one of two depths, either relatively shallow varying 

between 12 to 22 m bgl, or at greater depth varying between 62 to 66 m bgl (e.g. compare Figure 5-3 

to Figure 5-7).  

The groundwater properties have yet to be fully defined in terms of aquifer transmissivity and yields, 

though from supplied drill logs it appears both may likely be low. The regional groundwater salinity 

contours indicate that within the Project area the groundwater is fresh (sensu Hammer (1986)), ranging 

from 700 to 1,700 µS/cm (Figure 5-9). The regional depth to groundwater contours during the early rain 

season range from around 6 to 8 m bgl in the northern part of the Project area, becoming slightly 

deeper, 8 to 10 m bgl to the south, with isolated pockets of 12 to 14 m bgl (Figure 5-10). The standing 

water levels shown in Figure 5-3 to Figure 5-8 may be misleading as are based on when ‘wet’ substrate 

was logged and did not include ‘moist’ substrate. In some cases (e.g., drill holes IM00001 to IM00004 in 

Figure 5-7) the SWL is shown as low as 40 to 50 m bgl, yet moist substrate was logged for most of the 

above lithology beginning from 6 to 8 m bgl.  
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Figure 5-2: Bidaminna Mineral Sands Project exploration drill lines. Lithologies of holes on Section lines figured below (adapted from Images Resources data). 
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Figure 5-3: Section 1 drill hole lithologies, heavy mineral sand strands, and standing water levels (adapted from Images Resources data).  
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Figure 5-4: Section 2 drill hole lithologies, heavy mineral sand strands, and standing water levels (adapted from Images Resources data).  
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Figure 5-5: Section 5 drill hole lithologies, heavy mineral sand strands, and standing water levels (adapted from Images Resources data).  
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Figure 5-6: Section 10 drill hole lithologies, heavy mineral sand strands, and standing water levels (adapted from Images Resources data). 
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Figure 5-7: Section 13 drill hole lithologies, heavy mineral sand strands, and standing water levels (adapted from Images Resources data). 
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Figure 5-8: Section 15 drill hole lithologies, heavy mineral sand strands, and standing water levels (adapted from Images Resources data). 
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Figure 5-9: Surficial Aquifer system salinity level contours (Source MWES Consulting (2021a).  
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Figure 5-10: Depth to groundwater early rain season (Source MWES Consulting (2021a). 
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6 Discussion 
The SWA2 sub-region has not been extensively sampled for subterranean fauna compared to the 

Pilbara or northern Yilgarn regions and no doubt further sampling of prospective habitats will collect 

more subterranean species. The subterranean fauna assemblages are not likely to be as diverse 

relative to the Pilbara and northern Yilgarn due to the comparatively much younger geology of the 

SWA2 sub- region, meaning a considerably shorter timeframe for the colonisation, evolution, and 

divergence process to unfold within suitable habitats.  

The survey work to date has shown that the karstic areas of Tamala Limestone represent the most 

prospective habitat for stygofauna and troglofauna. The Bassendean Sand and Guildford Clays are not 

considered prospective habitat due to the lack of interstitial space within the sand and clay geologies 

required for sufficient habitat connectivity and resource exchange to enable colonisation and 

persistence of subterranean fauna. Key factors influencing subterranean fauna persistence and 

distribution is the presence of extensive interconnected porosity within suitable geological and 

hydrogeological units that are in connection with adequate hydrological regimes to ensure pathways 

for the infiltration (vertical and/ or lateral) of resources such as oxygen and nutrients (Humphreys 2008, 

Sacco et al. 2019, Saccò et al. 2022, Strayer 1994).   

The stygofauna assemblage recorded from the Brockman River and Marbling Brook drainage systems 

did demonstrate that surficial aquifer systems connected to coarse alluvial/colluvial and fractured rock 

strata with sufficient intensity of hydrological exchange can provide prospective stygofauna habitat 

within SWA2 associated river systems (Schmidt et al. 2007). The Moore River, like other river systems that 

flow from off or beyond the Darling Scarp, may likely be associated with similar prospective habitat 

further up-catchment prior to the river reaching the floodplains on the coastal plain where the 

deposition of much finer silts and clays may likely greatly reduce the occurrence of prospective 

habitat. Stygofauna have been shown to be more diverse and display a preference for coarser sand or 

gravel sediment, with larger stygofauna (e.g., amphipods and bathynellaceans) unable to contend 

with fine silt or clay sediment (Korbel and Hose 2015, Korbel et al. 2019). 

