
Technical Memorandum

BHP Group Limited ABN 49 004 028 077, BHP Group Plc. registration number 3196209 and their respective subsidiaries are members of the BHP Group.  The BHP
Group is headquartered in Melbourne, Australia.

Purpose

To provide information on subterranean fauna to support BHP’s position that Subterranean Fauna is not a
preliminary key environmental factor for the Jimblebar Optimisation Project (the Project).

Relevant project elements

The Project includes a Managed Aquifer Recharge Scheme (MAR) in the Caramulla Valley (Figure 1), as an
option to manage surplus dewater from the existing Jimblebar mine by injecting groundwater into the
Caramulla regional aquifer.

There is no excavation of mine pits, groundwater dewatering or discharge of surplus dewater to Ophthalmia
Dam associated with the Project. These elements are authorised under existing approvals for Jimblebar as
part of the Existing Project (the works and activities for mining operations at Jimblebar comprising proposals
approved under the existing Ministerial Statements).

Existing geology and hydrogeology

BHP has undertaken drilling in the Caramulla area to improve the hydrogeological understanding of the area
(Figure 2). Data from this work suggests that that there are a number of units above the dolomite. The proposed
Caramulla MAR site is characterised by a roughly East-West trending palaeovalley (filled with Tertiary detritals)
underlain by the Paraburdoo Dolomite Member of the Wittenoom Formation. Drilling undertaken within the
proposed MAR area suggests that the Tertiary detrital sequence extends from 0 m to approximately 85 metres
below ground level (mbgl). The Tertiary detritals contain a clay unit from 20 to 70 mbgl, which appears to be
behaving as a confining unit on the aquifers beneath it. A vuggy breccia unit is intersected beneath the clay.
This forms the detrital base unit, has a variable thickness and was found to extend to over 100 mbgl in places.
It is hydraulically connected to the underlying Dolomite (BHP, 2019; Figures 3 and 4).

The standing water levels measured in the bores after construction indicate that the aquifer is under confining
pressure, as readings were recorded at approximately 50 mbgl as a Standing Water level (SWL). (BHP, 2019).

Table 1 shows the results for the standard hydrochemistry suite of analytes measured at the source aquifer
(Jimblebar orebody aquifer) between February and June 2019 and the receiving aquifer (Caramulla regional
aquifer) between March and May 2019.

Table 1 shows that the ranges for each analyte at Jimblebar and Caramulla are similar. The data in the
Caramulla area indicate that groundwater pH ranges between 7.5 and 8.4, and water quality is fresh (TDS 500
to 900 mg/L). The water quality is comparable with the groundwater at Jimblebar (data from February to June
2019), which has a pH between 6.7 and 9.4, and is fresh (TDS 300 to 1000 mg/L).
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Table 1 Comparison of water quality at Jimblebar and Caramulla

Analyte
South Jimblebar
Minimum

Caramulla
Minimum

South Jimblebar
Maximum

Caramulla
Maximum

Barium (mg/L) 0.004 0.018 0.11 0.16

Boron (mg/L) 0.21 0.21 0.58 0.45

Calcium (mg/L) 11 31 74 81

Chloride (mg/L) 26 130 300 290

Copper (mg/L) 0.001 0.001 0.001 0.002

Electrical Conductivity at 25°C (µS/cm) 470 910 1700 1500

Fluoride (mg/L) 0.4 0.3 1.3 1.6

Iron Sol. (mg/L) 0.01 0.006 0.971 (0.03) 0.01

Magnesium (mg/L) 20 33 73 63

Manganese (mg/L) 0.001 0.002 0.35 2.1

Molybdenum (mg/L) 0.001 0.003 0.016 0.063

Nickel (mg/L) 0.001 0.001 0.008 0.019

Nitrate as N (mg/L) 0.007 0.069 22 10

pH 6.7 7.5 9.4 8.4

Potassium (mg/L) 2.8 6.7 12 32

Reactive Silica as SiO2 1.6 6.8 65 68

Selenium (mg/L) 0.003 0.001 0.005 0.003

Silica (mg/L) 1.4 6.3 55 65

Sodium (mg/L) 40 82 190 160

Sulphate as SO4 2- (mg/L) 20 80 220 160

Total Dissolved Solids at 180°C (mg/L) 270 510 1000 880

Total Hardness as CaCO3 (mg/L) 140 210 490 420

Zinc (mg/L) 0.016 0.007 0.043 0.26

1. Reading in May 2019. Previous reading at same bore in March 2019 was <0.005. Assuming this reading is an outlier as next highest
reading during same period was 0.03.

