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EXECUTIVE SUMMARY
Fortescue Metals Group (Fortescue) operates the Solomon iron ore mine, which is located 60 km north
of Tom Price in the Pilbara region of Western Australia. The Solomon mine consists of two mining areas,
Kings and Firetail, and a rail spur that joins with Fortescue’s Cloudbreak-Port Hedland Railway. Kings
comprises three Channel Iron Deposits (CID) called Valley of the Queens, Valley of the Kings (previously
known as Valley of the Kings and Trinity) and Zion. Firetail comprises two areas of Bedded and Detrital
Iron Deposit (BID and DID) that are divided into Firetail North and Firetail South.
In 2001, following a Public Environmental Review (PER), the Minister for Environment issued approval
for Solomon under Ministerial Statement 862 (MS862).
Fortescue is now investigating options to expand its operations at Solomon, including expansion of the
mine footprint and the development of new borefields. Expansion of the mine footprint reflects a reevaluation of the extent of the ore resource since the PER was developed. Fortescue now proposes to
increase the area of the mine pits from the approved 3680 ha to 4493 ha. To meet a net water deficit
expected during most of the project life, two borefields are proposed: one approximately 12 km to the
north-east of Firetail and one approximately 12 km to the south-east of Kings, known as the Northern
Borefield and Southern Borefield, respectively.
This assessment of the current state of knowledge of stygofauna at Solomon had the following aims:





To identify the potential threats to stygofauna species as a result of the proposed Northern and
Southern Borefields;
To characterise the likely geographic extent of the stygofauna communities occurring, or likely
to occur, at the Northern and Southern Borefields and the aquifers in which they may occur;
To assess the risk of loss of subterranean fauna species as a result of developing the Northern
and Southern Borefields; and
To determine whether the risk to stygofauna from the proposed expansion of the mine footprint
is likely to be greater than that established at the time of the PER.

Risk to Stygofauna from Borefield Development
Moderately rich or rich stygofauna communities are expected occur within both borefields because
prospective stygofauna habitat is present in both areas and rich stygofauna communities have been
identified nearby. Furthermore, it is possible that both borefields will contain some species with small
ranges.
The likely extent of groundwater drawdown is not well defined for the Northern Borefield but it appears
possible that groundwater drawdown may have moderate to high impact on stygofauna in both the
Southern and Northern Borefields because of the large size of the areas that will impacted by
groundwater drawdown and the potential for drawdown to encompass possibly restricted habitats, such
as isolated calcrete. Based on Environmental Assessment Guideline 12 (EAG12), it appears that a Level 2
stygofauna survey is required for appropriate assessment of the risk to stygofauna from the
development of the borefields.
Risk to Stygofauna from Mine Expansion
It was previously established that there is low risk to stygofauna from development of the area of Kings
mine approved in MS862. The 7% expansion of the approved mine pits now proposed is unlikely to alter
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the risk to stygofauna at Kings mine. Hence, it is concluded that the risk to stygofauna from the
expansion around the approved mine pits at Kings is acceptable.
It is assumed that the stygofauna community at the new mine pits south of Kings on Kangeenarina Creek
has similar composition to the Kings community because the new mine pits are close to Kings, in an area
with similar geology and landscape. A moderately rich or rich stygofauna community is expected to
occur around these pits and the few samples previously collected yielded stygofauna. Given that mining
of CID below the watertable will most likely lead to significant drawdown of the aquifer within the
Kangeenarina Creek valley, the impact on stygofauna in the local area is likely to be high. In addition,
drawdown in Weelumurra and Kangeenarina creeks is likely to represent a potentially significant
increase in the cumulative impact of mining in the Solomon area. Guidelines in EAG12 recommend that
if the aquifer impact is moderate or high and the community is rich or has unknown composition, a Level
2 survey of stygofauna is required to allow an impact assessment to be completed.
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1. INTRODUCTION
Fortescue Metals Group (Fortescue) operates the Solomon iron ore mine, which is located 60 km north
of Tom Price in the Pilbara region of Western Australia (Figure 1.1). Solomon consists of two mining
areas, Kings and Firetail, and a rail spur that joins with Fortescue’s Cloudbreak-Port Hedland Railway.
Kings comprises three Channel Iron Deposits (CID) called Valley of the Queens, Valley of the Kings
(previously known as Valley of the Kings and Trinity, Subterranean Ecology [2010]) and Zion. Firetail
comprises two areas of Bedded and Detrital Iron Deposit (BID and DID) that are divided into Firetail
North and Firetail South.
Following a Public Environmental Review (PER) (FMG 2010), the Minister for Environment issued
approval for Solomon under Ministerial Statement 862 (MS862) on 20 April 2011.
MS862 reflected the EPA’s (2011) assessment of the PER. In particular, EPA (2011) concluded that:



The impacts to subterranean fauna from the railway spur and mining at Firetail were unlikely to
be significant and, thus stated, assessment would focus on the Kings mine.
Some stygofauna species had been recorded only at Kings but the EPA agreed with the
proponent’s hypothesis that the stygofauna community extended beyond the impacted CID
aquifer and the observed distributions were an artefact of sampling.

