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1. INTRODUCTION 

Atlas Iron Pty Ltd (Atlas Iron) commissioned Biologic Environmental Survey (Biologic) to create a three-dimensional 

(3D) model of the geological and hydrogeological habitats for subterranean fauna at the McPhee Creek Iron Ore Project 

(the Project) (Figure 1.1). This memo provides the methods of 3D modelling using Leapfrog® Geo software and resulting 

assessment of subterranean fauna habitat suitability, extent, thickness, and connectivity. The subterranean fauna 

sampling undertaken in the Study Area indicated that troglofaunal values were at greater risk from the proposed 

development than stygofauna. Therefore, the 3D model focused on assessment of troglofauna habitat above water table 

(AWT) rather than stygofauna habitat (below water table, BWT). 

1.1 Rationale 

The knowledge gap analysis and desktop assessment (Biologic 2019a, 2019b) identified three major areas for 

improvement regarding habitat assessment for subterranean fauna at McPhee, namely: 

• Improving the characterization of habitat suitability, extent, and connectivity relative to pits and groundwater 

drawdown impacts. This includes improving the scale of resolution of habitat assessment/ modelling 

corresponding to depth, changes of geology, or geological unconformity.  

• Further investigation of depth to groundwater for troglofauna habitats in the Main Range, leading to a more 

precise assessment of potential impacts of groundwater drawdown (indirect impacts to troglofaunal); and 

• Providing a more detailed 3D understanding of habitat extent and connectivity to validate the proposed ‘physical 

surrogate’ approach to inferring species’ potential wider distributions. 

In addition to these findings, Biologic was requested to expand the geological model to include Crescent Moon to the 

east of the Main Range prospect and evaluate the habitat potential of that area. 

Habitat modelling in 3D, in combination with GIS mapping, provides the ability to assess broad-scale connectivity and 

the wider extent of suitable habitats beyond proposed impact areas (contingent upon available information). Finer scale 

habitat features can also be shown in relation to factors influencing the occurrence of subterranean fauna. For example, 

depth from surface, depth of water table, specific geological features (such as faults, dykes, and unconformities), all in 

relation to the recorded occurrence of fauna species and the location and extent of impact areas.  

Using the information collected from drilling log data and other geological/ hydrogeological information, habitat is 

characterized into High/ Medium/ Low classifications based mainly on the porosity, occurrence of cavities, and the 

degree of fracturing and weathering of the rock.  The potential loss and retention of zones of suitable habitat (in 3D, 

across multiple strata) are then able to be quantified using volumetric calculations. By applying constraints to the model 

at habitat boundaries such as dykes, faults, or water tables, as well as impact boundaries such as pit boundaries and 

groundwater drawdown cones-of-depression, the amount of suitable habitat left in-situ can be tested against multiple 

impact scenarios. 

At the time of writing, industry best practice methods and the most up to date geological and hydrogeological data were 

used to inform the modelling and habitat assessment; however, predictions outlined in this document may change as 

more information becomes available and modelling methods are further refined.  
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Figure 1.1: Location and indicative layout of the Study Area. 
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2. METHODS 

The 3D habitat modelling using Leapfrog® Geo v6.0.5 complements the habitat assessment completed during desktop 

assessment, by providing a stronger basis for interpolation and extrapolation of habitat occurrence within the modelling 

area.  

Leapfrog® Geo creates a 3D geological model based on drill-hole logging data (representing geological codes, 

geospatial data, angle/ trace of drilling, and depth information) by implicitly connecting data points of the same geological 

types/ formations in 3D space. Drill log data from reverse circulation and diamond core drill holes throughout the Study 

Area was compiled into a database in Microsoft Excel®. The drill log data was codified (using consistent standardized 

codes/ terminology across all drilling campaigns) to indicate stratigraphic units (strands) which were simplified into 

‘strand’ groups (Table 2.2).  