Subterranean fauna values

Subterranean fauna habitat

Troglofauna are likely to be present in karst, channel iron deposits, banded iron formations, alluvium/colluviums
in valley-fill areas, and weathered or fractured sandstone (EPA, 2016).

As discussed above, based on the drilling to date, the proposed Caramulla MAR site is characterised by a
roughly East-West trending palaeovalley filled with Tertiary detritals. The Tertiary units predominantly consist
of alluvium (particularly in Caramulla Creek), colluvium, silt and clay. The drilling also shows that the Tertiary
Detritals appear to be underlain by a clay layer and the groundwater level is approximately 50 mbgl (Figure 3).
The Tertiary detrital geology is therefore considered to be prospective habitat for troglofauna.

Subterranean fauna species

Figure 5 shows locations of troglofauna sampling and provides the species records for in the MAR borefield
and surrounding area.

No stygofauna sampling has been undertaken at Caramulla as the Project does not include any potential direct
impacts on stygofauna (there is no excavation of mine pits or groundwater abstraction).
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Twenty-four holes have been sampled for troglofauna within and just outside the MAR borefield area and 15
species were collected (Figure 5). They are the palpigrade Palpigradi sp. B01; the millipede Lophoturus
madecassus; the dipluran Japygidae `DPL002`; the bug Phaconeura sp.; the silverfish Dodecastyla sp. B02
(=Atelurodes sp. S02) and Trinemura sp.; the slaters Troglarmadillo sp. B07 and Troglarmadillo sp. B09; the
pauropod Pauropodidae sp. B05; the symphylans Hanseniella sp. B04, Hanseniella sp. B24, Symphyella sp.
B02 (BHP) and Symphyella sp. B07; and two higher order identifications, the earthworm Oligochaeta sp. and
the roundworm Nematoda sp. (Bennelongia, 2018; Appendix 1).

Despite the relatively widespread ranges of most species in the community, five troglofauna species are
currently known only from collections within or in the immediate surrounds of the proposed MAR borefield area.
These known ranges are likely to under-represent the true distributions of the species because of few records
and limited sampling effort. Further information about each species (Bennelongia, 2018) is summarised below:

· Trinemura sp.: It is likely that the specimen collected at Caramulla belongs to a moderately widespread
species.

· Troglarmadillo sp. B07: There is little evidence to suggest that it will have an extensive range, other
than the fact it was collected in Tertiary detritals. A congeneric species, Troglarmadillo sp. B09, has
been collected from three bores including just outside the MAR borefield area, as well as further west
at Hashimoto over a linear range of 7.7 km.

· Pauropodidae sp. B05: There is some uncertainty about whether this species is truly troglobitic and
the same uncertainty exists for many other species of pauropod recorded in troglofauna samples in
the Pilbara. It is considered unlikely that Pauropodidae sp. B05 is confined to the Caramulla area. It
was recorded from hole EXR1569R in a scrape sample in the topmost 20 m implying the species
occupies Tertiary detritals.

· Hanseniella sp. B04 and Hanseniella sp. B24: Hanseniella sp. B24 was recorded as a singleton in a
scrape sample to the east of the creekline. The depth of the hole was 20 m and, together with drill
logs, this suggests the species occupies Tertiary detritals. Hanseniella sp. B04 has been collected
from three bores both east and west of Caramulla Creek suggesting some degree of habitat
connectivity across the creek line, most likely in the detritals.