Fortescue is now investigating options to expand at operations at Solomon, including an expansion of
the mine footprint and the development of new borefields. Expansion of the mine footprint reflects a
re-evaluation of the extent of the ore resource since the PER was developed. Fortescue proposes to
increase the area of mine pits from the approved 3680 ha to 4493 ha (Figure 1.2). To meet a net water
deficit expected during the project life, two borefields are proposed: one approximately 12 km to the
north-east of Firetail and one approximately 12 km to the south-east of Kings, known as the Northern
Borefield and Southern Borefield, respectively (Figure 1.2).
This assessment of the current state of knowledge of stygofauna at Solomon had the following aims:





To identify the potential threats to stygofauna species as a result of the proposed Northern and
Southern Borefields;
To characterise the likely geographic extent of the stygofauna communities occurring, or likely
to occur, at the Northern and Southern Borefields and the aquifers in which they may occur;
To assess the risk of loss of subterranean fauna species as a result of developing the Northern
and Southern Borefields; and
To determine whether the risk to stygofauna from the proposed expansion of the mine footprint
is likely to be greater than that established at the time of the PER.
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Figure 1.1. Location of Solomon in the Pilbara.
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Figure 1.2. Proposed Solomon footprint expansion and proposed borefields.
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2. STYGOFAUNA REVIEW
2.1. Background
The Environmental Protection Authority (EPA) usually requires that the risks to subterranean fauna are
considered when assessing proposed mine developments because subterranean fauna often have very
limited ranges. Small ranges make subterranean species particularly vulnerable to extinction as a result
of anthropogenic activities (EPA 2013). About 70% of stygofauna in the Pilbara meet the criterion for
being regarded as short-range endemic (SRE) species (Eberhard et al. 2009).
While many species remain to be collected, and most species are undescribed, a considerable amount is
known about stygofauna communities in the Pilbara. Most of the information has come from an
extensive regional-scale stygofauna survey of the Pilbara that was undertaken as part of the Pilbara
Biodiversity Survey, and various surveys undertaken as part of environmental impact assessments. The
Pilbara Biodiversity Survey collected about 350 species of stygofauna and showed, through formal
extrapolation analyses, that 500-550 species are likely to occur (Eberhard et al. 2009). Given that
additional species have been found when finer taxonomic discrimination has been applied to Pilbara
Biodiversity Survey collections, the real number of species is likely to be significantly higher again (Halse
et al. 2014).
The most speciose and abundant groups of stygofauna in the Pilbara are crustaceans, although worms
are commonly collected and water mites and snails also occur. The Pilbara stygofauna is unusual
compared with most regions of the world in the dominance of ostracods (Karanovic 2007; Halse et al.
2014). Copepods are also a common and speciose group in Pilbara communities (Karanovic 2006), as
they are everywhere. The Pilbara stygofauna contains almost no water beetles, which makes it notably
different from the neighboring Yilgarn region where beetles are a dominant group (Watts and
Humphreys 2009).

2.2. Stygofauna Habitat
Stygofauna occur in an array of different groundwater habitats including porous, karstic and fracturedrock aquifers, springs and the hyporheos of streams (Eberhard et al. 2005). Calcrete and alluvium are
typically considered to be the most productive habitats for stygofauna, although mafic volcanics may
support rich stygofauna communities, stygofauna abundance in banded iron formation is usually much
less (Halse et al. 2014). Stygofauna inhabit fissures and voids in groundwater aquifers, and there is a
correlation between transmissivity and the suitability of the aquifer for stygofauna (Danielopol et al.
2003). Both lateral and vertical connectivity of fissures and voids are important. Lateral connectivity
enables animals to move about underground, while vertical connectivity through to the surface enables
recharge of carbon and nutrients to the stygofauna community.
Stygofauna have mostly been collected from fresh to brackish groundwater but they may occur in
salinities up to 50,000 mg/L TDS (Watts and Humphreys 2006; Reeves et al., 2007; Ecologia 2009). Apart
from salinity, the physicochemical tolerance of stygofauna to different groundwater parameters has
been poorly defined. It should also be noted that in the vast majority of stygofauna studies,
physicochemical parameters have been recorded in the upper metre of the aquifer, which may not
reflect the conditions experienced by stygofauna in deeper groundwater.
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3. ASSESSMENT
3.1. Habitat Characterisation
3.1.1. Project Hydrogeology
3.1.1.1. Southern Borefield
The Southern Borefield lies on an alluvial plain at the upper reaches of the South Fortescue River,
Kangeenarina Creek and Weelumurra Creek, all tributaries of the Fortescue River. The south-western
extent of the groundwater drawdown will cross into the upper reaches of Caves Creek, a tributary of the
Ashburton River (Figure 1.2).
The regional geology of the project area is dominated by the banded iron formations of the Hamersley
Group. Groundwater is shallower, and some aquifers are more transmissive, within palaeovalley
settings where once steep sided valleys incised into the bedrock are now filled with sequences of
Tertiary sediments forming groundwater reservoirs (FMG 2013; URS 2013). Areas of calcrete formed by
carbonate precipitation at old watertables occur within the Tertiary sediments. In addition to the
Tertiary sediments, the Archaean Paraburdoo Member of the Wittenoom Formation (Wittenoom
Dolomite), which underlies the Southern Borefield area, can form a significant aquifer where weathering
processes have been extensive (URS 2013). The three main aquifers in the project area are described in
further detail below, based on accounts in URS (2013):
Unconsolidated Sedimentary Aquifers
The unconsolidated sedimentary sequence contains a regional aquifer occupying the palaeovalley,
which was formed when predominantly east to west drainage exploited weaknesses in the Wittenoom
Formation in comparison to harder banded iron formations of the Brockman and Marra Mamba
Formations (URS 2013).
The sequence of Tertiary sediments infilling the palaeovalley are:





Alluvial deposits consisting of silts, sands, clays, and gravels;
Lower colluvial deposits of cobble-sized detritals within a clay matrix;
Channel Iron Deposits (CID) comprising ochreous goethite, clays and limonite; and
A basal palaeochannel sand comprising medium to coarse grained quartz.