7 Conclusion 
The subterranean fauna desktop assessment has indicated that the Bidaminna Mineral Sands Project 

area is highly likely not to provide prospective habitat for subterranean fauna. The findings indicate that 

stygofauna and troglofauna do not represent an environmental factor for future regulatory approvals 

of the Project in accordance with EPA (2021b). Therefore, no further stygofauna or troglofauna 

assessment is considered necessary to provide further information on the subterranean fauna values of 

the Project area. 

The overall findings of this review indicate that the proposed development of the Project will meet the 

relevant EPA objectives in that the proposal does not pose a threat to maintaining the biological 

diversity and ecological integrity of subterranean fauna. 
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9 Glossary 
 

alluvium / alluvial – sediment deposited by a stream or river 

aquifer – a body of permeable rock or sediment capable of storing groundwater 

calcrete – carbonate deposits that form in arid environments, as a result of groundwater evaporation 

dissolved oxygen – a measure of the amount of gaseous oxygen dissolved in a solution; oxic = > 3 mg/L; 

dysoxic = 0.3 to 3.0 mg/L; suboxic = < 0.3 mg/L  levels 

diversity – a combination of species richness and abundance 

electrical conductivity – an estimate of the total dissolved salts in a solution, or salinity 

endemic – having a distribution restricted to a particular geographic region 

epigean – pertaining to the surface zone 

groundwater – water occurring below the ground surface 

habitat – an ecological or environmental area that is inhabited by a particular animal or plant species 

hypogean – pertaining to the subterranean zone 

hyporheic zone – spatially fluctuating ecotone within the bed of a river or stream between surface and 

groundwater.  Considered important component of groundwater ecosystems and involved in the 

‘interstitial highway’, forming hyporheic corridor linking associated aquifers.   

invertebrates – animals lacking vertebrae 

karst – a region of limestone or other soluble rock, characterized by distinctive features such as caves, 

caverns, sinkholes, underground streams and springs 

lineage – a group of organisms related by descent from a common ancestor 

molecular – pertaining to the genetic characteristics of an organism or group  

morphology – the specific form and structure of an organism or taxon 

morphospecies – a general grouping of organisms that share similar morphological traits, but is not 

necessarily defined by a formal taxonomic rank  

palaeoriver, palaeochannel, palaeodrainage – a remnant of a stream or river channel cut in older rock 

and filled by the sediments of younger overlying rock 

pH – a measure of the hydrogen ion concentration of a soil or solution (values below pH of 6.5 are 

‘acidic’, and those above pH 7.5 are ‘alkaline’) 

relictual – having survived as a remnant  

salinity – the concentration of all dissolved salts in a solution. The salinity level classification sensu 

Hammer (1986): freshwater = salinity less than 5 mS/cm (3 ppt);  hyposaline = salinity ranging from 5─30 

mS/cm (3─20 ppt);  mesosaline = salinity ranging from 30─70 mS/cm (20─50 ppt);  hypersaline = salinity 

equal to or greater than 70 mS/cm (50 ppt) 

species – a formal taxonomic unit defining a group or population of organisms that share distinctive 

characters or traits, are reproductively viable and/or are otherwise identifiable as a related group 

species richness – the number of species present in a particular habitat, ecosystem or region 

species accumulation curve – a model used to estimate species diversity or richness 

standing water level (SWL) – the depth to groundwater from a particular reference point (e.g. in a 

monitoring bore) 

stygal – pertaining to groundwater habitat or biota  

stygobite – an obligate aquatic species of groundwater habitats 
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stygobiont – another term used to describe obligate inhabitants of groundwater systems  

stygofauna – a general term for aquatic groundwater fauna 

stygophile – an aquatic species that temporarily or permanently inhabits groundwater habitats 

stygoxene – an aquatic species that has no fixed affinity with groundwater habitats, but may 

nonetheless occur in groundwater habitats 

sympatry / sympatric – two or more species that are considered to exist in the same or overlapping 

geographic area and may regularly interact with, or encounter, each another (without interbreeding) 

taxon (singular), taxa (plural) – an identifiable group of organisms, usually based on a known or inferred 

relationship or a shared set of distinctive characteristics 

troglobite – an obligate terrestrial species of subterranean habitats 

troglofauna – a general term for terrestrial subterranean fauna  

troglomorphic features – morphological characteristics resulting from an adaptation to subterranean 

habitats (e.g. a reduction in pigment)  

troglophile – a terrestrial species that temporarily or permanently inhabits subterranean habitats 

trogloxene – a terrestrial species that has no fixed affinity with subterranean habitats, but may 

nonetheless occur in subterranean habitats 

vug / void – a pore space in the rock or stratum 

 