Potential impacts

BHP has considered the potential impacts outlined in the EPA’s Environmental Factor Guideline -
Subterranean Fauna (2016) and considers that those relevant to the Project are:

· Troglofauna: inundation of habitat from groundwater injection (direct); and

· Stygofauna: changes to habitat quality from water quality from groundwater injection (indirect).

As shown in Table 1, the water quality of the source aquifer (Jimblebar) and the receiving aquifer (Caramulla)
are similar for key analytes relevant to stygofauna (e.g. salinity, pH, nutrients, metals). Therefore, BHP
considers that the risk of impacts to stygofauna habitat from changes to water quality from injection is low.

As discussed above, prospective habitat for troglofauna is the Tertiary detritals. It is generally considered that
subterranean species in detritals tend to be widespread owing to more extensive habitat connectivity
(Bennelongia, 2018). The cross-sections in Figure 3 and 4, and the geology (Q alluvium/colluvium units) in
Figure 5 suggest that the Tertiary detritals in the Caramulla area are continuous and widespread.

Drilling in the MAR borefield area suggests that the Tertiary detrital contains a clay unit from 20 to 70 mbgl,
which appears to be behaving as a confining unit on the aquifers beneath it (Figure 3). Assuming that the clay
layer acts as a confining unit, potentially suitable troglofauna habitat is likely to be constrained to the Tertiary
detrital unit above the clay layer. As a result, any potentially suitable troglofauna habitat in the Tertiary detrital
unit is unlikely to be impacted by injection of groundwater into the aquifer beneath the clay layer.

However, there is some uncertainty as to the extent and continuity of the clay layer as some boreholes did not
intersect clay (Figure 4). In this area the TD2 detrital unit occurs below the water table and there is
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approximately 50 m of unsaturated zone consisting of TD2 and TD1 above the water table. In areas where the
clay layer may be absent or not continuous, the vertical extent of mounding will be limited to 25 mbgl, as BHP
has committed to operate the MAR scheme to a 25 mbgl (495 mAHD) threshold, as a mitigation measure
related to vegetation. Figure 5 shows the predicted groundwater mounding after 2 years for a particular model
run, which is equivalent to when the 25 mbgl threshold would be reached. The model results show that after 2
years of injection (when the 495 mAHD threshold will be reached), groundwater rise greater than 10 m would
be limited to a small portion south of the proposed Development Envelope and would extend approximately
6 km east of the proposed Development Envelope. Most of the species recorded would be in areas of
groundwater rise of less than 20 m, maintaining approximately 35 m of potential unsaturated habitat.

The Tertiary detritals are likely to be laterally continuous and a vertical extent of at least 25 m of unsaturated
Tertiary detritals (potentially suitable troglofauna habitat) would be maintained. Therefore, it is considered likely
that species present would be widespread and would occur beyond the area of potential impact (i.e. mounding)
or be able to co-occur with the mounding. Therefore the impact to troglofauna from groundwater mounding is
not considered to be significant.

References

Bennelongia Environmental Consultants (2018) Caramulla MAR subterranean fauna desktop assessment.
Prepared for BHP.

BHP (2019) Caramulla MAR Phase 1 Summary. Internal memo - Draft in preparation.

EPA (2016) Environmental Factor Guideline - Subterranean Fauna

Appendix

Appendix 1:  Bennelongia Environmental Consultants (2018) Caramulla MAR subterranean fauna desktop       
assessment. Prepared for BHP.
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Figure 3:  Conceptual cross section B - B’ through Caramulla West



Figure 4:  Conceptual cross section A - A’ through central Carramulla
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Czc - Partly consolidated and consolidated
ferruginized silt, sand, grave; valley-fill deposits
dissected by present drainage

Czk - Carbonate in sheets and lenses, usually in
major drainage lines; some secondary opaline silica
capping

Czl - Ferruginous duricrust; massive, nodular,
pebby and pisolitic

Fb - Mafic volcanic unit; andesitic and basaltic
lavas, minor thin tuff units

Fj - Interbedded shale, chert, sandstone, minor
felsic tuff

Fs - Lower metasedimentary unit; coarse
conglomeratic sandstone, shale; partly silicified