The lower colluvium displays the dominant aquifer characteristics. Groundwater levels in the lower and
upper units display variable response to pump testing, indicating a range of aquifer conditions from
unconfined to locally confined. Based on channel depth and watertable elevations, the unconsolidated
sedimentary aquifer has up to 60 m of saturated thickness. Water quality is fresh to brackish, with total
dissolved solids from 200 to 1,000 mg/L. The watertable typically lies between 5 to 30 m below ground
level (mbgl), corresponding to elevations of about 600 to 580 m AHD.
Calcrete Aquifers
Calcretes are chemically deposited sediments that typically replace the original sediments at and below
the water table. Transmissivity of the sediments within the indurated calcrete profile can be an order of
magnitude higher than the underlying interbedded sand and clay sediments (URS 2013). A key aspect of
calcrete aquifers is secondary porosity with karstic features developed through the partial dissolution of
calcrete via percolating surface water and groundwater movement (Johnson and Wright 2001).
5
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Groundwater in calcrete tends to be fresh to brackish. These localised aquifers typically have limited
storage. Locally around Kings the calcrete has been observed as thin lenses that are mostly less than 10
m deep and are highly vuggy and well-connected internally. The occurrence of these lenses varies both
horizontally and vertically.
Wittenoom Formation
Palaeovalleys are often developed along the strike of the Wittenoom Formation due to preferential
weathering of the dolomite between bounding BIF of the Brockman Iron and Marra Mamba Formations.
Transmissivity of aquifers in dolomite of the Wittenoom Formation is highly variable and the aquifers
can vary from being highly transmissive and high yielding in karstic areas through to very low yielding in
unfractured bedrock aquitards. Groundwater is mostly fresh (Johnson and Wright 2001).
3.1.1.2. Northern Borefield
The Northern Borefield lies in the Lower Fortescue Valley. The headwater of the catchment starts at the
Goodiadarrie Hills and the Fortescue River valley drains to the northwest towards the Indian Ocean. To
the south of the Northern Borefield, major drainage channels enter the Fortescue Valley, including the
South Fortescue River, Zalamea Creek and Kangeenarina Creek. These creek systems have created a
series of alluvial fans as they discharge out of the Hamersley Range. The proposed borefield is located
on the fan deposits and/or the Fortescue valley fills.
Within the vicinity of the borefield there are numerous geological units varying from Archaean to
Tertiary in age. However, as with the Southern Borefield, groundwater occurrence is associated with
palaeovalley units:




Unconsolidated sediments comprised of alluvial, colluvial and detrital deposits associated with
the valley-fills.
Calcrete deposits originating from carbonate precipitation at palaeo water tables. The existence
and thickness of the calcrete deposits is variable within the project area.
The Paraburdoo Member of the Wittenoom Formation or Wittenoom Dolomite underlying the
valley-fill deposits.

The properties of these units reflect the characteristics described for the Southern Borefield (Chris
Oppenheim, Fortescue pers. comm. 8 May 2014).
3.1.1.3. Mining Areas
Kings mine consists of CID deposits along palaeovalleys. The Firetail mining area comprises two
ridgelines of BID and DID that are divided into Firetail North and Firetail South.
The Kings and Firetail deposits typically contain the following palaeochannel units (MWH 2010):






Alluvial/Colluvial and Detrital Deposits: valley in-fill sequence consisting clay, silt and gravel,
including DID derived from BID about 10 to 60 m thick.
Oakover Formation: calcrete and silcrete horizon typically overlying CID and varying in thickness
from barely present to several metres.
Upper CID: hard, goethite dominated CID which has been overprinted in places by a Hard Cap
zone of hydrated goethite up to 15 m thick.
Lower CID: vuggy, clay rich ochreous goethite dominated CID.
Basal Conglomerate: basal conglomerate and clay unit present at the base of the CID, typically
within the deepest parts of the palaeochannel system.
6
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Brockman Iron Formation: relatively flat lying, predominately unmineralised BIF (Dales Gorge
and Joffre Members divided by Mt Whaleback Shale) with zones of mineralised BIF and DID
occurring in the adjacent valley walls and margins of the palaeochannels.

Below watertable mining (and hence potential impacts on stygofauna) will occur at Kings mine at Valley
of the Kings, Valley of the Queens and in new mine pits to the south of Kings. Hence, these areas are
described in more detail below. Mining at Firetail North and South and at Zion will be above watertable.
The primary aquifer at Kings is an unconfined aquifer in the palaeovalley. Subterranean Ecology (2010)
reported two groundwater divides: one separating Valley of the Queen from Valley of the Kings, and the
other roughly in the middle of Valley of the Kings. The aquifer lies in two main units:



An upper variably porous Tertiary alluvial deposits comprising silts, sands, clays, and gravels.
A lower variably porous zone within and below the CID, comprising ochreous goethite, clays and
limonite. The CID varies in thickness from approximately 10 to 20 m and is almost entirely below
the water table.

3.1.2. Solomon Project Areas as Stygofauna Habitat
All three aquifers of the proposed borefields (unconsolidated Tertiary sediments, calcrete and
Wittenoom Dolomite) are prospective for stygofauna. In the Kings area, both the unconsolidated
Tertiary sediments and CID units of the aquifer are prospective for stygofauna. Some generalisations
can be made about prospectively:





Calcrete aquifers are the most prospective stygofauna habitat owing to their highly vuggy nature
and proximity to the surface. Calcretes are also very likely to be the smallest in size and may
represent restricted habitat for some species.
Unconsolidated Tertiary sediments are probably the next most prospective stygofauna habitat,
owing to their proximity to the surface. These habitats are occupy extensive areas and typically
have good habitat connectivity on a tributary-scale. They are commonly bounded by uplifted
basement rocks of flanking ranges.
Wittenoom Dolomite, where it is vuggy or cavernous, represents prospective habitat. In cases
where it lies >40 mbgl the prospectively is likely to be diminished (see Halse et al. 2014).
Connectivity is likely to be similar to that of unconsolidated Tertiary sediments.

3.2. Potential Impacts on Stygofauna
It is considered that only impacts causing direct habitat loss of stygofauna habitat (termed here primary
impacts) are likely to lead to the extinction of any stygofauna species that are restricted to the
disturbance footprint of the Solomon project. The primary impacts associated with the proposed mining
are:



Dewatering. Drawdown of aquifers may threaten any stygofauna species restricted to the area
of drawdown.
Pit excavation. Removal of stygofauna habitat within the proposed mine pits is usually dealt with
when considering groundwater drawdown. Although loss of habitat within the pit is absolute, it
is usually part of the overall loss of habitat within the larger zone of dewatering.