Strand groups were used to form 3D surfaces or meshes of stratigraphic layers, including erosional layers, depositional 

layers, and faults/ unconformities. Other relevant information such as the inferred groundwater table, topographical 

surface, model boundary (extent of confidence), extent of proposed pits, extent of groundwater drawdown, and bores/ 

drill holes collar, angle and depth data was incorporated to enable habitat assessment/ impact assessment relevant to 

subterranean fauna. Scenes from the Leapfrog® Geo model were then exported to Leapfrog® Viewer 5.0 for 

presentation. 

The assessment of habitat suitability (at the strand level) was based upon the following criteria relating to geological 

and geomorphological characteristics that are known to provide habitat for subterranean fauna: 

• Presence or likelihood of subterranean voids, cavities, cracks, fractures – as indicated by drill logs, bore log profiles, 

and diamond cores 

• Permeability and/ or secondary weathering (indicated by mineralization and weathering information) 

• Knowledge of geological units known to support subterranean fauna, based on local and regional sampling 

information, and experience in similar geological settings 

• Depth from surface and depth to water table. 

The resulting 3D stratigraphic model was limited to the area within and immediately surrounding the locations of bores 

and drill holes, comprising an approximate 500m buffer around the outside of the drilled area. This 500m buffer 

represents the area of high confidence in the modelling of habitat suitability. It is not suggested that suitable habitat 

ceases to occur beyond the extent of modelling; but the limits to current drilling and geological information make any 

inferences of suitable habitat beyond this high confidence zone unable to be verified by 3D data (or sampling).  

2.1 Habitat Characterisation - Stratigraphy 

A geological dataset was constructed using stratigraphic or hydrogeological units derived from Atlas Iron drilling data, 

hydrogeological and resource reports (Atlas Iron, 2013) (Figure 2.1, Table 2.1). In consultation with Atlas Iron’s 

geologists, strand codes were consolidated and simplified over the entire Study Area and validated against diamond 

cores and subterranean fauna sampling information. provides the final summary of applicable lithologies and codes. 
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Figure 2.1: Schematic Stratigraphy of McPhee Iron Ore Deposit (Atlas Iron, 
2013). 

 

Table 2.1: Summary of simplified Atlas strand and geozone coding for modelling purposes. 

Lithology Strand (logging code) 
Stratigraphic Subunit 

Code 

GEOZONE 

WASTE MIN HYD 

Pisolith mp10, pis Czrf 110 210 510 

Shale (Crescent Moon) shl  101 - - 

Upper BIF mp7, ubif  107 207 507 

Chert mp6, cht MC7/MC8 106 - - 

Lower BIF mp2, lbif MC6 102 202 507 

Carb Shale mp1, shl MC2/(MC3/MC4/MC5) 101 - - 

Quartzite  fqz MC1 100 - - 

Basement war  - - - 
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The stratigraphic data was compared to the surface geological map sheets for Nullagine from the Geological Survey of 

Western Australia (GSWA 1:100,000 map series) (Bagas, 2005), to understand the regional context of the Study Area, 

incorporate important faults and linear structures, and extend the model beyond the Main Range towards the Crescent 

Moon deposit area.  

Due to poor data availability at depth, the shale unit underlying pisolith at Crescent Moon, could not be confidently 

associated to the stratigraphy of the Nullagine map sheet. The Atlas Iron (2013) resource report interpretation that the 

shales are of ‘the Corboy Formation’ was not adopted in this interpretation and so have been marked as ‘undefined 

shale’. Instead, the shales have been interpreted to occur between the Archean and Phanerozoic units, as part of the 

Archean basement but as this is based only on a single deep drillhole this unit requires further geological analysis. An 

additional stratigraphic code (war) was introduced to represent the basement geology of the Crescent Moon region east 

of the Main Range fault, as indicated on the Nullagine map sheet.  

Stratigraphic units (strands) were further characterized by applying weathering zonation (HW, MW, SW, FR) and 

mineralization classifications known as ‘geozones’ (waste, mineralized, hydrated mineralized) (Table 2.2). These 

categories were also assessed in terms of High/ Med/ Low habitat suitability for subterranean fauna (Table 2.3). 