Hb - Banded iron-formation, chert, shale

Hd - Interbedded thin chert, shale and dolomite

Hj - Interlayered banded iron-formation, and
metadoleritic sills, minor shale

Hm - Chert, ferruginous chert, minor shale

Ho - Fine-grained, finely laminated, dark grey-
brown to black flaggy iron-formation, minor chert,
jaspilite shale

Hs - Interbedded shale, chert, banded iron-
formation

Hw - Rhyolite and rhyodacite  as sills or flows;
commonly porphyritic, phenocrysts of quartz,
feldspar, minor tuff and jaspilitic iron-formation

MNs(c) - Interbedded quartz sandstone and
conglomerate

MNs(g) - Interbedded, laminated, fine-grained
sandstone, shale and siltstone, commonly
glauconitic; contains megascopic algae

MNs(s) - Shale, siltstone

Qa - Clay, silt, sand, gravel; in drainage channels
and adjacent flood plains

Qc - Quartz pebble and rock fragments is silt, sand;
adjacent to bedrock; scree, talus slope deposits

Qd - Clay, silt, sand

Qs - In sheets and longitudinal (seif), chain and net
dunes

Qw - Clay, silt, sand, gravel in broad sheet wash
areas; distinctive vegetation striped photo-pattern

ba - Amphibolite, fine- and medium-grained;
lineated and foliated

bb - Metabasalt; tholeiitic, locally amygdaloidal

bg - Metagabbro; medium- and coarse-grained;
includes some serpentinite, metaperidotite and
metapyroxenite layers

bo - Metaleucogabbro; <30% mafic minerals, minor
quartz

bu - Komatiitic metabasalt

d6 - Dolerite, metadolerite dykes; includes
Murramunda Dolerite; numbers identify different
suites, lowest number earliest

g - Granitoid rocks, undifferentiated, deeply
weathered
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quartz megacrysts

ge - Medium-, even-grained metagranite to
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gv - Medium-grained metagranite to
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magnetite-quartz banded iron-formation
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rocks

q - Quartz veins, various ages

ua - Tremolite-chlorite-talc schist; minor talc-chlorite
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us - Serpentine; cumulate textures may be
preserved
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uz - Silicified cap rock developed on ultramafic
rocks

zc - Quartz-chlorite-amphibole-feldspar (-garnet)
schist; possibly after tuff

zh - "Hybrid" intermediate rock; grades into
recrystallized garnet-bearing granitoid rock
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Caramulla MAR subterranean fauna desktop assessment 
 
This memo presents available biological, geological and hydrogeological information and identifies 
potential conservation issues surrounding subterranean fauna species in relation to managed aquifer 
recharge (MAR) at Caramulla (or ‘the Study Area’).  
 
Project Description 
The Study Area, which covers an area of approximately 21 km2, is the proposed location for the 
disposal of surplus water from the Jimblebar BHP WAIO mining operation (Jimblebar) located 
approximately 10 km to the east. The volume of groundwater to be reinjected, as well as the chemistry 
of both disposal water and the receiving environment, are yet to be defined although mounding of the 
watertable to a level approximately 30 m above the current groundwater level is expected to be 
widespread. Mounding in the immediate vicinity of injection bores is likely to be more pronounced.  
 
Existing Subterranean Environment 
In general terms the geology of the study area comprises Tertiary detritals overlying bedrock. The 
Tertiary unit predominantly consists of alluvium (particularly in Caramulla Creek), colluvium, silt and 
clay. While there appears to be a high clay content in the detritals it is not uncommon for similar 
habitat elsewhere in the Pilbara to yield subterranean fauna. Moderate to rich assemblages of both 
stygofauna and troglofauna have been recorded in Tertiary detritals throughout the Fortescue Valley 
including at the Chichester Hub, Mulga Downs and Eastern Ridge. It is generally considered that 
subterranean species in detritals tend to be widespread owing to more extensive habitat connectivity 
than in other subterranean environments, such as mineralised formations and calcrete islands, with the 
caveat that demonstrating notional widespread distributions through field collections can be 
problematic due to spatial constraints on sampling, low population densities and resultant low yields.   
 