The ecological impacts of activities that reduce the quality of subterranean fauna habitat have been
little studied in Australia (or elsewhere) but it is considered that these impacts are more likely to reduce
7
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population size than to cause species extinction (see Scarsbrook and Fenwick 2003; Masciopinto et al.
2006). Therefore, these impacts are considered to be of secondary importance. These impacts are not
considered further in text but are described briefly in Appendix 1.

3.2.1. Southern Borefield
Groundwater drawdown at the Southern Borefield will cover an area of approximately 24,000 ha, based
on the area where >1 m of drawdown will occur (Figure 1.2). Groundwater levels in the alluvial aquifer
are expected to decrease by up to 12 m at the centre of the Southern Borefield over 18 years of
borefield operation and drawdown of >1 m is expected to extend about 10 km in an east and west
direction (actual decreases are expected to be less than those predicted, owing to the presence of a
thick plastic clay unit inferred to act as an aquitard between the watertable and deeper aquifers) (URS
2013).

3.2.2. Northern Borefield
At present the groundwater drawdown at the Northern Borefield has not been modelled. The assumed
area of drawdown influence >5 m is 22,723 ha (Figure 1.2). It is considered likely that this area of
assumed influence will be larger than the actual impact area (Chris Oppenheim, Fortescue pers. comm. 7
May 2014).

3.2.3. Kings Mining Area
The area of additional mine pits at Kings totals 860 ha, 204 ha around the approved Kings mine pits and
656 ha at new mine pits to the south of Kings (Figure 1.2). At the approved Kings mine pits, CID lies
almost exclusively below the watertable and excavation of the pits, and the associated dewatering
required, may result in the loss of stygofauna habitat. However, the 7% areal expansion of the approved
pits is unlikely to result in a much increase in groundwater drawdown, given that there will be no
increase in the depth of excavation. At the time of the PER it was assumed in the stygofauna
assessment that pit dewatering would result in drawdown of the full depth of groundwater in the CID
aquifer (Subterranean Ecology 2010).
The new mine pits south pits of Kings are primarily within Kangeenarina Creek and mining CID below the
watertable will result in drawdown occurring in the alluvial and CID aquifers and in any calcrete aquifers
present.

3.3. Stygofauna of the Solomon Area
3.3.1. Data used for Assessment
There has been little sampling of stygofauna within the potential drawdown cones of the Northern and
Southern Borefields; three and two bores have been sampled in the Northern and Southern borefields,
respectively (Figure 3.1). All but one of these bores has been sampled twice, with one bore sampled
three times, giving 11 samples in total. All sampling has been done by Subterranean Ecology. Hence, to
better characterise the likely stygofauna communities occurring at the Northern and Southern
Borefields, records of stygofauna were compiled within a search area surrounding the mine (defined by
21.516-22.796S, 117.179-118.839E; see Figure 3.1). Records were assembled from the databases of
the Western Australian Museum, from previous subterranean fauna surveys conducted in the search
area for Fortescue (by Bennelongia, Ecologia and Subterranean Ecology) and from data kindly provided
by Flinders Mining from their Blacksmith tenement, 24 km to the west of Solomon. The location of the
270 bores sampled during stygofauna surveys conducted for Fortescue in the search area are shown in
Figure 3.1.
8
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Figure 3.1. Search area surrounding Solomon (defined by 21.516-22.798S, 117.179-118.839E), with stygofauna sampling for Fortescue shown.

9

Bennelongia Pty Ltd

Solomon Desktop Stygofauna Assessment

3.3.2. Stygofauna Occurrence in the Search Area
At least 150 stygofauna species belonging to 14 higher taxonomic groups have been recorded in the
search area surrounding Solomon. The groups collected include flat worms, nematodes, rotifers,
gastropods, aphanoneurans, oligochaetes, mites, ostracods, copepods, spelaeogriphacids, syncarids,
amphipods, isopods and beetles. Of the 150 species, 126 (84%) were crustaceans belonging to
Ostracoda (30 species), Copepoda (42 species), Spelaeogriphacea (1 species), Syncarida (27 species),
Amphipoda (17 species) and Isopoda (9 species). Two further groups were represented by multiple
species: Oligochaeta (11 species) and Acariformes (7 species). The remaining groups, Turbellaria and
Nematoda, are probably represented by multiple species but their taxonomy is too poorly developed in
the Pilbara for species level identification and they were treated as single taxa. Rotifera, Gastropoda,
Aphaneura and Coleoptera were all represented by single species (Table 3.1).
The majority of species have been collected from the Kings mining area, Blacksmith tenement, the
Fortescue Valley upstream of the Northern Borefield and to the east and south-west of the Southern
Borefield at South Fortescue River and Caves Creek, respectively (Figure 3.2). The main stygofauna
habitats at Blacksmith and Kings are the CID and unconsolidated Tertiary sediments (Bennelongia 2012;
see Section 3.1.1.3). Stygofauna habitats in the Fortescue Valley are most likely palaeovalley aquifers
such as described for the Northern Borefield in Section 3.1.1.2. To the east and south-west of the
Southern Borefield at South Fortescue River and Caves Creek, stygofauna habitats are similar to those of
the Southern Borefield (Ecologia 2013a, b). Some stygofauna records come from the areas proposed to
be developed at Solomon, including the borefields and southern mine pits.
3.3.2.1. Stygofauna Recorded in the Borefield Drawdown Cones
At least 16 stygofauna species belonging to six higher taxonomic groups have been recorded within the
Northern and Southern Borefields drawdown cones (Table 3.2). Five species were collected in the
Northern Borefield (1 ostracod, 3 amphipods and 1 isopod) and 12 species were collected from the
Southern Borefield (1 worm, 8 copepods, 2 syncarids and 1 amphipod), with the amphipod
Paramelitidae sp. SOLOMON 1 recorded in both borefields (Table 3.2).
3.3.2.2. Stygofauna Recorded in the Southern Mine Pits
At least five species of stygofauna belonging to four higher taxonomic groups have been recorded within
the southern mine pits. The groundwater drawdown cones around these pits will represent a larger
area than the mine pits.