Integration of fauna records from sampling showed that both the High and Medium suitability habitat zones could be 

considered prospective for troglofauna within the Study Area. Table 2.4 shows the derived habitat characteristics that 

were applied to all strands in the Study Area.  

Other geological/ hydrogeological features that influenced the interpretation of habitat suitability are described in detail 

in Section 2.2.  
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Table 2.2: Habitat characterization (HW: Highly Weathered, MW: Moderately Weathered, SW: Slightly Weathered, FR: Fresh Rock). 

Strand Lithology 
Strand 
Group 

Habitat Characterization 

Default (no 
weathering data) 

Weathering 

  High Med Slight Fresh 

pis Pisolith pis Habitat High High Med Med 

shl Shale shl Non-Habitat Low Low Low Low 

ubif Upper BIF mp7 Habitat High High Med Med 

cht Chert mp6 Habitat High High Med Low 

lbif Lower BIF mp2 Habitat High High Med Med 

mp1 Carb Shale mp1 Non-Habitat Low Low Low Low 

fqz Basement: Quartzite  fqz Non-Habitat Low Low Low Low 

war Basement: greenstone war Unknown  Low Low Low Low 

 

Table 2.3. Suitability rankings for subterranean fauna habitat. 

Habitat 
suitability 
rank 

Typical geological characteristics Subterranean fauna occurrence (within context of sampling) 

Low 
Impermeable, or very low permeability. Devoid of open 
fractures, secondary porosity, or cavities 

No evidence or very little evidence of fauna occurrence within this 
geology, in similar contexts  

Medium 
May feature cavities, fractures, or porosity under some 
circumstances, or to a limited extent.  

There is some evidence of subterranean fauna occurring in similar 
contexts, but not in all circumstances where this unit occurs. 
Assemblages not expected to be rich or abundant. 

High 
Often features caves/ cavities, fractures and/or 
secondary porosity or permeability, forming a well-
developed network of interconnected voids 

Sampling throughout the region frequently detects rich and diverse 
subterranean fauna assemblages, almost always considered to be a key 
habitat for subterranean species.    
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Table 2.4: Stratigraphy of the Study Area (based on descriptions from GSWA 100,000 Nullagine map sheet (Bagas, 2005) and Atlas Iron (2013) Hydrogeology report). 

Stratigraphic 
unit 

(Strand) 

Geological 
Group 

(subgroups) 

Sub-
Unit 

Thickness 
(m) 

Physical Characteristics Hydrogeological Characteristics 

Quaternary      

Colluvium 

 

Czc 0-10 Colluvium/scree on hill flanks. Thin discontinuous deposits. Unsaturated in the project area. 
Higher rates of groundwater recharge. 

Phanerozoic      

Pisolith (pis) 

 

Czrf 0-30 Ferruginous duricrust; includes massive, pisolitic, and nodular 
laterite, including some transported material 

Thin discontinuous deposits. Unsaturated in the project area. 
Higher rates of groundwater recharge. 

undefined      

Shale (shl) 

  

up to 250 Underlies pisolith mesas at Crescent Moon. Not well correlated to 
other stratigraphy. Highly weathered clay -rich 

Considered to be an aquitard, clays, and shales 

Archean Gorge Creek     

Upper BIF 

(ubif, mp7) 

Paddy Market 
Formation 

MC7 
MC8 

80-100 BIF: hard to moderate goethite with high iron and high 
phosphorous 

Partially saturated. Similar characteristics to Lower BIF. 