The bedrock underlying the Tertiary layer is likely to consist of karstic and weathered dolomite at 
depths of 70–80 m in the valley and West Angelas shale overlying the Mount Newman orebody south 
of the valley. Fractured, karstic and weathered rock above the water table is considered prospective for 
troglofauna, although large depths to the weathered dolomite may reduce prospectivity (Halse and 
Pearson 2014). Surficial geology mapped at the scale of 1:500,000 (Marnham and Morris 2003, Figure 
1) provides some idea of the distribution of various geological units in and around the Study Area.  
 
While relatively little information is available regarding the groundwater environment of the Study 
Area, some insight can be gained from the previous subterranean fauna survey of Jimblebar, which 
included some troglofauna sampling at Caramulla. Measurements of depths to groundwater in holes
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sampled for subterranean fauna are shown in Figure 1. These data indicate that depths to groundwater 
in the Study Area are mostly greater than 30 m below top of collar (mbtc) east of Caramulla Creek and 
more than 60 mbtc to the west. The depth to regional groundwater around Caramulla Creek itself is 
considered to be about 50m (46 m in hole EXRC0628, immediately adjacent to Caramulla Creek) but 
there is also a ‘perched’ aquifer associated with the alluvium of the creek. The depth to groundwater in 
this perched aquifer, which is dissociated from the regional aquifer (Tanya Carroll, pers. comm.), is 
3.4 m in hole EWCR1, which 9.7 km further south along Caramulla Creek than EXRC0628 (Pilbara 
Biodiversity Survey data, see Halse et al. 2014). 
 
No stygofauna sampling has been undertaken at Caramulla and thus field measurements of 
groundwater salinity are not available. Electrical conductivity measured at the water table during 
subterranean fauna survey at Jimblebar 4, which is 10 km to the east of the Study Area indicates that 
groundwater is fresh (289–2,245 µS cm-1), according to the classification of Williams (1964). 
Conductivity in ECWR1, 7.7 km south of the Study Area along Caramulla Creek, is also fresh (1,676–
1,992 µS cm-1). It is considered likely that groundwater salinity at Caramulla will reflect these regional 
data.  
 
Species in the Study Area 
Sampling in the region surrounding the Study Area has revealed rich communities of both stygofauna 
and troglofaunal. The stygofauna are predominantly in ‘perched’ or surficial aquifers of alluvial 
channels and calcretes, while troglofaunal are predominantly in mineralised ironstone, as well as 
alluvial and calcrete deposits. A list of regional species records will be provided to BHP as 
supplementary data. A rich stygofauna assemblage, listed as the threatened ecological community 
‘Ethel Gorge aquifer stygobiont community’ has been recorded 40 km west of the Study Area around 
the Fortescue River near Ophthalmia and there is also an abundance of records of stygofauna and 
troglofaunal from various orebodies, project areas and regional samples within approximately 30 km 
of Caramulla, principally throughout Jimblebar and associated deposits. The spatial distributions of 
these regional records, which demonstrate the prospectivity of regional habitats but are of limited 
direct relevance to Caramulla, are shown for stygofauna in Figure 2 and troglofauna in Figure 3.  
 
Twenty-four holes have been sampled for troglofauna within and just outside the Study Area and 15 
species were collected. They are the palpigrade Palpigradi sp. B01; the millipede Lophoturus 
madecassus; the dipluran Japygidae `DPL002`; the bug Phaconeura sp.; the silverfish Dodecastyla sp. 
B02 (=Atelurodes sp. S02) and Trinemura sp.; the slaters Troglarmadillo sp. B07 and Troglarmadillo sp. 
B09; the pauropod Pauropodidae sp. B05; the symphylans Hanseniella sp. B04, Hanseniella sp. B24, 
Symphyella sp. B02 (BHP) and Symphyella sp. B07; and two higher order identifications, the earthworm 
Oligochaeta sp. and the roundworm Nematoda sp. The ranges of the latter two species cannot be 
defined because the identifications were at very high taxonomic levels. Figure 4 and Appendix 1 
summarise the distributions of the other species, the majority of which are either known or are 
considered likely to occur outside the Study Area. Considering the rich community documented 
nearby (Jimblebar, Bennelongia 2013) and the limited amount of previous local sampling, it is unlikely 
that the entire suite of troglofauna species at Caramulla has been documented.  
 