3.3.3. Distributions of Stygofauna and Potentially Conservation Significant Species in
the Search Area
The most comprehensive investigations of stygofauna species ranges in the Pilbara are those by Reeves
et al. (2007), Eberhard et al. (2009) and Halse et al. (2014). These studies indicate that almost all
stygofauna of the Pilbara are endemic to the region. Other studies on the biogeography of amphipod
and isopod lineages have been undertaken by Finston et al. (2004, 2007, 2009 and 2011) and these
works highlighted the presence of cryptic species with ranges apparently matching tributary-scale
catchment areas. Some idea of the ranges of the more restricted stygofauna species can be obtained
from Eberhard et al.’s (2009) suggestion that 1000 km2 is more appropriate to define Pilbara stygofauna
as SREs than Harvey’s (2002) mark of 10,000 km2. Further information is provided by Halse et al.’s
(2014) estimate that the median range of stygofauna species localised to single Pilbara Biological Survey
sub-regions is 682 km2. Some Pilbara stygofauna species are likely to have even smaller ranges than
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Table 3-1. Stygofauna species within the search area around Solomon (21.516-22.796S, 117.179-118.839E).
Higher Order
Turbellaria

Species

Comments on Species Range*

Turbellaria sp.

Higher level identification, not assessed in EIA

Nematoda sp.

Higher level identification, not assessed in EIA

Filinia sp.

Higher level identification, not assessed in EIA

Gastropoda sp. sinistral 1

Likely to have a localised range

Aeolosoma sp. 1 (PSS)

Widespread species

Naididae sp. SOLOMON

Some potential to be a localised species

Enchytraeus sp. 1 (PSS) Pilbara

Considered to be a widespread species

Enchytraeus sp. 2 (PSS) Pilbara

As above

Enchytraeidae sp. SOLOMON 1

Phreodrilidae sp. FLO

Unlikely to be a localised species, but currently known only
from Solomon area
Unlikely to be a localised species, but currently known only
from Solomon area
Unlikely to be a localised species, but currently known only
from Solomon area
Some potential to be a localised species

Phreodrilidae sp. S06

Some potential to be a localised species

Phreodrilidae sp. SER

Some potential to be a localised species

Phreodrilidae with dissimilar ventral chaetae

Considered to be a widespread species

Phreodrilidae with similar ventral chaetae

As above

Halacaridae sp. 01

Uncertain but most mites are thought to be widespread

Aspidiobates sp. indet.

Higher level identification

Corticacarus sp. indet.

Higher level identification

Guineaxonopsis sp. S01

Uncertain but most mites are thought to be widespread

Pezidae sp. B01

Likely to have a localised range*

Peza sp. 01

Likely to have a localised range*

Pezidae sp. WEE

Likely to have a localised range*

Areacandona arteria

Middle Fortescue, localised

Areacandona ake

Chichester Range, Tom Price

Areacandona brookanthana

Middle Fortescue, localised

Areacandona cellulosa

Middle Fortescue, localised

Areacandona cognata

Northern Chichester Range, localised

Areacandona dec

Northern Chichester Range, localised

Areacandona mulgae

Upper Fortescue

Areacandona nammuldi

Ashburton, localised

Areacandona nr triangulum

Middle Fortescue, localised

Areacandona quasilepte

Lower Fortescue and Port Hedland Coastal basin

Areacandona sp. SOLOMON

Solomon area, localised

Areacandona sp. WEE1

Solomon area, localised

Areacandona sp. WEE2

Solomon area, loclaised

Areacandona stefani

Middle Fortescue, localised

Areacandona weelumurrae

Middle Fortescue, localised

Candonopsis cf. dedeckkeri

Uncertain due to indeterminate taxonomy

Candonopsis tenuis

Widespread species

Nematoda
Rotifera
Gastropoda
Aphanoneura
Oligochaeta

Enchytraeidae sp. SOLOMON 2
Enchytraeidae sp. WEE

Acariformes

Ostracoda
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Species
Deminutiocandona indet.

Comments on Species Range*
Uncertain but most Deminutiocandona have small ranges

Humphreyscandona janeae

Middle Fortescue, localised

Humphreyscandona waldockae

Middle Fortescue, localised

Meridiescandona sp. BOS297

Likely to have a localised range

Meridiescandona facies

Widespread species

Sarscypridopsis ochracea

Cosmopolitan

Cypridopsis sp.
Vestalenula sp.

Uncertain: due to taxonomic resolution. Likely to be a
widespread species
Likely to be a widespread species

Limnocythere stationis

Widespread species

Gomphodella hirsuta

Widespread species

Ostracoda sp. D

Uncertain due to indeterminate taxonomy

Ostracoda sp. F

Uncertain due to indeterminate taxonomy

Ostracoda sp. SER1

Uncertain due to indeterminate taxonomy

Stygoridgewayia trispinosa

Widespread species

Anzcyclops `pearsoni` ms

Serenity and Blacksmith

Anzcyclops sp. B05

Likely to have a localised range

Australocyclops nr similis

Widespread species

Diacyclops cockingi

Widespread species

Diacyclops humphreysi humphreysi

Widespread species

Diacyclops scanloni

Widespread species

Diacyclops sobeprolatus

Widespread species

Fierscyclops (Fierscyclops) sp. B05 (nr supersensus)

Likely to have a localised range

Fierscyclops (Fierscyclops) sp. B06 (nr frustratio)

Likely to have a localised range

Goniocyclops sp. B08 (nr mortoni)

Likely to have a localised range

Mesocyclops brooksi

Widespread species

Mesocyclops cf. brooksi

Likely to be a widespread species

Mesocyclops holynskae

Widespread species

Metacyclops pilbaricus

Widespread species

Metacyclops sp. B01 (nr pilbaricus)

Widespread species

Microcyclops varicans

Cosmopolitan

Orbuscyclops westaustraliensis

Widespread species

Pilbaracyclops sp.