Chert Zone 

(cht, mp6) 

Paddy Market 
Formation 

MC6 10-20 Chert horizon - highly siliceous, marker bed between BIF units Moderate bore yields. Where fractured primary and secondary 
porosity improves hydraulic conductivity. Slightly higher specific 
yield 

Lower BIF 

(lbif, mp2) 

Paddy Market 
Formation 

MC2 
MC3 
MC4 
MC5 

55-90 BIF: (MC2) hard hematite – goethite mineralization, low 
phosphorous (MC3) interbedded with shales, friable goethitic, mod 
phosphorous (MC4) shale - high Al (MC5) hard goethite, low-med 
grade, high phosphorus 

Moderate bore yields. Where fractured primary and secondary 
porosity improves hydraulic conductivity. Highly permeable 
unconfined aquifer system. Bounded laterally and at depth by low 
permeability shale unit 

Shale 

(mp1) 

Paddy Market 
Formation 

MC1 80-170 Distinctive black, fissile shale. Carbonaceous, sulphidic with strong 
geophysical signature 

Yields generally very poor. Considered to be an aquitard 

Basement 
Quartzite 

(fqz) 

Corboy 
Formation 

 

unknown Quartz sandstone, fuchsitic quartz sandstone, banded chert, 
sandstone, basal cobble to pebble polymictic conglomerate; 
weakly metamorphosed. 

Assumed to be impermeable. 

Archean Warrawoona     

Greenstone  

(war) 

Undefined 

 

unknown felsic and basaltic volcaniclastics, forms Basement to the Crescent 
Moon region 

Undefined 
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2.2 Stratigraphic and Component Description 

The following detailed stratigraphic descriptions can be viewed in Appendices 1 and 2 where the full series of cross 

sections and long sections showing the extent of 3D habitat modelling at the Study Area. Colours [ ] refer to the 

stratigraphic representation as shown in Figure 1.1. 

MP1 Shale [orange] – ‘MC1 footwall shale’  

MP1 Shale is described as fissile, carbonaceous, sulphatic shales occurring at the base of the Paddy Market Formation. 

Black Shales are typically very low in permeability (due to a lack of aperture), thus habitat suitability for subterranean 

fauna is Low. Shale layers often form impermeable barriers for groundwater flow and may form habitat barriers affecting 

subterranean fauna dispersal. Shales also typically weather to fine clays rather than forming cavities, therefore it is 

uncertain whether suitability would be increased even when weathered. It is difficult to confirm whether any of the current 

subterranean fauna records have been sampled from this layer, as it underlies most of the other units in the Main Range 

and more highly prospective stratigraphic units occur above it. Nevertheless, based on current information and prior 

knowledge of other similar geological settings, it can be assumed to be less suitable for supporting subterranean fauna 

than the other layers.  

MP2 Lower BIF [dark blue] – ‘MC2 (MC3/MC4/MC5) BIF’  

Banded Iron Formations (BIF) are known to provide suitable subterranean fauna habitat where sufficiently fractured or 

porous due to secondary weathering/ supergene enrichment processes. In the current stratigraphy, troglofauna habitat 

within the Lower BIF (evident from the number of sites within this unit that recorded troglofauna) is likely to be supported 

by fracturing. Such habitats can be highly suitable where fractures are well developed and interconnected (often nearer 

to the surface, or around faults/ shear zones), to medium or lower suitability where fractures are less common or mainly 

fresh rock occurs. This interpretation of habitat suitability is reflected in the consideration of weathering profiles (Table 

2.2) This layer generally forms a syncline in cross section, which is likely to provide Medium to High suitability habitat in 

both of its near-surface portions at least. It also hosts primary and hydrated mineralization zones throughout the western 

part of the Main Range, which are highly porous to cavernous, and are likely to be highly suitable for subterranean 

fauna. 

MP6 Chert [green] – ‘MC6 Chert horizon’  

MP6 Chert can be seen as a band of highly siliceous chert which runs throughout the Main Range, between the two BIF 

bands. This chert appears to be subject to the same weathering/ fracturing processes that produce suitable 

subterranean habitats in the BIF, although it tends not to be enriched/ mineralized. This unit would be expected to have 

High to Low suitability for subterranean fauna, depending upon the extent and connectivity of fractures versus massive/ 

fresh rock. Owing to the relative continuity of this chert horizon and its position between the Lower BIF, and Upper BIF, 

the occurrence of most troglofauna species throughout both BIF layers suggests that the chert does not provide a barrier 

to species dispersal in the Main Range. 