Despite the relatively widespread ranges of most species in the community, five troglofauna species 
are currently known only from collections within or in the immediate surrounds of the Study Area. 
These known ranges are likely to under-represent the true distributions of the species because of few 
records and limited sampling effort. Further information about each species is provided below, based 
on habitat information (albeit limited), ecology and the ranges of related species:  

• Trinemura sp. The single female specimen of this silverfish species was collected in a scrape 
sample in hole MCM0282 located 80 m outside the study area. The geological profile hole has 
not been logged and, combined with the unknown depth of collection, the unit occupied by 
this species is consequently unknown. The specimen could not be identified beyond genus 
and thus there is a high level of doubt associated with the range of the species. Halse and 
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Pearson (2014) reported a median range for troglofauna silverfish species in the Pilbara of 
11 km2 and based on records in the Bennelongia database of 22 congeners that have been 
collected from two or more holes in the Pilbara, species of Trinemura have a median linear 
range of 7.2 km. Three species known from multiple holes in areas considered to have similar 
geology to the Study Area at Jimblebar have linear ranges of 4.7 km, 17.2 km and 45 km. It is 
likely that the specimen collected at Caramulla belongs to a moderately widespread species.  

• Troglarmadillo sp. B07. This species of slater was recorded from two holes within or just a few 
metres outside the Study Area and there is little evidence to suggest that it will have an 
extensive range, other than the fact it was collected in Tertiary detritals. Halse and Pearson 
(2014) report a median range for troglofauna isopods in the Pilbara of 2.5 km2 and, based on 
records in the Bennelongia database of 31 congeneric morphospecies that have been 
collected from two or more holes in the Pilbara, species of Troglarmadillo have a median linear 
range of 4.8 km. A congeneric species, Troglarmadillo sp. B09, has been collected from three 
bores including just outside the Study Area, as well as further west at Hashimoto over a linear 
range of 7.7 km.  

• Pauropodidae sp. B05. There is some uncertainty about whether this species is truly 
troglobitic and indeed the same uncertainty exists for many other species of pauropod 
recorded in troglofauna samples in the Pilbara. It is likely that both troglobitic and soil-
adapted species exist, with the former expected to have relatively small ranges, and the latter 
expected to have moderately large ranges (Halse and Pearson 2014). Based on 15 records in 
the Bennelongia database of morphospecies that have been collected from two or more holes 
in the Pilbara, species of pauropod have a median linear range of 15.7 km. The mean range is 
much larger at 122 km. It is considered unlikely that Pauropodidae sp. B05 is confined to the 
Study Area. It was recorded from hole EXR1569R in a scrape sample in the topmost 20 m 
implying the species occupies Tertiary detritals. 

• Hanseniella sp. B04 and Hanseniella sp. B24. As with pauropods there is some uncertainty 
about how well typical troglomorphies distinguish between soil fauna and troglofauna in 
symphylans (Halse and Pearson 2014) and an incomplete taxonomic framework further inhibits 
range estimations for the group. Hanseniella sp. B04 has been collected from three bores in 
the Study Area, including bores both east (EXR0626, EXR1462R) and west (EXP0012) of 
Caramulla Creek suggesting some degree of habitat continuity across the creekline, most likely 
in the detritals, although as all three records are from scrape samples the precise habitat for 
the species is unclear. It has a known linear range of 5.6 km. Hanseniella sp. B24 was recorded 
as a singleton in a scrape sample to the east of the creekline. The depth of the hole was 20 m 
and, together with drill logs, this suggests the species occupies Tertiary detritals. Halse and 
Pearson (2014) reported a median range for symphylan species in the Pilbara of 8.3 km2 and 
based on records in the Bennelongia database of 15 congeneric morphospecies that have 
been collected from two or more holes in the Pilbara, species of Hanseniella have a median 
linear range of 4.5 km. Two species from Jimblebar and associated deposits, Hanseniella sp. 
B01 and Hanseniella sp. B20, have similar known linear ranges of 4.9 km and 4.2 km, 
respectively.  