Likely to be a widespread species

Thermocyclops aberrans

Widespread species

Thermocyclops sp. B04

Likely to have a localised range

Tropocyclops prasinus

Cosmopolitan

Abnitocrella eberhardi

Likely to have a localised range

Archinitocrella newmanensis

Regarded as Newman area species, may be mis-identification

Megastygonitocrella dec

Likely to have a localised range

Megastygonitocrella bispinosa
Stygonitocrella trispinosa

Widespread species
Widespread species

Australocamptus `pilbarensis` ms

Solomon area only

Australocamptus sp. B04

Likely to have a localised range

Canthocamptidae sp. B03

Likely to have a localised range

Dussartstenocaris sp. B01

Likely to have a localised range

Elaphoidella humphreysi

Widespread species

Elaphoidella sp. B02

Likely to have a localised range

Elaphoidella sp. B05

Firetail North

Elaphoidella sp. B06

Investigator

Elaphoidella sp. CP1

Holek, Southern Borefield only

Copepoda
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Species
Harpacticoida sp. CP1

Comments on Species Range*
Holek, Southern Borefield only

Schizopera weelumurra

Likely to have a localised range

Schizopera cf. roberiverensis
Parastenocaris sp. B16 (=Parastenocaris cf. jane)

Likely to have a localised range
Likely to have a localised range

Parastenocaris sp. B18

Likely to have a localised range

Parastenocaris sp. B26

Likely to have a localised range

?Mankurta sp. FLO

Likely to have a localised range
The syncarids listed below are considered very likely to have
small ranges (<10 km)

Spelaeogriphacea
Syncarida
Bathynella munjinensis
Bathynella sp. B04
Bathynella sp. B07
Bathynellidae `MH1`
Bathynellidae `MH2`
Bathynellidae sp. FLO
Bathynellidae sp. HOL
Bathynellidae sp. SER1
Bathynellidae sp. SER2
Bathynellidae sp. SER3
Bathynellidae sp. SER4
Bathynellidae sp. SER5
Bathynellidae sp. SOLOMON 1
Bathynellidae sp. SVW
Atopobathynella sp. B03
Billibathynella sp. CP1
Billibathynella sp. CP2
Billibathynella sp. HOL
Billibathynella sp. SER2
Brevisomabathynella hani
Brevisomabathynella sp. B02
Notobathynella sp.
nr Billibathynella sp. B06 (=Billibathynella sp. SER1)
Parabathynellidae `MH1`
Parabathynellidae `MH2`
Parabathynellidae `MH3`
Parabathynellidae sp. SOLOMON
The amphipods listed below are presently considered to have
tributary-scale ranges in the Pilbara

Amphipoda
Bogidiella sp. B05
Melitidae sp. B05 (sp. 1 group)
Melitidae sp. SOLOMON 2
Nedsia sp. B04
Nedsia sp. Solomon 1
Neoniphargidae sp. B01
Maarrka sp. B01
?Maarrka sp. SVE
Paramelitidae `MH1`
Paramelitidae Genus 2 sp. B08
Paramelitidae sp. 2 (PSS)
Paramelitidae sp. B14
Paramelitidae sp. B36
Paramelitidae sp. SOLOMON 1
Pilbarus cf. millsi (=Pilbarus sp. SOLOMON 1)
Pilbarus sp. FLO
Pilbarus sp. SER
Isopoda

The isopods listed below are presently considered to have
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Species

Comments on Species Range*
tributary-scale ranges in the Pilbara

Microcerberidae sp.
Pilbarophreatoicus sp. B02
Pilbarophreatoicus sp. CP
Pygolabis `MH1`
Pygolabis eberhardi
Pygolabis sp. B03 (nr eberhardi)
Pygolabis sp. B04
Pygolabis sp. B05
Pygolabis sp. Weelamurra
Coleoptera
Limbodessus bennetti

Only subterranean coleopteran collected in the Pilbara to date.
Likely to have a localised range

Based predominately on Halse et al. (2014); Bennelongia (2012); Bennelongia unpublished data.*Localised range is considered to be <30km.

Table 3-2. Species collected from the Northern and Southern Borefield potential drawdown cones.
Higher Order

Species

Northern
Southern
Number of specimens

Comments on range

Tubificida
Phreodrilidae

3

Uncertain due to taxonomic resolution

Ostracoda
Cypridopsis sp.

32

Uncertain due to taxonomic resolution. Likely to be a
widespread species

Copepoda
Anzcyclops `pearsoni`
Australocyclops nr similis
Diacyclops humphreysi humphreysi
Microcyclops varicans
Australocamptus `pilbarensis`
Elaphoidella sp. CP1
Parastenocaris sp. B16
(=Parastenocaris cf. jane)
Harpacticoida sp. CP1

1
24
4
33
42
5
2

Serenity and Flinders Mine
Widespread
Widespread
Widespread
Serenity
Known only from this record
Serenity and Flinders Mine

4

Known only from this record

Bathynellidae sp. SOLOMON 1
Billibathynella sp. HOL

3
15

Valley of the Queens
Known only from these records

Syncarida

Amphipoda
Melitidae sp. SOLOMON 2

1

Paramelitidae sp. SOLOMON 1
Pilbarus sp. B01 cf. millsi (=Pilbarus
sp. SOLOMON 1)

9
1

Microcerberidae sp.

3

5

Known from outside of the drawdown cone nearby and
Valley of the Kings
Widespread in Solomon/Finders area
Widespread in Solomon area

Isopoda
Uncertain due to taxonomic resolution, likely to have a
localised distribution
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Figure 3.2. Sites where stygofauna have been recorded in search area surrounding Solomon (defined by 21.516-22.798S, 117.179-118.839E).
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Table 3-3. Species collected from the new southern mine pits.
Higher Order
Oligochaeta

Species

Comments on Species Range

Enchytraeidae sp. SOLOMON 2

2

Unlikely to be a localised species, but currently known only from Solomon area

Humphreyscandona janeae
Cyclopoida
Harpacticoida sp.