MP7 Upper BIF [light blue] – ‘MC7 goethitic BIF’ (Table 1) 

As above for the Lower BIF, the MP7 Upper BIF strand is considered to range from High to Medium suitability depending 

on the frequency and interconnectedness of fractures/ weathered zones. This unit occurs high in the centre of the profile 

along the Main Range (i.e., mainly close to the surface, and highly prone to weathering and fracturing). Frequent pods 
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of primary and hydrated mineralization indicate highly suitable porous or cavernous habitat occurring throughout this 

layer. Many of the troglofauna collected to date are from holes which pass through this formation. 

Min 2 [gold] – Primary Mineralization 

The Min 2 (Primary Mineralization) refers to pods or pockets of high mineralization within the Upper and Lower BIF 

rather than a stratigraphic layer in its own right. It is the ‘MIN’ geozone classification prefixed by 2 in Table 2.1. 

Mineralization is typically produced via secondary weathering, which correlates to High subterranean fauna habitat 

suitability via increased aperture spaces from fractures, vugs, and cavities. This unit and the associated Hydrated 

Mineralization unit (see below) are spatially correlated with the occurrence of troglofauna species detected to date along 

the Main Range and at Avon West.  

Min 5 [red] – Hydrated Mineralization  

The upper portion of the Primary mineralization pods appears to be the location of the Hydrated Mineralization unit, 

which indicates the zone of highest secondary weathering/ supergene enrichment, and hence high subterranean habitat 

suitability. The geozone classification ‘HYD’ is prefixed by 5 in Table 2.1. 

‘pis’ Pisolith [dark red-brown] -Czrf 

Ferruginous duricrust that includes massive, pisolitic, and nodular lateritic ironstone with some transported detrital 

material (Czrf). These units form as exposed lenses on underlying dissected bedrock. Ferricrete deposits can be several 

metres thick, particularly occurring atop of ferruginous shale. The ferricrete grades downward into leached and 

kaolinized deeply weathered rock. Secondary weathering processes create interconnected networks of pore spaces, 

vugs, cavities, and caverns within pisolith deposits, and these are known regionally and locally to be highly prospective 

habitats for subterranean fauna. As a result, this strand is rated as High to Medium suitability. 

shl- undefined Shale unit [orange-brown] 

The modelled shale unit underlies the pisolith unit defined above. At present there is no correlation to existing regional 

stratigraphy and very little information for habitat assessment of this unit. Logging descriptions include highly weathered 

clay and shale. The maximum depth extent of the unit appears to be 250 mbgl (albeit from a single drill hole) and there 

does not appear to be contact with the underlying Warrawoona Group. It is possible the shale may be related to Corboy 

Formation as suggested by Atlas, or the Budjan Creek Formation which unconformably overlies the Warrawoona or 

relict paleochannel sediments, silts and shales that form remnant mesas below the endurated pisolith duricrust. Based 

on the limited current information and prior knowledge of other similar geological settings, it can be assumed to be Low 

suitability. 

war – Warrawoona Group [dark green] 

The Warrawoona Group is the inferred basement rocks to the east of the modelled Eastbound fault. They are Archean 

volcano-clastics of various compositions from felsic volcanoclastics to mafic basalts and ultramafic units. This unit has 

not been modelled to stratigraphy but is used as a basement to the shale and pisolith units in the Crescent Moon Project 

area. Based on the limited current information available, this unit is of uncertain suitability for subterranean fauna. 

Fault Structures [black]  

Several major faults crosscut the Study Area, with three faults considered significant for the geological interpretation: 

the Eastbound fault, West fault, and MP1 fault.  
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The Eastbound Fault runs northeast to southwest and is a major unconformity that bounds the eastern side of the Sandy 

Creek Syncline and divides the Gorge Creek Sequence from the older Warrawoona Group to the east.  