 
Targeted sampling for stygofauna has not been undertaken in the Study Area and no stygofauna 
species have been recorded. Based on regional data, groundwater is likely to be fresh, even at depth, 
and therefore suitable for stygofauna in terms of water quality. The prospectivity of Caramulla 
groundwater aquifers for stygofauna probably depends principally on the presence of suitable 
saturated subterranean spaces and the depth to groundwater. The large depths of groundwater in the 
Study Area mean that even if habitat structure is suitable, any stygofauna community present is likely 
to be depauperate. In the Pilbara Biodiversity Survey, Halse et al. (2014) found that yields of 
stygofauna were low wherever depth to water was greater than 30 m. In keeping with this pattern, for 
106 samples with known depth to groundwater within 50 km of Caramulla, there are only three 
samples with watertables below 40 m that contained stygofauna other than oligochaetes, nematodes 
and rotifers. The three samples collected the widespread copepod species Diacyclops humphreysi 
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humphreysi and Parastenocaris jane; a singleton unidentified ostracod; and the amphipod 
Paramelitidae gen. nov. 1 `AMP001`, a species that is moderately widespread in the upper Fortescue 
catchment and has been recorded in both shallow surficial aquifers and at depth. For the reasons 
given above, the Study Area is considered unlikely to host a significant stygofauna community. It is 
possible, however, that prospective habitat for stygofauna exists in the shallow groundwater within 
alluvial deposits of Caramulla Creek that bisect the Study Area in a north-south direction. Stygofauna 
species in alluvial channels tend to be moderately widespread throughout catchments depending on 
habitat continuity.  
 
Potential Impacts 
The potential impacts of mining and related operations on subterranean fauna can be broadly divided 
into primary impacts, namely the impacts causing possible extinction or threat to the persistence of 
local populations through direct removal of habitat, and secondary impacts that degrade habitat 
rather than remove it and therefore mostly only reduce population densities. Secondary impacts 
include pollutants, altered water chemistry, mine blasting and changes to energy and nutrient 
pathways. Assessing the threat of secondary impacts usually requires detailed information about the 
expected environmental changes.  
 
The potential threats to subterranean fauna resulting from MAR comprise a mixture of primary and 
secondary impacts (Table 1) and are considered separately for troglofauna and stygofauna.  
 
Table 1. Summary of potential threats to subterranean fauna from managed aquifer recharge. 

Fauna Threat Primary/secondary Comments 

Troglofauna 
Modified 
groundwater levels 

Primary 
Increased groundwater levels via recharge may flood troglofauna habitat 
that currently sits above the watertable, causing direct removal of 
troglofaunal habitat. 

Stygofauna Chemistry changes Secondary 

Moderate changes in chemical composition may cause reductions in 
stygofauna fitness and population densities. More severe changes could 
effectively remove suitable habitat (thus being a primary impact) and lead 
to loss of species and communities.  

 
The potential primary impact of MAR on troglofauna is habitat loss via flooding. This flooding is 
expected to occur as a result of excess Jimblebar mine water being reinjected at depth, with 
subsequent increase in piezometric pressure and a rise in the watertable. A definitive assessment of 
the threat to troglofauna requires information on pre-MAR groundwater levels, an understanding of 
transmissitivity of the geology at the reinjection site and numerical modelling of the changes to 
groundwater levels that will occur. Troglofauna species that are confined to the mounding zone face 
potential extinction, although the extent of impact will be dependent on the height of mounding and 
the geological habitat preferences of the species. 
 
Five of the 15 recorded species are known only from the Study Area and potentially could be restricted 
to the zone of mounding, although all are likely to have larger distributions than collection records 
indicate and some species may be able to co-exist with elevated groundwater levels, especially if they 
occur in detritals. Further definition of the likely spatial and vertical extent of mounding, as well as the 
habitats (i.e. geological profiles) occupied by the five species, will help to clarify the actual degree of 
conservation threat posed by reinjection. Collection of the five species outside the modelled area of 
mounding would demonstrte that mounding poses no signicant threat to them.  
 