2
17

Middle Fortescue, localised
Uncertain range due to indeterminate taxonomy
Uncertain range due to indeterminate taxonomy

Paramelitidae sp. SOLOMON 1

3

Likely tributary scale range

Pygolabis sp.

1

Likely tributary scale range

Ostracoda

Amphipoda
Isopoda

these estimates and, in fact, linear ranges of only a few kilometres have been recorded for some species
farther south in the Yilgarn (Watts and Humphreys 2009).
Importantly, the documented range of stygofauna species differs between various taxonomic groups
(Halse et al. 2014). This reflects variable patterns of distribution among groups, together probably with
the effects of different approaches to species delineation for some groups. A summary of the ranges of
the major stygofauna groups is given below:
3.3.3.1. Copepods
Halse et al. (2014) reported that several genera of stygobitic copepods appear to contain species with
widespread ranges, including Stygoridgewayia, Diacyclops, Megastygonitocrella, Elaphoidella and
Parastenocaris. In addition, some species that occur in surface as well as groundwater are widespread.
Other stygobitic species appear to have small ranges and species of Dussartstenocaris, Kinnecaris and
Anzcyclops species have not been observed to have ranges beyond the scale of a single tributary.
Twenty-two of the 42 copepod species recorded in the search area are likely to have localised ranges
(Table 3.1).
3.3.3.2. Ostracods
The distribution of stygofaunal ostracods in the Pilbara is also variable, with some species wide-ranging
but many others apparently restricted, sometimes to particular catchment headwaters (Karanovic 2007;
Reeves et al. 2007). The Pilbara Biodiversity Survey suggested stygobitic ostracod species are confined
to single sub-catchments, with the exceptions of Areacandona scanlonii and Gomphodella hirsuta, while
species also found in surface waters occur in multiple sub-regions (Halse et al. 2014).
Sixteen of the 30 species recorded in the search area are likely to have localised ranges (Table 3.1).
3.3.3.3. Amphipods and Isopods
Genetic analysis by Finston et al. (2005, 2007, 2008 and 2011) has shown that most paramelitid
amphipods have tributary-scale ranges and the same appears to be true for isopods (Finston et al.
2009). Range information collected for the larger isopod species in the Pilbara Biodiversity Survey
showed the same pattern (Halse et al. 2014).
It is considered likely that all 17 amphipod and all nine isopod species collected in the search area have
localised ranges (Table 3.1)
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3.3.3.4. Syncarids
Syncarids are a relatively poorly studied group in Australia. Two families are commonly collected in the
Pilbara: Parabathynellidae and Bathynellidae. Both occur widely in Western Australia and several species
of Parabathynellidae have been described recently (Cho 2005a, b, 2006a, b), which has created a
framework for morphospecies identifications. In contrast, there is little basis for even morphospecies
identifications of the family Bathynellidae. Despite the paucity of information, syncarids are potentially
an important group in environmental assessment. Two-thirds of species in the global literature have
known linear ranges of <10 km (Camacho and Valdecasas 2008). In the Pilbara, the lack of species level
identification in early surveys, absence of much publically available genetic data and inability to align
recently applied morphospecies names means that the pattern of species distributions is less
understood for syncarids than all other groups, except perhaps worms and mites. The few tentative
estimates of ranges suggest that syncarid species are potentially at least as range-restricted as stygobitic
ostracods (Subterranean Ecology 2012; Bennelongia unpublished data).
It is considered most likely that all 27 syncarid species collected in the Search Area have localised ranges
(Table 3.1)
3.3.3.5. Spelaeogriphacea
Only two described species of Spelaeogriphacea occur in Australia – both in the Pilbara with relatively
small ranges. Whether the animals in the search area belong to one of the described species or a new
species is unclear.
3.3.3.6. Worms and Mites
Data of the Pilbara Biodiversity Survey indicated that worms were mostly widespread (Pinder 2008;
Halse et al. 2014). However, little is known about the family Enchytraeidae, which is speciose in the
Pilbara, and it is possible that as knowledge develops species will be found to have localised
distributions.
Stygofaunal mite taxonomy is not well developed but morphological examination and known life history
information of the group (M.S Harvey, Western Australian Museum, pers. comm.) suggest that most
stygobitic mites in the Pilbara are moderately widespread.
Currently three of the mites and four of the worms recorded in the search area are considered possibly
to have localised ranges (Table 3.1).
3.3.3.7. Coleoptera
One species of beetle has been collected in the search area. It is the only species of stygofaunal beetle
known from the Pilbara and is represented by two specimens collected at Valley of the Queens during
troglofauna sampling undertaken to meet conditions of Ministerial Statement 862 (Watts and McRae
2013).
3.3.3.8. Species Currently Known Only from Potential Groundwater Drawdown Areas
Two copepods, Elaphoidella sp. CP1 and Harpacticoida sp. CP1, and the syncarid, Billibathynella sp. HOL,
are currently known only from records within areas of proposed groundwater drawdown in the
Southern Borefield. The records are from one bore at Holek, apparently in calcrete. It is likely that lack
of survey in the borefield drawdown areas gives an incomplete picture of the ranges of these species.
The specific details relating to the likely distributions of each of the potentially localised species are
discussed in the next paragraphs.
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Most stygal copepods in the Pilbara are thought to be widespread (Karanovic 2006); however some do
have ranges limited to single catchments or tributaries (e.g. McRae et al. submitted). Harpacticoid
copepods of the family Canthocamptidae, to which Elaphoidella sp. CP1 belongs, are commonly
collected as stygofauna in the Pilbara with variable ranges (Karanovic 2006; Halse et al. 2014). The likely
range of Elaphoidella sp. CP1 is difficult to estimate on the available data. Five species of the genera are
known from the vicinity of the mine, one is widespread, while four are known from one locality only.
Little can be said of the likely range of Harpacticoida sp. CP1, because the species currently cannot be
placed at family level.
Stygofaunal syncarids are usually considered to have small ranges (Guzik et al. 2008) and two-thirds of
species in the literature have known linear ranges of <10 km (Camacho and Valdecasas 2008).
Billibathynella sp. HOL will probably have a linear range of a few kilometres.
A further species, Microcerberidae sp., represented by higher level identifications, may also be known
only from the Northern Borefield drawdown area but at present this is unclear due to the poor
taxonomic resolution. Currently, there is little understanding of the taxonomy of microcerberids in
Australia. Recent genetic analysis of another microcerberid species in the upper Fortescue Valley
demonstrated a linear range of at least 12 km (Bennelongia unpublished data) and a range of this
magnitude is perhaps most likely for Microcerberidae sp.