It is uncertain whether the Eastbound fault provides a barrier for dispersal of subterranean species. Nevertheless, this 

fault coincides with a major change in geology - i.e., it forms the boundary between the Gorge Creek sequence to the 

west and the Warrawoona Group sequence to the east. To the west of this fault, the habitat prospectivity for 

subterranean fauna is contained within the Main Range BIF, chert, and mineralized zones; while to the east, the 

volcaniclastic basement rocks are mainly unsampled and poorly characterized, while suitable habitats are known to 

occur within the pisolith at Crescent Moon. For this reason, there appears to be a disconnect of potentially suitable 

habitat strata in the area of the Eastbound fault, although it is not certain whether this is a barrier for all subterranean 

species.  

The West Fault runs northwest to southeast and is inferred to separate the Main Range from Avon West. This fault was 

interpolated from regional 100k Nullagine map sheet (GSWA 2008 linear structures) and demonstrates a significant 

water level change in elevation of approx. 37m.  

The MP1 fault, a shorter but well-defined fault, runs east-west through the Avon pit area, between Avon and Murray 

Pits, and then turning to align with the main strike of the range, between Avon and Avon West.  

The occurrence of many shared species of troglofauna between Avon, Murray, and Avon West indicates that the faults 

within the Main Range (the West fault and MP1 fault) do not form impenetrable barriers for troglofauna species or habitat 

continuity between the suitable habitat layers within the Main Range. 

Water table [light blue]  

The groundwater table at the Main Range is inferred to occur at approximately 45-60m mbgl, whereas at Avon West 

the water table is approx. 37m higher on average. This was identified in the drillhole resistivity values and led to the 

inclusion of the West Fault in the model to separate the two water tables. A merged mesh was created using both water 

tables and applied to the model. The implications of the variation in modelled water tables was assumed to be significant 

for troglofauna habitat thickness and volumetric calculations but not to the continuity of the aquifer.  

2.3 Modelling 

The bore and drill hole information at each depth interval was imported to Leapfrog Geo to derive 3D shapes for each 

habitat suitability category using the ‘vein’ modelling function. Leapfrog Geo generated 3D shapes by spatially linking 

the occurrence of the same codes together in three-dimensional space throughout the modelling boundary, to create 

surfaces. Data processing settings in Leapfrog® Geo included data snapping to ‘all data, ‘pinch outs’ function was 

enabled, ‘boundary filter’ was disabled, and resolution block size was 20m 

Veins were created for all three habitat suitability categories (High, Medium, Low). Structural elements such as faults, 

topography, and surface features (as lines and points) were incorporated. It should be noted that the lower habitat 

suitability veins were not included in the final visual output of the model, to focus attention on the higher suitability (‘High’ 

and ‘Medium’) habitat volumes. 

2.4 Impact scenarios 

Impacts to the higher suitability habitat volumes were modelled by removing habitat volumes within the respective pit 

shells under two scenarios representing different points in time: 
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1. ‘pre-mining’ (no habitat/ strata removed); and 

2. ‘proposed’ (AWT habitat/ strata removed within proposed mining pits) – used for troglofauna impact 

assessment.  

Any habitat modelled below water table (BWT) was excluded from the assessment as this was interpreted to be 

unavailable for troglofauna due to the water table. Any strata modelled as ‘Low suitability’ was excluded from the 

volumetric calculations as a conservative estimation measure to ensure that the focus of the assessment (and the 

volumes of habitat remaining in-situ) was on the most suitable habitat types (High and Medium).  

The resulting 3D volumes were then exported as 2D thickness grids with High and Medium suitability habitat combined, 

under both pre-mining, and proposed scenarios. The thickness grids were mapped as raster elevation grids in ArcGIS, 

with colour gradients representing the thickness of suitable habitat (High and Medium combined) in both the pre-mining, 

and proposed scenarios. 

2.5 Modelling boundaries 

Two spatial thresholds were applied to limit the extent of habitat modelling to a conservative confidence boundary. A 

500 m radial boundary was enforced around the location of each drill hole to limit modelling extrapolation/ interpolation 

to a reasonable distance from each drilling data point. This boundary was chosen based upon geological continuity over 

the Study Area.   