In the absence of detailed chemical information, it is considered that the potential impact of MAR on 
stygofauna is minor. Groundwater parameters that may change as a result of reinjection are the 
proportions of major ions and the level of salinity. There is currently too little information about the 
chemistry of Caramulla groundwater to know whether reinjection is likely to result in water quality 
changes. 
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Outcomes of Desktop Review 
Based on available habitat information and species collection data from the Study Area and relevant 
regional areas it is concluded in relation to MAR that:  

• The Study Area appears to host a troglofauna community of moderate richness with the 
majority of species likely to occur outside the putative mounding zone. Previous survey is 
unlikely to have been sufficient to document the entire suite of species present.  

• One-third (5 of 15) of the troglofauna species currently known to occur within or just outside 
the Study Area could possibly be restricted to the area of groundwater mounding, although 
current information under-estimates the likely extent of species’ ranges and some species may 
be able to co-exist with mounding, depending on its vertical extent and their geological 
habitat preferences.  

• The Study Area is considered unlikely to host a significant stygofauna community.  
• Further defining both the geological profile of the Study Area and the expected magnitude of 

groundwater mounding, as well as characterising the chemistry of Caramulla groundwater will 
provide a better understanding of the level of risk to subterranean species.  
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Appendix 1. Troglofauna species previously recorded within and immediately outside the Study Area.  
Higher Classification Lowest Identification Total no. of holes 

in Study Area 
Linear Range (km) Comments 

Annelida Oligochaeta sp. 5 - Collected from five holes but taxonomy and range uncertain. 

Nematoda Nematoda sp. 2 - Collected from two holes but taxonomy and range uncertain. Nematodes typically not 
assessed in EIA.  

Arthropoda         
Arachnida         
Palpigradi Palpigradi sp. B01 2 475 A morphospecies that may contain cryptic species but is considered widespread. 
Diplopoda         
Polyxenida         
Lophoproctidae Lophoturus madecassus 4 - Cosmopolitan 
Entognatha         
Diplura         
Japygidae Japygidae `DPL002` 1 33 A morphospecies that may contain cryptic species but is considered widespread. 
Insecta         
Hemiptera         

Meenoplidae Phaconeura sp. 2 - 
Not identified to species level (insufficient taxonomic framework) but a troglophile that is 
likely to be widespread. 

Nicoletiidae Dodecastyla sp. B02 (=Atelurodes sp. S02) 1 50 
A morphospecies that probably contain cryptic species but is currently considered 
widespread.  

  Trinemura sp. 1 - Range unknown due to insufficient taxonomic resolution (female specimen).  
Malacostraca         
Isopoda         

Armadillidae Troglarmadillo sp. B07 2 0.9 
Known from two bores in the Study Area east of Caramulla Creek. Collected in a trap at 19 
m and three scrape samples (depths unknown). 

  Troglarmadillo sp. B09 1 7.7 
Recorded in three bores including approx. 7 km west of Caramulla at Hashimoto. Two trap 
samples - 8 m and 10 m - and a scrape (depth unkown). 

Pauropoda         
Tetramerocerata         

Pauropodidae Pauropodidae sp. B05 1 - 
Known from a single bore east of Caramulla Creek. Collected in a scrape sample, end of hole 
20 m. 

Symphyla         

Scutigerellidae Hanseniella sp. B04 3 5.5 
Known from three holes including both east and west of Caramulla Creek. One collection 
site 165 m outside study area but mounding undefined.  Collected in scrape samples, depth 
unknown. 

  Hanseniella sp. B24 1 - 
Known from a single bore east of Caramulla Creek. Collected in a scrape sample, end of hole 
20 m. 

  Symphyella sp. B02 (BHP) 1 76 Known from outside Study Area, linear range 76 km. 
  Symphyella sp. B07 1 63 Known from outside Study Area, linear range 63 km. 

 