4. CONCLUSION
4.1. Risk Stygofauna from Borefield Development
It is likely that rich stygofauna communities occur within both the Northern and Southern borefields
because: 1) prospective stygofauna habitat is present in both areas; 2) the search area as a whole
contains rich stygofauna communities; and 3) the 11 samples taken in the borefields have already
yielded 16 species (Table 3.1, Table 3.2 and Figure 3.1).
Three of the species collected in the Southern Borefield (Elaphoidella sp. CP1, Harpacticoida sp. CP1 and
Billibathynella sp. HOL) are known only from that area and one species of the species collected in the
Northern Borefield (Microcerberidae sp.) possibly occurs only there. While additional survey is likely to
show that more stygofauna species occur in both borefields, it may also show that species have wider
ranges than current data suggest. Thus, Elaphoidella sp. CP1, Harpacticoida sp. CP1, Billibathynella sp.
HOL and Microcerberidae sp. may be shown to have ranges extending outside the borefields.
The likely extent of groundwater drawdown is not well defined for the Northern Borefield but it appears
possible that groundwater drawdown may have moderate to high impact on stygofauna in both the
Southern and Northern Borefields because of the large size of the areas that will impacted by
groundwater drawdown and the potential for drawdown to encompass possibly restricted habitats, such
as isolated calcrete. Based on Environmental Assessment Guideline 12 (EAG12), it appears that a Level 2
stygofauna survey is required for appropriate assessment of the risk to stygofauna from the
development of the borefields.

4.2. Risk to Stygofauna from the Mine Expansion
It was previously established that there is low risk to stygofauna from development of the area of Kings
mine approved in MS862. The 7% expansion of the approved mine pits now proposed is unlikely to alter
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the risk to stygofauna at Kings mine. Hence, it is concluded that the risk to stygofauna from the
expansion around the approved mine pits at Kings is acceptable.
It is assumed that the stygofauna community at the new mine pits south of Kings on Kangeenarina Creek
has similar composition to the Kings community because the new mine pits are close to Kings, in an area
with similar geology and landscape. A moderately rich or rich stygofauna community is expected to
occur around these pits and the few samples previously collected yielded stygofauna. Given that mining
of CID below the watertable will most likely lead to significant drawdown of the aquifer within the
Kangeenarina Creek valley, the impact on stygofauna in the local area is likely to be high. In addition,
drawdown in Weelumurra and Kangeenarina creeks is likely to represent a potentially significant
increase in the cumulative impact of mining in the Solomon area. Guidelines in EAG12 recommend that
if the aquifer impact is moderate or high and the community is rich or has unknown composition, a Level
2 survey of stygofauna is required to allow an impact assessment to be completed.
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6. APPENDICES
Appendix 1. Secondary Impact of Mining on Subterranean Fauna
Mining activities that may result in secondary impacts to subterranean fauna include:
1. Percussion from blasting. Impacts on both stygofauna and troglofauna may occur through the
physical effect of explosions. Blasting may also have indirect detrimental effects through
altering underground structure (usually rock fragmentation and collapse of voids) and transient
increases in groundwater turbidity. The effects of blasting are often referred to in grey literature
but are poorly quantified and have not been related to ecological impacts. Any effects of
blasting are likely to dissipate rapidly with distance from the pit and are not considered to be a
significant risk to either stygofauna or troglofauna outside the proposed mine pits.
2. Overburden stockpiles and waste dumps. These artificial landforms may cause localised
reduction in rainfall recharge and associated inflow of dissolved organic matter and nutrients
because water runs off stockpiles rather than infiltrating through them and into the underlying
ground. The effects of reduced carbon and nutrient input are likely to be expressed over many
years and are likely to be greater for troglofauna than stygofauna (because lateral movement of
groundwater should bring in carbon and nutrients). The extent of impacts on troglofauna will
largely depend on the importance of chemoautotrophy in driving the subterranean system
compared with infiltration-transported surface energy and nutrients. Stockpiles are unlikely to
cause species extinctions, although population densities of species may decrease under them.
3. Aquifer recharge with poor quality water. It has been observed that the quality of recharge
water declines during, and after, mining operations as a result of rock break up and soil
disturbance (i.e. Gajowiec 1993; McAuley and Kozar 2006). Impacts can be minimised through
management of surface water and installing drainage channels, sumps and pump in the pit to
prevent of recharge though the pit floor.
4. De-watering below troglofauna habitat. The impact of a lowered water table on subterranean
humidity and, therefore, the quality of troglofauna habitat is poorly studied but it may represent
risk to troglofauna species in some cases. The extent to which humidity of the vadose zone is
affected by depth to the watertable is unclear. Given that pockets of residual water probably
remain trapped throughout de-watered areas and keep the overlying substrate saturated with
water vapour, de-watering may have minimal impact on the humidity in the unsaturated zone.
In addition, troglofauna may be able to avoid undesirable effects of a habitat drying out by
moving deeper into the substrate if suitable habitat exists at depth. Overall, de-watering
outside the proposed mine pits is not considered to be a significant risk to troglofauna.
5. Contamination of groundwater by hydrocarbons. Any contamination is likely to be localised and
may be minimised by engineering and management practices to ensure the containment of
hydrocarbon products.
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