Additionally, a 1 m minimum thickness limit was applied so that any areas with habitat that was <1 m thick (considered 

potentially less viable for long-term persistence of subterranean fauna) was clipped and excluded from the 2D thickness 

grids.  

2.6 Conservative estimation 

Multiple strategies were employed to ensure the volumetric calculations were based on conservative estimates: 

1. Characterization of habitat suitability within three categories (High, Medium, Low) where reasonably certain, 

and a separate category where Uncertain (basement units of fqz and war). This system allows for a more 

nuanced interpretation of habitat suitability based on regional sampling results and experience, rather absolute 

categories (habitat/ not habitat);  

a. Sampling results in the Study Area and in similar geologies throughout the region were included in the 

decision making for the ‘High’ and ‘Medium’ categories, based on best available knowledge 

2. Resolution of the modelling blocks set to 20m – to provide a degree of precision 

3. Limiting extrapolation of vein shapes to 500m radius from drilling data points (as discussed in Section 2.5). 

2.7 Constraints and Limitations 

The assessment of habitat suitability and the resulting modelling was limited to physical characteristics of the lithology 

and whether regional sampling had encountered the various stratigraphic units before.  

Although changes in the physical structure of the rock are apparent from cores and drilling information, it is often difficult 

to confirm which lithologies AWT are the source of troglofauna specimens.  This is due to the inherent limitations of the 

sampling methodology in that drill holes may intercept several different strata (i.e., unable to determine from which strata 

the troglofauna were collected from during a scrape sample) and troglofauna may use drill holes to move between 

different layers in the profile. It is also difficult to confidently exclude various lithologies as unsuitable habitat, as faulting 
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may create cracks and fissures in rocks that would otherwise be considered Low suitability for troglofauna. As such, the 

High and Medium certain habitats modelled via this method represent a conservative underestimate of the wider 

potential troglofauna habitat suitability. 

Due to the spatial layout of drilling data points and the level of precision and accuracy this provides in 3D, it is not 

possible to precisely represent the occurrence, extent, and connectivity of individual voids that may provide habitat for 

subterranean fauna. Local scale variability is likely to occur within the modelled habitat areas, which could affect the 

ability of subterranean species to disperse or occur throughout the modelled habitat. Where known, structural influences 

such as faults and shear zones, and potential barriers such as dykes and sills, were integrated into the model to aid the 

interpretation of habitat connectivity, at scales relevant to potential impacts. Nevertheless, the ability of the modelling to 

show fine scale habitat interconnectivity or heterogeneity is limited by the drill hole data interval (minimum 50 m) and 

the modelling block size (20 m).  

At the landscape scale, the modelled extent of the High and Medium habitats is conceptualized as the potential 

maximum area of connected habitat within the modelling boundary. This is likely to represent the potentially available 

extent of habitat for some species of subterranean fauna (within the modelling boundary), but not for all species of 

subterranean fauna, as discussed below. 

Other potentially important variables beyond the scope of the current modelling may influence the extent of habitat 

available for (or occupied by) particular subterranean species. Such factors were not able to be incorporated into the 

current modelling; including but not limited to:  

• infiltration rates and flow paths of water from the surface (delivering nutrients and dissolved oxygen)  

• geochemical characteristics of the rock and hydrogeochemical characteristics of the groundwater 

• groundwater physicochemical characteristics (particularly dissolved oxygen, salinity, and pH, for stygofauna) 

• Biological factors such as vegetation roots providing nutrient sources 

• Complex ecological influences on biogeography such as competition for resources and habitat niches, trophic 

interactions, dispersal and breeding strategies, differential colonization of subterranean habitats, and 

evolutionary history.  
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3. MAJOR FINDINGS  

The 3D modelling has vastly improved the ability to visualize the wider extent and connectivity of subterranean habitats 

relative to the locations of subterranean fauna records and potential impact zones/areas. The modelling shows:  

• Widespread connectivity of suitable habitat in the Main Range and Avon West: The wider connectivity between 

layers of High suitability (primary and hydrated mineralization) and Medium to High suitability (Upper BIF and 

Lower BIF, and potentially Chert) is shown throughout the Main Range and Avon West. 

• Geological structures: slight unconformities occurring around the Westbound fault and MP1 fault (between the 

Avon and Murray Pits and Avon West) are apparent, but this does not appear to completely separate potentially 

suitable habitat strata in these areas. The model shows that there are pathways for dispersal for troglofauna 

throughout this area (as shown by interconnected BIF layers and mineralized pods), which supports the findings 

from sampling that the troglofauna communities of the Main Range and Avon West are highly similar or shared.  

• Broad suitable habitat remains in-situ after mining in the Main Range: a reasonably high proportion of the pre-

mining habitat is modelled to remain intact throughout the Main Range (surrounding the proposed pits) and at 

Avon West which is beyond impacts. These areas are expected to provide suitable refugial habitats for 

troglofauna species affected by the proposed mining in the Main Range pits. 

• Thinner suitable habitat remains in-situ after mining at Crescent Moon: a lower proportion of the pre-mining 

habitat is modelled at Crescent Moon below the proposed pit. The suitable pisolith habitat remaining in-situ is 

very thin beneath the pit floor (averaging approximately 6 m thick) and the shales below the pisolith are unlikely 

to provide suitable troglofauna habitat. It is uncertain whether the volume of suitable pisolith habitat remaining, 

and its shape and form (due to the potential impacts of desiccation) will be sufficient to provide suitable refugial 

habitats for troglofauna species affected by the proposed mining. 

o Potentially suitable pisolith habitat has been modelled within several other small hills to the west of 

Crescent Moon. These areas have not been sampled for subterranean fauna to date, and it remains 

uncertain whether the same or different species of troglofauna could occur.  
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4. CROSS SECTIONS OF SUBTERRANEAN STRATIGRAPHIC MODELLING AT MCPHEE CREEK 

 

Figure 4.1: Angled View, Stratigraphic Model extent - 500m boundary application – with faults (black). 
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Figure 4.2: Cross section, Stratigraphic Model at Avon Pit and Avon West. 
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Figure 4.3: Cross section, Stratigraphic Model at Murray Pit and Avon West. 
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Figure 4.4: Cross section, Stratigraphic Model at Murray Pit and Crescent Moon. 
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Figure 4.5: Cross section, Stratigraphic Model at Ord Pit. 
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Figure 4.6: Cross section, Stratigraphic Model extent at Ord Pit. 
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5. CROSS SECTIONS OF SUBTERRANEAN HABITAT MODELLING AT MCPHEE CREEK – PRE-MINING EXTENT 

 

Figure 5.1: Overview, habitat throughout the Main Range and Crescent Moon, pre-mining extent (High-orange, Medium-yellow, Low-blue). 
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Figure 5.2: Long section, habitat throughout the Main Range, pre-mining extent (High-orange, Medium-yellow, Low-blue). 
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Figure 5.3: Long section, habitat throughout the Main Range, pre-mining extent (High-orange, Medium-yellow, Low-blue). 
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Figure 5.4: Aerial view, habitat throughout Crescent Moon, pre-mining extent (High-orange, Medium-yellow, Low-blue). 
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Figure 5.5: Cross section, habitat throughout Crescent Moon, pre-mining extent (High-orange, Medium-yellow, Low-blue). 
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6. CROSS SECTIONS OF SUBTERRRANEAN HABITAT AT MCPHEE CREEK – POST-MINING EXTENT 

 

Figure 6.1: Overview, habitat throughout the Main Range and Crescent Moon, post-mining extent (High-orange, Medium-yellow, Low-blue), with predicted groundwater 
drawdown contours. 
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Figure 6.2: Overview, habitat extent throughout Crescent Moon, post-mining extent (High-orange, Medium-yellow, Low-blue). 
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Figure 6.3: Long section, habitat throughout the Main Range, post-mining extent (High-orange, Medium-yellow, Low-blue). 
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Figure 6.4: Long section, habitat throughout the Main Range, post-mining extent (High-orange, Medium-yellow, Low-blue). 
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